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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.
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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 1 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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Fig. 10.1 Treatment strategies for lung cancer

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
(B-carotene), naphthoquinones (shikonin, plumbagin), quinones (celastrol,
tanshinone), cardiac glycosides (Ouabain, f-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.
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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-a), 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-p1-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 (3,3,4',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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Fig. 10.2 Anti-lung cancer mechanistic approach of quercetin

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 (DRS5) through
PKC (Fig. 10.2). Moreover, quercetin was found to downregulate NF-kB expression
and upregulate IkBa (inhibitor of NF-kB) 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 ADAMO 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
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Fig. 10.3 Anti-lung cancer mechanistic approach of curcumin

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].
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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 pS3
signaling in gliomas. Along with p53, the hippo pathway dysregulation also
contributes to lung cancer tumorigenesis via regulating the YAP-TEAD complex.
MDM?2 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-xB activation and
sensitizing TNF-a induced cell death of cancer. Of note, NF-xB is a regulator of
tumor progression and development as well as a mediator of inflammation and
activated by TNF-a which acts as a switch in creating a link between cancer and
inflammation. In addition, crebanine also enhances TNF-a mediated apoptosis via
activation of caspase-3, caspase-8, and PARP cleavage. It was also revealed that
crebanine inhibits TNF-a 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-kB 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 GO
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 VEGEF, 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].
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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-p1-induced EMT expression of Slug,
Snail-1, and MMP (matrix metalloproteinases), thus inhibits tumor metastasis and
angiogenesis. BBR has potential effects on NFkB 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 (p-carboline) are found in various medicinal plants including
Banisteriopsis caapi, Peganum harmala, Passiflora incarnata, and Passiflora
edulis. P-carboline alkaloids have anti-tumor activity and cytotoxic effects on
various cancer cells [61]. Harmol is a pB-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, NF«kB (signaling
pathways), Bcl2, Bel-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 (3,5,4'-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 (EGCGQG) 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, 4-Trihydroxy-3, 3’-Dimethoxybibenzyl (TDB)

Dendrobium  ellipsophyllum is a source of 4,54'-trihydroxy-3,3'-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 MKKI1/2-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 NFkB 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 1.9981 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, 13C
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-kB, 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-xkB 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 NFkB, 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
HDAC:Ss level. Genistein alone at 20 and 50uM 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-
Iytic agent, apoptosis enhancer, inhibitor of prolyl endopeptidase, and malignant
tumor proliferation [114]. Downregulation of Microtubule affinity-regulating kinase
2 (MARK?2) and p-Akt are the target sites of Baicalin to reduce DDP induced
resistance against lung cancer therapy. Indeed, MARK?2 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
MARK?2 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 8pg/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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Fig. 10.6 Natural compounds targeting lung cancer stem cells

[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,
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CD133, ALDHI1A, 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 ALDHIA1 and CDI133 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, NFkB, and TGF-f1 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.

References

13.

.Liu T, Liu X, Li W (2016) Tetrandrine, a Chinese plant-derived alkaloid, is a potential

candidate for cancer chemotherapy. Oncotarget 7(26):40800-40815. https://doi.org/10.
18632/oncotarget.8315

. Rupa EJ et al (2020) Dendropanax Morbifera extract-mediated ZnO nanoparticles loaded with

Indole-3-Carbinol for enhancement of anticancer efficacy in the A549 human lung carcinoma
cell line. Materials 13(3197):1-16. https://doi.org/10.3390/mal3143197

. Mateen S, Raina K, Agarwal R (2013) Chemopreventive and anti-cancer efficacy of silibinin

against growth and progression of lung cancer. Nutr Cancer 65(Suppl.1):3—11. https://doi.org/
10.1080/01635581.2013.785004

. Maiuthed A, Chantarawong W, Chanvorachote P (2018) Lung cancer stem cells and cancer

stem cell-targeting natural compounds. Anticancer Res 38(7):3797-3810. https://doi.org/10.
21873/anticanres.12663

. van Breda SGJ, de Kok TMCM, van Delft JHM (2008) Mechanisms of colorectal and lung

cancer prevention by vegetables: a genomic approach. J Nutr Biochem 19(3):139-157. https://
doi.org/10.1016/j.jnutbio.2007.04.002

. Nair P, Malhotra A, Dhawan DK (2014) Curcumin and quercetin trigger apoptosis during

benzo(a)pyrene-induced lung carcinogenesis. Mol Cell Biochem 400(1-2):51-56. https://doi.
org/10.1007/s11010-014-2261-6

.Zhou Q, Pan H, Li J (2019a) Molecular insights into potential contributions of natural

polyphenols to lung cancer treatment. Cancers 11(10):1-33. https://doi.org/10.3390/
cancers11101565

. LiJ et al (2018) Berberine hydrochloride inhibits cell proliferation and promotes apoptosis of

non-small cell lung cancer via the suppression of the MMP2 and Bcl-2/bax signaling
pathways. Oncol Lett 15(5):7409-7414. https://doi.org/10.3892/01.2018.8249

. Chang WA et al (2016) Laricitrin ameliorates lung cancer-mediated dendritic cell suppression

by inhibiting signal transducer and activator of transcription 3. Oncotarget 7
(51):85220-85234. https://doi.org/10.18632/oncotarget.13240

. Howington JA et al (2013) Treatment of stage I and II non-small cell lung cancer: Diagnosis

and management of lung cancer, 3rd ed: American college of chest physicians evidence-based
clinical practice guidelines. Chest 143(5 Suppl):e278S—e313S. https://doi.org/10.1378/chest.
12-2359

. Chen J et al (2015a) Cisplatin resistance in human cervical, ovarian and lung cancer cells.

Cancer Chemother Pharmacol 75(6):1217-1227. https://doi.org/10.1007/s00280-015-2739-2

. Song X et al (2011) Treatment of lung cancer patients and concomitant use of drugs interacting

with cytochrome P450 isoenzymes. Lung Cancer 74(1):103-111. https://doi.org/10.1016/j.
lungcan.2011.01.016

Mao Z et al (2019) Fucosterol exerts antiproliferative effects on human lung cancer cells by
inducing apoptosis, cell cycle arrest and targeting of Raf/MEK/ERK signalling pathway.
Phytomedicine 61:152809. https://doi.org/10.1016/j.phymed.2018.12.032

. Kelloff GJ et al (2000) Progress in cancer chemoprevention: development of diet-derived

chemopreventive agents. J Nutr 130(2S suppl):467S—4718S. https://doi.org/10.1093/jn/130.2.
467s


https://doi.org/10.18632/oncotarget.8315
https://doi.org/10.18632/oncotarget.8315
https://doi.org/10.3390/ma13143197
https://doi.org/10.1080/01635581.2013.785004
https://doi.org/10.1080/01635581.2013.785004
https://doi.org/10.21873/anticanres.12663
https://doi.org/10.21873/anticanres.12663
https://doi.org/10.1016/j.jnutbio.2007.04.002
https://doi.org/10.1016/j.jnutbio.2007.04.002
https://doi.org/10.1007/s11010-014-2261-6
https://doi.org/10.1007/s11010-014-2261-6
https://doi.org/10.3390/cancers11101565
https://doi.org/10.3390/cancers11101565
https://doi.org/10.3892/ol.2018.8249
https://doi.org/10.18632/oncotarget.13240
https://doi.org/10.1378/chest.12-2359
https://doi.org/10.1378/chest.12-2359
https://doi.org/10.1007/s00280-015-2739-2
https://doi.org/10.1016/j.lungcan.2011.01.016
https://doi.org/10.1016/j.lungcan.2011.01.016
https://doi.org/10.1016/j.phymed.2018.12.032
https://doi.org/10.1093/jn/130.2.467s
https://doi.org/10.1093/jn/130.2.467s

250

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27

28.

29.

30.

31

32.

33.

R. Akram et al.

. Kim C, Kim B (2018) Anti-cancer natural products and their bioactive compounds inducing
ER stress-mediated apoptosis: a review. Nutrients 10(8):1021. https://doi.org/10.3390/
nul0081021

Zhai T et al (2018) Potential micronutrients and phytochemicals against the pathogenesis of
chronic obstructive pulmonary disease and lung cancer. Nutrients 10(7):813. https://doi.org/
10.3390/nu10070813

Wattanathamsan O, Hayakawa Y, Pongrakhananon V (2019) Molecular mechanisms of
natural compounds in cell death induction and sensitization to chemotherapeutic drugs in
lung cancer. Phytother Res 33(10):2531-2547. https://doi.org/10.1002/ptr.6422

Zhong W, Qin Y, Shuang C, Sun T (2017) Antitumor effect of natural product molecules
against lung cancer. In: Adonis M (ed) A global scientific vision — prevention, diagnosis, and
treatment of lung cancer. IntechOpen. https://doi.org/10.1016/j.colsurfa.2011.12.014

. Poofery J et al (2020) Potential of Thai herbal extracts on lung cancer treatment by inducing
apoptosis and synergizing chemotherapy. Molecules 25(1):231. https://doi.org/10.3390/
molecules25010231

Park KIL et al (2014) Flavonoids identified from Korean Citrus aurantium L. inhibit non-small
cell lung Cancer growth in vivo and in vitro. J Funct Foods 7(1):287-297. https://doi.org/10.
1016/).jt£.2014.01.032

Kilarski WW et al (2012) An in vivo neovascularization assay for screening regulators of
angiogenesis and assessing their effects on pre-existing vessels. Angiogenesis 15(4):643-655.
https://doi.org/10.1007/s10456-012-9287-8

Cao Y (2016) Future options of anti-angiogenic cancer therapy. Chin J Cancer 35(2):1-9.
https://doi.org/10.1186/s40880-016-0084-4

Han M, Song Y, Zhang X (2016) Quercetin suppresses the migration and invasion in human
colon cancer caco-2 cells through regulating toll-like receptor 4/nuclear factor-kappa B
pathway. Pharmacognosy Magazine 12(46):S237. https://doi.org/10.4103/0973-1296.182154
Jiang Q et al (2016) Lunasin suppresses the migration and invasion of breast cancer cells by
inhibiting matrix metalloproteinase-2/—9 via the FAK/Akt/ERK and NF-xB signaling
pathways. Oncol Rep 36(1):253-262. https://doi.org/10.3892/0r.2016.4798

Chanvorachote P et al (2016) Potential anti-metastasis natural compounds for lung cancer.
Anticancer Res 36(11):5707-5717. https://doi.org/10.21873/anticanres.11154

Sznarkowska A et al (2017) Inhibition of cancer antioxidant defense by natural compounds.
Oncotarget 8(9):15996-16016. https://doi.org/10.18632/oncotarget.13723

. Zanoaga O et al (2019) Progress in research on the role of flavonoids in lung Cancer. Int ] Mol
Sci 20(4291):1-19. https://doi.org/10.1515/biol-2020-0035

Chen W et al (2007) Induction of death receptor 5 and suppression of survivin contribute to
sensitization of TRAIL-induced cytotoxicity by quercetin in non-small cell lung cancer cells.
Carcinogenesis 28(10):2114-2121. https://doi.org/10.1093/carcin/bgm133

Youn HS et al (2013) Quercetin potentiates apoptosis by inhibiting nuclear factor-kappaB
signaling in H460 lung cancer cells. Biol Pharm Bull 36(6):944-951. https://doi.org/10.1248/
bpb.b12-01004

Le Marchand L et al (2000) Intake of flavonoids and lung cancer. J Natl Cancer Inst 92
(2):154-160. https://doi.org/10.1093/jnci/92.2.154

Chang JH et al (2017) Quercetin suppresses the metastatic ability of lung cancer through
inhibiting snail-dependent Akt activation and snail-independent ADAM9 expression
pathways. Biochim Biophys Acta Mol Cell Res 1864(10):1746—1758. https://doi.org/10.
1016/j.bbamcr.2017.06.017

Tomeh MA, Hadianamrei R, Zhao X (2019) A review of curcumin and its derivatives as
anticancer agents. Int J Mol Sci 20(5):1033. https://doi.org/10.3390/ijms20051033

Li Y et al (2013) Curcumin inhibits human non-small cell lung cancer A549 cell proliferation
through regulation of Bcl-2/Bax and cytochrome C. Asian Pacific Organiz Cancer Prev 14
(8):4599-4602. https://doi.org/10.7314/APJCP.2013.14.8.4599


https://doi.org/10.3390/nu10081021
https://doi.org/10.3390/nu10081021
https://doi.org/10.3390/nu10070813
https://doi.org/10.3390/nu10070813
https://doi.org/10.1002/ptr.6422
https://doi.org/10.1016/j.colsurfa.2011.12.014
https://doi.org/10.3390/molecules25010231
https://doi.org/10.3390/molecules25010231
https://doi.org/10.1016/j.jff.2014.01.032
https://doi.org/10.1016/j.jff.2014.01.032
https://doi.org/10.1007/s10456-012-9287-8
https://doi.org/10.1186/s40880-016-0084-4
https://doi.org/10.4103/0973-1296.182154
https://doi.org/10.3892/or.2016.4798
https://doi.org/10.21873/anticanres.11154
https://doi.org/10.18632/oncotarget.13723
https://doi.org/10.1515/biol-2020-0035
https://doi.org/10.1093/carcin/bgm133
https://doi.org/10.1248/bpb.b12-01004
https://doi.org/10.1248/bpb.b12-01004
https://doi.org/10.1093/jnci/92.2.154
https://doi.org/10.1016/j.bbamcr.2017.06.017
https://doi.org/10.1016/j.bbamcr.2017.06.017
https://doi.org/10.3390/ijms20051033
https://doi.org/10.7314/APJCP.2013.14.8.4599

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Natural Compounds as Versatile Potential Therapeutic Agents of Lung Cancer 251

Pillai GR et al (2004) Induction of apoptosis in human lung cancer cells by curcumin. Cancer
Lett 208(2):163-170. https://doi.org/10.1016/j.canlet.2004.01.008

Saha A et al (2010) Apoptosis of human lung cancer cells by curcumin mediated through
up-regulation of “growth arrest and DNA damage inducible genes 45 and 153”. Biol Pharm
Bull 33(8):1291-1299. https://doi.org/10.1248/bpb.33.1291

Yang CL et al (2012) Curcumin induces small cell lung cancer NCI-H446 cell apoptosis via
the reactive oxygen species-mediated mitochondrial pathway and not the cell death receptor
pathway. DNA Cell Biol 31(2):139-150. https://doi.org/10.1089/dna.2011.1300

Jin H et al (2015) Curcumin inhibits cell proliferation and induces apoptosis of human
non-small cell lung cancer cells through the upregulation of miR-192-5p and suppression of
PI3K/Akt signaling pathway. Oncol Rep 34(5):2782-2789. https://doi.org/10.3892/0r.2015.
4258

Liao H et al (2015) Curcumin inhibits lung cancer invasion and metastasis by attenuating
GLUT1/MT1-MMP/MMP?2 pathway. Int J Clin Exp Med 8(6):8948-8957

Liu GD et al (2014) Genistein alleviates radiation-induced pneumonitis by depressing Apel/
Ref-1 expression to Down-regulate inflammatory cytokines. Cell Biochem Biophys 69
(3):725-733. https://doi.org/10.1007/s12013-014-9859-x

Rajesh E et al (2015) Naturally occurring products in cancer therapy. J Pharm Bioallied Sci 7
(Suppl 1):S181-S183. https://doi.org/10.4103/0975-7406.155895

Zhang Z et al (2018) Genistein promotes ionizing radiation-induced cell death by reducing
cytoplasmic Bcl-xL levels in non-small cell lung cancer. Sci Rep 8(1):1-9. https://doi.org/10.
1038/s41598-017-18755-3

Jones V, Katiyar SK (2013) Emerging phytochemicals for prevention of melanoma invasion.
Cancer Lett 335(2):251-258. https://doi.org/10.1016/j.canlet.2013.02.056

Luzna P et al (2011) Changes of microRNAs-192, 196a and 203 correlate with Barrett’s
esophagus diagnosis and its progression compared to normal healthy individuals. Diagn Pathol
6(1):114. https://doi.org/10.1186/1746-1596-6-114

Singh T, Prasad R, Katiyar SK (2016) Therapeutic intervention of silymarin on the migration
of non-small cell lung cancer cells is associated with the axis of multiple molecular targets
including class 1 HDACs, ZEB1 expression, and restoration of miR-203 and E-cadherin
expression. Am J Cancer Res 6(6):1287-1301

Liang L et al (2012) Sophoridine exerts an anti-colorectal carcinoma effect through apoptosis
induction in vitro and in vivo. Life Sci 91(25-26):1295-1303. https://doi.org/10.1016/j.1fs.
2012.09.021

Zhu L et al (2020) Sophoridine inhibits lung cancer cell growth and enhances cisplatin
sensitivity through activation of the p53 and hippo signaling pathways. Gene 742:144556.
https://doi.org/10.1016/j.gene.2020.144556

Lin CH et al (2010) GMI, a Ganoderma immunomodulatory protein, down-regulates tumor
necrosis factor a-induced expression of matrix metalloproteinase 9 via NF-kB pathway in
human alveolar epithelial A549 cells. J Agric Food Chem 58(22):12014—-12021. https://doi.
org/10.1021/jf103068w

Yodkeeree S, Pompimon W, Limtrakul P (2014) Crebanine, an aporphine alkaloid, sensitizes
TNF-a-induced apoptosis and suppressed invasion of human lung adenocarcinoma cells A549
by blocking NF-kB-regulated gene products. Tumor Biol 35(9):8615-8624. https://doi.org/10.
1007/s13277-014-1998-6

Gao CJ et al (2018) Oxymatrine sensitizes the HaCaT cells to the IFN-y pathway and
Downregulates MDC, ICAM-1, and SOCS1 by activating p38, JNK, and Akt. Inflammation
41(2):606-613. https://doi.org/10.1007/s10753-017-0716-0

Liang J et al (2018) Oxymatrine prevents synovial inflammation and migration via blocking
NF-xB activation in rheumatoid fibroblast-like synoviocytes. Int Immunopharmacol
55:105-111. https://doi.org/10.1016/j.intimp.2017.12.006


https://doi.org/10.1016/j.canlet.2004.01.008
https://doi.org/10.1248/bpb.33.1291
https://doi.org/10.1089/dna.2011.1300
https://doi.org/10.3892/or.2015.4258
https://doi.org/10.3892/or.2015.4258
https://doi.org/10.1007/s12013-014-9859-x
https://doi.org/10.4103/0975-7406.155895
https://doi.org/10.1038/s41598-017-18755-3
https://doi.org/10.1038/s41598-017-18755-3
https://doi.org/10.1016/j.canlet.2013.02.056
https://doi.org/10.1186/1746-1596-6-114
https://doi.org/10.1016/j.lfs.2012.09.021
https://doi.org/10.1016/j.lfs.2012.09.021
https://doi.org/10.1016/j.gene.2020.144556
https://doi.org/10.1021/jf103068w
https://doi.org/10.1021/jf103068w
https://doi.org/10.1007/s13277-014-1998-6
https://doi.org/10.1007/s13277-014-1998-6
https://doi.org/10.1007/s10753-017-0716-0
https://doi.org/10.1016/j.intimp.2017.12.006

252

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

R. Akram et al.

. Fei ZW et al (2015) Oxymatrine suppresses proliferation and induces apoptosis of hemangi-
oma cells through inhibition of HIF-la signaling. Int J Immunopathol Pharmacol 28
(2):201-208. https://doi.org/10.1177/0394632015578342

Zhou W et al (2019b) Proliferation and migration of lung cancer could be inhibited by
oxymatrine through the regulation for miR-520/VEGF. Am J Chin Med 47(4):865-878.
https://doi.org/10.1142/S0192415X19500459

Singh T et al (2011) Berberine, an isoquinoline alkaloid, inhibits melanoma cancer cell
migration by reducing the expressions of cyclooxygenase-2, prostaglandin E2 and prostaglan-
din E2 receptors. Carcinogenesis 32(1):86-92. https://doi.org/10.1093/carcin/bgq215

Tan W et al (2011) Berberine hydrochloride: anticancer activity and nanoparticulate delivery
system. Int J Nanomed 6:1773-1777. https://doi.org/10.2147/ijn.s22683

Tsang CM et al (2009) Berberine inhibits tho GTPases and cell migration at low doses but
induces G2 arrest and apoptosis at high doses in human cancer cells. Int J Mol Med 24
(1):131-138. https://doi.org/10.3892/ijmm_00000216

Qi HW et al (2014) Epithelial-to-mesenchymal transition markers to predict response of
Berberine in suppressing lung cancer invasion and metastasis. J Transl Med 12(1):1-10.
https://doi.org/10.1186/1479-5876-12-22

Singh J, Lugman S, Meena A (2020) Emerging role of phytochemicals in targeting predictive,
prognostic, and diagnostic biomarkers of lung cancer. Food Chem Toxicol 144:111592.
https://doi.org/10.1016/j.fct.2020.111592

Liang CH et al (2007) Solamargine upregulation of Fas, downregulation of HER2, and
enhancement of cytotoxicity using epirubicin in NSCLC cells. Mol Nutr Food Res 51
(8):999-1005. https://doi.org/10.1002/mnfr.200700044

Chen YQ et al (2015b) Inactivation of PI3-K/Akt and reduction of SP1 and p65 expression
increase the effect of solamargine on suppressing EP4 expression in human lung cancer cells. J
Exp Clin Cancer Res 34(1):1-11. https://doi.org/10.1186/s13046-015-0272-0

Schuurbiers OCJ et al (2009) The PI3-K/AKT-pathway and radiation resistance mechanisms
in non-small cell lung cancer. J Thorac Oncol 4(6):761-767. https://doi.org/10.1097/JTO.
0b013e3181a1084f

Samarghandian S, Boskabady MH, Davoodi S (2010) Use of in vitro assays to assess the
potential antiproliferative and cytotoxic effects of saffron (Crocus sativus L.) in human lung
cancer cell line. Pharmacogn Mag 6(24):309-314. https://doi.org/10.4103/0973-1296.71799
Abe A, Yamada H (2009) Harmol induces apoptosis by caspase-8 activation independently of
Fas/Fas ligand interaction in human lung carcinoma H596 cells. Anti-Cancer Drugs 20
(5):373-381. https://doi.org/10.1097/cad.0b013e32832a2dd9

Abe A et al (2011) The p-carboline alkaloid harmol induces cell death via autophagy but not
apoptosis in human non-small cell lung cancer A549 cells. Biol Pharm Bull 34(8):1264-1272.
https://doi.org/10.1248/bpb.34.1264

Ellington AA, Berhow MA, Singletary KW (2006) Inhibition of Akt signaling and enhanced
ERK1/2 activity are involved in induction of macroautophagy by triterpenoid B-group
soyasaponins in colon cancer cells. Carcinogenesis 27(2):298-306. https://doi.org/10.1093/
carcin/bgi214

Chirumbolo S (2014) Dietary assumption of plant polyphenols and prevention of allergy. Curr
Pharm Des 20(6):811-839. https://doi.org/10.2174/13816128113199990042

Pandey KB, Rizvi SI (2009) Plant polyphenols as dietary antioxidants in human health and
disease. Oxidative Med Cell Longev 2(5):270-278. https://doi.org/10.4161/0xim.2.5.9498
Aggarwal BB et al (2004) Role of resveratrol in prevention and therapy of cancer: preclinical
and clinical studies. Anticancer Res 24(5A):2783-2840

Salehi B et al (2018) Resveratrol: a double-edged sword in health benefits. Biomedicines 6
(3):91. https://doi.org/10.3390/biomedicines6030091

Whyte L et al (2007) Molecular mechanisms of resveratrol action in lung cancer cells using
dual protein and microarray analyses. Cancer Res 67(24):12007-12017. https://doi.org/10.
1158/0008-5472.CAN-07-2464


https://doi.org/10.1177/0394632015578342
https://doi.org/10.1142/S0192415X19500459
https://doi.org/10.1093/carcin/bgq215
https://doi.org/10.2147/ijn.s22683
https://doi.org/10.3892/ijmm_00000216
https://doi.org/10.1186/1479-5876-12-22
https://doi.org/10.1016/j.fct.2020.111592
https://doi.org/10.1002/mnfr.200700044
https://doi.org/10.1186/s13046-015-0272-0
https://doi.org/10.1097/JTO.0b013e3181a1084f
https://doi.org/10.1097/JTO.0b013e3181a1084f
https://doi.org/10.4103/0973-1296.71799
https://doi.org/10.1097/cad.0b013e32832a2dd9
https://doi.org/10.1248/bpb.34.1264
https://doi.org/10.1093/carcin/bgi214
https://doi.org/10.1093/carcin/bgi214
https://doi.org/10.2174/13816128113199990042
https://doi.org/10.4161/oxim.2.5.9498
https://doi.org/10.3390/biomedicines6030091
https://doi.org/10.1158/0008-5472.CAN-07-2464
https://doi.org/10.1158/0008-5472.CAN-07-2464

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Natural Compounds as Versatile Potential Therapeutic Agents of Lung Cancer 253

Han Z et al (2012) MicroRNA-622 functions as a tumor suppressor by targeting K-Ras and
enhancing the anticarcinogenic effect of resveratrol. Carcinogenesis 33(1):131-139. https://
doi.org/10.1093/carcin/bgr226

Lee EJ et al (2004) G2/M cell cycle arrest and induction of apoptosis by a stilbenoid, 3,4,5-
trimethoxy-4’-bromo-cis-stilbene, in human lung cancer cells. Life Sci 75(23):2829-2839.
https://doi.org/10.1016/j.1£5.2004.07.002

Girish C, Pradhan SC (2008) Drug development for liver diseases: focus on picroliv, ellagic
acid and curcumin. Fundam Clin Pharmacol 22(6):623—632. https://doi.org/10.1111/j.1472-
8206.2008.00618.x

Pereira V et al (2010) HPLC-DAD methodology for the quantification of organic acids, furans
and polyphenols by direct injection of wine samples. J Sep Sci 33(9):1204-1215. https://doi.
org/10.1002/jssc.200900784

Talcott ST, Lee JH (2002) Ellagic acid and flavonoid antioxidant content of muscadine wine
and juice. J Agric Food Chem 50(11):3186-3192. https://doi.org/10.1021/jf011500u

Heber D (2008) Multitargeted therapy of cancer by ellagitannins. Cancer Lett 269(2):262-268.
https://doi.org/10.1016/j.canlet.2008.03.043

Zhang HM et al (2014) Research progress on the anticarcinogenic actions and mechanisms of
ellagic acid. Cancer Biol Med 11(2):92-100. https://doi.org/10.7497/j.issn.2095-3941.2014.
02.004

Duan J et al (2019) The red wine component ellagic acid induces autophagy and exhibits anti-
lung cancer activity in vitro and in vivo. J Cell Mol Med 23(1):143-154. https://doi.org/10.
1111/jemm.13899

Roy M et al (2003) Anticlastogenic, antigenotoxic and apoptotic activity of epigallocatechin
gallate: a green tea polyphenol. Mutat Res 523-524:33—41. https://doi.org/10.1016/S0027-
5107(02)00319-6

Yang CS et al (2009) Cancer prevention by tea: animal studies, molecular mechanisms and
human relevance. Nat Rev Cancer 9(6):429-439. https://doi.org/10.1038/nrc2641

Sadava D, Whitlock E, Kane SE (2007) The green tea polyphenol, epigallocatechin-3-gallate
inhibits telomerase and induces apoptosis in drug-resistant lung cancer cells. Biochem
Biophys Res Commun 360(1):233-237. https://doi.org/10.1016/j.bbrc.2007.06.030

Chen BH et al (2020) Anticancer effects of epigallocatechin-3-gallate nanoemulsion on lung
cancer cells through the activation of AMP-activated protein kinase signaling pathway. Nat
Res 10(1):5163. https://doi.org/10.1038/s41598-020-62136-2

Wang H, Bian S, Yang CS (2011) Green tea polyphenol EGCG suppresses lung cancer cell
growth through upregulating miR-210 expression caused by stabilizing HIF-1a. Carcinogene-
sis 32(12):1881-1889. https://doi.org/10.1093/carcin/bgr218

Hlosrichok A et al (2018) A bibenzyl from Dendrobium ellipsophyllum induces apoptosis in
human lung cancer cells. J Nat Med 72(3):615-625. https://doi.org/10.1007/s11418-018-
1186-x

Chaotham C et al (2014) A bibenzyl from Dendrobium ellipsophyllum inhibits epithelial-to-
mesenchymal transition and sensitizes lung cancer cells to anoikis. Anticancer Res 34
(4):1931-1938

Bhummaphan N, Chanvorachote P (2015) Gigantol suppresses Cancer stem cell-like
phenotypes in lung Cancer cells. Evid Based Complement Alternat Med 2015:836564.
https://doi.org/10.1155/2015/836564

Chen Y et al (2008) Cytotoxic phenolics from Bulbophyllum odoratissimum. Food Chem 107
(1):169-173. https://doi.org/10.1016/j.foodchem.2007.07.077

Sritularak B, Anuwat M, Likhitwitayawuid K (2011) A new phenanthrenequinone from
Dendrobium draconis. J Asian Nat Prod Res 13(3):251-255. https://doi.org/10.1080/
10286020.2010.546354

Chunhacha P, Chanvorachote P (2012) Roles of caveolin-1 on anoikis resistance in non small
cell lung cancer. Int J Physiol Pathophysiol Pharmacol 4(3):149-155


https://doi.org/10.1093/carcin/bgr226
https://doi.org/10.1093/carcin/bgr226
https://doi.org/10.1016/j.lfs.2004.07.002
https://doi.org/10.1111/j.1472-8206.2008.00618.x
https://doi.org/10.1111/j.1472-8206.2008.00618.x
https://doi.org/10.1002/jssc.200900784
https://doi.org/10.1002/jssc.200900784
https://doi.org/10.1021/jf011500u
https://doi.org/10.1016/j.canlet.2008.03.043
https://doi.org/10.7497/j.issn.2095-3941.2014.02.004
https://doi.org/10.7497/j.issn.2095-3941.2014.02.004
https://doi.org/10.1111/jcmm.13899
https://doi.org/10.1111/jcmm.13899
https://doi.org/10.1016/S0027-5107(02)00319-6
https://doi.org/10.1016/S0027-5107(02)00319-6
https://doi.org/10.1038/nrc2641
https://doi.org/10.1016/j.bbrc.2007.06.030
https://doi.org/10.1038/s41598-020-62136-2
https://doi.org/10.1093/carcin/bgr218
https://doi.org/10.1007/s11418-018-1186-x
https://doi.org/10.1007/s11418-018-1186-x
https://doi.org/10.1155/2015/836564
https://doi.org/10.1016/j.foodchem.2007.07.077
https://doi.org/10.1080/10286020.2010.546354
https://doi.org/10.1080/10286020.2010.546354

254

89

90

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

R. Akram et al.

. Luanpitpong S et al (2010) Regulation of lung cancer cell migration and invasion by reactive
oxygen species and caveolin-1. J Biol Chem 285(50):38832-38840. https://doi.org/10.1074/
jbc.M110.124958

. Charoenrungruang S et al (2014) Gigantol, a bibenzyl from Dendrobium draconis, inhibits the

migratory behavior of non-small cell lung cancer cells. J Nat Prod 77(6):1359-1366. https://

doi.org/10.1021/np500015v

Dhankhar J, Kadian SS, Sharma A (2012) Astaxanthin: a potential carotenoid. Int J Pharm Sci

Res 3(05):1246-1259. https://doi.org/10.13040/1JPSR.0975-8232.3(5)

Wu C et al (2016a) Astaxanthin inhibits proliferation and promotes apoptosis of A549 lung

cancer cells via blocking JAK1/STAT3 pathway. Chin J Cell Mol Immunol 32(6):784-788

Liao KS et al (2016) Astaxanthin enhances pemetrexed-induced cytotoxicity by

downregulation of thymidylate synthase expression in human lung cancer cells. Regulat

Toxicol Pharmacol 81:353-361. https://doi.org/10.1016/j.yrtph.2016.09.031

Ko JC et al (2016) Astaxanthin down-regulates Rad51 expression via inactivation of AKT

kinase to enhance mitomycin C-induced cytotoxicity in human non-small cell lung cancer

cells. Biochem Pharmacol 105:91-100. https://doi.org/10.1016/j.bcp.2016.02.016

Chen X et al (2002) Cellular pharmacology studies of shikonin derivatives. Phytother Res 16

(3):199-209. https://doi.org/10.1002/ptr.1100

Lu L et al (2011) Shikonin extracted from medicinal Chinese herbs exerts anti-inflammatory

effect via proteasome inhibition. Eur J Pharmacol 658(2-3):242-247. https://doi.org/10.1016/

j-ejphar.2011.02.043

Yeh YC, Liu TJ, Lai HC (2015) Shikonin induces apoptosis, necrosis, and premature

senescence of human A549 lung cancer cells through upregulation of p53 expression. Evid

Based Complement Alternat Med 2015:620383. https://doi.org/10.1155/2015/620383

Yeh CC et al (2007) Shikonin-induced apoptosis involves caspase-3 activity in a human

bladder cancer cell line (T24). In Vivo 21(6):1011-1020

Hsieh YS et al (2017) Shikonin inhibited migration and invasion of human lung Cancer cells

via suppression of c-met-mediated epithelial-to-Mesenchymal transition. J Cell Biochem 118

(12):4639-4651. https://doi.org/10.1002/jcb.26128

Li YC et al (2014) Plumbagin induces apoptotic and autophagic cell death through inhibition

of the PI3K/Akt/mTOR pathway in human non-small cell lung cancer cells. Cancer Lett 344

(2):239-259. https://doi.org/10.1016/j.canlet.2013.11.001

Tripathi SK, Rengasamy KRR, Biswal BK (2020) Plumbagin engenders apoptosis in lung

cancer cells via caspase-9 activation and targeting mitochondrial-mediated ROS induction.

Arch Pharm Res 43(2):242-256. https://doi.org/10.1007/s12272-020-01221-6

Yu T et al (2018) Plumbagin suppresses the human large cell lung cancer cell lines by

inhibiting IL-6/STAT3 signaling in vitro. Int Immunopharmacol 55:290-296. https://doi.org/
10.1016/j.intimp.2017.12.021

Dagne A et al (2011) Enhanced inhibition of lung adenocarcinoma by combinatorial treatment

with indole-3-carbinol and silibinin in a/J mice. Carcinogenesis 32(4):561-567. https://doi.

org/10.1093/carcin/bgr010

Song JM et al (2015) Combinations of indole-3-carbinol and silibinin suppress inflammation-

driven mouse lung tumorigenesis by modulating critical cell cycle regulators. Carcinogenesis

36(6):666—675. https://doi.org/10.1093/carcin/bgv054

Choi HS et al (2010) Indole-3-carbinol induces apoptosis through p53 and activation of

caspase-8 pathway in lung cancer A549 cells. Food Chem Toxicol 48(3):883-890. https:/

doi.org/10.1016/j.fct.2009.12.028

Kassie F, Melkamu T et al (2010a) Inhibition of lung carcinogenesis and critical cancer-related

signaling pathways by N-acetyl-S-(N-2-phenethylthiocarbamoyl)-1-cysteine, indole-3-carbi-

nol and myo-inositol, alone and in combination. Carcinogenesis 31(9):1634—1641. https://doi.
org/10.1093/carcin/bgq139


https://doi.org/10.1074/jbc.M110.124958
https://doi.org/10.1074/jbc.M110.124958
https://doi.org/10.1021/np500015v
https://doi.org/10.1021/np500015v
https://doi.org/10.13040/IJPSR.0975-8232.3(5)
https://doi.org/10.1016/j.yrtph.2016.09.031
https://doi.org/10.1016/j.bcp.2016.02.016
https://doi.org/10.1002/ptr.1100
https://doi.org/10.1016/j.ejphar.2011.02.043
https://doi.org/10.1016/j.ejphar.2011.02.043
https://doi.org/10.1155/2015/620383
https://doi.org/10.1002/jcb.26128
https://doi.org/10.1016/j.canlet.2013.11.001
https://doi.org/10.1007/s12272-020-01221-6
https://doi.org/10.1016/j.intimp.2017.12.021
https://doi.org/10.1016/j.intimp.2017.12.021
https://doi.org/10.1093/carcin/bgr010
https://doi.org/10.1093/carcin/bgr010
https://doi.org/10.1093/carcin/bgv054
https://doi.org/10.1016/j.fct.2009.12.028
https://doi.org/10.1016/j.fct.2009.12.028
https://doi.org/10.1093/carcin/bgq139
https://doi.org/10.1093/carcin/bgq139

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Natural Compounds as Versatile Potential Therapeutic Agents of Lung Cancer 255

Melkamu T et al (2010) Alteration of microRNA expression in vinyl carbamate-induced
mouse lung tumors and modulation by the chemopreventive agent indole-3-carbinol. Carcino-
genesis 31(2):252-258. https://doi.org/10.1093/carcin/bgp208

Kassie F, Kalscheuer S et al (2010b) Inhibition of vinyl carbamate-induced pulmonary
adenocarcinoma by indole-3-carbinol and myo-inositol in a/J mice. Carcinogenesis 31
(2):239-245. https://doi.org/10.1093/carcin/bgp174

Hong B et al (2014) Targeting tumor suppressor p53 for Cancer therapy: strategies, challenges
and opportunities. Curr Drug Targets 15(1):80-89. https://doi.org/10.2174/
1389450114666140106101412

Wu TC et al (2016b) The enhancing effect of genistein on apoptosis induced by trichostatin a
in lung cancer cells with wild type p53 genes is associated with upregulation of histone
acetyltransferase. Toxicol Appl Pharmacol 292:94-102. https://doi.org/10.1016/j.taap.2015.
12.028

Chen Y et al (2015¢) MicroRNAs as regulators of Cisplatin resistance in lung Cancer. Cell
Physiol Biochem 37(5):1869—-1880. https://doi.org/10.1159/000438548

Miiller CB et al (2015) Potential crosstalk between cofilin-1 and EGFR pathways in cisplatin
resistance of non-small-cell lung cancer. Oncotarget 6(6):3531-3539. https://doi.org/10.
18632/oncotarget.3471

Kwok MH, Xi HW, Xue H (2000) Interaction of flavones from the roots of Scutellaria
baicalensis with the benzodiazepine site. Planta Med 66(1):91-93. https://doi.org/10.1055/s-
0029-1243121

Takahashi H et al (2011) Baicalein, a component of Scutellaria baicalensis, induces apoptosis
by Mcl-1 down-regulation in human pancreatic cancer cells. Biochim Biophys Acta 1813
(8):1465-1474. https://doi.org/10.1016/j.bbamcr.2011.05.003

Hubaux R et al (2015) Microtubule affinity-regulating kinase 2 is associated with DNA
damage response and cisplatin resistance in non-small cell lung cancer. Int J Cancer 137
(9):2072-2082. https://doi.org/10.1002/ijc.29577

Xu Z, Mei J, Tan Y (2017) Baicalin attenuates DDP (cisplatin) resistance in lung cancer by
downregulating MARK?2 and p-Akt. Int J Oncol 50(1):93-100. https://doi.org/10.3892/ijo.
2016.3768

Duan S et al (2015) IL-6 signaling contributes to cisplatin resistance in non-small cell lung
cancer via the up-regulation of anti-apoptotic and DNA repair associated molecules.
Oncotarget 6(29):27651-27660. https://doi.org/10.18632/oncotarget.4753

Jiao L et al (2017) Effects of Chinese medicine as adjunct medication for adjuvant chemother-
apy treatments of non-small cell lung cancer patients. Sci Rep 7:1-12. https://doi.org/10.1038/
srep46524

Alam N et al (2005) Compliance with post-operative adjuvant chemotherapy in non-small cell
lung cancer: an analysis of National Cancer Institute of Canada and intergroup trial JBR.10
and a review of the literature. Lung Cancer 47(3):385-394. https://doi.org/10.1016/j.lungcan.
2004.08.016

Habli Z et al (2017) Emerging cytotoxic alkaloids in the battle against cancer: overview of
molecular mechanisms. Molecules 22(2):1-22. https://doi.org/10.3390/molecules22020250
Landen JW et al (2002) Noscapine alters microtubule dynamics in living cells and inhibits the
progression of melanoma. Cancer Res 62(14):4109-4114

Chougule M et al (2011) Anticancer activity of Noscapine, an opioid alkaloid in combination
with Cisplatin in human non-small cell lung cancer. Lung Cancer 71(3):271-282. https://doi.
org/10.1016/j.lungcan.2010.06.002

Bonnet D, Dick JE (1997) Human acute myeloid leukemia is organized as a hierarchy that
originates from a primitive hematopoietic cell. Nat Med 3(7):730-737. https://doi.org/10.
1038/nm0797-730

Pardal R, Clarke MF, Morrison SJ (2003) Applying the principles of stem-cell biology to
cancer. Nat Rev Cancer 3(12):895-902. https://doi.org/10.1038/nrc1232


https://doi.org/10.1093/carcin/bgp208
https://doi.org/10.1093/carcin/bgp174
https://doi.org/10.2174/1389450114666140106101412
https://doi.org/10.2174/1389450114666140106101412
https://doi.org/10.1016/j.taap.2015.12.028
https://doi.org/10.1016/j.taap.2015.12.028
https://doi.org/10.1159/000438548
https://doi.org/10.18632/oncotarget.3471
https://doi.org/10.18632/oncotarget.3471
https://doi.org/10.1055/s-0029-1243121
https://doi.org/10.1055/s-0029-1243121
https://doi.org/10.1016/j.bbamcr.2011.05.003
https://doi.org/10.1002/ijc.29577
https://doi.org/10.3892/ijo.2016.3768
https://doi.org/10.3892/ijo.2016.3768
https://doi.org/10.18632/oncotarget.4753
https://doi.org/10.1038/srep46524
https://doi.org/10.1038/srep46524
https://doi.org/10.1016/j.lungcan.2004.08.016
https://doi.org/10.1016/j.lungcan.2004.08.016
https://doi.org/10.3390/molecules22020250
https://doi.org/10.1016/j.lungcan.2010.06.002
https://doi.org/10.1016/j.lungcan.2010.06.002
https://doi.org/10.1038/nm0797-730
https://doi.org/10.1038/nm0797-730
https://doi.org/10.1038/nrc1232

256

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

R. Akram et al.

Nassar D, Blanpain C (2016) Cancer stem cells: basic concepts and therapeutic implications.
Annu Rev Pathol: Mech Dis 11:47-76. https://doi.org/10.1146/annurev-pathol-012615-
044438

Meacham CE, Morrison SJ (2013) Tumour heterogeneity and cancer cell plasticity. Nature
501(7467):328-337. https://doi.org/10.1038/nature 12624

Ferlay J et al (2015) Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer 136(5):E359-E386. https://doi.org/10.1002/ijc.
29210

Chanvorachote P et al (2013) Anti-metastatic activities of bibenzyls from Dendrobium
pulchellum. Nat Prod Commun 8(1):115-118. https://doi.org/10.1177/1934578x1300800127
Bezerra DP, Soares AKN, De Sousa DP (2016) Overview of the role of vanillin on redox status
and cancer development. Oxidative Med Cell Longev 2016:973481. https://doi.org/10.1155/
2016/9734816

Lirdprapamongkol K et al (2010) Vanillin enhances TRAIL-induced apoptosis in cancer cells
through inhibition of NF-kB activation. In Vivo 24(4):501-506

Corominas-Faja B et al (2013) Stem cell-like ALDHbright cellular states in EGFR-mutant
non-small cell lung cancer a novel mechanism of acquired resistance to erlotinib targetable
with the natural polyphenol silibinin. Cell Cycle 12(21):3390-3404. https://doi.org/10.4161/
cc.26417

Gao J et al (2019) Co-delivery of docetaxel and salinomycin to target both breast cancer cells
and stem cells by plga/tpgs nanoparticles. Int J] Nanomedicine 2019:9199-9216. https://doi.
org/10.2147/1IN.S230376

Huczynski A (2012) Salinomycin - a new Cancer drug candidate. Chem Biol Drug Des 79
(3):235-238. https://doi.org/10.1111/j.1747-0285.2011.01287 x

Wang Y (2012) Effects of Salinomycin on cancer stem cell in human lung adenocarcinoma
A549 cells. Med Chem 7(2):106—111. https://doi.org/10.2174/157340611794859307


https://doi.org/10.1146/annurev-pathol-012615-044438
https://doi.org/10.1146/annurev-pathol-012615-044438
https://doi.org/10.1038/nature12624
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1002/ijc.29210
https://doi.org/10.1177/1934578x1300800127
https://doi.org/10.1155/2016/9734816
https://doi.org/10.1155/2016/9734816
https://doi.org/10.4161/cc.26417
https://doi.org/10.4161/cc.26417
https://doi.org/10.2147/IJN.S230376
https://doi.org/10.2147/IJN.S230376
https://doi.org/10.1111/j.1747-0285.2011.01287.x
https://doi.org/10.2174/157340611794859307

	10: Natural Compounds as Versatile Potential Therapeutic Agents of Lung Cancer
	10.1 Introduction
	10.1.1 Lung Cancer
	10.1.2 Pathophysiology of Lung Cancer
	10.1.3 Conventional Treatments
	10.1.4 Natural Compounds

	10.2 Molecular Targets of Natural Compounds
	10.2.1 Natural Compounds Targeting Apoptotic Pathways
	10.2.2 Natural Compounds Arrest Angiogenesis
	10.2.3 Natural Compounds Attenuating Metastasis
	10.2.4 Natural Compounds Targeting ROS

	10.3 Anti-Lung Cancer Natural Compounds
	10.3.1 Flavonoids and Lung Cancer
	10.3.1.1 Quercetin
	10.3.1.2 Curcumin
	10.3.1.3 Genistein
	10.3.1.4 Silymarin

	10.3.2 Alkaloids and Lung Cancer
	10.3.2.1 Sophoridine
	10.3.2.2 Crebanine
	10.3.2.3 Oxymatrine
	10.3.2.4 Berberine
	10.3.2.5 Solamargine
	10.3.2.6 Beta Carboline

	10.3.3 Polyphenols and Lung Cancer
	10.3.3.1 Resveratrol
	10.3.3.2 Ellagic Acid
	10.3.3.3 Epigallocatechin-3-Gallate

	10.3.4 Bibenzyl and Lung Cancer
	10.3.4.1 4, 5, 4-Trihydroxy-3, 3-Dimethoxybibenzyl (TDB)
	10.3.4.2 Gigantol

	10.3.5 Carotenoids and Lung Cancer
	10.3.5.1 Crocin
	10.3.5.2 Astaxanthin

	10.3.6 Naphthoquinones and Lung Cancer
	10.3.6.1 Shikonin
	10.3.6.2 Plumbagin

	10.3.7 Indole 3-Carbinol and Lung Cancer

	10.4 Natural Compounds as Chemotherapeutic Drug Sensitizer
	10.4.1 Genistein-Trichostatin A Combined Effect
	10.4.2 Baicalin-Cisplatin Combined Effect
	10.4.3 Sophoridine-Cisplatin Combined Effect
	10.4.4 Noscapine-Cisplatin Combined Effect

	10.5 Lung Cancer Stem Cells
	10.5.1 Key Features of Cancer Stem Cells
	10.5.2 Natural Compounds and Lung Cancer Stem Cells
	10.5.2.1 Chrysotoxine
	10.5.2.2 Vanillin
	10.5.2.3 Silibinin
	10.5.2.4 Salinomycin


	10.6 Conclusion
	References


