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Medicine
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Abstract Various types of viral diseases are emerging as the largest menace human
beings have faced in the last few decades. Since the arrival of human immunodefi-
ciency virus, the world has seen the emergence of deadly viruses like bird flu, Ebola,
Nypah, Hanta, SARS, MERS, and currently the SARS-CoV-2. Other viral diseases
like herpes, human papilloma virus, and hepatitis have become so common that
despite their widespread infection rates, causes of liver and cervical cancer and
consequent mortalities, they have not caught the attention of the general people in a
way SARS-CoV-2 has done. Unlike small pox, polio, several types of hepatitis, and,
to a certain extent, HPV, most other viral diseases have proved difficult to cure with
vaccines or drugs. As with many other diseases, plants can form a possible source
of therapeutics for HPV. There are around 250,000 species of flowering plants in the
world; each species contain a range of phytochemicals with diverse pharmacologi-
cal activities. For instance, over four dozen plants have been identified with antiviral
activity against herpes virus, while a number of other plants and phytochemicals
have shown promise against various viruses. Promising antiviral phytochemicals
include coumarins, terpenoids, flavonoids, polyphenols, and alkaloids. This chapter
will attempt to summarize the present state of knowledge regarding plants, formula-
tions, and phytochemicals (against HPV) and discuss the potential of drug discov-
ery from the promising phytochemicals.
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Abbreviations

CIN Cervical intraepithelial neoplasias/dysplasias
CIS Carcinoma in situ

COVID-19 Corona virus—induced disease 2019

COX-2 Cyclooxygenase-2

DLA Dalton’s lymphoma ascites

DNA Deoxyribonucleic acid

E6AP E6-associated protein

HPV Human papilloma virus

HR-HPV High-risk HPV

HSV Herpes simplex virus

hTERT Human telomerase reverse transcriptase
IFN-y Interferon- y

LCR Long control region

LR-HPV Low-risk HPV

MAP kinase =~ Mitogen-activated protein kinase

ORF Open reading frame

Rb Retinoblastoma protein

RNA Ribonucleic acid

SARS-CoV-2  Severe acute respiratory syndrome-corona virus-2
SJAMP Marine japonicus polysaccharide

Spl Specificity protein 1

Tan ITA Tanshinone IIT

T-bet T-box transcription factor

Thl T helper type 1 cells

Th2 T helper type 2 cells

TMP Tetra-O-methyl nordihydroguaiaretic acid
VEGF Vascular endothelial growth factor

1 Introduction

It has been said that interaction between viruses and humans has shaped human evolu-
tion (Leal and Zanotto 2000). Viruses like human papilloma virus (HPV) and herpes
simplex virus (HSV) may have coevolved with humans since ancient times (Ong et al.
1993; McGeogh et al. 1995). In recent years, it has been reported that 219 virus spe-
cies can infect humans (Woolhouse et al. 2012). In fact, viruses constitute more than
two-thirds of all new pathogens that infect humans (Woolhouse and Gaunt 2007).
Among the emerging viruses, zoonotic viruses play a major role in causing both
human fatalities and worldwide economic disruptions. The latest virus causing the
present pandemic (COVID-19) is a zoonotic virus (SARS-CoV-2), which was initially
transmitted to humans from bats through a still undetermined animal species. A par-
tial list of the more known viruses currently affecting humans is shown in Table 8.1.
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Table 8.1 Selected viruses (with family) and diseases caused by them in humans

Virus family
(characteristic)

Virus

Disease caused and symptoms

DNA viruses

Adenoviridae (NE,

Human adenoviruses

Respiratory and/or ocular disease. According to

DS linear) A-F American Thoracic Society, the viruses can cause a
variety of illnesses such as upper and lower respiratory
infections, gastrointestinal infection, neurological
infection, and eye infection (Dela Cruz et al. 2019)

Hepadnaviridae (E, | Hepatitis B virus (Z, Chronic infection of liver leading to liver damage,

partial DS circular)

possibly bat origin)

cirrhosis, and liver cancer. Nonspecific symptoms in

acute infections can be fatigue, poor appetite, nausea,
vomiting, abdominal pain, low-grade fever, jaundice,
and dark urine (Wilkins et al. 2010)

Herpesviridae (E,
DS linear)

Human Herpes
simplex virus 1

Herpetic gingivostomatitis, herpes labialis (sores
around the mouth and lips, also called cold sores)
(Mustafa et al. 2016)

Human Herpes
simplex virus 2

Genital herpes (clusters of inflamed papules and
vesicles on the outer surface of the genitals resembling
cold sores) (Mustafa et al. 2016)

Human Herpes virus 3
or varicella-zoster
virus

Chicken pox, shingles (Gebreyohannes 2014)

Human Herpes virus 4
or Epstein Barr virus

Infectious mononucleosis, Burkitt’s lymphoma,
Hodgkin’s lymphoma, stomach cancer, nasopharyngeal
carcinoma, multiple sclerosis, and lymphomatoid
granulomatosis, chronic fatigue syndrome and
disorders of the immune system (Gebreyohannes 2014)

Human Herpes virus 5
or human
cytomegalovirus
(CMV)

Significant morbidity, including low birth weight,
hearing loss, visual impairment, microcephaly,
hepatosplenomegaly, and varying degrees of mental
retardation. CMV infection is strongly correlated with
asymptomatic vascular diseases such as heart, coronary
artery, and atherosclerosis (Gebreyohannes 2014)

Human Herpes viruses
6,7 and 8

Roseola infantum, pityriasis rosea, lichen planus,
hypersensitivity reactions, graft-vs-host disease, and
multiple other cutaneous manifestations (viruses 6 and
7); Kaposi sarcoma (virus 8) (Gebreyohannes 2014)

Papovaviridae (NE,
DS circular)

Human papilloma
virus (HPV)

Genital warts and warts in the throat (known as
recurrent respiratory papillomatosis). Persistent
infections can develop into anogenital warts,
precancers, and cervical, anogenital, or oropharyngeal
cancers in women and men. The virus can also cause
cancers of the head and neck (Brianti et al. 2017)

Parvoviridae (NE,
SS linear)

Adeno-associated
viruses 1-6

Activate proto-oncogenes in human hepatocellular
carcinoma (Berns et al. 2015)

B-19 virus

The virus causes “fifth disease,” a mild rash illness that
affects children and occasionally adults. It can also
cause severe anemia and painful or swollen joints
(Heegaard and Brown 2002)
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Virus family
(characteristic)

Virus

Disease caused and symptoms

Poxviridae (E, DS
linear)

Bovine papular
stomatitis virus (Z)

Localized skin lesions. Mainly affects cattle from
which it is transmitted to human beings (Temizel 2015)

Contagious ecthyma or
contagious pustular
dermatitis or orf virus
(2]

Cattle disease but can cause orf in humans following
transmission from cattle. Orf is characterized by small,
red, itchy, or painful lump (lesion) that usually appears
on the fingers, hands, forearms, or face (Taghipour

et al. 2015)

Cowpox virus (Z)

Viral skin infection in cattle, from which it can be
transmitted to humans via contact with infected teats of
milking cows

Monkeypox virus (Z)

A milder form of small pox, possibly transmitted to
humans by rodents and squirrels in the rain forests of
Africa

Pseudo cowpox virus
(milker’s nodules) (Z)

Mild infection of udders and teats in cows, from which
it is commonly transmitted to ranchers, milkers, and
veterinarians

Small pox virus
(variola)

Cause of small pox; a contagious, disfiguring, and
often deadly disease, which has been eradicated

Vaccinia virus (Z)

Transmitted from cattle to humans, the viral disease is
characterized by focal red skin areas, fever, and
general symptoms similar to those of a cold. It mostly
occurs in Brazil (Silva et al. 2010)

RNA viruses

Arenaviridae (E, SS
linear segments)

Lassa virus (Z)

Causes Lassa fever, an acute viral hemorrhagic illness,
transmitted through infected African mouse, Mastomys
natalensis. Prevalent in West African countries. The
virus causes multisystemic dysfunction through
infecting every tissue of the body (Azeez-Akande
2016)

Lymphocytic
choriomeningitis virus

@

Rodent-borne viral infectious disease that appears as
aseptic meningitis, encephalitis, or
meningoencephalitis. Initial phase symptoms are fever,
malaise, lack of appetite, muscle aches, headache,
nausea, and vomiting, followed by second phase
symptoms, which may consist of meningitis (fever,
headache, stiff neck, etc.), encephalitis (drowsiness,
confusion, sensory disturbances, and/or motor
abnormalities, such as paralysis), or
meningoencephalitis (inflammation of both the brain
and meninges) (Bonthius 2012)

Machupo virus
(Bolivian hemorrhagic
fever) (Z)

Preliminary symptoms of Bolivian hemorrhagic fever
are fever, headache, fatigue, myalgia, and arthralgia. In
some patients, hemorrhagic signs develop, including
bleeding from nasal and oral mucosa, as well as the
bronchopulmonary, gastrointestinal, and genitourinary
tracts. Calomys callosus, a forest rodent, is the primary
host of the virus (Kilgore et al. 1997)

Astroviridae (NE,
SS linear)

Human astroviruses
1-8

Major cause of diarrhea in the young and the elderly.
Recently, the virus has been linked to encephalitis and
meningitis (Johnson et al. 2017)
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Virus family
(characteristic)

Virus

Disease caused and symptoms

Bunyaviridae (E,
SS linear segments)

Cache valley virus

Can cause an illness with fever and in more severe
cases encephalitis or meningitis. Transmitted by
mosquitoes to human from infected sheep (Waddell et
al. 2019)

California encephalitis
virus (Z)

Belongs to the California encephalitis virus group,
which includes California encephalitis virus, La Crosse
virus, and Jamestown Canyon virus in USA and
Tahyna virus in Russia. California encephalitis and La
Crosse virus causes encephalitis in children;
Jamestown Canyon virus affects elderly individuals.
Symptoms of encephalitis in children include fever,
headache, vomiting, seizures, and altered mental
status. These viruses infect rabbits, squirrels, and
chipmunks and are transmitted by the mosquito Aedes
triseriatus (Newhouse et al. 1963)

Crimean-Congo
hemorrhagic fever
virus (Z)

Causes severe viral hemorrhagic fever with case
fatality rates up to 40%. Transmitted by ticks from
livestock animals like cattle, sheep, and goats.
Endemic in Africa, the Balkans, the Middle East, and
Asian countries south of the 50th parallel north (Flick
and Whitehouse 2006)

Hantaviruses (several
serotypes) (Z)

Viral infection can cause hemorrhagic fever with renal
syndrome or pulmonary syndrome. Original host found
to be infected field rodent Apodemus agrarius near
Hantan river in South Korea. Later on, it was
discovered that the common deer mouse (Peromyscus
maniculatus) was also an agent in USA (Mattar et al.
2015)

Jamestown Canyon
virus (z)

See California encephalitis virus (above)

La Crosse virus (Z)

See California encephalitis virus (above)

Nairobi sheep disease
virus (Z)

Tick-borne virus in sheep and goats. Can cause a mild
influenza-like disease in humans

Rift Valley fever virus
@

Ocecurs in livestock. Transmitted to humans through
mosquitoes causing mild flu-like illness to severe
hemorrhagic fever (Bird et al. 2009)

Calciviridae (NE,
SS linear)

Hepatitis E virus (Z)
genotypes 1-7

Causes inflammation of liver. Depending on genotype,
it can also cause acute pancreatitis, glomerulonephritis,
and severe thrombocytopenia. Zoonotic Hepatitis E
virus (HEV) genotype HEV-3 has been found among
pigs and wild boars in Europe, whereas zoonotic
genotype HEV-4 is more common in pigs in some
Asian countries (Kantala and Maunula 2018)

Noroviruses (Norwalk
and Norwalk-like
viruses)

Causes vomiting, diarrhea, nausea, and stomach pain
(Hardy 1999)
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Virus family
(characteristic)

Virus

Disease caused and symptoms

Vesicular exanthema of
swine virus (Z)

Vesicular exanthema of swine virus is clinically
indistinguishable from vesicular disease caused by
foot-and-mouth disease virus, and vesicular stomatitis
virus. Occurs in pigs and marine animals. Occasionally
isolated from humans with blisters

Coronaviridae (E,
SS linear)

Human coronaviruses
(colds)

Four coronaviruses, namely, HCoV-OC43, H-CoV-
229E, H-CoV-NL63, and HCoV-HKU1, cause
common cold in children and elderly people (Tyrrell
and Bynoe 1965; Hamre and Procknow 1966; van der
Hoek et al. 2004; Woo et al. 2005)

Severe Acute
Respiratory Syndrome
(SARS) coronavirus
2

Emerged in Guangdong Province in China in
November 2002. Possible mode of transmission from
bats to humans was through masked palm civets
(Paguma larvata) and the raccoon dog (Nyctereutes
procyonoides). The major clinical features include
persistent fever, chills/rigor, myalgia, malaise, dry
cough, headache, dyspnea, and diarrhea (Hui 2005)

Middle East
Respiratory Syndrome
(MERS) coronavirus
@

Emerged in Saudi Arabia and other Middle Eastern
countries in 2012. Possible mode of transmission from
bats to humans was through camels or goats. Causes
mild to severe pneumonia often accompanied by acute
respiratory distress syndrome (ARDS), renal failure,
pericarditis, and disseminated intravascular coagulation
(DIC) (Mortazavi et al. 2014)

Severe Acute
Respiratory Syndrome
(SARS) coronavirus
(SARS-CoV-2)

Emerged in Wuhan, China in late December of 2019.
Possible mode of transmission is from bats to humans
through a yet-to-be-identified host, pangolins being the
most suspected. The initial clinical features include
fever, cough, shortness of breath, and muscle ache.
These can progress to ARDS and multiple organ
dysfunction leading to death (Tu et al. 2020)

Filoviridae (E, SS
linear)

Ebola virus (Z)

First reported in the Democratic Republic of Congo in
1976. Mode of transmission to humans seems to be
from fruit bats to simians to humans. Initial features of
the disease include high fever, headache, vomiting,
anorexia, diarrhea, and aching muscles. Advanced
stages of the virus-induced disease include unexplained
bleeding in the eyes, nose, gums, and gut (Kimura

et al. 2015)

Marburg virus (Z)

The first case was reported in 1967. Initial mode of
transmission was possibly from the Egyptian fruit bat
(Rousettus aegyptiacus) to African green monkeys to
humans. The disease can initially start with abrupt
onset of high fever, severe headache, and severe
malaise followed by severe watery diarrhea, abdominal
pain with cramping, nausea, and vomiting. Many
patients develop severe hemorrhagic manifestations
later as the disease progresses (Asad et al. 2020)
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Table 8.1 (continued)

Virus family
(characteristic)

Virus

Disease caused and symptoms

Flaviviridae (E, SS
linear)

Dengue virus (Z)

The virus can circulate in both human and nonhuman
primates and is mosquito-transmitted, particularly the
Aedes aegypti species. Other Aedes species, which can
transmit, include Aedes albopictus, Aedes
polynesiensis, and Aedes scuttelaris. Symptoms of
dengue include sudden onset of fever, headache
(typically located behind the eyes), muscle and joint
pain, and rashes. Nausea, vomiting, and hemorrhage
occur in some patients (Singh et al. 2015)

Hepatitis C virus
(HCV)

25-30% of those infected may develop symptoms like
fever, jaundice, and abdominal pain. 15-20% of people
with chronic hepatitis may develop cirrhosis leading to
hepatocellular carcinoma. HCV can lead to
extrahepatic diseases like diabetes mellitus,
cryoglobulinemia, non-Hodgkin’s B cell lymphoma,
membranoproliferative glomerulonephritis, lichen
planus, and porphyria cutanea tarda (Millman et al.
2017)

Japanese encephalitis
virus (Z)

Japanese encephalitis virus (JEV) is related to dengue
virus (DENV), West Nile virus (WNV), Zika virus
(ZIKV), and tick-borne encephalitis virus (TBEV).
Transmitted by mosquitoes from migrating birds like
herons, egrets, and ducks, which may be asymptomatic
carriers. Wild and domesticated pigs also play a role in
the infection chain (Filgueira and Lannes 2019)

Louping ill virus (Z)

Tick-borne pathogen causing illness in sheep (Ovies
aries) and red grouse (Lagopus lagopus scoticus) and
occasionally humans (Gilbert 2016)

Murray valley
encephalitis virus (Z)

Related to the Kunjin virus, it is found in northeastern
Australia and Papua New Guinea. The major vertebrate
hosts are herons and egrets, particularly the Nankeen
night heron (Nycticorax caledonicus). Transmitted
through Aedes aegypti mosquitoes. Clinical symptoms
include febrile illness with headache, myalgia, and
occasional rash. Clinical encephalitis occurs in a few
cases with disease varying from fever, headache, and
altered mental state to coma and severe flaccid
paralysis (Mackenzie et al. 2017)

Omsk hemorrhagic
fever virus (Z)

Omsk hemorrhagic fever virus (OHFV) was first
reported from Omsk oblast (province) in Russia. The
virus is transmitted to humans from infected muskrats
(Ondatra zibethicus) via ticks belonging to the species,
Dermacentor reticulatus. The initial symptoms are
chills, fever, headache, and severe muscle pain with
vomiting, gastrointestinal symptoms, and bleeding
problems, which may be followed by inflammation of
the brain (encephalitis) (Gould and Solomon 2008)
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Virus family
(characteristic)

Virus

Disease caused and symptoms

St. Louis encephalitis
virus (Z)

The virus was isolated for the first time from St. Louis,
Missouri, USA. Culex mosquitoes are vectors and
birds serve as hosts. Clinical manifestations include
nonspecific febrile syndrome to febrile headache,
aseptic meningitis, and encephalitis (Ortiz-Martinez
etal. 2017)

Tick-borne encephalitis
viruses (several
subtypes) (Z)

Diseases caused by these virus subtypes range
throughout Europe and the northern parts of Asiatic
Russia. The principal vector is the tick, Ixodes ricinus,
the intermediary hosts being various types of rodents
and carnivores. The different subtypes differ in the
development of various disease forms (febrile,
meningeal, meningoencephalitic, polyencephalitic,
poliomyelitic, polioradiculoneuritic) and the extent of
severity of these disease forms (Donoso-Mantke et al.
2011)

Yellow fever virus (Z)

The disease is spread by Aedes mosquitoes with
primates as hosts and is prevalent in Africa, Central
and South American countries. The viral disease
symptoms include asymptomatic to severe clinical
signs such as muscle pain with a prominent backache,
headache, loss of appetite and nausea or vomiting,
jaundice dark urine and abdominal pain, and kidney
and liver failure (Mulatu and Feyisa 2018)

Wesselsbron virus (Z)

Wesselsbron virus (WSLV) was first detected in South
Africa. The virus is mosquito-transmitted and its
natural hosts include camels, cattle, pigs, donkeys, and
horses besides wild animals like South African zebras
and wild ruminants in Chad and possibly black rats
(Rattus rattus). The disease is essentially confined to
southern African countries. In humans, the infection
causes arthralgia, myalgia, and fever during a short and
mild acute phase (Diagne et al. 2017)

‘West Nile virus (Z)

The virus is transmitted from passerine birds (like
American robin or Turdus migratorius) by Culex
species of mosquitoes (Culex pipiens, Culex
quinquefasciatus, and Culex tarsalis). Infected humans
can develop fever and neuroinvasive diseases (Petersen
et al. 2013)

Orthomyxoviridae
(E, SS linear
segments)

Influenza viruses A
(Z),B (Z) and C

Aquatic birds are the main carriers of the virus A and
B. Host ranges of influenza virus A are humans, swine,
equine, avian, canine, and marine mammals; that of B
is humans only; for C the host range includes humans,
swine, and canine. 500 million people die from
influenza (flu) every year. Flu symptoms include fever,
dry cough, sore throat, headache, fatigue, and body
ache; similar symptoms are also seen in SARS-CoV-2-
induced viral disease, COVID-19. Majority of human
infections are caused by Type A and B viruses (Regea
2017)
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Table 8.1 (continued)

Virus family
(characteristic)

Virus

Disease caused and symptoms

Avian influenza (Z)

All avian influenza viruses are Type A influenza
viruses. Their hosts range from various avian species
to mammalian species like swine, ferrets, mink, felids,
horses, seals, whales, civets, dogs, and humans. The
highly pathogenic avian influenza (HPAI) H5N1 strain
is of concern to humans worldwide for its ability to
create an epidemic or a pandemic (Kelly et al. 2008)

Swine influenza (Z)

The classical swine influenza virus is a Type A (HIN1)
virus, first discovered in 1930 in swine. Swine
influenza can be caused by other subtypes like HIN1,
HIN2, H2N3, H3N1, and H3N2. The virus can infect
humans, the clinical symptoms being aches and fever,
upper respiratory symptoms, weakness, and
gastrointestinal disorders (Rajesh et al. 2011)

Paramyxoviridae
(E, SS linear)

Hendra virus (Z)

All four species of Australian flying foxes (Pteropus
spp.) also known as fruit bats are the natural host.
Their transmission of the virus to horses is not clear.
Humans can get infected through coming in contact
with body fluid of horses (Hess et al. 2011)

Human parainfluenza
viruses (HPIV) 1-4

Can infect other animals apart from humans. Causes
both lower respiratory infection (LRI) and upper
respiratory infection (URI) (Henrickson 2003)

Nipah virus (Z)

Pteropus spp. bats are the natural hosts. Can be
transmitted to humans through pigs and horses. Direct
transmission has also been reported from bats to
humans when humans drank raw date palm sap
contaminated by bats. Initial symptoms are fever,
headache, and myalgia. Features of encephalitis can
develop after that, the most common symptoms being
altered mental status, limb weakness, hypotonia, and
segmental myoclonus (Aditi and Shariff 2019)

Respiratory syncytial

The virus is the leading cause of lower respiratory tract

virus (RSV) infections in infants (Meng et al. 2014)
Togaviridae (E, SS | Chikungunya virus First reported from Tanzania in 1953. Primates can be
linear) (CHIKYV) (Z) hosts of the virus. Transmitted by Aedes aegypti and

Aedes albopictus mosquitoes. Symptoms begin with
high fever. Arthralgia and rash, which can progress to
rheumatic symptoms and gastrointestinal disorders
(Runowska et al. 2018)

E enveloped, NE nonenveloped, DS double stranded, SS single stranded, Z zoonotic

A total of 16 virus families (6 DNA virus families and 10 RNA virus families)
comprising of 17 DNA virus species and 39 RNA virus species out of 219 species are
shown in Table 8.1. The surprising thing about viral diseases is that most of them lack
therapeutics in the form of vaccines or drugs. Because of space constraints of the
chapter, only one virus will be discussed. We have chosen to review one DNA virus
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(human papilloma virus or HPV): the basis for our selection is that unlike the widely
known current COVID-19 pandemic, cervical cancer due to HPV infection is a
“silent” pandemic in the sense that it is the fourth most common malignant tumor
affecting women in the world with around 265,672 deaths annually according to one
report (Bruni et al. 2019). Another report attributes 4.5% of new cancer cases (640.000
cases) diagnosed in the world to persistent HPV infections (de Sanjosé and Tsu 2020).

Human papilloma virus has caused 79 million infections in USA alone and 14
million more are infected every year. HPV mostly affects women of underdeveloped
countries. There are more than 40 sexually transmitted types of HPV affecting the
epithelial lining of the anogenital tract and other mucosal areas of the human body
(Findik et al. 2019). HPV causes anogenital cancers, cervical cancers, precancerous
anogenital lesions, genital warts, and even can cause head and neck cancers (de
Sanjosé and Tsu 2020). However, HPV infections are curable, even cervical cancer,
if detected in the early stages although allopathic drugs or other measures like sur-
gery for treatment of HPV infections may have adverse effects.

The outline followed in the present review for HPV is that of (i) describing any
traditional medicinal treatments for HPV and/or its symptoms, (ii) identifying any
medicinal plants and their phytochemicals responsible for their possible antiviral
activities, and (iii) discussing the drug potential of phytochemicals or crude extracts
of the plant(s) as shown by actual clinical trials. From scientific literature searches,
it was concluded that the focus should be on traditional chinese medicines (TCMs)
for TCM only showed a high diversity of plant-based formulations and potentially
more promising sources of novel anti-HPV agents.

We have based our searches in the scientific literature on PubMed, SCOPUS, and
Google Scholar using the terms [ethnomedicine, viral disease, or its symptoms],
[phytochemicals, botanical name of the plant], [botanical name of the plant, review],
[botanical name of the plant, antiviral activity], [ethnomedicine, antiviral plants],
and other combinations of the above terms.

2 Human Papilloma Virus (HPV)

Human papilloma virus (HPV)is a double-stranded closed circular DNA genome virus.
The virus is enveloped by a capsid containing two proteins L1 and L2. Each capsid is
composed of 72 capsomeres, and each capsomere in turn is composed of five mono-
meric proteins of 55Kda each, forming a pentamer (Sapp et al. 1995). The HPV genome
is divided into three distinct regions: the first comprises of a long control region (LCR)
responsible for the regulation of transcription of E6 and E7 viral genes; the second
region is an early region (E), consisting of six ORFs: E1, E2, E4, ES, E6, and E7; and
the third region is a late (L) region that encodes the L1 and L2 structural proteins
(Fehrmann and Laimins 2003; Jo and Kim 2005). Besides L.1 and L2, the virus contains
several other proteins E1-E7 of varying functions, one of the important E proteins being
E6 against which most in silico inhibitor studies have been carried out. The E6 protein
is responsible for binding and degrading the tumor-suppressor protein p53, inhibiting
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apoptosis, interacting with proteins responsible for innate immune response (initial
response to pathogens), contributing to immune evasion and persistence of virus, and
activating the expression of telomerase (and so contributing to cancer).

HPYV infection is common and has been reported to be detectable at least once in
the lifetime of sexually active people (Park et al. 2015). There are two types of
HPVs, the high-risk HPV (HR- HPV) and low-risk HPV (LR-HPV). In most cases
HPYV infections disappear without any interventions; in some cases of HPV 6, 11,
12, 13, 15, 32, 34, 40, 42, 43, 44, 53, 54 (LR-HPV5s), infections may cause genital
warts (condylomata acuminata with itching), benign papilloma, precancerous
lesions, and if allowed to progress may lead to cancer. Types 6 and 11 HPVs cause
genital warts in more than 90% of the cases (Gémez et al. 2012; Menéndez et al.
2004). Genital warts are one of the most common sexually transmitted diseases in
the world with an estimated 600 million individuals believed to be affected. Lesions
can form on the penis, vulva, scrotum, perineum, the perianal area, cervix, urethra,
anus, mouth, and also in the conjunctiva, nose, and larynx (Centers for Disease
Control and Prevention 2002). HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
68, 70 (HR-HPVs) can cause cancer of cervix, vulva, vagina, penis, anus, and oro-
pharynx, head and neck carcinomas, and contribute to over 40% of oral cancers
(Forman et al. 2012; Stanley 2010), but according to Timmons et al. (2010), they
cause cancer most frequently of the uterine cervix. HPV 16, 31, 32, 34, 35, 37, 42
cause Bowenoid papillosis (Zanotti and Belinson 2002). Pathogenesis of HPV and
related symptoms has been reviewed by Wang et al. (2014b).

All cervical intraepithelial dysplasias (also neoplasias or CIN) are linked with
certain types of cervical HPV infection. Cervical dysplasia is when there are abnor-
mal or precancerous cells in and around a woman’s cervix, cervix being the lower
part of the uterus. It is well established that invasive carcinoma of cervix is preceded
by a precursive lesion that morphologically resembles adjacent invasive squamous
carcinomas (when the lesion has grown and progressed to the point where it has
breached, penetrated, and infiltrated adjacent structures), and which lesion is termed
“carcinoma in situ” (CIS). CIS is preceded by a spectrum of lesions that vary in
degrees of abnormality with CIN 1 (cervical intraepithelial neoplasia 1) to CIN 3
ranging from small to highest levels of abnormality.

Various allopathic procedures exist to combat the HPV infections, like antiviral
drugs (cidofovir), immunoenhancers (imiquimod, interferon), cytotoxic agents
(5-fluorouracil), photodynamic therapy, vaccines, and surgery. All of these treat-
ments have adverse effects or only result in partially successful treatment. Success
of surgical excision of HPV-induced lower genital tract neoplasia largely depends
on secondary prevention programs; chemoradiation therapy does not result in
improved prognosis in about a third of cervical cancer patients; antiviral drugs, topi-
cal agents, or photodynamic therapy is somewhat successful (50-60%) in treatment
of high-grade vulvar intraepithelial neoplasia (Stem et al. 2012). But the expenses
associated with these allopathic methods make traditional medicines a possibly bet-
ter approach, with traditional chinese medicine (TCM) playing a major role in HPV
treatment. On the other hand, TCM has the disadvantage of not being known widely
throughout the world and a sort of “look-down” approach from a section of scien-
tists and allopathic doctors as to their real or perceived toxicity.
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3 Traditional Chinese Medicine (TCM) Against HPV

The findings of medical research on some TCM formulations and isolated com-
pounds have been listed (Lin et al. 2017). Essentially, traditional Chinese formula-
tions against HPV infections can be divided into three types: internal applications
taken in oral form, external applications applied on the body surface, and a combi-
nation of internal and external applications. Not all the formulations act directly on
the virus; some are immunoenhancers, some strengthen the spleen or other body
organs, and some are heat-clearing and detoxifying. In other words, various TCM
formulations act against both HPV (anticancer, antivirus) and its symptoms, and can
be both preventive and therapeutic. A number of TCM polyherbal and monoherbal
formulations with their constituents and effects are shown in Table 8.2. For the sake
of clarity, Table 8.2 will also give the botanical name(s) of the herbs used in the
formulations. Promising phytochemicals and formulations in the light of modern
scientific studies will be discussed.

4 Plant-Based Anti-HPV Formulations

HPYV can cause cancer; however, before it reaches the precancerous stage and grad-
ually progresses to cancer, HPV can cause cervical dysplasia, which, if left untreated,
progresses to precancer and then cancer. TCM has formulations for various stages
of HPV-induced cervical dysplasia as well as cervical cancer. In this chapter, the
TCM medications for cervical dysplasia and cancer will not be differentiated; not
only they will be grouped together but TCM medications discussed or given in the
chapter will cover other symptoms associated with both cervical dysplasia and cer-
vical cancer. Despite the quite large number of TCM plant-based formulations
given in Table 8.2, the list is exclusive; there are other formulations, some of which
will be discussed here along with an integrated medicine approach to treat HPV
(combination of TCM with modern drugs). A number of them have undergone sci-
entific testing with encouraging results. For instance, Pinellia extract fraction
(extract of rhizomes of Pinellia ternata (Thunb.) Ten. ex Breitenb. (Crow dipper in
English, Ban Xia in Chinese) has been shown to downregulate HPV E6 and upregu-
late p53 in CaSki (epidermoid cervical cancer cell line) and HeLa (human cervical
cancer) cells (Li et al. 2012). In randomized control trial, Youdujing cream and
external lotion were found to be effective in clearing HR-HPV infection and revers-
ing the cervical precancerous changes, which was attributed to downregulating the
mRNA expression of hTERT (human telomerase reverse transcriptase) (Xiao et al.
2012). Tanshinone ITA (TanlIA, 1,6,6-trimethyl-8,9-dihydro-7H-naphtho[1,2-g]ben-
zofuran-10,11-dione), found in the root of Salvia miltiorrhiza Bunge, has been
found to inhibit oncogene expression, arrest cell cycle, induce p53, and cause apop-
tosis in CaSki, SiHa (human cervical tumor cell), HeLa, and C33a (HPV-negative
cervical cancer cell line) cells (Munagala et al. 2015).
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Dehydrocostus lactone, a natural sesquiterpene lactone, can be obtained from
Saussurea lappa Clarke (Lin et al. 2015). The compound can inhibit cell proli-
feration, inhibit invasion, and induce apoptosis in HeLa and C33a (human cervical
cancer cell line) cells (Jiang et al. 2015). Butein is a chalcone (2,3,4,4'-tetrahy-
droxychalcone), which can be found in Toxicodendron vernicifluum (Stokes) F A
Barkley and Butea monosperma (Lam.) Taubert. Reported activities of this com-
pound include reduced cell viability, increased apoptosis, and DNA damage in
MCF-7 (Michigan Cancer Foundation-7, a breast cancer cell line), HeLa, and
ME180 (human cervical carcinoma cell line) cells (Tong et al. 2016). Erhuang pow-
der is composed of Daihuang and Huangqi (Guo et al. 2016). The root or rhizome
of perennial herbaceous plant Rheum palmatum L., or Rheum tanguticum Maxim.
ex. Balf. or Rheum officinale Baill is called Da Huang or Daihuang; Radix Astragali
is also known as Huangqi or Huang Qi. In vaginal lavage and cervical tissue of
HPV-infected CIN I patients, Erhuang powder regulates Th1/Th2 [helper T cells
expressing cytokines, Thl expresses the proinflammatory cytokine interferon-y
(IFN-y), while Th2 expresses interleukins 4, 5, and 13 and interleukin 10, an anti-
inflammatory cytokine] balance and increases IFN-y and T-bet (T-box transcription
factor, also called TBX21, facilitates IFN-y expression) (Xu and Yuan 2016).

Yi Gan Kang, a TCM formulation of which three of the major constituents are
whole plant of Angelica sinensis (Oliv.) Diels (Apiaceae/Umbelliferae family),
Radix Astragali (roots of Astragalus mongholicus Bge. (Leguminosae family), and
whole plant of Salvia miltiorrhiza Bge. (Labiatae family), has been shown to benefit
the liver and used for treatment of liver fibrosis (Yao et al. 2005). It was discovered
that the medication downregulated E6 and E7 oncogenes while upregulating p53
and p21 expression in the HeLa cervical cancer line, thus proving its efficacy in
HPV treatment (Deng et al. 2006).

5 Marine-Based Anti-HPV Formulations

Nonplant items used for liver ailments have been found to remove lumps and warts
(Lin et al. 2017); an example is Concha Margaritifera (Zhen Zhu Mu or mother-of-
pearl shell), which in TCM is used to pacify liver [https://tcmwiki.com/wiki/zhen-
zhu-mu]. Concha Ostreae (Mu-li in Pinyin Chinese) can be the shell of any or all three
species of oyster [Crassostrea gigas Thunberg (Ostrea gigas Thunberg), Crassostrea
talienwhanensis Crosse, and Crassostrea rivularis Gould]; among other uses, its
TCM uses include tinnitus, scrofula, subcutaneous nodules (Yang et al. 2012). Concha
Ostreae has also been reported to remove lumps and warts (Lin et al. 2017).

Wang et al. (2014b) have listed several anti-HPV compounds from marine organ-
isms. From red algae, they have listed y-, k-, and t-carragenan and agar; from brown
algae, alginic acid, and fucoidan; and from marine fungus, gliotoxin, neoechinulin
A, physcion, and (+)-epoxydon. Marine japonicus polysaccharide (SJAMP) iso-
lated from Stichopus japonicus Selenca could significantly inhibit the proliferation
of human cervical carcinoma HeLa cell in vitro (Niu and Song 2010).


https://tcmwiki.com/wiki/zhen-zhu-mu
https://tcmwiki.com/wiki/zhen-zhu-mu
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6 Integrative Treatment for HPV-Induced Conditions

Integrated treatment can consist of one TCM herbal formulation with another TCM
herbal formulation, combination of two different methods of treatment (both within
TCM like acupuncture/moxibustion/Tai Chi with herbal formulation), or a TCM for-
mulation/method with a Western drug or surgery. Acupuncture has been used in com-
bination with TCM herbal treatment for HPV infections. A 32-year-old woman was
treated for myoma for 2 years prior to treatment for HPV. Myoma treatment consisted
of 10 acupuncture treatments, Cordyceps synensis (Berk.) Sacc. (a mushroom type
known as caterpillar fungus in English and Dong Chong Xia Cao in Chinese) tea
capsules 1.5 g per day and Yunnan Baiyao tea capsules 1 g per day in a period of
4 months. HPV treatment was done with 10 acupuncture treatments and 1.5 g
Cordyceps synensis tea capsules per day in a period of 3 months. Following treatment,
clinical examinations did not show any signs of myoma or HPV (Jihe et al. 2020). The
mushroom contains cordycepin (Liu et al. 2015), a compound, which has reportedly
shown anticancer activities against B16 mouse melanoma and Lewis lung carcinoma
(LLC) cells (Nakamura et al. 2015). The exact composition of Yunnan Baiyao is a
closely guarded secret; however, some details are provided in Table 8.3.

A combination of Ezhuyou- N-CWS [Nocardia rubra cell wall skeleton
(N-CWS) having antitumor and adjuvant activities; Nocardia is a genus of weakly
staining Gram-positive, catalase-positive, rod-shaped bacteria] and Chinese medi-
cine Ezhuyou (having antimicrobial activities) inhibited in vitro proliferation of
HeLa cells and gave beneficial results in patients with cervical HPV infection (Chi
and Li 2009). Ezhuyou or Ezhu You contains oil obtained from rhizomes of Curcuma
zedoaria Rosc.; the main ingredients of the herb include curzerene, eucalyptol, cur-
cumol, pyridine, germacrone, f-elemene, t-elemene, and 28 other ingredients,
including curdione; the oil was found to inhibit proliferation of AGS (human gastric
adenocarcinoma hyperdiploid cell line) cells (Shi et al. 2013); curdione, which is
also present in Curcuma aromatica Salisb., besides Curcuma zedoaria, plays an

Table 8.3 Composition of Yunnan Baiyao TCM formulation

Proprietary Blend S5y | 500 mg
Radix Notoginseng (root of Panax notoginseng (Burk.)* H-B 200 mg
Ajuga Forrestii Diels (Ajuga forrestii Diels plant) MUK | 85 mg

Rhizoma Dioscoreae (dried rhizome of Dioscorea opposita Thunb.) W% | 66.5 mg

Rhizoma Dioscoreae Nipponicae (dried rhizome of Dioscorea nipponica | %111 | 57.5 mg
Makino)

Herba Geranii & Herba Erodii® ZHE |36 mg
Dioscoreae Parviflora Ting (Dioscorea parviflora C T Ting) TRZE 30mg
Herba Inulae Cappae (Inula cappa (Buch.-Ham. ex D.Don) DC H4-H |25 mg

Source: https://www.activeherb.com/baiyao/

A bioactive constituent of steamed ginseng showed cytotoxicity in HeLLa and MS751 human cer-
vical cancer cell lines (Liang et al. 2015)

"Herba Geranii and Herba Erodii are Geranium thunbergii Siebold et Zuccarini and Erodium
stephanianum Willd., respectively


https://www.activeherb.com/extract/sanqi.shtml
https://www.activeherb.com/extract/shanyao.shtml
https://www.activeherb.com/baiyao/
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important role in the inhibitory effect of the plant on cytochrome P450 3A4
(CYP3A4) in Caco-2 (human epithelial colorectal adenocarcinoma) cells (Hou
et al. 2011). Isocurcumenol, another compound present in rhizomes of Curcuma
zedoaria, showed concentration- and time-dependent increase in the percentage of
cytotoxicity in Dalton’s Lymphoma Ascites (DLA), adenocarcinomic human alveo-
lar basal epithelial cells (A549), myelogenous leukemia cell line (K-562), and KB
cells (subline of HeLa cells) (Lakshmi et al. 2011). Thus, although the anti-HPV
component in essential oil remains to be identified, it is possible that the compound
may have the potential of becoming a therapeutic against HPV.

Surprisingly, despite the widespread prevalence of HPV, allopathic anti-HPV
drugs have not been discovered so far. The Food and Drug Administration of USA
approved the use of Antiviral 2 (AV2®, Cesa Alliance, Luxembourg) containing the
phytochemicals carvone, eugenol, geraniol, and nerolidol; these compounds
together have a broad spectrum of antiviral activities. Preliminary clinical studies
have shown that the drug is quite efficacious against cervical lesions but did not
show 100% efficacy (reviewed by Mutombo et al. 2017). It would be interesting to
see clinical trials of AV2 along with a TCM anti-HPV formulation to determine
whether full efficacy for HPV treatment can be achieved.

7 Phytochemicals as Anti-HPV Drugs

Unlike viruses of other diseases (sexually transmitted or not), human papillomavi-
ruses lack specific targets for the drug to act, the result being that HPV therapy
consists of antimitotics or immunomodulators (Mlynarczyk-Bonikowska et al.
2013). In the absence of synthetic antiviral drugs, initial attention has focused on
plant secondary metabolites like podophyllotoxin, and catechins like epicatechin,
epicatechin gallate, epigallocatechin, and epigallocatechin gallate, the action of the
catechins is to inhibit HPV E6 and E7 protein expressions (Mlynarczyk-Bonikowska
et al. 2013). On the other hand, as shown in Table 8.2, a large number of phyto-
chemicals can possibly be new sources of anti-HPV therapeutics. It has to be clari-
fied at this point that while TCM considers even crude powdered plant(s) as “drugs,”
in Western terminology, the paradigm of “one drug one therapy” means that a single
compound should be considered as a drug even though many “drugs” may be used
to combat the main disease and its associated symptoms. However, from TCM anti-
HPV medications, a number of bioactive compounds appear to be promising anti-
HPV candidates.

Berberine, formononetin, chlorogenic acid, amentoflavone, quercetin, rutin,
kaempferol, scutellarin, apigenin, luteolin, glycyrrhizic acid, spathulenol, honokiol,
genistein, baicalin, hesperidin, bergapten, and imperatorin can be possible candi-
dates for HPV therapy, to name only a few. At the very least, some of the phyto-
chemicals can act as therapeutics for HPV symptoms or boost the immune system,
if not against the virus itself. The flavonoid quercetin has been reported to induce
G2 phase arrest and apoptosis with the activation of p53 in HPV-positive human


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/eugenol
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cervical cancer—derived cells (Clemente-Soto et al. 2019). Another flavonoid com-
pound, hesperidin (present in citrus species), reportedly induced apoptosis in
MSTO-211H (established in 1985 from the pleural effusion of a patient with bipha-
sic mesothelioma of the Iung) cells by inhibiting specificity protein 1 (Spl) tran-
scription factor (Lee et al. 2012). Though hesperidin is yet to be reported for any
activity against HPV, another flavonoid found in citrus species plants, naringin, is
known to inhibit growth and induce apoptosis in HeLa cervical cancer cells (Zeng
et al. 2014). Luteolin has been shown to disrupt binding between HPV16 E6 and
E6AP (E6-associated protein) and so decrease viability and proliferation of HPV-
positive cells (Cherry et al. 2013).

Besides flavonoids, a-linoleic acid, which is found in a number of TCM formula-
tions presented in Table 8.2, can regulate Cox2/VEGF/MAP kinase pathway and
decrease the expression of HPV oncoproteins E6/E7 through restoration of p53 and
Rb expression in human cervical cancer cell lines (Deshpande et al. 2016). Limonoid
group of compounds obtained from Azadirachta indica A. Juss. has been reported
to be effective against gynecological cancers, including cervical cancers (Moga
et al. 2018). Lignans have also been found to be effective against HPV. TMP or
tetra-O-methyl nordihydroguaiaretic acid, originally found in the resin of the creo-
sote bush, was made into a vaginal ointment and, when applied to women with
HPV-linked cervical intraepithelial neoplasia, showed an excellent safety profile in
Phase I/II trials (Khanna et al. 2007). The existing scientific reports suggest that
quite a number of phytochemicals may prove to be of value in the treatment of HPV
and/or its symptoms but at the moment lack adequate experiments done on them
followed by proceeding for clinical trials (see Table 8.2 for more phytochemicals
relevant for HPV treatment or prevention). The structures of some phytochemicals
relevant to HPV treatment are given in Fig. 8.1.

8 Patents for Anti-HPV Formulations or Drugs

A number of patents have been granted in China for treatment of HPV and its symp-
toms, some of which are presented in this chapter. A patent has been granted in
China in 2014 for 75% ethanol extract of Euphorbia ebracteolata Hayata, which
purportedly contains “Euphorbia ebracteolata Hayata first element, Euphorbia
ebracteolata Hayata second element, the plain A of Euphorbia ebracteolata Hayata,
Euphorbia ebracteolata Hayata element B, 24-methylene cycloartanol, Euphorbia
ebracteolata Hayata element C, f-Amyrin acetas, triterpenic acid, euphorbin A,
3-acetyl-a-Amyrin, rock Radix Euphorbiae Pekinensis lactone B, ebractelatinoside
B, ebractelatinoside C, isoquercitrin, Radix Euphorbiae Fischerianae (Radix
Euphorbiae Ebracteolatae) first element, Radix Euphorbiae Fischerianae (Radix
Euphorbiae Ebracteolatae) second element, and 2-hydroxyl-6-methoxyl group-3-
methyl acetophenone 2—4-beta-glucosidase” for treating human papillomavirus
infection symptom. The patent CN102335223B was filed on 2010-07-29 and
granted on 2014-01-01 [https://patents.google.com/patent/CN102335223B/en].


https://patents.google.com/patent/CN102335223B/en
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Patent number CN101366717A was filed on 2007-08-17 and granted on
2011-01-12. The invention relates to two successively applied medicinal prepara-
tions for treating condyloma acuminatum. The technical problem to be solved by
the invention is to provide the two successively applied medicinal preparations for
treating the condyloma acuminatum which can not damage normal tissues, are con-
venient to use and are effective. The compositions of a transdermal absorption type
medicinal preparation are 30 to 80 weight percent of trichloroacetic acid homolog,
2 weight percent of water-soluble azone compound, 1 weight percent of menthol
and the balance being water, wherein the azone compound comprises azone,
Laurocapram, novel azone and derivatives of the azone, the Laurocapram and the
novel azone and the trichloroacetic acid homolog comprises a trichloroacetic acid,
a glacial acetic acid and derivatives of the trichloroacetic acid and the glacial acetic
acid. The compositions of a coating medicinal preparation are 0.2 weight percent of
glycyrrhetic acid, 2 weight percent of water-soluble azone compound, 10 weight
percent of urea, 2 weight percent of nano-silver water solution and the balance
being water. By utilization of the two medicinal preparations to coat affected parts,
viruses can be eliminated, immunity can be strengthened and recrudescence can be
prevented, thus the expected aims are achieved in practice.” [https://patents.google.
com/patent/CN101366717A/en].

Patent CN102716112B claims to resist HPV infection. The patent was filed on
2012-07-13 and granted on 2014-05-14. The medication is said to contain ger-
macrone, furanodiene, curdione, p-elemene, curcumol, curzerene, and borneol.
[https://patents.google.com/patent/CN102716112B/en].

Further information on Chinese patents for anti-HPV formulations can be found
in “A61P 15 - Drugs for genital or sexual disorders; Contraceptives,” which gives
the entire list and description of patents in this area though the patents (55,635 pat-
ents) are not necessarily solely on anti-HPV or its symptoms but covers the whole
gamut of the title described. [https://www.google.com/patents/sitemap/en/Sitemap/
A61/A61P/A61P_15_22.html].
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9 Toxicity of TCM Formulations and Drugs

TCM formulations have the reputation, whether actual or not, of being toxic, the
toxicity ranging from zero to highly toxic. As with any traditional medicinal sys-
tems and natural product, particularly plant-based formulations, the toxicity allega-
tions have some merit based on just common grounds. A given drug in low amounts
can be beneficial for health or to cure disease(s); however, once a threshold limit has
been crossed, the drug can be even fatal when taken above that threshold dose. This
paradigm applies to even modern over-the-counter (OTC) drugs like paracetamol or
aspirin. Both relieve pain, but the former can cause hepatotoxicity and the latter
gastric ulceration. Plant secondary metabolites are the phytochemicals used as
drugs because of their pharmacological effects. However, the concentration of such
secondary metabolites can vary widely depending on the region of cultivation, cli-
mate, and stress factors like drought, excess water, or pest attack. As a result, if a
drug consists of crude plant powder (as in many TCM formulations), the concentra-
tion of the principal bioactive secondary metabolite can differ to an extent where
instead of curative, it produces a toxic effect.

Ueng et al. (1997) have pointed out several factors behind toxic effects in TCM
medications; toxicity can be due to contamination with heavy metals, pesticides, or
even addition of a Western medicine to a TCM drug. Adverse effects can occur from
improper dispensing and individual idiosyncrasy. They also pointed out that many
TCM products show mutagenicity in Ames test and also that various TCM medica-
tions can adversely affect organs like liver, kidney, gastrointestinal tract, and ner-
vous and cardiovascular systems.

10 Conclusion

Human papilloma virus (HPV) infections can range from being totally harmless and
going away in a few days by itself to causing a number of cancers, the most impor-
tant being cervical cancer in women. HPV is more prevalent in the low-income
countries because of lack of adequate diagnostic and treatment facilities, and it is
possible that because of this and other undefined factors, HPV has not attained the
attention it deserves. It is possible that traditional medicinal systems in a number of
countries may be able to provide effective treatment for HPV infections, but tradi-
tional Chinese medicine (TCM) appears to be the most advanced and quite thorough
in this area, taking into account HPV infection and its various ramifications, and the
number of TCM formulations in existence to deal with the complications associated
with HPV infections. However, a major problem with TCM is the lack of adequate
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studies regarding toxicity and pharmacokinetics of a given formulation or a drug.
Once these two problems are adequately addressed, TCM can play a major role in
the treatment and even possible eradication of this viral disease in its various
manifestations.
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