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Preface

Much of the burden of respiratory diseases is aggravated by multiple determinants.
Among the critical determinants, are, exposure to tobacco smoke, industrial
pollutants and household air pollution. The Global Alliance Against Chronic Respi-
ratory Diseases (GARD) which works together with the World Health Oraganization
(WHO) has cautioned that chronic respiratory diseases are one of the main leading
causes of mortality and morbidity in the world. In its recent news release, the WHO
has highlighted that, pneumonia along with other lower respiratory infections rank
fourth as the leading cause of death. Tuberculosis (TB) continues to rank one among
the top 10 causes of deaths in African and South-East Asian countries. Other chronic
respiratory diseases namely, asthma, Chronic Obstructive Pulmonary Disease
(COPD) and lung cancer are reported to be collectively responsible for the loss of
several million healthy life-years. In addition, for decades, acute lower respiratory
tract infections such as bronchitis, bronchiolitis, and influenza have been among the
top three causes of death and disability in both children and adults.

Phyto-pharmaceuticals and plant-based therapies have been in practice since time
immemorial. There exists a large body of evidence that supports the use of herbals in
the therapy and management of several chronic respiratory diseases. There has been
a renewed interest in natural products in the last two decades. More than 80% of the
world population still relies on traditional plant-based remedies. Multiple, complex
regulatory pathways manifest chronic pulmonary disorders, which require
chemotherapeutics that produce composite inhibitory effects.

This book, Medicinal Plants for Lung Diseases: A Pharmacological and Immu-
nological Perspective, in this direction, is written in a contemporary style to deliber-
ate on the current scientific experimental evidences and inferences gathered on the
therapeutic effectiveness of natural product moieties and their related components,
that demonstrate medicinal applications on respiratory diseases. It explores state-of-
the-art developments and technological advancements in the field of respiratory
medicine employing plant products as the source. The book essentially presents a
blend of translational, biological, chemical, pharmacy practice and drug delivery
aspects of medicinal plants. Furthermore, it provides a critical appraisal on emerging
paradigms and insights into the pharmacological and immunological (cellular and
molecular) investigations of plant-based moieties and their effectiveness in targeting
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lung diseases. Several newer platforms in respiratory research which were developed
in this decade have also been elaborated.

The book comprises of several sections which begins with the importance and
role of herbal medicines in the treatment and management of respiratory diseases.
The introductory section is followed by subsequent chapters that elaborate plants and
plant products that have been studied for the treatment of respiratory diseases
namely, asthma, COPD, tuberculosis, lung cancer, pulmonary hypertension, lung
fibrosis, bronchitis, pulmonary edema, influenza, corona virus disease (SARS-coV2)
and medicinal plants-based advanced drug delivery systems. The book concludes
with a critical appraisal of the recent advances and applications of nanodrugs that are
derived from active metabolites of medicinal plants for the treatment of inflamma-
tory and lung diseases. More than eighteen experts who currently work in this field
from around the world have provided critical information on the various facets of
herbal medicine strategies along with today’s cutting-edge technologies that are
experimentally studied in the treatment and management of chronic respiratory
diseases.

Moreover, the editorial team comprises of experts from three different countries,
namely, Australia, Malaysia and India who hold extensive experience working with
plants of medicinal importance in various disease states, which brings an extra edge
to the book in its current form.

Sydney, NSW, Australia Kamal Dua
Sydney, NSW, Australia Srinivas Nammi
Sydney, NSW, Australia Dennis Chang
Kuala Lumpur, Malaysia Dinesh Kumar Chellappan
Jaipur, Rajasthan, India Gaurav Gupta
Brisbane, Queensland, Australia Trudi Collet
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Immuno-Pathogenesis of Respiratory
Diseases 1
Priya Madhavan , Farzana Rizwan, and Imam Shaik

Abstract

Immuno-pathogenesis, by definition (Nature) is the process of disease develop-
ment involving an immune response or components thereof. Our immune system
comprises innate and adaptive systems. The innate immune system produces
receptors that are hard-wired in our genome which encounters all types of
pathogens. Innate immunity recognizes pathogen-related patterns known as pat-
tern associated molecular patterns that enables it to distinguish pathogens from
commensal organisms, acting as the first line of defense against pathogens. On
the other hand, the adaptive immune system has specific receptors that are
produced only when specific pathogens are encountered by the human body.
Lymphocytes are an important component of the adaptive immunity as it can
evolve and differentiate to recognize specific pathogens, protecting the body
against subsequent infections. Although they are seen as separate, but both innate
and adaptive immune systems work together, in which the former paves way for
the latter for effectively providing long lasting immunity. Moreover, since there is
a delay in the adaptive immune response (4 to 7 days), the innate immune
response has a critical role in taking the lead to protect the body and/or controlling
the spread of infection within the body. In this chapter, we will be describing the
current findings of immuno-pathogenesis on various respiratory diseases.
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1.1 Introduction

The body’s respiratory system includes the upper and lower respiratory systems.
Anatomically, the upper respiratory system includes nose, nasal cavity, mouth,
pharynx, and larynx, whereas the lower respiratory tract starts from trachea, bronchi,
bronchioles, and alveoli. The lung, being the most vulnerable organ in our body is
prone to infections and injury from the external environment. The inhalation of and
exposure to chemical, particles from air pollution, and infectious organisms makes
the lungs vulnerable to diseases. The global statistics on those who are exposed to
tobacco smoke, smoke from biofuel, and polluted outdoor air have been reported by
Forum of International Respiratory Societies [1]. Respiratory diseases contribute to a
high disease burden regardless of nationality or economy status. However so, people
living in poverty, unsanitary conditions, and crowded areas may be at higher risks of
infections.

According to a report published by Forum of International Respiratory Societies
[1] on the global burden of diseases, there are five most common respiratory diseases
which cause severe illness and death. These are moderate to severe chronic obstruc-
tive pulmonary disease (estimated at 65 million people), asthma (334 million people,
affecting 14% of children globally acute lower respiratory tract infections), tubercu-
losis (affecting 10.4 million people causing 1.4 million deaths in 2015), and lung
cancer, causing 1.6 million deaths annually. Deaths from Influenza A virus world-
wide is about 290,000 to 650,000 annually, from 3 to 5 million cases of severe illness
[2]. However, at this present time, Covid-19 has become the top respiratory disease
with the highest mortality rate.

In this chapter, we will be discussing several important diseases and the immuno-
pathogenesis involved to help in understanding each of the following diseases.

1.2 Immuno-Pathogenesis of Infectious Respiratory Diseases

1.2.1 COVID-19

Coronavirus 2 (SARS-CoV-2) infection leads to COVID-19, causing severe acute
respiratory syndrome. It spreads rapidly and is associated with high mortality rate
particularly in the elderly patients having co-morbidities. The patients may develop
lung damage [3] and exhibit the features of severe acute respiratory distress syn-
drome (ARDS). In severe cases, it may cause simultaneous failure of various organs
[3].

2 P. Madhavan et al.



Based on the evidence gathered about SARS and Ebola virus diseases, and the
similarity of immune patterns observed in these diseases and Covid-19, it has
emerged that there is a close association between the progress of disease and the
patterns of immune response in patients who are affected with Covid-19 infection
[3]. These immune characteristics may be regarded as significant biomarkers of not
only the progression of the disease but also for development of future therapeutic
agents in Covid-19.

The clinical evidence has suggested that SARS-CoV-2 infection causes
impairment of the normal progression of immune responses, thus triggering an
uncontrolled inflammatory response in COVID-19 patients. These patients have
shown to develop depletion of lymphocyte number in the blood and exhibit markers
of lymphocyte activation and dysfunction. There are abnormalities of other white
blood cells such, high levels of cytokines and total antibodies, with a particular hike
in immunoglobulin G (IgG). The immune patterns of COVID-19 are summarized in
Fig. 1.1.

Fig. 1.1 The immune patterns of COVID-19 (Reproduced from [3])

1 Immuno-Pathogenesis of Respiratory Diseases 3



1.2.2 Abnormalities of Lymphocytes, Granulocytes, and Monocytes

On admission, blood analysis of COVID-19 patients revealed decreased number of
lymphocytes, particularly those with severe infection [3], Lymphocyte percentages
Tan have been found to be lower than 20% [3], particularly markedly reduced
number of CD4+ T, CD8+ T, NK cells. The number of B cells has been within the
normal range, indicating that B-lymphocytes are not as affected by the infection as T
lymphocytes and NK cells.

There is an increased number of neutrophils, while the percentage of monocytes,
eosinophils, and basophils is reduced in Covid-19 [3]. High ratio of neutrophils
compared to lymphocytes has been considered an important indicator for severe
disease and poor clinical outcome [3].

1.2.3 Lymphocyte Activation and Dysfunction

It has been observed that more frequently it is CD8+ rather than CD4+ T cell
response. Virus-specific T cells have high levels of interferon (IFN)-γ, tumor
necrosis factor (TNF)-α, and interleukin (IL)-2 and central memory phenotype in
severe cases.

Exhaustion phenotypes of T lymphocytes also emerged. CD8+ T cells also
exhibited an increase in the programmed cell death protein-1(PD-1), T cell immu-
noglobulin domain, and mucin domain-3 that peaked in severe conditions [3].

1.2.4 Increased Production of Cytokines and Antibodies

Another characteristic feature observed is an increased cytokine production. There is
an upregulation of the inflammatory cytokines and their levels correspond to the
severity of the disease. They include IL-1β, IL-2, IL-6, IL-7, IL-8, IL-10, granulo-
cyte-colony stimulating factor (G-CSF), granulocyte macrophage-colony
stimulating factor (GM-CSF), interferon-inducible protein-10 (IP10), monocyte
chemotactic protein 1 (MCP1), macrophage inflammation protein-1α, IFN-γ, and
TNF-α, representing a “cytokine storm” [3]. IL-1β, IL-6, and IL-10 are found to be
the most elevated cytokines, particularly when the infection is severe.

Activation and proliferation of B-lymphocytes and the total antibodies in the
serum of these patients correlate poorly with the disease outcome [3]. Out of all types
of immunoglobulins/antibodies, the level of IgG particularly corresponds to the
severity of Covid-19 [3, 4]. Fig. 1.2 Shows the potential mechanisms of SARS-
COV-2-induced immunopathology.

4 P. Madhavan et al.
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1.2.5 Depletion and Exhaustion of Lymphocytes and Increase
in Neutrophils

The possible mechanisms causing the depletion and dysfunction of lymphocytes and
increased neutrophils have been described in a review by Yang et al. [3]

1. S proteins (Spike glycoprotein) on the SARS-CoV-2 bind to angiotensin-
converting enzyme 2 (ACE2) receptors and infect human respiratory epithelial
cells. This virus can infect T lymphocytes and macrophages directly. Hence, it is
hypothesized that ACE2 receptor expression, particularly on T lymphocytes,
facilitates the entry of the virus inside these cells.

2. There is a reciprocal relationship between the T cell number and that of the serum
levels of TNFα, IL-6, and IL-10. This observation indicates that high level of
inflammatory cytokines plays a major role in causing lymphopenia and T cells
exhaustion. Both of these factors have a significant influence on disease
progression.

3. The infected patients have revealed atrophy of the spleen and necrosis of the
lymph nodes indicating that lymphatic organs may be destroyed directly and can
cause worsening of the lymphopenia.

4. Elevated lactic acid concentration has been detected in the patients’ blood, who
suffered with a severe form of disease. This may be another factor that may
hamper the proliferation of lymphocytes.

5. Lymphopenia and lymphocyte exhaustion pose a higher risk of microbial infec-
tion! neutrophilia, activation and chemotaxis of neutrophils to the infection site.

1.2.6 Cytokine Storm

Infected CD4+ cells are activated into T helper (Th) 1 cells and secrete GM-CSF,
which induces CD14+CD16+ monocytes, release of large amounts of IL-6. Th17
cells produce IL-17 that promote recruitment and activation of monocytes/
macrophages and neutrophils in the infected tissue, hence triggering production of
cytokines IL-1β and IL-6. The recruited eosinophils release large amounts of
cytokines including IL-6. All these mechanisms accelerate the inflammatory
response and a sharp rise of cytokine levels, thus a “cytokine storm”.

1.2.7 Antibody-Dependent Enhancement of Infection

This is a phenomenon where pre-existing antibodies promote viral entry and their
propagation/proliferation inside the affected cells. It is shown to exist in conditions
like Ebola, Dengue, and MERS [3]. The antibodies facilitate viruses entering cells

6 P. Madhavan et al.



through binding of Fc receptors (FcR) present on the cell surface to Fc portion of the
antibody [3]. Antibody upregulation has been observed and has been linked to poor
outcome of the infected patients. Clinical consequences of SARS-CoV-2-induced
immunopathology are shown in Fig. 1.3.

Patients with COVID-19 who develop lymphopenia are at higher risk of
contracting microbial infections hence, increasing the severity of disease. Cytokine
storms can trigger dysfunction of multiple organs, including injury to the lung tissue
leading to ARDS, respiratory failure, hepatic injury exhibiting a rise in alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and γ-glutamine trans-
ferase (γ-GT), renal damage causing elevated levels of urea and creatine, and cardiac
injury shown by increased creatine kinase (CK) and lactate dehydrogenase (LDH)
levels.

The indicators of disease progression in Covid-19 are:

1. Lymphopenia can be detected early and has been observed in both mild and
severe forms of disease.

2. High exhaustion levels and impairment of functional capacity of T cells.
3. Increased neutrophils and reduced counts of eosinophils, basophils, and

Fig. 1.3 Clinical consequences of SARS-CoV-2-induced immunopathology (Reproduced from
[3])

1 Immuno-Pathogenesis of Respiratory Diseases 7



monocytes.
4. Elevation of inflammatory cytokines, IL-1β, IL-2, IL-6, IL-7, IL-8, IL-10, granu-

locyte-colony stimulating factor (G-CSF), granulocyte macrophage-colony
stimulating factor (GM-CSF), interferon-inducible protein-10 (IP10), monocyte
chemotactic protein 1 (MCP1), macrophage inflammation protein-1α, IFN-γ, and
TNF-α,2,3,12,15. Particularly IL-1β, IL-6, and IL-10 have shown marked eleva-
tion in severe cases.

5. SARS-CoV-2-specific antibodies, IgM and IgG indicate B cell activation and
proliferation. They are considered to facilitate virus entry in the cells. Hence,
indicators of worse clinical outcome.

1.2.8 Cystic Fibrosis

A major pathogen involved in chronic lung disease is Pseudomonas aeruginosa.
Symptoms such as overproduction of thick mucus and inflammation of the airway by
neutrophils is a characteristic of cystic fibrosis [5]. Therefore, typical features of CF
include mucus obstruction and recurrent airway infections. CF arises from mutations
in the cystic fibrosis conductance regulator (CFTR) gene [5]. This single gene
mutation results in a faulty ion transport. This would eventually lead to airway
impairment and host defenses. There are several virulence factors of P. aeruginosa
which contribute to these pathologies. One of them is producing diffusible pigments
such as pyocyanin and pyoverdin. These pigments evade the immune system via
their free radical scavenging activities [5]. One of these activities is to synthesize
exoenzymes, that are secreted by type III secretion systems (TTSS). These
exoenzymes allow the bacteria to modify the host cells by inhibiting phagocytosis
and bacterial destruction within the phagocytic cells. In this regard, exoenzyme S
(ExoS) enhances the persistence and spread of P. aeruginosa in the lungs of patients,
which greatly affects patients with acute pneumonia [5]. The implication of these
exoenzymes in neutrophil extracellular traps (NET) formation can be proposed. The
formation of a few NETs is attributed to free radical formation and phagocytosis [5].

In another study, NET formation induced by P. aeruginosa was evaluated from
strains isolated from CF patients to correlate between NET formation and the clinical
status of the patients [5]. The bacteria use these NETs to scaffold and colonize the
lungs which increases their virulence and overproduction, leading to damage of the
lungs. Differences in the morphologies were also observed in which “expanded or
spread” morphology was observed from isolates obtained from patients with severe
disease. On the other hand, the other globular morphology was observed from
isolates obtained from patients with mild/moderate disease. This explains the fact
that P. aeruginosa can induce NET via their nuclear expansion, either in a “spread
form” or a more “compact form.” Figure 1.4 shows two types of NETs produced in
different disease severity.
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Another attribute of CF is the involvement of the nervous system via its neuro-
peptide signaling. Neural involvement in CF has been proposed by a few research
groups as described in the following paragraphs. Neuropeptides, by definition, are
peptides that are formed by enzymatic processing of gene-encoded precursor
molecules [6]. These peptides are synthesized and secreted via regulated secretory
pathways. Some of these neuropeptides have been described in a review by
Atanasova and Reznikov [6]. A summary of some of these neuropeptides with
their involvement in mucus secretions are stated below.

1. Bombesin—a downstream protein from the activation of the orphan bombesin
receptor subtype-3 regulates neutrophil elastase-induced muc5AC hypersecretion
in human bronchial epithelial cell line.

2. Calcitonin gene-related peptide (CGRP)—stimulates goblet cell secretion and
had induced basal mucus volume, lysozyme, and albumin outputs tested in ferret
trachea culture at baseline.

3. Granins—in human HBE16 bronchial epithelial cell line, secretoneurin induced
Muc5AC hypersecretion was observed in a dose- and time-dependent study.

4. Neuropeptide Y—modulates mucus output from airway submucosal glands.
5. Substance P (SubP)—stimulates the increase of goblet cell secretion and human

airway submucosal gland secretion.

Whereas, in Fig. 1.5 the effects of neuropeptides on mucus secretion from
submucosal glands and goblet cells have been described.

An antimicrobial protein stored in neutrophil azurophilic granules known as
Bactericidal/permeability-increasing protein (BPI) is an important protein [7]. This
antimicrobial protein has high affinity binding to Gram-Negative Bacteria (GNB)
lipopolysaccharides (LPS) and is known to perform three main functions, which are
i) direct killing of Gram-negative bacteria (GNB), ii) neutralization of bacterial
lipopolysaccharide, and iii) opsonization of GNB [7]. In a study conducted in
USA with 4 CF patient cohorts, it was demonstrated that serum BPI autoantibodies

Fig. 1.4 Two types of NETs produced in different disease severity (Reproduced from [5])
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were common among (~43%) adult CF patients while rare (�5%) in pediatric cases
(�18 yrs) [7]. Therefore, in their study, a relationship was established between
serum BPI IgG autoantibodies with anti-P. aeruginosa IgG responses. The former
was of high avidity and strongly correlated with the latter. The same was observed in
both adult and pediatric CF patients with IgA responses in their bronchoalveolar
lavage (BAL). It was concluded that BAL IgA anti-BPI antibodies correlated with
the presence of BPI cleavage in BAL but was not age dependent. Fig. 1.6 shows a
model for breaking the immune tolerance to BPI in a chronic P. aeruginosa infection
via BPI cleavage in the CF airway. Systemic immune response to both P. aeruginosa
and self-BPI antigens occurs via a different pathway.

BAL fluid analyzed from CF patients infected with nonmucoid variants of
P. aeruginosa had lower concentrations of IL-6 in BAL fluid samples compared to
patients who were not colonized [8]. In another study, BAL fluid obtained from CF
patients containing mucoid variants of P. aeruginosa and mixed-mucoid/nonmucoid
isolates, had higher concentrations of pro-inflammatory cytokines [8]. Based on

Fig. 1.5 A model of an airway showing the effects of neuropeptides on mucus secretion.
(Reproduced from [6]). The arrows indicate increased (up) and decreased (down) secretions. The
question mark (?) indicates an unknown effect. Abbreviations used are as follows: SubP for
substance P, NKA for neurokinin A, VIP for vasoactive intestinal peptide, CGRP for calcitonin
gene-related peptide, NPY for neuropeptide Y, COPD for chronic obstructive pulmonary disease,
and CF for cystic fibrosis
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these observations, they postulated that nonmucoid P. aeruginosa suppresses syn-
thesis or abrogates the stability of IL-6. In a study using a murine model, LasB
protease of P. aeruginosa had specifically degraded IL-6. This had led to a
compromised tissue-protectiveness and antimicrobial defenses in the animal. How-
ever, with an overexpression of IL-6 protected these animals from lethal effects of
P. aeruginosa [8].

B Lymphocyte Differentiation Factor (BAFF) was expressed in the airways of
children with CF and the lungs of mice infected with P. aeruginosa. Moreover, there
was an increasing influx of B cells and T cells [both CD4 and CD8] into the lung of
mice within 7 days post-infection. Other studies had also demonstrated the involve-
ment of CD4 cell Th2 and Th17 in P. aeruginosa-led infections of CF [9]. CXCL13,
which is primarily a B cell chemoattractant was elevated when there was an increase
in B cell numbers, suggesting the recruitment of both B1 and B2 B cell types during
this infection [9]. Increased BAFF expression implies the increased expression of B
cell chemoattractants. This would subsequently increase B cell recruitment, differ-
entiation, and antibody production. On the contrary, chemoattractants of T cell and
DC which are CCL19 and CCL21 had increased progressively in a sequencing
manner during the 7 days post-infection with P. aeruginosa. These studies demon-
strate the role of CCL19 and CCL21 in the recruitment of T and B cells, while

Fig. 1.6 A model describing mucosal immune response exposure to cryptic epitope(s) via BPI
cleavage in the CF airway with high anti-P. aeruginosa IgA titers. (Reproduced from [7])

1 Immuno-Pathogenesis of Respiratory Diseases 11



CCL19 could also be responsible for an early recruitment of B cells. Other studies
had also reported that CXCL13, CCL19, and CCL21 are components of the local
airway immune response to viral infection [9] and are also involved in Inducible
Bronchus-Associated Lymphoid Tissues formation, due to a prolonged bacterial
exposure of the airways.

Implications of an overproduction of pro-inflammatory cytokines interleukin
(IL-) 6 and 8, and Tumor Necrosis Factor Alpha (TNF-α) in infected CF airway
epithelial cells (AECs) is due to increased activation of the Nuclear Transcription
Factor-Kappa B (NF-κB). An overproduction of NF-κB reduces the synthesis of
glutathione, which neutralizes reactive oxygen species (ROS). However, this anti-
oxidant peptide was reported to increase production of other inflammatory mediators
such as Prostaglandin E2 and Cyclooxygenase-2 (COX-2) [10]. On the same note, it
was reported that AEC also produces decreased amount of interferon-gamma
(IFN-γ), causing upregulation of IL-33, which are also neutrophil chemoattractants
[10].

In Fig. 1.7, activation of PMNs is triggered by immune complexes that are formed
between P. aeruginosa antigens and IgG. This leads to inflammatory reaction when
activated PMNs have heightened oxygen and give rise to reactive oxygen species
(ROS). The anaerobic condition caused by this ROS release would disable PMNs

Fig. 1.7 Mucus with a P. aeruginosa biofilm surrounded by polymorphonuclear neutrophils
(PMN) and IgG antibodies specific to P. aeruginosa antigens, such as alginate, lipopolysaccharide,
and proteins (Reproduced from [10])
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phagocytic activity. High NF-κB production by CF airway epithelial cells (AECs)
induced by IgG response will result in hyperproduction of pro-inflammatory
cytokines such as IL-5 and IL-8, and low production of anti-inflammatory cytokines
such as IL-10 and INF-γ. These responses will eventually lead to tissue damage. On
the other hand, in the Bronchi-Associated Lymphoid Tissue (BALT) submucosa, the
IgA that are produced here will combine with the secretory component, resulting in
sIgA. The sIgA will be transported through the epithelial cells to the airway surface
liquid (ASL). This will prevent P. aeruginosa attaching to the epithelial cells, thus
preventing airway inflammation.

In Fig. 1.8, naïve B cells are first synthesized in the bone marrow, then activated
in the secondary lymphoid organs (e.g., CF BALT) when an antigen presenting cell
interacts with the antigen. Upon proliferation and differentiation, plasma cells will
generate specific antibodies (IgG and IgA). Therefore, antigen specific naïve B cells
may differentiate within the secondary lymphoid tissue producing short-lived
low-affinity plasma cells. These naïve B cells may also undergo a rapid proliferative
phase known as the germinal center (GC) reaction, producing memory B cells or
long-lived plasma cells. In the case of CF, the clonal expansion and affinity matura-
tion would be deficient.

A study reported on variations in the inflammatory patterns among male and
female patients from end stage CF lung tissues [11]. In female patients, eosinophils,
mast cells, and CD4T cells were higher than males but lymphoid follicles had less B
cells and more CD8 T cells. This may be the result of the complex immunomodula-
tory effects of oestrogen on inflammation. Another important component of the
innate immune system is the production of antimicrobial peptides (AMP) against
bacterial strains, especially that are resistant to antibiotics. More than 3000 AMPs
have been isolated from various organisms and are registered in the AMP database
(http://aps.unmc.edu/AP/main.php). They are known to serve as natural antimicro-
bial agents and may replace antibiotics that have gained resistance by many
microorganisms [12].

AMPs can either disrupt bacterial membranes or interfere with intracellular
processes. There are 3 models illustrated in Fig. 1.9. In the first model, where
AMPs such as alamethicin, pardaxin, and protegrins use the “barrel-stave pore
model,” which is inserting the peptides perpendicularly into the lipid bilayer thus
forming transmembrane pores [12]. In the second model known as the “carpet
model,” AMPs first adsorb parallel to the lipid bilayer, then cover the surface of
the target membrane and disintegrate the membrane via the formation of micelles
and pores. This is performed by AMPs like cecropins and some magainins. Slightly
different mechanisms of action of Magainins and LL-37 are shown in the third model
known as the “toroidal-pore model,” where peptides are perpendicularly
incorporated into the bilayer membranes, thus enabling the lipid monolayers to
curve around the pore [12].

AMPs are also involved in other immune modulations, i.e. release of
pro-inflammatory cytokines and chemokines, stimulation and differentiation of
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immune cells driving the activation of adaptive immune system, as illustrated in
Fig. 1.10.

Generally, AMPs are able to kill microbes independently. But many studies have
also implicated the use of other AMPs and antimicrobial dugs in combination [12].
There may be concerns in using AMPs as antimicrobial therapy as their half-life may
be short and would be subjected to various physio-chemical sensitivity. Thus, in vivo
studies involving pharmacokinetics, pharmacodynamics, stability of AMPs would
provide more data in using them to stimulate immune responses required to target
invading pathogens [12].

Fig. 1.9 Different models of antibacterial mode of actions of antimicrobial peptides (Reproduced
from [12])

Fig. 1.10 Immune-regulatory functions of antimicrobial peptides (Reproduced from [12]).
Abbreviations: AMPs for antimicrobial peptides, IL for interleukin, MCP for monocyte
chemoattractant protein, and TNF-a for tumor necrosis factor alfa
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1.2.9 Influenza A

Influenza A virus (IAV) remains a threat to human and animals with relatively high
morbidity and mortality due to their presence of animal reservoirs. High morbidity/
mortality in animal hosts may also be due to IAV to undergo point mutations at high
frequency [13]. Involvement of the immune system during an IAV infection is a very
complex but is a dynamic process. During the first 5 days of IAV infection, the body
relies on innate immunity to control viral replication before it damages the respira-
tory system further. Although, IAV infection can be self-limiting, there has been
high morbidity even in otherwise healthy human hosts. The complexity of the innate
immune response is summarized in Fig. 1.11 (Reproduced from [13]).

Many AMPs produced at various sites of the body mainly from conjunctiva,
nasal, and oral cavities to inhibit IAV at the site of entry. These are like soluble and
chemical mediators as well as viral factors which are a part of the innate immunity.
For example, β-defensins, surfactant protein D (SP-D) and LL-37, are produced by
conjunctival cells and are present in tears [13]. In the saliva, mucin MUC5B, salivary
agglutinin, human neutrophil peptides (HNPs), and histatins are produced.

Infection by IAV is initiated when its hemagglutinins attach with sialyl oligosac-
charide moieties of cellular glyco-conjugates [13]. Sialic acid-based inhibitors of
IAV, such as γ inhibitors have shown inhibitory actions by presenting sialic acid
ligands to the viral hemagglutinin (HA), preventing the binding of virus to epithelial
cells. Another group of inhibitors, known as β inhibitors such as collectins, SP-D,
mannan binding lectin (MBL), H-ficolin, galectin, is calcium-dependent and allows

Fig. 1.11 Innate immunity Influenza A virus infection (Reproduced from [13])
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binding to carbohydrates on viral proteins [13]. It was also noted that a few of the
IAV human strains which have glycans attached to their HA are resistant to inhibi-
tion by SP-D or MBL. These strains are like H1N1 of 1918 and 2009, H3N2 of 1968,
and H2N2 of 1957 plus H5N1 strains [13]. SP-D expression is a crucial aspect for
the host to survive during the IAV infection. Failure to do so was also one of the
reasons for fatalities among the IAV-infected patients. Other immunomodulatory
functions of SP-D include promotion of viral uptake by phagocytes, down-
regulation of chemokine and cytokine, and modulation of lymphocyte activation
and dendritic cell (DC) function [13]. H-Ficolin inhibits IAV and fixes the comple-
ment during its infectivity. Another group of Gal-binding lectins known as galectins
also inhibit infectivity of IAV, the same way as collectins. There is still lack of
information on the mechanisms of action of hydrophobic surfactant protein SP-C
and surfactant lipids.

Infiltration of neutrophils in the lungs during a viral infection and cytokine storm
during a viral infection are caused by Type I interferons (IFN-1). The main IFN-1
during an IAV infection include IFN-α and IFN-β. IFN-1 are produced through
TLR7, TLR3, or RIG-I. Moreover, it is known that IAV can be a natural ligand of
TLR7 that initiates the TLR7-mediated signal pathway via the recruitment of
MyD88 and induce IFN-α/β production by activating IRF3/7 [14]. In the human
plasmacytoid dendritic cell (pDC)-like cell line CAL-1 cells, infected with IAV,
expression levels of all members in the IRF gene family were altered. The virus was
known to regulate IRF expressions through endosomal TLR signals and IFN-I
positive-feedback loop [14]. Furthermore, the expression level of IRF6 seems to
be related to the severity of influenza virus infection, suggesting that IRF6 may play
a negative regulatory role in the IRF family. In this way, it balances the expression
profiles of other members in this family.

In a mouse model, transcriptome of more than 16,000 immune cells was sequen-
tially analyzed using a single-cell RNA sequencing (scRNA-seq) assay. They had
demonstrated the release of two waves of pro-inflammatory factors in the tissues
[4]. On Day 1 and 3, early pro-inflammatory factors were released from C13, C10,
and C16 neutrophils. In the C13 neutrophils cluster, high expression of the ligands
(IL-1α, IL1-β, and IL-RN) and receptors (IL1R2 and IL1RAP) of IL-1 system were
noted. There was a remarkable upregulation of Ccl3 and Ccl4 observed together with
high levels of Ccr1, and Cxcl2/Cxcr2 axis. In order to prevent this cytokine storm,
regulation of the autocrine loop is a critical point to note. In their study, it was found
that high levels of IL-1α and IL-1β were generated by C13/C16-neutrophils, while
C13-neutrophils generated only IL-1α on days 1 and 3. On day 7, a second wave of
pro-inflammatory factors was generated by C8-Pf4+-macrophages with a high
expression of cytokines and chemokines mainly Ccl7, Ccl8, Cxcl2, Ccl2, Ccl6,
Ccl9, Ccl12, Cxcl10, TNF-α, Trem2. On the same day, expression of complement
C1q was also demonstrated. High expressions of C1qa, C1qb, and C1qc were also
detected in C8-Pf4+-macrophages, which could indicate that C8-Pf4+-macrophages
assisting T lymphocytes in adaptive immunity [15]. Moderate of monocyte/macro-
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phage infiltration and inflammatory factors would favor lung damage repair. How-
ever, damage of lungs due to cytokine storm and high C8 Pf4+ monocyte/macro-
phage infiltration during an uncontrollable cell invasion still remains to be further
explored.

Sensing of various viral components using Pattern Recognition Receptors (PRRs)
is an important step to stimulate various inflammatory cytokines such as type I
interferon (IFN), IL-1β, IL-6, and TNF-α. PRRs such as Toll-Like Receptor (TLR)-
3, TLR7/8 are used to detect dsRNA and ssRNA, respectively, whereas cytosolic
RIG-I and NLRP3 are used to detect ssRNA. This will then lead to stimulation of
three subsets of dendritic cells (DCs) that will activate the adaptive immune system
for viral clearing and inducing antibody production [16]. There were a few reported
evidences from other studies, i.e. clearance of the viruses from infected cells greatly
required the virus-specific adaptive immune responses, which involved antibodies,
CD4+T, and CD8+T cells [17]; first viral specific proteins which are bound to MHC
complex molecules are recognized using the host’s T Cell Receptor (TCR), which is
a pre-requisite for the cytotoxicity of Cytotoxic T lymphocytes (CTL) and produc-
tion of cytokines. The cytotoxicity of CTL is mediated via three mechanisms, mainly
via i) perforin/granzyme-mediated cytolysis, ii) apoptosis mediated by FasL/Fas, and
iii) TRAIL/TRAIL-DR signaling. Engagement of these ligands, i.e. FasL and
TRAIL with their cognate receptors initiates an apoptotic signaling cascade [16].
Fig. 1.12 shows the regulation of CTL magnitude and the effector activity. In the
CTL effector mechanism, when viral peptide is presented by MHCI molecules on the
surface of infected cells, CTL targets IAV-infected airway in the epithelial cells,
leading to the mechanisms stated above. CTLs also can produce cytokines and
chemokines such as IFN-γ, TNF-α, IL-2, CCL3, CCL4, etc., to further enhance
inflammation and immune activation in the infected lung. Regulatory mechanisms
through costimulatory (upper) or coinhibitory (lower) signals provided in the lung
draining LNs or the infected lung control the magnitude of the effector activity as
well.

Immunity to IAV infections depends on the speed of viral replication.
Pre-existing CD8+ and/or CD4+ T cells can still provide protection in mild or
asymptomatic seasonal influenza, where innate immunity provides the first line of
defense and slows down viral replication, then activates the adaptive immune system
to continue with the viral clearance. In a more severe form of infection, the actions of
innate immunity may be inhibited and interfere with the adaptive immune response,
leading to a cytokine storm [18]. A defective immune system would not be able to
provide protection to patients quick enough to prevent detrimental effects of IAV.
Therefore, there is a suggestion to recruit naïve CD8+ T cell precursors, instead of
only the memory CD8+ T cells into the primary influenza response. This would
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establish robust memory pools in order to prevent a suppressed innate immune
function, with an immediate adaptive immune response [18].

1.2.10 Tuberculosis

It is estimated that 10 million people were infected with tuberculosis (TB) worldwide
in 2019, fell ill from the infection, and caused deaths to 1.4 million people (including
208 000 people with HIV). TB is one of the top 10 causes of death worldwide and
the leading cause from a single infectious agent (above HIV/AIDS) [19]. TB is
caused byMycobacterium tuberculosis (Mtb) that most often affects the lungs. Upon
inhalation and reaching the alveoli, the Mtb multiplies in the pulmonary epithelium
or macrophages. In macrophage, bacterial sulfolipids will inhibit fusion between
phagocyte and lysosomes, making it difficult to digest the bacilli. This will allow

Fig. 1.12 Regulation of CTL magnitude and effector activity (Reproduced from [16])
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bacilli to spread to distant sites and remain viable, even for decades. This is a trait of
Mtb which can survive and grow within the host cells [20].

Protective immunity of dendritic cells (DCs) has not been studied extensively
even though they have been recognized as an efficient antigen presenting cells to
initiate the adaptive immunity [21]. There are two main types of DCs,
i.e. plasmacytoid DCs (pDCs) and myeloid DCs (mDCs) which is also known as
classical DCs (cDCs). The pDCs produce type I interferons (IFN-α and IFN-β),
whereas mDCs prime T cells [21]. The mDCs can also be divided into CD1c and CD
141+. Immune responses to bacterial infections are induced by Th1, Tc1, and Th17
driven via CD1c [21], whereas CD141+ cross presents antigens on MHC I molecules
and induces CD8+ T cell responses [21]. Alveolar macrophages (AMs) are impor-
tant in active TB infections, as Mtb thrives in them. In a study conducted by Lavalett
et al. [22], to identify the host inflammatory response in AMs from TB patients
(AMsTB), an array of genes was regulated showing the involvement of immune
response in resolving the infection. Fig. 1.13 summarizes the immune responses in
AMsTB infection in the host. In response to an infection, AMsTB genes, such as
MMP9, CCL8, CCL5, and CCL22 were upregulated, which activate the functions of
macrophages in cell migration and recruitment. These mechanisms would resolve
the infection. On the contrary, effector recruitment would not only clear the
pathogens but may lead to tissue damage and cause infection to persist. So, in the
situation to control the excessive inflammation, AMsTB down-regulate
pro-inflammatory genes (IL1B, CXCL5, CAMP, and TGFB1) to increase anti-
inflammatory signaling. As a result of this, effector mechanisms are altered to
control the infection.

Fig. 1.13 Host inflammatory response in alveolar macrophages from tuberculosis patients.
(Reproduced from [22])
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In another study, monocyte derived DCs were reported to be detected in inflam-
matory fluids, and the CD14 and CD11b subsets induced Th17 cell differentiation
from naive CD4+ T cells [21]. In a study conducted in patients with active TB, their
tuberculous pleural effusions detected significant increase of CD11b+ subset of
CD1c+ DCs [21]. This subset also expressed higher transcripts of
pro-inflammatory cytokines, including IL-1β, IL-6, IL-23, and TGF-β, which were
required for the development of Th17 cells.

Tumor necrosis factor (TNF)-α, a pro-inflammatory factor, produced by a variety
of immune cells controls intracellular growth of Mtb within phagocytes [23]. TNF-α
is key in the immuno-pathological response of TB. TNF-α can promote granuloma
formation, envelop tubercle bacillus, inhibit Mtb infection, and accelerate bone
destruction [24]. In China, a chronic inflammatory TB known as osteoarticular
tuberculosis has become a serious threat. A study by Liu et al. [24] was conducted
to assess the involvement of TNF-α in the pathogenesis of osteoarticular tuberculo-
sis. Their study showed that TNF-α promoted the autophagy of mature osteoclasts
infected with Mtb and inhibited the apoptosis of the mature osteoclasts. This
demonstrated that there is an osteoarticular tuberculosis activated cytokine network
through which autophagy may regulate bone metabolism. This finding is an impor-
tant foundation for drug discovery using mechanisms related to TNF-α-mediated
osteoclast autophagy.

A specialized subpopulation of T cells known as Treg act to suppress immune
system in terms of inhibiting T cell proliferation and cytokine production. In a study
involving multidrug-resistant pulmonary tuberculosis, the role of Foxp3-expressing
regulatory T cells (Treg) and T helpers in immuno-pathogenesis was demonstrated
[25]. Mononuclear cells of peripheral blood from 115 patients with advanced
destructive forms of pulmonary tuberculosis were taken. These patients were
categorized into infiltrative pulmonary tuberculosis (ITB), disseminated pulmonary
tuberculosis (DTB), and fibrous-cavernous pulmonary tuberculosis (FCTB). Their
results showed that there is an increase in the number of CD4+CD25+Foxp3+ Treg
in all TB patients, regardless of their clinical form. However, the number of CD25-
negative Treg cells, containing the Foxp3 molecule, rose only in fibrous-cavernous
pulmonary tuberculosis patients [25]. It was hypothesized that that the decrease in
Treg phenotype CD4+CD25+Foxp3- in the blood of FCTB patients is determined by
the deficiency of activated T helpers. Later, they had concluded that patients with
DTB and FCTB led to a compromised cell mediated protective immunity due to the
reduced number of T helper cells.

With a stimulation by mycobacterial antigens, IL-1 and TNF-α, monocytes and
alveolar macrophages, prostaglandins E (PG) will be produced, which is mediated
by the cyclo-oxygenases (COX) pathway as reported by a few studies previously
[26–28]. In a study to analyze the kinetics of COX expression and PGE2 production
in BALB/c mice for pulmonary tuberculosis, the production of PGE2 and COX
expression was gradually increased during the course of infection [29]. There was a
stable concentration of PGE2 and control of infection during the early phase of
infection, which contributed to an efficient nitric oxide synthase (iNOS) expression.
Whereas, in the late phase of infection, there was a heightened level of PGE2. This
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had led to disease progression which was due to down-regulation of the cell-
mediated immunity [29]. Therefore, the level of PGE2 most likely affected the
severity of TB.

Most soluble and cell mediated immune processes are driven by the stimulation
of many pattern recognition receptors (PRRs). These are critical for innate and
adaptive immunity and successful protection against TB. Illustration in Fig. 1.14
provides an insight on signaling pathways initiated by the PRRs binding to different
ligands of Mycobacteria [30].

Cytosolic receptor was also reported by some groups on its importance in
stimulating innate and adaptive immune responses. A homozygous mutation in
Nucleotide-binding oligomerization domain-containing protein 2 (NOD2) suggests
a defective cytokine response with Mtb [30]. An induction of autophagy was
reported to stimulate T cell activation during M. tuberculosis and other viral
infections [31]. It was also noted from several studies that TLR2 and NOD2 work
together to induce cytokine response. In these aspects, the ligand Muramyl dipeptide
(MDP) of Mtb targeted by NOD2 receptor triggers the Receptor-interacting serine/
threonine-protein kinase 2 (RIPK2) and Caspase recruitment domain-containing
protein 9 (CARD9) signaling. Whereas DNA-sensing receptor cyclic GMP–AMP
synthase (cGAS) and its downstream signaling effector stimulator of interferon
genes (STING) target cytosolic DNA and stimulate IRF3 mediated IFN-β secretion
[30]. Another pathway activated by cytosolic DNA of Mtb is via inflammasomes

Fig. 1.14 PRR signaling pathways activated during M. tuberculosis infection stimulated by
different ligands (A) Ara-LAM [Arabinosylated lipoarabinomannan], PIM-2/6 [Phosphatidyl-
myo-inositol mannoside]; (B) Lipomannans and HSP-65/70 [Heat shock protein] and (C) ss RNA
and CpG DNA
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with NLRP3 (a subset of NOD) and AIM2 (absent in melanoma 2 or Interferon-
inducible protein) triggering caspase-1 dependent signaling [30]. The signaling
pathways of NOD2, cGAS/STING, and inflammasome are summarized in Fig. 1.15.

The glycolipid most abundantly found in mycobacterial cell wall, i.e. trehalose-
6,60-dimycolate (TDM) ligates with Mincle, a C-type lectin receptor (CLR) [30]. In a
murine model infected with TB, signaling through Mincle resulted in the production
of several cytokines such as IL-6, macrophage inflammatory protein-2 (MIP-2), and
TNF-α [30]. Another CLR known as dectin-1 activates macrophage’s
pro-inflammatory response together with TLR2 [32]. However, the exact roles of
this receptor require further studies. Other receptors such as Collectin CL-LK
recognize mannose-capped lipoarabinomannan of M. tuberculosis [33] and Den-
dritic Cell Immuno Receptor (DCIR) which modulates immunity to TB by sustain-
ing type I IFN signaling [30].

Although there are many PRRs to target mycobacterial pathogen associated
molecular patterns (PAMPs), successful evasion of host immune system by
mycobacteria to avoid its recognition by PRR was the reason for unresolved
infections. This could be done via inhibition of TLR2 signaling via specific
lipoproteins of mycobacteria, which then inhibits the antigen presentation cell and
T cell activation [30]. Another strategy is to interfere with other PRR signaling
pathways and inhibit phagosome maturation as reported by Kang et al. [34], Mishra
et al. [30].

Fig. 1.15 Signaling pathways of NOD2, cGAS/STING, and inflammasome during
M. tuberculosis infection
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1.3 Immuno-pathogenesis of Chronic Respiratory Diseases

1.3.1 Asthma

Asthma is a chronic non-infectious inflammatory disorder of the airways. Under-
standing immuno-pathological features of asthma is key for the diagnosis, treatment,
and prevention of the disease. Traditionally asthma is a disease restricted to the lung,
recent data suggest it part of systemic airway disorder involving the entire respira-
tory system with systemic immune response. Evidence for this is co-occurrence of
other atopic disorders (such as allergic rhinitis) in patients of asthma [35]. World-
wide asthma is ranked 16th among the leading causes of morbidity. It is estimated by
2025, it is going to affect around 400 million population worldwide [36].

Asthma is a chronic disease characterized by recurrent episodes of wheezing,
dyspnea, chest tightness, and coughing. It varies in severity and frequency from
individual to individual [35]. These clinical manifestations of asthma are associated
with underlying pathological response in the respiratory system. The responses
include inflammation in airway, obstruction of airway, and hyperresponsiveness of
airway [37]. Inflammation may result in various pathological changes in the airway,
including excess mucus secretion, inflammatory cells infiltrate, subepithelial fibro-
sis, neo angiogenesis, and excess proliferation of smooth muscle [38]. Hence, airway
inflammation plays a key role in immuno-pathogenesis of asthma and clear under-
standing of this is the key for prevention and management of this condition.

Airway inflammation in asthma involves a sophisticated complex interaction of
the respiratory epithelium, innate immunity, and adaptive immunity that induce and
progress a chronic inflammation. (Fig. 1.16). Critical to this phenomenon is interplay

Fig. 1.16 Pathogenesis of a classical atopic asthma with interaction between the respiratory
epithelium, leukocytes, and its chemical mediators
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of genetic and environment factors. This results in an abnormal immune response to
various environmental triggers in a genetically susceptible person [38].

The trigger for these pathological responses in the risk individuals is due to
exaggerated response of the airways to a variety of stimuli. These stimuli that trigger
asthma in patients would have little or no effect in those with normal airways.
Stimuli which triggers asthma can be categories either atopic (with evidence of
allergen sensitization) or non-atopic (without evidence of allergen sensitization). The
most common stimuli which trigger atopic asthma include pollens, animal dander,
house dust mites, cockroach remainders, and mould. Whereas stimuli which trigger
non-atopic asthma commonly include viral infections, exposure to tobacco smoke,
cold air, and exercise. Exposure to these stimuli leads to series of events that causes
chronic airway inflammation and other pathological changes [35].

Formerly it was believed that respiratory epithelium mainly acts as a mechanical
barrier along with gas exchange medium. Recent data showed that it plays a critical
role in airway inflammation. Respiratory epithelium is a key component of the local
innate immunity in the respiratory system and has capacity to produce various
chemical mediators which can initiate and drive various component of the immune
response. Various triggers can stimulate an inflammatory response from respiratory
epithelium (mentioned above in stimuli) leads to secretion of cytokines and
chemokines that stimulate leukocytes and enhance the development of an innate
and adaptive immune response [38].

In the immuno-pathogenesis of asthma, various cells of immune system are
involved. Mainly CD4+ T lymphocytes (T helper cell type-2 (Th2) and type-1
(Th1)) eosinophils, neutrophils, and mast cells [39]. Understanding of the immuno-
logic mechanism of asthma has evolved over the period. Initially it was thought that
mast cells and eosinophils play a central role in the process of inflammation in the
airway. Recent evidence showed that Th2 helper cells plays the key role in the process
of inflammation in the airway [40]. Now asthma is believed to be a Th2 cell response
initiated with IgE-mediated sensitization to a variety of stimuli. This will be further
progressed by eosinophils predominated inflammation and hyperresponsiveness of
airway [40].

In a classical atopic asthma, the initial immunological trigger to the development
of airway inflammation is exposure to inhale allergen (e.g., pollens). It may be
cleared by respiratory mucociliary transport system avoiding immunologic response
completely. In genetically susceptible individuals, the relative overexpression of
Th2 cells as compared to Th1 cells is due to the combination of genetic and
environmental factors (which are major etiologies in allergic asthma). Dendritic
cells process it and present it to T lymphocytes and led to activation of a type of
CD4+ T cell, T helper cell type-2 (Th2 cells) [40]. At this point activation of T helper
cell type-1 may protect against asthma, since Th1 cells antagonize the functions of
Th2 cells. In genetically susceptible individuals, the relative overexpression of Th2
cells as compared to Th1 cells is due to the combination of genetic and environmen-
tal factors (which are major etiologies in allergic asthma) [40]. Recent evidence
showed that, another class of T helper cell (Th17 cell) has important role in airway
inflammation in asthma. It secretes IL17 which enhances Th2 mediated eosinophilic
inflammation and promotes neutrophilic infiltration [38].
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Specific cytokines are released in the airways by increased number of Th2 cells.
This includes various interleukin (such as IL-4, IL-5, IL-9, and IL-13). Release of
these cytokines led to several key responses. One of the key responses is increase in
activity of eosinophil by IL-5, which then are responsible for release of
pro-inflammatory cytokines and leukotrienes [35]. Another key response of
activated Th2 cells is stimulation of plasma cell, which is mediated by IL-4, IL-5,
and IL-13. These plasma cells then release immunoglobulin E (IgE). Further, IgE
activates mast cells to release various chemical mediators, including histamine and
cysteinyl leukotrienes. Pathophysiological effect of these chemical mediators ends in
classical morphological changes of asthma in airways which includes edema of the
wall, mucus hypersecretion, bronchoconstriction, and others [35].

It is observed that, Th2 cells play a precise and critical role in occurrence of acute
and less severe form of asthma. But in chronic and severe cases, additionally Th1
cells also has a role in immuno-pathogenesis, which is by releasing chemical
mediators like tumor necrosis factor-α and interferon-γ. This complex T
lymphocytes profiling can explain the excess tissue damage and other complications
in immuno-pathogenesis of severe form of asthma. More detailed studies are needed
to understand the exact mechanism by which the complex phenomenon of T-cell
immune response in asthma is regulated. This may help in precise management and
prevention of complication in asthma. Also, there is need to re-evaluate the precise
and critical role of eosinophil in immuno-pathogenesis of asthma, as it is the one of
prominent pathological finding in blood and tissue of asthma patients. Precise
understanding of these immune-pathological mechanism and its inflammatory
mediators’ response is critical in planning the specific and individualized treatment
and favorable outcome of disease in asthma patient [41].

1.3.2 Chronic Obstructive Pulmonary Disease (COPD)

Chronic obstructive pulmonary disease (COPD) is a chronic progressive disease of
the lungs, which may have substantial extrapulmonary effects that will have impact
on severity of the disease process in the patient [42]. Immuno-pathological features
of COPD have implications for the diagnosis, management, and potential prevention
of the disease. COPD is a major non-communicable disease caused by tobacco
smoking. COPD is projected to be the 3rd leading cause of death by end of 2020.
COPD is characterized by irreversible chronic airflow limitation that is usually
progressive and associated with chronic inflammation in the airways and and/or
alveoli of lung to noxious particles or gases [43].

In COPD, the distinctive chronic airflow limitation is due to varying combination
of small airways disease (Bronchiolitis-chronic bronchitis) and alveolar destruction
(emphysema). These pathological changes do not occur always simultaneously but
advances at different pace over time. Clinically, COPD can be categorized into
2 overlapping conditions: emphysema and chronic bronchitis [43]. Tobacco and its
products smoking are the major risk factor for COPD. Globally, around one in three
patients of COPD is considered to be non-smokers. Other key environmental risk
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factor for COPD includes pollutants from biomass fuel used for cooking and heating,
industrial smoke, dust from grain, cotton, and silica. Key genetic risk factor
associated with COPD is alpha1-antitrypsin deficiency, but there are possibly
other genetic loci associated with this condition [44].

In this condition, exposure to various environmental risk factor (mainly tobacco
smoke) results in major immune response leading to chronic inflammation and
remodeling in the large and small airways (mainly), and the destruction of lung
alveoli. In COPD it is understood to have two immune response phases (Fig. 1.17).
Initially innate immune response, in which inhalation of various risk factor initiates
inflammation. Followed by acquired immune response, in which enhance inflamma-
tion leads to various clinical outcomes [45]. In innate immune response, inhalation
of tobacco smoke introduces various active compounds in the lungs. These active
compounds stimulate the cells of innate immunity such as alveolar macrophages,
dendritic cells, and lung epithelial cells. In response, the stimulated immune cells
secrete numerous chemotactic factors (such as IL 8, GRO-α) that recruit inflamma-
tory cells like neutrophils and macrophages to the lung tissue [45].

In acquired immune response, apart from the role of neutrophils and
macrophages, there is also recruitment and activation of other immune cells like
B-lymphocytes, T lymphocytes (cytotoxic T cells), and natural killer cells. Small
airways are the prime area for these events. At this point, the outcome of disease
depends upon the intensity of inflammatory response [45]. During this process of
acquired immune response, neutrophils and macrophages release various proteolytic
enzymes and oxidants which includes matrix metalloproteinase and neutrophil
elastase. These active chemical mediators cause lysis of elastin and collagen in
lung connective matrix resulting in tissue damage. They also produce various

Fig. 1.17 Immuno-pathogenesis of COPD in smokers, with interaction between the respiratory
epithelium, leukocytes, and its chemical mediators
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cytokines and chemokines capable of further intensifying the inflammatory response
process. Neutrophil elastase causes enzymatic degradation of transforming growth
factor α (TGFα) which in turns excites the mucus secreting glands resulting in excess
mucus secretion and mucociliary dysfunction. Granzyme B and Perforin produced
by cytotoxic T cells and natural killer cells will also cause damage to lung tissue
[45].

Naturally occurring Alpha1-antitrypsin is inhibitor of neutrophil elastase and
hence safeguard the lung tissue from damaging effect of neutrophil elastase. Con-
genital or acquired Alpha1-antitrypsin deficiency (proteinase/anti-proteinase imbal-
ance) leads destruction of lung elastin and connective tissue matrix, results in
prominent emphysematous changes in COPD lungs. Similar changes are also seen
with inactivation of anti-proteinases such as α-1-proteinase-inhibitor (α-1-PI) and
anti-leukoprotease by oxidants from tobacco smoke [45, 46].

It is noticed that in COPD patients, even after cessation of tobacco smoking,
chronic inflammation persists. Initial chronic inflammation of smoking related injury
may cause a defective immune system. This defective immune response causes
persistent low-grade infections, which in turn causes inflammation in the airways
causing persistent COPD. It is also explained by cumulative DNA damage. Serious
DNA damage such as breaks in the double strands can be caused by reactive oxygen
species (ROS) and reactive nitrogen species (RNS) produced by inflammatory cells
[45].

To conclude, in COPD associated chronic inflammation caused spectrum of
overlapping morphological changes in the lung tissue. These morphological changes
are due to various activated immune cells and its released chemical mediators. One
side of COPD spectrum is emphysematous changes in lung tissue, in which activated
immune cells releases destructive enzymes like neutrophilic elastase and matrix
metalloproteinases. These enzymes cause destruction of connective tissue frame-
work in lung mainly in the distal airspaces leading to defective elastic recoiling. Here
the predominant morphological changes include permanent abnormal enlargement
of airspaces with air trapping and airway collapse. Clinically these patients mainly
present with breathlessness, barrel chest, and reduced expiratory flow rates. On other
side COPD spectrum is the predominant clinical presentation of chronic bronchitis.
Here chronic immune response results in morphological changes mainly in proximal
large airways. This includes excess inflammatory cell infiltrate mainly lymphocytes,
enlarged mucus secreting glands, increase in number of goblet cell and defective
mucociliary function. Also observed chronic inflammatory changes in distal small
airways which are considered to be main cause of airflow resistance. Morphological
changes that can be observed in small airways include hypertrophy of submucosal
smooth muscles with fibrosis and hypersecretion of mucus [45, 47].
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1.3.3 Idiopathic Pulmonary Fibrosis (IPF)

The characteristic feature of this chronic lung disease is a slow and progressive
deposition of fibrotic tissue in the lung parenchyma, leading to significant morbidity
and poor outcome [48]. There is a progressive fibrosis takes a considerable time to
develop and produce symptoms. At diagnosis, the lung tissue exhibits alveolar
epithelial damage, type 2 epithelial cells (AEC2s) hyperplasia, marked fibrosis,
abnormal proliferating mesenchymal cells [48]. There are several factors related to
an increased risk of IPF. They include cigarette smoking [48], gastro-esophageal
reflux, exposure to metal dust, microbes such as viruses, fungi, and bacteria [48],
genetic factors, epigenetic alterations (particularly associated with cigarette smoking
and aging), cellular, tissue, and age-related changes that seem to exert a major
influence in IPF [48].

Apart from various risk factors and genetic susceptibility playing their role, the
pathogenesis of continued development and progression of the fibrotic process in the
lung is attributed to recurring minor injury of the alveolar epithelial cells and
abnormality in the process of repair ! aberrant behaviors of various pulmonary
cells !promote the disease process. Due to persistence of injury and impairment of
the ability to restore tissue integrity, the process of wound healing goes through a
phase of inflammation, laden with high levels of interleukin-1 (IL-1) and tumor
necrosis factor alpha (TNF-α), thus tilting the balance to chronic impairment of
regeneration and tissue remodeling [48].

Neutrophils and monocytes accumulate and produce reactive oxygen species
(ROS) at the site of persistent injury ! worsening the epithelial cell damage !
imbalance between oxidants and antioxidants! triggers apoptosis and activation of
dysfunctional pathways of tissue repair. The recruited monocytes and macrophages
produce a strong pro-fibrotic mediator, platelet derived growth factor (PDGF); in
addition, CC chemokine ligand2 (CCL2) and the macrophage-colony stimulating
factor (M-CSF) may exert direct pro-fibrotic effects [48]. The working model
regarding pathogenesis of interstitial lung diseases stated that inflammation played
a major role leading to fibrosis in IPF. This view had been indirectly supported by
retrospective case studies. However, based on the poor outcome of IPF patients
treated with anti-inflammatory and immunosuppressive therapy has diverted the
focus from inflammation playing the central role. Subsequent research has led to a
model of injury and inflammatory response followed by aberrant wound repair
(Fig. 1.18).

The cells involved in innate and adaptive immune responses influence the (myo)
fibroblast biology, synthesis, and accumulation of fibrous tissue (Fig. 1.19).
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1.3.4 Role of Immune Cells in Pathogenesis of IPF

1.3.4.1 Th-1, Th-2, Th-17 T Cells, and Tregs
The balance betweenTh1/Th2 is disturbed during the inflammatory phase of pulmo-
nary fibrosis [51]. The Th1 cytokines, IFN-γ and IL-12, reduce/arrest fibrosis [51],
while the secretion of IL-1α, TNF-α, PDGF, and TGF-β1 ! overall pro-fibrotic
effect [48]. The Th2 cytokines, IL-4, IL-5, IL-13, have been associated with accu-
mulation of fibrous tissue [51]. Th2 subset produce IL-4. IL-4!production of IL-5,
IL-13, and TGF-β1, infiltration of macrophages, mast cells, eosinophils, and mesen-
chymal cells ! Have a direct effect on fibroblast activation. Hence, Th1 and Th2
responses promote the process of fibrosis [51].

The Th2 cytokines, IL-4 and IL-13, induce M2 macrophages ! Production of
IL-10, arginase-1, and CC chemokine ligand (CCL) 17 and CCL18 [51]. On the
other hand, M2 macrophages have been linked to antifibrotic activities by employing
matrix metalloproteinase-10 (MMP-10) ! ECM breakdown [51]. Therefore, the
precise roles of M1/M2 macrophage phenotypes in fibrogenesis remain ambiguous
and controversial. The Th2 cytokine, IL-13, is elevated in the blood and
bronchoalveolar lavage (BAL) fluid of the patients and the levels correlate with
the severity of illness. IL-13 differentiates human lung fibroblast to myofibroblast.

Th17 cells ! IL-17 release ! IL-17-induced pulmonary fibrosis indirectly [51]
by increasing TGF-β1 levels, thus creating a positive-feedback loop [48, 51].

Fig. 1.18 Schematic diagram of sequence of pro-fibrotic processes implicated in IPF pathogenesis
(Reproduced from [49])
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It has been found that the number of CD4+ CD25+ FOXP3+ regulatory T cells
(Tregs) is reduced in both BAL and peripheral blood of IPF patients, when compared
to healthy individuals and patients suffering from other lung diseases.

Quantitative and qualitative defects of Tregs might be responsible during the
initial phases and progression of IPF [51].

1.3.4.2 Alveolar Macrophages
They synthesize and secrete the cytokines TGF-β1 and PDGF that favor fibrosis,
chemokines, and proteases such as MMPs [51]. However, the studies have shown
that alveolar macrophages are capable of having both pro-fibrotic and antifibrotic
effects [51]. These opposing effects are acquired through the sub-classes of
macrophages designated as M1 and M2 that are classically activated and alterna-
tively activated, respectively.

Fig. 1.19 The role of immunity and immune cells in Idiopathic Pulmonary Fibrosis (Reproduced
from [50])
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1.3.4.3 Neutrophils
Bronchoalveolar lavage (BAL) from patients with IPF demonstrated increased
number of neutrophils (Kinder et al. 2008; [51]), and this finding is considered an
important guideline for marking an injury to the alveolar epithelial cells. It is
observed that Cytokeratin 19 estimates correspond well with neutrophilic content
in BAL fluid of these patients. These neutrophils are activated! secrete the enzyme
neutrophil elastase (NE), found to be elevated in BAL fluid of IPF cases.

NE ! extracellular matrix (ECM) proteins breakdown (collagens (types I–IV),
laminin, entactin, fibronectin, and elastin) ! pulmonary fibrosis. Studies have
shown that NE also causes fibroblast proliferation and myofibroblast differentiation.

Neutrophils produce serine proteases, MMP-2, MMP-8 (collagenase 2), and
MMP-9 (gelatinase B), implicated in promotion of fibrosis of the lung parenchyma.
The degree of an equilibrium between MMPs and their antiproteases (TIMPs)
determine the tilt of this equation either in favor of accumulation or degradation of
ECM components [51].

1.3.4.4 Fibrocytes
These are circulating myeloid-derived cells that have the potential to enter tissues
and transform into fibroblasts and myofibroblasts. Moreover, CCL12 and CXCL12
have been implicated in attracting circulatory fibrocytes to the site of injury.
Fibrocytes secrete several chemical mediators that activate native fibroblasts to
proliferate and synthesize collagen. An elevated level of circulating fibrocytes
could be used as a predictor of prognosis in IPF [51].

1.3.5 Role of Chemical Mediators in Pathogenesis of IPF

TGF-β1 is primarily involved in pulmonary fibrosis [51]. After dissociation from
latency-associated protein, it promotes transcription of associated genes. There is
increased ECM deposition, particularly of collagen and fibronectin. Fibroblasts
transform into myofibroblasts and express (SMAD, SMA/MAD homology)
α-SMA. It also exerts mitogenic effect on fibroblasts via enhancement of vascular
cell adhesion molecule 1.

Platelet derived growth factor (PDGF) is another potent mitogen and fibrogenic
cytokine/growth factor that acts through the PDGF receptor α ! chemoattractant
and fibroblast activation ! pulmonary fibrosis [51]. The expression of PDGF is
increased in macrophages and epithelium of the lungs.

IL-1β: It is a product of dendritic cells, epithelial cells, activated macrophages,
and neutrophils and has a significant influence in progressive deposition of fibrous
tissue in the lung tissue. [51]

CCL2: Also known as monocyte chemoattractant protein-1, is secreted by the
alveolar epithelium, fibroblasts, monocytes, macrophages, and acts via interaction
with CCR2 [51]. CCL2-enhanced chemotaxis of Fibrocytes, their transformation
into fibroblasts ! advancement of collagen synthesis and deposition. Likewise,
CCL17, CCL18, and CCl12 have been found to promote pulmonary fibrosis.
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1.3.6 Suggestions for Further Research

1. Infections with cytomegalovirus, Epstein–Barr-virus, human herpesvirus-8, and
hepatitis C virus are considered as risk factors for IPF, however, need to be
studied further since the studies have shown conflict in results.

2. Studies have suggested that analyzing the composition of lung microbiome might
prove vital to gain deeper knowledge about the progression of ongoing fibrosis
and that it could be used as a prognostic tool. However, more data is needed
through future research on this aspect.

3. An increasing evidence suggests an elevated count of fibrocytes in the blood
during an acute relapse, which declines after the hyper-acute phase is over.
Further studies about their role could be beneficial in utilizing the information
in predicting the course of disease.

4. New studies aimed to analyze the influence of inflammation in the pathophysiol-
ogy of IPF should be done, because their results may guide us to understand the
events during the early stages and the mechanisms of disease progression.

5. Epithelial–mesenchymal transition (EMT): This phenomenon has been observed
in several studies. It involves the epithelial cells losing their cell-to-cell adhesion,
acquiring the potential of migration and mesenchymal transformation, enhance-
ment of their potential to convert to fibroblasts and myofibroblasts leading to
deposition of ECM components. However, other studies have shown no findings
suggestive of this transition in fibrotic settings. Therefore, further research studies
are required to resolve such conflicts.

6. Despite several studies done on the role of macrophages and their products in
pulmonary fibrosis. It is still difficult to clearly define the impact of M1 and M2
subtypes.

1.3.7 Pulmonary Hypertension

Pulmonary hypertension is a term that encompasses [52] the conditions that could
elevate the mean pulmonary arterial pressure (mPAP) to 25 mm Hg or more [52].
WHO classification PH is divided into five groups based on etiology, according to
WHO classification.

• Group 1—Pulmonary arterial hypertension (PAH)
• Group 2—PH in left heart disease
• Group 3—PH as a consequence of chronic lung disease and/or hypoxemia
• Group 4—PH secondary to pulmonary artery obstructions
• Group 5—PH in miscellaneous pulmonary disorders (e.g., Sarcoidosis, myelo-

proliferative disorders, multiple sclerosis, systemic lupus erythematous, HIV,
herpesvirus infection, schistosomiasis) (Adapted from [53]).

The underlying mechanisms leading to elevation of pulmonary arterial pressure
involve extensive obliteration of small and medium-sized arterioles of the lungs.
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There are alterations in the endothelial structure and function, along with growth and
proliferation of neointimal, medial, and adventitial layers. The net result of these
alterations is the development of occlusive arteriopathy resulting in progressive
narrowing, obstruction, and hindrance in the pulmonary circulation, culminating in
right-sided heart failure and demise of affected individuals.

The three components that play major part in the development of PH include
vasoconstrictive influences, formation of micro-thrombi, and remodeling of the
pulmonary vasculature (Fig. 1.20).

1. Vasoconstriction:

It has been observed that the vasoactive influences predominate over those
causing vasodilation ! tilt to vasoconstriction of the pulmonary vasculature. The
abnormalities in three major pathways promoting vasoconstriction include the
abnormal regulation and actions of prostacyclins, endothelin-1, and nitric monoxide
[52]. The important influence of these pathways leading to vasoconstriction has been
demonstrated by the therapeutic advantage of treatment modalities targeting this
aspect of the disease process [52].

2. Microthrombotic events:

Microthrombotic events are observed in older patients with longstanding disease
having important impact on the evolution of PH. The coagulopathies associated with
PH include deficiency of protein C and S! impaired anticoagulation, and enhance-
ment of von Willebrand factor activity ! favors pro-coagulant activity [52]. How-
ever, since inflammation seems to be a significant factor in the pathogenesis of
pulmonary hypertension [52] and certain coagulation factors are designated as
mediators of the acute phase of inflammatory process, it remains unclear whether

Fig. 1.20 The vascular factors involved in the mechanism of disease (Reproduced from [52]). The
three components that play significant role in the pathogenesis of PH include vasoconstrictive
influences, formation of micro-thrombi, and remodeling of the pulmonary vasculature.
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the altered expression of coagulation factors observed is a true expression of their
role in PH.

3. Vascular remodeling:

This process has been termed as a neoplasia-like process that may affect both
arteries and veins of the pulmonary circulation. It includes dysregulated cellular
proliferation, clonal expansion, somatic instability, altered metabolism, and resis-
tance to apoptosis [52]. The hyperplastic change is evident in all the layers of the
vessel wall, and characteristically observed in the vascular smooth muscle cells
(Fig. 1.21).

1.3.8 Pathogenesis of Vascular Remodeling

The cells in the vessel wall that undergo excessive proliferation and contribute to the
process include those in the endothelial layer, smooth muscle cells, and adventitial
fibroblasts. The term “neointima” applies when there is deposition of myofibroblasts
and extracellular matrix proteins in the vascular endothelium. Endothelial prolifera-
tion leads to development of a network of vessels that consists of dilated vascular
channels having thin walls, named as “plexiform lesions.” The medial layer (Tunica
media) exhibits the most prominent changes, caused by an imbalance of

Fig. 1.21 Features of pulmonary artery vascular remodeling—involvement of different cell types
(Reproduced from [52])
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pro-proliferative and anti-apoptotic properties of smooth muscle cells, movement of
myofibroblasts to the endothelial space. The adventitia shows development of new
vascular channels in vasa vasorum and elevated synthesis of matrix proteins (shown
by Elastin-Van Gieson (EVG) staining). All of these structural changes lead to
excessive hyperplastic thickening of the vessel wall and hence, occlusion of the
vascular lumina (reviewed in [52]. Pulmonary vascular lesions in PH show accumu-
lation of T- and B-lymphocytes, macrophages, dendritic cells (DCs), and mast cells
along the vessel walls (Fig. 1.22). Perivascular inflammatory response has a major
influence in the remodeling [54]. Hence, altered immune mechanisms exert a vital
influence in this condition.

Besides perivascular accumulation and intravascular infiltration of immune cells,
there is abnormal elevation of several cytokines and chemokines in the circulation,
such as interleukin (IL)-1β,6,8, monocyte chemoattractant protein (MCP)-1,
fractalkine, CCL5/RANTES, and tumor necrosis factor (TNF)-α (Fig. 1.23). IL-1β
and TNF-α are associated with deposition of fibronectin [54] observed in PH lesions
and IL-6 has a mutagenic effect on smooth muscle cells [54]. The existence of
dysregulated immune response explains the findings, like perivascular inflammatory
infiltrate and the overproduction of the chemical mediators mentioned above. Self-
reacting antibodies against nuclear components, endothelium of the alveoli and
fibroblasts are detected in patients with PH.

Fig. 1.22 Histopathology: A single layer of endothelium, neointima (in light pink) (Reproduced
from [54]). The neointima contains cells that are positive for biological markers of inflammatory
cells and those representing smooth muscles. The medial layer containing smooth muscle cells is
expanded and the adventitial layer looks abundant

36 P. Madhavan et al.



Fi
g
.1

.2
3

P
H
-v
as
cu
la
r
al
te
ra
tio

ns
an
d
in
fl
am

m
at
or
y
in
fi
ltr
at
e
(R
ep
ro
du

ce
d
fr
om

[5
4]
)

1 Immuno-Pathogenesis of Respiratory Diseases 37



1.4 Diagrammatic Illustration: A Vessel with Severe
Neointimal Formation

The vessel lumen contains complement, autoantibodies, neutrophils, and immune
cells bound to the endothelium. The “neointima” is composed of faintly-stained
cells, matrix, and infiltrating T- and B-lymphocytes. The adventitial layer has
macrophages, dendritic, and mast cells. The space along the adventitia is infiltrated
by lymphoid follicles, which contain T- and B-lymphocytes and dendritic cells/
antigen presenting cells (APC).

1.4.1 The Role of Treg cells and T Cells

Tregs are vital in controlling self-tolerance [54]. Tregs exert control on T cells,
influence the functions of dendritic cells, natural killer cells, monocytes,
macrophages, and B-lymphocytes. Hence, an impairment or deficiency of their
function may increase the risk of PH, and is shown to be associated with
PH. Deficiency in normal Treg and/or regulatory NK function ! Dysregulation of
immune response! Skewing towards TH1/TH17 ! predominance of leukotriene
B4-secreting-GM-CSFR+ macrophages that cause direct vascular injury by trigger-
ing apoptotic mechanisms of EC, hypertrophy, and hyperplasia of smooth muscle
cells (Fig. 1.24).

1.4.2 TH1/TH17 and TH2 Immunity in PH

CD4+ T cell responses could be designated as TH1, TH2, and TH17 types and
significantly impact the process of autoimmunity in susceptible subjects [54]. There
is parallel induction of TH17 effector cells and TH1 cells (producing IFN-γ, TNFs,
and IL-2). Both TH1 and 17 cells have the ability to induce inflammatory and
autoimmune states. These cells co-localize and may synergize their chemotaxis at
the site of tissue injury [54]. Th17 cells synthesize and secrete IL-17, IL-6, TNF-α,
GM-CSF, IL-21, and IL-22. Immune dysregulation in the pathogenesis of PH favors
TH1/TH17 immune responses ! elaboration of TNF-α and IL-6 ! other injurious
responses that promote structural alterations in the blood lung vessels, as
summarized in Fig. 1.25 [54].

1.4.3 Neutrophils and Neutrophil Elastase

Neutrophil elastase influences the pathogenesis by the effect on the biosynthesis and
secretion of potent growth factors from extracellular matrix components. Elastase!
Release of elastin and fibronectin fragments, that are highly chemoattractant. Elas-
tase also activates complement pathways, enhancing the immunological impact and
inflammation [54].
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1.5 Suggestions for Further Research

1. Though studies have explained the pathways involved in vasoconstriction, and
effective therapies have been evolved for symptomatic relief, yet more work is
recommended that may help in the prevention and to cure PH.

2. Microthrombotic events and their subsequent role in the progression of almost all
forms of PH needs attention. There is lack of substantial scientific data about
therapeutic usage and benefits of new drugs to treat such events in PH patients.

3. Vascular injury, inflammation, and vascular remodeling go hand in hand in the
pathogenesis of PH. Deposition of complement C3 in vascular injury and that of
aberrant bone morphogenetic protein receptor type II (BMPR2) in cellular prolif-
eration. Prevention of apoptosis of the vascular elements has been documented in
the pathophysiology of PH. However, more research would be beneficial in order
to find an effective therapy to combat the process.

4. Studies have described the presence of lymphoid aggregates in the lungs and
circulating autoantibodies in the patients with PH, even in the absence of an
autoimmune disorder. There are still grey areas to correlate to the events involv-
ing vascular injury, inflammation, and obliterative vasculopathy, not only in the
idiopathic form of disease but also in autoimmune and infectious forms of PH.

1.6 Immuno-pathogenesis of Lung Cancer

In humans, lung cancer is the leading cause of deaths from cancer worldwide
[55]. Lung cancers most likely originate from differentiated or undifferentiated
basal cells of bronchial lining in the respiratory tract. These basal cells are

Fig. 1.25 Dysregulated immune mechanisms and their influence in PH. (Reproduced from [54])
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considered to be putative stem cells of the bronchus. It is believed to differentiate
into the secretory, ciliated, and goblet cells of the respiratory epithelial lining [56].
This cancer has been described to have various classic morphological patterns based
on light microscopy, aided by ancillary techniques. There are two broad types of
lung cancers, i.e. the one that accounts for 80% of the cases are non-small cell
carcinoma (NSCC) and the other 20% of the cases are made of small cell carcinoma
(SCLC). The most distinct types of non-small cell carcinoma include adenocarci-
noma, squamous cell carcinoma, and large cell carcinoma (NSCLC) [57].

Vast majority of lung cancers, including NSCC (85%) and SCLC (98%), arise in
tobacco smokers, as tobacco smoke contains more than 20 carcinogens which are
strongly associated with lung cancer development. The most common ones are
polycyclic aromatic hydrocarbons and nicotine-derived nitrosoaminoketone. Glob-
ally, around 25% of lung cancer cases are seen in non-smokers. The pathogenesis of
lung cancer in non-smokers has several risk factors which include environment,
hormones, genetics, and viral infections. Some of the environmental factors include
exposure to asbestos, heavy metals, and petrochemical products [58]. Genetic com-
ponent relates to the host susceptibility to lung cancer, with or without being exposed
to carcinogens. Number of polymorphisms at cytochrome P450 associated gene
from the Cytochrome P450 (CYP) Gene Superfamily has been identified with
increased risk of lung cancer [59].

Genetic mutations in respiratory epithelium occurs due to inhaled carcinogen
from tobacco smoke, through DNA adduct formation, in which a segment of the
DNA is covalently bound to a cancer-causing carcinogen. Adduct formation is due
to metabolic activation of these carcinogens by CYP enzymes. Normally the repair
process for these adducts are done by adduct excision, led by nucleotide excision
repair, which removes DNA adducts and restores the DNA. Sometimes cells with
damaged DNA may undergo apoptosis. Significant mutations may occur at p53 and
Ras genes due to the prolonged DNA adduct formation. Similar mutation was also
seen in non-smokers. The capacity of DNA repair mechanisms may have an effect
on the susceptibility to lung cancer [60, 61].

The other effect of tobacco carcinogen on respiratory epithelium is oxidative
lesion, which is usually repaired by specific mechanism (OGG1). Defect in the repair
of these oxidative lesion can result in significant DNA damage [61, 62]. Lung cancer
associated genetic abnormalities are also found to be linked with altered signaling
pathways which includes epidermal growth factor receptor signaling pathway,
Thyroid transcription factor 1, MYC family (proto-oncogene family), and others.
These information on altered signaling pathways are emerging as considerable
importance for the development of targeted therapy. Stimulatory signaling pathways
are normally led by oncogenes. The cells upon having a malignant phenotype will
lead to proliferation and later escape from apoptosis [61, 63].

Some of the other genetic risk factors associated with lung cancer include
abnormalities in tumor suppressor gene pathways such as the p53 and p16INK4/
cyclin D1/Rb pathways as well as serine/threonine kinase 11 gene mutation. The
protein p53 also known as TP53 or tumor protein is considered as cellular gatekeeper
which regulates the cell cycle, hence guards against genetic instability and
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abnormality. This protein also senses multiple stress signals such as DNA damage,
hypoxia, and oncogene activation. The gene for p53 is the most frequently mutated
gene in lung cancer, seen in 90% of SCLC and large cell neuroendocrine carcinoma
(LCNEC); and 50% of NSCLC [61, 64].

The key pathogenesis in lung cancer is due to the underlying fact that alterations
in oncogenes and tumor suppressor genes may lead to inefficient DNA repair
mechanisms. Lastly, there is the need for fully unravel and comprehend the complex
interrelationship between genetics and other risk factors in the development of lung
cancer.

1.7 Tumor Immunology in Lung Cancer

The innate and acquired immune response both have crucial roles in antitumor
immunity. Immune response against tumor is mainly mediated by CD8+T cells.
Antigen presentation from tumor cells possibly mediated by tumor cells in tumor
draining lymph nodes to specific T cells directly or via cross presentation by antigen
presenting cells (APCs). This priming of CD8+T cells leads to the formation of
tumor specific CD8+T cells, which will then proliferate and increase traffic to the
tumor site where they ultimately attack and destroy the tumor cells. Activated CD8
+T cells would then trigger the secretion of interferon-gamma (IFN-ɣ) and TNF-α.
The CD4+T cells are also activated by APCs. Cell mediated immunity is coordinated
by Th1 subset by producing large amounts of IFN-ɣ and chemokines. The IFN-ɣ
exerts anti-tumor actions such as anti-proliferative, pro-apoptotic actions and inhibits
angiogenesis. Recruitment inflammatory cells such as macrophages, granulocytes,
eosinophils, and NK cells around the tumor are facilitated by Th1 cells [65].

Similarly, other immune cells have prominent roles in tumor suppression [65].
Macrophages are involved in antitumor innate response which is performed by
eliminating apoptotic tumor cells in order to obviate autoimmunity. On the other
hand, the NK cells induce the tumor cell apoptosis via the secretion of cytoplasmic
granules, perforin, and granzymes that will degrade the tumor cells [65].

1.8 Evading the Immune Response

Generally, two mechanisms that allow cancer to avoid the antitumor immune action
are categorized as intrinsic and extrinsic mechanisms. The former is mediated by
immunosuppressive cytokines, such as vascular endothelial growth factor (VEGF)
and Fas ligand, also known as CD95L or CD178 (a type-II transmembrane protein).
The latter is mediated by suppressive cells such as activated M2-like tumor-
associated macrophages (TAMs), suppressive T cells, immature APCs, and
plasmacytoid dendritic cells [65].

There are several mechanisms in which lung cancer evades the immune system.
One of which is “immune sculpting,” whereby the lung cancer cells go through a
slow process of immunoediting. In this process, a precancerous cell slowly
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undergoes selective adaptation to oppose the immune surveillance [65]. The role of
APCs in recognizing and processing the tumor antigens could be disrupted through
secretions of various proteins such as STAT-3, IDO, TGF-β, and IL-10 by the tumor
itself. The dense fibrotic stroma surrounding the tumor can also limit the accession of
T cells to this site. Other ways of immune evasion is through downregulating the
MHC class I molecule expression, therefore making any endogenous or therapeutic
antitumor T cell responses become ineffective [65]. Finally, lung cancer promotes
the increase of Treg and MDSC. These immune suppressive cells tend to accumulate
in the tumor microenvironment, therefore promoting tumor growth and
downregulating antitumor immune responses [65].

1.9 Brief Summary

It is evident that there are many innate and adaptive responses that have been
discovered in the immuno-pathogenesis of the respiratory diseases described in
this chapter. Although there have been many reported evidences on the components
of the innate and adaptive immunity in immuno-pathogenesis, there still lay many
undiscovered potentials of these immune system and may continuously surprise us
in their functional roles in the disease process. Research in immunology and their
roles in pathogenesis could serve as a guide in drug discovery especially for many of
the chronic diseases as pathogens have their “intelligent”ways of evading the human
immune system.
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Abstract

Chronic respiratory diseases such as asthma, chronic obstructive pulmonary
disease, cystic fibrosis, and lung cancer are among the leading causes of global
mortality and morbidity, whereby these diseases have brought enormous
healthcare, economic, and social burden in many countries. Multiple components
of the respiratory system are affected by chronic respiratory diseases, which
include the respiratory airways, lung parenchyma, as well as pulmonary vascula-
ture. Recent advances in medical research have led to the development of various
pharmacotherapeutic agents for the management of chronic respiratory diseases,
such as bronchodilators, corticosteroids, and antibiotics. Despite that, the use of
conventional therapeutics has been futile as they are only capable of alleviating
the symptoms associated with the diseases but did not effectively cure or prevent
the progression of these diseases. This chapter discusses the pathogenesis of
various chronic respiratory disorders and the limitations of current therapeutic
strategies.

Keywords

Chronic respiratory diseases · Asthma · Chronic obstructive pulmonary disease ·
Interstitial lung disease · Cystic fibrosis · Tuberculosis · Lung cancer

2.1 Introduction

Chronic respiratory diseases (CRDs) such as asthma, chronic obstructive pulmonary
disease (COPD), tuberculosis, and lung cancer can affect individuals from all age
groups, and they are the most common and notable causes of worldwide mortality
and morbidity [1, 2]. Enormous social and economic burden in terms of treatment
costs, hospitalization, as well as reduced workforce productivity have also been
brought upon by CRDs [3, 4]. According to the European Respiratory Society,
approximately 400 million people globally are suffering from mild to moderate
asthma and COPD, whereas lower respiratory tract infection as a result from
Mycobacterium tuberculosis infection has affected 10.4 million people globally
with 14% death rate. Besides, CRDs account for approximately 10% of total
disability-related life years (DALYs) in human workforce [2, 5]. In addition, as
reported by the World Health Organization (WHO), lung cancer induced by occu-
pational carcinogens and increasing smokers’ population has also killed more than
2.09 million individuals in 2018 [2, 6]. Serious concerns have been raised as it is
predicted that this figure will grow higher in the near future, shredding a large
number of global populations as a result of CRDs.

Currently, conventional management strategies of CRDs rely on the use of
therapeutic agents. The developing field of medical research and advancement of
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technologies have led to the discovery and development of various chemical drugs
for treating these diseases. Nevertheless, most of the conventional therapeutic agents
are not capable of curing CRDs, as well as to prevent their progression [7–9]. For
example, controlling symptoms is the only management option in asthma and
administration of multiple drugs may be needed in patients who are poorly con-
trolled. Likewise, the current therapeutics of COPD are unable to reverse the
progression of disease [10, 11]. Besides, the emergence of antimicrobial resistance
also brought huge challenge in the management of tuberculosis, a major respiratory
communicable disease [12]. These may be attributed to lack of in-depth understand-
ing of the underlying mechanisms and pathogenesis of CRDs, which may assist in
the discovery of novel therapeutic targets, both molecular and immunological
[13]. In addition, the variable delivery and pharmacokinetic profile of therapeutic
drugs provide justification for further research into improving and enhancing the
biodistribution, accumulation, and efficacy of both conventional and newly discov-
ered therapeutic agents [2, 13]. In this chapter, we provide an overview to the
underlying mechanisms and pathogenesis of various CRDs. We will be highlighting
some of the drawbacks of current therapeutic strategies, along with some
suggestions to address these drawbacks for achieving better therapeutic outcomes
in CRDs.

2.2 The Human Respiratory System

Lungs are the foundational organs of the human respiratory system that play a role in
facilitating gaseous exchange from the external environment into the bloodstream
(Fig. 2.1). Generally, the human respiratory system can be subdivided into two
primary components, namely the conducting portion and the respiratory portion. The
conducting portion of the respiratory system functions to direct air to the site of
respiration and it consists of the nose, nasopharynx, larynx, trachea, bronchi, and
bronchioles, whereas the respiratory portion begins from the respiratory bronchiole

Fig. 2.1 Schematic illustration of gaseous exchange in the human lungs
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and air is directed into alveolar ducts, alveolar sacs, and ends at the alveoli where the
process of gaseous exchange takes place [14, 15]. Alveoli are the structural and
functional units of the human respiratory system, whereby approximately 300 mil-
lion of them are present in adult lungs [16].

Pulmonary gaseous exchange is a continuous process that involves ventilation,
diffusion, and perfusion. The lungs are well-suited for this process as their walls are
made up of a rich capillary network that covers approximately 85 to 95% of the
alveolar surface, accompanied by a thin interstitial matrix. This exceptionally thin
membrane allows gases to diffuse rapidly between the alveolar gas and rich blood
compartments, and ultimately to perfuse body tissues [17, 18]. In addition, the
presence of relatively large blood volume within the alveolar capillaries increases
blood transit time, thereby allowing longer time for gaseous exchange [18]. During
inspiration, each alveolus expands with fresh gas containing high levels of oxygen
which has flown down the bronchial tree from the nose and mouth. During expira-
tion, the volume of alveoli decreases, thereby returning exchanged gas containing
high levels of carbon dioxide up to bronchial tree and subsequently released from the
nose and mouth [16, 18]. The processes of inspiration and expiration are primarily
facilitated by the diaphragm and intercostal muscles [2]. Various measurements have
been employed for monitoring the normal functioning of the human lungs. In this
context, accurate measurement of lung volume is the key to determine presence of
obstructive and restrictive lung diseases, such as those observed in asthma and
COPD. Spirometry is a safe and reproducible maximum breathing test that has
been widely utilized in the diagnosis and management of CRDs through the mea-
surement of lung functionality and determination of lungs ventilatory capacity
[15, 19]. Various standard lung volumes that are routinely measured are summarized
in Table 2.1 [15].

Table 2.1 Standard lung volumes measured and their definitions

Lung volume Definition

Expiratory reserved volume
(ERV)

Volume of air that can be expired after a normal breath

Forced expiratory volume
(FEV1)

Volume of air that can be expired in 1 s of maximal forced
expiration

Functional residual capacity
(FRC)

Volume of air that is remained in the lung after a normal
expiration

Inspiratory capacity (IC) Volume of air that can be breathed after normal expiration

Inspiratory reserved volume
(IRV)

Volume of air that can be breathed after a normal inspiration

Residual volume (RV) Volume of air that is remained in the lung after maximal
expiration

Tidal volume (TV) Volume of air that is inspired and expired with each breath

Total lung capacity (TLC) Volume of air present in the lungs after maximal inspiration

Vital capacity (VC) The maximal volume of air that can be expired after maximal
inspiration
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The human respiratory system is also comprised of multiple specialized cell
types, such as airway epithelial cells, alveolar unit type I and type II cells, goblet
cells, ciliated cells, Clara cells, as well as neuroendocrine cells. Besides, several
immune cells and adipose cells are also present in human lungs [20]. Various studies
have established that the functionality of specific cell types may be linked to the
development of CRDs. For instance, interstitial lung disease (ILD) has been widely
associated with the secretion of surfactant proteins and lipids by respiratory cells
[21]. Lung glandular cells are also associated with the induction of lung
adenocarcinomas in the presence of disease-inducing risk factors [22, 23]. In addi-
tion, airway epithelial cells play crucial role as the modulator of pulmonary inflam-
mation and activation of immune cells, as they are the first line of defence which act
as the barrier separating the host-environment axis in the human respiratory system.
Therefore, airway epithelial cells are regarded as the major component involved in
airway repair and remodelling in CRDs [24]. Furthermore, basal cells that are
present in airway epithelium are also demonstrated to play central role in the
aetiology of bronchoconstriction and airway remodelling. Other epithelial
abnormalities of the lungs include hypertrophy, hyperplasia, dysplasia, and meta-
plasia of squamous and goblet cells [24, 25].

Among the major organs in the human body, human lungs are constantly exposed
to a wide range of allergens and environmental pollutants, which may include
organic, inorganic, and biological agents. The lungs are at a constant threat of
developing minor to complex pulmonary disorders that can compromise the quality
of life of these patients. Hence, a comprehensive understanding of the underlying
mechanisms implicated in the initiation and progression of CRDs with respect to the
physiology of lungs is essential to formulate effective treatment and management
strategies for these diseases.

2.3 Overview of Chronic Respiratory Diseases

2.3.1 Asthma

Asthma is a common yet poorly understood CRD in which the airways become
narrow, swollen, and produce extra inflammation-causing mucus. The disease is
highly prevalent whereby it affects an estimated 241 million people worldwide at all
stages of life, and resulted in approximately 380 thousand deaths annually [26–
28]. Besides, a higher prevalence of asthma is observed in low- to middle-income
countries, with more than 80% of asthma-related deaths reported from these
countries [28, 29]. Asthma is regarded as an alarming medical condition as it has
resulted in huge economic loss associated with high medical expenditure, loss of
productivity from work and school, as well as premature death [30].

Asthma is a disease that can present itself as episodic and persistent in different
individuals. Episodic asthma is when symptoms appear and resolve upon therapeutic
intervention, whereas persistent asthma is when clinical symptoms are continuously
present [31]. The primary symptoms of asthma are breathing difficulty, shortness of
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breath, as well as signs of coughing and wheezing. The cough may be dry or
productive of clear mucoid or pale-yellow sputum. Some patients had reported
that they had experienced chest tightness during asthma exacerbation [32]. Asthma
is commonly triggered by exposure to indoor pollutants, outdoor allergens, occupa-
tional exposure to chemical fumes, air pollution, and tobacco smoke. However,
asthma triggers are found to vary from person to person and can be more pronounced
due to various factors such as cold air, thunderstorm, use of medications including
beta-blockers, aspirin and non-steroidal anti-inflammatory drugs (NSAIDs),
emotions and stress, physical exercise, food preservatives, beer and wine, as well
as medical history such as gastroesophageal reflux disease (GERD) [33, 34].

Based on the pathophysiology of the disease, asthma can be categorized into
multiple phenotypes and endotypes. This categorization is crucial in the manage-
ment of asthma as specific traits can be targeted for effective therapy of the disease
[35]. On the other hand, based on the triggers, asthma can also be categorized as
allergic asthma or non-allergic asthma. Allergic asthma is generally caused by
biological and organic allergens such as dust mite, mold, and pollen, whereas
non-allergic asthma is attributed to risk factors such as infections, diet, and tobacco
smoke. Typically, the initiation of asthma is modulated by Th2 responses as a result
of external and internal triggers, leading to recruitment of type 2 T-helper cells into
the airway and produces pro-inflammatory cytokines at elevated levels, which
include interleukin (IL)-4, IL-5, IL-9, and IL-13 [36]. Another mechanism underly-
ing asthma exacerbation is by stimulation of mast cells, whereby upon exposure to
allergens, airway mast cells along with IL-4 trigger the activation of immunoglobu-
lin E (IgE), which then leads to the release of histamine and tryptase along with
prostaglandin D2, cysteinyl leukotrienes (LTC4 and LTD4), and adenosine
[37]. Besides, IL-5 is involved in the recruitment of eosinophils, resulting in the
development of allergic rhinitis in the upper airways. Synergistically, these
mediators act together to narrow the airway and induce bronchospasm via contrac-
tion of smooth muscles, promote vascular leakage, increase infiltration of immune
cells, as well as mucus hyperproduction. These ultimately lead to airway
hyperresponsiveness and reduced lung FEV1 as observed in asthmatic patients. In
this context, airway epithelium produces thymic stromal lymphopoietin (TSLP),
IL-25, and IL-33 which act as the master regulators of Th2 cytokines expression and
results in early onset of childhood asthma [36, 38]. Furthermore, group 2 innate
lymphoid cells (ILC2) also appear to play a crucial role in augmenting type
2 responses in the airway, which suggest that innate immunity is involved in the
pathogenesis of asthma. The intricate relationship between adaptive and innate
immunity offers synergistic effect whereby Th2 cells and ILC2s act together to
express the master transcription factor GATA-3, thus regulating the synthesis of type
2 cytokines [39].

Usually, asthma is diagnosed based on the medical and social history of the
patient. Manifestation of symptoms such as shortness of breath, wheezing, coughing,
and chest tightness may indicate underlying asthma. Clear identification of the
patient’s history of medical illnesses also facilitate in the diagnosis of asthma. For
example, a history of allergies or eczema, as well as a family history of asthma
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greatly increases the risk of asthma [40]. Apart from that, lung function test is
another popular method utilized to diagnose asthma. Lung function test plays a
vital role in determining standard lung volumes in patients and it is often performed
prior to and after inhaling a bronchodilator. As such, asthma is generally indicated if
lung function appears to improve with the use of a bronchodilator [41]. Some of the
primary lung function tests used to diagnose asthma include spirometry, peak
airflow, FeNO tests (exhaled nitric oxide), and provocation tests [41]. The severity
of asthma can then be determined based on the presented symptoms and lung
function test results, thereby aiding medical practitioners in selecting a proper
treatment plan tailored to the patient (Table 2.2) [42].

The treatment goals of asthma are mainly focused on two domains, which are to
achieve good control of asthma-related symptoms as well as to minimize the risk of
asthma exacerbations, decline in lung function, and adverse effects of medications
[43, 44]. Generally, therapeutic options of asthma include inhaled corticosteroids
(ICS), short-acting beta agonist (SABA), long-acting beta agonist (LABA),
cromones, leukotriene modifiers, methylxanthine, anti-IgE monoclonal antibodies,
and IL-5 antagonists. The recommended step-up therapeutic strategies for adults and
children aged between 6 and 11 are summarized in Fig. 2.2 [43].

In most cases, ICS such as budesonide, fluticasone propionate, and mometasone
furoate will be given together with SABA as the first line treatment after asthma is

Table 2.2 Categorization of asthma severity based on symptoms and lung function

Severity Symptoms/Lung function

Intermittent – Daytime asthmatic symptoms of 2 days or less per week
– Bothered by night-time symptoms twice a month or less
– Uses inhaler twice a month or less
– No interference with daily activities
– Normal FEV1

– Peak flow <20% variability from daytime to night-time
– �1 exacerbation per year that requires oral corticosteroids

Mild persistent – Daytime asthmatic symptoms of �2 days per week, <1 time per day
– Bothered by night-time symptoms 3–4 times a month, <1 time per week
– Uses short-acting beta agonists as reliever >2 per week
– Minor interference with daily activities
– FEV1 � 80%
– Peak flow 20 to 30% variability from daytime to night-time
– �2 exacerbation per year that requires oral corticosteroids

Moderate
persistent

– Daytime asthmatic symptoms every day
– Bothered by night-time symptoms >1 time per week, but not daily
– Major interference with daily activities
– Peak flow >30% variability from daytime to night-time
– FEV1 between 60% and 80%

Severe persistent – Daytime asthmatic symptoms happen throughout the day
– Bothered by night-time symptoms every night
– Frequent severe attacks
– Extreme limitations of daily activities
– FEV1 < 60%
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Fig. 2.2 Step-up therapeutic strategy of asthma in (a) adults; (b) children aged between 6 and 11
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diagnosed [43]. Initially, it is recommended that ICS/LABA especially formoterol to
be used as the reliever instead of SABA, such as salbutamol, for adults who are
suffering from asthma. O’Bryne and co-workers have conducted a large double-
blind study and found that in mild asthmatic patients, significant reduction of asthma
exacerbation (64%) was seen in patient treated with ICS/LABA (budesonide/
formoterol) in comparison with those who were treated with SABA as reliever
[43, 45]. Similarly, another recent study conducted by Beasley et al. has also
shown a prominent decrease of severe exacerbations (60%) in patients using
ICS/LABA as reliever therapy [43, 46]. These are in-line with the Global Initiative
for Asthma (GINA) Guidelines 2020, which reported that ICS treatment can reduce
the risk of severe asthma exacerbations, improve lung function, prevent symptoms
and exercise-induced bronchoconstriction occurrence in patients with mild asthma
as compared to the patients who did not use ICS [43]. Nevertheless, prolonged used
of ICS was found to induce several local to systemic adverse effects which include
osteoporosis, candidiasis, dysphonia, and adrenal suppression [38]. Formoterol is
the recommended LABA in the management of asthma as it possesses quick onset of
action and it is a long-acting bronchodilator with therapeutic action up to 12 h
[47]. The management strategy of having both ICS and LABA to be used daily for
symptom relief is known as SMART therapy (Single-Inhaler for Maintenance and
Reliever Therapy). As such, this will improve patients’ adherence to treatment as it is
cost effective and can exert dual therapeutic action at the same time. In the contrary,
for patients who have moderate to severe asthma, tiotropium will be added on to
tackle the conditions that cannot be controlled by ICS [32, 47]. Other therapeutic
agents such as cromones, leukotriene modifiers, methylxanthine, anti-IgE monoclo-
nal antibodies, and IL-5 antagonists will be added in cases where asthma cannot be
controlled by existing regimens. Otherwise, the medications can be stepped down
with careful monitoring if the patient’s condition is well-controlled after treatment
[47, 48].

In the recent years, biological inhibitors have gained attention for their use as
novel asthma therapeutics. For example, tezepelumab is an anti-TSLP that blocks
‘alarmins’, which are a group of cytokines that play critical role in the pathogenesis
of asthma by inducing several inflammatory cascades in the bronchial epithelium
[49]. Phase 2 clinical trials have shown that tezepelumab decreases annual asthma
exacerbation rates in patients with low and high inflammatory status. It is also
demonstrated that tezepelumab diminished blood eosinophils and total serum IgE
levels. However, the disadvantages of tezepelumab include the suppression or
dysregulation of host defence immune system. Thus, close monitoring is
recommended when patients are given tezepelumab although they are generally
reported safe so far [50]. Another example is omalizumab, an anti-IgE biological
inhibitor, which exerts its therapeutic effects by forming an irreversible complex
with IgE, thereby blocking the production of inflammatory mediators and inflamma-
tory cells that are involved in asthma pathogenesis. This is proven in a study by
Busse et al. whereby administration of omalizumab led to a remarkable reduction in
exacerbation of severe asthmatic patients in comparison with patients treated with
ICS [51]. Furthermore, fevipripant, a prostaglandin D2 receptor inhibitor, also
known as Th2 expressed chemoattractant receptor molecule (CRTH2), has also
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been recently classified as one of the potential asthma treatment strategies.
Fevipripant modulates the receptors of major inflammatory cells involved in the
pathogenesis of asthma, thereby improving lung function in moderate or severe
asthmatic patients with limited airflow or sputum eosinophilia, as demonstrated in
phase II clinical trials [50]. In a nutshell, biological inhibitors may be efficacious and
can potentially be utilized in the development of novel asthma therapeutics due to
their intriguing key inflammatory pathways-targeting properties.

Although multiple prominent clinical studies have proven that biologics therapy
targeting key cytokines in the asthma inflammatory pathways are the future genera-
tion medication for the treatment of asthma, there are insufficient biomarkers to-date
to carefully assess the presiding inflammatory cascade in an asthmatic patient.
Therefore, future research can focus on the identification of accurate biomarkers of
the inflammatory pathways in a specific asthmatic patient to create a personalized
therapeutic regimen [52]. Besides, combination therapies with current treatment and
the new generation of biologics therapy can be further investigated, with medication
safety as the topmost priority for such strategy. On-going research is still focused on
developing new biological inhibitors as clinical trials have demonstrated decreased
exacerbations as well as reduced adverse reactions attributed to reduction in the use
of oral glucocorticoids and ICS, thereby providing precision medicine by targeting
the key inflammatory cells involved in the pathogenesis of asthma [50, 52–54].

2.3.2 Chronic Obstructive Pulmonary Disease

COPD is a preventable, treatable but irreversible disease that is distinguished by
airflow limitation and continuous respiratory symptoms that is normally caused by
alveolar and/or airway deformities as a result of significant exposure to noxious
gases or particles [55, 56]. COPD comprises a bunch of chronic, progressive
conditions which includes chronic asthma, chronic bronchitis, emphysema (paren-
chymal destruction), and small airways deterioration (obstructive bronchiolitis)
[55]. It is predicted that roughly 10% of people aged 40 years and above suffer
from COPD even though such statistics may differ between countries and escalates
with age [57–59]. According to a report by the WHO, the global burden of disease
study presented that a total of 251 million COPD cases were discovered in 2016
globally. Besides, it was estimated that COPD resulted in 3.17 million deaths in the
year 2015 alone, which is about 5% of total death [60]. Consequently, COPD poses
huge economic burden in addition to its mortality rate, attributed to high medical
costs as a result of frequent hospitalizations, necessities for chronic therapies such as
medications and supplemental oxygen therapy, as well as productivity loss due to
absence from work [61].

COPD can be diagnosed in patients presenting key symptoms which include slow
progressive chronic cough, shortness of breath (dyspnoea), chronic sputum produc-
tion, a history of recurrent lower respiratory tract infections, a history of exposure to
risk factors of the disease, and/or family history of COPD (Fig. 2.3). The most
common causative agent towards COPD is smoking. COPD can also be developed
from several other risk factors and these include occupational exposures to dust and
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chemical agents, indoor and outdoor air pollution, age, sex, genetic factors, poor
lung growth, and/or pre-existing diseases such as respiratory infections, chronic
bronchitis, asthma [62–64]. Typically, the severity of disease progression in
COPD is estimated using spirometry and a staging system developed by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD). Spirometry, the most
objective and reproducible measurement of airflow limitation, has good sensitivity
and can be used repetitively as it is non-invasive and readily available. On the other
hand, the GOLD staging system of COPD classifies the severity of patients based on
their pulmonary function in terms of forced expiratory volume in 1 s to forced vital
capacity (FEV1/FVC) ratio (Table 2.3) [65, 66].

The pathogenesis of COPD is primarily characterized by airflow obstruction and
infiltration of inflammatory cells, particularly CD8+ T lymphocytes, macrophages,
and neutrophils in both peripheral and alveolar spaces as a result of tobacco smoke

Fig. 2.3 The general diagnostic pathway of COPD

Table 2.3 GOLD classification of COPD severity based on lung FEV1/FVC ratio

Stage COPD severity FEV1/FVC ratio

Stage
1

Mild COPD �80% of normal

Stage
2

Moderate COPD Between 50% and 80% of normal

Stage
3

Severe emphysema Between 30% and 50% of normal

Stage
4

Very severe emphysema/
COPD

<30% of normal or stage 3 with low blood oxygen
levels

2 Introduction to Chronic Respiratory Diseases: A Pressing Need for Novel. . . 57



Fi
g
.2

.4
S
ch
em

at
ic
ill
us
tr
at
io
n
of

th
e
ai
rw

ay
s
an
d
al
ve
ol
i
in

(a
)
he
al
th
y
in
di
vi
du

al
s
an
d
(b
)
pa
tie
nt
s
w
ith

C
O
P
D

58 Y. Chan et al.



and/or environmental pollutants. Chronic inflammation and structural changes due
to continuous injury and repair as a result of inhaled cigarette smoke and other toxic
particles are the key pathological changes found in the peripheral, proximal airways,
pulmonary vasculature, and lung parenchyma in COPD patients (Fig. 2.4). However,
the immune responses are found to differ according to various subtypes of COPD
[2, 67, 68]. Mucus hypersecretion, elevated inflammatory cells, serine proteases-
induced MUC5AC gene overexpression, cigarette smoke-induced reactive oxygen
species (ROS) production, as well as activated macrophages are the major driver of
chronic bronchitis, whereby restricted airways and damaged adjacent cells lead to
airway remodelling and loss of lung elasticity. Mucus hypersecretion can also further
result in chronic productive cough and lung hyperinflation, leading to shortness of
breath [69, 70]. In the contrary, emphysema is the direct result of cigarette smoke.
Activated neutrophils, decreased antiprotease activity, reduced alpha1-antitrypsin
(AAT), and imbalance between antiprotease and protease activities are the key
drivers that lead to gradual destruction of smaller airway walls and alveolar sacs
[71]. Ultimately, alveoli lose their structure and normal functions, for instance,
reduced gaseous transfer and airflow limitation, thereby contributing to hypoxemia,
reduced ventilation, and dyspnoea [55, 72]. Nonetheless, the role and relationship
between innate and adaptive immune responses in the pathogenesis of COPD
remained unclear. It is generally believed that the exacerbation of COPD is triggered
by overexpression of IL-8, matrix metalloproteinase (MMP), and CXC chemokines,
as well as hyperproduction of pro-inflammatory mediators such as IL-1β,
transforming growth factor (TGF)-β, tumor necrosis factor (TNF)-α, and leukotriene
B4 that induce local fibrosis and dysregulation of oxidant/antioxidant homeostasis
[2, 68].

The desired treatment outcomes for COPD are to decrease the severity and
frequency of exacerbations, reduce the symptoms, prevent disease progression,
decrease mortality, as well as to improve the patients’ quality of life and their
exercise tolerance. As the single most common risk factor for COPD is smoking,
smoking cessation is important to improve one’s COPD condition [73]. For this
instance, the Lung Health Study has proven a remarkable lower decline in post-
bronchodilator FEV1 for patients’who quit smoking (22 to 30 mL/year) as compared
to those who do not quit smoking (54 to 66 mL/year) [74].

In terms of pharmacological management, patients will be first grouped into
either A, B, C, or D, based on a report published by GOLD (Fig. 2.5) [55]. According
to Ferguson et al., it was suggested that inhaled bronchodilators (muscarinic
antagonists and beta agonists) remain as the mainstay of pharmacological therapy
in asthma, which are either given alone or in combination with inhaled
glucocorticoids [75]. The major drawback of short-acting bronchodilators is that it
may not provide effective relieve in patients with more often exacerbations as they
have shorter duration of action (between 4 h and 6 h) as compared to the long-acting
bronchodilators. Therefore, short-acting bronchodilators are mostly recommended
for group A patients with minimum signs and symptoms, as well as low exacerbation
risk. The combination of short-acting muscarinic agonist (SAMA) and short-acting
beta agonist (SABA) is often preferably prescribed than either agent alone as such
combination therapy can provide synergistic bronchodilator response [55]. This is
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proven in a clinical trial whereby 534 patients were assigned randomly to receive
either albuterol, a SABA, or ipratropium, a SAMA alone, or in combination of
albuterol and ipratropium. The study demonstrated that combination therapy
enhanced the mean peak FEV1 significantly in comparison with either drug alone
[76]. As for group B patients, long-acting bronchodilators, namely long-acting beta
agonist (LABA) and long-acting muscarinic antagonists (LAMA) are usually given.
The therapeutic efficacies of both LABA and LAMA have been evaluated and
compared in various randomized trials and meta-analyses. It has been proven that
the overall safety and efficacy were similar, except for LAMA which exhibited a
greater reduction of exacerbations in COPD patients [55]. However, among the
LAMAs, tiotropium has presented the greatest potential in minimizing
exacerbations. This is proven through a seven trial-meta analysis which involved
12,223 participants [77]. Thus, tiotropium is generally the drug of choice for patients
who fall in the group C category as well. Similarly, in a large randomized controlled
clinical trial involving over 3000 individuals, tiotropium has demonstrated its
capability of providing better protection against COPD exacerbations in comparison
with indacaterol, a LABA [55, 78]. On the other hand, LABA-LAMA combination
is undeniable the most reasonable approach for patients with severe shortness of
breath (COPD assessment test (CAT) � 20). Multiple studies have proven that

Fig. 2.5 Overview of pharmacological management in COPD patients
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combination of LABA-LAMA is better in preventing exacerbations and significantly
improved lung function as compared to either drug alone, or with LABA/ICS
[55, 79]. Moreover, LABA-LAMA fixed dose combination inhaler is preferred
over two separate inhalers because of its potential to improve patient adherence,
therapeutic outcomes, as well as reduced medication costs [80].

In certain cases, inclusion of ICS in the therapeutic regimen of COPD patients
with a history of severe exacerbations may further improve health status and lung
function when used in combination with LABA and LAMA. This is in-line with the
recommendations of GOLD guideline which indicated that triple therapy (LABA/
LAMA/ICS) presented better therapeutic outcomes in comparison with dual or
monotherapy [81]. Besides, addition of mucolytic agent to regular therapeutic
regimen, such as bromhexine and erdosteine may help in enhancing health status
and reducing the risk of exacerbation in COPD patients who are not receiving any
ICS. Other medications such as methylxanthine (e.g. theophylline), antibiotics
(e.g. azithromycin), and phosphodiesterase-4 inhibitors (e.g. roflumilast) can also
be given on a case-to-case basis [55]. In short, the use of medication varies with
individuals depending on their disease condition. The published references may
serve as a guide for healthcare professionals to decide and weigh upon the benefits
and the risks assessed individually for different patients.

Despite advancements in medical research over the years, current treatments can
only help to relieve the symptoms associated with COPD and retard the progression
of lung destruction, but there is no cure to the disease and regeneration of damaged
lung tissue is not possible. As COPD is a progressive disease that deteriorates with
ageing, existing therapies are designed to slow the progression of COPD and to
provide temporary relief for patients, but these therapies are not capable of restoring
normal functions of the lung in its damaged regions. Complete recovery is currently
only possible with a lung transplant, which is normally a less feasible approach in
most patients [2, 73]. Although ICS demonstrated benefits in reducing the risks of
exacerbation when used concurrently with LAMA and LABA, it has been
recently discovered that patients using ICS are often associated with a higher risk
of getting pneumonia. Morjaria et al. have performed a randomized controlled trial
study to determine whether patients treated with ICS presented a higher risk in
developing pneumonia as compared to ICS-free therapy. The results demonstrated
that with ICS, the incidence rate of pneumonia is approximately 20 to 30% higher
than those with ICS-free treatment [82, 83].

Future studies in the development of novel COPD therapies are focused on the
identification of key biomarkers driving the pathogenesis of COPD in specific
patients, in an attempt to design individualized COPD therapeutic regimen via
specific targeting to cure this disease instead of just relieving the symptoms and
preventing exacerbations. A recent study conducted by Broekman et al. has reported
that cell therapy utilizing mesenchymal stromal cell might be one of the potential
novel COPD therapeutics. In pre-clinical studies, regenerative mesenchymal cells
have demonstrated the ability to alter immune response and improve the process of
tissue repair. This further enhances target cells proliferation and migration which in
turns decreases cell apoptosis. However, its precise mechanism of action is still yet
to be known [84].
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2.3.3 Interstitial Lung Disease

Interstitial lung disease (ILD) is an umbrella term that refers to a wide range of
diseases that cause scarring or fibrosis in the lungs [85]. The term ‘interstitial’
suggests that the abnormality begins in the interstitium, however, most of the ILDs
are also associated with pathological changes in the alveolar and airway architecture
[86]. Typically, ILDs are linked to inflammation in the airways, such as bronchioli-
tis, alveolitis, and vasculitis. However, the manifestations of ILD may differ by
individuals and comprised of respiratory symptoms such as shortness of breath and
non-productive cough, loss of weight, decreased pulmonary capacities, chest dis-
comfort and abnormalities in chest radiography, as well as pulmonary haemorrhage
[87]. ILDs can be classified according to their clinical, radiological, physiological,
and histopathological features, for example, sarcoidosis indicates the presence of
granulomatous inflammation with no parenchymal fibrosis, whereas idiopathic pul-
monary fibrosis (IPF) indicates the presence of broad pulmonary fibrosis with lung
distortion [85]. ILDs are highly prevalent globally and affect mostly adults, with IPF
being the most common form of ILD, whereby it has been estimated that about three
million individuals suffered from IPF [88]. As treatment plan varies according to the
causes and types of ILD, ascertaining the correct diagnosis is very important.
Diagnosis of ILD usually involves detailed screening of patients’medical and family
history, physical examination, laboratory testing, imaging, physiologic testing, and
biopsy [89]. When observed through a chest radiograph, the most common feature
seen is a reticular pattern, but nodular or mixed patterns are also observed. High-
resolution computed tomography (HRCT) can offer a better characterization of the
disease and support the diagnosis in case of a negative chest X-ray. Generally, a
complete lack of pulmonary parenchymal changes on HRCT imaging virtually
excludes a diagnosis of ILD, although in rare cases, ILD may still be present within
the lungs having microscopic involvement that does not reach the threshold for the
detection of an abnormality which is usually detectable by HRCT [85, 87].

The disease outcome of ILD is heterogenous and it can vary from partially
reversible fibrosis to deadlier chronic progressive fibrotic ILDs. Specifically, IPF,
the most common type of ILD, has a very poor prognosis whereby the mean survival
rate of patients diagnosed with IPF is only approximately 2-5 years [90]. The
management of IPF is further complicated by its high intra- and interindividual
heterogeneity, as some patients presented slower disease progression whereas some
other patients presented rapid decline in lung function. Furthermore, in the same
patient, periods of minimal changes in lung function can also alternate with periods
of rapid decline of lung function [91]. Therefore, it is important to obtain a complete
history during the initial evaluation of a patient with suspected ILD so that the
probable cause of disease can be recognized. There are a wide range of causes that
may lead to ILD, including environmental and occupational factors, tobacco and
medication use, infections, as well as autoimmune disease such as rheumatoid
arthritis [92]. Certain cases of ILDs have also been associated with genetic
alterations that cause increased fibrosis [93]. Nonetheless, most ILDs are idiopathic
diseases which indicate that the causes of lung injury and fibrosis are generally
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unknown. Besides, ILDs often present with comorbidities and lack specific
symptoms which may complicate diagnosis, thereby resulting in delay of treatment
in these patients [85].

Despite advancing technologies in the field of medical research, the exact
mechanisms involved in the pathogenesis of ILDs are still relatively vague; how-
ever, they appear to be multifactorial. ILDs are primarily characterized by a combi-
nation of chronic inflammation in the lungs, where there is an accumulation in
inflammatory cells and surge in pro-inflammatory cytokines, as well as lung fibrosis
due to abnormal deposition of collagens and other extracellular matrix components
[92, 94]. Morphological changes can be observed in the parenchyma due to events of
inflammation. Following chronic injury in the alveolar epithelium, proteins, and
profibrotic elements present in the parenchyma would undergo repetitive activation,
which then results in accumulation of connective tissues and fibrosis. Such prolifer-
ation and excessive accumulation of fibroblasts, myofibroblasts, and extracellular
matrix eventually lead to chronic respiratory failure in ILD patients [94]. Neverthe-
less, the key underlying mechanisms of these events remained unclear and poorly
understood, with possibility of the involvement of multiple signalling pathways that
contributed to the large diversity of clinical manifestations in ILD patients [94, 95].

The treatment of ILD mainly depends on the cause and severity of the disease.
Patients who have mild and stable ILD, characterized by mild symptoms and
minimal pulmonary impairment, may improve without therapeutic interventions,
and may only require close monitoring until there is evidence of disease progression.
However, most patients with ILD require pharmacological treatment and supportive
care [96]. For ILDs with known causes, such as medication or inhalational exposure,
the first step is to avoid the offending agent and other possible risk factors. Current
smokers should also be strongly advised to stop smoking [96, 97]. The pharmaco-
logical treatment for ILD mainly aims to preserve lung function by reducing
exacerbations and to improve patients’ quality of life. It involves the use of
glucocorticoids and immunosuppressive drugs such as cyclophosphamide, prednis-
olone, and azathioprine. Systemic glucocorticoids are initiated in patients with
moderate symptoms and impairment on pulmonary function testing, and diffuse
abnormalities on high-resolution computed tomography. An additional immunosup-
pressive agent will be added in most patients after 3–6 months of treatment with
glucocorticoid therapy. In severe cases, oral glucocorticoids are initiated in combi-
nation with an immunosuppressive agent [85, 96–98]. Despite that, administration of
these therapies seemed to present little to no effects in providing long-term
improvements for patients with most severe cases of progressive fibrosis [97]. In
addition, glucocorticoids are commonly associated with various adverse effects,
such as loss of bone density, dermal atrophy, cataracts, glaucoma, obesity, and
elevated levels of triglyceride and blood glucose [99]. Hence, more detailed studies
and reviews are needed to support the use of corticosteroids in the management
of ILDs.

Currently, pirfenidone and nintedanib are among the two approved antifibrotic
agents that demonstrated therapeutic effects of ILDs by slowing down the progres-
sion of disease and preventing decline in lung function [100, 101]. Nintedanib is
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believed to exert its therapeutic effect on ILDs by inhibiting intracellular tyrosine
kinase inhibitors involved in the pathogenesis of ILDs, such as platelet-derived
growth factor receptor, vascular endothelial growth factor receptor, fibroblasts
growth factor receptor, and profibrotic mediators [100, 102, 103]. On the other
hand, pirfenidone exhibited broad anti-inflammatory, antioxidant, and antifibrotic
activities, such as its ability to reduce transforming growth factor (TGF)-β and
TNF-α [100, 104, 105]. However, their precise mechanism of action is still not
well elucidated, and several adverse reactions have been associated with the use of
these medications [102, 106]. Apart from that, azathioprine and mycophenolate
mofetil are the common immunosuppressive agents used for the treatment of ILDs
[96]. A study by Ayer Fischer noted that mycophenolate mofetil is well tolerated and
effective towards connective tissue disease associated ILD. The treatment has low
rate of discontinuation and improved pulmonary physiology over a median 2.5 years
of follow-up studies [107]. Likewise, another study by Huapaya JA et al. also
concluded that ILD patients treated with both azathioprine and mycophenolate
mofetil had improved FVC percentage predicted and required lower dosage of
prednisone [108]. Oldham JM et al. also noted that azathioprine and mycophenolate
mofetil therapies were associated with improved stability in pulmonary function in
ILD patients. However, minority of the patients could not tolerate the adverse effects
of immunosuppressants. Specifically, 10 out of 64 patients prescribed with azathio-
prine switched to mycophenolate mofetil due to side effects such as nausea and
vomiting, elevated transaminases, and rashes. Notably, no patients prescribed with
mycophenolate mofetil switched to azathioprine due to side effects [109].

The prognosis of ILD strongly depends on its aetiology and disease progression.
Although several drugs have shown certain effects in managing ILDs, IPF is widely
known for its poor prognosis and resistance towards treatment [89]. It has been
established that ILD patients with IPF had a significantly shorter survival in acute
exacerbation when compared to those with non-IPF ILDs. This remained as a major
health concern as the efficacy of current therapeutic agents remains debatable and the
use of such agents has resulted in adverse effects to a certain extent [97]. Hence,
development of new therapeutic strategies is needed to enhance the treatment
efficacy in ILDs and to minimize the incidences of adverse effects. Recently,
advanced materials are being studied as novel strategies in the treatment of ILDs.
A study by Yhee JY et al. noted that glycol chitosan nanoparticles can be used as a
drug-carrier system in the treatment of fibrotic lung fibroblasts due to its remarkable
interaction with collagen-rich matrix that leads to enhancement of its intracellular
delivery [110]. Similarly, another study by Garbuzenko OG et al. also proposed that
inhalation delivery of nanostructured lipid carriers loaded with prostaglandin E and
siRNAs can be developed as an efficient therapeutic for IPF [111]. In a nutshell,
more researches are needed to further explore on the treatments of ILDs, including
the use of novel strategies such as nanomedicine as well as precise identification of
the mechanistic and molecular pathways underlying development of ILDs. The
novel therapies should ultimately improve patients’ survival, slow disease progres-
sion, and enhance patients’ quality of life with better tolerability towards these
therapies.
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2.3.4 Cystic Fibrosis

Cystic fibrosis (CF) is a multisystem autosomal recessive disorder caused by
mutations in the cystic fibrosis transmembrane conductance regulator (CFTR)
gene [112]. It is the most common life-shortening gene disorder whereby approxi-
mately 70,000 individuals are affected by this disease, primarily in Caucasian
children [113]. CFTR is a protein-encoding gene that translates cAMP-activated
anion channels in epithelial cells, which functions to regulate the transport of anion
and mucociliary clearance in the respiratory airways. Therefore, dysfunction of the
CFTR gene can result in thick, viscous secretions in the lungs, which then hinders
the intrinsic clearance and defence system, leading to inflammation and impairment
of the lungs [114]. The initiation of CF primarily involves mutation in the ΔPhe508
gene that is found in the gene locus on the long arm of chromosome 7, accounting for
approximately 70% of CF cases. Such mutation commonly occurs as a three-base-
pair deletion which leads to loss of phenylalanine at the 508th residue within the
predicted 1480 amino acid of CFTR protein [115, 116]. The mutations in CFTR
gene can be generally classified as: (a) Class I, protein synthesis defect, such as
nonsense and splice mutations that affect protein production; (b) Class II, maturation
defect, such as abnormal addition and deletion of amino acids; (c) Class III, gating
defect, which is a type of mutation that cause the CFTR protein to remain closed;
(d) Class IV, conductance defect, which is the malfunction in protein functionality;
(e) Class V, insufficient protein mutations that lead to reduced amino acid quantity;
and (f) Class VI, reduced stability mutation [117, 118]. Furthermore, Class VII
mutation is a new class whereby there is an absence of CFTR protein and it cannot be
rescued by any corrective therapies [119]. Classes I, II, and III are more severe
mutations of the CFTR gene, hence they result in greater lung dysfunction and
damage as compared to other milder mutations, such as classes IV and V [118].

CF is clinically characterized by persistent and recurrent pulmonary infections,
pancreatic insufficiency, and elevated levels of chloride found in sweat (�60 mmol/
L) [120]. Mutations in the CFTR gene often result in malfunctioning and misfolded
proteins causing dehydrated mucus, ultimately affecting the normal mucociliary
clearance processes. As mucus is regularly produced by other components of the
respiratory system, namely the goblet cells and submucosal glands, they cannot be
adequately cleared from the lungs, thereby forming mucus plugs that further lead to
local tissue hypoxia on epithelial cell surface [121, 122]. Mucus plugging has been
established as the nutrient-rich nidus that contributes to pulmonary bacterial infec-
tion, which is a potent stimulus of neutrophilic airway inflammation that leads to
progressive lung damage in CF patients. Thus, bacterial infections of the airways are
important determinants of prognosis in CF patients, particularly in the first few years
of life [121, 123].

Current treatment for CF mainly aims to relieve the symptoms of CF and to
maintain pulmonary health; however, there is still no cure for CF. Conventional
treatment strategies are primarily focused on targeting the downstream consequences
of the disease, such as infection and mucus plugging. Treatment generally comprised
of CFTR modulators, bronchodilators, anti-inflammatory agents, and mucolytics

2 Introduction to Chronic Respiratory Diseases: A Pressing Need for Novel. . . 65



[124, 125]. Patients with CF may also be started on antibiotic therapy to prevent and
eradicate infection in the airway [126]. Multivitamins, including fat-soluble vitamins
and pancreatic enzyme supplements are also given to support nutrition in both adults
and children [126, 127]. Recently, novel treatments are being explored to improve
the lifespan and quality of life in patients with CF. For instance, the use of
nanotechnology as drug carriers allows effective delivery of drugs to the target site
and minimizing the adverse effects of the drugs. The size of nanoparticles allows it to
penetrate through the thick mucus of patients with CF, as well as bacteria biofilm
[127, 128]. This is proven in a study by Günday Türeli et al. which tested the
antibacterial potential of ciprofloxacin complex-loaded poly(lactic-co-glycolic acid)
(PLGA) nanoparticles in CF-associated P. aeruginosa lung infections. It was shown
that when treated using the nanoformulation, antibacterial activity was enhanced and
there was a decrease in mucus turbidity [129]. Gene therapy is also being studied as a
promising approach for CF treatment, such as the addition of a normal functioning
CFTR gene into defective airway cells, which could ultimately alter the underlying
structural and functional abnormalities of the lungs [130–132]. Nonetheless, more
studies and larger clinical trials are needed to support the use of such therapies in the
treatment of CF.

2.3.5 Pulmonary Tuberculosis

Tuberculosis (TB) is a multisystemic disease with myriad presentations and
manifestations caused by an acid-fast, aerobic bacilli bacterium known asMycobac-
terium tuberculosis [133]. According to the WHO, TB is presently the leading cause
of worldwide mortality resulted from a single infectious agent, whereby it was
estimated that there are more than ten million individuals infected and more than
1.5 million deaths from this disease [134]. The symptoms of TB are usually gradual
in onset and the duration varies from weeks to months, although more acute onset
can occur in young children and immunocompromised individuals, such as in
patients co-infected with human immunodeficiency type 1 virus (HIV-1)
[135, 136]. The most reported symptom is persistent non-remitting cough, which
can be accompanied by malaise, fever, weight loss, night sweats, and anorexia
[136]. In some cases, TB patients are also reported to present haemoptysis and
shortness of breath [137].

TB is an inhaled infectious disease that primarily affects the lungs but may also
affect the central nervous system, lymphatic and circulatory systems, bones, and
tissues. M. tuberculosis is highly contagious, and it is transmitted in aerosols from
the lungs of active TB patients via coughing, sneezing, and spitting. When a
susceptible individual is exposed to these droplets containing the active bacterium,
the pathogen will be inhaled and deposited in the alveoli [138–140]. The bacterium
then stimulates the alveolar macrophages and proliferates within, leading to the
production of cytokines and chemokines. This further attracts phagocytic cells
such as monocytes and neutrophils to form aggregates that surround the bacteria,
resulting in a granuloma. Hence, granuloma is known as a diagnostic
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histopathological hallmark of tuberculosis [138, 140]. As M. tuberculosis can
strongly withstand degradation by ROS and nitrogen intermediates whilst impeding
acidification by phagosomes and lysosomal fusion, the pathogen can remain in the
host upon phagocytosis by alveolar macrophages. Such characteristics of the patho-
gen facilitate its rapid replication, leading to tissue dissemination and eventually
tissue damage in active TB patients, as well as downstream person-to-person
transmission. This may also be attributed to the capability of the pathogen to secrete
various effector proteins that modulates the host immune system, which in turn
promote its survival to persist in granulomas during the latency phase of infection
[133, 141, 142]. Nevertheless,M. tuberculosis is an intracellular pathogen that lacks
classical virulence factors; therefore, it can persist in the host during long-term
latency and does not pose significant damage if the host immunity is not
compromised [133, 141]. Typically, the types of structural lung damage that may
occur in pulmonary TB patients include traction bronchiectasis, bronchostenosis,
pulmonary fibrosis, cavitation, as well as destruction of lung parenchymal [143].

Generally, antituberculosis regimen consists of a two-month period of intensive
phase, followed by a maintenance regimen, which may range from 4 to 7 months. As
recommended by the WHO, the first line drugs utilized in drug-susceptible TB
include isoniazid, rifampicin, pyrazinamide, and ethambutol [144, 145]. These
drugs are given at the same time to synchronize peak serum concentrations so that
the pathogen killing effect can be further optimized [146]. It has been reported that
the 6-month regimen is effective, with relapse rate ranging from only 0% to 7% in a
follow-up after 2 years. Likewise, the treatment regimen for extrapulmonary TB is
the same as pulmonary TB, however, the duration of treatment may vary
[147]. Despite the effectiveness of the antituberculosis regimen in eradicating
infection, the success rate may be lowered in cases of TB that are resistant to
rifampicin and isoniazid. In cases of resistance or intolerance towards the first line
drugs, fluoroquinolones, such as moxifloxacin and levofloxacin, are recommended
as the alternative treatment for TB [146, 148]. In addition, adverse effects of drugs
are also reported, which has led to discontinuation of these drugs in certain patients.
The most common adverse effect is hepatotoxicity, particularly in patients treated
with combination of isoniazid, rifampicin, and pyrazinamide [149, 150]. Thrombocy-
topenia, although uncommon but potentially fatal, is also reported in TB patients
treated with isoniazid and rifampicin [149, 151].

WHO has also reported a rising trend in the cases of multi-drug resistant TB
(MDR-TB) over the years [152]. It is estimated that there were 480, 000 cases of
MDR-TB in 2015, and over 484,000 cases of MDR-TB and rifampicin-resistant
(RR)-TB in 2018 [134]. This can be challenging because MDR-TB has high
mortality rate, and the treatment is often complicated and involves longer therapeutic
duration that stretches up to 20 months [145]. Despite extensive research, the
treatment outcomes of MDR-TB are still suboptimal, with only approximately
52% success rate. To make things worse, some patients with MDR-TB may also
develop extensively drug-resistant TB (XDR-TB), where the pathogen is resistant to
any fluoroquinolone and to at least one of the three injectable agents (kanamycin,
amikacin, or capreomycin) [153]. Furthermore, the cost associated with drug
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administration in MDR-TB patients is also much higher due to longer therapeutic
duration and more drugs being utilized [154]. WHO has recommended a 4–6 months
intensive phase of MDR-TB treatment using a regimen of moxifloxacin, kanamycin,
clofazimine, prothionamide, isoniazid, ethambutol, and pyrazinamide, followed by
5 months continuation phase using moxifloxacin, pyrazinamide, clofazimine, and
ethambutol [155]. Other alternative treatments are also being explored for their
potential in managing MDR-TB, including new drugs such as delamanid and
bedaquiline, and repurposed drugs, such as linezolid and carbapenems [153].

Novel treatment strategies are currently being actively studied and developed to
improve patients’ adherence to TB regimens and to improve the efficacy of existing
TB regimens. For example, the pulmonary route of drug delivery is being evaluated
for its effectiveness in combating TB as it is believed that the drugs can be targeted to
the lungs, which is the principal entry route of the pathogen and primary site of the
disease [156]. Besides, advanced delivery systems such as liposomes and
nanoparticles are now being studied as potential drug carriers for antituberculosis
drugs. The use of nanocarriers offers several benefits including reduced side effects,
higher drug bioavailability through their controlled-release design, and their feasi-
bility for inhalational delivery, thereby requiring lower dosage frequency and
resolves the issue of poor medication compliance [156–158]. This is attributed to
their small size which facilitates uptake by macrophages and allows selective
accumulation of drugs in the sites of invading pathogens [159]. A study by Estevez
H et al. has found that selenium nanoparticles can inhibit the growth of
M. tuberculosis by damaging their cell envelope integrity [160]. Similarly, Tăbăran
AF et al. also presented the benefits on the use of silver nanoparticles in the treatment
of TB and MDR-TB, in which silver nanoparticles can be incorporated with multiple
antituberculosis drugs to overcome critical therapeutic issues associated with
existing therapies [161]. Apart from that, these nanocarriers can also be designed
to release their cargo only after their entry into macrophages. A study by Clemens
et al. has designed mesoporous silica nanoparticles equipped with cyclodextrin-
based pH-operated valves to release isoniazid upon exposure to the acidic pH
environment in M. tuberculosis-infected lung macrophages. The results showed
that such nanoparticles achieve significantly improved killing effect towards
M. tuberculosis as compared to an equivalent amount of free isoniazid [162].

Although these novel strategies demonstrated great potential in the management
of TB, the number of studies is still scarce to provide a solid evidence for its clinical
application. Most of these studies are still in the in-vitro stage; hence, more in-vivo
studies and clinical trials should be performed to evaluate its therapeutic efficacy and
safety profile. It is hoped that these novel strategies can be translated into effective,
tolerable, affordable, and successful treatments that can address the current issues of
drug resistance and adverse effects faced by patients in the treatment of both TB and
MDR-TB.
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2.3.6 Lung Cancer

Lung cancer is one of the most common cancer and leading cause of cancer death
worldwide, presenting itself as a highly invasive and rapidly metastasizing disease in
both men and women. It is defined as the malignancies caused by uncontrolled cell
proliferation in tissues of the lung [163]. Lung cancer-related mortality is primarily
driven by late diagnoses and inadequate therapeutic interventions, whereby more
than 70% of patients only seek treatment when the disease is at its advanced stage.
The American Cancer Society has reported that there are about 228,820 new cases of
lung cancer and about 135,720 deaths from lung cancer every year [164]. The
frequency of lung cancer development and its mortality is highly attributed to an
individual’s smoking history, whereby the competitive gene–enzyme interactions at
the procarcinogen level and subsequent extent of DNA damage strongly influence
the tobacco-induced susceptibility of lung cancer. Therefore, lung cancer is widely
regarded as a preventable disease through smoking cessation. As such, public
awareness and education are crucial in the efforts of combating lung cancer, in
order to avoid drastic rise in the prevalence of the disease and to reduce the
healthcare burden and enormous costs associated with lung cancer
[165, 166]. Other risk factors linked to the development of lung cancer include
passive tobacco smoke inhalation, environmental pollution and contamination,
radiation, occupational exposures, infection, as well as genetic susceptibility [163].

Depending on its origin in various locations in the lung, lung cancer can be
classified into two major types, namely small cell lung cancer (SCLC) and non-small
cell lung cancer (NSCLC) (Table 2.4). Statistically, most cases of lung cancers are
NSCLC (84%) as compared to SCLC (13%). NSCLC can further be subdivided into
three different subtypes, which are squamous cell carcinoma, adenocarcinoma, and
large cell carcinoma [167]. Specific histopathologic characteristics along with reli-
able immunohistochemical markers facilitate the clear distinction between
pre-invasive lesions and invasive adenocarcinomas. There have been increasing
evidence which suggests that lung cancer comprises a group of molecularly and
histologically heterogenous diseases, even within the identical histological subtype
[168]. Generally, patients with lung cancer will present symptoms of haemoptysis,

Table 2.4 Differences between non-small cell lung cancer and small cell lung cancer

NSCLC SCLC

Origin Epithelial cells of the lungs Nerve producing
cells of the lung

Classification • Adenocarcinoma which originates from peripheral
lung tissue
• Squamous cell carcinoma which develops nearby the
large airways
• Large cell carcinoma which presents with large and
excess cytoplasm, as well as large and visible nuclei

• Limited stage
• Extensive stage

Metastatic
potential

Variable Rapid
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weight loss, breathing difficulty, and chest pain. However, these signs and symptoms
may differ depending on the type and anatomical location of the cancer
[169, 170]. On the other hand, among the various histologies of lung cancer,
SCLC presented a relatively high risk to metastasize to the brain as compared to
NSCLC. In NSCLC, frequency of patients with large cell carcinoma and adenocar-
cinoma to develop brain metastasis is much higher than those with squamous cell
carcinoma. Patients that developed lung cancer associated brain metastasis com-
monly present neurological symptoms such as headaches, fainting, convulsion, and
weakness of limbs [171].

The cause of lung cancer development is mostly associated with genetic damage
to DNA and mutations that affect normal cell regulation processes. Some of the
driver mutation genes that have been established to be correlated with NSCLC are
epidermal growth factor receptor (EGFR), B-Raf proto-oncogene (BRAF), echino-
derm microtubule-associated protein-like 4 (EML4)-anaplastic lymphoma kinase
(ALK) fusion oncogene, c-ROS oncogene 1 (ROS1) fusions, and p53 gene
mutations [172, 173]. Apart from that, CD44 gene mutations have been observed
in both NSCLC and SCLC [174–176]. Overexpression of programmed death ligand
1 (PD-L1) is also observed in NSCLC patient without driver mutations [175].

Diagnosis will be initiated if symptoms of primary or metastatic lung cancer are
observed. The preferred approach will be imaging and invasive biopsy as they are
useful tools to determine histopathological changes and to identify the stage of the
disease. For instance, chest radiograph showing enlarging lesion, collapse of lung,
pneumonia, or excessive fluid in pleural cavity may be suggestive of lung cancer
[177]. Patients will also be evaluated by using computed tomography (CT) scan to
identify abnormalities in lung nodules. Whole body positron emission tomography
(PET) or integrated PET/CT may be performed, followed by biopsy or surgical
excision for histopathology if the nodule is found abnormal and indicative of lung
cancer [178–180]. These tests can provide essential information for NSCLC staging,
which include tumour size, mediastinal node enlargement, and potential intra- or
extra-thoracic metastases [181]. PET scan can also be used for the assessment of
recurrent lung cancer. Other tests such as sputum cytology, complete blood count,
and blood chemistry profile can be performed for further evaluation and to generate
precise diagnosis of lung cancer [178]. An accurate diagnostic is essential as it has a
huge impact on treatment planning and the subsequent prognosis of the disease.

Treatment will only be recommended after the staging of the patient, whereby the
goals of treatment are to improve patients’ quality of life, palliation of the symptoms,
and survival prolongation [182, 183]. Initiation and the choice of treatment regimen
depend on the type of the lung cancer, its spread, and the underlying health status of
the patient. If the patient is confirmed with stage I or II NSCLC, surgical resection, or
lobectomy, will be recommended as the first line therapeutic strategy to improve
long-term survival rate and as a cure for the disease [175]. For patients who refuse or
are not suitable for surgery due to poor pulmonary function and presence of other
comorbidities, non-surgical local therapies such as radiation therapy, radiofrequency
ablation, cryoablation, and photodynamic therapy (PDT) will be preferred instead
[175, 184]. PDT has long been approved to treat lung cancer, especially in NSCLC.
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However, the photosensitizer utilized, porfimer sodium, may result in adverse effects
such as hypoxia and photosensitivity [185].

For the management of stage III NSCLC, the combination of chemotherapy and
radiotherapy is preferred. Combination of cisplatin and etoposide daily, or
carboplatin and paclitaxel weekly are the choices of chemotherapy regimen. Never-
theless, Liang and co-workers have demonstrated that concurrent use of cisplatin
with etoposide and radiotherapy increases survival rate of patients for additional
three to 5 years as compared to carboplatin with paclitaxel [186]. However, this
treatment option may not be suitable in patients with unresectable stage III NSCLC.
As such, immunotherapy such as PD-L1 antibody, durvalumab, may be useful. A
randomized phase III clinical trial has demonstrated improvement of 36-month
survival rate in NSCLC patient on durvalumab as compared to those on placebo
[187]. Patients with stage IV NSCLC are generally treated with systemic therapy and
palliative care. Systemic therapy is usually focused on the mutated genes that result
in advanced NSCLC, such as PD-L1, EGFR, and ALK [188]. As such, patients in
stage IV NSCLC with identified driver mutation gene will be initiated with the
respective gene inhibitor as monotherapy. For instance, NSCLC caused by EGFR
driver mutation gene will be treated with EGFR tyrosine kinase inhibitors (TKIs)
such as osimertinib, erlotinib, gefitinib, and afatinib. In this case, osimertinib is more
preferable as the frontline agent as it demonstrated more improvements in
progression-free survival as compared to erlotinib and gefitinib [189]. Likewise,
NSCLC caused by ALK fusion oncogene will be treated by ALK inhibitors such as
alectinib, ceritinib, crizotinib, and brigatinib. Nonetheless, all these gene inhibitors
are not advisable to be combined with chemotherapies as they possess significant
toxicity. If other metastatic sites have been detected, radiation therapy or surgical
intervention may be employed to improve quality of life of the patient [188].

In terms of SCLC, patients rarely survive more than a couple of months without
treatment. As SCLC is more sensitive towards chemotherapy, it is the mainstay of
therapy in SCLC patients. Like stage III NSCLC, the initial treatment for limited
stage-SCLC will be cisplatin or carboplatin, and etoposide. As compared to
platinum-based chemotherapies, cisplatin has lower risk of haematologic toxicity.
However, the response rate, progression-free survival, and overall survival rate are
similar [190]. Furthermore, the combination of cisplatin and etoposide presented
lesser toxicity in comparison with the older regimens like such as cyclophosphamide
and vincristine with doxorubicin, or with epirubicin [191]. Two alternative
regimens, namely irinotecan with cisplatin, or paclitaxel and etoposide with cisplatin
or carboplatin, can also be used to enhance the overall therapeutic outcome in SCLC
patients [192]. Apart from that, thoracic radiation therapy is employed concurrently
with chemotherapy in certain cases, whereby such therapeutic strategy has shown
significant improvement in both local control of the disease and overall survival rate
[192, 193]. In extensive stage-SCLC, immunotherapy will be initiated along with
chemotherapy. For instance, the humanized monoclonal anti PD-L1 antibodies
atezolizumab and durvalumab have shown to improve survival of SCLC patients
when combined with platinum-based chemotherapies and etoposide
[194, 195]. Another drug of choice will be pembrolizumab, however, it only
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shows improvement in progression-free survival with no effect on overall
survival [196].

Till date, there is still no exact cure for lung cancer. All treatment options can only
prolong survival rates of patients instead of full recovery from the disease. Besides,
current cancer therapeutics has resulted in long-term adverse effects that decrease
patients’ quality of life. Hence, more studies should be done to identify the exact
mechanisms of lung cancer, as well as to develop novel therapeutic agents and novel
therapeutic strategies that target the pathogenesis of disease in a specific, precise, and
non-invasive manner. For instance, angiogenesis inhibitors, histone deacetylase
inhibitors, insulin-like growth factor inhibitors, and pro-apoptotic agents are
among the novel classes of chemotherapy investigated for their therapeutic effects
in lung cancer [197–200].

2.4 Novel Strategies in the Management of Chronic
Respiratory Diseases

Although the pathogenesis and epidemiology of CRDs have been established by
many researchers, most of the existing therapeutics are unable to effective combat
these diseases. For example, bronchodilators, LABAs, and LAMAs that are
employed in asthma and COPD have only shown efficacy in controlling
exacerbations in patients with mild to moderate symptoms but are not fully effective
in patient with chronic diseases. Besides, the emergence of drug resistance has
hindered the optimal performance of therapeutic agents in the treatment of commu-
nicable respiratory diseases, such as those manifested in MDR-TB. Conventional
therapeutics are also widely associated with adverse effects, which may affect
patient’s compliance to the medications and have a serious impact on patients’
quality of life. Moreover, severe forms of CRDs are usually characterized by
irreversible damage of lung tissues, which cannot be cured or restored by any of
the conventional therapeutics. Hence, there is a pressing need for the scientific
community to develop novel agents or treatment strategies that can effectively
combat these pulmonary diseases.

2.4.1 Plant-Based Chemical Moieties

Plants and herbal-based bioactive compounds have been used as the backbone of
traditional healing systems since the inception of human beings [201]. Unlike
traditional use of plant-based therapies that utilizes unmodified whole plant, modern
therapeutics are focused on the identification of biologically active compounds from
natural plant and herbal sources, and extracting these compounds for specific
therapeutic applications [202, 203]. Numerous studies conducted throughout these
years have proven that plant-based chemical moieties are effective in targeting cell
signalling pathways and mechanisms involved in the pathogenesis of CRDs. As
these compounds are naturally occurring, they also exhibited lower incidences of
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adverse effects as compared to chemically synthesized compounds, which eventu-
ally leads to better compliance and improved therapeutic outcomes. Furthermore, the
cost of plant-based therapeutics is also much cheaper as compared to synthesized
drugs [4, 204]. Some examples of plant-based chemical moieties that have been
studied in CRDs for their potential pharmacological effects include celastrol
(Tripterygium wilfordii) [205], asperuloside (Eucommia) [206], berberine (Berberis
vulgaris, Hydrastis canadensis) [207, 208], capsaicin (Chili pepper) [209], curcumin
(Curcuma longa) [210–212], wogonin (Scutellariae radix) [213], and silymarin
(Silybum marianum) [214, 215]. Nonetheless, ethnopharmacological studies are
essential to establish the parameters for safety, toxicity, quality, and effectiveness
of these plant-based chemical moieties in the management of CRDs before they are
used in the clinical setting.

2.4.2 Advanced Drug Delivery Systems

Advancements in the field of nanotechnology have led to the development of various
drug delivery systems. These are nanosized structures distinguished by their remark-
able stability and high surface area, therefore they are widely utilized as drug carriers
in the pharmaceutical field [216, 217]. In addition, nanocarriers possess unique
chemical, biological, and physical properties that allow them to interact with the
biological system, natural biologic substances on cell surfaces, as well as the
intracellular environment to effectively target sites of disease pathology [218]. As
such, advanced drug delivery systems can improve the bioavailability and pharma-
cokinetic profile of therapeutics with selectivity and specificity towards target site,
thereby resulting in improved therapeutic outcomes [219]. In terms of CRDs, the
advantages of utilizing advanced drug delivery systems include sustained release for
enhanced drug accumulation at the diseased site, minimal drug loss and degradation,
reduced toxicity, as well as feasibility of designing inhalable nanoformulations.
Another major advantage of advanced drug delivery systems is their ability for
cell and tissue specific targeting through the use of targeting ligands, which is
particularly useful in lung cancer. Moreover, nanocarriers can also be utilized to
improve the biodistribution and bioavailability of existing and newly discovered
therapeutic agents [217, 220]. Overall, these advantageous characteristics of
advanced drug delivery systems can ultimately lead to eradication of CRDs,
benefiting millions of patients suffering from CRDs. As biological toxicity is often
the main concern in respiratory medicine, further understanding of the interactions
between the nanocarriers and the biological environment must be further elucidated.
Some examples of advanced drug delivery systems that have been studied in CRDs
include liquid crystalline nanoparticles [221], liposomes [222, 223], polymeric
nanoparticles [224–226], as well as inorganic nanoparticles such as mesoporous
silica nanoparticles and silver nanoparticles [224].
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2.5 Conclusion

Chronic respiratory diseases are widely considered as major healthcare crisis as they
have resulted in huge social and economic burden across the world. Besides, the
prevalence of chronic respiratory diseases is increasing at an alarming rate due to
lack of effective management strategies and insufficient measures to reduce the risk
factors linked to the initiation, development, and progression of these diseases.
Hence, there is an incipient need for medical researchers to identify novel
approaches that can be utilized for tackling and preventing these pulmonary
diseases. The development of novel therapeutic agents should be focused on identi-
fication of the mechanisms and pathways involved in the pathogenesis of respiratory
diseases, as the targeting of specific cell types and signalling pathways may play a
crucial role in delaying disease progression and eventual eradication of these
diseases. As such, plant-based chemical moieties can be explored due to their potent
pharmacological profiles and improved toxicity profiles. In addition, advanced
delivery systems can also be utilized as they can achieve specific drug delivery to
the site of pathology in the lungs. Nevertheless, extensive research and trials must be
conducted to ascertain the efficacy and safety of those novel therapeutics in chronic
respiratory diseases before translating them into clinical use.
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Role of Indian Herbal Medicine
in the Treatment of Pulmonary Diseases 3
M. Ovia, M. Yasasve, and L. Ansel Vishal

Abstract

Pulmonary diseases such as asthma, chronic obstructive pulmonary disease, lung
cancer, cystic fibrosis, pulmonary hypertension, pneumonia, pleurisy, sarcoido-
sis, and pulmonary embolism cause severe respiratory difficulties and can even be
fatal without proper treatment. Although several chemical drugs are available for
the treatment of pulmonary diseases, these drugs cause severe side effects and are
not completely efficient. Herbal medicine is a suitable alternative with lesser side
effects and can be used for the treatment of pulmonary diseases. Several herbal
plants such as Allium sativum, Crataegus rhipidophylla, Moringa oleifera, Salvia
miltiorrhiza, Terminalia arjuna, Withania somnifera can be used for the treat-
ment of pulmonary diseases. Apple polyphenol, ligustrazine, salidroside, Resver-
atrol, quercetin are some examples of phytochemicals which exhibit
characteristics with the potential to modulate the symptoms of pulmonary
diseases. These herbal plants and phytochemicals undergo various mechanisms
such as decreasing proliferation of epithelial cells, reducing oxidative stress, anti-
inflammation, inhibiting proliferation of tumor cells, vasodilation, reducing bron-
chial constrictions, etc., to reduce the progression of pulmonary diseases. The
different types of medicinal plants and phytochemicals which can be used to treat
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pulmonary diseases along with their mechanisms will be discussed in detail in this
chapter.

Keywords

Pulmonary diseases · Herbal medicine · Phytochemicals · Respiratory difficulties

3.1 Introduction

Respiratory medicine is a fast-growing field with a vital emphasis and desire for
continuous technological developments. The key explanation for this may be pul-
monary diseases which are the primary causes of morbidity and death worldwide
[1]. World Health Organization (WHO) estimates that some 235 million people are
afflicted by asthma found generally in children and about three million people die
from Chronic Obstructive Pulmonary Disease (COPD) adding 6% of the world’s
total death rate. It is also predicted that COPD will become the third major contribu-
tor to death by 2020 [2]. Pollution and low quality of life are the main reasons for the
widespread growth of pulmonary diseases. Similarly, lung cancer is now an
emerging high-mortality condition. The disease has been identified with approxi-
mate mortality of 2.09 million [3]. With the latest COVID-19 pandemic, a
respiratory-based disease caused more than 12,00,000 deaths and continuing to
increase [4]. This type of current scenario seeks the need to obtain a higher rate of
prevention and treatment for pulmonary diseases.

As a compendium of medicinal substances, traditional plants have grown to play
a leading role in maintaining human health since ancient times [5, 6]. Good immu-
nomodulatory, anti-oxidant, antibacterial, antidiabetic and anti-cancer functions are
known to have been exhibited by several Indian herbal plants [7, 8]. In medicinal
drugs, the method of using green extracts and phytoconstituents, each with their
known properties, can be of utmost significance. In recent times, several treatment
interventions have been adopted for many years in different countries to explain the
efficacy and relevance of these medicinal compounds synthesized in the secondary
metabolism of the medicinal herb [9]. As per the latest WHO reports, eighty percent
of the world’s population relies predominantly on traditional medicines [10]. In
Ayurveda, a mixture of different medicinal plants is offered to a person for the
treatment of the disease in a specific ratio (a polyherbal formulation). Recently,
herbal formulations have gained a lot of significance and increased global interest
[11]. In the treatment of asthma, malignant tumors, diabetes mellitus, obesity, etc.,
different formulations such as Kanchnar guggulu, Chandraprabha vati, and
Trayodashang guggulu have been successfully used [12–14]. This chapter thus
aims to review the broad classification of pulmonary diseases and the advancements
in the field of traditional medicine in treating them. Furthermore, the various types of
herbal plants, formulations, and phytoconstituents currently being used in the treat-
ment of respiratory ailments would be discussed in detail.
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3.2 Classification of Pulmonary Diseases

Pulmonary disease is a type of illness affecting the lungs and other areas of the
respiratory system. Lung infections may be caused by microbes, chewing cigarettes,
inhaling tobacco smoke, asbestos, or other air pollutants. Chronic obstructive pul-
monary disease (COPD), lung cancer, pulmonary embolism, hypertension are some
examples of pulmonary diseases [15]. Pulmonary diseases are broadly classified into
three categories mainly: (1) lung airway diseases, (2) lung circulatory diseases, and
(3) lung tissue diseases.

3.2.1 Lung Airway Diseases

These diseases affect the airway channels that hold oxygen (O2) as well as other
gases in and out of the lungs. They typically lead to the airway passage shortening
and obstruction. Chronic obstructive pulmonary disease (COPD) is considered a
widespread airway disease related to exhalation problems and breathing restriction
due to alveoli defects typically caused by greater exposure to harmful particles
(e.g. cigarette smoke) [16]. Important variability in symptoms, disease development,
pathogenesis, lung pathology, and treatment response are mostly observed in COPD
patients (Table 3.1). There are mainly three types of COPD issues which include:
(1) asthma, (2) emphysema, and (3) chronic bronchitis.

3.2.1.1 Asthma
Asthma is an illness in which the air sacs close and enlarge and can induce mucus in
the lungs (Fig. 3.1a). This will make it extremely difficult to breathe, cause cough,
wheezing (a howling noise as you exhale), and breathlessness [18]. Asthma is the
mainly prevalent debilitating condition in children. It can occur at any age but is
probably more frequent in children than in adults. It is important to obtain immediate
treatment if the infant begins to develop asthma since it can be potentially fatal
[19]. Your physician can advise you on several of the appropriate ways of treating
your condition. However, it is a chronic condition lifelong for many individuals.
Exposure to numerous allergens and pollutants (e.g. pollen grains, fine dust particles,
smoke) that cause allergic reactions can elicit early symptoms of asthma [20].

Table 3.1 Factors responsible for causing variations in chronic obstructive pulmonary disease [17]

S. No. Factors contributing Example

1. Risk factors Smoking, pollution, genetic susceptibility

2. Inflammation patterns Lung irritation, systematic inflammation

3. Lung pathology Airway abnormalities, parenchymal destruction

4. Clinical manifestation Dyspnea, exacerbation, comorbidities

5. Airflow limitation Difficulty in breathing, exercise restriction
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3.2.1.2 Emphysema
Emphysema is a respiratory illness that makes breathing difficult. Airbags in the
lungs, i.e., alveoli sacs are impaired in people with emphysema (Fig. 3.1b). The
interior walls of the airbags will deteriorate and break (creating wider air gaps
instead of many smaller ones) over some time [21]. This decreases the surface
area of your lungs in-turn reducing the amount of oxygen that enters your blood-
stream. As you exhale, the weakened alveoli will not function properly and old air
will become blocked, leaving no space for fresh, oxygen-rich air to inhale inside.
Prolonged exposure to airborne allergens is the primary cause of emphysema, which
includes dust, chemical smoke, tobacco smoke, and other airborne pollutants [22].

3.2.1.3 Chronic Bronchitis
Chronic bronchitis is an inflammatory disease and discomfort of the bronchial
channels. These channels are the airways that take air in and out of the airbags in
your lungs. The inflammation of the pathways triggers the secretion of mucus. This
mucus and the inflammation of the tubes make it difficult for the lungs to pump in O2

and CO2 out of the body (Fig. 3.2). Chronic bronchitis seems to be a more serious
illness that progresses across time rather than occurs unexpectedly [23]. Cigarette
smoke is a significant cause of chronic bronchitis. When tobacco smoke is inhaled
into the lungs, it irritates the air passages and produces mucus. Individuals who are
exposed for a long period to other factors that irritate their lungs, such as toxic fumes,
pollen, and other pollutants, can also experience persistent bronchitis [24].

3.2.2 Lung Circulatory Diseases

Lung circulatory disease is an illness that damages the blood vessels (e.g. clotting,
inflammation) in the path between the heart and the lungs. Blood flows from the
heart towards the lungs and back to the heart. This mechanism constantly floods the
blood with oxygen, allowing carbon dioxide to be exhaled. Any portion of the blood

Fig. 3.1 (a) Airway of asthma individual (b) Lungs condition during emphysema
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circulation between the lung and heart may be compromised or blocked, leading to
lung circulation diseases [25].

3.2.2.1 Pulmonary Hypertension
Individual sufferings from pulmonary arterial hypertension (PAH) have elevated
blood pressure in the arteries that pass from your heart towards the lungs. The small
arteries in your lungs are shortened or obstructed in this condition. It is difficult for
the blood to flow thereby increasing the blood pressure in the lungs [26]. The heart
needs to work harder to pump blood into these vessels and the heart muscle will get
sluggish for a while. Eventually, this prolonged condition will lead to a heart attack
in severe cases. Chest pain and tiredness are the early symptoms of PAH. Elevated
levels of blood pressure in the pulmonary veins (channels carrying blood away from
the lungs, to the heart) cause pulmonary venous hypertension (PVH). It is one of the
most often caused due to congestive heart failure that damages heart mitral
valves [27].

3.2.2.2 Pulmonary Embolism (PE)
A disease in which the arteries in the lungs are impaired by a blood clot. Most of the
time, pulmonary embolism is caused by blood clots that migrate from the legs or
occasionally other areas of the body also known as deep vein thrombosis. PE
develops as deep venous thrombi break and embolize into the circulatory system
[28]. Pulmonary vascular occlusion occurs which impairs the exchange and distri-
bution of oxygen. In the lungs, the lower lungs are more commonly affected than the
upper lungs, although bilateral lung involvement is normal. Symptoms include
shortness of breath, chest pain, and coughing. Prompt surgery to break up the clot
dramatically or administration of blood thinners (anti-coagulants) decreases the risk
of death [29].

Fig. 3.2 Diagrammatic representation of mucus secretion in bronchial channels
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3.2.3 Lung Tissue Diseases

This disease type mainly impacts the composition of the lung tissue. Bruising or
inflammation of the tissue renders the lungs unable to completely expand to its full
extend. This makes it impossible for the lungs to take oxygen and release carbon
dioxide [30]. Examples of certain lung tissue diseases include sarcoidosis and cystic
fibrosis.

3.2.3.1 Cystic Fibrosis
An autosomal recessive disorder is cystic fibrosis. It is associated with mutations of
the cystic fibrosis transmembrane conductance regulator gene. The most common
mutation is the removal of phenylalanine at codon 508, termed as ΔF508. The cells
which produce mucus, sweat, and digestive juices are affected by cystic fibrosis
[31]. These fluids are induced to become thick and sticky, which blocks the various
ducts passages. Symptoms vary, from cough, frequent respiratory infections, weight
failure, and heavy stools. You have problems clearing mucus out of your bronchi in
the particular individual suffering from this disease which leads to recurrent infec-
tion of lungs [32].

3.2.3.2 Sarcoidosis
Sarcoidosis is a condition characterized by the proliferation of any portion of your
body with tiny colonies of inflammatory cells (granulomas), most frequently the
lungs and lymph nodes. The cause of sarcoidosis is unclear, but doctors agree that it
arises from reacting to an unknown material from the body’s immune system [33].

Literature sources indicate that in genetically predisposed persons, infectious
agents, contaminants, dust, and a possible pathological response to the body’s
proteins (self-proteins) may be responsible for the development of granulomas
[34]. The early symptoms of sarcoidosis include fatigue, swollen lymph nodes,
and weight loss [35]. The four stages of pulmonary involvement are based on the
disease’s radiological detection, which is beneficial for prognosis (Fig. 3.3).

3.2.4 Other Pulmonary Diseases

COVID-19 is a lung disease caused by a novel coronavirus (SARS CoV-2) first
identified at the end of 2019. COVID-19 is mainly a lung respiratory disease leading
to secretion of fluid in the air sacs restricting their ability to consume oxygen,
eventually contributing to symptoms such as breathlessness, cough, etc. [36]. In
pneumonia, the lungs are filled with fluid and inflamed, leading to breathing
difficulty. For certain patients, respiratory issues can become bad enough to require
treatment with oxygen or even a ventilator in the hospital. Although most people
recover from pneumonia without significant lung injury, pneumonia associated with
COVID-19 can be serious. Also after the illness has passed, lung damage may lead to
respiratory problems that can take months to recover [37]. Pneumonia caused by
COVID-19 continues to hold in both lungs. Airbags in the lungs are filled with fluid
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(Fig. 3.4), restricting their capacity to take oxygen completely leading to acute
respiratory distress syndrome (ARDS), a form of lung failure [38].

3.3 Indian Herbal Medicine Involved in Treatment
of Pulmonary Diseases

3.3.1 Asthma

Aleurites moluccana also known as candlenut tree dispersed in various parts of the
country has been traditionally used for the treatment of asthma, pain, fever, and
headaches. This can be attributed to its various properties such as anti-nociceptive,

Fig. 3.3 Different stages of sarcoidosis in radiological detection
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anti-viral, anti-microbial, and anti-hypersensitivity [39]. A dried leaf extract
prepared from A.moluccana into a semisolid herbal medicine exhibited analgesic,
anti-inflammatory, and wound healing effects in the pre-clinical studies shows
promise as a phytomedicine which can be used for the treatment of asthma
[40]. Nigella sativa (Black cumin) extracts display a wide range of therapeutic
properties such as anti-oxidant, anti-inflammatory, antihistaminic, anti-allergic, anti-
tussive, immunomodulatory, and bronchodilatory properties. Clinical studies indi-
cate that administration of N. sativa seed, boiled extract, or oil alleviated asthma
symptoms in patients [41]. Aerva lanata (mountain knotgrass) is a common weed
abundantly found in the warmer plain terrain in the country. Its ethanol extract shows
anti-asthmatic potential through catalepsy and mast cell degranulation [42]. Bacopa
monnieri (Brahmi) is another medicinal plant capable of stabilizing mast cells
[43]. The extracts obtained from different parts of medicinal plants such as leaves,
stem bark, and roots of Cassia sophera (Kasaunda), Casuarina equisetifolia
(Whistling Pine), Clerodendrum Serratum (Bharangi), Bauhinia variegate (Rakta
Kanchnar) exhibit anti-asthmatic potential against the immune responses such as
histamine induced bronchial and trachea constriction, clonidine induced catalepsy,
milk induced leukocytosis, and eosinophilia which plays a vital role in aggravating
asthma symptoms as tested in animal models [44, 45].

3.3.2 Chronic Obstructive Pulmonary Disease

Solanum nigrum (Manathakkali) has been traditionally used as a Siddha medicine
and its leaves and fruits have also been widely consumed as a food ingredient in
India. Its leaf extracts can inhibit swelling caused by an inflammatory response. A

Fig. 3.4 Pneumonia associated with COVID-19
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glycoprotein isolated from S. nigrum was found to inhibit the synthesis of
pro-inflammatory compounds by interfering with the DNA binding of NF-kB and
AP-1. The ethanolic extract of Boerhavia diffusa (Punarnava) was found to reduce
the levels of nitric oxide and superoxide which have a major role in the pathogenesis
of COPD. It also exhibits spasmolytic, anti-microbial, and cytoprotective activities
[46]. Clinical trials involving the administration of two Indian herbal medicine
Vasadi syrup and Shwasaghna dhuma to patients diagnosed with COPD as two
trial groups showed vast improvements in their COPD symptoms as well as FEV1%.
The constituents of Vasadi syrup are Justicia adhatoda (Vasa), Curcuma longa
(Haridra), Coriandrum Sativum (Dhanyaka), Clerodendrum Serratum (Bharangi),
Tinospora cordifolia (Guduchi), Zingiber officinale (Shunthi), Solanum virginianum
(Kantakari), Piper longum (Pippali) in equal parts. Contents of Shwasaghna dhuma
are powder of seeds of Solanum virginianum (Kantakari), dry leaves of Datura
stramonium (Dhatura), Trachyspermum ammi (Ajwain), seeds of Hyoscyamus niger
(Khurasani ajwain), Potassium Nitrate (Kalmi shora), Curcuma longa (Haridra), and
Cannabis sativa (Bhanga) in equal parts [47].

3.3.2.1 Chronic Bronchitis
Ocimum sanctum (Tulsi) traditionally used as a medicine can be used for the
treatment of bronchitis as well as bronchial asthma. It displays several therapeutic
properties such as anti-microbial, analgesic, antispasmodic, adaptogenic which can
be attributed to Eugenol, the active compound present in Tulsi [48]. Clinical studies
carried out in bronchitis patients in a double-blind, randomized, placebo-controlled
manner by the administration of a mix of thyme fluid extract and primrose root
tincture resulted in a decrease in bronchitis symptoms as well as the duration of
bronchitis [49]. Hedera helix (Ivy) leaf extract was also found to alleviate the
symptoms of chronic bronchitis in some studies [50]. Nigellone, a phytochemical
isolated from Nigella sativa (Black cumin) was found to exhibit antispasmodic and
facilitating respiratory clearance while thymoquinone another phytochemical did not
show the same effect [51].

3.3.2.2 Emphysema
Curcumin isolated from Curcuma longa (Turmeric) was found to alleviate the
symptoms of pulmonary inflammation and emphysema induced by cigarette smok-
ing and porcine pancreatic elastase activity in a mice model [52]. Epigallocatechin-
3-gallate, a phytochemical which is abundantly found in Camellia sinensis (Green
tea) was found to reduce the progression of emphysema by inhibiting the leukocyte
elastase activity in a dose-dependent manner [53]. Quercetin, a flavonoid compound
was found to attenuate the progression of emphysema by decreasing the level of
oxidative stress, pulmonary inflammation and reducing the expression of MMP9 and
MMP12 in mice model [54].
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3.3.3 Lung Cancer

Curcuma longa (Turmeric) is a commonly used food ingredient throughout India.
C. longa extract was found to exhibit cytotoxic property and inhibition of telomerase
activity in a dose-dependent manner in an in vitro study carried out in the A549 lung
cancer cell line [55]. Conferone, a phytochemical isolated from Ferula species
exhibited mild cytotoxic effects against A549 lung cancer cell line [56, 57]. Annona
muricata (Mamaphal) also shows the cytotoxicity effect in the A549 lung carcinoma
cell line which can be attributed to its constituent compounds annomuricin A and B
[58]. Andrographis paniculata (Kiryat) alcoholic extracts were found to show
chemopreventive effects by enhancing the levels of DT-diaphorase (DTD), superox-
ide dismutase (SOD), and catalase in the lungs in a mouse model [59]. Phyllanthus
urinaria (Jaramla) extract showed anti-angiogenic potential by inhibiting
neovascularization in the tumor cells and also inhibiting the migration of HUVEC
in a mice model implanted with Lewis lung carcinoma cells [60]. Other medicinal
plants that can be used to alleviate the symptoms of lung cancer include Zingiber
officinale (Ginger), Glycyrrhiza glabra (Liquorice), Terminalia chebula
(Myrobalan), Ocimum sanctum (Tulsi), and Adhatoda vasica (Malabar nut) [61].

3.3.4 Cystic Fibrosis

Herbal extracts from Phyllanthus acidus (Star gooseberry) play a vital role in
epithelial transport by enhancing the levels of cAMP, activating Ca2+, K+ channels,
and subsequent cellular signaling pathways as well as activating CFTR thus
preventing the progression of cystic fibrosis [62]. Genistein is a phytochemical
compound found in several medicinal plants that are capable of regulating various
ions channels in CFTR, activates ΔF508 CFTR mutant and enhances the expression
of mutant CFTR proteins [63, 64]. Curcumin, a phytochemical isolated from
Curcuma longa (Turmeric) responsible for its characteristic yellow color can inhibit
the calcium pump in the endoplasmic or sarcoplasmic membrane facilitating the
removal of ΔF508 CFTR from the endoplasmic reticulum [65]. Resveratrol, a
polyphenolic phytochemical commonly found in grapes and peanuts is capable of
significantly elevating the cellular cAMP concentrations by activating adenylate
cyclase and inhibition of cAMP phosphodiesterases which in turn leads to an
increase in CFTR activity [66].

3.3.5 Pulmonary Hypertension

Allium ursinum (Wild garlic) and its compounds were found to alleviate the
symptoms of pulmonary hypertension by decreasing the blood pressure, inhibiting
of ACE activity and enhancing right ventricle function in animal models
[67]. Administration of Crataegus rhipidophylla (Hawthorn) extract in broiler
chickens with pulmonary hypertension induced by high altitude showed an increase
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in expression of proteins such as albumin and globulin with a simultaneous decrease
in the level of enzymes responsible for liver damage such as ALT and AST which
occurs as a consequence of pulmonary hypertension progression [68]. Moringa
oleifera (Drumstick tree) is abundantly found in the country and its various plant
parts are commonly consumed as food ingredients. The alcoholic leaf extract of
Moringa oleifera was administered to Wistar rats after inducing induced pulmonary
hypertension by treatment with monocrotaline. It was found that the extract inhibited
pulmonary hypertension by enhancing vasodilation and through its anti-oxidant
properties [69].

3.3.6 Pneumonia

Various medicinal plants from the Verbascum species also known as Mullein have
been used for the treatment of pneumonia as part of traditional herbal medicine due
to its antibacterial activity. The extract isolated from Verbascum fruticulosum
exhibited a high level of antibacterial activity against the multidrug-resistant strain
of Streptococcus pneumoniae and can be used for the treatment of pneumonia.
Similarly in the same study the extract obtained from Urtica urens (Dwarf nettle)
also showed anti-microbial activity against S. pneumoniae although lesser than that
of V. fruticulosum [70]. Beta vulgaris (Beetroot) is a commonly consumed vegeta-
ble. The alcoholic leaf extracts of B. vulgaris fractionated by n-hexane and chloro-
form displayed antibacterial activity by an increase in zone of inhibition in a
concentration-dependent manner against Klebsiella pneumonia [71]. Other medici-
nal plants that have been used for the treatment of pneumonia include Ficus
racemosa (Gular fig), Nepeta glutinosa (Benth), Ricinus communis (Castor bean),
Terminalia chebula (Myrobalan), and Vitex negundo (Chaste tree) [72].

3.3.7 Pleurisy

Ayurvedic medicines such as Praanrakshak can be used for the treatment of pleurisy.
It consists of various medicinal plants such as Cinnamomum zeylanicum (Cinna-
mon), Albizia lebbeck (Shirish), Adhatoda vasica (Malabar nut), Tylophora
asthmatica (Anantmool), and Clerodendrum serratum (Bharangi). Cinnamomum
zeylanicumwas found to exhibit anti-microbial, anti-oxidant, anti-inflammatory, and
anti-nociceptive properties [73]. The stem bark extract of Albizia lebbeck exhibits
various therapeutic properties such as anti-inflammatory, anti-anaphylactic, and
analgesic which can alleviate the symptoms of pleurisy [74]. Vasicine, a phytochem-
ical isolated from Adhatoda vasica showed antibacterial, anti-fungal, and anti-
inflammatory activities in an in vitro study [75]. The plant extracts of Tylophora
asthmatica exhibited immunosuppressive, anti-inflammatory, inhibition of delayed
hypersensitivity response, and expectorant abilities in various clinical studies
[76]. Clerodendrum serratum (Bharangi) extracts obtained from its roots and leaves
display anti-asthmatic, anti-allergic, anti-inflammatory, anti-cancer, mast cell
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stabilization effects according to various scientific investigations [77]. All these
studies indicate that ayurvedic medicine such as Praanrakshak can be used for the
treatment of pleurisy.

3.3.8 COVID-19

The extract of medicinal plants such as Agastache rugosa (Indian mint), Astragalus
membranaceus (Katira), Cassia alata (Candlebush), Cullen corylifolium (Scurfy
Pea), Gymnema sylvestre (Gurmar), Mollugo cerviana (Carpetweed), Quercus
infectoria (Manjakani), Tinospora cordifolia (Gurjo) is capable of inhibiting the
action of coronavirus [78]. Various phytochemicals isolated from medicinal plants
such as quercetin, curcumin, withaferin A, luteolin, amaranthin, apigenin, gallic acid
can also be used as potential drug candidates due to their ability to inhibit the
mechanism of action of SARS-CoV-2 by targeting spike protein, the main protease,
ACE-2 and its receptor [79]. In a case study, a 43-year-old male with COVID-19
symptoms was treated solely with Ayurvedic medicine and recovered completely.
The treatment regimen involved the administration of Sudarsana Churna (for
alleviating fever), Talisadi Churna (for loss of taste), and Dhanwantara Gutika
(aids in overcoming breathing problems) [80, 81].

3.3.9 Sarcoidosis

Medicinal plants such as Ocimum tenuiflorum (Tulsi), Curcuma longa (Haridra),
Phyllanthus emblica (Amalaki), Tribulus terrestris (Gokshura), Asparagus
racemosus (Shatavari), Withania somnifera (Ashwagandha), and Commiphora
wightii (Guggul) can be used for the treatment of sarcoidosis since they exhibit a
wide range of therapeutic potential such as anti-oxidant, anti-inflammatory, anti-
angiogenic, anti-microbial, immunomodulatory properties. Ayurvedic medicines
that can be used for sarcoidosis treatment include Punarnava mandur and Kanchnar
guggul which are capable of boosting the immune system as well as reducing the
pain, inflammation, and other symptoms of the disease [82]. A clinical study
involving the administration of herbal medicine called Reumaherb made up of
three medicinal plants, namely Echinacea purpurea, Harpagophytum procumbens,
and Filipendula ulmariawas found to exhibit anti-angiogenic and anti-inflammatory
activity in a mice model transplanted with bronchoalveolar lavage (BAL) cells
obtained from sarcoidosis patients. This anti-angiogenic potential could play a
vital role in preventing the progression of sarcoidosis [83].

3.3.10 Pulmonary Embolism

Selaginella bryopteris (Sanjeevini) plant extract possesses anti-microbial, anti-coag-
ulant, and anti-platelet properties which shows promise as a medicinal plant that can
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be used for the treatment of pulmonary embolism [84]. The aqueous and ethanolic
extracts of the fruit of Terminalia bellirica (Behada) one of the constituent medicinal
plants of Triphala churna displayed anti-thrombotic and thrombolytic activity in an
in vitro study [85]. The aqueous leaf extract of Leucas indica (Guma) was found to
exhibit fibrinolytic, anti-platelet, and anti-coagulant activity by inhibition of throm-
bin and factor Xa [86]. The polyphenolic extract of Vitis vinifera (Grapeseed)
commonly consumed as fruit also showed anti-coagulant and anti-platelet activities
in an in vitro model [87]. Fagonia arabica (Dhamasa) is widely distributed through-
out the Indian subcontinent and its aqueous extract and fractions displayed throm-
bolytic, anti-coagulant, and anti-oxidative properties in an in vitro study
[88, 89]. The various medicinal plants used currently in the treatment of pulmonary
disease ailments have been summarized in Table 3.2.

3.4 Phytoconstituents Involved in Treatment of Pulmonary
Diseases

Phytochemicals are biologically active compounds present in plants with defensive
and disease-preventive properties. Important clinical effects against cardiovascular
and respiratory disorders have been shown by various phytochemical components
like quercetin, resveratrol, triterpenoids, etc., [93]. A few examples of plant-derived
compounds that have medicinal value in treating pulmonary diseases are been listed
in Table 3.3.

Table 3.2 Medicinal plants used in the treatment of pulmonary diseases

Medicinal plant Disease condition Reference

Acalypha indica Bronchitis and asthma Ram et al. [90]

Brassica nigra Chronic bronchitis

Glycyrrhiza glabra COPD and asthma

Pimpinella anisum Emphysema, bronchitis, asthma

Trachyspermum ammi Emphysema, asthma, bronchitis

Semecarpus anacardium Lung cancer de Monteiro et al. [91]

Ervatamia heyneana

Calamus rotang

Sida rhombifolia Pneumonia Adnan et al. [92]

Cajanus cajan

Vitex negundo

Allium sativum Pulmonary hypertension Jasemi et al. [93]

Crataegus rhipidophylla

Moringa oleifera

Salvia miltiorrhiza

Terminalia arjuna

Withania somnifera
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3.5 Conclusion

This chapter provides a comprehensive review about various Indian herbal medicinal
plants and their therapeutic potential in the treatment of several pulmonary diseases.
These medicinal plants and their phytochemical constituents exhibit a diverse range
of therapeutic properties such as anti-oxidant, anti-inflammatory, anti-angiogenic,
anti-coagulant, anti-microbial and immunomodulatory properties. So herbal medi-
cine can be used as a viable alternative for treatment of respiratory ailments due to
their efficacy as well as to avoid the side effects caused by various chemical drugs.
Although various herbal formulations have been traditionally used in Ayurveda and
Siddha for treatment of pulmonary diseases more clinical studies are required to
elucidate the mechanisms behind the pharmacological effects of these herbal
medicine.
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Asthma-Induced Inflammatory Responses
and Reversal by Botanicals 4
Tuyelee Das, Samapika Nandy, and Abhijit Dey

Abstract

Asthma is the most prevailing chronic inflammatory medical condition which is
the outcome of extensive air pollution and which is associated with hyper-
responsiveness of the respiratory system. Asthma causes excessive mucus pro-
duction, blockage of air-passage, triggers inflammatory allergic responses,
chronic lung infection, lifelong breathing troubles, and prolonged hospitalization
in worst cases. Plant derived pollens may trigger asthmatic responses but on the
other hand a number of medicinal plants and phytochemicals have been reported
to ameliorate the symptoms associated with asthma. According to ethnomedicinal
reports inhalation of certain kinds of herbs and administration of certain plant
products could alleviate breathing and respiratory complexities. A number of
animal model based studies have highlighted the role of plant extracts (PEs) and
plant derived phytochemicals could alter the inflammatory responses by
modulating the production of immunoglobulin E (IgE) and pro-inflammatory
cytokine based immune signals. They could also suppress the accumulation of
inflammatory cells which may lead to “hyper-drive” stage in respiratory system.
Detailed analysis have highlighted the effective role of plant extracts and second-
ary metabolites modulating the release of TNF-α, IL-1β, IL-2, 4, 5, 6, 8,
13, IFN-γ, and other messenger molecules. Along with the experimental details
and possible molecular mechanisms of the anti-asthmatic botanicals, this review
also highlights constraints in medicinal plant oriented anti-asthmatic research,
protocol based lacunae, details of toxicity and quality control studies and tries to
link the traditional knowledge with laboratory-based findings.
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4.1 Introduction

Asthma is a chronic inflammatory disorder associated with hyper-responsiveness
that causes airway narrowing. Asthma also changes levels of eosinophils,
lymphocytes, neutrophilia, cytokines, chemokines, mast cells, and other inflamma-
tory cell products. Hyper-responsiveness of the immune system causes wheezing,
breathlessness, chest tightness, and coughing, mainly at night or in the early morn-
ing. Factors that have been found to trigger asthma include viral respiratory
infections, vitamin D, dietary changes, stress, acute anxiety, air-borne allergens,
air pollution, and chemical exposure [1–5]. Worldwide, the occurrence of asthma
increased by 13% from 1990 to 2015 [6]. WHO estimates, in 2005, 2, 55, 000 people
died and 300 million people endured asthma. According to the global asthma report
2018, around 1000 people are killed every day because of asthma. In India, about 6%
of children and 2% of adults have asthma (http://www.globalasthmareport.org/). In
this present year 2020, 339 million people are reportedly suffering from asthma and
mostly low-and lower-middle-income countries recorded almost 80% deaths from
asthma [7]. According to the Centers for Disease Control and Prevention (CDC), 1in
13 people in America have asthma (https://www.aafa.org/asthma-facts/). It is
estimated that by 2025, 340 million people will be affected by asthma. The world-
wide event of asthma is foreseen to be added in excess of 100 million by 2025
[8]. One study revealed that obesity in women is highly related to initiating asthma
but the same is not observed in men [9]. Women with polycystic ovary syndrome
have a higher chance of developing asthma [10]. Another study has also revealed
that women are more prone to develop severe asthma as compared to men. More-
over, among rural patients severioty of asthma is more rigorous than urban patients
[11]. A population-based study by [12] demonstrated that several factors are causing
asthma that includes obesity, low socioeconomic status, gender, occurrence of hay
fever, and smoking. They have also observed in their study that most of the people’s
quality of life is compromised because of asthma [12]. More than a few million
people who have suffered due to the absence of proper medication were out of job as
well as other facilities and their ailment has triggered huge economic loss induced by
inadequate work force in several industries.

4.2 Symptoms and Types of Asthma

The National Asthma Education and Prevention Program has categorized asthma
based on the symptoms and severity. Types of asthma include intermittent, mild
persistent, moderate persistent, and severe persistent. In intermittent asthma patients
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develop airways inflammation along with the symptoms come out more than two
times in a week [13]. While in moderate type, symptoms appear daily as well as they
require β2-adrenergic drugs. In severe asthma, symptoms are persistent. The
Ayurvedic medicinal system divided swasa (asthma) into five different types such
as Kshudra swasa (Dyspnoea minor), Mahaswasa (Dyspnoea major),
Urdhawaswasa (Expiratory Dyspnoea), Chinna swasa (Chyne-stroke respiration),
Tamaka swasa (Bronchial Asthma) [14]. Plant-based anti-asthmatics were classified
into bronchodilator, mast cell stabilizers, anti-allergic agents, anti-inflammatory
agents, antispasmodics, and lipoxygenase inhibitors [14] Studies have showed
different cell types are involved in asthma such as eosinophils [15, 16], lymphocytes
[15], mast cells [17, 18], macrophages [15], and epithelial cells [19]. Asthma can be
amassed by intrinsic and extrinsic types. Intrinsic asthma is brought about by
inherited genetics and structural crisis, stress, and contaminations. While, extrinsic
asthma is caused by air-borne pollutants, dust, and various foods [20]. Almost 10%–

13% cases of asthma occur globally [11]. The main symptom of this disease is the
shortness of breath, wheezing, coughing, sleeplessness, daytime fatigue, adequate
air exchange, and mild dyspnoea. Asthma is caused by gene–environment
interactions. The asthmatic symptoms may develop due to the release of intrinsic
cytokines, histamine, leukotrienes, nitric oxide, and chemokines. Mast cell
endothelin liberation and airway inflammation in the lungs are different indication
of the symptoms of asthma [2].

4.3 Current Treatment

Asthma is incurable; the current treatment offers temporary symptomatic relief only.
According to the Education and Prevention Program (NAEPP) for the diagnosis and
management of asthma, the asthma treatment ought to be founded upon the mainte-
nance of pulmonary function, respiratory rate, and normal activity levels of patients.
Asthmatic drug categories include bronchodilators, mast cell stabilizers, and
corticosteroids; bronchodilators drugs further categorized into β-adrenergic agonists
(albuterol, adrenaline, ephedrine), methylxanthines (proxyphylline, theophylline,
aminophylline), and anticholinergics (atropine methonitrate, ipratropium bromide,
tiotropium bromide) [21]. This highly assorted anti-asthmatic drugs have already
proven their efficiency but several side effects like adrenal suppression, convulsions,
cardiovascular effects, headaches, osteoporosis, myopathies, nausea, and vomiting
are results of conventional medication [22–27]. Therefore, considering all side
effects of conventional drugs and their cost, there is an urgent need for the develop-
ment of alternative sustainable therapeutic approaches to prevent asthma.
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4.4 Preclinical and Clinical Study of Potent Medicinal Plants
as Anti-Asthmatic Resource

Medicinal plants, natural products as therapeutics and herbal therapy have become a
topic of huge pharmacological importance due to their efficacy, economic impact,
and safety implications against asthma. Indeed, Asthma mostly results in inflamma-
tory cell activation and the production of various pro-inflammatory mediators. The
dose-dependent anti-asthmatic activity of plants has shown significant results in
bronchodilation, mast cell stabilization, anti-inflammatory, anti-spasmodic, anti-
allergic, immunomodulatory via inhibition of mediators. β2-adrenergic receptor
agonists present in medicinal plants can relieve airway bronchoconstriction via
activating β2-adrenergic receptors on airway smooth muscle cells. These medicinal
plant-based approaches have regained their popularity, with their efficacy and safety
aspects being supported by controlled preclinical and clinical studies. Medicinal
plant crude extracts/fraction application or administration on in vitro and in vivo
animal models resulting decreasing level of leukocytes count, eosinophil,
neutrophils migration, histamine release, lipoxygenase enzyme production, IgE
(immunoglobulin E), IL-4 (Interleukin-4), IL-5, IL-6, IL-13, TNF-α (Tumor necrosis
factor (TNF)-alpha), p53 (Tumor suppressor protein), NGF (nerve growth factor),
bax, COX-2 (cyclooxygenase-2), caspase-3, and nitric oxide synthase and increasing
level of antioxidant enzymes, IFN-γ, and Bcl-2; associated with improvement in
inflammation site and curing asthma. The summarized result compiles a total number
of 21 plant species belonging to 18 numbers of genera and a total number of ten
traditional polyherbal formulations with asthmatic activities. Table 4.1 represents a
list of anti-asthmatic medicinal plants with their scientific names, plant families,
parts used, extraction solvent, anti-asthmatic efficacy exhibited on in vitro and/or
in vivo animal models/human trials, and mechanism(s) of action. Figure 4.1
represents the chemical structure of phytoconstituents isolated from medicinal plants
having anti-asthmatic activity. Figure 4.2 represents the mode of action of medicinal
plants and polyherbal formulation as anti-asthmatic agents.

4.4.1 Abrus precatorius L. (Fabaceae)

A. precatorius (Jequirity bean) possesses immunopotentiating, anti-implantation,
and anti-tumor activity. Triterpenoid saponins and lectins from this plant have
anti-inflammatory activity. The anti-asthmatic activity of the ethanolic extract of
fresh leaves of A. precatoriuswas evaluated against clonidine-induced catalepsy and
haloperidol induced catalepsy in mice. The extract significantly active against
clonidine-induced catalepsy in but no change observed in haloperidol induced
catalepsy [28].
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4.4.2 Achyranthes aspera L. (Amaranthaceae)

A. aspera (chaff-flower) is a tropical herbaceous plant already proven its effective-
ness against bronchial asthma [51]. Saponin C and D are the main anti-asthmatic
component present in the fruit of A. aspera [52]. [29] also demonstrate the beneficial
role of A. aspera against toluene diisocyanate-induced asthma inWistar rats. Ethanol
extracts of A. aspera reduced neutrophils and eosinophils count in blood. Moreover,
A. aspera did not showed any airway abnormality [29]. Steroidal drugs are generally

Fig. 4.1 Anti-asthmatic chemical compounds from medicinal plants. 1. Anthraquinone,
2. Ascorbic acid, 3. Caffeic acid, 4. Campesterol 5. cis-Vaccenic acid, 6.Cholest-5-en-3-ol
7. Ethyl palmitate, 8. Ethyl gallate, 9. Eriodictyol, 10. Furfural, 11. Gamma-tocopherol, 12. Gallic
acid, 13. Glycerin, 14. Monoethanolamine, 15. Myristic acid, 16. 1-deoxy-d-mannitol, 17. 1-nitro-
2-propanol, 18. demethylwedelolactone, 19. (�)-epicatechin, 20. Isoalantolactone, 21.kaempferol,
22. Methyl ester, 23. Rhein, 24. Quercetin, 25. Saponins, 26. 2-butanamine, 27. 2,3,4-
Trimethoxycinnamic acid, 28. γ-Tocopherol, 29. Phthalic acid, 30. Pentadecylic acid, 31. Phytol,
32. Squalene
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effective in asthma. Ethanol extract of aerial parts of A. aspera contains
triterpenoids, sapogenins, and saponin glycosides, which are different forms of the
steroidal nucleus, showed anti-asthmatic activity at a dose of 375 mg/kg [30].

4.4.3 Aerva lanta (Linn) Juss. ex. Schult (Amaranthaceae)

A. lanta (Gorakshaganja) a herbaceous plant found in tropical Asia and Africa,
Madagascar, and Saudi Arabia is the source of the β-sitosteryl palmitate,
α-amyrin, and β-sitosterol and tannin with potential urolithiasis effects [53], antimi-
crobial [54], cytotoxicity [55], antidiabetic [56], nephroprotective [57], immuno-
modulatory [58] activities. A. lanata is a potent member of anti-asthmatic activity.
The ethanol extract (100μg/mL) of areal parts of A. lanata decreased contraction
produced by histamine in in vitro study of goat tracheal chain preparation. An in vivo
study of mice 30 & 60 mg/kg doses of ethanolic extract induced catalepsy and mast
cell degranulation. However, they did not isolate and characterize active compounds
from the ethanolic extract [31].

4.4.4 Argemone mexicana L. (Papaveraceae)

A. mexicana (Brahmadandi) is a common roadside plant from India. Berberine and
protopine are the main active compound isolated from A. mexicana for asthma
treatment [59]. For curing asthma indigenous people of Andhra Pradesh taken,
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Fig. 4.2 Mode of action of medicinal plants and polyherbal formulations against asthma
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100–200 mg seed powder twice a day for 2 weeks [60]. Aqueous extracts of
A. Mexicana stem possesses anti-allergic and anti-stress activity at a dose of
50 mg/kg by milk-induced leukocytosis and milk-induced eosinophilia [61].

4.4.5 Asystasia gangetica (L.) T. Anderson (Acanthaceae)

A. gangetica (Chinese violet) is a trail herb and a popular constituent of traditional
medicine of East Africa (Kenya). Leaves of A. gangetica are effective against
asthma. Standardized A. gangetica methanol extract containing alkaloids,
carbohydrates, flavonoids, proteins, steroidal aglycones, saponins, tannins, reducing
sugars, and triterpenoids showed anti-asthmatic like properties. Result of study
conducted by [32] revealed that the extracts from A. gangetica did not showed any
contraction or relaxation activity in isolated tissue preparations. Additionally, they
noticed that extract prevented the contraction evoked by spasmogens [32]. A study
showed terpenoid (bronchospasmolytic) compounds of leaves of A. gangetica that
induced histamine contraction of the guinea pig trachea [62].

4.4.6 Bacopa monnieri L. (Scrophulariaceae)

Methanolic extract of leaves of B. monnieri is a potent mast cell stabilizing effect at
doses 10μg/mL for mast cell stabilizing activity in rats [33].

4.4.7 Cassia alata L. (Fabaceae)

Cassia alata (Candle-tree) is a tropical medicinal tree that grows in the Philippines
and has been used as an expectorant, asthma attacks, tinea infections, eczema, and
mycosis [63]. Hydro-alcoholic extract OF C. alata leaves inhibits mast cell stabili-
zation and lipoxygenase at 200 mg/kg dose. In this study, the suggested antiallergic
activity of C. alata is attributed to the presence of anthraquinones and
flavonoids [34].

4.4.8 Cassia obtusifolia L. (Fabaceae)

Cassiae semen extract stops damage causing by asthma by balancing the allergic
immune response. Seo and Park [64] investigated the Cassia obtusifolia effect on
mice asthma-induced by ovalbumin. Dose-dependent administration of cassiae
semen extract in ovalbumin-induced asthmatic mice lowered Ovalbumin-specific
IgE and IL-4. Additionally, this extract prevented bronchiolar damage in lung tissues
of ovalbumin-induced asthmatic mice., human mast cells (HMC-1) were treated with
Cassiae semen extract for in vitro study and resulted in lowered expression of IL-4
and IL-4 mRNA and histamine release [35].
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4.4.9 Cassia occidentalis L. (Fabaceae)

Another study in an in vivo mice model by [36] showed C. occidentalis aerial part of
anthraquinones extract (AQE) results in significant effects on allergic asthma. AQE
lowered inflammatory cell counts and IL-4, IL-5, and IL-13 production, but
increased Th1 cytokine IFN-γ production in bronchoalveolar lavage fluid. AQE
also suppressed OVA-specific IgE in serum [36].

4.4.10 Casuarina equisetifolia L. (Fabaceae)

C. equisetifolia (Australian pine) is generally cultivated in Coastal regions from
Gujarat to Orissa, some parts of West Bengal and Andaman. The methanol extract of
C. equisetifolia wood and bark showed antihistaminic activity at doses 100 mg/kg by
suppressing the histamine-induced tracheal contraction, clonidine-induced cata-
lepsy, and mast cell degranulation [65].

4.4.11 Clerodendrum serratum (L) Moon (Verbenaceae)

C. Serratum (Bharangi) is traditionally useful for asthma, cholera, and rheumatism.
Saponin from the root ethanol extract of C. serratum showed anti-asthmatic activity
by isolated goat tracheal chain preparation and clonidine-induced catalepsy at doses
50,100, and 200 mg/kg in mice. This study also indicated that pentacyclic
triterpenoid saponins have a role in Type-1 allergic conditions [37].

4.4.12 Eclipta prostrata (L.) L. (Asteraceae)

E. prostrata (Bhringraj) widely used medicinal plant was selected to test against
pulmonary disorders activity. Methanol extracts of the whole plants were prepared
along with NMR screening detected the presence of oroboside,
demethylwedelolactone, and wedelolactone. These active components have been
shown to inhibit IL-4, IL-5, IL-13, and eosinophils at the dose of doses 100, 250,
500 mg/kg [44].

4.4.13 Euphorbia hirta L. (Euphorbiaceae)

Essential oil from E. hirta (Bara dudhi) is common to East and West Africa and used
traditionally for the treatment of asthma [66]. The isolated compounds (phytol and
its isomer 3,7,11,15-tetramethyl-2-hexadecen-1-ol) possesses significant anti-
asthmatic activity [66]. The ethanol extract of leaves was prepared and tested for
their anti-asthmatic activity by inhibiting IL-6, lipid peroxidation, total leukocytes,
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eosinophils, IL-6, cyclooxygenase-2, caspase-3, p53, NGF, TNF-α, and inducing
antioxidant content neonatal asthmatic rats with inflammation [44].

4.4.14 Ficus bengalensis Merr. (Moraceae)

F. bengalensis (Indian banyan) is used traditionally for the treatment of asthma.
Various solvent extracts of the leaves such as aqueous, ethanol, petroleum ether,
chloroform, and ethyl acetate were prepared and are tested decrease in leucocytes
and eosinophils on Swiss albino mice. The result of the investigation observed that
aqueous, ethanol, and ethyl acetate extracts significantly decrease leucocytes, and
eosinophils, whereas petroleum ether and chloroform were inactive [46].

4.4.15 Gleditsia sinensis Lam. (Fabaceae)

G. sinensis (Chinese honey locust) is an important perennial shrub common to China
and popularly used in the management of asthma. (�)-epicatechin, caffeic acid, ethyl
gallate, eriodictyol, quercetin extracts of the thorn of G. sinensis were prepared by
Lee et al. [42]. The extracts were subjected to anti-allergic asthma using ovalbumin-
Induced BALB/c mice. The results indicated that the extracts reduce IL-4, IL-5, IgE,
oxidative stress, and airway inflammation IL-4, IL-5, IgE in a dose-dependent
manner (50 and 100 mg/kg) [42]. Another study of ethanolic anomalous fruits
extract of G. sinensis revealed its anti-allergic activity via histamine reduction in
peritoneal mast cells triggered 48/80 in the rat [43].

4.4.16 Hemidesmus indicus (L.) R. Br. ex Schult. (Apocynaceae)

Hemidesmus indicus (Anantamul) is a twining shrub commonly distributed in India.
Alcoholic extract of Hemidesmus indicus roots at doses 25, 50, 100 mg/kg showed
antihistaminic activity in the isolated goat tracheal chain preparation and in vivo
model using clonidine-induced catalepsy in mice [67].

4.4.17 Inula racemosa Hook.f. (Asteraceae)

I. racemosa (Pushkarmool) is a herbaceous perennial medicinal plant known as
Pushkarmool popularly root used in Ayurveda as bronchodilator and expectorant for
bronchial asthma [68]. Sesquiterpene lactones (dihydroisoalantolactone,
isoalantolactone, and alantolactone) isolated the roots of I. racemosa showed signif-
icant in immunologically induced degranulation of mast cells in Wister rats [40].
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4.4.18 Lepidium sativum L. (Brassicaceae)

L. sativum (Garden cress) is a cultivated species in India, Europe, and the USA
[69]. In Sikkim and West Bengal, the indigenous people use Garden cress for the
treatment of asthma, bronchitis, dysentery, pain, and stomachache [69]. L. sativum
bronchodilatory effects are enhanced via anticholinergic, Ca++ antagonist, and PDE
inhibitory pathways and prevent hyperactive airways disorders [47].

4.4.19 Picrorhiza kurroa Royle ex Benth. (Plantaginaceae)

P. kurroa (karu) grows in the Himalayas. In the traditional Indian medicinal system,
roots of P. kurroa are used in bronchial and liver-related problems. Glycosides are
the main active component in roots. Androsin a type of glycosides has been assigned
for anti-asthmatic activities mainly in bronchial asthma, which prevents PAF activity
[70]. [39] evaluated P. kurroa in vitro and in vivo activities and resulted in ethanolic
root extract at a concentration of 100 mg/mL prevented histamine and acetylcholine-
induced contraction. Saponins and flavonoids are the main anti-asthmatic activity
compounds [39].

4.4.20 Piper longum L. (Piperaceae)

P. longum (long pepper) indigenous to India possess fruits used in Ayurvedic and
Unani system of medicine piperine isolated from P. longum fruit reported anti-
asthmatic and antibronchitis activity [71]. The fruits of Piper longum contain
Alkaloid, steroid, glycosides, flavonoids. The fruit successfully reduces Histamine-
induced bronchospasm in the guinea pig [49].

4.4.21 Tamarindus indica L. (Fabaceae)

T. indica (Tamarind), a tropical traditional medicine is known for its use in folk
medicine for treating asthma, vaginal and uterine complaints, and inflammation.
T. indica leaves extract present investigation that possesses significant anti-asthmatic
activity by attributed to bronchodilating, antihistaminic (H1-antagonist), and anti-
inflammatory [48].

4.5 Traditional Formulations

Preclinical and clinical trials of several traditional herbal formulations have also
been reported as anti-asthmatic agents such as ASHMI, Ding Chuan Tang,
Pentapala-04, Gakani, Bharangyadi, Xiao-Qing-Long-Tang (XQLT), Shirishadi
STA-1, San’ao Decoction, and Bakumondo-to have been evaluated; the outcomes
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are safe and improve lung function [72]. Table 4.2 represents a compilation of
traditional herbal formulations commonly prescribed in the treatment of asthma
and their efficacy in preclinical and clinical studies. For, centuries, Traditional
Chinese medicine (TCM) has been using in Asia, and nowadays gradually accepting
by western countries as well.

4.5.1 The Antiasthma Simplified Herbal Medicine Intervention
(ASHMI)

ASHMI is a type of Chinese herbal medicine, which was the first herbal medicine
that got approval from the Food and Drug Administration (FDA) for clinical trials
for treating asthma [86]. ASHMI is composed of three herbs, i.e. Glycyrrhiza
uralensis (rhizome), Sophorae flavescentis (root), and Ganoderma lucidum (fruiting
body). ASHMI prevent asthma symptoms by modulating group 1 and group 2 cyto-
kine [87, 88]. Active components of ASHMI reduced Th2 cytokines (IL-4, IL-5, and
IL-13) in BALB/c mice [73]. ASHMI also lower IL-5 secretion by peripheral blood
mononuclear cells from asthma patients [74].

4.5.2 Bakumondo-to

Bakumondo-to is a Chinese formula (composed of Chinese Ophiopogonis (tuber),
Pinelliae (tuber), Zizyphi (fruit), Glycyrrhiza (root), Ginseng (root), and Oryzae
(fruit)). Bakumondo-to has some similarities to glucocorticoids that are implicated
in the treatment of asthma. Bakumondo-to directly increased cAMP level and
mRNA expression for β-adrenergic receptors and decreased cAMP dependent
gene expression, which leads to bronchodilation [75]. However, [76] investigated
Bakumondo-to did not decrease cyclic AMPin smooth muscle cells. Additionally,
they revealed that Bakumondo-to enhanced isoproterenol-induced cyclic AMP
accumulation in airways smooth muscle cells [76].

4.5.3 Bharangyadi

Bharangyadi is a polyherbal formulation composed of Bharangi (Clerodendrum
serratum), Sati (Hedychium spicatum), and Pushkarmoola (Inula racemosa) active
against bronchial asthma. Bharangyadi extract treatment showed inhibition of
smooth muscle contraction and mast cell stabilizing activity in guinea pigs by the
histamine-induced model [77].
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4.5.4 Ding Chuan Tang (DCT)

DCT is a type of Chinese herbal medicine with 400 years of its use in china for
asthma. This herbal decoction is composed of nine herbs including Ginkgo biloba,
Ephedra sinica, Tussilago farfara, Morus alba, Pinellia ternata, Perilla frutescens,
Prunus armeniaca, Scutellaria baicalensis, Glycyrrhiza uralensis) used in the
treatment of children with coughing, wheezing, and chest tightness. [89] investigated
the effect of DCT in airway hyper-responsiveness on children with asthma. DCT can
lower symptoms of persistent asthma in children after 12 weeks of treatment
[89]. DCT essential oil inhibited IRAK/NF-κB (c-Jun N-terminal kinase/nuclear
factor-kappa B), IRAK/AP-1(c-Jun N-terminal kinase/activator protein-1), and
TBK1/IRF3 (TANK-binding kinase 1/interferon regulatory factor 3) in RAW264.7
cells [78].

4.5.5 Pentapala-04

Pentapala-04 is the aqueous extract that composed of five medicinal plant formula-
tion (Adhatoda vasica Nees, Ocimum sanctum Linn, Coleus aromaticus Benth,
Glycyrrhiza glabra Linn, and Alpiania galangal Sw.). Pentapala-04 prevented
ova-albumin and aluminum hydroxide induced lung damage in albino Wistar rats
[79]. Aqueous extract of Pentapala-04 prevent asthma via enhanced Lung Body
Weight Index (LBI) and suppressed lung lipid content [80].

4.5.6 San’ao Decoction (SAD)

SAD (composed of Herba Ephedrae, Radix Glycyrrhizae, and Amygdalus
Communis V) is a classical Chinese medicine, which protected patients from
asthma, and cough for 1000 years via suppression of IL-4 induced apoptosis
[90]. In ovum albumin sensitization asthmatic BALB/c mice, SAD regulating
asthma via enhanced CD4+CD25+Foxp3+ [81]. SAD improved pulmonary
functions in asthmatic mice model via inhibiting IL-13 (interleukin-13), PGD2

(prostaglandin D2), and NGF (nerve growth factor) levels, and TRPA1 and
TRPV1 channels [82].

4.5.7 Shirishadi

Shirishadi is an ayurvedic formulation composed of Albizia lebbeck (L.) Benth.,
Cyperus rotundus Linn., and Solanum xanthocarpum Schrad and Wendl herbs used
in the treatment of an acute attack of asthma administrated through nasal route.
Human clinical trial stages I, II, III revealed little side effects like leg cramps,
dizziness, palpitation, acidity, and nervousness. Additionally, no recurrent cases
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were found after several days Shirishadi has a powerful anti-asthmatic activity that
can be utilized in an alternative remedy for asthma [91].

4.5.8 STA-1

STA-1 TLJN is a Chinese formula composed of a combination of the decoction of
Mai-Men-Dong-Tang (MMDT) and Lui-Wei-Di-Huang-Wan (LWDHW),
suppressed clinical asthma symptoms, specific IgE synthesis, improved pulmonary
function [83].

4.5.9 Winyanghuayin (WYHY) and Xiaoqinglong (XQL)

Xiaoqinglong decoction is a type of Chinese herbal medicine with over 1000 years to
treat cold asthma. WYHY decoction added Ginseng and Astragali based on
Xiaoqinglong. WYHY and XQL prevented infiltration of airway inflammation
cells in Wistar rats via inhibiting the expression of IL-13\TNF-α\TGFβ1 and
increasing the expression of IL-10 [85].

4.5.10 Xiao-Qing-Long-Tang (XQLT)

XQLT is a Chinese formula used in the clinical treatment of bronchial asthma [92].
XQLT exerted antiasthmatic effects in a female BALB/c mice via inhibited of NGF
(nerve growth factor) in broncho-alveolar lavage fluids. XQLT also reduced thymus-
and activation-regulated cytokine (TARC) and serum brain-derived neurotrophic
factor (BDNF) levels that further lowered eosinophil infiltration [84].

4.6 Conclusion

This book chapter is based on a comprehensive account of the medicinal plant and
polyherbal formulation of the current research trends based on the anti-asthmatic
properties. Asthma is a type of lifestyle disease and can cure by natural herbs. One of
the main treatments for asthma is based on Cromolyn sodium. Cromolyn derived
from the plant Ammi Visnaga and used in the relaxation of the muscle. Ayurvedic
medicinal system and Chinese herbal medicines display broad activities on various
asthma pathologic systems. The scientific improvements convey with perfection in
Polyherbal formulation by the investigation of active chemical constituents.
Combinations of plants, which work synergistically, give wanted impact as anti-
asthmatic formulation. From the literature, research articles, various medicinal plants
extract in different solutions, plant parts, phytochemicals, and formulation details are
accounted for to have against asthmatic properties. In this book chapter, we featured
the current survey of therapeutic plants preclinical and clinical studies against
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asthma. More controlled clinical investigations are warranted, and a portion of the
medicinal plants research might end up being successful for asthma treatment when
utilized as corresponding treatment.
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Abstract

Asthma is the inflammation of the respiratory tract, and is becoming increasingly
prevalent around the globe, more so in industrialized areas than
non-industrialized regions. The disease has been estimated to affect around
300 million people all over the world, as of yet, but this number has been
predicted to swell by a further 100 million by 2025. The prevalence of the disease
has been rising, throughout the world, especially in children, since the 1970s.

The disease causes a narrowing of the air passageway, which happens parallel
to dramatic fluctuations in the levels of mast cells, lymphocytes, eosinophils, and
several inflammatory cellular products like the cytokines. Asthma patients also
show elevated levels of the IgE antibody that is known to bind with receptors of
mast cells and assorted inflammatory cells to trigger an inflammatory response of
the body. These responses include the release of biochemical such as histamines,
prostaglandins, and leukotrienes, which trigger bronchoconstriction or the
narrowing of the bronchi.

In the present, conventional medicinal procedures and products have proven
inadequate in combatting the disease, forcing people to seek other alternatives.
This pursuit has presented plants, the reservoirs of several biologically active
compounds, many of which are used in plant-based medicine, as the possible
counter for the spread of this disease. The Indian subcontinent, including modern-
day Pakistan, India, and Bangladesh, houses 45,000 plant species that have
potential medicinal properties, as perfectly reflected in the ancient Ayurveda
philosophy.

Plant species commonly employed in combatting asthma have proven to have
antihistaminic, antiasthmatic, and antiallergic properties. Ayurvedic
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antiasthmatic medicines must be able to counter the effects of the cellular
inflammatory biochemical, one such inhibitory chemical is quercetin, a common
flavonoid that inhibits the release of histamine.

Keywords

Asthma · Inflammatory cellular products · Inflammatory response ·
Bronchoconstriction · Plant-based medicine · Medicinal properties · Ayurveda ·
Quercetin

5.1 Introduction

The foremost symptoms of Asthma include the inflammation of the trachea and
bronchi, dramatic changes in the levels of inflammation-related blood cells like
lymphocytes, eosinophils, mast cells, cytokines, and assorted cells and cell-products.
There appears to be a correlation between the elevations in the levels of IgE type
antibodies which are sensitive to certain receptor sites present on the membranes of
inflammatory cells including mast cells. The interaction between this antibody and
the surface receptors is the key to the activation of several inflammatory reactions.
These reactions include the release of biochemicals such as leukotrienes, histamines,
and prostaglandins. When these chemicals are released, they contract the smooth
muscles lining the wall of the respiratory tract of the patient, which is termed as
bronchoconstriction [1, 2].

Asthma is becoming more and more prevalent all over the world, the density is
especially high in industrialized countries that lack a decent vegetation ratio. As of
writing this text, 300 million people are estimated to be infected with the said disease
worldwide, which will be added upon by a further 100 million by the year 2025
[3, 4]. Asthma has increasingly caused economic and mortal losses to the global
human populations, mostly in children [5].

Plants, exploited for their medicinal properties, that are used to target the
symptoms of asthma, must have certain traits that counter the disease’s effects.
These traits include antihistaminic properties, anti-inflammatory properties,
muscle-relaxing properties, immunomodulatory properties, and allergic response
activities [6]. Ayurvedic medicinal plant products are loaded with anti-Kapha and
anti-Vata properties which allow them to target the infected tissues and alleviate the
symptoms [7]. Similarly, bronchoconstriction can be targeted by anti-oxidants which
can target and inhibit the inflammatory responses that caused the problem in the first
place. This is achieved by countering the effects of radical oxygen entities and
nitrogen radicals, both of which are strong oxidizing agents [8].

However, at present, remedies for asthma are subpar, owing mostly to the flaws in
the drugs, most notably, their adverse effects on the infected individual. This has
forced people to seek alternative treatment methods, which are less adverse to the
patient. In this pursuit, Quercetin has emerged as a favorable solution as it is a
common flavonoid compound, found in many food-stuffs, and which can inhibit the
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effects of the inflammatory response cellular machinery. Several other solutions are
also being sought after [9].

Asthma makes its first impression on the patient through recurrent difficulties in
breathing, episodes of chest tightening, coughing, sneezing, breathlessness,
disturbances in the sleep/wake cycles, and overall discomfort [10]. These effects
are the direct result of the bronchoconstriction, which have been listed beforehand.
According to WHO estimates, the disease is showing increasing prevalence, and the
aforementioned 300 million figure is accredited to them [11]. Among the
70 countries studied by WHO, it was concluded that Brazil was afflicted the most,
whereby 12.6% of women and 11.5% of men were confirmed to be infected [12].

In Brazil, the infection rate is much higher in children and adolescents, around
24 and 20%, respectively, making them the most vulnerable of all. Just like Brazil,
other countries, worldwide, have also shown an increasing prevalence of the said
disease, over the past few decades [13–15]. Conventionally, anti-inflammatory
drugs, mostly inhaled versions, and relief medications are used to alleviate the
symptoms [10, 16].

Preventing asthma is the most cost-effective solution to the growing spread of this
disease [17]. Since the conventional options are often very expensive, in India, 79%
of the patients use home remedies, instead of certified medicines, such as teas, home-
made concoctions, yoga, homeopathy, herbal medicine, and so on [18]. These
alternate remedies ranged between 4 and 79% in the adult populations, while this
prevalence is 33–89% in children. However, it is not possible to determine the
effectiveness of the said home remedies [19].

Since such remedies are used with an ever-increasing frequency, it makes sense to
study them in detail, and assess their effects. There are several reasons as to why
people opt for such options instead of certified medicines, the most important reason
in this context is the widespread belief that conventional medicine is harmful in one
way or the other, however, another factor may be affordability and accessibility.
Medicinal plants, since they are natural, are seen as a better alternative, and hence
endorsed by herbalists.

Since asthma is a chronic infection, requiring a prolonged, and at times, tedious
treatment process. This is also one of the reasons why people seek alternative
therapies and home remedies, mostly based on medicinal herbs [9]. The use of
such medicinal herbs is also endorsed by the cultural values or the social makeup of
communities in countries like India and Brazil.

5.2 Adverse Effects of Current Treatments Used in Asthma

Here are some adverse effects of traditional chemical-based treatments used for
treating asthma [20]:
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5.2.1 Isoprenaline

It can cause tachycardia.

5.2.2 Salbutamol

There can be events of dose-related muscle tremors (the more the doses, the greater
the tremors), restlessness, heart palpitations, nervousness, irritation in the throat, and
even edema in the ankle region.

5.2.3 Theophylline

This medication can cause dose-dependent tachypnoea, in addition to other
conditions like arrhythmia, convulsions, muscle bulkiness, shock, hypotension,
flushing, vomiting, heart palpitation, restlessness, dyspepsia, insomnia, tremors,
and so on.

5.2.4 Anticholinergics

This medication can dry up the subject’s mouth and make it difficult for you to
swallow or talk. The patient may also develop a scarlet rash, may be subjected to
photophobia, your near vision may become blurred, you may experience heart
palpitations, hallucinations, delirium, face problems with your pulse, severe heart
issues, and in case of extreme poisoning, the patient may enter a state of coma.

5.2.5 Ketotifen

It can make the patient dizzy, even sedate them. Other side effects include weight
gain, feeling nauseated, and having a dry mouth.

5.2.6 Corticosteroids

These are by far the most destructive and can cause serious damage if things go
wrong. The side effects include Cushing’s habitus, hyperglycemia, delaying of the
wound healing process, osteoporosis, vulnerability to infections, weakness in the
muscles, hyperglycemia, restriction of the hypothalamo–pituitary–adrenal (HPA)
axis, and so on.

The aforementioned side effects have forced researchers to come up with inno-
vative natural solutions to combat the disease. The target solutions should be
practical, applicable, available to the people, and most of all, clinically acceptable.
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Alternative medicine has been under consideration for a while now, and its usage in
the treatment of asthma has only increased over the years [9].

5.3 Some Traditional Plants with Antiasthmatic Potential

5.3.1 Aerva lanata (L.) Juss. Ex Schult

Aerva lanata, shortened as A. lanata is a common herbaceous weed, distinguished
by its white wooly flowers which form auxiliary bunches. It is a common sight in the
plains of the warmer regions in the Indian subcontinent. The plant was successfully
tested for medicinal properties by a team of researchers who used its extract (mostly
ethanol-soluble) at a minute concentration of 100 μg/mL mixed in preparations from
the trachea of a goat, and in another experiment, prepared into oral doses of 30 and
60 mg/kg to be tested on mice, in both cases, it proved to possess effective antihista-
mine properties [21] (Fig. 5.1).

Fig. 5.1 Aerva lanata inflorescence (Source: By J.M.Garg—Own work, CC BY-SA 4.0, https://
commons.wikimedia.org/w/index.php?curid¼6608619)
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5.3.2 Ageratum conyzoides L.

Ageratum conyzoides, shortened as A. conyzoides, is an annual herb belonging to the
family Asteraceae, formerly known as Compositae, and is indigenous to the tropical
regions of the New World. However, its distribution also spreads across the tropical
and sub-tropical regions of the rest of the world. The extract of its leaves is
hydroalcoholic, and when prepared in oral doses of 250, 500, and 1000 mg/kg
exhibit impressive antihistaminic potential and have experimentally inhibited cata-
lepsy induced by clonidine in lab mice [22] (Fig. 5.2).

5.3.3 Argemone mexicana L.

It is quite common to encounter Argemone mexicana, shortened as A. mexicana, in
the fields and even the roadsides of India. This plant is known to possess antiallergic
properties. Its aqueous extracts, when prepared as an oral dose of 50 mg/kg can be
effective in combatting leukocytosis and eosinophilia [23] (Fig. 5.3).

Fig. 5.2 Ageratum conyzoides (Source: By Minghong—Own work, CC BY-SA 3.0, https://
commons.wikimedia.org/w/index.php?curid¼4030608)
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5.3.4 Asystasia gangetica (L.) T. Anderson

Asystasia gangetica, shortened as A. gangetica, is a common remedy option for
asthma throughout various parts of Nigeria. The extract of its leaves, concurrent with
hexane, ethyl acetate, and methanol, was proven to be quite effective in their
antihistaminic activity (countering allergic reactions and inflammations). It did not
inhibit the contractions and relaxations in the target tissues, however, it did stop
spasmodic contractions [24] (Fig. 5.4).

5.3.5 Bacopa monnieri (L.) Pennell

The extracts of Bacopa monnieri, shortened as B. monnieri, contain compounds
soluble in petroleum ether, methanol, chloroform, and water, which at doses of
10 μg/mL can effectively stabilize mast cells in lab rats. The extract proved to be
quite effective at stopping mast cell degranulation [25] (Fig. 5.5).

5.3.6 Senna sophera (L.) Roxb

Senna sophera, formerly known as, Cassia sophera, is a part of traditional asthma
treatments, and that of assorted diseases too. The leaf extracts of this plant contain

Fig. 5.3 Argemone mexicana (Source: By B. Navez—Own work, CC BY-SA 3.0, https://
commons.wikimedia.org/w/index.php?curid¼4732240)
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fractions soluble in ethyl acetate, ethanol, and chloroform, which have a proven
antihistaminic potential at concentrations of 250, 500, and 750 mg/kg, researchers
believe that the underlying cause of this potential may be the presence of flavonoids
[26] (Fig. 5.6).

5.3.7 Casuarina equisetifolia L.

Casuarina equisetifolia, shortened as C. equisetifolia, is an evergreen tree, measur-
ing as high as a whopping 50 meters in some cases. It is cultivated in the coastal areas
of stretch of land in India between Gujrat and Orissa, in some regions of West
Bengal (also part of India), and the Andamans. The wood and bark extracts of this
tree possess methanol-soluble fractions which have appreciable antihistaminic
potential, which has been experimentally proven by Ahel et al., [27] (Fig. 5.7).

5.3.8 Rotheca serrata (L.) Steane & Mabb

Rotheca serrata, formerly known as Clerodendrum serratum, is known by its
common name “bharangi” by the practitioners of Ayurveda. Traditionally, this

Fig. 5.4 Asystasia gangetica (Source: CC BY 3.0, https://commons.wikimedia.org/w/index.php?
curid¼70915)

134 S. Shaheen and M. Jaffer

https://commons.wikimedia.org/w/index.php?curid=70915
https://commons.wikimedia.org/w/index.php?curid=70915
https://commons.wikimedia.org/w/index.php?curid=70915


plant has been used to cure several diseases and conditions like inflammation, pain,
rheumatism, malaria, and respiratory diseases. The root extract of this plant contains
a major fraction of ethanol-soluble compounds which exhibit antihistaminic poten-
tial, as was noted by researchers who tested it on goat tracheal tissues, and via doses
to mice at 50, 100, and 200 mg/kg [28, 29].

5.3.9 Cnidium monnieri (L.) Cusson

Cnidium monnieri, shortened as C. monnieri, is a common part of traditional
Chinese medical treatments, such as for alleviating pain in the vagina, treating
impotence, curing suppurative dermatitis, and so on. However, researchers also
discovered that its antiallergic properties, owing to its ethanol and osthol
(a chromame) soluble extracts can tackle cutaneous anaphylaxis in lab rats [30].

5.3.10 Crinum glaucum A. Chev

Crinum glaucum, shortened as C. glaucum, is popularly used in traditional remedies
in South-Western Nigeria. It is believed to be effective in countering cough,

Fig. 5.5 Bacopa monnieri (Source: By Forest and Kim Starr, CC BY 3.0, https://commons.
wikimedia.org/w/index.php?curid¼6109556)
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convulsions, and asthma. Researchers isolated aqueous extracts of this plant,
prepared doses of 100–400 mg/kg, and tested it on guinea pigs, where it showed
great effectiveness in antihistaminic activities [31].

5.3.11 Curculigo orchioides Gaertn

Curculigo orchioides, shortened as C. orchioides, is a small herb spread widely
across regions in India, China, and the islands to the east and south-east: Japan and
the Malayan archipelago. C. orchioides rhizome extract contains fractions of
alcohol-soluble compounds, which at doses of 100–400 mg/kg were proven to be
effective in stabilizing mast cells. The extract’s antihistaminic properties are worth
praising [32].

It was also proven effective in tackling and even reversing histamine-induced
contractions of the respiratory tract, bronchoconstriction, leukocytosis, eosinophilia,
and assorted conditions. These experiments proved effective on goat, pig, and mice
tissues [33] (Fig. 5.8).

Fig. 5.6 Senna sophera seeds (Source: By Tracey Slotta—http://plants.usda.gov/java/largeImage?
imageID¼seso2_001_ahp.tif, Public Domain, https://commons.wikimedia.org/w/index.php?
curid¼12236440)
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5.3.12 Eclipta alba L.

The extract of Eclipta alba, shortened as E. alba, contains a 50% fraction of ethanol
which has proven antihistaminic and anti-anaphylactic potentials which become
significant at doses of 250 and 500 mg/kg. These doses proved to be effective in
countering mast cell degranulation, anaphylaxis, tracheal issues, and assorted respi-
ratory problems [34] (Fig. 5.9).

5.3.13 Euphorbia hirta L.

Euphorbia hirta, shortened as E. hirta, is a wild herb that is found in the warmer
regions of India. The extracts of this plant are ethanol-soluble, which, at doses of
100–1000 mg/kg exhibit effective antihistaminic and antiallergic potentials. These
extracts have been proven to inhibit degranulation of mast cells, and assorted
medical issues [35] (Fig. 5.10).

Fig. 5.7 Casuarina equisetifolia (Source: By Ethel Aardvark—Own work, CC BY 3.0, https://
commons.wikimedia.org/w/index.php?curid¼4989854)
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5.3.14 Ficus benghalensis L.

Ficus benghalensis, shortened as F. benghalensis, is a huge tree, growing as high as
30 meters, forming an expansive canopy which has inspired its local name: banynan
tree (banyan meaning small residence). The aqueous extracts of this plant contain
ethanol and ethyl acetate soluble compounds, the tree’s bark has proven antihista-
minic potential which becomes noticeable at a dose of 50 mg/kg. This potential is
accredited to the presence of flavonoid compounds [36, 37] (Fig. 5.11).

5.3.15 Gakani

The said herbal mixture is a polyherbal traditional drug that contains extracts of
Cenchrus biflorus, Olax subscorpioidea, Piper guineense, Psorospermum
guineense, Securidaca longipedunculata, and Syzygium aromaticum. Gakani has
been honed, traditionally, for its antiasthmatic power, this potential has been tried
and tested by researchers. It was tested on the tracheal tissues of guinea pigs, their
ileum tissues, rat stomach tissues, and on a hind paw edema caused by albumin. In
all cases, the extract proved to be effective at inhibiting the histamine-induced
contraction of affected tissues. The extract was proven to be effective [38].

Fig. 5.8 Curculigo orchioides (Source: By Viren Vaz (self)—at CEC, Mumbai, CC BY-SA 2.5,
https://commons.wikimedia.org/w/index.php?curid¼863216)
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5.3.16 Hemidesmus indicus (L.) R.Br

Hemidesmus indicus, shortened as H. indicus, is a shrub widely distributed in
regions of Indian. The extracts of this plant, which are ethanol-soluble, have proven
to possess antihistaminic activity which becomes prominent at doses of 25, 50, and
100 mg/kg which was tested on tracheal extracts of goat, anaphylaxis-infested paw,
and catalepsy, and proven effective [28, 29] (Fig. 5.12).

5.3.17 Amburana cearensis (Allemão) A.C.Sm

Amburana cearensis, shortened as A. cearensis, is a plant endowed with medicinal
properties, used in traditional herbal medicine, commonly found in Northeast Brazil
savannah. It is used to treat respiratory distresses, mostly asthma. The trunk extracts
are endowed with flavonoids which may be the causative factor behind its effective-
ness [39] (Fig. 5.13).

Fig. 5.9 Eclipta alba (Source: By J.M.Garg—Own work, CC BY 3.0, https://commons.
wikimedia.org/w/index.php?curid¼7606450)
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5.3.18 Members of Family Zingiberaceae

Some members of the Zingiberaceae family have been proven to possess antiallergic
potentials, as noted by [40].

5.3.19 Lepidium sativum L.

Lepidium sativum, shortened as L. sativum, is commonly termed as Asaliyo, is an
annual herb with a glabrous appearance, commonly used in salads in several regions
of India. The extracts of this plant are soluble in ethyl acetate, ethanol, n-butanol, and
methanol which inhibit the activity of histamine and other allergens [41] (Fig. 5.14).

5.3.20 Mentha spicata L.

Mentha spicata, shortened as M. spicata, is endowed with unique flavonoids and
glycosides, soluble in ethyl acetate, which shows antihistaminic properties [42]
(Fig. 5.15).

Fig. 5.10 Euphorbia hirta (Source: By Forest and Kim Starr, CC BY 3.0, https://commons.
wikimedia.org/w/index.php?curid¼6160393)
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Fig. 5.11 Ficus benghalensis (Source: By McKay Savage—originally posted to Flickr as India—
Kolkata—10—Great Banyan Tree, CC BY 2.0, https://commons.wikimedia.org/w/index.php?
curid¼6028234)

Fig. 5.12 Hemidesmus indicus (Source: By No machine-readable author provided. Shyamal
assumed (based on copyright claims)—No machine-readable source provided. Own work assumed
(based on copyright claims), CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?
curid¼801456)
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5.3.21 Momordica dioica Roxb. Ex Willd

Momordica dioica, shortened as M. dioica, is a creeper with medicinal properties.
The leaves and fruits are used for medicinal purposes, to cure several diseases such

Fig. 5.13 Amburana cearensis (Source: By Jorge Vallmitjana - Libro del Árbol, Tome II, edited
by Celulosa Argentina S. A., Buenos Aires, Argentina, October 1975. The visual material is not
explicitly copyrighted, but the editors thank Mr. Jorge Vallmitjana for his photographic contribu-
tion; Public Domain, https://commons.wikimedia.org/w/index.php?curid¼4473843)
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as fever, bronchitis, asthma, and even severe conditions like leprosy. Extracts
dissolved in water and methanol from its pulp are endowed with antihistaminic
properties which have been experimentally verified with lab mice, using doses of
50 mg/kg [43] (Fig. 5.16).

5.3.22 Mucuna pruriens (L.) DC

The methanol-soluble fractions, extracted from seeds, are rich with L-DOPA which
has endowed with impressive antihistaminic properties that were tried, tested, and
proven at doses of 50, 100, and 200 mg/kg with lab mice [44] (Fig. 5.17).

5.3.23 Myrica esculenta Buch.-Ham. Ex D.Don

Myrica esculenta, shortened as M. esculenta, is famous by its vernacular name
Kaiphal. It is traditionally used in herbal medicines for treating diseases like asthma
and bronchitis in the Ayurvedic medical philosophy—which has been thoroughly
scrutinized scientifically and has been most proven to be effective. Researchers
tested the antiallergic and anti-inflammatory potentials of ethanol-soluble
compounds extracted from the plant. Using doses of 75 and 150 mg/kg of its extract,
researchers verified its potential [45]. The bark of the plant also contains extracts

Fig. 5.14 Lepidium sativum (Source: CC BY-SA 3.0, https://commons.wikimedia.org/w/index.
php?curid¼116773)
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with proven medical properties, which the researchers put to test using doses of
75 mg/kg which tackled the effects of histamine and acetylcholine in guinea
pigs [46].

5.3.24 Nyctanthes arbortristis L.

Nyctanthes arbortristis, shortened as N. arbortristis, is a traditional herbal option for
treating asthma. The extract of this plant, soluble in petroleum ether, is effective
against histamine-induced distress, which it can alleviate at doses of 50 mg/kg [47].

5.3.25 Olea europaea L.

Olea europaea, shortened asO. europaea, needs no introduction. It has been revered
and honed throughout history not only for its medicinal properties but even due to
spiritual involvement. This small tree, which remains evergreen, can grow anywhere
between 12 and 20 ft, with rigid branches and a grey-colored bark. The aqueous
extract of this plant has impressive antihistaminic potential which inhibited mast cell

Fig. 5.15 Mentha spicata (Source: By Simon Eugster—Simon 13:07, 2 July 2006 (UTC)—Own
work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid¼913901)
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degranulation at doses of 4 and 8 mg/kg in mice, and at a dose of 100 μg/mL for goat
and guinea pig [48] (Fig. 5.18).

5.3.26 Microsorum scolopendria (Burm.F.) Copel

The ethanol extracts ofMicrosorum scolopendria, formerly known as Phymatosorus
scolopendria, have been proven to show histamine inhibiting potential [49].

5.3.27 Piper betle L.

Its aqueous and ethanol-soluble extracts were tested and proven to be effective
against asthma for guinea pigs at doses of 100 and 200 mg/kg [50].

5.3.28 Striga Orobanchioides

The ethanol-soluble and aqueous extracts of this plant proved effective in countering
the effects of histamine in guinea pigs [51].

Fig. 5.16 Momordica dioica (Source: By Sivahari—Own work, CC BY-SA 3.0, https://commons.
wikimedia.org/w/index.php?curid¼16283137)
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5.3.29 Sphaeranthus indicus L.

Its ethanol based and ethyl acetate-based extracts showed great effectiveness in
countering the degranulation of mast cells [52].

5.3.30 Cynodon dactylon (L.) Pers.

This is among the most predominant grasses of the Indian subcontinent, its extracts
in petroleum ether, methanol, and chloroform show great medicinal potential in
counter mast cell degeneration and so on [53].

Fig. 5.17 Mucuna pruriens
(Source: By Agong1—Own
work, CC BY-SA 3.0, https://
commons.wikimedia.org/w/
index.php?curid¼13865651)
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5.4 Conclusion

Many non-prescription drugs are plant-based or based on compounds derived from
plants. The use of such medications for the treatment of asthma not only opens up a
new avenue in the approach towards this disease but also promises to safeguard
patients from the side effects of conventional options. While herbal medicine cannot
be endorsed as a solution because of its non-standardization, standardized plant-
based medicines appear to be the way forward as their effectiveness is proven by a
heap of studies. The only thing that remains to be ascertained is their effect on human
beings for which further experimentation is required.

Fig. 5.18 Olea europaea (Source: By en:User:Nickfraser—en:Image:Olivesfromjordan.jpg, CC
BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid¼2208405)
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Abstract

Nowadays, chronic obstructive pulmonary disease (COPD) is a crucial global
health issue. There are many therapies available in the management of COPD.
But, due to developing resistance and several adverse effects in conventional
therapies, it is an immense need to develop new alternative therapies that should
be novel, potent, and effective with lesser side effects. Medicinal plants are easily
available medication for targeting several human disorders. Plants as well as
herbs have many active constituents in it; hence, these can be considered as the
best alternative treatment for COPD. In the current chapter, we focused on the
adverse effects of existing drugs and the need of various medicinal plants and
phytochemicals used in targeting COPD. Some important medicinal plants and
phytochemicals with their active constituents are also described.
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6.1 Introduction

Chronic obstructive pulmonary disease is a crucial global respiratory health issue
characterized by partial or complete airway obstruction at any level from the trachea
to the smallest airways with the functional disability of the lungs [1]. In short, these
are diffuse lung diseases. The airflow obstruction is the complete non-reversible
process [2] and which can be due to an insufficient inflammatory response of the
lungs to injurious gases and particles [3]. Globally, the cases of COPD are increasing
day by day [4], but it is a treatable lung disease. Patients with COPD experience the
difficulty in breathing, which cause breath shortness, and may feel tired. Sometimes,
the patient feels shortness in breath during exercise also.

The burden of COPD is expected to rise in upcoming years. The main reason
behind this is, risk factors like smoke, dust, chemicals, biomass fuel, and other air
pollutants [5] because the development of COPD is mainly due to inhalation of toxic
gases and particles. During the progression of the disease, it creates more difficulty
to inhale and exhale process [6]. Pulmonary diseases like cystic fibrosis and intersti-
tial lung diseases may also create airflow obstruction, but in the case of COPD, it is
different clinically and radiologically from such diseases [7]. However, COPD can
be preventable and treatable if we reduce exposure to the risk factors [5].

6.2 Epidemiology

COPD is one of the key causes of morbidity and mortality. Incidence and burden is
increasing day by day and it is only because of the risk factor exposure. According to
the country, population, gender, and diagnostic criteria, the estimate of incidence is
different [8].

6.2.1 Prevalence

COPD is one of the responsible diseases for early mortality. It creates an excess
burden on health systems. The main risk factor behind this is active smoking.
Besides this, some other factors are also responsible for its prevalence. The preva-
lence of COPD is varied with country, age, sex, survey method, etc. [9]. The
prevalence of COPD from a meta-analysis of 62 studies of 28 different countries
between 1990 and 2004 reported to 7.6% [10]. From the data of the national health
and nutrition examination survey between 2007 and 2010, the prevalence of airway
obstruction was found 13.5% for adults age 20–79 [11].

According to examination of persons of the post-bronchodilator airflow obstruc-
tion of the above 40 year age in five different cities, the prevalence of COPD was
found between 7.8 and 20%. The prevalence found more in older people [12]. From
the population-based survey of seven different cities of China, the prevalence of
COPD over age 40 was 8.2%, and it is due to over smoking and lower
education [13].
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6.2.2 Incidence

According to the large population-based cohort study of people over age 40, the
overall physician-diagnosed COPD incidence rate was 2.92 per 1000 person-year.
And based on these data, the risk to be diagnosed through COPD in the coming
40 years will be 12.7. The incidence was more in men than in women and increasing
it by the known risk factors like smoking and increasing age [14].

6.2.3 Mortality

The mortality statics must be closely viewed due to uneven COPD coding in the
death record and various diagnosis criteria. Due to the underdiagnosis problem
mortality may be underestimated. It is evident, though, COPD is the main cause of
death in many nations [15]. As per World health education, COPD is the fourth
principal reason of death. About death cases in the year 2002 were around 2.7
million, and half of them were in the China [16].

COPD is the third leading cause of death in the world, according to the global
burden of disease study, including deaths between 1990 and 2020 [15]. COPD was
fifth leading cause of death in Hong Kong and around 4% of all public hospitals
accounted for serious admissions in 2003 [17]. COPD has been classified as the third
and fourth leading cause of death in China’s rural and urban area [18]. By 2030,
COPD will become the world’s third most common cause of death, according to
WHO forecast [10].

6.3 Classification and Etiology

Chronic bronchitis as well as emphysema are the two most common conditions of
COPD. Besides that, some physicians also agree that asthma is also one of the
classes of COPD. Bronchiectasis and small airways disease (bronchiolitis) are also
found as the classes of COPD. The contrasting features like location, age at diagno-
sis, etiology, pathogenesis, major gross feature, main histology, and major clinical
features of the major form of COPD are clear in Table 6.1 [19].

Smoking is one of the most common etiologic factors in all types of COPD.
Exposure to environmental stimuli and genetic susceptibility are the second most
common source of COPD after smoking. Besides this, there are few more causative
measures (Fig. 6.1) which can increase the risk of COPD [20].

6.3.1 Smoking

Smoking is the main risk factor of COPD. Smoking is the main reason for near about
nine of every ten cases. There are two types of smoking, active smoking and passive
smoking. Some research suggests that exposure to smoker’s smoke can also increase
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the risk of COPD [21]. The risk of active smoking is different according to the
country and it is 40–70% [22]. Active smoking by females during pregnancy can
lead to alteration and/or delay in fetal lung development [23].

There are different harmful chemicals in smoke and that can damage the lining of
the lungs and airways. Components of cigarette smoke are also harmful and can
affect the lung tissue by several mechanisms. The concentration of neutrophils in the
COPD patient is high in sputum [24]. Cigarette smoke can stimulate different types
of cells [25], which takes part and helps to increase the production of cytokines, and
ultimately it contributes to maintaining inflammatory reaction [26, 27].

6.3.2 Air Pollution

The air pollution has a close relation with the incidence of COPD and air pollution.
Exposure to air pollution over a long time can increase the risk of COPD. There are
several types of air pollution like indoor, traffic, and industrial air pollution. Expo-
sure to air pollutants like dust, pollens, and other gases can increase the risk of
COPD [28]. In low-income countries, indoor air pollution is the main risk factor. In
such a country, cooking and heating in poorly ventilated housing, there may be
chances of an increase in smoke inside the home, and hence increase in chances of
risk and COPD is more, especially in females. In China, the prevalence of COPD is
three times more in rural women than in urban [29]. The role of air pollution is
unknown to risk factors and its impact has been shown in normal patients of COPD

COPD

Smoking

Occupational 
Exposure

Age & Sex

Infections

Genetic 
Factors

Air Pollution

Fig. 6.1 Causative measures
of COPD
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during the peak in air pollution [30]. In one of the researches, it is also found that the
risk of death of COPD is more because of airborne particles [31].

6.3.3 Genetic Factors

Smoking is the most important risk factor, but not every smoker suffers from COPD.
It means that the genetic factor is involved somewhere in the etiology of COPD. The
respiratory function of a child is depending on the functions of its parents. So, the
child of the parents with low respiratory function has more risk of COPD [32]. Alpha
1-antitrypsin (AAT) is the lung protector protein. A severe deficit in AAT is
responsible for the PiZZ phenotype and is the only proven causative genetic factor.
It is observed that due to this deficit, 1–3% of the total patients are infected with
COPD [32] and is also one of the clinical features of panlobular emphysema.
SERPINA 1 (Serpin family A member 1) is the gene which controls the synthesis
of AAT. Decrease in the level of AAT can cause several lung complications and
hence this gene is considered as the main causative factor in COPD [33].

6.3.4 Occupational Exposure

There is about 19–31% risk of COPD due to occupational exposure. So, this one is
also one of the main major risk factors in COPD. Non-smokers can expose due to the
high level of organic particles in a rural area [34]. Cigarette smoking and occupa-
tional exposure both jointly play a major role in the etiology of COPD [35].

6.3.5 Infections

Infection is the age-dependent cause of COPD. Due to the exposure of infection, the
respiratory function can be altered [36]. The repeated exacerbation of bacterial or
viral origin can cause lung function failure in adults [37]. COPD risk is significantly
increased in people with early-life disadvantages [38]. Adenoviruses are a group of
viruses that causes respiratory and intestinal infections. A gastroduodenal ulcer can
cause due to the Helicobacter pylori and this adenoviral infection can increase the
risk of COPD. The activation of pro-inflammatory genes takes place due to the
interaction of adenoviral protein E1A with DNA [39]. The concentration of the E1A
is more in the lung tissue of the COPD patients having smoking habits [40].

6.3.6 Age and Sex

The prevalence of COPD is dependent on age and increases with age. Also, due to an
increase in life expectancy with age, there may be a physiological failure in respira-
tory function and generally, it starts at the age of 30–40 years. Besides this,
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comparing males with females, the incidence and risk of COPD are more in males
than in females due to their smoking habits. But, in developed countries, the risk of
COPD is the same due to equivalent smoking by females as compared to males [41].

6.4 Factors Influencing Disease Development and Progression

Cigarette smoking is the main etiologic factor of COPD, but there is a consistent
piece of epidemiological evidence that those who never smoke have also the chance
to suffer from airflow obstruction [42]. The reason is still unclear that the peoples
with the same smoking history still do not progress to COPD, there are different
etiologic factors found in their progression of COPD. Globally, cigarette smoking is
the primary and common risk factor of COPD. Those who smoke regularly have the
highest chances of occurrence of respiratory and lung dysfunctions. Thus, the
mortality rate is also high in such cases [43]. There are other types of tobacco and
marijuana which can also increase the risk of COPD. Smoking by females through-
out pregnancy can also have the risk of COPD to the fetus. Smoking by pregnant
women affects the development of utero and lung growth. Occupational exposure
with chemical agents, fumes, organic and inorganic dust is also the main risk factor
of COPD. Coal, wood, crop residue, animal dung, stoves, etc. are the main causative
factors of indoor air pollution. It is proved that indoor pollution due to biomass and
coal can increase the risk of COPD. Around the world, most families are using
biomass and coal as a source of energy for cooking purposes. This is the reason for
the increased risk of COPD in indoor pollution [4].

6.5 Conventional Therapy and their Adverse Effects

Conventional therapy in the management of COPD is not appropriate. There are
several different adverse effects with the current therapy of COPD. Currently, there
is symptomatic pharmacological treatment of COPD which is based on
bronchodilators, such as selective β2-adrenoreceptor agonists, glucocorticoid,
anticholinergics, theophylline, and/or a combination of these drugs [44]. The long-
acting β2-adrenoreceptor agonists have different adverse effects like tachycardia,
myocardial ischemia, hypertension, electrolyte imbalance, osteoporosis, etc., and
due to these adverse effects, this class of drugs is not the best choice for COPD
management. Due to the risk of efficacy, side effects, and costs factor,
glucocorticoids are not recommended for COPD patients. Anticholinergic drugs
are not a much effective treatment over COPD due to certain adverse effects like
constipation, dryness of mouth, blurred vision, cognitive disorders, and urinary
complications. Theophylline has also notable adverse effects like nausea, vomiting,
diarrhea, restlessness, headache, myocardial infarction, and arrhythmias [45]. There
are many side effects of steroids like glaucoma, hypertension, blurred vision,
increased appetite, and weight gain [46]. COPD patients respond to the high dose
of steroids [47]. However, steroids are in practice in the management of COPD, but it
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can affect the innate immunity and cause susceptibility to other diseases. Hence,
there is a massive need to develop novel, potent, and safer pharmacological
strategies for the management of COPD [48].

6.6 Need of an Alternative Therapy

There is number of therapy for COPD management. To treat COPD most of the
physician prescribes medication and oxygen therapies, which is not always afford-
able to all. Synthetic drugs have their drawbacks like the development of resistance
and many other side effects. Hence, it is an immense need for alternative therapy. If
there is an alternative treatment that can enhance lung function with minimum side
effects, breathing capacity, and quality of life can help to resolve COPD. Medicinal
plants are easily available medication for the treatment of several human disorders.
For COPD treatment there are several plants is practiced globally.

6.6.1 Plants Used in the Management of COPD

Worldwide numerous plants are available which are used on the treatment of COPD.
For the last few years, most of the plants are investigated and reported as an
alternative to the synthetic treatment of various ailments. The plants of the Indian
origin, which are used in the several comorbidities of the COPD are listed below.

(a) Acacia farnesiana L. [49]: It is also known as Vachellia farnesiana belonging
to the family Mimosaceae. It is indigenous to the West Indies, but it is now
present all over India. The leaves, bark, roots, and flowers of this plant are
generally used in treating various ailments. Ethanolic extract of the leaves has
anti-oxidant activity. The MIC value was reported as 0.8 mg/dL against Bacil-
lus subtilis and 2.5 mg/dL against Saccharomyces cerevisiae [50].

(b) Adhatoda vasica Nees [51]: Adhatoda vasica, commonly known as Malabar
nut, which belongs to the Acanthaceae family, native to India. For bronchitis
and asthma treatment, the aerial portion of the plant is used. The most important
alkaloids that can be isolated from the leaf of the plant with bronchodilator
activity are Vasicine, Vasicinone, and Deoxyvasicine. Using histamine-
induced anesthetic models, Vasicine and Vasicinone at a dose of 2.5–10 mg/
kg showed vasoconstriction activity [52].
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(c) Atropa acuminata L. [49]: Atropa acuminata is the native plant of India found
in the states of Himachal Pradesh and Kashmir. It is also known as Indian
Belladona, belonging to the family Solaneceae. The root of the plant is
generally used in treating bronchial asthma and whooping cough. Atropine is
the chemical constituents obtained from the extraction of roots. Due to its anti-
mucous secretion property, it can be used for preventing the symptoms of
asthma [53].

(d) Boswellia serrata Roxb. [49]: This plant is well known as Indian olibanum,
belongs to the family Buceaceae. The oil is derived from plants and used for the
treatment of bronchitis, asthma, and cough. This plant is also native to India.
This plant contains boswellic acid as anti-inflammatory triterpenoids. The dried
extracts of the tree resin inhibit the pro-inflammatory 5-hydroxylase chemicals
and obstruct the production of leukotriene and thus, helpful in treating medical
conditions like inflammation and asthma. In the study, it is proved that the gum
resins of the tree are helpful in the management of asthma [54].

(e) Curcuma Longa L. [49]: This plant is cultivated in the Indian states, mostly in
West Bengal, Tamil Nadu, and Maharashtra. It is commonly known as Tur-
meric, belongs to the family Zingiberaceae. Roots of the plant used as anti-
oxidants and in asthma. The rhizomes of the plant are curcuminoids reach.
Curcumin is the important active constituents of the plant. Several animal
models have tested curcumin for its protective role in lung fibrosis. Most of
the pharmacological data have reported curcumin in treating COPD, acute
respiratory syndrome, and asthma [55].
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(f) Datura stramonium L. [56]: Datura stramonium is a plant native plant of India
and found in the hilly part of the Himalaya, belonging to the family Solanaceae.
This plant is commonly known as Thorn apple. The whole plant is useful in
treating asthma and bronchitis. The aqueous extract of the leaf, fruit, and seed
exhibit good anti-oxidant property [57]. In some countries, the dried flowers, as
well as leaves, are cut into minor pieces and used in anti-asthmatic cigarettes.
The roots, leaves, and seeds of the plant contain hyoscyamine and atropine
alkaloids which are used in treating various respiratory ailments [54].

(g) Elittaria cardamomum L. [58]: It is the herbaceous plant found in the hilly
forests area of Karnataka and Kerala. This plant belongs to the family
Zingiberaceae and is commonly known as Green cardamom. Seeds of the
plant are used in the management of asthma and bronchitis. The oil extracted
from the seeds has terpene, esters, flavonoids, and other compounds that have
been useful in treating several respiratory disorders [49].

(h) Emblica officinalis L. [49]: This plant is native to India belonging to the family
Euphorbiaceae, and commonly known as Indian gooseberry. Fruits and seeds
are generally evaluated for asthma, bronchitis treatment, and anti-oxidant.
Fruits of the plant contain not <60% w/w hydrolyzable tannins.

(i) Echinacea purpurea L. [59, 60]: It is a medicinal herb, which belongs to the
family Asteraceae. It is also known as the Purple coneflower. The roots and
upper part of the herb are used in the management of bronchitis and respiratory
infections. One of the studies revealed that the combination of micronutrients
with Echinacea purpurea alleviate COPD exacerbation caused by upper respi-
ratory tract infection in COPD [61].

(j) Ephedra sinica Staf. [62]: Ephedra sinica belongs to the family Asteraceae. An
aerial part of the herb is used in the management of bronchitis and respiratory
infections. The study has been reported the protective effects of polysaccharide
from the plant against pulmonary inflammation [63]. This plant contains 2–3%
ephedra alkaloids (ephedrine, pseudoephedrine) which stimulates the alpha and
beta-adrenergic receptors and this helps to dilate the bronchial tubes in the
asthmatic patient [54].
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(k) Eugenia caryophyllata Thumb [64]: It is the plant found in Tamil Nadu and
Kerala states of India. It is well known as Clove, belonging to the family
Myrtaceae. Seeds and flower buds are generally used in the management of
bronchitis and bronchial asthma. Eugenol and eugenyl acetate are the
constituents of clove which helps in reducing oxidative stress and acts as
anti-oxidant [65].

(l) Euphorbia hirta L. [66]: It is herbaceous plant, sometimes also called an asthma
plant, and belongs to the family Euphorbiaceae. In the treatment of asthma,
aerial part of the plant is used. It is the native plant of India. Eosinophil
aggregation and eosinophil peroxidase activity are prevented by a 90%
ethanolic extract from the aerial portion of the plant, which may decrease the
protein in bronchoalveolar lavage fluid in asthma [66].

(m) Foeniculum vulgare Mill [67]: It is a perennial umbelliferous herb, commonly
known as Clove and widely used for medicinal purpose and human consump-
tion, available at Punjab, Maharashtra, Assam, and Gujarat states of India
belongs to the family Apiaceae. Shoots and leaves are highly recommended
for bronchitis and persistent cough coughs. Due to the highest phenolic content
and ascorbic acid in the shoots of the herb, it has anti-oxidant property [67].

(n) Glycyrrhiza glabra L. [68]: It is the plant belongs to the family Fabaceae and
also known as Licorice. The root of the plant is used in the management of
COPD and asthma. This plant is grown in Punjab, Jammu-Kashmir, and South
India. The main active constituent of the plant is Glycyrrhizic acid and Tilianin,
which may have many pharmacological and biological functions including
anti-inflammatory and anti-COPD agents [69].

(o) Mentha aquatica L. [58]: It is a perennial flowering plant belongs to the family
Lamiaceae. It is also a native plant of India well known as mint or water mint.
Leaves of the plant are used in the management of Bronchitis. The anti-oxidant
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activity is shown by aqueous, ethanolic extract and essential oil of the
plant [49].

(p) Ocimum sanctum L. [70]: It is the most widespread plant grown in houses,
temples, and gardens in India. Holy Basil or Tulsi is the most common name of
this plant. This plant belongs to the family Lamiaceae. In the treatment of
bronchitis and bronchial asthma, the leaves of the plant are used. The plant
leaves contain bright yellow volatile constituents called sequiterpenes, and
monoterpenes, which have been found to be potential in the treatment of
different respiratory disorders. The juice of the leaves of the plant when taken
with honey is most helpful in treating asthma and bronchitis [52]. In vivo
studies on acetylcholine and histamine-induced model have shown anti-
asthmatic activity of 50% aqueous ethanolic extract of the ocimum
sanctum [54].

(q) Prunus armenica L. [58]: This plant can be recognized as the Apricot, belongs
to the family Rosaceae. This plant is found in the North-western Himalayas
particularly in the Kashmir. The seeds of the plant are used in managing cough,
bronchitis, and asthma. The dries apricot contains quercetin, quercitrin,
dihydroxybenzoic, chlorogenic, vanillic acids, and p-coumaric acid which are
beneficial as antitussive and anti-asthmatic [49].

(r) Pimpinella anisum [71]: This plant is native to the Mediterranean region and
belongs to Umbelliferae family, and is grown and cultivated in Uttar Pradesh,
Punjab, Assam, and Orissa. Oil and seeds of the plant are effective in emphy-
sema, bronchitis, asthma, and whooping cough. The bronchodilator effect is
present in the plants essential oil, aqueous, and ethanolic extract. The volatile
oil of the plant and wine spirit mixture has the effect on bronchitis and
spasmodic asthma [54].

(s) Piper longum L. [49]: Piper longum, from the Central Himalayas to Assam, the
lower hills of West Bengal, Uttar Pradesh, and Andhra Pradesh, is native to
warmer part of India. It is belonging to the family Piperaceae, commonly
known as Pepper. The fruit of the plant is used for treating cough and bronchi-
tis. The new therapeutic molecules from the piper longum have been identified
and characterized by several researchers and their effectiveness has been
investigated through in vitro studies in the prevention of asthma and COPD
[72]. Some researchers carried open clinical study for 20 pediatric asthmatic
patients, in which fruit powder of the plant was given to the patient with milk in
a gradually increasing the dose for 5 weeks. This medication minimized 85%
severity and asthmatic attacks [54].

(t) Trachyspermum ammi L. [49]: This plant is grown and cultivated in Madhya
Pradesh, Andhra Pradesh, Gujarat, Maharashtra, Rajasthan, Uttar Pradesh, and
the Bihar state of India. It is belonging to the family Umbelliferae and is
commonly known as Ammi. In the treatment of emphysema, asthma, and
bronchitis, the plant oil is used.
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6.6.2 Phytochemicals Used in Targeting COPD

Phytochemicals are the chemicals which are obtained by primary and secondary
metabolism of various naturally occurring plants. Phytochemicals generally have
biological activity which helps in the management of various ailments. Herbs and
plants have many active constituents and due to this, phytochemicals can be consid-
ered as the best alternative for the management of COPD [73]. Phytochemicals from
the plant source, like coumarins, flavonoids, phenolics, iridoids, and terpenes
(Fig. 6.2) are effective in the management of COPD.
1. Coumarins: Coumarins are the secondary metabolites obtained from various

plant sources. Coumarin derivatives are the most important class of
phytochemicals having anti-oxidant property [74] which is helpful in the man-
agement of lung inflammation. Coumarins like esculetin, quercetin, and
umbelliferone show the anti-oxidant properties and protect the cellular DNA
from damage [75]. The imbalance between oxidants and anti-oxidants may play
an important role in the pathogenesis of COPD. These include, increased proteo-
lytic activity and mucus hypersecretion which is characteristic of COPD.
Coumarins are well known for their anti-oxidant property [76].

2. Flavonoids: The most significant group of polyphenols that have low molecular
weights are flavonoids. In roots, fruits, seeds, nuts, vegetables, stems, flowers,
and in popular daily dietary substances, flavonoids are located. Flavonoids have
anti-oxidant property and due to this property flavonoids are used in treating
oxidative stress related airway diseases. Several epidemiologic data have been
published that indicate the advantageous effects of flavonoids in treating asthma.
Eating fruits decreases the risk of respiratory complications due to increasing the

Phytochemicals

Coumarins

Flavonoids

PhenolicsTerpenes

Iridoids

Fig. 6.2 Phytochemicals
used in targeting COPD
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level and protective effects of flavonoids. In short, an increase in the intake of
flavonoids decreases the incidence of asthma [77].

3. Phenolics: Phenolics contains one or more aromatic rings and a hydroxyl groups.
Phenolics also have anti-oxidant properties and can play significant role in the
prevention of COPD [78]. The phenolics are the secondary metabolites mostly
found in fruits and plant extract and acts. Elastase and anti-elastase imbalance are
responsible for pathogenies of COPD [79]. The extract has anti-elastase activity.
Nigella sativa L. seeds and its constituents have beneficial in the management of
COPD and emphysema. Plant extracts of Cinnamon, turmeric, rosemary, and
nutmeg can inhibit elastase. Polyphenols such as catechin and epigallocatechin
gallate has also anti-elastase activity. Polyphenols isolated from persimmon leaf
has also shown promising anti-elastase activity [80]. The bioactive phenolics for
the prospective COPD treatment are edible Myrciaria vexator fruits [81].

4. Terpenes: Terpenes are the largest class of secondary metabolites, which has the
potential ability in treating respiratory ailments. For the management of lung
diseases, inhibition of human neutrophil elastase is the most promising strategy
[82]. Nigella sativa L. seed extract and its main constituents mainly monoterpenes
inhibit human neutrophil elastase [83]. The monoterpene alcohol present in
geranium and few other medicinal plants is geraniol. Geraniol has anti-oxidant
property. The study has been reported its protective role in ovalbumin-induced
asthma. Andrographolide has promising anti-oxidant activity and is one of the
diterpenoids purified from the aerial parts of the plants of genus Andrographis.
Ursolic acid, a pentacyclic triterpenoid compound present in most of the medici-
nal plants which also has a protective role against lung disorders [84].

6.7 Summary and Future Prospects

Current conventional therapies are inappropriate for the management of COPD, due
to the developing resistance and adverse several effects. Hence, it is an immense
need for alternative therapy. Medicinal plants are easily available medication for the
treatment of several human disorders. Plant extracts have potential therapeutic
efficacy against lung disorders including COPD. Besides, phytochemicals of several
classes have the potential ability treating in COPD. There are still many medicinal
plants and phytochemicals which are being investigated for its potential and system-
atic use. However, much work is needed to bring them forward. And this will be a
major challenge in the coming years. But the big challenge is to prevent the onset of
smoking by spreading COPD awareness.
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Utilization of Natural Compounds
for Treatment of Tuberculosis-I 7
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Abstract

Tuberculosis (TB) is a contagious infection caused by Mycobacterium tubercu-
losis. It is a highly communicable disease which affects the lungs but if left
untreated can also spread to brain or spine. According to the World Health
Organization, TB is considered as one of the top ten causes of death throughout
the world with ten million cases reported annually. Although TB occurs in most
parts of the world yet two thirds of the new cases reported, happened in India,
China, Indonesia, Philippines, Pakistan, Nigeria, Bangladesh, and South Africa.
TB is treated with a combination of antibiotics which has to be consumed by
patients over a year or more. At present the drugs and vaccines available for
treatment of TB has no significant effect on controlling the disease due to the
occurrence of multiple drug-resistant (Mdr) strains. Hence, this created an urgent
need to develop drugs of natural origin. Drugs from natural sources have
exceptionally rich chemical diversity and a wide spectrum antimicrobial activity.
The current chapter states the recent developments that had occurred in the
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treatment of TB using natural compounds and also discusses the various natural
anti-mycobacterial compounds.

Keywords

Tuberculosis · Antibiotics · Multiple drug resistant · Natural sources · Anti-
mycobacterial compounds

7.1 Introduction

Tuberculosis (TB) is a contagious infection caused by Mycobacterium tuberculosis.
It is a highly communicable disease and is transmitted from person to person by
inhaling air droplets laden with bacteria. TB is considered one of the top ten
infectious diseases in the world and is responsible for over 1.5 million deaths
annually [1]. It can affect any individual irrespective of age or sex, however, people
with weakened immune systems possess the highest risk of infection. TB is the
leading cause of death in HIV (Human immunodeficiency virus) positive individuals
[2]. According to World Health Organization (WHO), approximately 4000 people
die each day due to TB and 30,000 people fall ill with this disease [2]. March 24 of
every year is observed as the “World Tuberculosis Day” by WHO with a view to
elevate public awareness about the disease. TB is reported to be one of the most
ancient diseases caused to humans with respect to the molecular evidences found in
the 9000 year old human remains recovered from Neolithic settlements in Eastern
Mediterranean region [3].

Although TB occurs in most parts of the world yet two thirds of the new cases
reported, happened in India, China, Indonesia, Philippines, Pakistan, Nigeria,
Bangladesh, and South Africa. The occurrence of this disease is associated with
dense population, poor sanitation, and improper nutrition [4]. The first antibiotic
used for TB was streptomycin in the 1940s but, monotherapy of streptomycin did not
exist for long due to drug resistance. After which many drugs have been discovered
like isoniazid (INH), rifampicin (RMP), ethambutol, and pyrazinamide (PZA).
These drugs are called the first line anti-TB drugs and form the core of TB treatment.
The second line drugs are aminoglycosides (kanamycin, capreomycin, and
amikacin), fluoroquinolones (ofloxacin and ciprofloxacin), thioamides (ethionamide
and prothionamide), cycloserine/terizidone and para-aminosalicylic acid (PAS)
[3]. Patients are treated with a combination of antibiotics which has to be consumed
over a year or more. For most patients it becomes inconvenient due to the expensive
nature of such long treatment hence, they quit taking antibiotics prematurely thereby
increasing the risk of development of drug-resistant strains. Apart from this, inferior
quality drugs; insufficient drug supply; ignorance and poor case handling of heath
care workers; illiteracy; availability of drugs without proper prescriptions are also
some of the causes of development of multiple drug-resistant (Mdr) strains. While,
Mdr strains of M. tuberculosis are resistant to the first line anti-TB drugs (INH and
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RMP), the extensively drug-resistant (Xdr) strains are resistant to both first line anti-
TB drugs and any of the second line anti-TB drugs [5].

The issue of drug-resistance adversity has attracted various researchers and
scientists across the globe to put accelerated efforts to understand the mycobacterial
biology and search for new and alternative anti-TB drugs source to end the global TB
problem. An ideal anti-TB drug must not only have high potency against Mdr strains
but also be free from side effects. The drug should also have negligible interference
with anti-retro viral drugs. Hence, this created an urgent need to develop anti-TB
drugs of natural origin. Anti-TB drugs from natural sources is a beacon of hope and
has attracted scientists due to their exceptionally rich chemical diversity and a wide
spectrum of antimicrobial activity. Moreover, bioactive molecules from natural
sources display higher degree of bioavailability thereby, increasing their capacity
to reach target cells [6]. The current chapter addresses the developments that had
occurred in the treatment of TB using natural compounds and also discusses various
natural anti-mycobacterial compounds.

7.2 Pathogenesis

The TB is spread by viable tubercular bacilli, carried in airborne particles, generated
by persons with active TB while sneezing, coughing, laughing loudly or singing.
M. tuberculosis is transmitted via air and not by surface contact. Transmission of the
disease occurs when a healthy person inhales air particles laden with the bacilli,
which then passes through the nasal passages, upper respiratory tract and reaches
alveoli of lungs. When the bacilli multiplies enough, an antigen-antibody reaction is
induced by the T-cells and tubercle formation occurs at the site of infection. The
formation of tubercles may suppress the infection or a small amount of bacilli may
survive and get released when the macrophages die. M. tuberculosis has established
various strategies to survive in host macrophages and become a successful intracel-
lular pathogen. It is known to interfere with the intracellular membrane trafficking
and restricting phagosome maturation in infected host cells [7].

In people with weak immune system, these alive bacilli spread through lymph
and blood vessels and infects distant organs like kidneys and brain. This kind of
wide-spread infection is called miliary TB [4]. However, there is also another form
of TB called the Latent TB infection. The TB bacteria can live in the body for long
periods without making the host sick. The host with latent TB infection will not
show any symptoms and cannot spread the disease but will have a positive TB skin
test or blood test. In such host, the immune systems fights back strongly thereby,
preventing the mycobacterial growth.
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7.3 Current Drug Therapy for TB Treatment

The discovery of streptomycin in the 1940s gave a light of hope to patients suffering
from TB. The drug worked wonders and reduced morbidity and mortality rates.
Efforts of scientists further led to the development of effective combination chemo-
therapy of TB. The first line and second line drugs for TB was used for treating TB
patients. However, the euphoria existed for short period of time and soon the
emergence of Mdr and Xdr strains of M. tuberculosis killed thousands of humans
and WHO declared TB as an emergency in 1993. Apart from the drugs, WHO
devised the Directly Observed Treatment Short course (DOTS) program in 1993 and
recommended all countries to adopt it [8]. This program was found to be very
effective initially in tackling the world wide TB emergency.

The current drug therapy comprises of combination of drugs designed in such a
way, so that it can boost the patient body to respond better to the drug and reduce the
period of treatment. Patients are given a 9 month course of INH, RMP along with
streptomycin and ethambutol. The RMP basically reduces the length of treatment
and also shows good results. After many years of research recently, Bedaquiline and
Delenamid were approved by Food and Drug Administration (FDA) for use against
Mdr and Xdr TB.

7.3.1 Problems with the Current Drug Therapy for TB Treatment

The major disadvantage of the anti-TB drugs used till date for treatment is the
extensive period over which the medicine has to be consumed and also the large
amount of medicines that has to be taken by patients. Poor patients stop using the
medicine and do not complete the dosage when they face financial problems.
Sometimes, they use a single drug and leave the multiple drug treatment. The second
line drugs are more expensive than the first line drugs and have to be used for longer
duration of time than the first line drugs, which makes it even harder for most people
to afford. Such problems with the current drug therapy increase the chance of
spreading of disease as well as development of resistant M. tuberculosis strains.
The current drug therapy is also not very effective against latent TB [6, 8]. The
internationally acclaimed DOTS program also faced major shortfalls. Even though
the program claimed to be a short course yet, the regime involved a treatment for
6–9 months for regular TB and 12–24 months for TB from Mdr and Xdr strains. The
mixture of various antibiotics produced serious side effects in patients which
discouraged them to continue the use of antibiotics further. Finally, people treated
under DOTS program exhibited reinfection and disease reactivation [9].

Therefore, the immense burden of the TB worldwide, lengthy treatment
schedules, increasing number of Mdr and Xdr strains and the complications
associated with HIV co-infections has created an urgent need for efficient and
affordable treatments. In such an hour of need, natural compounds from plants,
microbes, and invertebrates might be a silver lining to the treatment of such a
notorious pathogen. Natural products have proven to be an essential component of
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therapeutic development in almost all areas of human health. Scientists around the
world are working on the utilization of natural compounds against M. tuberculosis
and developing sustainable treatments from them.

7.4 Utilization of Natural Compounds for TB Treatment

Natural sources are considered a safe and attractive alternative for exploration of new
and better anti-TB drugs since they possess a rich chemical diversity and remarkable
antimicrobial activity. Natural compounds are observed to have higher hit rates
during large high-throughput screening (HTS) and reaches target cells efficiently
[6]. Natural compounds derived from medicinal plants have been used for treating
diseases like tuberculosis, respiratory tract infections, dysentery, etc. for centuries.
Extracts of leaves, stem bark, roots, fruits, and flowers of medicinal plants in the
form of tinctures, decoctions, macerations, and infusions have been used by
communities throughout the world for treating TB. Medicinal plants and their use
have been recognized as one of the oldest sciences in countries like China, Greece,
India, and Egypt. Over 60% of the people in today’s world still depends on medici-
nal plants for primary healthcare [10].

Africa is one of the major hubs of TB disease and many communities rely on the
traditional healers for treatment. Traditional healers use extracts of medicinal plants
as primary source of medicine. Rinne reported that family of TB infected patients
regularly visit their traditional healer and consult them since, they are familiar with
the local culture and provide a cheap treatment when compared to standard anti-TB
drugs. The healers are also found within shorter distance and remain available
always for the community [11]. Many researchers like Tabuti et al. [12]; Semeny
aand Maroyi [13]; Nguta et al. [14] have tried to document this indigenous knowl-
edge on traditional remedies of Africa so that they can help in development of
effective medicine in future (Table 7.1).

Secondary metabolites of plants, also known as phytochemicals, are responsible
for rendering the anti-mycobacterial properties to plants. Phytochemicals are not
directly involved in growth, reproduction, and development in plants, however, their
presence is very much important for the long time survival and well-being of the
plant. The specific odor, color or taste of plant parts are due to the presence of these
phytochemicals, like, the strong smell and taste of freshly crushed garlic occurs due
to the presence of allicin. These chemicals protect the plants from biotic and abiotic
stresses. The distribution of phytochemicals is limited in plant kingdom and varies
from species to species [15]. The utilization of natural compounds for treatment of
TB is not only restricted to plant phytochemicals. Scientist have reported the use of
bee propolis [16], fungal metabolites [17], microalgal bioactive compounds [18], as
well as compounds isolated from marine microorganisms against active and dormant
M. tuberculosis. Some of the potential natural anti-mycobacterial compounds are
discussed below:-.
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7.4.1 Resveratrol

Resveratrol (3, 5, 40-trihydroxystilbene) is a type of natural phenol and a phyto-
alexin, produced by plants when they are attacked by bacterial or fungal pathogens
(Fig. 7.1). It is found in the skin of grapes, mulberries, cranberries, blueberries,
raspberries, and in peanuts. Apart from its anti-TB properties, resveratrol has also
been recognized to be an active anti-cancer compound.

In the search for natural anti-mycobacterial drugs Smolarz et al. reported the
presence of components like resveratrol, barbaloin, aloe-emodin, deoxy-raphonticin,
and raphonticin in root extracts of Rheum rhaponticum plant. The plant has light
greenish yellow flowers and is found in the Rila mountain range of Bulgaria. It
grows from a woody rhizome and bears large heart shaped leaves with succulent
petioles. The compounds were found to possess anti-mycobacterial properties
against M. tuberculosis H37Ra and M. bovis. The methanolic extract, at a concen-
tration of 50 μg mL�1 obtained from the roots of this plant inhibited the growth of
M. tuberculosis by 67%. The MIC value of resveratrol was 128 μg mL�1. However,
authors suggested that the crude extract of the plant had more significant anti-
mycobacterial effect than the compounds isolated from it [19]. Resveratrol is also
documented as the Sirt1 activator inM. tuberculosis infected macrophages, which in

Fig. 7.1 Structure of
resveratrol

Table 7.1 Plant species used for the treatment of TB in Africa [12–14]

Serial no: Plant name Family Main part used

1. Eucalyptus camaldulensis Myrtaceae Leaves and roots

2. Artemisia afra Asteraceae Leaves

3. Cannabis sativa Cannabaceae Leaves

4. Salix mucronata Salicaceae Seeds

5. Kalanchoe sp. Crassulaceae Leaves

6. Lippia javanica Verbenaceae Leaves

7. Zanthoxylum chalybeum Engl. Rutaceae Roots

8. Acacia polyacantha Willd. Mimosaceae Stem (bark)

9. Warburgia salutaris Canellaceae Stem (bark)

10. Aloe vera var. barbadensis Xanthorrhoeaceae Leaves

11. Brillantaisia owariensis Acanthaceae Leaves

12. Bidens pilosa L. Asteraceae Whole plant

13. Leonotis nepetifolia Lamiaceae Leaves

14. Solanum torvum Sw. Solanaceae Leaves and fruits

15. Zingiber officinale roscoe Zingiberaceae Rhizomes
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turn inhibits the activation of TAK1, mitogen-activated protein kinase (MAPK), and
nuclear factor (NF)–κB pathways. It was observed that mice treated with resveratrol
were found to be more resistant toM. tuberculosis infection. The study also indicates
Sirt1 to be a novel therapeutic target for TB treatment [20].

7.4.2 Quercetin

Quercetin (3, 30, 405, 7-pentahydroxyflavone) is a flavonoid, found in apples, onions,
berries, broccoli, and in herbs such as ginkgo and St. John’s wort (Fig. 7.2). It is a
common chemical pigment found in the rinds and barks of a wide variety of plants. It
is known to scavenge reactive oxygen species (ROS) and neutralizes these free
radicals by converting them to water molecules. Free radicals interfere with the
cellular functions through lipid peroxidation leading to cell membrane damage and
eventually to cell death [21]. In addition to its anti-oxidant properties, quercetin can
also act as an anti-inflammatory agent. The presence of five hydroxyl groups in a
quercetin molecule determines its biological activity.

Inhibition of a key enzyme of the glyoxylate shunt—isocitrate lyase by quercetin
was reported by Shukla et al. [22]. The enzyme isocitrate lyase catalyzes the
conversion of isocitrate to succinate and glyoxylate. The glyoxylate shunt is very
important for the persistence of M. tuberculosis inside the phagosomes of
macrophages, which are rich in fatty acid but deficient in glucose. Authors suggested
that isocitrate lyase of M. tuberculosis to be a potential target for drug development
by observing the strong binding affinity of quercetin (Kd of 6.68 μM) and low IC50

(3.57 μM). The pocket detection algorithm and blind docking methodology
identified a small cavity at the N-terminus of isocitrate lyase of M. tuberculosis as
the binding spot of quercetin [22]. Methanolic extract of the plant Euphorbia paralis
was found to possess anti-mycobacterial properties. The active component in the
fraction was identified to be quercetin-3-O-β-D-glucoside by ultraviolet spectros-
copy. Docking analysis suggested that the inhibition of glutamine synthetase
enzyme by quercetin-3-O-β-D-glucoside. Glutamine synthetase enzyme plays essen-
tial role in the nitrogen metabolism and its inhibition affects the survival of
M. tuberculosis. In vitro studies performed in the presence and absence of querce-
tin-3-O-β-D-glucoside revealed that enzymatic activity of glutamine synthetase of
M. tuberculosis depends upon the concentration of the inhibitor [23]. Butov et al.
suggested that the hepatoprotective effect of quercetin and polyvinylpyrrolidone in

Fig. 7.2 Structure of
quercetin
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mice infected with M. tuberculosis H37Rv strain. The administration of quercetin
and polyvinylpyrrolidone along with INH and streptomycin to infected mice showed
pronounced effects [24]. Anti-mycobacterial activity of quercetin was also studied
by Sasikumar et al., using M. tuberculosis H37Rv strain. Quercetin exhibited
99.30% at 200 μg mL�1 and 56.21% at 50 μg mL�1 inhibition in Luciferase reported
phage assay and broth micro-dilution method respectively [25]. In search of good
microbial cellular targets for drug designing, Glutamate racemase encoded by gene
Mur1 was considered. The enzyme glutamate racemase catalyzes the inter-
conversion of L- to D-glutamate, required for peptidoglycan layer formation in
mycobacterial cell wall. By the use of docking and molecular dynamics simulation
quercetin was found to have a good binding affinity with mycobacterium Mur1.
Electron microscopy also confirmed the cell wall damages on exposure to
quercetin [26].

7.4.3 Curcumin

Curcumin [(1E, 6E)-1, 7-bis (4-hydroxy-3-methoxyphenyl)-1, 6-heptadiene-3,
5-dione] obtained from Curcurma longa, is a bright yellow color compound com-
monly known as turmeric (Fig. 7.3). Curcumin is a major constituent of the Indian
Ayurvedic medicine and has been used to treat skin problems, digestion issues,
arthritis, cancer, and cardiovascular disorders [27]. It is a potent oxidized free radical
scavenger. The noteworthy anti-inflammatory, anti-oxidant and anti-carcinogenic
properties makes curcumin an important herbal complement, cosmetic ingredient as
well as food supplement [28].

The effect of curcumin on intracellular growth ofM. tuberculosis H37Rv and two
other clinical isolates were observed in Raw 264.7 cell lines. The results obtained
from the study revealed that curcumin inhibited the survival of M. tuberculosis
inside the macrophages but did not show any direct inhibitory actions on the
pathogen. Authors suggested that curcumin could be used as an adjuvant along
with TB drugs [29]. Baldwin et al. worked on the development of structural
variations of curcumin to curtail its poor bioavailability. They synthesized mono-
carbonyl analogs of curcumin and observed the effect of them on M. tuberculosis
and M. marinum. With respect to the IC50 value USB-109 analog displayed the best
inhibitory effect on the two mycobacterial species [30]. Another group of researchers
has also worked on the enhancement of bioavailability of curcumin. Tousif et al. has
developed curcumin nanoparticles (~200 nm) using a simple one step process which
increased the bioavailability of curcumin by five times when compared to regular

Fig. 7.3 Structure of
curcumin
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curcumin. The effect of curcumin nanoparticles were tested in murine TB model.
The controlled and extended release of curcumin reduced the hepatotoxicity induced
by INH and amplified the T cell immunity thereby preventing reinfection and return
of the disease [9]. Curcumin was observed to offer host-protective role against the
M. tuberculosis H37Rv infection in differentiated THP-1 human monocytes and
primary human alveolar macrophages. Authors proposed that such anti-tubercular
cell mediated functions was possible for curcumin via inhibition of the nuclear
factor–kappa B (NF-κB) activation and induction of caspase-3-dependent apoptosis
and autophagy in macrophages [31]. Researchers summarized that curcumin could
be used as an adjuvant with standard TB drug regime and might also help in reducing
the risk of Mdr-TB and Xdr-TB.

7.4.4 Tannins

Tannins are water soluble polyphenols found abundantly in nature (Fig. 7.4). They
are present in wood, bark, leaves, and fruits of most plants and trees like, barley,
plum, strawberries, cranberries, oak, rhubarb, tea, walnut, cocoa, and grapes. The
presence of tannins in plants helps them to deter animals from eating fruits and seeds
before ripening. The tannins in raw fruits render an astringent like feeling in mouth
which prevents animals from consuming them. Tannins have been used by humans
since ages to tan animal hides and make leather [32].

To response to the urgent need for development of plant based anti-TB drugs
Lawal et al. and his co-workers investigated the anti-mycobacterial activity of crude
extracts of root and leaves of Uvaria afzelii Scot Elliot and root of Tetracera
alnifolia, respectively, against M. tuberculosis. The selection of the plants were
based on the fact that these plants were being used by local people for cough
associated with TB and other respiratory tract infections. Microplate Alamar Blue
Assay (MABA) was used to observe the susceptibility of M. tuberculosis H37Rv.
The MIC <100 μg mL�1 was observed against M. tuberculosis H37Rv for hexane
and chloroform extracts of root of Tetracera alnifolia and chloroform extract of

Fig. 7.4 Structure of tannins
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Uvaria afzelii, respectively. The strong anti-mycobacterial activity was attributed to
the presence of tannins, saponins, and alkaloids in the plant extracts. Therefore, the
results obtained from the study supported the local use of these plants against TB
[33]. Tannins obtained from Globularia alypum L. were also investigated for their
anti-mycobacterial activity [34]. Globularia alypum L. is a low, dense, perennial
plant which bears small, purple or pinkish tightly packed flowers in February or
March. Methanol, petroleum, and dichloromethane; Methanol, acetone, and water
were the two mixtures used to prepare extracts of the plant. Both the extracts were
screened for active anti-mycobacterial compounds using
α-diphenyl-β-picrylhydrazyl (DPPH) and 2, 29-azinobis-3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) assays. The extract contained polyphenols—Tannins,
flavonoids, and anthocyanins in good proportions. Evaluation of anti-mycobacterial
activity of the extracts performed carried out using colorimetric microassays. Results
revealed that extract obtained using methanol, petroleum, and dichloromethane
mixture displayed improved anti-TB activity [34]. Hot water decoctions of root
and stem bark extracts of plants of Terminalia genus are used by local people of
Africa for treating various infectious diseases and is a part of their traditional
medicine. Hence, it has attracted researchers to detect the active compounds present
in this plant. Fyhrquist et al. reported the presence of good amounts of ellagitannins
and ellagic acid glycosides in the methanol and aqueous extracts of T. sambesiaca
roots by using high performance liquid chromatography-diode array detector
(HPLC-DAD) method. Ellagitannins are a very diverse group of hydrolysable
tannins and might be the reason of the good anti-mycobacterial effects of the plant
extracts [35].

7.4.5 Allicin

Allicin is a sulfur containing organic compound obtained from Allium sativum,
commonly known as garlic (Fig. 7.5). Allicin is responsible for the unique odor of
garlic. It is formed by the enzymatic conversion of alliin to allicin by alliinase when a
fresh garlic is chopped. Allicin is known to target the thiol-containing proteins and
enzymes of pathogenic microorganisms [36]. Apart from being antimicrobial, it is
also considered an anti-oxidant, anti-inflammatory, anti-fungal, anti-viral as well as
an anti-cancer agent. Hence, it is sometimes called the wonder compound with
astonishing abilities [37].

The anti-mycobacterial property of ethanol extract of garlic was studied by
Ratnakar and Murthy [38]. They used the extract against M. tuberculosis H37Rv
and M. tuberculosis TRC-C 1193 strains resistant to INH. The ethanol extract
inhibited the growth of both the strains in plate and shake cultures with MIC

Fig. 7.5 Structure of allicin
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70 μg mL�1 for both microorganisms respectively. Moreover, after purifying the
allicin over silica gel-G columns, MIC values reduce to 25 μg mL�1 for the strains
[38]. Allicin was observed to suppress the increased expression of tumor necrosis
factor (TNF)-α mRNA and ROS in M. tuberculosis H37Rv infected human
monocytes in a dose-dependent manner [39]. Hasan and his colleagues also reported
that antigen 85B ofM. tuberculosis is responsible for induction of TNF-α and could
be suppressed by allicin. Antigen 85 B complex ofM. tuberculosis is formed by 85A
and 85C components and induces TNF-α by binding to fibronectin in monocytes.
Authors concluded that the allicin induced antigen 85B suppression correlated with
the reduction in TNF-α release from infected monocytes [40]. Anti-mycobacterial
activity of ethanolic extract of garlic against 15 Mdr strains and 5 non-Mdr strains of
M. tuberculosis was investigated. The ethanolic extract was prepared by maceration
method and 7H9 middle brook broth dilution (MBBD) method was used to deter-
mine the MIC which was observed to be between 1 and 3 mg mL�1 against both
types of M. tuberculosis strains [41]. Authors proposed that plant extracts could be
used as a substitute for reducing the burden of drugs as well as cost of the TB
treatment which could in turn help patients to continue the full treatment and prevent
development of drug-resistant strains [41].

A very recent study performed by Dwivedi et al. [42] reports the anti-
mycobacterial and immunomodulatory activity of both garlic extract and allicin on
M. tuberculosis H37Rv both in vivo and in vitro. Garlic extract was prepared by
grinding 100 g of garlic cloves in 100 mL of water, then filtering it through muslin
cloth. The crude extract was centrifuged, dried, then dissolved in water and stored at
�20 �C. Their findings revealed that both allicin and garlic extract significantly
reduced the mycobacterial burden in murine models by rendering a strong protective
Th1 response [42]. These studies validate the strong anti-mycobacterial property of
allicin/garlic extract and warrant more investigations.

7.4.6 Propolis

Propolis, also called bee glue, is a bee extract, consisting of wax and resins, used by
honeybees to build beehives. This natural resinous mixture is produced by
honeybees from secretions collected from plant buds, flowers, and exudates. Propo-
lis has been used as traditional method for curing viral infections, gastrointestinal
problems, and TB [43]. The anti-oxidant, antimicrobial, and anti-inflammatory
property of propolis has attracted researchers to investigate its therapeutic abilities
[44]. The presence of flavonoids in propolis is responsible for the pharmacological
effects [45].

Scheller et al. investigated the synergistic effect of ethanolic extracts of propolis
(EEP) with anti-TB drugs. They observed that the synergistic effect between EEP
and anti-TB drugs reduced the growth rate of 14 out of 17 strains of TB [46]. The
consumption of RMP, INH, PZA, and ethambutol over long period of time results in
serious side effects like nausea, vomiting, liver damage, loss of weight, etc. in TB
patients. Hence, the protective action of bee propolis against anti-TB drugs (RMP
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and INH) in Sprague Dawley rats was studied by Bharti et al. [47]. The study
suggested that co-administration of propolis with drugs increased the hemoglobin
level and body weights of the rats thereby, modulating the toxic effects of the
drugs [47].

7.5 Conclusion and Future Directions

Tuberculosis still remains a major world health problem and continues to claim lives
despite the efforts of WHO and the governments of various countries. The increased
rate of resistance of M. tuberculosis against conventional antibiotic treatment have
called for an urgent need for development of anti-TB drugs from alternate sources. In
such a situation, natural compounds might serve as an unparalleled natural reservoir
of chemically and structurally diverse compounds with novel mechanisms of action
against the pernicious bacteria. These natural compounds might also be used as an
adjunct, to augment the action of standard anti-TB drugs which have become less
effective. Their use could also prevent the development of resistant mycobacterial
strains. However, these natural compounds with incredible capabilities are not being
utilized to their utmost potential due to lack of knowledge, documentation, and
significant research. Therefore, isolation, characterization, and elucidation of their
properties needs to be done. The various scientific studies reported on the utilization
of natural compounds against M. tuberculosis strains desires to be replicated and
high level clinical trials requires to be performed urgently, only then can this global
health issue be controlled.
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Medicinal Plants in Targeting
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Abstract

Tuberculosis is a highly contagious infectious disease triggered by Mycobacte-
rium tuberculosis, which is widely spread by aerosol. The major site of infection
is usually the lungs however the disease can attack any extra-pulmonary site as
well, which is further diagnosis by necrotizing granulomatous inflammation.
World Health Organization reported almost 8.9–10 million people are suffering
from tuberculosis in 2019, including 56% men and 32% women, and 12%
children. Multidrug-resistant tuberculosis (MDR-TB) is a medical condition in
which Mycobacterium tuberculosis strains resistant to at least isoniazid and
rifampicin. In-vitro studies suggest that several bioactive compounds and their
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synthetic derivatives obtained from plants, fungi, and marine organism possesses
antimycobacterial affinity. Phenolic compounds such as dihydrocubebin,
hinokinin, ethoxycubebin possess the antimycobacterial activity. Mycobacterial
cell envelope antagonists have been shown to obstruct the synthesis of mycolic
acids, arabinogalactan, and peptidoglycan, essential components of the mycobac-
terial cell wall. The paramount antituberculous drugs hamper the development of
mycolic acids or the aid mechanism which links them to the cell membrane.
Medicines targeting RNA synthesis encompass those that restrict the assembly of
bacterial DNA-dependent RNA polymerases, that are indispensable enzymes for
RNA synthesis. Various molecular pathways for the target to cure tuberculosis
entail the targets of M. tuberculosis cell wall synthesis, energy metabolism, folate
metabolism, DNA replication, and RNA synthesis. Interestingly, in preserving
the health of patients diagnosed with tuberculosis, medicinal plants have tremen-
dous advantages with limited side effects as compare to the standard drugs.

Keywords

Tuberculosis · Mycobacterium · Multidrug-resistant tuberculosis · Medicinal
plants · DNA replication

8.1 Introduction to Medicinal Plants Used to Treat
Tuberculosis

Tuberculosis is a highly contagious infectious disease triggered by Mycobacterium
tuberculosis, which is widely spread by aerosol. The major site of infection is usually
the lungs; however, the disease can attack any extra-pulmonary site as well, which is
further diagnosis by necrotizing granulomatous inflammation [1]. Literature reports
that tuberculosis was first found approximately 70,000 years back, followed by the
migration of modern human beings outside of Africa [2]. Tuberculosis is listed as
among the top ten diseases causing the highest mortality in the globe. Almost
1 billion people throughout the world died from tuberculosis in the past two
centuries [3]. World Health Organization reported almost 8.9–10 million people
are suffering from tuberculosis in 2019, including 56% men, 32% women, and 12%
children [4]. The common symptoms of tuberculosis are prolonging cough with
sputum, fever, excessive night sweats, loss of appetite, and weight loss [5].

Currently, two major challenges to the world’s tuberculosis treatment are HIV
epidemic and the increasing prevalence of drug resistance. In countries most seri-
ously impacted by AIDS, in particular Sub-Saharan Africa, HIV-1 infection has led
to a significant rise in the incidence of tuberculosis [6]. Multidrug-resistant tubercu-
losis (MDR-TB) is a medical condition in whichMycobacterium tuberculosis strains
resistant to at least isoniazid and rifampicin [7] is one of the major challenges for TB
management globally. World Health Organization (WHO) estimates state that
approximately 480,000 new cases of MDR-TB occur each year all over the world.
Out of them, almost 10% report additional drug resistance and are categorized as
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extensively drug-resistant TB. MDR-TB causes approximately 250,000 deaths
globally each year, the majority of these being from Asia [7]. The study shows
that the MDR-TB care outcomes are very disappointing with up to 45% of patients
who have been HIV negative and 85% of HIV patients died within 2 years of the
treatment [8].

Literatures regarding tuberculosis and medicinal plant research for its treatment
are being published at regular intervals [9–14].

A review paper documented an anti-mycobacteria property from 123 plant spe-
cies in crude extracts as well as pure compounds [12]. Copp analyzed a broad variety
of biologically active products spanning an antimycobacterial activity recorded
within 12 years (i.e., from 1990 to 2002) in a review [10]. In vitro studies suggest
that several bioactive compounds and their synthetic derivatives obtained from
plants, fungi, and marine organism possess antimycobacterial affinity [13]. Different
classes of phytochemicals like alkaloids, polyphenols, terpenes, quinones, tannins
derived from the Ayurvedic plant were found to be effective in tuberculosis
[9]. Many bioactive compounds like allicin, 1-epicatechol, anthocyanidin, ellagic
acids, benzophenanthridine alkaloids, hydroxybenzoic acids, beta-sitosterol, gallic
acid, glucopyranosides, neolignans, phenylpropanoids, and taraxerol are extracted
from several plant species, have been documented to contain antimycobacterial
efficacy [15]. The authors have concentrated on further production of anti-TB
medications, either as crude extracts that are used for the treatment of tuberculosis
as therapeutic or replacement drugs for TB or as potential bioactive compounds. The
exclusive review carried out on Southeast Asian medicinal plants revealed 27 plant
species encompass 20.5% in vitro anti-TB potential in crude extracts as well as in
their bioactive compounds (0–<10μg/ml) [14].

8.2 Biodiversity and Geographical Presence of Plants

Six continental areas, and some regions of the world, such as the Caribbean,
Mediterranean, and the Middle East, have dispersed large-scale antituberculous
plants. The global delivery of antituberculosis medicines was considered dominant
in Asia since it has tropical and subtropical areas. In this section, we listed out
different plant families which possess antitubercular efficacy along with their habitat
as well as plant part used in the treatment of tuberculosis. Furthermore, these regions
have their long established traditional medicine systems.

Those data are documented in Table 8.1. Out of the 50 plants species (from
33 different families) discussed in this review, leaves (44%) were mostly used for
antitubercular activity screening, followed by roots (16%), stems (12%), fruits
(12%), rhizomes (10%), aerial parts (8%), whole plant (8%), flowers (6%), and
seeds (2%) (Table 8.1). Most of the plants in this review have habitat of below
2000 m altitude (92%).
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Table 8.1 Geographical presence of medicinal plants

S.
No Plants used (family) Geographical presence Parts used Habitat

1. Aristolochia
taliscana Hook and
Arn.
(Aristolochiaceae)

Central America—Southern
Mexico

Roots 500–2000 m

2. Aristolochia
brevipes Benth.
(Aristolochiaceae)

Mexico Rhizome,
ground
roots

500–2000 m

3. Aristolochia elegans
Mast.
(Aristolochiaceae)

Brazil, Paraguay, Northern
Argentina, tropical and
temperate regions of the world

Leaves,
seeds, and
rhizomes

450–2150 msl

4. Artemisia capillaris
Thunb. (Asteraceae)

Central and Southeast Asian
countries like China, Cambodia,
Indonesia, Japan, Korea,
Malaysia, etc.

Aerial
parts

100–2700 m

5 Artemisia afra Jacq.
ex wild (Asteraceae)

Africa, ranging from
South Africa to Ethiopia

Dried
leaves

1450–2500 m

6 Azorella compacta
Phil.,
A. madreporica
Clos. (Apiaceae)

Peru, Chile, Bolivia, Argentina Aerial
parts

3800–5200 m

7 Beilschmiedia
tsangii Merr.
(Lauraceae)

Vietnam, Tonkin, Southern
Taiwan, Southern and Western
China

Leaves Up to 2200 m

8 Blepharodon
nitidum (Vell.)
J.F. Macbr.
(Asclepiadaceae)

Bolivia, Brazil, Paraguay, Peru,
Venezuela Colombia, and
Guyana

Whole
plant

Up to 1600 m

9 Celastrus
vulcanicola Donn.
Sm. (Celastraceae)

Central and Southern America Leaves 1900 m

10 Chamaedorea
tepejilote Liebm.
(Palmae)

Northwestern S. America—
Colombia; C. America—
Panama to Mexico

Leaves Up to 1600 m

11 Citrullus colocynthis
(L.) Schrad.
(Cucurbitaceae)

Sahara and Arabian deserts,
Sudan and Southern part of Asia
including Pakistan, India and
Southern Islands

Ripe fruit 600–700 msl

12 Citrus sinensis (L.)
Osbeck (Rutaceae)

Subtropics and tropic part of the
world

Fruit peel 200–2500 msl

13 Chrysactinia
mexicana A. Gray
(Asteraceae)

New Mexico and Texas south to
central Mexico

Roots 350–2950 m

14 Clavija procera
B. Ståhl
(Theophrastaceae)

Ecuador, Brazil, Colombia, Peru Stems and
bark

450 m

15 Curcuma longa
L. (Zingiberaceae)

E. Asia—India, Thailand,
Vietnam, Malaysia, Indonesia

Rhizomes Up to 2000 m

16 Euclea natalensis A.
DC. (Ebenaceae)

Roots 800–1580 m

(continued)
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Table 8.1 (continued)

S.
No Plants used (family) Geographical presence Parts used Habitat

Ethiopia and Somalia,
southwards to the Western
Cape, South Africa

17. Foeniculum vulgare
Mill. (Apiaceae)

North, Central and South
America, Caribbean Islands,
India, Argentina, Germany,
France, Hungary, Italy, Japan,
Romania and Southern Russia

Leaves
and stems

Up to 4000 m

18 Justicia adhatoda
L. (Acanthaceae)

Indian subcontinent (Assam,
Bangladesh, India, Nepal, and
Sri Lanka), Laos, and Myanmar

Leaves Up to 1300 m

19 Kaempferia galanga
L. (Zingiberaceae)

E. Asia—Southern China, India,
Bangladesh, Myanmar,
Thailand, Cambodia, Vietnam

Rhizomes Up to 1000 m

20 Lantana hispida
Kunth
(Verbenaceae)

Africa, Australia, India,
southeastern Asia

Aerial
parts

Up to 1500 m

21 Larrea tridentata
Coville.
(Zygophyllaceae)

Deserts of western North
America, Mexico, Southeastern
California, Arizona, Southern
Nevada, southwestern Utah,
New Mexico, and Texas in the
USA

Leaves Up to 1515 m

22 Plectranthus
grandidentatus
Gurke (Lamiaceae)

Southern Africa—southern
Zimbabwe, Swaziland, S. Africa

Whole
plant

Above 1000 m

23 Plumeria bicolor
Ruiz & Pav.
(Apocynaceae)

Mexico, Central America,
Colombia, and Venezuela and
all tropical areas of world

Stem bark 0–1500 msl

24 Tabernaemontana
elegans Stapf.
(Apocynaceae)

East Africa Roots Up to 1000 m

25 Diospyros anisandra
S.F.Blake
(Ebenacea)

Cuba, Guatemala, Mexico
Southeast

Roots and
bark

Up to 300 m

26. Piper chaba Hunter
(Piperaceae)

South and Southeast Asia Stems Up to 1500 msl

27. Buddleja cordata
H.B.K. subsp.
cordata
(Loganiaceae)

Central Mexican Highlands
extending as far north as
Chihuahua and south as G
Guatemala

Ground
stem bark

1500–3000 m

28. Humulus lupulus
(Cannabaceae)

Europe, western Asia and North
America

Whole
plant

0–2600 m

29. Oplopanax horridus
(Smith) Miq.
(Araliaceae)

Northwestern North America Bark Up to 1900 m

(continued)
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Table 8.1 (continued)

S.
No Plants used (family) Geographical presence Parts used Habitat

30. Abrus precatorius
L. (Leguminosae)

West Indies, South Africa,
China, Islands, Brazil, India

Aerial
parts

Near sea level
to 1000 m

31. Abutilon indicum
(L.) Sweet
(Malvaceae)

Tropical and subtropical zones Leaves Up to 1200 m

32. Acanthus
ebracteatus Vahl.
(Acanthaceae)

Southeast Asia, including
northern Australia

Leaves
and stems

500–2200 m

33. Aegle marmelos (L.)
Correa (Rutaceae)

Indian subcontinent and
Southeast Asia

Fruits and
flowers

Up to 1200 m

34. Aloe vera
L. (Aloaceae)

Mediterranean region and
subtropical regions of the world

Leaves 1300–2600 msl

35. Zingiber zerumbet
(L.) (Zingiberaceae)

Eastern Asia—Indian
subcontinent, Myanmar,
Vietnam, Malaysia, Indonesia,
Laos, Philippines Thailand,
Cambodia

Rhizome Up to 1300 m

36. Ziziphus mauritiana
Lam. (Rhamnaceae)

Southeastern Asia, Africa,
Australia, the Pacific and the
Americas

Roots Up to 1800 m

37. Voacanga globosa
Merr.
(Apocynaceae)

Philippines Leaves Up to 300 m

38. Tinospora crispa
(L.) Hook. F. &
Thomson
(Menispermaceae)

Primary rainforests or mixed
deciduous forests of South East
Asia and Africa including
Thailand, Malaysia, and
Indonesia

Fruits and
flowers

Up to 900 m

39. Sesbania grandiflora
(L.) Poir.
(Leguminosae)

Most humid tropical regions of
the world

Fruits and
roots

Up to 1000 m

40. Rhoeo spathacea
(Sw.) Stearn
(Commelinaceae)

West Indies, Puerto Rico,
Bahamas, South America and
elsewhere in the tropics

Leaves Sea level to low
elevations

41. Pistia stratiotes
L. (Araceae)

Tropical, subtropical, and
warmer temperate regions

Whole
plant

Up to 1400 m

42. Petiveria alliacea
L. (Phytolaccaceae)

North America, Mexico, Central
America, the West Indies, South
America and Tropical Africa

Leaves Up to 360 m

43. Gynura divaricata
(L.)
DC. (Asteraceae)

Southeast Asian countries Leaves 0–1000msl

44. Morinda citrifolia
Linn. (Rubiaceae)

East Indies and Australia.
Cultivated in Myanmar

Leaves Up to 1500 m

45. Morus alba
L. (Moraceae)

USA, Mexico, Australia,
Kyrgyzstan, Argentina, Turkey,
Iran, Northern China, and India

Leaves
and fruit

Up to 3300 m

(continued)

190 N. Koirala et al.



8.3 Phytochemicals Found in the Antituberculosis Medicinal
Plants

Diverse bioactive compounds, extracted from the studied plants, demonstrated
strong antitubercular, varying from <1 to 50μg/ml of MIC values. Neolignans,
licarin A, isolated from hexane extract showed MIC of 3.12–12.5μg/mL.
Eupomatenoid-1, fargesin, and cubebin purified from Aristolochia elegans revealed
MIC of 50μg/ml. Isolated ursolic acid (UA) and hydroquinone (HQ) showed 12.5μg/
mL. Azorellane and mulinane diterpenoids from Azorella compacta Phil.,
A. possessed a MIC value of 12.5μg/ml. 24-hydroperoxycycloart-25-en-3β-ol and
25-hydroperoxycycloart-23-en-3β-ol, obtained from Blepharodon nitidum exhibited
in vitro anti-Mycobacterium tuberculosis activity with MIC of 25μg/mL and 12.5μg/
mL, respectively. Sesquiterpenes derivative 1α-Acetoxy-6β,9β-dibenzoyloxy-
dihydro-β-agarofuran showed excellent antimycobacterial efficiency with MIC
value of 6.2μg/mL than isoniazid or rifampin.

Caryophyllene oxide, decanal, and palmitic acid from Citrus sinensis (L.) Osbeck
exhibited MIC value of 100–200μg/mL, 25–200μg/mL, and 50–100μg/mL, respec-
tively. Demethoxycurcumin and its derivative compound 6 showed MIC value of
200μg/mL and 7.8μg/mL against Mycobacterium tuberculosis H37Rv strains.
Diospyrin and 7-methyljuglone isolated from the plant Euclea natalensis comprises
MIC of 8.0 and 0.5μg/ml. Compounds isolated from Foeniculum vulgare Mill with
their MIC values, linoleic acid, oleic acid both have MIC value 100μg/mL,
undecanal (MIC 50–200μg/mL), 1,3-benzenediol (MIC 100–200μg/mL), and
2,4-undecadienal (MIC 25–50μg/mL). Ethyl p-methoxycinnamate (EPMC)

Table 8.1 (continued)

S.
No Plants used (family) Geographical presence Parts used Habitat

46. Jatropha curcas
L. (Euphorbiaceae)

Mexico, Central America, and
tropical and subtropical regions

Leaves Up to 1850msl

47. Glycosmis
pentaphylla (Retz.)
DC. (Rutaceae)

Southeast Asia and Australia Fruits and
flowers

Up to 1000 m

48. Flemingia
strobilifera (L.)
W. T. Aiton
(Fabaceae)

E. Asia—China, India, Sri
Lanka, Nepal, Myanmar,
Thailand, Cambodia, Laos,
Vietnam, Malaysia, Philippines

Leaves 200–1600 m

49. Croton kongensis
Gagnep.
(Euphorbiaceae)

E. Asia—China, Myanmar,
Thailand, Laos, Vietnam

Whole
plants and
leaves

Up to 2000 m

50. Coccinia grandis
(L.) Voigt
(Cucurbitaceae)

North-central East Africa,
Australia The Pacific region, the
Caribbean, and southern USA

Leaves Up to 1100 m

Msl meters above sea level
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extracted from ethanolic extract of Kaempferia galangal L. shown to impede
M. tuberculosis H37Ra, H37Rv, drug susceptible, and multidrug-resistant (MDR)
clinical isolates (MIC 0.242–0.485 mM). Lignans and flavonoids from Larrea
tridentata Coville exhibited MIC in range 12.5–50 mg/mL. From Plectranthus
grandidentatus Gurke, royleanone abietanes were isolated with MIC values between
3.12 and 0.39 mg/ml. Plumericin and isoplumericin from chloroform extract Plume-
ria bicolor Ruiz & Pav. showed MIC values of 2.1 � 0.12μg/ml and 2.4 � 0.08μg/
ml, respectively. From Diospyros anisandra S.F.Blake, naphthoquinones found to
have significant activity with MTB strains (MIC ¼ 1.56–3.33μg/mL). Polyynes
neroplomacrol (1), neroplofurol (2), oplopandiol (3), falcarindiol (4), and sesamin
(5) were isolated from Oplopanax horridus (Smith) Miq. (Tables 8.2).

8.4 Mechanism of Action of Medicinal Plants in the Treatment
of Tuberculosis

8.4.1 Pathophysiology of Tuberculosis

The only recognized source of Mycobacterium tuberculosis transmission is human
beings. The organism is conveyed through the airborne route through which the lung
is the number one target organ for M. Tuberculosis [57]. Bacteria are spread via the
aerosolization or bacilli-containing droplet nuclei from the infected individual. The
macrophages come to be aware of the foreign pathogen and retrieve it via the process
called phagocytosis. Then, ensnared and preserved in an enclosed cell membrane
referred to as a phagosome [58]. M. tuberculosis unexpectedly phagocytized via
alveolar macrophages at the same time as it is in the lungs, but they do not kill and
wreck the bacterium. Its cellular wall stops the phagosome from integrating with the
lysosome, offering some antibacterial components [59]. The gradual development of
the M. tuberculosis species will attract phagocytic cells in the lungs and rise into
premature granulomas. Even so, as the pathogen continues to evolve, the amplified
necrotic breakdown of granuloma cells led directly to necrosis, which can escalate to
cavitation. When the granuloma cavitates are burst inside the lung, microorganisms
migrate out of the body in the atmosphere. Those bacteria are inhaled by healthy
people and eventually result in tuberculosis infection [60] (Fig. 8.1).

8.4.2 Current Drugs Therapy and Mechanism of Action

Treatment of tuberculosis over the past couple of years has relied on the use as first-
line drugs of antibacterial compounds such as isoniazid, ethambutol, rifampicin, and
pyrazinamide and second-line of drugs like fluoroquinolones, thioamides, cycloser-
ine, aminoglycosides, polypeptides, and para-aminosalicylic acid
[62]. M. tuberculosis pathogens have imparted susceptibility to those
antituberculosis drugs. Since M. tuberculosis possesses a resistance towards
antibiotics and other drugs, it brings a problematic, found to cause mutations
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ne
s

et
al
.[
25
]

C
itr
ul
lu
s
co
lo
cy
nt
hi
s
(L
.)

S
ch
ra
d.

(C
uc
ur
bi
ta
ce
ae
)

A
er
ia
l
pa
rt
s
an
d
ri
pe

fr
ui
t:
m
et
ha
no

lic
ex
tr
ac
t

M
et
ha
no

lic
ex
tr
ac
ta
nd

bi
oa
ct
iv
e
fr
ac
tio

ns
IX

sh
ow

n
ac
tiv

ity
ag
ai
ns
tM

yc
ob

ac
te
ri
um

tu
be
rc
ul
os
is
H
37

R
v
w
ith

M
IC

va
lu
e
of

M
IC

�6
2.
5μ

g/
m
l
an
d
31

.2
μg

/m
lr
es
p

M
eh
ta
et
al
.[
26
]

C
itr
us

si
ne
ns
is
(L
.)
O
sb
ec
k

(R
ut
ac
ea
e)

F
ru
it
pe
el
:
m
on

ot
er
pe
ne
s,
se
sq
ui
te
rp
en
es
,f
at
ty

ac
id
s,
an
d
so
m
e
ot
he
r
ox

yg
en
at
ed

no
n-
ar
om

at
ic

co
m
po

un
ds

w
er
e
id
en
tifi

ed
fr
om

he
xa
ne

ex
tr
ac
t

C
ar
yo

ph
yl
le
ne

ox
id
e,
de
ca
na
l,
an
d
pa
lm

iti
c
ac
id

sh
ow

ed
M
IC

va
lu
e
of

10
0–

20
0μ

g/
m
L
,

25
–
20

0μ
g/
m
L
,a
nd

50
–
10

0μ
g/
m
L
,r
es
p

E
sq
ui
ve
l-
F
er
ri
ño

et
al
.[
27
]

C
hr
ys
ac
tin

ia
m
ex
ic
an
a

A
.g

ra
y
(A

st
er
ac
ea
e)

R
oo

ts
:e
th
yl

ex
tr
ac
t

T
he

et
hy

l
fr
ac
tio

n
of

ro
ot
s
of

C
.m

ex
ic
an
a
w
as

fo
un

d
to

ha
ve

a
dr
ug

-r
es
is
ta
nt

st
ra
in

of
M
.t
ub

er
cu
lo
si
s
w
ith

M
IC

¼
62

.5
μg

/m
L

G
óM

ez
-C
A
N
si
N
o

et
al
.[
28
]

C
la
vi
ja
pr
oc
er
a
B
.S

tå
hl

(T
he
op

hr
as
ta
ce
ae
)

M
IC

va
lu
es

be
tw
ee
n
1.
6
an
d
3.
12

μg
/m

L
ve
rs
us

37
di
ff
er
en
t
se
ns
iti
ve

an
d
re
si
st
an
t
M
T
B
st
ra
in
s

[2
9]
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S
te
m
s
an
d
ba
rk
:e
th
an
ol
ic
ex
tr
ac
ty

ie
ld
ed

ol
ea
na
ne

tr
ite
rp
en
oi
d
ae
gi
ce
ri
n
as

th
e
ac
tiv

e
co
ns
tit
ue
nt

C
ur
cu
m
a
lo
ng

a
L
.

(Z
in
gi
be
ra
ce
ae
)

R
hi
zo
m
es
:
de
m
et
ho

xy
cu
rc
um

in
an
d
its

de
ri
va
tiv

es
po

ss
es
s
an
tit
ub

er
cu
la
r
ac
tiv

ity
D
em

et
ho

xy
cu
rc
um

in
an
d
its

de
ri
va
tiv

e
co
m
po

un
d
6
sh
ow

ed
M
IC

va
lu
e
of

20
0μ

g/
m
L

an
d
7.
8μ

g/
m
L
ag
ai
ns
t
m
yc
ob

ac
te
ri
um

tu
be
rc
ul
os
is
H
37

R
v
st
ra
in

[3
0]

E
uc
le
a
na
ta
le
ns
is
A
.D
C
.

(E
be
na
ce
ae
)

R
oo

ts
:n

ap
ht
ho

qu
in
on

es
an
d
tr
ite
rp
en
es

w
er
e

is
ol
at
ed

D
io
sp
yr
in

an
d
7-
m
et
hy

lju
gl
on

e
ex
tr
ac
to

bs
er
ve
d

M
IC

of
8,
8,
an
d
0.
5μ

g/
m
l,
re
sp
ec
tiv

el
y,
w
ith

th
e

H
37

R
v
st
ra
in

of
M
.t
ub

er
cu
lo
si
s

[3
1]

F
oe
ni
cu
lu
m

vu
lg
ar
e
m
ill

(A
pi
ac
ea
e)

L
ea
ve
s
an
d
st
em

s:
bi
oa
ss
ay

gu
id
ed

fr
ac
tio

na
tio

n
of

he
xa
ne

ex
tr
ac
ti
de
nt
ifi
ed

20
co
m
po

un
ds

in
ac
tiv

e
fr
ac
tio

ns

L
in
ol
ei
c
ac
id
,o
le
ic
ac
id
ha
ve

M
IC

of
10

0μ
g/
m
L
,

1,
3-
be
nz
en
ed
io
l
re
po

rt
ed

M
IC

of
10

0–
20

0μ
g/

m
L
,u

nd
ec
an
al
M
IC

50
–
20

0μ
g/
m
L
,a
nd

2,
4-
un

de
ca
di
en
al
M
IC

25
–
50
μg

/m
L
ex
hi
bi
tin

g
m
od

er
at
e
an
tim

yc
ob

ac
te
ri
al

ef
fe
ct

E
sq
ui
ve
l-
F
er
ri
ño

et
al
.[
32
]

Ju
st
ic
ia
ad
ha
to
da

L
.(
A
ca
nt
ha
ce
ae
)

L
ea
ve
s:
si
x
di
ff
er
en
t
qu

in
az
ol
in
e
al
ka
lo
id
s
w
er
e

pr
es
en
te
d

A
lk
al
oi
ds

fo
un

d
to

su
pp

re
ss

th
e
fo
rm

at
io
n
of

en
zy
m
e
β-
ke
to
ac
yl
-a
cy
l-
ca
rr
ie
r
pr
ot
ei
n
sy
nt
ha
se

II
I
(F
ab
H
),
w
hi
ch

is
vi
ta
l
to

tr
ig
ge
r
fa
tty

ac
id

bi
os
yn

th
es
is
,r
es
ul
tin

g
in
po

or
ce
ll
w
al
ls
yn

th
es
is

by
in
fl
ue
nc
in
g
ba
ci
lli

su
rv
iv
al

Jh
a
et
al
.[
33

]

K
ae
m
pf
er
ia
ga
la
ng

al
L
.(
Z
in
gi
be
ra
ce
ae
)

R
hi
zo
m
es
:
et
hy

lp
-m

et
ho

xy
ci
nn

am
at
e
(E
P
M
C
)

ob
ta
in
ed

fr
om

et
ha
no

lic
ex
tr
ac
t

E
P
M
C
de
m
on

st
ra
te
d
to

su
pp

re
ss

st
ra
in
:

M
.t
ub

er
cu
lo
si
s
H
37

R
a,
H
37

R
v,

dr
ug

su
sc
ep
tib

le
an
d
m
ul
tid

ru
g-
re
si
st
an
t
in

re
sa
zu
ri
n

m
ic
ro
tit
er

as
sa
y,

w
ith

M
IC

0.
24

2–
0.
48

5
m
M

L
ak
sh
m
an
an

et
al
.

[3
4]

L
an
ta
na

hi
sp
id
a
K
un

th
(V

er
be
na
ce
ae
)

A
er
ia
lp

ar
ts
:t
hr
ee

pe
nt
ac
yc
lic

tr
ite
rp
en
oi
ds

w
ith

ol
ea
na
ne

nu
cl
eo
us

w
er
e
is
ol
at
ed

fr
om

he
xa
ne

ex
tr
ac
ts

Is
ol
at
ed

pe
nt
ac
yc
lic

tr
ite
rp
en
oi
ds

sh
ow

ed
M
IC

va
lu
e
be
tw
ee
n
25

an
d
50

m
g/
m
L
.

Ji
m
én
ez
-A

re
lla
ne
s

et
al
.[
35
]

L
ar
re
a
tr
id
en
ta
ta
C
ov

ill
e.

(Z
yg

op
hy

lla
ce
ae
)

T
hr
ee

lig
na
ns

an
d
fo
ur

fl
av
on

oi
ds

w
er
e
is
ol
at
ed

fr
om

ch
lo
ro
fo
rm

ic
ex
tr
ac
t
of

le
av
es

Is
ol
at
ed

lig
na
ns

an
d
fl
av
on

oi
ds

sh
ow

ed
M
IC

va
lu
e
be
tw
ee
n
12

.5
an
d
50

m
g/
m
L

F
av
el
a-
H
er
ná
nd

ez
et
al
.[
36
]

R
ijo

et
al
.[
37
]

(c
on

tin
ue
d)
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Ta
b
le

8.
2

(c
on

tin
ue
d)

S
ci
en
tifi

c
na
m
e

P
ar
ts
us
ed
:e
xt
ra
ct
/a
ct
iv
e
co
m
po

un
d

A
ct
iv
ity

R
ef
er
en
ce
s

P
le
ct
ra
nt
hu

s
gr
an
di
de
nt
at
us

G
ur
ke

(L
am

ia
ce
ae
)

W
ho

le
pl
an
t:
ro
yl
ea
no

ne
ab
ie
ta
ne
s
w
er
e
is
ol
at
ed

fr
om

ac
et
on

e
ex
tr
ac
t

A
bi
et
an
e
an
d
its

de
ri
va
tiv

es
ex
hi
bi
t
ag
ai
ns
t
th
e

M
D
R
st
ra
in

w
ith

M
IC

va
lu
es

be
tw
ee
n
3.
12

an
d

0.
39

m
g/
m
l

P
lu
m
er
ia
bi
co
lo
r
R
ui
z
an
d

P
av
.(
A
po

cy
na
ce
ae
)

S
te
m

ba
rk
:p

lu
m
er
ic
in

an
d
is
op

lu
m
er
ic
in

w
er
e

ex
tr
ac
te
d
fr
om

ch
lo
ro
fo
rm

ex
tr
ac
t

P
lu
m
er
ic
in
an
d
is
op

lu
m
er
ic
in
sh
ow

ed
si
gn

ifi
ca
nt

ac
tiv

ity
ag
ai
ns
tH

37
R
v
w
ith

M
IC

va
lu
es

of
2.
1
�

0.
12

μg
/m

la
nd

2.
4
�

0.
08

μg
/m

l,
re
sp
.

K
um

ar
et
al
.[
38
]

T
ab
er
na
em

on
ta
na

el
eg
an
s

S
ta
pf
.(
A
po

cy
na
ce
ae
)

R
oo

ts
:e
th
yl

ac
et
at
e
ex
tr
ac
ts
,i
nd

ol
e
al
ka
lo
id
s
ar
e

m
os
tp

ro
m
in
en
t
co
m
po

un
d

E
th
yl

ac
et
at
e
ex
tr
ac
tp

or
tr
ay
ed

si
gn

ifi
ca
nt
ly

w
ith

M
.t
ub

er
cu
lo
si
s
H
37

R
v
(M

IC
15

.6
g/
m
L
)

L
uo

et
al
.[
39

]

D
io
sp
yr
os

an
is
an
dr
a
S
.F
.

B
la
ke

(E
be
na
ce
a)

S
te
m

ba
rk
:n

ap
ht
ho

qu
in
on

es
w
as

fr
om

n-
he
xa
ne

cr
ud

e
ex
tr
ac
t

P
lu
m
ba
gi
n,

3,
30
-b
ip
lu
m
ba
gi
n,

m
ar
iti
no

ne
ob

se
rv
ed

to
ha
ve

ef
fi
ca
cy

to
w
ar
ds

bo
th

M
T
B

st
ra
in
s
w
ith

M
IC

¼
1.
56
–
3.
33
μg

/m
L

U
c-
C
ac
hó

n
et
al
.

[4
0]

P
ip
er

ch
ab
a
H
un

te
r

(P
ip
er
ac
ea
e)

S
te
m
:n
-h
ex
an
e/
ch
ab
am

id
e
(1
)w

as
is
ol
at
ed

fr
om

th
e
ex
tr
ac
t

C
om

po
un

d
1
ex
hi
bi
te
d
an
ti-
T
B
ac
tiv

ity
w
ith

th
e

M
IC

va
lu
e
of

12
.5
μg

/m
l
ag
ai
ns
tH

37
R
a
st
ra
in

R
uk

ac
ha
is
ir
ik
ul

et
al
.[
41
]

B
ud

dl
ej
a
co
rd
at
a

H
.B
.K
.s
ub

sp
.c
or
da
ta

(L
og

an
ia
ce
ae
)

G
ro
un

d
st
em

an
d
ba
rk
:C

H
2-
M
eO

H
(1
:1
)e
xt
ra
ct

is
ol
at
ed

10
lo
ng

ch
ai
n
es
te
rs

C
om

po
un

d
2[
4-
hy

dr
ox

yp
he
ny

l]
-e
th
yl

be
he
na
te

ex
hi
bi
te
d
m
od

er
at
e
an
tib

ac
te
ri
al
ac
tiv

ity
ag
ai
ns
t

m
yc
ob

ac
te
ri
um

tu
be
rc
ul
os
is
(M

IC
¼

64
μg

/m
l)

A
ce
ve
do

et
al
.[
42

]

H
um

ul
us

lu
pu

lu
s

(C
an
na
ba
ce
ae
)

W
ho

le
pl
an
t:
et
ha
no

lic
ex
tr
ac
t

M
IC

va
lu
es

ra
ng

in
g
fr
om

40
0
to

80
0μ

g/
m
lo

f
al
co
ho

lic
ex
tr
ac
t

S
er
ka
ni

et
al
.[
43

]

O
pl
op

an
ax

ho
rr
id
us

(S
m
ith

)
M
iq
.(
A
ra
lia
ce
ae
)

B
ar
k:

ne
ro
pl
om

ac
ro
l,
ne
ro
pl
of
ur
ol
,o

pl
op

an
di
ol
,

fa
lc
ar
in
di
ol
,a
nd

se
sa
m
in

is
ol
at
ed

fr
om

th
e
ba
rk

P
ol
yy

ne
s
3
an
d
4
sh
ow

n
M
IC

of
61

.5
an
d
6.
2μ

g/
m
L
,r
es
pe
ct
iv
el
y

In
ui

et
al
.[
44
]

A
br
us

pr
ec
at
or
iu
s

L
.(
L
eg
um

in
os
ae
)

A
br
uq

ui
no

ne
B
w
as

ob
ta
in
ed

fr
om

th
e

di
ch
lo
ro
m
et
ha
ne

ex
tr
ac
t
of

th
e
ae
ri
al
pa
rt

D
is
pl
ay
s
an
tit
ub

er
cu
la
r
ac
tiv

ity
w
ith

M
IC

of
12

.5
12

.5
μg

/m
l

L
im

m
at
va
pi
ra
te
ta
l.

[4
5]

A
bu

til
on

in
di
cu
m

(L
.)
S
w
ee
t

(M
al
va
ce
ae
)

L
ea
ve
s:
di
ch
lo
ro
m
et
ha
ne

an
d

m
et
ha
no

l/β
-a
m
yr
in

3-
pa
lm

ita
te
(1
),
sq
ua
le
ne

(2
),

β-
si
to
st
er
ol

(3
),
an
d
st
ig
m
as
te
ro
l
(4
)
w
er
e

is
ol
at
ed

fr
om

th
e
ex
tr
ac
t

E
ve
ry

co
m
po

un
ds

ex
hi
bi
te
d
M
IC

of
>
12

8
μg

/m
l

M
ac
ab
eo

an
d
L
ee

[4
6]

A
ca
nt
hu

s
eb
ra
ct
ea
tu
s
V
ah
l.

(A
ca
nt
ha
ce
ae
)

C
hl
or
of
or
m

an
d
aq
ue
ou

s
m
et
ha
no

lic
ex
tr
ac
t
of

le
av
es

an
d
st
em

A
ll
ex
tr
ac
ts
ho

w
ed

ac
tiv

ity
w
ith

H
37

R
a
st
ra
in

in
M
A
B
A
at
M
IC

of
10

00
μg

/m
l

P
ho

ng
pa
ic
hi
t
et
al
.

[4
7]
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A
eg
le
m
ar
m
el
os

(L
.)
C
or
re
a

(R
ut
ac
ea
e)

F
ru
its

an
d
fl
ow

er
s:
90

%
et
ha
no

l
A
ct
iv
iti
es

to
w
ar
ds

H
37

R
v
st
ra
in

w
er
e
re
co
rd
ed

w
ith

90
%

et
ha
no

le
xt
ra
ct
in

M
A
B
A
,s
pa
nn

in
g

fr
om

47
.8

to
>
10

0μ
g/
m
l

E
lk
in
gt
on

et
al
.[
48

]

A
lo
e
ve
ra

L
.(
A
lo
ac
ea
e)

L
ea
ve
s:
aq
ue
ou

s
m
et
ha
no

le
xt
ra
ct

T
he

ex
tr
ac
tr
ev
ea
le
d
ac
tiv

ity
w
ith

th
e
16

00
μg

/m
l

M
IC

ag
ai
ns
tt
he

H
37

R
v
st
ra
in

M
oh

am
ad

et
al
.[
49

]

Z
in
gi
be
r
ze
ru
m
be
t
(L
.)

(Z
in
gi
be
ra
ce
ae
)

R
hi
zo
m
e:
ch
lo
ro
fo
rm

,a
qu

eo
us

an
d
m
et
ha
no

l
ex
tr
ac
t

R
hi
zo
m
e
in

M
A
B
A

as
se
rt
ed

re
pr
es
si
on

w
ith

M
IC

of
12

5,
10

00
,1

00
0μ

g/
m
l
in

ch
lo
ro
fo
rm

s,
m
et
ha
no

l,
w
at
er

ex
tr
ac
t
ve
rs
us

th
e
H
37

R
a
st
ra
in

P
ho

ng
pa
ic
hi
t
et
al
.

[4
7]

Z
iz
ip
hu

s
m
au
ri
tia
na

L
am

.
(R
ha
m
na
ce
ae
)

R
oo

t:
m
au
ri
tin

e
an
d
nu

m
m
ul
ar
in
es

ex
tr
ac
te
d

fr
om

et
ha
no

le
xt
ra
ct
s

T
he

ex
tr
ac
te
d
bi
oa
ct
iv
e
co
m
po

un
d
sh
ow

s
ac
tiv

iti
es

to
w
ar
ds

H
37

R
a
w
ith

an
in
hi
bi
to
ry

co
nc
en
tr
at
io
n
of

72
.8
μg

/m
l
an
d
4.
5μ

g/
m
l,

re
sp
ec
tiv

el
y.

M
ac
ab
eo

et
al
.[
50
]

V
oa
ca
ng

a
gl
ob

os
a
M
er
r.

(A
po

cy
na
ce
ae
)

L
ea
ve
s:
di
ch
lo
ro
m
et
ha
ne

an
d
m
et
ha
ne
/

G
lo
bo

sp
ir
am

in
e

T
he

ex
tr
ac
t
sh
ow

s
M
IC

of
4μ

g/
m
li
n
M
A
B
A

as
sa
y
an
d
5.
2μ

g/
m
l
in

lo
w
-o
xy

ge
n
re
co
ve
ry

as
sa
y
sh
ow

s
si
gn

ifi
ca
nt

an
tit
ub

er
cu
la
r
ef
fe
ct

M
ac
ab
eo

et
al
.[
50
]

T
in
os
po

ra
cr
is
pa

an
d

T
ho

m
so
n
(M

en
is
pe
rm

ac
ea
e)

F
ru
its

an
d
fl
ow

er
s:
90

%
et
ha
no

l
T
he

ex
tr
ac
t
ob

se
rv
ed

M
IC

in
hi
bi
tio

n
of

2.
43
–
96

,2
μg

/m
l
in

m
ic
ro

br
ot
h
di
lu
tio

n
as
sa
y

E
lk
in
gt
on

et
al
.[
48

]

S
es
ba
ni
a
gr
an
di
fl
or
a
(L
.)

P
oi
r.
(L
eg
um

in
os
ae
)

R
oo

t:
m
et
ha
no

l/i
so
ve
st
ito

l
(1
),
m
ed
ic
ar
pi
n
(2
),

sa
tiv

an
(3
),
be
tu
lin

ic
ac
id

T
he

m
et
ha
no

l
ex
tr
ac
t
sh
ow

ed
an
ti-
T
B
ac
tiv

ity
ag
ai
ns
tH
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which bring access to a particular form of multidrug-resistant tuberculosis
(MDR-TB). Consequently, the cure for the illness is exceedingly complicated [63]
(Tables 8.3 and 8.4).

8.4.3 Mode of Actions of Phytochemicals Against Tuberculosis

8.4.3.1 Alkaloids
In the exploration of the novel leading medicinal drug, the screening of the
metabolites from the natural products plant extract is a pioneering technique.
Alkaloids are the low molecular nitrogen weight compound, solely present in the
different parts of the plant. Alkaloids are persistently engaged in the defense system
towards pathogens as well as herbivores in plants [66]. The antimycobacterial
efficacy is found in several alkaloids such as 3-methylcarbazole, lansine, and
3-formyl-6-methoxycarbazole derived from the bark and stem of Micromelum
hirsutum employing silica gel chromatography. In fluorometric microplate Alamar

Fig. 8.1 Pathophysiology of tuberculosis [61]
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blue assay, alkaloids such as 3-formylcarbazole, 3-formyl-6-methoxycarbazole
show better antimycobacterial efficacy with the minimum inhibitory concentration
(MIC) of 14.3–42.3μg/mL [67, 68].

Quinoline alkaloids, such as graveolinine, kokusagine, and 4-methoxy-2-
phenylquinoline isolated from the Lunasia amara herb, reported notable in vitro
activity towards M. tuberculosis H37Rv strain possessed 16μg/mL MIC value. C-2
aryl functionality of the quinoline framework enables the alkaloids to improve
inhibitory activity against M. tuberculosis. The methoxy group substituted by C-4
boosts the bioactivity of quinoline alkaloids [69]. Bogaine and voacangine are the
pentacyclic indole alkaloids extracted from Tabernaemontana citrifolia that portrays
a significant action versus M. tuberculosis which possesses 50–100μg/mL MIC
[70]. Metabolite-isolated azaanthraquinone alkaloids from the Mitracarpus scaber
plant demonstrated action towardsM. intracellulare with MIC values of 6.25μg/mL.
Berberine, an alkaloids is found in several families like Annonaceae, Berberidaceae,
Menispermaceae, manifested antimycobacterial efficacy with a MIC of
0.78–1.56μg/mL against M. intracellulare [71]. The metabolite hindered the devel-
opment of M. tuberculosis and M. smegmatis at a MIC of 25μg/mL. SAR experi-
mental studies on some structurally linked alkaloids of benzo[c]-phenanthridine
plants, such as chelirubine, nitidine, sanguinarine, chelerythrine, and macarpine,
have shown a substantial inhibitory effect �94%at 12.5μg/mL with M. tuberculosis
H37Rv strain. Convincingly, the addition of alcohol as a functional group of
methoxy or methylenedioxy serves a pivotal antitubercular function of alkaloids
(Fig. 8.2).

8.4.3.2 Mode of Action of Alkaloids

8.4.3.3 Phenolic and Flavonoids
The innate susceptibility in bacteria is due to the permeability of the cell wall as well
as efflux pump systems that transfer only selective solutes to penetrate the bacteria
and retract foreign compounds in bacteria. In providing inherent resistance against

Table 8.3 Classification of antituberculosis drugs. [64]

First-line
drugs Second-line drugs Third-line drugs

Group 1 Group 2 Group 3 Group 4 Group 5

Rifamycins
Isoniazid
Rifampicin
Rifampin
Pyrazinamide
Ethambutol
Rifapentine
Rifabutin

Streptomycin
Injectable
aminoglycosides
Kanamycin
Injectable
polypeptides
Amikacin
Injectable
polypeptides
Viomycin
Capreomycin

(Fluoroquinolones)
Moxifloxacin
Ofloxacin
Levofloxacin
Ciprofloxacin
Gatifloxacin

Cycloserine
Para-
aminosalicylic
acid
Ethionamide
Prothionamide
Terizidone

Clofazimine
Clarithromycin
Imipenem plus
cilastatin
Linezolid
Thioacetazone
Amoxicillin plus
clavulanate
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Table 8.4 Current therapeutic approach use in tuberculosis treatments and their mode of action.
[65]

Chemical class of
compound
(example) Representative structure Mode of action

Pyridines
(isoniazid)

Isoniazid drugs inhibit the
mycolic acid formation

Pyrazines
(pyrazinamide)

Pyrazinamide drugs may
suppress the synthesis of fatty
acids

Rifamycins
(rifampin)

Rifampin inhibits the RNA
synthesis by binding b-subunit
of bacterial DNA–dependent
RNA polymerase

Bis-amino
alcohols
(ethambutol)

Ethambutol inhibits arabinosyl
transferases used in
arabinoglycan polymerization
(cell wall)

Aminoglycosides
(streptomycin)

Streptomycin inhibits the
protein synthesis by binding
with the 30S ribosomal subunit

Phenolic acids
(p-aminosalicylic
acid)

They suppress folate synthesis

(continued)
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damaging impact, proteasome serves a key role in tuberculosis. Thus,
M. tuberculosis proteasome is a logical target for novel natural anti-TB drugs against
tuberculosis. Phenolic compounds can function as a vector for a proteasome inhibi-
tor [73]. In flavonoids, some natural proteasome inhibitors like baicalein,
pectolinarin, quercetin, kaempferol, curcumin, and myricetin are observed [74].

Curcumin has a high pleiotropic property and is a potential activator of apoptosis,
resulting from its capacity to modulate multiple signaling molecules. Apoptosis,
assessed by an in vitro model of tuberculosis in macrophages, is a mechanism used
by the host to suppress intracellular M. tuberculosis [75]. The latest studies have
shown that curcumin nanoparticles along with isoniazid have substantially reduced
hepatotoxicity by improved immunity mediated by T-cells in mice. The analysis
found that curcumin nanoparticles were effective in reducing the risk of multidrug-
resistant tuberculosis (MDR-TB) and extensively drug-resistant tuberculosis
(XDR-TB) as a beneficial adjuvant treatment [76]. It indicates that curcumin
possesses blocking effects against daunorubicin-induced nephrotoxicity in rats by
restricting the proliferation of daunorubicin-induced M1 macrophages by a probable
mechanism of disrupting cell membranes of M. tuberculosis [77].

The vital enzymes in nitrogen metabolism and binding to host cells in tuberculo-
sis are glutamine synthase and isocitrate lyase. By using glutamine synthetase,
quercetin was reported to inhibit all three strains of Mtb H37Rv, smegmatis, and
phlei [78]. By employing fluorescence quenching, pocket detection algorithm,
Lineweaver–Burk plots, and blind docking methodologies, quercetin was found to
curtail M. tuberculosis isocitrate lyase, resulting in an enhanced inhibitory effect on
M. tuberculosis metabolism [79]. The ethyl acetate leaf fraction of Piper
sarmentosum Roxb demonstrated to have induced pharmacodynamic effects. This
effect was observed by using the microplate tetrazolium (MTT) assay in vitro model
with MIC of 3.12μg/mL. The outcome suggests that by exhibiting a promising anti-

Table 8.4 (continued)

Chemical class of
compound
(example) Representative structure Mode of action

Cyclic amino
acids
(cycloserine)

They have similar actions like
D-alanine and act as a barrier to
cell wall development

4-quinolones
(moxifloxacin)

Moxifloxacin restricts the
synthesis of DNA by the
inhibitory activity of
topoisomerase II/IV
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TB function, the ethanol acetate fraction of the methanol leaf extract influences the
cellular level [80, 81].

Phenolic compounds such as dihydrocubebin, hinokinin, ethoxycubebin possess
antimycobacterial activity. When ethoxycubebin was handled for 24 h against
M. tuberculosis H37Rv strain bacteria, it induced a spectacular decrease in mycolic
acids, supporting the abnormal structure of bacteria with unusual and disorganized
form. It concluded that lignans had a promising potential as antimycobacterial agents
that had an impact on the metabolism of mycolic acid [82].

The inhibitory action of its constituent polyphenol epigallocatechin gallate
(EGCG) on cell signaling has intriguingly included a polyphenolic compound
present in green tea, like catechins, theaflavins, and thearubigins. Alternative treat-
ment approaches to treat tuberculosis could be EGCG interfered with the binding of
NADH to InhA. The analysis revealed that the oral administration of green tea plant
extract in mice diagnosed withM. tuberculosis resulted in reduced concentrations of
erythrocyte GSH (glutathione) caused by the infection [83].

8.4.3.4 Coumarins
There are various types of coumarins with distinct health capabilities;
antituberculosis effectiveness is obtained by dihydrofurano, simple coumarins, and
linear coumarin varieties. In the Fatoua pilosa plant, the antimycobacterial action of
coumarins is shown by the medium pressure liquid chromatography process, which
was isolated via thin layer chromatography, found effective in tuberculosis treatment
[84]. The antimycobacterial ability of prenylated coumarins and prenylated
furanocoumarins has been identified [85]. The results of our antibacterial
observations may be linked to the coumarin ring since it is understood that these
natural compounds demonstrate their impact by preventing the development of
nucleic acid bacteria. It has been shown that the insertion of a prenyl group to the
furanocoumarin framework facilitates the lipophilicity of the molecule, enabling its
passage via the thick bacterial membrane to its target [86].

Quinoline alkaloid Inhibition of Mycobacterial ATP Synthase 

scaffold

Alkaloid scaffold No cell wall formation Synthase

Alkaloid scaffold Suppress a development of cell membrane.

Probes the Proton Pump of 

Adenosine Triphosphate (ATP) 

Impedes Biosynthesis of mycolic 

acid in M. tuberculosis

Probes trehalose monomycolate 

(MmpL3) for Membrane 

Transporte.

Fig. 8.2 Mode of actions of alkaloids against M. tuberculosis [72]
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8.4.3.5 Quinones
Two compounds obtained from Artemisia capillaries, including ursolic acid
(UA) and hydroquinone, exemplify in vitro propensity to M. tuberculosis strains
with a MIC of 12.5μg/mL and an MDR/XDR strain of 12.5–25μg/mL in bioassay
fractionation. UA inhibits the biosynthesis of mycolytic acid in strain
M. tuberculosis H37Ra, resulting in a mycobacterium cell death. Naphthoquinones
isolated from Diospyros anisandra, specifically 3,30-biplumbagin and, maritinone
reveal absence of toxicity in eukaryotic cells and have 32 times greater efficacy with
strains of MDR-TB. It has been observed, in aspects of the mode of action, that
naphthoquinones influences the mycobacterium electron transport chain since they
have similar structure to menaquinone. Furthermore, menaquinone biosynthesis can
also be hindered, interfering with the transport of electrons and cellular respiration.
Three naphthoquinones 3,30-biplumbagin, maritinone, and plumbagin recorded the
high MIC of 1.56–3.33μg/mL [87, 88].

8.4.3.6 Terpenes
Parthenolide has massive antibacterial properties with a value of MIC 16μg/mL.
Parthenolide’s better antimycobacterial efficacy can be associated with its molecular
framework as it consists of two alkylation sites where the electron-poor center is
shaped by transannular cyclization with the donor at C-1 double bond and the
nucleophilic receptor at C-5 epoxide [89]. The most efficient terpenoid or
diterpenoid 12-demethylmulticauline, derived from the roots of Salvia multicaulis
possesses 0.46μg/mLMIC. Enthralling, it has greater potential efficacy than the first-
line tuberculosis drug ethambutol and almost as active as rifampin in the treatment of
tuberculosis [90]. In vitro intracellular and in vivo synergistic effects are shown by
the amalgamation of triterpenoid ursolic acid (3β-hydroxy-urs-12-en-28-oic-acid)
and oleanolic acid (3β-hydroxy-olea-12-en-28-oic acid). Both acids have an effica-
cious antilipidic action on eukaryotic cells that generate substantial features in cell
wall of the bacterial. A mycobacterium that destroys the lipid-rich complex cell
envelope may be impaired by antilipidic action [91].

Diterpenes escobarine A and escobarine B derived from the Calliandra
californica root, which was further characterized by the use of column chromatog-
raphy and vacuum liquid chromatography. Both terpenoids exhibited significant
inhibitory properties with M. tuberculosis strains in the MABA assay [92]. Polyke-
tide synthases (PKSs) have been linked directly to the biosynthesis of composite
lipids in mycobacteria or maybe some PKS mutants demonstrate receding in myco-
bacterial virulence abilities. Molecular docking study reveals the PKS retarding
activity of vulgarin and alisiaquinone. In molecular docking, vulgarin exhibited
the highest binding affinity potential for PKS with �7.95 Kcal/mol, which is ~1.4
and ~ 6.11 times stronger than that of the standard drug isoniazid �6.00 Kcal/mol
and rifampicin �1.3 Kcal/mol, respectively, and comparable binding energy for
alisiaquinone A is observed to be �7.86 Kcal/mol. Strong affinity efficiency is
attributed to the low value of molecular binding energy. The data demonstrate that
inhibiting PKS can require a much lower concentration of vulgarin and alisiaquinone
A [93, 94].
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8.4.3.7 Mechanism
The different molecular targets against M. tuberculosis comprises of synthesis of
bacteria cell wall, energy and folate metabolism, DNA replication and RNA synthe-
sis [95]. M. tuberculosis complex consists of nine different bacterial members that
are responsible for tuberculosis. One of the reasons it can spread more is since it can
tolerate some of the common disinfectants and also remain alive in dry states for
several weeks. This bacterium can transmit from one person to another via air
droplets [96].

The prevalence of mycolic acids is covalently attached to the peptidoglycan
surface of the cell wall wrapper (60–90 carbon in length). Mycolic acids and
multimethyl-branched fatty acids are prominent in the M. tuberculosis cell wall
[97]. These incredible longer fatty acids are integral for the survival, pathogenicity,
and susceptibility of M. tuberculosis to antibiotics. Mycobacterial cell envelope
antagonists have been shown to obstruct the synthesis of mycolic acids,
arabinogalactan, and peptidoglycan, essential components of the mycobacterial
cell wall [98]. The paramount antituberculous drugs hamper the development of
mycolic acids or the aid mechanism which links them to the cell membrane.
Functional tasks taking part in DNA replication entail initiators of mDNA gyrases
and DNA replication. Medicines targeting RNA synthesis encompass those that
restrict the assembly of bacterial DNA-dependent RNA polymerases, that are indis-
pensable enzymes for RNA synthesis [99].

The supply of oxygen is requisite for the development of M. tuberculosis.
M. tuberculosis bacteria have an elevated accumulation of lipids in their wall, such
that no bacteriological stain is needed. M. tuberculosis is also gradually developing
and acquiring immunity for pharmaceutical drugs as M. tuberculosis is self-
equipped; they ingest the drug by modifying their receptor type as per the chemical
makeup of medicines [100]. In order to interact with bacterial metabolism, all
bacteria consuming energy from nutrient such as folate to work by oxidative
phosphorylation (conversion of chemical energy from different sources of ATP)
may be changed in M. tuberculosis [101]. Diarylquinolones are synthetic
compounds extracted from natural quinolones that can interact with the formation
of mycobacterial energy by binding and impeding ATP synthase, culminating in a
pH homeostasis deficit, and eventually contributing to cell death. A recent, efficient,
and effective approach to the development of antimycobacterial drugs is thus aimed
at energy metabolism [102]. The DARQ class’s exploration depicts a possible route
in the analysis of TB drugs. Diarylquinolines directly suppress mycobacterial ATP
synthase and show a high degree of action towards both drug and multidrug-resistant
M. tuberculosis strains [103] (Fig. 8.3).

8.4.3.8 Safety of Medicinal Plants Use in Tuberculosis Treatment
Secondary metabolites are extracted from an herb that has been used widely since
ancient times in conventional therapeutic methods for the treatment of different
diseases [105]. Plants are enriched in various bioactive phytochemicals like
alkaloids, terpenoids, and polyphenols that are important to build immunity.
Phytochemicals play a significant role in combating ailments, such as cancer,
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tuberculosis, asthma, coronary heart disease, etc. [106, 107]. In an attempt to allow
ability with strains resistant to regular anti-TB medicines, phytochemicals have a
couple of modes of action. Both forms of M. tuberculosis that predominant in
clinical TB (whether extracellular or intracellular and replicating or dormant
mycobacteria) are to be eradicated by medicines to create proper therapy [108]. In
the early stages of TB, there could be intense oxidative pressure, and antioxidants
may play a crucial role in mitigating stress by adjuvant remedies [109]. There are
several adverse effects arise due to the standards drugs some of them are listed in
Table 8.5.

However, medicinal plants have huge benefits in maintaining the health of
tuberculosis patients with very minimal side effects. A polyphenols curcumin is an
innovative alternative to tuberculosis treatment since it is affordable and easy-to-
obtain from natural ingredients. Relying on several clinical studies, curcumin deliv-
ered to individuals at doses of 4–12 g per day has no reported toxicity, and the
immunomodulatory impact of curcumin on host cells ought to be generally resistant
to the production of M. tuberculosis drug resistance [111]. In the treatment of
tuberculosis, plant Annona sylvatica is often used. Ethyl acetate extract extracted
from A. sylvatica demonstrated no reported toxicity in Swiss mice when orally fed.
Research has also found an increase in the excess weight of mice in treated mice;
however, no apparent side effects or toxicity have been detected [112].

Firstly, it is crucial to analyze the levels of cytotoxic effects of medicinal plants to
ascertain their effectiveness. The Cissampelos pareira root has antimycobacterial
effects and is ingested orally. Cytotoxicity (CC50) of 5.22 and 55.0μg/mL, respec-
tively, was found in ethyl acetate and dichloromethane extract of C. pareira. Besides
that, in the petroleum ether fraction and methanolic fractions cytotoxicity is not
reported [113]. It has been shown that many first-line and second-line drugs used in
tuberculosis treatment have hepatotoxic effects. Garlic, silymarin, and several other
herbal products are taken alone or with synthetic compounds to mitigate the hepato-
toxic effect. So without intervening with the therapeutic activities of the drugs, they
eradicate the damaging effect. In animal models, both garlic and silymarin are
effective, and no substantial toxic effects have been documented in human
trials [114].

Table 8.5 Problems associated with current drug therapy [110]

Compounds Adverse effect

Isoniazid Eye problems, neuritis hepatitis

Pyrazinamide Hepatitis, arthralgia

Cycloserine Convulsions, headache, depression, dizziness, psychotic reactions

Rifampicin Pain, nausea, vomiting, hepatitis, thrombocytopenia

Streptomycin Vestibular and auditory nerve damage, renal damage

Thioacetazone Skin rash, exfoliative dermatitis

Ethionamide Eye problems, neuritis

Ethambutol Diarrhea, hepatotoxicity abdominal pain

Kanamycin Vertigo, nephrotoxicity, auditory nerve damage
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Antimycobacterial activity is demonstrated by natural terpenes: alpha-pinene,
(R)-limonene, (S)-limonene, bisabolol, myrcene, and β-elemene. An experiment to
determine cytotoxicity was conducted in GMK cells (monkey kidney epithelial cells)
where (R)-limonene and alpha-pinene observed no toxic effect even at high
concentrations assessed at 500μg/mL. Whereas bisabolol at a concentration of
71.12μg/mL had mild cytotoxicity against GMK cells [115]. Artemisinin, and its
semisynthetic derivatives called artesunate, is derived from the herb Artemisia
annua. Two separate doses of artesunate (1.75 mg/kg) and artemisinin (3.5 mg/kg)
were administered orally for 4 weeks in six-week-old female rats. Two of these
compounds exhibit no toxicity in this in vivo model. These compounds, which
demonstrated their antituberculosis function, have been found to impair the produc-
tion of M. tuberculosis [116].

8.5 Conclusion

Human beings have been the only known source of M. tuberculosis transmission.
These bacteria are breathed by healthy individuals and inevitably result in tubercu-
losis infection. M. tuberculosis imparts resistance to first and second-line
antituberculosis drugs resultant in complex treatment therapy. Plants are abundant
with a myriad of bioactive phytochemicals that are incredibly important for the
normal functioning of the immune system, such as alkaloids, terpenoids, and
polyphenols. The extraction of metabolites from the plant derives of natural products
is a groundbreaking technology in the discovery and exploration of the potential
leading medicinal drugs. Various molecular pathways for the target to cure tubercu-
losis entail the targets of M. tuberculosis cell wall synthesis, energy metabolism,
folate metabolism, DNA replication, and RNA synthesis. Interestingly, in preserving
the health of patients diagnosed with tuberculosis, medicinal plants have tremendous
advantages with limited side effects as compared to the standard drugs.
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Abstract

Tuberculosis, caused by Mycobacterium tuberculosis, is a significant infectious
disease. Even with the fact that the causative organism was already found more
than 100 years ago and many successful medicines and vaccines are already
provided rendering tuberculosis a preventable and curable disease, tuberculosis
still remnants as one of the public health conditions worldwide. The fundamental
principles of tuberculosis prevention and control are the same as with all other
infectious diseases. The curative part consists of the tuberculosis case finding and
treatment and the preventive part involves the BCG vaccination and these serve as
the major components of the national tuberculosis initiative to cure the disease
and sojourn its transmission. However, case finding and treatment are still
considered to be the most effective weapon against tuberculosis. Around world’s
1/3rd of the existing population is projected to be asymptomatically infected with
tuberculosis and about 5–10% are likely to progress clinical disease during their
lifetime. The disease’s long-lasting persistence is due to the propensity of the
tubercle bacilli to survive for years in the human body. Development of drug-
resistant strains, and HIV infection occurrences are the major reasons for high
infection rates are prevalent in many countries. There is an urgent need to look for
new medicines that are successful and affordable for everyone but in the last
30 years, no new antitubercular drugs have been developed and successfully
launched. Due to its large chemical diversity, plant kingdom can look forward to
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an effective source of new antitubercular agents but the antimycobacterial activity
of very limited plant species has been tested so far, even after the occurrence of
several plant species worldwide.

Keywords

Tuberculosis · BCG vaccination · HIV infection · Drug-resistant ·
Antimycobacterial activity · Medicinal plant

9.1 Introduction

The World Health Organization estimates that, annually, around 8 million people
develop active tuberculosis globally, and nearly 2 million people die from the
disease [1]. Tuberculosis is still being a public health emergency worldwide because
the maximum deaths caused by this infectious disease among adults have been
reported continuously for the past 25 years [2].

Tuberculosis is well-defined as a bacterial infectious disease that is caused by
Mycobacterium tuberculosis (MTB), mainly infect the lung, and can also spire all
over the body like brain and spine. It can cause mild to severe illness, and untreated
conditions lead to death.

Tuberculosis can be considered as the example of infectious disease and the
transmission mode is primarily through the Mycobacterium tuberculosis complex
and caused via aerosol of cough and it is having a lung predilection which causes, in
almost 85% of cases, necrotizing granulomatous inflammation, although involve-
ment of any extrapulmonary site can also be predicted [3]. The modern treatment for
TB consists of a drug regime including ethambutol, isoniazid, rifampicin, and
pyrazinamide prescribed for at least over 6 months. Despite having a high recovery
rate, the effectiveness of this prescription is still limited by compliance issues, which
result in a rise of strains that are resistant to some or all of the first- and second-line
antibiotic treatment [2]. A poor prognosis is revealed by these Mycobacterium
tuberculosis strains which are known as drug-resistant [TDR] strain, extensively
drug-resistant [XDR] strain, andmultidrug-resistant [MDR] strains [3, 4]. Tuberculo-
sis-resistant drugs are currently the most dangerous mortal pathogens in the world
and are considered to be responsible for countless deaths due to antimicrobial
resistance and hence it is treated as one of the world’s biggest health problems and
there is great desire, enormous need, and urgent action to resolve this problem and
totally cure the pathogen [2] (Fig. 9.1).
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9.2 Tuberculosis: Epidemiology

Tuberculosis has a considerable effect on both morbidity and mortality worldwide.
World Health Organization (WHO) reported approximately 10 million new patients
of tuberculosis in 2018 and about 1.8 million people died with tuberculosis which
include 251,000 patients with HIV. The major cluster was reported in 30 high risk
countries containing about 87% of the total number ranging nearly 8.7 million
patients. 8 countries for 2/3 of all the new tuberculosis cases include China,
South Africa, India, Bangladesh, Indonesia, Pakistan, Philippines, and Nigeria.

Nearly 6.4 million of these were diagnosed with the disease and notified on the
record. Mortality due to tuberculosis is estimated to be 1.3 million people each year
[2]. Although over the past 13 years there is a decreasing trend at the rate of
approximately 2% per year, in the incidence of global tuberculosis the substantiality
of disease problem remains remarkable. Tuberculosis infection patients are found all
over the world, Southeast Asian regain reported highest number of cases in 2018
followed by 44% new infected cases in African region, and 18% in Western Pacific
region.

With an average of 126 cases per 100,000 population, approximately 9 million
new cases of mycobacterial tuberculosis were registered in 2013, of which more than
60% were focused in the major 22 high-burden countries [5]. With nearly 13% of the
global incident caseload, it is estimated that about 1.1 million people were reported
to have tuberculosis with HIV co-infection in 2013 [4, 6]. Nearly 80% of these cases
have been concentrated in Africa and HIV-related deaths constitute nearly 25% of all
deaths from tuberculosis. In 2013, 480,000 new cases of multidrug-resistant tuber-
culosis (MDR) have been identified globally leading to approximately 210,000
deaths [3].

Fig. 9.1 Types of tuberculosis infection
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There is a slow decrease of about 1.6% per year in the incidence of global
tuberculosis, which is far from being 4–5% expected to meet the WHO End TB
Strategy targets, but deaths are more rapidly decreasing at a rate of 4.1% per year.
Conferring to the Global Burden of Diseases, there is an estimate that around
58 million patients recovered completely through tuberculosis diagnosis and treat-
ment in the year 2000–2018, only a few countries will be able to end this epidemic
and achieve the UN Sustainable Development Goals by 2030, completely ending
tuberculosis epidemic by 2030 is one of the major health targets [2, 3, 7, 8].

9.3 Who Are Susceptible?

Those who are in close contact with tuberculosis patients are more susceptible to
becoming infected and mostly within the initial stage after exposure with contacts
[2]. Those who are less than 5 years of age and/or HIV infected have the utmost risk
of emerging tuberculosis co-infection [3]. People who are at higher risk of develop-
ing tuberculosis can be recognized based on their past medical history and with some
simple diagnostic tests [2, 9].

9.4 Tuberculosis: Diagnosis

Tuberculosis is well known as a major public health problem for many years. In the
past few years, it is notable that there is a huge change in the epidemiological profile
of tuberculosis [10]. The diagnosis of tuberculosis is based on many clinical and
radiological opinions but confirmation requires bacteriological and/or histological
tests. The culture of bacteria remains the gold standard for the confirmation of
tuberculosis [2, 9]. Extrapulmonary tuberculosis is confirmed by examining a
sample in normal saline for microscopy and culture. Histopathology can be used
to identify characteristic changes like caseation, acid-fast bacilli, and necrotizing
granulomas [10].

9.5 Tuberculosis: Aetiology and Pathophysiology.

The existence of Mycobacterium tuberculosis in the body leads to the following
sequelae [11–13]:

• Direct clearance of the organism from the body.
• Reactivation disease which is the activation of disease after many years.
• Primary disease which is the onset of active disease.
• Latent infection.

Along with having no underlying medical problems and latent infection, in
5–10% cases, tuberculosis reactivation occurs in patients [1] and relative risk of
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reactivation significantly rises with infection of HIV. The communicable droplets of
bacteria spread throughout the airways during inhalation and with the support of
mucus-secreting goblet cells, most of the bacilli are trapped in airway’s upper parts
[14, 15].

Mucus helps to easily entrap foreign substances and the mucus regularly shattered
by cilia which are present on the cell surface, which also upwards the entrapped
particles for removals. The process helps the primary physical defence for the
prevention of infection in maximum people exposed to tuberculosis [16]. Phagocy-
tosis of the bacteria, which are present in the droplets and enter the muco-ciliary
system reaching the alveoli, are done by alveolar macrophages present in alveolar
spaces with the richest immune response. Failure to eliminate the infection by the
defence system of host results in the proliferation of bacilli inside alveolar
macrophages and eventually it causes the death of the cells in the host system [17].

Cytokines are generated by the infected macrophages and other phagocytic cells
attracted, including monocytes neutrophils and other alveolar macrophages,
contributing to the formation of a nodular granulomatous structure known as a
tubercle. If bacterial replication remains unchecked, tuberculosis will increase and
the bacilli will enter the lymph nodes of local host which results in the characteristic
primary tuberculosis lymphadenopathy [18]. The Ghon complex is considered as a
lesion which is triggered by the formation of the tubercle with the participation of
lymph nodes and surrounding lung parenchyma. Bacteraemia can often succeed
primary infection, there is a continuous proliferation of the bacilli till an active cell-
mediated immune (CMI) response is mounted, which generally takes almost
2–6 weeks to develop [13]. Progressive destruction of the lung is a result of tissue
repair process, if an effective CMI response fails to develop. One of the
characteristics of tuberculous lesion is caseating necrosis and this is governed by
the reactive nitrogen, oxygen intermediates, tumour necrosis factor [TNF]-alpha,
and the contents of cytotoxic cells (granzymes and perforin) [19]. Reactivation of
tuberculosis is led by the proliferation of a dormant bacterium which was previously
seeded during the primary infection and almost 5–10% of individuals having a latent
infection and no primary medical problems can develop reactivation of the infection
[4, 20].

9.6 Tuberculosis: Transmission

Mycobacterium tuberculosis infection is around one-third of the total infections in
world’s population and the most widespread of the all is pulmonary tuberculosis.
The person’s immune status as the latent host itself, the infectiousness of the primary
case, and the closeness of contact are the determining factor for the chances of
infection [21]. Symptoms like coughing, shouting, sneezing, singing, and any other
potent expiratory action that involves any kind of respiratory secretions from the
airways with coughing are the most effective in producing infectious aerosols
[11, 22]. Mostly the infection may occur due to inhaling droplet nuclei in the
respiratory system, which are spread all over the air by the various activity of PTB
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[pulmonary tuberculosis] patients when they sing, spit, sneeze, talk, and cough
without covering their face [11, 22]. The bronchi’s defence mechanism is not able
to detect the minute droplet particles and the results contamination is into the
terminal alveoli of the lungs, and local lymph nodes become the centre where the
tubercle bacilli reproduce and spread and after that, they transfer all over the body
[6, 10]. Delayed hypersensitivity is the immune response progressed by the body
toward the tubercle bacilli almost 6 weeks after primary infection. Mostly, the
additional multiplication of the tubercle bacilli is stopped by the immune responses
and a positive result in a tuberculin skin test of the infected person is the only sign of
infections [3, 9].

People with index tuberculosis cases, who are HIV infected mostly those with
advanced immunosuppression were hypothesized to be less expected than
HIV-uninfected entities with tuberculosis to spread to household contacts, possibly
because of a more possibility of having smear-negative tuberculosis and a shorter
duration of infectiousness due to more speedy progression to death [3, 9]. Primarily,
the highest transmission is within the family units but erratic outbreaks can occur in
any setting, from factories to schools to the public transportations [3, 9] (Fig. 9.2).

9.7 Treatment for Tuberculosis

The main aim of TB therapy is to minimalize the time interval of illness, certify
therapy, reduce mortality rate, stop recurring of the disease, and also stop transmis-
sion of the infection, with completely stop the emergence of drug resistance.

Fig. 9.2 Transmission in pulmonary tuberculosis [3, 9, 18]
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[23]. WHO’s given a guidelines for all on how to prescribe anti-TB medication,
which also includes recommendations on dosages frequency, how to monitoring side
effects, how to manage of side effects, and also how to treat in special situations, for
example during pregnancy, breastfeeding and also with the patients having liver
disorders or renal failure conditions [24].

As a policy to observe, improve, and minimize avoidance the tuberculosis
prevention programmes execute directly observed therapy (DOT) without a good
indication that it was successful [19]. For drug-sensitive tuberculosis, Rifampicin
and Isoniazid are prescribed along with pyrazinamide for 6 months and ethambutol
is suggested for first 2 months, and this was established for many years after the
evidence-based treatment was accepted, and thus the treatment is vastly effective till
now [25, 26]. This regime is called a short course, but still, the treatment’s time-
interval is its main disadvantage [20]. The complete success of the treatment is well-
defined by the accomplishment of therapy with a negative result of the follow-up
sputum smears microscopy test. The sputum culture change typically takes approxi-
mately 4–6 weeks in the sputum-smear-positive pulmonary tuberculosis test
[22, 27].

9.8 Medicinal Plants Having Antituberculosis Activity

Some natural products and their plant-derived entity stand repeatedly a vary vast
source of drugs and drug molecules showing limited toxicity, they are having the
potential of moderate compliance issues inpatient during prolonged administration
of the remedy to cure the disease [24]. Traditional medicines have been used
worldwide for years to cure many diseases and these medicines are prepared from
many plant-derived sources [24, 28].

For their primary health treatment, roughly 60% of the world’s population still
relies solely on medicinal plants. Despite the fact that only a few plant species have
been systematically studied for their medicinal properties and used for healing
diseases, the plant species serve as a rich source for many novel biologically active
compounds; therefore, nowadays there is a new interest increased in phytomedicine
research [14]. In the particular context of tuberculosis, there are many studies
conducted on plants to see the antituberculosis effects by therapists and patients in
many kinds of research with the aim of determining the usage of a plant or herbal
mixtures to cure tuberculosis diseases and the outcome found the positive supportive
use of plant and drugs in the study [15]. The old remedies were carefully evaluated
and the parameters in their studies include herbal drug formulation, traditional
formulation, treatment duration, and posology [29].

Plants all over the world have been discovered for antituberculosis activity
[17]. Few plants those chemical constituents having antimycobacterial activities
include Hypericum perforatum L. Kuntze, Curcuma longa L., Salvadora persica
L., Plumeria bicolor Seem, Cannabis sativa L., Ocimum basilicum L., Camellia
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sinensis (L.), several Vernonia species, and honey/propolis [30]. A popular plant
species named widely found in South Africa well known as A. afra is widely
distributed towards the northwards of tropical East Africa in the Cape’s Cederberg
Mountains and commonly used in South Africa for the treatment of coughs, sore
throat, diabetes, intestinal worms, malaria, asthma, colds, headache, and gout
[31]. The extracts have shown the potential action of antioxidant, antidepressant,
cardiovascular, and antimycobacterial activity in some animal studies. Important
activities are verified against drug-sensitive and drug-resistant strains of Mycobac-
terium tuberculosis by the 3 naphthoquinones including shinanolone, diospyrin, and
7-methyljuglone [31, 32]. Knowltonia vesicatoria (Ranunculaceae) found in
South Africa traditionally was also used for the treatment of tuberculosis for years
and its extracts are used to explore the possibility of synergism effect of
antimycobacterial activity along with the isoniazid (INH) [33]. Bolusanthus specious
which is broadly distributed in subtropical regions of South Africa including
Botswana, Mozambique, Zambia, and Zimbabwe and is the most common plant of
Fabaceae family used to cure tuberculosis for a long time, a part that is commonly
used is the dry inner bark of the tree [28, 31, 34] (Table 9.1).

9.9 Tuberculosis: Conclusion and Future Prospectus

Because of multi-drug-resistant strain of Mycobacterium tuberculosis and its selec-
tion and spread still poses a challenge to global tuberculosis control and can be
considered as a Global Health Problem [21]. The re-emergence of infection of
tuberculosis has obsessed a widening interest in sympathizing with the mechanisms
of drug action and drug resistance, which can contribute significantly to the devel-
opment and production of new antimicrobials [34]. Plants, in some countries, are the
primary source of treatment of tuberculosis. However, plant materials have high
antimycobacterial activity and it is well proven that they also have resistance
modifying properties, hence certain derives products from a plant can also help
combat drug resistance [3]. Unfortunately, till now no plant molecules have yet been
marketed or tested to treat mycobacterial infections. Most studies were not expanded
much to identify bioactive plant metabolites and were mostly based on the identifi-
cation of antimycobacterial properties of crude plant extracts [1, 31]. In the future, a
combination of modern treatment screening knowledge along with traditional
knowledge of plants can lead to the finding of a good anti-tuberculosis treatment.
This can prevent further spread of the disease and decrease the morbidity and
mortality of the infection and reduce annual deaths occurring during pandemics
throughout the world [7].
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Table 9.1 Mediational plant with their bioactive compound and parts used in the treatment of
tuberculosis [5, 23, 24, 28, 31, 34].

Potentially bioactive compounds
found effective against
mycobacterium tuberculosis

Plant
part
used Botanical name Plant family

Sulphur compounds Bulbs
and
leaves

Tulbaghia violacea Harv. Alliaceae

Oleanolic and ursolic acids Whole
plant

Leysera gnaphalodes L. Asteraceae

5,7,2-Trihydroxyflavone Leaves Galenia africana L. Aizoaceae

Chalcone glucosides Bidens pilosa L. Asteraceae

Glycosides, alkaloids, flavonoids,
and terpenes

Leaves
and
bulb

Allium cepa. Amaryllidaceae

Tannins, saponins, flavonoids, and
terpenoids

Leaves Aloe vera var.
barbadensis

Asphodelaceae

Oleanolic acid Leaves,
stems

Buddleja saligna L. Buddlejaceae

Berberine, columbin, chasmanthin,
palmarin, inosporon, tinosporic acid,
and tinosporol

Stem
and
leaves

Trichosanthes Cucurbitaceae

Alkaloids, flavonoids, tannins, and
bioflavonoids

Leaves
and
seeds

Garcinia kola Heckel;
Garcinia spp.

Celastraceae

Flavonoids, phenols and their
glycosides, glycosylated flavonols,
flavanones, isoflavonoids, and
flavones

Leaves
and
stems

Cyclopia intermedia
E. Mey

Fabaceae

Hydroxyproline, serine, dimethyl-
triptamine, amyrin, and botulin

Bark Acacia xanthophloea
Benth

Fabaceae

Tannins, other phenolic compounds,
essential oils, flavonoids, and
Phytosterols and fatty acids

Tuber Pelargonium spp.
(notably P. reniforme
Curt. And P. sidoides
DC.)

Geraniaceae

Coumarins, namely frutinones A, B,
and C

Whole
plant

Polygala fruticosa berg. Polygalaceae

Ursolic acid, apigenin, orientin, and
luteolin

Leaves
and
seeds

Ocimum sanctum Lamiaceae

Alpinumisoflavone, genistein,
laburnetin, and luteolin

Stem
bark

Ficus chlamydocarpa Moraceae

Benzophenanthridine, decarine, and
6-acetonyldyhydronitidine

Roots Zanthoxylum capense Rutaceae

Anthraquinones, alizarin,
asperuloside, nordamnacanthol,
ursolic acid, β-Sitosterol,
asperuloside, and caproic acid

Roots
and
leaves

Morinda citrifolia Rubiaceae

(continued)
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Natural Compounds as Versatile Potential
Therapeutic Agents of Lung Cancer 10
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Abstract

Cancer is a condition in which cell proliferation becomes unregulated and leads to
unchecked and non-terminating growth. It is considered one of the most impor-
tant causes of death throughout the world. Among all sorts of cancers, lung cancer
is the most common and foremost cause of mortality. Late diagnosis and lack of
efficient therapeutic intervention are the chief players that cause limitations in the
treatment of this type of cancer. Two main types of lung cancer are small cell lung
cancer (SCLC) and non-small cell lung cancer (NSCLC). Various therapeutic
approaches have been evaluated against lung cancer treatment such as radiother-
apy, chemotherapy, surgery, and immunotherapy. Cancer cells manifest resis-
tance against chemotherapeutic drugs and become unable to halt the metastasis of
tumor cells. In this notion, natural compounds always act as an alternative
approach with fewer side effects from history. Natural compounds such as
phytochemicals have been shown as promising therapeutic agents due to their
apoptotic, antioxidative, and anti-inflammatory activities. In this chapter, the role
of these natural compounds is elaborated and well-defined with their therapeutic
targets. Flavonoids, phenols, alkaloids, quinones, naphthaquinones, bibenzyl,
and carotenoids have been extensively used that may target apoptotic signaling
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pathways, halt metastasis, prevent the formation of new blood vessels and
invasion of a tumor to the surrounding area. Moreover, the synergistic effect of
chemotherapeutic drugs and natural compounds also potentially inhibits the
growth and progression of tumor cells. All these aspects have been discussed in
the present segment.

Keywords

Natural compounds · Lung cancer · Apoptosis · Tumor · p53

10.1 Introduction

Cancer is a group of disorders that occur due to dysregulated cell proliferation and
growth without terminating. Cancer is the second biggest cause of mortality world-
wide. In specific organs, more than a hundred divergent types and subtypes of cancer
have been found. Several types of cancers such as colorectal, lung, liver, breast, and
gastric cancer have been reported in humans. There are commonly six physiological
properties that characterized the development of tumors including evasion of apo-
ptosis, growth signals self-sufficiency, growth-inhibitory signals insensitivity,
sustained angiogenesis, unlimited replicative potential, and tissue metastasis and
invasion [1].

10.1.1 Lung Cancer

Among all lung cancer is the most diagnosed and leading cause of cancer mortality
throughout the world with a prevalence rate of 40% [2]. According to a recent
estimate, 1.8 million people were diagnosed with lung carcinoma till 2012. The lack
of reliable and appropriate therapeutic targets and biomarkers, late diagnosis, and
incompetent drugs form a restriction in lung cancer treatment [3]. Lung cancer is
further categorized into small cell lung cancer (SCLC) and non-small cell lung
cancer (NSCLC) which is three-fourths of all lung cancers. Smoking and older age
are accounted for as the main causes of NSCLC [4].

The incidence of lung cancer correlates directly with the pattern of tobacco
smoking (predominant risk factor). Greater than 80% of cases in men are reported
due to exposure to tobacco, while in women the risk is less: in Northern Europe is
about 70% and 45% throughout the world. Besides smoking, numerous other agents
are known to increase lung cancer risk including exposure to chromium VI,
chloromethyl ethers, nickel, asbestos, radon, or carcinogenic air pollutants, and
environmental exposure to tobacco smoke [5]. Apoptosis acts as a defensive system
that prevents an unregulated cell cycle. Bcl2 family genes such as Bad, Bax, Bik, and
Bak are found to encourage cell death, whereas Bcl-XL halts apoptosis. Dimeriza-
tion of Bcl-2/Bax is the principal step that regulates apoptosis through caspase
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proteins and has a central role to play in induction, amplification, transduction, and
execution of apoptotic stimuli within the cellular system [6].

10.1.2 Pathophysiology of Lung Cancer

Lung cancer originates via multiple processes including genetic and epigenetic
modifications that drive the uncontrolled proliferation of cells and dysregulated
apoptotic machinery. As tumor growth increases, it switches to expand the vascular
network of blood vessels (angiogenesis) for oxygen and nutrient supply to the
growing tumor. Following it, tumor cells start to invade the nearby surrounding
tissues, and distant tissue sites to develop a new secondary tumor (metastasis).
Additionally, driver mutations also play a key role in the growth and progression
of tumor cells. For example, rearrangements of ROS1 (ROS proto-oncogene 1 recep-
tor tyrosine kinase), ALK (anaplastic lymphoma kinase), and activating mutations in
EGFR (epidermal growth factor receptor) contribute to NSCLC progression via
activation of multiple signaling pathways including MEK/ERK, PI3K/Akt. These
signaling pathways initiate a cascade of reactions and enhance proliferation, angio-
genesis, and metastasis of tumor cells [7]. Similarly, VEGF (vascular endothelial
growth factor) and MMPs (matrix metalloproteinases) also participate in angiogene-
sis and metastasis of lung cancer, respectively [8].

10.1.3 Conventional Treatments

Chemotherapy, radiation, immunotherapy, and surgery are mostly used treatment
strategies to reduce the growth of lung cancer cells [9]. Radiation and surgery
therapies are mostly used to cure early-stage lung cancer; however, these approaches
are related to a high risk for cancer recurrence [10]. Chemotherapy is the common
most treatment option for lung cancer. The choice of chemotherapeutic agents
depends on the severity of tumor proliferation and progression. Platinum-based
agents (carboplatin, cisplatin) act as the main component of chemotherapy (first
line) despite the stage of lung cancer (Fig. 10.1). Cisplatin is a cytotoxic agent that
induces DNA damage and activates the apoptotic pathway and most commonly used
at the clinical level. However, cisplatin has been found to cause chemo-resistance
and unfortunately unable to cure advanced lung cancer alone [11].

Other treatment agents (targeted therapy) include tubulin inhibitors (paclitaxel,
docetaxel), topoisomerase I inhibitors (topotecan, irinotecan), and antimetabolites
(pemetrexed, gemcitabine). Additionally, tyrosine kinase inhibitors including anti-
VEGF antibodies (bevacizumab), and EGFR inhibitors (gefitinib, erlotinib) have
been also used [12]. Unfortunately, the development of resistance in response to
chemotherapy is the main obstacle in the treatment of lung cancer. Therefore, most
emerging and effective therapy is the use of natural products that has the potential to
be used as chemotherapeutic and chemopreventive agents with low or no side
effects [13].
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10.1.4 Natural Compounds

From the drug discovery history, natural products and their derived compounds are
the alternative therapeutic approaches due to their ability to induce apoptosis in
malignant cells as compared to normal healthy cells [14]. The main mechanism to
control cancer is the induction of apoptosis to halt the proliferation of tumor cells.
There are two main pathways targeted to cancer cells which are extrinsic and
intrinsic apoptotic pathways [15]. Among natural products, phytochemicals are
well known and promising therapeutic agents due to their anti-inflammatory and
antioxidative activities. Apples, bananas, tomatoes, fish, herbal tea, white wine, and
marine food are sources of phytochemicals that allow lung function recovery
[16]. Phytochemicals include alkaloids (berberine, beta-carboline), phenols (resver-
atrol, EGCG, gallic acid), flavonoids (quercetin, curcumin, genistein), carotenoids
(β-carotene), naphthoquinones (shikonin, plumbagin), quinones (celastrol,
tanshinone), cardiac glycosides (Ouabain, β-D-digitoxose), and bibenzyl (gigantol,
TDB) have been elaborated due to their extensive use in the treatment of lung
cancer [17].

Moreover, various active anti-cancer constituents that are derived from
vegetables including micronutrients (such as folic acid, vitamin E and C, selenium),
and bioactive compounds such as glucosinolates, isothiocyanates, and indoles
have been found to contribute in reducing the risk of cancer. These agents either
exert direct action through radical scavenging or indirect action via interacting with
the body’s molecular and metabolic processes to prevent cancer metastasis [5].

This chapter focuses on the molecular targets of natural compounds targeting
apoptosis, metastasis, angiogenesis to prevent the progression of lung cancer. In this
regard, beneficial constituents of natural compounds with anti-lung cancer activities
and their chemotherapeutic potential have been discussed in detail.

Fig. 10.1 Treatment strategies for lung cancer

232 R. Akram et al.



10.2 Molecular Targets of Natural Compounds

The unique mechanism of natural compounds provides the knowledge of their useful
activity against cancer cells. The molecular mechanism of natural compounds with
anticancer properties plays an important part in the development of drug-associated
therapeutic approaches for cancer treatment. Target molecules for lung cancer
treatment are given below in detail.

10.2.1 Natural Compounds Targeting Apoptotic Pathways

Apoptosis, a series of events involves morphological alterations such as blebbing of
plasma and nuclear membrane, shrinkage of the cell, nuclear lamina dissolution, and
various biochemical processes responsible for critical activation of apoptosis.
Medicinal plants from potent active compounds act as good inducer of apoptosis
in lung cancer cells [18]. Different herbs (Thai) such as Croton oblongifolius,
Erythrophleum succirubrum, and Bridelia ovata were found to induce cytotoxicity
in A549 lung cancer cells [19]. Further, Citrus aurantium (a mixture of flavonoids)
was reported to mediate p-p53 and cleaved caspase-3 to induce apoptosis in NSCLC
(A549) cells [20].

10.2.2 Natural Compounds Arrest Angiogenesis

Angiogenesis is a process of the formation of new blood vessels from pre-existing
vessels. It takes the most important part of the growth and spread of lung cancer
because it significantly induces the growth and development of novel blood vessels
[21]. Hence, blockade of angiogenesis is found as a potent therapeutic target for lung
cancer cells. Vascular endothelial growth factors (VEGF) associated with vascular
endothelial development contribute a key role in angiogenesis. Along with VEGF,
other related indirect angiogenic factors, including platelet-derived growth factor
(PDGF), tumor growth factor-alpha (TGF-α), and basic fibroblast growth factor
(bFGF) also participate in the spread of a tumor. Various clinical trials have
presented VEGF-targeted therapies to prevent the spread of cancer cells via
inhibiting angiogenesis [18, 22].

10.2.3 Natural Compounds Attenuating Metastasis

Metastasis is the most important characteristic of malignant neoplasm and the
leading cause of mortality in cancer patients. Tumor cell intravasation, dissociation,
invasion, spread to distant organs, and increased motility to arrest cells of the small
vessels are all related to tumor metastasis. MMPs (Matrix metalloproteinases) are
extracellular matrix proteolytic enzymes and related to invasion and metastasis of
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cancer. Among all members of the MMP family, MMP-9 and MMP-2 significantly
alter the metastatic processes [23, 24].

Several natural product molecules have been reported to target the metastasis of
tumor cells to prevent the spread of cancer. Epicatechin-3-gallate derived from green
tea was revealed to upregulate E-cadherin and oppose the TGF-β1-induced EMT.
Moreover, baicalein and wogonin (flavone component) in Scutellaria baicalensis
were reported to induce downregulation of MMP-9 and the MMP-2 in both the A549
and H1299 cells [25].

10.2.4 Natural Compounds Targeting ROS

Reactive oxygen species (ROS) signaling is recently considered the main research
focuses on lung cancer cells [26]. Few studies mentioned the use of herbal extracts
can reduce active oxygen species in lung cancer cells. Histone deacetylase (HDAC)
was reported to regulate oxidative stress pathways and can be used with curcumin
(C. longa L.), and epigallocatechin 3-gallate (Camellia sinensis), and sulforaphane
(Brassica oleracea) to combat NSCLC [18].

10.3 Anti-Lung Cancer Natural Compounds

Natural compounds-derived phytochemicals are considered as an alternative
approach for therapeutic development against lung cancer. Phytochemicals unde-
niably have the potential to improve the outcome of lung cancer treatment with fewer
side impacts. A brief overview of natural products with non-apoptotic or apoptotic
effects is described below.

10.3.1 Flavonoids and Lung Cancer

Flavonoids are polyphenolic compounds associated to reduce the risk factor of
different types of lung cancer such as lung cancer and found in vegetables and
fruits. Flavonoids have many beneficial effects and altered molecular mechanisms in
tumor cells as well as inhibit the production of reactive oxygen species. Of these,
some of the important flavonoids are discussed below [27].

10.3.1.1 Quercetin
Quercetin (3,3,40,5,7-pentahydroxyflavone) is a potent antioxidant and black tea,
green tea, vegetables, fruits, and medicinal plants including Euonymus alatus
(Thunb.) Sieb are a rich source of quercetin. Among all of the above mentioned
sources, the apples and onions are excellent derivatives of quercetin. Various studies
have reported the beneficial role of quercetin as an anti-inflammatory, anti-hyperten-
sive therapeutic, and preventive agent for cancer cells. Quercetin involved in the cell
cycle inhibition and death receptor signaling pathway in H460 cells in NSCLC, as
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revealed in a recent study. In fact, quercetin sensitizes apoptosis (TRAIL-induced) in
NSCLC cells through two main independent pathways including suppression of
survivin (Akt-mediated) expression and induction of death receptor-5 (DR5) through
PKC (Fig. 10.2). Moreover, quercetin was found to downregulate NF-κB expression
and upregulate IκBα (inhibitor of NF-κB) at both protein and mRNA levels and
potentiate apoptosis in H460 cancer cells [28, 29]. Cytochrome P450 enzymes
including CYP1A1 and CYP3A4 play a crucial role in the bioactivation of polycy-
clic aromatic hydrocarbons carcinogens in squamous cell lung carcinoma. Since
quercetin can modify the CYP1A1 genotype via inhibiting P450 enzymes and it is
strongly suggested by clinical studies [30]. Moreover, quercetin has also been found
to upregulate Snail independent ADAM9 expressions and maspin to inhibit Snail
dependent-Akt activation to suppress EMT in human NSCLC cells [31].

10.3.1.2 Curcumin
Curcumin is a bioactive component of the natural dietary compound turmeric spice
and has the potential to exert anticancer effects on several types of cancers including
lung cancer [32]. As suggested by in vitro studies via p53 independent and
mitochondria-dependent pathways, curcumin induces apoptosis (Fig. 10.3). In the
G2/M phase, curcumin strongly upregulates cell cycle arrest, Bad, Bax, FAS/CD95
and downregulates cyclin E, D (cell cycle regulator), Bcl-xL, Bcl-2, XIAP protein

PI3K: Phosphoinositide 3-kinase; PKC: Protein kinase C; AKT: Protein kinase B; SNAIL: 

Zinc finger transcription factor; NFκB: Nuclear factor kappa B; IκBα: I- kappa B alpha; 

ADAM-9: Disintegrin and metalloproteinase domain-containing protein 9; Bid: Pro-

apoptotic protein; Caspase-3: Protein; Caspase-8: Protein; HER2: human epidermal growth 

factor receptor-2; DR5: Death receptor-5; EMT: epithelial to mesenchymal transition

Fig. 10.2 Anti-lung cancer mechanistic approach of quercetin
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expression and also able to increase intracellular calcium, endoplasmic reticulum
stress, ROS which ultimately leads to interrupt potential of mitochondrial membrane
and induces activation of caspases in the cultured H460 cells [33–36]. Besides potent
apoptotic effects of curcumin, it also induces an inhibitory effect on tumor survival
as well as progression [37]. Additionally, in lung A549 cells curcumin was found to
suppress proliferation, metastasis, and invasion via reducing MT-1, MMP, MMP2,
and GLUT-1 for cancer intervention [38].

10.3.1.3 Genistein
Genistein (GEN), an isoflavone present in soybeans, soy sauce, soy milk, and tofu,
enhances autophagy and apoptosis of cancer cells especially in lung cancer, breast
cancer, lymphoma, and gastric cancer [39, 40]. It also enhances the efficacy of
radiotherapy in tumor cells and also attenuating inflammatory injuries in normal
cells that are caused by ionizing radiation. Autophagy involves the lysosomal
degradation pathway which mediates the death of cancerous cells. Similarly, GEN
inhibits Bcl-xL translocation and is found to promote apoptosis in NSCLC cells via
dissociating Bcl-xL from Beclin-1 as revealed from in vitro and in vivo study [41].

G2/M Phase: Cell cycle phases; Bad: BCL2 associated agonist of cell death; Bax: BCL2 

associated X protein; FAS/CD95: Tumor necrosis factor receptor; Cyclin D/E: Cell cycle 

regulator protein; Bcl-xL: Anti-apoptotic protein; Caspases: Apoptotic protein; Bcl-2: B-cell 

lymphoma 2; XIAP: X-Linked Inhibitor Of Apoptosis; MT-1: Metallothionein-1 protein; 

MMP: Matrix metalloproteinases; MMP2: Matrix metalloproteinases-2; GLUT-1: Glucose 

transporter-1; Ca: Calcium; ROS: Reactive oxygen species

Fig. 10.3 Anti-lung cancer mechanistic approach of curcumin
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10.3.1.4 Silymarin
Silymarin is obtained commonly from Silybum marianum L. Gaertn. (milk thistle)
plant and has anticancer properties. Silymarin has no side effects on non-malignant
cells but toxic against malignant cells [42]. It is also found that silymarin can restore
or reactivate E-cadherin expression in H460 and A549 cells. In fact, E-cadherin
expression is directly linked to reducing NSCLC cell migration. Thus, silymarin
treatment significantly contributes to regulating HAT activation and HDAC inacti-
vation to control the expression of E-cadherin. Additionally, silymarin also targets
transcription factor ZEB1 that downregulates HDAC1/2. Anti-lung cancer activity
of silymarin has been explored in NSCLC cell lines (H460 and A549) that poten-
tially correlate to the level of miR-203 (tumor suppressor) expression. Conclusively,
silymarin treatment significantly regulates proliferation, invasion as well as metasta-
sis of tumor cells via targeting particular genes [43, 44].

10.3.2 Alkaloids and Lung Cancer

10.3.2.1 Sophoridine
Sophoridine (SRI) being quinolizidine alkaloid possesses a wide range of beneficial
properties such as anticancer, anti-inflammatory, antiviral, and also mediates cardiac
protection. Extract of Sophora alopecuroides L. is a source of sophoridine. Food and
Drug Administration (FDA) of China has approved sophoridine injections as a
treatment strategy for malignant trophoblastic tumors in 2005. Recently, SRI was
also reported to exert an inhibitory effect on malignant tumors. Growing evidence
demonstrated that the anticancer activity of SRI is due to its ability to activate p53
signaling in gliomas. Along with p53, the hippo pathway dysregulation also
contributes to lung cancer tumorigenesis via regulating the YAP–TEAD complex.
MDM2 acts as a down-regulator of p53 and mediates p53 degradation via
ubiquitination. SRI inhibited MDM2-mediated p53 ubiquitination that is the poten-
tial target site to prevent turnover of the p53 signaling pathway. Of note, a recent
study found that SRI promotes apoptosis and suppresses migration and invasion of
NCI-H1299 cells independent of p53 and Hippo signaling pathways [45, 46].

10.3.2.2 Crebanine
Crebanine is one of the aporphine alkaloids isolated from Stephania venosa and has
many pharmacological activities such as antimicrobial, anticancer, and antiarrhyth-
mic. It presents anticancer properties via suppressing NF-κB activation and
sensitizing TNF-α induced cell death of cancer. Of note, NF-κB is a regulator of
tumor progression and development as well as a mediator of inflammation and
activated by TNF-α which acts as a switch in creating a link between cancer and
inflammation. In addition, crebanine also enhances TNF-α mediated apoptosis via
activation of caspase-3, caspase-8, and PARP cleavage. It was also revealed that
crebanine inhibits TNF-α induced Bcl-2 (anti-apoptotic), cyclin D1 (cell prolifera-
tion), MMP-9, uPA, uPAR, and ICAM-1 (invasion) and COX2, VEGF (angiogene-
sis) gene expression, thus reduces NF-κB activation in human lung adenocarcinoma
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cells A549. Hence, crebanine acts as a strong agent in the treatment of lung cancer
[47, 48].

10.3.2.3 Oxymatrine
Oxymatrine (OMT) is isolated from “Sophora flavescens” and acts as a potent
constituent of traditional Chinese medicine. It has multiple beneficial properties
including anti-inflammation, anti-tumor, antifibrosis, and antivirus [49, 50]. Numer-
ous in vitro studies have proven that OMT can induce cell cycle arrest, inhibit not
only tumor cell proliferation but also differentiation, invasion, metastasis, and
promote apoptosis [51]. Experiments showed that OMT blocks A549 lung adeno-
carcinoma cell line proliferation in vitro and also causes cell cycle arrest via
preventing entry from the G1 phase to the S phase and keeps them in the G0
phase. It was found that OMT could decrease the Bcl-2/Bax ratio in the A549 lung
cancer cell line (Fig. 10.4). Bioinformatic analysis revealed that OMT has a novel
use due to its impact on the regulation of miRNA expression. It may inhibit the major
signaling pathways including VEGF, interleukin, cadherin, apoptosis, and FGF to
regulate metastasis as well as angiogenic properties of lung tumors. It was also
confirmed that OMT treatment upregulates miR-520 significantly, thus strongly
associated with the prevention of metastasis and the growth of lung cancer [52].

Bcl-2/Bax: BCL2 associated X protein; Cyclin D 1: Cell cycle regulator protein; uPA: 

Urokinase; MMP-9: Matrix metalloproteinases-9; PARP: Poly (ADP-ribose) polymerase; 

COX-2: Cyclooxygenase-2; MDM2: E3 ubiquitin-protein ligase; ICAM-1: Intercellular 

Adhesion Molecule 1; Caspase-3: Protein; Caspase-8: Protein; NFκB: Nuclear factor kappa 

B; TNF-α: Tumor necrosis factor-alpha; FAS/CD95: Tumor necrosis factor receptor; Upar: 
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Fig. 10.4 Alkaloids and lung cancer
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10.3.2.4 Berberine
Berberine (2, 3-methylenedioxy-9, 10-dimenthoxyproto-berberine chloride) is
isoquinoline alkaloid and derived from berberis species including Berberis
aquifolium (Oregon grape), Berberis vulgaris (barberry), Tinospora cordifolia, and
Berberis aristata (tree turmeric). Berberine (BBR) is widely used as an anti-
inflammatory, antifungal, and antibacterial agent [53, 54]. BBR also possess anti-
lung cancer activity via inhibition of cell migration, proliferation, apoptosis, and
invasion through multiple pathways [55]. BBR is found to treat A549 cell line in a
dose and time-dependent manner, as explored by in vitro and in vivo study. Besides,
it has also shown that BBR suppresses TGF-β1-induced EMT expression of Slug,
Snail-1, and MMP (matrix metalloproteinases), thus inhibits tumor metastasis and
angiogenesis. BBR has potential effects on NFκB signal activation, reactive oxygen
species generation, RNA or DNA binding, p53 activation, mitochondrial function,
MMPs regulation, and inhibition of DNA topoisomerase activity [56]. BBR was also
isolated from Rutaceae family plants and exhibited anti-lung cancer properties to
treat A549 cancer cells via inhibiting Akt phosphorylation, MAPK, and CREB in a
mouse model [57].

10.3.2.5 Solamargine
Solamargine (SM) is a glycoalkaloid and typically extracted from the traditional herb
of Solanum lycocarpum. It possesses anti-inflammatory, antiproliferative, and
antiviral activity and is used against numerous types of cancers including lung
cancer. SM downregulates TOP2A (topoisomerase II alpha), HER2 (human epider-
mal growth factor receptor-2) and upregulates Fas expression to accelerate apoptotic
cell death in NSCLC A549 cells [58]. It is found that SM inactivates PI3K/Akt
signaling, therefore regulates gene expression and inhibits proliferation and growth
of cancer cells. Additionally, SM possesses anti-lung cancer activity by reducing the
SP1 transcription factor and p65 level [59, 60].

10.3.2.6 Beta Carboline
Beta-carbolines (β-carboline) are found in various medicinal plants including
Banisteriopsis caapi, Peganum harmala, Passiflora incarnata, and Passiflora
edulis. β-carboline alkaloids have anti-tumor activity and cytotoxic effects on
various cancer cells [61]. Harmol is a β-carboline that causes apoptosis in NSCLC
H596 cells via the extrinsic pathway (Fas/FasL independent), and the intrinsic
pathway (caspase-8 dependent) in humans. In H596 cells, harmol rapidly induces
apoptosis within 3 h of treatment [62]. However, recent studies have revealed that
harmol kills A549 lung cancerous cells via autophagy instead of apoptosis. Numer-
ous studies reported that the ERK1/2 pathway significantly mediates autophagy
(Fig. 10.5). Indeed, harmol also induces autophagy through the ERK1/2 pathway
in A549 cells thereby, suggested the key role of harmol in the treatment of lung
cancer cells [63, 64].
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10.3.3 Polyphenols and Lung Cancer

Polyphenols are commonly present in vegetables, fruits, tea, wine, and whole grains.
Till yet, 10,000 polyphenolic natural compounds have been recognized [65]. They
are further classified into four groups, including flavonoids, stilbenes, phenolic
acids, and lignans [66]. Polyphenols have a high binding affinity with oncogenic
molecules and possess anticancer activities. The imperative anti-tumor mechanism
of polyphenols in lung cancer vigorously depends on activation or inhibition of
certain intrinsic signaling agents such as p53, p21, Bax (pro-apoptotic effectors),
miR-622, miR-192-5p (tumor suppressor) and PI3K, MEK, ERK, NFκB (signaling
pathways), Bcl2, Bcl-xL (anti-apoptotic effectors), respectively [52].

10.3.3.1 Resveratrol
Resveratrol is a stilbenes phytoalexin and first time isolated from Veratrum
grandiflorum (White hellebore). Resveratrol (3,5,40-trihydroxy-trans-stilbene)
presented health conferring effects such as anti-inflammatory, antioxidant,
anticarcinogenic as well as antidegenerative activities [67, 68]. It inhibits cellular
proliferation, induces cell cycle arrest and apoptosis, and also inhibits invasion and
metastasis of lung cancer. Moreover, it also exerts inhibitory growth effects on lung
cancerous cells through the upregulation of Smad 7 and downregulation of Smad 2/4
that are major components of transforming the growth factor-beta/Smad signaling
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pathway. It causes cell cycle arrest in the G1 phase via mediating activation of
caspases, suppresses mitochondrial permeability, and increasing p53, p21, and p27
(cyclin-dependent kinase inhibitor) expression at both protein and gene level [69]. In
H460 and 16HBE-T bronchial epithelial cells of humans, a previous study found that
resveratrol regulated miRNA expression to mediate apoptosis and cell proliferation
of tumor cells. Additionally, resveratrol was examined to mediate its anti-tumor
effect via regulating miR-520 h in A549 and CL1-4 lung carcinoma cells [70]. Con-
sidering the anti-tumor effects; resveratrol, a similar synthetic product BCS (3,4,5-
trimethoxy 4 V bromo-cis-stilbene) has been introduced that possesses a more potent
effect (1100 times) than resveratrol to cause inhibition of A549 cells [71].

10.3.3.2 Ellagic Acid
Ellagic acid, a phenolic constituent is found in strawberries, raspberries, green tea,
pomegranates, grapes, nuts, and has similar potency against lung cancer cells like
resveratrol. Among grapes, red wine is the greatest source of higher concentration of
ellagic acid [72–74]. Ellagic acid (EA) exhibits both antioxidative and anti-tumor
activities [75]. EA indicates in vitro and in vivo anti-tumor activities through
inhibiting the proliferative nature of tumor cells via cell cycle arrest. Moreover,
EA also induces apoptosis, inhibits angiogenesis, and ameliorates inflammation
[76]. Recent research explored that EA has also the ability to control oncoprotein
CIP2A (cancerous inhibitor of protein phosphatase 2A) level and induced autophagy
in lung cancerous cells. Moreover, EA suppresses p-mTOR, p-Akt, p-P70S6K,
Notch, and Shh pathways to mediate cell growth of tumor cells in vivo and
in vitro [77].

10.3.3.3 Epigallocatechin-3-Gallate
Epigallocatechin-3-gallate (EGCG) is a principal component of green tea (Camellia
sinensis), reveals anti-inflammatory, antiproliferative, antioxidative, and
antimutagenic activities [78]. EGCG can inhibit the growth rate of tumor cells, as
demonstrated in various types of cancers [79]. EGCG has been found to suppress the
growth of cancer cells in various NSCLC cell lines [80]. EGCG follows the
AMP-activated protein kinase activation pathway to inhibit proliferation, migration,
colony formation, and invasion of lung cancer cells (H1299) in human in vivo
[81]. Additionally, EGCG also suppresses the growth of lung cancer cells through
the upregulation of miR-210 expression [82].

10.3.4 Bibenzyl and Lung Cancer

10.3.4.1 4, 5, 40-Trihydroxy-3, 30-Dimethoxybibenzyl (TDB)
Dendrobium ellipsophyllum is a source of 4,5,40-trihydroxy-3,30-d
imethoxybibenzyl (TDB), that is used for sensitization of lung cancer cells via
inhibiting epithelial to mesenchymal transition (EMT) and prevent cancer cell
metastasis, invasion, and migration [83]. Snail, vimentin are biomarkers of EMT
that are suppressed by TDB non-lethal concentration. This suppression of EMT
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leads to induce anoikis as well as causes a reduction in cell growth rate via reducing
p-AKT and p-ERK signaling [25, 84]. Moreover, TDB is found to mediate apoptosis
in human lung carcinoma through activation of caspase-3 and phosphatidyl-serine
localization on the outer surface of the cell membrane. TDB has been reported to
restore p53 signaling via activating Bax, Bcl-2 associated X protein, reducing Bcl-2,
Mcl-1 in human lung cancer cells including H460, H23, and H292 [83].

10.3.4.2 Gigantol
Gigantol is isolated from the Dendrobium draconis, Thai orchid, and possesses
several pharmacological properties including anti-inflammatory, antiplatelet aggre-
gation, and induces cancer cell death [85–87]. Recent research has clearly mentioned
that gigantol follows Cav-1 dependent pathway to suppress cell migration in lung
cancer. Cav-1 (caveolin-1), and Cdc42 (cell division cycle 42) are well-known
signaling proteins that play a vital role in cell migration. Many cancer types such
as lung cancer represent a high level of Cav-1, and it has been seen in human lung
carcinoma that overexpression of Cav-1 increases the motility of H460 cancer cells
[88, 89]. Interestingly, gigantol is found to be capable of downregulating Cav-1
expression which can lead to the attenuation of Cdc2 expression and Akt phosphor-
ylation and, thereby, suppress filopodia formation. Hence, the results of the study
revealed that gigantol has anti-migratory activity in lung cancer cells and can
overcome cancer metastasis [90].

10.3.5 Carotenoids and Lung Cancer

10.3.5.1 Crocin
Crocin is abundantly present in saffron (Crocus sativus) stigma and possesses
anti-tumor activity through mediating growth inhibition of tumor cells. Crocin is
water-soluble and presents minor or no side effects, thereby act as a suitable
chemotherapeutic agent. Recently, it is revealed that Crocin is the main active
carotenoid in saffron that is responsible for anti-lung cancer properties and has
shown cytotoxic and antiproliferative effects in A549 cells as compared to L929
(non-malignant) cells [61].

10.3.5.2 Astaxanthin
Astaxanthin is found in abundant amounts in seafood shrimp, salmon, red yeast, and
microalgae, possesses several biological activities such as anti-inflammatory, anti-
cancer, antioxidant, and also shows health benefits effects in neurodegenerative,
gastrointestinal, and liver diseases [91]. Astaxanthin reduces the Bcl-2 level and
enhances the Bax level, as revealed by a recent study. It was also seen that
astaxanthin inhibits JAK-1 and STAT-3 phosphorylation that are involved in
regulating the cell growth in NSCLC-A549 cells, thus suppresses the growth rate
and induces apoptosis [92]. Additionally, astaxanthin has been found to
downregulate TS (thymidylate synthase) expression in NSCLC cell lines including
H1650 and H1703 via reducing MKK1/2-ERK1/2 activity [93]. Astaxanthin
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treatment is found to decrease the p-AKT level, thereby revealed to inhibit cell
proliferation and viability of NSCLC cells (A549, H1703) in a dose-dependent
manner [94].

10.3.6 Naphthoquinones and Lung Cancer

10.3.6.1 Shikonin
Shikonin (SHK), an active naphthoquinone and main ingredient of purple gromwell
(Lithospermum erythrorhizon) is a well-known natural product for its pharmacolog-
ical and biological activity [95]. It has antimicrobial, anti-inflammatory, antiplatelet,
antiangiogenic, anti-tumor, and anti-infection actions. SHK has been revealed by
clinical studies as well as in vivo and in vitro studies as an anti-lung cancer agent
[96, 97]. It exerts cytotoxic effects through the increasing generation of reactive
oxygen species that trigger caspase-dependent apoptotic pathways and also
downregulates NFκB to mediate MMP levels which ultimately reduce tumor inva-
sion, and survival [98]. SHK has anti-invasive and anti-migratory potential, as
significantly suggested by a recent study in lung cancer cells (HCC827). The results
of this study mentioned that SHK causes EMT suppression and inhibition of c-Met
expression through inhibition of PI3K/Akt and ERK signaling pathway [99]. How-
ever, SHK has been explored as a potent cytotoxic agent against lung cancer A549
cells via initiating necrotic and apoptotic pathways [97].

10.3.6.2 Plumbagin
Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone) is derived naturally from
Plumbago zeylanica (root) with numerous medicinal properties including antican-
cer, anti-migratory, and cytotoxic activity. Plumbagin (PLB) has shown
antiproliferative activity in A549 cells via arresting tumor cells in S, G2, and M
phase and induces apoptosis as well as enhances ROS production via mediating
mitochondrial downstream molecules such as caspase-9 and caspase-3 [100, 101]. In
addition, a study revealed that PLB treatment inactivates PI3K/Akt signaling,
downregulates Bcl2, and upregulates Bax in H23 and A549 lung cancer cells, thus
induces autophagic cell death [100]. Another study also explored that PLB
suppresses human LCLC (Large cell lung cancer) cell lines including L9981 and
NL9980 by inhibiting IL-6/STAT3 signaling [102].

10.3.7 Indole 3-Carbinol and Lung Cancer

Indole 3-carbinol (I3C) belongs to glucobrassicin derivative and found in cruciferous
vegetables including cauliflower, brussels sprouts, broccoli, and cabbage. It acts as
an anti-tumor agent against various cancers such as liver, gastric, and lung by
suppressing tumor cells proliferation, invasion, angiogenesis. Additionally, I3C
also modulates carcinogen metabolism and induces apoptosis to prevent the growth
of cancer cells. 3,3-diindolylmethane is the main active ingredient of I3C that is
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produced when I3C undergoes condensation reactions in the stomach [103]. Various
studies highly mentioned the key role of I3C treatment in lung carcinoma [104]. I3C
suppresses the level of Cox-2, phospho-NF-κB, FAS, and phospho-Akt but
increases proteolytic cleavage of PARP, caspase-3/8, cyclin-D1, p-53, and p21 in
lung cancer cells [105, 106]. Further, I3C is also revealed to downregulate
overexpression of different microRNAs particularly miR-21 (tumor promoter) as a
chemopreventive strategy in lung tumors [107]. ERK, Akt, and NF-κB pathways
have been explored to play a key role in the maintenance of cell proliferation,
survival, and expression of inflammation-associated genes, respectively. All of
these pathways are found to be activated in normal alveolar and bronchial cells
and even in NSCLCs. I3C plays a critical role in regulating NFκB, Akt, and ERK
pathways, as suggested by not only the A/J mouse model but also by human
bronchial epithelial cells (HBECs) and alveolar basal epithelial cells A549
[107, 108].

10.4 Natural Compounds as Chemotherapeutic Drug Sensitizer

Although various natural compounds have been well recognized and well researched
about their health-related beneficial effects, it was also strongly suggested that
combinatorial treatment of chemotherapeutic drugs and naturally occurring active
ingredients can serve as the best therapeutic intervention to eradicate metastasis and
apoptosis of lung cancer cells. The synergistic effect of phytochemicals and drugs
have been described below.

10.4.1 Genistein-Trichostatin A Combined Effect

Genistein found in soybeans and soybeans related products may possess a protective
role against lung cancer and numerous other cancers. Genistein has an enhancing
effect on trichostatin A-induced apoptosis, suggesting a strong combination to
control cell cycle arrest in A549 cells. Several studies demonstrated that genistein
enhances apoptosis via p53 upregulation in NSCLC cells [109]. TSA is a potent
HDAC inhibitor, thus contributes to inhibiting tumorigenesis via reducing the
HDACs level. Genistein alone at 20 and 50μM concentration has an ability to
upregulate histone acetylation (HAT) and p300 expression in A549 cells. However,
TSA and genistein synergistic effect upregulate p53 along with HAT in H460 cells
in a dose-dependent manner more efficiently than genistein alone [110].

10.4.2 Baicalin-Cisplatin Combined Effect

Cis-diamminedichloroplatinum (cisplatin, DDP) is the first member of anticancer
drugs and is used as an intermediate and standard therapy for lung cancer. Cisplatin
forms identical cross-links between DNA guanine bases and is used to treat several
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other types of cancers including lung carcinoma via triggering apoptotic pathways
[111]. However, toxicity and resistance are major side effects of DDP and are widely
reported against lung cancer therapy [112]. Natural compound Baicalin belongs to a
class of phytochemical flavone glycoside and abundantly found in Scutellaria
lateriflora and Scutellaria baicalensis [113]. Baicalin has been shown as an anxio-
lytic agent, apoptosis enhancer, inhibitor of prolyl endopeptidase, and malignant
tumor proliferation [114]. Downregulation of Microtubule affinity-regulating kinase
2 (MARK2) and p-Akt are the target sites of Baicalin to reduce DDP induced
resistance against lung cancer therapy. Indeed, MARK2 directly interacts with Akt
that is the main component of PI3K/Akt/mTOR signaling which plays a significant
role in the progression and proliferation of cancer. So, Baicalin induced inhibition of
MARK2 and Akt suppresses the activation of this signaling pathway and ultimately
leads to enhancing the potent effects of DDP to prevent metastasis and invasion of
lung cancer cells [115, 116]. Further, in NSCLC, IL-6 signaling also enhances DDP
resistance via upregulating Akt expression [117]. Moreover, it has been revealed that
the synergistic relation of DDP and baicalin at a dosage of 4 and 8μg/ml after 48 h
incubation has an inhibitory effect on tumor cell invasion of A549 lung cancer cell
line as compared to alone baicalin or DDP treatment. All these findings strongly
suggest that baicalin adjunct of DDP and a candidate for lung cancer therapy [116].

10.4.3 Sophoridine-Cisplatin Combined Effect

Cisplatin is platinum-based chemotherapy and used against advanced lung cancer
treatment. Along with beneficial effects, such type therapy has also presented toxic
effects and has become a critical challenge for the scientist to develop natural based
therapy with no or minimal hazardous effects as discussed in Sect. 4.2. It has also
been reported that 85% of patients face neutropenia [118] and 50% were unable to
accomplish treatment with cisplatin therapy alone [119]. Based on this, it was
evaluated in a recent study that Sophoridine (SRI) and Cisplatin fusion can improve
NSCLC cell treatment and diminish the side effects of chemotherapy [46].

10.4.4 Noscapine-Cisplatin Combined Effect

Noscapinoids (Nos) are antimicrotubule agents, suppress the proliferation of cells,
and are used in the treatment of various cancers. Noscapine is derived from Papaver
somniferum L. (opium flower) and used to arrest the G2/M phase in various types of
cancers including breast cancer and lung adenocarcinoma (A549 cells)
[120, 121]. Nos is found to attenuate microtubule dynamics to halt cell cycle via
activating mitotic checkpoints. Further, Nos significantly reduce tumor volume in
NSCLC in a dose-dependent manner. Nos-Cis has potential against tumor cells of
the lung synergistically, as reported by previous researches. Co-treatment of Cis and
Nos showed a significant increase in apoptosis, PAPR cleavage, and caspase 3 as
compared to alone. Nos + Cis combination is found to cause cytotoxicity via both
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intrinsic and extrinsic apoptotic pathways as well as activation of growth-inhibitory
molecules against lung tumor cells [122].

10.5 Lung Cancer Stem Cells

In 1977 the concept of CSCs (cancer stem cells) was familiarized and has become a
very concerning topic in cancer study nowadays. CSCs are a minor erratic fraction of
the whole population of cancer cells that reveal high tumorigenic potential
[123, 124]. Cancer stem cells were first known as “cancer-initiating cells” as they
are assumed as the main cause of cancer. The features of CSCs, an essential role in
pouring hostility of cancer contain their self-renewal ability, differentiation, migra-
tion features, great tumorigenicity, high assault, and conflict to the chemotherapy.
According to these features, CSCs are assumed as chief arbitrator of all the malig-
nance hallmarks comprising elevated metastasis potential, elevated tumorigenic,
conflict to the chemotherapy, and cancer deterioration [125].

10.5.1 Key Features of Cancer Stem Cells

Cancer stem cells (CSCs) are assumed to possess characteristic features such as self-
renewal capacity, heterogeneity, and high tumorigenic potential which make it
distinguished from normal cells. Detail of each feature is given below:

1. Self-renewal capacity: CSCs have a distinctive ability of self-renewal (like
normal stem cells). They divide rapidly and give rise to identical daughter cells.
These daughter cells have the same characteristics as like stem cells.

2. Unique ability to direct tumor heterogeneity as well as tumor survival: CSCs can
differentiate into various cancer cell lineages, also assist the growth of the tumor
cell along with survival.

3. High tumorigenic potential: CSCs have the capability to swiftly proliferate and
form non-CSC linages with a new tumor cell.

Different researches (in vivo and in vitro) have been shown that the cancer cells
originated from a similar tumor have distinguished features to generate malignant
tumor spheroid. Accumulation of genetic and epigenetic modifications in the same
tumor derived from cancer cells possesses diverse signaling and cellular properties.
These alterations in tumor assets are related to heterogeneity and the plasticity of
CSCs that can be identified with certain specialized biomarkers [126].

10.5.2 Natural Compounds and Lung Cancer Stem Cells

Lung malignant growth has been known as a perilous disease from several years. In
comparison to other cancers, the expiry rate of such cancer is more
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[127]. Therapeutic approaches such as surgery, targeted therapy, chemotherapy, and
radiotherapy have failed to get rid of the CSCs population which is the main source
of disease relapse. Thus, natural compounds have been found as a therapeutic
intervention that specifically targets CSCs in an efficient and precise way to elimi-
nate lung cancer (Fig. 10.6).

10.5.2.1 Chrysotoxine
Chrysotoxine (bibenzyl) is derived from the stem of Dendrobium pulchellum and is
reported to inhibit metastasis and sensitize anoikis in lung cancer cells via an
anchorage-independent manner. Recently, the suppressive role of chrysotoxine
was investigated in primary CSCs culture and cell lines H23 and H460 (CSC-rich
population). Chrysotoxine has the ability to decrease CSC markers such as CD44,

ALDH: Aldehyde dehydrogenase; ALDH1A1: aldehyde dehydrogenase 1 A1; 

CD133: Antigen; Nanog: Transcription factor; Oct-4: octamer-binding transcription 

factor 4; SOX-2: Sex determining region Y box 2; CD44: Non-kinase 

transmembrane glycoprotein; 1ABCG2: Biomarker

Fig. 10.6 Natural compounds targeting lung cancer stem cells
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CD133, ALDH1A, 1ABCG2, and inhibited CSC-like phenotypes through the
Src-AKT-Sox2-dependent mechanism [128].

10.5.2.2 Vanillin
Vanillin (4-hydroxy-3-methoxybenzaldehyde) is isolated from Vanilla planifolia
(seed) and extensively used as a flavoring agent in cosmetics and food. Vanillin
induced apoptosis and inhibited angiogenesis, lamellipodia formation, and cell
migration in various types of cancer including lung cancer. Additionally, vanillin
reduces ALDH1A1 and CD133 expression and associated transcription factor
Nanog and Oct4 in H460 cells via reducing Akt and down streaming CSC transcrip-
tion factors [129, 130].

10.5.2.3 Silibinin
Silibinin, a polyphenolic flavonoid isolated from Silybum marianum (milk thistle
seed), has the ability to diminish lung cancer. Silibinin abridged aldehyde dehydro-
genase (ALDH) expressing CSC-like cells and also prevented the formation of lung
cancer spheres in a dose-dependent manner in erlotinib refractory cell
populations [131].

10.5.2.4 Salinomycin
Salinomycin, a polyether ionophore antibiotic is obtained from Streptomyces albus.
Salinomycin treatment has shown to inhibit tumor-sphere formation as well as
reduce Oct-4, SOX2, and Nanog expression in aldehyde dehydrogenase A549
lung cells [132]. Both salinomycin-NPs (salinomycin-nanoparticles) and
salinomycin have been found to target CSC biomarker CD133 and reduce tumor-
sphere formation. Moreover, a combination of gefitinib-NPs and salinomycin-NPs
was reported to have an efficient suppressive impact against the growth of tumors
than single gefitinib-NPs or salinomycin-NPs or combination of salinomycin and
gefitinib [133, 134].

10.6 Conclusion

Cancer is caused by uncontrolled proliferation and growth of cells. Lung cancer is a
common type of cancer and is considered the leading cause of mortality throughout
the world. Since chemotherapeutic drugs act as an efficient approach for lung cancer
treatment, but cancer cells have the potential to exhibit resistance against chemo-
therapy. Although radiation and immunotherapy are also reported as therapeutic
interventions to eradicate cancer cells proliferation and progression, but not exhibit
promising treatment approaches. In this regard, molecular targeted therapy of natural
compounds with fewer or no side effects has been found as an efficient and alterna-
tive treatment strategy for lung cancer. Phytochemicals such as curcumin, quercetin,
berberine, resveratrol, gigantol, and indole-3 carbinol are reported to inhibit apopto-
sis via cell cycle arrest, upregulation of Bax, Bad, and downregulation of anti-
apoptotic proteins such as Bcl-2, XIAP, and Bcl-xL. Moreover, this chapter also
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highlighted that these natural compounds have also the ability to target intracellular
signaling pathways such as PI3K/Akt, ERK1/2, NFκB, and TGF-β1 mediated
pathways to inhibit the growth of tumor cell. Conclusively, natural compounds
could serve as an ideal anticancer drug for the treatment of lung cancer by regulating
the molecular targets involved in apoptosis, angiogenesis, and metastasis of tumor
cells.
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Exploring the Potential of Medicinal Plants
in Lung Cancer 11
Anju Dhiman and Harish Dureja

Abstract

Lung carcinoma is the main cause of death among individuals, accounting for
almost 25% of all deaths from cancer. A significant number of individual’s perish
due to lung cancer per year as compared to the colon, prostate, and breast cancer
problem. Smoking and the use of tobacco products have been found to be
responsible for nearly 90% of lung cancer cases. However, other factors may
lead to lung carcinogenesis, such as air pollution exposures, asbestos, radon gas,
and other chronic infections. The most used techniques for the treatment of lung
carcinoma are chemotherapy, radiotherapy, and surgery. Standard
chemotherapies, however, present severe patient toxicity, side effects and can
result in minimal survival benefits. There are many medicinal plants having
potential against lung cancer with minimal or no side effects, and, therefore,
can be explored scientifically. These plant-derived phytochemicals and antitumor
herbs have attracted the investigators/scientists due to their least or no harmful
effects to the patient under treatment, as in case of chemotherapy. Studies have
reported the covering of different approaches for treatment of lung cancer,
however, a cumulative study comprising of the alternative options with natural
compounds for lung cancer treatment is in the initial stages and the natural lead
molecules responsible for the treatment using herbal medicinal plants are still
very scarce. In the present chapter, epidemiology of lung cancer, lung cancer
types, its underlying causes, and herbal medicines along with their lead
compounds for the treatment of lung carcinoma have been discussed.
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Abbreviations

BAC Bronchioloalveolar carcinoma
DDP Diamminedichloroplatinum
EGFR Endothelial growth factor receptor
HIF Hypoxia inducing factor
LCNEC Large cell neuroendocrine carcinoma
nAChR Nicotinicacetylcholine receptor
NSCLC Non-small cell lung cancer
PARP Poly-ADP ribose polymerase
SCLC Small cell lung cancer
SM Solamargine
SNP Single nucleotide polymorphism
TNF Tumor necrosis factor

11.1 Introduction

The World Health Organization (WHO) reported that the lung cancer (lung carci-
noma) is one of the main reasons of deaths around the world [1–3]. The late
diagnosis is the major reason of high casualty rate in lung carcinoma patient, with
70% of cases diagnosed at the final stages. This late diagnosis is the rate determining
step in the cancer treatment such as radiotherapy and chemotherapy. The occurrence
of lung cancer might be due to environmental factors, genetic factors, and lifestyle.
The role of genetic factor is little, while environmental and lifestyle factors have an
equal and led role in origin of lung cancer [4, 5]. Ionizing radiation, asbestos,
tobacco smoking, sulfur mustard, and coal tar pitch are representative of environ-
mental as well as lifestyle factors and responsible for lung carcinogens. Tobacco
smoking is the most dominant threat responsible for lung carcinoma in approxi-
mately 80% of women and 90% of men. The lung cancer occurrence rate falls very
gradually when the smoking is stopped. This concept is signifying that the person
who has stopped the smoking is also the considerable carrier for developing lung
cancer [6]. A family history increased the two-fold risk for lung cancer which
suggests that genetic factors might play a crucial role in the individual’s susceptibil-
ity to lung carcinoma. Though, only smoking is not responsible for lung cancers, the
lung cancer patient’s proportion who has by no means smoked may increase in the
near future. Exposure to high doses of radiation, air pollution, pre-existing diseases
such as tuberculosis or pneumonia and industrial or chemical cancer causing agents
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such as silica, arsenic, and asbestos also enhanced the risk of developing lung
carcinoma. There are other factors like in-house air pollution during cooking also
plays an important part for non-smokers especially for women. As a result, besides
cessation of smoking, life style adaptation might be a healthy alternative approach
for the management of lung carcinoma [7, 8]. Lung carcinoma is a malign lung tissue
marked by unrestricted growth of cells in the lung tissue [9]. Metastatis is the process
by which cancer cells migrate throughout the body. Primary cancer of lungs is also
called as first stage of lung cancer [10]. The survival rate after surgical treatment for
non-small cell lung cancer (NSCLC) at earlier stage is much greater than that at the
later stage of disease. Unfortunately, lung cancer is mostly recognized at late stages,
because the symptoms are not clear and the observation is difficult at stage I and II of
NSCLC. Thus, earlier observation of lung cancer is necessary which may lead to
more efficacious management of the disease [3]. Increased life span and exposure to
new causing agents made it a deadliest disease [11]. Many environmental factors
contribute for the development of lung carcinoma in non-smokers. These factors are
second-hand tobacco smoke, exposure of gases like polluted air, radon gas, etc. [12].

The basic symptoms of lung cancer are cough and dyspnea [13]. The possible
symptoms of lung cancer include pain, cough, blood in sputum, problem in respira-
tory tract, fatigue, and loss of appetite. Additionally, many studies revealed that
patient’s quality of life has been decreased due to more severe form of symptoms.
The quality of life has been minimized by the symptoms like pain, loss of appetite,
fatigue, dyspnea, etc. [14].

11.2 Epidemiology

The studies on lung cancer have become an extensive subject of interest since last
several decades. Lung cancer is more lethal, with greater than 90% mortality rate
worldwide [15]. In recent year, the cases of lung cancer were 228,150 and deaths due
to this disease was approximately 142,670 as estimated by [16] [17]. It is apparent
that genetic and epigenetic pathways are quite different between anti-body drug
conjugates and smoking-associated lung cancer. Furthermore, in non-smokers the
peripheral cells of bronchioles and alveoli develop the lung cancer. On the other
hand, squamous cell carcinomas (SCC), small cell lung cancer, and around 20% of
adenocarcinoma developed in the bronchioles [18]. Out of all lung cancer patients,
approximately 38.5% suffering from adenocarcinoma, while 20% suffering from
squamous cell carcinoma and 2.9% suffering from large cell carcinoma. Since many
years, the occurrence of adenocarcinoma has amplified greatly and adenocarcinoma
has taken the place of squamous cell carcinoma as the most widespread type of
non-small cell lung cancer [19].

Lung cancer detection at the starting point can significantly enlarge the survival
chances in 70–90% of patients with non-small cell lung cancer (stage I). A very
costly and incursive diagnostic test creates the hindrance in early diagnosis for lung
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cancer. Hence, mostly patients have reached to later stage when they are
diagnosed [20].

In USA, new cases of lung cancer are 12.9% and 5.3 lakh people survive with this
disease. Incidence and mortality rate of lung carcinoma are continuously rising,
worldwide [17]. The developed countries like Austria and Germany has faced it as a
most regular cancer type. In African countries, smoking prevalent cases of lung
cancer is low in both men and women, however at global level, lung carcinoma is
less ubiquitous in women compared with men. Now the major reason behind the
cancer mortality is lung cancer, accounts 1/fifth deaths by cancer in China and death
rate is relatively high as compared to the other countries. Death rate in China is
estimated to be increased at 40% from 2015 to 2030.

The developed countries such as North America and European countries are
facing lung cancer as a common disease in comparison to developing countries
like India and South America. Among men and women, lung cancer remains
irregular reflecting gender difference of cigarette smoking pattern. Considering the
population of women in China, death rate of lung carcinoma is incongruous because
of less smoking, and high adenocarcinoma rate [21].

To trace the path, disease aspects and positive outcomes are assessed by epide-
miological processes. In the second half of the twentieth century, the main reason
behind the mortalities is lung cancer. Although, tobacco consumption remains
globally and smoking cigarette resulted in lung cancer [11]. 16 lakh people had
been received a new treatment of lung cancer in 2008 [22]. Incidence trend and
deaths in the USA among men and women are 11 lakh and 10 lakh, respectively, and
mortality is 84,600 in men and 71,340 in women. This represents reductions of cases
and deaths in men in 1980. After 1990 and before 2007, there was 28% decline in
men death rate. However, incidence of lung cancer increased in women in 1965 and
since 2000 onwards, reduction of around 2% has been observed in comparison to the
year 1990. Older patients are highly vulnerable to the lung cancer and show 17%
mortality. The vulnerability of African, American race in the USA is more from
other ethnic groups. Education level gives an inverse relationship between lung
cancer and mortality rate. These groups account approximately 25% of total lung
cancer patients with 3 lakh mortality per year. The sub groups of female with cell
adenocarcinoma have more lung cancer cases, whereas in 30–40% Asian
non-smokers patients have lung cancer with respect to 10–20% of Caucasians
[12]. Incidence rate of lung cancer between Hispanic and non-Hispanic young
white women is higher between the age group of 30 years and 49 years [17]. In
India, lung cancer incidence estimated is approximately 70,275 in both genders. It is
also the foremost contributor to cancer-related mortality, resulting in 1.38 million
cancer deaths per year globally [23].
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11.3 Lung CancerTypes

Lung cancer in the lungs emerges out of the epithelium cells of respiratory tract and
can be bifurcated into two broad categories. One is small cell lung cancer (SCLC)
that is extremely malignant tumor emerges from cells having neuroendocrine
characteristics and 15% of total lung cancer cases are suffering from it. Second
one is the non-small cell lung cancer which is further separated to three major
pathologic sub types: large cell carcinoma, adenocarcinoma, and squamous cell
carcinoma.

Smoking plays an important role in squamous type and small cell type carcinoma,
but reduction in cases has been observed since 1970. However, non-smoker has the
type of carcinoma called adenocarcinoma and shows increase in incidences globally
[24]. Nearly, 85% of all cases of lung cancer are NSCLC type. With the decrease in
the smoking prevalence, lung cancer has become more frequent among former than
current smokers [25]. NSCLC is now defined by pathological characteristics. The
two dominant NSCLC histological phenotypes are squamous cell carcinoma (SCC)
and adenocarcinoma (ADC). Generally, ADCs arise in more distal ways, however,
SCCs arise in more proximal air route and are more strongly associated with
smoking and chronic inflammation than ADCs [26].

A 1/third of squamous cell carcinoma is mainly present in boundary of lungs and
2/third is present in central lungs. It shows certain biological features such as
intracellular connection, formation of pearl and singular cell of keratinization
[27]. This type of NSCLC is causing ulcers in bronchi and more bleeding than any
other form, the cancer cells double itself in every 180 days [28].

The adenocarcinoma begins in the central part of lungs, but about 1/fourth
develops along the lung boundaries. The tumors are small but the cells double itself
in every 180 days. The cancer developed in alveoli is also called as bronchoalveolar
adenocarcinoma and may spread in other parts of the lungs through air route
[28]. Minimum invasive adenocarcinoma introduced are second and third subtype,
whereas the fourth subtype is micropapillary adenocarcinoma, fifth for “mixed
subtype” with a greater component generally known as non-mucinous
bronchoalveolar adenocarcinoma and lepidic adenocarcinoma is taken as the sixth
cancer generally described as mucinous adenocarcinoma, seventh and final. The
small biopsy is a cure for adenocarcinoma and diagnostic criteria purposed recom-
mendation for screening of endothelial growth factor receptor alteration and tissue
management in adenocarcinoma patients [27].

The large cell carcinoma contributes 3% in lung cancer. This type of cancer
present in the lung boundary and regarded as large necrotic cancer. The cells double
itself in about every 100 days and can attack the mediastinum during the disease
[28]. Clinical trial had shown that different types of cancer give different response to
the different treatment. There is no change in the criteria of treatment of large cell
carcinoma that occurs by different ways. Non-smoker cell neuroendocrine carci-
noma shows (1) Large cell features—big size, polygonal shape, N/C ratio is low, and
regular nucleoli. (2) Neuroendocrine features trabecular growth pattern, etc. (3) Fre-
quent necrosis. (4) High multiplication rate [27]. In past few years, in developed
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countries the cases of SCLC has been declined considerably due to the changes in
the formation of cigarette [29].

11.4 Causes of Lung Cancer

The most common cause of lung cancer is cigarette smoking but asbestos and other
environmental factors like polluted air and passive smoking are other causes of lung
cancer [21]. Gene alteration to DNA and genetic changes are responsible for cancer
development. These alterations disrupt the normal functioning of cell including
proliferation, cell death pathway, and repairing function. The vulnerability of cancer
increases with more damage to the cell [30]. Smoke of cigarette contains minimum
73% well-known carcinogen [31]. Approximately 90% and 70% mortality due to
lung cancer in men and women has been observed, respectively, in the developed
countries due to smoking [32]. Receptive smoking causes lung cancer to the
non-smokers and the risk among the receptive smokers has increased significantly
in the countries like United states and European Union. The risk increased by
20–30% for those who live with active smoker than those who works in the
surroundings of the second-hand smokers. Tobacco smoke is very much similar to
cannabis smoke. It is also reported that marijuana smoke increases the risk of lung
cancer by two folds; however, many countries use mixture of both tobacco and
cannabis [11, 31]. The various factors affecting the lung cancer include the
following:

11.4.1 Smoking of Tobacco

International Agency for Research on Cancer (IARC) reported that there are approx-
imately 4000 chemicals identified in cigarette and out of which 60 chemicals cause
cancer. Polycyclic aromatic hydrocarbons (PAHs), aromatic amines, and
N-nitrosamines are few of the most potent carcinogens found in the cigarette
smoke [33]. Smoking is very dangerous and accountable for 90% mortality in men
and 80% deaths among women every year. The smoking has relation with lung
cancer in two ways. In first way, mutations in the p53genes are provoked by the
polycyclic aromatic hydrocarbons which are responsible and essential for deregula-
tion of cell cycle and carcinogenesis. Within the gene, G to T transversions are
linked to a molecular signature of tobacco mutagens in lung cancer caused due to
smoking. In second way, the N-nitroso compounds, mainly present in tobacco
smoke and are potent animal carcinogens. These compounds also found in the
urine of smokers [34].

The inhalation of smoke constistuents not only depends on the cigarette but also
on the period and amount of smoking, the presence and proficiency of a filter. The
nicotine dependence of the smoker is the primary factor that determines the smoking
frequency. The cigarettes nowadays contain not as much of nicotine as in the
previous time, but smokers are likely to smoke with higher puffs and frequency to

262 A. Dhiman and H. Dureja



attain a satisfactory level of nicotine. Therefore, the estimation done by smoking
machine after measuring the content of tar and nicotine may wrongly estimate
individual’s exposure. The incidence of adenocarcinoma is mainly increased by
the low yield filtered cigarettes. Hence, the peripheral cells in the bronchi are more
exposed to carcinogen in smoke as compared to the other portion of the bronchi.
Actually, this peripheral part of the bronchi is deficient in protective epithelium and
hence exposed to carcinogens that stimulate adenocarcinoma induction [35].

The extent of lung cancer is directly related to cigarette consumption, nicotine
and tar quantity in cigarettes, and utilization of unfiltered cigarettes. Approximately
20% deaths of all cancer deaths all over the world might be prevented just by
stopping the tobacco smoking. Around 80% or more lung carcinogenesis merely
occurs with exposure to tobacco. Passionate smokers who stop smoking or reduce
the smoking keep their nicotine content intake by blocking aeration holes, increasing
the retention of smoke in the lungs. This may result in augmented circulation of
carcinogens to the lung’s periphery and enhanced incidence of adenocarcinoma [36].

Repeated exposure of lungs to smoking stimulates inflammatory response in
lung’s epithelial cells. This leads to the release of chemo static and toxic mediators,
reactive oxygen species, and many other pathogenic agents. Such intermediates
cause the damage in lung tissues using different mechanisms and promote malig-
nancy. One more marker of lung cancer is cyclooxygenase-2 (COX-2) which
regulates the lungs regarding chronic inflammation. It is the marker that is found
in malignant and pre-cancerous cells and tells about the signaling of COX-2 for
cancer initiation and progression. Smoking also modifies the free radical scavengers
in the epithelial cells of lung by way of chronic inflammation induction. In general,
reactive oxygen species work as signaling molecules to regulate different pathways.
The enhanced generation of reactive oxygen species production in extreme may lead
to DNA damage, genetic instability, and replication errors [37].

11.4.2 Genetic Factors

It is found that each and every person who uses tobacco not necessarily develops
lung cancer; it indicates that lung malignancy also related to genetics. It may enhance
the 1.7-fold risk of lung cancer occurrence in the person having a historical family
background with lung cancer. Telomerase reverse transcriptase (TERT) is coded by
the 5p15 region and concerned in cell replication. The vulnerability and nicotine
dependence for occurrence of lung cancer are related to the 15q25–26 chromosome
locus while 6p21 regulates G-protein signaling [38, 39]. Inherited factors contribute
about 8% of lung cancers [40]. Many studies have been done on candidate suscepti-
bility of genes that are of high frequency and low penetrance. This approach is
presenting the concept that genes are involved in absorption, metabolism, and
accumulation of tobacco or carcinogens in tissues of lungs. For instance, many
enzymes are involved in the coding of genetic polymorphism for conjugation of
tobacco compounds such as aromatic amines, nitrosamines, and polycyclic aromatic
hydrocarbons. Phase I (reduction, oxidation, and hydrolysis) and phase II
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(conjugation) enzymes are involved in the metabolism of these compounds. There
are some commonly studied enzymes in this system that include CYP1A1,
myeloperoxidase (MPO), the glutathione S-transferases (GST), microsomal epoxide
hydrolase 1, and reduced form of nicotinamide adenine dinucleotide phosphate
quinine-oxido-reductase 1 [41].

11.4.3 Gender

It is hypothesized that females have more chances of occurrence of lung cancer as
compared to males at the equivalent smoking level. Though, analysis of the hypoth-
esis clears that it not correct because studies demonstrate that it is the similar risks for
both at specific degree of smoking history. In fact, women show significantly lesser
risk of lung cancer as compared to men for a same level of smoking history. It has
also been supposed that women are at lesser risk due to fewer exposures to environ-
mental carcinogens. Hence, at the identical smoking level, the risk of occurrence of
lung cancer for women appears to same. However, there are some interesting
comparisons regarding the lung cancer occurrence between men and women. First,
prognosis is better in women having lung cancer than men. Second, the lung cancer
occurrence chance may be enhanced by estrogen. Third, there are a few comprehen-
sible gender differences which have noticed in people who never smoked. The
percentage of adenocarcinoma in never smoker women is high as compared to
men and women who also have a higher frequency of EGFR mutations as compared
to men. These observations observed differentiate the gender specifications regard-
ing the lung carcinogenesis and may prove clinically important [42, 43].

11.4.4 Ethnicity and Race

Race has a strong socioeconomic association and is an important and complex
variable that affects the lung cancer occurrence. Americans, Hispanics, and Japanese
are less susceptible for lung cancer as compared to blacks, Polynesians, and native
Hawaiians who are more susceptible. In the United States, it was observed that the
mortality and incidence rate are alike among white women, American women, and
African, whereas it is 26% higher rate of incidence and 23% higher the mortality rate
in American, African men as compared to white men. The susceptibility of mortality
due to lung cancer in Cuban Hispanic men is twice as that of Mexican men which is
directly related to cultural trend of smoking [16].
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11.4.5 Age

DNA break and telomeres shortening are the biological factors that are mainly
responsible for the occurrence of cancer in old age. The average age of lung cancer
diagnosis for men and women is 70 years. Around 53% of cases are threatened by
lung cancer at the age of 55–74 years old and 37% cases are threatened at the age of
75 years old. The approximate data revealed that the lung cancer occurence rate is
586 per 100,000 in the age group of 85–89 years, while it is approximately 366 per
100,000 at the age of 75–79 years in women. The data also showed that about 10%
of cases suffer at or less than the age of 55 years. Non-small cell lung cancer studies
have been done in patients with age between 20–46 years and it was observed that
the females are more prone to adenocarcinoma. In youth, little complexity of disease
is observed and hence genetics is the key factor playing a dominant role in this young
patient population. The recovery rate in younger patient population is better and they
are more susceptible to receive persistent treatment at every point of the disease,
while this becomes very typical at the advanced stage of disease [44].

11.4.6 Occupational and Environmental Causes

Around the 1920s, it was the pervasive air quality that was mainly responsible for the
occurrence of lung cancer. Mainly, there are two factors that are responsible for
indoor and outdoor quality of air: the first one is burning of fossil fuels which lead to
the production of carcinogens and particulate matter in the air. The prolonged
exposure to such elements leads to the occurrence of occupation related lung
carcinoma. Hence, the workers in the trucking industry are associated with 50%
increase in the occurrence of lung cancer. Indoor air quality is affected by the
burning of unprocessed fossil fuels like biomass fuels and soft coal, cooking and
leads to the chances of increase of lung carcinoma. With the maintenance of proper
circulation of air in the cooking area may reduce the 50% risk of lung cancer
occurrence [45]. Passive smokers are also at the risk of lung cancer occurrence
due to the inhalation of a complex smoke mixture and referred to as “second-hand
smoke” or “environmental tobacco smoke.”

It is expected that 5–10% of lung cancers patients increase due to occupational
exposure. Asbestos is the major and most common lung carcinogen. It is a naturally
occurring silicate mineral and amphibole (amosite, trenolite, crocidolite) and serpen-
tine (chrysotile) subtypes. It is a chrysotile fiber that plays an important role in
thoracic malignancies occurrence. Exposure to asbestos at the occupational site may
increase lung cancer risk five times more. The synergistic effect of tobacco smoking
and asbestos exposure boosts the probability of lung cancer [46].
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11.4.7 Radon

Ionizing radiations arise from radon (Rn) are responsible as well as the second most
leading factor for mortality due to lung carcinoma. Radon contributes approximately
10% of all deaths caused by lung cancer [12]. Environmental Protection Agency
reported that radon is the key reason for deaths due to lung cancer. It is also observed
that smoking showed the synergistic effect with radon exposure in case of lung
cancer occurrence [47]. The disintegration of radioactive radium creates radon gas,
which is colorless and odorless gas. Earth’s lithosphere has uranium and decay of
uranium produces radium. This radiation decay causes mutations, ionizes genetic
material, and becomes cancer causing [48]. When Radon gas concentration
increased by 100 bq/m3, it increases the risk of lung carcinoma by 8% or 16%
[48]. The level of radon gas changes with change in the crust composition and
surrounding.

11.4.8 Asbestos

It is a silicate mineral, occurs naturally and used as a constructing material and
insulating material. In countries having larger industrialization, asbestos is present
everywhere in the surrounding. Moreover lung cancer caused by exposure to
asbestos has a long duration and heaviness [12]. A person having exposure to
asbestos has the higher chances of lung cancer than common public [49]. Mesotheli-
oma a type of pleura cancer also caused by asbestos, and this lung cancer is distinct
from other lung cancers [50].

11.4.9 Other Causes

The lung cancer has been associated with the number of other factors such as air
pollution, gas concentration, radon, genetics works, and surrounding exposure.
There are enough proof to show that some cancer causing substances also include
aluminum, cadmium and its derivatives, chromium compounds, beryllium and its
derivatives, and few combustion products such as coal, coke production, and coal tar
pitch. Radiations such as gamma rays, X-rays; Toxic gases such as methyl ether
sulfur mustard and fumes from crystalline silica dust and painting having systematic
sclerosis pose a little higher lung cancer risk [51].

11.5 Herbal Alternatives for Lung Cancer

At the present time, surgery, radiation, chemotherapy, immunotherapy, and
hormones are the chief approaches used together for the cancer treatment. Though
chemotherapy is the most used method but a lot of problems are linked with it like
severe toxicity, limited efficacy, and multidrug resistance. Plants have been used
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since ancient time for treatment of cancer and persist to be a chief source of new
drugs. Herbal drugs have been documented as smart approach as they have con-
firmed to be valuable and helpful in sensitizing conventional agents, enhance
survival of patient, preventing or reducing the chemotherapy side effects, and life
quality improvement in patients of lung cancer. A study conducted on 453 patients
of cancer exposed that the approximately 77% of all patients are taking herbal
treatment together with conventional chemotherapy. In these cases, the main purpose
of using natural products as alternative therapy is to reduce the toxicity, stimulating
the immune system, alleviating cancer-related symptoms, and even having direct
anticancer effects [52]. Some medicinal herbs with their mechanism of action against
lung cancer are listed in Table 11.1 [53].

Table 11.1 Some medicinal herbs with their mechanism of action against lung cancer

S.
No. Medicinal herbs Mechanism of action

1. Selaginella
tamariscina

Anti-metastatic effects

2. Crocus sativus L. Apoptosis induction

3. Toona sinensis Inhibit the growth of H441 xenograft tumor

4. Sesbania
grandiflora

Anti-proliferative effects against cell lines of human lung cancer

5. Descurainia sophia Regulation of signaling and metabolic pathways

6. Panax ginseng Increase p53 activity, reduce NF-κB activity, induce apoptosis

7. Zingiber officinale Reduce lung metastases in animals (mice) in receipt of B16F10
melanoma cells

8. Embelia ribes Regulate JNK and p38 pathways in apoptosis induced by embelin

9. Salvia miltiorrhiza Reduce lung adenocarcinoma tumor growth

10. Murraya koenigii Inhibit cell growth of lung cancer extrinsic and intrinsic pathways
of apoptosis

11. Lysimachia
capillipes

Induce apoptosis in NSCLC cells

12. Scutellaria
baicalensis

Act as complementary in lung cancer chemotherapy

13. Cinnamomum
subavenium

Induce cell death of lung cancer by ROS generation followed by
apoptosis

14. Davallia divaricata Induce apoptosis and oxidative stress in cells of lung cancer

15. Daphne genkwa Inhibit metastasis and tumor growth by defending the viability of
host immunocytes

16. Curcuma wenyujin Inducing tumor cell apoptosis, enhancing radio sensitivity

17. Polygala senega Cause apoptosis in A549 cell line of lung cancer

18. Croton
macrostachys

Inhibit the LLC growth in mice

19. Cassia garrettiana Inhibit metastasis and tumor growth in LLC bearing mice

20. Brucea javanica Show the anti-carcinoma effect against lung cancer induced brain
metastasis
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Chemoprevention is the prophylactic use of non-toxic substances like biological,
natural, or synthetic agents for cancer prevention. The occurrence of carcinogenesis
is a multifaceted incident and its growth comprises several phases such as initiation,
promotion, progression, and lastly metastasis. For instance, in case of lung carcino-
genesis, it involves a series of epigenetic and genetic changes in epithelial cells of
pulmonary system that direct the cell changes in proliferation, differentiation,
invasion, and metastasis. Furthermore, lung carcinogenesis also has “field of
cancerization” feature that means tissues near the cancerous lesions would seem to
be histologically normal but this tissue has molecular abnormalities at the same time
as in the tumors. Example of the “field of cancerization” during lung carcinogenesis
is the formation of premalignant in all epithelial cells of airways after exposure to
cigarette smoke [54].

This concept is further confirmed because even single mutant epithelial cell in
respiratory lining has potential to spread out into surrounding tissues in lung and
finally turns into malignancy. Naturally occurring phytochemicals are selectively
targeting cancer cells. These chemopreventive phytochemicals play an important
role and frequently act on cancer cells even in small doses with no harm on healthy
cells. The natural phytochemicals from vegetables and fruits have chemopreventive
potentials in case of lung cancer. For example, various studies showed that fruits and
vegetables consumption in current smokers may well diminish the risk of occurring
lung cancer [55, 56].

Dietary phytochemicals having effective anti-inflammatory or anti-oxidative
activities play a vital part in regarding the protection of lung function. Fruits like
bananas, apples, and vegetables (tomatoes), fish, herbal tea, white wine, and marine
food had shown potential regarding the lung function protection in high risk
populations [57].

Tea (Camellia sinensis) is the most regular consumed infusion all over the world.
There are many studies which showed that consumption of tea has a protective role
on carcinogenesis. The protective effect of green tea on carcinogenesis is mainly due
to the presence of epigallocatechin gallate which is a chief component of green tea. It
may act through various mechanisms like cell cycle arrest and apoptosis induction,
modulation of cell-signaling pathways, modulation of carcinogen metabolizing
enzymes, and suppression of the activation of transcription factors that result in
the cessation of cancer growth. The epigallocatechin gallate (1–40 μM) inhibits the
independent growth of human lung cancer cells by regulating p53 expression and
also raises the phosphorylation of p53 at Ser15 and Ser20. It plays an important and
major part in the improvement of its transcriptional activity and inhibition of MDM2
mediated p53 ubiquitination [58, 59].

Isothiocyanates are present in cruciferous vegetables as glucosinolates. It is
myrosinase enzyme that is responsible for the conversion of glucosinolates to
isothiocyanates. Phenethyl isothiocyanate, benzyl isothiocyanate, and sulforaphane
are extensively studied for their chemo preventive role beside cancer. The benzyl
isothiocyanate inhibited gefitinib resistant human NSCLC cells growth by induction
of activation of caspase-3, cell cycle arrest at G2/M phase, apoptosis, generation of
reactive oxygen species (ROS), depletion of glutathione, suppression of Akt activity,
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activation of MAPK, NF-κB transcriptional activation, and activator protein (AP)-
1 [60].

Genistein is the most plentiful isoflavone found in soybean and most commonly
known for its chemopreventive effects. Genistein (10 μM) has the capacity to
enhance trichostatin A apoptosis induction and exert its effect by enhancing the
activity of caspase-3 in A549 cells of human lung carcinoma and the normal human
lung fibroblasts are unaffected [61].

Fisetin is a naturally occurring flavonoid, occurs in strawberry, grape, persim-
mon, cucumber, onion, and apple. It has apoptotic, anti-proliferative, and anti-
angiogenic properties against cancer cells. Studies had shown that NSCLC cells
treatment with fisetin (5–20 μM) restricted cell growth by inhibiting mTOR and
PI3K/Akt signaling. It causes declined expression of protein PI3K, phosphorylation
of Akt, and mTOR inhibition without affecting normal bronchial epithelial
cells [62].

Vitamin C showed the antioxidant activities and found to be protective against
lung tissue. Vitamin E is well known for its potent antioxidant property and mainly
acts by its membrane repairing, chain breaking, and free radical scavenging activity.
The dietary intake of vitamin E is directly correlated with its serum level and lung
tissues. A meta-analysis showed that vitamin E and its circulating level is directly
associated with lung functioning [63, 64].

Silibinin is a flavonolignan and found mainly as the chief biological active
constituent of silymarin. It is mainly extracted from the dried fruits and seeds of
Silybum marianum. It plays an important role in the inhibition of initiation and
promotion related events in a variety of pre-clinical cancer models for colorectal,
skin, lung cancer, and prostate. Among the several cancer models silibinin effects
were found to have growth control and prevention of lung cancer through invitro and
in vivo studies [65].

Phloretin is a flavonoid that is obtained from apples and other plants such as
Pieris japonica, Loiseleuria procumbens, and Hoveniae lignum. It was observed a
dose of 125–150 μg/mL of phloretin given against Calu-1, NSCLC cell lines A549,
H520, and H838 caused reduction in apoptosis induction, proliferation and
suppressing the expression of Bcl-2 while increasing cleaved caspase-3 and 9 protein
expressions and also downregulating MMP-2 and 9 expression on gene and protein
levels [66]. Some plant drugs having potential against the lung carcinoma, along
with their active constituents and mechanism involved are listed in Table 11.2.

The compounds like alkaloids, triterpenoids, flavonoids, terpenoids,
polysaccharides have been extracted from medicinal plants and some formulas
have been combined with chemotherapy for clinical test. Solanum incanum, an
alkaloidal drug containing solamargine as active constituent is reported to have
potential for treatment of four types of lung cancer. Solamargine therapy enhances
the combined activity of TNF alpha and beta to the cancer cells. It makes TNF
resistant cell lines that are susceptible to alpha and beta TNF. Besides this,
solamargine initiates other cell death processes like release of cytochrome C from
mitochondria, decrease the level of antiapoptotic Bcl2, Bcl-xl, increase caspase-3
and fragmentation of DNA, thus showing activity against lung cancer.
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Triterpenoidal compounds like hederacolchicoside A, extracted from Hedera
colchica and beta hedrin obtained from Hedera helix are monodesmoid oleanolic
acids and show cytostatic activity against human lung cancer cell line (A549).
Bupleurum falcatum contains saikosaponin D as one of its active moiety useful for
the liver diseases treatment [96].

The root part of Scutellaria baicalensis Georgi. possesses flavonoidal
constituents like wogonin, baicalein, wogonoside, and neobaicalein. These con-
stituents have been reported to stop the growth of malignant cell lines. Baicalein
inhibits the activity of lepooxygenase-12 in several forms of cancer [96].

Antofine and acutiaporberine are medicinal plants that have been tested for their
anticancer activity. In India, a poly herbal siddha medicine named “Rasagenthi” is
used for cancer treatment. In prostate cancer cell line (PC-3), the Rasagenthi
chloroform extract induces apoptosis and reduces the growth of these cell lines as
per recent studies. It has been reported that the chloroform extract of Rasagenthi has
anti carcinogenic activity on lung cancer cell lines. In recent studies, it has been
found that the many dietary phytochemical substances have profound antitumor
properties [97].

Chinese herbal medicines (CHMs) clinical performance has good response and
shows ability to treat different symptoms of lung cancer. Several traditional Chinese
medicines formulae affects synergistically as herb extracts have been reported to
stop lung cancer at various stages. It also prevents the patient from adverse side
effects of single drug. Research demonstrates that Chinese treatment helps the body
to fight against infectious agents that increases the patient’s life. Various types of
chemical compounds like triterpenoids, alkaloids, terpenoids, flavonoids, and
polysaccharides have been reported to possess activity against lung carcinoma [96].

11.6 Conclusion

The traditional ways of treatment using herbal medicinal products are being used for
centuries in the treatment of various types of disease. As one of the attractive
alternatives to lung cancer treatment, herbal medicines have been recognized and
proved to be useful and effective in sensitizing conventional agents, prolonging
patient survival, preventing chemotherapy side effects, and enhancing the quality of
life of patients with lung cancer. The natural products were primarily used as
alternative therapy for the treatment with the goal of reducing toxicity, alleviating
symptoms associated with cancer, enhancing the immune system, and also having
direct effects on cancer. Herbal treatment has been considered as additional treat-
ment for some malignant disease based on recent scientific research on herbs. Even
though several studies have shown an assessment of the potential mechanisms of
action of these compounds, many studies have still provided only preliminary
screening data and therefore not identified their mechanism of action.
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Effect of Medicinal Plants against Lung
Cancer 12
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and Ritu M. Gilhotra

Abstract

Lung cancer is a chronic disease and speaks to one of the greatest health care
issues for mankind. It is an illness with a high morbidity and high demise rates.
Subsequently, it is regularly connected with a plenty of affliction and general
abatement in the quality of life. Just chemotherapy and radiation therapies are
now and again effective and in much occasions harmful and deadly. Alternative
and less toxic medicine is very considerably essential to this ailment. The goal of
this study is to review the medicinal plants having antitumor activity for the
management of lung cancer. Medicinal plants are presently standing out as likely
wellsprings of anticancer specialists and are broadly utilized because of accessi-
bility of the materials, generally modest, little, or no side effects, wide pertinence,
and helpful adequacy which thus have quickened the scientific exploration. The
study was directed with lung cancer cell line (Human), on humans and animals,
and lung carcinoma (Lewis) was the maximum utilized exploratory model. In this
review we have summarized some medicinal plants keep being an abundant
wellspring of herbal remedies or bioactive composites against Lung cancer.
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12.1 Introduction

Our body is made out of a huge quantity of little cells, each an independent living
unit. Normal cells inside the body develop and multiply for a while and afterward
stop developing and multiplying. From that point, they only replicate themselves as
essential to substitute faulty or dying cells. Malignant growth happens when this cell
generation drives out of control. The abnormal development and division saw inside
the cancer cells are brought about by harm in these cells DNA (the genetic material
inside the cells that decides cellular characteristics and functioning). There is an
assortment of ways that cellular DNA gets harmed and defective [1].

Malignancy is an assortment of heterogeneous genetic illnesses joined by collec-
tive modifications in multiple cell signal pathways [2]. Numerous trademarks are
proposed to cancer cells. Avoidance of modified cell demise or apoptosis remained
as principal modifications that dictate malignant growth [3]. Moreover, different
trademarks remember independence for development signals, liberating cell ener-
getics, supported angiogenesis, metastasis, evasion immune detection, and tissue
intrusion [2–4].

As indicated by the WHO, the malignancy is a non-communicable syndrome
liable for 63% of deaths throughout the world, being considered as the second reason
for death in the whole globe [5, 6].

Cancer is a main reason for death around the world, representing an expected
96 lakh deaths in 2018. By 2025, 193 lakh new cases are anticipated to develop each
year [7]. The most widely recognized cancers are as follows:

• Stomach (1.3 lakh cases)
• Skin cancer (non-melanoma) (1.4 lakh cases)
• Prostate (12.8 lakh cases)
• Colorectal (18 lakh cases)
• Breast (20.9 lakh cases)
• Lung (20.9 lakh cases)

Lung cancer is presently the malignant tumor with the highest rate of mortality
around the world, often because it is not recognized till there has been significant
growth of the disease, which prompts a huge decline in the personal satisfaction of
the patient [8]. The use of tobacco is the most significant danger issue for malignancy
and is liable for around 22% of total cancer demise [9].

Various factors are classified as possible reasons for lung cancer, comprising
indoor and outside air pollution, cigarette smoking, exposure to passive smoking,
radiation, and work-related exposure to composites such as asbestos, arsenic, nickel,
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and chromium [10]. The greatest significant reason is smoking [11] besides the
occurrence rates of lung carcinoma are usually greater in men than in ladies [12].

There are 2 fundamental forms of lung carcinoma:

(a) Non-small cell lung carcinoma (NSCLC).
(b) Small cell lung carcinoma (SCLC).
(a) Non-small cell lung carcinoma (NSCLC)

NSCLC is the furthermost well-known sort of lung cancer. Approximately eight
out of ten lung cancers are NSCLC.

There are 3 subclasses of NSCLC:
1. Adenocarcinomas.
2. Squamous cell carcinomas.
3. Large cell carcinomas.

Adenocarcinoma makes up around 40% of entire lung cancers and it is the
most widely recognized form of lung carcinoma and arises inside the cells of
glands situated on the external aspect of the lungs. It is most oftentimes observed
in individuals younger than 45, ladies, and non-smokers.

Squamous cell carcinoma (SCC) makes up about 30% of entire lung carci-
noma and also is connected with past filled with smoking. Squamous cell
carcinoma is more common in men compared to women. Most instances of
SCC establish in the middle of lung. Frequently, and at a prior stage, SCC has
indications like coughing up blood.

Large cell carcinoma (LCC) makes up around 15% of entire lung cancers
and will in general develop rapidly and is typically undetected until they have
metastasized. LCC just shows up in about 1 in each 10 individuals. As new exact
diagnostics have opened up any lung carcinoma formerly diagnosed as LCC is
recategorized as adenocarcinoma or SCC.

(b) Small cell lung carcinoma (SCLC)
SCLC makes up around 15% of entire lung cancers and is a considerably less
regular type of lung carcinoma, influencing approximately 1 in each
10 individuals determined to have lung carcinoma. SCLC is especially destruc-
tive. It regularly restores after beginning rounds of chemotherapy [12, 13]
(Figs. 12.1 and 12.2).

Fig. 12.1 Categories of lung
carcinoma by histology
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12.2 Stages of Cancer

“Staging” is a very significant boundary in deciding the seriousness of this illness.
Patients can be suggested to medicate appropriately depending on the stage of
cancer. There are 4 stages of cancer, each demonstrating various properties and
symptoms. These are organized as under:

STAGE ZERO: The physician catches abnormal cells precisely in the upper-
most layer of cells coating the aviation paths.

STAGE ONE: This is the primary stage of cancer with no noticeable
symptoms. The tumor is not completely developed and has
not outspread to different sites of the body. A normal clinical
assessment can help identify the existence of first stage disease.
If cancer is recognized in this stage, it would be easier to cure it.

STAGE TWO: The tumor in this case is easily visible through scans. There are
a few visible symptoms.

STAGE THREE: The benign tumor is fully developed with noticeable symptoms.
STAGE FOUR: This is the terminal stage cancer and no cure is possible in this

stage. There is metastasis (spread) of tumor to different parts of
the body. There are visible indications of cachexia (unexpected
critical weight reduction).

There is another way to categorize cancer based on its severity and expansion as:

T: This is the first stage of cancer and its severity depends on the spread of tumor
from its unique position.

N: When the tumor spreads from its original location to lymphatic nodes [15].

Fig. 12.2 Common Locations for Four major types of Lung Cancer [14]
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These days, surgery, radiation, chemotherapy, hormones therapy, and immuno-
therapy are the fundamental methodologies for malignant growth therapy, normally
enhanced by other correlative and elective medicines, for example, herbal remedies.
In spite of the fact that chemotherapy is the technique generally utilized, a few issues
are related to its utilization, including restricted adequacy, serious harmfulness, and
multidrug opposition [16].

However, in this strategy, on reason of non-selectivity of medications, a high
number of healthy cells will be vanished with disease cells. Besides the utmost
significant issue in disease treatment is abolishing tumor cells within the sight of
normal cells. To treat the cancer by natural sources like plants by examining
cytotoxic composites and screening of various extracts of plants are vital [17],
Hence, the accessibility of natural products with greater adequacy and minor side
effects is anticipated [18]. Medicinal spices are significant for malignancy therapy
because of their different chemical composites for finding new dynamic resources
against cancer [19].

Various upgrades are accounted for in like manner therapies of malignant growth
by ascertaining secondary composites of natural products and herbal remedies. It is
assumed that anticancer impacts of plants are established by stimulating the produc-
tion of antitumor enzymes in the cell, inhibiting cancer’s stimulating enzymes,
repairing DNA, boosting immunity, and bringing antioxidant impacts [20]. Plants
have reliably been a purpose behind the conventional medication frameworks and
they have given ceaseless solutions for humanity to a large number of years.
Information on the medicinal plants for the provision of several drugs has been of
incredible importance [21]. Therapeutic plants are perceived as a rich premise of a
wide assortment of components which can be used for medication advancement.
Malignancy is the major dangerous sicknesses which are described by unpredictable
cell multiplication. It is a significant medical problem in developed and developing
nations. The most well-known explanation for malignant growth is changing the
approach of life and because of this it becomes an overall issue over the world.
Accordingly, there is a demanding need to discover better treatment feasible for this
ailment. As chemotherapy and radiation treatment cause different symptoms, so here
a need to find novel specialists for the therapy of this sickness; it might be conceiv-
able with the consumption of naturally occurring compounds [22].

Plants have an extensive antiquity of utilization in the therapy of malignant
growth and keep on being the primary basis of new medications [23]. Remedies
from herbal source have been perceived as one of the striking methodologies for the
therapy of lung cancer since they have recognized to be helpful and effectual in
alerting conservative agents, extending endurance time, avoiding side effects of
chemotherapy, and enhancing personal satisfaction of the sufferer of lung carcinoma
[24]. The latest study with plenty of malignancy sufferers uncovered that the ratio of
individuals consuming herbal medications in combination with conventional treat-
ment was as high as 77% [25].

This information exhibit the significance of natural composites as a complemen-
tary treatment for the therapy of lung carcinoma, principally with the purposes of
reduction of toxicity of treatment, improvement of cancer correlated symptoms,
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encouragement of the immune system, and direct impact on disease [26]. Numerous
natural products or synthetic composites are still broadly utilized clinically, for
example, Vinca alkaloids isolated from the Catharanthus roseus, i.e. Vincristine,
Vinblastine [23]. Also, further promising natural or synthetic composites like
flavopiridol [27] and combretastatin A4 are in the clinical development phase [28].

12.3 Methodology

So as to gather evidences about various compounds, keywords “cytotoxicity,”
“traditional medicine,” “medicinal plant,” “herbal medicine,” “plant compounds,”
“Lung cancer cell line,” “anticancer effect” were looked in domestic databanks and
international databases like Scopus Science Direct and PubMed. The search interval
was from 1965 to 2020.

12.4 Results and Discussion

12.4.1 Anticancer Impact of Medicinal Plants

Therapeutic plants can be strong anticancer compounds for lung cancer treatment
over synthetic items because composites derived from plants are more endured and
not toxic to the normal human cells. Effectively accessible ordinary treatments for
the therapy of malignant growth are radiotherapy and chemotherapy and they have
possess different side effects like neurological, heart, pulmonary, and kidney toxic-
ity, which truly influence the well-being of the individual.

In this manner, an alternative strategy is needed to develop that include slighter
toxic and more impactful anticancer drug as compared to the medications accessible
throughout the market. Natural medications have a fundamental purpose in the
anticipation and therapy of disease. Natural drugs and phytochemicals can act as
potent anticancer composites for the lung carcinoma treatment and avoidance by
maintaining multi-molecular sites involved in metastasis, angiogenesis, and severe
side effects [29, 30]. In this survey, we accomplished antitumor impact of medicinal
plants against different kinds of lung tumors dispersed in various regions of the
world.

Some of the plants that exhibit anticancer potential against lung cancer are given
in Table 12.1.

12.5 Conclusions

Every year, lung cancer takes the lives of billions of peoples. Different treatments are
accessible for the treatment but they have a few restrictions, for example, kidney
harm, gastrointestinal disorder, and so on, because of which an alternative solution to
this problem is required.. A few nations study medicinal plants with antitumor
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impact on lung cancer. Plants are a significant source of secondary metabolites and a
vital source of therapeutic drugs. Natural medication therapy is an ideal decision as it
is similarly less expensive and might be strongly prescribed to poor people and
country individuals for the viable therapy of cancer of Lung. It is reported that herbal
medicines have rich anticancer potency because of their immunomodulatory and
antioxidant potential. Numerous species are active in diverse exploratory models.
This displays that the natural composites from plants remain being a rich source of
herbal remedies or bioactive composites. Bioactive composites altogether impacted
the disease research on different perspectives. Secondary metabolites from medicinal
plants prevent DNA harm, arrest the cell cycle, inhibit the angiogenesis of tumor
cell, and induce apoptosis, hence prevents malignant growth.

There is a requirement for additional investigations on chemical characterization
and standardization of the extracts utilized. However, studies with human and cancer
cell lines (human Lung) were likewise observed for various species of plants.
Moreover, lots of research has to be done on these phytochemicals to assess their
potential applications, toxicological and specific genotoxic profile against a wide
scope of malignancy in both either in vitro or in vivo. Hence in this section chosen
plants have been investigated for their biological action against lung cancer and
furthermore efforts are necessary to explore potent anticancer plants from nature to
save humans lives across the world from lung cancer.
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Role of Medicinal Plants in Pulmonary
Hypertension 13
Deepak Kumar Jindal, Prachi Sah, Dheeraj Bisht, H. Lalhlenmawia,
Dharmendra Kumar, and Deepak Kumar

Abstract

Pulmonary hypertension is a chronic and advanced disease associated with
increased resistance to the pulmonary vasculature, which causes changes in the
morphology of the pulmonary arteries and is a major reason for death worldwide.
It is associated more in women than in men. It remains asymptomatic until the
harmful effects of hypertension such as stroke, myocardial infarction, etc. are
observed. Synthetic drugs are used to overcome this disease, but they produce
serious side effects, so alternative medicines from medicinal plants need to be
developed. Traditionally, medicinal plants have been used since ancient time and
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are shown to be effective. Examples of plants include Moringa Oleifera Lam,
Allium sativum L., Terminalia Arjuna, Withania Somnifera, and many more.
They act by decreasing SOD, increasing nitric oxide levels, and also lowering
the BCL2/BAX ratio. This chapter focuses on the recent discovery of medicinal
plants and its phytoconstituents used in the treatment of pulmonary hypertension
and the pathways involved.

Keywords

Pulmonary hypertension · chronic disease · Medicinal plant · Anti-hypertension

13.1 Introduction

Pulmonary hypertension (PH) is a chronic and progressive disease related with
increased resistance to pulmonary vasculature, which causes alteration in the morphol-
ogy and structure of the pulmonary arteries and is a major cause of death worldwide.
The symptoms include exhaustion, dyspnea, heart trembling, chest pain, anxiety,
depression, increased sensitivity to respiratory infections, and retention of fluid
[1]. The survival rate without the treatment is for about 2.8 years and can cause
oxidative stress, inflammation, permanent hypoxia, and increase of endothelial cells
and blockage of apoptosis in pulmonary arteries, which causes pulmonary vascular
remodeling and oxygen deficiency in lungs [2, 3]. This occurs when volume of blood
increases, right ventricular pressure increases and right ventricular hypertrophy results
non-working of the ventricular [4]. The rise in pulmonary arterial pressure causes high
blood circulation and right ventricle hypertrophy, when compared to normal
conditions. Therefore, the major reason for disruption in O2 and CO2 exchange is
mainly due to the speedy blood flow channeling through the lung’s vasculature [5].

Pulmonary arterial hypertension (PAH) is considered as one of the most common
class of PH, can be idiopathic, or may also be due to the result of other causes like
collagen vascular disease, portal hypertension, and various toxins/drugs, viz. inhaled
rapeseed oil, amphetamines, fenfluramine, cocaine, dexfenfluramine, etc. Respira-
tory diseases or hypoxemia like chronic obstructive pulmonary disease, chronic
thrombotic, alveolar-capillary dysplasia and/or embolic diseases, and inflammation
like sarcoidosis are linked with pulmonary venous hypertension [6]. The ethology of
PH is shown in Fig. 13.1.

13.1.1 Pathophysiology of Pulmonary Hypertension

In the heart development of right ventricular systolic pressure is due to high
resistance of the pulmonary vasculature to protect cardiac output. Persistent and
continuous enhancement in resistance of the pulmonary vasculature can lead to rise

304 D. K. Jindal et al.



in systemic vascular resistant (SVR) on the right ventricle, thereby increases right
ventricular systolic pressure (RVSP), this is pursued by destructive flow in right
coronary artery, raised wall stress, and increased oxygen demand. Abnormality of
oxygen demand and supply leads to greater SVR and expansion in right ventricular
myocardial hypertrophy (RVH) suffering with PH and its frequent compensatory
mechanism [3, 7].

Other studies give the impression that in perivascular infiltration and remodeling
in PH, the cells are basically derived from bone marrow [8, 9]. Bloodworth et al.
observed increase in bone marrow-derived cell exploitation due to PH into the
pulmonary parenchyma and also suggested that in perivascular infiltration and
remodeling in the lungs of these cells [8]. In the heart transformation of cells into
myofibroblast or cardiomyocytes causes cardiac hypertrophy due to bone marrow-
derived cells [9].

Further, studies suggest that the patients suffering from hereditary PAH and
caveolin mutations in the coding region of bone morphogenic protein receptor
2 can be correlated with cell migration and propagation process which contributes
to PAH pathophysiology in 70% of patients [10]. Studies have shown that extracted
bone marrow-derived CD133 (+) cells with PAH primarily caused by caveolin
mutations or BMPR2 [11].
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Moreover, in PH bone marrow-derived proangiogenic cells (PACs) promptly
give rise to small-vessel remodeling, whereas in RVSP their abscission in the
Sugen-Hypoxia model showed a sudden reduction, as it obstructs the
muscularization and rigidity of pulmonary arterial vessels with no change in RV
remodeling [8]. As suggested by these authors, serotonin plays an important role in
functioning and recruitment of PACs in PAH, because it was observed that absence
of 5-hydroxytryptamine (serotonin) receptor 2B (5-HT2B) exhibits parallel protec-
tive outcomes. Where as an inhibitor of the serotonin reuptake transporter (5-HTT),
i.e. Fluoxetine, but not a particular antagonist of the serotonin receptors 5-HT2A or
5-HT2B, 5-HT1D/1B and is helpful in reversing fully antagonized monocrotaline-
induced PH or severe PH [12] (Fig. 13.2).

FDA reported certain disorders in PAH patients that were nausea, diarrhea,
constipation, etc. [13]. This further signifies that these gut disorders may be consid-
ered as a part of a cascade of episode in the PH syndrome and might be independent
to treatments side effect.

Histopathological of PAH patients showed remarkable increase in plasma
biomarkers for gut intestinal fatty-acid binding protein (iFABP), leakiness zonulin,
high mobility group box 1 (HMGB1), gut inflammation lipopolysaccharides (LPS),
and tissue inhibitor of metalloproteinase 1 (TIMP1) and higher penetration and gut
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swelling. Hypothesis suggest major cause of microbial translocation contribute to
chronic inflammation. whereas PH is linked with higher gut permeability [14]. There-
fore, different synthetic drugs prove to be very helpful for the treatment of hyper-
tension such as blockers of endothelin receptor (bosentan) [15], prostacyclin
agonists (epoprostenol) [16], and phosphodiesterase-5 inhibitors (sildenafil) [17]
but due to their side effects natural compounds are preferred over the synthetic drugs.

13.2 Different Plants Used Against Pulmonary Hypertension

13.2.1 Allium sativum L.

It is also known as garlic and is traditionally used as a spice as well as for the
treatment of different diseases. Chemical constituents of A. sativum include sulfur
containing compounds such as cysteine sulfoxides mainly responsible for the thera-
peutic activities. One such cysteine sulfoxide is alliin (Fig. 13.3) [18, 19]. Garlic is
also used since older times for various conditions associated with oxygen toxicity,
which is attributed to the presence of alliin as it shows strong antioxidant and
hydroxyl radical scavenging activities [20].

A. sativum relaxes vascular smooth muscles through increasing the action of
endothelial nitric oxide (NO) synthase. Water extract of A. sativum has shown the
inhibition of the growth of PH caused by hypoxia owing to vasorelaxant action in
rats [21]. Other therapeutic activities of A. sativum include antidiabetic activity, anti-
inflammatory activity, immunity enhancer, anticancer activity, antibacterial activity,
and cardiovascular protective activity [22].

13.2.2 Withania somnifera L.

It is called as ashwagandha and used in Indian traditional system of medicine
[23]. Most important active chemical constituents present in W. somnifera are
withanolide A and withaferin A (Fig. 13.4) [24]. Treatment of monocrotaline
mediated pulmonary hypertension with W. somnifera resulted in decrease of right
ventricular hypertrophy and pressure, reduction in the expression of protein content
of proliferating nuclear cell antigen, increased procaspase-3 expression, reduction of
reactive oxygen species, increase of interleukin 10, and decrease of tumor necrosis
factor α in rats.

Fig. 13.3 Chemical structure
of alliin
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This plant also results in increase in endothelial NO synthase expression and
decrease in hypoxia inducible factor 1α expression in the tissues of lung, resulting in
increased nitric oxide levels causing vasorelaxation [24]. Other activities include
antioxidant, anti-inflammatory, antifatigue, antidiabetic, antiaging, antitumor, and
anti-Alzheimer [25]. Apart from these, it is also used as antihypertensive and
antihyperlipidemic [26].

13.2.3 Allium macrostemon Bunge

This plant is traditionally used in Chinese medicine due to its various biological
actions like anti-asthmatic owing to its potential to relax the smooth muscles of
bronchi, decreasing blood perfusion, and the mean pulmonary arterial pressure apart
from antioxidant, anticancer, immunity enhancer activities [27]. Its main active
constituent dimethyl disulfide (Fig. 13.5) is reported to have activities such as
antihypertensive, anti-inflammatory, melanin formation regulation, thereby making
it useful against myocardial ischemia [28].

It has been reported that the volatile oil of A. Macrostemon and its phytoactive
component dimethyl disulfide mitigates PH by initiating Ca2+/protein kinase
A/endothelial NO synthase signaling pathway in endothelial pulmonary
arterials [29].

Fig. 13.4 Chemical structure of withaferin A and withanolide A

Fig. 13.5 Chemical structure of dimethyl disulfide
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13.2.4 Terminalia arjuna Roxb

It is evergreen tree grown in India, used in traditional medicine for its useful effects
in cardiovascular diseases [30]. Its active constituents are tannins, flavonoids, and
terpenoids [31]. The aqueous extract (stem bark) resulted in prevention of decrease
in weight of lung tissues in monocrotaline-induced pulmonary hypertensive rats.
This effect was attributed to the reduction of right ventricle hypertrophy and medial
wall thickness of pulmonary arteries, decreased lipid peroxidation and NADPH
oxidases protein expression in lung, increased superoxide dismutase and catalase,
thereby suggesting T. arjuna an effective remedy for PH. Other medicinal properties
of T. arjuna include antioxidant, hypolipidemic, and antihypertensive activity
[32, 33].

13.2.5 Allium ursinum L.

Commonly known as wild garlic extensively used in ancient system of medicine
[34]. The active components of A. ursinum responsible for its biological activities are
flavonoid glycosides and sulfur compounds. There is upregulation of phosphodies-
terase 5 in case of pulmonary hypertension [35] and therefore the actions of Allium
ursinum, because of saponins and flavonoids, that is linked with inhibition of
phosphodiesterase enzyme and decrease blood pressure [36]. Other important
activities of A. ursinum are inhibitory effect on prostaglandin endoperoxide synthase
and 5-lipoxygenase enzyme, plentiful antioxidant activity, antiaggregation effect on
platelets downregulation of cholesterol biosynthesis.

13.2.6 Trifolium pratense L.

It is a red clover and found in West Asia, Europe, and Africa. Its active chemical
constituents are related to the flavonoid class [37]. Administration of isoflavones
extracted from T. pratense to broiler chickens having PH resulted in reduction of
endothelin-1 in serum as well in lung tissues and rise in nitric oxide synthase
secretion [38]. In other study, it was also found to increase NO levels and NO
synthase in the serum, thereby making it suitable against pulmonary hypertension
[39]. Isoflavones present in T. pratensemay also decrease the contractions of smooth
muscle in bladder, uterus, and ileum [40].

13.2.7 Crataegus rhipidophylla Gand

Its synonym is Crataegus oxyacantha L. and it is inhabitant of Asia, Europe, and
Africa [41]. Bioactive compounds of C. rhipidophylla include hyperoside,
epicatechin, and chlorogenic acid and are shown in Fig. 13.6.
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This plant has many important medicinal properties like anti-anxiety, antioxidant,
anticancer, nephroprotection, neuroprotection, hepatoprotection, and
cardioprotection [42, 43]. Its flavonoid extract upon administration in broiler
chickens showed augmentation of nitric oxide levels on PH induced by high altitude,
probably by overexpression of inducible nitric oxide synthase and superoxide
dismutase 1 and by reduction of the expression of endothelin-1 in the tissues of
the heart [44].

13.2.8 Eulophia macrobulbon Hook.f.

Its synonym is Corduroy orchid and traditionally used in Europe, Asia, and Amer-
ica. The ethanolic extract shows the presence of stilbenes and their derivatives,
terpenoids, flavonoids, and phosphodiesterase 5 inhibitors, thereby making it useful
as a pulmonary vasodilator [45]. Other medicinal activities, viz. anti-inflammatory,
anticancer, antidiabetic and pulmonary disorders [46]. Ethanolic extract in
monocrotaline mediated PH and inhibition of CaCl2 induced contraction in pulmo-
nary arterial rings in rats [47].

13.2.9 Salvia miltiorrhiza Bunge

It is also called as red sage and utilized in traditional Chinese medicine for increasing
blood flow and cooling the blood in the treatment of abscess, inhibition of the
platelet aggregation, protection of myocardium against ischemia, neural cells
injuries against anoxia, and hepatic fibrosis [48]. Chemicals constituents responsible
for its actions are due to the metabolites of caffeic acid [49, 50]. Salvia miltiorrhiza
also proved its effectiveness for the protection of vascular endothelial cells
[50]. Administration of S. miltiorrhiza aqueous extract in pulmonary hypertensive
rats resulted in improvement of mean right ventricular systolic and pulmonary
arterial pressure, increase in nitric oxide levels, and decrease in endothelin-1,
thromboxane A2, and transforming growth factor 1 expression in lung tissues
suggesting an effective treatment for PH [51].

Fig. 13.6 Chemical constituents of Crataegus rhipidophylla
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13.2.10 Kelussia odoratissima Mozzaf

It is commonly known as wild celery and native to Iran, where it is used for the
treatment of inflammation and hypertension from ancient times. It contains essential
oil, which contains terpenes, phthalides, and (Z)-ligustilide (Fig. 13.7) as active
principles [52], while its extract (alcoholic) poses flavonoids and polyphenols with
excellent antioxidant activity [53].

Treatment with K. odoratissima on broiler chickens with pulmonary hypertension
showed increase in wt, decrease in malondialdehyde levels in serum, increase in
heterophil/lymphocyte ratio and nitric oxide level apart from overexpression of
inducible NO synthase, superoxide dismutase 1, and suppression of the expression
of endothelin-1 gene in the tissues of the heart, thereby improvement in the PH [54].

13.2.11 Moringa oleifera Lam

A drumstick tree and native of northwest India and grown in tropical and subtropical
regions. The active phytoconstituents of M. oleifera are nitrile glycosides which
have potent antioxidant and hypotensive properties [55]. Administration of
M. oleifera in monocrotaline-induced PH in rats resulted in increased superoxide
dismutase levels and decreased pulmonary pressure as well as pulmonary arterial
wall thickness [56]. Also, the active compounds niazirin and thiocarbamates showed
antihypertensive effect in rats, thereby making it useful for the treatment of PH
[57]. Other therapeutic activities are antihypertensive, decrease in cholesterol levels,
potent antioxidant, hypoglycemic and antiproliferative activities [58].

13.2.12 Rhodiola tangutica (Maxim.) S.H.Fu

Its synonym is Sedum algidum and commonly known as golden root in Tibetan and
Qinghai traditional medicine. Chemical constituents responsible for the biological
activity of R. tangutica are terpenoids, flavonoids, and phenylethanols [59]. Admin-
istration of bioactive compounds of R. tangutica in hypoxia induced pulmonary
hypertension in rats resulted in reduced mean pulmonary arterial pressure and cyclin
dependent kinase inhibitor 1B protein expression, resulting in increased expression
of protein content of proliferating nuclear cell antigen, cyclin protein kinase 4, and
cyclin D and in turn regulation of these factors results in inhibition of cell

Fig. 13.7 Chemical structure
of (Z )-ligustilide
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proliferation and medial vessel wall thickness, which is responsible for pulmonary
hypertension [59]. Also, vessel wall relaxant activity of R. tangutica was also
confirmed in rat pulmonary artery, thereby indicating an efficient treatment for PH
[60]. It is also used for the mitigation of ailments in high altitude for colds [61].

13.2.13 Mimosa pigra L.

It is commonly known as giant sensitive tree and traditionally used in Asian, African,
and American countries for its medicinal values. Administration of M. pigra in
hypoxia induced PH caused elevated in NO production, decrease in pulmonary
artery pressure and expression of p38 mitogen-activated protein kinase and also
phosphorylation of the lung tissue in rats; thereby showing improvement in the
symptoms of PH [62]. Other pharmacological activities of M. pigra include
cardioprotective, antiinfective, and for the treatment of digestive disorders [63].

13.2.14 Securigera securidaca L.

It is commonly known as goat pea and found in West Asia, Africa, and Europe.
Chemical constituents of S. securidaca present in alcoholic and aqueous extracts are
related to the alkaloids, flavonoids, and saponins [64]. It is traditionally used for
ameliorating diabetes, hypertension, obesity, central nervous system, and digestive
disorders [65]. Broiler chickens having PH with S. securidaca resulted in elevated
levels of nitric oxide in plasma also being a vasorelaxant improved the symptoms of
PH, apart from improving hemodynamic parameters. Also, the presence of
flavonoids prevents nitric oxide inactivation through scavenging superoxide ions
(Fig. 13.8).

It has been reported that S. securidaca can also decrease oxidative stress by
reduction of malondialdehyde levels due to chemical constituents such as alkaloids,

Fig. 13.8 Chemical constituents of S. securidaca
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4-Methyl-2,6-di-tertbutyl phenol, phytosterols, 9,12-octadecadienoic acid, and
palmitic acid, thereby indicating an effective treatment for PH by virtue of antioxi-
dant and vasorelaxant properties [66].

13.3 Conclusion

PH is a serious condition in which there is development of high blood pressure in the
arteries of lungs of an individual due to hardening and narrowing of the blood
vessels. The plants used for the treatment of PH exert their pharmacological actions
by virtue of their antioxidant, anti-inflammatory, vasodilatation, antiproliferative
activities, and inhibition of vascular remodeling. The reported plants have potential
for the treatment of PH and their use overweighs against the chemical compounds
owing to their negligible side effects. Many of these plants can prove a boon for
making better the quality of life of the patients suffering from PH.
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Abstract

Pulmonary hypertension is caused by a rise in the vascular tone thus affecting the
structural composition of the pulmonary arteries. There are various symptoms
that are associated with pulmonary hypertension, which includes among others,
lungs inflammation, apoptosis inhibition, remodeling of pulmonary vascular and
hypoxia. It has been established that the application of medicinal plant could be
applied for effective management of pulmonary hypertension. Therefore, this
chapter intends to provide a detailed information on some medicinal plant that
could be applied for effective management of pulmonary hypertension. Detailed
information on isolation, purification, and extraction of the active constituents
present in plants that are utilized for the treatment of pulmonary hypertension
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were also highlighted. Specific techniques for structural elucidation of the active
compound were also highlighted. Detailed information on the biochemical path-
way involved in the activities of phytochemical in medical plant in the treatment
of pulmonary hypertension as well as detailed facts on the modes of action
involved in the application of medicinal treatment of pulmonary hypertension
were also highlighted.

Keywords

Pulmonary hypertension · Medicinal plants · Structural elucidation · Active
compound · Phytochemicals · Lungs inflammation · Apoptosis inhibition

14.1 Introduction

Pulmonary arterial hypertension (PAH) has been identified as a serious ailment that
is marked with gradual alteration of the pulmonary arteries and incessant increased
pulmonary vascular resistance that could ultimately result in death [1]. In terms of
hemodynamics, it is described as mean pulmonary arterial pressure �20 mmHg,
pulmonary wedge pressure�mmHg, and pulmonary vascular resistance of�3 wood
units [2]. It has a high mortality rate, prevalence of between 11 and 26 cases/million
adults as well as a higher incidence in women than men [3].

There are about five categories of PAH based on its etiology; hypertension in the
pulmonary arteries resulting in pulmonary arterial hypertension, left-sided heart
failure resulting in pulmonary hypertension (PH), hypoxic pulmonary vasoconstric-
tion resulting in PH, elevated pressure in the blood vessels of the lungs that results in
chronic embolic pulmonary hypertension and idiopathic PH [4, 5].

Dysfunction of the pulmonary endothelium results in inflammation of the lungs
and persistent hypoxia. Oxidative stress is a major contributory factor to vascular
remodeling in PAH [6]. Furthermore, pulmonary vascular remodeling that is pecu-
liar to PAH is typified by a buildup of vascular cells in the wall of the pulmonary
artery [3]. There are evidences that the aberrant endothelial cell proliferation is
genetic. However, hypoxia, oxidative stress allergy to drugs may also be important
in the abnormal proliferation of the endothelial cells [4, 5]. There are also indications
that individuals with idiopathic PAH have defective genes such as BAX and TGF-b
[7]. Mediators of inflammation are involved in the development of PH [8]. Increased
levels of IL-1 and IL-6 have been reported in individuals with idiopathic PAH, with
elevated expression of CCL5 and fractalkine in severe cases of PH [9].

It is becoming evident that medicinal plants are better alternative to the current
therapies in the management of PAH. Serious side effects and high cost are some of
the pitfalls in the use of orthodox therapies in the management of PAH.
Phosphodiesterase-5 inhibitors (e.g. sildenafil), prostacyclin analogs
(e.g. epoprostenol), and antagonists of endothelin receptor (e.g. bosentan) are
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some of the currently used drugs [4, 5]. There are evidences that these drugs may not
improve patient’s quality of life beyond 5 years [10].

Since oxidative stress has been implicated in the progression of PAH, it is
believed that food rich in antioxidants may be important in reducing the oxidative
damage associated with PAH [11]. Phytochemicals including terpenoids,
phytoestrogens, saponins, tetracyclic oxindole alkaloid, isoflavonoids, flavonoids,
isoquinoline, monoterpenoid phenolics, etc. have been reported to be efficacious in
the management of PAH [4, 5]. Some medicinal plants show potency in the
management of pulmonary hypertension such as Allium sativum, Allium
macrostemon, Allium ursinum L, Eulophia macrobulbon, Crataegus rhipidophylla
Gand, Moringa oleifera Lam, Rhodiola tangutica, respectively [4, 5].

14.2 Arterial Pulmonary Hypertension and Medicinal Plants

It has been discovered that inflammation, in situ thrombosis, vasoconstriction, and
fibrosis are all associated with the disruption of the physiologic balance. These
occurrences result to the contraction of the blood passages bringing about the
manifestation of pulmonary hypertension. The pathogenic processes of pulmonary
arterial hypertension is comparable to that of chronic pulmonary arterial hyperten-
sion as this is also known to include injuries to the endothelial layers and constriction
of the blood vessels [6].

Pulmonary hypertension is caused by a rise in the vascular tone thus affecting the
structural composition of the pulmonary arteries. Pulmonary hypertension is more
common among females that are above the age of 53 [2]. Researchers have
documented that in the global population, almost 100 million persons suffer from
PH, while for a patient that is not treated, and there is possibility of surviving up to
2.8 years. There are various symptoms that are associated with PH, which includes
among others, lungs inflammation, apoptosis inhibition, remodeling of pulmonary
vascular and hypoxia. It has been stated that about 100 million people from one place
to another in the world are experiencing pulmonary hypertension [12].

The occurrence of pulmonary hypertension is of significant health concern in
patients, since this brings about a significant decrease in the volume of oxygen
present in the lung, there is a rise in the quantity of blood that is pumped from the
heart [13]; the process also bring about the increase in the pressure at the right
ventricle which could cause the failure of this chamber of the heart.

There are some major signs that indicate the occurrence of pulmonary hyperten-
sion such as dyspnea and serious tiredness during daily endeavors which may
generally affect the efficiency in the discharge of daily physical activities. The
symptoms of this condition are closely related to those of other diseases of the
heart. This therefore makes it not readily possible to detect disease due to pulmonary
hypertension hence it gradually results to complications and death [14]. Electrocar-
diogram plays a dynamic function in the diagnoses of the defects due to HP in the
right ventricular region [15].
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Pulmonary arterial hypertension (PAH) is a disease that is commonly identified
with signs such as a rise in the vascular resistance, thus affecting significantly the
functioning of the heart and eventually collapse. The conditions due to this disease
have the potential of threatening life. More recently, medicinal plants have been
reported to be useful in the treatment of this disease. Findings from various
researches documented have shown the therapeutic efficiency of medicinal herbs
in the treatment and management of various diseases including the pulmonary
arterial hypertension [6].

The essence of using medicinal herbs generally is targeted towards the reduction
of acute pulmonary vasoconstriction, decline in the occurrence of vascular
remodeling and inducing a reversal of initial vascular remodeling when possible.
Basically, most diseases that occur as arterial pulmonary hypertension can result to
the failure of the right ventricular heart. This also depends on whether this occurred
acutely or chronically with their corresponding associated signs [12].

14.3 Isolation, Extraction of the Active Constituents Present
in Plants that Are Utilized for the Treatment of Pulmonary
Hypertension

Extracts from plants used for chemotherapy are commonly available either as fluid’s
extracts or also in their powdery forms obtained after drying. It is also possible to
process them into the forms of capsules and tablets and in some other cases they may
be fractionated to obtain different active components which could then be used as
drugs. There are therefore various techniques of extraction that could be employed in
the course of isolating active agents from different medicinal plants use in drugs
processing [16].

Right from time immemorial, plants have been engaged in the management of
numerous kinds of diseases in humans and animals. This involves the use of various
parts of the plants ranging from stem, leaf, bark, flowers, and pods to bark. Basically,
the use of herbs in the management of diseases and ailments in human is commonly
described as alternative medicines, because unlike the conventional orthodox
approach, it does not adhere strictly to the scientific approach to problem solving.
It is worth knowing that most of the drugs that are available in pharmaceutical outlets
have history that could be traced back to plants based origin, since most of them are
obtained as active compounds in plants [17].

Various orthodox drugs have been made available for the management of various
PAH. Some of these drugs include the readily inhaled types such as nitric oxide,
soluble guanylate that have been formulated more recently as well as various
receptor antagonists [18]. Most drugs are used for the management of PAH function
through the reduction of the arterial resistance thus bringing about vasodilatation.
This implies that mechanisms are not fully in place for the reversal of vascular
remodeling which is of immense concern [19]. All medicinal preparations were
generally obtained from plants according to history. With recent technology, most of
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these plants materials have been processed into drugs that can be used for the
treatment of various vascular diseases.

14.4 Extraction and Characterization of Active Constitutes
Available in Medicinal Plants

The process of extraction is an indispensable step during the production and
characterization of medicinal agents from plants for the management of various
diseases. The active substances present in the plants have to be removed through the
process of extraction and then purified for proper characterization [20].

Prior to the process of extraction, some of the preliminary processes involve the
washing and drying of the plant materials, homogenizing through the process of
drying. During the course of purification and processing, it must be ensured that the
active ingredients which are usually small are not lost or their chemical nature altered
[21]. The choice of the solvent to be employed for the extraction process is
influenced greatly by the nature of the active ingredients in focus. Thus there are
varying solvents and combinations of solvents in different proportion that can be
used during the process of extraction. Generally, polar solvents such as ethyl acetate,
alkanols (ethanol and methanol) can be used for compounds that are hydrophilic in
nature while non-polar solvents such as dichloromethane are employed for hydro-
phobic compounds. Chlorophyll can be extracted using hexane as solvent [22].

Various methods of extraction are available, some involve the conventional
principles while other are relatively modern. In the traditional methods, water or
organic solvents is used as extractant and done under the normal pressure. In modern
methods, extraction is achieved under pressure different from atmospheric pressure
as well as increased temperature [23]. Among the available approaches in extraction,
the most widely employed is solvent extraction. Basically the extraction process
goes through the following mechanism: penetrations of the solvent into the solid
material, dissolution of the solid material in the extractants, and collection of the
solute extracted [24].

Percolation is a process involved during the extraction of plant active components
especially for the formulation of tinctures. This involves the use of tube plug where
the plant material is put and then covered with a cotton and cock. The suitable
solvent is then gradually added inside a closed vessel or container and then cocked.
After about four hours at room temperature, the extract is collected and the extractant
carefully decanted [25].

Another technique is the application of heat gently at a temperature range of
40 �C to 60 �C. This is known as digestion which is a unique type of maceration.
This is good if the active compounds are thermally stable. This technique can further
be enhanced through the use of magnetic stirrer. Filtration of the extract is then done
after a while, and the process repeated using fresh volume of the extractant until the
entire product targeted have been removed from the solid matrix.
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Infusion method is another method for extraction of compounds. Here, cold or
warm water is used for the maceration of the ground plant material. This process
usually lasts for a very short period of time until the active compounds have been
transferred into the solvent [26].

In decoction method, the solid plant material is usually soaked in water for a
period of time until most of the active materials present have been absorbed into the
water. The process is made possible through boiling, after which the mixture is
cooled and filtered. The volume of water present in the extract is reduced during the
process of boiling. The residual mixture is then filtered. Refluxing can also be used
for the process of extraction. This involves a mechanism for the recycling of the
solvent around the system through a condenser. This approach is not however
suitable for compounds that are readily decomposed on heating.

Tincture is prepared using alcohol as solvent for the extraction process. It is
usually carried using a small quantity of the solid material placed in a container. Due
to the presence of alcohol it is possible to keep the mixture down for a long period of
time. Pressurized liquid extraction is another method that involves acceleration of
the process of solvent extraction. Higher temperature and pressure are introduced to
achieve this process [23].

There are also non-chromatographic technique which involves the use of mono-
clonal antibodies as well as phytochemical screening and other related
immunoassays. The biological potential and structural elucidation are carried out
using the pure compound [4, 5]. There are different methods of separation of natural
products which include among others:

Thin layer chromatography: this is a planar chromatographic technique which is
very useful in the area of natural products. It is one of the quickest and easiest
techniques relevant in the isolation of natural compounds. This is also a useful
prerequisite technique for the selection of parameters for the setting of column
chromatography. The stationary phase is commonly made of silica while organic
solvents are used as mobile phase. Other materials for the stationary phase include
alumina [27].

In reverse phase TLC, silica and in some case alumina are used as the adsorbent
while a solvent of interest such as water or alcohol which are polar compounds are
used as the mobile phase. The most effective method for the separation of
components of plants extract is the column chromatography. It involves packing
of a material into the column which acts as the adsorbent on which the separation
occurs. Silica gel is the most commonly used packing material. The mobile phase or
eluent is then applied at the top of the column to induce the process of separation.
The basis of the separation is that the mobile phase which is the solvent carries the
various components of the extracts to be separated to varying extent hence they are
separated [24].

Gas chromatography is another useful analytical procedure for the separation of
compounds present in plants extracts. This is mostly applicable to volatile
compounds or compounds that can be volatilized. The uniqueness of the instrumen-
tal method is that it is capable of providing both quantitative and qualitative feedback
on the compounds present in the extracts. The mobile phase is gaseous while the
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stationary is liquid. The volatile samples are introduced into the column from where
they are carried across by the action of the mobile phase. The column has a stationary
phase that is a liquid and adsorbed on the surface of the solid which is inert in
nature [28].

High performance liquid chromatography (HPLC) is considered as a robust and
versatile technique that is largely employed in the area of natural products analysis. It
is useful for the isolation of these compounds. It can be used on any sample whether
inorganic or organic in various areas. It has also found useful in quality control for
medicinal plants and for finger printing study. Proper choice of mobile and stationary
phase is vital in the analysis of a substance using HPLC since this determines the
extent of separation and resolution quality. None polar phases that are non-polar is
more recently used as solid phases. There is also a requirement of a high pressure,
usually up to 400 bars for the efficient elution of the various substances of interest
through the column, which then go through the detector where they are detected.
Unlike gas chromatography, the use of HPLC is recommended more for compounds
which are not readily vaporized or that are thermolabile (decompose at a high
temperature) [29].

There is another technique called high performance thin layer chromatography.
This is planar in nature where the components of the mixtures are separated using
high pressure layer with a data acquisition unit. The layers are coated using an
adsorbent material. The efficiency of the plate layer is achieved by reducing the
thickness of the layer. The use of the thin layer plates also bring about higher
precision and separation.

14.5 High Performance Liquid Chromatography

Presently, there are portable HPLC devices which are made up of a delivery pump
for solvent, an introduction component for samples, column, detector, and
printer [27].

High performance liquid chromatography (HPLC) can be used for the separation
of the various chemical substances present in the extract. This is based on the
differences in the rate of migration of different active compounds associated with
varying mobile phase and column. Isocratic pattern is vital in the separation and
identification of various active ingredients present in the plant extracts. During
gradient elution, the ratios of water to the organic solvent are varied if the number
of components of interest is more than one and their extent of retention vary. For
HPLC analysis, the peak for each of the compound is specific and unique to it for
given chromatography conditions. The choice for the most suitable mobile phase
depending on the components of interest is vital. The HPLC could be applied for the
separation of the pure compound from several impurities. Similarly, the detectors,
flow rate, and column have to be carefully chosen too. The functional groups in the
compounds available in plant extracts are detected through the use of FTIR. This
instrumental approach has proven to be highly valuable in the identification and
characterization processes for organic compounds in plants [30].
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Like molecular finger printings, the spectra for pure organic compounds obtained
from FTIR are significantly specific of that compound. Thus it is possible to identify
the spectra of an unknown plant compound found in the extract through a detail
comparison with the standards known from existing literature.

There are different methods for the preparation of samples used in FTIR analysis.
Basically drops of the samples are placed in between the sodium chloride plate,
which then exist as a thin film in between the plates. For solid substances, prior to the
analysis, they are grinded with potassium bromide and then they are converted into
thin pellet by compression. Dissolution method can also be used in the preparation of
solid samples.

Different diseases have been managed with various traditional medicines using
numerous medicinal plants which includes Garlic (Allium sativum). The active
ingredients responsible for the therapeutic potential of garlic are a compound
containing sulfur such as sulfoxides as well as cysteine. Also the formation of
thiosulfinates from alliin is also a major factor for this activity [31]. Studies have
also documented the potencies of garlic in boosting immune system, protection
against infectious diseases, and reduction of oxidative stress from free radicals,
anti-inflammatory ability, anti-cancer agent as well protection of the heart. A study
by Fallon et al. [32] reported that extract of garlic powder using aqueous medium
was capable of preventing the occurrence of pulmonary hypertension in rats by
relaxing the muscles and vessels in the region.

Tan et al. [33] reported the utilized Allium maacrostemon which belongs to
Amaryllidaceae as a medicinal plant with unique chemotherapeutic values. This
plant was reported to be useful for antioxidant properties. It has the ability to reduce
asthmatic diseases due to its potency in the relaxation of the smooth muscles of the
bronchus. Treatment of ischemia of myocardial is achieved through the use of the
plant A. macrostemon which has the active compound dimethyl disulfide (DMDS).
The plants are known to be useful due to antihypertensive and anti-inflammatory
potential [34].

14.6 Relevant Medicinal Plants for the Treatment of Pulmonary
Hypertension

Behnam et al. [35] carried out an investigation to assess the function of Crataegus
flavonoids on pulmonary hypertensive syndrome prevention and control in chicken
at high altitude environment. From their study, it was revealed that the flavonoid
extract at different concentrations caused a significant decrease in right ventricular
hypertrophy, low mortality, thus the medicinal plant prevented respiratory dysfunc-
tion in broiler chickens through there was a decrease in pulmonary blood pressure
plus stimulation of the antioxidant defense capacity. Himanshu et al. [36] revealed
that traditional medicines are very effective in the management of many chronic
pulmonary diseases, thus the authors evaluated the role of stem bark of Terminalia
arjuna for antihypertensive, anti-ischemic, antioxidant and anti-hypertrophic effects.
They discovered that pulmonary hypertension is a serious disease caused by right
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heart failure or right ventricular hypertrophy. The authors thus evaluated stem bark
of Terminalia arjuna as an alternative replacement for the standard drug in the
treatment against pulmonary hypertension induced by monocrotaline (MCT) in
rodents. Different doses of the extract were administered into the rodents for a period
of 25 days and subsequently the results were analyzed with various molecular
biology techniques. Form their findings, it was confirmed that Terminalia arjuna
aqueous extract prevented pulmonary hypertension due to the high level of antioxi-
dant present in the extract.

Masoumeh et al. [37] reported that statistically, about seven million individuals
suffer from various form of hypertension yearly across the globe with the prevalent
rate in the developing or industrialized area. It is generally known the hypertension is
the third cause of mortality across the globe, and the present line of treatment shows
gross ineffectiveness due to many side effects, thus herbal medicines have recently
gained attention from different quarters. The authors identified various forms of
natural constituents proven to be very effective for the treatment or management of
hypertension. Jiang and Yang [38] reported that pulmonary arterial remodeling is a
serious features of pulmonary arterial hypertension, thus the authors investigated the
role of dietary isoflavones available in Trifolium pratense in suppressing pulmonary
arterial remodeling. Sub-thermo-neutral environmental temperatures were utilized to
increase the pulmonary hypertension syndrome, endothelial nitric oxide, or
endothelin nitric oxide synthase, in broilers. From the findings, it was discovered
that there was significant reduction in pulmonary hypertension syndrome,
downregulation of endothelin due to the high presence of isoflavone. Thus, it was
recommended that isoflavones present in Trifolium pratense isoflavones could serve
as alternative drug candidate for the treatment of pulmonary hypertension.

Landazuri et al. [39] reported that hypertension is as a result of pressure difference
in the vascular bed which has affected many individuals across the globe. The rate of
consumption of herbal regimens for the treatment of this serious ailment among
affected individual is alarming, thus there is serious need to quickly evaluate the
potency of some of these natural herbs for their antihypertensive properties. The
advantages of traditional medicines over the standard drugs are low cost benefits,
lowered side effects, and wider acceptance by the people.

Gan [40] reported that poor diagnosis is the major reason why acute pulmonary
arterial hypertension wreck serious havoc on the affected individual causing differ-
ent complications like right ventricular hypertrophy, pulmonary blood pressure, plus
thickening of the vascular intima, adventitia, media compounded by ineffective
drugs with several adverse effects like apoptosis. Despite several research progress
made in biomedical sciences for the development of potent drug for the treatment of
pulmonary hypertension, many of the candidate drugs are still very less effective
thus many scientists search for alternative molecule with strong effect against many
respiratory diseases. Some of the known bioactive molecules are flavonoids,
monoterpenoid phenolics DMDS, isoflavonoids, polymethoxylated flavones,
phytoesterogens, C. rhipidophylla, S. miltiorrhiza, K. odoratissima, T. pratense,
baicalin, asiaticoside, punicalagin, ginsenoside Rb1, terpenoids, quercetin,
isoquinoline alkaloids, polysaccharides, saponins, A macrostemon, polydatin,
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E. macrobulbum, A. sativum, K. odoratissima, S. miltiorrhiza, M. pigra,
S. securidaca, W. somnifera, T. pratense, Apple polyphenols, baicalin,
isorhynchophylline, carvacrol, salidroside, punicalagin, resveratrol, tetracyclic
oxindole alkaloid. These compounds are found in many herbs and natural plants
and are capable of acting on different pathways and receptors to elicit their biological
actions like suppression of oxidative stress, repair of tissue damage, decrease in
cytosolic Ca2+ and TXA2 level, suppression of ET-1 expression, improvement of the
antioxidant defense system, suppression of TGF-b1, HIF-1a, AhR or ERK1/2/
STAT3, PI3K/ACT pathways

There studies have also identified different potent molecules like astragalus
polysacharides, Berberine, oxymatrine, genistein W. somnifera, baicalin,
isorhynchophylline, ginsenoside Rb1, nobiletin, carvacrol, magnesium
lithospermate B, punicalagin, polydatin for the management of pulmonary diseases
through the reduction in inflammation responses like interleukins, NFkB, pho-IkBa,
VEGF, TNF-a, decrease in iNOS expression, caspase-3, plus increase of eNOS
expression, enhanced phosphorylation or activation of threonine/ serine protein
kinase/eNOS pathway, inhibition of phosphorylated Smad2/3, decrease in mPAP,
reduction in collagen I as anti-fibrotic activity, reduction in ERK1/2/Akt/GSK3b/b
catenin signaling pathway, reduction in protein phosphatase 2A phosphorylation,
decrease in malondialdehyde with enhancement of antioxidant defense system,
increase in expression of estrogen receptor-b protein, decrease in apoptosis, oxida-
tive stress, anti-inflammatory or anti-cancer, suppression of Cyclin D1 or CDK6
expression, inhibition of STAT3 plus ERK1/2 signaling, NADPH oxidase, NOX2,
and NOX4. Different investigation has established the role of HIF-1a in pulmonary
hypertension progression, and increase in nitric oxide and reactive oxygen species
could led to activation of HIF-1a, thus antioxidants are capable of suppressing the
activation of this pathway and boost the antioxidant pathways like Nrf-2 and Trx-1
expression and subsequently reduce the progression of the disease.

Again, studies have shown that trimethoxystilbene which is a powerful antioxi-
dant possess little side effects compared to other antioxidant molecules. Other
bioactive molecules with anti-allergic, anti-proliferative, spasmolytic activity
obtained from traditional medicine are apiin, luteolin, and rhoifolin. These molecules
tend to reduce capillary pulmonary and aortic pressure. Salidroside from medicinal
plant called Rhodiola rosea L. is known with strong anti-cancer, antioxidant,
immune system enhancer and anti-inflammatory activity. The molecule has the
capacity to increase Caspase-3, A2aR, BAX, protein expression thus it is considered
to be beneficial to the reduction of pulmonary hypertension progression by
modulating apoptosis signaling pathway.

Jasemi et al. [4, 5] discovered that pulmonary arterial remodeling, right ventricu-
lar failure, and right ventricle hypertrophy are common feature of pulmonary
hypertension, thus the authors evaluated possible medicinal plants and other active
constituents that may be of tremendous advantage towards the management of
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pulmonary hypertension. They concluded that phytochemicals are the alternative
remedy to current synthetic drugs utilized in the management of pulmonary hyper-
tension which has shown to be very grossly inefficient due to numerous side effects.

Ritu et al. [41] reported that the root of Sarpagandha plant has been engaged over
the years for the treatment of many ailments such as epilepsy, insanity, insomnia,
eclampsia, hysteria, plus hypertension. The authors revealed that, in some few years
ago, the root became very popular for the therapeutic property against pulmonary
hypertension due to the occurrence of high level of alkaloids and serpine.

Lili et al. [42] revealed that pulmonary hypertension has resulted into many
deaths due to progressive arterial remodeling, consistent increase in vascular resis-
tance and right ventricular disorder. Though treatment protocols involve the reduc-
tion in the underlining factors, poor results have been achieved so far by many
synthetic drugs in the market due to too many side effects. Thus clinical trials for
many natural biomolecules are regarded as a useful alternative due to low level of
side effects, cheap cost, availability, and potent action against pulmonary hyperten-
sion. The authors demonstrated that growing attention has been witnessed over the
years for many biomolecules by scientists such as tetrandrine, salidroside, puerarin,
polydatin, pyrrolizidine, alkaloids, ligustrazine, ginkgolide B, rhodiola, ergotamine,
icariin, pyranocoumarin, cuspidatum, praeruptorin, triptolide, tyrosol, ginseng,
liquorice, polygonum, tanshinone IIA, and astragalus. The proposed mechanism of
action has been suggested to be through reduction or blockage of endothelin-1,
platelet aggregation, prevent thrombosis, reduce Ca2þ channel through dilatation of
blood vessels, upregulate hypoxia-inducible factor 1 and increase nitric oxide,
downregulate protein kinase B-dependent nuclear factor kB activation signaling
and c-Jun N-terminal kinase.

Studies have revealed that biomolecules could modulate cardiovascular function
through maintaining the hemodynamics vascular functions, decrease in ventricular
preload, sustaining the right ventricular maximum dP/dt, decrease serum angiotensin
II, endothelin, thromboxane A2, prostacyclin, prostaglandin F2a, NO/cyclic guano-
sine monophosphate signaling, downregulate voltage-gated Kþ(Kv)1.5 or Kv2.1,
maintain membrane potential.

Meresa et al. [43] reported that one of the major health crises of global concern is
pulmonary hypertension particularly in the developing countries where access to
good health care facility is poor coupled with high cost of living. Despite the
increased efforts by scientists to develop more efficient conventional drug for the
management of this condition, many adverse effects are still recorded from the use of
these drugs. Thus the authors suggested an alternative with lesser side effects, cost
effective, and with potent therapeutic advantage over the conventional ones. Herbal
medicines seem to be gaining more popularity among scientific community due to
their wide range of biological activity. The authors evaluated many medicinal plants
utilized for the treatment of pulmonary hypertension in Ethiopia like Moringa
stenopetala, Thymus schimperi, Calpurnia aurea, Thymus serrulatus, Syzygium
guineense so as to create a data and further investigate their biological activity.

Lakshmi et al. [44] revealed that cardiovascular disease particularly pulmonary
hypertension is major health crisis that silently kill people across the globe, thus
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many scientists have resulted to plant based medicine as alternative to the present
synthetic drug due to low efficacy. The authors pointed out that herbal medicines like
Elaeocarpus ganitrus, Ginkgo biloba, Crataegus monogyna, Achillea millefolium,
Hypericum perforatum, Allium sativum, and many others possess valuable
biomolecules with potent biological activity that can provide safety adjuvant against
pulmonary hypertension.

Qilian et al. [45] reported that Traditional Tibetan medicine has been effective in
ameliorating hypoxia-induced pulmonary hypertension related with high altitude.
Thus more research finding on rodents have supported this claim by showing that
Tsantan Sumtang modulate nitric oxide-cyclic guanosine monophosphate, K+

channels, and prostaglandin I2-cyclic adenosine monophosphate pathways with
relaxant effects. The authors suggested that Tsantan Sumtang alleviated pulmonary
vascular remodeling.

Zhouye and Zhaoqing [46] investigated xiebai capsule compound on pulmonary
vascular remodeling in rodents using monocrotaline-mediated pulmonary arterial
hypertension. They discovered that the compound significantly reduces most of the
complications associated with pulmonary hypertension. Tingting et al. [47] showed
that pulmonary hypertension affecting a lot of individuals seem to be on the increase,
thus urgent attention is needed to tackle this health condition. The authors suggested
that Chinese medical plants like Rhodiola rosea Linn. can be explored and analyzed
for possible potential ingredient to manage pulmonary hypertension. More research
work should be focused on ways to integrate and develop drug candidate and
interpreting the modes of action of many of these medicinal plants.

Manish et al. [48] and Thomas et al. [49] stated that many individuals today suffer
from pulmonary hypertension with huge amount of money going into the treatment
with little effectiveness. They showed that pulmonary hypertension is characterized
mainly by enhancing the pulmonary vascular resistance. Therefore, alternative
medicines may offer possible solution due to low cost, availability, and efficacy of
many of the biomolecules found in these medicinal plants. The authors reviewed
some of these plants such as Punarnava, Olive leaf, Rauwolfia, Black cumin seeds,
Barberry, Garlic, European mistletoe, Ginseng, Arjuna plus Ginger have all proven
to be very effective compared with synthetic drugs against the management of
pulmonary hypertension. The authors listed few active constituents found in these
medicinal plants such as tannins, saponins, triterpenoid, catechins, flavonoids,
proanthocyanidins, sesquiterpene lactone components, ellagic acid, gallic acid,
allicin, S-allyl L-cysteine, ajoene, ginsenoside Rb1, ajmaline, serpentinine,
rescinnamine, sarpagine, chandrine, deserpidine, amines, oligomeric
proanthocyanidins, phenylproamine alkaloids, d-pseudoephedrine, ephedrine,
angelicide, ligusticide, hentriacontane, b- ecdysone, triacontanol, alanine, arachidic
acid, aspartic acid, behenic acid, boerhavic acid, oxalic acid, hirsutine, punarnavine
I&II, rhynchophylline, mitraphylline, beta sitosterol, stigmasterol, campesterol,
wedelolactone plus dimethyl wedelolactone, trithienyl aldehyde, ecliptine,
kaempferol 3-O-glucoronide, rutin, kaempferol 3-O-rutinosideo, diterpene coleonol,
calcium, phytosterols, magnesium, copper plus zinc with the aim of elucidating their
biological activity like endothelium-dependent nitric oxide-mediated relaxation,

328 C. O. Adetunji et al.



antispasmodic, reducing triglycerides, blood pressure, plasma viscosity, platelet
aggregation, plus fibrinogen, vasodilatory activity and enhance fibrinolysis.

Rakotomalala et al. [50] conducted research on devices related to the vascular
effect of MPG by in vitro injection and its steroids and sedative agents, affecting
vascular nerves, and in vivo, its activity in blood pressure hypoxia (PAH) in mice.
The cellular resistance of MPG particles to hydromethanol is described using the
analysis of the 1,1-diphenyl-2-picrylhydrazyl compound in in vitro oxygen uptake.
The stabilizers are investigated in TNFα-activated VCAM-1 and endothelial cells.
The vasodilating effect of MPG extricate is concentrated in the vasodilators preced-
ing phenylephrine (1 μM) with or without endothelium. MPG particles were split
in vivo into polycyclic aromatic hydrocarbons obtained from male Wistar mice,
orally with or without MPG (400 mg/kg/day), in low pressure chambers for day 21.
The different MPG tablets contain anti-cancer properties and mitigating properties. It
moved the adrenal glands, which did nothing to direct the aorta and lung. In vivo, the
unstable MPG regimen reduced polycyclic aromatic hydrocarbons in mice by
reducing blood pressure by 22.3%, arterial pressure, and heart rate by 20.0% and
23.9%, respectively. This effect is associated with rebuilding of endothelial function
and a 2.3 increase in NO synthase. MPG hydromethanolic stearate contains trypto-
phan and flavonoids, including quercetin glycosides. Likewise, the two compounds
effectively block PAHs for hypoxia.

Bai et al. [51] carefully studied the effect of continuous stimulation of the
regenerative spirit of Rhodiola and VEGF stimulation on the upper extremities of
stimulated PH. The authors showed that the increase in mean myocardial infarction
(mPAP) and normal ventricular hypertrophy (RVH) with hypertension decreased in
patients receiving Rhodiola. In addition, they examined the airway sample by
microscopy and found that this was the most accurate detection of the rat remodeling
performed on Rhodiola, as well as the fake tests and treatment sessions. In addition,
the authors showed that the increase in VEGF expression due to higher resolution
was less when using the herb [51]. It has been thought that Rhodiola pepper can
cause an elevation of pH and regeneration of blood vessels, and VEGF inhibition
may indicate one of these factors. It has been established that Rhodiola inhibits aortic
recurrence which might be linked to atherosclerotic development in rabbits and the
influence connected with the combination of VEGF and atherosclerotic tissue.
Rhodiola also possesses the ability to inhibit TGF expression and increase the
level of stimulated pH in mice.

Huang et al. [52] evaluated the effect of salidroside, a major factor of Rhodiola,
on the pH induction in mice. The creators demonstrated an increase in mPAP and
RVH, redesign of pneumonia and regular hypoxic regeneration with salidroside
treatment, indicating the restorative power of this promise for pH. It is important to
note that this concentration may inhibit flat cell proliferation with a flat aspiration
passage containing cells under hypoxia, indicating that a decrease in lung acid
turnover may be due to inhibitory agents of salidroside.
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Zhang et al. [53] confirmed the safety of Rhodiola for patients with severe
ALI/dementia. In addition, Rhodiola root extract has been shown to trigger a variety
of stimulant effects, such as carrageenan-induced foot swelling, formaldehyde
induced joint depletion, and nystatin-induced edema. Since anger is known to play
an imperative function in causing PH disease, Rhodiola focuses on the potential
benefits of PH by boosting inflammation.

Wang et al. [54] reported that despite the sensation of burning, oxidative stress
varies as a critical component in patients with PH, and that there is an experimental
effect from experimental studies related to oxidative stress and the pathogenesis of
pH. Moreover, herbacetin and kaempferol glycosides are compounds derived from
Rhodiola that have cell proliferation and decreased identity. Additionally, Rhodiola
extract contains a mixture of other cell compounds, such as natural acids (gallic acids
and caffeine), and flavonoids (proanthocyanidins and catechins), p-tyrosol.
Undoubtedly, there is evidence that treating hypertensive (SHR) mice with Rhodiola
augmented superoxide dismutase action.

Sui et al. [55] established that Rhodiola could inhibit the evolution of the
endothelial cell line EVC-304. Studies like these supporting Rhodiola may show
an anti-inflammatory effect on neurons, despite promising pregnancy behavior. In
addition, Rhodiola ruled out the blocking activity of ACE inhibitors, 41 or so, it is
rational to assume that ACE inhibitor inhibition would reduce the rigid vasocon-
strictor Ang II production, indicating a plant-specific vasodilation occurrence.
Undoubtedly, this means that the ACE barrier has a beneficial effect by adjusting
Ang II, which is the inverse of type I in the case of PH.21. The ACE barrier reduces
spirit formation of pneumonia manufacturers, Jeffrey and Vanstol explain, however,
the creators in their own way realized an impressive effect.

Wang et al. [54] evaluated the levels of Rhodiola on SHR and announced that its
positive benefits may be related to NO exercises and cell strengthening. In addition,
there is no information on the effect of Rhodiola on ACE inhibitors, as it was later
found that the ACP homozygous plays an important role in the cardiovascular
system. Hence, there is a need for future studies needs to consider the effect of
Rhodiola on the initial flush, especially long-term use.

Yao and Chen [56] GBE has been reported to have positive effects in
ameliorating acute lung damage (ALI) by reducing c-Jun regulation of N-terminal
kinase and dependent atomic factor B inhibitors of the 38 kB protein. Moreover, they
inhibit platelets. It causes platelet clumps to proliferate, and in these areas blood flow
can improve. It has been established that ginkgo can decrease potentially harmful pH
and reduce RVH, half of which is found in low protein kinase C (PAC) energy [57].
Moreover, Ginkgo Plus was found to significantly reduce the increase in mPAP and
PVR induced by hypoxia, as a right ventricular mass component compared to the left
ventricle to include septal loads.

GBE facilitates endothelial cell apoptosis (EC) induced by hydrogen peroxide.
Moreover, it was also discovered that they possess the potential to balance fire cells
and have a powerful effect, which reduces the occurrence of inflammation [58].

Li et al. [59], stated that puerarin can enhance aspiration type development in
mice with PH by preventing the presence of collagen. It was also established that
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puerarin had an effect on MCT in mice. Additionally, puerarin can stimulate activate
caspase-9, cytochrome C, reduce regulation of leukemia / lymphoma 2 (Bcl-2) and
increase expression of the protein x (Bax) associated with Bcl-2. It can target
oxygen-deficient rebels and reduce the growth of smooth muscle cells (SMCs).
Moreover, it has been shown that puerarin promotes apoptosis of venous smooth
muscle (PASMC) by the mitochondrial method. Rhodiola can completely prevent
VSMC expansion and contraction and reduce ET-1 secretion in pH mice. In addi-
tion, Rhodiola is recommended to suppress ET-1 expression and to enhance NO
synthesis and infiltration, particularly the effect on the nervous system. Additionally,
Rhodiola can relieve unilateral systolic and diastolic vascular pressure. This results
in reduced mPAP and RVH improvements and pH improvement, which may be due
to skewed VEGF expression in arterial separation. Moreover, Rhodiola has a
pronounced effect on highly stimulated RN mice, and blocking changes in beta-1
expression is a potential component.

Polygonum cuspidatum is used in the medical treatment of persistent bronchitis,
serious injuries, and warm fluids. Polydatin (PD) is a monocrystal-line compound
that has resveratrol extracted Polygonum cuspidatum. The polydatin could be used in
treating hypertension on myocardium and platelet aggregation, which are antioxi-
dant and anti-shock. In general, PD is believed to reduce PAP to toxic toxins and can
increase cardiovascular production and improve fibrin function [60].

It has been established that PD can reduce hypoxic PH and differential reinforce-
ment, providing a protective component for treating oxidative stress damage through
PKC transcription. On the other hand, PD reduces PKCa phosphorylation and is
initiated by H2O2; meanwhile, it causes PKCe phosphorylation, which acts as a
cancer prevention agent. Tanshinon IIA is a major ingredient in Salvia sclarea L,
Salvia miltiorrhiza Bge, Salvia przewalskii Maxim. Also, it has been validated that
Tanshinon IIA may interfere with cell proliferation and the appetite of blood vessels.
In addition, it can help reduce Kokot (Kv) Kv2.1 and 1.5 from reduced energy in
hourly RNA (mRNA) and protein levels initiated by chronic hypoxia, and to
increase p-rate, a process that interferes with Kv in PASMC leads to a decrease in
mPAP. 101 Tanshinon IIA has also been reported to suppress PASMC proliferation
by hypoxia by blocking the G1/G0 platform, preventing p27 damage by protein B/S
protein kinase 2 [61]

Yao and Chen [56] have been reported to have positive effects in ameliorating
acute lung damage (ALI) by reducing c-Jun regulation of N-terminal kinase and
dependent atomic factor B inhibitors of the 38 kB protein. Moreover, they inhibit
platelets. It causes platelet clumps to proliferate, and in these areas blood flow can
improve.
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14.7 Mechanisms of Action of Some Medicinal Plants
in the Treatment of Pulmonary Hypertension

Reports have shown the different mechanisms of action of some medicinal plants in
the treatment of pulmonary hypertension. Allium sativum was shown to relax the
vascular smooth muscles in other to elevate the activity of eNOS [4, 5]. Furthermore,
the vaso-relaxant ability of A. sativum was observed in another study [32]. Volatile
oil obtained from A. macrostemon Bunge was also shown to cause relaxation via the
activation of Ca2+/PKA/eNOS signaling pathway [62]. Inhibition of PDE5A activity
was observed upon the administration of A. ursinum L attributed to the polyphenols
[4, 5].

Moreover, it has been established that the flavonoids obtained from Crataegus
rhipidophylla Gand increased the levels of NO caused by elevated altitude in broiler
chickens [63]. Ethanolic extract of Eulophia macrobulbon halted CaCl2-induced
contraction. It also caused relaxation of coronary artery in pigs with
hypercholesterolaemia [64]. It was also suggested that hematocrit and expression
of p27Kip1 protein were reduced in animals with PH treated with extract of Rhodiola
tangutica [65]. Table 14.1 shows the biochemical pathway involved in the activities
of phytochemical in medicinal plant in the treatment of pulmonary hypertension as
well as some phytochemicals that have exhibited medicinal activities.

14.8 Conclusion and Future Recommendation

This chapter has enlighten the potential of different medicinal plants that could be
applied for effective management of pulmonary hypertension. Detailed information
on isolation, purification, and extraction of the active constituents present in plants
that are utilized for the treatment of pulmonary hypertension were provided while the
biochemical pathway involved in the activities of phytochemical available in the
medical plant in the treatment of pulmonary hypertension as well as detailed facts on
the modes of action involved in the application of medicinal treatment of pulmonary
hypertension were provided. The application of synthetic biology and genetic
engineering could led to the production of some pharmacologically active
metabolites with enhanced biologically active that could be used for effective
management of pulmonary hypertension. The application of recent averment in the
Biotechnology through the application of genomics, bioinformatics,
chemoinformatics, and metabolomics will also provide more details on the best
biologically active compounds that could be applied for sustainable management of
pulmonary hypertension.
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Herbal Bioactives for the Treatment
of Idiopathic Pulmonary Fibrosis 15
Madhu Sharma, Veera Garg, and Inderbir Singh

Idiopathic pulmonary fibrosis (IPF) is a group of lung disease that mainly affects the
interstitium and ultimately results in the inflammation and damaging to the lung
tissues [1]. The tissues present around the air sacs are called interstitium. Because of
the thickening and scarring, lung tissues become damaged, and make it difficult to
work. The scarring gets worse by the time which makes it difficult to breathe and
keep the optimum levels of oxygen in the bloodstream. This affects the functioning
of the vital organs as they are slowly depriving off oxygen. This disease is
characterised by destruction of alveoli along with abnormal accumulation of
fibroblasts giving the lungs a “honeycomb” like structure. Generally, this disease
is more common in men over 50 years of age and two-thirds are diagnosed after
60 years of age [2]. Approximately 50,000 new cases of IPF are diagnosed each year
and the symptoms came first into notice between the age of 50 and 70 years. Earlier
the symptoms begin with the shortening of breathe but by the time this condition gets
worse by eating or talking. At present, in the USA more than 80,000 adults are
suffering from this disease and more than 30,000 cases are diagnosed every year
[3]. Here the term “idiopathic” is used because the exact cause of scarring of tissues
cannot be figured out (Fig. 15.1).
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15.1 Aetiology

Although IPF is a lethal disease of unknown aetiology. Various researchers have
proposed many theories about what might trigger this disease. But the exact cause is
still not known. Some studies revealed that IPF is linked to certain subtypes of
certain viruses particularly those which induce somatic mutation. For instance,
Epstein Barr Virus (causative organism of glandular fever). Some researchers have
suggested Hepatitis C and Herpes virus as one of the causes of IPF. Family history
and genetics may also play a role in the occurrence of this disease [4–8]. Some other
parameters which are estimated to be one of the reasons of this disease are discussed
below:

15.1.1 Environmental Factors

Exposure to hazardous materials such as asbestos and silica makes a person more
prone to IPF. Metal workers, farmers and stone cutters are at higher risk of develop-
ing this disease. Moreover, animal and bird droppings also make a person more
prone to IPF.

15.1.2 Radiation

People who receive the radiation therapy for treatment of lung or breast cancer show
the symptoms of IPF either after months or after years of receiving the initial

Fig. 15.1 Diagramatic representation of a healthy alveoli and alveoli with idiopathic pulmonary
fibrosis
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treatment. The extent of damage further depends on certain factors. For instance, for
how long and how much of lung was exposed to the radiations. Whether the patient
is already having certain history of lung disease and concomitant use of steroids.

15.1.3 Medications

15.1.3.1 Anti-inflammatory Drugs
Rituximab and sulphasalazine increase the chances of IPF in an individual.

15.1.3.2 Anti-cancer Drugs
Methotrexate and cyclophosphamide which damage the cancer cells further harm the
lung tissues also.

15.1.3.3 Antibiotics
Ethambutol and Nitrofurantoin could also damage the lung tissues and make it more
prone to IPF.

15.1.3.4 Cardiac Drugs
Especially those which are used to regulate the irregular heartbeat. For example,
Amiodarone could harm the lung tissues.

15.1.4 Medical History

A person with a medical history of pneumonia, systemic lupus erythematosus,
scleroderma and mixed connective tissue disorder are more susceptible to this
disorder.

15.2 Pathophysiology

This has been a subject of debate from the past few decades. Earlier it was believed
that IPF is a disorder in which fibrinogenesis plays an important role. Fibrinogenesis
begins with the epithelial injury. But the recent studies show that this disease takes
place once the homeostasis between the alveolar and the epithelial cells disrupts.
This initiates a cascade of changes in the lungs. The homeostasis between the
alveolar cells and the epithelial cells may be disrupted by the endogenous factors
or because of the environmental stimuli. This results in the activation of the epithelial
cells, in response to which aberrant epithelial cell repair takes place [9]. Soit would
be appropriate to say that IPF is an epithelial-fibroblastic disease.

According to the current hypothesis, if any susceptible host is exposed to any
agent that persuade this disease, (for instance, environmental pollutants, GERD,
viral infections, smoke, etc.) then initially alveoli epithelium damage takes place
[10]. In normal process of healing, the healing of this damaged alveoli epithelium
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occurs. But in case of IPF, immediately after an injury, aberrant activation of
alveolar epithelial cells initiates the migration, proliferation, and activation of
mesenchyma cells that leads to the formation of fibroblastic foci. As a result of
which there is an excess of accumulation of extracellular matrix. Now there is a
possibility that the change in the composition or stiffness of the extracellular matrix.
But how the changes in this composition or stiffness affect the epithelial cells,
require further study [11]. This ultimately results in the irreversible damage to the
lung parenchyma [10] (Fig. 15.2).

Once the alveolar epithelial cells are activated they release certain fibrogenic
cytokines and growth factors. For instance, tumour necrosis factor-α (TNF-α),
Insulin like growth factor-1, Platelet derived growth factor, endothelin-1 (ET-1),
transforming growth factor (TGF-β) are released [10, 13, 14]. These cytokines and
growth factors transform the fibroblasts into myofibroblasts and these
myofibroblasts further secrete the extracellular matrix proteins [10, 1, 2, 12]. In
addition to the cytokines and growth factors, certain prostanoids (for instance, PGE2)
are also synthesised. PGE2 is a potent inhibitor of fibroblast collagen synthesis
[15, 16]. Endothelin-1 also stimulates DNA synthesis in fibroblasts which induce
differentiation of fibroblasts into myofibroblasts [17].

In the process of normal wound healing, the myofibroblasts once formed must
undergo apoptosis. But if they do not undergo the process of apoptosis, it leads to the
accumulation of myofibroblasts which further causes accumulation of extracellular
matrix fluid, tissue contraction and scar formation [10]. The studies reveal that
TGF-β promotes anti-apoptotic activity in fibroblasts [10].

At a certain stage, the excess apoptosis of the alveolar epithelial cells is taking
place and on the other hand, fibroblasts show resistance towards apoptosis. This
stage is believed to be the primary factor in contributing to fibroproliferation in IPF.
Another important perspective is deficiency of PGE2. Studies were carried out on the
lung tissues of the patients with pulmonary fibrosis revealed that PGE2 deficiency
increases the sensitivity of alveolar epithelial cells to FAS-ligand induced apoptosis,
whereas fibroblasts show resistance to FAS-ligand induced apoptosis [18]. So,

Fig. 15.2 Pathogenesis of idiopathic pulmonary fibrosis according to the original and the new
hypothesis
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apoptosis resistance of fibroblasts and myofibroblasts may be a contributing factor
in IPF.

Earlier, eosinophils were also thought to be involved in the pathogenesis of IPF.
A significant increase in the BAL fluid eosinophils in the pulmonary fibrosis was
observed as compared with the controls [19]. On further investigation, it was
revealed that increased eosinophil count in BAL fluid fails to respond to the
corticosteroids and it was correlated with the disease progression [20]. Many studies
were carried out but the role of eosinophils in fibrogenesis remains unclear. Further
investigation revealed that eosinophilic count was higher in patients of IPF than in
the patients of scleroderma, which suggests that eosinophils might play a role in the
pathogenesis of IPF [21].

The expression of a putative promoter of the gene encoding mucin 5B (MUC 5B)
is reported to be 14 times greater than in subjects with IPF as compared to those who
did not. So, it is thought to be associated with the pathogenesis of IPF [22].

In the patients with IPF, the mast cells have found to be increase in number
[23, 24]. Mast cell products like histamine have also been recovered from BAL
fluids of patients with IPF [25]. Electron microscopy samples of the IPF patients
show evidences of degranulation. All these evidences show the potential role of mast
cells in the pathogenesis of IPF [26].

Mutant telomerase is also correlated with IPF. Telomerase, which is a specialised
polymerase, adds telomere to the end of chromosomes so as to prevent the
shortening during DNA replication. Telomerase activity is regulated by TGF-β
[10]. The studies revealed that IPF patients possess short telomeres which may be
due to the loss of alveolar epithelial cells that is further responsible for aberrant repair
of epithelial cells. These evidences concluded that telomerase is a potential contrib-
utor to the pathophysiology of IPF [27].

The abovementioned factors are thought to be the contributors to the pathogenesis
of IPF. Various studies are still carried out to determine the exact contributors to this
disease so that novel approaches can be developed to treat IPF (Fig. 15.3).

15.3 Signs and Symptoms

The symptoms may vary from person to person. Some people become ill very
quickly [28–30]. In some people, the symptoms may worsen from several weeks
to months. IPF includes the non-specific signs and symptoms which can be similar to
those involved in pulmonary or cardiac disease. The disease begins either with
dyspnea or with non-productive cough. Eventually, dyspnea disables all the
activities and it even occurs while standing still. In some rare cases, dyspnea and
disability occur within weeks to months (acute exacerbation) as soon as the onset of
disease takes place [31, 32]. This form of pulmonary fibrosis is referred to as
‘Hamman Rich Syndrome’. The symptoms usually begin with the time period of
6 months or more.
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1. Fatigue
2. Unexplained weight loss
3. Clubbing of the fingers or toes
4. Myalgia
5. Shortening of breathe
6. Dry cough
7. Swelling of legs
8. Loss of appetite

Fig. 15.3 Pathogenesis of idiopathic pulmonary fibrosis
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This disease when becomes complicated leads to failure of respiratory system and
heart [33]. This is because lungs (owing to the formation of scars) could not supply
oxygen to the vital organs, thereby leading to further health issues.

15.4 Epidemiology

IPF is a chronic disease. Irrespective of the treatment, it has poor prognosis having
survival of mere 3 years. According to a study, in the United Kingdom, an incidence
of 6.8 per 100,000 has been reported in the year 2000–2003 [34, 35]. In North
America and Europe (3–9 cases per 100,000 person years) its prevalence is high in
comparison to South America and East Asia (fewer than four cases per 100,000
person years) [36, 37]. Globally, IPF is affecting 30 in 100,000 [38] with 34,000 new
cases per year [39].

15.5 Diagnosis

For the diagnosis, doctor may take a review of the family or medical history. It is
very critical to obtain a complete history (including medication history, occupational
recreational exposure history and any respiratory exposure history) of the patient
[40]. It is better to seek a pulmonologist in case the symptoms worsen. The
pulmonologist may conduct some physical tests to rule out that how badly the
drugs are damaged. The doctor would also listen to the patient’s chest to determine
if the patient’s lungs are producing some abnormal sounds. These abnormal sounds
can be listened carefully using a stethoscope by the doctor. These abnormal sounds
can be listened carefully using a stethoscope by the doctor and these sounds are
referred as “velco crackles” as it sounds similar to velco being pulled apart. So, it is
referred to as “velco crackles”. Scarring IPF looks similar to the scarring that occurs
due to the other lung disease. So, it is difficult to differentiate between IPF and other
lung disease at an early stage. So, certain tests are suggested to rule out the possible
causes of IPF and its confirmation.

15.5.1 Imaging Tests

a. Chest X-ray: It may show the scar of lungs and also it is useful in determining the
course of treatment. But sometimes, in spite of the normal chest X-Ray, further
tests are conducted to determine the actual cause behind the shortening of breathe
[41]. Typical findings include honeycombing, volume loss in any lobe, netlike, or
curvilinear opacities.

b. Computerized tomography (CT) scan: A computer is combined with the X-Ray
images, taken from different angles. These images are combined with a computer
system to obtain cross-sectional images of internal structures of body. CT scan is
used to determine the extent of lung damage caused by IPF. For more precision
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and detail, high resonance computed tomography (HRCT) scan is used. On
HRCT images, IPF is characterised by patches and subpleural opacities. It is a
more sensitive technique [42].

c. Echocardiogram: It is used to evaluate the amount of pressure experienced by
right side of the heart. ECG uses the sound waves to produce the still images of
heart’s structure [43].

15.5.2 Lung Function Tests

a. Pulmonary Function Test: It is used to reveal a parameter named forced vital
capacity (FVC). Most basic test used is spirometry which determines how much
air lungs can hold and how forcefully air can be emptied from the lungs. In
patients with IPF; FVC, total lung capacity, vital capacity all are reduced [44]. It
helps the physician to determine if a patient is suffering from mild, moderate,
severe or very severe IPF.

b. Pulse Oximetry: In this test, a small sensor is attached either to an ear or a finger.
This test uses light to determine amount of oxygen in blood.

c. Exercise Stress Test: Exercising capacity is evaluated using a six minute exercise
test with the help of a treadmill or a stationary bike. Someone will note down the
levels of oxygen in the blood through a probe which is either kept either over the
forehead or on the finger [45].

15.5.3 Biopsy

If the above-mentioned tests failed to diagnose the disease, then the doctors remove a
small portion of lung tissue and examination is done in laboratory to diagnose IPF or
any other condition. It is done using the following techniques:

a. Bronchoscopy: A very small tissue sample (usually not more than head of a pin) is
taken out through a small, flexible tube (bronchoscope) which is inserted either
through the mouth or nose into the lungs. But this procedure is associated with
certain minor risks. For instance, sore throat, discomfort in nose. Bleeding or
deflated lungs are some of the serious complications associated with this
technique.

An additional test, known as bronchoalveolar lavage (BAL) is carried out in some
cases. Procedure involves the injection of salt water through bronchoscope into a
section of a lung. Immediately, it is suctioned out containing cells from air sacs.
However, BAL fluid is suggested for patients with newly detected interstitial lung
disease and who are under clinical suspicion of IPF and have HRCT pattern of
probable usual interstitial pneumonia (UIP) [46].

b. Surgery biopsy: Although this technique is more invasive and the large tissue
sample is obtained. But the diagnosis of disease would be more accurate than
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other techniques. The specimen can be obtained either using open lung surgery or
by video-assisted thoracoscopic surgery (VATS).

Surgery biopsy is the best way to distinguish between usual interstitial pneumonia
(UIP) from other idiopathic interstitial pneumonias. Among both the techniques,
VATS is more preferred as it involves the shorter hospital stay and less
morbidity [47].

15.6 Treatment

There are limited treatment options for IPF. This is because lung scarring is
permanent and it cannot be reversed in any way. There is only one option,
i.e. lung transplantation. However, there are some drugs which are prescribed by
the doctors depending upon the severity of the disease. These drugs may either slow
down the progression of scarring or improve the quality of life. The following
categories of drugs are included in the treatment of IPF.

15.6.1 Anti-fibrotic Drugs/Anti-scarring Drugs: (Pirfenidone,
Nintedanib)

FDA has approved two drugs: Pirfenidone and Nintedanib [48]. These drugs slow
down the progression of scarring in the lungs. However, monitoring with blood tests
is important in patients taking these medications because they are associated with
certain side effects. Pirfenidone may result in diarrohea and liver function test
abnormalities. Nintedanib may cause rashes and nausea. Because of these potential
adverse effects, some patients found it difficult to take this medication.

Antacids are also prescribed by the doctors because of GERD, which is a
common problem associated with the patients of IPF.

15.6.2 Corticosteroids: (Prednisone) [49–54]

Corticosteroids can subsequently reduce the inflammation of lungs. Though the
steroids cannot completely irradicate the disease. If a patient gives an adequate
response to the therapy, steroids can be given for 1–2 years as a maintenance therapy
with gradual tapering of the dose. The therapy is initiated with high dose (40–100 mg
daily) for 2–4 months with gradual tapering. If responses occur, the improvement
can be observed within three months. In case of relapse or deterioration of health, the
dose of corticosteroids is escaled or it is given in combination with immunosuppres-
sive agent.

As a maintenance dose, 15–20 mg low dose prednisone every other day is
sufficient.
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15.6.3 Cytotoxic Agents/Immunosuppressive Agents: (Azathioprine,
Cyclophosphamide) [49, 55, 56]

These agents are used for the patients who do not respond to corticosteroid treat-
ment, or experience serious side effects from corticosteroid therapy or patients with
diabetes mellitus, hypertension and osteoporosis.

The combination of azathioprine with the corticosteroids is the modest improve-
ment that has enhanced the survival rate in some patients. A high dose
(500–1800 mg) of cyclophosphamide was administered i/v for about 2–4 weeks.
But the results were impressive. The toxicity associated with cyclophosphamide
makes it difficult for the patients to use it in routine for treating IPF.

15.6.4 Other Fibrolytic Agents: (Interferon-Y, Interferon-b, Relaxin)
[57, 58]

These drugs are tested for the treatment of lung fibrosis by increasing
procollagenase. PGE2 is also being tested for treating lung fibrosis as it inhibits the
collagen production. N-acetyl cysteine is a glutathione precursor that can be used in
maintenance immunosuppressive therapy for the treatment of IPF [59].

15.7 Herbal Formulations Are Better Alternative for IPF

There are limited treatment options for the treatment of IPF. The prognosis of the
disease is also poor. Moreover, there are only two anti-fibrotic drugs which are
approved by FDA that actually slow down the process of fibrosis. The drugs
(corticosteroids, anti-inflammatory drugs) provide only marginal benefit and are
associated with many side effects [60–64] and the other options for living better
with this disease are limited. So, the natural or herbal formulations are the best option
one could adopt to cope up with this problem. Herbal medicines are used for about
5000 years and it is practised in most of the regions of Asia. Alone in China, there are
around 6000 herbal medicines which are available for this therapy [65]. Internet is
filled with plethora of information regarding any chronic illness. Indian herbs are
considered to be the best in terms of their divinity and purity. Moreover, these herbal
formulations are pure as they do not contain any harmful chemicals and they are
prepared under the guidance of experts of Ayurveda. The long lasting effect of the
herbal formulations is matchless. Broadly, these herbs can be leaves, roots, flowers,
seeds, bark or any other segment of plant.

Herbal formulations harmonise ‘the five elements’ (wood, earth, fire, water and
metal) in the human body [66, 67]. It is necessary to maintain a balance between
these five elements. Every person has a different natural balance, called as
individual’s nature. If this balanced state is disturbed, it makes a person, unhealthy.
It is also concluded that a mixture of several herbs in a single formula is much more
effective than a single constituent. Each formula is divided into four components,
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namely ‘sovereign’, ‘minister’, ‘assistant’ and ‘courier’ and has a different role to
play. Main curative action is provided by ‘sovereign’ herb. Minister helps to
strengthen the curative action of sovereign herb. Assistant helps to overcome the
secondary effects of both sovereign and minister. Courier helps in harmonisation of
all the ingredients [68] (Fig. 15.4).

Following are some of the herbal bioactives explained in brief:

1. Pippali: The IPF begins with the inflammation and scarring of the lung tissue.
The joint pain may also occur in the later stages. So, the common problem that
accompanies IPF is rheumatoid arthritis. There is only symptomatic treatment of
this problem in conventional system. But Ayurveda offers a better advantage in
the form of PippaliVardhamanRasayana [69], which can be used as a
rejuvenating therapy [70]. Apart from anti-inflammatory property [71], Pippali
also possesses anti-oxidative [72], anti-asthmatic [73], anti-rheumatic [74] and
immune-modulatory properties too. A case study was reported for a 55 years old
female who was suffering from interstitial lung disease (ILD) with the history of
pneumonia. The patient was on corticosteroids and immunosuppressants from
past 2 years. Then the patient was treated with Pippali along with Pippali siddha
ksheera (medicated milk) with an increasing dose beginning from 3. The dose
was then increased to 15 followed by tapering again to 3 pippali for a period of
9 days. After 9 days, satisfactory improvement was seen in the patient and the
breathlessness was also reduced from grade 5 to grade 3 on MRC scale
[75]. Improvement was also observed in joint pain and body ache which was
frequent before the treatment with Pippali Vardhaman Rasayana.

From the study it was concluded that Pippali alleviated the factor ‘Ama’ (known
as endogenous waste material). This factor is responsible for occurrence of autoim-
mune disease. Pippali thus resulted in the correction of immune system.

Fig. 15.4 Components of a herbal formulation
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2. Cordyceps sinensis: Wang et al. carried out a study on bleomycin induced
pulmonary fibrosis in mice [76, 77]. Both the preventive and therapeutic effects
were studied using C. sinensis which is a fungus used in the traditional Chinese
medicines. It is a tonic which soothes the lungs for the treatment of respiratory
disorders and fatigue. The preventive effect was studied 48 hours prior to
administration of bleomycin and therapeutic effects were studied (4 days after
bleomycin administration). It was observed that fibrosis was improved signifi-
cantly in comparison to placebo. Anti-fibrotic interferon (IFN-Υ) shows signifi-
cant increase, whereas transforming growth factor (TGF-β) and IL-Υ decrease
tremendously. From the overall study, it was suggested that Cordyceps sinensis
may act through type-I and type-II cytokine imbalance in the lung tissues.

3. Astragaloside: Astragaloside possesses anti-fibrotic, immunoregulatory and anti-
inflammatory properties [78]. It is obtained from a herb named ‘Radix astragali’.
The effect was shown in a mouse model with bleomycin administration.
Bleomycin is known for its property of inducing inflammation in early stages
followed by fibrotic response. When astragaloside was administered 1 day after
bleomycin administration, it significantly decreased the amount of hydroxypro-
line in pulmonary fibrosis in rats mainly through its anti-protease activity [79].

4. Salviae Miltiorrhizae Radix (SMR) and its extract IH764-3: This extract was
studied for its anti-fibrotic activity over the bleomycin induced fibrosis in rats.
When given after day 1 of bleomycin administration, this extract inhibits TGF-β1
expression and activity of fibroblast growth factor [80–82]. Electron microscopy
revealed that before administration of SMR, in the control treated bleomycin
group, dense fibrosis was found in the lung interstitium with the presence of the
distorted cells. Many abnormal lamellar bodies and cellular structures detached
from their basement membrane were present. But in SMR treated animals, less
distorted and few abnormal cellular bodies were observed.

5. Isoliensinine (ILS): It is an alkaloid extracted from the seeds of Nelumbo nucifera
Gaertn [83]. Bleomycin was administered in animal model followed by the
administration of ILS. It was observed that ILS alleviated the lung inflammation
by preventing the increase in hydroxyproline [84]. It was suggested that ILS
enhanced the activity of superoxide dismutase. It also inhibits the tumour necrosis
factor (TNF-α) and TGF-β1.

6. Triptolides: It is a diterpenoid used in the treatment of autoimmune and anti-
inflammatory agent against rheumatoid arthritis and encephalomyelitis
[85, 86]. From triptolide, a water soluble extract named PG-490-88 was observed.
This extract was further evaluated for its anti-fibrotic properties [87]. Mice were
used as an animal model and were administered bleomycin. This compound
inhibited bleomycin induced fibrosis. Myofibroblasts were also reduced 5 days
after administration of bleomycin TGF-β1 and TGF-β gene expression both were
decreased in the animals which were treated with PG 490-88.

7. Curcumin: It is one of the most interesting herbs which is used as a dietary herb
used in India and China as well. It is a polyphenolic compound obtained from
Curcuma longa. It is used as an anti-oxidant [88, 89], anti-inflammatory [90] and
anti-carcinogenic [91, 92] agent. Protective effect of curcumin was studied over
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bleomycin model [93] and it was concluded that curcumin reduces the hydroxy-
proline content in lungs [94] when administered after bleomycin. Also, it inhibits
TGF-β1 and TGF-β at transcriptional and translational levels [95].

8. Rosemary leaves extract: Bahri Sana et al. investigated the use of Rosmarinus
officinalis (RO) which is an aromatic plant belonging to Lamiaceae family. It is a
herb that is used as a flavouring agent and an anti-oxidant in food and cosmetic
industry. Because it contains polyphenols, so it is widely used in folk medicines.
The dried leaves possess anti-oxidant, anti-cancer and anti-inflammatory
properties. Carnosic acid and Rosmarinic acid are the phytochemicals of this
herb. Carnosic acid can be widely used as an anti-oxidant, anti-microbial and anti-
tumour agent [96].

Rosmarinic acid is also widely used as an anti-inflammatory, anti-oxidant, anti-
fibrotic, chemoprotective and neuroprotective agent. A study was carried out to
investigate the effects of R. officinalis on the lung fibrosis. Fibrosis was induced
by bleomycin (BLM). Wistar rats were used as an experimental animal. The rats
were administered single dose of bleomycin and R. officinalis was administered
intraperitoneally three days later. This was continued for four weeks. This group is
named as BLM/RO1-curative group. On the other hand, R. officinalis was
administered two weeks before bleomycin administration and this was continued
for 15 days. So, it is named as BLM/RO2-prophylactic group. Anti-oxidant activity
of R. officinalis on the lungs was studied thereafter.

The bioactives of plant extract are linked to their composition. For instance,
tannins, polyphenols, and flavonoids. The study results showed that rosemary extract
has better reducing activity than the ascorbic acid which was taken as a positive
control. It shows that rosemary extract has high amounts of polyphenols. Also, the
study reveals that RO has high free radical scavenging activity than positive control.
Because it is believed that in human body, the rate of anti-oxidants must be in
equilibrium with the reactive oxygen species. It is important so as to prevent the
oxidative stress. So, the levels of some oxidative stress indicators were also
evaluated in the study. The level of GSH (reduced glutathione) is linked with the
presence of certain enzymes. For instance, glutathione peroxide, glutathione reduc-
tase and glutathione-S-transferase (GST). The level of GST and thiol group is
significantly decreased after bleomycin administration. GST and catalase are the
protective enzymes that have the ability to remove the toxins that result from
oxidative stress, chemicals and metabolites from cells. RO when added to both
curative and preventive treatment significantly increases the level of GST and thiol
group in lungs.

The activated phagocytes in the BLM induced pulmonary fibrosis in rats generate
huge amount of reactive oxygen species (ROS), for instance, hydroxyl radicals,
superoxide anion, hydrogen peroxide. Although rosemary extract contains large
quantity of both the carnosic acid and rosmarinic acid. But it is difficult to conclude
which one of these molecules has better anti-fibrotic action or it is due to their
synergistic effect. Rosmarinic acid is believed to have anti-fibrotic effect in carbon
tetrachloride induced liver fibrosis in rats by inhibiting TGF-β1 and CTGF
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expression in the liver cells, and also it inhibits the hepatic stellate cell proliferation.
Carnosic acid, on the other hand, can reduce the increased level of ROS induced by
UV which initiates both the anti-oxidant and anti-fibrotic activity.

Catalase plays a vital role in maintaining the hydrogen peroxide homeostasis in
cells; as it can convert 6 million molecules of hydrogen peroxide to water and
oxygen per minute. Our study revealed that bleomycin induced decrease in the
catalase level in the lungs. On the contrary to this, Odajima et al. demonstrated
that the decrease in the level of catalase is transient, and it rise up again after 21 days.
This suggests that during fibrosis, the cellular dynamics also change which brings
drastic changes in the level of catalase. The catalase activity in BLM/RO1 and
BLM/RO2 is restored after certain time suggesting that RO might have modulated
the cellular dynamics during the on-going process of fibrosis.

9. Hirsutella sinensis mycelium (HSM): Huang et al. carried out a study using a
Chinese medicine, Hirsutella sinensis mycelium [97] that is an anamorph of
Cordyceps sinensis. C. sinensis possess various therapeutic functions and used
as an anti-cancer, anti-diabetic, anti-oxidant, anti-inflammatory and immune-
modulatory agent [98–101]. H. sinensis has also emerged as a beneficial thera-
peutic agent which is used as a substituent of C. sinensis [102]. The ethanolic
extract of HSM suppresses IL-1β and IL-18 secretion as suggested by the earlier
studies [103]. Studies have also shown that C. sinensis leads to reduction of liver
fibrosis by inhibition of TGF-β1, α- smooth muscle actin (α-SMA) and collagen
type-I and type-II expression. Chen at al observed that C. sinensis is able to
reduce the lung fibrosis too in the rats [104]. In this study, an attempt has been
made to study whether the oral intake of ethanolic extract of HSM is able to
reduce the lung fibrosis and inflammation in mice.

In general, TGF-β1 is a cytokine that promotes the development of pulmonary
fibrosis. TGF-β1 is responsible for differentiation of fibroblasts into myofibroblasts.
This helps in the promotion of excessive collagen deposition and leads to inflamma-
tion of cells [105]. Expression of α-SMA leads to differentiation of fibroblasts into
myofibroblasts. When the study was carried out in animal models, the enhanced
expression of TGF-β1 was observed in the lungs of animal models leads to the
confirmation of lung fibrosis [106, 107]. So, inhibition of TGF-β1 (fibrogenic
cytokine) should be the strategy for treating IPF. Furthermore, NLRP3
inflammasome plays an important role in the development of fibrosis by promoting
TGF-β1 signalling. When BLM treatment was given to the mice, it increases the
production of reactive oxygen species (ROS) and leads to the development of lung
fibrosis [108]. ROS further triggers the formation of NLRP3 inflammasome
[109]. Oxidative stress induced by ROS leads to the expression of anti-oxidant
enzyme, for example superoxide dismutase (SOD) which is used for conversion of
superoxide radicals to hydrogen peroxide [110]. But in case of BLM induced
fibrosis, SOD expression is reduced [111].

So, when HSMwas administered to animal model, it inhibits TGF-β1 and α-SMA
in lung fibroblasts. It was found that it helps in restoring SOD expression in TGF-β1
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and this leads to inhibition of reactive oxygen species production. Furthermore, it
reduces the expression of NLRP3 inflammasome and enhances the expression of
SOD. All these findings lead to the conclusion that HSM can be used in the treatment
of pulmonary fibrosis.

10. Saffron (Crocus sativus): Mehrzad Bahtouee et al. investigated the use of a
traditional spice which is cultivated in most of the countries like Turkey and
Spain [112]. Other than the use of this herb in cooking, it can be used as an anti-
depressant, anti-asthmatic, anti-carcinogenic and oxytocic [113, 114]. It is
useful in respiratory malignancy due to its cytotoxic effect. Safranal and crocin
are the ingredients of saffron which are known to possess anti-tussive effect in
guinea pigs [115, 116]. However, it is still not clear how saffron affects the lung
fibrosis in spite of having anti-oxidant and radical scavenging property [117].

To evaluate potential of saffron in treatment of lung fibrosis, a study was carried
out in bleomycin induced fibrosis involving male Wistar rats as animal model. This
is because rats have the same enzymatic and histopathologic changes that take place
in human beings in IPF [118, 119]. The rats were instilled with bleomycin
intratracheally. The aqueous extract of saffron was given in two different bleomycin
treated groups for 28 days.

Fibrotic stage begins after 14 days of bleomycin injection which results in
imbalance between free radicals and anti-oxidants in the lungs. Malonidialdehyde
(MDA) level was tremendously high in the bleomycin induced group compared to
control. MDA level was dramatically decreased in the group receiving saffron.
Inflammatory cytokine (TNF-α) level was increased in this study. But the saffron
treatment prevented this event. Masson staining is the best indicator of fibrosis which
was revealed in bleomycin treated animals. But with the saffron treatment, it was
clearly reduced in the lungs of bleomycin treated rats. This study indicated that in
future saffron can be one of the promising agents that can be used to treat IPF in
human trials.

11. Citrus alkaline extract (CAE): Fanchao Feng et al. conducted a study to investi-
gate the use of citrus in treatment of fibrosis. Citrus is a fruit that is cultivated
worldwide and in China it is used as a herbal medicine that is used to expel the
phlegm and it is used in the treatment of many pulmonary diseases. The main
constituents of citrus are flavonoids, volatile oils and alkaloids [120]. Citrus is
used for its anti-microbial, anti-coagulant, anti-oxidant and anti-fibrotic
properties. It is used in the treatment of various diseases like hypertension,
ulcerative colitis, lung and liver fibrosis [121–123].

IPF can be considered as a age related disease or it occurs primarily at the age of
65 [124] and the various age related mechanisms, for instance, mitochondrial
dysfunction, genome instability, cellular senescence, etc. are considered as potential
mechanisms that trigger IPF [125].
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Cellular senescence is a process in which cells undergo growth arrest, which is
triggered by telomere attrition, DNA damage, instability in certain processes. For
example, development, ageing and tissue repairing [126]. Senescent cells retain their
viability, activation of P16INK4a and P21, increased level of senescence associated
β-galactosidase (SA-β-Gal) activity, changes in senescence associated secretory
phenotype (SASP). Various cytokines and chemokines are involved in this activity
[127, 128]. In this way, senescence is considered detrimental for IPF patients and if
these senescent cells are eliminated, it will be very beneficial for treating IPF patients
[129, 130]. The mechanism behind the cellular senescence has been related to the
tumour suppressor protein (P53) so far. Lung fibroblasts in response to some stimuli
differentiate into myofibroblasts and produce cytokines and ECM. The senescent
fibroblasts over-secrete α-SMA and exhibit a myofibroblast like phenotype, so as to
increase pulmonary fibrosis [131]. So, in order to manage IPF, senescent fibroblasts
must be mediated first to treat IPF. The level of PGE2 is also reduced in IPF patients
because the key enzyme (COX-2) fails to be upregulated. COX-2 is also involved in
cellular senescence [132, 133].

A study was carried out using CAE to investigate its inhibitory effects over the
fibroblasts to modulate the pulmonary fibrosis. For the assessment, the mice were
instilled with bleomycin and lung fibrosis was induced. CAE was administered to
mice at the calculated doses of 32, 64 or 96 mg/kg/day and Pirfenidone (300 mg/kg/
day) for 28 days. Firstly, body weight was monitored which shows weight if mice
receiving bleomycin rapidly lose weight in first 10 days, whereas CAE treatment
compromised this weight loss within 7 days. The levels of TGF-β1 and TNF-α
increased in the bleomycin instilled mice, but it began to decrease after CAE/
pirfenidone treatment. Western blot technique confirms that CAE could decrease
expression of α-SMA in the lungs of mouse. Immunofluorescence staining technique
was carried out to analyse the senescent biomarkers in fibrotic lungs of mice which
shows bleomycin increase the levels of senescence biomarkers P21 and P16INK4a.
This confirms that fibroblasts exhibit senescence in fibrotic lungs. After administra-
tion of CAE, the level of these biomarkers was downregulated. CAE significantly
decreased the SA.β.Gal activity (Fig. 15.5).

CAE induced COX-2 with time and in a dose dependent manner. But this
stimulation reduced to a certain extent with time. Considering these results and the
factor that COX-2 is involved in senescence and also stabilises P-53, we can
conclude that CAE activates COX-2 and inhibit expression of P-53 and therefore
exerts anti-senescence effect. This limits the pathogenesis of IPF. These findings
elucidated that CAE can be used as a new agent in treating IPF.

12. Ginseng Radix Rhizoma: Bai Yunping et al. carried out an experimental study
on rats using a Chinese herbal formula-JinshuiHuanxian formula (JHF). JHF
was prepared using 11 medicinal herbs including Ginseng Radix, Ophiopogonis
Radix, Rehmanniae Radix, etc. The rats were instilled with bleomycin
intratracheally to induce pulmonary fibrosis. After that JHF was orally
administered along with Pirfenidone from 1 to 42 days after bleomycin instilla-
tion. It was observed that the JHF treated rats possess higher levels of
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superoxide dismutase, catalase and glutathione, whereas JHF has lowered down
the collagen deposition. Further it restores the pulmonary function few days
after instillation of bleomycin. JHF increased the expression of Nuclear factor
erythroid-2-related-factor (Nrf2) and inhibits the expression of NADPH oxi-
dase. JHF inhibited TGF-β1, which further inhibits differentiation of fibroblasts
into myofibroblasts [134]. From the observations, it was concluded that JHF
performed long term effects on the pulmonary fibrosis and JHF was proved to be
a potential natural drug in the treatment of IPF.

13. Angelica Sinensis Polysaccharide: Qian Weibin et al. conducted an investiga-
tion using A. sinensis which is a perennial herb. Generally, IPF is associated
with accumulation of extracellular matrix and lung fibroblasts. The main active
constituent of Angelica sinensis is Angelica sinensis polysaccharide (ASP) that
plays a vital role in haemopoiesis, anti-tumour activity and immunomodulation.
According to certain evidences, pathophysiology of many processes is depen-
dent on the long non-coding RNAs (LncRNAs). But in case of IPF, the roles of
lncRNA and ASP remain unclear. So, an attempt has been made to study the
effect of ASP in IPF and its interaction with lncRNA DANCR (Differentiation
antagonising non-protein coding RNA). LnRNA’s play important roles in cell
growth regulation, apoptosis, migration, drug resistance etc. However, lncRNA
DANCR is a newly identified lncRNA that plays a vital role in cell proliferation
and migration. So, the investigation involves the treatment of Sprague Dawley
rats with bleomycin and the treatment of alveolar type-II epithelial cells
(RLE-6TN) with TGF-β1. As per the results, ASP treatment leads to suppression
of IPF in rats and also it suppresses fibrogenesis in RLE-6TN cells. LncRNA
DANCR was downregulated both in the lung tissue of rats and RLE-6TN cells
after treatment with ASP. DANCR binds with the AUF-1 (AU binding factor-1).
This upregulates the FOXO3 mRNA and finally the protein levels [135]. This

Fig. 15.5 Proposed mechanism of CAE mediated inhibition
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way, DANCR can be served as an important therapeutic target in IPF treatment
with ASP.

14. Feifukang (FFK): Li Hongbo et al. demonstrated the amelioration of pulmonary
fibrosis using Feifukang (known as pulmonary rehabilitation mixture consisting
of eight herbs—Astragalus membranaceus, Codonopsis pilosula, Ophiopogon
japonicus, Schisandra chinensis, Panax notosinseng, Bulbus fritillariae
thunbergii, Rhizoma anemarrhenae and Glycyrrhiza uralensis. To carry out
this study, RNA sequencing was combined to network pharmacology to analyse
the multi-pathways of FFK in the treatment of pulmonary fibrosis. Mice were
instilled with bleomycin intratracheally followed by administration of FFK on
day 2. FFK treatment reduced the collagen deposition and α-SMA. JAK-STAT
signalling pathway is also thought to be linked with FFK.

JAK-STAT is a chain of interactions that occur between proteins in a cell and is
responsible for various processes. For example, cell division, cell death and tumour
formation. This pathway helps in building communication between chemical signals
from outside the cell to the nucleus. This results in the activation of various genes
through a process called transcription. JAK1, STAT-3 and ADAM-17 are the
structural genes of this process [136].

From the findings of the study, it was concluded that the level of those structural
genes increases in pulmonary fibrosis whereas FFK remarkably decreases the levels
of these structural genes as compared to the level in the bleomycin treated rats.
Results remarkably explained the efficacy of FFK in the treatment of pulmonary
fibrosis.

15. Green tea extract: Marta Figueiredo et al. evaluated the green tea extract to
evaluate its efficacy in treating IPF. Epigallocatechin-3-gallate (EGCG) is an
anti-oxidant which is present in the green tea extract. The study was carried out
in 20 individuals suffering from IPF and scheduled to undergo a biopsy. Half of
the patients were given EGCG capsules of dose 600 mg for a period of 14 days.
While the other group was left untreated. Also, lung tissue samples of five
healthy volunteers were named as ‘controls’. The fibrotic proteins (α-SMA,
SMAD3 and fibronectic type-1) were found normal in the patients treated with
EGCG supplements which suggested the reversion of the fibrotic state of
lungs [137].

Cartilage oligomeric matrix protein (COMP) and periostin are the two biomarkers
of IPF progression, which show a sufficient drop in patients treated with EGCG
capsules.

16. Arenaria Kansuensis: Cui Yulei et al. carried out an experimental study of
β-carboline (A.kansuensis) to determine its efficacy as an anti-pulmonary
fibrotic agent with its possible mechanism. A fraction of A.kansuensis extracted
with ethyl acetate was administered daily with dose of 50, 100 and 150 mg/kg in
bleomycin induced pulmonary fibrotic rats. An in-vitro study was also carried
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out to study epithelial-mesenchymal transition (EMT) effect firstly through
lipopolysaccharide induced RAW264.7 cell model and secondly through
TGF-β1 induced A549 cell model [138].

According to the results, a strong anti-pulmonary effect was shown by
A. kansuensis at a dose of 150 mg/kg. The body weight and survival rate of rats
both were increased after alkaloidal treatment. A total number of 12 β-carboline
alkaloids were found in the extract and then all suppress the inflammatory cytokines
(TNF-α, IL-6, IL-1β) by inhibiting phosphorylation of NF-Kb/p65 which is the main
reason of anti-fibrogenic effect of β-carboline alkaloids. Along with that the extract
has significantly inhibited the deposition of collagen and expression of TGF-β1 and
α-SMA.

17. Eliptae Herba: Xin et al. investigated a traditional Chinese medicine which is
used for treatment of lung disorders from the ancient times, for its anti-fibrotic
action along with its mechanism. The extract of E. Herba (EXT) was prepared
using 80% ethanol. After the intractracheal instillation of bleomycin in rats,
EXT was administered orally along with Eclipta Saponin A (ESA). In compari-
son to BLM group, EXT administration ameliorated the pulmonary fibrosis by
increasing superoxide dismutase (SOD) and decreasing the levels of 2/3were also
alleviated with EXT administration. Large amounts of saponins were isolated
from E. prostrata and evaluated by BLM induced model [139].

18. Danshen (Salvia miltiorrhiza Bunge): Yongming Pan et al. studied a traditional
herb which was used in combination with other herbs to treat various respiratory
disorders like pneumonia and pulmonary fibrosis. The active constituent present
in Danshen is salvianolic acid A (SAA). Anti-fibrotic activity of SAA was
evaluated in bleomycin induced fibrosis in rats. Increased amounts of collagen
deposits were observed in bleomycin induced rats. But with the administration
of SAA, the proliferation of fibroblasts into myofibroblasts was reduced. This is
because of cell cycle arrest and apoptosis. Cell cycle related proteins (Cyclin D1,
Cyclin E1 and Cyclin B1) also show decrease in their expression. While the
expression of P53 and P21 in SAA treated cells was increased. BCl-2 protein
(apoptotic protein) decrease in a dose dependent manner while caspase-3 protein
increase after SAA treatment. The conclusion comes out of the study is that
SAA alleviate pulmonary fibrosis by inhibiting the proliferation of fibroblasts
and induction of apoptosis which occurs due to P53 dependent growth arrest.
From the results, we can interpret that SAA should be considered as a novel
therapeutic agent in IPF treatment [140].

19. Dendrobium officinale: Chen Jianhui et al. elicit the benefits of polysaccharides
of Dendrobium officinale (PDO) for the treatment of pulmonary fibrosis. PDO
ameliorates the pulmonary fibrosis and inflammation induced by bleomycin
instillation in rats. The mechanism was associated with inactivation of
TGF-β1-Smad2/3signalling pathway. Also it blocked the proliferation of
fibroblasts into myofibroblasts by inhibiting total Smad2/3, pSmad2/3, expression
of collagen-1 and fibronectin in a dose dependent manner [141].
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20. Cryptotanshinone (CPT): Zhang Qianyu et al. investigated the use of CPT as an
anti-fibrotic agent. The expression of NIH/3T3 and HPF cells was measured and
it was found out that CPT inhibited their expression in a concentration and time
dependent manner. The level of α-SMA, which was upregulated in NIH/3T3
cells was stimulated by TGF-β1 and afterwards it was decreased after the
administration of CPT.

The hydroxyproline content which was higher in bleomycin induced mice was
decreased by the treatment of CPT. The levels of collagen-I and α-SMA which rise
up during bleomycin induced fibrosis were also downregulated after CPT adminis-
tration. Flow cytometry analysis was carried out, which indicated that frequency of
T-cells, macrophages was increased in BLM induced group and the population of
these immunocytes decrease after administration of CPT [142].

21. Quercetin: Zhang Xingcai et al. carried out the study on the use of quercetin,
which is a flavonoid and found in variety of herbs. It is known for its anti-fibrotic
function. The administration of bleomycin or TGF-β in human embryonic lung
fibroblasts (HELF), upregulated the level of sphingosine-1-phosphate (S1P),
sphingosine kinase 1 (SphK1) and sphingosine-1-phosphate-lyase (S1PL). But
this increase in levels of S1P, SphK1 and S1PL was overcome by quercetin
administration. From the study, it was concluded that quercetin ameliorates
pulmonary fibrosis by inhibition of SphK1/S1P signalling [143].

There is substantial amount of information available regarding herbal
formulations for fibrosis mostly published in Chinese or Japanese journal. Most of
them demonstrated the herbal medicines that prevent the pulmonary fibrosis in
rodents using bleomycin induced lung damage. The reports of clinical trials demon-
strate that herbal remedies improvise the symptoms like complications in respiration
and lung performance in IPF patients along with increase in survival rate. Neverthe-
less, the herbal medications must be used with caution for the given reasons:

1. Most of the conclusions are drawn using bleomycin induced fibrosis in rats. But it
lacks some of the important features w.r.t the progressive nature of IPF in
humans.

2. The detailed investigations of the mechanisms behind herbal formulations are
challenging. Because sometimes, polyherbal compositions are used in the treat-
ment of IPF which contain several herbs and each herb contains various bioactive
components with different mechanisms.

3. The published trials had either methodological limitations and even some flaws
are there that cannot be described. Sometimes, small number of patients are
enrolled in a study.
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15.8 Marketed Formulations (Table 15.1)
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Table 15.1 Herbal marketed formulations for the treatment of pulmonary fibrosis
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Medicinal Plants Used in Treatment
of Bronchitis 16
Manish Pathak, Lubhan Singh, Ganesh Prasad Mishra, Kamal Dua,
and Sagarika Majhi

Abstract

Owing to the rapidly accelerated growth of resistance to the medications currently
in use, respiratory tract infections are health concern worldwide. Inflammation of
the membrane of bronchioles, which bring oxygen into and out of lungs, is termed
as bronchitis. Bronchitis individuals also cough up thickened, sometimes
discolored mucus. Bronchitis could be either chronic or acute. Traditionally,
many plants are employed for the management of respiratory diseases. Mostly
used species in bronchitis were Lamiaceae (23%), Fabaceae and Asteraceae
(15%), followed by Solanaceae (11%) and others. The bulk of acute and chronic
bronchitis herbal composition was obtained from leaves (39%), followed by bark/
stem (10%), whole plant (9%), fruits, nuts, and berries (9%), and roots and
rhizomes (9%), while seeds and flowers (9% and 7%) were used less frequently.

The WHO recognizes conventional medicines as an important cornerstone for
healthcare services, especially in developing and expansive countries, viz. India.
Today, there is an awareness that the vast reservoir of wisdom along with the
cultural experience connected with them must be maintained. The biodiversity
must not only be preserved, but also the information frequently retained in the
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minds of elderly native and traditional healing practices must be archived. A
revival in the utilization of herbal remedies has been seen in the last couple of
years. The literature on pharmacological usage of plants for bronchitis and some
other respiratory diseases has become expansive by ethnopharmacological
research. This chapter aims to offer a description of plant species used in
bronchitis in conventional respiratory therapies.

Keywords

Bronchitis · Inflammation · Airway obstruction · Mucus

16.1 Introduction

A widespread and critical cause of sickness and mortality around the globe is
respiratory illness. The familiar reasons for hospitalizations among kids were respi-
ratory problems. Acute respiratory infections account for 25–70% of outdoor hospi-
tal admissions, including 80% and 20% of upper and lower airway infections,
respectively. Common cold, cough, asthma, bronchitis, and whooping cough are
frequent respiratory system issues. Bronchitis basically is a lung or airway disease
and it refers to inflammation of the lungs mainly bronchi [1]. Bronchitis has different
major overlapping constructs based on phenotype, duration (acute, sub-acute,
chronic), type of inflammation (neutrophilic, eosinophilic, lymphocytic, neuro-
genic), and lastly clinical syndromes (acute bronchitis, protracted bacterial bronchi-
tis, laryngo-tracheobronchitis, aspiration bronchitis) [2, 3] (Fig. 16.1).

Owing to its remoteness, cold, and extreme environmental conditions, along with
restricted medical services, respiratory problems are widespread. In order to manage

Fig. 16.1 Inflamed and normal bronchial tube
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different respiratory conditions, individuals rely on native medicinal plants. In
certain parts of the world, natural medicines for the prevention of respiratory
disturbances are commonly used. Phyto-therapeutic agents have been used for
disease prevention since antiquity, but their use has grown dramatically in recent
years. Nearly, 170 herbal medicines gained official approval at the turn of the
nineteenth century. According to WHO, through the use of phyto-therapeutic agents,
80% of global population meets their primary health-related concerns and 11% of
important medicines are derived from plants.

16.2 Types of Bronchitis

16.2.1 Acute Bronchitis

International Classification of Diseases (ICD) has issued dedicated code for acute
bronchitis [4]. Acute bronchitis is a non-precise term and generally it coincides with
other symptoms of respiratory tract. The common cause of acute cough, acute
bronchitis is caused by viral acute respiratory infections (ARIs) [5, 6]. A review
on the history of natural occurring acute cough in children’s ranging from 1 day to
4 years of age in primary care revealed that maximum children improve their
condition with time but 05–10% progress to develop protracted pneumonia or
bronchitis. Around 56% of children with suffering from ARIs are still unwell
4 days after initial consultation. The percentage get lowers down to 26% on the
7th day and up to 6% by the 14th day [7, 8].

16.2.1.1 Etiology of Acute Bronchitis
Pathogenic infection caused by viruses, mycoplasma, bacteria, chlamydia,
helminths, and fungi may cause acute bronchitis [9]. Respiratory viruses and bacteria
are the common cause of acute bronchitis around 17–33% of infections only because
of bacterial or viral infection [10]. Common respiratory viruses are coronaviruses,
human rhinovirus, respiratory syncytial virus A and B, influenza, parainfluenza
(1–3), adenovirus, human enteroviruses, human parechoviruses, and human
metapneumovirus [12, 13]. However, only bacteria, viruses, Chlamydia, myco-
plasma are considered in the clinical phenotype of acute bronchitis. Acute bronchitis
is caused by any of pathogens listed [11] (Fig. 16.2).

16.2.2 Chronic Bronchitis

Chronic bronchitis is characterized as long-term inflammation of the lungs or
bronchi. It is found very common in smokers [14, 15]. Experts agree with that the
primary cause of chronic bronchitis is cigarette smoking and somehow air pollution
also imparts their role [16]. Person with chronic bronchitis tends to get more easily
substile for lung infection and also suffered from episodes of acute bronchitis, when
symptoms are getting worse [17, 18].
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Chronic bronchitis is classified as:

• Person has cough and mucus for at least 2–3 months in a year or for 2 years in
a row.

• Person suffering from tuberculosis (TB) or some variant lung infections.

Emphysema and chronic bronchitis are the two main courses of COPD. A broad
group of lung diseases, including chronic bronchitis, are chronic obstructive pulmo-
nary disease (COPD) [19]. COPD diseases in the lungs can obstruct the passage of
air and cause breathing difficulties [20, 21].

Generally chronic bronchitis arises in those persons who already suffer from other
diseases such as:

• Asthma
• Scarring of the respiratory tract (pulmonary fibrosis)
• Pulmonary emphysema
• Sinusitis
• Upper respiratory tract infections
• Tuberculosis

For several years, patients with chronic bronchitis have had cough and phlegm
before they suffer from shortness of breath [23].

Chronic bronchitis may cause:

• Wheezing and crackling sounds with breathing
• Narrowing and plugging of your breathing tubes
• Trouble breathing
• Bluish fingernails, lips, and skin because of diminished O2 levels
• Heart failure

Fig. 16.2 Common sign and
symptom of bronchitis
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• Swollen feet
• Disability

16.3 Diagnosis of Chronic Bronchitis

Physician will take details of health, history of disease and perform physical exami-
nation after these following tests are prescribed:

Pulmonary Function Tests Such measurements help to assess the capacity of the
lungs to carry air in/out by using spirometry [24].

• To measure the ability of the lungs to inhale and exhale.
• And keep an eye on respiratory disease.
• To see how well the procedure functions.
• And find out how extreme your lung condition seems to be.
• To figure out whether it is limiting or obstructive to your lung condition.

Peak Flow Monitor This determined accurately how quickly you can push air out
of your lungs at the highest speed. The airways are narrowed by inflammation and
phlegm in the broad airways in the lungs. This slows the rate of air escaping the
lungs [26, 27]. With a flow rate sensor, it can be measured. In saying how well the
condition is being managed, this calculation is very important [26].

Arterial Blood Gas This screening test is used to search the blood for the volume of
oxygen and carbon dioxide. The acidity in your blood is indeed measured [27].

Pulse Oximetry A simple machine that tests the level of oxygen in the bloodstream
is an oximeter. A small sensor is placed or clipped on to a finger or toe to have this
measurement. When the device is on, the detector can see a tiny red light. The sensor
is pain free and there is no warmth in the red light [28].

Chest X-ray This examination creates photographs of the inner tissues, muscles,
and organs [27, 28].

CT Scan To produce pictures of the body, this imaging method uses a combination
of X-rays and digital technologies. A CT scan is more detailed and shows clear
pictures, including bones, muscles, fat, and organs, of every portion of the body [27–
29].

16.3.1 Plastic Bronchitis

Plastic bronchitis is very rare in this present era, it is characterized by the develop-
ment of bronchial casts that cause obstruction in lungs by affecting airways
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[31, 32]. Pathogenesis of cast development is unknown but somehow it arises due to
accumulation of mucin with reduced airway clearance and dehydration in a geneti-
cally predisposed person [30, 33]. Bronchial casts are of two types:

• Type I: They are inflammatory and made up of fibrin with cellular infiltrates.
• Type II (acellular casts): They consist mainly of mucin with a few cells and

usually occur following surgery for congenital cardiac defects. However, analysis
of casts may not fit clearly into either category.

Etiologic factors for plastic bronchitis:

• Cardiac defects (after Fontan’s procedure).
• Sickle cell disease (acute chest syndrome).
• Asthma, aspergillosis, pneumonia, cystic fibrosis, pulmonary lymphatic

disorders, and neoplastic infiltrates.

16.4 Other Causes of and Contributors to Bronchitis

Systematic reviews suggested the link between air pollution cough [34]. It is
increasingly appreciated in human and animal studies that environmental pollutants
may have additive effects and may influence the respiratory apparatus directly and
indirectly through the immune system and neural pathways [35, 36]. However,
irrespective of exposure, cough should not be simply ascribed to pollutants (see
the “Exacerbation Factors” section) in clinical settings [37].

16.5 Pathophysiology of Bronchitis

Short-term respiratory system infection causes inflammation leading to excessive
mucus secretion and initial dry annoying cough which later turns productive. In
chronic bronchitis, bronchial inflammation persists. As a result of hypertrophy and
hyperplasia of the pulmonary mucus layer and mucous producing goblet cells, the
bronchial mucosa induces increased secretion. This further adds chronic leucocyte
and lymphocyte invasion of the bronchial walls. Thickened bronchial wall and
narrowed bronchial lumen, thereby interfere with the air supply to and from the
lungs. With mucus, the shortened lumen is sometimes plugged. There may be
damage to the alveoli adjacent to the infected bronchioles, and fibrosis with height-
ened airway resistance and extreme imbalance in ventilation perfusion occurs. The
patient may suffer with fever due to the inflammatory process with associated chills,
headache, chest muscle pain, and lack of appetite. The pathophysiology of bronchitis
is discussed in Fig. 16.3.

374 M. Pathak et al.



16.6 Pharmacotherapy of Bronchitis

The treatment of bronchitis includes airflow optimization and antibiotic therapy
along with some other measures. Along with pharmacotherapy, bioactive
constituents are used from plant origin listed in Table 16.1.

16.6.1 Airflow Optimization

1. Expectorants: Piperazine, diphenhydramine HCl, acetylcysteine, ephedrine HCl.
2. Bronchodilators:

• Anticholinergic: Ipratropium bromide
• Beta-2 agonist: Albuterol, formoterol, salmeterol
• Corticosteroids: Beclomethasone (inhaled) and prednisone (oral)

16.6.2 Antibiotic Therapy

1. First line agents: Doxycycline, amoxicillin, azithromycin
2. Second line agents: Co-amoxiclav, clarithromycin, cefixime

Fig. 16.3 Pathophysiology of bronchitis
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Table 16.1 List of plant used in treatment of bronchitis

S. no. Scientific name Vernacular names Family Part used

1 Abelmoschus
esculentus

Okra, ladies’ finger Solanaceae Fruit [49]

2 Abrus
precatorius L.

Indian licorice, crab’s eye Fabaceae Root, leaves,
seeds [49, 50]

3 Adhatoda vasica
nees

Bansa, Malabar nut,
white vasa

Acanthaceae Leaves, whole
plant [49]

4 Adiantum
capillus-veneris

Maidenhair fern, Venus
maidenhair

Pteridaceae Whole plant [49]

5 Aframomum
melegueta

Grains of paradise,
alligator pepper

Zingiberaceae Seeds, leaves
[50]

6 Ageratum
conyzoides

Chick weed, goat weed,
whiteweed

Asteraceae Leaves, whole
plant [50]

7 Agrimonia
eupatoria

Church steeples,
sticklewort

Rosaceae Leaves, flower,
stem [49]

8 Ajuga Iva Herb ivy, Chendgoura/
Shandgoura

Lamiaceae Whole plant [49]

9 Allium
ascalonicum L.

Wild onion Liliaceae Whole plant,
bulbs [50]

10 Allium sativum Garlic, lahsan, lehsun Amaryllidaceae Bulb [49, 50]

11 Alpinia
officinarum

Lesser galangal Zingiberaceae Flowers, leaves
[49]

12 Alstonia boonei Pattern wood, stool wood Apocynaceae Stem, bark,
leaves [50]

13 Althaea
officinalis

Marshmallow, common
marshmallow

Malvaceae Flowers, leaves,
roots, fruits, seed
[49]

14 Amaranthus
spinosus L.

Spiny amaranth, spiny
pigweed, prickly
amaranth

Amaranthaceae Root, leaves,
whole plant
[49, 50]

15 Anacardium
occidentale L.

Cashew apple, caju,
cashewnut

Anacardiaceae Leaves, fruit,
stem, bark [50]

16 Ananas comosus Crowa, pineapple,
Ananas

Bromeliaceae Unripe fruit,
whole plant [50]

17 Andrographis
paniculata

Kirayat, kariyat,
Kalmegh

Acanthaceae Leaves, root [49]

18 Anemone
hepatica

Liverwort, kidneywort Ranunculaceae Leaves [49]

19 Anethum
graveolens L.

Dill, soya Apiaceae Seeds [49]

20 Angelica
archangelica

Garden angelica, wild
celery

Apiaceae Stem, root [49]

21 Annickia
chlorantha

Epfoué Annonaceae Stem, bark [50]

22 Antiaris
toxicaria

Barkcloth tree, antiaris,
false iroko

Moraceae Leaves, fruit [50]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

23 Apium
Graveolens L.

Celery, wild celery, Bari
ajmod

Apiaceae Seed and root
[49]

24 Artemisia
vulgaris

Mugwort, wild
wormwood, felon herb

Asteraceae Aerial part, root
[49]

25 Asarum
europaeum

European wild ginger,
hazelwort, wild spikenard

Aristolochiaceae Flower, leaves
[49]

26 Asclepias
tuberosa

Butterfly weed, Indian
paintbrush, orange
milkweed

Apocynaceae Root [49]

27 Avena sativa L. Oats, common oat Poaceae Seeds [49]

28 Azadirachta
indica A. Juss

Neem, nimtree, or Indian
lilac

Meliaceae Leaf extract [49]

29 Bambusa
vulgaris

Bamboo Poaceae Leaves, young
shoot [50]

30 Berberis
vulgaris

Common barberry,
European barberry

Berberidaceae Root bark, stem
bark [49]

31 Bistorta vivipara Alpine bistort, alpine
knotweed

Polygonaceae Root and stem
[49]

32 Bletilla striata Hyacinth orchid, urn
orchid

Orchidaceae Rhizome [49]

33 Borago
officinalis

Burrage, bee bread, ox’s
tongue

Boraginaceae Leaves, flower
[49]

34 Bridelia
ferruginea

Asas, Assas Phyllanthaceae Stem bark [50]

35 Bryophyllum
pinnatum

Air plant, cathedral bells,
life plant, miracle leaf

Crassulaceae Leaves [50]

36 Cajanus cajan Pigeonpea, red gram, tur Fabaceae Leaves [50]

37 Calamintha
officinalis

Moench Lamiaceae Aerial parts [49]

38 Calotropis
procera

Sodom apple, stabragh,
king’s crown, rubber
bush

Apocynaceae Leaves [50]

39 Capsicum
annuum L.

Capsicum, bell pepper Solanaceae Leaves, fruit [50]

40 Carica papaya
L.

Papaya, pawpaw, melon
tree

Caricaceae Leaves, unripe
fruit [50]

41 Carum copticum
L.

Ajwain, ajowan, bishop’s
weed

Apiaceae Seeds, leaves,
and flowers [49]

42 Carum carvi L. Wild caraway. Caraway Apiaceae Stem and leaves
[49]

43 Cassia
occidentalis

Coffee senna,
coffeeweed, Kasunda

Fabaceae Leaves, flowers
[49]

44 Cassia tora Linn Pavand, Punwad,
Punwadia

Fabaceae Shoot and leaves
[49]

45 Centaurium
Erythraea Rafn

Centauro maggiore,
Erba-China

Gentianaceae Aerial parts [49]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

46 Chasmanthera
dependens

Ato Menispermaceae Leaves [50]

47 Chimaphila
umbellata

Umbellate wintergreen,
pipsissewa, prince’s pine

Ericaceae Leaves, root [49]

48 Chromolaena
odorata

Siam weed, Christmas
bush, devil weed

Asteraceae Leaves [50]

49 Chrysophyllum
albidum

White star apple Sapotaceae Leaves, seeds
[50]

50 Cichorium
intybus L.

Chicory, French endive,
succory

Asteraceae Whole plants
[49]

51 Cinnamomum
camphora

Camphor tree,
camphorwood, Kapur

Lauraceae Leaves, flower
[49]

52 Cissampelos
owariensis

Akuraso (mouse’s ear) Menispermaceae Leaves [50]

53 Citrullus
colocynthis

Bitter apple, bitter
cucumber, desert gourd

Cucurbitaceae Leaves, fruit
[49, 50]

54 Citrus
aurantiifolia

Lime, Kagzi nimbu Rutaceae Leaves, fruit [50]

55 Citrus sinensis Naval orange, sweet
orange

Rutaceae Peel, flower,
leaves [49]

56 Cocos nucifera
L.

Coconut tree, coconut
palm

Arecaceae Nuts, epicarp,
leaves [50]

57 Cola acuminata Cola nut, abata cola Malvaceae Leaves [50]

58 Colchicum
luteum

Suranjan, Hirantutiya Colchicaceae Coms [49]

59 Coleus
aromaticus
Benth

Indian borage, French
thyme, Indian mint

Lamiaceae Leaves [49]

60 Combretum
bracteatum

Bushwillows Combretaceae Stem, bark [50]

61 Combretum
micranthum

Kinkeliba, Burkina Faso,
Senegal

Combretaceae Stem, bark [50]

62 Commiphora
myrrha

Bola, heerabola, hirabol Burseraceae Resin [49]

63 Conyza
bonariensis

Asthmaweed, wavy-leaf
fleabane

Asteraceae Whole plants
[49]

64 Corchorus
olitorius L.

Tossa jute, Jew’s mallow,
Kostha

Malvaceae Whole plant [50]

65 Coronopus
didymus

Pitpapra, Jangli Hala Brassicaceae Leaves and
tender parts [49]

66 Crataegus
oxyacantha L.

Haw, whitehorn, Pingyat,
Phindak

Rosaceae Leaves, flower
[49]

67 Crinum jagus St. Christopher,
Harmattan lily

Amaryllidaceae Shoot, roots [50]

68 Crotalaria
retusa L.

Devil-bean, rattleweed,
wedge-leaf rattlepod

Fabaceae Leaves [50]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

69 Crudia klainei Haratou Leguminosae Leaves [50]

70 Cymbopogon
citratus

Lemongrass, barbed wire
grass, silky heads

Poaceae Leaves [50]

71 Cynoglossum
lanceolatum

Hathipendi Boraginaceae Whole plant [49]

72 Daucus carota Wild carrot, bird’s nest,
bishop’s lace

Apiaceae Stem, root,
carrot [49]

73 Dioclea reflexa Bapiana, dauwa Leguminosae Seeds [50]

74 Dioscorea
dumetorum

Bitter yam, cluster yam Dioscoreaceae Leaves, roots
[50]

75 Echinacea
angustifolia

Purple coneflower Asteraceae Flower, leaves
[49]

76 Elaeis
guineensis

Oil palm, macaw-fat Arecaceae Fruit, roots [50]

77 Erythrophleum
suaveolens

Forest ordeal tree, red
water tree, sasswood tree

Fabaceae Stem, bark,
leaves [50]

78 Eucalyptus
globulus Labill

Australian fever tree, blue
gum, southernblue gum

Myrtaceae Leaves [49]

79 Eugenia
caryophyllata
Thunb

Lavangaha, Laung Myrtaceae Flower [49]

80 Eugenia
jambolana

Jaman, black plum,
damson plum, Indian
blackberry

Myrtaceae Bark [49]

81 Euphorbia
helioscopia
Linn.

Wart spurge, umbrella
milkweed, and
madwoman’s milk

Euphorbiaceae Whole plant [49]

82 Evolvulus
alsinoides

Dwarf morning-glory,
Vishnukranta, Vishnu
Krantha

Convolvulaceae Whole plant [49]

83 Ficus exasperate Sandpaper tree, Brahma’s
banyan, white fig

Moraceae Leaves, stem,
bark, roots [50]

84 Ficus
platyphylla

Flake rubber tree; red
Kano rubber tree

Moraceae Stem, roots, bark
[50]

85 Garcinia kola Bitter kola, false kola Clusiaceae Roots, seeds,
stem, bark [50]

86 Geranium
rotundifolium L.

Round-leaved crane’s-
bill

Geraniaceae Leaves [49]

87 Glycyrrhiza
glabra L.

Liquorice, sweetwood,
mithilakdi

Fabaceae Stem, bark, roots
[49]

88 Gossypium
barbadense L.

Creole cotton, pima
cotton

Malvaceae Roots, seeds [50]

89 Grindelia
squarrosa

Curlycup gumweed,
rosin weed

Asteraceae Leaves [49]

90 Hedera helix English ivy, needlepoint
ivy

Araliaceae Leaves, berries
[49]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

91 Helianthus
tuberosus

Sunroot, sunchoke, earth
apple

Asteraceae Tubers [49]

92 Hybanthus
enneaspermus

Spade flower, Ratan
Purush

Violaceae Leaves [50]

93 Hydrastis
canadensis

Orangeroot, yellow
puccoon

Ranunculaceae Leaves [49]

94 Hyoscyamus
niger

Henbane, black henbane
and stinking nightshade

Solanaceae Leaves, seeds
[49]

95 Hyssopus
officinalis

Hyssop, Jupha Lamiaceae Aerial part [49]

96 Inula helenium Elecampane, Scabwort Asteraceae Root, rhizome
[49]

97 Inula racemosa
hook

Puskarmool, Pokharmul Asteraceae Root [49]

98 Ipomoea batatas Sweet potato, Brazilian
arrowroot

Convolvulaceae Leaves [50]

99 Iris hookeriana Hooker’s iris Iridaceae Flower [49]

100 Jatropha curcas
L.

Physic nut, poison nut Euphorbiaceae Seeds [50]

101 Jatropha
gossypiifolia

Bellyache bush, black
physic nut

Euphorbiaceae Leaves [50]

102 Jatropha
multifida

Coral bush, physic nut Euphorbiaceae Sap latex [50]

103 Juniperus
communis

Aaraar, Havusha Pinaceae Leaves [49]

104 Khaya
grandifoliola

Benin mahogany, Benin
wood

Meliaceae Stem, bark [50]

105 Kigelia africana Sausage tree, Balam
khira, Jhar fanoos

Bignoniaceae Seeds, leaves
[50]

106 Lagenaria
breviflora

Wild colocynth Cucurbitaceae Whole plant [50]

107 Launaea
taraxacifolia

African lettuce Asteraceae Stem, bark [50]

108 Laurus nobilis Bay tree, sweet bay Lauraceae Leaves [49]

109 Lavandula
angustifolia

English lavender Lamiaceae Leaves [49]

110 Lavandula
dentata L.

French lavender, fringed
lavender

Lamiaceae Flower [49]

111 Lawsomia alba
lam

Henna, Mehendi Lythraceae Leaves [49]

112 Lawsonia
inermis alba

Henna, mignonette tree Lythraceae Powdered
leaves, seeds,
bark [49]

113 Lawsonia
inermis L.

Hina, henna Lythraceae Leaves, whole
Plant [50]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

114 Linum
usitatissimum

Flaxseed, linseed Linaceae Seeds [49]

115 Lobelia Inflata Indian tobacco, puke
weed

Campanulaceae Leaves [49]

116 Luffa cylindrica Dishrag gourd, rag gourd,
sponge gourd, Ghia torai

Cucurbitaceae Seeds [50]

117 Malva sylvestris Common mallow, tall
mallow

Malvaceae Leaves, whole
plant [49]

118 Mangifera
indica

Mango, amra Anacardiaceae Leaves, stem,
bark, roots [50]

119 Marrubium
vulgare L.

White horehound, Pahari
gandana

Lamiaceae Shoots and
leaves [49]

120 Melilotus indica
L.

Indian sweet-clover,
Senji Methi, ban Methi

Fabaceae Annual herb [49]

121 Mentha
pulegium L3

Pennyroyal, squaw mint Lamiaceae Leaves [50]

122 Mentha
suaveolens

Apple mint, round-leaved
mint

Lamiaceae Leaves [49]

123 Mentha viridis
L.

Spearmint, lamb mint Lamiaceae Leaves [49]

124 Mimosa pudica
L.

Shame plant, humble
plant, Chui Mui, Lajvanti

Fabaceae Leaves [50]

125 Momordica
charantia L.

Bitter apple, bitter gourd,
Karela

Cucurbitaceae Fruit, whole
plant [50]

126 Morinda lucida English brimstone tree Rubiaceae Leaves, stem,
bark, roots [50]

127 Mucuna
pruriens

Monkey tamarind, velvet
bean, Kiwach

Fabaceae Leaves [50]

128 Myristica
dactyloides
Gaert.

Bitter nutmeg, Pasupathi Myrtaceae Leaf and fruit
[49]

129 Myrtus
communis L.

Common myrtle, foxtail
Myrtle

Myrtaceae Leaves [49]

130 Nicotiana
tabacum L.

Tobacco Solanaceae Leaves [50]

131 Nigella sativa L. Black cumin, nigella,
kalojeera

Ranunculaceae Seeds [49]

132 Ocimum
americanum L.

Hoary basil, Kali tulasi Lamiaceae Leaves [50]

133 Ocimum
basilicum L.

Great basil, hebak Lamiaceae Leaves, seeds
[49]

134 Ocimum
gratissimum L.

Clove basil, African
basil, ram tulsi

Lamiaceae Leaves [50]

135 Ocimum
sanctum L.

Holy basil, tulsi Lamiaceae Leaves [49]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

136 Olea europaea
L.

Wild olive, brown olive Oleaceae Seeds [49]

137 Onosma
bracteatum wall

Goaza, Ganjaba Goziya Moraceae Whole plant [49]

138 Opuntia
monacantha
haw

Drooping prickly pear,
nagphani, chhitaar thohar

Cactaceae Whole plant [49]

139 Origanum
compactum
Benth

Zaatar Lamiaceae Leaves [49]

140 Origanum
majorana L.

Sweet marjoram, murwa,
sathra

Lamiaceae Leaves [49]

141 Origanum
vulgare

Oregano, Sathra Lamiaceae Leaves [49]

142 Panax
quinquefolius

American ginseng Araliaceae Root [49]

143 Pergularia
daemia L.

Hair knot plant, stinking
swallowwort, trellis-vine

Apocynaceae Leaves [49]

144 Persea
americana

Avocado, alligator pear,
Makhanphal

Lauraceae Leaves [50]

145 Phyllanthus
amarus

Black catnip, hurricane
weed

Phyllanthaceae Whole plant [50]

146 Phyllanthus
emblica

Indian gooseberry, Amla,
Amlaki

Phyllanthaceae Fresh fruits,
seeds, flowers,
[49]

147 Picralima nitida Akuamma Apocynaceae Stem, bark [50]

148 Pimpinella
anisum

Aniseed, sweet cumin Apiaceae Seeds [49]

149 Pimpinella
saxifraga

Burnet-saxifrage Apiaceae Leaves [49]

150 Piper betle L. Betel pepper, kava Piperaceae Leaves [49]

151 Piper guineense Ashanti pepper, Benin
pepper

Piperaceae Leaves, seeds
[50]

152 Plantago major Great plantain, Lahuriya Plantaginaceae Aerial part [49]

153 Platycodon
grandiflorus

Balloon-flower, Korean
bellflower

Campanulaceae Root [49]

154 Plectranthus
amboinicus

Indian borage,
Karpuravalli

Lamiaceae Leaves [49]

155 Plukenetia
conophora

Nigerian walnut,
conophor

Euphorbiaceae Leaves, fruit,
bark [50]

156 Polygala
amarella

Dwarf milkwort, Kentish
milkwort

Polygalaceae Aerial part [49]

157 Polygonum
aviculare

Common knotgrass,
buckwheat

Polygonaceae Seed [49]

158 Primula veris L. Cowslip, cowslip
primrose

Primulaceae Flower [49]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

159 Psidium guajava
L.

Yellow guava, lemon
guava

Myrtaceae Fruit, leaves,
seeds, pulp
[49, 50]

160 Punica
granatum L.

Pomegranate, Anar Lythraceae Juice of fruit [49]

161 Quercus incana
Bartram

Bluejack oak, cinnamon
oak

Fagaceae Bark and fruits
[49]

162 Rheum
spiciforma Royle

Pamb-Chalan, Pamb-Hak Polygonaceae Roots [49]

163 Rosa damascene Damask rose Amaranthaceae Leaves [49]

164 Rosmarinus
officinalis L.

Rosemary Lamiaceae Leaves [49]

165 Saccharum
officinarum L.

Sugarcane, ganna Poaceae Stem [50]

166 Salvia officinalis
L.

Common sage, culinary
sage

Lamiaceae Leaves [49]

167 Sarcocephalus
latifolius

African peach, Guinea
peach

Rubiaceae Roots [50]

168 Saussurea
ceratocarpa

Saw-wort and snow lotus Asteraceae Whole plant [49]

169 Serenoa repens Saw palmetto Arecaceae Fruit [49]

170 Sisymbrium
officinale

Hedge mustard, oriental
mustard

Brassicaceae Leaves [49]

171 Solanum
americanum

American black
nightshade

Solanaceae Whole plant [50]

172 Solanum
incanum L.

Thorn apple, bitter apple,
bitterball

Solanaceae Leaves, seeds
[49]

173 Solanum
melongena L.

Brinjal, eggplant,
baingan

Solanaceae Fruit, leaf, root
[49]

174 Solanum nigrum
L.

Blackberry nightshade,
makhoi; nunununia

Solanaceae Leaf, berries,
flowers, root [49]

175 Sorghum bicolor Black amber, broom-
corn, jowar

Poaceae Leaves, pods,
seeds [50]

176 Spondias
mombin L.

Yellow mombin, hog
plum

Anacardiaceae Leaves, stem,
bark [50]

177 Stacia
integerrima

Peregrina, spicy Jatropha,
kakar singhi, kakra

Euphorbiaceae Bark and fruit
[49]

178 Sterculia
rhinopetala

Munone, brown sterculia Malvaceae Stem, bark [50]

179 Strombosia
grandifolia

Afina, bokyi keshu Olacaceae Roots, leaves,
fruit [50]

180 Styrax benzoin Gum Benjamin tree,
loban

Styracaceae Resin [49]

181 Succisa
pratensis

Devil’s-bit, scabious Caprifoliaceae Flower [49]

(continued)
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Table 16.1 (continued)

S. no. Scientific name Vernacular names Family Part used

182 Swertia
petiolata

Tikta, chuck theek kar
poh, Chirayata

Gentianaceae Fruit [49]

183 Synsepalum
dulcificum

Miracle fruit, miracle
berry

Sapotaceae Leaves, seeds
[50]

184 Talinum
fruticosum

Nela basale, Ceylon
spinach

Talinaceae Roots, leaves
[50]

185 Taraxacum
officinale

Common dandelion,
Dudhi, Baran, dudal

Asteraceae Leaves, root [49]

186 Taxus baccata
Linn.

Common yew, English
yew, Sukapuspa, Vikarna

Taxaceae Bark [49]

187 Taxus
wallichiana
Zucc.

Himalayan yew Taxaceae Leaves and fruits
[49]

188 Tetrapleura
tetraptera

Aridan Fabaceae Pods, bark [50]

189 Theobroma
cacao L.

Cacao tree Malvaceae Leaves [50]

190 Thymus
serpyllum

Breckland thyme, wild
thyme

Lamiaceae Aerial parts [49]

191 Thymus vulgaris Common thyme, German
thyme

Lamiaceae Leaves [49]

192 Trachyspermum
ammi

Ajwain, caraway Apiaceae Seeds and oil
[49]

193 Trifolium
pratense L.

Red clover, Tripatra Fabaceae Dried flowers
[49]

194 Trigonella
foenum-graecum
L.

Fenugreek, Methi Fabaceae Seeds [49]

195 Tussilago
farfara

Coltsfoot, horsefoot Asteraceae Flowers [49]

196 Ulmus rubra Slippery elm Ulmaceae Leaves, flower
[49]

197 Urtica dioica Stinging nettle, Bichchhu
buti

Urticaceae Leaves [49]

198 Uvaria afzelii Finger root, bush banana Annonaceae Roots [50]

199 Viola
betonicifolia Sm

Arrowhead violet,
mountain violet

Violaceae Whole herb and
flowers [49]

200 Vitis vinifera L. Grape, Angoor Vitaceae Flowers [49]

201 Zea mays L. Maize, corn, Makka Poaceae Fruits [50]

202 Ziziphus jujube
mill.

Bari, jujube Rhamnaceae Fruits [49]

203 Zizyphus
nummularia

Jhar Beri, adbaubordi Rhamnaceae Fruit [49]

204 Zizyphus sativa
G

Chinese jujube Rhamnaceae Fruit and leaves
[49]
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16.6.3 Other Measures To Be Taken

Smoking cessation, aerobic physical exercise (walking 20 min or bicycling), ade-
quate systemic hydration increases the mobilization of secretions, oxygen therapy
(supplemental oxygen for patients with resting hypoxemia).

16.6.4 Plant Used in Management of Bronchitis

Plants have been used in traditional medicine for several thousand years. From the
time immemorial, human civilizations have been exploring and using various plants
and plant products to cure the lethal diseases [38–40]. Different plant species and
their uses as medicine are greatly well-known to indigenous communities in differ-
ent parts of the world. Regional people, in particular, are experts in mounting
innovative methods and goods from their surrounding environment. Several
medications have plant origin and maybe some plants are presently under study to
determine their medicinal effectiveness [41]. While some of the traditional tribal
groups and some human beings who believed in the use of herbal medicines still
exercise the knowledge about the use of traditional herbal medicines [42]. Some
common plant parts and families used in bronchitis are depicted in Figs. 16.4 and
16.5, respectively.

Fig. 16.4 Parts of plants used in bronchitis
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Today, as many as 80% of the world‘s population rely on conventional medicine
for their basic medical needs, according to the World Health Organization (WHO)
[43, 44]. The production of indigenous medicines and the use of medicinal plants for
the treatment of different diseases have significant economic benefits. The lack of
primary health care facilities and transit services, the unaffordable cost of treatment,
the health risks of many allopathic medications have led to increased focus on the
use of plant materials [45, 46]. It has been estimated that 1.5 billion populations of
developing countries use traditional medicines either because the people cannot
afford synthetic medicine or because traditional medicines are more acceptable
[46–48].

16.7 Conclusion

Herbal medicinal plants can be a good alternative for the treatment of bronchitis with
the growing interest in health and wellness; alternative medicines are becoming
increasingly popular worldwide. Plant products are economical and tend to have
lesser side effects. In addition, several scientific research data shows that herbal
medicines can be highly effective in treatment of acute and chronic bronchitis. In
addition, as study in this field grows, the optimal doses for herbal remedies are
gradually considered to be more reliable.

This summary would not only offer benchmark evidence for selection process of
potential plants used in respiratory problems preferentially bronchitis, but will also
be useful by the implementation of ethno-botanical indices for the conduct of
bioactive compounds studies. It requires time to introduce productive strategies for
the careful usage of the world’s precious ethno-botanical heritage and to fill the void
between ethno-medicine and pharmacological science to completely clarify the

Fig. 16.5 Most commonly found families used in bronchitis
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promising public health effects of plant-based medicines. This chapter also sets out
suggestions for the regions to be explored in future ethno-botanical studies.
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Role of Medicinal Plants in Treatment
of Pulmonary Edema 17
Piyush Mittal, Anurag Verma, and Manjari Mittal

Abstract

Pulmonary oedema is a manifestation of both cardiogenic and non-cardiogenic
reasons. The clinical picture of Pulmonary oedema mainly include dyspnoea,
orthopnoea, chest tightness and coughing. Although, the majority of patients
admitted with Pulmonary oedema show rapid clinical improvement as result of
intravenous (IV) Inotropes, blood pressure lowering drugs, diuretics etc. but,
there is a general lack of good evidence to guide therapy. A number of studies
showed efficacy of various natural plants such as garlic, rosemary, turnip etc. and
their constituents to reduce lung inflammation. Future research is required to
develop innovative pharmacotherapies based on natural medicinal plants capable
of relieving symptoms of pulmonary oedema.

17.1 Pulmonary Edema

Pulmonary edema is a condition of the lungs where the lungs are filled with
excessive amount of fluids. In this condition patients feel breathing difficulty or
shortness of breath. Most often, this condition arises because of heart related
problems and other non-cardiogenic reasons may include chemical exposure, toxins,
medication overdose, infections, and trauma to chest. Pulmonary edema can be fatal
if not diagnosed and treated timely.
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17.2 Clinical Manifestations

The clinical manifestations for pulmonary edema may develop suddenly or some-
times develop over time depending on the etiology of pulmonary edema. The major
signs and symptoms include

• Difficulty in breathing (dyspnea)
• Difficulty in breathing when lying flat (orthopnea)
• Chest tightness
• Cyanosis
• Coughing with frothy/pink sputum
• Wheezing
• Fatigue
• Swelling in lower extremities

17.3 Etiology

Pulmonary edema is most often caused by cardiogenic reasons like coronary artery
disease, cardiomyopathy, heart valve problems, heart failure, and hypertension.
Sometimes it is due to non-cardiogenic reasons depicted in Fig. 17.1. Other risk
factors causing pulmonary edema may include diabetes, acute severe asthma, obe-
sity, alcohol/drug abuse, blood transfusion, and central nervous system injury.

17.4 Diagnosis and Treatment Options

Clinical diagnosis of pulmonary edema is made on the basis of signs and symptoms,
chest X-ray, chest CT, atrial blood gas test, fine inspiratory crackle sound on
auscultation, ECG, echocardiogram, pulse oximetry, and blood test.

The immediate treatment of pulmonary edema is supplemental oxygen in emer-
gency department and certain medications like diuretics and blood pressure lowering
medications used to treat cardiogenic pulmonary edema depending on the severity of
the case. The treatment for non-cardiogenic pulmonary edema to take the corrective
measures for the cause of pulmonary edema, supportive care and to treat underlying
conditions, supplemental oxygen and mechanical ventilation. Some lifestyle tips like
weight management, regular exercise, balanced diet, quit smoking, reduction in salt
intake, management of other medical conditions like blood pressure control can help
the patient to manage pulmonary edema.
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17.5 Medicinal Plants Role in Pulmonary Edema

From ancient time plants, herbs, condiments are used to treat medical conditions as
home remedies. Around 80% of the world’s population have reliance on medicinal
plants for their minor ailments. As we know the pulmonary edema is an inflamma-
tory condition of lungs, few herbs/supplements and medicinal plants are found to be
useful in treating the conditions. Many studies have shown the effectiveness of CAM
(complementary and alternative medicines) like Ayurveda, siddha, Unani, and Tibbi
medicines, homeopathy, and traditional Chinese medicines (TCM) in treating car-
diovascular and respiratory conditions with the help of different plant-based
formulations like tinctures and dried extracts.

There are many herbs and medicinal plants used for cardiovascular and pulmo-
nary pathological conditions but very few are indicated for pathological conditions

Fig. 17.1 Non-cardiogenic causes of pulmonary edema

17 Role of Medicinal Plants in Treatment of Pulmonary Edema 393



such as pulmonary edema in literature, a list of those medicinal plants is depicted in
Table 17.1.

17.5.1 Allium sativum (Garlic)

Garlic is used as a dietary supplement in our daily food preparation and it is
cultivated throughout the world. The medicinal properties of garlic are well
documented in various traditional medicinal systems and cultures. Garlic possesses
medicinal properties like antimicrobial, cardiovascular, anti-inflammatory,
antidiabetic, hypolipidemic, anticancer, immunomodulatory effect. Garlic has
shown the effectiveness in treating pulmonary edema in the studies. The possible
mechanism is that the organosulfur compounds present in garlic interact with the
epithelial sodium channel (ENaC). The ENaCs generally regulate salt and water
regulations in various organs. In the lungs, the alveolar fluid clearance through the
epithelium is regulated through ENaCs. The compound in garlic allicin inhibits the
ENaCs activity, therefore possible role in the reduction of pulmonary edema.

17.5.2 Rosmarinus officinalis (Rosemary)

Rosemary is a popular culinary agent in European cousin and used as medicinal herb
from ages. It is originated from Mediterranean region and nowadays found all over
the world. It is used as spice, natural preservative, ornamental, and medicinal plant at
home. Its pharmacological properties include antimicrobial, anti-inflammatory, anti-
oxidant, antitumor, neuroprotective, hypoglycemic, immunomodulatory effects. It is
evidenced that rosemary may help to reduce body fluids. The exact mechanism is not
known but one study suggested that the antioxidant properties can help to reduce
lung fibrosis and inflammation.

Table 17.1 List of plants used in treating pulmonary edema

S. No. Name of plant Family Part used

1 Allium sativum (garlic) Amaryllidaceae Whole plant

2 Rosmarinus officinalis (rosemary) Lamiaceae Leaves

3 Brassica rapa (turnip) Brassicaceae Tubers

4 Rhodiola rosea (golden root) Crassulaceae Whole grass

5 Hippophae rhamnoides (sea buckthorn) Elaeagnaceae Leaves

6 Pueraria lobata (Asian arrowroot) Fabaceae Roots

7 Ginkgo biloba (ginkgo) Ginkgoaceae Leaves

8 Aesculus hippocastanum (horse chestnut) Hippocastanaceae Whole plant
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17.5.3 Brassica rapa (Turnip)

Turnip is a popular vegetable of winter and easy to grow and store. Turnip is low
in calories and good for health for many reasons like detoxifying the body, rich in
calcium, iron, and vitamin C. It is traditionally used as anti-hypoxia medicine in
Tibetan communities. Turnip is rich in polysaccharides, flavonoids, terpenes, and
bioactive compounds. Turnip reduces oxidative stress, it also has immunomodula-
tory, antiulcer, anticancer, antimicrobial activities. Turnip may help to reduce
pulmonary edema by its activity on lung barriers, it improves the integrity of lung
barriers, reduces the leakage of protein in alveolar fluids, and also inhibits oxidative
stress and inflammation.

17.5.4 Rhodiola rosea (Golden Root)

Golden root is traditionally used in Europe and China and has shown health benefits
like ginseng, and it improves stamina, mood, fatigue, memory. It also demonstrates
antiaging, anti-inflammatory, immunostimulant. Golden root is used for mountain
sickness as it is a blood tonic and prevents high altitude sickness, it also treats
malhypoxia and anoxia.

17.5.5 Hippophae rhamnoides (Sea Buckthorn)

Sea buckthorn is used as Tibetan folk medicine, almost all parts of the plants are used
as medicine, it is used in dermatitis, cardiovascular conditions, chronic kidney
disease, liver problems, indigestions, digestive tract infections, cold, dry eyes, skin
conditions, asthma, cancer, immunomodulator agents. Sea buckthorn is also called
as gold mine, wonder plant, and golden bush because of these medicinal properties.
Sea buckthorn exerts pulmonary edema control by decrease in vascular permeability
and oxidative stress.

17.5.6 Pueraria lobata (Asian Arrowroot)

Asian arrowroot is commonly known as Kudju in east Asian countries. Its root
flower and leaves are used to make medicines. Arrowroot is generally used for
alcoholism, diabetes, heart conditions, menopause, obesity, flu, and fever. Arrow-
root is found to be effective in pulmonary edema in the study where puerarin a
chemical found in arrowroot can prevent lung injury due to hypoxia in animal
model. This protective activity is shown as puerarin downregulated the inflammatory
cytokines, aquaporins (AQP), and Nf-kB signaling pathway.
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17.5.7 Ginkgo biloba (Ginkgo)

Ginkgo is a very popular herbal medicine for ages especially in Asian culture.
Ginkgo is rich in flavonoids and terpenoids and antioxidants. It is used for memory
enhancement, dementia, Alzheimer’s disease, anxiety, blood disorders. It has anti-
oxidant, anti-inflammatory, anxiolytic activity and it improves glaucoma, acute
mountain sickness. The study suggested that the ginkgo biloba prevents the devel-
opment of pulmonary edema in experimental rats.

17.5.8 Aesculus hippocastanum (Horse Chestnut)

Horse chestnut is widely used as a phytomedicine from ancient times, this plant is
native of east Europe. Horse chestnut is widely used for its activity on varicose vein,
leg ulcer, bruises. As a folk medicine, it is used for hematoma, cardiac venous
insufficiency, hemorrhoids, pain, phlebitis, diarrhea, anorexia, antiseptic, antiaging.
It is evident that use of horse chestnut in gastric ulcer, stroke, venous congestion,
skin inflammation, and frostbite. Horse chestnut is used for lung cancer and it is used
as an ingredient in the polyherbal formulation for the treatment of pulmonary edema.
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Abstract

All over the world, different types of influenza viruses are responsible for
seasonal pandemics annually. The influenza virus is responsible for 0.3–0.5
million deaths every year. Influenza A, B, and C are the three main types of
influenza virus. Influenza A virus is the most infectious one among different types
as it has the ability to change genetic shift and transfer from animal to human.
Various synthetic drugs are prescribed for the treatment of influenza. But these
drugs have their own drawbacks like the production of resistance and side effects.
Hence remedies for influenza A can be obtained from nature. Different studies are
carried over different plant extracts in the discovery of effective anti-influenza
treatments. Various phytochemicals are being screened for effective and safe anti-
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influenza treatment. This chapter includes an overview of different plants and
phytochemicals screened for anti-influenza A activity.

Keywords

Influenza A virus infections · Epidemiology · Etiology · Medicinal plants ·
Phytochemicals

18.1 Influenza A Virus Infections: Introduction
and Epidemiology

Viral infections have prevailed throughout the world among humans as well as
animal populations and will remain one of the foremost causes of mortality and
morbidity. Some of the examples of these viruses are Human Immunodeficiency
Virus (HIV), Influenza virus, Ebola virus, SARS, and Coronavirus. There are about
219 virus species that are capable to infect humans. In 1901 yellow fever virus was
first to be discovered and three to four new species are still being discovered every
year [55]. The influenza virus is one of the viruses which is accountable for more
than three million new cases every year and 0.3–0.5 million deaths every year
[13, 36]. The influenza virus causes human respiratory infection and has a high
morbidity and mortality rate. Influenza viruses can be classified in subspecies like A,
B, and C virus. At a times there can be several influenza viruses circulating in
humans, which cause seasonal flu having mild symptoms.

Some of the biggest and most dangerous disease outbreaks of humankind are
caused by the influenza virus. Spanish flu pandemic originated in 1918 and respon-
sible for killing more than 60 million people all over the world; followed by more
pandemics in 1957, 1968, 1977, and 2009 killing millions more. Still, in a year
around 0.4 million people probably die because of recurring flu [1, 26, 48].

Influenza is defined as “a contagious respiratory illness caused by influenza
viruses that infect the nose, throat, and lungs. It can cause mild to severe illness,
and at times can lead to death” by the Centers for Disease Control and Prevention of
the USA [18].

Sneezing or coughing by an infected person blows out fine droplets into the air.
Inhalation of these droplets by a healthy person is enough to cause infection. The
average incubation period is about 48 h. Initially, cells of the upper respiratory tract
are infected followed by lower parts of the respiratory tract. Various symptoms
observed in an infected person rages from fever, sore throat, cough, rhinitis, muscle
aches, tiredness, headache, vomiting, and diarrhea [33].

18.2 Classification and Etiology of Influenza Virus

The influenza virus is from the Orthomyxoviridae family. This family contains
viruses having segmented single sense single-strand RNA inside the envelope.
Influenza A, Influenza B, and Influenza C are the types of influenza virus. Among
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these four only two are clinically relevant to humans [3]. World Health Organization
(WHO) laid certain norms regarding the nomenclature of the influenza virus in 1980.
These norms include factors such as [32] (Fig. 18.1);

– Virus type (either A, B, C).
– The country or geographic place where the virus is first secluded.
– Strain.
– Isolation year.
– Proteinous antigenic structure present on the virus indicated by letter and number

like H1 to H6 and N1 to N9.

Among these types, Influenza A is the most hazardous one and it can infect a variety
of hosts like swine, horses, domestic as well as wild birds, fowl, and dogs [38]. Influ-
enza A viruses contain multiple-segmented genomes, which indicates that the
genome is separated in different sections which are joined together. These genome
segments rearrange to produce a new combination, producing a new virus subtype
[28]. Each year, seasonal outbreaks of influenza viruses occur because of different
subtypes of influenza A viruses. Sometimes these subtypes can cause huge pandemic
outbreaks like the 2009 H1N1 pandemic influenza, also called swine flu. Human,
avian, and swine influenza viruses’ genomic parts are combined in this subtype
[45]. The most challenging thing about the influenza virus is its ability to cause a
genetic shift, which causes constant evolution and production of new subtypes
(Table 18.1).

Fig. 18.1 Nomenclature of influenza virus
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18.3 Epidemiology

Wild birds and domestic birds act as a reservoir of Influenza A virus in which all HA
and NA types occur [52, 53]. Avian plague, also called bird flu occurs in chicken due
to highly infectious subtypes H5 and H7. This virus can replicate very fast inside the
bird body and may have a maximum death rate. Type A/H3N2 and A/H1N1 are
observed to be cocirculated in humans since 1977. Viruses of subtype H1N2 were
first observed in 1977. Then in 2001 and 2002 outbreak was observed in some
countries [16]. In each winter periodic influenza epidemics can arise in both the
southern and northern hemispheres. Due to Influenza, it is estimated that, per year,
approximately 500,000 deaths occur worldwide [11] (Fig. 18.2).

Slight is identified about influenza’s tropical epidemiology, but it is considered
that influenza can arise around the year. Apart from seasonal dependency, infections
can also occur around the year in temporarily limited areas. It is estimated that during
the annual outbreaks of influenza around 10–15% of the population is affected. The
majority of deaths associated with Influenza are over 60 years old [49, 60]. In the
past century, three big pandemics strike the human race, in 1918 Spanish flu (H1N1)

Table 18.1 Characteristics of different Influenza Virus types

Type of influenza virus Features

Type A • Responsible for causing mild to severe sickness
• All age groups are susceptible to infection
• Human, as well as animal species, are affected

Type B • Responsible for causing milder illness than type A
• Children are more susceptible to infection
• Humans are only affected

Type C • Hardly reported in humans
• Caused no epidemics till date

Fig. 18.2 General pattern of
influenza annual season [44]
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is responsible for nearly 40 million deaths, in 1957 Asian influenza (H2N2) caused
the death of 1–2 million population and 1968 Hong Kong flu (H2N3) caused the
death of 0.75–1 million population [11].

18.4 Treatment/Management of Influenza Virus Disease

The influenza virus is self-limiting and symptoms are mild in most individuals. If
infections are mild, then there is no need for antiviral treatment. Antiviral treatment
is necessary during outbreaks. Several medications belonging to the neuraminidase
inhibitor family-like Oseltamivir, Zanamivir, and Peramivir are used in the treatment
of Influenza A as well as B. Other medications like Amantadine and Rimantadine are
effective versus type A, however, not against type B. Along with this vaccination is
highly recommended before the seasonal outbreak [21, 23, 57]. These drugs have
their own drawbacks like side effects, specific activity. Remedies over Influenza A
can be obtained from nature. Nature is acting as a reservoir of medicines since
human civilization. Various plants are found to be active against the Influenza A
virus. Alternative therapy against Influenza A virus is necessary for several reasons
like resistance to already present drugs, the emergence of new virus types, unpre-
dictable availability of the vaccine, and the cost of available drugs.

18.5 Medicinal Plants Used in the Treatment of Influenza A
Virus Infections

Plants across the world have been explored for Anti-Influenza activity.

(a) Ribes nigrum L. [10, 25]: This plant is also recognized as black currant or
cassis. It is a woody shrub from the family Grossulariaceae. Crude fruit and
leave extract of this plant is found to be active against Influenza A as well as
B. Crude fruit extract was rich in anthocyanins like delphinidin, peonidin, and
cyanidin along with organic acids like ascorbic acid and citric acid. The
concentration of plant fruit extract to inhibit plaque formation by 50% (Also
termed as IC50) for Influenza virus A (IVA) was found to be 3.2 μg/mL. The
dose of 10 μg/mL directly inactivates 99.9% IVA at a pH of 2.8 [25]. Plant
extract is found to have broad antiviral activity towards IVA. One of the studies
indicates that extract mainly acts by suppressing the late stage of growth of the
virus in the cell [25] while another study indicates that the early stage of the
infection process is blocked [10]. Experimental results indicate that plant
constituents inhibit viral internalization but do not interfere with cellular activ-
ity [10]. The mechanism may involve direct antiviral effects of the extract by a
combination of constituents of an extract with haemagglutinin on the viral
envelope. In vivo studies also indicated antiviral activity of leave extract in
mice [10].
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(b) Cistus incanus P. [9]: This plant is a hybrid between Cistus albidus and Cistus
crispus. It is a shrub with pink to red flowers belonging to the family Cistaceae.
CYSTUS052 is the extract obtained from this plant and high in polyphenolic
content (more than 26%) and other constituents like gallocatechin, gallic acid,
catechin, and epicatechin [9]. The Anti-Influenza effect of CYSTUS052 was
studied using Madine Darby Canine Kidney (MDCK) cell line. These cell lines
were infected with A/Puerto-Rico/8/34 (H1N1) (PR8), the extremely infective
avian influenza virus (HPAIV), A/FPV/Bratislava/79 (H7N7) (FPV) along with
a human isolate of the HPAIV of the H5N1 subtype (A/Thailand/1(KAN-1)/
2004 (H5N1)). Dose-dependent reduction of progeny virus was showed by the
extract. At a concentration of 50 μg/mL CYSTUS052 showed a maximum
reduction in progeny virus. Cell morphology and viability was not affected by
CYSTUS052 and does not undesirably affect cellular production and metabo-
lism. The mechanism of action of extract indicates that it may hinder the virus
itself and avoid infection by a reduction in virus uptake by the cell. Cells
pretreated with CYSTUS052 showed the inability of the virus to bind with
RBC which indicates that components of the extract are able to interact directly
with viral Hemagglutinin and block binding of the virus to cellular receptors.
Also, IVA does not show resistance easily to CYSTUS052.

(c) Andrographis paniculate [4]: This plant belongs to the family Acanthaceae.
Diterpenoid lactones such as andrographolide, dehydroandrographolide (DAP),
and neoandrographolide are major components of the plant. DAP showed
strong anti-influenza A virus action towards the A/chicken/Hubei/327/2004
(H5N1), A/duck/Hubei/XN/2007 (H5N1), A/PR/8/34 (H1N1), A/NanChang/
08/2010 (H1N1), and A/HuNan/01/2014 (H3N2) in vitro. The mechanism of
action of DAP was found to be inhibition of H5N1 replication by a reduction in
the construction of viral nucleoprotein (NP) mRNA, NS1 proteins. DAP does
not affect the absorption and release of the virus. DAP also efficiently con-
trolled the nuclear transfer of viral ribonucleoprotein (vRNP) complexes which
is significant for Anti-IVA activity. The selectivity index of DAP was found to
be close to ribavirin in A549 cell line. Also, DAP showed a marked effect
against the production of viral progeny.

(d) Curcuma Longa [6, 8]: Curcuma longa is a traditional plant used for various
purposes belongs to the family Zingiberaceae and found in south to southeast
tropical Asia. Rhizomes of C. longa are used for the extraction of active
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components and to study antiviral activity. Curcumin rhizome contains
diarylheptanoids (class of curcuminoids) like curcumin, demethoxycurcumin,
and bisdemethoxycurcumin with different essential oils [14]. Anti-Influenza A
study was carried out in the MDCK cell line against Human influenza virus
PR8, A/Puerto-Rico/8/34 (H1N1), and avian influenza virus A/chicken/
Taiwan/NCHU0507/99 (H6N1). Initially, the cell culture medium was
provided with different levels of curcumin. The virus population was deter-
mined at 12, 18, 24, and 30 h post-infection. After treatment with curcumin, it
was observed that the synthesis of the virus was drastically decreased in a dose-
dependent manner. Various viral protein synthesis was affected like
haemagglutinin (HA), neuraminidase (NA), and matrix protein. Curcumin
showed an antiviral effect in the early stages of viral infection like virus
attachment but not against penetration. This can be attributed to the blockade
of HA activity by curcumin which was confirmed by HA inhibition assay. Loss
of the HA activity suggested that curcumin intrudes the connection between the
viral HA protein and its cellular receptor by already occupying the binding
position on HA protein or by alteration of the virus envelope.

(e) Ginkgo biloba [14]: This tree is also called as maidenhair and native to china
belonging to the family Ginkgoaceae. Extracts from leaves of G. biloba contain
flavonoids, namely kaempferol, quercetin, isorhamnetin along with terpene
lactones such as bilobalide, ginkgolide A, B, C, and J [30]. The anti-Influenza
activity of plant leaf extract was studied by using MDCK cells. Leaf extract was
found to be nontoxic to MDCK cells. The extract showed no effect on the
multiplication of cells as indicated by plaque assay, however, when MDCK
cells were first exposed to leaf extract, anti-influenza activity was markedly
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enhanced as dose is increased. Plant leaf extract at 5 μg/mL completely
inhibited plaque formation. This suggests that plant extract inhibits the virus
in the early stages before entering the virus in the cytoplasm of the cell. The
mechanism of action of plant extract is based on the inhibition of HA on virus-
cell and prevents virus adsorption on the surface of the cell. Leaf extract
inhibited different types of influenza viruses like influenza A/PR/8/34
(H1N1), A/Udorn/72 (H3N2), and B/Lee/40.

(f) Psidium guajava Linn [46].: Psidium guajava Linn belongs to the family
Myrtaceae with different chemical constituents like tannins, alkaloids,
saponins, triterpenoids, glycosides, flavonoids, and phenolic compounds. Dif-
ferent polyphenols like catechin, myricetins, quercetin, gallic and ellagic acids
are present in leaf extract [35]. Extract of leaves of P. guajava showed 111 mg
of tannin per 100 mL. It was observed that the tea leaf extract of the plant does
not show any cytotoxic effect on AX4 cells. Leaf extract showed an inhibitory
effect on the growth of different species of resistance seasonal viruses with IC50

values of 0.58 � 0.14% versus A/Yamaguchi/20/06 and 0.23 � 0.05% versus
A/Kitakyushu/10/06. The mechanism of action of leaf extract involves inhibi-
tion of hemagglutinin and Neuraminidase of the Influenza virus at a concentra-
tion of 0.1%. This prevents the entry of the viral particle. This overall concludes
that leaf extract (tea) has potent anti-influenza activity.

(g) Echinacea purpurea [37]: It is a North American species also called as purple
coneflower belongs to the daisy family or Asteraceae family. A standardized
extract of a plant called Echinaforce® was tested for Anti-Influenza A virus
action. Echinaforce consists of an extract in ethanol of herb and root (95:5) of
plant E. purpurea. The extract contains most of the caffeic acid derivatives and
alkyl amides and traces of polysaccharide [42]. Human H1N1-type IV,
extremely infectious avian IV (HPAIV) of the H5- and H7-types and swine-
origin IV (S-OIV, H1N1), were all deactivated in MDCK cell culture assays by
the Echinaforce extract at recommended doses for oral ingestion. A thorough
study indicated that with the H5N1 HPAIV strain, before infection, straight
interaction between Echinaforce and virus was compulsory for utmost suppres-
sion in virus replication. The extract hinders with the viral entry into cells as
indicated by Hemagglutination assay that the extract suppressed the receptor-
binding action of the virus. Echinaforce did not produce any type of resistance
as compared to Tamiflu which produced resistance in viruses.

(h) Caesalpinia sappan L. [31]: C. sappan is a plant belonging to the Leguminosae
family, also known as Brazil or Sappan wood having distribution in Asia. The
heartwood of this plant has been used traditionally for various medicinal
purposes. Chemical constituents present sappan wood includes various pheno-
lic compounds like xanthone, coumarin, chalcones, flavones,
homoisoflavonoids, protosappanin A, 3-deoxysappanchalcone,
sappanchalcone, rhamnetin, brazilein, and brazilin. The anti-influenza activity
of these constituents was studied with help of the cytopathic effect (CPE)
reduction method in vitro on the A/Guangdong/243/72 (H3N2) virus strain
with the help of using MDCK cell line. Antiviral actions of brazilein, brazilin,
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and protosappanin A were <50% at their maximal non-cytotoxic
concentrations (MNCC) as indicated by results of the CPE assay, while
rhamnetin showed anti-influenza activity lesser than that of ribavirin and
oseltamivir acid. 3-deoxysappanchalcone showed substantial in vitro anti-
influenza virus activity. IC50 value was approximately eight times lesser than
ribavirin and almost 15 times more than oseltamivir acid. Sappanchalcone
showed a potency similar to that of 3-deoxysappanchalcone.
Oxysappanchalcone and sappanchalcone displayed the maximum anti-
influenza virus (H3N2) activity with IC50 values of 1.06 and 2.06 μg/mL,
correspondingly.

(i) Glycyrrhiza uralensis [39, 51]: Glycyrrhiza uralensis is a member of the
Leguminosae family commonly called as licorice has been used for various
medicinal purposes traditionally like treatment of fever, liver diseases, consti-
pation, ulcer, etc. The major constituents present in the root are flavonoids,
pentacyclic triterpene saponins like liquiritin, isoliquiritin, glycyrrhizin, and
glycyrrhizic acid. Among 18 isolated polyphenols from methanol extract of
roots of the plant shown neuraminidase inhibitory activity. 18 polyphenols are
from different groups like chalcones, flavonoids, coumarins, and
phenylbenzofuran. Among these 18 polyphenols isoliquiritigenin (IC50 ¼ 9.0
lM) and glycyrol (IC50 ¼ 3.1 lM) had strong inhibitory activity. From the
structure-activity relationship, it became clear that the furan ring present in
polyphenols is essential for the activity of neuraminidase inhibition. Also, this
activity is increased by the apioside group on the chalcone and flavone back-
bone. Also, in another study, glycyrrhizin present in licorice root protected
mice exposed to a lethal amount of influenza virus through stimulation of
IFN-Ƴ production by T cells.
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(j) Sambucus nigra L. [24]: Elderberry has been used traditionally for the treat-
ment of influenza and colds. S. nigra belongs to the family Caprifoliaceae.
Elderberry is known to have a high content of polysaccharides and phenolic
compounds like phenolic acid, flavonoids, proanthocyanidins, and catechins
[56]. The anti-influenza activity of these phenolic compounds is suggested due
to their direct action on IVA. The study reported IC50 value of elderberry
concentrated juice is 720� 79 μg/mL and the selectivity index is 36� 6.7. The
anti-IVA mechanism of action of elderberry juice can be through inhibition of
haemagglutination and viral proliferation. The constituent from elderberry juice
said to stop the adhesion of the virus-cell to the host cell receptors. In addition
to this, it also stimulates the production of cytokines and monocytes.

(k) Ma-Huang-Tang [54]: Also known as ephedra in common language belongs to
the family Ephedraceae. Ma-Huang-Tang (MHT) is used for various purposes
like bronchitis, asthma, and influenza. Various chemical constituents present in
MHT include L-methylephedrin (LMEP), L-ephedrine (LEP), and D-pseudo-
ephedrine (DPEP). These chemicals were found to be safe in cytotoxic studied
on MDCK cells. These constituents are said to hinder the proliferation of
influenza A virus in vitro. These ingredients significantly inhibited different
gene signaling pathways related to mRNAs like TLR3, TLR4, and TLR7.
Hence three ephedra alkaloids were found to be effective against virus
in vitro. Animal research indicated that LEP and DPEP significantly decreased
lung index, lung injury, virus load in the lung, level of IL-1β, and stopped viral
mRNA expression and protein expression. These all findings suggest that MHT
alkaloids can be used for effective management of the Influenza A virus.

(l) Syzygium nervosum [19]: This plant is also known as Cleistocalyx operculatus
native to Asia belonging to the family Myrtaceae. During the study neuramini-
dase, inhibitory activity was shown by ethanolic extract of leaves. Chemical
constituents of leaves include acetophenones, flavanones, and others. Isolated
components showed maximum enzymatic prohibition on several
neuraminidases from diverse influenza viruses, like H1N1, H9N2, and
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oseltamivir-resistant novel H1N1 with H274Y mutation expressed in HEK293
cells. IC50 values of these constituents’ ranges from 5.07 � 0.94 μM to
9.34 � 2.52 μM.

(m) Pinus densiflora [20]: Plant is usually recognized as Korean red pine and from
the family Pinaceae. The plant is extensively spread to East Asia, Korea, China,
and Japan. Traditionally P. densiflora is used for the treatment of stroke,
fatigue, depression, anxiety, and cancer. Chemical components present in the
leaves of the plant include essential oil (α-pinene, β-pinene, camphene, limo-
nene), bornyl acetate, borneol, benzoic acid, cinnamic acid, flavonoids,
diterpenoids, and stilbenoid. Cytotoxic and cytopathic studies of plant leave
extract were performed on DCK cells. Extracted components were studied for
Anti-influenza activity by CPE inhibition and NA inhibition assay method. The
mechanism of these components includes a decrease in the synthesis of HA and
NA depending upon the dose, which was supported by immunofluorescence
assay. In the viral infected cell, green fluorescence was observed of tagged NA
while fluorescence was not found in the treated cell. Flavonoids exerted anti-
influenza activity by direct NA inhibition while diterpenoids affect the gene
expressions of various proteins which are essential for viral replication.

(n) Mosla scabra [58]:M. scabra is a tomentose plant of the family Labiatae native
to southeast China. It is used for antiviral, antipyretic effects for lung disease
and demonstrated to be useful in cold, fever, inflammation, and bronchitis.
Crude drug extract primarily contains flavonoids, such as apingenin,
5-hydroxy-6,7-dimethoxyflavone, 5,7-dihydroxy-4-methoxyflavone, and
acacetin. In this study antiviral effect of M. scabra herbal extract is studied
against the influenza virus A/PR/8/34 virus (H1N1 subtype). After administra-
tion of the extract at a concentration of 0.3–30.0 mg/kg in allantoic fluid of egg
showed a survival rate of more than 80%. This suggested no toxic effect at the
therapeutic dose. The IC50 value of extract was determined to be 0.15 μg/mL.
Flavonoids present in the extract are mainly responsible for the antiviral activity
which can affect the membrane synthesis and budding of viral particles by the
prohibition of IVA sialidase.

(o) Alpinia katsumadai [17, 27]: A. katsumadai is a traditional Chinese medicine
belonging to the Zingiberaceae family used as anti-emetic and stomachic.
Major constituents present in the plant include diarylheptanoids, monoterpenes,
flavonoids, sesquiterpenes, and chalcones. A study was performed to find out
the anti-influenza outcome of two plant seed extract and five fractions on virus
strains like A/PR/8/34 (H1N1) and A/Chicken/Korea/MS96/96 (H9N2) in
MDCK cells. One of the extracts demonstrated dose-dependent antiviral activ-
ity against A/PR/8/34 (H1N1) at a dose of 12.5 μg/mL. From quantitative real-
time PCR, the extract showed activity by the mechanism of obstruction of viral
attachment and virus replication after entry.
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18.6 Phytochemicals Used in Influenza A Virus Infections

(a) Polyphenols:
Polyphenols show a wide range of antiviral activity through various
mechanisms like the prohibition of NA activity, inhibition of viral protein or
mRNA synthesis, or inhibition of membrane fusion. Polyphenols show activity
in the early stages of viral infection. Polyphenols extracted from fruits of
Chaenomeles sinensis showed activity against influenza A by inhibition of
HA activity as well as by suppression of NS2 protein synthesis [40]. Polyphenols
from leaves extract of Folium isatidis cause a reduction in the pulmonary index
and reduced mortality rate in mice [22]. Polyphenols from plant extract
Reynoutria elliptica showed high inhibitory activity for NA [29]. Extract of
plant Geranium sanguineum is rich in polyphenolic complexes showed strong
anti-influenza activity in vitro as well as in vivo in mice [15]. Cistus incanus
extract having polyphenolic content showed strong antiviral activity in MDCK
and A549 cell cultures infested with avian and human influenza strains
[9]. Flavonoids are a group of polyphenols that have shown antiviral activity
against the influenza virus. Houttuynia cordata contains flavonoid quercetin
3-rhamnoside which is reported to have an inhibitory result on the replication of
Influenza A virus [7]. Juice of the root of plant Agrimonia pilosa has been used
for the treatment of cough and colds traditionally, later the juice was found to
contain different flavonoids like catechin, hyperoside, quercitrin, quercetin, and
rutin and are useful for the treatment of influenza A virus [43].

(b) Alkaloids:
Alkaloids are present abundantly in different medicinal plants. Alkaloids pos-
sess a variety of pharmacological activities. The isoquinoline alkaloid
thalimonine which is isolated from the Thalictrum simplex has exhibited
antiviral activity against influenza strain H7N7 and H7N1 in cell cultures.
Thalimonine distinctly stopped the influenza virus replication in vitro by
decreasing the activity of viral glycoproteins HA and NA on the surface of
infected cells [41]. Extract of plant Commelina communis contains alkaloids
which shown antiviral activity against the influenza virus H1N1 in vitro as well
as in vivo [2]. Total alkaloids like β-carbolines: harmine, harmalol, harmaline,
and harman and quinazoline derivatives: vasicine and vasicinone present in the
extract of Peganum harmala seeds exhibited in vitro anti-influenza activity
[34]. Isoquinoline alkaloid berberine derived from plant Hydrastis canadensis
strong inhibitory effect on the growth of H1N1 influenza A strains PR/8/34.
Berberine acts post-transitionally and stops virus protein maturation and hence
stop viral growth [5]. Hirsutine is a type of corynanthe indole alkaloid derived
from the plantUncaria rhynchophylla. Hursutine showed a potent anti-influenza
activity [47].

(c) Aromatic organic compounds
Roots of plant Cynanchum stauntonii, belonging to the family Apocynaceae
contain different volatile oils like decadienal, methypentanol, furanone, and
dihydro-5-pentyl which showed antiviral action against the influenza virus
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in vivo and stopped deaths because of the virus in a dose-dependent manner
[59]. Ferula assafoetida contains anti-influenza A components sesquiterpene
coumarins and diterpenes. These components showed greater activity against
Influenza A virus as compared to amantadine [50]. Glycyrrhizin is triterpenoid
saponin present in roots of plant licorice. This triterpenoid saponin is found to
have a protective action on the cells against influenza virus A, H3N2. Treatment
with glycyrrhizin showed a strong decrease in the number of infested human
lung cells [51].

(d) Proteins/sugar derivatives
Sugar and sugar analogs have been tested for anti-influenza activity. These
sugars act by disruption of glycosylation which is required for the synthesis of
glycoprotein. These sugars inhibit various enzymes required for the synthesis of
sugar chains inside the virus. Benzyl group attached sugar molecule has an
antiviral effect against influenza A virus [50]. Codiaeum variegatum leaves
contain bioactive cynoglucoside which is reported to have anti-influenza A
activity [12] (Fig. 18.3).

An�-influenza 
Phytochemicals

Polysaccharides

Polyphenols

Flavonoids

Alkaloids

Terpenes

Lec�ns

Fig. 18.3 Groups of different phytochemicals having anti-influenza activity
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Plant extracts and phytochemicals show anti-influenza activity by various
mechanisms such as inhibition of acidification of viral membrane, by inhibition of
viral attachment to host cell, by inhibition of entry of viral cell in a host cell, by
inhibition of NA and HA present on viral cell, and by inhibition of viral replication
through suppression of viral mRNA.

18.7 Conclusion and Future Prospectus

Influenza virus A is responsible for the pandemic in human history and it holds the
dangerous potential to cause major pandemics and deaths in the future also. Influ-
enza virus causes an acute respiratory infection which contributes to noteworthy
morbidity and mortality in seasonal epidemics and pandemic eruptions throughout
the world. Many new antiviral agents have been synthesized like oseltamivir and
ribavirin for the cure of influenza infection. But these synthetic drugs have their own
drawbacks like the development of resistance and side effects. Vaccination is
another remedy for the stoppage of influenza virus contagion but the delay in the
development of vaccines and changes in the genetic structure of the virus is a major
problem associated with vaccination. Hence an effective and universal treatment
against influenza virus species is still necessary. Such treatment against influenza A
virus can be obtained from plants as plants hold a history of providing remedies
against various diseases. Various studies are carried out concerning the anti-
influenza virus potential of a number of plants and found to be effective. Physiologi-
cal activities of various phytochemicals like polyphenols, flavonoids, alkaloids
extracted from plant sources have shown promising activity against different strains
of Influenza A virus in vitro and in vivo. In the future, a combination of modern
high-throughput screening knowledge along with traditional knowledge of plants
can lead to the discovery of a good anti-influenza candidate. This can prevent annual
deaths occurring during pandemics throughout the world.
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Influenza A virus has been identified as a major factor responsible for most
critical respiratory disease of the Influenza viruses around the globe. Moreover,
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it has been validated that several medicinal plants could be applied in the
management of Influenza when compared to several synthetic drugs which has
been acclaimed with several adverse effect A virus. This might be linked to
several factors such as their low toxicity, ease of access, low cost, and cultural
acceptance. Hence, this chapter intends to provide a detailed information on the
application of medicinal plant on the treatment of Influenza A virus. Detailed
information was also provided on the mechanism of action utilized by these
medicinal plants against Influenza A virus.

Keywords

Influenza A virus · Medicinal plants · Inhibition · Microorganism · Low toxicity ·
Low cost · Adverse effect · Synthetic drugs

19.1 Introduction

Influenza A virus is a member of the Orthomyxoviridae which is the main causes of
most critical respiratory disease of the influenza viruses. It is responsible for high
morbidity and mortality [1–4]. Its common symptoms are; high fever, cold, and sore
eyes [5]. There are limitations in the use of vaccines and drugs in the prevention and
management of Influenza A virus infections. This includes resistance to antiviral
drugs and drug side effects which are often unpleasant. The common drugs used are
Zanamivir, Oseltamivir, Amantadine, and Rimantadine. Reports showed that their
mode of action differs from one another. For instance, Amantadine and rimantadine
inhibited cell entry of the virus via the inhibition of ion channel M2 protein.
Moreover, Oseltamivir and zanamivir blocked neuraminidase, thereby preventing
the release of the viral contents [6–8]

Studies have indicated the potency of medicinal plants in the management of
Influenza A virus. Their preference to orthodox drugs is premised on their low
toxicity, ease of access, low cost, and cultural acceptance [5]. There are evidences
that they act by boosting the immune system. These medicinal plants include;
Glycyrrhiza glabra, Ocimum sanctum, Ocimum tenuiflorum, Allium sativum,
Cocos nucifera, Zingiber officinale, Tinospora cordifolia among others.

Glycyrrhiza glabra, commonly called Licorice contains phenolic compounds
such as flavonoids, coumarin, derivatives of cinnamic acids, which have been
described to have potent antiviral features [9]. There are evidences that its roots
have been used for infections of the upper respiratory tract. Ocimum sanctum is
another medicinal plant with a long history of use. It is a member of the Lamiaceae
family. Its antimicrobial, antifungal, and antiviral properties are well documented
[9]. Its principal constituent is eugenol, rosmarinic acid, carvacrol, ursolic acid,
linalool oleanolic acid, beta-caryophyllene [10]. The immunomodulatory effects of
Ocimum tenuiflorum have also been reported [11].

Allium sativum also known as garlic, has a record of long years of human use in
the management of infections, particularly, viral infections. Tsai et al. [12] reported
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that it killed influenza virus. Coconut, Cocos nucifera is another medicinal plant
whose use dated back to centuries. Its medium-chain fatty acids and their derivatives
have been reported t have potent antiviral potentials [13]. It is believed that the
consumption of coconut oil could results in the degradation of the medium-chain
triglycerides into chain fatty acids which have a greater potential of killing patho-
genic microbes. Monolaurin, a derivative of lauric acid confers antiviral ability on
coconut. It acts by dissolving lipid components of the viral envelope membrane.
Furthermore, MCFA inhibits viral signal transduction [14].

Zingiber officinale. Commonly called ginger. It is a member of Zingiberaceae
family. It contains allicin, ajoene, alliin which are sulphur compounds. It also
contains enzyme such as myrosinase, alliinase, and peroxidase. Each of these
compounds has specific bio-functions. Allicins boosts the activities of antioxidant
enzymes. TNF-α, referred to as antiviral cytokine is found in Ginger [15]. Tinospora
cordifolia. This is commonly called Guduchi. It is a native to Sri Lanka and
Myanmar. Some typical examples of such phytochemicals present in Zingiber
officinale includes tinosponone, arabinogalactan polysaccharide, tinosporic acid,
crude Giloininand, cordifolisides A to E, syringen, berberine, Giloin [16, 17]. Its
immunomodulatory properties could be explored in the management of influenza A
virus [18].

Influenza viruses are highly contagious and are a significant causative agent for
pandemics and recurrent epidemics. Around 10% of the population of the world is
on average, contaminated by the virus annually causes about 250,000 deaths, posing
a significant health threat [1, 3, 19, 20]. The Orthomyxoviridae family comprises
three groups of influenza viruses—A, B, and C. The main causes of animal and
human infections are known to be types A and B [2, 4]. However, the most serious
respiratory diseases are caused by the influenza A virus, resulting in substantial
morbidity and often high mortality [2, 4]. Chills, elevated fever, watering and sore
eyes, and rash are the typical unfavourable symptoms of influenza that typically
begin 1–2 days after infection [21].

These viruses are spread through the air from infected mammals through sneezes
or cough, producing aerosols containing the virus, and through their droppings from
infected birds. It is also possible to spread the swine flu virus via nasal secretion,
saliva, urine, and blood. These fluids are the main cause of infection [22]. Flu
epidemics occur annually in temperate areas during autumn and winter, causing
substantial mortality and morbidity every year [23].

Actually, treatment of patients infected with the influenza virus is primarily based
on supportive care, depending on the patient's situation, along with the use of
antiviral drug therapy [24, 25]. To date, licenced medicines of influenza have been
categorized into classes of inhibitors of neuraminidase, such as oseltamivir and
zanamivir, and M2 ion channel inhibitors including rimantadine and amantadine
[26–28].

While anti-influenza drugs have been used successfully against human infection
with influenza A viruses, increased reports of drug-resistant influenza viruses have
brought the disease back to public attention [29–31]. The question for alternative
anti-influenza agents is therefore required and is of interest in the development of

19 Medicinal Plants Used in the Treatment of Influenza A Virus Infections 419



potential strategies for the management of influenza diseases. The objective this
paper is to discuss the antiviral potential of herbs used for the management of
Influenza A virus.

Therefore, this chapter intends to provide a detailed information on typical
examples of medicinal plants that could be applied for effective treatment of
influenza A while detailed facts regarding the mechanisms of action of some
medicinal plants in the treatment of influenza A virus was discussed extensively.

19.2 Typical Examples of Medicinal Plant with Anti-influenza
Virus Activity

Natural inhibitors for influenza virus have been sought for so long. Scientist has
carried out several studies with regard to plant-based chemical compounds that can
be utilized for the inhibition of influenza virus [32]. It has been reported that there are
different phytochemicals that have been used in vivo and in vitro for influenza virus
[33]. Several photochemical obtained from plants around have shown anti-influenza
potential which has been linked to the occurrence of active agents such as saponin,
flavonoids, alkaloids, and glycosides [15]. This has raised hope for the possibility of
obtaining a phytochemical for the control of influenza virus.

Plant-based natural substances are the backbone for the new discovery of drugs.
They are used as purified compounds or extracts [34]. It has been reported that 80%
of the global population use medicinal herbs for treatment and rely on other
traditional approach to treatment using herbs. This has made it possible to treat
varieties of diseases including infectious and chronic types [35].

Jung and Lee [36] reported that influenza viruses causes serious respiratory tract
infection characterized by fever, congestion or myalgia. Though there has been some
great effort to prevent and manage influenza infections, little success has been
recorded so far as a result of rapid genetic mutation of influenza viruses making
therapeutic regime slow and ineffective. Studies have revealed that influenza
infections are a major public health crisis with several cases of death related
flu-linked complications across the globe annually. Looking at the alarming rate of
death with little or no effective therapy at sight, vaccination against these viruses
may be the alternative approach to reduce the burden. The application of molecular
biology techniques could help in the identification of influenza virus.

Studies have demonstrated that immunogenicity is a major challenge in vaccine
development against influenza virus and many of the well-developed vaccine like
recombinant vaccines, mRNA vaccines, and DNA vaccines have poor immunoge-
nicity though their potency could be enhanced. Different approaches have been
deployed to increase their potency, such as addition of a TLR5 agonist—flagellin
could boost the efficacy of the recombinant vaccines, likewise addition of RIG-I
agonist could enhance humoral responses to DNA vaccines. Basically, a study on the
relationship between influenza virus pathophysiological mechanism and the host
immune reaction would shed more light on the complex interactions of vaccine
physiology. Rapid mutation rate escaping proper proofreading changes the viral
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protein target for the anti-influenza drugs thus developing drug resistance due to
alteration in viral genome, thus, there is still lack of standard stratagems for the
inhibition or management of these influenza viruses. The current medications could
only reduce the severity of the infections; hence more studies should be done to
elucidate the virus–host interactions so as to support the development of effective
therapy.

Diana and Juan [37] reported that influenza viruses have three main glycoproteins
proteins, Matrix 2, hemagglutinin, and neuraminidase. These are surface proteins
that are utilized for their classification into numerous subtypes based on serological
recognition. These viruses particularly hemagglutinin subtypes are very pathogenic
to human which can occur through animals to human or human to human transmis-
sion to cause serious epidemic, thus control measure utilizing vaccination may be the
best approach to address this threat. Jeffery and David [38] revealed that the worst
pandemic ever recorded to affect about 50 million individuals worldwide in 1918
was caused influenza viruses by the hemagglutinin subtypes avian influenza viruses.
Scientists have suggested rapid development of vaccines as advanced therapy to
prevent the occurrence of such pandemic in the future. Zambon [39] discovered that
the presence of influenza A viruses present could cause respiratory infections in
children in numerous many communities with explosive outbreaks. Across the
globe, influenza A transmissions particularly of the hemagglutinin subtypes have
resulted into serious epidemic coupled with some other respiratory viruses, thus
rapid development of molecular biology technology that can enhance diagnostic
outcomes against these pathogens would be a major landmark progress. The authors
suggested that advanced development of antiviral drug candidate like neuraminidase
inhibitors and vaccines would provide beneficial approach to reduce the epidemic.

Ahsan et al. [40] showed that there are about 11 coded proteins in influenza virus
genome and insertion of basic amino acid residue to the cleavage site of this protein
makes them more virulent. Viral re-assortment due to immune evasion create
pressure on the antibodies due to mutation in virus specific T cell receptors
generating interferons which are potential vaccine candidate against influenza
viruses by manipulation of interferon and the viral genome. Studies have
demonstrated that influenza virus have a very unstable antigen to evade the immu-
nity thus hijacking the molecular machinery in the host cells. Cavallazzi and
Ramirez [41] reported that respiratory viruses are common cause of immunosup-
pression in a community acquired pneumonia. Though the diagnosis is a major
concern for now, very little accuracy is recorded with the present clinical prediction.
Peteranderl et al. [42] suggested that respiratory infections in human caused by viral
influenza can be grouped into pandemic and seasonal influenza which can be closely
monitored through vaccination in the target population. The authors noted that this
infection may be complicated by co-infection with bacteria particularly in a popula-
tion with very low immunity resulting into severe mortality and economic downturn.
Advancement in research to study the biology of viruses especially in human host
may be a key strategy to develop efficient antiviral drugs against influenza virus.
They concluded that in the development of novel therapy against influenza virus,
host-based agent for lung regeneration and immune booster should be considered.
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Mousa [43] demonstrated that in an attempt to develop a potent vaccine against
influenza viruses, alteration in viral antigenic protein structure should be factored
particularly the RNA viruses which makes the current antiviral drug grossly ineffec-
tive. The authors suggested the utilization of plant-based active constituents as an
alternative to the synthetic drugs due to the presence of strong neuraminidase
inhibitors, polyphenol, glycyrrhizin, plus baicalin with well-established mechanism
of action, thereby inhibiting viral budding, hemagglutination, penetration, immuno-
globulin production, stimulation of interferon-gamma generation by T cells, and
subsequent virion exertion structural impairment.

19.3 Medicinal Plants for the Treatment of Influenza A Virus
Infections

Ganjhu et al. [44] reported that due to the present inefficient synthetic drug adopted
in the treatment of influenza virus infection, medicinal plant phytoconstituents could
offer a beneficial remedy particularly those with antiviral properties. The authors
evaluated various medicinal plants used for other viral infections such as Human
immunodeficiency virus, rabies virus, Chandipura virus, Enterovirus, and Japanese
Encephalitis Virus for possible therapeutic effect on Influenza viruses. It is believed
that phytochemicals from medicinal plants strengthens the immune system which
enables the body to combat any infectious diseases. The plant antiviral components
have emerged as an alternative solution to many of the present synthetic antiviral
drug resistance with proven safety and efficacy through clinical trials. Nonetheless,
further evaluation needs to be carried out to establish the right dosage, optimal
treatment protocol and concentration. The authors revealed that herbal formulations
are adopted across different parts of the world in combination or individual active
biomolecules, and report on their biological mechanisms should be identified.

Jassim and Naji [45] reported that diverse plant species with huge potential
antiviral molecules such as terpenoids, thiophenes, polyines, peptides, flavonoids,
lignans, polysaccharides, naphtho- and anthraquinones, polyphenolics, sulphides,
coumarins, furyl compounds, volatile essential oils, saponins, alkaloids, have been
evaluated for possible alternative to the synthetic present antiviral drug with numer-
ous side effects and high cost. However, their individual mechanism of action is yet
to fully elucidated, though some seems to have overlapping mechanisms. The
authors suggested that molecular biology approach and assays such as compromised
designs, randomized crossover studies, multiple-arm trials, pre and post-treatment
analyses, nonrandomized crossovers, should be deployed to evaluate the efficacy
and relative actions against functional or genetically diverse viruses.

Mehrbod et al. [5] reported that people across globe are constantly being faced
with the threat of influenza virus infection requiring an effective antiviral agent to
tackle. The authors revealed that many of the synthetic drugs available are very
expensive, less effective and produce numerous side effects upon use. Therefore,
they suggested medicinal plants active constituents as an alternative approach to
treat influenza viral infection. They screened and evaluated five antiviral plants in
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South African like Tabernaemontana ventricosa, Rapanea melanophloeos,
Cussonia spicata, Clerodendrum glabrum, plus Pittosporum viridiflorum species
against influenza virus. These plants have been utilized in the treatment of many
infection and inflammatory diseases, thus the cytotoxicity, and concentrations, were
equally established. From their results it was observed that the medicinal plants
Rapanea melanophloeos, and Pittosporum viridiflorum significantly produced
antiviral activity compared with the rest. Thus further study was suggested to
establish the mechanism of action and isolate, characterize the main active
constituents responsible for these biological effects.

Mousa [46] showed that in the past few years, the prevalence of respiratory
influenza viral infection across the world is unprecedented due to the lack of
adequate effective synthetic drug candidate to treat this infection. Also, studies
have revealed that the viral antigenic structures are very unstable especially the
RNA viruses, thus an alternative solution is eminently required. Natural therapies
such as the utilization of herbal remedies like antiwei, licorice roots, ginseng,
Echinacea, berries, carnosic acid, guava tea, pomegranate, Bai Shao plus maoto
have been identified by many authors for the treatment against respiratory influenza
viral infections. The author revealed that dietary supplements such as zinc,
vitamin C, selenium, probiotics, yeast-based product, seaweed extract, garlic extract
have equally proven to be effective against influenza viruses.

Other studies have pointed attention of many scientists to the role of natural
antiviral remedies like herbal medications as alternatives to synthetic chemical
formulations against influenza viral infections. Ding et al. [47] reported that
Lianhuaqingwen Capsule which is a Chinese medicine formulation is very potent
against respiratory tract infections. The antiviral and cytotoxicity activity of this
formulation was evaluated and other molecular signaling pathways using molecular
biology techniques. From their results, it was demonstrated that Lianhuaqingwen
Capsule significantly inhibited the influenza virus proliferation, suppressed NF-kB
activation, cytokines in a dose-dependent manner. Thus, the experimental study
demonstrated that Lianhuaqingwen Capsule is effective against broad spectrum of
influenza viruses and could serve as alternative to the synthetic drugs with very low
side effects.

Hudson [48] showed that influenza viruses have caused serious pandemics in the
past with huge burden placed on animals and human’s health. Thus, characterization
of the virus genome could be used in developing appropriate candidate drugs for
treatment against viral infections due to influenza viruses. Many herbal remedies
have been suggested in the past by several authors, hence active ingredients such as
polyphenols could display a crucial benefit in alleviating many symptoms due to
respiratory tract infections. The active constituents have been shown to interact with
the viral protein and also synergistically work together to offer anti-inflammatory,
antioxidant or antibacterial properties against influenza infection. The authors
revealed that in the course of viral respiratory tract infections, there is an increased
secretion of pro-inflammatory chemokines and cytokines, thus inhibition of this
process through plant-based therapy may help to alleviate the conditions.

19 Medicinal Plants Used in the Treatment of Influenza A Virus Infections 423



Al-garawyi et al. [49] reported that some of the major symptoms displayed by
individual infected by respiratory viral infection include cough, cold, sneezes, sore
throat, and fever. The authors noted that influenza virus infection can be transfer or
transmitted among individuals through droplets or direct contact. Natural remedies
are beginning to gain massive attention from the scientific communities as a result of
low side effects, readily available, and highly effective. Many of these active
ingredients such as Lavender, Cinnamon, Peppermint, Thyme oils, and Eucalyptus
are now being considered as alternatives to the synthetic drugs.

19.4 Modes of Action of the Active Constituents Present
in Plants that Are Utilized for the Management
of Influenza A Virus Infections

There is variation in the mode of action of various extracts of plants in the manage-
ment of viral diseases. Similarly, there are different routes for the boosting of the
immune system and body defence mechanism. Some investigations have been
carried out to assess the features of these extracts in stimulating the immune system
of the body [50]. It has been reported that stimulation of interleukin 6 production was
brought about by the extracts from the roots of Heracleum maximum, a medicinal
plant. This plant was observed to have unique antifungal and antibacterial
potentials [50].

It was reported that several infectious diseases have been managed successfully in
Taiwan through the use of P. Asiatica. They were found to show proliferation of
lymphocyte, with the potential of producing interferon—gamma. Basically, cell
mediation of immune responses is commonly shown by production of interferon
gamma and proliferation of lymphocytes [51]. Immune response boosting has also
been documented in the use of extract from Sambucus nigra, a medicinal plant. This
was found to have potency for some microbial strains.

Extracts from plants have been established to have broad spectrum antiviral
potential apart from their ability in modulating the immune system. These unique
properties are due to the various bioactive agents present in the plant extracts. In a
related study, Kotwal et al. [52] reported that extracts from Trifollium specie show
unique potencies against various viral agents including Marburg, influenza, papillo-
mavirus, and HIV.

Buckwold et al. [53] documented that lectin, an isolate from leaves of Pandanus
specie using saline medium showed antiviral potential against influenza virus,
HSV-1. Also, the crude extract of Pandanus displayed antiviral effectiveness against
different groups of viruses which showed the presence of different antiviral agents in
various parts of the plant. Table 19.1 indicates the mode of action of some medicinal
plants that have been utilized for effective treatment of Influenza A virus
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Table 19.1 Mode of action of medicinal plants in the treatment of Influenza A virus

S/
N

Medicinal
plant

Major antiviral active
ingredients Mode of action Reference

1 Glycyrrhiza
glabra

Triterpene and
Glycyrrhizinic acid

Inhibition of viral
replication

Arora
et al. [9]

2 Ocimum
sanctum

Eugenol, oleanolic acid,
ursolic acid, rosmarinic
acid

Immunomodulation, anti-
inflammatory

Arora
et al. [9]

3 Allium sativum Ajoene It kills influenza virus [9]

4 Cocos nucifera Monolaurin It dissolves lipid
components of the viral
envelope membrane and
inhibit viral signal
transduction

Arora
et al. [9]

5 Zingiber
officinale

Allicin, ajoene, alliin,
myrosinase, 6alliinase and
p7eroxidase

It boosts antioxidant
enzymes’ activities

Arora
et al. [9]

6 Tinospora
cordifolia

Tin8osporone, tinosporic
acid, cordifolisides,
syringen, berberine,
Giloin, crude Giloininand

Immunomodulation Arora
et al. [9]

7 Aristolochia
bracteolata

Inhibition of RBC
hemagglutination caused
by viruses

Mohamed
et al. [54]

8 Boscia
senegalensis

Inhibited RBC
hemagglutination induced
by influenza virus

Mohamed
et al. [54]

9 Leptadenia
arborea

Inhibited RBC
hemagglutination induced
by influenza virus

Mohamed
et al. [54]

10 Cordia
africana

Inhibited RBC
hemagglutination induced
by influenza virus

Mohamed
et al. [54]

11 Balanites
aegyptiaca

Inhibited RBC
hemagglutination induced
by influenza virus

Mohamed
et al. [54]

12 Mentha
piperita

Aetheroleum menthae
piperitae, flavonoids,
polymerized polyphenols,
carotenes, tocopherols,
betaine, and choline

It kills Influenza viruses Arora
et al. [9]

13 Clerodendrum
glabrum

Flavonoids Anti-inflammatory Mehrbod
et al. [5]

16 Pittosporum
viridiflorum

Antioxidant Mehrbod
et al. [5]

17 Rapanea
melanophloeos

Tannins, terpenoids,
alkaloids, saponins,
cardiac glycosides,
flavonoids and
phlobatannins

Antioxidant Mehrbod
et al. [5]

(continued)
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19.5 Herbal Formulations for the Management of Influenza A
Virus Infections

Majority of the people from developed nations depends on medicinal plants for
management of various ailments [55]. Herbs that are effective in treating swine flu
include Taraxacum officinale, Allium fistulosum L., Sambucus nigra L., Ocimum
basilicum, Cynodon dactylon, Emblica officinalis are very effective antiviral herbs
that are immune to bacterial and biological chemical stressors. It has been discovered
that many herbs are effective in the treatment of flu, but they have not been explored
scientifically. The medication for these plants/herbs is highly used by the natives as
an alternative therapeutic options for their action against the H1N1 influenza virus
for the human race, formulating, and helping [56].

The dandelion is commonly known as Taraxacum officinale. This genus contains
more in the family Asteraceae, the number of plants. The use of plants has been
considered for many decades in conventional medicine, to relieve various diseases.
This plant is used in the treatment of various ailments such as pyrexia, viral infection,
lymphadenitis, hepatic disorders, flu, and acute mastitis. Dandelion flower ethanol
extracts were discovered. SK-OV-3 cells suppress proliferation of cells and result in
human ovarian cancer apoptosis [57]. In solvent-fractionated solvents, cytotoxic,
pro-oxidant, and antioxidant were observed by [58]. The components of the plant
extract have been reported with anti-influenza virus properties when tested in vitro
using dandelion flower extracts [58].

The Allium fistulosum L. is an essential plant which is grown internationally.
They have several nutritional benefits, as medicinal and functional foods. Indeed,
there have been frequent studies headed for assessment of natural activities compris-
ing which are antimicrobial effects, antioxidants, antifungal agents. Allium
fistulosum L be an extremely common herb in the East Asia state, and it was
documented in Oriental medical dictionaries for Asian countries as a crude drug
for Pain and phlegm in the abdomen. Furthermore, in Japan welsh onion was used as
a traditional medicine for the management of common cold. Such conventional uses
of Allium Fistulosum suggest it may be possible to accommodate dynamic materials
that donate for the avoidance and/or treatment of communicable respiratory
ailments, like influenza. It has been studied that the plant species fructan is consid-
ered as an active component of the theory which could exert viral anti-influenza

Table 19.1 (continued)

S/
N

Medicinal
plant

Major antiviral active
ingredients Mode of action Reference

18 Azadirachta
indica

Azadirachtin, nimbin, and
nimbidin

They probably inhibit viral
reproduction

Arora
et al. [9]

19 Aegle
marmelos

Alkaloids, coumarins, and
steroids

Arora
et al. [9]

426 C. O. Adetunji et al.



properties. Furthermore, several studies have stated that insulin works against
viruses as a possible factor [59].

Black elderberries have been prescribed in the treatment of sinusitis, colds, and
influenza in eastern system of medicine and it also have several antiviral potential. It
has been documented that the standardized plant extract formulations could led to
reduction of hemagglutination and inhibition of influenza virus multiplication [60].
The efficacy of black elderberries has been proved in the treatment of influenza-like
symptoms chimpanzees, has also been seen in the Zoo in Jerusalem, Israel [61].
Black elderberries extract have been shown to possess an antimicrobial activity
against Streptococcus pyogenes and Branhamella catarrhalis. These organism
responsible for various ailments of respiratory tract [62].

In Ayurvedic and Unani medicine, Justicia adhatoda is a renowned herb, a shrub
that is widespread across South-East Asia's tropical regions. The plant's leaves have
been used widely to treat respiratory disorders. Simultaneous leaf assays reported a
33% reduction in aqueous extract at a fraction of 10,000 lg/ml and a 16.67%
reduction in aqueous extract from 1000 to 5000 lg/ml, while a 100% diminution in
methanolic extract was examined at a fraction of 10,000 lg/ml. The result obtained
showed that there was an inhibition observed which decrease from 33.34% at 1 mg/
ml to 16.67% at 5000 lg/ml as the concentration decreased. The result obtained
indicates that aqueous and methyl alcohol extracts can interact straight through the
protein covering of diseases through the sialic acid receptor on the cell surface.
Moreover, the methyl alcohol extract could inhibit the flu virus infection, and
hindered the viral hemagglutinin (HA) protein. It has been observed that the vasicine
alkaloids were extracted among leaves with a proportion masterpiece of 0.026% in
methanol furthermore 0.023% in watery extract [63]

Moreover, the sesquiterpenoid compounds derived from Ocimum basilicum such
as caryophyllene, farnesol, and flavonoids such as apigenin, as well as monoterpenes
such as linalool cineole, carvone, geraniol, fenchone, myrcene, thujone, and
triterpenoids such as ursolic acid have all been demonstrated to possess anti-
influenza attributes. Most of the secondary metabolites are involved in inhibition
of different DNA and RNA viral infection [64]. Only three forms of apigenin
secondary metabolites, linalool, and the various kinds of human being adenovirus
engaged in bronchitis have been directly checked for ursolic acid and ursolic acid.
Maximal inhibition was shown among these ursolic acids (50%) at a lowest fraction
(4.2 lg/ml) against adenovirus (ADV-8). The composition of all the compounds
isolated is >95%. 2,3-Dideoxycytidine has been identified as one on the crucial
active ingredient in formulation and also possess ursolic acid action. The viral
activity was inhibited by triterpenoid saponins of the oleanane group through
hindering DNA production, whereas the urasane faction hampered capsidide viral
protein group (Lizarzaburu et al. 2000) [65].

Five groups of biologically active compounds are found in phytochemicals
isolated from Plantago major: aucubin could be classed among the iridoid glycoside
class, baicalin, baicalein, and luteolin are flavonic initiatives. It has been
demonstrated during in vitro antiviral activity of these compounds was observed
with ursolic acid and oleanolic acid tested in opposition to three forms of individual
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adenovirus at various proportions. Also, caffeic acid and chlorogenic acid showed
50% adenovirus hindrance at least fractions of approximately 13.3 and 14.2 lg/ml,
correspondingly. Powerful antiviral action of phenolic compounds could be
associated through the existence of two hydroxyl groups on ferulic acid and caffeic
acid as opposed to ferulic acid and p phenolic acid. Phenolic compounds have been
found effective to be effective for the inhibition against all the tested virus most
especially their antiviral activity against adenovirus [66].

Several bioactive chemical groups have been investigated for their antiviral
activity, such as sesquiterpenes, triterpenes, flavonoids, phenolic and benzoic
compounds secluded from several additional herbs [67]. Toxicological tests have
shown no toxicity of these compounds opposing to this outcome, a further study
indicated through oral route of aqueous leaf extract (1000 mg/kg body weight)
showed the greatest decrease in total gastric fluid acidity in rats [68].

Various pharmacologically derivatives were isolated from Z. officinale such as
b-bisabolene, a-zingiberene, b-sesquiphellandrene, ar-curcumene, favan, lavonoids,
flavan, and 4,6-dichloroflavan were examined for its antiviral activity. It was dis-
covered that at various concentrations, all of these phytochemical constituents
demonstrated 50% inhibition to against all the tested viral pathogens.
4,6-Dichloroflavan was perceived as it was the mainly efficient compound because
it illustrated 50% rhinovirus inhibition at the smallest fraction of about 0.02 lg/ml.
4,6-dichloroflavan was attributed to the lipophilic nature of its antirhinoviral activity
as different lipophilic secondary metabolites are known to contain Z. officinale.
Dichloroflavan separated from further natural products was as well examined in
opposition to rhinovirus and demonstrated its powerful capability to attach with the
majority responsive products on their receptor spots, Rhinovirus IB. Especially for
their antirhinoviral activity, several bioactive compounds segregated from superior
plants have been tested for their antiviral action. It has been established through
statistics illustrated that the majority of plant antirhinoviral action was due to the
existence of compounds of flavonoids.

Moreover, the methanolic extract derived from Verbascum thapsus demonstrated
a high efficacy of approximately 50% against the influenza A virus at a lowest
proportion of 6.25 lg/ml. Phenylethanoid and lignin glycosides were isolated from
V. thapsus methanolic extract. The phytoconstituents responsible for the viral
activity of anti-influenza rely on the quantity of dynamic compounds found in the
vegetation, that otherwise depend on the biological division, the period collected, the
weather and environmental state of the collection place. Additional proportion and
isolation of extract(s) from this plant will expose strong antiviral action. Toxicity at
higher doses was not found [69].

Various studies have shown that many bioactive ingredients are isolated from
medicinal herbs, such as Geranium sanguineum L. A medicinal plant that decreases
the in vitro and in vivo infectivity of different strains of the influenza virus [33]. In
Bulgaria (and possibly other countries), watery and alcoholic extracts from the
dehydrated aerial cores of geranium have common utilizes to work against different
disorders of gastrointestinal system, contaminations, and provocative situations. The
antiviral effect of Geranium sanguineum L has been established against individual,
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equine and avian influenza A virus strains, including the amantadine-resistant virus
using cell culture and animal model laboratory experiments [70].

Also, the aqueous extracts of C. sinensis has been demonstrated to possess
antimicrobial, antioxidant and other bioactivity actions. These actions tend to be
there mainly as a result of the leading polyphenolic constituents, the catechin and
their theaflavins, that jointly can account for 10% of the dry weight of the leaves.
Some authors have also stated the pharmacodynamics activity and bioavailability of
tea polyphenols in intestinal tissues as well as their antiviral activity against several
influenza virus [71].

On the other hand, intestinal bioavailability is not inherently influenced by upper
respiratory viruses and bacteria, as contact of the species would firstly happen in
mucosal tissues; thus in vivo oral cavity clean or rinse throat will be extra efficient
than conventional tea consumption. A first round testing with a rinsed solution of
green tea catechins for its capability to inhibit influenza infection [72]. In another
study focused on subjective “cold and flu” symptom ratings, individuals drank either
capsules made from polyphenol-rich standardized green tea every day, equivalent to
around 10 cups of tea a day or placebo. Around one-third fewer symptoms were
registered by the green tea group [73].

Cistus incanus extracts have been the subject of recent anti-bioactivity
investigations. The presence of catechins and polyphenolic have been affirmed to
exhibit anti-influenza activities. The extract was very successful at non-cytotoxic
concentrations in inhibiting the reproduction of numerous strains of human being
and avian influenza viruses in cell culture (50μg/ml consequential in a diminution of
99% devoid of harmfully disturbing a number of cell viability and meaning
parameters) [74].

Recently, polyphenol-rich pomegranate extracts have been documented for anti-
influenza virus activity. They could inhibit virus replication cycle at a very early
stage, possibly as a result of its capability to obstruct viral HA and enter cells. The
antiviral activity could be linked to the presence of polyphenol punicalagin. How-
ever, punicalagin could inhibit any viral activity through the neuraminidase inhibitor
oseltamivir [75].

In North America, different forms of extract derived from aerial pieces and
numerous types of Echinacea spp. have been utilized historically in the management
of respiratory diseases, abrasions, and further inflammatory situations [76]. In last
10 years, as “cold and flu” remedies, they have become very common. The key
bioactive constituents were initially suggested to be polysaccharides; however,
additional modern researches have identified the presence on alkyl amides and
some other derivatives of caffeic acid as the main active ingredients [77].

Also, crushed Glycyrrhiza root has been established as an efficient medicinal part
of plant for removing phlegm and has been utilized from the very old eras, princi-
pally in Ayurvedic system of healing, for this reason; the plant's derivations were
used for the treatment of several infections related to the superior respiratory tract.
Several phenolic constituents, for instance, flavonoids and their derivatives of
glycosides, glucosides, coumarin, cinnamic acid, liquiritin, and isoliquiritin have
also been segregated from the Indian species in particular. The antiviral activity
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could be linked to the presence of active compounds such as triterpine, saponins, and
in particular glycyrrhizinic acid [13].

Furthermore, some fatty acids have been reported to possess some antiviral
properties [13]. The middle-chain triglycerides may destroy infectious
microorganisms within the physique. The antiviral achievement endorsed to lauric
acid monoglyceride is to solubilise phospholipids in the killing of the infectious
microorganisms’. Several evidence have affirms that the presence of middle-
sequence fatty acids could interferes through the indicator movement of the organ-
ism and that the antimicrobial outcome on viruses is as a result of virus assembly
intervention and viral suppuration [78].

The methanol extract of Emblica officinalis fruit have a powerful hampering
commotion adjacent to reverse transcriptase of human immunodeficiency virus. In
Cuban traditional medicine, Emblica officinalis watery extracts are utilized for their
antiviral action against Hepatitis B virus, Influenza A and B Virus. The extract's
cytotoxicity was experienced with wealth of outpost appearance capacity and devel-
opment embarrassment assays, in addition to through mitotic directory calculation.
Cytofluorimetric approaches have investigated programmed cell death induction and
cell rotation kinetics [79]. In Ayurvedic system of treatment Emblica officinalis is a
general ingredient of Polyherbal formulations, and Chyawanprash is mainly remark-
ably component that is an important adaptogen and protection inoculation that could
be applied for effective management of infection with swine flu [80].

There have been studies that have established the antimicrobial antiviral activity
inMentha piperita most especially from the menthol extract during in vitro antiviral
activity against flu virus and herpes as well as many other viruses. The aqueous
extracts derived from peppermint leaves have been shown to demonstrate antiviral
activities against influenza A and Herpes simplex virus [81]. The oil produced from
Mentha piperita is full of terpenoids, for instance, alpha-pinene or beta-pinene,
alpha-phellandrene, as well as menthol-linked ester or liberated isovaleric acid and
acetic acid that are primarily accountable for the herb's antimicrobial action [82].

The dynamic attitudes of Tinospora cordifolia have been shown to have
immunostimulant efficacy and protend the capability to trigger and enhances the
activities of serum IgG antibodies together with the stimulation of macrophages
[18]. In the leukocyte migration inhibition experiments, improvement in humoral
protection, indicated through the hemagglutination, was observed together with
motivation of cell-mediated resistance. This affirms the immunostimulant potentials
of these herb against H1N1 flu [83].

Furthermore, studies on cellular development and intentions adjusted through
andrographolide protected cell therapy have been carried out in clinical trials. The
outcome obtained suggested that andrographis has been shown to minimize
indications and protends the potentials to shorten the duration of chills. Flu
manifestations symptoms includes weakness, pain in throat, painful muscles, watery
nose, pain in head, and swelling of the lymph nodes could also be decreased by
Andrographis paniculata [84].
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19.6 Conclusion and Future Recommendation

This chapter has provided a detailed information on several medicinal plants that
could be applied for effective management of Influenza A virus which has been
identified as a major factor responsible for most critical respiratory. Detailed infor-
mation on the mechanism of action by which these medicinal plants exhibit their
antiviral activities against Influenza A virus were also provided. There is a need to
establish the best formulation that will entails different pharmacological active
constitutes derived from unexploited bioresources majorly from diverse environ-
ment such as marine environment. This will enable the identification of novel
biologically active substance that could be applied for effective management of
Influenza A virus. Moreover, there is need to also identify biologically active
metabolites that could be derived from beneficial microorganism which could
serve as an antiviral agent against Influenza A virus. This will go a long way towards
the elimination of several adverse effects involved in synthetic drugs as well as
improves the effectiveness of these biogenic derived anti-Influenza A virus drug.
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SARS-CoV-2 virus is the causative agent of COVID-19 pandemic which has led
to a massive health crisis needing in-depth understanding of the disease including
its clinical pathology, diagnosis, and immune response, which can be used for
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designing an effective therapy against this virus. Treatment modalities based on
plants or plant-derived compounds can offer a wide range of options for targeting
the SARS-Cov2 virus directly or indirectly. At the same time, plant-derived
compounds have the capacity to bolsters host immunity thereby resisting viral
growth. Here in this review, we have systematically discussed about the impor-
tance of medicinal plants and phytopharmaceuticals, in various formulations, for
the treatment of COVID-19 and its associated pathologies.

Keywords

COVID-19 · Potential phytometabolites · Immune regulation · Nano-phyto-
formulation · Advanced drug delivery system

20.1 Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes Coronavi-
rus disease (COVID-19), which has emerged as a universal health crisis. The
epicenter of this global disease was believed to be Wuhan, China [1–3] that resulted
in the infection of over 4 million people and causing over 280,000 fatalities [4].

Broadly speaking, positive-stranded RNA coronaviruses are enveloped viruses
capable of infecting multiple animals including humans and display zoonotic trans-
mission from animal reservoirs [5–7]. Mild upper respiratory illness is one of the
major pathologies caused by many human coronaviruses. SARS-CoV-2, SARS-
CoV-1 and Middle East respiratory syndrome coronavirus (MERS-CoV) belonging
to Beta coronaviruses group, usually infects the lower respiratory tract of humans
resulting in severe and mostly fatal respiratory syndrome [8, 9].

SARS-CoV-2 shares its genome organization with other beta coronaviruses. It has
been observed that both SARS-CoV-1 and SARS-CoV-2 have 79% genome homol-
ogy, while SARS-CoV-2 and MER-COV have 50% homology [10]. The major
structural proteins of SARS CoV-2 are replicase (ORF1a/ORF1b), spike (S), envelope
(E), membrane (M), and nucleocapsid (N). The genes encoding the structural proteins
are interspersed between seven putative ORFs encoding accessory proteins [11].

Bats are the natural host of SARS-CoV-2. Moreover, studies have shown a
significantly high 96.2% homology between SARS-CoV-2 and bat coronavirus
(RaTG13) isolated from Yunnan province, China [12–14]. Other than bats,
pangolins are another wildlife host for SARS-CoV-2 [15–18].

Initiation of virus infections requires binding of virions to surface receptors
present on the host cells. Therefore, these host receptors recognized by the virus
are critical in determining the host cells and tissues thats are being infected with the
virus [19]. SARS-Cov2 enters the host cells by utilizing its surface transmembrane
spike (S) glycoprotein [20]. This S glycoprotein is made up of two functional
subunits, S1 and S2, which participates in attachment to the host cell receptor and
fusion of the host and viral membranes, respectively. SARS-CoV-2-S, in turn, uses
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the host angiotensin-converting enzyme 2 (ACE2) to gain entry in the host cell [12–
14, 21, 22]. Other than human ACE2, SARS-CoV-2 can also bind to ACE2 from
other animals such as pig, ferret, rhesus monkey, civet, cat, pangolin, rabbit, and dog
[6, 7, 12–14, 21–24].

Novel therapeutic strategies are needed to combat the SARS-COV-2. Here in this
book chapter, we will be discussing the various plant-based modalities that can be
developed as potential drugs in various formulation for combating COVID 19.

20.2 Pathological Characterization of SARS-COV-2 Infection

Host ACE 2 protein which participates in SARS-Cov-2 entry is significantly
expressed on different human cells including type II alveolar cells, oral, esophageal,
ileal epithelial cells, myocardial cells, proximal tubule cells of the kidneys as well as
urothelial cells of the bladder [25]. S protein of SARS-CoV-2 is cleaved into S1 and
S2 proteins by host enzyme, furin, which is critical for the virus to gain entry in the
lung cells [21, 22].

ACE 2/angiotensin axis plays a pivotal role regulation of inflammation and
signaling pathways that contributes to tissue injury [26] and has also been accounted
for COVID-19 associated clinical manifestations such as hypokalemia, vasocon-
striction [27], and development of acute respiratory distress syndrome (ARDS)
[28]. It should be noted that the ACE 2 expression in the gastrointestinal, cardiovas-
cular, endocrine, and genitourinary systems is significantly higher than the respira-
tory system, which serves as the primary target of the virus [25]. Moreover, there is
an increase in the number of COVID-19 cases in men, which could be accounted for
attenuated expression of ACE 2 in females [6, 7, 29]. Interestingly, a study has
shown that ACE 2 expression is also age-dependent [30]. However, COVID-19
infection affects people of all ages. Young individuals under 18 years account for
nearly 2% of the reported COVID-19 incidences [31]. Interestingly, the majority of
the infected young individuals having COVID-19 were either not exhibiting
symptoms or experienced milder symptoms [32]. Severity to COVID19 increases
with accompanying health conditions that affect vital organs such as heart, kidney,
lung, and others [33–35].

COVID-19 causes major clinical manifestation of the respiratory system where
patients display various pathologies such as single ground-glass opacity (GGO),
bilateral diffuse heterogeneous consolidation with air bronchogram and bronchiec-
tasis, the “white lung.” During the initial phase of COVID19, GGO is prevalent in
lower right lobes of the lungs having significant inter or intralobular septal
thickening. Moreover, disease progression is marked by formation of
sub-segments and bilateral multiple lobes in the lungs [12–14, 28]. Interestingly,
there is a trend of increasing number of neutrophils in COVID-19 cases, which bears
direct forbearance to damage associated with the lungs [36]. During severe COVID-
19 infection, several characteristics of acute respiratory distress syndrome are
observed such as diffuse alveolar damage, desquamation of pneumocytes, develop-
ment of hyaline membranes, edema, and others [33, 37].
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The mortality rate of COVID-19 is significantly higher in patients with cardio-
vascular diseases [38–40]. Some of the patients with severe COVID-19 infection
suffer from cardiac failure. However, inflammatory cardiomyopathy has also been
observed in a few COVID-19 patients [41–43].

COVID-19 also affects the kidney by causing acute injury to it resulting in
increased mortality [44]. SARS-COV2 can target the cellular components of kidney
as podocytes and proximal tubular epithelial cells that express significant levels of
ACE 2 receptors [45, 46]. Some of the clinical pathologies associated with kidney
damage resulting in increased mortality in COVID-19 patients include proteinuria,
hematuria, increased levels of blood urea nitrogen, and serum creatinine [47–
51]. Urine analysis of COVID-19 patients shows glomerular and tubular injury
that substantiates kidney damage [52].

COVID19 is capable of infecting the gastrointestinal tract leading to diarrhea,
which is evident from clinical biopsy analysis [53]. This is because epithelial cells of
the GI tract express high levels of ACE 2 receptors [17, 18].

SARS-CoV2 targets the central nervous system and the cerebrospinal fluid
[54, 55]. Therefore, this neuroinvasive potential of SARS-CoV-2 might have a
role in initiating acute cardiac and respiratory failure of COVID-19 [47–51]. This
can be substantiated by identification of acute ischemic stroke during SARS-CoV2
infection as a neurologic complication [56].

Thus SARS-CoV-2 targets multiple organs to mediate disease pathology, which
in the later stages or the presence of comorbidity, could be detrimental, leading to
multiple organ failure and death.

20.2.1 Signs and Symptoms

COVID-19 infection is associated with a wide range of symptoms, which varies
from mild symptoms to severe illness. Once an individual has come in contact with
SARS-CoV2, it usually takes around 2–14 days for the symptoms to show
up. COVID-19 pneumonia in adults is associated with symptoms such as fever,
dry cough, loss of smell or taste sore throat, headache, fatigue, myalgia, and
breathlessness (https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/
symptoms.html; [8, 9, 38–40]). Infected patients usually show mild pneumonia to
moderate pneumonia which could be associated with critical illness, hospitalization,
mechanical ventilation, multiorgan failure, and death. Moreover, critically ill
patients with accompanying comorbidities run a high risk of death [33].

20.2.2 Laboratory Diagnosis for COVID-19

Viral and host factors such as virus associated antigens, nucleic acid, and virus-
specific antibodies are the essentials for diagnosis of SARS-CoV-2. Moreover, these
host generated anti-SARSCoV-2 antibodies are critical for identifying previous
exposure to SARS-CoV2 (Laboratory testing for coronavirus disease; [1]).
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Detection of SARS-CoV2 RNA from the naso-pharynx or lower respiratory
swabs is used for detecting active infection and is also used for direct diagnosis of
SARS-CoV-2 infection [57].

Different analytical techniques such as real-time PCR, reverse-transcription-loop-
mediated isothermal amplification (RT-LAMP) are used for detection of SARS-
COv2 nucleic acid.

The high sensitivity and specificity of Real-time PCR make it the most commonly
used tool in SARS-CoV-2 RNA detection and the same can be employed for
screening symptomatic and asymptomatic patients. Envelope (E) and
RNA-dependent RNA polymerase (RdRp) of SARS-COv-2 serves as targets for
the initial and confirmatory test for COVID-19. Moreover, another variation of Real-
time PCR termed as one-step Real-time PCR assay has been employed for detecting
SARS-CoV-2 [58], where the N region is employed for screening and ORF1b serves
as a confirmatory test for the virus [59].

Real-time PCR can also be combined with LAMP, which uses exponential
amplification of specific nucleic acid at constant temperature, for screening SARS-
CoV-2 RNA. The technique is advantageous as it avoids certain pitfalls such as
ultra-pure samples, trained laboratory personnel, and costly analytical instruments. It
has the lowest turnaround time indirect methods and has high sensitivity making it a
practical substitute for Real-time PCR in situations where time is of the essence.

Detection of viral antigens using enzyme-linked immunoassay (ELISA), chemi-
luminescent immunoassay (CLIA), and rapid serological tests has also been
employed for screening. ELISA is used for the detection of IgG and IgM that are
specific for SARS-CoV-2 N and S proteins. However, antibody ELISA does not
completely satisfy the diagnostic efficacy in absence of suitable standards [60]. Due
to its medium turnaround time, ease of sample collection and inexpensive nature,
this diagnostic technique is widely used for screening a large cohort.

On the other hand, the shortcomings in ELISA are compensated by CLIA. It
offers a reliable way for quantification of antibodies by relying on chemilumines-
cence reaction that permits evaluation of IgG and IgM titers [61]. Major advantages
associated with it include high throughput screening, increased sensitivity, and early
detection of suspicious cases with false negative nucleic acid diagnosis.

Other diagnostic technique based on immunoassay technology such as rapid
serological tests provides a quick and reliable method for evaluating IgM and IgG
[47–51]. This technique utilizes colloidal gold-labeled SARS-CoV-2 recombinant
protein and murine anti-human IgG, IgM, and control antibodies immobilized in
different demarcated areas. However, one of the major disadvantages of this tech-
nique is lack of stringent test for clinical accuracy before using it for large cohort
screening of COVID-19.
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20.2.3 Asymptomatic, Pre-symptomatic and Mild-Symptomatic
and Acute Symptomatic Profile

Clinical spectrum of COVID-19 disease has shown the emergence of
pre-symptomatic, mild-symptomatic, acute symptomatic, and asymptomatic
patients, which presents different clinical manifestations of the disease.

Out of the total SARS-CoV-2 infections, asymptomatic individuals account for
approximately 40–45% cases. These asymptomatic patients can transmit the virus to
others for an extended period, where the mean duration of virus shedding was
19 days and was much longer than the symptomatic group. Moreover, the asymp-
tomatic infection may be associated with subclinical lung abnormalities, as detected
by computed tomography [62–64]. Asymptomatic individuals have lower levels of
virus-specific IgG levels and neutralizing antibodies compared to symptomatic
group [62, 63]. Major inflammatory and anti-inflammatory cytokines such as IL-6,
IFN-γ, IP-10, IL-10, IL-15, IL-2, and others were significantly lower in asymptom-
atic individuals compared to symptomatic groups [62, 63]. The above findings
clearly show that asymptomatic individuals pose a weak immune response to
SARS-CoV-2.

On the other hand, mild-symptomatic patients exhibit mild symptoms such as
cough, similar to mild pneumonia [8, 9]. However, patients which do not show
disease severity are able to eliminate the virus quickly. In conclusion, patients
without symptoms are able to eliminate the virus within five days than patients
with mild symptoms [33].

Immunological changes such as marked reduction in lymphocytes, selective loss
of CD4+ T cells, CD8+ T cells, and NK cells, hyper activated T cells along with
significant expression of energy markers on T cells are commonly associated with
individuals having acute symptoms in comparison to those harboring mild or no
symptoms [47–51].

20.2.4 Immunopathological Syndrome

Critical immunopathology associated with COVID-19 are sharp decline in lympho-
cyte count, hyperactivation and energy of lymphocytes, defects in granulocytes and
monocytes, enhanced production of cytokines and antibodies [65].

Lymphopenia is associated with disease severity [47–51, 63] and shows a
remarkable reduction in CD4+ T cells, CD8+ T cells, NK cells, and B cells
[37, 67–70]. In particular, lymphocyte levels fall below 20% during severe infection,
accompanied by a sharp drop in CD8+ T cells and memory helper T cells [47–51, 69,
70]. COVID-19 associated lymphopenia can be explained by the fact that S protein
of SARS CoV-2 binds to ACE2 receptors on T cells, macrophages, and others, to
directly infect these immune cells [65, 71]. Additionally, SARS-CoV2 has been
shown to destroy immune organs such as lymph and spleen [47–51, 72], which could
also be accounted to COVID 19 associated lymphopenia.
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Granulocytes and monocytes show abnormality in cell count in COVID-19
patients. Typically, the severity of COVID-19 is associated with a higher number
of neutrophils, and reduced numbers of eosinophils, basophils, and monocytes
[68, 73]. Moreover, a significantly higher ratio of neutrophils to lymphocytes also
indicates disease severity and poor clinical outcome [47–51, 66, 68, 73]. This
increase in neutrophil numbers might be due to SARS-CoV-2 mediated recruitment
of neutrophils to the infected tissues [65, 74, 75].

CD8+ T cell responses are more frequent than CD4+ T cells responses during
COVID-19. SARS CoV-2 antigen-specific T cells from severe cases have a central
memory phenotype and show significant expression of inflammatory cytokines such
as interferon (IFN)-γ, tumor necrosis factor (TNF)-α, and others [76, 77]. Moreover,
significantly enhanced expression of activation markers such as CD44, CD69,
CD38, and others, on CD4+ T cells and CD8+ T cells was observed in COVID-19
patients [12–14]. Whereas patients with severity showed remarkably higher expres-
sion of cell priming and clonal expansion markers such as OX40 and 4-1BB. In
addition, CD8+ T cells of patients with COVID-19 show increased expression of
exhaustion phenotypes such programmed cell death protein-1 and T cell immuno-
globulin domain and mucin domain-3 [78].

Increased cytokine production, also known as cytokine storm, is characteristic of
disease severity. This cytokine storm during COVID-19 is marked by an alarming
increase in the secretion of inflammatory cytokines, including IL-1β, IL-2, IL-6,
IL-7, IL-8, IL-10, granulocyte-colony stimulating factor (G-CSF), granulocyte
macrophage-colony stimulating factor (GM-CSF), interferon-inducible protein-10
(IP10), monocyte chemotactic protein 1 (MCP1), macrophage inflammatory protein-
1α, IFN-γ, and TNF-α [8, 9, 47–51, 67, 68, 79]. Interestingly, severe cases of
COVID19 show elevated levels of IL-1β, IL-6, and IL-10 [78, 80]. Mechanistically,
SARS-CoV-2 initiates the cytokine storm by activating pathogenic T helper cells,
which secretes GM-CSF leading to the induction of CD14+ CD16+ monocytes.
These monocytes, in turn, release IL-6 leading to excessive inflammation [12–
14]. Another class of CD14+ IL-1β+ monocytes also participates in cytokine storm
by secreting IL-1β [81]. Additionally, the IL-6 produced during SARS-CoV-2 infec-
tion is known to induce Th17 cells during COVID-19 [82]. This Th17 cell-derived
IL-17 promotes recruitment of macrophages, neutrophils, and monocytes at the site
of infection [33, 83].

B cell activation and proliferation affect the outcome of COVID-19. In particular,
IgG produced by activated B cells are increased in patients with severity
[65, 78]. Antibodies can be detected in the first seven days of infection, and the
antibody levels would peak around 15–19 days post the onset of the disease [6, 7, 62,
63]. This increased antibody levels promote virus infectivity due to enhanced virus
entry into cells via the Fc portion of the antibody bound to the Fc receptor on host
cells [72].
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20.3 Treatment Modality of COVID-19 in the Context
of Phytopharmaceuticals

The traditional mode of treatments has been considered to be highly promising due
to extensive application of aromatic herbs, culinary spices, and herbal teas. As they
are safe, effective and naturally gifted, readily available as per requirement. More-
over, several bioactive leads like glycyrrhizin, andrographolide, silymarin, Baicalin,
Theaflavin, Azadirachtin, Curcumin, Lycorine, Galantamine, Saikosaponin, Ursolic
acid, Rosmarinic acid, Emodin have revealed promising effect against different
deadly viral infection. During the 2003 SARS outbreak, the effectiveness of
phytomedicine as anti-viral agent were note-worthy. The use of herbs and spices
towards fighting SARS-CoV-2 infection is quite encouraging around the countries,
including China, Japan, Korea, Algeria, are inspiring [8, 9, 84, 85]. After the
outbreak of SARS-CoV-1 (2003) and MERS-CoV in 2015, researchers have been
attempting to explore different anti-viral extracts and Phytomolecules against SARS-
CoV. This information had guided a group of researchers to identify more than
200 medicinal plants & spices for their anti-viral properties against this SARS-CoV-
2 strain [86]. The dose-dependent anti-viral response of these extracts and lead
Phytomolecules were significant, depending on the requirement, the screened-out
extracts were ranging from low to high concentrations [86]. However, selection of
appropriate extract, fraction, and lead phytomarker compounds is very important to
tackle the covid-19 infection in the right dose and the right time of onset of infection
with standardized phytopharmaceuticals. The treatment modality of covid-19 could
be fixed based on the severity of the infection and its subsequent phase of the
symptoms. On the basis of different degrees of severity and the respective symptoms
of Covid-19, phytopharmaceuticals can be applied based on its pharmacological
property as depicted in Table 20.1.

20.3.1 Anti-viral Medicinal Plants and Its Phytopharmaceuticals

Traditional ethnic Phyto molecules, bio-active extracts, and bioactivity guided
fraction demonstrated very promising viricidal or blocking of host-virus interaction
in the respiratory viral infection particularly in influenza, SARS, and MERS corona-
virus as suggested by earlier study. Especially, L. radiata displayed the most potent
anti-viral activity against the virus strain [76, 94]. These data were as per the two
other research teams, who validated that an active compound of liquorice roots, i.e.,
glycyrrhizin, conferred an anti-SARS-CoV effect by stopping viral replication [95].
In another study, glycyrrhizin (Glycyrrhiza glabra, Fabaceae family) also exhibited
anti-viral property when tested for its in vitro anti-viral activity on ten different
clinical strains of SARS-CoV. Baicalin, a constituent of the plant Baikal skullcap
(Scutellariabaicalensis), has been demonstrated encouraging anti-viral potential
against SARS-CoV. So far, the in vitro results of Baicalin could not relate with
in vivo clinical efficacy. As the oral bioavailability was not satisfactory as expected.
Lycorine, an Amaryllidaceae alkaloid, has also confirmed a powerful anti-viral effect
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against SARS-CoV. Several previous investigations suggest that lycorine seems to
have broad anti-viral properties and has been reported to have an inhibitory action on
the Herpes simplex virus (HSV, type I) [96] and Poliomyelitis virus [97]. Other
traditional herbs and plants possessing anti-viral properties against SARS-CoV,
Influenza, and MERS are Japanese honeysuckle (Lonicera japonica), the commonly
known Eucalyptus tree, and Korean ginseng (Panax ginseng) the last one through its
active secondary metabolite, ginsenoside-Rb1. Sinigrin and Hesperidin have
demonstrated impressive anti-viral property against SARS-COV-1 and MERS-
COV, as well. Berberine, Quercetin, hypericin, rutin, isoquercetin, Epigallocatechin
3-gallate, Silymarin, Bromhexine, Coumarins, Gingerols, Curcumin are the potential
leads derived from various traditional herbs and spices, showed very outstanding
anti-viral efficacy against respiratory viral infection caused by Influenza virus
(Yang et al., 2020) [65].

20.3.2 Anti-inflammatory Herbal Leads for Management
of Moderate and Acute Symptomatic Covid-19 Patient

Anti-inflammatory treatment seems to be effective in immuno-regulation for
controlling viral infections mediated cytokine storm induced by SARS-Cov-2.
This inflammatory disorder has been created in some individuals due to immune
dysregulations and aberrant immune response in connection to cellular viral infec-
tion and replication [38–40]. An excessive immune response may cause inflamma-
tory disorders followed by organ damage and immune disorders, even life-risk for
the patient. In those cases, moderate viral infection may induce severe and acute
stages of viral infection [98, 99]. It is needless to say that viral diseases, patients
infected with COVID-19 showed inflammatory responses possessing significant
levels of plasma cytokines and leucocytes in response to the JAK-STAT pathway
[100] that led to the activation of CD4+ T cells, responsible for inflammation
[101, 102]. Therefore, strong and potential anti-inflammatory agents significantly
may handle such inflammatory disorders by suppressing the inflammatory cytokine
upregulation and storm. This approach may reduce the hospitalization time and
recovery time of the covid-19 patient. Severe Covid-19 patients have levels of
pro-inflammatory cytokines such as IL-10, IL-2, IL-7, MCP-1, G-CSF, MIP-1A,
and TNF-α [103]. It is well reported that aromatic herbs and medicinal plants are the
bio-resources and factory for the production of several anti-inflammatory and
immune-suppressants secondary-metabolites such as steroids, terpenoids,
flavonoids, coumarins, and plant lignans that could be explored to check and control
the inflammatory crises of covid-19 patients in response to viral replication
[104]. However, pre-clinical and clinical trials need to be undertaken for the evalua-
tion of the safety and efficacy of such polyherbal formulation and lead
phytopharmaceuticals [99].
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20.3.3 Anti-coagulant Phytopharmaceuticals for COVID-19
Treatment

Patients infected with SARS-CoV-2 who manifest severe disease syndrome have
induced a high degree of coagulopathy. It is well reported that poor clinical
outcomes can be possible in the context of the extent of the coagulopathy
[105]. Even mild covid-19 patient suffers severe ventricular thrombus with
pre-existing dilatated cardiomyopathy. In contrast, anti-coagulant treatment recovers
the severity of the illness very quickly and improves the mortality of the covid-19
[106]. In view of such perspective, it could be inferred that medicinal plants and
spices derived Phyto-lead compounds could be explored as significant antiplatelet
and anti-coagulant agents [107, 108] for the management of few severe cases of
pulmonary coagulopathy and blood clotting complications triggered by covid-19
[99]. Because, in order to prevent thromboembolic manifestations associated with
the moderate to acute covid-19, prophylactic antithrombotic medications are fruitful
and beneficial during the acute stages. Herbs and spices derived phytoconstituents
like Cinnamaldehyde and Cinnamophilin have been found to be an anticoagulative,
thromboxane A2 receptor antagonist, anti-atherosclerotic agents. They can prevent
unprecedented clumping of platelet and atherosclerotic cardiac disorders due to
blood coagulation in the covid-19 patient. So, these types of marker compounds
enriched phytoformulation can be highlighted to reduce inflammatory and throm-
botic complications in COVID-19 patients subjected to in-depth clinical research
[109, 110].

20.3.4 Recovered Covid-19 Patient Management via
Phytopharmaceuticals

Management of recovered patient from 2019-nCoV infection to avoid the post-
infective health complications like vasculitis, carditis, glaucoma in the eye is quite
needful and mandatory. In order to achieve this goal follow-up checks, health
monitoring, and rehabilitation, medicine management particularly with
phytopharmaceutical and 14 days home quarantine are required by following the
general protocol to give the better life of the Covid-19 recovered patients. This
approach should be adopted to the patients being discharged from hospital with acute
and subacute viral infection-related complications.

Vasculitis has been reported frequently to the recovered patients after returning
from Hospitals, which needs to be carefully handled by the therapeutic approaches of
medicine. Particularly traditional plants derived phytotherapy could be the
promising option to alleviate and control the vasculitis [111–113].

Only 10.8% of the patients have no post-covid-19 complications, while a large
proportion of subjects affected by several symptoms and diseases. The most com-
mon reported symptoms were fatigue (72.8%), more severe displays like stroke,
renal failure, myocarditis, and pulmonary fibrosis. There was an association between
the presence of other pre-existing comorbidities and severity of the disease. Also, the
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severity of COVID-19 was related to the severity of post-COVID-19 manifestations.
So, recovered COVID-19 must undergo long-term monitoring for evaluation and
treatment is highly appreciated with herbal therapy [90] based on the symptoms and
conditions that might be precipitated with the new coronavirus infection
[114]. Potential anti-oxidant and anti-inflammatory possessing herbs could be the
best choice for the treatment of such post-covid-19 recovered health difficulties.

20.4 Better Management of Covid-19 Patient via Advanced
Nano Formulation-Based Drug Delivery of Active
Phytopharmaceuticals

Viral infection has always proven to be the leading cause of wide spread infections
and deaths worldwide and has resulted in significant economic losses. Treatment
approaches mainly rely on vaccination and therapeutics. It is based on targeting
critical processes in the virus life cycle. However, many viruses are often becoming
drug-resistant, which requires additional resources for the development of new drugs
and designing novel site-specific targeted drug delivery system.

Research in the field of phytopharmaceutical based formulation technology for
the development of noval trends in this field is the need of the hour. Academicians
are expected to play a vital role in developing new phyto medicines from varied
diversity of flora and fauna across the globe. It necessitates us to catch up fast to the
new technologies in modern pharmaceutical technology era and explore their tre-
mendous scope in phytochemistry. It is high time to work together!

20.4.1 Implification of Nanosuspension via Nasal Inhaler

Nanosuspensions are biphasic colloidal dispersions in which the drug particle is
dispersed uniformly throughout the dispersion medium commonly a solvent. They
are stabilized using surfactants, polymers, other excipients and are prepared by
suitable methods. The size of the finely size reduced drug particles is below 1μm.
They find varied applications in designing novel formulations to be delivered by
various routes of administration like oral, transdermal, injectable, ophthalmic, and
pulmonary [115].

Nanosuspension based inhalers offer potential applications in minimizing many
problems associated with microparticulate suspension type aerosols in pulmonary
drug delivery [34]. Limited diffusion and dissolution in alveolar fluids along with
rapid clearance due to short residence time are the problems associated with these
suspensions. This is attributed to the agglomeration and aggregation of particles
which results in the deposition of particles in the pharynx and upper respiratory tract
along with the ciliary movement of particles [116].

In case of nanosuspension based inhalers, the nano-size range of particles results
in quick onset of action due to fast diffusion and also dissolution in alveolar fluids
owing to their large surface area which increases affinity with mucosal surface.
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Further, it can prolong the residence time of the drug in target site resulting in
sustained release and reduction in dosing frequency.

The nanosuspension inhalers, unlike microparticulate inhalational aerosols, pos-
sess unique physicochemical properties like uniform and narrow particle size distri-
bution characteristics of nanoparticles which will prevent them from uneven
distribution of a drug in pulmonary drug delivery [117]. Moreover, the physical
instability of nanosuspensions owing to their liquid state can be minimized by
converting them to solid-state oral and inhalable dosage forms. Spray drying and
freeze-drying technique can be used for their solidification purpose to convert them
to dry state. Spray drying technique improves the porosity of nanoparticles, whereas
the freeze-drying technique can be utilized for solidification of thermolabile drug
candidates. Further, dispersibility of dry powder formulation is essential for its
functionality in oral and pulmonary clinical implications [118].

Dry Powder Inhalers (DPIs)
DPIs are specially designed devices which are used to deliver dry powders in
aerosolized form. Dry powder formulations have more excellent physicochemical
stability than liquid formulations. Their performance, effectiveness, and efficiency
depend on formulation characteristics and designing of the device [119]. For aero-
solization of a drug in dry powder state single particles are deagglomerated using
external force which is possible via impaction between particle-particle or between
particles and device or particles and shearing force exerted by airflow and thus
achieve respirable fraction. Clickhaler, Multi-haler, and Diskus are commercially
available DPIs which deaggumerates the dry powders via impact between particles
and airflow shear whereas other devices like Turbuhaler and Spinhaler
deagglomerate the dry powders via impact between particles and surface of the
device [120, 121].

Pressurized Metered-Dose Inhalers (pMDIs)
pMDIs, the most popular category of the inhaler device used commonly in case of
respiratory diseases like chronic obstructive pulmonary disease and asthma and thus
may be a suitable choice of device for COVID-19 19 pandemics. These devices
generally consist of a mouthpiece, actuator, and a metering cup in the aerosol valve
assembly [122]. The metering cup can deliver 20–100μL of product each time the
valve seat is pressed.

20.4.2 Drug Delivery via Nebulizer with Active Medicament

The inhaler is different from nebulizer in the ease of use. A nebulizer can directly
deliver the medicament into the lungs and requires the patient’s cooperation. There-
fore, they are suitable drug delivery device for pediatric, geriatric ventilated and
unconscious patients or those who are unable to use pressurized metered-dose
inhalers (pMDIs) and DPIs [123]. Another drawback for the users is that they
need to be assembled, loaded with medication and de-assembled before and after
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each use. They have to be cleaned before reuse [124]. All these procedures may be
challenging to follow for an untrained person.

Nebulizers are basically of two types, namely jet and ultrasonic nebulizers. They
differ in force required to dispense the aerosol product onto the site of application.
Nebulizers generate 1–5μm size particles depending on the make and model.

In case of jet nebulizer type device, when the valve seat is pressed the fluid
pressure inside decreases as the product concentrate passes through the narrow
cross-sectional area of the capillary tube with high velocity under reduced pressure
which is based on Venturi’s principle. In designing of such nebulizers, multiple
baffles are suitably placed in the aerosol valve assembly. These baffles help in
reducing the velocity and breakdown of the larger droplet into finer droplets on
the impact of product concentrate with them [125]. This reduces the possibility of
impaction of the product concentrate on the oropharyngeal region of the patient.

In case of ultrasonic nebulizer type device, the high-frequency piezoelectric
crystals vibrate at high frequency due to the ultrasonic waves which are responsible
for the breakdown of larger droplets of product concentrate into finer droplets.
Compared to the jet nebulizer, ultrasonic nebulizers are costly and have a demerit
of not suitable devices for heat sensitive and thermolabile substances [126].

For proper, accurate and reproducible product delivery through these nebulizer
devices, the following process variables must be optimized

1. Fill volume of the product concentrate to be loaded in the device.
2. The viscosity of the formulated product concentrates.
3. Airflow rate and pressure in case of jet nebulizers.
4. Components of the nebulizer valve assembly.

Recent advancement in nebulizer technology is summarized in Table 20.2.

Table 20.2 Novel technology marketed nebulizers

Nebulizer Type References

Aero Eclipse II, BAN Breath nebulizer Davies et al. [125], Sabato et al.
[126]

Micro Air NE-U22 Vibrating nebulizer Najlah et al. [127]

AKITA, APIXNEB Vibrating nebulizer Zhou et al. [128]

CompAIR, NEC-C801 Jet nebulizer Luisetti et al. [129, 130]

PARI LC Plus Breath enhanced jet nebulizer www.omron-healthcare.com;
Govoni et al. [131]

I-neb ADD system Vibrating nebulizer with
metered chamber

Hodson et al. [132], Geller and
Kesser [133]
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20.4.3 Oral Lozenges of Phytometabolites for Prophylaxis
and Treatment

As we are aware that till date, there is no drug or vaccine in the market to treat SARS-
CoV-2, although various pre-clinical and clinical trials are going on worldwide.
Currently, anti-retroviral drugs like redeliver, lopinavir, ritonavir, oseltamivir, and
alternative approaches from traditional medicine have been reported [38–40, 102,
134, 135]. Treatment is based mainly on symptom-based therapies [134, 135]. The
concept of drug repurposing came into the spotlight for several reasons [136]. The
systematic approach for drug development is, however, much broader in a sense that
natural products from medicinal plants and marine compounds, phytochemicals
represent a broad chemical basis for drug development. Hence, chemical scaffolds
from natural sources are indispensable for drug development.

Lozenges are solid unit dosage form intended to be sucked in the oral cavity to
release the medicament for a prolonged time period in local site of action by
producing local or systemic effect and thereby maybe a right choice of drug delivery
designing for treatment in COVID-19 pandemic. They are generally flavored dosage
form and may be medicated or unmedicated. However, if medicated and prepared
with active phytometabolites may result in constant level of active drug in the oral
cavity, oropharynx, and throat tissues. Lozenges are excellent alternative for drug
delivery for those patients who face difficulty in swallowing the intact tablet or
capsule-like in case of a pediatric or geriatric group of patients. Drugs incorporated
in lozenges include analgesics, anaesthetics, antiseptics, antitussives, antimicrobials,
astringents, decongestants, demulcents, and corticosteroids, Lozenges may be
compounded with single or multiple ingredients depending on the patient’s needs.
Sore throats and other irritations in mouth and pharynx are common ailments that
can cause pain and discomfort in patients [137, 138].

Advantages of Lozenge [139, 140]
1. They avoid first-pass metabolism.
2. They offer increased bioavailability.
3. They may be used for designing local as well as systemic drug delivery.
4. They are a suitable alternative of dosage form for patient groups with difficulty in

swallowing intact dosage form.
5. They release medicament slowly over a prolonged period of time.
6. They provide distribution of drugs in the oral cavity and pharynx.
7. They are easy to manufacture and store.

20.4.4 3D Printing Tablets of Phytocompounds for Covid-19
Management

Three-dimensional printing is a fast-growing technology that is designed on concept
of additive manufacturing in the field of both biomedical as well as pharmaceutical
[141–145]). 3D printing has currently become attractive to scientists that currently
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are limited to producing fixed-dose tablets with fewer possibilities of personalization
[146–150]. Small batch size or even a unit dose manufacturing utilizing 3D printing
is considered to be a cost-effective method [135, 142, 151].

Various 3D printers like polylactic acid, acrylonitrile butadiene styrene, and
polycaprolactone have shown promising characteristic features for designing 3D
printed dosage forms [150, 152, 153]. Therefore, it is the need of the hour to move
towards studying polymers with potential for 3D printing of oral dosage forms.

3D printed tablets contain active drugs that are prepared by 3D printing technique
which can deliver drugs safely and effectively in a customized manner to patients.
Drugs contained in 3D printed tablets have a unitary porous structure because of
which when orally administered, they tend to settle in the oral cavity. Thus, these
tablets rule out the requirement of these tablets to be swallowed orally and minimize
the dose requirement by producing a therapeutic effect in the site of administration
over a prolonged period of time. It aids the manufacturers to easily customize the
size, shape, appearance, and rate of release of wide array of medicines. Thus, these
drugs can be personalized as per patient requirements [154].

3D printing technique has vast growth potential in the market as they offer
manufacturers with ample scope in research and development activities and oppor-
tunity to personalize medicines. They also provide an exciting opportunity in
improving patient care and may be sought for drug delivery in COVID-19 19 pan-
demic because of their excellent properties. Recently research has highlighted that
>50% of consumers have expressed their interest in using customized medicines and
experts forecast a scaffold increase in their market size by next 5–7 years. Moreover,
after the Precision Medicine’s initiative was published in the USA in 2015, various
research organizations are working for the development of more and more tailored
treatment options to make medicines safer and more useful than ever before.

20.5 Conclusion

In view of the current context of covid-19 pandemic around the globe and its
corresponding panic created among the community people, we have discussed
thoroughly different aspects of these highly contagious viral diseases in the above-
mentioned different segments of the chapter. It has been concluded that covid-19
caused by the newly natural originated zoonotic strain have paralyzed the standard
lifestyle of the community people of 215 countries and its associated territory. Our
reviewed discussion could be suggested that early diagnosis of the SARS-CoV-
2 may resolve the issue of fatality subjected to appropriate therapy with suitable
active, safe, and effective potential anti-viral lead molecule. The treatment modality
could be improved by applying phytopharmaceutical formulation loaded with
potential Phyto-extract or phytometabolites subjected to pre-clinical and clinical
validation with enhanced stability. Formulation can be developed with achievable
success and novel strategy of inhaler, nebulizer, oral lozenges, and 3D printing tablet
formulation. This approach could reduce the stability and other pharmacokinetic
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issues associated with the Phytocompounds and mediate the target-oriented drug
delivery with safe and reduced dose of the active phyto-medicament.

Moreover, the nature and phytopharmacological properties of phytocompounds
should be considered during the Phyto formulation development against the SARS-
COV-2 infection based on the clinical pathophysiological pre-existing complications
and comorbidities of the affected syndromes for successful treatment modality
developments for effective therapeutic management of covid-19, as explained in
Table 20.1.
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Abstract

The occurrence of coronavirus disease (COVID-19) pandemic is a global health
crisis that has affected several parts of the globe. Therefore, there is an urgent
need to search for a natural alternative to several synthetic drugs which have
several side effects such as high level of resistance, higher toxicity, and high cost
of producing them. Most of the people dwelling in the developing country are
also affected with these challenges, most especially people in the rural area who
could not afford the high cost of drugs for the management of this COVID-19.
The application of medicinal plants has been recognized as a natural bioresource
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that could be applied for the management of COVID-19. Hence, this chapter
intends to provide a detailed information on ancient and current literature on the
antiviral activity of herbs on coronavirus. This will encourage the practice of
using herbs medicines for the prevention and treatment of COVID-19 because at
present there is no effective treatment for this infectious and deadly disease. This
literature review might provide ideas for further researches on drug discovery and
complementary treatment approach.

Relevant information on different types of techniques that could be utilized for
targeting the SARS-CoV-2 novel corona (COVID-19) virus as well as specific
examples medicinal plants that could be applied for the treatment of (COVID-19)
virus were provided. Detailed information on some specific phytochemicals that
serve as anti-COVID-19 was also highlighted. Also, adequate information on the
application of bioinformatics and computation techniques which could enhance
the biological activities of medicinal plants and their modes of action against
(COVID-19) virus were provided.

Keywords

Medicinal plants · Phytochemicals · Coronavirus · Bioinformatics · Computation
techniques · Antiviral activity

21.1 Introduction

The incidence of coronavirus outbreak in December 2019, called SARS-CoV-
2 started in Wuhan, China. In the past this was a lethal endemic virus that resulted
to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and middle east
respiratory syndrome (MERS) disease [1]. This virus was isolated in January, 2020,
from patients with pneumonia [2] and was named Coronavirus disease 2019
(COVID-19) in February, 2020 [3]. Globally, almost �31,499,146 cases of
COVID-19 have been confirmed as of September 2020, and more than 969,585
deaths, has been documented by the WHO [4].

SARS-CoV-2 is a member of the Nidovirales order of the coronaviridae family. It
is a single-stranded RNA that is enveloped [5]. Reports showed that angiotensin-
converting enzyme 2 (ACE 2) is an important receptor for SARS-CoV-2 which
allows its binding using the spike proteins to host cells [6]. This results in confor-
mational changes of the C-terminal S2 subunit of the spike proteins which ultimately
leads to viral entry into the host cell [7, 8] .

Currently, no effective treatment has been approved for this virus [9]. The
researchers and clinicians are opting complementary treatment approaches to combat
this disease [10]. Since ancient time herbs have been used as a source of healing for
different ailments including infectious diseases [11]. Efforts are currently been made
to produce vaccines. However, certain drugs are being developed, while some are
currently in different phases of clinical trial. The clinical efficacy of these drugs is
uncertain [12].
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Herbal medicine is currently being explored due to its success in the management
of other viral infections. Phytocompounds that target and block ACE 2 receptor not
necessarily inhibiting the enzyme activity could help in the management of SARS-
CoV-2. This will go a long way in inhibiting viral entry into host cells [6]. Examples
of such promising medicinal plants are Onopordum acanthium, Crataegus
laevigata, Quercus infectoria, Berberis integerrima Bunge, which have been
reported to inhibit ACE. This is consequent on the high concentration of phenolic
compounds which exhibit antioxidant properties. Viral infection co-occurs with
oxidative stress which enhances its replication. Furthermore, plant species of
Magnoliaceae, Oleaceae, Labiatae, Lauraceae, Polygonaceae, Nelumbonaceae
were also found to hinder the binding of SARS-CoV S protein to ACE. This was
ascribed to high concentration of emodin [13].

Emerging information also shows that some phytochemicals target the type
2 transmembrane serine-proteinase serine type 2 RSS2 (TMPRSS2). There are
evidences that SAR-CoV-2 also uses TMPRSS2 to gain entry into the host cell
[8, 14]. Therefore, it is believed that natural products able to repress the expression
of TMPRSS2 indicate effective treatment of SARS-CoV-2 [15]. For instance,
Kaempferol significantly inactivated TMPRSS2 expression [16].

Furthermore, a blend of luteolin, quercetin, and kaempferol have been established
to portends that capacity to also inhibit TMPRSS 2 in another study [17]. Papain-like
proteinase (PLPro) is a protein coded by SARS-CoV-2 genome. It plays an impor-
tant role in viral replication. Also, it was reported to act against host’s innate
immunity [6]. It is believed that natural products will be better alternatives to
synthetic drugs designed to inhibit PLPro. Examples of these natural compounds
include Terrestrimine, N-trans-Caffeoyltyramine, N-trans-Feruloyltyramine,
N-trans-Coumaroyltyramine, and Terrestriamide, Cinnamic amides (N-trans-
Feruloyloctopamine,) extracted from Tribulus terrestris L fruits. Also, Cullen
corylifolium (L) Medik which is rich in flavonoids has been recounted to impede
SARS-CoV-2 while flavonoids obtained from Paulownia tomentosa (Thunb) Steud
also showed inhibitory effects on SARS-CoV-2.

Some medicinal plants have been found to target chymotrypsin-like protease
(3CL PRO). Chymotrypsin-like protease is significant in the replication of SARS-
CoV-2, which makes it a probable target for anti-COVID-19 therapeutics. Examples
of such natural agents include alkylated chalcones and coumarins obtained from
Angelica keiskei (Miq) Koidz. Phlorotannins extracted from Ecklonia cava also
showed considerable inhibitory effects on SARS-CoV-2 3CL PRO. Additionally
flavonoids from different sources are promising in this regard.

In this review, we aim to discuss the pathophysiology and antiviral activity of
herbs on SARS-CoV-2. Also, information on bioinformatics and computation
techniques could be applied to enhance medicinal activities of medicinal plants
and modes of action of medicinal plants against (COVID-19) virus.
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21.2 Pathophysiology

It has been discovered that proper insight and adequate understanding about the viral
lifecycle will help in recognizing the possible drug targets. SARS-CoV-2 is
RNA-enveloped and single stranded [18]. Binding of the viral spike glycoprotein
to the host receptor is a crucial step for the entry of coronavirus. Hence, for effective
antiviral treatment the entry into the host must be inhibited [19, 20].

Studies have shown that the cells of arteries, heart, intestine, kidney, and lungs in
the host have ACE-2 which is available on the surface and is used by coronaviruses
for entering the host cell. Boosting the innate and adaptive immune systems is very
important against SARS-CoV [21]. Therefore, herbs that improve the immune
system can also perform a vital function in the prevention and management of
coronavirus symptom.

21.3 Different Types of Techniques That Could Be Utilized
for Targeting the SARS-CoV-2 Novel Corona
(COVID-19) Virus

Caruana et al. [22] reported that diagnostic tools are a key in the fight against
COVID-19 pandemic. It has been suggested that for accurate and rapid diagnosis
real time-PCR for RNA viruses is recommended so as to give direction to manage-
ment procedures, patients care, and epidemiological approaches. The authors
suggested that more research are needed to elucidate the relevance of serological
diagnosis, prognosis, and response, thus they evaluated the utilization of diagnostic
tests for proper guidance. Ramesh et al. [23] showed that coronavirus disease has
been declared by the World Health Organization as a global health pandemic. The
virus has spread to numerous countries across the world and having the infection will
require rapid detection, development of vaccines, and isolation of the infected
individuals. There are several methods available for rapid detection and diagnosis
of infected individuals, many have different limitations such as speed or accuracy.
Thus a swift and accurate diagnostic technique is required to curtail the spread of the
coronavirus disease. Recently, there has been a surge in the development of alterna-
tive rapid diagnostic platforms or methods for coronavirus disease such as nano-
sensor based technology, next-generation sequencing, computed tomography scan,
loop-mediated isothermal amplification, and point of care testing.

Next-generation sequencing (NGS) is a high-throughput sequencing technology
that can be exploited for the evaluation of viral genomic sequence of any length. This
technology offers a large scale benefits such as detection of infection, diseases,
monitoring of outbreaks, due to high level of traceability and precision in a surveil-
lance routine test. This technique incorporates bioinformatics tools to analyze viral
parthenogenesis, phylogenetic, or metagenomics for recombinant or mutated
genome. The utilization of this technology for routine laboratory diagnostic
procedures is limited due to high cost of equipment. Another technology with high
level of sensitivity during diagnostic protocol is the computed tomography scan
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recommended by many scientists for the determination of coronavirus disease.
Studies have revealed that computed tomography scan results for COVID-19 give
bilateral multi-lobar ground-glass opacities in the posterior and peripheral areas,
thickened lobular septa, alveolar filling. Studies have shown that computed tomog-
raphy scan is more reliable, sensitive, and accurate than real time-qPCR at early
stage. They also noted that part of the shortcomings is that computed tomography
scan is only for indicative and not confirmatory tool, hysteresis of the abnormal
computed tomography imaging plus inability to distinguish different virus and
non-viral infections.

Loop-mediated isothermal amplification is another powerful tool that could be
applied in the diagnostic protocol for coronavirus disease through molecular ampli-
fication of viral genomic material with very high accuracy, efficiency, and with a
short period of time. Loop-mediated isothermal amplification is easy to operate
providing sensitive, specific, and reliable results with single constant temperature
during operation as compared to other techniques requiring thermocycler to perform.

Another technique is the advanced point of care testing usually performed at the
patient’s bedside. The device can detect different diseases with low cost, user-
friendly way to operate incorporating biosensors for quick detection and diagnosis.
Biosensor is an integrated analytical device made up of transducer, signal detector
plus bioreceptor, thus when the analyte gets in contact with the bioreceptor, a signal
is generated and transmitted through the transducer, amplified, processed by circuit
detector and then displayed. Different approaches are utilized in rapid diagnosis by
biosensors like PCR sequences, enzyme-linked immunosorbent assay, gel electro-
phoresis, radioactive labeling, fluorescent, nanomaterials (nano-sensor) embedded
for signal amplification with nanoscale virus analytes. The high specificity, selectiv-
ity, and sensitivity for COVID-19 nano-sensor make this technique a powerful
approach in detecting and rapid diagnosis of viral infestation. The biosensor can
pick nanoscale biomolecules such as membrane protein, toxins, amino acids,
immunoglobulins, growth factors, cytokines, coupling agents, intact cells, ionic
metals, plus other small molecules for possible amplification.

Roujian et al. [24] reported that viral pneumonia due to novel coronavirus has
been revealed to wreck serious havoc across the world resulting into high rate of
mortality through human-to-human transmission. The authors analyzed broncho-
alveolar lavage fluid from infected patients in Wuhan, China utilizing Sanger next-
generation sequencing, rapid amplification of viral cDNA ends was obtained and
subsequent phylogenetic evaluation was carried out, thus the findings revealed that
the ten viral genome sequences obtained from different patients gave similar results
with 99�98% similarity index derived from bat origin bat-SL-CoVZXC21 and
bat-SL-CoVZC45. Ahmad et al. [25] revealed that COVID-19 emergence has
demanded a rapid diagnostic approach for quick detection, prevention, or treatment
strategy due to the active nature. Thus, the authors suggested that in the absence of
rapid diagnostic kits such as RT-PCR, computed tomography scan may be used but
the clinical impacts of ionizing radiation should be analyzed.

Ali et al. [26, 27] reported that coronavirus disease has caused catastrophic turn
on human health all over the world with symptoms like pneumonia, dyspnea,
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thrombocytopenia fever, subsequent death, and asthenia. The authors revealed that
the virus has wide range of genome of about 26–32 kb in length and thus more rapid
and diagnostic technique will be needed to facilitate appropriate control measures.
Up till date, there has been no single drug, vaccine, or antibodies proven to be
effective against the virus, therefore many molecular biology laboratory tests are
being utilized to analyze the pathophysiology of the virus isothermal loop-mediated
amplification of coronavirus, real time-PCR, next-generation sequencing,
microarray-based assays plus multiplex nucleic acid amplification. They analyzed
how these technologies have been utilized to evaluate the basic molecular organiza-
tion, vaccine design, diagnosis, phylogenetic analysis of SARS-CoV-2.

Beatriz et al. [28] established that epidemiological and clinical presentation
together with the history of a patient determines the diagnosis of COVID-19.
Therefore, the standard diagnostic protocol is by amplification of the viral nucleic
acids using quantitative reverse-transcription polymerase chain reaction. The authors
also described other techniques aside quantitative reverse-transcription polymerase
chain reaction such as rapid test (immunochromatographic tests), lateral flow immu-
noassay, and ELISA assays through the utilization of the patient’s biological
samples like serum, whole blood, or plasma. They exhibited that SARS-CoV-
2 protein in these procedures reacts with antibody resulting into antigen–antibody
complex formation. The authors concluded that immunochromatographic test is a
rapid diagnostic procedure, which is highly specific and sensitive for biological
samples. This technique is very suitable for large samples, user-friendly, for easy
monitoring and screening of COVID-19.

Arghavan et al. [29] demonstrated that coronavirus is made up of positive single-
stranded ss (+) RNA that interact with human angiotensin-converting enzyme II
receptor. Thus, identifying important structural protein for viral pathogenesis and
route of extension by utilizing molecular biology techniques will help to design
vaccines and antiviral drugs against these coronavirus infections. The authors
described the use of chest computerized tomography scan as only a complementary
method to other molecular test for pulmonary imaging variations analysis as a
radiological technique in the coronavirus infection like bronchial wall thickening,
centrilobular nodules, vascular enlargement, traction bronchiectasis, architectural
distortion, subpleural bands.

Ho et al. [30] reported that early identification and diagnosis of coronavirus
through the utilization of molecular tools are very key in control and surveillance
system during outbreak. The authors in their study were able to establish a simple
procedure to diagnose coronavirus by identifying the conserved regions of the E
gene, RdRP gene, AluI, Tsp45I, and restrictive enzymes EcoRI. From their findings,
it was observed that 345 bp fragment of the E gene plus 396 bp fragment of the RdRp
gene was amplified using the one-step real time-PCR, gel electrophoresis technique,
sequencing plus phylogenetic analysis. They concluded that this simple assay using
one-step real time-PCR could help in differentiating SARS-CoV and SARS-CoV-2.

Rekha et al. [31] reported that the discovery of coronavirus based on its RNA is
premised upon proper design and development of diagnostics methods directed
towards many part of coronavirus structure utilizing PCR based diagnostic system,
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microarray, and antibody. The authors demonstrated that CRISPR technology is a
cheap, reliable, and sensitive technique for testing and evaluating coronavirus
infection. They emphasized that testing is a key stratagem in monitoring the scourge
of COVID-19 pandemic in public health monitoring. Most of the detection
techniques for SARS-CoV-2 utilize nasopharyngeal samples but other novel
techniques may require blood and oral samples due to higher reproducibility,
reliability, and sensitivity. Loop-mediated isothermal amplification technology
requires minimum reagents and resources may be of advantage for testing capacities
in laboratories.

Rekha et al. [31] suggested that very soon more advanced technology will emerge
that will be able to investigate the physiology of coronavirus with host of biological
enzymes and pathways beyond just detection. Artificial intelligence, real time
NASBA, rolling circle amplification, smart phones are few of the emerging
technologies that can be utilized to optimize and pursue therapeutic development
against COVID-19.

Corman et al. [32] reported that the emergence and rapid spread of SARS-CoV-
2 has increased the testing capacities of many isolation centers for routine diagnosis.
The utilization of PCR based detection, a molecular biology technique has enabled
scientists to study viral gene expression through RNA isolation, cDNA synthesis,
PCR working mix of the buffer, dNTPs, primers of the target gene, Taq polymerase,
cDNA template plus SYBR green dye. The techniques use PCR machine for
incubation, fluorescence generated amplification so as to generate cycle threshold
values. Many scientists have also utilized other techniques such as reverse-
transcription loop-mediated isothermal amplification, metagenomic next-generation
sequencing, RT-insulated isothermal PCR, CRISPER-based assay plus one-step
rRT-PCR assay. These technologies are very unique, sensitive, specific for selective
specimen type, or time for the diagnosis of SARS-CoV-2 and other coronavirus
subtypes.

Nature [33] reported that antibody-based detection methods which are popularly
referred to as immunoglobulins are activated in the immune system by pathogenic
viruses. Coronavirus infection is known to generate antibodies which can be utilized
for molecular antibody-based tests utilizing lateral flow immunoassays, time-
resolved fluorescence immunoassay, electrochemical immunosensor, colloidal
gold immunoassay and ELISA novel technologies being developed for antibody
tests. These technologies are required to be cost-effectiveness, sophisticated
instruments, easy to handle, and rapid detection efficacy. Aptamer-based detection
method has been described as single-stranded small-sized artificial nucleotides,
which is beginning to attract massive attention as a result of its specific binding
through a systematic evolution of ligands by exponential enrichment technique of
target analytes. Also aptasensors can be utilized to analyze very minute quantities of
samples coupled with a low cost design, rapid detection period for economic benefits
in commercial diagnostic procedures.

Lu et al. [34] revealed that CRISPR-based approach has been utilized in many
biotechnological procedures mainly for genome editing. The technique has also been
adapted for the detection of SARS-CoV-2 utilizing Specific High Sensitivity
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Enzymatic Reporter UnLOCKing technique (SHERLOCK). This technique deploys
Cas13 and SHERLOCK detection protocol through isothermal amplification of
RNA sample, amplified viral RNA, and cleaved reporter production of distinct
band for visualization with paper dipstick. This technique is very sensitive, fast,
and very efficient for rapid detection of SARS-CoV-2. The authors suggested that
CRISPR/Cas13d approach can offer a potential treatment option for COVID-19.
Chu et al. [35] reported that molecularly imprinted polymer-based detection for
SARS-CoV-2 has been developed with different biosensor and bioassays for high
sensitivity, low cost, long-term stability, fast detection method. The authors
suggested that this technology is a fascinating sensitive method for small
biomolecules for diagnosis of different virus strains. This technology may also
incorporate nano-sensor or electrochemical-biosensor based multi-walled carbon
nanotubes for human serum samples.

Zhang et al. [36] revealed that gene microarray-based detection can be utilized for
diagnosis and detection of SARS-CoV-2 in two steps such as development of
specific probe plus generation of targeted cDNA fragments. Oligonucleotide
microarray samples may be produced from throat swab or gargling fluid from an
infected SARS-CoV-2 patient targeting six single nucleotide polymorphisms. This
technology is very useful for large sample size because it can detect higher number
of DNA fragments simultaneously. Singh et al. [37] wrote extensively on loop-
mediated isothermal amplification-based detection strategies for different viruses
including COVID-19. This technique at constant temperature amplifies quickly
DNA samples with high simplicity and specificity, hence economically viable.

21.4 Specific Examples of Medicinal Plants Utilized
for the Treatment of (COVID-19) Virus

Zhang et al. [38] recounted that Chinese medical herbs have been shown to be very
potent against many respiratory infections due to presence of numerous bioactive
molecules with strong biological activity, thus the authors suggested that these
Chinese medical herbs may be valuable in the management of novel coronavirus.
Molecular docking and pharmacological analysis were utilized to evaluate the
potency of these herbs against coronavirus like inflammation/ immune response.
Sujoy and Alakesh [39] revealed that SARS-CoV-2 has appeared as global pan-
demic due to high death recorded across the globe. Thus urgent attention is needed to
redeem the situation as the virus has developed a capacity to adapt to different
environment and rapidly spreading with significant number of individual coming
down with the infection needing already collapsed healthcare system. Hence, rapid
development of natural therapeutic agents could serve as alternatives approach to
synthetic drugs available in the management of infection due to COVID-19.

Paulin et al. [40] revealed that treatment options for the current world pandemic
due to novel COVID-19 like dexamethasone and remdesivir are very weak and
ineffective, thus the need for drug repurposing for COVID-19 infection continues.
The authors demonstrated that herbal medicines from different plant extracts derived
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from many low-income countries like Artemisia spp. derivatives are rich in bioactive
constituents with strong potent biological activity and thus could be utilized for drug
formulations. They emphasized that thorough analysis should be done to establish
the toxicity index, pharmacokinetics, safety, and efficacy of these plant extracts.
Yang et al. [10] reported that severe acute respiratory syndrome coronavirus 2 is
currently ravaging the world causing pneumonia. Currently, there are no specific
vaccine or anti-virus drugs for the treatment of the symptoms except for supportive
care. The authors noted that in China, many of the patients affected with SARS-
CoV-2 are being treated with traditional Chinese medicine, though the mechanisms
of action, biological features of the active constituents have not been characterized.

Srivastava et al. [41] revealed that lack of potent antiviral vaccines or drugs
against the dreadful COVID-19 has caused serious devastating scenario all over the
world. The authors suggested that identification of potent medicinal plant with
antiviral and immune boosting constituents would provide therapeutic support for
patients infected with the virus. The present synthetic drugs for COVID-19
infections such as hydroxychloroquine and dexamethasone have shown to generate
many side effects particularly in patients with low immune system. Again supple-
mentation with allopathic immune booster medicines may be costly, thus medicinal
plant and Ayurvedic product will provide the body with rich constituents without
any side effects. Mohamed and William [42] demonstrated that there are numerous
options for the handling of SARS-CoV-2 such as interferon therapies, small-
molecule drugs plus vaccines which may take time to develop, coupled with the
development of viral resistance, side effects, viral dormancy, and viral re-emergence
against many synthetic drugs currently in use. Thus medicinal plants with phyto-
chemical extracts like essential oils may provide rich source of biomolecules as
antiviral agents. The authors essentially focused on the mechanism of action
involved in the antiviral of these natural ingredients and the physiological
mechanisms against viral entry, assembly, replication, discharge, and virus-specific
receptor modulations.

Ilkay and Sezer [43] revealed that SARS-CoV-2 is a member of the
β-coronaviridiae family with the biggest RNA genome. Even though the antiviral
drugs utilized in the treatment of other respiratory viruses have been used, there is
still a wide gap in the treatment outcome. Many of these drugs have shown gross
inefficiency with several side effects, therefore a lot of attention is shifting towards
finding alternative solutions in medicinal plants and pure biomolecules isolated from
them reported to exhibit antiviral properties. Candidate drug development for
COVID-19 could be developed from these biomolecules such as polyphenols or
flavonoids (luteolin, quercetin, hesperetin, amentoflavone, psoralidin,
broussochalcone, terrestrimine, papyriflavonol A), alkaloids (tylophorine, lycorine,
7-methoxycryptopleurine, nummularine B, jubanine H), anthraquinones (emodin,
aloe-emodin), saponins (escinidin, glycyrrhizin), terpenes (betulinic acid, curcumin,
iguesterin, chrysanthemum in B), coumarins (xanthoangelol E, leptodactylone),
diarylheptanoids (hirsutenone), plus lectins (alstotide 1, UDA, APA, HHA), methyl
rosmarinate, myricitrin.
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Amir et al. [44] showed that at the moment, there are no known antiviral drug
effective against COVID-19 infection. Hence, the authors did a review on some
traditional medicine with promising effects against COVID-19. Generally, these
medicinal plants from India, China, Africa, and Iran have strong inhibitory effect
on viral replication, though the mechanisms remain unclear. Therefore, further
studies will be needed to be carried out on these medicinal plants to ascertain their
toxicity, dosage, biological activity, and concentrations.

Johnson et al. [45] reported that some of the clinical manifestations of COVID-19
infection include fever, cough, fatigue, shortness of breath, plus other complications.
Till today, there is no cure for this infection except for supportive or palliative care,
hence the need to search for alternative solutions. The authors carefully selected few
Nigeria based medicinal plants for possible pharmacological activity against
SARS-CoV-2. COVID-19 has been characterized by hyperinflammation, immuno-
suppression, hyper-cytokinemia, multi-organ failure, increased pulmonary vascular
permeability, suppression of angiotensin-converting enzyme 2, damage to the
alveoli, activation of c-Jun N-terminal kinase pathway.

Yuxi et al. [46] carried out a review on traditional Chinese herbal medicine
against COVID-19 infection and symptoms. They stated that due to the paucity of
effectively strong regimes, Chinese herbal medicines may be considered for possible
management and clinical trials against COVID-19. Nadeem [47] showed that the
pathophysiological conditions associated with COVID-19 cause high mortality rate.
The authors revealed that plant bioactive compounds of Alangium salvifolium were
evaluated for possible potential role as antiviral agents against virus entry into host
cell. Molecular docking and simulation was done utilizing bioinformatics tools.
From their findings, it was established that the bioactive compound from the plant
displayed strong binding affinity with trimeric viral spike glycoprotein thereby
showing modulatory inhibitory property against S-participated.

Mohammadi and Shaghaghi [48] revealed that plants with protease inhibitors
could be utilized as antiviral agents against COVID-19. The authors applied bioin-
formatics tools to study COVID-19 infection and the possible inhibitory role of
medicinal plants Secondary Metabolite. Molecular docking was done, revealing
curcumin as a strong protease inhibitor. Kwong et al. [49] demonstrated a method
of incorporating orthodox medicine with blend of Traditional Chinese Medicine like
San Ju Yin, Xie Bai San, plus Yin Qiao San against coronavirus disease. Shi-you
et al. [50] showed that many of the Chinese medicinal herb extracts have been
evaluated for possible antiviral activities against COVID-19. Lycoris radiates and its
active constituent (lycorine) has been identified as potent antiviral agents.

Benarba and Pandiella [6] demonstrated that presently the synthetic drugs for
supportive care for COVID-19 may not give the desired response against the virus,
thus traditional herbal medicines have been recommended for possible therapeutic
solution to the current pandemic. The authors revealed that these compounds may
show inhibitory effects against viral entry or replication. Some of these natural
herbal medicines have been reported to block serine protease TMPRRS2, ACE-2
receptor, papain-like or chymotrypsin-like proteases utilized by the virus to invade
the cells. Erdan et al. [51] revealed that traditional Chinese medicines have been
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reported to play an active role in fighting against coronavirus infections, thus the
authors evaluated many of the natural plants such as Qingfei Paidu decoction and
their active compounds like quercetin, kaempferol, luteolin, acacetin against
COVID-19. Ikpa et al. [52] revealed that the recent pandemic due to coronavirus
infecting ravaging the whole world calls for an immediate therapeutic drug develop-
ment against severe acute respiratory syndrome. The authors suggested that local
medicinal plants found across the entire Africa continent may offer possible benefi-
cial approaches towards curbing COVID-19 pandemic. Bioactive constituents from
these plants like Allium sativum, Zingiber officinale, Allium cepa, Echinacea,
Garcinia kola, Curcuma longa, Olea europaea, Aloe vera, Euphorbia hirta have
been shown to be able to inhibit viral replication thereby revealing potential drug
candidate against SARS-CoV-2.

Tanya and Ayush [53] revealed that herbal plants are less expensive and show
low level of side effects compared with synthetic drugs. Many of these plants are yet
to be elucidated for possible biological activity.

Sagar and Kumar [54] suggested that Tinospora cordifolia possesses strong
antiviral property against SARS-CoV-2 through inhibition of virus replication and
attachment. The authors tested the plants utilizing in silico tools against SARS-CoV-
2 receptors, surface glycoprotein, RNA-dependent RNA polymerase, viral protease.
They discovered that Berberine, Magnoflorine, Tinocordiside plus Isocolumbin
active biomolecules present in the plant showed strong binding capacity, thus
validating the plant as a potent candidate for the treatment of COVID-19 infection.

Laksmiani et al. [55] reported acute respiratory syndrome coronavirus 2, thus
they carried out a research with the aim to identify different natural active molecules
with inhibitory activity against COVID-19 through molecular docking targeting
protein in silico autodock 4.2 program. The active compounds such as naringenin,
apigenin, brazilein, catechin, brazilin, curcumin, hesperidin, gingerol,
andrographolide, luteolin, kaempferol, hesperetin, myricetin, quercetin, asiatic acid
were evaluated for target proteins from plants like Caesalpinia sappan L., and Citrus
sp. by blocking ACE2, RdRp, TMPRSS2, PLpro and 3CLpro to prevent viral entry,
advanced development, and replication.

Eman et al. [56] revealed that no vaccine or particular drug is known for the
management of coronavirus disease, thus the utilization of medicinal plants with
their constituents cyanidin 3-(600-malonylglucoside), rocymosin B, rutin,
verbascoside, caftaric acid, fenugreekine, luteolin 7-rutinoside, caffeic acid was
investigated against SARS-CoV-2 by targeting vital enzymes and proteins. The
authors carried out molecular docking on different virulent viral factors and enzymes
such as 3Clpro, RdRp, and PLpro and the modulatory properties of these
constituents. Several other plants like Glycyrrhiza glabra, Cichorium intybus, Hibis-
cus sabdariffa, Chrysanthemum coronarium, Anastatica hierochuntica, Nigella
sativa, Euphorbia species, Epilobium hirsutum, and Psidium guajava are also
investigated and reports showed that they contain potent biomolecules such as
isorhamnetin, quercetin, kaempferol, glycerrhizin, apigenin, ursolic acid, and
luteolin with multi-targets factors like IL2, PTGS2, IL1b, TNF and VCAM1, other
pathways like cytokine–cytokine receptor interaction, TNF signaling pathway,
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NOD-like receptor signaling pathway, JAK-STAT3 signaling, NF kappa B signaling
pathway, toll-like receptor signaling pathway. Many of these pathways are involved
in immune and inflammatory response initiated by the virus on the host cells during
SARS-CoV-2 infection, thus these pathways are regulated by these active
constituents in mitigating against SARS-CoV-2.

Mani et al. [57, 58] revealed that coronavirus disease-19 has created international
attention on ways to curb the spread of the virus through traditional medicinal plants
from India. Different varieties of medicinal plants have been evaluated to contain
many active biomolecules with potent ability to prevent pathogenic diseases like
coronavirus disease-19. The authors suggested that medicinal plants could be
incorporated in clinical products such as soaps, masks, and sanitizers which could
help to eliminate viral infection and enhance development of sustainable nature-
based medicine, expansion of vaccines, and economic growth. The physiological
characteristics of many of the Indian medicinal plants need further investigation for
possible candidate drug production for the control of COVID-19.

Yang et al. [10] reported that infectious pneumonia triggered by severe acute
respiratory syndrome coronavirus 2 may result into lethal and sudden death. At the
moment, there is no explicit drug operative for the management except for support-
ive care to ameliorate the condition. Advancement in Traditional Chinese Medicine
practice has opened up various avenues for disease management and treatment
through innovative biomolecule development for possible candidate drug formula-
tion against COVID-19 infection. Therefore, experimental studies must be done to
elucidate the novel mechanisms of action of many biomolecules with antiviral
property in these Traditional Chinese plants.

Huizhen et al. [59] established that the physiological manifestation of COVID-19
is wide, covering asymptomatic infection to severe viral pneumonia and death. They
revealed that Chinese medicine performs a significant function in the management of
diverse types of diseases, thus evaluation of their efficacy was investigated against
COVID-19. From their results, it was observed that Chinese medicinal plants
possess huge bioactive constituents with potent antiviral properties against
COVID-19.

Mohamad et al. [60] proposed that immune boosters derived from Chinese herbs
have offered tremendous benefits for treatment against coronaviruses by inhibiting
viral entry and modulating important enzymes. Many of these plants such as Artemi-
sia annua, Lindera aggregate, Lycoris radiate, Licorice root, Isatis indigotica,
Houttuynia cordata, Torreya nucifera, Pelargonium sidoides root, dandelion, and
many other decoction containing different kinds of herbal plants. The authors
suggested that the combination of synthetic medicines and traditional Chinese
medicines would produce better results but active constituents should be identified
to elucidate the biological mechanism of action and specific drug interactions. Studies
have also showed that biomolecules isolated from Houttuynia cordata, Radix astrag-
ali, Radix saposhnikoviae, Glycyrrhizae Radix Et Rhizoma, Pogostemonis Herba,
Radix platycodonis, Cyrtomium fortunei J. Sm., Perillae Folium, Glehniae Radix,
Rhizoma phragmitis, and many other in the treatment against COVID-10 are Betulinic
acid, Cryptotanshinone, Sugiol, Dihydrotanshinone I, quercetin, Kaempferol,
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Coumaroyltyramine, Dihomo-γ-linolenic acid, Lignan, rutin, Tanshinone IIa,
N-cis-feruloyltyramine, Betulinic acid, Moupinamide, and auercitrin are very effec-
tive against coronavirus infection.

Abidemi et al. [61] revealed that drug repurposing for COVID-19 is on the
increase across the globe with many scientists searching for alternative effective
therapy or vaccines from the diverse flora of traditional medicine in African to curb
the scourge of coronavirus disease infections. Further studies to identify and estab-
lish the mechanisms of actions of phytomedicines against COVID-19 need
explorations, development, plus chemical evaluation. Some of the suggested
mechanisms of actions include inhibition of SARS-CoV-2 fusion with human
cells, blockage of cell membrane-derived vesicles for transportation, reduction in
endosomes acidity, blockade of proinflammatory cytokines generation. The authors
concluded by recommending caution against indiscriminate utilization and con-
sumption of medicinal plants in the guise of managing COVID-19.

Prativa et al. [62] demonstrated that public health tragedies caused by infectious
diseases such as coronavirus could result into a major global socio-economic
devastation, many approaches have been suggested for vaccines and drug
formulations or designs. Traditional herbal medicines are currently being exploited
for immuno-modulating and antiviral activity against several infectious diseases
such as tuberculosis, influenza, COVID-19, and malaria, due to their high level of
accessibility, affordability, plus acceptability. Several countries in the developed
countries have been able to combine with their health sector the utilization of
traditional medicines to manage many infectious diseases.

Joshi et al. [63] reported that COVID-19 causes illness of the respiratory system
and since there are no effective drugs to eliminate the virus, the authors investigated
several phytochemicals to identify novel biomolecules with antiviral, antifungal, and
antibacterial activity. They were able to evaluate ten constituents through molecular
docking techniques and concluded that these molecules can be developed into drug
formulation for the management of COVID-19 by acting as inhibitory agents against
the virus.

Balachandar et al. [64] showed that viral inhibitory system could be developed
through exploring bioactive compounds from traditional based medicinal plants by
incorporating the nanofiber-based respiratory masks. Development of fibrous filtra-
tion masks consisting of three-layered utilizing biomolecules from potent medicinal
plants for viral deactivation was suggested.

Ali et al. [26, 27] discovered some biomolecules from traditional medicinal plants
with potent antiviral agents. They reviewed the multidimensional mechanisms
involved in their antiviral and immune modulatory activity. Kabidul et al. [65]
revealed that in Bangladesh, the COVID-19 surge has caused a lot of economic
and health devastation due to high population density with very limited facility to
practice social distancing. This is compounded with high level in the cost of
treatment, thus people rely of folk medicine as alternative remedies for possible
treatment against COVID-19.
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Amir et al. [44] highlighted the role of folklore medicine in the management of
coronavirus pandemic due to absence of potent vaccine or drug to curb the spread of
the virus. The active constituents have potential to inhibit viral replication, interact
with key viral enzymes and proteins. The authors concluded by suggesting that
further studies should be carried out to identify the biological interaction between the
virus and bioactive molecules from plants.

Christian et al. [66] confirmed that there is need to urgently discover potent
antiviral molecules against the novel coronavirus disease. Many medicinal plants
such as Zingiber officinale, Allium sativum, Allium cepa, echinacea, Garcinia kola,
euphorbia hirta, Curcuma longa, olea europaea and Aloe vera possess potent
antiviral compounds that can inhibit viral replication. Drug repurposing has been
done on various biomolecules to treat and manage the symptoms displayed by
individuals infected with SARS-CoV-2. Novel medicinal plants in Nigeria are
now being investigated for possible therapeutic value against SARS-COV-2.

Ambrish et al. [67] suggested that one of the most potent pathways for combating
COVID-19 is through virus deactivation utilizing natural compounds. Traditional
medicines in African, China, and India have been legalized in some part of these
areas even though the mechanism of action is yet to be fully established. Molecular
biology techniques utilizing herbal remedies like Ginger (Zingiber officinale), Garlic
(Allium sativum), onions (Allium cepa), Garcinia kola, plus Aloe vera will help to
elucidate the inhibitory pathways like blockage of viral entry, life cycle, assembly,
replication, release, inhibition of viral protease, viral RNA. The bioactive molecules
present in these plants such as phenolic compounds, polysaccharides, phenolics,
terpenes, lipids, gingerols, shoga, raw fibers, carotenoids, flavonoids, copaenes,
minerals, phytoestrogens, diallyl disulfide, terpenoids, anthocyanins, diallyl trisul-
fide, diterpenoids, flavonoids, triterpenoids, dimeric ellagitannins, myricitrin, gallic
acid, aloe-emodin, chrysophanol, emodin, squalene, rutin, afzelin, vitamins, caffeic
acid, amino acids, Isorhamnetin, organic acids, allicin, Quercetin, Kaempferol,
Myricetin found have the capacity to alter transcription plus translation of viral
genome, block viral entry in the host cells thereby preventing SARS-COV-2.

21.5 Herbs with Antiviral Activity Against SARS-CoV-2

Natural resources having antiviral activities are the most important need of our time.
The pandemic situation has made the whole globe to realize the benefits of natural
bioresources that surrounds mankind. Presently, the whole globe is now searching
for alternative drugs that possess antiviral activities most especially from natural
compounds derived from medicinal plants. For treating the coronavirus patients in
China the health commission has approved the combined usage of traditional
medicine and conventional medicine [10].

Many antiviral activities have been documented from natural resources because
of various active constituents. Garlic is a medicinal plant that possesses numerous
medicinal attributes properties that are rich in sulfur content while the essential oil
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portends the potential to inhibit the viral entry into the host and hence prevents the
spread of infection [68].

Senna makkai is a rich source of several phytochemicals such as anthraquinones,
flavonoids, polysaccharides, sterols, and stilbenoid which is responsible for its
medicinal activity. Anthraquinones exhibit a higher level of anti-SARS-related
coronavirus activity by damaging the viral envelope and prevent the viral entry
into the host [69]. Citrus sinensis is a rich source of vitamin C and due to its
flavonoid content it possess antiviral activity [70]. Curcumin from turmeric is a
naturally occurring phytochemical and possesses promising antiviral effects [71]. It
acts as a spike protein inhibitor and prevents the entry of coronavirus into the
cell [72].

Glycyrrhizin is an active constituent which has been documented action against
SARS-CoV. In vitro studies inhibit the virus life cycle at various levels and prevent
the entry, penetration, and viral replication [73]. Black seed is popular for its
probable antiviral effects, and its constituents may inhibit coronavirus [74] while
the black seed steam has been documented to cure the respiratory disease symptoms.
All these findings validate the pharmacological activity of black seeds against
COVID-19 [75, 76]. Black seed oil works as an immunity booster and increases
the defense level of the body against coronavirus. All these findings suggest the anti-
SARS-CoV potential of medicinal herbs [77].

Several medicinal plants that have been evaluated in order to establish their
medicinal effect as well as to validate their antiviral effectiveness against coronavi-
rus and to establish their immune-modulating activity are discussed as follows:

21.5.1 Allium sativum (Garlic)

Garlic is a common spice used since ancient times as a remedy for common colds,
influenza, and various diseases. [78]. The word garlic is derived from Celtic word
“all” which means pungent. It is cultivated globally [79]. There are several reports
that have established the presence of numerous sulfur compounds which have
numerous pharmacological properties and are found abundantly and allicin is an
important sulfur content which give garlic its characteristic pungent odor. Garlic also
possesses numerous enzymes and contains 17 important amino acids which are
beneficial therapeutically [80, 81]. These sulfur containing amino acids and other
compounds help in enhancing the immune system activity [82]. Interestingly, the
presence of these compounds in the garlic prevents the entry of coronavirus into the
host by inhibiting the ACE2 protein which might perform a function of preventing
the spread of infection [68].

21.5.2 Cassia angustifolia (Senna)

C. angustifolia named as Cassia Senna and in Urdu Senna makkai is a medicinal
5–8 m tall shrub which belongs to the family Leguminosae. Its origin belongs to
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Arab countries like Egypt, Saudi Arabia, and Yemen and it is also widely found in
Pakistan hot arid regions. The leaves and pods of Senna makkai are used in the form
of a decoction to get rid of intestinal worms. The plant has been used since ancient
times in disorders like anemia, cholera, laxative, splenomegaly, and typhoid fever
[83]. Burge Sana (senna leaves) is used to treat constipation and used as an irritant
purgative. For skin disorders the powder of senna is mixed with vinegar and applied
externally [84]. The main constituents of senna are sennosides which are anthraqui-
none glycosides which are responsible for antiviral activity. It inhibits the viral
adsorption by damaging the viral envelope [69].

21.5.3 Citrus sinensis (Sweet Orange)

It is also known as sweet orange. Citrus sinensis is a rich source of vitamin C and is
consumed during flu seasons in turkey. Its peel extract contains a rich source of
flavonoids, limonene, and linalool [85]. Citrus sinensis peel extract has antioxidant
and antimicrobial action [86]. Flavonoids have been established to have antiviral
action [87].

21.5.4 Curcuma longa (Turmeric)

Curcuma longa L. known as “Haldi” is being cultivated abundantly in Asia
[88]. Turmeric is used as a remedy for effective management of several diseases
since ancient times [89]. The main chemical constituents of Curcuma longa L. are
curcuminoids mainly curcumin or diferuloylmethane [90]. Haldi possesses various
actions such as antioxidant, anti-inflammatory, anti-cancer, and antiviral effects
[71]. Its antiviral activity is due to its ability to inhibit the viral spike protein [72].

21.5.5 Glycyrrhiza glabra (Liquorice)

Glycyrrhiza glabra named as Liquorice has a specific odor and sweet taste. This
word is derived from the Greek meaning sweet root. It is cultivated in Europe and
Asia specifically temperate and sub-tropical areas [91, 92].

Since ancient times it is used as a medicinal plant in several part of the globe. It
has been used for the management of respiratory tract disorders. Saponins are the
main phytochemicals in licorice root. The major constituent is glycyrrhizin and its
concentration varies between 1% and 9% [93, 94]. In vitro investigation has
documented that glycyrrhizin possesses the potential to inhibit the replication of
SARS-CoV [95, 96]. Glycyrrhizin also possesses the ability to prevent viral adsorp-
tion and penetration during the early stages of replication. Glycyrrhizin has been
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found to be most effective most especially when given during and after the adsorp-
tion period. However, the exact mechanism is unknown [73].

21.5.6 Nigella sativa (Black Seed)

Nigella sativa L. known as Habba sawda or black seed is popular globally for its
possible antiviral activity against coronavirus. Most abundant constituents in its seed
are volatile oils and alkaloids [97]. A study showed that Nigellidine and α-hederin
are the major constituents which are responsible for their antiviral activity [74].

Since ancient times the steam of the black seeds has been used to treat the
symptoms of respiratory diseases. These findings validate its therapeutic activity
against coronavirus which is also a respiratory disease [75, 76]. Black seed oil was
established to enhance immune system response by increasing CDT cells and
increased gamma interferon-(INF-) synthesis [98]. It has been documented in a
study that black seed oil possesses an antiviral activity against murine cytomegalo-
virus infection. Also, it could also increase the serum levels of interferon-gamma,
T-lymphocytes, and macrophages [99]. The antihistamine activity of black
seeds extracts and its constituents such as thymoquinone, nigellone, and
thymohydroquinone were observed in an animal study [100]. N. sativa seed oil
also possesses antioxidant activity [101]. Another investigation also showed that
black seeds extract reduced the replication of coronavirus [70]. Table 21.1 indicates
the list of some beneficial plants with higher level of antiviral activity against
COVID-19.

Table 21.1 List of herbs used against SARS-related Coronavirus

Name Family
Major
constituent

Mechanism of
action References

Allium sativum
(garlic)

Alliaceae Allyl disulfide
and trisulfide

ACE2
receptor
inhibitor

Thuy et al. [68]

Cassia
angustifolia
(Senna)

Leguminosae Anthraquinones Disrupt the
viral envelope

Sydiskis et al.
[69]

Citrus sinensis
(sweet orange)

Rutaceae Limonene Viral growth
inhibitor

Ulasli et al. [70]

Curcuma longa
(turmeric)

Zingiberaceae Curcumin Inhibitor of
3CLpro

Wen et al. [102]

Glycyrrhiza
glabra.
(Liquorice)

Fabaceae Glycyrrhizin Viral growth
inhibitor

Hoever et al.
[103]

Nigella sativa
(black seed)

Ranunculaceae Nigellidine and
α-hederin

Viral growth
inhibitor

Bouchentouf and
Missoum [74]
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21.6 Phytochemicals with Medicinal Attributes That Could
Serve as Anti-COVID Management

Phytochemicals also known as phytonutrients are plant metabolites that have thera-
peutic potentials which are of immense usefulness to human in disease therapy. They
are also available in the form of nutraceuticals in which they show significant health
impacts. There are various phytochemicals that have greater potentials to inhibit the
life cycle of viruses and these include thiosulfonates, flavonoids, proteins, terpenes,
fructans, quinines, saponins, steroids, polyphenols, and proanthocyanidins [104].

Most of these compounds are also described as natural products. Such bioactive
compounds such as alkaloids, flavonoids, and peptides have been assessed for their
efficacies in treatment of COVID-19. There is however studies still on with respect
to their bioavailability and in vivo impacts [105]. Several researchers have
documented the effectiveness these phytonutrients in the treatment of various
diseases including cancer, bacterial infections, viral disease, and cardiovascular
diseases. Few studies have also reported the effectiveness of these bioactive agents
in the treatment and management of COVID-19. Previous studies have shown that a
wide range of these plants derived chemicals such as tannins, lecithins, coumarins,
lignans among others possess efficacies against different groups of coronaviruses
including SARS-CoV. The development of a new therapy using these natural
products entails different phytochemicals that are available in the herbs which are
commonly found in different plant and they could also boost immunity against
COVID-19 infection. Ayurveda has been recognized as one of the oldest systems
of traditional medicine having several plants with antiviral potentials that could be
employed for effective management of COVID-19 diseases [106].

21.7 Mode of Action of Some Phytochemicals Against COVID-19
Infection

It has been discovered that alkaloids possess the potential to inhibit COVID-19
which could block the attachment of the virus thereby inhibiting its growth and
bringing about a reduction of the viral load and effect on the lungs. For
polysaccharides, they hinder the replication of the virus and prevent their binding
to the cell. Flavonoids affect the COVID-19 viruses through the inhibition of the
reverse transcriptase thereby preventing the synthesis of RNA. Also, terpenes
function by inhibition of the process of replication of the virus while lecithin affects
the ability of the virus to penetrate [104].

It has been established that some of the metabolites of some medicinal plants have
a greater promising with a higher potential that they could be utilized for the
treatment of SARS-CoV-2 by binding to ACE2 to flavonoids. Also, there are other
recently documented reports that some groups of phytochemical such as alkaloids
and limonoids could also perform same function. Alisha and Tripti [107]
documented the presence of a site with a relatively lower binding tendency in
limonoid when compared to flavonoid. Limonoids are active groups of
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phytochemicals that are found in Meliaceae family most especially within the genera
Carapa and Andiroba which is a specie common in the Amazon than is widely
known for their anti-inflammatory potentials.

Many natural bioactive compounds found in plants such as polyphenol could be
vital in providing a starting point in the search for plant extracts for the treatment and
prevention of coronavirus disease. Inhibition of coronavirus enzymes has been
reported in antiviral drugs such as the polyphenolic based compounds, since the
enzymes are necessary for the replication of the virus. The design of antiviral drugs
could be possible using natural products such as luteolin, triterpenoids, gallates,
betulinic acids, quercetin, and aloe-emodin. The formulation of new anti-COVID-19
drugs could be possible using the pharmacophore structures that are known. The use
of phytochemicals would be remarkable in this dimension since they are safe without
side effects [108].

Also herbal medicines that traditionally available as well as the natural products
that have been purified would be very vital in the development of antiviral drugs. In a
study carried out by Wan et al. [109] it was reported that some of the patients
admitted in Chongqing region in China combined traditional herbs and western
medicine in their treatment and management of the COVID-19 disease and the
results were promising.

Several studies have reported the potentials of various traditional herbs as
remarkable source for drug discovery. In their work, Ling [110] collated information
on varieties of naturally occurring phytochemicals from different plants that have
therapeutic potential. Since the first outbreak of SARS-CoV-1 on 2003, different
naturally occurring active compounds have been tested with a view to developing
drugs for the treatment. The different bioactive compounds have different
mechanisms and pathways in their inhibition of the coronaviruses. Also there are
similar features in some of the chemical compositions of these natural metabolites
which are in line with some earlier reported works by Jo et al. [111] who proved that
the inhibition of SARS-CoV-1 requires a chemical feature that has an aromatic ring
that is hydrophobic in nature, moieties of carbohydrates and hydroxyl groups. In
some of the bioactive compounds that have potencies against SARS-CoV-1 the
aromatic rings are absent however they still poses the an hydrophilic and lipophilic
regions in their molecular composition hence capable of initiating hydrogen bonding
from several points through the hydroxyl groups.

Lung et al. [112] carried out a study in which they screened about 83 compounds
in some herbal medicine from China in assessing their potency against polymerase
of SARS-CoV-2. They identified theaflavin which is an antioxidant to be responsible
for the activities and potencies against the virus. In a related study, Zhang et al. [38]
focused on some other medicine used traditional in China and identified 13 for
subsequent studies. The chosen compounds were basically polyphenolic groups
such as kaempferol and quercetin which have already been documented for their
activity against these diseases.

Nguyen et al. [113] in their study isolated different phytochemicals such as
biflavoids and diterpenoids from medicinal plants and investigated their inhibitory
potential against SARS-CoV. Various active ingredients such as galusatechin,
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epigallocatechin, and quercetin showed remarked inhibitory activity against the
viruses through the effect of the hydroxyl groups required for the binding process.
The role of quercetin in this process was well identified. Quercetin has polyhydroxyl
groups which makes it possible to boost the immune system of the body.

Some other scientists in China have also assessed the potency of selected 26 plant
extracts in the treated of SARS-CoV-2 through inhibition process. They reported
that the active agents present in the plants interact with the proteins of the virus thus
bringing about their antiviral activities. Wen et al. [114] reported that extracts from
some traditional known plants from China were useful in the inhibition of SARS-
CoV replication. Some of the plants investigated include S. gentiana, B. dioscorea,
C taxillus, and T cassia. They further emphasized that the development of
compounds that are capable in inhibiting various respiratory diseases including the
coronavirus will be a significant achievement.

Wen et al. [114] carried out an assessment to validate the inhibition potentials of
200 extracts of medicinal herbs from China against coronavirus. They investigated
cytopathogenic impact using cellular tests under the in vitro conditions. The extracts
from Loranthi ramus, Gentianae radix showed potency against the virus. In a related
study carried out by Chiow et al. [115], they investigated the antiviral potential of
extract of Houttuynia cordata using ethyl acetate as solvent. The plant contained
quercitrin, quercetin, and cyanserine which were used in the treatment of dengue
fever and coronavirus disease in mice.

Lin et al. [116] did a review on some antiviral agents that are naturally occurring
and could be used potentially for respiratory diseases including coronavirus diseases.
Similarly, Pang et al. [117] outlined few natural remedies that could be useful in the
management of COVID-19 diseases; however, they did not work on the mechanisms
in which these agents operate nor the bioactive compositions. Lue et al. [118] gave a
review with the aim of making inputs on the known extracts and bioactive agents
available in natural agents that show potency against the coronavirus disease.

Idrees et al. [119] carried out a review with a view to providing information and
knowledge relevant in the treatment of the coronavirus disease through the use of
phytochemicals from plants. They emphasized that considering the various bioactive
compounds present in plants, they would be useful as alternative therapy in the
treatment of COVID-19 since there is no known cure for the disease at the moment.
They did an intensive search into all existing literature on use of natural compounds
in plants for the treatment of COVID-19 disease. They were able to identify some
vital plants that have a range of active ingredients that could be promising in the
treatment of COVID-19. Some of the identified plants include Curcuma longa,
Amaranthus tricolor, Hyptis atrorubens, Phyllanthus emblica, Psorothamnus
arborescens, Glycyrrhiza radix, Erigeron breviscapus, Rheum palmatum, and
Fraxinus sieboldiana. Table 21.2 indicates the list of some significant
phytochemicals with medicinal attributes that could work against COVID-19.
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21.8 Bioinformatics and Computation Techniques That Could
Be Applied to Enhance Medicinal Activities of Medicinal
Plants

There is iota of doubt that medicinal plants have occupied the quote of the therapeu-
tic industry due to its discovery when utilized for the fabrication of drugs that have
immersive contribute to the better living of human and that of animal health-wisely
[135]. Due to the versatile use of medicinal plants, more innovation has been
evaluated to elucidate the potential use of medicinal plants [136]. Over the years,
an organoleptic method was first adapted to observe the use of the medicinal plant.
This method proceeds to the use of analytical techniques which has brought the use
of medicinal plant germane in the pharmaceutical industry [137]. However, time and
expenditure factor have been a major challenge to meet the demand of potential use
of medicinal plants which calls for the innovation through the use of high-throughput
technology such as computational method [138]. Recently, omics techniques based
on bioinformatics for development of plant-based drug molecules have been the
major view for comparative study of medicinal plants. This technology transcends
plants; genomics, transcriptomics, proteomics, and metabolomics which character-
ize plant metabolic profile [139]. The presence of certain phytochemicals in plants
has confirmed their best use in the synthesis of drugs which are derived from
medicinal plants. The application of data mining has consequently help in the
identification of useful medicinal plants that could be applied for the management
of several diseases [140]. Bioinformatics and computational techniques are not only
useful in data mining of medicinal plants but also provide detailed livelihood of plant
genome [139], which has helped in controlling the therapeutic profiling of medicinal
plants extract for treatment of diseases. This data base profiling has been catalogued
for specific purpose to elucidate the data mining of potential use of medicinal plant
as shown in Table 21.3.

21.9 Conclusion and Recommendation to Future Study

This study has established the potential of different medicinal plants that could be
applied for effective management of COVID-19 infection. It has also been
established that the different evidence-based studies have supported the implemen-
tation of using herbs as potential effective agents and complementary therapy for the
treatment of coronavirus. Although a lot of studies are ongoing so as to establish the
major mechanism most of these medicinal plants exhibit their antiviral activities
against SARS-CoV. There is still a need for proper investigation on the antiviral
activity of numerous medicinal plants as well as to perform more research on the
structural elucidation, pharmacology and standardization of the biologically active
constituents of these medicinal plants most especially those having antiviral activity.
Additionally, evidence-based experiment following standard protocols should be
performed. The preparation of formulation and the minimum effective dosage need
to be investigated and studied extensively. The application of metabolomics could
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Table 21.3 Tools and database available for the study of plant-derived compounds most espe-
cially those with antiviral activities

S/
N

Computational
techniques Uses link References

1 The National
Center for
biotechnology
information
(NCBI)

Providing access to
biomedical and genomic
information

Ncbi.nlm.nih.gov Schoch
et al. [141]

2 Kyoto
encyclopedia of
genes and
genomes
(KEGG)

Exploring the universe of
plant secondary
metabolites

http://Genome.jp/keg/
genome/plant.html

Kanehisa
[142]

3 The
international
ethnobotany
database
(ebDB)

Repository for ethno-
botanical data supporting
multilingual functionality

http://ebdb.org Skoczen
and
Bussmann
[143]

4 NAPALERT Ethnomedical
information, in vivo and
in vitro pharmacology/
biochemical information
and secondary
metabolites of natural
products.

www.napralert.org Graham
and
Farnsworth,
[144]

5 TCM-ID Provision of
pharmaceutical
perspective for herb

http://www.megabionet.
org/tcmid

Huang et al.
[145]

6 HerbMedPro Evidence-based catalogue
for medicinal herbs

www.herbalgram.org Abubakar
and Haque
[146]

7 PubMed To retrieve plant-derived
chemical compounds
information

https://pubchem.ncbi.
nlm.nih.gov/

8 Medicinal plant
microRNA
database

Provide information on
regulatory networks and
sequences expression of
different medicinal plant
species

http://mepmirdb.cn/
mepmirdb/index.ht.ml

Yu et al.
[147], Fei
et al. [148]

9 MIPSPlantsDB Provide information on
individual plant species
and comparative plant
genome

http://mips.gsf.de/
projects/plants

Spannagl
et al. [149]

10 Plant omics
data center
(PODC)

Providing modeling
information on plants and
crop gene networks
(GENs)

http://Plantomics.mind.
meiji.ac.jp/podc/

Shafi et al.
[150]

11 PLEXdb A unified gene expression
resource for plants and
plant pathogens

http://www.plexdb.org/ Dash et al.
[151]

(continued)
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also play a crucial role towards the identification of pharmacologically active
compounds that could be applied for the synthesis of naturally derived drugs for
effective management of COVID-19 infection.
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Table 21.3 (continued)

S/
N

Computational
techniques Uses link References

12 Phytochemical Provide information on
plant-derived molecules
such as phytochemicals
and medicinal plant

http://faculty.iiitd.ac.in/
~bagler/webservers/
Phytochemica

Pathania
et al. [152]

13 Uttarakhand
medicinal
plants database
(UMPDB)

Provide extensive
information on botanical
name, common name,
taxonomy, genomic
taxonomy id, habit,
habitat, location in
Uttarakhand, part use,
medicinal use, genomic
information (including
number of nucleotides,
proteins, ESTs), chemical
information, and scientific
literature

http://www.frienvis.nic.
in/Database/Medicinal-
Plant-Uttarakhand_2150.
aspx

Kumar
et al. [153]

14 IMPPAT Comprehensive catalogue
for natural product
extracted from medicinal
plants

https://cb.imsc.res/imppat Mohanraj
et al. [154]

15 Cardiovascular
disease herbal
database
(CVDHD)

Natural products isolated
from medicinal plant for
treatment of
cardiovascular disease

http://pkuxxj.pku.cn/
CVDHD

Gu et al.
[155]

16 KNApSAcK Comprehensive species-
metabolite for plant-
derived compounds

http://kanaya.naist.jp/
KNApSAck_Family/

Afendi
et al. [156]

17 TCM-mesh Provide information on
the phytochemical
composition and
therapeutic uses of
medicinal plants
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Abstract

Known as the obligate intracellular parasites, viruses are the minuscular giants
that are associated with heterogeneous effects in living organisms. SARS CoV-2
is one such deadly virus wreaking havoc to the entire globe since February, 2020
and forced the whole world to be shut indoors following certain norms. SARS-
CoV-2 bears close resemblance with the previous SARS-CoV and MERS CoV
but is unique in mode of causing infection, disease causing ability and fatality
rate. Natural plant-based products are in use since time immemorial against
diverse types of ailments for the several benefits associated with them. There
are numerous reports of phytochemicals with anti-viral characters. Researches are
being carried out all over the globe to find out phytochemicals with significant
mode of action against the virus. The plant-based chemicals primarily try to target
the biomolecules associated with the infection and replication of the virus mole-
cule inside the living cells. Docking studies and analyses are being done on such
plant-based extracts and molecules that can efficiently inhibit the binding of the
virus with the targets. The binding scores of the phytochemicals are found and
compared against standard, conventional drug molecules in use. They are
analysed further and several molecules from source plants like Allium sativum,
Nigella sativa, Eucalyptus sp., Camellia sinensis, Curcuma longa, grapefruit and
phytochemicals like naringenin, saikosaponins, Eucalyptol, essential oils and
many more are found to show promising results in the study. This work tries to
make an in-depth study and compilation of all the existing reports and literatures
on such phytochemicals that can successfully emerge as alternative treatment
approach to combat against the deadly SARS CoV-2 virus.
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22.1 Introduction

Respiratory illnesses can be fatal and according to history they are substantial
pandemic or epidemic triggering disorder. Various forms of respiratory illnesses
are reported all over the world and commonly found they are responsible for
affecting a part or the whole of the respiratory pathway. The possible cause can be
external like bacterial or viral infections or internal like some physiological or
anatomical issues that even may lead to the prolonged or deadly respiratory ailments.
In recent times one of such respiratory illness triggered by the SARS CoV-2 viral
infection has taken huge toll on mankind. The raging pandemic caused by a
microscopic giant forced the whole world to stay indoors.

Viruses are the invisible enemies of the living world that are associated with
different sorts of diseases amongst various kingdoms. Documentation exists for the
different well-known viral pathogens. But the focus of the entire globe has been on a
specific virus named as the Coronavirus of late since December 2019 that has almost
brought the entire globe to halt ever since its inception. Having close affinities with
the group of SARS and MERS virus yet much more deadlier and bearing much more
significant impacts as compared to the former two. The first case of this virus though
reported from the Wuhan city of China on December 30, 2019 but it spread in rapid
pace from China to different other countries like Japan, Korea and gradually covered
the whole globe taking a toll on several human lives. On March 13, 2020 it was
declared as a global pandemic by World Health Organization (WHO) (https://
covid19.who.int/).

As a result the entire globe awaits for the curative measure against the coronavirus
disease 19 (COVID-19) disease. The COVID-19 pandemic is an unparalleled and
distinctive of its type that has been posing severe threats for the health care system
due to the ever increasing number of the daily infected individuals. The earlier SARS
and the MERS epidemic seemed miniature in front of the massive spread and
immense effects of the COVID-19 pandemic. The lessons learnt and the experiences
gathered from the previous two alike epidemic were scanty and as a result demands
for superior strategies and stronger approaches in public health and health care
facilities for fighting the disease. Various researches and studies are being held all
over the world unanimously towards finding the cure against the deadly miniature.

22.2 Coronavirus

Coronaviruses often abbreviated as the CoV, member of the Coronaviridae family
are enveloped viruses containing non-segmented, positive-stranded genomic RNA
[1], having a size ranging from 80 to 120 nm in diameter [2]. Studies have found that
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the envelope proteins are crucial in the aspect of replication of the virus. CoVs are
capable of causing a number of diseases comprising of systemic diseases, bronchitis,
gastroenteritis, hepatitis and in the worst cases turn fatal in birds, humans, and other
animals [3]. The similar type of CoVs were found to be the causative agents of
Middle East Respiratory Syndrome (MERS-CoV) and Severe Acute Respiratory
Syndrome (SARS-CoV-2).

A novel coronavirus 2019 (nCoV-19) has been recently identified in humans that
is responsible for causing millions of death over this whole year of 2020. The word
“corona” literally means crown-like and the virus is found to contain a distinctive
crown-like morphology mainly caused due to the transmembrane spike
glycoproteins (S proteins) that are found to cause a homotrimeric structure that
projects out from the viral surface. Different studies focus on the structural homol-
ogy between the S proteins of SARS-CoV and SARS-CoV-2 and conservation with
respect to the ecto domains. Hence regarding the discovery of molecules for the
prevention of the disease may rely on the previously used approaches of disrupting
the binding of SARS-CoV or MERS to its host cell receptor and other involved
proteins in the whole process.

22.2.1 Structure of the SARS CoV-2

The detection of the SARS-CoV-2 genomic sequence helped to recognize the crucial
proteins and the enzymes related to the replication process of the virus. The
sequences of the key proteins and the enzymes show 79.5% close proximities with
that of the SARS-CoV. The main information obtained through the use of genomic
sequences mainly points chief proteins associated with the process of viral replica-
tion and inoculation.

These important three are mainly as such-spike protein (TMPRSS2), a papain-
like protease (ACE2) and the three chymotrypsin-like protease (3CLpro). Among
the three molecules two are host-derived, namely the ACE2 and TMPRSS2. The
angiotensin-converting enzyme type 2 (ACE2) is just an analogue of the angiotensin
converting enzyme type I (ACE) and part of the renin–angiotensin system that takes
part in the process of blood pressure regulation. ACE2, an exopeptidase is found to
show its expression on the epithelial cells of the respiratory passage and infects the
human cells. TMPRSS2 is the spike protein that has interaction with the virus.
Basically it is a serine type 2 transmembrane protease related with the process of
viral fusion with the infected cell. Hence these three proteins are the focal ones that
are responsible for the process of virus entry and infection within the cell. Though
the ACE 2 and the spike protein are mainly the host-derived ones, the 3CL Pro is
associated with the virus and can be focussed as the key target in the process of drug
development against the virus.
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22.2.2 Mechanism of Viral Entry and Infection in the Host Cell

The process of the entry of the virus in the host cell and attacking the host cell is
primarily dependent on the three key proteins and enzymes. The whole replication
process of the virus completes in the cytoplasm. The process is quite similar to the
three groups of related viruses SARS-CoV, MERS and SARS CoV-2. The entire
process is described below in the figure below.

22.3 Treatment Approaches Against the Disease

All across the globe different nations are putting their best efforts to develop curative
measure against the deadly disease. Efforts are put globally for the development of
vaccines, immunotherapeutics, drugs and all other possible anti-viral strategies
against the COVID-19 disease. But yet as of now neither directly functioning anti-
viral drugs nor vaccines are within the reach for treatment of coronavirus infections.
But continual efforts are put by the researchers call across the world in the break-
through discovery of the vaccine against this virus and the whole world is awaiting
for it. But several limitations such as cross protection provided by the vaccines due to
vast diversity of sequences of the virus, easy mutability of the virus, etc. are coming
to the successful discovery of the vaccine. While some western, traditional or home
remedies may provide comfort and alleviate symptoms of mild COVID-19, there are
no medicines that have been shown to prevent or cure the disease. WHO does not
recommend self-medication with any medicines, including antibiotics, as a preven-
tion or cure for COVID-19. However, there are several ongoing clinical trials of both
western and traditional medicines. WHO is coordinating efforts to develop vaccines
and medicines to prevent and treat COVID-19 and will continue to provide updated
information as soon as research results become available.

22.3.1 Conventional Medications for Treatment

The traditional and established medicines are coming in the light as cure against the
current viral threat especially to contribute during the critical care stage. Though the
present prophylactic measures are not enough but yet mainly relies on the different
suggested opinions. Some protease inhibitors such as Lopinavir/ritonavir, Ribavirin,
Chloroquine, Hydroxychloroquine are being used as treatments for the disease. The
reputed anti-malarial drugs hydroxychloroquine and chloroquine [4] are also being
used as treatment options in many nations as there are proof of the drugs in inhibiting
the process of terminal phosphorylation of ACE 2. Both the drugs Chloroquine and
hydroxychloroquine are the artificially obtained chemicals from the bark of Cin-
chona plant of Rubiaceae family [5]. But though being used as the anti-viral
molecule both of the chemicals are related to different harmful effects primarily on
the cardiovascular system. Another drug being used commonly that is an efficient
RNA polymerase inhibitor is the Remdesivir. But the safety and efficacy of majority
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of the drugs are under trial and are being tested [6]. It has success related to SARS
CoV-1 and MERS CoV cases.

Although these drug molecules are being used they are not a permanent and
highly efficient cure and overuse of the drugs to control the pandemic scenario and
yield opposite results and turn out to be a major concern for public health.

These different types of drug molecules that are in use are not the permanent and
very efficient cure measures and overuse of the drugs has its own set of demerits that
in this pandemic scenario can result in opposite and negative outcome that can be a
vital concern for public health.

22.4 Anti-COVID-19 Natural Remedies

Development of vaccine is probably the only cure for this disease but it is extremely
complex and time-taking procedure starting from the discovery up to the market
availability. But alongside there are various known natural molecules that have been
identified through the application of molecular docking studies as the ligand
molecules against the different important protein molecules associated with the
disease.

Finding out some natural remedy against this disease is way faster than the
development of the vaccine against this deadly virus. But the huge complexities
and variations of the natural compounds, their structural and chemical complexities
and the exact methods of extraction of the molecules are making the task arduous.
Screening of the natural compounds by the help of virtual tools is definitely a handy
tool in this area of research and can definitely reduce the time required for the
screening process from natural sources directly. This approach mainly relies on the
in-silico analysis through molecular docking technique. Using this method several
classes of phytochemicals have shown remarkable results that can serve as the
natural remedies in COVID treatment. Some of the molecules were found to show
identical docking score to the traditional drugs that are being used for the treatment
purpose. Classes of molecules such as flavonoids, flavones, alkaloids, quinones,
fatty acids, terpenes and steroids are few of them to give promising results in the
docking studies.

22.4.1 ACE2 Inhibitors

This is the most studied protein of the CoV associated with the drug discovery
programme as well as the one identified by docking studies for the inhibitory activity
of phytochemicals. Till date it is considered as the most vital protein and hence has
drawn significant importance from the scientific communities to study its mode of
action and interaction with different classes of molecules that can ultimately serve to
develop treatment strategies against this disease. As per studies there are about
300 plant species that have been reported to possess anti-ACE2 activities. Some of
them are known medicinal plant species while other are widely used as food spices.
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Few of the listed plants are Curcuma longa, pepper (Capsicum spp.), black night-
shade (Solanum nigrum L.), cinnamon (Cinnamomum zeylanicum Blume or
Cinnamomum verum J. Presl.), olive (Olea europaea L.), grapes (Vitis vinifera L.),
passion fruit (Passiflora edulis), Phaseolus vulgaris, etc. [7–9]. Mainly the
phytochemicals found in this plant species are members of classes of molecules
such as alkaloids, flavonoids, terpenes, tannins, xanthones, phenolic compounds and
peptides [9].

22.4.2 3CLpro Inhibitors

This is the chief protease involved in the process of replication of the SARS-CoV2
that has received significant attention along with the ACE2 receptor. This is the main
virus associated protein that can be used to block the process of viral spread inside
the infected cell. Although this is a viral specific protein yet the one of the SARS
CoV2 has much structural affinities with that of the SARS CoV1. Khaerunnisa et al.
[10] with the help of docking studies showed notable results of inhibiting capacity
against the protein by natural molecules such as the naringenin, quercetin, apigenin,
luteolin-7-glucoside, kaempferol, curcumin, demethoxycurcumin, catechin,
epigallocatechin, etc. These phytochemicals have wide-spread distribution in plant
families such as the Leguminosae, Lamiaceae, Apiaceae, Lauraceae, etc. Essential
oils are also found to work against this SARS-CoV-2 main protease. da Silva et al.
[11] pointed at various flavonoids, volatile terpenoids like linalool, geraniol, etc.
which are very easily obtained from aromatic and medicinal plant sources such as
basil (Ocimum basilicum), lemon balm (Melissa officinalis), lavender (Lavandula
angustifolia), lemongrass (Cymbopogon citratus), geranium (Pelargonium
graveolens), cinnamon (Cinnamomum zeylanicum), mandarin (Citrus reshni),
chamomile (Matricaria recutita), copaiba (Copaifera sp.) and ginger (Zingiber
officinale).

22.4.3 TMPRSS2 Inhibitors

Although there are fewer information related to plant compounds activities in
relation to inhibition of this replication protein yet there are some evidences and
positive results in relation to this too. This protein has been found to have association
with diseases such as cancer, spread of disease like influenza and SARS-CoV1.
Some of the plants showing activity against this protein are as follows: Scutellaria
sp., Oroxylum indicum [12]. Rahman et al. [12] proposed around 12 metabolites
having binding energy with the protein. Geniposide, an iridoid metabolite obtained
from the genus Gardenia of Rubiaceae family is found to have large amount of
inhibition activity. The 12 metabolites listed are found from different natural sources
such as marine algae Sargassum, Paxillus genera of mushrooms, green tea (Camellia
sinensis), etc.
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22.5 Effects of Some Plant-Based Secondary Metabolites
on the Virus

22.5.1 Alkaloids

Alkaloids are a diverse group of plant-derived secondary metabolites. These are
primarily organic compounds with at least one or more nitrogen atom in their
heterocyclic structure. This class of compounds expresses no homogeneity be it in
its physical, chemical, biochemical, or physiological characters. No general
definitions are enough to define them except that these are the nitrogen containing
compounds. Though not very common among the lower plant classes these group of
chemicals are abundant in different angiosperm families. This class of nitrogen
containing molecules possesses manifold medicinal properties.

Chloroquine and hydroxychloroquine the two widely used and potent drugs
serving as the therapeutic measure for this disease are also alkaloids. A variety of
alkaloids have been reported to contain anti-viral activities. Williamson and Kerimi
[13] listed some of the potent anti-viral alkaloids. Some of the alkaloids noted by
them are isoquinoline alkaloids cepharanthine tetrandrine and fangchinoline,
palmatine, berberine, coptisine, etc. These molecules mainly function as the DNA
intercalators and found to retard the viral functions.

22.5.2 Polyphenols

Phenols are ubiquitously found in the plants and in-fact consist of the largest group
of plant secondary metabolite. Polyphenols are the molecules containing more than
one phenolic ring in its chemical structure. These chemicals are often related with the
taste, odour and flavour of different plants. There are various phenols that are often
valued for their pharmacological activities. In respect to SARS CoV2 infection too
phenols mainly the polyphenolic compounds are found to possess some significant
roles.

A study by Adem et al. [14] showed better efficiency as well as binding scores
with Mpro of COVID-19 of flavonoids like rutin and hesperidin than the commonly
used traditional drug Nelfinavir. The use of molecular docking binding scores found
that on the basis of the affinity scores the potent flavonoids could be ranked as
follows hesperidin >rutin>diosmin>apiin>diacetylcurcumin. Various molecules
showing significant binding scores are the constituents of daily dietary foods that
suggest the compounds to be biologically safe and support its potential to be applied
as therapeutic measures against COVID-19. However, more studies have to be
carried out for the final authentication of these molecules for the drug discovery
process.
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22.5.3 Essential Oils

There are varied types of essential oils found to contain medicinal properties that
also include anti-viral properties. Primarily molecules such as monoterpenes,
phenylpropanoids, sesquiterpenes, etc. are found in the essential oils. Different
reports found that point at the anti-viral nature of the essential oils. Some of the
noted plants in this respect are lemon grass, thyme, peppermint, Citrus sp., tea tree,
ginger, eucalyptus and many such aromatic herbs. Sharma and Kaur [15] using the
aid of docking studies showed that the phytochemical eucalyptol from the essential
oil of eucalyptus plant displayed potent inhibitory action on the coronavirus by
blocking the activity of the viral protease Mpro.

22.5.4 Saikosaponin

Saponins are the chemical compounds found to contain polycyclic aglycone moiety
with either a steroid or a triterpenoid molecule attached with a carbohydrate unit.
This group of molecule is often found from various medicinal plants as the second-
ary metabolite molecule and is associated with varied biological activities like anti-
inflammation, immunomodulation, anti-bacterial, antihepatitis, antinephritis and
antihepatoma activities.

Saikosaponins are a group of oleanane derivatives usually found as the glucoside
molecule. The study by Cheng et al. [16] focussed on the anti-coronaviral activity of
four saikosaponins (A, B2, C and D). The study pointed that out of the four
saikosaponin B2 has highly effective function and its mode of action can stop the
early stages of replication of the virus.

22.6 Some of the Plants Showing Notable Action Against
the SARS CoV 2 Infection

22.6.1 Garlic (Allium sativum L.)

A herb having cosmopolitan distribution, a close relative of onion, shallot, etc. and a
member of the Amaryllidaceae family. A common food spice and having various
medicinal utilities often used in heart and blood system related ailments. The high
amount of organosulphur compounds mainly in the essential oils found in the garlic
are anticipated to show powerful interactions with the amino acids of the ACE2
protein. A study conducted by Thuy et al. [17] aimed to prove this along with
establishing the inhibition capacity of ligands present in the essential oil of garlic not
only to the ACE2 protein but also directly to the main protease of SARS-CoV-
2 PDB6LU7 protein.

GC-MS analysis of the garlic essential oil led to the identification of eighteen
active substances, including 17 organosulphur compounds. This study at a first
attempt used the technique of molecular docking to find out the retarding effects
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of the isolated compounds on the host receptor angiotensin-converting enzyme
2 (ACE2) protein in the human body that is one of the primary molecules in
developing resistance against the coronavirus. The results hinted at strong interac-
tion of the 17 organosulphur compounds (found in 99.4% contents of the garlic
essential oil) with the amino acids of the ACE2 protein and the main protease
PDB6LU7 of SARS-CoV-2. The compounds allyl disulphide and allyl trisulphide
that are found in the greatest amount in the garlic essential oil exhibit the most
powerful anti-coronavirus activity. Docking studies were mainly used for the pur-
pose of the study. This result indicated on anti-viral activities of the essential oils in
garlic that can be undoubtedly a valuable natural source in stopping the invasion of
the virus in the body as it is a very common food spice ingredient in the Asian
households,

22.6.2 Torreya nucifera (L.) Siebold and Zucc.

A member of the Taxaceae family mainly found in the snowy areas of Jeju Island in
Korea near the sea coasts has a long history of being employed in traditional Asian
medicine for its therapeutic role against different conditions such as the stomach
ache, haemorrhoids and rheumatoid arthritis. The plant has been reported as a rich
source of diverse phytochemicals like flavonoids, terpenoids, bioflavonoids etc. with
very promising medicinal values. A study done by Ryu et al. [18] selected this plant
as the starting material by virtue of its observed 3CLpro inhibition (62% at 100 lg/
mL). The secondary metabolites like quercetin, luteolin and apigenin showed inhi-
bition of 3CLpro activities. Values of binding energy obtained in a molecular
docking study compiled the results of enzymatic assays. An apigenin moiety at
position C-30 of flavones, as biflavone had an effect on was believed to be responsi-
ble for the potential 3CLpro inhibitory activity.

22.6.3 Houttuynia cordata R. Br.

It is an annual herb mainly endemic to mountainous areas of eastern Asia and a
member of the Saururaceae family. Sometimes it is found as a creeping rhizome
spreading over large areas. This herb is reported to own anti-viral properties in vitro
against various medically significant viruses like the human immunodeficiency
virus-1, herpes simplex virus-1 (HSV-1) and influenza virus. Steam distillate
obtained from the plant is remarkably found to immobilize enveloped viruses but
not against the non-enveloped viruses. A study undertaken by Chiow et al. [19]
attempted at evaluating the in vitro functionalities of the ethyl acetate (EA) fractions
of the plant.

The EA fraction of H. cordata inhibited viral infectivity up to 6 days. Cinanserin
hydrochloride was able to inhibit MHV for only 2 days. The 50% inhibitory
concentrations (IC50) of the EA fraction of H. cordata added before the viral
adsorption stage were 0.98 mg/mL for MHV and 7.50 mg/mL for DENV-2 with
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absence of cytotoxicity. The mice fed with the EA fraction up to 2000 mg/kg did not
induce any signs of acute toxicity, with normal histological features of major organs.
Certain flavonoids exhibited comparatively weaker anti-viral activity, notably quer-
cetin which could inhibit both MHV and DENV-2. This was followed by quercitrin
which could inhibit DENV-2 but not MHV, whereas rutin did not exert any inhibi-
tory effect on either virus. When quercetin was combined with quercitrin, enhance-
ment of anti-DENV-2 activity and reduced cytotoxicity were observed.

22.6.4 Nigella sativa L.

Commonly known as the black seed or the black cumin or the black caraway or
kalonji, this herb is mostly used as spice and also has different medicinal values like
anti-viral, anti-cancer, anti-inflammatory and analgesic properties. This annual plant
is a member of the Ranunculaceae family, and highly famed as the healing herb in
the North African society as well as in Islamic and Christian traditions. The plant has
been reported to store different phytochemicals like nigellicine, nigellidine,
nigellimine, carvacrol, thymol, thymoquinone, dithymoquinone, α-Hederin,
thymohydroquinone etc.

A study performed by Bouchentouf and Missoum [20] using docking analysis
pointed at better scores of the compound Nigellidine than the conventional drug
Hydroxychloroquine and very close score to that of chloroquine. Alpha-hederin also
showed promising results. Hence the main phytochemicals in the herb have potential
anti-COVID-19 activities by showing its action on the main protease (Mpro).
Obtained results indicated that these molecules present in Nigella sp. can show
better performance than the drugs under clinical tests.

22.6.5 Euphorbia neriifolia L.

A spiny herb is a member of the Euphorbiaceae family and is native of South Asian
countries such as India, Sri Lanka and Taiwan [21]. In conventional medicine this
plant is reported for its uses as aphrodisiac and diuretic. Euphorbiaceae plant family
is a noted one for being the rich source of triterpenoids. Chang et al. [22] conducted a
study using the ethanolic leaf extract from the plant E. neriifolia. They isolated about
23 compounds out of which there were 22 triterpenoid molecules one flavonoid
glycoside. They attempted to test the anti-human coronavirus (HCoV) activity of the
isolated triterpenoids molecules. The study demonstrated the structure–activity
relationship (SAR) of the various isolates. One of the molecule 3β-Friedelanol was
found to show greater potency as the anti-viral agent than the positive control,
actinomycin D, which pointed on the further usage of the friedelane skeleton as a
potent molecule in the development of the new anti-HCoV drugs.
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22.6.6 Artemisia annua L.

A native member of the Asteraceae family, the plant is commonly known as the
sweet sagewort, sweet wormwood, annual wormwood, etc. It is an annual plant,
normally growing in short day length conditions. Common in the cooler climates this
plant is often associated with several medicinal properties. This plant is rich source
of the sesquiterpene lactone artemisinin. This molecule has been widely used as anti-
malarial natural product and several notable studies are there for commercial drug
forms too. Other uses like anti-oxidant and anti-viral properties were also reported. A
study by Haq et al. [23] focusses on the possible uses of the plant and the compound
against SARS-CoV2 as there are different reports of its anti-viral actions against
several other viruses.

22.6.7 Tribulus terrestris L.

A member of the Zygophyllaceae family is distributed mainly through the warmer
regions of India and the southern part of China. It is a rich source of the secondary
metabolite saponin. The fruits of T. terrestris have varied applications in numerous
pharmaceutical formulations as well as different dietary supplements. In a study
conducted by Song et al. [24] it was found that the methanolic extract from the fruits
of T. terrestris fruits showed substantial retardation of the papain-like protease
(PLpro) that function as a crucial proteolytic enzyme against wide array of patho-
genic virus and bacteria. Successive bioactivity guided fractionation technique
resulted in the isolation of six cinnamic amide molecules and one ferulic acid
molecule. Efficacy of the compounds against severe acute respiratory syndrome
coronavirus (SARS-CoV) was evaluated through measuring the PLpro inhibitory
activity to identify the potency and also study the kinetic behaviours.

All the six cinnamic amide compounds exhibited notable inhibitory activity with
significant IC50 values in the range 15.8–70.1 μM. The last cinnamic amide
displayed maximum inhibitory activity. HPLC chromatogram and liquid chroma-
tography technique confirmed the presence of large amount of these functional
PLpro inhibitors in the native fruits.

22.6.8 Camellia sinensis (L) Kuntze

A member of the family Theaceae commonly called the tea plant or the tea shrub.
This plant is rich source of various types of phytochemicals. Several health benefits
have been tagged with regular consumption of any kind of tea. The main secondary
metabolite produced is caffeine. Various kinds of polyphenols are found in the plant
such as epigallocatechin gallate that function as the anti-oxidants and have several
aids for human health. Catechin is a well-known group of polyphenol possessing
numerous health advantages such as being anti-oxidant, anti-inflammatory, anti-
bacterial, and anti-viral and are abundant in the green tea. A study by Roh et al. [25]
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pointed at the anti-viral property of the tea-plant and prospective of being used as
anti-SARS-CoV agent. The group found out the novel inhibitory activity of catechin
gallate and gallocatechin gallate as anti-SARS molecules.

22.6.9 Isatis indigotica Fortune

Preventive effects of the phenolic extracts from different plant parts of the different
Chinese herbs were noted during the outbreak of SARS in China, Hong Kong and
Taiwan. A member of the Brassicaceae family and a native plant of the China, the
roots of I. indigotica root (Radix isatidis), are found to possess different anti-viral
properties. I. indigotica root was found effective against influenza, hepatitis A and
Japanese encephalitis [26, 27]. I. indigotica root contains indigo, indirubin, indican
(indoxyl-d-glucoside), sitosterol, sinigrin, etc. [28]. Indigo and indirubin were
identified as the primary chymotrypsin inhibitors.

In another study performed by Lin et al. [29], root extracts from the plant I.
indigotica were used and anti-SARS-CoV effect of the extract containing five major
compounds from the plant roots and seven phenolic molecules were tested using
cell-free and cell-based cleavage assays for 3CLpro effects. Cleavage assays with the
3CLpro gave positive results with IC50 values were in micromolar ranges.

22.6.10 Curcuma longa L.

It is a member of the Zingiberaceae family and commonly called turmeric; mainly an
underground, rhizomatous plant. Since long this plant is famous for its uses as spice
and integral component of the traditional medicines. This plant is rich source of
bioactive phytochemical curcumin mainly responsible for its medicinal properties. A
study by Rocha and de Assis [30] highlighted the use of curcumin through the ACE2
receptor inhibition and hence it is effective in the treatment of the COVID-19
disease.

22.6.11 Grapefruit

This is a citrus hybrid and a sub-tropical fruit, also nicknamed as the forbidden fruit.
The grapefruit has been documented to contain variety of phytochemicals.
Naringenin, a primary flavonoid is found in abundance in the grapefruit. Flavonoids
already have reports of having different biological properties against various group
of viruses. Naringenin is also an effective anti-viral compound which is also reported
for anti-oxidant and anti-inflammatory properties. In a study by Tutunchi et al. [31]
various mechanisms of naringenin action were highlighted as potentially applicable
against SARS CoV-2 agent.
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22.6.12 Glycyrrhiza glabra L.

This plant is called liquorice or licorice and this is a member of the Fabaceae family.
Liquorice extracts contain glycyrrhizin and glycyrrhizinic acid which are
triterpenoid saponin and often used as alternative herbal medicine against conditions
like high blood pressure, low blood potassium levels and muscle weakness.
Glycyrrhizin is also reported to possess anti-viral properties. Complying with this
a study by Luo et al. [32] reported the potential of this molecule as anti-SARS CoV-2
agent by inhibiting the process of viral attachment and viral entry. This phytochemi-
cal has been documented to possess the capacity of inducting the production of
endogenous interferons that function as the anti-viral compounds and are often
associated with the cure of different types of viral diseases.

22.6.13 Berberis vulgaris L.

Known as the common barberry, this shrub is a native to the Europe and West Asia.
It is the representative member of the family Berberidaceae and this deciduous shrub
is a rich source of Vitamin C. This shrub has various uses as culinary item in making
of jams and few other native dishes. The quaternary ammonium salt berberine
present in the plant can act as anti-diabetic agent; it lowers blood cholesterol and
other harmful lipids, reduces blood pressure conditions. A report by Narkhede et al.
[33] pointed out the anti-viral activity of this compound and its potential to be used
as a natural remedy against COVID-19.

22.6.14 Zingiber officinale L.

Common to the globe as the ginger, this flowering plant of the family Zingiberaceae
possesses underground stems called the rhizomes that have been for long used as the
spice and integral component of the herbal medicine as well. It is a rich store of
different types of chemicals such as essential oils, fibres, fatty acids, carbohydrates,
proteins, vitamins like B6 and different dietary minerals. Volatile oils such as the
zingerone, gingerols, shogaols, etc. are the main active constituents of the plant and
are responsible for the aroma of the plant. These phytochemicals have lot of health
benefits too. Khaerunnisa et al. [10] mentioned the use of ginger for its essential oils
along with other known medicinal herbs as potent inhibitor of the main protease of
the SARS CoV-2 virus by the use of docking analysis studies.

22.6.15 Allium cepa L.

Common as the onion, a member of the family Amaryllidaceae, this is another
widely used food bulb. The underground stem called the bulb has lot of store of
various phytochemicals like various types of polyphenols and flavonoids. Fitriani
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et al. [34] in their study using molecular docking techniques showed the highest
binding energy of the pentacyclic triterpenoid oleanolic acid found in the onions
with the SARS-CoV 2 Main protease (Mpro) via hydrogen bonding. Though further
works need to be done but this study undoubtedly provides evidence for onion based
phytochemicals to be a successful candidate for COVID-19 treatment.

22.6.16 Psidium guajava L.

Commonly it called guava and a member of the family Myrtaceae. Widely grown in
the tropical and the sub-tropical areas it is an evergreen shrub or tree. The leaves of
the plants are rich in different types of flavonoids like morin, quercetin, etc. Often
used as traditional medicine, this uses against diabetes, inflammation, hypertension,
lung diseases, rheumatic disorders, pain relief, lung ailments, diarrhoea, fever,
wounds, ulcer, anti-microbial agent, etc. Fitriani et al. [34] reported that the molecu-
lar docking study pointed at the efficacy of one of the phytochemicals present in the
fruit, asiatic acid could act as a potent inhibitor of the SARS CoV2 virus.

22.6.17 Lycoris radiata Miq.

It is a common bulbous and perennial herb of the family Amaryllidaceae and a native
of the country China. This is often called as the red spider lily, hell flower, red magic
lily, etc. as it is the source of the reddish alkaloid liquorice. Suryanarayana and
Banavath [35] in their study pointed at various plants and their anti-viral functions
among which this plant was one. Reports indicated that the phytochemicals isolated
from this plant may act as potential anti-viral agents. The plant extracts obtained
from this plant have efficacy against the recent virus and can be used as herbal
remedies in the future.

22.6.18 Mentha longifolia (L.) Huds

It is one of the medicinally important herbs native to Europe that belongs to the
family Lamiaceae.Mentha sp. is a rich source of various essential oils like menthol,
pulegone, etc. and generally used against stomach and throat problems. Khaerunnisa
et al. [10] in his study along with various other phytochemicals pointed at the
chemical luteolin-7, an essential oil obtained from this plant that showed 3CL
pro-inhibition against the SARS CoV2 virus with the help of molecular docking
studies.
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22.6.19 Capsicum annuum L.

A member of the nightshade Solanaceae family, this is used all across the globe for
culinary purposes. This plant reportedly has various health benefits. Khaerunnisa
et al. [10] pointed at this plant being a potent one for the inhibition of the main
protease of the virus due to the presence of the chemical glucosides.

22.6.20 Hypericum perforatum L.

Also known as St John’s wort this is the flowering plant of the family Hypericaceae
used extensively in traditional Chinese medicine as a common treatment against
mild to moderate depression and other symptoms that are related to anxiety or
insomnia. Yang et al. [36] in their study highlighted on the use of this plant as
potent anti-SARS CoV2 agent used widely in the Chinese medicine.

22.6.21 Eucalyptus sp.

The plant is commonly known as the gums or eucalypts, a member of the family
Myrtaceae. It contains lots of essential oils like eucalyptol which is a high value
organic oil (monoterpenoid). Different other volatile compounds like 1,8-cineol,
1,8-cineole, cajeputol, 1,8-epoxy-p-menthane, 1,8-oxido-p-menthane, eucalyptol,
eucalyptol, cineol and cineole were also studied along with this compound. Euca-
lyptol has multiple uses as fragrances, flavouring agents, insect repellents along with
other therapeutic applications. Sharma and Kaur [15], have pointed out in their study
the efficacy of eucalyptol as a potent treatment against COVID-19 as it could inhibit
the Mpro protein associated with the virus. Molecular docking studies have showed
the inhibitory action of the eucalyptol against the main protease associated with the
virus.

22.7 Conclusion

The unprecedented impact of one microorganism has crippled the normal pace of life
all over the world. The spread of highly infectious and potentially fatal respiratory
illness has taken gruesome number of human lives directly and indirectly. All over
the world, the collapse of health care system and the pandemic induced gigantic
economic loss has critically damaged the well-being of the human race. The search
for widely applicable functional vaccine is “heat of this hour” and throughout the
globe the researches are going in tremendous speed. However, the rapid mutation in
viral genome, climatic condition, region, diet, ethnicity, age and gender wise
variability of infection, drug application based complexities, unrealistic pressure
on time-bound clinical trials have worsened the whole situation. In general, the
researchers are concerned about key enzymes and the protein molecules associated
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with the infection mechanism of virus. Like other respiratory illnesses, inhibition of
proteins that bind with the cell receptors or prevention of viral DNA replication
could be the possible ‘cure’ and controlled release of non-volatile viral antigens to
human body to sensitize natural immune system against COVID-19 may be the most
appropriate ‘modus operandi’ of any future vaccine. Apart from conventional anti-
viral drugs, extensive screening is going for both chemically synthesized
pharmaceuticals and natural products. Plant-derived natural molecules have played
important role against a number of infectious diseases and recently molecular
docking studies have revealed potential of large number of phytochemicals against
COVID-19. However, availability of certain compounds, their active formulation,
mode of application, dosage, toxicity assessment, broad spectrum tolerance, efficacy
all are important parameters. Primary screening or in silico assessment can only
reveal the potency of particular compound but for clinical trials multi-faceted
research is extremely important. At present such researches are going all over the
world but the status is still primitive and development of any therapeutic strategy
requires extreme precision and significant output so till date many natural products
were screened and documented but none has been successfully completed the trial
phase. However, the emergence of novel techniques has facilitated the natural
product based research and paved a promising avenue for complementary and
alternative medicine against COVID-19.
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Phytotherapeutics in Inflammatory Lung
Diseases 23
Heba A. S. El-Nashar, Nouran M. Fahmy, Mohamed El-Shazly, and
Omayma A. Eldahshan

Abstract

Inflammatory lung diseases such as asthma can be defined as a widely spread
chronic inflammatory disease presented with airway hyperresponsiveness, mucus
hypersecretion, and remodeling. These diseases may be triggered by genetic
predisposition or allergen. Patients are manifested with recurrent episodes of
dyspnea, wheezing, shortness of breath, chest tightness, and cough. Conventional
therapies used to treat inflammatory lung diseases suffer from limited patient
adherence due to their high cost and side effects. Medicinal plants are gaining
considerable attention by health care providers due to their favorable therapeutic
role, limited side effects, and their potential to be used as adjuvant therapies in the
management of inflammatory lung diseases. This book chapter is a summary of
pharmacologically studied plant extracts, fractions, and isolated compounds as
anti-inflammatory lung diseases agents, especially asthma in different in vitro and
in vivo models in the past decade (2010–2020). We also highlighted the medici-
nal plants, fractions, and isolated compounds with their pharmacological and
immunological mechanism of action.
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23.1 Introduction

Inflammatory lung diseases, especially asthma, are chronic inflammatory airway
conditions marked by persistent inflammation, increased mucus secretion, and
airway remodeling [1]. Recurrent symptoms of dyspnea, wheezing, shortness of
breath, chest tightness, and coughs that intensify at night or early in the morning are
the main clinical manifestations [2]. According to The Global Initiative for Asthma
(GINA) 2020, over the past three decades asthma prevalence has increased through-
out the world affecting more than 300 million individuals [3]. Asthma affects 1–18%
of the population in various countries [4]. Asthma is a complex and multifactorial
disease that may arise due to genetic predisposition, infections, medications, stress,
dust, pollen, allergens, or smoke [2].

The pathogenesis of asthma is attributed to a group of inflammatory cascades that
includes stimulation of immune response and over production and expression of T
helper (Th2) type lymphocytes. These cascades result in Th2-associated disorder due
to the imbalance in TH1/Th2 cytokines release [5]. Th2 mediated cytokines such as
IL-4, IL-5, and IL-13, are important clinical indicators that are responsible for the
airway inflammation and infiltration, mucus production, and high level of eosinophil
and immunoglobulin E (IgE) [4, 6]. Allergens such as dust, pollen, and animal
dander cause inflammation and airway remodeling, which is characterized by the
deposition of reconditioned collagens and matrix protein damage as a result of the
chronic inflammation and damage of the airway epithelium [7]. The release of a
variety of inflammatory mediators results from IgE antibody-mediated reaction on
the surface of mast cells. Histamine, leukotrienes, prostaglandins, and various
chemotactic agents accumulate eosinophils in the respiratory airways and are
responsible for the major characteristic manifestations of asthma pathogenesis
[6]. Th2 lymphocytes stimulate eosinophils to produce IL-5 and mast cells to
produce IL-4 via IgE [8]. As a result, the volume of serum IgE rises, causing mast
cells to produce more cytokines, leukotrienes, and chemical mediators like histamine
[9]. Bronchoconstriction, increased vascular permeability, and increased mucus
production are all caused by histamine. Bronchoconstriction is induced by prosta-
glandin D2, and leukotrienes increase vascular permeability, mucus secretion, and
bronchoconstriction [10].

Current treatment strategies for asthma focus on reducing airway inflammation
and decreasing bronchoconstriction. The most popular clinical approach used to treat
asthmatic patients is the administration of bronchodilators and anti-inflammatory
drugs [6, 11]. Glucocorticoids are one of the most effective treatments for airway
inflammation and hyper-responsiveness [12]. Unfortunately, the prolonged use of
glucocorticoids may lead to hypertension, hyperglycemia, hoarseness, reduced bone
metabolism, adrenal suppression, and increase the possibility of opportunistic
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infection with candida. In certain cases, β2-agonists and leukotriene receptor
antagonists may exacerbate asthma and neuropsychiatric symptoms [5, 12]. While
traditional drug therapy, such as inhaled corticosteroids in conjunction with long-
acting β2-agonists, is used to control asthma symptoms, it does not reverse all
disease-associated symptoms. As a result, modern, affordable, and safe drugs for
the management and treatment of asthma patients are urgently needed [13].

Herbal medicine and natural products represent a treasure-trove for the discovery
of new therapies and effective treatments for different ailments including asthma.
Complementary and alternative medicine (CAM) is still common throughout the
world. It is reported that plants are used alone or in combination with synthetic drugs
for a better control and management of asthma. A survey of 7685 asthmatic
individuals aged 55 or older showed that almost 40% used herbal medicine to relieve
their symptoms. [14]. This book chapter reviews the anti-asthmatic herbal medicine
used in the last decade, highlights their effects in controlling asthma, their charac-
teristic components, and possible mechanisms of action.

23.2 Medicinal Plants and Inflammatory Lung Diseases
(Asthma) Management

The use of medicinal plants in the management of asthma has been practiced in
traditional medicine for the last two millennia [15–17]. Literature survey in the past
10 years revealed that 89 medicinal plants were studied as anti-asthmatic herbs.
Previous studies focused mainly on the plants, total extracts, fractions, and to a lesser
extent on their isolated compounds. Table 23.1 highlights the studied plants as anti-
asthmatic, type of extract, active fraction or isolated compound, type of assay, and
the mechanism by which these medicinal plants produce their anti-asthmatic activity.

23.3 Conclusion

The extensive need of an effective and safe inflammatory lung diseases (anti-
asthmatic) drugs encouraged researchers all over the world to give an attention to
nature as a source of new and safe drugs to be used in the management of asthma.
Medicinal plants when combined with conventional therapies might be useful in
reducing asthma symptoms, dose, and side effects of the therapeutic drug. The
structural diversity of plants secondary metabolites and their capability to work
through multiple mechanisms of action highlight their potent activity as anti-
asthmatic remedies. Reviewing the literature in the past 10 years proofed that the
utilization of medicinal plants and their different extracts is beneficial in
ameliorating asthma symptoms via their anti-inflammatory and broncho-dilatory
effect. Few reports were traced on the compounds responsible for their anti-
asthmatic effect. Thus, there is a great need of continuing research on these plants
to characterize the bioactive compounds that have anti-asthmatic properties, detect
their effective doses, and reduce any toxic effect.
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Medicinal Plant-Based Advanced Drug
Delivery System for the Treatment
of Chronic Lung Diseases

24
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Abstract

Lung disease represents a significant medical problem worldwide. They are
usually treated by different synthetic drugs. Yet, incessant high-portion of oral
and injectable medications may prompt extreme side effects and at this crossroad,
there is a requirement of inhaled formulations that encourage successful medica-
tion to the pulmonary routes with no adverse effects. Chemicals isolated form
plants, i.e. Common phytoconstituents or phytoalexin (for example, plant anti-
microbials) have indicated a remarkable treatment cluster with least adverse
effects and incredible ability to treat intrapulmonary and extrapulmonary illnesses
contrasted with synthetic medications. In addition, the advancement and integra-
tion of various sciences, for example, nanoscience, polymer sciences, material
science, and molecule designing along with particles shape and size analysis
permits further improvement of the treatment capacity and productivity. This
chapter highlights the plant-based advanced drug delivery system for the treat-
ment of chronic lung diseases. Moreover, it also facilitates the scientist with some
fundamental foundation data to phytochemical profile, plan prerequisites and
medication conveyance frameworks.
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24.1 Introduction

Chronic pulmonary disorders are one of the main sources of mortality universally,
described via constraint in airway, loss of elasticity, pneumothorax or atelectasis,
swelling and inflammation in the main passages (bronchial tubes), emphysema,
bronchoconstriction chronic bronchitis (CB) and discharge of abnormal fluid from
lung [1]. Tobacco smoking, hereditary qualities, air contamination, breath of toxic
particles, exposure to chemicals and gases are the main contributors towards the
progression of pulmonary diseases. Chronic obstructive pulmonary disease (COPD),
asthma occupational lung diseases and pulmonary hypertension are generally preva-
lent [2]. Globally, more than 500 million people are experiencing different lung
illnesses [3]. With the advancement in technology and drug discovery process many
new synthetic chemical molecules have been investigated and approved by various
drug regulatory bodies available in the market having great restorative worth, yet this
treatment causes severe side effects which in turn may be lethal. Conventional drug
treatment gives non-targetability in body because of difference in concentration of
drug in plasma and a concurrence of drug intake can cause inconvenient for synthetic
treatment prime to poor patient consistence. Hence, synthetic medicines have
commenced to move on herbal drugs as a prime source to deal with critical health
issues, also lead us to look Back to the Mother Nature’. Around 80% of the current
total population depends on utilization of natural products for their essential medical
services and different needs which indicates the extent of plant-based prescriptions.
Besides, herbal drugs having of lots of benefits and are less-poisonous with less
unfavourable impacts. As indicated by the World Health Organization (WHO), the
utilization of plant-based prescriptions everywhere on the globe surpasses customary
medications by a factor a few times [4]. At present, herbal drugs have reclaimed their
status for remediation of pulmonary diseases along with their efficacy and safety
feature being strongly supported by controlled and randomized clinical trials in
patients [5]. Present worldwide research has also presented valuable inputs about
specific mechanism of action (MOA) of these herbal remedies [5, 6]. In this chapter,
an effort has been made to highlight various aspects related to effectiveness of herbal
medicines including their impact on chronic lung disease and other essential physi-
cochemical properties of drug delivery systems are also discussed in detail.
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24.2 Phytochemicals from Plant

Plant-based medicines have made irrefutable contributions from ancient cultures and
created one of the basics for health care in almost all civilization throughout the
world [7]. The use of herbal drugs is an essential part of any traditional system of
medicine which is performed in several manners in various beliefs of the civilization
[8, 9]. Notwithstanding their broad practice as therapeutic moiety, people’s interest
in herbal medicines is even increasing with special importance on their medicinal,
clinical and financial significance. Herbal drugs themselves are well recognized for
their huge range of phytoconstituents which are chemically diversified and
pharmacologically active. This makes herbal drugs more interesting as key elements
for drug discovery programs and new drug development. Thus, they play an
important role and more interest due to their significance in modern medicines
such as precursors, pharmaceutical intermediates, chemical entities for synthetic
drugs, food supplements and nutraceuticals [8, 10].

Since the start of this century, the development of ground-breaking investigative
apparatuses and innovations, sophisticated modern analytical tools, advancement in
materials science, bioinformatics tools, computer aided drug designing and molecu-
lar biology have obtained fast development in the field of clinical and analytical
characterization. These devices and scientific advancements offer new occasions to
classify and characterization of these active phytochemicals. Notwithstanding their
clinical applications these herbal drugs have been left over and cannot be accepted as
an end point.

In its place, active and precise phytochemical are isolated and characterized to
chemically synthesized particular drug analogues. These, phytochemicals are
responsible for several organoleptic and therapeutic features of plants [11]. More
precisely, these chemicals are plant secondary metabolites, for example, alkaloids,
glycosides, polyphenolics, lignans, terpenoids, etc. which are biosynthesized in
plants through various metabolic pathways. Phytoconstituents and their effects on
biological system have been extensively studied and investigated in this century.
Their therapeutic benefits are of main attention because of their role in prevention of
significant dangerous ailments, for example, cancers, cardiovascular intricacies and
respiratory diseases. These ailments are leading causes of death currently which
signifies that phytoconstituents will continue to be matter of scientific research
community interest. Based on applied health benefits such as free radical scavenging
activity, anti-inflammatory and immuno-modulatory, phytochemicals may act as a
potential therapeutic agent or as an alternative therapy [8, 10].

24.3 Phytochemical Use in Inhalation Delivery for Lung

Inhalation therapy still is an interesting as a new approach for drug delivery
applications, and this particular technique has been recorded all over in a large
portion and has strong history [12]. With the growth in the field of medical sciences,
material sciences and engineering, nanoscience and molecular biology have

24 Medicinal Plant-Based Advanced Drug Delivery System for the Treatment of. . . 559



assimilated enormous advances in the field of inhalational therapy and drug delivery.
Now, we have now raised our hopes higher, attempting to use this non-obtrusive
approach to combat multiple extrapulmonary infections in addition [13]. The lung is
exposed to an oxygen-rich atmosphere and is subsequently vulnerable to damage
caused by oxidative stress (Fig. 24.1). Various cell reinforcement guarantees
(antioxidants), as epitomize glutathione, superoxide dismutase (SOD), β-carotene,
nutrients C and E, uric corrosive and heme-oxygenase [14–16], are provided to
block this harm to lung tissues. However, biological antioxidant defences are often
reversed by reactive oxygen or nitrogen species, and an oxidative strain contributes
to a variety of lung disorders. The presumption of oxidative damage in cystic fibrosis
(CF), asthma, chronic obstructive pulmonary disease and direct to epithelial cell
injury by reactive oxygen species has been confirmed in various clinical literature at
present [14, 16]. The present medication is used to monitor the excessive discharge
of mucus and inflammatory disorders in order to avoid or prevent damage to lung
tissue. For lung tissue injury, a few treatment options are available, such as oral /
inhaled corticosteroids or high dosages of oral N-acetylcysteine. However, in the
face of major side effects, these therapies have insufficient beneficial steps. Hence,
improvement of organic cell reinforcement securities through a pharmacological
treatment or an eating routine may be a reasonable methodology in treatment of lung
diseases. In order to minimize or prevent damage to lung tissue, the present drug is
used to control excessive discharge of mucus and inflammatory disorders. There are
a few treatment options available for lung tissue damage, such as oral/inhaled
corticosteroids or high oral N-acetylcysteine dosages [17]. These treatments, how-
ever, have inadequate helpful measures in the face of significant side effects. Since
many scientific studies have been conducted on the antioxidant and anti-
inflammatory impact of these polyphenolic compounds, however, few scientific
publications have discussed the formulation design of these polyphenolic
compounds in order to improve bioavailability. Many nanocarriers and
microparticles delivered orally have recently been designed and tested. In particular,

Fig. 24.1 Oxidative stress in pulmonary diseases
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several lipid vesicles such as liposomes, microparticles and cochleates are also
explored in the drug delivery of phytoconstituents. Oral administration of these
drug delivery systems leads to a poor therapeutic response due to the increased
first pass metabolism and enzymatic degradation within the gastrointestinal tract
(GI) [18]. There is a strong need for elective care to deal with these problems and to
make phytoconstituent therapy more successful. An alternative solution may be to
obtain a higher local concentration of antioxidants and anti-inflammatory drugs in
the tissue of the lung by administering aerosol directly to the airways by means of a
nebulizer, soft mist inhaler or dry powder inhaler, pressurized metered dose inhaler
[14]. Dry powder inhalers have many advantages compared to other inhalational
methods, such as being propellant-free and requiring no reconstitution of powders or
cold chain storage and are more convenient, and no need for collaboration between
patient inspiration and inhaler operation, more opportunities for carrier engineering
and less coastally [12, 19]. Ultimately, phytoconstituent physicochemical and bio-
pharmaceutical properties can be improved by DPIs and a higher drug focus at the
desired site can be transmitted (Fig. 24.2).

24.4 Phytoconstituents Based Dry Powder Inhalers (DPI)

The pulmonary drug delivery system (PDDS) is a specific approach to delivery and
has become more of an interest in the field of drug delivery research because of its
easy transition in development, the potential to treat different pulmonary venous and
extra pulmonary diseases, intensified therapeutic potential with minimal antagonism
effects. Several new inhaled phytoconstituent drug delivery systems (NDDS) and
their main findings are summarized in Table 24.1. These delivery mechanisms will
provide better care opportunities that are safe, effective and readily accessible. This
section thus highlighted and reviewed the literature available and published in the
last decade on inhalable phytochemical agents.

24.4.1 Alkaloid

24.4.1.1 Atropine
Atropine, commonly known as Solanaceous alkaloid, naturally existing tropane
alkaloid derived from the different species such as Atropa belladonna, Datura inoxia,
Datura stramonium and Datura metel (Solanaceae) family of berries, leaves and
roots. The chemical, pharmacological and toxicity profiles have also been exten-
sively investigated and reported [7, 9, 20]. Through use of atropine for the preven-
tion of organophosphate poisoning [21] has also been studied by several researchers.
Atropine is widely administered intravenously (i.v.), intramuscularly (i.m.) and
orally. If delivered thru i.v., its maximum plasma level is 5 min for injection,
while with i.m. the injection or medicament delivers drug within 30 min. A 2 mg
i.m.; maximum blood absorption was reported with the dosage 6–8 ng/mL. The peak
changes occurred after 2 h after taken orally. An alternative, self-administered and
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equally active dosage is desirable during casualty (fatal distressing haemorrhage or
serious military or civilian damage) because i.v. practically, is not feasible in the
field, while peak concentration by i.m., the dosage may have been inexcusably
delayed.

In addition, parenteral pathways need help of paramedical personnel or
professionals [22]. The need for reliable, precise release and safe dosage of atropine
for the prevention of organophosphate poisoning is present at this juncture. An
inhaled atropine formulation (IAF) can therefore be produced or developed to
orderly deliver atropine doses in a framework that makes self-administration or
dosing without inconvenience for scheduled span of time.

Ali et al has developed, analysed and performed a clinical study on dry powder
inhaler nano-atropine sulphate (nano-AS) prepared by nano precipitation technique.
The mean particle size was resulted to be 0.3 nm with low water content as well as
enhanced flowability was shown by spherical nanoparticles. Utilizing Andersen
Cascade Impactor with Rotahaler® system at a flow rate of 60 L/min for 4 s using
3 hard gelatin capsules, aerosol dispersion was analysed. The ACI study indicated
substantial ED and respiratory fraction dispersion and deposition of 94.33 and
65.21%, respectively. In addition, relative to atropine microparticles, nanoparticles
exhibited a 1.52-fold respiratory fraction increase (42.64%). In addition, bioavail-
ability evidence in a controlled clinical trial of healthy male volunteers showed that
approximately �3 mg of 6 mg of atropine penetrated through lungs into systemic
circulation [22].

Pharmacokinetics profile of atropine sulphate was identified by Corcoran et al in
healthy non-smoking human volunteers supplied by AtroPen®, auto-injector
(AUTO; 2 mg) via intramuscular route, and delivery through pulmonary route
utilizing Micro Dose Therapeutx, Dry Powder Inhaler (DPIA); (1.95 mg [5 dose
per 0.4 mg/dose (administered over 12 min)]). DPIA displayed a steady blood profile
with an area under curve (AUC) difference coefficient of 0.3 and this concentration
rapidly appeared (Tmax-15 min) following drug inhalation. The relative bioavail-
ability was 87% for the DPIA group. In brief, DPIA provides an excellent approach
to successful systemic therapy and can be helpful if rapid intervention is required or
when the Gastro intestinal pathway is undesirable [21].

24.4.2 Cannabinoid

24.4.2.1 Dronabinol
Dronabinol is a viscous, pale yellow in colour cannabinoid derived from the family
Cannabis sativa, Cannabaceae. Chemically, Δ9-tetrahydrocannabinol (THC) is a
multifunctional cannabinoid, ranging from analgesic to hypotensive, which has
many therapeutic potential. While having many pharmacological operations, it has
low water solubility (0.77 mg/mL) [23], first pass metabolism, rapid deterioration in
acidic aqueous systems and oxidation in the air have not yet been developed in an
acceptable dosage type. It is also a very labile and sticky resin that renders the
product formulation and formulation process more complicated. Nevertheless, in
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regard to these obstacles, its soft gelatin capsule (Marinol®), sublingual tablet (SLT),
pro-drug (THC-hemi-succinate ester salt) indeed has been synthesized to enhance
pharmaceutical properties. These formulation advances, however, reveal an unsatis-
factory shelf life of the product and demonstrate poor and erratic absorption. Using
spray freeze drying to prevent first pass metabolism and other challenges, a respira-
ble solid dispersion powder (SDP) with inulin was synthesized, analysed and
reported by Drooge et al. Powders can now be distributed into aerosols of a
reasonable particle size acceptable for inhalation purposes [23].

By a spray freeze-drying (SFD) technique, THC conjugated respirable solid
dispersion powder (SDP) were developed and recorded through using a stabilizing
agent’s inulin (oligo fructose). Spherical shape microparticles exhibited rough
surface and adequate loading ability for the drug. In addition, it is more suitable
for inhalation because of its highly impermeable nature and large specific surface
area (90 m2/g). In conclusion, better structural properties (50%; FPF) and fair
physicochemical stability have shown relative to its freeze-dried powder (FDP) [23].

24.4.3 Diterpenoid

24.4.3.1 Andrographolide
Andrographolide is derived from plant Andrographis paniculata of Acanthaceae
family. It is a bitter terpenoid also known to be “King of Bitters”. Their cultivation
is mostly in Southeast Asia and they may offer various therapeutic effects
[24]. Andrographolide can reduce blood pressure via smooth muscles relaxation of
blood vessels. Despite their therapeutic value they are not commercialized due to
their poor water solubility (3.29 mg/mL) and reduced oral bioavailability (2.67%),
and they also undergo first pass metabolism [25]. Therefore, a suitable carrier may
improve its bioavailability and thus some researchers have reported with effective
drug delivery system of andrographolide for lung. Mali et al. developed scleroglucan
microparticles loaded with andrographolide with spray drying technique. These
spherically shaped microparticles of size 2.32 μm has >98% drug binding capacity.
Intratracheal administration of 1.25 mg of andrographolide microparticles
demonstrated better antihypertensive action, enhanced plasma drug concentration
with no side effects as compared to formulation of conventional andrographolide. In
addition, the microparticles demonstrate considerable enhancement in white blood
cells (WBC) and lymphocyte count owing to andrographolide immunostimulant
activity [26]. The inclusion complexes of andrographolide-β-CD were developed
using freeze-drying technique (FDT) and its anti-pneumonia effect was studied in
rats by Zhang et al. [27]. These novel microparticles of size 5 Mm displayed highly
effective aerosolisation with a FPF and ED of (81.83% and 96.08%) correspond-
ingly. Further, complexes of B-CD exhibited better dissolution of andrographolide
in lung fluid by 1.89-fold. Moreover, new inclusion complexes adequately improved
andrographolide dissolution locally in tissues of lung and exhibited better anti-
pneumonia effect in comparison to penicillin and andrographolide alone [27].
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24.4.4 Lignan

24.4.4.1 Honokiol
The traditional system of medicines in Asia uses numerous species of genus Mag-
nolia, such asM. officinalis,M. obovata andM. grandiflora of Magnoliaceae family
[28]. They can be found all across globe distribution mostly in east and Southeast
Asia. Honokiol is a lignan originated in many species with genus Magnolia that has
been reported to possess various therapeutic properties ranging from antibacterial to
neuroprotective. They have also gained recognition in the ground of western medi-
cine and have been formulated as oral, systemic and transdermal drug delivery
[28]. Also, Honokiol is reported for pulmonary delivery. Honokiol inhalable
microparticles are formulated with the help of Chitosan/mannitol (1:8; w/w)
followed by spray drying as reported by Li et al. Microparticles size was reported
with 8.48 μm and 3% drug loading capacity with �50% yield and the microparticles
displayed �90% drug released at pH 7.4 [29].

24.4.5 Polyphenols

24.4.5.1 Apigenin
Apigenin is the chemical compound found in plants bearing aromatic flower like
carrot and celery belonging to the family Apiaceae and the chemical name of
apigenin is 40,5,7-trihydroxyflavone. It is categorized under class II of BCS classifi-
cation [30]. Majority of beverages, fruits and vegetables also contains Apigenin such
as red wine, grapes, apple and chamomile tea [31]. From the past few years Apigenin
have been evaluated for therapeutic purpose. The therapeutic efficiency of Apigenin
is mainly associated with its antioxidant effects and free radical scavenging (FRS)
actions. Besides these, it also possesses therapeutic effects such anti-inflammatory
by suppressing mediators of inflammation like cyclooxygenase-2 and cytokines in
human and mice lung epithelial cells [30]. Acute lung damage due to inflammation
in respiratory tract arises from oxidative stress; the inhalable nanoparticles of
apigenin have been reported to manage inflammation of respiratory track by Papay
et al. [30]. Papay et al. developed inhalable nanoparticles loaded with apigenin by
spray drying method and reported with particle size: 376 nm, encapsulation effi-
ciency: 82.61% and drug loading efficiency: 7.51%. Another formulation is the
L-leucine based nanoparticles (NPs) that resulted in improved aerosolisation func-
tioning as compared to lactose-based NPs. But nanoparticles enclosing lactose
showed better release of apigenin in altered lung fluid (pH 7.4) whereas L-leucine
NPs offered decreased in vitro discharge [30].

24.4.5.2 Baicalein
Baicalein, a 5,6,7-trihydroxyflavone is extorted from the roots of Scutellaria
baicalensis Georgi belonging to Lamiaceae family is broadly utilized in Traditional
Chinese Medicine (TCM) system [32]. Baicalein have been utilized in restoring
patient health from diseases like lung cancer, hypertension and inflammatory

570 N. Verma et al.



diseases. Baicalein is categorized under class II of BCS drug classification as they
have low solubility with high permeability and undergo first pass metabolism
because of which their use in pharmaceutical industries is limited despite of having
varied therapeutic value [33]. Zhang et al. developed inhaled formulation of
nanocrystals loaded with Baicalein drug in order to enhance its bioavailability and
to circumvent first pass metabolism. The nanocrystals were developed via anti-
solvent recrystallization technique (ASRT) after which they were homogenized
under high pressure along with a stabilizing agent polysorbate 80 (0.3%) and solvent
ethanol. The powder of Baicalein nanocrystals displayed better dissolution report
when compared with Baicalein crystal and reported with similar pharmacokinetic
profile and significant absorption of Baicalein at consequent 10 mg/kg dose. Thus,
particle size reduction with increased surface area has improved Baicalein dissolu-
tion property and bioavailability.

24.4.5.3 Curcumin
Curcumin is a hydrophobic polyphenol (diferuloylmethane) with a yellow-orange
colour, derived from the Curcuma longa rhizome of the Zingibaraceae family.
Chemically, it is a β-unsaturated, β-diketone and bis-alpha that shows tautomerism
of ketoenol having a stable form of enol in alkali medium and keto in neutral and
acidic medium [34]. There are many medicinal properties of curcumin, including
anti-inflammatory, anti-carcinogenic and respiratory disorders [34]. The effect of
curcumin on the behaviour of both acute and chronic lung disorders has been studied
by several researchers [35]. In addition, successful anticancer action against different
lung tumour cell lines was also shown; human lung adenocarcinoma cell (A549),
human lung adenocarcinoma (Calu-3), lung metastasis cell (B16BL6) [36] and
mouse macrophage cell line (RAW 264.7) [37]. Moreover, the performance of
many transcription factors and respective signalling pathways were rapidly modified
[34]. However, low water solubility of 0.6 μg/mL, high molecular weight of
368.39 g/mol, log P value of 2.5, weak intrinsic dissolution rate, low and unstable
bioavailability less than 1% [38], high protein-binding performance, rapid metabo-
lism and rapid excretion from the body are the major problems associated with poor
pharmacological responses of this specific polyphenol [35]. Various inhalable
formulations of curcumin have been developed and tested to enhance the bioavail-
ability, physical stability and solubility profile of curcumin, including nanocrystals,
cyclodextrin complexes [39], nanocrystals formulation [40] polymeric micelles [41],
nanocomposites [42] and swelling microspheres [37] in order to solve these
problems and to improve its pharmacokinetic profile. In the following section,
several research studies on novel inhalable curcumin formulations are discussed.

In a research published by El-Sherbiny et al., dried inhalable curcumin-loaded
poly [D, L-lactic-co-glycolic-acid] (PLGA) nanoparticles encapsulated in co-
polymer-based swellable microspheres of amphiphilic pegylated-chitosan
(PEG-Cs) were formulated to control curcumin aerodynamic parameters and macro-
phage uptake. Spherical microspheres displayed a smooth surface with a mean
particle size of 243.4 nm and a satisfactorily high efficacy of aerosolization was
achieved with a fine particle fraction (FPF) of 30.2% and an emitted dose (ED) of
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98.1% calculated at 60 l/min through the HandiHaler® system. Microspheres
showed over 24 h of accurate curcumin release over time. Due to the strong
hydrophilicity of PEG side chains in PEG-g-Cs Co-polymer conjugate, this data
was consolidated to improved swelling index (>90% in 20 min) and low moisture
content (<1.8%) in phosphate buffer solution having pH 7.4. No local inflammatory
effects and toxicity were observed in the findings of the in vitro assay with MTT and
TNF-alpha on RAW 264.7 cell lines. In short, these swelling curcumin microspheres
were considered to be a competent delivery directly to the pulmonary area for the
treatment of many lung disorders [37]. Hu et al. and his team formed curcumin
nanocrystals and analyse for in vitro deposition in lung tissues parallel with in vivo
pharmacokinetic and tissue distribution studies in rabbits by using the wet milling
optimization technique with spray drying (SD) for nanocrystal preparation. The
spray-dried curcumin nanocrystals have a spherical shape and a uniform particle
size of 1086 nm. In an aqueous solution containing 1% of sodium dodecyl sulphate
(SDS), the nanocrystals display an almost complete dissolution rate (98% in 4 h) of
curcumin. In addition, with an FPF total of 68.92% and an emitted dose (ED) of
72.1% calculated by an advanced next generation impactor (NGI) method at a flow
rate of 60 l/min, an appropriate aerosolisation efficiency was obtained. Pulmonary
administration of these nanocrystals subsequently showed a 3.16 and 7.5-fold rise in
plasma level and Cmax (maximum drug concentration) significantly in comparison to
oral curcumin delivery at the same curcumin single dose (25 mg/kg). Curcumin
recorded the maximum concentration (824.27 μg/g after 6 h) in lung tissues and
curcumin content after endotracheal intranasal relative to every other organ in the
tissue distribution sample, thereby decreasing cytotoxic effects. The study findings
have clearly shown that phytoconstituent nanocrystals are a promising delivery
method for pulmonary delivery [40]. Aerosolized microparticles loaded with
curcumin were developed by combining hydroxypropyl-beta-cyclodextrin
(HP-β-CD) and polyvinyl pyrrolidone (PVP) using the new atomized rapid injection
solvent extraction (ARISE) method. This method showed a very good percentage
yield, with a smooth surface and elongated behaviour of appropriate particle size. In
addition, curcumin microparticles display a 70-fold improvement in curcumin solu-
bility and dissolution profile in the salt solution. In contrast, curcumin-loaded
microparticles showed a better FPF (61%), investigated at a velocity of about
28.3 l/min utilizing Andersen Cascade Impactor (ACI). Additionally, comparison
to binary systems of (HP-β-CD-Curcumin) and native curcumin, respectively, the
produced microparticles exhibited a 1.5 and 6.1-fold increase in FPF [39]. Wang
et al. developed and documented curcumin-loaded acetate dextran (Ac-Dex)
microparticles (nCm-P) and microparticles (MP) of nanocomposites using a spray
drying method. NCm-P showed a puffy surface with a raisin-like morphology and a
mean particle size of 200 nm, but MP showed a trembling surface with an average
particle size of 1 μm. Better encapsulation efficiency for MP approximately 50%
than nCm-P (30%) was integrated into the spray drying process. The in vitro release
of the MP and nCm-P systems showed a quicker release of curcumin in acetate
buffer (pH 5) relative to phosphate buffer (pH 7.4). In contrast to MP systems, the
release patterns revealed that nCm-P systems have a significantly higher curcumin
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release profile due to nanometer scale, higher surface area and rapid polymer
deterioration with better drug delivery. In addition, aerodynamic parameters with a
mass median aerodynamic diameter (MMAD) of 2.5 and geometric standard devia-
tion (GSD) of 2.7 were adequate for both MP and nCm-P systems. In conclusion, the
novel acetylated dextran aerosol particle method has shown a great potential for
atretic delivery of polyphenolic phytoconstituents into the target portion of the lung
tissues [42]. In another study, a novel method, followed by freeze drying (FD), was
documented employing L-lactide grafted xyloglucan micelles for pulmonary deliv-
ery of curcumin by direct dissolution approach. This curcumin embedded spherical
micelles had a mean particle size (102.4 nm) of �18.2 mV negative zeta potential
with 96.38% extraction efficiency (EE) and 70% drug loading power (DLC).
Sustained release (>50%) of curcumin up to 5 h was verified by novel polymeric
micelles and was better suited to an irregular, non-Fickian release kinetic model.
Additionally, with an FPF total of 12.16% and an ED of 99.6% calculated using
ACI, a substantial aerosolisation effect was observed. At a dosage of 100 mg/kg, the
micelles showed a 2.20 and 1.77-fold increase in plasma drug and Cmax

concentrations relative to curcumin suspension following intratracheal administra-
tion. Appropriate increase in bioavailability of curcumin after intratracheal adminis-
tration is eligible for the sustained effect of curcumin in the lungs [41]. In another
study, nanocomposite particles embedded with inhalable curcumin were formulated
and reported using mannitol as a ligand using a spray dryer configured with a twin jet
nozzle. The formulated smooth surface aggregated nanocomposite particles revealed
a particle size of less than 3 μm and a 3.90-fold improvement in the curcumin release
profile of Tween 80 containing aqueous solution (0.1%). The novel nanocomposite
composition showed a substantial FPF of about 20% assessed at a flow rate of 28.3 l/
min using the Jethaler® unit. In addition, in several in vitro assays such as “WST
assay on A549” lung cancer cell line, “B16BL6” lung metastasis cell line and “Raw
264” macrophages-like cell lines, curcumin-loaded nanocomposites demonstrated
dose-dependent cytotoxic effects. Li et al. conducted work on dry powder inhalation
(DPI) by spray-drying (SD) technique based on phytosomes-chitosan microspheres
and analysed its characterization. Chitosan microspheres filled with curcumin
phytosomes were formulated using the SD technique. Good aerodynamic diameter
of 3.93 μm was seen in the sphere-shaped including surface microspheres with 12%
drug loading power. In addition, curcumin-loaded microspheres display an adequate
ED of 98% with an FPF of about 60%. There is a great potential for these formulated
microspheres to be used as a DPI for pulmonary delivery applications [43]. In the
treatment of different lung disorders, CUR has shown great therapeutic effects. In
combination with many biodegradable polymeric materials such as PLGA and
dextran, synthetic polysaccharides such as HP-β-CD and strength control
compounds such as PVP, it is evident from the above literature that curcumin can
be safely incorporated into different microparticulate formulations. Using spray-
dried microparticles, the biopharmaceutical properties of curcumin can be easily
modified, with a significant dosing necessary for physiological effects. A special
capacity for pulmonary transmission is also reported by curcumin-loaded polymeric
micelle and novel phyto-phospholipid systems (Phytosome®). In the evaluation of
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all delivery systems, the nanocrystals-based curcumin formulation reported signifi-
cant improvements in blood plasma concentration and in vivo bioavailability. The
combination of curcumin with a clearly defined delivery device may therefore be the
best solution in clinical practices in terms of patients with lung diseases. The targeted
pulmonary delivery of curcumin will be far more optimized through the exponential
growth of formulation sciences, coupled with polymers and particle engineering.

24.4.5.4 Fisetin
Fisetin is a diphenylpropane flavone derived from various parts of plants. Chemi-
cally, the flavone is 3,30,40,7-tetrahydroxy. Because of its various therapeutic
activities, for instance, anticancer, anti-inflammatory, antiviral and antioxidant
activities, the fisetin has been intriguing for a few days now [44]. In contrast to
this, phospholipase-Cβ inhibition, ultimately decreases airway smooth muscle
contractions, also exemplifies anti-asthmatic properties [45]. Acceptable water solu-
bility of ~10.45 μg/mL, high lipophilicity, log P 3.2 and low bioavailability profile of
44.1% are the key obstacles associated with its weak therapeutic efficacy [44]. Sev-
eral new strategies have been developed and tested to enhance its bioavailability,
solubility and physicochemical properties by understanding these circumstances,
namely nano-emulsions, liposome formulation, nanocochleates and polymer
conjugates such as cyclodextrin and cyclosophoroase [46]. The efficacy of lung
transmission of the fisetin complex with sulfobutylether-β-cyclodextrin (SBE-β-CD)
was recently investigated and reported by Mohtar et al. and co-workers in 2017. The
purpose of this study is to enhance the solubility and anticancer activity of fisetin
complexes. Fisetin-loaded microspheres were synthesized with a mini spray dryer
using synthetic derivative of β-cyclodextrin (SBE-β-CD) and fisetin at a 2:1 ratio.
Physicochemical research showed 0.76% crosslinking efficiency, 1.48 μm particle
size and concentric patched particle surfaces. It was reported that ethanol derived
powder with improved aerodynamic properties by up to 20%, FPF 32.49% and
showed a twofold increase in FPF (%) as compared to aqueous system powder. In
addition, it was noted that the addition of small amount of (20%) leucine further
increased FPF by 2.3-fold. Fisetin microparticles demonstrated an EC50 value equal
to fisetin alone with MTT assay on A549 cell line [46].

24.4.5.5 Naringin
Naringin, a chemical constituent of herbal drugs, namely Drynaria fortune (Kunze)
J. Sm. belonging to the family Polypodiaceae, Citrus aurantium L. and Citrus
medica L. belonging to the family Rutaceae was firstly evidenced by De Vry in
1857 and its chemical conformation first of all was investigated and characterized by
Asahina and Inubuse in 1928. Due to the presence of this compound, citrus juices
have bitter taste [47]. It has various therapeutic uses such as antioxidant, anti-
inflammatory and anticancer owing to its potential impact to regulate numerous
signalling processes in several physiological systems [48]. Despite that, its clinical
utilization is circumscribed because of its high log P value ~2.4, poor water solubil-
ity (1 mg/mL), and low internal dissolution rate and rapid hepatic excretion
[47, 49]. By combining phytochemicals with suitable functional excipients the
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biopharmaceutical characteristics of poorly absorbed phytoconstituents have been
efficiently improved as a result of advancement in synthesis of these functional
excipients (suitable functional group attachment) [50]. Various inhalable naringin
formulations have been, developed, fabricated and characterized currently by num-
ber of researchers.

Inhalable naringin microparticles were prepared by spray drying technique
(SD) by employing water: ethanol in ratio of 6:4. It was established that corrugated
surface amorphous microparticles were produced by adding 40% ethanol having
particle size (9.47 μm) and rational yield (60.8%). Furthermore, improved aerody-
namic properties was achieved with a FPF (55.8%) and MMAD (3.29 μm) calcu-
lated by means of device Turbospin® at the rate 60 l/min. Concisely, volume of ethyl
alcohol ~40% along with concentration of naringin ~3% are significant parameters
that influence aerodynamic characteristics of microparticles. The inhalable powders
having ethyl alcohol content 50% and proportion of naringin ranging from 4 to5%
found to degrade aerodynamic behaviour owing to the formation of conglomerates
instead of discrete particles [14]. Corrugated microparticles of naringin with raisin-
like surfaces has been prepared having Leucine 5% in a common solvent of ethyl
alcohol and water in ratio 3:7 by using the spray drying technique and investigated
by the same researchers. It can be concluded that leucine addition (amino acid) has
shown 1.13 times increase in FPF % in contrast to preliminarily proclaimed evidence
having FPF 55.8%. In addition, naringin incorporated microparticles substantially
hinder gene expression of the vital enzymes and cellular multiplication in MTT
assay on “CuFi1” and “NuLi1” (derived from human bronchial epithelium of a
cystic fibrosis) cell lines [15].

24.4.5.6 Quercetin
Quercetin, ubiquitous polyphenolic flavonoid (3,30,40,5,7-penta-hydroxyflvanone)
having bright citron yellow colour which is obtained from number of fruits, berries
and leafy vegetable. It is one of the vital constituents of the diet and its recommended
daily intake is 50–800 mg/day. Essentially, it is a flavonoid that can be used for the
emanation of novel and effectual useful foodstuffs as well as therapeutics which
exhibits its significance for exceptional range of health impacts, Quercetin have
various therapeutic impacts against a large number of disorders as investigated in
number of clinical trials [51]. On the other hand, the eminent therapeutic efficacy of
quercetin is reduced due to its high lipophilicity, low solubility in the aqueous phase
(0.48 μg/ml) and poor oral bioavailability (�2%) [52, 53]. Furthermore, it is having
a catechol moiety bearing 30 and 40 hydroxyl substitution along with in vivo methyl-
ation [51]. Thus, all these reasons may result in high and frequent dosing to achieve
optimal valuable impacts which further results in serious unfavourable effects. To
figure out aforementioned challenges, solid lipid microparticles (lipid-based drug
delivery system) or lipid microparticles of quercetin being developed and analysed.

Silva et al fabricated quercetin-encapsulated solid lipid microparticles (SLM) of
soy-lecithin and glyceryl trimyristate using hot solvent diffusion method (GTL) in
comparison with microparticles of glyceryl behenate and lecithin by means of hot
emulsion method (GBL). Conclusively, fatty acid plays an essential role in particle
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shape, dimensions as well as surface of microparticles. GBL has shown to exhibit
dissolution 1.75 times higher than that of GTL with equivalent drug (300 mg). In
comparison with GBL, GTL have shown better aerodynamic properties in MPPD
analysis [54]. Scalia et al., developed and reported quercetin-incorporated SLM
having tristearin and phosphatidylcholine by oil/water emulsification method by
means of phase inversion method. The developed SLM exhibits particle size
2.90 μm, encapsulation efficacy 71.4% and drug transport of quercetin-SLM intra-
cellularly using Calu-3 cell culturing model was>22% over 4 h. It can be concluded
that diffusion of drug across Calu-3 monolayer was improved because of concentra-
tion of lipoid/emulsion-based excipients in SLM [55]. The similar Researchers
prepared lipoid microparticles (LM) by incorporating tristearin and hydrogenated
soybean phosphatidylcholine using melt emulsification accompanied by a
ultrasonication and freeze-drying method. The prepared lipid microparticles exhibit
1.32-fold enhancement in %FPF in comparison with formerly reported SLM
(20.5%). Following coating, quercetin stability was distinctly ameliorated (16.4%)
having no cytotoxicity on A549 cells, foregoing proportion of 0.1–5.0 μM [56]. LM
exhibit acceptable in vitro accumulation paradigm and ample amount of quercetin
deliver intracellularly particularly connected with antioxidizing impacts of the
flavonoid upon A549 cells in vitro in comparison with reported SLM. In brief,
developed microparticles signify a propitious delivery alternative for inhalants,
because they are produced from pharmacologically biodegradable friendly
excipients.

24.4.5.7 Resveratrol
Resveratrol is an eminent polyphenolic phytoalexin (i.e. plantantibiotic), regarded as
a stilbenoid which is produced from number of plant species by means of enzyme
stilbene synthase. Its chemical name is 3,5,40-trihydroxy-trans-stilbene which is
isolated from roots of Veratrum grandiflorum O. Loes (Melanthiaceae) in 1940
[57]. The significant quantity of resveratrol is present in Japanese knotweed,
i.e. Polygonum cuspidatum (Polygonaceae), a plant that is commonly used in the
treatment of different disorders in Asian countries [58]. It shows inherent
antioxidizing quality via impeding reactive oxygen species (ROS) chiefly through
activating activated protein kinase (AMPK) when compared to other
phytoconstituents such as kaempferol, naringenin, catechin, myricetin and
α-tocopherol that occur naturally, resvratrol exhibit better antiradical activity
which signifies its usefulness in a number of diseases. In addition, it is also used
for management of a variety of intrapulmonary and extra pulmonary diseases such as
pulmonary hypertension, cystic fibrosis, lung carcinoma and musco skeletal
disorders in chronic obstructive pulmonary disease [59]. Regardless of innocuous
and well acceptable features, high lipophilicity (log P value 3.06), poor water
solubility (0.0688 mg/mL), short biological half-life (<15 min) [60], extremely
photo-sensitive nature(exposure to light transform 80–90% of trans-resveratrol to
cis-resveratrol) [59] and extended liver as well as intestinal metabolism are the
foremost drawbacks for the systemic bioavailability of resveratrol [60]. Conse-
quently, various inhalable resveratrol formulations had been addressed as below.
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Respirable resveratrol microparticles were produced incorporating trehalose, poly
(ε-caprolactone) and sodium deoxycholate through piezo electric atomization
together with a nano-spray dryer. A better aerosolization characteristics were
attained with a FPF (46.48%) and MMAD (5.22%) measured by means of an
Aerolizer® at a flow rate of 28.3 l/min. In addition, developed microparticles of
resveratrol exhibit a controlled release(>85% up to 12 h) in a aqueous medium
comprising 1% of polysorbate 80 [61]. Trotta et al. prepared resveratrol-
encapsulated microparticles by spray drying technique having a high FPF of 40%
calculated by means of the RS01 dry powder inhalation device at a flow rate of 60 l/
min. Thus Resveratrol-loaded microparticles markedly regulate multiple inflamma-
tion arbiters such as tumour necrosis factor alpha (TNF-α), interleukin-8 (IL-8),
lipopolysaccharide (LPS) and transforming growth factor beta (TGF-β1) [62]. The
similar Researchers fabricated co-spray dried (co-SD) microparticle by using resver-
atrol and budesonide for management of Chronic Obstructive Pulmonary Disease.
Aerosolisation characteristics for co-spray dried (co-SD) microparticles were
measured by means of a RS01 dry powder inhaler at flow rate 60 and 90 L/min.
They revealed FPF 42.5; 42.5 and 46.7; 46.5% for resveratrol and budesonide
correspondingly. As compared to vitamin C they exhibit satisfactory antioxidant
activity in DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) assay. Both these
formulations were diminishing the concentrations of TNF-α, TGF-β1 and LPS.
Additionally, in vitro clinical trials demonstrated that alveolar macrophages might
have resveratrol and budesonide amounting from 0.612 to 50 μm [63]. At the end,
engineered microparticles of resveratrol obtained by spray drying technique are used
to cure extra pulmonary disorders such as hypertension as well as intrapulmonary
disorders like COPD and inflammation of lung. Thus, SD is a basic methodology
having large scale production and products made by SD exhibit better-quality and
less formulation difficulties.

24.4.5.8 Scutellarin
Scutellarin is an essential constituent of breviscapine flavones which is isolated from
the Erigeron breviscapus (Vant) Hand-Mazz(Compositae). Chemically scutellarin is
40,5,6-hydroxyl-flavone-7-glucuronide which is frequently employed for manage-
ment of cerebrovascular and various heart disorders in traditional Chinese medicine
for several decades [64]. Recently, it was revealed that scutellarin can also be used to
treat repression of high cholesterol level, antihypertrophic impacts, anticoagulant
and fibrinolysis as well as endothelium-independent relaxation induction [64]. As it
regulates the arachidonic acid metabolism, it shows anti-inflammatory effect. In a
current investigation scutellarin shows low oral bioavailability of 10.67% in humans
due to its poor solubility in aqueous phase (0.16 mg/mL) and pre-systemic
metabolites [65]. Thus, some novel formulation has to be designed to enhance rate
of absorption and therapeutic effectiveness of scutellarin. Respirable mucoadhesive
microparticles of scutellarin were developed encapsulating poly (vinyl alcohol): poly
(vinyl pyrrolidone): hyaluronan: scutellarin in the ratio of 1:1:1:7 through spray
drying technique. It was concluded that corrugated surface microparticles with
volume mean distribution (2.48 μm) have been produced by incorporating PVA80.
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They showed important aerodynamic characteristics like FPF, MMAD and GSD
29.1%, 2.83 μm and 1.58 correspondingly. Scutellarin-loaded mucoadhesive
microparticles exhibit no cytotoxic effects in (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide) MTT assay upon Calu-3 and A549 cell lineages.
Besides, scutellarin is more rapidly and absorbed completely after intratracheal
administration (10 mg/kg). Finally, current investigation shows that mucoadhesive
microparticles emerged as an innovative and promising strategy for pulmonic
delivery of phytoconstituents [66].

24.5 Clinical Trials on Phytoconstituent-Based Dry Powder
Inhalers

Inhaled phytoconstituents have numerous advantages for the health of the human
beings. It was observed from the preclinical studies the results obtained are not
certain they will be safe for humans. Clinical trials are vital for the clinical practice
and the basis for proofed drug. Nowadays, some pharmaceutical organizations take
efforts on the human clinical trials as reviewed in the successive section.

To treat different pulmonary and extrapulmonary diseases Aerosol Research and
Engineering Labs Inc. (ARE Labs) enthusiastically developing a phytoconstituents
based DPIs. THC and THC-cannabidiol DPIs using Marinol® (synthetic THC)
developed by ARE and mufti-tiered strategies used to extract total pant extract.
For the treatment of Alzheimer’s and for anorexia in cancer and AIDS ARE Labs
specifically developed cannabinoid based DPIs. Currently organization has planned
to carry out clinical research on THC inhaler in second half of 2018. Yet there is a
need to execute the human clinical trials for inhaled phytoconstituents at broad
range.

24.6 Discussion

Recently researchers are attracted towards the phytoconstituents amongst product
development researchers for design, development and optimization of novel drug
delivery system. However, all the research is still at examination phase. Numerous
studies show that analysis of surface, particle size, and aerodynamic performance.
Furthermore, various objections were responsible through formulating
phytoconstituents for inhalation purposes. Figure 1 represented the advantages and
disadvantages of the phytotherapiesare. Phytoconstituents have few biologically
related issues such as low water solubility, poor bioavailability and lower perme-
ability. Therefore, it is important to choose appropriate formulation techniques that
mainly enhanced the physicochemical and pharmacokinetic profile of
phytoconstituents. As the lacking of in vivo studies on toxicity profile and degener-
ation profile of various “polymeric carriers”, the major restriction in development
formulations is the source of polymers. Approaches to apply to keep
phytoconstituents stability must be governed on a case-by-case basis. In order
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various different chemical as well as physical improvements used the
phytoconstituents molecule itself to improve its stability. Similarly, to utilized
potency of these multifunctional phytoconstituents, more attention should be
payed on its toxicological issues, lung clearance rate and pulmokinetics parameters
[17, 50]

In addition to this, device and metering system should meet the some needs for
the efficient application for pulmonary [66]. Succeeding development of inhaled
phytoconstituents, prominently keeps in the three section (1) upcoming new regu-
latory and CMC requirements, (2) pulmonary pharmacokinetics and toxicity and
(3) device development.

24.7 Conclusion

It was summarised from a review of recants literature that inhaled phytoconstituents
is significant in treatment of serious pulmonic ailments. However, there is a lacking
of research on inhaled phytoconstituents is, yet still in its infantries. But researcher
performed investigations to proof the potency of phytochemicals in the treatment of
many intrapulmonary and extrapulmonary ailments. They have many advantages for
clinicians to enhance the results as well as life period of patients suffered from acute
and chronic pulmonary diseases.
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Abstract

Chronic pulmonary diseases such as bronchial asthma, chronic obstructive pul-
monary disease, pulmonary fibrosis, cystic fibrosis, and lung cancers represent
the major health issues in both developing and developed countries. Till now
various synthetic molecules are used to treat a wide range of pulmonary diseases.
But due to some life-threatening side effects of the synthetic molecules, natural
phytoconstituents or plant antibiotics are preferred as they have minimal side
effects and efficient therapeutic outcomes. Though the drug delivery system used
for administering the phytoconstituents so far is out of date, resulting in reduced
efficacy of the drugs. So if the novel drug delivery system is used for the
administration of herbal medicine, one may get improved results. Further intro-
duction of a novel drug delivery system limits various drawbacks of traditional
drug delivery systems. The advanced drug delivery system such as nanotechnol-
ogy, oligonucleotides based systems, and other novel drug delivery system
improves the pharmacokinetics of the drugs. For instance, nano-based systems
such as liposomes, polymeric nanoparticles are designed to improve the bioavail-
ability and stability of phytoconstituents used in chronic conditions such as lung
cancer. Thus integration of novel drug delivery systems and herbal medicines
proves to be an effective measure in combating serious chronic lung diseases.
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25.1 Introduction

Respiratory disease, also termed as pulmonary or lung disease is a general term used
to describe any conditions that affect the lungs and other parts of the respiratory
system [1]. Pulmonary diseases such as bronchial asthma, COPD (chronic obstruc-
tive pulmonary disease), occupational lung diseases, and pulmonary hypertension
are the major cause of increased mortality around the world [1, 2]. Cystic pulmonary
fibrosis, pulmonary tuberculosis, idiopathic pulmonary fibrosis, and lung
carcinomas are the major chronic lung diseases and responsible for high mortality
rate. Even some of the above conditions are irreversible and life-threatening and till
now no effective therapeutic regimen is available for complete restoration of pulmo-
nary functions [3]. As per WHO, approximately two billion people worldwide are
exposed directly or indirectly to toxic smoke obtained from burnt fuel and about one
billion people are exposed to tobacco smoke which leads to respiratory impairment
followed by disability and death. After cardiovascular diseases, respiratory diseases
account for the leading cause of death. Around 500 million peoples every year are
affected by lung diseases. It is estimated that about 300–500 million people suffer
from COPD and bronchial asthma worldwide. Every year around 65 million people
are reported to suffer from moderate to severe COPD, out of which approximately
three million people die every year. With this COPD ranks as the third most common
cause of death globally. Moreover, around nine million cases of pulmonary tubercu-
losis were reported in 2012, out of which approximately 1.2 million people will die.
Further, lung carcinoma is the most common fatal neoplasm with a mortality of 1.6
million people every year [4–8].

The major manifestations are loss of elasticity, airflow obstruction, bronchitis,
bronchoconstriction, emphysema, and hypersecretion of mucus. There are diverse
predisposing factors that contribute to pulmonary diseases including smoking, air
pollutants, occupational chemicals, inhalations of noxious particles, and genetics
[2]. The common cause of pulmonary disease includes infection, smoking tobacco,
passive tobacco smoking, asbestos, and air pollution. In certain cases, particulate
matter contains allergens and endotoxins also predispose to pulmonary problems
[9]. Allergens not always cause pulmonary problems, as the size of the inhaled
particles and breathe rate are also considered. For instance, an airborne particle with
a size of<100 nm diameter at a low dose can cross the nose–brain barrier and results
in encephalopathy which may cause disorders like Parkinson's and Alzheimer’s
disease [10].

Currently, a wide array of chemical molecules are discovered and approved by
authorities and occupy a major area of a therapeutic regimen for the treatment of fatal
lung diseases. For the treatment of chronic lung diseases a variety of chemical drugs,
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peptides, antibodies, and genetic molecules have been used. But neither of the
categories has been successful to cure chronic lung disease completely. For instance,
the drugs that are used in bronchial asthma only produce symptomatic treatment.
Similarly, for the treatment of COPD and IPF, steroids and bronchodilators are
widely used with no potential therapeutic outcome to cure these types of diseases
[11–14].

However, therapy with such drugs is important in chronic lung disease patients, to
manage the lifestyle with least sufferings. Nowadays, due to serious adverse effects
and therapy failure, researchers start focusing on some alternate therapy. Moreover,
conventional therapy fails to produce a targeted effect and the fluctuation in concen-
tration of drug in systemic circulation and recurrent drug administration can cause
troublesome due to poor patient compliance [15]. The conventional use of these
drugs has some limitations like inappropriate pharmacokinetics and low diffusion of
drugs at the site of action which leads to low response to the treatment [16].

Thus, health experts and researchers relocate the therapeutic regimen from
allopathic medicines to herbal medicines to handle the crucial health problems. As
per World Health Organization (WHO), roughly 75% of the population use plant-
based drugs for primary treatment. Furthermore, herbal medicines possess numerous
therapeutic properties with fewer adverse effects. As per reports, the use of herbal
medicines exceeds allopathic drugs by twice or thrice times in the world. For this
reason, presently, herbal medicines have been used for the treatment of acute as well
as chronic lung diseases due to their prompt therapeutic outcomes and safety as
supported by human studies. Current research has also presented well-proved data
about the mode of action of herbal drugs [17].

The aerosol particles inhaled enter and accumulate in the respiratory system by
either inertial impaction, gravitational settling, or diffusion. Gravitational settling is
preferred in the case where narrow ducts and air spaces in the lungs are the main
targets of the drug. The accumulation of nanoparticles with an average diameter of
30–300 nm in the upper respiratory tract or tracheobronchial tree occurs by diffusion
phenomena. Lastly, in the case of coarse particles of size >3 μm, the deposition
occurs by impaction as the direction of the airflow continuously changes in the
mouth and the upper respiratory tract, including the pharynx, larynx, trachea, and
bronchial region. Presently, dosage forms like inhalers are widely used in the market
for the treatment of acute or chronic pulmonary disease with promising therapeutic
outcomes and prominent systemic adverse effects. Therefore, targeted methods of
delivery of drugs must be developed to overcome such side effects [18, 19]. For the
targeted approach, advanced strategies are recommended to produce promising
therapeutic outcomes, for instance, nanoscale carriers for targeted drug delivery
systems. Nanoparticles are widely acceptable options as they can improve the
pharmacokinetics of the therapeutic agents. Moreover, due to the targeted action
of nanoparticles, the adverse effects of the drugs can also be minimized. The
development of nanoparticles causes the integration of drug particles in the targeted
area and thus minimizes the unwanted effects of the drugs in the body
[20, 21]. Another example is the use of a vector system for gene therapy, as it
becomes very difficult to deliver genetic molecules at the site of action and
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sometimes they degrade in the biological fluids. Thus, to surpass the limitations of
the conventional dosage forms, there is an increasing need for such targeted based
drug delivery systems [22, 23].

25.2 Rationale of Using Herbs for Chronic Diseases

Plant-based medicines have made an indisputable contribution to the health care
system from time immemorial across the globe. For this reason, herbal medicines
became an essential part of the medicine system in the ancient world in different
forms in various cultures of humanity [24]. The researchers now start exploring the
medicines from the past, as the chemists have to synthesize synthetic bullets for all
that ailments, and the pharmaceutical companies utilize the entire asset. Since time
immemorial, almost all drugs were obtained from the plants and thus the plant being
man's only chemist for ages. Herbs are now being reexploited all over the globe and
people switch over to herbal therapy to treat chronic conditions. The main reasons
for the popularity of herbal medicines are as follows:

a. Toxicological profile of the allopathic medicines
b. Therapy failure
c. Improved therapeutic outcomes of the herbal drugs [25]

Moreover, current therapies act by simply suppressing the symptoms without
treating the root cause of the disease pathology. While the natural products focus
mainly on eradicating the root cause of the underlying mechanism of the disease and
yield superior therapeutic outcomes. Unfortunately, many medical practitioners and
patients are not aware of natural alternatives for the treatment of chronic ailments.
But still, research in this field is a never-ending process [25].

Regardless of their extensive utilization as drugs, researchers still work on herbal-
based drugs mainly on their economic, clinical, and pharmaceutical outcomes.

Herbs contain diverse chemical moieties possessing multiple therapeutic
functions and due to this reason, herbal medicines appear as a key element for
new drug development as depicted in Fig. 25.1. Moreover, herbal drugs are also
utilized in pharmaceutical companies in the form of either excipients, precursors of
allopathic drugs, nutraceuticals, or food supplements. Presently due to the availabil-
ity of advanced analytical tools and technologies, researchers can easily screen out
the active chemical moieties present in herbs. Thus, in spite of great efficacy, herbal
extracts have been overcome by specific phytoconstituents. Thus phytoconstituents
are isolated and categorized to produce drug analogs. These phytoconstituents or
chemical moieties present in the herbs are accountable for organoleptic and clinical
features of plants. The chemical moieties are nothing but the secondary metabolites
such as alkaloids, glycosides, polyphenolic compounds, etc. Phytoconstituents
prove to have potential therapeutic outcomes against some major life-threatening
diseases such as respiratory infections, cardiovascular complications, and cancer.
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Researchers mainly focus on phytoconstituents which show beneficial effects
against these diseases due to the high mortality rate [26–29].

25.3 Novel Drug Delivery System for Herbs

In recent years, the potential of Ayurveda in treating various ailments is being
realized. But the use of a conventional drug delivery system for administering the
drug to the patient is out of date which reduced the therapeutic outcomes of the
medicine. There are many hurdles in producing significant therapeutic outcomes of
herbal extracts. For instance, acid labile extracts are destroyed in the fluid present in
the stomach. Additionally, pre-systemic metabolism also reduces the concentration
of active extract in the systemic concentration as well as at the site of action. Thus,
the minimum level of drug concentration, i.e. minimum effective level is not
achieved and ultimately there will be no therapeutic effect.

Phytoconstituents are plant-derived chemicals that have minimal side effects and
high bioavailability and thus results in better therapeutic outcomes. Currently used
medicines are chemical compounds, produce significant adverse effects, and also the
chances of rejection are very high as compared to plant-based products. The
rejection reaction ranges from mild to life-threatening such as minor headaches,
hepatitis, and organ failure that are potentially lethal. Moreover, plant-derived
products are purified compounds that can be easily standardized and thus corporate
easily in advanced drug delivery systems for overcoming the limitations of natural
compounds [30]. Such as lipid-based drug delivery systems, i.e. liposomes and
nanoparticles are investigated and implemented for controlled and targeted drug
delivery. Another example is the use of pharmacosomes in which a drug is
complexed with phospholipids resulting in improved pharmacokinetic properties.
Similarly, phytosomes also termed as phytolipid drug delivery systems are designed

Fig. 25.1 Challenge and advantages of phytoconstituents in pulmonary system
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for delivering various natural products like Silybum marianum, Ginkgo biloba,
ginseng flavonolignans and terpenoids, and so on [31]. The prime advantage of
using this delivery system includes high lipophilicity and improved bioavailability
and therapeutic outcomes and thus considered for chronic diseases. Phytosomes
form a bridge between the conventional delivery system and are of great clinical
importance. Thus it is important to incorporate the novel drug delivery system in
Indian Ayurvedic medicines to combat serious diseases [32].

Researchers develop various novel drug delivery systems for administering herbs
like mouth dissolving tablets, sustained and extended-release formulations,
mucoadhesive systems, transdermal dosage forms, microparticles, microcapsules,
nanoparticles, implants, etc. The first herb-based mouth dissolving tablet was
launched by the name of Res-Q which shows the fast-dissolving capability and
thus imparts increased therapeutic efficacy. Res-Q ensures that the drugs reach the
blood readily and also bypass the pre-systemic metabolism. In the Ayurvedic system
development of Res-Q is the initial step to make herbal drugs more effective in
managing chronic ailments like chronic pulmonary problems like asthma. This
formulation provides better treatment for respiratory distress syndrome as in the
case of Sorbitrate that is used in cardiac disease. Furthermore, a controlled release
formulation containing hypericin, hyperforin, and echinacoside is prepared and
evaluated [33]. The data obtained exhibits that after oral administration of the
formulation, the concentration of active ingredients in the plasma remains steady
for around 18 h with the release of 75% of the content. Thus, such herbal-based
formulations provide an oral dosage form for maintaining steady-state plasma
concentrations of the active compounds and also increase patient compliance
[34]. In a similar manner, sustained-release microgranules of Gingko biloba were
prepared that show better flowability and compressibility properties. But the devel-
opment of such sustained-release herbal formulation is difficult, as homogeneous
mixtures of extracts and excipients are required during the compression process. The
granules formed can be manufactured by techniques like extrusion-spheronization,
fluid air bed process, or a coating-pan method. The coating-pan method is preferred
for the manufacturing of the granules as simple equipment is required and ease of
procedure [35].

The development of mucoadhesive tablets containing sage, Echinacea, Lavender,
andMastic gum is another approach to produce sustained-release herbal formulation
by using mucoadhesive polymers. Thus, the slow dissolving mucoadhesive tablet
developed produces a steady-state concentration of active ingredients for a long time
in plasma [36]. Furthermore, transdermal patches containing herbal drug
components Boswellic acid (Boswellia serrata) and curcumin (Curcuma longa)
are developed and utilize skin as a site for continuous drug administration into the
systemic circulation. By choosing this delivery system, the first-pass metabolism of
active components can be avoided and the drug is administered in the body without
any pain associated with the parenteral route. Moreover, the development of a
transdermal drug delivery system for turmeric to produce local action at the site of
administration can also be considered as an advanced version of Ayurvedic turmeric
poultice or lepa [37].
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Polyherbal aerosol formulation containing Flos chrysanthemum indicum, Flos
lonicerae, Herba houttuynia, Radix bupleurum, and menthene has been tested for
the treatment of chronic respiratory infections. The researchers conclude that aerosol
so formed possesses anti-inflammatory and antiviral activity and thus has good
therapeutic outcomes in treating respiratory tract infections [38]. Further, the
microparticles of guggulipid (Commiphora wightii) have been clinically proven to
reduce the levels of harmful lipoproteins in the bloodstream as compared to the
conventional dosage form. The result obtained in the case of microparticles is due to
improved physicochemical characteristics [39].

The most advanced research in this field is the development of nanoparticles of
herbs, for instance, peach seed, safflower, angelica root, Szechwan lovage rhizome,
Rehmannia root, red peony root, leech, gadfly, earthworm, and ground beetle.
Nanoparticles form of these herbs shows better thrombolytic effects as compared
to non-nanoparticle form, resulting in quick recovery from pulmonary embolism and
thrombi. Also, the herb-based nanoparticles show good oral bioavailability and
therapeutic outcomes with prolonged-release effects [40]. In a similar way,
sustained-release implants of herb extracts using chitosan are prepared and proved
to be very useful in clinical practice. For instance, an extract of danshen (Radix
salvia miltiorrhiza) is developed using chitosan and gelatine as an implant for
healing muscles and tissues at the incision sites. The addition of chitosan and
gelatine makes the formulation sustained release and thus prolonged and constant
therapeutic effect is maintained [41].

25.4 Concept of Targeted Delivery: Nanoparticles

Nanoparticles are considered to be one of the advanced strategies of drug delivery
via the pulmonary route with submicron size particle in diameter. Nanoparticles
exhibit distinct physicochemical characteristics due to their submicron size and thus
these properties have been utilized for organ/tissue-specific drug delivery as men-
tioned in Fig. 25.2. For instance, the larger surface area of nanoparticles has a
possibility to contact the surrounding tissues and cells and thus enhances the
efficiency of drug delivery [42, 43]. When injected systemically, the accumulation
of nanoparticles in the pathological area mainly in tumors, hemorrhagic diseases,
and inflammatory diseases increases. Thus, cumulatively it will be said that
nanoparticles have that properties which make it novel carriers for drug
delivery [44].

For administering nanoparticles different routes including parenteral, oral, and
inhalational are used. The intravenous route is considered to be the most typical
route for administering nanoparticles due to small size and ease of escape from the
damaged blood vessels seen in tumors, injury, hemorrhagic diseases, and chronic
inflammation [45, 46]. In pathological conditions, due to increased blood flow and
endothelial permeability accumulation of nanoparticles occurs which results in more
retention in that particular area and thus can be used to treat chronic diseases such as
lung carcinomas [47]. But apart from lung cancer, nanoparticles when injected via
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intravenous route are of no clinical importance in the treatment of chronic lung
diseases like cystic fibrosis, COPD, and IPF due to the presence of fibrous tissues
which may suppress the diffusion of nanoparticles and thus preventing them to reach
at the site of action. For instance, indium arsenide- and zinc sulfide-based
nanoparticles concentrate well in hepatic cells, nephrons, and the intestinal epithelial
cells but their accumulations were extremely less in the lungs. In certain cases,
nanoparticles are not appropriate for lung-targeted delivery due to pharmacokinetic
limitations [48, 49]. However, studies reveal that nanoparticles might be used for
pulmonary delivery by improving the pharmacokinetics of the drugs. Thus, the
behaviors of nanoparticles in the biological system may vary and depend upon the
type and properties of the nanoparticles [50].

So for pulmonary diseases, the administration of nanoparticles via a pulmonary
inhalation route is preferred as this approach enables higher distribution in the lungs
[51]. Nanoparticles are administered in the pulmonary area in the form of either dry
powder or liquid suspension, using specific devices for efficient aerosolization
[52, 53]. Further, nanoparticles and liposomes are also preferred for delivering via
the pulmonary route because the chances of size variability and particle aggregation
are minimal [54, 55].

25.5 Determinants for the Pulmonary Delivery of Nanoparticles

The therapeutic efficiency of nanoparticles developed for delivering into the pulmo-
nary cavity depends upon the type of formulation, composition, shape, and size of
the nanoparticles. Apart from all the above determinants, the aerodynamic diameter
of nanoparticles is the principle component to be considered for effective
biodistribution of the inhaled nanoparticles [56, 57]. For instance, the particles
with a size less than 5–6 μm can easily deliver into the trachea-bronchial region,
while particles of 1–2 μm are usually deposited in the bronchioles, and particle size

Trachea
Micrparticles < 5 µm

Bronchioles
Microparticles < 2 µm Alveolar Sacs

Micro/Nano particles
< 0.5 µm

Bronchi
Microparticles < 3 µm

Fig. 25.2 Accumulation of drug particle in pulmonary system
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with <1 μm can be delivered into the alveoli. But by altering the particle size and
structure, the pharmacokinetics of the nanoparticles can also be altered [58].

The development of ultra-small-sized nanoparticles, i.e. dendrimers (size
<20 nm) using different molecular weights of PEG (polyethylene glycol) polymers,
leads to the formation of nanoparticles with a diverse particle size that may alter the
biodistribution in the lungs. Thus there was a marked correlation of particle size with
retention of the nanoparticles at the target sites [59]. Moreover, the size of the
particle also affects the volume of distribution and the availability of the
nanoparticles as large aggregates of nanoparticles are released from an aerosol or
during the release within the pulmonary systems. Furthermore, the effectiveness of
inhalable nanoparticles also depends upon the condition of the patient or technique
used for drug delivery, for instance, breathing conditions and aerosolization methods
[60]. Studies exhibit that a vibrating mesh nebulizer is efficient to deliver a dosage
form in the pulmonary area as compared to a jet nebulizer as less disruption of the
nanoparticle formulations appears during nebulization. Thus from this finding, it is
concluded that efficient delivery of particles can be affected by the technique
adopted for delivering the formulation. Also, biological barriers and phagocytic
cells in alveoli also impede the targeted delivery of nanoparticles [61, 62].

25.6 Various Nanoparticles for Chronic Lung Diseases

For preparing the nanoparticles researchers use different raw materials such as
metals, proteins, lipids, and polymers. Depending upon the type of material used
and structural characteristics, nanoparticles can be classified into dendrimers, poly-
meric nanoparticles, liposomes, micelles, and inorganic nanoparticles including
nanocrystals [63, 64].

1. Lipid-based nanoparticles/liposomes: Lipid materials like cholesterol and phos-
phatidylcholine are used for the fabrication of nanoparticles due to their high
biocompatibility. Liposomes offer several benefits as drug carriers as they have
the capability to carry large amounts of drug and due to the lipoidal nature of the
outer layer cellular uptake is enhanced [65]. For treating chronic lung diseases,
liposomes are considered due to their high stability during aerosolization for
inhalation. Therefore, liposomes have been a potential carrier system for pulmo-
nary drug delivery of drugs for the treatment of lung carcinomas, chronic
infections, and bronchial asthma [66, 67].

2. Polymer-based nanoparticles: Polymers either synthetic or natural are
macromolecules consisting of repeating units of monomers, have been utilized
for drug conjugation and development of polymer-based nanoparticles. The
commonly used natural polymers are polysaccharides and proteins, while syn-
thetic polymers used for the manufacturing of nanoparticles are PEG. Natural
polymers are highly biocompatible and biodegradable, whereas synthetic
polymers offer multiple benefits such as reproducible results, biocompatibility,
and biodegradable [68, 69]. Due to the structural variability of polymers, each
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type of polymer has characteristic properties and therefore used in the design and
development of nanoparticles for gaining a specific therapeutic advantage. For
instance, the PEGylation of nanoparticles reduced the aggregation of
nanoparticles and improves the penetration into the respiratory mucus due to
their muco-biocompatibility [70]. In a similar manner, polyethyleneimine (PEI)
polymer-based nanoparticles have been shown to be useful in chronic lung
diseases including COPD, pulmonary tuberculosis, and pulmonary
hypertension [71].

3. Dendrimers: Dendrimers are the branched molecules that show better physico-
chemical characteristics as compared to polymers. Dendrimers are highly mono-
dispersed nanoparticles whose size and morphological structure affect the final
formulation [72]. Dendrimers have the capability to carry a large amount of drugs
and also show enhanced pulmonary absorption after inhalation. For this reason,
dendrimers have been widely used for drug delivery in lung carcinomas, COPD,
pulmonary fibrosis, etc. [73].

4. Inorganic nanoparticles: For preparing nanoparticles, inorganic materials like
gold, iron oxide, and silica have been used and mainly utilized for diagnostic
imaging of diseases in clinical centers. Gold nanoparticles are extensively used
for gene delivery due to the fact that cationic metal ions easily bind to anionic
DNA and RNA molecules [74]. Apart from such advantages, inorganic
nanoparticles are of limited use in the treatment of chronic lung diseases due to
a high degree of toxicity. The positively charged gold nanoparticles form a
complex with negatively charged body proteins, so to avoid such aggregation
PEG coating is a solution. Also, the excretion rate of gold nanoparticles is very
low which causes drug accumulation and enhanced toxicity [75].

25.7 Phytoconstituents

25.7.1 Phytoconstituents in Inhalation Delivery

Inhalational therapy has been well evidenced as a novel approach for administering
the drugs in the respiratory system, for more than 4000 years. Further with the
advancement in technology, for instance, medicinal science, engineering, and
molecular biology, a massive improvement is seen in the field of inhalational therapy
[76]. Presently, apart from using an inhalational approach in the treatment of
pulmonary diseases, researchers utilize it as non-invasive therapy for extra-
pulmonary diseases also [77].

Lungs are readily exposed to an air pollutant rich environment and thus prone to
injury due to free radicals. So to impede such lung injury, lungs produce various
antioxidants like GSH (glutathione), SOD (superoxide dismutase), β-carotene,
ascorbic acid, tocopherol, uric acid, and heme-oxygenase. But in rare cases, reactive
oxygen or nitrogen species surpass the antioxidant protection and leads to the
occurrence of diverse diseases. Studies reveal the role of free radicals in cystic
fibrosis, asthma, COPD, and other pulmonary diseases. Therapy widely advised
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for pulmonary disease manages altered secretion of mucus and bronchitis so as to
delay lung injury. The treatment for pulmonary tissue damage includes oral/inhaled
corticosteroids and oral N-acetylcysteine but with limited therapeutic outcomes and
potential adverse effects. Thus, the only treatment of pulmonary disorders includes
enrichment of biological antioxidant protections [78–80]. While the natural
antioxidants such as phytoconstituents such as flavonoids, i.e. polyphenolic
compounds are also used as mentioned in Table 25.1. Apart from antioxidant
activity, phytoconstituents also possess anti-inflammatory and antibacterial
properties due to the presence of polyphenolic compounds. Regardless of health
benefits, phytoconstituents have some pharmacokinetics issues like low bioavail-
ability due to which making a formulation is still a big question. Due to poor aqueous
solubility, high molecular weight, poor membrane permeability, acid-labile prop-
erty, and low dissolution rate the phytoconstituents depict poor bioavailability and
irregular absorption pattern from the given oral dosage form [101]. For this numer-
ous studies have been documented which includes the formulations containing
polyphenolic compound with improved bioavailability. Further, orally delivered
nanoparticles and microparticles have been developed and evaluated for the same
purpose. Furthermore, lipid vesicles such as liposomes, spherulites, and cochleate
are also being tested for the delivery of plant constituents. But in spite of designing
various drug delivery systems for phytoconstituents, poor therapeutic outcomes due
to the first-pass metabolism within the gastrointestinal tract make the use of natural
antioxidants limited [102]. So these obstacles can only be overcome by adopting an
alternative approach for administering the phytoconstituents so that maximum
concentration can be achieved at the site of injury in the lung and prompt antioxidant
and anti-inflammatory activity can be achieved. For instance, aerosol directly
delivers the drug to bronchioles using nebulizer, a pressurized metered-dose
(pMDI), a soft mist (SMI), and a dry powder inhaler (DPI) are evaluated for this
purpose. Out of all the above-mentioned systems, DPIs are preferred as they are free
of any propellant, did not require any reconstitution procedure, no need for coordi-
nation between patient and practitioner, and are less expensive. Also, DPIs can
improve biopharmaceutical and physicochemical characteristics of the
phytoconstituents and thus attain higher concentration at the site of injury [76, 103].

25.7.2 Phytoconstituents: Dry Powder Inhalers

The drug delivery system for administering phytoconstituents in the lungs is a
unique approach and has been commonly utilized due to the easier manufacturing
process, better therapeutic outcomes, and minimal adverse effects. The delivery
system can offer safe, precise, and better therapeutic options.
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Table 25.1 Phytoconstituents delivered through pulmonary route

S. No.
Phytoconstituents
delivery System Technique Remarks References

1. CR-PEG
nanoparticles

Spray dried Increase retention
time, target specific
action

Taki et al. [81]

2. CR nanocrystals Spray dried Better dissolution
rate and
bioavailability

El-Sherbiny and
Smyth [82]

3. CR-PVP
microparticles

ARSES Improved
dissolution rate and
more miscibility in
body fluid

Kurniawansyah
et al. [83]

4. CR-MP and nCmP Spray dried Target specific
action

Wang et al.
[84], Na et al.
[85]

5. RS-caprolactone,
trehalose, and
sodium
deoxycholate
microparticles

Spray dried Controlled release,
improved
bioavailability,
pulmonary targeted
action

Dimer et al. [86]

6. RS-budesonide
microparticles

Spray dried Inhibits the release
of inflammatory
cytokines in lungs

Trotta et al. [87]

7. QT-SLM-lecithin
and glyceryl
trimyristate/lecithin
and glyceryl
behenate

Hot solvent
diffusion/hot
emulsion method

Improves the
dissolution rate and
solubility in body
fluids

Scalia et al. [88]

8. QT-SLM tristearin
and
phosphatidylcholine
microparticles

Emulsification Enhanced
aerosolization
efficiency

Scalia et al. [89]

9. Api-BSA
nanoparticles

Spray dried Enhanced
aerosolization
efficiency and
improved release
rate

Madunic et al.
[90]

10. BL-nanocrystals Improved
pharmacokinetic
profile

Zhang et al. [91]

11. FN-SBE-β-CD
nanoparticles

Spray dried Enhanced
pulmonary
therapeutic efficacy

Mohtar et al.
[92]

12. NG-microparticles Spray dried Better
aerosolization and
therapeutically
significant in cystic
fibrosis

Chen et al. [93]

(continued)
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25.8 Curcumin (CR)

CR is an unsaturated diketone hydrophobic polyphenol obtained from the rhizome of
Curcuma longa belonging to the family Zingiberaceae. CR possesses anti-
inflammatory, anti-carcinogenic, and anti-microbial activity. Studies also reveal
the activity of CR in acute and chronic lung disorders [104]. The promising anti-
cancer activity was demonstrated against human lung adenocarcinoma, human lung
adenocarcinoma, lung metastasis, and mouse macrophage cell line [81, 82]. Studying
the biopharmaceutical and pharmacokinetic properties reveals the poor oral bioavail-
ability of the CR due to low aqueous solubility, high molecular weight, poor
dissolution in gastric fluid, first-pass biotransformation, and also rapid removal
from the body. So to overcome such limitations different inhalational formulations
such as polymeric micelles, cyclodextrin complexes, swellable microspheres,
nanocrystals, and nanocomposites have been developed and evaluated for pharma-
cokinetics characteristics [105]. For instance, spray-dried respirable CR-loaded poly
(lactic-co-glycolic-acid) nanoparticles encapsulated in amphiphilic pegylated-
chitosan (PEG-Cs) copolymer-based swellable microspheres are designed for con-
trolled CR to release overtime of 20–22 h. Thus, swellable microspheres were

Table 25.1 (continued)

S. No.
Phytoconstituents
delivery System Technique Remarks References

13. SR-PVA, PVP, HLN
microparticles

Spray dried Improved
bioavailability
when administered
via intratracheal
route

Saraf et al. [94]

14. HK-chitosan/
mannitol
microparticles

Spray dried Better
aerosolization and
therapeutic efficacy

Li et al. [95]

15. AR-loaded
scleroglucan
microparticles

Spray dried Controlled release
pattern and
improved
therapeutic efficacy

Mali et al. [96]

16. AR-β-CD
microparticles

Freeze-drying Extended retention
in pulmonary tissue
with better
aersolization
efficacy

Zhang et al. [97]

17. AP sulfate
nanoparticles

Nanoprecipitation
technique

Improved
pharmacokinetics
and aerosolization
efficacy

Corcoran et al.
[98], Ali et al.
[99]

18. DB-inulin
microparticles

Freeze-drying Avoid metabolism,
enhanced
bioavailability

Van Drooge
et al. [100]
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capable to treat pulmonary disorders by maintaining the concentration at the site of
tissue damage. Further, CR nanocrystals were developed by milling technique along
with spray drying (SD). It was observed that due to uniform particle size and
spherical shape, complete dissolution can be achieved in an aqueous medium. The
nanocrystals of CR when administered via the pulmonary route showed enhanced
drug concentration in plasma as well as at the site of activity. Hence, nanocrystals
will be an efficient carrier system for phytoconstituents in the pulmonary area
[82]. Similarly, inhalable CR-loaded microparticles were designed using cyclodex-
trin and PVP (polyvinylpyrrolidone) using an atomized rapid injection solvent
extraction system. The product so formed showed a manifold increase in miscibility
and dissolution in required media with improved percentage yield [83]. In another
study, CR-loaded acetylated dextran nanocomposites microparticles (MP) and
microparticles (nCmP) were produced and showed a fast release of CR in buffer
media. Thus engineered aerosol particles have a potential for delivery of
polyphenols into the desired pulmonary area. Another development includes the
L-lactide-xyloglucan-CR complex that exhibits improvement in the concentration of
drug in plasma. The improvement in the bioavailability of CR is due to the extended
residing of CR within the lungs after pulmonary administration. Similarly, respirable
CR nanocomposite particles were prepared using mannitol and researchers observed
that drug dissolution was enhanced which ultimately leads to improved bioavailabil-
ity [84, 85]. Thus, CR has great therapeutic potential in the treatment of lung
disorders. CR when incorporated in microparticulate formulations along with biode-
gradable polymers, synthetic polysaccharides, and force controlling agents (PVP)
produced better therapeutic outcomes by improving the pharmacokinetic
parameters.

25.9 Resveratrol (RS)

Resveratrol also known as polyphenolic phytoalexin is categorized as a stilbenoid, a
derivate of stilbene. Chemically it is a trihydroxy-trans-stilbene and mainly isolated
from the roots of Veratrum grandiflorum (Melanthiaceae) and aerial parts of Polyg-
onum cuspidatum (Polygonaceae) [106]. The phytoconstituent is mainly produced in
plants in response to noxious stimuli like infection, physical injury, or UV radiation.
RS is a plant-based antioxidant and used to treat reactive oxygen species induced
pulmonary injury by combating ROS through the stimulation of activated protein
kinase (AMPK). The antioxidant activity of RS is considered to be superior to other
phytoconstituents like naringenin, kaempferol, catechin, α-tocopherol, and
myricetin. Apart from antioxidant activity, other therapeutic actions include treat-
ment of cancer, viral infections, and pulmonary diseases, for example, cystic fibrosis,
hypertension, cancer, and COPD. Apart from non-toxic and well-tolerable
properties, poor aqueous miscibility, high lipophilicity, short half-life, light-sensitive
nature, and extensive first-pass metabolism are the major disadvantages of RS which
leads to poor bioavailability. Thus, currently, inhalable RS formulations have been
designed and developed [107–109].
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RS microparticles were prepared using caprolactone, trehalose, and sodium
deoxycholate delivered through the pulmonary route. The microparticles were
developed to depict a controlled release pattern due to the spherical structure of
the particle size of RS in an aqueous medium. RS-loaded microparticles achieved
high pulmonary retention when delivered by dry powder inhalation device. Besides,
microparticles possess potent antioxidant properties as compared to ascorbic acid
with minimal cytotoxicity. RS-loaded microparticles are evidently used in pulmo-
nary conditions by inhibiting the release of interleukin-8 (IL-8), tumor necrosis
factor-alpha (TNF-α), transforming growth factor-beta, and lipopolysaccharide.
Further, microparticles using RS and budesonide are developed for the treatment
of COPD. This dual combination is evidently used in chronic pulmonary disorders as
the combination exhibits antioxidant activity as well as suppresses the levels of
TNF-α, TGF-β1, and LPS [86, 87].

25.10 Quercetin (QT)

QT is a polyphenolic yellow color flavonoid (pentahydroxyflavone) obtained from
leafy vegetables, fruits, and berries of plants. QT shows a wide range of health
benefits and is thus considered to be an essential molecule as an effective functional
food for various remedies. Investigations reveal that QT possesses anti-
inflammatory, antioxidant, and anti-cancer activity and is also used in the treatment
of bronchitis and bronchial asthma [88, 110]. But the clinical potential of QT is
hindered due to its low aqueous miscibility, lipophilicity, and poor bioavailability.
Additionally, the QT molecule contains hydroxyl substituent with a catechol moiety
and undergoes extensive methylation in the body. Thus due to rapid degradation in
the body, frequent high dosing is required to attain the therapeutic effect, which leads
to intense adverse effects [88].

To overcome such disadvantages, a liposomal drug delivery system such as solid
lipid microparticles has been developed. Two novel delivery systems have been
developed, i.e. QT-loaded solid lipid microparticles (SLM) using soy-lecithin and
glyceryl trimyristate by hot solvent diffusion method and lecithin and glyceryl
behenate by hot emulsion method. The addition of a fatty acid molecule shows
positive deflection on the morphology of microparticles which improves the disso-
lution rate. Further, QT-loaded SLM microparticles are prepared using tristearin and
phosphatidylcholine. The product so formed has satisfactory aerosolization effi-
ciency and the release of drug as well as the intracellular drug transport also
enhances. In addition, lipid microparticle (LM) of QT using hydrogenated soybean
phosphatidylcholine and tristearin was prepared, which shows the sustained release
of drug QT in a phosphate buffer and additionally stability of quercetin was
markedly enhanced, thus prolong the defensive activity against oxidative stress as
compared to quercetin alone. In a nutshell, QT microparticles depict a favorable
delivery option for the inhalation of QT with improved characteristics [88, 89].
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25.11 Apigenin

Apigenin is a trihydroxyflavone generally isolated from the Apium genus in the
Apiaceae family. During the past few years, investigations reveal that apigenin
possesses numerous therapeutic benefits, for instance, antioxidant activity, free
radical scavenging activity, and anti-inflammatory activity. The anti-inflammatory
activity is mainly by inhibiting inflammatory mediators, cyclooxygenase, and pro-
tein in respiratory epithelial cells and which ultimately leads to acute lung injury or
damage. Apigenin (Api) is a BCS class II drug, thus to treat inflammation in the
respiratory tract efficiently, the apigenin-loaded nanoparticulate formulation is
developed. In a similar manner, bovine serum albumin (BSA)-based apigenin-
loaded nanoparticles are designed and developed which shows good aerosolization
performance and the release pattern is also enhanced. Furthermore, BSA-Api shows
potent antioxidant activity [90, 111].

25.12 Baicalein (BL)

Baicalein is a trihydroxy flavones moiety obtained from the roots of Scutellaria
baicalensisi (Lamiaceae) and is an important component of the traditional Chinese
medicine system. BL is used to treat various conditions like pulmonary hyperten-
sion, lung carcinomas, and pulmonary and extra-pulmonary inflammatory diseases.
BL is a BSC class II drug with low water solubility and high permeability. Thus,
despite a wide range of therapeutic outcomes BL use is still restricted due to poor
aqueous solubility and extensive first-pass metabolism. So to overcome such
limitations, BL-loaded nanocrystal formulation is designed and developed. The
pulmonary nanocrystal formed shows improved bioavailability as compared to BL
alone.

Furthermore, the nanocrystal of BL has a better dissolution profile as compared to
BL crystal. Thus, BL nanocrystals exhibit improved pharmacokinetic profile due to
increased surface area and reduced particle size [91, 112].

25.13 Fisetin (FN)

Fisetin is a tetrahydroxyflavone (diphenyl propane flavone) extracted from
vegetables and fruits. FN exhibits multiple therapeutic activities such as anti-cancer,
anti-inflammatory, antiviral, and antioxidant activities. Further, FN inhibits phos-
pholipase-Cβ activity in the respiratory tract which results in reduced bronchial
muscle contractility and used as a bronchodilator in the treatment of asthma. But,
due to low aqueous solubility, high lipophilicity, and low bioavailability, the use of
FN in various diseases is still restricted [113, 114]. So to extend the therapeutic
efficacy of FN various novel drug delivery systems such as nanoemulsions,
liposomes, nanocochleates, cyclodextrin, and cyclosophoroase dimer complexes
are designed with improved solubility, stability, and bioavailability. The most
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advantageous is the development of pulmonary delivery of FN by
sulfobutylether-β-cyclodextrin (SBE-β-CD) complexes with the aim of improved
pharmacokinetic profile. Physicochemical analysis reveals that the product so
formed showed improvement in particle size and surface morphology of the particle.
Moreover, the addition of 20% leucine further enhanced pulmonary performance by
twofold as demonstrated by MTT assay [92].

25.14 Naringin (NG)

Naringin was first isolated by De Vry in 1857 and its structure elucidation was done
by Asahina and Inubuse in 1928. NG is a bitter molecule mainly isolated from
Drynaria fortunei, Citrus aurantium, and Citrus medica [115]. NG regulates cell–
cell trans-signaling pathways and possesses a wide range of therapeutic actions such
as anti-cancer, anti-inflammatory, and antioxidant activity. In spite of the broad
range of activity NG’s clinical utility is limited due to poor aqueous solubility,
low dissolution rate, and rapid elimination. In a conventional system,
phytoconstituents are generally complex with some excipients so as to improve the
biopharmaceutical properties. But this will not lead to a fruitful result. Thus NG
respirable microparticles are developed that produce a promising result. The micro-
particle formulation of NG exhibits improved aerosolized property with profound
therapeutic efficacy in a pulmonary disorder like cystic fibrosis [93, 94, 116].

25.15 Scutellarin (SR)

Scutellarin is a breviscapine flavone extracted from the Erigeron breviscapus
belonging to the family Compositae. Chemically, SR is a 4,5,6-hydroxyl-flavone-
7-glucuronide and was employed for the treatment of disorders related to the nervous
system and cardiovascular system in the traditional Chinese medicinal system. It is
investigated that SR possesses anti-hypercholesterolemic, anti-hypertrophic, smooth
muscle relaxing, anticoagulant, and fibrinolytic activity. SR shows anti-
inflammatory activity by interfering with arachidonic acid metabolism. But the
phytoconstituents have limited therapeutic efficacy may be due to poor aqueous
solubility and first-pass metabolism. Thus to overcome the therapeutic limitation of
SR, respirable mucoadhesive microparticles are prepared using polyvinyl alcohol
(PVA), polyvinylpyrrolidone (PVP), and hyaluronan (HLN). The microparticles so
formed have a greater volume of distribution and thus enhanced therapeutic potential
with no alteration in toxicity profile [94]. Additionally, intratracheal administration
of SR exhibits quick and complete absorption and thus improved bioavailability.
Thus, mucoadhesive microparticles have a potential for the delivery of
phytoconstituents in the lungs [117].
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25.16 Honokiol (HK)

HK is a pleiotropic lignan mainly obtained from the Magnolia genus. The genus is
geographically distributed in different parts of Asia mainly but also present in
different parts of the world. The most common species of the genus from where
HK can be commercially isolated are Magnolia grandiflora, M. obovata, and
M. officinalis, belonging to the family Magnoliaceae and also these species were
considered to be of great therapeutic importance in the medicines system. In the
Chinese medicinal system, the Magnolia officinalis plant has long been utilized for
its therapeutic value, where it is commonly termed as “houpa.”Magnolia obovata in
Japan has been utilized and is well recognized as “koboku.” HK is known to have a
wide range of therapeutic index including anti-microbial, neuroprotective, antioxi-
dant, and anti-cancer activity. Due to its increased demand in Western countries, it
has been modified and designed for administering through various routes including
parenteral, oral, and transdermal [118]. Further, HK is explored to deliver via the
pulmonary route to treat various acute and chronic pulmonary disorders. For this,
inhalable honokiol microparticles were formulated using chitosan/mannitol. The
microparticles formed showed improved aerodynamic properties and release kinet-
ics, thus enhance therapeutic efficiency [95].

25.17 Andrographolide (AR)

AR commonly known as the king of bitters is a diterpenoid lactone mainly obtained
from Andrographis paniculata (Acanthaceae) [119]. AR is a potent anti-
hypertensive agent act by relaxing the smooth muscles of blood vessels. Apart
from this AR also decreases pulmonary hypertension and is used for chronic
pulmonary disorders. But due to poor aqueous solubility, low oral bioavailability,
peripheral hydrolysis in a weakly basic environment, P-gp excretion in the intestine,
biliary excretion and extensive first-pass metabolism the use of AR in clinical
practice is limited. Thus for successful clinical outcomes of AR, an appropriate
delivery system must be developed that enhances the bioavailability of AR
[120]. For this, inhalable AR-loaded scleroglucan microparticles are developed
and evaluated. The developed microparticles are spherically shaped with particle
size in the range that provides much improvement in therapeutic efficacy and
controlled release pattern as compared to conventional AR formulation. The
intratracheal delivery of microparticles reveals the prolonged retention of drug in
plasma and at the site of action and thus useful in treating pulmonary hypertension.
Additionally, AR microparticles act as an immunostimulant by enhancing leukocyte
and lymphocyte count in the body [96]. Furthermore, AR-β-CD inclusion complexes
are developed using the freeze-drying technique and evaluated for anti-pneumonia
activity in rats. AR microparticles inhibit Staphylococcus aureus colonization in the
lungs and thus able to treat pneumonia. The microparticles formed showed high
aerosolization efficiency with a better therapeutic outcome. Also, the β-CD complex
formed depicts a better dissolution rate in pleural fluid. Therefore, inclusion
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complexes adequately improve the dissolution of AR in pulmonary tissues and
exhibit a prominent effect in pneumonia [97].

25.18 Atropine (AP)

Atropine belongs to the class of tropane alkaloids mainly present in the plants of the
Solanaceae family, for instance, Datura innoxia, Atropa belladonna, Datura stra-
monium, and Datura metel [121]. Researchers investigated that AP possesses
diverse therapeutic potential such as treatment of organophosphate poisoning,
bronchodilation, local anesthetic, and so on. Currently, AP is administered through
intravenous (i.v.), intramuscular (i.m.), and oral route. But the time required for
achieving maximum concentration in plasma after i.v. injection is 5 min, while after
i.m. injection it is 30 min and in case of oral dosing, it is 2 h. So, in case of
emergency when we need prompt therapeutic effects such as organophosphate
poisoning, only intravenous route is used due to the rapid onset of action, while
intramuscular and oral routes are not preferred. Conversely, the intravenous route
needs a paramedic or some health expert support. Due to this reason, effective,
controlled release and safe formulation of AP are required. Thus, an inhaled AP
formulation can be developed for précised and accurate dosing that permits self-
administration with no discomfort [98, 99].

For this, AP sulfate nanoparticles are developed by nanoprecipitation technique.
The nanoparticles so formed are spherical in shape with a particle size that showed
better flowability. Moreover, nanoparticles as compared to microparticles show
better aerosol dispersion of drugs in the respiratory tract. Further, clinical trial data
also reveals an increase in the bioavailability of AP when delivered via the lungs.
Also, the pharmacokinetic profile of AP is improved in healthy human volunteers
when delivered through the pulmonary route as compared to the i.m. route. Briefly,
AP nanoparticles offer a non-parenteral systemic therapy which might be useful for
rapid onset [98, 99].

25.19 Dronabinol (DB)

Dronabinol is a pale yellow colored resinous cannabinoid obtained from the Canna-
bis sativa. DB has numerous pharmacological actions such as pain reliever, CNS
stimulant, anti-hypertensive, respiratory stimulant, and many more. Unfortunately,
in spite of diverse pharmacological action no commercially accepted dosage form is
available because of poor aqueous solubility, pre-systemic metabolism, and rapid
destruction in acidic media and oxidation. Also, the compound is very sticky which
makes it challenging to formulate. So to overcome some of the above limitations
dosage forms such as soft gelatine capsule, sublingual tablet, and pro-drug have been
made. However, these dosage forms do not produce a sufficient successful rate due
to inadequate shelf life and non-uniform bioavailability. Thus, advanced THC
loaded respirable solid dispersion powder of DB with inulin is prepared by spray
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freeze-drying technique, which avoids metabolism, non-uniform bioavailability, and
other disadvantages. Also, THC loaded respirable solid dispersion powder provides
a great degree of stability. Furthermore, spherical shape microparticles are prepared
which have satisfactory drug-loading capacity with good aersolization and physico-
chemical stability [100].

25.20 Clinical Status

Phytoconstituents delivered via inhalational route exhibit a wide range of therapeutic
advantages. The preclinical data reveals that phytoconstituents have promising
therapeutic outcomes, while in human studies there is a doubt related to safety and
therapeutic efficacy. Thus researchers are engaged in designing a pulmonary deliv-
ery system for phytoconstituents for the treatment of acute and chronic pulmonary
disorders. Therefore, a number of clinical trials are to be executed for setting the role
of inhaled phytoconstituents in a wide range of pulmonary diseases.

25.21 Discussion

Nowadays, researchers are focusing on the design and development of novel dosage
forms for phytoconstituents to treat various diseases. However, such investigation is
still a great challenge due to the pharmacokinetic limitation of phytoconstituents.
Researchers try to improve these pharmacokinetic properties by altering particle
morphology and aerodynamic properties. Still, numerous challenges have to be
considered during formulating phytoconstituents for inhalational therapy.

Foremost challenges include some biological oriented problems such as poor
aqueous solubility, low bioavailability, and low permeability. To overcome these
challenges certain new delivery systems are developed that improve both physico-
chemical and pharmacokinetic profiles. Apart from the above, the selection of
polymeric carrier which exhibits significant drug-loading ratio and good stability
for novel formulations development is also an area of concern. Furthermore, the
level of biological and physicochemical degradation of phytoconstituents is also
studied and strategies must be adopted to maintain phytoconstituents stability. For
instance, by modifying the phytoconstituents either chemically or physically the
stability can be enhanced (e.g. pegylation). Moreover, utilization of these
phytoconstituents for the treatment of pulmonary disorders required significant
pulmokinetics, lung clearance rate, and minimal toxicological issues. Till now
very few inhaled phytoconstituents are gaining clinical importance due to either
pharmacokinetic or therapeutic issues. Also, an effective device and metering system
must be developed for the effective pulmonary application. Finally, the development
of inhaled phytoconstituents prominently remains in three major segments: pulmo-
nary pharmacokinetics, toxicity, and device development.
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25.22 Conclusion

Thus plant-based drugs are used since time immemorial and recognized by
practitioners for their better clinical outcomes and lesser toxic effects as compared
with synthetic medicines. But by developing modern dosage forms for
phytoconstituents researchers enhanced the therapeutic efficacy. Indeed,
phytotherapeutics needs a scientific way to deliver the components in an advanced
manner to improve patient acceptance and avoid frequent drug administration. This
can be done by developing novel drug delivery systems for active constituents
obtained from a plant source. Also, by using novel drug delivery systems researchers
can increase the therapeutic value by reducing the toxic profile and increasing the
bioavailability of the herbal-based constituents. Recently, scientists have started to
shift their research to design a drug delivery system for herbal medicines using
different scientific approaches.
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Abstract

Pulmonary diseases have been identified as one of the major diseases that are
responsible for higher level of mortality globally. The application of nanotech-
nology has been identified as a sustainable technology that could be utilized for
successful delivery of biologically active constitutes available in the newly
synthesized nanodrug. Several reports have also established the uses of
nanocarriers in drug delivery to the lungs. The use of nanoparticle for drug
delivery ensures systematic drug release and enhanced drug bioavailability.
This increases drug effectiveness and reduces toxicity. Hence, this chapter
intends to provide a comprehensive information on several medicinal plants
that could be applied for the management of pulmonary diseases including
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chronic obstructive pulmonary disease, lung cancer, and lower respiratory tract
infections. Detailed information were also provided on typical examples of
nanodrug that could be applied for effective management of pulmonary diseases.

Keywords

Pulmonary diseases · Nanodrugs · Nanotechnology · Drug bioavailability · Drug
delivery · Nanoparticle · Nanocarriers

26.1 Introduction

Pulmonary diseases including chronic obstructive pulmonary disease, lung cancer,
and lower respiratory tract infections are major causes of mortality, globally. The
treatment of lung diseases is via different routes; inhalation, oral, and intravenous.
More recently, nanotechnology is being used to enhance drug administration via
these routes. The lung has a large surface area, which supports inhalation as the
preferred therapy [1].

There are reports on the use of nanocarriers in drug delivery to the lungs. The use
of nanoparticle for drug delivery ensures systematic drug release and enhanced drug
bioavailability. This increases drug effectiveness and reduces toxicity [2]. Particle
size is of essence in this regard. Diffusion is the mechanism of particle deposition of
nanodrugs <160 nm diameter, while sedimentation and impaction are mechanisms
of nanodrugs >160 nm in diameter [3]. There are evidences that nanoparticles
appear to easily get lost during exhalation because of their size and low inertia.
Therefore, conjugation of nanoparticle with heavier drugs appears more effective as
loss is reduced [4]. Furthermore, nanodrugs for pulmonary diseases are expected to
be biodegradable [2].

The treatment/management of lung infections is challenging, because of the
drawbacks of delivering adequate quantity of drugs to the site of infection
[5]. This led to the preparation of antibiotics for inhalation. Ciprofloxacin prepared
into nanoparticles and encapsulated into poly (D,L-lactic-co-glycolic acid (PLGA)
proved to deliver the drug to deep parts of the lungs, thereby evading macrophage
clearance [5]. Administration of chemotherapy to individuals with lung cancer via
inhalation is also being explored. Enclosing paclitaxel into albumin nanoparticles
(130-nm) allows swifter drug distribution/permeation and also averts hypersensitiv-
ity reactions that are peculiar to Cremophor. Albumin-conjugated paclitaxel is better
tolerated and easily absorbed by the cancer cells [6].

Conjugating active metabolites of medicinal plants to nanoparticles seem more
promising than the orthodox drugs. This is because a lot of these metabolites possess
anti-oxidant and anti-inflammatory properties. Curcumin, 100 mg/kg was found to
inhibit the activity of elastase and inflammation caused by cigarette smoke [7].

Moreover, it has been established that several phytochemicals could be utilized
for the synthesis of nanodrugs. This might be linked to the facts that these
phytochemicals derived from medicinal plants have been validated to show higher
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level of biological activities. Reports also showed that curcumin boosted protein
kinase C expression, p38 phosphorylation. It also increased the availability of anti-
oxidant enzymes [8]. The anti-oxidant and anti-inflammatory properties of resvera-
trol have been reported. It activates haem oxygenase-1 (HO-1) via Nrf2-anti-oxidant
response element (ARE) signaling pathway [9]. Catechin is a flavonoid with anti-
oxidant properties. Epigallocatechin-3-gallate inhibited oxidative stress by improv-
ing nuclear translocation of Nrf2 and HO-1 gene expression [10].

Moreover, it has been observed that terpenoids also inhibited oxidative stress by
activating Nrf2 signaling [11]. CDDO imidazolide reduced oxidative burden in the
lungs, it also reduces the destruction of the alveolar due to cigarette smoke
[12]. Quercetin is a flavonoid that is present in some fruits and vegetables such as
apple, onion, etc. Reports showed that it exerts its anti-oxidant effect by activating
Nrf2. Sulforaphane is found in vegetables such as broccoli sprouts, cauliflower, etc.
Its anti-oxidant properties are well documented. Its conjugation with nanoparticles is
promising in the treatment of lung diseases [11].

Therefore, this chapter intends to provide a detailed information on the applica-
tion of nanotechnology for the fabrication of Nanodrugs that could be applied for the
management of several pulmonary diseases such as chronic obstructive pulmonary
disease, lung cancer, and lower respiratory tract infections.

26.2 Specific Examples of Medicinal Plants that Could Be
Utilized for Effective Treatment of Inflammatory and Lung
Diseases

Snehal and Jignasha [13] reported that several authors have utilized steroids in the
treatment of inflammatory diseases. These glucocorticoids are found in plant and
animal species and many potential therapeutic isolates can be generated from them
with little or no side effects when used for inflammatory treatment. The authors have
reported several biologically-active molecules with anti-inflammatory properties
from numerous plants which possess similar structural identity with glucocorticoids
such as diosgenin, sarsasapogenin, solasodine, boswellic acid, guggulsterones,
glycyrrihizin, and withanolides. Many plants have been studied and reported to
possess these active constituents, thus can be utilized for anti-inflammatory activity.
Trigonella foenum graecum L, Boswellia serrata Roxb, Solanum xanthocarpum L,
Glycyrrhiza glabra L,Withania somnifera, and Commiphora mukul are listed by the
authors as useful medicinal plant with numerous therapeutic properties. Inflamma-
tion in human health has attracted significant attention in the past few years due to
intensive research output witnessed in elucidating the pathways involved in the
mechanism of inflammatory signaling in the pathogenesis of several diseases such
as asthma, rhinitis, rheumatoid arthritis, conjunctivitis, plus multiple sclerosis.

Xia-Wei et al. [14] revealed that Chinese herbal medication has received massive
attention as an effective therapeutic agent that could be applied in the management of
several pulmonary diseases even though the mechanism of action of most them are
yet to be fully elucidated. Thus the authors analyzed the possible mechanisms of
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action of Yihuo Huatan Formulation against chronic obstructive pulmonary diseases
utilizing pharmacology based approach. It was revealed that about 1267 active
constituents are isolated from the Yihuo Huatan Formulation out of which about
180 active ingredients were analyzed for pharmacological activity. The authors
revealed that the suggested mode of action of these active molecules include
decrease of mucus secretion, alleviation of airway inflammation, maintenance of
immune homeostasis through regulation of multiple targets plus pathways.

Rebecca et al. [15] reported that chronic inflammatory respiratory diseases have
become prevalent in many parts of the globe and treatment option includes anti-
inflammatory therapies that will improve bronchodilation utilizing corticosteroids.
The authors demonstrated that phytomedicines are now available and recently
considered option in the treatment of chronic inflammatory respiratory diseases as
they are plant-based traditional pharmacological practice utilizing various forms of
herbs and natural components which are known to be therapeutic towards these
conditions. Advancement in the utilization of phytomedicines is hampered by the
low level of research activity. Therefore, there is a need to intensify more scientific in
harnessing the potentials of plant-based medicines in the treatment of asthma and
other chronic obstructive pulmonary diseases. With significant research directed
towards this area, many active ingredients can be developed into drugs for the
management of asthma and other related diseases with little or no side effects. The
authors also suggested that through molecular biology techniques, the possible
mechanism of action can be elucidated

Alamgeer et al. [16] revealed that in Pakistan, respiratory diseases are very
common due to the environmental condition of the area with little health care centers
to cater for the sick people. It is generally known that people rely on traditional
method of treatment as an alternative to the orthodox medicine. The authors carried
out a study to assess the significance of ethnomedicinal plant which are currently
being utilized in Pakistan for the treatment of respiratory disorders. They also
analyzed the pharmacokinetics, economic importance, diversity, and preparation
approach of these herbs, shrubs, trees and their phytochemicals thus discovered
that many of these plants rots plus leaves are used for the treatment of cough, asthma,
common cold, bronchitis in the form of concoction.

Ibraheem et al. [17] reported that in many parts of the developing nations,
indigenes rely mostly on traditional herbs to treat different kinds of ailments
particularly respiratory disorders due to limited accessibility to orthodox medicine
and the exorbitant cost of treatment. The authors therefore documented many articles
on plant components or species commonly utilized for respiratory disorders across
Ede South Local Government Area of Osun State, Nigeria. From their findings, it
was revealed that about 87 plant species documented to consume for the treatment of
cough and other related respiratory disorders through concoction formulation and
administered orally. The authors revealed that many of the plant species are very rich
source of active molecules that could be developed into drug for the management of
respiratory diseases particularly in Nigeria and Africa.
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Fernanda et al. [18] reported that inflammation is the major sign of many
respiratory diseases such as asthma, plus chronic obstructive pulmonary disease,
acute respiratory syndrome distress, thus many are treated with an anti-inflammatory
agent. The authors revealed that many plant-based anti-inflammatory agents such as
alkaloids, terpenoids plus flavonoids against respiratory diseases have not been
evaluated to properly identify the mechanism of action biologically despite the
growing interest in them. Thus, the author’s aim is to identify some of the
mechanisms of action such as inhibition of NF-κB, modulatory role of natural
compounds on pulmonary inflammation, suppression of MAPK pathways, and
anti-oxidant promoting effects. It was suggested that clinical trials should be done
on these active ingredients to elucidate the safety and efficacy level.

Javad et al. [19] reported that according to World Health Organization, tubercu-
losis is a very deadly infectious disease classified as global health emergency caused
by Mycobacterium tuberculosis. The treatment of this infectious disease consists of
intensive plus a continuation phase but unfortunately there seems to be multi-drug-
resistant tuberculosis as a result of inefficient healthcare facilities or low compliance
to prescribed drugs. Therefore, there is imperative need to improve and discover
novel remedies that would quickly suppress the global burden of the disease and
other multi-drug-resistant tuberculosis. The authors reported that many active
ingredients derived from fungi and marine based organisms are could be utilized
for the treatment of tuberculosis together with natural products as adjuvant so as to
enhance the efficacy of their anti-tuberculosis activities. They discovered that due to
the need to quickly develop novel drug to suppress the global burden of tuberculosis,
traditional phytotherapeutic agents are currently being studied to explore possible
macromolecules and agents with enhanced biological activities. For the development
of novel therapy from natural products, many techniques must be utilized such as
isolation, purification, identification, and quantification.

Hyun et al. [20] reported that chronic obstructive pulmonary diseases and acute
bronchitis are due to inflammation of the lungs which could be managed by the
utilization of plant extract active ingredients such as coumarins, phenolics,
flavonoids, iridoids, sirtuins, monoterpenes, triterpenoids, and diterpenes. Jae-Won
et al. [21] revealed that Azadirachta indica A. Juss popularly called neem leaf has
been shown to exert huge anti-inflammatory, anti-oxidant, and antibacterial. Thus
the authors investigated the role of the plant extract on pulmonary inflammation. In
their report, it was discovered that cell inflammatory infiltration by macrophages, the
expression of monocyte chemoattractant protein-1, tumor necrosis factor-α, neutro-
phil elastase activity, c-Jun N-terminal kinase, activation of extracellular signal-
regulated kinase, interleukin, reactive oxygen species, expression of inducible nitric
oxide synthase and neutrophils were greatly reduced in the bronchoalveolar lavage
fluid. The authors suggested that this plant possess great active ingredient against
chronic obstructive pulmonary disease.

Ram et al. [22] revealed that the present treatment for the handling of chronic
obstructive pulmonary disease is grossly inadequate thereby resulting into a major
global health challenge and several side effects. They showed that alternative
therapies are urgently needed, hence medicinal plants like the Ayurveda or Siddha
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of India, plus traditional Chinese medicine of China are the emerging area with vast
novel biomolecules being deployed by several countries for treatment against
obstructive lung diseases like emphysema or bronchitis. The physiological effects
found in these plants include relaxant activity, bronchodilatory, antitussive, anti-
cholinergic, mucociliary clearance activity plus anti-spasmodic properties. It is
generally believed that crude extract may be of beneficial advantage over the isolated
constituents in the treatment of respiratory disorders due to the synergistic effects.

Rainer and Ashley [23] reported that globally respiratory infection seems to be a
major health challenge particularly as a result of resistance developed against the
currently used therapies. The authors showed that traditional medicines can serve as
alternatives due to their high level of efficacy. Thus the authors investigated quite a
number of medicinal plants for respiratory system herbal remedies in Peru and
discovered that many of these plants are regularly utilized for respiratory disorders
through oral or topical application. It was suggested by the authors that these plants
and their ethnobotanical data can be gathered and developed into drug formulation
for different respiratory infections but first the safety and efficacy must be well
established before usage.

Amir et al. [24] reported that dyspnea, maximal expiratory flow limitation and
inflammation are the major sign of cystic fibrosis, parenchymal inflammation, and
chronic obstructive pulmonary disease. The authors revealed that over the years,
scientists have rigorously pursued to examine the pathways responsible for the
chronic inflammation seen with these respiratory disorders and ways to curb or
eliminate it. Thus various molecular targets are currently being investigated for
possible novel therapeutic action by natural compounds or molecules. Various
natural compounds have been examined for their anti-inflammatory activity particu-
larly lung diseases. The authors suggested that preliminary in vitro and in vivo
studies.

Fernanda et al. [18] revealed that pulmonary inflammatory is the major attribute
of many chronic obstructive pulmonary diseases and respiratory disorders. The
authors showed that traditional medicine and their natural constituents may be
alternative therapy for the treatment of respiratory disorder, thus scientific evaluation
of these compounds such as alkaloids, flavonoids, terpenoids for biological effects
like anti-inflammatory, antiplatelet, antiviral, antitumor, anti-oxidant, antiallergic
properties may offer promising role in the management of chronic obstructive
pulmonary disease. The authors suggested more clinical trials for pulmonary
diseases and the possible mechanisms of action involved in their therapeutic effects.

Okoli et al. [25] reported that the present anti-inflammatory medications have
witnessed inherent challenges due to development of multidrug resistance, thus there
is continuous search for alternative agent with efficient biological activity from
natural sources. Many plants have been list by the authors to be very rich in anti-
inflammatory molecules tested through in vivo and in vitro assays such as Aloe vera,
Chasmanthera dependens, Consolida regalis, Culcasia scandens, Tanacetum
vulgare, Crateva religiosa, Holmskioldia sanguinea, Turnera ulmifolia, and
Mitracarpus scaber. The active ingredients present may act in multiple targets or
pathways including other physiological properties like antimicrobial, antipyretic,
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antiulcer plus analgesic. The authors listed some molecules in these plants that have
been identified and characterized by various molecular techniques such as
premnazole, lupeol, (+)—usnic acid, zanhasaponins A plus B, (+)—pinitol,
parthenolide, sasanquol. Many of these constituents have strong biological effects
over the present line of drugs against respiratory disorders thus scientists should be
encouraged to analyze how many will be developed into active drug with no side
effects.

Mohsen et al. [26] revealed that many Urmian herbalists have been known to cure
respiratory ailment utilizing medicinal plants grown around West Azerbaijan Prov-
ince, thus herbarium samples, data were obtained and analyzed at the Urmia
University, Iran. The findings demonstrated that about 20 different medicinal plants
of various parts like stem, root, and leaves are routinely utilized for respiratory
diseases by boiling. The authors recommended that there is an urgent need to
perform further study so as to isolate and characterize the biologically active
constituents present in these medicinal plants that so as to develop them into active
drug.

Arjun et al. [27] demonstrated that one of the ancient traditional medicines is the
Siddha system of medical practice in India for the management of various ailments.
The authors showed that respiratory diseases are severe health issues with the present
therapies presenting numerous side effects thus the need to search for a more reliable
and more effective therapy. The aim objective of the authors is to create awareness
around Siddha system of medical practice in India towards the treatment of respira-
tory diseases with the possibility of further exploring various active constituents for
drug formulations. Currently there are limited data available to demonstrate the
strength in the Siddha system of medical practice in India, and several potent
medicinal plants like Acalypha indica, Adhatoda vasica, Solanum xanthocarpum,
Euphorbia hirta L., Solanum nigrum L., Caesalpinia bonduc L., Borassus
flabellifer L, Crocus sativus L, Solanum trilobatum L., Piper longum L., Strychnos
potatorum L., Terminalia bellirica Roxb, Celery-keerai, Kuppaimeni, Apium
graveolens L., Calotropis gigantea L., Piper nigrum L., Ocimum sanctum L.,
Tylophora indica Merrill, Hibiscus rosa-sinensis, Boerhavia diffusa L., Adhatoda
vasica Nees for respiratory ailments are not properly documented by these herbalists
creating a lack of data. These active constituents include alkaloids, apigenin, choline,
shikimic acid, apiin, have been recommended for vasodilatory action, suppressive
effects on nitric oxide generation and manifestation of inducible nitric oxide
synthase, synthesis of T suppressor cells, spasmolytic, inhibition of mast cell
degranulation, inhibition of DNA binding properties of NF-kB plus AP-1 antimicro-
bial, antifungal, antidiabetic, delayed in hypersensitive response to serum red blood
cells, inhibition of inflammatory swellings, immunomodulatory activity on lympho-
cyte proliferation, removal of histamine, inhibition of nitric oxide or TNF-α produc-
tion properties.

Rocio et al. [28] reported that respiratory diseases particularly tuberculosis in
Mexico are treated with plant-based medicines referred to as Mexican Traditional
Medicine like Aristolochia taliscana, Chrysactinia mexicana, Saccharomyces
cerevisiae, Citrus sinensis, Persea americana, Olea europaea, Larrea divaricata,
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Phoradendron robinsoni, Amphipterygium adstringens containing active molecules
such as Licarin A, 9-methoxytariacuripyrone or 9-amino-9-methoxy-3,4-dihydro-
2H-benzo[h]-chromen-2-one. The authors showed that these active compounds
could be developed into active drugs against many respiratory diseases without
any side effects compared with many current medications utilized.

James et al. [29] revealed that in children, respiratory diseases are responsible for
mortality of under 5 years of age in many developing countries compounded by very
low efficacy of the current mode of treatment with several underline side effects.
Also noted is poor access to modern health facilities in these regions thereby
resulting into traditional form of treatment. It has been noticed that despite the
richness of many medicinal plant in the management of respiratory diseases, children
are still subjected to high risk of complications and other problems due to the lack of
adequate knowledge on mode of action, dosage, duration, concentration, and
hygiene of the concoction preparation form these medicinal plants. Thus the authors
seek to evaluate the ethno-medicinal data of these novel pharmaceutical agents in
Kisumu East. The findings revealed that many of the traditional plant species have
potent medicinal value and can be blended with the current therapy to reduce the side
effects and enhance the effectiveness against respiratory disorders.

Nilima et al. [30] carried out a study to evaluate the importance of traditional
medicine against many respiratory diseases. The authors discovered that many
people from the developing country rely main on the traditional medicine from
potent medicinal plants even though the phytochemical and pharmacological
activities are very unclear. They suggested that many possess bronchodilator, anti-
oxidant, antimicrobial, expectorant, antifungal, antibacterial, hepatoprotective, anti-
inflammatory, antiulcer, antitussive, anti-tubercular, antiviral activities.

26.3 Mode of Action of Some Medicinal Plants in Treating Lung
Diseases

The curative potentials of phytochemicals of medicinal plants are well documented.
In the management of lung diseases, several phytochemicals have shown efficacy via
different mechanisms. Quercetin is known for its anti-oxidant and anti-inflammatory
properties. It was also shown to reduce hypersensitivity reactions of the airways
[31]. Furthermore, it boosted GSH level while minimizing the production of reactive
oxygen species (ROS). Additionally, it enhanced Nrf2 nuclear translocation and
Haem oxygenase-1 gene expression [11].

Terpenoids were reported to decrease ROS production, they also boosted Nrf2
nuclear translocation and expression of HO-1 gene [11]. Curcumin enhanced phos-
phorylation of protein kinase C and p38, while also boosting the activation of HO-1
in monocytes. Resveratrol boosted the production of GSH. It also inhibited the
release of cytokines. Resveratrol also boosted the translocation of Nrf2 and expres-
sion of HO-1 gene [11].

Sulforaphane suppressed p38MAPK activation and also enhanced Nrf2 translo-
cation. Catechin similarly boosted nuclear translocation of Nrf 2 and HO-1 gene
expression [11]. Table 26.1 shows the mechanism of action involved in the
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application of nanodrugs synthesized from different medicinal treatments of inflam-
matory and lung diseases infection.

26.4 Application of Nanotechnology for the Treatment of
Inflammatory and Lung Diseases

Nanotechnology has been recognized as a sustainable biotechnological tool that
could deliver numerous prospects to innovate novel solutions that could be applied
for effective management of numerous clinical challenges. A typical example
includes the application of nanotechnology in the pulmonary field most especially
for effective delivery of nucleic acid-based therapeutics and drugs to disease sites.
The administration of these drugs through inhalation gives the chance for shortest
distribution to the lung epithelium, the coating of the respiratory tract. Therefore,
adequate collection of particle size, deep lung delivery could be derived with
regulation of phagocytic uptake, the elimination of particles by resident
macrophages.

The application of nanotechnology could play a significant role in the pulmonary
therapies given through the oral and intravenous via aiming specific cell types and
regulation of bioavailability and release kinetics. Moreover, nanotechnology could
play a crucial role in providing resistance against multiple drug resistance in
leukemia through inhibition of drug efflux from cancer cells, and gives operative
delivery of siRNA into lymphocytes so as to prevent apoptosis in sepsis. Regulation
of surface features on materials most especially on the devices which entails stents
and valves could enhances biocompatibility by blocking of thrombosis, and modifi-
cation of cell adhesion and stimulation as well as the formation of blood clots. The
application of nanoparticle-based thrombolytic agent’s portends the capacity to
enhance the efficiency of clot elimination. Moreover, the management of blood
and lung diseases most especially using nano-scaffold-based techniques for regula-
tion of differentiation and multiplying of stem and progenitor cells has been
identified to possess numerous advantages [38].

Kuzmov and Minko [39] provided a comprehensive review on diverse methods
involved in the delivering of drugs most especially through inhalation for the
management of lung diseases, most especially those that portends the capacity to
transport drugs, peptides, and nucleic acids to the site of their action. Also, they
could consequently improve the effectiveness of their action by reducing the perme-
ation of nebulized healing agent(s) into the bloodstream and subsequently lessen the
antagonistic systemic side influence of the treatment. The application of nanotech-
nology permits the improvement of the management effectiveness. The authors also
provide more information on the application of the modern therapeutic methods of
inhaled nanoscale-based pharmaceutics for the recognition and management of
numerous lung diseases.

Lung cancer has been identified as one of the leading factors responsible for
higher level of mortality globally, most of them are recognized as active tobacco
smokers. Non-small cell lung cancer might be attributed for 85% to 90% of this
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mortality, while the remaining could be attributed to small cell lung cancer. Life-
threatening lethality of lung cancer could be developed as a result of lack of
appropriate analytical actions for initial discovery of lung cancer and ineffective
unadventurous healing approaches. Therefore, the application of diagnostic system
or a multifunctional nanotherapeutic has been identified as a sustainable solution.
The expression of physiochemical features of such nanoscale systems is adjusted
positively for quick identification of versatile cancer cell targeted diagnostic and
therapeutic system. It has been observed that the size of these nanodrugs which are
available at nanoscale makes the system to have several merits of passive build up at
the site of tumor. In view of the aforementioned, Sukumar et al. [40] gave a general
overview on typical examples of three significant subclasses of such nanoscale
therapeutic and diagnostic systems which entails bio-nanoparticles-based methods,
metal nanoparticles-based methods, polymeric nanoparticles-based procedures. The
authors also provide a detailed information on the merits and demerits of each
techniques with a forthcoming enhancement in lung cancer therapeutics and
diagnostics.

Rout et al. [41] wrote a comprehensive review on nanodrug delivery systems
which is also known as nanocarriers. Nano carriers has been identified as
nanoengineered biocompatible devices or materials which in conjugation with
preferred bioactive compounds performs essential purposeful function in the allied
and pharmaceutical sciences. The differentiated capability of this bioengineered
colloidal or noncolloidal molecule to rupture the biological barricades in reaching
the directed location in the biological system elevates its other multipurpose nature’s
polydispersity or monodispersity in biodistribution. Additionally, its biodegradabil-
ity and nontoxicity result in their selection as an exceptional candidate for its
application as drug delivery system. It has been observed that numerous
conjugations of biological and chemical substances are currently applied for fabri-
cation of biofunctional hybrid nanomaterial through simple methods. The applica-
tion of these bioconjugated as a nanoparticulated system has been applied in the
management of numerous noxious incurable infectious diseases such as disorders
and tuberculosis of various forms. Therefore, there authors also gave a general
information on various types of nanoparticulated systems as well as their merits as
well as their beneficial as well as harmful influences along with the future viewpoint
of nanodrug delivery system based on current position.

26.5 Conclusion and Future Recommendation to Knowledge

This chapter has provided a detailed information on the application of nanotechnol-
ogy for the fabrication of nanodrugs that could be applied for sustainable manage-
ment of pulmonary diseases. Detailed information on several plants extract,
phytochemical derived from medicinal plants were also highlighted [42–47]. The
application of informatics, bioinformatics, and metabolomics could also provide a
better understanding on the biological activity of the newly synthesized nanodrugs
most especially those derived from the biogenic sources. There is need to establish
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the modes of action of the active constitutes present in these plants while it is very
important to determine the level of toxicity of the newly synthesized nanodrugs
when performed at in vitro and in vivo trials.
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