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ABSTRACT

Cancer is a multistep process and characterized by irregular proliferation of cells. Usually, these cells invade and
destroy the normal cells, thus creating an imbalance in the body. Cancer is caused due to various factors like tobacco
consumption, exposure of body to chemicals, dietary factors and environmental factors. Conventional medication for
the treatment of cancer has several impacts on healthy cells. There is also a problematic issue of an increase in tumour
resistance to the current therapeutic agents. Due to this, there is a great need to fight this disease with more effective
medication. The present piece of writing provides information regarding different medicinal plants possessing anti-

cancer activity.
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INTRODUCTION

Cancer is an abnormal growth of cells in our
bodies that can lead to death. It destroys the normal
cells and creates and imbalance in the body. It is one
of the most severe health problems in both developing
and developed countries. It is very difficult to find the
specific cause for cancer. However, tobacco use,
alcohol consumption, environmental pollutant,
infectious agents, custom habits and lifestyles are
some commonly known reasons responsible for this
disease. Environmental factor that contributes to the
cancer deaths includes tobacco, obesity, radiation,
infection, heredity, stress, environmental pollutants
and lack of physical activity (lifestyle, economic and
behavioural factors). Smoking causes 90% of lung
cancer'. It also causes kidney, stomach, pancreas,
larynx, and bladder cancer?. Tobacco is responsible for
about one in five cancer death cases globally?.
Physical inactivity, obesity and diet are related to 30-
35% of cancer deaths®. Physical inactivity is believed
to contribute to the cancer risk. More than half of the
effect from diet is due to the over nutrition. Some
specific foods are related to the specific type of

cancers like high salt diet causes gastric cancer,
aflatoxin B1 causes liver cancer and chewing betel nut
causes oral cancer®.

Exposure to ionizing and non-ionizing
ultraviolet radiation causes cancer (up to 10%). Source
of ionizing radiations includes radon gas and medical
imaging; this radiation is not particularly a strong
mutagen. When radiation combines with other cancer-
causing agents then it is more potent like radon with
the tobacco smoke®. Prolonged ultraviolet ray
exposure from sun light leads to skin cancer.
Hereditary also causes cancer in some cases, less than
0.3% population carries genetic mutations that cause
cancer. Examples of cancer due to hereditary include
inherited mutation in BRCA1 and BRCA2 genes,
hereditary non-polyposis colorectal cancer. Some
hormones also play an important role in the cancer
development by promoting the cell proliferation®.
Insulin like growth factors and their binding proteins
play an important role in proliferation of cancerous
cell’.
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Figure 1: Development of cancer

‘Staging’ is a very important parameter in
determining the severity of cancer. Depending on the
stage of cancer, patients can be recommended drugs
accordingly. There are four stages of cancer, each
showing different properties and symptoms. These are
tabulated as under: STAGE 1 This is the primary stage
of cancer with no visible symptoms. The tumour is not
fully grown. A routine medical examination can help
detect the presence of first stage cancer. If cancer is
detected in this stage, it would be easier to cure it.
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STAGE 2 The tumour in this case is easily visible
through scans. There are a few visible symptoms.
STAGE 3 The benign tumour is fully grown with
detectable symptoms. STAGE 4 This is the terminal
stage cancer and no cure is possible in this stage. There
is metastasis (spread) of tumour to distant parts of
body. There are visible symptoms of cachexia (sudden
significant weight loss), patches on skin in case of skin
cancer.
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Figure 2. Types of cancer

The important preventive methods for most of the
cancers include dietary changes, stopping the use of
tobacco products, treating inflammatory diseases
effectively, and taking nutritional supplements that aid
immune functions. Current treatment for the cancer
includes radiotherapy, chemotherapy and chemically
derived drugs. Most commonly used cancer
chemotherapy includes anti-metabolites, alkylating
agents, platinum analogs and anti-tumor antibiotics.
However, chemotherapy and radiotherapy put patients
under lots of strain and further causes health damage.
Thus, discovery of new anticancer agents from nature,
especially plants is currently under investigation.
Plants have always been a basis for the traditional
medicine systems and they have provided continuous
remedies to the mankind for thousands of years.
Therapeutic potential of plants is based on the findings
of thousands of years of use. First written records on
hundreds of medicinal plants including opium and
myrrh are listed on the clay tables®. Herbal medicines
have been used for the centuries to treat various
diseases. Herbal medicine uses plant extracts to treat
the disease and promote the health of the patient. Aim

of the herbal medicine is to restore the ability of body
to protect, regulate and heal. Several modern drugs are
made from the medicinal plants. Herbal products are
taken in form of powder, paste, pills, liquid or raw
material (extract). Use of certain herbal products tends
to produce side effects and toxicities. In most cases,
problem arises due to the inappropriate use of the
herbal products, mislabelling of plant materials,
botanical misidentification, etc. This can be toxic
when used for inappropriate indications or used in
large amount or prepared inappropriately®. Knowledge
of the medicinal plants for the preparation of various
drugs has been of great significance. Medicinal plants
are considered as a rich source of wide variety of
ingredients which can be used for the development of
drug. Anticancer properties of several medicinal plants
are used to find a lead compound that can block the
development of cancer. Medicinal plant has various
secondary metabolites such as terpenoids, flavanoids,
alkaloid and steroids that have different
pharmacological properties!’. Medicinal plants such
as Allium sativum, Annona muricata, Berberies
aristata, Catharanthus roseus, Linum usitatissimum,
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Podophyllum hexeandrum, Rubia cordifolia, Withania
somnifera, etc., show potential role in the inhibition of
cancer cell proliferation. Therefore, this chapter
provides an overview of various medicinal plants and
their major bioactive compounds utilized for treatment
of cancer.
ANTICANCER ACTIVITY OF MEDICINAL
PLANTS
1. Allium sativum

Allium sativum belongs to the Alliaceae family and
native to the region between Mediterranean and China.
It contains ajoene, allicin, alliin, allixin, y-glutamyl-S-
2-propenyl cysteine, diallyl disulfide, methyl allyl
disulfide, S-allyl-cysteine and 1,2-vinyldiithin. Allicin
shows antitumor activity in L5178Y lymphoma
bearing mice. Methanolic extract of A. sativum
(MEAS) shows anticancer activity against MCF7,
A549 & DU145 and cell carcinoma of the bladder!+2,
2. Annona muricata

Annona muricata belongs to the Annonaceae
family and commonly known as Graviola. It contains
acetogenins, [-sitosterol, stigmasterol, phenols,
alkaloids, annoionoside, annoionol A, B, C, lycopene,
lutein etc. It is distributed in the tropical regions of
Central and South America, Western Africa and
Southeast Asia. Acetogenins is the main compound
and found in the leaves, seeds, bark and fruit of this
plant. Acetogenis block the adenosine triphosphate
production which inhibits the pump that removes
cancer drug from the cell'®. Acetogenins is identified
to be toxic for various cancer cell lines such as
pancreatic  cancer, breast cancer, colonic
adenocarcinoma, liver cancer and lymphoma!#,
3. Astragalus membranaceus

Astragalus  membranaceus belongs to the
Fabaceae family and is commonly known as
Mongolian milkvetch. It contains astragloside,
astraglan, calycosin, soyasapogenoside, quercein,
kaempferol, etc. This plant is typically found in parts
of China. It is used by the Chinese doctors to treat
advanced cases of the liver cancer. A study reported
that administration of this plant along with
conventional treatment has shown higher survival rate
of patients with advanced stage liver cancer as
compared to the patients who were given conventional
treatment. Astragalus membranaceus protects liver
from toxic effects of chemotherapy'®. Swainsonine
which is an important compound of this plant is known
to prevent metastases'®.
4. Azadirachta indica

Azadirachta indica belongs to the Meliaceae
family and found in India and Indian subcontinent. It
contains nimbin, nimbanene, nimbandiol, nimbolide,
ascorbic acid, n-hexacosanol and amino acid, nimbiol,
etc. It has been used for the treatment of skin cancer,
buccal cancer, mammary cancer, prostate cancer and

gastric cancer!’. Ethanolic extract of Azadirachta
indica causes prostate cancer cell death by apoptosis
induction. It acts in a dose dependent manner and
increase the fragmentation of DNA'S,
5. Berberis aristate

Berberis aristata belongs to the Berberidaceae
family and commonly found in temperate and sub-
tropical regions of Asia, Europe, and America. It is
commonly known as Daruhaldi and roots of this plant
contain  berberine,  berbamine,  oxyxanthine,
jatrorhizine, epiberberine!®. Methanolic extract of B.
aristata showed potential anticancer activity against
the human colon cancer cell line and inhibits HT29
cells in a concentration dependent manner®. It also
significantly inhibits the carcinogenesis induced by
20-methylcholantherene in a dose dependent
manner?!,
6. Camellia sinensis

Camellia sinensis belongs to the Theaceae family
and is commonly known as green tea. It contains
caffeine, theobromine, gallic acid, catechin,
ampelopsin, epicatechin, etc. This plant is native to
East Asia, the Indian Subcontinent and Southeast Asia
but in today’s time it is cultivated also in tropical and
subtropical regions in the world. It contains
polyphenolics possess anti-cancer and anti-mutagenic
activity. Some evidence suggested that this plant has a
protective effect against the colon and stomach
cancer’?. A study reported that green tea extract
significantly inhibited the liver and leukemia tumor
cells from DNA synthesis!®. It also inhibits the cancer
growth by eliminating the free radicals from the body.
7. Cannabis sativa

Cannabis sativa belongs to the Cannabinaceae
family and native to the South Affrica. It contains
cannabinoids, cannabinol, anandamide, pinene,
myrcene, etc. Cannabinoids shows potential inhibition
towards cancer based on the experiments performed
both in cultured cells and in animal models of cancer?.
Cannabinoids present an interesting therapeutic
potential such as antiemetics, analgesics, appetite
stimulants in debilitating diseases, treatment of
multiple sclerosis, spinal Tourette’s syndrome, cord
injuries, glaucoma and epilepsy?*. Antineoplastic and
proapoptotic properties of cannabinoids show
emphasis  effects of  N-acylethanolamines®.
Cannabinoids induces cancer cell death by apoptosis
and inhibits proliferation of cancer cell?®.
8. Catharanthus roseus

Catharanthus roseus is an important medicinal
plant and belongs to the Apocynaceae family. It is
commonly known as Madagascar periwinkle. It
contains actineoplastidemeric, vinblastin, vincrestine,
vindesine, vindeline, tabersonine etc. Catharanthus is
native to Madagascar but now-a-days it is being
cultivated in Tanzania, Kenya, Kisi and many other
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countries. This plant is used for the treatment of
cancer, diabetes, fever and hypertension?’. It contains
many bioactive compounds which include vinblastine,
vincristine, ajmalicine and serpentine. Vinblastine and
vincristin are commonly used for the treatment of
leukemia and lymphoma?®,

9. Curcuma longa

Curcuma longa is commonly known as haldi in
Hindi, harida in Sanskrit and turmeric in English. It is
belonging to the Zingiberaceae family. This plant is
native to Southern Asia and is also used as a coloring
agent in Bangladeshi cuisine, Indian cuisine and also
for many other purposes.

It contains curcumin, curcuminoids, essential oil,
turmerone, monoterpenes, diarylpentanoids,
diterpenes, sesquiterpenes, triterpenoids, sterols,
alkaloid, etc. Curcumin is the active ingredient of this
plant, which is a polyphenol derived from plant
rhizome and this plant is used for both cancer
prevention and treatment. Curcumin shows protective
effect by inhibiting the growth of several angiogenesis
associates and tumor associated genes®. Curcumin
possesses anti-proliferative property by down
regulating the numerous gene expressions which
includes activator protein 1, NF-kappa B,
cycloxygenase 2, epidermal growth receptor 1, nitric
oxidase synthase and tumor necrosis factor’.

10. Glycine max

Glycine max belongs to the Fabaceae family and
native to East Asia. It is commonly known as Soya
bean and rich in selenium, zinc, vitamins, isoflavones,
amino acids, phytosterols and saponons. A study
reported that soybean agglutinin inhibits the tumor
growth in rats’!. Isoflavones converts cancer cells to
the normal by inducing cell differentiation. Genistein
induce apoptosis in the cancer cells'®.

11. Linum usitatissimum

Linum usitatissimum belongs to the Linaceae
family and is rich in lignans. This short-lived perennial
plant found in the western and southern Europe and
western Asia. These plant lignans are converted to
mammalian lignans (enterodiol and enterolactone) by
bacterial fermentation in the colon? and they can then
act as estrogens. Mammalian lignans appear to be anti-
carcinogenic, lignan metabolites bear a structural
similarity to estrogens and can bind to estrogen
receptors and inhibit the growth of estrogen-
stimulated breast cancer®. Root extract of Linum
usitatissimum induce significant amount inhibition of
cell vitality and proliferation without performing the
strong cytotoxicity in the human breast cell line
MCF7*4.

12. Podophyllum hexeandrum

Podophyllum  hexeandrum belongs to the
Podophyllaceae and found in Himalayan region. It is
commonly known as Mayapple and contains

podophyllotoxin, kaempferol, quercetin, asiragalin,
essential oil, podophyllin. Podophyllotoxin has been
used for the treatment of testicular and lung cancer as
well as in certain leukemias®>. Podophyllotoxin
majorly found in the roots of this plant and used for
the treatment of cancers, ulcers, wounds, constipation
and tuberculosis®.
13. Oroxylum indicum

Oroxylum indicum belongs to the Bignoniaceae
family and is native to the Indian subcontinent. It
contains baicalein, chrysin, oroxylin, scutellarein,
pinostrobin, stigmast-7-en-3-ol. Several studies have
shown the anticancer potential of this plant in various
models. Ethanol extract (95%) of this plant showed
cytotoxic effects against the Hep2 cell lines at 0.05%
concentration®,
Baicalein showed the antitumor effect on the human
cancer cell lines and inhibits proliferation of HL-60
cell lines up to 50% at 25-30 uM concentration®’.
Aqueous and methanolic extract of Oroxylum indicum
showed cytotxicity in selected tested cell lines and
both the extracts exhibited moderate level of DNA
protection against the oxidative stress®,
14. Punica granatum

Punica granatum belongs to the Lythraceae family
and fruit bearing deciduous shrub which is commonly
known as pomegranate. It is originated in Iran and has
been cultivated since ancient times throughout the
Mediterranenan region and northern India. It is rich
source of phenolic compounds, ellagitannins (ETs)
and ellagic acid (EA) that metabolically convert to
urolithins by the gut microbiota. Urolithins are found
in high concentrations in colorectal cancer patients and
urolithins inhibit proliferation of cancer cells and
interfere with cell cycle and induce apoptosis®. In a
study, potential of pomegranate ellagitannins-derived
compounds exhibited anti-proliferative and anti-
aromatase activities in breast cancer cells*.
15. Rubia cordifolia

Rubia cordifolia belongs to the Rubiaceae family
and is commonly known as Indian madder. It contains
cordifoliol, cordifodiol, anthraquinone, alizarin, etc.
Mollugin showed anticancer activity against the
lymphoid leukemia in mice and also inhibited the
passive cutaneous anaphylaxis in rats*!. Quinones and
hexapeptides found in this plant showed the potential
antitumor activity by 80S ribosome binding and this
resulted in the inhibition of peptidyl tRNA and
aminoacyl-tRNA binding which is required for the
protein synthesis*.
16. Silybum marianum

Silybum marianum belongs to the Asteraceae
family and native to Southern Europe to Asia. It
contains silymarin, silydianin, silychristin, silibinin,
tyramine, histamine, essential oil, gamma linoleic
acid, mucilage, etc. Silymarinis is the main compound
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of this plant which showed anticancer property against
UV radiation induced skin cancer in mice and reduces
the tumor multiplicity up to 78%*. Silymarins down
regulates the gene product which is associated in the
tumor cells proliferation, angiogensis, invasion and
metastasis*. Silibinin also showed beneficial role in
the human breast cancer®.
17. Taraxacum officinale

Taraxacum officinale belongs to the Asteraceae
family and is commonly known as Dandelions. It is a
perennial plant and found in the temperate regions of
the world such as Western, Central and Southern
Europe, Northwest Africa, Northern Iran and
Southwest Asia. It contains glycosides, terpenoids,
carotenoids, choline, potassium salts, vitamin A,
lecithin, etc. Taraxacum officinale decreased cell
viability and increased the production of tumor
necrosis factor a and interlukine-1a*. Leaves, root
and flowers extracts of this plant was investigated
against progression of tumor, among all the extracts
leaf extract showed inhibition of breast cancer cell
growth*’,
18. Vernonia amygdalina

Vernonia amygdalina belongs to the Compositae
family and grows in tropical Africa. The bitterness in
the plant extract is due factors such as glycoside,
saponins, alkaloids and tannins. Vernonia amygdalina
reverses the tumor in 106 MCF-7 breast cancer cells
and also increased the basal apoptotic but decreased
the angiogenic activity in mice*. Vernonia
amygdalina shows anticancer activity in the human
breast cancer cell lines (MCF-7 and MDA-MB-231)
and inhibits the proliferation of cell lines in a dose and
time dependent manner®.
19. Vismia laurentii

Vismia laurentii belongs to the Guttiferae family
and is found in the tropical and sub-tropical regions of
world. It contains anthraquinones, xanthones and
prenylated anthrones. It is used for the treatment of
wounds and skin diseases. Xanthone V1 has shown
anticancer potential against numerous cancer cell

lines. It induces apoptosis and caspase-3 activity in
CCRF-CEM cell line®. Fruits and seeds of this plant
contain xanthones, naphtoquinones and
anthraquinones which are thought to be responsible for
the anticancer activity of this plant®’.
20. Withania somnifera

Withania somnifera is commonly known as
ashwagandha in Hindi and Sanskrit, winter cherry in
English. It belongs to the Solanaceae family and
contains  withanolides,  withaferins,  anferine,
isopellertierine and sitoindosise. Due to its medicinal
properties, leaves and roots have been used in the
Indian traditional system of medicine and marketed
globally. Extract of Withania somnifera modulates
various biological responses>?. It has been used in
various preparations for its anti-stress,
antiperoxidative, anti-ageing, anti-inflammatory,
antioxidant, anti-tumor, cardiotonic, and
immunomodulatory properties. Withanolide A and
withaferin A is the main constitute of this plant.
Withaferin A which is mostly present in the leaves
produces rapid apoptosis in the cancer cells. Cell
signaling pathways by this plant formulation largely
depends up on the high content of withferin A present
in it33,
OTHER MEDICINAL PLANTS WITH ANTI-
CANCER ACTIVITY

Plant derived anticancer agents are effective

inhibitors of cancer cells lines. Due to which there is a
high demand of these plants for the production of
therapeutically important compounds. There are
several other medicinal plants all over the world,
which are being wused traditionally for cancer
prevention and treatment. Some phytochemicals that
are important active constituents of plants, including
catechins, ursolic acid, silymarin, hecogenin
glycyrrhizin, berberine, campothecin, gallic acid and
various types of flavonoids, have shown promise in
future cancer management. Some of the other
medicinal plants that possessanticancer activity are
discussed in the Table 1.

Table 1: List of other medicinal plants with anticancer activity.

Plants Family

Aegle marmelos Rutaceae
Ailanthus altissima Simaraubaceae
Andrographis paniculata Acanthaceae
Apium graveolens Umbelliferae
Aloe ferox Liliaceae
Alpinia galanga Zingiberaceae
Ananas comosus Bromeliaceae

Aphanamixis polystachya Meliaceae
Astragalus membranaceus ~ Papilionaceae

Berberis vulgaris Berberidaceae
Betula utilis Betulaceae
Bleckeria vitensis Apocynaceae

Anti-cancer agents References
Lupeol 54
Ailantenol 55
Andrographolide 56
Apigenin 57
Aloe-emodin, emodin 58,59
Pinocembrin 54
Ananas bromelain 60
Amooranin 54
Swainsonine 61
Berberine 54
Betulin 62
Ellipticine 63
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Brucea antidysenterica Simaraubaceae Bruceantin 63
Campotheca acuminate Nyssaceae Campothecin 63
Chlorella pyrenoidosa Oocystaceae Lysine 64
Cephalotaxus harringtonia  Cephalotaxaceae Homoharringtonine 63
Chelidonium jajus Papaveraceae Sanguinarine 65
Colchicum luteum Liliaceae Colchicines 66
Croton lechleri Euphorbiaceae Taspine 67
Diphylleia grayi Berberidaceae Diphyllin 63
Dysoxylum binectariferum Meliaceae Rohitukine 63
Echinops setifer Asteraceae Echinopsine 68
Euphorbia semiperfoliata Euphorbiaceae Jatrophane 67
Fagopyrum esculentum Polygonaceae Rutin 66
Indigofera tinctoria Leguminosae Indirubins 63
Ginkgo biloba Ginkoaceae Ginkgolide 69
Glycyrrhiza glabra Leguminosae Glycyrrhizin 70
Gossypium barbadense Malvaceae Gossypol 71,72
Larrea tridentate Zygophyllaceae Terameprocol 73
Lentinus edodes Agaricaceae Lentinan 74
Lonicera japonica Caprifoliaceae Luteolin 75
Mappia foetida Icacinaceae Camptothecin 76
Paris polyphilla Trilliaceae Polyphyllin 77
Podophyllum hexandrum Berberidaceae Podophyllin 78
Plumbago zeylanica Plumbaginaceae Plumbagin 79
Scrophularia nodosa Scrophulariaceae Iridoid 80

CONCLUSION

Every year, cancer takes the life of millions
of people. Various therapies are available for the
cancer treatment, but they have several limitations
such as kidney damage, gastro-intestinal disorder, etc.,
due to which an alternative solution to this problem is
required. Plant derived compounds possessing anti-
cancerous activities have received huge amount of
scientific attention. They play vital role in the cancer
prevention and treatment. Pharmaceutical research has
been done in countries like Germany, USA, Japan,
France and China to improve the quality of herbal
medicine for the cancer treatment. Plants are the major
source of secondary metabolites and an important
source of pharmaceutical drugs. Herbal drug treatment
is an ideal choice as it is comparatively cheaper and
may be highly recommended to the poor and rural
people for the effective treatment of cancer.
Anticancer agents discovered from medicinal plants
have played an important role in cancer treatment. It is
documented that the medicinal herbs have rich
anticancer potential due to their immunemodulatory
and antioxidant properties, and on the forefront
whenever we talk about anticancer remedies, they are
a significant source of synthetic and/or herbal origin.
Bioactive compounds significantly influenced the
cancer research on various aspects. Secondary
metabolites from medicinal plants inhibits the DNA
damage, arrest the cell cycle, inhibits the tumor cell
angiogenesis and induce apoptosis thus prevents the
cancer. Researchers must pay attention to the scientific

rigor of studies of herbal drugs in the future to improve

the status. Only few medicinal plants have been

explored for their biological activity from 1000

species, so further investigations of plants in cancer

treatment show a promising activity and it must be
taken into consideration.
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