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Foreword

Cancer is one of the leading causes of death worldwide, and conventional therapies such as
chemotherapy, radiation therapy, and surgery often have significant side effects. Medicinal plants, on
the other hand, offer a promising alternative with fewer adverse effects. This book ‘Anticancer Plants’
has made a comprehensive exploration, to the scientific evidences behind the use of medicinal plants
in cancer prevention and treatment. It covers a broad range of plants from various parts of the world
that have been traditionally used to combat cancer. Each plantis presented with a detailed description
of its properties, phytochemical constituents, and pharmacological actions. In addition to the plant
based remedies, this book also discusses the use of herbal supplements, including their potential
benefits and risks in cancer treatment. The book is intended for researchers, and by researchers, in the
field of oncology and pharmacology.

In the present global scenario, where the world needs to work together on achieving the
Sustainable Development Goals (SDGs), this compilation on anticancer plants helps to support SDG 1 -
No Poverty, SDG 2 - Zero Hunger, as many of the plants with anticancer properties are found in low
income countries, and the traditional knowledge of their use has been passed down through
generations. By supporting research and development of these plants, economic opportunities for
communities and promotion of food security through sustainable harvesting and cultivation, can be
accomplished. Further it addresses SDG 3 - Good Health and Well being, as medicinal plants offer a
promising alternative to conventional therapies, and research on their properties and mechanisms of
action can contribute to the development of new and improved treatments for cancer, thereby
improving global health outcomes. The knowledge shared can contribute to SDG 13- Climate Action
and SDG 15 - Life on Land as the development of plant based therapies reduces the need for chemical
based treatments, which can have harmful effects on the environment.

The book has the potential to inspire further research and innovation in the field of anticancer
plant-based therapies, contributing to the advancement of cancer treatment. It is an important
resource for those interested in exploring the potential of medicinal plants in the fight against cancer
and has the potential to improve patient healing outcomes and quality of life, and a comprehensive
guide to the various medicinal plants that possess anticancer properties, highlighting their traditional
use, chemical constituents, pharmacological actions, and clinical applications. By supporting
improvement of global health outcomes, we can create economic opportunities, promote sustainable
practices, and contribute to a healthier planet.

This book, edited by Dr. Deepa P, with 17 chapters, from information on diverse groups of plants, is
an elaborate attempt to provide a comprehensive and evidence based resource for researchers,
clinicians and scientists, interested in exploring the therapeutic potential of medicinal plants in the
global fight against cancers. I congratulate Dr. Deepa P, for this compilation, with a mine of
information, which would soon serve as areference point, for scientists and healers alike.

Prof. (Dr.) Minoo Divakaran, FLS
Professor (Botany)

Providence Women's College
Kozhikode, Kerala, India



Preface

Compounds which are characteristic to the plant kingdom are necessary for plant survival and
“housekeeping” of humans. Production of naturally derived phytocompounds influences on the
human welfare by providing major sources of molecules with nutritional and medicinal properties.
For thousands of years, herbal medicines have been used by 80% of the world population to control the
chronic or life-threatening diseases. As free from side effects, there is the need of conservation of
locally available medicinal plants in the medicinal plant repository of our country. In many countries,
cancer ranks the second most common cause of death. Hence, the prevention of this silent killer by
natural remedies is more predominant to avoid the health problems regarding chemotherapy. The
anticancer activities of many of the plants have identified and checked in different cancer cell lines in
many research institutes. Pooling of these anticancer plants in a single document is more useful to the

society inthe present era for quickidentification and analysis.

The introductory part of the book provides the details on different cancer types and mechanism,
causes and preventory remedies of the cancer, followed by the detailed morphology and cancer
preventive activities of species coming under algae, bryophytes, pteridophytes and angiosperms
included in families such as Menispermaceae, Simaroubaceae, Fabaceae, Rubiaceae, Asteraceae,
Apocynaceae, Acanthaceae, Lamiaceae, Amaranthaceae, Orchidaceae, Zingiberaceae and Musaceae.
One of the genus, Inula L. incorporated in Asteraceae. At the end, the common plants used in Siddha
System of Medicine are discussed followed by index to the scientific names. Photographs of seventeen
important anticancer plants included in the book in which each plants placed at the beginning of every
chapters. Atotal of 175 anticancer plant genera and their antiproliferative activities in different human
cancer cell lines make the book as good source of medicinal information to the society and also to the

students and researchers who are interested in this field.

DeepaP.



In memory of Korambayil Ahamed Haji Sahib

The founder, Korambayil Ahamed Haji Memorial Unity Women's College, and the
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Cancer: A Silent Killer
Soumya K. K.

Department of Zoology, Korambayil Ahamed Haji Memorial Unity Women's College
Manijeri, Malappuram, 676122, Kerala, India.

Corresponding author: soumyasathyan94@gmail.com

Abstract: Cancer is the most prevalent life threatening disease worldwide. The burden of cancer in
society is growing day by day. It is due to uncontrolled growth and spread of abnormal cells which

can be cured if diagnosed in early stage of life. The disease is caused by many external factors and
some internal factors. Different types of cancer are present based on the tissues and organs

affected. Various screening tests and a number of treatments such as chemotherapy, gene

therapy, radiation therapy, immunotherapy, surgery etc. are now available for the detection of
cancer. Apart from these, the treatments with medicinal herbs also provide a feasible alternative

against cancer.

Keywords: Cancer, oncogenes, carcinoma, colorectal cancer, histone deacetylases

ancer is a major healthcare threat

worldwide. Every year the incidence of

cancer will continue to rise. In India
about 11 lakh new cancer patients are
diagnosed every year. There are more than two
hundred different types of cancer that affects
human beings. The symptoms shown by each
type of cancer is different and their required
treatment also differs. Cancer is not a single
disease but a group of diseases characterized
by uncontrolled growth and spread of
abnormal cells. The causes of cancer are
diverse and complex. External factors like
tobacco use, chemicals, radiations and
infectious organisms and internal factors such
as inherited mutations, random mutations,
hormones and immune conditions contribute
to cancer. The current lifestyle including lack of
physical activity, obesity, dietary factors and
environmental pollutants increase the risk of
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cancer (Mathur et al., 2015). Cancer can be
detected by the symptoms like pain, skin
changes, unusual bleeding, fatigue, lump
formation etc. There are mainly two types of
cancers, namely benign and malignant.
Malignant tumor has the ability to invade the
parts of the body and has a property known as
metastasis. Benign tumor is a mass of cells
which cannot invade to the parts of the body
and are not cancerous (Ferlay et al., 2008).

According to GLOBOCAN data, there
were an estimated 18.1 million new cases of
cancer and 9.6 million deaths from cancer
worldwide in 2018 (Ferlay et al.,, 2012). The
most frequently diagnosed cancers are breast,
colorectal, prostate and lung cancer. In this, the
highest percentages of cancer types present in
men are prostate, lung, bronchus, colon,
rectum and urinary bladder cancer. In women,
the most commonly found cancers are breast,
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lung, bronchus, colon, rectum, uterine corpus
and thyroid (http://refhub.elsevier.com). In case
of children, blood cancer and cancers related to
the brain and lymph nodes are more common.
Cancer incidence worldwide is higher in men
than in women. The global burden of cancer is
increasing day by day (Moscow et al.,
2011).The lack of effective prevention and
awareness leads to the development of cancer.

1. Diversity in cancer

More than 100 types of cancers are
diagnosed till date. Cancers are named
according to the tissues or organs affected.
There are different types of cancer that begins
in specific types of cells. Carcinoma, sarcoma,
leukemia, lymphoma, multiple myeloma,
melanoma, carcinomas and brain and spinal
cord tumors are some among them.

Carcinoma: Carcinoma is the most
common type of cancer formed by epithelial
cells. Adenocarcinoma forms in the glandular
tissue, which lines certain internal organs and
makes and releases substances in the body
such as mucus, digestive juices and other
fluids. Cancers in breast, prostate and colon are
adenocarcinomas. Cancer that begins in the
lowest layer of epidermis is called basal cell
carcinoma. Squamous cell carcinoma forms in
squamous cells, which lines the organs such as
stomach, intestine, lungs, bladder and kidneys.
Some cancers of the bladder, ureters and
kidneys are transitional cell carcinomas which
form in transitional epithelium. Different types
of cancer includes bladder cancer, breast
colorectal

cancer, cervical cancer,

gynecologic cancer, head and neck cancer,

cancer,

kidney cancer, liver cancer, lung cancer, ovarian
cancer, prostate cancer, skin cancer, thyroid

cancer, uterine cancer, vaginal and vulvar
cancers, lymphoma, mesothelioma and
myeloma. Sarcoma: It is a type of cancer which
forms in bones and soft tissues like cartilage,
muscle, fat, fibrous tissue, blood vessels and
lymph vessels. More than 70 types of sarcoma
are found. The most common types of sarcoma
are angiosarcoma, Kaposi's sarcoma,
dermafibrosarcoma protuberans, epitheloid
sarcoma etc.. Leukemia: It is the cancer of
blood forming tissues including bone marrow.
In leukemia patients, the bone marrow
produces abnormal functionless white blood
cells. There are four common type of leukemia
like acute lymphocytic leukemia, acute
myelogenous leukemia, chronic lymphocytic
leukemia and chronic myelogenous leukemia.
Lymphoma: The cancer forms in lymphatic
system and begins in T or B cells. The main
subtypes of lymphoma include Hodgkin
lymphoma and Non-Hodgkin lymphoma.
Melanoma: It begins in cells that become
melanocytes which produces melanin. This is
most dangerous type of skin cancer. Multiple
myeloma: In this condition, the plasma cells in
bone marrow become cancerous and spreading
to other parts. These abnormal plasma cells are
called myeloma cells that can damage the
kidneys, bones, immune system and red blood
cell count. Brain and spinal cord tumors: Main
reason of the cancer is the DNA changes inside
the cell. Growth of abnormal cells in brain
causes brain tumor and also cancer in the body
can spread to the brain. A spinal cord tumor
develops within spinal cord, also called
intradural tumor. Intramedullary tumors and
extramedullary tumors are the main types of
intradural tumors (https://www.cdc.gov;
https://www.cancer.org).
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The most common cancers reported
in 2020 are breast (2.26 million cases), lung
(2.21 million cases), colon and rectum (1.93
million cases), prostate (1.41 million cases),
skin (1.20 million cases) and stomach cancer
(1.09 million cases) (https://www.who.int/
news-room/fact-sheets/detail /cancer).

1.1. Breast cancer

The second most common cancer
found in females is breast cancer. It is also
found in men too. It accounts for about 22% of
all female cancers and 15% of cancer related
death among females (Edward et al.,, 2003;
Stewart, 2004). The most breast lumps are
benign not malignant. The spreading of breast
cancer occurs when the cancer cells get in to
the blood or lymph system. These cancer cells

Fig.1. A dividing breast cancer cell (Credit: National
Cancer Institute / Univ. of Pittsburgh Cancer
Institute)

are carried to other parts of the body (https://
www.cancer.org). Statistically each year breast
cancer is about 30% of all new female cancer. It
mainly affects middle aged and older women.
The incidence of breast cancer is increasing
rapidly in developing countries. Breast cancer
is caused by changes in many different genes.
Intraductal epithelial cells account for the
majority of breast cancer (Russo et al., 2001).
Weight gain and obesity increase are the risk of
breast cancer. High penetrance of breast cancer
is caused by the mutations in genes like BRCA1,

BRCA2, p53, PTEN and ATM.

1.2. Lung cancer

Lung cancer is a common cause of
cancer deaths worldwide. It is the most often
diagnosed cancer with an incident rate of 22.5
per 100,000 persons-years worldwide in 2018.
The chance of lung cancer is higher in males
than females. Tobacco smoking, earlier lung
diseases, exposure to carcinogens and air
pollutants, and any family history of malignancy
are the typical risk factors of lung cancer.
Generally the survival of lung cancer patient is
low.

1.3. Liver cancer
In liver cancer, the malignant cells
form in the tissues of the liver. The main types

of adult primary liver cancer include
hepatocellular carcinoma and bile duct cancer.

In this, hepatocellular carcinoma is high risky
pathological types of liver cancer. Both adults
and children are prone to primary liver cancer.
Abdominal pain, weight loss, ascites and
hypertension are common symptoms of liver
cancer. It is most commonly found in males
with liver disease caused by alcohol
consumption, hepatitis or hemochromatosis.
The best treatment choice for liver cancer is
chemotherapy because of its capability to
completely kill the cancerous cells.

1.4. Leukemia

The cancer focuses in blood forming
cells. It may be acute or chronic. The risk
factors of leukemia include genetic history,
environmental factors and exposure to
radiations. Fever, fatigue, weight loss, body
pain and bleeding are some of the symptoms
of leukemia (Amanda et al., 2014). Generally

— Anticancer Plants &
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Chapter 1: Cancer: A Silent Killer

the prevalence of leukemia is higher in males
and white. Incidence will also increase with the
age (NCI, 2014).

1.5. Colorectal cancer

The cancer begins in the last part of
digestive tract colon or rectum. It is reported as
the second leading cause of cancer death in US.

Fig.2. Different types of cancer that analyzed in
humans

CRC is the third most diagnosed type of cancer
worldwide. In the prevalence rate males rank
third and females rank second (Sung et al.,
2020, Duan et al., 2022). It is more related to
environmental factors, diet and lifestyle. The
cancer risk increases with age and considered
as a multifactorial disease. Carcinogenic factors
initiate the epithelial cells of colorectal mucosa
to undergo hyperplasia and adenomas which
will eventually transforms in to carcinomas (Bu
etal.,, 2018).

1.6. Prostate cancer

Cancer origins in prostate gland, a
part of male reproductive system. Prostate
cancer causes blood in urine and semen,
painful ejaculation and erectile dysfunction.
Almost all prostate cancers are recognized to
be adenocarcinomas. There are other types of
cancers that can start in prostate including
small cell carcinomas, neuroendocrine tumors,
transitional cell carcinomas and sarcomas.

2. Cancer causing agents

Cancer is a disease caused when cells
divide uncontrollably and spread in to
surrounding tissues. It is a genetic disease
caused by changes to genes that control the
way our normal cells function. Normal cells only
grow when they receive the appropriate signals,
but cancer cells ignore those signals that tell
cells to stop dividing. The changes in the DNA
cause cancer and it transforms the genes
involved in the normal cell growth to become
oncogenes. A normal cell contains genes which
help to control cell growth and cell division.
Those genes are known as proto oncogenes.
The mutated proto oncogene becomes an
oncogene (https://www.cancer.org). Oncog-
enes cause uncontrolled cell growth. Tumor
suppressor genes present in normal cells
prevents cancer by stopping the cell growth. In
cancer cells, the DNA changes inactivate the
tumor suppressor genes that lead to
uncontrollable cell growth. Three main types of
genes are affected by the genetic changes of
cancer namely proto oncogenes, tumor
suppressor genes and DNA repair genes. The
process by which cancer cells spread to other
parts of the body is called metastasis. In
metastatic cancer, cancer cells divide and move
away from their originally formed position and
spreads to other parts of body to form new
tumors.

The risk of developing certain cancer
depends on the changes in certain inherited
genes. For example, if any mutations happen in
tumor suppressor genes like BRCA genes
(BRCAT1 and BRCA2) it will lose its ability to
suppress abnormal cell growth. Thus it will
increase the risk of cancer (https://www.cancer.
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Fig.3. The formation of cancer cells from a normal
cell

org). The causes of cancer are too many and
some are preventable. Smoking, heavy alcohol
consumption, obesity, poor nutrition, lack of
exercise, unhealthy diet and lifestyle contribute
to the cancer risk.

The causes of cancer include the
person's genetic factors and also environmental
factors. The external agents of cancer include
physical carcinogens (UV and ionizing
radiation), chemical carcinogens (tobacco
smoke, alcohol, asbestos etc.) and biological
carcinogens (infections from virus, bacteria or
parasites) (https://www.who.int/news-
room/fact-sheets/detail/cancer). Cancer
mortality can be decreased by the early
detection and effective treatment. Early
diagnosis can avoid the delays in care given to
the patient. Screening test like HPV test for
cervical cancer and mammography screening
for breast cancer helps in cancer diagnosis. The
treatments include chemotherapy, radiation
therapy, gene therapy and immunotherapy.

3. Mechanism behind cancer

Gene mutations have a pivot role in
the abnormal cell proliferation. The generation
of oncogenes and genetic disorders are caused
by the DNA changes. This leads to deletion,
point mutation, amplification and chromo-

Chapter 1: Cancer. A Silent Killer

somal translocation. An unusual protein is
formed by the mutation of p53 gene. This will
trigger the molecular process related to p53. It
is reported that p53 abnormality leads to the
formation of cancer cells (https://doi.org/
10.1016/j.jcrpr.2017.07.001). Hypomethy-
lation activates the ectopic expression of
oncogenes. This is found in MASPN as a tumor
suppressor gene in breast and prostate cancer.
Another example for hypo methylation includes
L1 from the LINE family which contributes for
breast, lung and bladder cancer. Deacetylation
by Histone deacetylases (HDACs) is involved in
the formation of different tumors. The
expression of HDAC can be controlled by
microRNA. The suppression of HDAC-1
expression can be regulated by miR-449a
during prostate cancer. Many cancers like colon
cancer, lung and leukemia involve the deletion
of HAT genes and trigger in histone acetylation

Metastasis

Cancer sproads 1o other
parts of the body

Primary cancer.

Fig.4. The process of spreading of cancer cells
(metastasis) (Credit: © Terese Winslow)
(Noonan et al., 2021). The studies also show
that the exposure to asbestos, pesticides,
benzene and chlorinated hydrocarbons may
increase the risk of pancreatic cancer (Antwi et

al., 2015).
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4. Cancer prevention by plant derived
compounds

The increasing incidence of cancer
worldwide calls for alternative treatment
solution. Herbal medicines are one of such
alternative against cancer. Anticancer plants
which contain the plant sources of anticancer
agents can be used for the treatment of cancer.
This type of herbal medicine is safe, non toxic
and easily available. Many anticancer medicinal
plants, Phaleria macrocarpa (Mahkota dewa)
and Fagonia indica (Dhamasa) have been used
traditionally for the anticancer properties of
their active ingredients. In cancer cells,
apoptosis can be induced by the metabolites
extracted from plant material. Gallic acid
extracted from P. macrocarpa has role in
inducing apoptosis in lung and colon cancer.
Gallic acid which act as a natural antioxidant is
also extracted from grapes, strawberries,
bananas, green tea and vegetables. In addition
to gallic acid, Vinca alkaloids, podophyllotoxin
and camptothecin obtained from various plants
are used for the treatment of cancer (Khan et
al., 2019). The researchers have tested
anticancer activity of many plants and proved
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Prolific Anticancer Bioactivity of Algal Species
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Abstract: Algae play major role in global primary productivity and act as excellent sources of
lipids, polysaccharides, vitamins and secondary metabolites. Both marine and fresh water micro or

macro algae have antibacterial, anticancer, antioxidant, antifungal and antiviral properties due to
the presence of secondary metabolites including terpenoids, flavonoids, sterols, sulfated

polysaccharides, polyphenols, sargaquinoic acids, sargachromenol etc. The specific phytochemical

compounds of multicellular and unicellular algae which are effective against tumour growth and

metastasis in turn help to synthesize antiproliferative pharmaceutical drugs in future. Some of the
algae that show anticancer activities are Laurencia, Padina, Ulva, Caulerpa, Chaetomorpha,

Gracilaria, Gelidium etc..

Keywords: Microalgae, cancer therapy, antiproliferative, seaweeds, metastasis

Igae, the photosynthetic organisms,

are growing in an aquatic environment

and able to grow alone or concurrently
with other organisms. The organism can be
classified into red algae (Rhodophyta), green
algae (Chlorophyta) and brown algae
(Phaeophyta). According to the size, it can be
classified into macroalgae or microalgae.
Macroalgae, seaweeds, are large sized
multicellular group that visible by the naked
eye; while the microscopic single celled
microalgae may be prokaryotic or eukaryotic.

Fresh water and marine microalgae
are a great source of several useful byproducts
like medicines, cosmetics and pharmaceuticals.
Major constituents in this lower group are
lipids, proteins, polysaccharides, vitamins and
antioxidants. It enhances the defense

mechanism by increasing natural killer cell

— Anticancer Plants &

activity, activation of the immune system and
inhibition of the cancer cell growth. The natural
potent antimalignant activity of algae derived
compounds is very useful in drug industry now.
One of the carotenoid, fucoxanthin, present in
microalgae like diatom and brown seaweeds,
shows potent anticancer properties via growth
prevention of malignant cells and stimulation of
cancer suppressor genes.

Macroalgae grown in fresh and marine
water also contribute to the proapoptotic,
antiangiogenic and antiinvasive activities due to
their derived compounds. Among them, with
less than 3% of world's marine macroalgal
species are assessed for anticancer activities.
Normally, the macroalgae contain different
types of flavonoids which are assumed to have
unique chemical structures and bioactivities.
These flavonoids are not only good
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antioxidants but also have the abilities to kill
cancer cells by inducing apoptosis and
autophagy.

Chemotherapy is usually the first line
treatment to cure cancers such drugs are able
to destroy or at least inhibit the growth of
cancerous cells. These drugs are allied through
noxiousness that ranges from a mild reaction
to severe life threatening illness. Many side
effects of chemotherapeutic drugs comprised
baldness and loss of appetite. To avoid or
reduce the side effects, new anticancer agents
should be investigated from various natural
resources. Plants have been an essential source
of conventional and clinically valuable drugs for
the treatment of numerous forms of tumours.
Investigating plants for their effective anticancer
agents with moderately low side effects seem
to give an attractive strategy of anticancer drug
development. A lot of natural antitumour
amalgams or their byproducts are generally
produced by algae are very helpful in treating
different human cancers.

1. Medicinally significant compounds in
algae

The aquatic life is producing various
and distinctive chemical components essential
for the human survival. Due to the harsh
conditions such as high salinity and deficiency
of nutrients, light and space, which make the
marine environment competitive, organisms
adapt to the environment by producing various
chemicals and metabolites to help them survive
under such conditions. The secondary
metabolites produced by algae are the source
of fatty acids, fibers, antioxidants, carotenoids,
sterols, proteins, phytocolloids, lectins, oils,
amino acids, unsaturated fatty acids and
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vitamins which could be commercially utilized.

Laurencia claviformis and L. tasma-
nica are the source of pacifenol, terpenoid
isolated from seaweeds. Stypopodium is a rich
source of polycyclic meroditerpenoids such as
stypodiol, epistypodiol, stypotriol, taondiol,
epitaondiol, 2B,3x-epitaondiol, flabellinol,
flabellinone, stypotriolaldehyde, stypohydro-
peroxide, isoepitaondiol and 14-ketostypodiol.
Epitaondiol is a terpenoid present in brown
algae, Stypopodium flabelliforme which is the
source of derivative of 14-keto-stypodiol
diacetate (SDA). Dunaliella salina is one of the
richest sources of natural B-carotene. The green
algae, Chlorella vulgaris has produced cantha-
xanthin and astaxanthin in fairly high vyields.
Ecklonia cava, edible brown algae, has effective
antioxidant activity due to the high phenolic
content production (Alassali et al., 2016). Many
biologically active compounds like terpenoids,
flavonoids, sterols, sulfated polysaccharides,
polyphenols, sargaquinoic acids, sargachro-
menol and pheophytine include in different
Sargassum species. Spirulina presents with
nutritional benefits including 50 to 70% protein,
5 to 10% lipids, 10 to 20% carbohydrates, 10%
vitamins especially vitamin B12 and pro vitamin
A (B-carotene) and minerals such as iron and
one of the few sources of dietary y-linolenic
acid (GLA). The bioactive compounds in the
crude extract of Caulerpa are 2-(-3-bromo-1-
adamantyl) acetic acid methyl ester and chola-
5, 22-dien-3-ol. The marine green alga, Ulva
lactuca, contains 3-O-B-D glucopyranosyl-
stigmasta-5,25-dien. Padina is the source of
oleic, palmitoleic, 9-cis-hexadecenoic, linoleic,
alinolenic, arachidonic and elaidic acid.
Gracilaria bursa-pastoris contains a high total
phenolic content, vitamin E and vitamin C. It
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also included mycosporines and mycosporine
like amino acids. Majority of the algae are the
rich source of primary and secondary
metabolites in turn will become the major
source of nutrient supplements in future. The
secondary metabolites will ameliorate the
opportunities in drug industry and
pharmacology.

2. Anticancer algae
2. 1. Caulerpa JN. Lamouroux

Caulerpa is a genus of seaweeds in
the family Caulerpaceae among the green
algae. They are the macroalgae found in a
variety of shallow water marine habitats. These
are unique in that they are made up of just one
cell, but it has several nuclei, making it one of
the largest single cells in the world. The
Caulerpa genus has a variety of growth
patterns. They have a stolon with downward
growing rhizoids that anchor the plant to the
substrate. Assimilators or erect fronds or leaves
are supported by the stolons. The assimilator's
structure can be ligulate as in the case of C.
prolifera, or it can have a central axis known as
a rachis. The rachis may possess lateral
branchlets called ramuli, which can be arranged
in a variety of ways and take diverse shapes
including terete, turbinate, clavate, peltate,
falcate and vesiculate. The distichous ramuli are
uniformly spaced out in opposition to one
another (C. taxifolia), irregular vesiculate ramuli
with no distinct arrangement (C. racemose) or
verticillate whorled ramuli (C. cuppresoides).
Caulerpa species can be eaten in some cases.
C. lentillifera and C. racemosa, both known as
'Sea grapes' are most frequently consumed in
Southeast Asia, Oceania and East Asia. They are
traditionally gathered from the wild and
marketed there. The species have a distinctive

‘sea’ flavour and a crunchy texture and are
used in salads. Caulerpa has other uses
besides as a food source including biore-
mediation, fertilizer and health and wellness.
Well researched Caulerpa antioxidant
chemicals are utilized to treat a variety of
illnesses and health concerns including cancer
It has been
demonstrated that Caulerpa is efficient at
filtering the water used to cultivate fish,

and cardiovascular conditions.

mollusks and shrimp (C. lentillifera). Invasive
plants of a different species, C. taxifolia, have
been found in the Mediterranean Sea, Australia
and Southern California where it has since been
eradicated.

Anticancer activities: C. taxifolia is excellent
marine green algae which produces enormous
bioactive compounds with more biological
activities. The species mediated Ag NPs has
superior anticancer activity against A549 lung
cancer cells. Moreover, the nanoparticles show
increased bioactivities including antibacterial,
antiviral, antimalarial, antioxidant, larvicidal and
wound healing properties (Zhang et al., 2020).
More interestingly, C. lentillifera is novel
bioresource agents for anticancer drugs
especially for hepatoma, leukemia and breast
and colorectal cancers (Nurkolis et al., 2023).
C. microphysa pepsin digested extracts inhibit
myelomonocytic leukaemia (WEHI-3) and
human promyelocytic leukaemia (HL-60) cell
lines (Lin et al., 2012).

2. 2. Laurencia J.NV. Lamouroux

Laurencia is a genus of Rhodophyta that can be
found at temperate and tropical shorelines, in
habitats from the littoral to the sublittoral and
at depths up to 65 meters. Thalli of the
macroalgae can branch and spread in both
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bilateral and omnidirectional patterns. On
stoloniferous holdfasts, its appendages might
have rhizoidal or discoidal appearances.
According to morphology, branches have a flat
or cylindrical shape. Branchlets can have a
shape that is blunt, truncate or claviform, and
they might be slightly stiff. As a genus,
Laurencia has demonstrated significant
diversity, with species having distinctive
characteristics that may be quickly identified
within the Laurencia complex. Using rbcl, the
molecular research has identified the genus
Laurenciella, which has similar morphology to
Laurencia but differs in several ways. During
2015, 1047 secondary metabolites from Laure-
ncia and Aplysia species have been collected.
Laurencia's complex chemical make up is
primarily related to both environmental and
hereditary causes. Humans have used the
genus for many years as food, medicines and
fertilizers.

Anticancer activities: Laurencia terpenoid
extract has negative effects on tumour growth
and immune modulation; while positively
influence on apoptosis of sarcoma 180 cell
lines. The ethanolic extracts of L. catarinensis
and L. majuscula show antimicrobial, anti-
oxidant and anticancer activities. The ethanol or
chloroform extract of L. papillosa exhibits the
highest levels of cytotoxicity against Jurkat
cancer cell line (acute lymphoblastic leukemia)
compared with the ethanol or water extract
(Tannoury et al., 2017). The methanol extract
of L. obusta shows antiproliferative effects and
inhibiting the human cancer cell lines, A549,
HCT15 and MCF-7 (Dellai et al., 2013). L. casp-
ica extract includes dodecane, undecane and
dodecane, 2, 6, 11- trimethyl as predominant
compounds, in turn inhibit proliferation of
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breast cancer T47D and HEK293 cells
(Moshfegh et al., 2019). L. okamurai extract
containing laurinterol induces apoptosis in
melanoma cells (B16F1) (Kim et al., 2008).

2.3. Sargassum C. Agardh

Sargassum is a genus of brown algae
in the class Phaeophyceae, a macroalgae in the
order Fucales. The genus is well known for its
planktonic species, which are widely distributed
throughout the temperate and tropical oceans
of the world. The species typically live in
shallow water and on coral reefs. Sargassum
appears to be an exception to the rule that
most species in Phaeophyceae are primarily
cold water organisms that benefit from
nutrients upwelling. Due to the abundance of
Sargassum, the Sargasso Sea in the Atlantic
Ocean was given its name. The algae reach the
lengths of several metres. They have a holdfast,
stipe and frond and are often brown or dark
green in colour. Oogonia and antheridia are
found in conceptacles that are integrated into
receptacles. Certain species fronds include
berry like gas filled bladders that aid in
flotation. Many are resistant to strong water
currents because of their rough, sticky texture
and sturdy flexible bodies.

Anticancer activities: The extract from S.
oligocystum shows the most effective
antitumour activity against Daudi and K562 cell
lines (Zandi et al.,, 2010). Similarly, the
deacetylated fucoidans from S. feldmannii
inhibit colony formation of human colon cancer
cells, DLD-1, HT-29 and HCT-116 (Usoltseva et
al., 2019). Fucoidan isolated from S. hornery
plays an inhibitory role in colony formation in
human melanoma and colon cancer cells in
turn act as effective antitumour agents
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(Ermakova et al., 2011). The cytotoxicity effect
of fucoidan from S. polycystum shows a higher
percentage of inhibition against the MCF-7 cell
line (Palanisamy et al., 2017). S. mcclurei inclu-
des SmF1, SmF2 and SmF3 fucoidans which are
sulfated heteropolysaccharides that contain
fucose, galactose, mannose, xylose and
glucose and act as anticancer agents. The
isolated fucoidan SdF from S. duplicatum also
exhibit anticarcinogenic activity in colon cancer
cells (Usoltseva et al., 2017). However, fucoidan
from S. cinereum expresses the anticancer
activity against Caco-2 cell line. Moreover, the
silver nanoparticles from S. incisifolium display
cytotoxic activity against cancerous cell lines,
HT-29 and MCF-7.

2.4. Chaetomorpha Kutzing

Caetomorpha is a macroalgae
belongs to the genus of green algae in
Cladophoraceae family. Common name of this
genus is 'Sea emarald'. The genus is composed
of microscopic filaments of cylindric cells. It is
distinguished by its unbranched filaments
which give it a characteristic appearance.
Thallus is bright to dark green, filamentous,
rigid and gregarious. Filaments are unbran-
ched, rough, twisted, loosely knotted with 10-
40 cm long. Cells are cylinder shaped in the
lower half and with mild constrictions at joints.
Basal cell has a lobed attachment. It grows
epiphytically on big algae in the middle
intertidal to subtidal zones on rocky, sandy-
muddy bottoms with stones and shells, and
producing floating and free lying interwoven
masses in calm shallow pools.

Anticancer activities: The silver nanoparticles
from C. linum show anticancer effectiveness
against colorectal carcinoma cells (HCT-116) by

an increase in the expression of apoptotic
caspase 3, caspase 9, BH3 and Bax, along with
a decrease in the antiapoptotic protein like Bcl-2
and Bcl-xl (Acharya et al.,, 2021). C. ligustica
exhibits antiproliferative effect against colon
cancer cell lines, HT29 and HCT116. The bio-
synthesized AgNPs from C. ligustica extract
also shows anticancer potential. Many of the
bioactive compounds identified from C.
brachygona are well known for significant
anticancer activities against cervical cancer cells
(Bcl-2) by the enhanced expression of Beclin 1
and LC3BIl (Majumder et al., 2020). Docking
studies in C. antennina confirms the occurrence
of carpesterol dehydrate and triazines as an
anticancer component; hence it can serve as a
promising antioxidant and anticancer agent
(Dubey et al., 2022).

2.5. Turbinaria JN. Lamouroux

Turbinaria is a macroalgae belongs to
brown algae (Phaeophyceae) found in tropical
marine waters. It is generally seen in rocky
substrate. The genus has an upright thallus
with blade bearing radially branching axes
having rough texture. The blades might be
stipitate, turbinate, crowned or obpyramidal,
among other shapes. It's shape is similar to a
long pinecone. A holdfast made up of widely
spaced branches sprouting from the major axis
holds the thallus erect. Receptacles, the mature
thalli's reproductive organs, protrude from the
tips of the stalks on the blades. Turbinaria is
used for its alginate extracts which is used in
food and drink, cosmetics, and pharmaceutical
goods as thickening, gelling and stabilizing
agents. In Indonesia, the young thalli of T.
ornata are eaten fresh, salted or with curry
sauce. Due to their ability to enhance growth
and serve as nutritional supplements, brown
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algae are frequently utilized in animal feed.
Prawn feeds with supplements of T. ornata
boost growth, survival and digestion. In many
Asian nations, Turbinaria is also applying as a
pesticide and fertilizer.

Anticancer activities: The fucoidan isolated
from T. conoides shows the anticancer activity.
The extracted fucoidan contains 53 + 0.69% of
fucose and 38 * 0.42% of sulphate in turn
causes antiproliferative effect on A549 cell line
(Marudhupandi et al., 2015). The ZnO nano-
particles from the hydroethanolic extract of T.
conoides are effective against a murine model
of Dalton's lymphoma ascites. Treatment with
ZnO-NPs and hydroethanolic extract decrease
the tumour volume, in turn increasing the
lifespan of DLA-bearing mice. The anticancer
activity of polysaccharides and modified
derivatives of fucoidan ToF2 in T. ornata again-
st several cancer cell lines are prominent in
pharmacology. Usually, the fucoidan ToF2 and
its derivative obtained by enzymatic hydrolysis
inhibit colony formation of human colorectal,
breast adenocarcinoma and malignant mela-
noma cell lines (Ermakova et al.,, 2016).
Hexadecanoic acid (HA) of T. ornata also shows
inhibitory effect on HT-29 human colon cancer
cells. The o-amylase inhibitory activity of native
fucoidan from T. ornata is the basic of NIDDM
therapy. The synthesized AuNPs using
hydromethanolic extract of T. decurrens show
anticancer effect and cytotoxicity against
human cancer cell lines.

2.6. Padina Adanson

Padina is a macroalgae belongs to the
brown algae in the family Dictyotaceae. The
genus is seen in tropical regions, although they
are seen in cooler temperate waters from South
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America to South East Asia. They have a
characteristic shape resembling a peacock tail
structure and are attached to hard substrate or
growing as epiphytes on larger seaweeds. With
a brownish off-white colouring, the thalli have a
flabellate look. The thallus is made up of cells
that are fan shaped, 2-8 layers thick and have
hairs covering the edges. It has a stipe attached
to its rhizoidal holdfast, and the blades of the
stipe prominently resemble several layers of
cells thick. The thalli appear to have apparent
zonations that produce coextensive rows of
rigid segments of hair. The number of cell
layers, the placement of sporangial sori in
relation to hair bands and the presence or
absence of hair bands on the lower thallus
surface is used to distinguish between different
species of Padina. The group is ecologically
significant macroalgae which function as
excellent bioindicators of aquatic pollution and
remediation in marine ecosystems.

Anticancer activities: The sulfated and
acetylated fucoidan fraction of P. boryana
contains fucose, galactose, mannose, glucose
and uronic acid. The native and modified
fucoidan fractions show anticancer effect
against the colorectal carcinoma cells, DLD-1
and HCT-116 (Usoltseva et al., 2018). Pd-NPs
induce antiproliferation of breast cancer MCF-7
cells and enhance mRNA expression of
apoptotic marker genes in the order of p53 >
bax > caspase 3 > caspase 9 at 125 ug/mL.
Hence, the PB extract capped Pd-NPs can be
used for successful clinical management of
MDR pathogens and breast cancer cells. The
polysaccharide, fucoidan, isolated from P.
tetrastromatica acts as capping and reducing
agent which exhibits antiproliferative activity on
HepG2 and A549 cell lines. The methanolic
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extract of P. pavonica shows anticancer activity
against lung carcinoma. Extract includes
phenols, terpenes, amino acids, alkaloids,
flavones, alcohols and fatty acids, induces
antibiofilm, antibacterial, antioxidant and
anticancer activities (Makhlof et al., 2023). The
methanol extract of P. pavonica possesses
cytotoxic activity against human cervix (Hela)
and breast cancer (MDA-MB-453) cell lines;
while the extracts did not exert any significant
cytotoxicity toward normal human fetal lung
fibroblast cells (MRC-5). Often, the extract
reduces the number of cells with distorted
shapes and condensed cytoplasm. Similarly,
fucoidan from P. distromatica shows inhibitory
effect against A-431, A-549, HL-60, HT-29 and
MCF-7 cell lines (Stanojkovic et al., 2013).

2.7. Gracilaria Greville

Gracilaria is a macroalgae belong to
Rhodophyta. It is notable for its economic
importance as an agarophyte and food for
humans and various species of Jellyfish. They
are found in warm waters throughout the world
and occur seasonally in temperate waters. It has
been traditionally cultivated as a source of agar.
A little discoid holdfast gives rise to an erect
thallus. The thalli typically have lateral,
alternating or subdichotomous branches which
are cylindrical, depressed or blade shaped.
Occasionally a single plant will have a variety of
branches. Many species have varied branch
apex and base styles. The thalli of some species
like G. eucheumaides, grow horizontally along
the substrate and develop secondary holdfasts
from the margin of branches.

Anticancer activities: Gracillaria extracts with
different solvents include bioactive components
as anticancer agents and antiplatelet
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aggregations. The n-hexane, ethyl acetate,
chloroform and ethanol extracts of G.
verrucosa act as anticolorectal cancer agent
that inhibits the proliferation of HCT-116 cells
(Kurniasari et al., 2018). G. corticata normally
shows cytotoxicity against Hela, K-562 and
MDA-MB cell lines. Butanolic extract of G.
corticata shows greater anticancer activity than
hexane and methanolic extracts. The species
exhibit anticancer activity against different
cancer cell lines including human promyelocytic
leukemia (HL-60), a human lung carcinoma
(A549) and a mouse melanoma (B16F10). The
alcoholic extract shows antiproliferative activity
against five important human cancer cell lines
(MCF-7, MDA-MB-231, Hela, HepG2 and HT-29)
proliferation, apoptosis and cell cycle arrest.
The methanol extract of G. edulis exhibits
antiproliferative and apoptotic activities against
human rhabdomyosarcoma (RD) and breast
adenocarcinoma (MCF-7) cells by activating the
caspase 3/7 pathway (Gunathilaka et al., 2020).

2.8. Gelidium ).N. Lamouroux

Gelidium is a genus of Rhodophyta in
the family Gelidiaceae. It is a macroalgae found
in tropical to temperate regions but lacking in
polar region. In the ocean they are seen in
intertidal to subtidal zone. Thalli branching are
irregular and producing tertaspores. Irregular
branching occurs in rows on either side of the
main stem. Thalli are cartilaginous, blackish-red
color when slightly dry and forming turf. Many
of the algae in this genus are harvested for
agar.

Anticancer activities: Matrix
metalloproteinase-9 (MMP-9) from G. crinale is
a proteolytic metalloenzyme that degrades the

central part of the extracellular matrix (ECM)
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and promotes tumour metastasis. Sulfated
polysaccharide from G. crinale influences on
tumour metastasis and MMP-9 expression of
human fibrosarcoma (HT1080) cells in turn
influence excellent activity in inhibition on
migration and invasion (Zheng et al., 2022).
The compounds of G. latifolium inhibit the
growth of human cancer cells by causing
cytotoxicity in HelLa and Caco2 in turn cause
apoptosis and boost the immune system
(Prasedya et al., 2018).

2.9. Ulva Linnaeus

Ulva is an edible macroalgae belongs
to Chlorophyta and the family Ulvaceae which
are widely distributed along the coasts of the
world's oceans. They are commonly called as
‘Sea lettuce’. It has light to dark green in colour
and thallus attached by disc holdfast. They have
a leaf like flattened structure and eaten by
different sea animals like manatees and sea
hares. Many species of Ulva are food source for
humans in China, Japan and Ireland. Humans
use sea lettuce raw in salads or use to prepare
soups. It is high in protiens, dietary fibres,
vitamins and minerals like iron. Ulva also caus-
es a major public health scare as it decom-
posed. The rotting leaves of this produce a
toxic gas hydrogen sulphide.

Anticancer activities: U. rigida exhibits the
most potent antiproliferative effect on EAC cell
line in a dose dependent manner. Treatment
with methanol or chloroform extract of U.
rigida results in significant reductions in the
level of lipid peroxidation (salem & Ibrahim,
2011). Sulfated polysaccharides isolated from
U. fasciata show in vitro antioxidant and
antitumour activities. The concentrated extract
of U. lactuca exhibits anticancer activity against

— 16

breast MCF-7 and colorectal HCT-116 cells with
IC,, ranging from 21 pg/mL to 99 pg/mL due to
the presence of metabolites including steroids,
glycosides, flavonoids and tannins. Biogenic
silver nanoparticles (U-AgNPs) using marine
green macroalga, U. lactuca extract exhibits the
mechanism behind its anticancer activity
against the human colon cancer (HCT-116). The
cytotoxicity reveals the dose dependent cell
death in colon cancer cells with no loss of
viability in normal human colon epithelial cells.
AgNPs treated cancer cells show the rise in
proapoptotic markers (P53, Bax, and P21) and
decline in antiapoptotic markers (Bcl-2), thus
confirming the p53 dependent apoptosis
mediated cell death in HCT-116 (Acharya et al.,
2022).

2.10. Chara Linnaeus

Chara is a macroalgae belongs to
Chlorophyta in the family Characeae. Because
of their stem like and leaf like structures, it
resembles to land plants. They are found in
fresh water where they grow submerged or
attached to the muddy bottom. The genus
prefers less oxygenated and hard water and not
found in waters where mosquito larvae present.
They are also known as ‘Stoneworts’ because of
the covering with calcium carbonates. Nitrogen
fixing cyanobacteria found growing as
epiphytes on surface of Chara. The plant is a
gametophyte which consists of the main axis
that differentiated into nodes and internodes.
The branches are dimorphic, long branch of
unlimited growth and short branches of limited
growth. The rhizoids are multicellular with
oblique septa and stipuloides form needle
shaped structures at the base of secondary
laterals.

Anticancer activities: About 89 chemical
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constituents identified in ethanol extract of C.
baltica. The extract shows anticancer activity
against cancer cell lines MCF-7, DLD-1, Hela,
FADU, A549 and SKOV3 (Tatipamula et al.,
2019). The cytotoxicity of the aqueous extract
and crude alcohol extract of C. elegans clearly
visible on the cancer cells line, Hela. Hence, it is
a promising alga in treatment of cancer
through its inhibition of the proliferation on
cancer cells (Mohammed et al., 2018).

2.11. Spirulina Turpin ex Gomont

Spirulina is symbiotic, multicellular
and filamentous blue green microalgae. The
aqguatic organisms inhabit in fresh water alka-
line lakes. However some species are found in
marine ecosystem. They are mesophilic and are
able to survive over a wide range of
temperatures. They are filamentous, undiffer-
entiated and rod or disc shaped. The main
photosynthetic pigment is blue coloured
phycocyanin, also contain chlorophyll a and
carotenes. Gas vesicles give them buoyancy in
the aquatic environment. They reproduce by
fission. Spirulina is consumed by humans and
animals. They have significantly high macro
and micronutrient value; hence used as food
supplement in the dietary or whole food,
aquaculture, poultry and aquarium.

Anticancer activities: S. neglecta exhibits the
anticarcinogenicity. The cytotoxic effects of S.
platensis hot methanolic extracts on L20B and
MCF-7 human cancer cell lines are prominent.
The phytochemical compounds from extracts
including alkaloids, phenols, terpenes, steroids,
flavones, resins, saponines, proteins, amino
acids and tannins cause the cytotoxicity (Fayyad
et al., 2019). Polysaccharides from S. platensis
with the highest degree of sulfation

demonstrate maximum anticancer activity
against MCF-7 breast cancer cell line. The
anticancer activity of the commercial Spirulina
product against lung cancer cells strongly
supports the knowledge of the chemo
preventive properties of Spirulina species.
Spirulina product reduces the phosphorylation
of Akt and Rb proteins and the expression of
cyclin D1 and CDK4, while increasing the Bax to
Bcl-2 ratio in the A549 cells (Czerwonka et al.,
2018).

2.12. Spirogyra Link

Spirogyra is a macroalgae belongs to
filamentous Chlorophyta of order Zygne-
matales. They have helical or spiral arrange-
ment of chloroplasts, characteristics of the
genus. It is commonly known as 'Sare water
silk', '"Mermaids tresses' and 'Blanket weed'. The
vegetative structure of Spirogyra is filamentous
that is branched or unbranched. Multicellular
thallus with each cylindrical cell attached end to
end to form a ring structure. It has a cell wall,
nucleus, pyrenoid and spiral chloroplast. The
freshwater genus found as green slimy patches
on the ground near ponds and other water
bodies having stagnant water.

Anticancer activities: The galloyl glucose
derivates in methanol extract of Spirogyra
varians could be used as antimicrobial and
anticancer agents. S. porticalis methanol
extract provides protection from hypoxia-
induced oxidative stress. The extract shows
cytotoxic activity on human hepatocellular
carcinoma HepG2 and colon carcinoma RKO
cell lines due to the presence of fatty acid
esters, sterols, unsaturated alcohols and
alkynes having substantial phyto pharma-
ceutical importance (Kumar et al.,, 2015).
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Methanolic extract of S. triplicata exhibits anti-
cancer proliferative activity against MCF-7,
A549, HEPG2, REH and MOLT4 cell lines. In the
extract, GC-MS clearly indicates the presence of
nineteen major components and twenty three
minor components which have more or less
bioactivity and would help in therapeutics in
future (Mridha et al., 2020).

2.13. Chlorella Beyerinck (Beijerinck)

Chlorella is a green unicellular micro-
alga belongs to Chlorophyta in the family Chlo-
rellaceae. It is the single celled genus. The cells
are spherical in shape and are without flagella.
Their chloroplast has green photosynthetic
pigments, chlorophyll a and chlorophyll b. Chlo-
rella is a best food source due to its high
protein content and essential nutrients. The dri-
ed form contains 45% protein, 20% fat, 20% car-
bohydrates, 5% fibre, and 10% minerals and
vitamins; hence, they are considered as super
foods.

Anticancer activities: Au/cellulose nanoco-
mposite synthesized from Chlorella species
shows anticancer activity against A549 cancer
lung cells and HEL299 normal lung fibroblasts
by increasing the relative expression of tumour
suppressor 53 (p53) (Hamouda et al., 2021). C.
vulgaris showed marked cytotoxicity against
breast cancer, MCF-7 cell lines due to the pres-
ence of phenol and flavonoid conte-nts. C. vulg-
aris exhibits antioxidant and anticancer activity
against Hela cancer cell lines by the activity of
(2E,7R,11R)-3,7,11,15-tetramethyl-2-hexadece-
nol (Jayshree et al., 2016). The silver nanopar-
ticles (AgNPs) synthesized from the chloroform
extract have anticancer activity against MCF-7
and 4T1 cells by the presence of hexanedioic
acid, bis (2-ethylhexyl) ester, neophytadiene,
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eicosane, hexatria-contane and 13-Docos-
enamide, (2). The formu-lation could lead to the
development of potent therapeutic agents
against breast cancer with reduced or no side
effect (Hussein et al., 2020).

2.14. Nostoc Vaucher ex Bornet & Flahault

Nostoc is the most common species of
cyanobacteria that may form colonies made up
of filaments of moniliform cells encased in a
gelatinous sheath of polysaccharides and found
in a various environments. It is a genus of gram
negative, photosynthetic cyanobacteria that can
be found in both aquatic and terrestrial
settings. The algae develop symbiotically within
the tissues of plants, supplying its host with
nitrogen via the activity of terminally differe-
ntiated cells known as heterocysts. Nostoc is
occasionally found in aquatic environments, on
moist rocks, in soil, and at the bottom of lakes
and springs. Many species have an outer layer
and a thick inner matrix of polysaccharides that
give them their "jelly-like" or gelatinous appear-
ance. These polysaccharides also serve as a
layer of defense against their surroundings and
can aid in the absorption of moisture. This
enables them to endure challenging circum-
stances like erratic temperatures, drought, salt
stress, desiccation, UV radiation and pathogen
invasion. Depending on the species, the
colonies can be found as mats or gelatinous
masses that range in colour from brown to
yellow to green and are made up of aggregated
trichomes. Certain Nostoc species can also go
into quiescent states that help them to survive
harsh environments and enables them to start
their metabolism again when rehydrated.

Anticancer activities: Phycobiliprotein,
phenolic compounds, flavonoids, tannins etc.
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are present in Nostoc species. N. linckia extract
shows anticancer activity against the cell lines
like A549, Hela, HCT 116, and MCF-7. More-
over, the species can resist under heavy metal
stress and it can act as the strategy to reduce
the water pollution (Ramadan et al., 1972).
Methanolic extract of Nostoc sp. N42 shows
cytotoxicity against liver and lung cancer cells.
The polysaccharides isolated from N. commune
exhibit strong antimicrobial and antioxidant
activities against growth and proliferation of
MCF-7 and DLD1 cells. Similarly, N. entophytum
has effective anticancer properties against
tumour cells (Guo et al., 2015).

3. Outlook
Algae are rich in phytochemicals and
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Abstract: Bryophytes, "amphibians of plant kingdom", are primitive group of non vascular land
plants which inhabit damp, shaded and humid localities. Exceptionally, a few are floating in water
even though they are with gametophytic and sporophytic phases. The plant group is intermediate
between algae and pteridophytes that broadly classified into 3 lineages viz. Marchantiophyta
(Liverworts), Bryophyta (Mosses) and Anthocerophyta (Hornworts). About 18500 species are
identified till date which distributed all over the world. These are poorly studied plant groups in
turn using in many of the traditional medicines due to the presence of secondary metabolites
having pharmaceutical activities. To date, by conducting an extensive screening for anticancer
activity in approximately 35,000 plants species, the National Cancer Institute (NCI) has built a
database of 3,000 plant species with reproducible anticancer activity. Most commonly, the
liverwort and moss metabolites including phenolic compounds, terpenoids, bibenzyls and (bis)
bibenzyls show cytotoxic activity against many of the cancer cell lines. Various secondary
metabolites extracted from bryophytes such as marchantin A, marchantin C, bisbibenzyls,
riccardin, 2 alpha 5 beta- dihidroxyboranane-2-cinnamate, costunolide, tulipinolide, jungerma-
nnenone, Radulapin, (-)-ent-Arbusculin B, (-)-entcostunolide, eudesmanolides, germacranolides
and guaianolides shows tumour suppressing activity towards various cancer cell lines.

Keywords: Anticancer, bryophytes, phenols, terpenoids, bibenzyls

ancer is a broad collection of illnesses

that can begin in practically any organ

or tissue of the body. These illnesses
are brought on when abnormal cells grow out
of control, cross their normal boundaries to
infect nearby body parts and spread to other
organs. Plants are a source of anticancer
chemicals, and it has been demonstrated that
their derivatives can be used to cure or prevent
cancer in people. The prevention of cancer
depends heavily on plant secondary metabol-

ites such as flavonoids, polyphenols, anthra-
quinones, triterpenoids, alkaloids, terpenoids
and quinones. Even if some natural chemicals
have specific anticancer effects according to
their physicochemical characteristics, a number
of new secondary metabolites are derived from
plants every year, offering a supply of
possibilities to study against malignant
disorders. When aberrant cells proliferate
uncontrollably, cross their normal borders to
infiltrate other body parts and move to other
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organs in turn result in cancer, a broad categ-
ory of disorders which can begin in nearly any
organ or tissue of the body.

Generally, the bryophytes are nonvas-
cular, small, green, simple, spore bearing pla-
nts and having relatively large perennial,
photosynthetic, free living, haploid gametophy-
tes and unbranched diploid sporophytes that
remain attached to the maternal gametophyte
throughout their lifespan. Thus it is heteromor-
phic in their lifespan (Shaw & Beer, 1999). The
primitive group of land plants inhabits damp
and shaded and humid localities, while a few of
them are floating in water. The term 'Bryophyta'
drived from Greek words Bryon (moss) and Phy-
ton (plants). These non vascular plants commo-
nly called "Amphibians of plant kingdom" which
occurs intermediate position between algae
and pteridophytes. Bryophytes are broadly clas-
sified into 3 lineages viz. Marchantiophyta
(Liverworts), Bryophyta (Mosses) and Anthoce-
rophyta (Hornworts) and that include about
18500 species, distributed all over the world.
Among them, some of the species show anti-
cancerous properties.

1. Anticancer plants in Marchantiales

1.1. Marchantia L.

Marcantia is the most common highly
differentiated genus grows in large mats.
Thallus is dichotomously branched, green to
dark green coloured with broad and distinct
midrib bearing saucer shaped gemma cups.
The rhizoids are two kinds, smooth walled and
tuberculate. Sexually matured thallus bears
gamatangiophores, antheridiophores and
archegoniophores (Vasishta, 1963).

Anticancer activities: Marchantin A, a cyclic bis

(bibenzyl ether), isolated from the liverwort, M.
emarginata subsp. tosana, induces apoptosis
in human MCF-7 breast cancer cells (Huang et
al., 2010). Marchantin A, (cyclic bis (bibenzyl
ether) and plagiochin E (macrocyclic bis (bibe-
nzyl) isolated from M. polymorpha which are
responsible for its anticancer and antifungal
activity respectively (Jantwal, 2019). The ethyl
acetate extract of M. convoluta is most cytoto-
xic against human non small cell lung carcino-
ma cell lines, H1299 and human liver carcin-
oma, HepG2 (Chen, 2006). Marchantin A obtai-
ned from M. paleacea, M. polymorpha and M.
tosana, has shown cytotoxicity against the leuk-
emic KB cells (Jantwal, 2019). Marchantin A
from M. emarginata sub sp. tosana which effe-
ctively actuates cell development restraint in
human breast cancer cells (MCF-7) (Jantwal,
2019).

1.2. Plagiochasma Lehm. & Lindenb.

Plagiochasma species grow on exp-
osed conditions and prefer calcium as rich sub-
strate. The gametophytic plant body is thalloid
with ill defined midrib. Ventral surface bears 2
rows of ventral scales. Both smooth walled and
tuberculate rhizoids are present (Vasishta,
1963).

Anticancer activities: P. appendiculatum
shows the presence of alkaloids, flavonoids,
carbohydrates, phenols, terpenes, steroids, gly-
cosides and lipids. The liverwort is a rich source
of bisbibenzyls including marchantin A-C, ricc-
ardin C, riccardin D and neomarchantin A. The
bisbibenzyls isolated from P. appendiculatum
show excellent antitumour and antifungal acti-
vities (Zhao, 2022).

1.3. Dumortiera Nees
Monoicous or dioicous, dark greenish
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thallus of the species is formed in dense over-
lapping patches as mats in comparatively less
illuminated areas along streamside or on wet
rocks. The dorsal surface is smooth without air
pores. The ventral scales are in two rows, sex
organs formed on stalked receptacles, invo-
lucres tubular, pseudoperianth absent, seta
short, capsule wall single layered, dehiscence of
capsule by the splitting of wall into irregular
longitudinal valves, elaters long and 2-3 spiral
(Mufeed, 2021).

Anticancer activities: Riccardin D is a novel
macrocyclic bisbibenzyl compound extracted
from Chinese liverwort plant, D. hirsuta. The
compound is a DNA topo Il inhibitor and has
therapeutic potential for treatment of cancers.
It displays the anticancer effect on growth of
human lung carcinoma cells by the inhibitory
activity of riccardin D and related angiogenesis
Xue, 2012).

1.4. Conocephalum Hill

The thalli are flat, smooth and have a
pungent odour. They have dark green, leathery
surfaces and purplish edges. The surface of the
thalli is covered with a series of lines and air
pores that may be seen in the spaces in betw-
een the lines. Thallus is dichotomously bran-
ched, dorsal surface with elongated polygonal
areas with elevated air pores in the middle and
margin hyaline. Airpores are simple and surrou-
nded by 4-6 concentric rings of 6-8 cells. Ventr-
al scales are large, hyaline or slightly purplish
and one row on either side of midrib. Air cham-
bers are in single row and photosynthetic filam-
ents vestigial. The male receptacle is terminal,
sessile, discoid and unlobed. The female rece-
ptacle is stalked, carpocephalum conical, not
deeply lobed, pseudoperianth absent, peduncle

with single rhizoid furrow, involucres tubular, 7-
8 per receptacle and each bear single sporog-
onium. The capsule wall is unistratose, cells
with annular thickening, dehiscence by splitting
in to 4-8 valves and spores with lamellate orna-
mentation (Mufeed, 2021).

Anticancer activities: Presence of monoter-
penes has been recorded from the liverwort C.
conicum. A monoterpene ester, 2 alpha, 5 beta-
dihidroxyboranane-2-cinnamate, from Chinese
C. conicum is cytotoxic against human HepG2
cells (Adam, 1998).

1.5. Asterella P. Beauv

Thallus is prostrate, aromatic and
dichotomously branched. Fleshy thallus is leath-
ery, dorsal surface smooth with air pores, ven-
tral surface and scales usually purplish, rhizoids
smooth or pegged. Thallus differentiated into
photosynthetic region and storage region. Pho-
tosynthetic region is aerenchymatous, usually
with empty air chambers in many rows, storage
region broad. Midrib is absent (Mufeed, 2021).

Anticancer activities: Marchantin C, isolated
from Asterella angusta, strongly inhibits the
growth of human cervical tumour. It is a novel
microtubule inhibitor that induces mitotic arrest
of tumour cells and suppresses tumour cell
growth (Nandy, 2020).

2. Anticancer plants in Metzgeriales

2.1. Riccardia L.

The monoecious or dioicous thallus is
narrow, delicate, irregularly or pinnately
branched. Rhizoids are scarce in nature. The oil
bodies present in the epidermal cells;
antheridial branches once or twice arched,
archegonial branches short, antheridial
branches branched; calyptra cylindrical or
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clavate, seta elongated; capsule blackish-
brown, ovoid or slightly cylindrical, dehiscing by
4 valves; spores spherical or globose, pale
yellow or brown, elaters unispiraled, broad in
the middle, sometimes branched (Mufeed,
2021).

Anticancer properties: The majority of Hepati-
cae have been shown to primarily consist of
lipophilic mono-, sesqui- and diterpenoids, aro-
matic compounds (bibenzyls, bis-bibenzyls,
benzoates, cinnamates, long-chain alkyl phen-
ols, naphthalenes and phthalides) and lipids.
Riccardins A and B from R. multifida inhibit KB
cells. R. perrottetii contained plagiochiline and
perrottetin E shows cytotoxicity against KB cell
(Alam, 2012).

3. Anticancer plants in Jungermanniales

3.1. Frullania Raddi

The gametothallus is dorsiventral and
differentiated into a branched, prostrate,
central stem like axis and leaves. The stem is
pinnately or bipinnately branched. The leaves
on the stem are inserted in three rows. There
are two rows of dorsal leaves arranged laterally
on the stem. A third row of smaller leaves arra-
nged on the lower or ventral side of the stem,
known as the underleaves or amphigastria. The
closely set lateral (dorsal) leaves are almost tra-
nsversely inserted on the stem with the anterior
edge of each leaf covering the posterior edge of
the leaf in front. Such an overlapping arran-
gement of the leaves is described as incubous.
Each lateral leaf is bilobed (Vasishta, 1867).

Anticancer activities: The sesquiterpenoids,
costunolide and tulipinolide, isolated from F.
monocera show the anticancer activity against
human carcinoma of the nasopharynx (Chand-
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ra, 2017). An extract from F. nisquallensis exhi-
bits anticancer activity against lung cancer cells.

3.2. Porella L.

Porella (Madotheca) is generally found
in the moist, shady places growing flat on logs,
tree trunks and rocks over which water trickles.
It grows in dense layers forming large mats
closely covering substratum. The plant body is
greenish, leafy and fairly large up to 15 ¢cm or
even more in length. It consists of a branched
central axis or stem that bears leaf like expan-
sions. The stem is thin and cylindrical and bears
branches in a bipinnate or tripinnate manner.
The branching is monopodial. The branch pri-
mordium lies close to the apical cell. The stem
and branches bear two kinds of leaves, large
dorsal and small ventral. They are arranged in
three rows .The dorsal leaves are closely set in
two lateral rows (Vasishta, 1963).

Anticancer activities: P. cordeuna consisted of
sesquiterpenes, pinguisanin, norpinguisone
methyl ester, porella pinguisanolide, porella
pinguisenone, spiropinguisan and striatenone.
Pinguisanin and porella pinguisenone show
selective activity against the RADS52 strain
RS322YK of Saccharomyces cerevisiae and
inactive against the wild type strain RS188N
(RAD). The compound, drimenin 111, is
inactive in P388 (Murine leukemia) and CHO
(Chinese hamster ovary) cytotoxicity assays.
The extract shows cytotoxicity against breast,
colon and lung cancer cells (Harrigan, 1993).

3.3. Jungermannia L.

The majority of the species can be
found in temperate climates with succubus
leaves. The leaves are unlobed with a smooth
edge. The perianth is terminal on the leading
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shoot. When the plants branched, the branches
do not emerge from the base of stem. Rhizoids
are found all over the underside of stem, not
just in a few concentrated areas close to the
under leaves (Vasishta, 1963).

Anticancer activities: Ent-kaurane diterpe-
noids, jungermannenone A and B, exhibit the
highest cytotoxic activity against several cancer
cell lines. Jungermannenone A and B are able to
arrest the cell cycle, induce apoptosis and cause
mitochondrial damage. Jungermannenone A
(1.5 pmol/L) causes a significant increase in PC-
3 apoptotic cells (Cianciullo, 2022).

3.4. Radula Dumort.

It is a leafy liverwort. In a protected
wet outdoor setting, the plants appear as a
scaly, green surface on the trunk of a tree, log
or rock. The leaves have two uneven lobes and
are rounded with overlap. Folded beneath the
bigger lobe is the smaller one (Mufeed, 2021)

Anticancer activities: The prenylated
bibenzyls, radulapin A-H, from R. apicata, 2-
carbomethoxy-3,5dihydroxystilbene and 3, 5-
dimethoxybibenzyl from R. amoena exhibit
cytotoxic activity against several cancer cell
lines (Zhang, 2019). The extract of R. margi-
nata is cytotoxic against breast, lung and colon
cancer cells.

3.5. Diplophyllum (Dumort.) Dumort.

In hilly areas with base poor acid soils,
D. albicans is one of the commonest leafy
liverworts. Oddly for such a distinctive looking
liverwort, it is quite variable in size, colour and
growth form. Plants are usually in thin flat
patches or mats. Stems are with few intercalary
and axillary branches, usually with subfloral
innovations; cortex in 3-5 layers, cells some-
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what to strongly flattened, smaller, more stron-
gly thick walled than medullary cells; branches
few; rhizoids scattered, colorless. Leaves are
complicate 2 lobed with smaller dorsal and
larger ventral lobes, not decurrent, the most
proximal leaves usually smaller, rounded to
apiculate, sheathing, nearly or almost parallel to
the stem (Redfearn, 2008).

Anticancer activities: Diplophyllin from D.
albicans and D. taxifolium has methylene- lact-
one unit that shows significant activity against
human epidermoid carcinoma (Marko, 2001).

3.6. Hepatostolonophora ). ). Engel & R. M.
Schust.

It is a taxonomic genus having a
group of leafy liverworts forming mats.
Branches are mostly of lateral-intercalary type;
Frullania type branches less common;
Andrewsianthus type present in Evansianthus;
ventral-intercalary branches much less
frequent, present in some taxa. Rhizoids are
typically from stem in a sharply defined region
at under leaf base, in Leptophyllopsis from cells
of underleaf. Leaves are alternate to subop-
posite (Engel & Briscoe, 2021).

Anticancer activities: (-)-ent-Arbusculin B and
(-)-entcostunolide from H. paucistipula show
cytotoxic activity against P388 murine leukemia
cells, with IC,, values of 1.1 and 0.7 pug/mL, res-
pectively (Baek et al., 2003).

3.7. Lophocolea (Dumort.) Dumort.

Plants are vyellowish green to light
green, sparingly branched, prostrate, delicate,
branches lateral or intercalary; stem usually
undifferentiated, rarely outer layers thick wall-
ed; leaves closely imbricate or distant, alternate,
ovate to oblong, quadrate or rectangular,
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usually entire at margins, rarely toothed; apex
acute, retuse or obtuse; cells thin walled, with
or without trigones; under leaves remote, free
or narrowly united at base with leaves, usually
deeply bilobed; dioecious or monoecious, male
and female inflorescence terminal or intercalary
on main branches or lateral branches, perianth
oblong or campanulate, usually triplicate;
capsule ovoid or dark brown, spores granulate,
elaters bispiral (Mufeed, 2021).

Anticancer activities: Several sesquiterpene
lactones such as eudesmanolides, germacrano-
lides and guaianolides isolated from liverworts
exhibit cytotoxic activity against KB nasophary-
ngeal and P-388 lymphocytic leukemia cells.
However, L. heterophylla shows cytotoxicity
against P-388 cells (Cianciullo, 2022).

4. Anticancer plants in Porellales

4.1. Lepidolaena Dumort.

The leaves of leafy forms lack a midrib
and often have lobes, flaps or pockets. Thalloid
liverworts form a flat growth (thallus) on the
substrate. Some have pores. Liverworts are
attached to the substrate with single celled
filaments, rhizoids. The sporophyte, consisting
of a stalk or seta and capsule, is very delicate,
short lived and often greatly reduced in size.
The capsule opens by splitting into segments.

Anticancer activities: 8, 9-Secokauranes,
rabdoumbrosanin and 8,14-epoxyrabdoumbro-
sanin, isolated from a New Zealand L. taylorii
show in vitro and in vivo model system for
antitumour activity (Bandyopadhyay, 2022).

5. Anticancer plants in Ptilidiales

5.1. Ptilidium Nees
The plants grow in dense mats, with

— 28

stems growing either prostrate or ascending.
Individual stems are once or twice pinnate,
rarely with branches and only a few short
rhizoids. The leaves are incubous and divided
deeply into three to five portions, and edges of
the leaf divisions are fringed with cilia. The
under leaves are similar to the lateral leaves,
but are slightly smaller. All species are dioec-
ious, producing antheridia and archegonia on
separate plants. The archegonia are terminal on
a main stem. Mature sporophytes develop from
a large perianth with three distal folds.

Anticancer properties: Cytotoxicity of different
secondary metabolites isolated from the
liverwort P. pulcherrimum have been reported
against the PC3, MDA-MB-231 and Hela cell
lines of which ursane triterpenoids had shown
moderate cytotoxicity against PC3 Cells (Guo,
2009).

6. Anticancer plants in Polytrichales

6.1. Polytrichum Hedw.

Polytrichum is one of the largest
mosses. It is commonly called the hairy cap
moss because of the luzzy calyptra enclosing
the mature capsule. The genus comprises over
100 species found all over the world. P. comm-
une is a cosmopolitan perennial woodland
moss which occurs in clonal groupings. Many
aerial leafy stems are interconnected by
underground rhizomes. The erect aerial shoots
may attain a length up to 45 cm and the
rhizomes may reach a depth of about 30 cm.
The conspicuous part of the plant body is an
erect leafy shoot, but it is not the entire
gametophyte. In fact the leafy shoots arise from
the haploid branched, alga like, green
filamentous structure called the protonema
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(Vasishta, 1963).

Anticancer activities: P. commune plays very
significant role especially for the therapy of
lymphocytic leukemia. It has been found that P.
ohioense and P. pallidisetum show cytotoxicity
against the 9PS murine leukemia and several
other tumour cell lines (Chandra, 2017).

7. Anticancer plants in Bryales

7.1. Bryum Hedw.

Plants usually short, up to 2 ¢cm high;
pure white, silver green, yellow, yellowish green
and green with red tints; stem julaceous or
gemmiform; leaves usually shorter, 1.5 mm
long, ovate-lanceolate, base not decurrent;
apex broadly rounded to acute; costa
percurrent or excurrent; alar cells usually
absent or somewhat differentiated in juxta
costal region; sporophytes seen on tip of the
plant, seta long twisted when dry, capsule
inclined to pendent, ovate or clavate to
pyriform, spores finely papillose, pale brown or
yellow brown in colour (Mufeed, 2021).

Anticancer activities: Plants have the ability to
synthesize aromatic substances such as phen-
olic and nitrogen containing compounds, vita-
mins, terpenoids and some other endogenous
metabolites, which are active against herbiv-
ores, insects, bacteria and fungi. The extract
inhibits the genotoxic activity of H,0,. Methanol
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Abstract: Human has been interacting with plants from the beginning of human existence. Plants
have provided humans with basic needs such as sustenance, firewood, livestock feed, and wood.
Approximately there are over 3 million vascular plants on the earth. As the first vascular plants,
pteridophytes are an ancient lineage, and human beings have been exploring and using taxa from
this lineage for over 2000 years because of their beneficial properties. About 13,600 species of
ferns are distributed in worldwide. In India, Himalayas, Western and Eastern Ghats, and Pachmarhi
Biosphere Reserve are major distribution of pteridophytes. They remain underexplored in ethno
botanical aspects, than any other vascular plants despite being regarded as a valuable component
of healthcare. Cancer is one of the leading causes of death and globally the numbers of cases on
cancer are increasing gradually. Among the anticancer drugs, about 50% come from natural
products as isolated or semisynthetic or related synthetic compounds and plants represent
important source of these substances. Among all the pteridophytes examined, taxa from the
Polypodiaceae, Pteridaceae, Davalliaceae and Aspleniaceae contain more anticancer compounds
like taxol, Vinca alkaloids, camptothecin, podophyllotoxins etc.

Keywords: Anticancer, pteridophytes, ethno botany, Western-Ghats, alkaloids

ancer is a group of diseases and prevention are keys to managing cancer

characterized by the uncontrolled andimproving outcomes.

growth and spread of abnormal cells.
There are many types of cancer including lung,
breast, prostate and colon cancer. Risk factors
for cancer include smoking, excessive alcohol

Pteridophytes are a group of vascular
plants that include ferns, horsetails and club
mosses. They have been used in traditional
medicine for centuries, and several species
have been found to have medicinal properties.
Some of the medicinal pteridophytes are the
following. Maidenhair fern (Adiantum capillus-

consumption, exposure to chemicals and
toxins, certain infections and inherited genetic
mutations. Symptoms of cancer include fatigue,
pain, changes in the skin and unexplained
weight loss. Treatment options for cancer
consists surgery, radiation therapy, chemo-
therapy and targeted therapy. Early detection

veneris): The fronds of the ferns have been
traditionally used to treat respiratory problems
such as asthma, bronchitis and coughs.
Horsetail (Equisetum arvense). It has been
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traditionally used to treat a variety of ailments
including kidney and bladder problems,
wounds and bone fractures. Club moss (Lyco-
podium clavatum): The fern is used to treat a
variety of conditions including diarrhea, indige-
stion and rheumatism. Ferns have been found
to have potential anticancer properties. Some
studies have shown that compounds found in
ferns such as flavonoids and polysaccharides,
can inhibit the growth of cancer cells and ind-
uce apoptosis in certain types of cancer cells.
Additionally, they have also been found to have
antiinflammatory and antioxidant properties,
which may also contribute to their potential as
anticancer agents. However, more research is
needed to fully understand the mechanisms of
action and potential therapeutic uses of ferns in
cancer treatment. Some studies have shown
that extracts from certain ferns have the ability
to inhibit the growth of cancer cells in lab tests.
However, more research is needed to determ-
ine the effectiveness and safety of these plants
in humans. Some examples of ferns that have
been studied for their potential anticancer prop-
erties include Dryopteris crassirhizoma, Polyp-
odium leucotomos and Pteris cretica.

1. Anticancer compounds in pteridophytes
Plants including pteridophytes are
most common source of anticancer agents like
apigenin, chrysoeriol, luteolin and tricin as well
as their O-glycosylated or C-glycosylated forms.
A majority of the anticancer activity of ferns is
reported to be attributed to phenolic compo-
unds, particularly flavonoids and their O-glyco-
sides. In vivo as well as in vitro flavonoids are
powerful antioxidants with anticancer prope-
rties. Flavonoids from different ferns show both
of these properties. Amentoflavone found in
Psilotaceae and its monomer apigenin is prim-
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arily contained in this family of plants has only
been discovered that biflavonoids occur in
Osmundaceae and Cyatheaceae so far. Flavo-
nols are the main constituents of Ophioglos-
saceae. Several flavonoids derived from ferns
along with their O-glycosides can be found in
most plant kingdoms. These are quercetin and
kaempferol; the flavanone naringenin; the flavo-
nes apigenin, isoorientin, tricetin, vicenin-2 and
vitexin; and the 3-deoxyanthocyanins, apigen-
idin and luteolinidin etc. Among the mechan-
isms by which they work are a reduction in DNA
polymerase activity, suppression of NF-kB, decr-
easing of Bcl-2 expression as well as suppre-
ssion of MMP-1, p38 MAPK and c-Jun N-terminal
kinase.

2. Anticancer plants in pteridophytes

2.1. Microsorum Link

Microsorum belongs to family
Polypodiaceae, is a terrestrial epiphytic fern.
Rhizomes are long or short creeping. Rhizome
scales are clathrate, squarrose or appressed.
Fronds are monomorphic or dimorphic and
articulated to short stalks called phyllopodia.
Laminae are undivided, variously lobed or
deeply pinnatifid. Veins are reticulated, areoles
with free included veinlets. Sori are round or
slightly elongate, superficial or impressed into
the lamina and bulging on upper surface.
Paraphyses absent or sometimes present as
simple uniseriate hairs. Spores are monolete,
bilaterally symmetrical, granulate to tuber-
culate.

Anticancer activities: The genus includes two
important species that shows anticancer
properties. M. pustulatum uses by people of
Dayak Tribes in Central Kalimantan for antit-
umour medicines. Hexane extract of M. pustu-
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latum rhizomes is potential to inhibit tumour
growth in mice (Neneng et al., 2020). M. gros-
sum has been used to cure liver cancer (Petard
& Raau, 1972; Defilpps et al., 1988).

2.2. Drynaria (Bory) J.Sm.

It is commonly known as 'Basket fern'
which are epiphytes or lithophytes coming
under family Polypodiaceae with creeping,
branched and densely scaly rhizome. Scales are
dark brown, linear or lanceolate and acuminate
at end. Fronds are dimorphic, sterile and
fertile. Sterile bracket fronds are simple; leaf
lamina is elliptic in outline, cordate at base.
Fertile fronds are simply pinnate; stipes
grooved above, rounded beneath; leaf lamina is
broadly elliptic in outline. Sori are dark brown,
many on vein endings. Sporangial capsule is
subglobose. Spores are brown, ellipsoid with
spinous perine.

Anticancer activities: D. fortunei is used in
Traditional Chinese medicine “Gu-Sui-Bu”
against cancer (Punzon et al., 2003). D. querc-
ifolia shows anticancer property against lung
and prostate cancer cells through Brine Shrimp
lethality bioassay (Milan et al., 2013)

2.3. Aglaomorpha Schott

Aglaomorpha is a member of the
Polypodiaceae and is related to the oak fern
which is found in the wild throughout Northern
Europe. The natural habitat is in Indochina,
Taiwan and the southern islands of Japan.
Plants are epiphytic, epilithic or terrestrial. Rhi-
zome is thick, shortly to long creeping. Scales
on rhizome are appressed or spreading and
margins are toothed or ciliated. Fronds not
articulate, monomorphic, usually internally dim-
orphic, sessile with a dilated base, frond bases

imbricate or separate, forming individual nests.
Fertile parts similar to sterile or usually
narrower. Sori are small, in rows along connect-
ing veins or veinlets, or distinctly enlarged to
form soral patches between midrib and margin.
Sporangia are glabrous or sometimes with
acicular hairs. Spores are with spines or small
globules.

Anticancer activities: In the Chinese traditional
medicine system, “Gusuibu” has been used for
its anticancer and antiinflammation activity. It is
prepared from the rhizomes of various ferns,
namely A. coronans (Cai et al, 2004; Chang et
al., 2007a)

2.4. Phlebodium (R.Br.) J.Sm.

They are epiphytic ferns, with a
creeping, densely hairy or scaly rhizome bear-
ing fronds at intervals along its length. Rhizome
is broad with densely toothed scales. The
fronds are evergreen, persisting for 1-2 years
and pinnatifid. Apex of pinnae attenuate and
acuminate. Leaf lamina is glabrous on
underside. The sori or groups of spore cases,
sporangia, are borne on the back of the frond.

Anticancer activities: P. decumanum has been
used for anticancer and ulcer treatment.
Extracts of the species show anticancer activity.
Testing of HL-60 and MCF-7 cells shows the
inhibition of proliferation and the induction of
cell death. Western blot and FACS analyses
elucidate the underlying mechanisms (Punzon
etal., 2003).

2.5. Polypodium L.

They are terrestrial or epiphytic ferns,
with a creeping, densely hairy or scaly rhizome
bearing fronds at intervals along its length. The
species differs in size, general appearance and
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in the character of the fronds which are
evergreen. The sori or groups of sporangia are
borne on the back of the frond; they are glob-
ose and naked, not covered with a membrane.

Anticancer properties: P. nipponica is an
anticancer plant by testing in vivo two stage car-
cinogenesis on mouse skin papillomas. P. form-
osanum, P. vulgare, P. fauriei and P. virginia-
num contain triterpenes with oxygenated func-
tional group which reduce the inhibitory effects
on EBV-EA activation. This strongly suggests
that these compounds are strong anticancer
promoters (Konoshima et al., 1996).

2.6. Pteris Gled. Ex Scop.

The genus Pteris belongs to family
Pteridaceae is a terrestrial herb. Rhizome is
erect with dense scales, and scales are lance-
olate, entire and pale brown in colour. Leaves
are simple pinnate, pale green; stipe is long,
green, scaly and grooved. Lamina is simple pin-
nate, pale green in colour. Pinnae are oblong,
acuminate gradually reduced towards base;
basal pinnae are ovate or oblong. Sori are linear
along the margins, covered by translucent
reflexed margins; spores are trilete, pale brown.

Anticancer properties: P. polyphylla and P.
multifida contain antimutagenic factors against
both picrolonic acid and benzo[a]pyrene
induced mutation using the Salmonella/
microsomal system. Each crude drug is extrac-
ted with boiling water for 2h, the method which
is commonly used by Chinese people to pre-
pare the drug for oral intake (Lee et al., 1998).
From aerial part of the fern P. multifida, two
diterpenes, entkaurane-2 beta, 16 alpha-diol
and ent-kaur-16-ene-2 beta, 15 alpha-diol isola-
ted by repeated column chromatography using
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silica gel and silica gel impregnated with silver
nitrate. Both compounds show a moderate cyt-
otoxicity to Ehrlich ascites tumour cells (Woer-
denbag, 1996). P. semipinnata shows cytoto-
xicity against HL-60 cell line in combination
with genistein. In P. vittata, protoapigenone is
a unique flavonoid showing potent antitumour
activity against a broad spectrum of human
cancer cell lines. RY10-4, a modified version of
protoapigenone, manifested better anti prolife-
ration activity in human breast cancer cell line
MCF-7. The cytotoxicity of RY10-4 against MCF-
7 cells is exhibited in both time and concent-
ration dependent manners (Li et al., 1998).

2.7. Hemionitis L.

Hemionitis is a genus of small
terrestrial, soft herbaceous ferns. Rhizomes are
short creeping to erect. Thin scales intermixed
with pericellular hairs present on rhizome.
Fronds are somewhat dimorphic. The sterile
fronts are tending to be short stalked and
spreading; fertile ones long stalked and erect.
Leaf blades are palmately or pedately lobed or
else pinnately compound; sporangia in many
superficial lines, following the course of veins
throughout the lower side of fertile blades.
Indusium and paraphyses are absent. Spores of
Hemionitis are globose or tetrahedral globose,
trilete and the surface cristate is echinate or
tuberculate.

Anticancer activities: Leaf and rhizome of H.
arifolia show properties of antidiabetic,
antimicrobial and anticancer (Santhosh et al.,
2014).

2.8. Adiantum L.
Adiantum is terrestrial herb with erect
rhizome. Scales are lanceolate, acuminate, pale
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brown coloured. Fronds are dichotomously
branched. Stipe is dark brown to black in
colour. Pinnules are dimidiate, obovate, elliptic
or rhomboid, shortly stipitate and truncate to
cuneate at base. Sterile pinnae are serrate;
fertile pinnae serrate to lobed; hispid is
coriaceous. Sori are along the reflexed margins,
reniform, dark brown to black. Sporangial
capsules are subglobose. Spores are yellow,
trilete and tetrahedral.

Anticancer activities: The whole plant of A.
capillus-veneris is anticancerous, antiviral and
hypoglycaemic (Santhosh et al., 2014). Neohop-
ane 12 ene, adianane and secoadianane are
isolated from A. monoclamys, exhibit inhibitory
effect on EBV-EA activation at higher concen-
tration (Konoshima et al., 1996). Preliminary
phytochemical screening and anticancer evalua-
tion of A. venustum against Ehrlich Ascites
Carcinoma in animal model is valuable. The
findings indicate that ethanolic extract of A.
venustum possesses significant anticancer
activity and also reduces elevated level of lipid
peroxidation due to the presence of terpenoids
and flavonoids. Thus, ethanolic extract could
have vast therapeutic application against cancer
(Viral et al., 2011).

2.9. Pityrogramma Link

It is terrestrial herb with erect, densely
scaly rhizome. Scales are brownish, linear and
entire. Fronds are bipinnate. Stipe is dark-
pinkish brown coloured. Lamina is triangular in
outline and pinnae lanceolate, acuminate in
outline. Pinnules are rhomboidal to lanceolate
in shape, rachi and costa grooved above, raised
below; lower surface of pinnules white crusted.
Sori are acrostichoid. Sporangial capsule is
globose. Spores are triangular in outline,

yellowish with pinkish thickenings.

Anticancer activities: In vitro cytotoxicity of
the extracts and isolated components observed
in Dalton's lymphoma ascites tumour cells (DLA
cells) and Ehrlich ascites tumour cells (EA cells)
using the trypan blue exclusion method
(Sukumaran & Kuttan, 1991).

2.10. Angiopteris Hoffm.

Angiopteris belongs to family
Marattiaceae. It is a terrestrial herb with erect,
massive rhizome. It densely covered with dark
brown to black hairs. Fronds are bipinnate.
Stipe is long and hairy. Lamina is broadly
elliptic, acute in outline. Pinnae are oblong-
lanceolate, acute in outline. Pinnules are
oblong, acuminate, serrulate to entire and
rounded at base. Costa raised above and
below, veins indistinct above, prominent below,
rarely forked.

Anticancer activity: For sarcoma, the leaves
are crushed together with leaves of "agakai"
(plant species not stated), and the sap applies
twice a day (Defilpps et al., 1988).

2.11. Davallia Sm.

The plant rhizome is long creeping,
white-waxy and appressed to substrate. Black
peltate bases of rhizome scales usually
persistent, and remaining portion is deciduous.
Fronds are not always markedly dimorphic, and
chartaceous. Stipe bearing scattered reduced
scales with a minute peltate base and marginal
crisped hairs. Rachis and lower surface of
lamina contain scattered reduced scales. Sori
present on the marginal portion, indusium
often projecting beyond margin and very tightly
attached along both sides.

Anticancer activities: D. divaricata and D.
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solida are used in Traditional Chinese medicine
and Korean folk medicine (Cui et al., 1990).
Pteridium aquilinum and D. cylindrica show the
anticancer potentials in A549 cells (Chiu et al.,
2009; Sarker et al., 2011).

2.12. Marsilea Necker

It is terrestrial or aquatic herbs with
long creeping rhizome. Fronds are simple and
stipe is slender, glabrous or softly pubescent.
Lamina is quadrifid and each lobe is obovate or
obtriangular, lobed to serrate along the outer
margins. Sporocarps are oblongoid; hispid is
less hairy at maturity, with stalk and produced
in clusters.

Anticancer activities: The methanolic extracts
of M. quadrifolia show an antiproliferative
activity with 1C,, value of MCF-7 cells at 39.06
pg/ml. Ethylacetate and aqueous extracts of M.
quadrifolia exhibit antiproliferative activity with
an IC,, value of 47.825 and 187.5 pg/ml
respectively (Uma & Pravin, 2013). Among the
species, the highest percentage of tumour
inhibition induce by M. minuta (82.32%) at
1000ppm, and significant tumour inhibition
observed at 10, 100 and 1000 ppm of plant
extracts on potato disc induced by Agrobac-
terium tumefaciens indicating their presence of
tumour inhibitor metabolites. These metabo-
lites may serve an important role in developing
antitumour drugs for human beings, as there is
a similarity between human and plant tumour
formation mechanism (Sarker et al., 2011).

2.13. Blechnum L.

Blechnum is a terrestrial herb with
suberect rhizome. Apex of rhizome is densely
scaly and scales are lanceolate, pale brown,
apex acuminate with entire margin. Stipes are
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tufted, dark brown at the very base, pale or
grey-brown above, sparsely scaly at the base
and glabrous above. Lamina is falcate
lanceolate, apex acuminate, base truncate,
basal few pinnae pairs are sessile, slightly
reduced or not, subopposite. Largest pinna
oblong-lanceolate, apex acuminate, base
truncate, margin apparently entire but bearing
very minute pale brown spinules. veins obscure
above and below, forked once or twice, free,
reaching the margin; pinnae dark green,
glabrous above and below; texture coriaceous.
Sori linear along the costa, not reaching the
base and apex, parallel, indusiate; indusia pale
brown, firm, margin serrate; spores reniform,
yellowish-brown, exine with faint thin, reticulate
thickenings.

Anticancer activities: In the evaluation on the
anticancer property of this fern, selective
cytotoxicity exhibits against human colon
cancer cells HT-29 and HCT-116, human
colonic adenocarcinoma HT-29, human colonic
carcinoma HCT-116, human breast adenoca-
rcinoma MCF-7 and human leukemia K562 (Lai
& Lim, 2010).

2.14. Dryopteris Adans.

The genus is terrestrial herb with erect
rhizome. Dense scales are present at the apex
and scales are ovate-lanceolate. The characters
of lamina include ovate-lanceolate shape,
bipinnatifid, acuminate apex. Primay pinnae are
ascending, falcate, suboppposite at the basal
part of the lamina. Largest pinna ovate-
lanceolate, apex acuminate, base cuneate;
basal pairs usually bear an accessory branch;
pimary pinna of the largest frond, subopposite
or alternate, anadromous below, isodromous
above; basal few pairs shortly stalked, others
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sessile or adnate, ovate-lanceolate, decurrent
on the basal basiscopic side, apex acute, basis-
copic base broadly cuneate, acroscopic base
truncate or broadly cuneate, margin lobed
onesixth to five-sixth way to the costules; lobes
oblong, apex acute or rounded, margin entire
or toothed; rachules narrowly winged on either
side, shallowly grooved and dark brown above,
stramineous below; veins indistinct above,
slightly distinct below, up to five pairs, forked
once or twice, not reaching the margin; pinnae
dark green; texture herbaceous; scattered small
scales borne on rachis and costa. Sori median
on the veinlets; pale brown, glabrous with thin
membraneous border; spores dark brown, with
prominently winged, irregularly folded
perispore.

Anticancer activity: Fernane 9(11)-ene and 22-
hydroxy hopane are the two anticancer compo-
unds found in D. crassirhizoma (Konoshima et
al., 1996).

2.15. Oleandra Cav.

Rhizome is creeping and white waxy
in the older parts, and long leafless parts
alternating with more or less dense clusters of
very short phyllopodia. Branches usually in
opposite pairs; in cross section is with weak
sclerenchyma sheath and without sclerified
strands; roots scattered, usually with long un-
branched parts. Scales persistently covering the
rhizome, peltate base appressed, with dark
centre and lighter margin, acumen brown,
usually recurved, with ciliate margin, apex
twisted and with frizzy cilia. Fronds mono-
morphic; stipe with dark coloration on abaxial
side, often distinctly bicolorous, with catenate
hairs; lamina base truncate to rounded, apex
often abruptly caudate, texture thin herbac-

eous, translucent, both surfaces densely set
with catenate hairs, costa on lower surface in
basal half of lamina with dark coloration, with
copious long pale scales. Sori close to costa,
indusium thin, glabrous or hairy. Sporangial
stalk without glands below the sporangium.
Spores are echinate and ridged, perispore solid.

Anticancer activity: Gammacerane is an
anticancer compound present in O. wallichii
that inhibits in vivo two stage carcinogenesis in
mouse skin papillomas (Konoshima et al.,
1996).

2.16. Asplenium L.

The genus is a terrestrial herb with
creeping rhizome. Scales are brownish,
clathrate, lanceolate, margins fimbriate with
glandular hairs. Fronds simply pinnate; scaly
beneath, sparsely above; lamina lanceolate in
outline; pinnae, lanceolate, long-acuminate,
crenulate, coriaceous, veins forked near the
costa, veinlets again forked, not reaching the
margin; terminal pinna smaller, gemmiparous.
Sori are linear, reddish brown; indusia linear,
paler. Sporangial capsule is globose. Spores
yellowish, elliptic or planoconvex with thickly
folded perine.

Anticancer activity: Two species from this
genus, A. polyodon and A. nidus, have anti-
cancer, antidiabetic and antiviral activity. (Singh,
1999; Lee et al., 2003)

2.17. Ophioglossum L.

Terrestrial herbs are with fleshy small,
sub-globose, subterranean rhizome. Fronds
bipartite; sterile blade, oblong or elliptic, obtuse
or apiculate, subcoriaceous, veins anastom-
osing; fertile spike arising from the base of the
sterile blade, oblong, acute, flattened, fleshy
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with wavy margins. Sporangia globose sunken
and arranged in a row on either side of the
stalk.

Anticancer activity: O. gramineum and Hexa-
stylis arifolia have anticancer, antidiabetic and
antiviral activities (Singh, 1999; Lee et al., 2003)

2.18. Pteridium Gleditsch; Scopoli

Common bracken is herbaceous pere-
nnial plant, deciduous in winter. The large,
roughly triangular fronds are produced singly,
arising upwards from an underground rhiz-
ome. It dies back to ground level in autumn.
The rhizome grows up to deep, because it
regrows in the spring from an underground
rhizome. P. aquilinum tends to be found in
dense colonies on genetically identical fronds.
In the spring as the plant enters its growing
cycle, fiddle heads are first sent up from the
rhizome. The density and area covered by a
single rhizome maximizes that rhizome's
chance of biological success when sending up
new growth. The new growth presents as
vertical stalks, coiled and covered in silver-gray
hairs, that can be several feet in height before
unfurling into fronds.

Anticancer activity: B-caryophyllene, linalool,
geranial and y-terpinene in the genus exhibit
anticancer and antioxidative activities (Nwiloh
etal., 2014)

2.19. Dicranopteris Bernh.

The genus Dicranopteris means two
branched. Species name of D. linearis means
narrow and parallel sided and refers to the
fronds. Large fern, sprawling up to 3 metres,
has characteristic forking stems growing along
the ground with compound stalked fronds. The
main rachis is divided into two distinct rachis
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branches. Trilete shaped spores in sporangia
lack indusium. The sporangia are found on the
underside of lobes of the ultimate two
branches.

Anticancer activities: D. linearis has anticancer
property proved through in vitro MTT assay on
MCT-7, Hela, HT-29, HL-60, K-562 and MDA-
MB-231 cell lines (Sukumaran & Kuttan, 1991).

2.20. Sellaginella P. Beauv.

Terrestrial herbs are with erect cylin-
drical green stem, branched from base. Bran-
ches are many, erecto-patent and compound.
Rhizophores are in tufts towards basal portion,
slender, cylindrical. Leaves pale green, green or
light brownish, heteromorphic, distant on main
stem, closely arranged in four rows on bran-
ches; median leaves membranous, ovate,
aristate, margin dentate or denticulate; lateral
leaves membranous, ovate-lanceolate, acute,
proximal margin serrate at base, serrulate to
towards apex; axillary leaves membranous,
ovate-lanceolate, acute, oblique at base, margin
dentate towards apex. Strobili are terminal,
sessile; sporophylls monomorphic, spiral,
ovate, aristate, oblique, dentate or denticulate.
Megasporangia are towards base, microspo-
rangia towards apex. Megaspores are orange-
red, trilete, tetrahedral, papillate. Macrospores
are creamy white, globose, tetrahedral,
reticulate.

Anticancer activities: Bioactivity guided
fractionation of the leaves of S. willdenowii
affords three known biflavones, 4',7"-di-O-
methylamentoflavone, isocryptomerin and 7'
O-methylrobustaflavone, that are significantly
cytotoxic against a panel of human cancer cell
lines (Silva et al., 1995). In vitro MTT assay on
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human colon cancer cell lines gives idea of
anticancer property of S. lepidophyla (Lee & Lin,
1988). S. willdenowii, S. lepidophyla, S. labordei,
S. moellendorffii, S. delicatula, S. tamariscina,
and S. doederleinii are shown to have cytotoxic
and antimutagenic effects due to the presence
of bioflavonoids (Silva et al., 1995; Sun et al.,
1997; Lee et al, 1999). S. moellendorffii exhibits
in vitro cytotoxic activity on human ovarian
adenocarcinoma cells, cervical carcinoma
(HeLa) and foreskin fibroblast (FS-5) (Lin et al.,
2000; Su et al., 2000). S. tamariscina shows in
vitro antiproliferative activity in leukemia cells
(Chen et al., 2005; Gayathri et al., 2005). S.
doederleinii induces antimutagenic activity
against picrolonic acid induced mutation and
exhibits antiproliferative activity against human
cancer cells (Woo et al., 2005; Gao et al., 2007).

2.21. Odontosoria (C.Presl) Fee

Odontosoria from family Lindsaeaceae
is terrestrial herb with creeping, branched
rhizome. Dense dark brown hairs cover the
rhizome. Fronds are quadripinnate and finely
dissected. Stipe is long, yellow and hairy at the
very base. Fronts have oblong or elliptic-
lanceolate shaped lamina. Primary pinnae
triangular or ovate-acuminate in outline and
show alternate stalk arrangement. Secondary
pinnae are rhomboid or elliptic in outline with
alternate phyllotaxy. Tertiary pinnae are obov-
ate or obtriangular in outline. Quaternary pin-
nae obtriangular shaped, truncate at apex,
cuneate at base, entire. Sori are elliptic at the
apex of the quaternary pinnae, dark brown.
Sporangial capsule is subglobose and a stalk
present. Spores are yellow, hyaline, smooth.

Anticancer activities: In traditional Chinese
medicine, O. chinensis, either alone or in combi-
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nation with other ingredients, is considered
effective in cancer treatments, detoxification
and hemostasis, resulting in its reputation as an
“all-purpose antidote” (Wu et al., 2017).

2.22. Macrothelypteris (H.lto) Ching

The terrestrial plant is under the
family Thelypteridaceae. Creeping rhizome is
with dense scales. Scales are dark brown, linear,
densely acicular and hairy. Fronds are
bipinnate; stipe, scaly at base; lamina ovate-
lanceolate in outline, rachis grooved above,
pinnae elliptic-lanceolate, acuminate; pinnules
alternate, lanceolate, acuminate, cuneate to
decurrent at base, thin membranous, progre-
ssively reduced to both ends, deeply lobed to
costa; lobes oblong, serrate, obtuse to
rounded, falcate; costules grooved above,
raised below, hispid on both sides, veins
pinnate, forked free. Sori are circular, yellow
color present on median of veins. Sporangial
capsule is subglobose. Spores are ellipsoid with
thinly folded perine.

Anticancer activities: Protoapigenone is an
antitumour compound isolated from root of M.
torresiana. It is a main constituent of the total
flavonoid fraction that exhibits in vitro
antitumour activity against lung cancer (Huang

etal.,, 2010).

3. Outlook

Pteridophytes, a group of plants that
includes ferns and their allies, have been shown
to possess various anticancer properties. Seve-
ral studies have investigated the cytotoxicity of
extracts and compounds derived from different
parts of pteridophytes, and have found them to
be effective against a range of cancer cells.
Some of the mechanisms through which

39 —




pteridophytes exhibit their anticancer
properties include inducing cell cycle arrest,
promoting apoptosis, and inhibiting
angiogenesis. Furthermore, some pteridophyte
compounds have been shown to enhance the
efficacy of chemotherapy drugs. Several
researchers have studied the phytochemical
and medicinal uses of lycophytes and ferns in
recent years that demonstrate the importance
of ferns and their allies in plant science fields.
The medicinal uses of pteridophytes are
specifically due to their antioxidant, antidia-
betic, anticancer, antiviral, antiinflammatory,
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Abstract: Cancer is one of the major health problems in both developed and developing countries.
Cancer treatments including surgery, chemotherapy, radiation therapy and immunotherapy, are
expensive and reported to have side effects. Many medicinal plants possess anticancer activity and
act as rich source of medicines in cancer therapy. Pharmaceutical properties of medicinal plants
are mainly attributed to the presence of several potential secondary metabolites such as alkaloids,
phenols, flavonoids, quinones, tannins, saponins and sterols. Many active compounds from such
groups of metabolites have resulted in the development of highly effective plant derived clinical
drugs. Menispermaceae members of flowering plants are dioecious climbing plants. Majority of
the members show wide distribution in tropical climates, and have long been used worldwide in
traditional medicine to treat various ailments. Most species have been identified as a reservoir of
bioactive metabolites with potent antipyretic, antimalarial, antimicrobial, antidepressant,
antifertility, antiallergic, antiulcer, anticancer, antioxidant, antidiabetic, antiinflammatory and
antivenom activities.
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ncontrolled growth and proliferation of

normal cells by the loss of control over

the cell cycle causes the dreadful
human disease, commonly called cancer
(Pandey & Madhuri, 2009; Chanda & Nagani,
2013). It is one of the leading causes of death
across the globe. According to the World Health
Organization (WHO, 2020), about 19.3 million
cancer cases and 9 million cancer deaths are
reported to occur in the year 2020. The number
of new cancer cases is estimated to go up to 28
million and cancer death is expected to cross
16 million by the year 2040. Several drugs are
available to treat cancer but no medicines are
found to be safe and effective to cure the

disease. Current treatments available for
patients diagnosed with cancer include surgery,
chemotherapy, radiation therapy and immun-
otherapy which cause adverse effects like
paresthesia, paralysis, ataxia, spasm, coma,
infertility and also seriously affect the skin, hair,
bone marrow, blood, gastrointestinal tract,
kidney, lung, heart and brain (Schirrmacher,
2019). Therefore, the alternate treatments and
therapies with less or no side effects are
necessary to cure the disease. Herbal plants
have been used as the primary source of
medicine since ancient times. The advancement
in the analytical and separation techniques
helps to identify potential novel drug
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candidates from plants (Dias & Urban, 2009).
The secondary metabolites from many plants
are reported to have anticancer properties and
have long been used to treat cancer (Raina et
al., 2014). About 60% of the chemotherapeutic
agents are derived from natural sources (Cragg
& Newman, 2005). Plant and plant based
products have proved to be effective to treat
cancer without side effects. Secondary
metabolites produced by some medicinal
plants including Catharanthus roseus, Podop-
hyllum peltatum, P. hexandrum, Taxus brevi-
folia, Ochrosia elliptica and Campototheca
acuminata, have been reported to be used as
anticancer drugs to treat advanced stages of
malignancies (Jagetia & Rao, 2006). Podophy-
llotoxin, camptothecin, taxol, vinblastine,
vincristine etc. are some of the plant derived
anticancer drugs that are in clinical applications
all over the world. Plant derived anticancer
drugs have largely contributed to the
development of new drugs in cancer treatment
(Cragg & Newman, 2005; Chanda & Nagani,
2013).

The Menispermaceae family of
flowering plants consists of approximately 70
genera and 450 species (Maroyi, 2019).
Majority of the plants belonging to this family
are climbers and are widely distributed in
tropical climates. They have long been used
worldwide in traditional medicine for the
treatment of various diseases such as fever,
asthma, tuberculosis, dysentery, hypergly-
cemia, malaria and cancer. They are reservoirs
of several potential secondary metabolites such
as alkaloids, phenols, flavonoids, quinones,
tannins, saponins and sterols. Most species in
this family contain a wide range of pharmaco-
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logically active metabolites with potent
antipyretic, antimalarial, antimicrobial,
antidepressant, antifertility, antiallergic,
antiulcer, anticancer, antioxidant, antidiabetic,
antiinflammatory and antivenom activities
(Jahan et al., 2010; Meenu & Radhakrishnan,
2020). Secondary metabolites produced by the
members of Menispermaceae have already
been reported as a potential source of
chemotherapeutic agents against cancer
treatment (Kupchan et al.,, 1961; Meenu &
Radhakrishnan, 2020). Hence, an attempt has
been made to review some medicinal plants
belonging to Menispermaceae used for the
prevention and treatment of cancer.

1. Anticancer plants in Menispermaceae

1.1. Anamirta Colebr.

A. cocculus (L) Wight & Arn. is large
woody climber, and widely distributed
throughout India as well as South-East Asia.
Leaves are large, simple, alternate, petiolate,
sub coriaceous, cordate or truncate at the base
and tufts of hairs present in the axils of the
nerves except the basal ones. Small yellowish-
white flowers are in long panicles that drooping
from the nodes of the old wood (Jijith et al.,
2016; Viswan et al., 2020).

Anticancer activities: The 50% ethanolic
extract of A. cocculus has anticancer activity
against leukemia cancer cell line in mice (Dhar
etal., 1974).

1.2. Cissampelos L.

C. pareira is a perennial climbing herb
that is commonly known as 'Malathangi',
'Karanakody' or 'Pambuveru'. It is distributed
throughout tropical and subtropical India
(Manu et al., 2012; Wimpy et al., 2016; Maroyi,
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2019). The plant species is used to treat various
diseases like inflammation, pain, hemorrhage,
gastro toxicity, cancer, diarrhea, diabetes and
cardiotoxicity (Wimpy et al., 2016). C. pareira
secretes secondary metabolites such as
alkaloids, flavonoids, tannins, volatile oils and
glycosides. These metabolites are known to
have potent bioactivities including antidiarr-
hoeal, antiprotozoal, antifertlity, antihelminthic,
antiulcer, antioxidant, antileukemic, antihemo-
rrhagic, hepatoprotectant, antihyperglycemic,
antiplasmodial, antidengue, antitumour, antin-
ociceptive and antiarthritic activity (Manu et al.,
2012; da Silva Mendes et al., 2020).

C. sympodialis, Eichler, commonly
called 'Bindweed' is herbaceous climbing plant
species endemic to Brazil and secretes a wide
range of secondary metabolites such as bisbe-
nzylisoquinoline alkaloids (warifteine, methyl-
warifteine, roraimine and simpodialine),
morphinic alkaloids (milonine), aporfinic
alkaloids (laurifoline) and oxoaporphinic
alkaloid (liriodenine). The medicinal herb is
used for the treatment of asthma, bronchitis,
influenza, rheumatism, cold, flu, arthritis,
cough and urinary tract infection (Vieira et al.,
2013; de Sales et al., 2015; da Silva Mendes et
al., 2020).

Anticancer activities: Alkaloids isolated from
roots of C. pareira include tropoloisoquinoline
alkaloids such as pareirubrine A, pareirubrine B,
azafloranthene, norimeluteine, norruffscine,
tropone-isoquinoline and pareitropone that
show antileukemic activities against P-388
cancer cell line (Morita et al., 1993a, 1993b,
1995). A bisbenzylisoquinoline alkaloid,
cissampareine exhibits cytotoxicity against
nasopharynx cancer cell line, KB (Kupchan et
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al.,, 1961). A chalcone flavone dimeric
compound, cissampeloflavone isolated from C.
pareira has low toxicity towards human KB cell
line (Ramirez et al., 2003). The ethanolic extract
of C. pareira shows protective effects against
benzo(a)pyrene induced gastric cancer, tumour
multiplicity and micronucleus polychromatic
erythrocytes in mice (Amresh et al., 2007a). The
hydro ethanolic root extract of C. pareira is
active against stomach cancer and carcinogen
metabolizing phase | and phase Il enzymes
along with antioxidant enzymes. The increase
in glutathione S-transferase level and the
enzyme activities involved in xenobiotic
metabolism and maintaining the antioxidant
status of cells show the chemo preventive
potential of the root extract of C. pareira
against chemotoxicity (Amresh et al., 2007b).
The hydro ethanolic extract fractions,
isoquinoline alkaloids, of C. pareira roots show
cytotoxic effect against human oral squamous
carcinoma (KB cells), human lung carcinoma
(A549 cells) and human cervical cancer (SiHa
cells) (Bala et al., 2019). The n-butanol fractions
exhibit cytotoxic activity against KB cells.
Among the isoquinoline alkaloids, cycleanine
shows maximum activity against KB cells
whereas hayatinine has a maximum cytotoxic
effect against KB and A549 cell lines.

A bisbenzylisoquinoline compound,
warifteine and a novel 8,14-dihydromorphin-
andienone alkaloid, milonine isolated from the
leaves of C. sympodialis exhibit cytotoxic acti-
vity against rat hepatocytes and V79 fibrob-
lasts. Milonine is less toxic than warifteine in
both hepatocytes and V79 fibroblasts (Melo et
al., 2003). The hydroalcoholic extract of C. sym-
podialis leaves inhibits in vitro proliferative
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effect on resting B cells induced by lipopoly-
saccharide, antidelta- dextron and anti IgM.
Similarly, the alcoholic extract blocks the
function of B cell proliferation and immunogl-
obulin secretion through an increase in intrac-
ellular cAMP levels (Alexandre-Moreira et al.,
2003).

1.3. Cocculus DC.

C. hirsutus is a perennial climbing
shrub distributed in tropical and subtropical
areas. It is commonly known as 'Broom Cree-
per' and in malayalam it is named as 'Pathalaga-
rudakodi', 'Pathalamuli', etc. Leaves are simple,
alternate, ovate, subdeltoid, obtuse and
mucronate. Petiole is short, dark green, usually
sub auriculate at the base. Flowers are small
green in color, later develop to drupe (Das et
al.,, 2016; Logesh et al., 2020). The root of C.
hirsutus is used to treat various diseases such
as eczema, gonorrhea, ophthalmia, neuralgia
and leucorrhoea (Thavamani et al., 2014).

Anticancer activities: The crude alkaloid
extract of C. hirsutus has shown cytotoxicity
against breast (MCF-7), melanoma (UACC62)
and renal (TK10) cell lines (De Wet et al., 2009).
With an IC;, value of 78.5 pg/mL, the metha-
nolic extract shows in vitro cytotoxic activity
against the breast cancer cell line (MCF-3).
Similarly, the extract has cytotoxicity against
human cervical cancer cell line (HeLa) with IC,,
value of 111 pg/mL; and exhibits in vivo antitu-
mour activity against Dalton's Lymphoma
Ascites cells in mice at doses of 200 and 400
mg/kg body weight (Thavamani et al., 2013;
Thavamani et al., 2014).

1.4. Coscinium Colebr.
C. fenestratum is a woody climbing

plant widely distributed in the Western Ghats of
India and Sri Lanka. It is commonly known as
Tree turmeric' and is considered as a critically
endangered medicinal plant (Tushar et al.,
2008). Wood is yellow with simple, alternate,
deltoid, ovate, apex acuminate and base
truncate leaves with entire margin. Infloresc-
ence has supra axillary or cauliflorous nature.
Female flowers are mostly from old wood
(Tushar et al., 2008; Sasidharan, 2013). The
stem is used to treat several diseases like
diabetes, wounds, ulcers, fever, jaundice, snake
bite, piles etc. (Sudharshan et al., 2010). The
major alkaloid, berberine, along with
protoberberine, jatrorrhizine, oxypalmatine,
berberrubine etc. are the secondary metab-
olites produced by this plant (Tushar et al.,
2008; Rai et al., 2013).

Anticancer activities: Methanol and hydro
methanolic extracts of C. fenestarum induce
antiproliferative activity against two lung cancer
cell lines, A549 and LLC. Methanolic extract of
C. fenestratum shows EC50 value of 1.65 pg/-
mL against LLC; whereas the hydro-methanolic
extract of 2.88 ug/mL and 2.84 pg/mL against
A549 and LLC respectively (Ueda et al., 2002).
The antiproliferative activity of 80% ethanolic
extract, dichloromethane and aqueous fraction,
reveals against human colorectal cancer cell
lines (HCT-116 and SW480). DCM fraction
exhibits antiproliferative activity through the
activation of proapoptotic proteins and
peroxisome proliferator activated receptor y
(PPARY) (Rojsanga et al., 2010). The methanolic
extract of C. fenestratum shows cytotoxic
activity against ten cancer cell lines and one
normal cell (PMBC). Berberine isolated from
methanolic extract of C. fenestratum stem
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shows the most cytotoxic activity against the
acute promyelocytic leukemia cell line (HL-60)
with an IC,, of 1.41 0.7 pug/mL (Tungpradit et
al., 2010). The crude water extract of C. fenest-
ratum exhibits anticancer activity against
human head and neck cancer cell lines with IC,,
value of 0.12 mg/mL after 48 h incubation thr-
ough inhibiting the phosphorylation of P38
MAPK and pAkt and by reducing the expression
of tumour suppressor protein P53 (Potikanond
etal.,, 2015).

1.5. Cyclea Arn. ex Wight

C. peltata is locally known as
'Padathali' or 'Padakizhangu'. It is a dioecious
climbing shrub, found throughout India and Sri
Lanka. The plant is a well known medicinal
plant used in traditional medicine to treat vario-
us ailments. It is a twining shrub with pilose
stem and branches bearing simple alternate
leaves. The flowers are small greenish yellow in
axillary panicle (Shine et al., 2020). The plant
secretes a wide variety of secondary metabo-
lites such as flavonoids, tannins, alkaloids, dite-
rpenes and saponins with potent antioxidant,
antidiabetic, antiulcer, anticancer, diuretic and
hepatoprotective activities (Kupchan et al.,
1961; Odaya Kumar et al., 2016).

Anticancer activities: Tetradine isolated from
the methanolic root extracts of C. peltata supp-
resses MDA-MB-231 (breast cancer cell lines)
and PANC-1 (pancreatic cancer cell lines) thro-
ugh the activation of ROS and Caspase 8, 9 and
3 (Bhagya et al., 2019). Leaf extract of C. pelt-
ata shows anticancer activity against the
human colon carcinoma cell line (HCT-116)
with 1C, value of 800 pg/mL, 100 pg/mL and
50 pg/mL after 24, 48 and 72 h of incubation
respectively (Jayaraman & Variyar, 2019).

1.6. Diploclisia Miers

D. glaucescens are woody climbers
distributed in Indo-Malaysia and china. It is
locally known as 'Vattavalli' or 'Vattoli'. Leaves
are simple, alternate, broadly ovate to orbicular
with obtuse apex and truncate base. Bright
yellow flowers present in large drooping pan-
icles (Sasidaran, 2013; Sagayaraj et al., 2014).

Anticancer activities: A novel dimeric
proaporphine alkaloid, distepharinamide
extracted from D. glaucescens stem inhibits the
differentiation and proliferative expansion of
CD4+Foxp3+ regulatory T cells; thereby, enha-
ncing the antitumour immune responses in
mice cells (Chen et al., 2022).

1.7. Stephania Kuntze

S. elegans is a woody or herbaceous
climbing plant found in India, China, Nepal and
Thailand. Petiolated leaves are simple,
alternate, peltate, thin, dark green and glabrous
on both surfaces. Axillary inflorescence is
compound panicle of umbelliform cymes which
possesses light green to dark purple flowers
(IBP, 2020). It secretes secondary metabolites
including epihernandolinol, N-methylco-
rydalmine, hasubanonin, aknadinin, cyclan-
oline, magnoflorine, isotetrandrine, isochond-
odendrine and cycleanine in turn use in
treatment of boils and dysentery (Singh et al.,
1981; Acharya & Pokhrel, 2006).

Anticancer activities: The methanol extract of
S. elegans has cytotoxic activity against MCF-7
cells with IC,, value of 158.7+0.13 ug/mL
(Sharmaetal., 2017).

1.8. Tinospora Miers
T. covrdifolia is a climbing deciduous
shrub distributed in tropical part of India, Sri
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Lanka, Bangladesh and China. It is known as
'Heart leaved moonseed plant' in english and
'‘Amirthavalli' or 'Chittamruthu’ in malayalam.
Leaves are simple, alternate, exstipulate, heart
shaped with long, round and pulvinate petiole.
Aerial adventitious roots arise from the
branches to downward. Flowers are small,
yellow which situated in axillary panicles. Male
flowers are in clusters and female flowers are
solitary. Seed curved in fleshy fruit (Saha &
Ghosh, 2012; Spandana et al., 2013; Mittal et
al., 2014). T. cordifolia produces a lot of
secondary metabolites including alkaloids,
diterpenoid lactones, steroids, glycosides,
aliphatic compounds and polysaccharides
(Mishra & Kaur, 2013; Spandana et al., 2013).
The plant is used to treat various ailments such
as fevers, diabetes, dyspepsia, jaundice, urinary
problems, skin diseases, chronic diarrhea,
dysentery, heart diseases, leprosy and
helminthiasis (Reddy & Reddy, 2015).

T. crispa is a dioecious climbing plant
distributed in South East Asia including
Vietham, Thailand, Malaysia, Indonesia and
India (Koay & Amir, 2013). The plant is used
extensively in the treatment of jaundice,
rheumatism, urinary infections, fever, malaria,
diabetes, internal inflammation, fracture,
scabies, hypertension, reducing thirst,
increasing appetite and cooling down the body
temperature (Ahmad et al., 2016). The plant
contains secondary metabolites such as
alkaloids, diterpenes, flavones, phenolics,
triterpenes, lactones, sterols, lignans and
nucleosides with pharmacologically potent
bioactivities like antibacterial, antiparasitic,
antiinflammatory, antioxidant, immunom-
odulatory, cytotoxic, antimalarial, cardiop-

rotective, antihyperglycemic and antidiabetic
activities (Koay & Amir, 2013; Lekshmipriya et
al., 2021).

Anticancer activities: The anticancer activity of
palmatine, an alkaloid extracted from T.
cordifolia against 7,12-dimethylbenz(a)ant-
hracene (DMBA) which induces skin cancer in
Swiss albino mice (Ali & Dixit, 2013). The enha-
nced glutathione (GSH), superoxide dismutase
(SOD) and catalase and reduced level of lipid
peroxidase show the role of palmatine in the
detoxification pathway. Further, palmatine acts
as an oral supplement that provides protection
against skin cancer in Swiss albino mice.
Ethanolic extract (50 %) of T. cordifolia (TCE)
has antibrain cancer activity against C6 glioma
cells (Mishra & Kaur, 2013). The TCE reduces
the proliferation in dose dependent manner
and induces differentiation in C6 glioma cells.
The 50% methanolic extract of T. cordifolia
stem exhibits cytotoxic activity against human
breast cancer cell line MDA-MB-231 with IC,,
value of 59 + 4.05 ug/mL and 50+ 2.01 ug/mL
in 0.25% and 0.5% DMSO respectively (Ahmad
et al., 2015). Different extracts, fractions and
isolated compounds of T. cordifolia promisingly
show anticancer activity against four different
human cancer cell lines, KB (human oral
squamous carcinoma), CHOK-1 (hamster
ovary), HT-29 (human colon cancer) and SiHa
(human cervical cancer) respectively. All
extracts and fractions exhibit cytotoxic activity
against KB and CHOK-1 cells. Among the
isolated compounds, tinocordiside has
maximum cytotoxic activity against KB and
CHOK-1; while, yangambin is found to be
cytotoxic against KB cell line and palmatine has
cytotoxicity against KB and HT-29 cell lines
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(Bala et al., 2015). Berberine extracted from T.
cordifolia induces anticancer activity against
colon cancer cells by inhibiting the expression
of several genes responsible for the
development, progression, proliferation,
differentiation, cell motility and epithelial
mesenchymal transition of colon cancer
(Palmieri et al., 2019).

Methanol, water and chloroform
extracts of T. crispa stem show antiproliferative
activity against MCF-7, MDA-MB-231, Hela and
3T3 normal fibroblast cell lines (Ibahim et al.,
2011). The methanolic extract has maximum
antiproliferative activity against MCF-7 with an
IC,, value of 33.75 * 4.65 pg/mL. Methanolic
extract, (petroleum ether, chloroform and
aqueous fraction) of T. crispa is evaluated for
cytotoxic activity using brine shrimp lethal
assay. In Brine shrimp lethality bioassay, the
LC,, values of methanolic crude extract and
petroleum ether, chloroform and aqueous
fractions are found to be 6.43, 0.8. 4.58 and
7.46 g/mL respectively (Islam et al., 201 3).

1.9. Tiliacora Colebr.

T. acuminata is a large twinning
woody shrub distributed throughout India.
Stem is twining, ribbed, woody, solid, green
when young and brownish in older parts. Lea-
ves are long, alternate, simple, exstipulate, cor-
date, truncate or rounded at the base with long,
ribbed and twisted petiole. The plant secretes
secondary metabolites such as alkaloids, anthr-
aquinones, catechins, coumarins, flavonoids,
phenols, quinones, saponins, steroids, sugar,
glycosides, tannins and xanthoproteins (Kundu
& Guha, 1975; Nishanthini et al., 2016).

T. triandra is a woody climbing shrub,
commonly known as 'Bai Yanang' or 'Yanang' in

Thai. It is an indigenous plant distributed in
South East Asia including Cambodia, India, La-
os, Malaysia, Myanmar, Thailand and Vietnam.
Leaves are simple, alternate, lanceolate, broadly
ovate, coriaceous, dark green, glabrous above
and glaucous beneath. Inflorescence is axillary
panicle, pseudoracemes or cauliflorous (IBP,
2020). The plant species is a rich source of
alkaloids, fatty acids, essential oils and
polyphenolic compounds which is used in the
treatment of fever, gastrointestinal diseases,
hypertension, diabetes, skin diseases and
malaria (Makinde et al., 2019).

Anticancer activities: Hydro alcoholic
extract/fractions of T. acuminata have
cytotoxic activity against five different cell lines
including A-549 (Human small cell lung
carcinoma), MCF-7 (Human breast cancer),
HepG2 (Human hepatic cancer), HT29 (Human
colon cancer) and L6 (Rat normal skeletal
muscle). The alkaloid fractions of T. acuminata
is found to be maximum cytotoxic against HT-
29 cell line (Rodrigues et al., 2020).

Oxoanolobine isolated from methanol
extract of T. triandra shows cytotoxic activity
against the lung cancer cell line (NCI-H187);
whereas, the water extract found to be active
against oral cavity cancer (KB) cell line (Rattana
et al., 2016). Moreover, the ethanolic extract of
T. triandra exhibits cytotoxicity against five
different cancer cell lines of the respiratory
system including oropharynx cancer (KB),
larynx cancer (Hep2) and human lung cancer
(A549, COR-L23, NCI-H226) cancer cell lines
with an IC,, value ranging from 19.5 to 45.2
pg/mL (Juckmeta et al., 2019).

2. Outlook
Medicinal plants are rich sources of
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novel pharmaceutical compounds with potent
bioactivities. These compounds are known to
possess promising therapeutic effects to treat
various ailments including cancer. Anticancer
agents derived from plants have gained much
attention because plant derived anticancer
drugs are safe, effective, non toxic and
economical, and are used as an alternate
source of modern medicine against cancer.
Plant derived anticancer agents will remain to
serve as lead molecules for anticancer drug
development. Most species of Menispermaceae
have long been used in ayurvedic preparations
to cure various diseases. The members of
Menispermaceae have been recognized as
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Abstract: The family Simaroubaceae includes a number of plants with anticancer properties which
can be used in future for drug designing against cancer. Cancer is a disease in which some of the
body cells grow and divide uncontrollably and spread to other parts of the body. It is the second
most leading cause of death in the world. But survival rates are now improving due to the

application of modern pharmacology. Plant derived medicines are now using extensively in the

treatment of cancer.
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imaroubaceae is a small mostly tropical

family in the order Sapindales. The family

includes 32 genera and more than 170
species of trees and shrubs having pantropical
distribution. The main distribution hot spots
are located at tropical areas of America,
extending to Africa and Madagaskar. The
family is characterised by the presence of many
quassinoides, secondary metabolites respons-
ible for a wide range of biological activities such
as antitumour, antimalarial, antiviral, insecti-
cidal, deterrant, antiparasitic and herbicidal.
Due to the chemical diversity, it is worth noting
that it can be characterized as a promising
source of bioactive molecules with remarkable
research potential. Since 1961, when the first
quassinoid structure was elucidated, the
growing interest on various species of
Simaroubaceae family resulted in the isolation
and identification of more than 200 currently
known quassinoides (Vieira, 2006). Many
species of Simarubaceae display prominent
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anticancer properties. The main genera include
Ailanthus, Brucea, Simarouba, Quassia,
Picrolemma, Simaba and Picrasma. Neverthe-
less, many of it’s species have not been studied
or remain unexplored.

1. Anticancer plants in Simaroubaceae
1.1. Ailanthus Desf.

The genus is known as Tree of Heav-
en' and native from East Asia to northern Austr-
alasia. It is rapidly growing deciduous tree,
becomes a widespread invasive species across
North America. It can grow rapidly to 25-30
meters. Leaves are odd-pinnately compound
with 11-41 leaflets. Twigs are light brown, very
stout and covered with fine hairs when young.
Bark is smooth, striped, grey-brown or light
brown which cracks with age and exhibits light
coloured grooves. Inflorescence is terminal
panicles. Flowers are radially symmetrical with
5-6 petals. Fruits are 3-8cm long schizocarp
with 2-5 samaroid mericarps.
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Anticancer activities: A. altissima plays major
role in tumour therapy in which the bark of the
plant is used in the treatment of colonic,
cervical, rectal and breast cancer (Effereth et al.,
2007). Ailanthone, a quassinoid extract from
the plant exhibits in vitro growth inhibitory
effects against several cancer cell lines
including HepG2, Hep3B, R-HepG2, Hela and
A549 cells. Ailanthone could induce mitocho-
ndrial membrane depolarization and caspase-3
activation in Jurkat cancer cells (Rosati et al.,
2004). There are three cell cycle regulation
points in G,, S and G, phases which can modul-
ate cell cycle progression. Induction of tumour
cell cycle arrest in G,/G, phase is a target for the
development of antitumour therapy (Chen et
al., 2010). Certain molecules, including tumour
protein p53. serve a role in cell cycle inhibition
and induction of apoptosis. The cells may be
arrested in the G, phase and apoptosis may be
induced by p53. Analysis of the cell cycle
demonstrates an increase in the number of
MCF-7 cells in G,/G, phase following treatment
with ailanthone and a decrease in the number
of cells in S phase, indicating that the cells
arrests in the G,/G, phase by so that the cells
could not enter S phase or perform DNA
synthesis, thus inhibiting proliferation. This
checkpoint involves in the effects of ailanthone
on the cell cycle of MCF-7 cells. Caspases are
mediators of apoptosis, of which caspase 3 are
frequently activated death protease that
catalyzes specific cleavage of numerous cellular
proteins. Ailanthone can induce apoptosis in
tumour cells. Apoptosis is an active cell suicide
process that is regulated by p53. The effect of
Bcl-2 depends on the ratio of its expression
with Bax; this ratio determines whether cells
undergo apoptosis or survival upon signal
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stimulation. Excessive Bax expression in cells
promotes apoptosis, whereas excessive Bcl-2
expression promotes survival.

The treatment of MCF-7 cells with 0.5,
1.0, 2.0, 4.0 or 8.0 pyg/ml ailanthone for 48 h
increases Bax expression whereas Bcl-2
decreases markedly. The mechanism underl-
ying ailanthone induces MCF-7 cell apoptosis
which is associated with the adjusting of the
Bax and Bcl2 family proteins. The ailanthone
exhibits an inhibitory effect on cellular
proliferation and induces apoptosis. The
promotion of Bax and the inhibition of Bcl2
proteins may further enhance the antitumour
effect. Genetic abnormalities in the phosph-
atidylinositol 3-kinase (PI3K)/RAC serine/
threonine-protein kinase (AKT) signalling
pathway are common in human tumours. The
role of the PI3K/AKT pathway and its potential
as a therapeutic target for tumour treatment
has been investigated in a number of tumour
types including lung, breast and renal cancer,
neuroblastoma and glioblastoma. The
PI3K/AKT signaling pathway and the
downstream are potential targets for
therapeutic intervention. The PI3K/AKT
pathway serves a role in apoptosis, cell cycle
progression and tumourigenesis; therefore,
ailanthone induced apoptosis may involve the
PI3K/AKT pathway, demonstrating that the
ailanthone treatment of Huh7 cells results in a
decrease in the expression of PI3K and AKT
phosphorylation at threonine 408 and serine
473.

Treatment of MCF-7 cells with
ailanthone causes cell apoptosis. The
antitumour effect of ailanthone promises that
the compound may be beneficial for the
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treatment of breast cancer. Ailanthone, isolated
from A. altissima, exhibits an inhibitory effect
on MCF-7 cells and promotes cell apoptosis by
upregulating Bax protein and mRNA. The
compound inhibits the protein and mRNA
expression of Bcl-2 and in turn expresses
potential antitumour activity. Hence, it may be a
new phytomedicine for tumour therapy.

1.2. Brucea J.F.Mill.

The shrubby plant, B. javanica, is
commonly known as 'Macassar kernals', ‘Java
brucea' or 'Kosam'. It grows in the forests of
India, Sri Lanka, Burma, China, Malaysia,
Indonesia, Philippines and Australia. The wood
is extremely bitter and the leaves are
compound. The leaflets are lanceolate, rounded
at the base, asymmetrical, with serrate
margines and acuminate apex. The inflores-
cence is axillary panicle with minute unisexual
flowers with four sepals and petals each.
Androecium is with four stamens around a four
lobed disc. Gynoecium made of four tiny
apocarpous carpels. Fruit is small black, glossy
and oblong drupe. The plant is widely used as
an antipyretic, antimalarial, antiinflammatory,
antiviral and detoxifying plant. It also used in
the treatment of lung, prostate and gastro
intestinal cancer.

Anticancer activities: B. javanica exerts
anticancer effect on various types of cancer
lines through inhibiting cell proliferation,
inducing apoptosis and autophagy and
restraining angiogenesis. B. javanica oil extra-
cted from the plant by using petroleum ether
has antiinflammatory, antimalarial, antiviral and
antitumour properties (Zhang et al., 20117;
Huang et al., 2017). The oil contains saturated
and unsaturated fatty acids. Oleic acid and
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linoleic acid are the predominant components
which have high anticancer activity and specific
affinity for tumour cell membrane. It could
inhibit the oxygen uptake of cancer cell during
tumourigenesis. The unsaturated fatty acids
also affect the oxygen free radical level and the
lipid peroxidation rate of tissue.

Various extracts from this plant is
effective on inhibiting different cancer types.
These are proved to be useful against
myeloma, glioma, laryngeal neoplasms, bowel
cancer, lymphoma, epidermoid carcinoma,
nasopharyngeal carcinoma, bladder cancer,
osteosarcoma, prostate cancer, leukemia,
oesophageal cancer, ovarian cancer, oral cavity
cancer, colon cancer, cervical cancer, breast
cancer, gastric cancer, hepatoma, pancreatic
cancer and lung cancer (Guo, 2022). B. javanica
triggers the generation of reactive oxygen
species, release of cytochrome C, activation of
mitochondrial apoptosis pathway and
regulation of a series of signal pathways and
proteins related to cancer. The molecular
mechanism involved are inhibiting the
PI3K/Akt/mTOR, NF-kB and Nrf2-Notchl
pathways, up or down modulating the levels of
p53, p62, p21, Bax, and Bcl-2 and inhibiting the
expression of matrix metalloproteinases
(MMPs), vascular endothelial growth factor
(VEGF), cyclooxygenase-2 (COX-2) and
prostaglandin E2 (PGE2) (Li et al., 2021).

1.3. Simarouba Aubl.

S. glauca is a native flowering tree of
Florida, South America and the Caribean. It is
commonly known as 'Paradise tree', 'Dysentery
bark' and 'Bitter wood'. In India, the plant is
known as 'Lakshmitaru'. The tree is well grown
in warm humid tropical regions. It is an ever
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green small to medium sized tree. Leaves are
odd pinnately compound and leaflets are dark
green above, light green below with entire
margin and rounded leaf tip. Yellow flowers are
arranged in panicle inflorescence. Fruits are
oval in shape with inferior quality and bearing
the seeds containing edible oil. The wood is
generally insect resistant and used to prepare
furniture, toys, matches and paper pulp. The
plant is a potential oil seed tree with wide scope
for biodiesel production.

Anticancer activities: Parts of S. glauca have
been used extensively from ancient times to
treat cancer. The leaves are the potential source
of anticancer agents in traditional medicine.
Decoction prepared by using leaves of this
plant has been reported to be effective in
treating various cancers. Quassinoids are
thought to be the molecule that imparts
anticancer properties to the plant. Bioactivity
guided fractionation of chlorophorm extract of
S. glauca found 6 alkaloid derivatives including
a limonoid, an acyclic squalene type tri-
terpanoid, two coumarins and two triglycerides.
Of these 2 alkaloid derivatives, canthin-6-one,
2-hydroxycanthin-6-one, limonoid and meliano-
diol are found to have anticancer properties
(Rivero-Cruze, 2005). Tricaprion extracted from
the plant induces apoptosis in colorectal
carcinoma cells. Induction of caspase -3/7
mediated apoptosis is a characteristic of HDAC
inhibitors (Jose et al., 2018).

Moreover, the plant is able to treat
leukemia. Among the extracts used, petroleum
ether extract shows a higher order of in vitro
anticancer activity by strongly inhibiting the
proliferation of cancer cell lines (Vikas et al.,
2021).In vitro anticancer activity of leaf extract
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is effective against three leukemic cell lines
including K-562, MOL-3 and KG-1. Hence, the
plants help to isolate pure compounds from S.
glauca for anticancer drug designs (Prajapathi
etal., 2018).

1.4. Quassia L.

The genus Quassia is mainly of
tropical and subtropical distribution. It is a
small tree growing mainly on sandy soils in
lowland, forest and along the riverbanks. The
plant is native to Northern-south America,
Africa, Asia, Malasia and North-eastern
Australia. The shrub grows upto 4-6 cm with
compound leaves having winged midrib.
Flowers are bright red with lanceolate petals.
Fruits are aggregate of five black, elliptic or
obovate drupes, attached to a fleshy red
receptacle. Wood is yellow to white with
severely bitter taste.

Anticancer activities: Quassia is extensively
used as an antipyretic from ancient times. In
some parts of the world, it is used for the
treatment of malaria and fevers. It is also used
as antiviral, antianaemic, antibiotic, cytotoxic
and antiamoebic agent in different parts of the
world. Qussinoids are the major phytochemical
compound of the plant which gives bitter taste;
while, quassin is a white crystalline substance
that extensively used in herbal medicines.

1.5. Picrolemma Hookf.

Picrolemma is small dioecious slender
flowering shrubs, native to Southern and South-
eastern Amazons and Peru. It is primarily grows
in wet tropical zones and used as herbal
medicines. Inflorescence is elongate and
stamens opposite to the petals. Fruit are with
ellipsoid fruitlets.
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Anticancer activities: Quassinosides from the
areal parts of the plant is significantly cytotoxic
against MCF-7 and PC3 cell lines. Neoserg-
eolide, isolated from the plant is effective
against HL60 leukemia cell line which leads to
apoptosis by damaging DNA in intrinsic path
ways. Extracts from the aerial parts of P. sprucei
is cytotoxic against breast and prostate human
cancer cell lines (de Sousa et al., 2019). Natural
quassinoids, isobrucein B, neosergeolide,
semisynthetic derivative 1,12-diacetylisobrucein
B, and a new semi-synthetic derivative, 12-
acetylneosergeolide are found to have cytotoxic
effects against human cancer cell lines. First
two compounds have greater effect against all
the tumour cell lines (Silva et al., 2009). The
alkaloids including canthin-6-one, huberine, 1-
hydroxy-canthin-6-one, canthin-6-one and
stigma sterol isolated from the bark of P. huberi
have antitumour activities. Canthin-6-one has
antiviral, antiinflammatory, antiproliferative and
aphrodisciacal properties additional to
antitumour activities (Lopez et al., 2018). Leaf
extract of P. pseudocoffea contains quassinoid
which has been found antileukemic effects.
This antileukemic quassinoid is similar to 15-
deacetylsergeolide that induces strong antileuk-
emic activity in P-388 test system (Polonsky et
al., 1984).

1.6. Picrasma Blume

Picrasma is a genus with six to nine
species which are native to temperate and tropi-
cal zones of Asia and tropical regions of
Americas. The species are shrubs or trees
growing upto 20 meter in height. The plant is
deciduous with smooth dark grey brown bark.
Leaves are pinnately compound with 7-15 leafl-
ets. Flowers are green to yellow with four or five
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sepals and petals produced in cymose inflore-
scence. Fruits are ovoid to globose, red to black
drupe with 6-7 mm diameter. P. quassioides is a
species native to temperate regions of Southern
Asia, Northeast of Pakistan, Taiwan and Japan.
It is a deciduous shrub or small tree growing to
10-15m tall with a trunk upto 50cm in
diameter. The leaves are 15-40 c¢cm long,
pinnate, with 7-15 leaflets having coarsely and
irregularly toothed margin. The fruit is an ovoid
to globose drupe with 6-7 mm diameter.

Anticancer activities: P. quassioides is widely
used in traditional medicines of Asia. The
chemical composition of the plant is complex.
The plant contains quassinodes, alkaloids and
triterpanoids. Among the triterpanoids,
tirucallane type triterpenoid called kumuqu-
assin C is found to have anticancer properties.
The plant extracts induces cervical cancer cell
apoptosis by upregulating proapoptotic protein
Bad and t-Bad expression. Ethanolic extract of
the plant found to induce H-Ras liver cancer cell
apoptosis and n-butanol extract induces HT-29
colon and NCI-N87 gastric cancer cell apopt-
osis. Among the alkaloids, B-carboline alkaloids
are found to be cytotoxic against human
ovarian cancer cell lines. B-carboline-1-carbo-
xylic acid, isolated from the stem is moderately
cytotoxic against K562 leukemia cancer cells
and SGC-7901 gastric cancer cells. Besides,
carboline alkaloids, carthinone, also exhibit
anticancer properties. In this category, 9-
methoxy-canthin-6-one and canthin-6-one
show that these compounds have cytotoxic
activity against A549 lung cancer and MCF-7
breast cancer cells (Lee et al., 2021).

2. Outlook
Cancer is a threatening disease for
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human population. Various kinds of researches
and studies are going on to prevent and treat
different types of cancers. Plant based
medicines have a great demand in this field due
to its less toxic side effect compared to current
treatments like chemotherapy. The plant
kingdom produces active secondary metab-
olites which have potential anticancer effects.
Some species of Simaroubaceae shows potent
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Abstract: Cancer is a severe health problem that continues to be a leading cause of death
worldwide. The advent of modern drug targeted therapies has undeniably improved cancer
patient's cares; while the advanced metastasized cancer remains untreatable. The continued

searching for a safer and more effective chemoprevention and treatment is clearly needed for the

improvement of the efficiency and to lower the treatment cost for cancer. Cancer chemopre-

vention with natural phytochemical compounds is an emerging strategy to prevent, impede, delay

or cure cancer. In cancer chemoprevention and treatment, the bioactive components from natural

plants of Fabaceae play significant role.

Keywords: Fabaceae, anticancerous, phytochemicals, medicinal, antiproliferative

ancer is a condition in which cells grow

abnormally with the potential to spread

to other parts of the body. Among
several factors that are involved in cancer
initiation include changes in the genes that
regulate normal functions of the body. With the
steady increase in cancer incidence around the
globe, various strategies for cancer prevention
is also increasing. Stem cell transplantation,
chemotherapy, radiotherapy, immunotherapy
and surgery are various methods used to treat
cancer among which chemotherapy is the most
effective method. But various side effects are
associated with this treatment. Due to the
reason, other treatment methods with no or
few side effects are required for the prevention
and treatment of cancer. Recently, researchers
around the globe have focused their efforts on
discovering novel drugs from natural sources

such as plants with authentic medicinal
importance. Natural compounds are found to
be good sources for the development of new
remedies for different diseases. Several
medicinal plants and herbal ingredients have
been found to show anticancer activity. The
plant derived compounds are widely used for
chemotherapy of cancerous patients. Phytoche-
micals isolated from medicinal plants have
been shown to decrease cell proliferation,
apoptosis, metastasis and inhibit angiogenesis.
Taxol analogues, Vinca alkaloids (vincristine
and vinblastine), and podophyllotoxin analog-
ues are some of the drugs used to treat cancer.

Kingdom Plantae is characterized by
approximately 250,000 plant species; while,
only 10% of all plant species has been tested for
the anticancer activity (Tariq et al., 2017). Leaf,
flower, fruit, root, stigma, pericarp, embryo,
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rhizome, seed, stem, sprout and bark are
various plant parts where anticancer
compounds occur and these phytochemicals
derived from plants has a huge role in
pharmacology (Subramanian et al., 2019). Diff-
erent phytochemicals such as alkaloids, flavon-
oids, glycosides, saponins, terpenes, lignin,
vitamins, minerals, taxanes, gums, biomole-
cules, oils and various other metabolites are
found to show anticancer activities (Subrama-
nian et al., 2019). These compounds can activ-
ate enzymes and proteins, regulate cellular and
signaling events in growth and improve anti-
inflammatory and antioxidant action; thus play
a pivotal role in cancer prevention (Tariq et al.,
2017).

The family Fabaceae is a rich source of
phytochemicals including flavonoids, lectins,
saponins, alkaloids, carotenoids and phenolic
acids which have anticancer properties and the
use of these phytochemicals is increasing over
time (Sebastian et al., 2020). Phytochemicals of
the family have industrial and pharmacological
importance (Pastorino et al., 2018). However,
these phytochemicals have not been explored
massively for their anticancer activity. There-
fore, more research is needed in the future to
explore the potential of phytochemicals in
Fabaceae members against cancer and to
discover novel drugs against the disease. It is
an attempt to explore the potential effects of
phytochemicals against cancer cell growth,
development and associated mechanisms
giving emphasis on eight major genera of
Fabaceae.

1. Anticancer plants in Fabaceae

1.1. Astragalus L.
Astragalus is the largest genus of
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vascular plants in the world that comprises an
estimated number of 2900 annual and pere-
nnial species. The members of this genus have
been used as medicine, food, fodder, fuel, orna-
mental plants etc. A. membranaceus, a comm-
only used herb in china, has a long history of
use in Traditional Chinese Medicine. It is now
commonly used as an immunomodulating
agent in mixed herbal decoctions.

Anticancer activities: A. membranaceus is
found to possess phytochemicals like polysa-
ccharides, saponins and flavonoids (Max et al,
2002). Basic research indicates that Astragalus
saponins could induce growth inhibition and
apoptosis in human colon cancer cells and
tumour xenografts (Tim et al., 2007). Total
saponins normally possess potential antitumo-
urigenic effects in human colon cancer cells
and tumour xenografts through modulation of
both mTOR and ERK signaling pathways (Auye-
ung et al., 2010). Astragalus polysaccharides
(APS) show immune potentiating properties. It
promotes dendritic cell maturation and acts as
an effective adjuvant in vaccines (Du et al.,
2012). APS could increase the effectiveness of
platinum based chemotherapy and improve the
quality of life in patients with advanced non
small cell lung cancer (NSCLC) (Cullock et al.,
2006; Guo et al., 2012). Moreover, the antitum-
our activity of APS may depend on its function
of immune regulation (Liu et al., 2010).

1.2. Acacia Mill.

Acacia is one of the largest species of
Fabaceae, rich of bioactive compounds with
significant medicinal properties. Acacia
possesses several secondary metabolites
including amines, flavonoids, alkaloids,
fluoroacetate, cyanogenic glycosides,

G Anticancer Plants —




diterpenes, hydrolyzable tannins, seed oils,
cyclitols, gums, non protein amino acids, fatty
acids, terpenes and condensed tannins. These
compounds are found to show different
pharmacological activities such as antiinflam-
matory, antioxidant, antidiarrheal, antidiabetic,
anticancer, antiviral, liver protective effects. The
leaves and bark of Acacia plants contain
highest amount of tannin as well as poly-
phenolic compounds such as dicatechin,
quercetin and gallic acid (Said, 1997; Asolkar et
al., 2005). Pods of the Acacia plant contain
various polyphenolic compounds like gallic
acid, catechin, robidandiol and chlorogenic acid
(Gulco, 2001). The root and flowers contain
several biologically important constituents like
hentriacontane, sitosterol, betulin, B-amyrin,
kaempferol-3 glucoside and isoquercetin
(Chatterjee & Pakrashi, 2000).

Anticancer activities: A. nilotica extract
obtained from wood are found very impressive
in preventing the disease caused by the
overproduction of radicals and illustrates the
high cytotoxic potential against MCF-7, a breast
cancer cell line (Barapatre et al., 2016). A.
nilotica is used to treat cancers and tumours of
ear and eye and also to treat infections such as
diarrhea, dysentery, leprosy, cancers, ulcer and
diabetes (Aliyu, 2006; Ahmad et al., 2008). A.
salicina leaf extracts possess significant antim-
utagenisity against Salmonella typhimurium
TA98 and S. typhimurium TA 1535 strains
(Chatti et al.,, 2011). A phytoconstituent,
isorhamnetin 3-O-neohesperidoside isolated
from A. salicina leaves protects the cells against
oxidative stress by inhibiting xanthine oxidase
and superoxide anion scavengers (Bouhlel et
al., 2010). Aqueous and methanol extracts of

A. karroo bark inhibit virus HIV-type 1 reverse
transcriptase significantly; while the A. salicina
leaves extracts show significant antioxidant
activities against superoxide radicals and also
found to protect pKS plasmid DNA from
hydroxyl radicals (Mulaudzi et al.,, 2017;
Boubaker et al., 2012). The aqueous extract of
A. tortilis polysaccharide (AEATP) is very
effective in reducing the blood glucose at high
doses (Kumar & Singh, 2014). Aqueous extract
of A. tortilis at low doses induces potential
anxiolytic activity and at high doses it exhibits
antidepressant, sedative as well as anticonv-
ulsant property which might be due to
inhibitory mechanism of glycine and the action
of constituents present in the extract on BZD or
5-HT(1A) receptor (Alharbi & Azmat, 2015). The
diverse pharmacological properties possessed
by various Acacia species (Acacia salicina,
Acacia laeta, Acacia hamulosa and Acacia
tortilis) motivate us to compare the cytotoxicity
against HepG2, HEK-293, MCF-7 and MDA-MB
231, and antimicrobial activity against
Staphylococcus aureus, E. coli, P. aeruginosa
and C. albicans. Several antimicrobial and
cytotoxic biomarkers such as rutin and B-
amyrin have been quantitatively estimated in
different species of genus Acacia by HPTLC
method (Alam et al., 2015; Alam et al., 2017).
The different fractions of A. etbaica, A. laeta, A.
origena and A. pycnantha are found very active
against Klebsiella oxytocain, Staphylococcus
aureus and Klebsiella pneumoniae strains
(Mahmoud et al., 2016).

1.3. Indigofera L.

Indigofera s a large genus of over 750
species of flowering plants belonging to
Fabaceae. They are widely distributed throu-
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ghout the tropical and subtropical regions of
the world. Ayurveda has already described this
plant as a stimulant, alternative and deobs-
truent (Chunekar & Nighatu, 1993). In the
traditional systems of Indian medicine, the
extract of the plant is used for the management
of several hepatic and nervous disorders
(Chatterjee & Pakrashi, 1992). Plants have
remarkable pharmacological properties of
which the aerial parts of I tinctoria possess
antihepatoxic activities. The alcoholic extract of
the leaves possess antihepatoxic effect against
D-galactosamine and carbon tetrachloride
induced damage in liver (Sreepriya et al., 2001).
Indigtone, an active compound isolated from
the leaves possesses hepatoprotective activity
(Singh et al., 2004). Further, the plant has
proved to be more effective against chronic
myelogenous and other leukemias (Steriti,
2002). Indiubin, the active constituent from the
leaves is a promising anticancer drug (Han,
1994). Juice of the leaves has a great repute as
a cure for hydrophobia being administered
both internally and externally (Chopra, 1956).

the
component responsible for the anticancer
activity in [. tinctoria yields marked inhibition of
Lewis lung carcinoma and walker carcinoma;
hence the plant possesses significant anti-
neoplastic activity (Xiujuan, 1981; Rui, 1995). /.
suffruticosa aqueous extracts by infusion and
maceration exhibit the antitumour effect
against sarcoma 180 in mice (Jeymesson et al.,
2006). I. aspalathoides, the under shrub with
copiously terete spreading branches, is
traditionally used in treating various skin
disorders and tumours (Kirtikar & Basu, 2000).
It is found to be active against transplantable

Anticancer activities: Indirubin,
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tumours and inflammations (Rajkapoor et al.,
2005). The aqueous extract of I. aspalathoides
contains mainly saponins, tannins, carbohy-
drates and steroids that have the ability to
counteract the adverse biological effects of
carcinogens. The aqueous extract of I
aspalathoids also induces antitumour potency
against fibrosarcoma in rats (Kumar et al.,
2011).

1.4. Mimosa L.

The genus Mimosa consists of about
400 species distributed all over the world. The
plants range from herbs to trees. Several
species of the genus play important roles in
folk medicine. Mimosa species are nutritionally
very important and several species are used as
feed for different varieties of chickens. The
species of Mimosa have promising pharma-
cological properties including antimicrobial,
antioxidant, anticancer, antidiabetic, wound
healing, hypolipidemic, antiinflammatory,
hepatoprotective, antinociceptive, antiepileptic,
neuropharmacological, toxicological, antiall-
ergic, antihyperurisemic, larvicidal, antiparasitic,
molluscicidal, antimutagenic, genotoxic,
teratogenic, antispasmolytic, antiviral and
antivenom activities. Hence, the genus could be
the future of the medicinal industry for the
treatment of various diseases, although in the
future more research should be carried out to
explore its ethnopharmacological, toxicological
and nutritional attributes.

Anticancer activities: The biocomposite films
made from M. tenuiflora cortex and chitosan
show cytotoxicity against 3T3 fibroblasts
(Valencia-Gomez et al., 2016). Similar to this,
bark ethanol extract exhibits cytotoxicity
against four human cancer cell lines including
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HL-60, HCT-116, PC-3 and SF-295 (Silva, 2020).
Different extracts (petroleum ether, ethanol and
aqueous) of M. pudica leaves induce in vitro
anticancer activity against three human cancer
cell lines derived from lung (CHAGO), liver
(HepG2) and colon (SW620) (Chimsook, 2014).
While the Hy-EtOH extracts of M. pudica whole
plant and L-mimosine show anticancer activity
against the Daudi cell line (Parmar et al., 2015).
The cell viability and proliferation of smooth
muscle in male Wistar rats reduce by HyMeOH
extract of M. pigra leaves. No significant effects
were observed by the extract at a concentration
of 0.01 to T mg/mL on smooth muscle cell
proliferation or cell viability (Rakotomalala et al.,
2013). M. pigra fruit extract has been used by
Sudanese healers against tumours due to the
anticancer activity (Saeed et al., 2015)

The EtOH extract of M. caesalpiniifolia
leaves induces the anticancer activity against
the human breast cancer cell line MCF-7 (Silva
et al.,, 2014). The anticancer activity of EtOH
extract and fractions (n-Hex, DCM, EtOAc and
Aqg.) of M. caesalpiniifolia stem bark detected
against HCT-116, OVCAR-8, and SF-295 cancer
cells (Moncao et al., 2015). The MeOH extract
of M. rubicaulis stem exhibits cytotoxicity
against an Ehrlich ascites carcinoma (EAC)
tumour model in Swiss albino mice against
cancer cell lines such as EAC, MCF-7, and MDA-
MB 435S (Nandipati et al., 2014). M. verrucosa
and M. pteridifolia bark EtOH extracts are
highly cytotoxic against four human cancer cell
lines including HL-60, HCT-116, PC-3 and SF-
295 (Silva, 2020).

1.5. Phaseolus L
Phaseolus is the herbaceous to woody
annual and perennial vines containing about 70

plant species native to Americas, primarily
Mesoamerica. Various constituents of P. vulga-
ris have beenstudied regarding their
antigenotoxic potential. Phenols are shown to
have this effect in strains of Salmonella
typhimurium damaged with aflatoxin B1 or
benzo (a) pyrene, as well in the cells of mice
treated with cyclophosphamide (De Mijiaa et al.,
1999; Martinez et al.,, 2002). Moreover, a
correlation between the antimutagenic and
antioxidant effects is evident for phenolic
compounds obtained from a methanolic
extract of the bean seed coat in Salmonella
exposed aflatoxin B1 (Martinez et al., 2006).

Anticancer activities: A number of antioxidant
properties have been reported with respect to
P. vulgaris. The methanolic extract, proantho-
cyanidin rich fraction and whole bean
consumption, has significant antiradical
capacity (Martinez et al., 2006; Fernandez et al.,
2007; Mbenza et al.; 2013). In addition, with
regard to cancer chemoprevention, epidemi-
ologic studies have suggested that the
consumption of beans is associated with a
reduction in the rate of breast, prostate and
colon cancers (Correa et al., 1981; Hayat et al.,
2013). Several parts or specific compounds of
P. vulgaris are known to experimentally act on
various types of cancers; however, no studies
about the antigenotoxic and chemopreventive
effects of phaseolin have been reported.
Epidemiologic data suggests that colon cancer
may be reduced in populations consuming
beans (Hayat et al.,, 2013). The cooked Bayo
Madero variety of P. wulgaris and its non-
digestible fraction suppress CAC formation in
rats induced with azoxymethane (AOM)
(Vergara et al. 2010). Similarly, the polysac-
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charide extract from cooked beans decreases
the number of precarcinogenic CAC lesions in
AOM treated rats and modifies the
transcriptional expression of various genes
(Feregrino et al., 2008). Additional beneficial
effects from the consumption of different
varieties of P. vulgaris include reduction in the
glycemic index, cardiovascular diseases,
stomach and prostate cancer, weight control
and obesity (Chavez et al., 2017). Kaempferol
and quercetin are the main flavonoids in P.
vulgaris that reduce cardiovascular disease.
Genistein, the isoflavonoid, may inhibit the
growth of carcinogenic cells including breast
and prostate cancer, and anthocyanins,
cyanidin 3-glucoside, exhibit antioxidant
activity (Espino et al., 2006). Besides, some
varieties of P. vulgaris contain ferulic acid as
their main phenolic acid in turn causes
antioxidant activity in treated organisms
(Chavez et al., 2017).

1.6. Glycyrrhiza Tourn. ex L.

Glycyrrhiza is a genus of about 20
species with a subcosmopolitan distribution in
Asia, Australia, Europe and America. The plant
bears compound leaves that consist of 4 to 7
leaf pairs with an end leaflet that is sticky due to
secretion of juice. Flowers are blue and fruit
contains 5 to 6 brown seeds.

Anticancer activities: G. glabra is a species
native to Eurasia and North Africa and well
known in pharmacology, from which most
confectionery liquorice is produced. The root
and stem of the species have higher medicinal
use to treat different diseases (Khanahmadi et
al., 2013). Extract contents of the root lead to
morphological changes in the mammary cell
line (4T1) and reduce the viability; beyond this,
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it induces BCL2 phosphorylation (Hamta et al.,
2014). The root extract promotes apoptosis in
HT29 cells; therefore useful in the treatment of
colon cancer (Nourazarian et al., 2015).
Glycyrrhizin, a triterpene glycoside, is the main
compound in root extract and acts as an anti-
proliferative agent against tumour cells
especially breast cancer cell lines (MCF-7 &
HEP2) and plays major role in induction of
apoptosis (Bartina et al., 2003). G. uralensis is
one of the commonly prescribed herbs in
Traditional Chinese Medicine that is associated
with immune modulating and antitumour
potential. Cytotoxic activity guided fractionation
studies on G. echinata roots led to the isolation
of eight compounds. Among the molecules,
retrochalcones, licochalcone B and tetra
hydroxyl methoxy chalcone are the most active
ones against PC3, MCF-7 and HepG2 cells.

1.7. Medicago L.

Medicago is commonly known as
'Medick' or 'Burclover'. It contains at least 87
species and is distributed mainly around the
Mediterranean basin. The best known member
of the genus is alfalfa, M. sativa, an important
forage crop. It is usually found in most parts of
the world and has been used in traditional
medicine for the treatment of various diseases
such as hepatic disorders (Servatyari et al.,
2017).

Anticancer activities: Phytoestrogen in the
plant has strong estrogenic activity and useful
in treating hormone dependent cancers. Alfalfa
contains large amount of almost all vitamins,
flavonoids, digestive enzymes, coumarin,
alkaloids, amino acids and trepans. Hence, it is
more useful for breast cancer and the breast
milk enhancement. Triconlin plays major role in
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plant development and bears the pharmac-
ological properties like anticancer effects
(Huyghe et al., 2007). Moreover, the two
flavonoids namely millepurpan and medicarpin,
isolated from M. sativa suppress cancer cell
proliferation. Millepurpan and medicarpin can
be utilized as chemopreventive agents for
breast cancer as well as cervical cancer (Bora et
al., 2011). The role of flavone, tricin as a
chemopreventive agent sourced from M.
truncatula is also investigated (Stochmal et al.,
2007). It is noticed that tricin in humans causes
cell cycle arrest or a growth inhibitory effect on
MDA-MB-468 breast cancer. It majorly inhibits
the cyclooxygenase enzyme activity in turn
regulates the cyclooxygenase mediated
prostaglandin production. Due to this effect,
tricin can be exploited as a chemopreventive
agent for prostate and intestinal carcino-
genesis.

1.8. Sophora L.

Sophora is deemed as one of the most
remarkable genera of Fabaceae. The genus
comprises approximately 52 species of small
trees and shrubs that are widely distributed in
Asia and mildly in Africa.

Anticancer activities: Sophoraflavanone G
from S. flavescens reveals cytotoxicity for
several tumour cells which is similar to
cisplatin, commonly used as a recent
chemotherapy drug to treat different cancers
(Long et al., 2020). The compound induces
apoptosis in triple negative breast cancer cells
(Huang et al.,, 2019). Kurarinone induces
apoptosis in small cell lung carcinoma (SCLC)
cells via multiple mechanisms and delays SCLC-
cell's migration and invasion (Chung et al.,
2019). By it’s underlying mechanism, Kurari-

none promotes Fas and TRAIL receptor1 and 2
expression via the caspase 8 / Bid pathway. A
prenylated flavanone from the roots of S.
flavescens has antiproliferative activity against
human hepatoma cells (HepG2) (Yang et al.,
2021). This lavandulyl flavonoid, 2-methoxy-2',
4', 4, 6-tetrahydroxy -5- lavanduly dihydro-
chalcone, significantly activates autophagic flux
and trigger reactive oxygen species (ROS)
release in HepG2. The compound mediates it's
antiproliferative effects through autophagic cell
death which is an apoptosis independent event.
This prenylated flavanone could also activate
the key signaling protein of autophagy and
ROS, while it does not affect the main protein of
the apoptosis signaling pathway (Yang et al.,
2021).

Oxysophoridine is an alkaloid extrac-
ted from S. alopecuroides with various pharma-
cological activities. It suppresses the growth of
hepatocellular carcinoma and colorectal cancer
cells by regulating apoptosis associated with
the Bcl-2/Bax/caspase-3 signalling pathway and
alleviation of spinal cord injury via antiinflam-
matory, antioxidative stress and antiapoptosis
effects (Yao et al., 2012; Jin et al., 2017; Cao et
al., 2018). HPLC fingerprint of chloroform extr-
act from S. tonkinensis reveals the presence of
ononin, genistin, genistein, isosophoranone,
trifolirhizin, isotrifolirhizin and maackiain (Chen
et al., 2020; Song et al., 2021). The extract
suppresses the tumours of nasopharyngeal
carcinoma cells; beyond, the extract inhibits the
cell viability, clonal growth and induces cell
apoptosis in a dose dependent manner by
silencing the PI3K/AKT/mTOR signaling path-
way which is associated with upregulation of
cleaved PARP, caspase 3/7/8/9 and Bax and
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downregulation of PI3K, P-PI3K, PARP, AKT,P-
AKT, mTOR, P-mTOR and Bcl-2 (Ao et al., 2019;
Cao & He, 2020; Chen et al.,, 2020). The
mechanism of allomatrine, isolated from the
bark of S. japonica, shows the inhibition of
invasion and proliferation in human lung cancer
A549 cell line by promoting apoptosis,
inducing ROS production, inhibiting ubiquitin
proteasome, arresting cell cycle and regulating
tumour related gene expression (Liu et al.,
2020). Evaluation of anticancer activity of
isolated compounds from S. mollis including
scopoletin and B-sitosterol glucoside has weak
effect against HelLa and 3T3 cell lines (Quradha
etal.,, 2021).

2. Outlook
Species of Fabaceae are a rich source
of phytochemicals including flavonoids, lectins,
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Abstract: By considering the family Rubiaceae, there is many species with valuable secondary
metabolites which can be used as anticancer and cytotoxic agents. Some of the plants are well
known for camptothecin, genipin, genipodide, cisplatin, kaempterol, erithrodiole, quinine,
caffeine, polyphenole, ursolicacid and phenolic compounds as anticancer agents. Cancer is a
dreadful disease, and combating this disease is of great importance to public health.
Phytochemical examination has been making rapid progress, and herbal products are becoming
popular as sources of plausible anticancer compounds. The Rubiaceae members inhibit cancer in
different human cell lines including A549, MCF-7, Hela etc. by suppressing cell cycle and
promoting apoptosis. The major plants which show the property are Anthocephalus, Gardenia,
Cinchona, Ixora, Chassalia, Coffea, Morinda etc..

Keywords: Rubiaceae, anticancer, bioactive compounds, camptothecin, apoptosis

lobally cancer is one of the commonly

life threatening diseases which sever-

ely affect the human being. It is recog-
nized by the uncontrollable division of cells.
There is a demand for new methods to prevent
this disease. Conventional therapies have
several adverse effects on the healthy cells;
therefore, the alternative and effective
medications are required to combat this dise-
ase. Benefits of using plant derived products
over synthetic medicine have increased the
importance of medicinal plants in the field of
healthcare. Many plants derived products are
potent in cancer treatment by inhibiting cancer
activating enzymes, stimulating DNA repair
mechanism, inducing antioxidant action and
promoting protective enzymes production. As
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chemotherapy and radiation therapy causes
various side effects, so there is a necessity to
discover novel agents for the treatment of the
disease; it could be possible with the use of
naturally occurring compounds (Arpita &
Navaneeta, 2017).

The chapter provides significant
information regarding the plant resources of
the family which can provide bioactive
compounds for cancer treatment. The family is
the main group of angiosperm represents one
of the most species rich flowering plants
with13, 548 species under 617 genera in
Gentianales. The members are herbs, shrubs
and trees, distributed primarily in tropical areas
of the world. Several species are of economic
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importance as sources of useful chemicals and
a number are cultivated as ornamentals. The
leaves are opposite each other with stipules or
in whorls, unbroken leaf margins, and leaf like
appendages at the base of the leafstalks. The
plants may bear a single flower or many small
flowers clustered together. The fruits can be
berries, drupes, capsules or schizocarps
(Michael, 2010).

The members of Rubiaceae as well as
their isolated compounds possess diverse
biological activities including antiinflammatory,
antitumour, antimicrobial, larvicidal, antioxid-
ant, gastrointestinal, antiulcer and hepato
protective, with alkaloids and iridoids as the
major active principles. About 3000 plants has
anticancer properties are subsequently used as
potent anticancer drugs (Srigiri, 2015). The
members such as Morinda, Gardenia, Ixora,
Neurocalyx, Cinchona, Anthocephalus etc.,
have shown potent cytotoxic activities in the
previous studies.

About 12 species with anticancerous
property which are almost common including
the phytochemicals such as camptothecin,
genipin, genipodide, cisplatin, kaempterol,
erithrodiole, quinine, caffeine, polyphenole,
ursolicacid and phenolic compounds. This can
inhibit cancer in different cell lines. So the
demand of natural pharmaceuticals made
investigation in different plant groups of the
family and also helps in conservation of them.

1. Anticancer plants in Rubiaceae

1.1. Anthocephalus A. Rich.

A. cadamba is one of the most
precious medicinal evergreen tropical trees,
native to South and Southeast Asia. It is a large
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tree with a broad crown and may reach a height
of 45 m. The bark is gray, smooth in young
trees, rough and longitudinally fissured in old
trees. Leaves are glossy green, opposite, simple
more or less sessile to petiolate, ovate to
elliptical. Inflorescence is in clusters; terminal
globose heads without bracteoles, subsessile,
fragrant with orange or yellow flowers. Flowers
are bisexual and 5 merous. Calyx tube is funnel
shaped, corolla gamopetalous, saucer shaped
with a narrow tube, the narrow lobes imbricate
in bud. Stamens 5, inserted on the corolla tube,
filaments short, anthers basifixed. Ovary is
inferior, bilocular, sometimes 4 locular in the
upper part, style exserted with a spindle
shaped stigma. Fruitlets are numerous with
their upper parts containing 4 hollow or solid
structures. Seeds are trigonal or irregularly
shaped.

Anticancer activities: The phytochemical
screening of Cadamba reveals the presence of
lupeol and betulinic acid type triterpene which
have antineoplastic activity. It also has
antitumour activity on Ehrlich ascites carcinoma
(EAC) by defatted methanol extract of Cadamba
(MEC). The antitumour potential of MEC shows
influence on tumour volume, viable and
nonviable tumour cell count, tumour weight,
hematological parameters and biochemical
estimations (Dwevedi, 2015). Despite several
known pharmacological properties of A. cada-
mba, only few studies are available on antipro-
liferative activity of bark. The bark methanol
extract shows the antiproliferative activity
against human cervical cancer Hela cells. By
comparing with standard cisplatin drug, A.
cadamba bark methanol extract have
significant antiproliferative activity against

G Anticancer Plants —




human cervical cancer cells due to induction of
apoptosis which is credited to the phenolic
contents. The phytochemical potency of the
plant is due to high amount of total phenolic
content.

1.2. Borreria G. Mey.

B. hispida is a creeping herb with
tropical and subtropical distribution. Much
branched prostrate perennial herb forms mats
up to 23-40 cm wide; stems 10-20 cm long,
tinged reddish, covered with spreading white
hairs, with short internodes and rather
congested foliage. Leaf blades are elliptic or
oblong elliptic with white hairs on upper
surface and particularly along the margins, also
with hairs on midrib and nerves beneath.
Flowers are 1-several, sessile, in most leaf axils.
Calyx tube is oblong-ovoid, densely hairy; lobes
4, lanceolate, hairy along the margins. Corolla
is pale blue or lilac; tube narrowly cylindrical;
lobes oblong, hairy at the apex. Filaments
exserted. Style exserted; stigma shortly bifid.
Capsule is obovoid with spreading white hairs.
Seeds are chestnut brown, oblong ellipsoid,
sometimes narrowed to one end, finely retic-
ulate, ventrally grooved.

Anticancer activities: The methanolic extract
of the seeds of B. hispida shows the anticancer
activity due to the presence of some bioactive
elements like kaempterol and erythrodiol. The
methanolic extract of seeds inhibits the growth
of A549 and MCF-7 cells at the IC,, concen-
tration of 3.125ug/mL and 1.56ug/mL respec-
tively which show the anticancer activity of the
extract against human lung carcinoma (A549)
and breast carcinoma (MCF-7) cell lines. The F3
fraction cytotoxic protein of methanolic
extraction of seed exhibits growth inhibition (in

vitro cytotoxicity assay) and cell cycle arrest in
sub-GO population of human lung (A549) and
cervical (HeLa) cancer cells (Rupachandra &
Sarada, 201 3).

1.3. Cinchona L.

C. officinalis is commonly known as 'Peruvian
bark’, native to South America specifically from
the Andes mountain range. It can also be found
in India, Java, Cameroon and Vietnam and in
some other Asian and African countries. In
India, it is mainly found in hilly areas. Cinchona
is a 10 to 20 m tall tree with straight trunk
about 30 cm in diameter. It has a dense and
irregular globular crown; darkly green, oval
shaped leaf with a thick central nerve with full
margin. The color of flower is white or pinkish
with white hairs found in panicles. The fruit is
dark brown 2-4 cm long with 3-4 seeds. The
brown bark of Cinchona is looked like a tube
which is arched or curved during aging. Barks
are usually visible in trunk or branches and
after immediate collection the outside has a
brown grayish color while the inside has a
reddish brown.

Anticancer activities: The phytochemical
screening of bark and leaves shows the prese-
nce of alkaloids known as quinine, cinchonine,
quinidine, quinoline and cinchonidine. Quinine
is more potent to inhibit the cell proliferation
and induces apoptotic cell death in cancer cell
line in a dose and time dependent manner
(Krishnavedi & Suresh, 2015). ROS (Reactive
oxygen species) is critical for the metabolic and
signal transduction pathways associated with
cell growth and apoptosis. Several anticancer
agents including anthracyclines, cisplatin and
bleomycin, currently used for cancer treatment
have been shown to cause increased intrace-
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llular ROS generation. Quinine also increases
the intracellular ROS levels at time and dose
dependent manner (Pranay & Puspal, 2017).
Induction of cell death through indirect
activation of the mitochondria dependent
pathway is the conventional anticancer
treatment but sometimes it is altered in drug
resistant cancer cells. Effect of quinine induces
typical morphological changes as the signal of
apoptosis like cell shrinkage, membrane
blebbing, chromatid condensation, nuclear
fragmentation, apoptotic bodies and loss of
adhesion. So quinine may be a strong anti-
cancer agent in future due to its huge apoptotic
activities in cancer.

1.4. Chassalia Comm. ex Poir.

The genus, commonly known as
Curved flower Chasalis' or 'Curved flower woo-
dy Chassalid, consists of more than 110 speci-
es with paleotropic distribution, mainly in open
areas forest edges in North East India. The plant
erect, 1-2 m tall; branches weakly flattened to
sub terete. Leaves opposite; petiolate, oblong-
elliptic, glabrous; stipules persistent, united
shortly around stem, with interpetiolar portion.
Inflorescence cymose, pyramidal to rounded,
several to many flowered, puberulent; bracts
lanceolate to triangular or usually muiltifid.
Flowers subsessile, trimorphic with anthers
exserted and stigmas included, with anthers
included and stigmas exserted or with anthers
and stigmas both exserted. Calyx with
hypanthium portion ellipsoid to obovoid.
Corolla white with pink, violet on lobes, outside
glabrous to sparsely puberulent; tube shallowly
to markedly curved, straight or bent at base;
lobes 4 or 5, ovate-triangular. Infructescence
axes becoming swollen and red. Fruit purple,
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oblate to globose or weakly didymous.

Anticancer activities: The plant has various
phytoconstituents such as steroids, terpenoids,
alkaloids, tannins, phenolic compounds,
flavonoids, carbohydrates, amino acids and
other many bioactive compounds with
medicinal property ( Savitha et al., 2019). Ethan-
olic extract of leaves and roots of C. curviflora
were possesses antiinflammatory, analgesic
and hepatoprotective activity, and phytochem-
ical analysis reveals that roots have high cont-
ent of alkaloid. The antiinflammatory and imm-
unomodulatory properties of a plant may cont-
ribute to its anticancer properties. Main alkaloid
present in the plant is camptothecin. It can be
treated against the 3 human cancer cell lines;
breast cancer (MCF-7), lung cancer (A549),
cervix cancer (HelLa) and normal fibroblast cell
(3T3L1). The cytotoxic effect of the alkaloid rich
extract (Chr-alk) on cancer cell lines shows a
concentration and time dependent increase in
the percentage of cytotoxicity. There is more
cell death treatment of extract on in A549 lung
cancer cells. The Chr-alk induces less toxicity in
normal cells compared to cancer cells showing
its specificity to cancer cells (Rajeswari et al.,
2020).

1.5. Coffea L.

Members of the genus Coffea are
evergreen shrubs or small trees and often
inhabit the understory of tropical forests. The
elliptical waxy leaves are borne oppositely
along the stems and often feature prominent
venation. Many species have a characteristic
growth habit in which the upright trunks
branch horizontally and may then repeat the
pattern on secondary and tertiary branches.
The small fragrant white or pink flowers
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frequently open after a dry period and may last
only a few days. The fruit, known as a “Coffee
cherry,” is a one or two seeded drupe and can
be red, purple, yellow, orange, blue or black
when mature, depending on the species. The
“Coffee beans” are the rounded oblong seeds,
each with a flat face marked by a lengthwise
groove.

Anticancer activities: The epidemiological
evidence consistently indicates that coffee
protects against liver cancer, and also point
toward protective effects for risk of colorectal
cancers, overall risk of breast and prostate
cancer. However, for subgroups such as
postmenopausal breast cancers, advanced
prostate cancers, and breast and prostate
cancer survivors, an inverse association with
coffee intake is indicated. Basically the coffee
contains caffeine, chlorogenic acid (CGA) (which
is caffeic acid bound to quinic acid), cafestol,
kahweol, p-coumaroylquinic and feruloylquinic
acid. Potential mechanisms for chemopreve-
ntive effects of coffee phytochemicals include
inhibition of oxidative stress and oxidative
damage, regulation of DNA repair, phase Il
enzymatic activity, apoptosis, inflammation, as
well as having antiproliferative, antiangiog-
enetic and antimetastatic effects. The antipro-
liferative effect can be found as in human
cancer cell line viability (breast carcinoma) signi-
ficantly decreases in a concentration dependent
manner. Similarly, the plant shows a compara-
ble effect in cancer lines from colon (CHT116),
brain (T98G) and bone (U20S). Both green and
dark coffee extracts inhibit the proliferation of
MCF-7 and MDA-MB-231human breast cancer
cell lines.

The two coffee lipids, cafestol and

kahweol, are antigenotoxic compounds that
prevent the deleterious effects of reference
carcinogens such as N-nitrosodimethylamine,
2-amino-1-methyl-6-phenylimidazo[4,5-b]py-
ridine, ferric ion-nitrilotriacetic acid and H,0, in
human hepatoma HepG2 cells. The ability of
the caffeine and chlorogenic acids, 5-O-caffeo-
ylquinic acid (5-CQA) and 3,5-O-dicaffeoylquinic
acid (3,5-DCQA), to protect against ROS indu-
ced oxidation has investigated in HepG2 cancer
cells (Ayelene et al., 2021). Both cafestol and
kahweol are the inhibitors of cytochrome P450,
an enzyme responsible for the activation of
carcinogens and thus DNA damage (Jose et al.,
2012).

1.6. Gardenia ). Ellis

Gardenia is a genus of more than 140
species of shrubs and trees in the Madder
family, native to tropical and subtropical Africa,
Asia, and Pacific islands. The plants have glossy
evergreen leaves that usually are arranged
oppositely or in whorls. The tubular flowers are
white or yellow and are borne singly or in small
clusters; the flowers are often strongly scented.
The large berrylike fruits contain a sticky
orange pulp. The fruits are used in Japan and
China for dyeing food yellow. The colouring
matter in the fruits contains glycoside, a
compound similar to crocetin which is found in
Saffron. The dye is also used to colour textiles
yellow or scarlet. The flowers contain fragrant
essential oils and are used in perfumery. It is
also used in China for flavouring tea.

Anticancer activities: G. jasminoides is a
natural plant, has many biological activities.
Plant has the ability of apoptosis in HepG2
human hepatoma cells. It contains 1.03%
genipin gentiobioside, 5.90% gardenoside,
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1.26% crocin 1 and 0.17% crocin 2 in turn show
significantly strong HepG2 cell inhibitory
effects. Usually, species has the ability to
increase the mRNA expression of caspase 3,
caspase 8, caspase 9, Bax, TRAIL, Fas, Fas/FasL,
p53, p21 and IkB-ct, and decrease the Bcl-2, Bcl-
xL, XIAP, clAP-1, clAP-2, survivin, NF-kB expres-
sion in HepG2 cells. The higher concentration
of G. jasminoides shows the higher increasing
or decreasing MmRNA expression effects in
HepG2 cells. So G. jasminoides had a strong
anticancer effect through its apoptosis inducing
abilities in hepatic cancer; it could be used for
the treatment as a medicine or health product
in daily human life for good liver health (Sook et
al., 2012).

1.7. Ixora L.

I. coccinea is a small shrub. Stem is
herbaceous, aerial, erect, branched, cylindrical,
and differentiating into nodes and internodes.
Leaves are cauline, simple, opposite, decussate,
stipulate, sessile, ovate to elliptical, entire and
acute with unicostate reticulate venation.
Inflorescence is corymbose cyme. Flowers are
bracteate, pedicellate, complete, hermap-
hrodite, actinomorphic, tetramerous, epigy-
nous, large, showy with long corolla tube. Calyx
made up of 4 sepals, gamosepalous, green,
valvate, very short in comparison to corolla.
Corolla made up of 4 petals, gamopetalous,
twisted, long, slender, corolla tube with abru-
ptly expanded corolla limbs. Androecium made
up of 4 stamens, polyandrous, epipetalous and
alternipetalous, anthers sagitate, dithecous,
dorsifixed, introrse. Gynoecium composed of
bicarpellary, syncarpous, bilocular, two ovules
in each locule on axile placentation. The style is
long and passes through the long corolla tube.
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Stigma is bilobed and simple. Fruit is berry with
small endospermic seeds.

Anticancer activities: |. coccinea flowers show
cytotoxic activity. The flower extract contains
terpenoids, flavonoids, phenols, tannins and
lupeol which have cytotoxic activity and
kaempferol with antiplatelet aggregation
potential. The compounds show cytotoxic
activity against cancer cell lines namely, NCI H-
460 (large cell carcinoma, lung), MCF-7
(adenocarcinoma, breast), HeLa and Hep3B
(liver tumour) cell line.

The flower extract is effective against
MCF-7, HelLa and NCI H-460 human cancer cell
lines. 17 metabolites identified from /. coccinea
flowers (yellow), which are mostly responsible
for its cytotoxicity and growth inhibitory actions
preferably towards cervical cancer cell line
(Lubna et al., 2018). The flowers and leaves
contain an anticancer drug camptothecin
which having anticancer activity against
Dalton's lymphoma (ascitic and solid tumours)
and Ehrlich ascites carcinoma (EAC) tumours
(Saravanan & Boopalan, 2011).

1.8. Morinda L.

M. citrifolia is a small, glabrous tree
with straight trunk; smooth, yellowish white
bark; branchlets obtusely quadrangular. Leaves
are broadly elliptic, acute, acuminate or obtuse,
bright green, glabrous, shining, one of the pair
next the prominent peduncle, petiolate; stip-
ules connate, short, broad, obtuse, membr-
anous. Flowers are white in dense ovoid heads,
peduncles solitary (rarely 2-3 together), usually
leaf opposed. Calyx limb is truncate. Corolla is
infundibuliform tube with hairy mouth, lobes 5,
lanceolate, acute. Stamens are 5 in number,
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filaments hairy, anthers about half exerted.
Fruit is white when ripe, smooth, glossy, about
a size of a small egg.

Anticancer activities: The ethyl acetate extract
of noni fruit juice strongly inhibits the
proliferation of MCF-7, MDA-MB-231 and HEK-
293 cell lines with IC,, values of 25, 35, 60
pg/mL respectively. The extract shows increase
in apoptosis of MCF-7 and MDA-MB-231 cells
and arresting of the cell in the G1/S phase of
MCF-7 and GO/G1 phase of MDA-MB-231 cells.
Noni extract also decreases the intracellular
ROS generation and mitochondrial membrane
potential (Sharma et al., 2015). Concentrated
components in noni juice may stimulate the
immune system to 'possibly’ assist the body
fight to cancer, and kill a small percentage (0-
36%) of cancer cells depending on the type
(Amy, 2017).

The noni juice inhibits the A549 cells
proliferation, migration and invasion. It also
promotes cell apoptosis in A549 cells as well as
effectively suppresses tumour formation of
A549 cells in nude mice. The phosphorylation
level of AKT, p50 and STAT3 proteins inhibits
to different extents after noni juice treatment. It
can be inhibited the expression of Ki67, PCNA
and Bcl-2 protein in the tumour; while prom-
oted the expression of caspase-3 protein.
Additionally, the noni juice treatment could
restrain the activity of AKT/NF- k B signaling
pathway in the tumour tissue (Ma et al., 2020).

More than 160 phytochemicals have
been isolated from the plant Noni (Steroids,
glycosides, phenol, tannins, terpenoids,
alkaloids, resins, carbohydrates, flavanoids,
anthraquinones, phylobatannins, saponins and

protein) which makes it an amazing herbal
remedy for the treatment of numerous diso-
rders including cancer. Recently, the Noni juice
has been in high demand in market as
Complementary and Alternative Medicine
(CAM) for its multidimensional health benefits.
It is a potent antibacterial, antiviral, antifungal,
antihelminthic, anticancer, analgesic, antiinfla-
mmatoiy, antioxidant, hypotensive, cardiovas-
cular protective, wound healer, anxiolytic,
sedative, antigout, antiobesity and immune
enhancing agent. Anticancerous activity of M.
citrifolia is attributable to its antiinflammatoiy,
antioxidant and apoptosis inducing effects.
Based on toxicological and mutagenicity
assessment, Noni juice has been considered as
safe.

1.9. Neurocalyx Hook.

N. calycina is a large herb endemic to
South West India, found in evergreen forest.
These are large pubescent herbs. Leaves are
simple, whorled at tip, oblanceolate, acute at
apex, rusty puberulus; nerves to 18 pairs,
prominent below; stipule 2 cm long, obovate, 2
fid at apex. Racemes are 10-13 cm long,
axillary, rarely branched; bracts lanceolate.
Flowers white, pedicelled. Calyx tube is
hemispherical, lobes 5, ovate. Corolla tube is
absent, lobes 5 x 3 mm, ovate, twisted.
Stamens are 5 in number, anthers connate into
a conical tube. Ovary 2 celled, ovules many,
style slender. Capsule irregularly bursting;
seeds many, pitted.

Anticancer activities: The plant has wound
healing, burn healing, anticancer, analgesic,
antiinflammatory, immune enhancing, platelet
augmentation and antioxidant effects. N. calyc-
ina has significant concentration of anticancer
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alkaloid camptothecin, in the plant parts. Roots
of N. calycina produce the highest content of
camptothecin (CPT) and followed by stem and
leaves. Plant derived monoterpene pyrrolidine
alkaloid camptothecin, possessed to have
unique antitumour activity. CPT inhibits the cell
cycle at various stages and finally induces the
cell death. Continuous exploration on the
action of mechanisms of CPT, researchers have
found out the compound inhibits the DNA
replication in association of Topoisomerase |
(Karuppuswami & Mohanaraj, 2021). Campto-
thecin and its derivatives are used as second or
third line treatment for patients with endocrine
resistant breast cancer (BC). These drugs
convert nuclear enzyme DNA topoisomerase |
(TOP1) to a cell poison with the potential to
damage DNA by increasing the half life of
TOP1-DNA cleavage complexes, ultimately
resulting in cell death (Tesauro et al., 2019).

1.10. Ophiorrhiza L.

O. mungos is an annual erect herb
form roots at lower nodes. Leaves 7-15 x 3-6
cm, elliptic or elliptic-lanceolate, base attenuate,
apex acuminate, chartaceous, hirsute on veins
below; petiole to 1.5 cm; stipules subulate, 3-5
mm long, 2 fid at tip. Flowers in dense terminal
branched, scorpioid cymes. Peduncle is to 2.5
cm long, rusty pubescent. Calyx tube c. 1 mm
long; lobes obscure. Corolla is 0.8-1 cm long,
white with pink shades on lobes. Capsule 2.5-3
mm long, 4-6 mm wide, obcordate, laterally
compressed, glabrous, dehiscence loculicidal.
Seeds are many, angular.

Anticancer activities: O. pumila and O.
mungos produce camptothecine in small
quantity. The four other derivatives of CPT,
which are currently in use, including topotecan,
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irinotecan, belotecan and trastuzumab derux-
tecan, are also produced. The mode of action of
CPT involves inhibition of topoisomerase 1
(TOP 1), which is known to be present in higher
amounts in cancer cells when compared to
normal tissues. The formation of TOP I-CPT
complex leads to an irreversible strand breaks
in the DNA eventually causing the death of
cells. The initial usage of CPT and its derivatives
are targeted to gastrointestinal tumours, and
further slowly explored in the treatment of
breast, ovarian, colon, lung and stomach
cancers. It's low solubility and resistance by the
cancer cells has reduced its usage (Madihalli et
al., 2021).

1.11. Pavetta L.

P. indica, ‘Indian Pavettd’, is an erect,
nearly smooth or somewhat hairy shrub, 2 to 4
meters or more in height. The leaves are
elliptic-oblong or elliptic-lanceolate, 6-15 cm
long, and pointed at both ends. The flowers are
white, rather fragrant, and borne in consid-
erable numbers in hairy terminal panicles which
are 6-10 cm long. The sepals are very small and
toothed. The flower tube is slender and about
1.5 cm long, with obtuse petals about half the
length of the tube. The flowers attract
butterflies and insects. The fruit is berry, black
when dry, somewhat rounded, and about 6
mm in diameter.

Anticancer activities: Methanol extract of the
leaves and branches of P. indica (MEPI) causes
cell cycle arrest at the sub-G1 phase and
induces apoptosis, as indicated by the
activation of caspase 8, 3, 7, and c-PARP. The
MEPI significantly reduces the expression of
multidrug resistance associated protein 1 in
triple negative breast cancer (TNBC). MEPI
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causes nuclear fragmentation and chromatin
condensation; thus, MEPI induces caspase
dependent apoptosis of MDA-MB-231 cells.
Moreover, the co-treatment with MEPI and
doxorubicin results in a synergistic reduction in
cell viability. MEPI also induces radiation
sensitization of TNBC cells. The major
constituent of MEPI is 5,6-dehydrokawain (DK).
Doxorubicin (DOX) has enhanced the expres-
sion of MRP1 in breast cancer cells, leading to
resistance. DOX significantly induces MRP1
expression levels in different non small cell
lung cancer cells (H1299, A549, and CH27
cells) in a time dependent manner. Use of
chemotherapeutics in combination with natural
compounds can increase efficacy, reduce the
dosage, minimize side effects and overcome
resistance (Yen et al., 2019).

1.12. Psychotria L.

P. leptothyrsa is under shrubs up to 1
m tall with striate stem. Leaves are simple,
opposite decussate; stipules 2x0.3 cm,
foliaceous, linear-lanceolate; petioles 1.5-4 cm
long, shallow-grooved; lamina 10-25x4-17 cm,
ovate-lanceolate to elliptic-lanceolate, narrowed
at base, acuminate at apex, obscurely crenate
at margin; secondary nerves 10-15 paired.
Inflorescences are in axillary or terminal 4-6 cm
long umbellate cymes. Flowers are pale yellow;
peduncles 2-3 cm long, slender puberulous;
bracts subulate, 0.3 cm; pedicels 0.5 cm long;
calyx lobes linear-lanceolate, 2x0.5 mm, ciliate;
corolla tube very short; throat villous within.
Fruits are 1x0.8 cm, ellipsoid with persistent
calyx teeth, orange-yellow.

Anticancer activities: P. leptothyrsa var.
longicarpa contains a suite of different
cyclotides. Cyclotides, the largest known family

of head to tail cyclic peptides, have approx-
imately 30 amino acid residues with a complex
structure containing a circular peptide back-
bone and a cystine knot. It displays cytotoxic,
antiHIV, antimicrobial and inhibition of neuro-
tensin binding activities and also has cytotoxic
activity toward the human lymphoma cell line
U937-GTB (Samantha et al., 2010). The another
species, P. serpens, shows powerful activity
against H460, HepG2, Hela and PC9/GR cell
lines, and no toxic effects against normal
16HBE cell lines. The anticancer activity leading
compounds are sevenetin, rutin, kaempferol-3-
flavonoids, quercetin, tamarixetin-3-O-rutino-
side, quercetin 3-O-(2G-B-D-xylopyranosy-
Irutinoside), kaempferol and tamarixO- rutino-
side. It can be often used as a substitute for
Caulis trachelospermi to treat cancer in China
(Chao-Zhang et al., 2015).

2. Outlook

The demand of bioactive plant derived
compounds in pharmaceutical market is ever
increasing due to its cancer potential and with
their pharmacological efficacy of diverse natural
chemical derivative. It is urged the identification
of alternative source to meet out the pharmace-
utical demand and conservation of high valued
plant species. Total of 12 different species of
family Rubiaceae have been reported in this
chapter with bioactive compounds as their
secondary metabolites which are active as anti-
cancer molecules in different cell lines with
different physiological properties. The major
plant derived compouds, used as anticancer
drug are camptothecin, lupiol, kaempterol,
doxorubin, genipion, quinone, cyclotides etc.,
will become great demanded product in future.
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Abstract: Cancer is a group of more than 100 distinct diseases characterized by the uncontrolled
growth of abnormal cells in the body. The World Health Organization has estimated that the global
cancer burden could be reduced by as much as 30 to 50% through prevention strategies,
particularly through the avoidance of known risk factors. Medicinal plants have a role in curing and
avoiding such cell proliferation. The local people used the plants in a traditional way for all health
problems from the ancient period. One of the plant genera, Inula, belongs to the tribe Inuleae and
the family Asteraceae with about 100 species. Diverse biological activities have been attributed to
this genus including anticancer, antibacterial, hepatoprotective, cytotoxic and antiinflammatory.
The species growing in East Asia are widely used by the local people for varied medicinal
properties which have prompted many workers to study the phytochemistry of these species that
ultimately resulted in the extraction of a number of novel bioactive molecules. This emphasizes
the need for extensive study for revealing the medicinal importance of the other species of Inula.

Keywords: Inula, anticancer agents, secondary metabolites, antiproliferative, Asteraceae

ver a decade the number of cancer angiosperms, in which the Asteraceae family is

patients is increasing in the world. one of the larger families.

The research field always seeks new
medicines and treatments for different cancer.
Plants take place a vital role in the manufa-
cturing of medicines because plants produce
lots of secondary metabolites that are beneficial
to major biological activities of organisms.
Moreover, 80% of the population depends on
traditional medicinal plants. We have a glorious
history of traditional medicines. Our cultural
legacies like the Vedas and Upanishads show
the plethora of wisdom on the plant kingdom.
The largest group of the plant kingdom is

Asteraceae is commonly known as the
sunflower family and is under the Asterales
order. The family included 1600 genera and
2500 species. Many species are used for diet
and medicinal purposes. Most species are great
sources of inulin, a natural polysaccharide with
solid prebiotic properties. It has potent
antioxidant, antiinflammatory, antimicrobial
activity, anticancer, diuretic and wound healing
properties. All species of the family have
phytochemical compounds including polyph-
enols, phenolic acids, flavonoids, acetylene and
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terpenoids. The genus Inula contains more
than one hundred species in temperate region
of Europe and Asia. The genus first described
by Linnaeus in 'Species Plantarum' (1753). In
India total 17 species and two varieties are
represented (Karthikeyan et al., 2009). The
genus comprises annual or perennial herbs in
India. Characters of the genus is flowering
heads (capitula), which are heterogamous and
with both ray and disc florets. The capitula are
usually arranged in terminal corymbs or cymes
but in some taxa, they are solitary and
pedunculate or sessile and densely congested
at the center of the rosulate leaves. Inula
members have some ethnomedicinal uses,
while some members face habitat loss. Hence,
some species are endemic including .
racemosa and |I. rhizocephala (Rao & Datt,

1996).
1. Anticancer species in the genus Inula

1.1. Inula viscosa (L.) Aiton

This is a highly branching perennial
plant common throughout the Mediterranean
Basin. It has long, narrow leaves that are
pointed at both ends and have teeth along the
edges and glandular hairs on the surfaces. One
plant can produce many yellow flower heads
each with as many as 16 ray florets and 44 disc
florets.

Anticancer activities: It is a generally used folk
medicine with antiinflalmmatory and antiseptic
activities. The plant contains twenty one
components; among them, patchulane, 3-ethyl-
3hydroxy-5alpha-androstan-17-one and y-
gurjunene are prominent. The species shows
high antioxidant capacity, high rate of
secondary metabolites and demonstrated neu-
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roprotective activities (Qneibi et al., 2021).
Tomentosin is considered a traditional remedy
for the treatment of different types of cancers,
which is present in the species. Traditionally,
the plant is used for lung cancer.

1.2. Inula helenium Hook.f. & Thomson

The plant is a rhizomatous, sunflower
like composite of the aster family that is native
to Europe and northern Asia, but has natura-
lized in fields, clearings, disturbed sites, roadsi-
des, and waste places in parts of eastern North
America from Nova Scotia to Minnesota, South
to North Carolina and Missouri. It typically
grows to 3-6' tall. It is noted for having coarse,
toothed, rough hairy leaves. Ovate-elliptic basal
leaves typically grow to 1-2' long on petioles
extending to as much as 1' long. Ovate-lance-
olate stem leaves are much shorter and sessile,
decreasing in size from the bottom to the top
of the central rigid hairy stalk. Sunflower like
flowers (2-3" diameter) subtended by broad
floral bracts, feature numerous very thin,
scraggly yellow rays which surround a central
disk of darker yellow tubular flowers. Flowers
bloom July-September.

Anticancer activities: The plant has a long and
interesting history as a medicinal herb wherein
the rhizomes and roots are at one point, using
in a large variety of medical applications
primarily in the treatment of respiratory type
ailments. The plant widely used in folk
medicine to treat many diseases including
bronchitis, cough, lung disorder, tuberculosis,
intestinal ulcers etc. The major component of
the plant extract is sesquiterpene lactones and
eudesmanolides, exhibiting diverse bioactivities
such as antitumour, antiinflammatory, antim-
icrobial, antiproliferative and antibacterial
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(Konishi et al., 2002). The plant is an efficient
inhibitor of the human U87 MG glioma cells.
Therefore, the aerial parts are a valuable source
for the development of a new chemothera-
peutic drug for brain cancer.

1.3. Inula britannica L.

The common names of the plant are
'British Elecampane’, 'British Yellowhead' or
'Meadow Fleabane'. It is an erect, rhizomatous,
sunflower like, herbaceous biennial or perennial
in the composite family. Once established in
the landscape, the plant will spread aggress-
ively and rapidly by seeds, rhizomes or root
fragments.

Anticancer activities: Flowers of the plant are
used as traditional Chinese and Kampo
Medicines which are rich source of secondary
metabolites. These consist of terpenoids like
sesquiterpene lactones and dimmers, diter-
penes, triterpenoids and flavonoids. The isola-
ted compounds have shown diverse biological
activities like anticancer, antioxidant, antiinfla-
mmatory, neuroprotective and hepatopro-
tective. The sesquiterpenoids, OABL and
OODABL isolated from the species induce
phosphorylation of BCI-2 in breast, ovary and
prostate cancer cell lines.

1.4. Inula falconeri Hook.

The plant is annual herbaceous that
vary greatly in size from small species of few
centimeters tall. They carry yellow daisy like
composite flower heads often with narrow ray
florets.

Anticancer activities: Alantolactone and
sesquiterpene lactone help cytotoxic activity
against solid tumours and several acute
myeloid leukemia stem cell lines.

1.5. Inula royleana DC.

Kashmir lnula is found in the Himala-
yas, from Pakistan to Kashmir, at altitudes of
2100-4000 m. It is common and prominent in
Kashmir. The plant is stout erect with very large
handsome golden-yellow flower heads of 10-
12.5 cm across, much larger than those of
showy Inula. Ray florets are numerous, up to 5
cm long. Leaves are large, elliptic-lance shaped.
Lower leaves are elliptic-blunt, 15-25 cm, with
an equally long winged leaf stalk. Upper stem
leaves are elliptic, up to 20 cm, with enlarged
stem clasping base. The stem is unbranched 1-
2 feet tall. Flowering period is July-September.

Anticancer activities: The plant is an ethno
medicine, used as antiinflaimmatory and antitu-
mour agent due to the presence of diterpene
alkaloids, alantolactone and sesquiterpene
lactone. The plant shows antiproliferative
activity against different cancer cell lines of lung
cancer (Stojakowska & Malarz, 2004).

1.6. Inula racemosa Hook.

The plant is a critically endangered
Himalayan herb. The species is a perennial herb
up to 1.5 m tall with fragrant prominent root
and root stock. Stems are many in number,
ascending from the base of the rootstock.
Leaves are leathery, rough above and densely
hairy below, 25-50 cm long, 10-12 cm broad
and elliptic-lanceolate in shape.

Anticancer activities: Alantolactone, sesquiter-
pene lactone, PB-sitosterol, isoalantolactone,
dihydroalantolactone and other secondary
metabolites are present in leaf and root of the
plant. Anticancer activity detected in this plant
but further research is not investigated. Norm-
ally, the plant is using by the ethnic comm-
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unities for breathlessness, asthma and lung
cancer.

1.7. Inula rhizocephala var. rhizocephaloids
(Clarke) Kitam

The species is endemic to Nubra and
adjacent ranges of Ladakh. It is a stemless
species and easily distinguished by its rosette
of leaves flat on the ground and a domed
stalkless cluster of yellow flower heads at its
center. Flower heads are 1.9-2.5 cm across, ray
florets yellow, about 8 mm, involucral bracts
linear pointed, outer ones green with curled
tips, inner ones purplish. Leaves are pressed to
the ground, long spoon shaped, blunt,
narrowed into a broad stalk, bristly haired,
usually 3-5 cm long. The plant is usually 7-12
cm across. Fruits are brown, round, longitu-
dinally finely ribbed, covered with appressed
short fox-red hairs or hairless. Pappus is as
long as achene, with numerous bristles.
Flowering period is June-August.

Anticancer activities: It is ethnomedicine used
for treating colds, cough, chest complaints and
lung cancer. Alantolactone and sesquiterpene
lactone are extracted from the plant which
induce the medicinal properties. It can be used
as anticancer drugs in future, if the research
proved the cancer inhibition potentials of the
plant extracts.

1.8. Inula grantioides Boiss

The plant is a perennial herb, up to 50
c¢m high, moderately branched. Cortex is green,
striped, glandular-hairy. Leaves are linear to
spoon shaped, entire to 3 lobed at tip,
flattened, fleshy, 6 x 2 cm, gradually narrowing
towards the base, glandular-hairy. Flower heads
are more or less solitary, radiate with
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herbaceous bracts externally. Involucre is cup
shaped, involucral bracts about 70 in several
rows, linear to oblong, pointed, dorsally
glandular, spreading at anthesis. Ray florets are
5-13, 9-20 x 2-5 mm, blade oblong to almost
linear, apically 2-3 finely toothed. Disc florets
are 40-90; flower 6-11 x 1.5-2 mm, style about
7 mm long. Flowering period is November-May.

Anticancer activities: A new flavonol,
grantioidin, has been isolated from Inula
grantioides and it's structure determined as 5-
hydroxy-3,6,7,2',5"-pentamethoxyflavone. -
Sitosterol, lupeol, taraxasterol, taraxasterol
acetate and triacontanol also isolated for the
first time from this plant. This plant is used for
pancreatic cancer treatment (Ahmad & Ismail,
1991).

1.9. Inula helianthus-aquatica C. Y. Wu

The plant is herbaceous perennials or
subshrubs, mostly with large basal leaves and
daisy like yellow flower heads, often with
narrow ray florets. Many of the species are
popular for the garden, with cultivation going
back to antiquity. The smaller species are used
in rock gardens and the more common larger
ones, which tend to have very coarse foliage in
borders. The plant includes different secondary
metabolites having medicinal activities like
alkaloids, flavonoids, saponins, terpenoids,
steroids, glycosides etc.; hence the plant shows
antioxidant, antitumour, antibacterial, antiviral,
antidiabetic and antiinflammatory properties. It
makes the species highly medicinal in
pharmacology.

Anticancer activities: Seven compounds were
isolated and elucidated from the plant namely
inuchinenolide B, 8-epi-florilenalin-2-O-acetate,
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neogaillardin, tomentosin, atractyligenin, -
sitosterol and B-hydroxypropiovanillone. from
the plant. All the compounds are isolated from
the flower of Ilnula helianthus-aquatica for the
first time which is used against lungs, stomach,
intestines, uterine neck, nasopharynx and
bladder cancer cells.

2. Outlook

Asteraceae is one of the largest fam-
ilies of flowering plants with key character of
head inflorescence. The plants bear numerous
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Abstract: Apocynaceae is a family of flowering plants that includes trees, shrubs, herbs,
succulents and vines. The members of this family have wide variety of medicinal uses both

traditionally and in conventional. The medicinal properties of the plants are due to the presence of
alkaloids which is either indoline or steroidal. The anticancer bioactivities of Apocynaceae species

are well known in barks and roots due to the accumulation of secondary phytocompounds, in turn

lead the production of anticancer drugs in future.

Keywords: Apocynaceae, anticancer plants, phytochemical compounds, antiproliferation,

cytotoxic

he family Apocynaceae consists of

about 366 genera and 5100 species of

tropical trees, shrubs and vines. With
the inclusion of species of Asclepiadaceae, the
family has now been enlarged from two to five
subfamilies. Characteristic features of the
family are that almost all species produce milky
sap; leaves are simple, opposite or whorled;
flowers are large, colourful and slightly fragrant
with five contorted lobes; and fruits are in pairs.
Several members of the family had various
economic uses and are source of important
natural products.

Cancer is a leading cause of death worldwide,
accounting for nearly 10 million deaths in
2020, or nearly one in six deaths. The most
common cancers are breast, lung, colon,
rectum and prostate cancers. Around one-third
of deaths from cancer are due to tobacco use,
high body mass index, alcohol consumption,
low fruit and vegetable intake, and lack of

physical activity. Many cancers can be cured if
detected early and treated effectively. Vast
numbers of naturally derived compounds from
medicinal plants are targets for potential
anticancer treatments. Apocynaceae plants are
presented as a new hope for cancer patients as
the plants have toxic secondary metabolites.

1. Anticancer plants in Apocynaceae

1.1. Catharanthus G. Don

C. roseus (Nithyakalyani or Shavam-
nari) is an evergreen subshrub or herbaceous
plant growing 1 m tall. The leaves are oval to
oblong, 2.5-9 cm long and 1-3.5 cm wide,
glossy green, hairless with a pale midrib and a
short petiole of 1-1.8 ¢m long. Leaves are
arranged in opposite pairs. The flowers range
from white with a yellow or red center to dark
pink with a darker red center, having a basal
tube 2.5-3 cm long and a corolla 2-5 cm
diameter with five petal like lobes. The fruit is a
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pair of follicles 2-4 cm long and 3 mm wide.

The species has long been cultivated
for herbal medicine. In Ayurveda, the extracts
of roots and shoots are used against several
diseases including diabetes, malaria and
Hodgkin's lymphoma. Other traditional uses
include against dengue fever, diarrhea, cancer,
skin diseases, menorrhagia/leucorrhea, indige-
stion, dyspepsia, dysentery, toothache, lower
blood pressure, headache and antiather-
oscleratic. In 1950s, Vinca alkaloids, including
vinblastine and vincristine, were isolated from
C. roseus and screened for antidiabetic drugs.
Alkaloids also possess hypertensive, sedative
and tranquillizing properties and cause relaxat-
ion of plain muscles and depression of the
central nervous system.

Anticancer activities: The species is one of the
most important and high value medicinal plants
known for its anticancer alkaloids. It is the iota
of the isolated secondary metabolites used in
chemotherapy to treat diverse cancers. More-
over, they have hypoglycemic as well as
cytotoxic effects. Vinca alkaloids are the second
most used class of cancer drugs and stay
among the original cancer therapies. Several
high performance liquid chromatography
(HPLC) methods have been developed to
guantify the active alkaloids in the plant. There
are four major Vinca alkaloids in clinical use
including vinblastine (VBL), vinorelbine (VRL),
vincristine (VCR) and vindesine (VDS). VBL has
been used as an integral part of medicinal
treatment regimens for testicular carcinoma
and both Hodgkin and non-Hodgkin lymph-
omas. It is also used in breast cancer and germ
cell tumours. VRL is same to VBL. It has
significant antitumour activity in patients with
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breast cancer and can be affected on bone
tumour cells, osteosarcoma. In addition, VRL
decreases the stability of lipid bilayer membr-
anes. In the United States, VRL has been
approved for the initial treatment of patients
with advanced lung cancer. VCR has been
approved to treat acute leukemia, rhabdomy-
osarcoma, heuroblastoma, Wilm's tumour,
Hodgkin's disease and other lymphomas.
Another characteristic of VCR that has been
reported is treating several non-malignant
hematologic disorders such as refractory
autoimmune thrombocytopenia, hemolytic
uremic syndrome and thrombotic thrombo-
cytopenia purpura. VDS has similar effects to
VBL. Antineoplastic activity of VDS has been
reported in acute lymphocytic leukemia, blast
crisis of chronic myeloid leukemia, malignant
melanoma, pediatric solid tumours and
metastatic renal, breast, esophageal and
colorectal carcinomas.

In chemotherapy medications, vincri-
stine and vinblastin used to treat several types
of cancers and are biosynthesised from the
coupling of the alkaloids catharanthine and
vindoline. The newer semi synthetic chemoth-
erapeutic agent vinorelbine, used in the
treatment of non small cell lung cancer, can be
prepared either from vindoline and catharan-
thine or from the Vinca alkaloid leurosine, in
both cases via anhydrovinblastine. The insulin
stimulating vincoline is also isolated from the
plant. Vinflunine is a synthetic Vinca alkaloid
which has been in use recently for the
treatment of second line transitional cell
carcinoma of the urothelium and other malign-
ancies. Mauritianin, a flavonoid, enhances the
12-O-tetradecanoylphorbol-13-acetate (TPA),
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which suppresses delayed type hypersensitivity
reaction in mice, indicating that mauritianin
may augment the resistance of the immune
system to cancer. The 2, 3-dihydroxybenzoic
acids from periwinkle show a strong radical
scavenging activity which is associated with a
lower risk of cancer.

1.2. Nerium L.

Oleander (Red Arali) grows to 2-6
metres tall, with erect stems that splay outward
as they mature. The first year stems have a
glaucous bloom, while mature stems have a
grayish bark. The leaves are in pairs or whorls
of three, thick and leathery, dark green, narrow
lanceolate, 5-21 ¢cm long and 1-3.5 cm broad,
and with an entire margin filled with minute
reticulate venation. The leaves are light green
and very glossy when young, at maturity it
becomes dull dark green. The flowers grow in
clusters at the end of each branch; they are
white, pink to red, 2.5-5 cm diameter, with a
deeply 5-lobed fringed corolla round the central
corolla tube. They are often, but not always,
sweet scented. The fruit is a long narrow pair of
follicles, 5-23 cm long, which splits open at
maturity to release numerous downy seeds.
Even though all parts of the plants are
poisonous, it has been traditionally used in the
treatment of cardiac illness, asthma, diabetes
mellitus, corns, scabies, cancer, epilepsy and in
wound healing as an antibacterial or antimic-
robial. Leaf decoction is used to reduce swell-
ings. Macerated leaves are used for itch and fall
of hair. The flowers are good for inflamma-
tions, chronic pains in the muscles and joints,
lumbago and headache.

Anticancer activities: Various Research findi-
ngs prove that N. oleander can induce cell

death in human cancer and inhibit fibroblast
growth factor-2 (FGF-2) in prostate cancer cell
lines PC-3 and DU-145. Oleandrin may
stimulate apoptosis through activation-
suppression of nuclear factor-kB (NF-kB),
activator protein-1 (AP-1) and c-JJun NH2-
terminal kinase in Hela cell line. Oleandrin
treated cells irradiated with 6 Gy of y-ray, can
increase the activation of caspase 3 in
humanprostate carcinoma cell line (PC-3); thus
inhibit the process of tumourigenesis and
inflammatory processes. It is also able to inhibit
the growth of myeloma cells in a dosel, 74 x
10-5 M, proportional to the dose of vincristine
sulfate 3,4 x 10-5 M.

1.3. Plumeria L.

P. alba (Pala) is a shrubby or small
plant with a vase shaped canopy. It is grown in
rich, dry to medium moisture, coastal thickets
and limestone forests. The leaves are strap like
and clustered at the end of branches. Flowers
are white and fragrant in corymbose fascicles.
The fruit is edible. Their medicinal properties
are often due to their latex which is frequently
drastic and corrosive. Latex is applied to ulcers,
herpes and scabies. Seeds possess hemostatic
properties. Moreover, its bark is bruised and
applied as plaster over hard tumours; whereas
the others can be used as purgative,
cardiotonic, diuretic and hypotensive. The
medicinal value of Plumeria species in the
treatment of a large number of human ailments
is mentioned in Ayurveda, Charaka Samhita,
and Sushrita Sambhita. In addition, the flowers
are edible and eaten as fritters, while the heart
of the wood is part of a traditional medical
preparation taken as a laxative. The root bark is
depurative and purgative, causing thirst. It is
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used in the treatment of herpes and syphilis.
The root bark is used externally as a lotion on
syphilitic ulcers. The latex from the stem is
caustic and used for treating ulcers, dartre and
scabies. The seeds are using in the treatment of
dysentery.

Anticancer activities: The synthesis of silver
nanoparticles (AgNPs) from the leaf extract act
as an anticancer and antimicrobial agent
(Muthuraj et al.,, 2022). Moreover, it has
effective anticancer activity against the glioma
U118 MG cancer cell line with an IC,, value of
9.77 ug/mL AgNPs by initiating apoptosis as
identified by a staining study with flow
cytometric annexin V-fluorescein isothiocy-
anate (FITC) and propidium iodide (PI).

1.4. Tabernaemontana L.

T. divaricata is generally known as
'‘Nanthyarvattam' and grows to a height of
1.5-1.8 metres with dichotomous branches.
The large shiny leaves are deep green and
about 15 cm in length and 5 cm in width. The
waxy blossoms are found in small clusters on
the stem tips. The flowers have the
characteristic 'pinwheel' shape. Both single and
double flowered forms are cultivating type, the
flowers of both forms being white. The plant
blooms in spring but flowers appear
sporadically all year. The flowers have a
pleasing fragrance. More than 66 alkaloids are
found in the shrub. Its habitat includes
montane brush woods and sparse forests.
Crape jasmine is widely used as a medicinal
herb in the tropics and the plant may well be
classified as a panacea for gastro-intestinal and
skin affections. The roots are astringent and the
decoction is used in the treatment of diarrhoea
and abdominal complaints. The roots, leaves

and flowers are all used in the treatment of
snake and scorpion poisoning. An infusion is
applied as a remedy for jungle fever. The roots
are used in modern medicine to treat hypert-
ension, headache and scabies.

Anticancer activities: Hydroalcoholic extract of
flowers of T. divaricata possesses a moderate
amount of anticancer activity and the IC,, value
is greater than100 ug/mL (Akhila et al., 2012).
The cytotoxic activity of the extracts assessed
on THP-1 leukemia cell line using MTT assay
and the plant demonstrated potential cancer
cell inhibitory activity (Rebecca et al., 2013). The
gold nanoparticles synthesized from T.
divaricata demonstrated potent anticancer
activity against MCF-7 cell line (Preetam et al.,
2016). Taberinamonatana leaf extracts exhibit
antioxidant and anticancer activity against T-24
human bladder cancer cell lines (Sridevi et al.,
2018). The compound, 3-R/S-hydroxyvoaca-
mine, a potent acetyl cholinesterase inhibitor
present in the stem of T. divaricata (Chaiyana
et al., 2013). The alkaloid acts as non compe-
titive inhibitor of AChE and has IC,, value of
7.00 = 1.99ug/mL. The plant consisted of five
novel vobasinyl ibogan type bisindole alkaloids
named as tabernaricatines A-E (Bao et al.,
2013). About 24 known indole alkaloids isola-
ted from the plant; among them, conophylline
has significant anticancer activities with IC,,
values of 0.17, 0.35, 0.21, 1.02, and 1.493
Mg/mL on HL-60, SMMC-7721, A- 549, MCF-7
and SW480 cell lines respectively.

1.5. Alstonia RBr.

A. scholaris (Ezhilampala, Devil's tree) is a
glabrous tree that grows up to 40 m tall. Its
mature bark is grayish and young branches are
copiously marked with lenticels. One unique
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feature of this tree is that in some places, such
as New Guinea, the trunk is three sided. The
upper side of the leaves is glossy, while the
underside is greyish. Leaves occur in whorls of
three to ten; petioles are 1-3 c¢cm; the leathery
leaves are narrowly obovate to very narrowly
spathulate, base cuneate, apex usually rounded
and up to nine inches long by up to three
inches in width. The lateral veins occur in 25 to
50 pairs at 80-90° to midvein. Cymes are dense
and pubescent; peduncle is 4-7 c¢cm long.
Pedicels are usually as long as or shorter than
calyx. The corolla is white and tube like, 6-10
mm long; lobes are broadly ovate or broadly
obovate. The ovaries and follicles are distinct
and pubescent. The fragrant flowers bloom in
the month of October. Seeds are oblong with
ciliated margins, and ends with tufts of hairs.
The bark is almost odorless and very bitter with
abundant bitter and milky sap.

Anticancer activities: Ezhilampala is an
important medicinal plant in the various folk
and traditional systems of medicine in Asia,
Australia and Africa. The decoction, mostly
prepared from the bark, is used to treat a
variety of diseases of which the most important
Furthermore, the ethnomedicinal
practices also suggest it to be of use in treating
cancer. Additionally, the phytochemicals like
echitamine, alstonine, pleiocarpamine, O-
methylmacralstonine, macralstonine and lupeol

is malaria.

are also reported to possess antineoplastic
effects. In addition to the cytotoxic effects, the
plant is observed to possess radiomodulatory,
chemomodulatory and chemopreventive effects
and free radical scavenging, antioxidant,
antiinflammatory, antimutagenic and immu-
nomodulatory activities, all of which are

properties efficacious in the treatment and
prevention of cancer.

The anticancer effect of various doses
of an alkaloid fraction of A. scholaris studied in
vitro in cultured human neoplastic cell lines
(HeLa, HepG2, HL60, KB and MCF-7). The
ASERS treatment results in a dose dependent
elevation in the median and average survival
time up to 240 mg/kg ASERS. Chemopre-
ventive potential of the bark extract in DMBA
induced skin tumourigenesis in Swiss albino
mice was assertive.

1.6. Carissa L.

C. carandas (Karanta) is a woody
shrub to a small tree with long, stout, sharp,
horizontal spines at the base of the branchlets.
It can grow up to 5m tall. Leaves are broadly
ovate to oblong in shape, broadly cuneate to
rounded base and apiculate apex, measuring
up to 7cm long and 4cm wide. Stem has spines
which are simple to slightly forked, measuring
about 5cm. Flowers are red, yellow and pink in
colour. It produces berry sized fruits that are
commonly used as a condiment in Indian
pickles and spices. It is a hardy, drought
tolerant plant that thrives well in a wide range
of soils. The major bioactive constituents,
which impart medicinal value to the herb, are
alkaloids, flavonoids, saponins and large
amounts of cardiac glycosides, triterpenoids,
phenolic compounds and tannins. Roots are
reported to contain volatile principles including
2-acetyl phenol, lignan, carinol, sesquiterpenes
(carissone and carindone), lupeol, B-sitosterol,
16B-hydroxybetulinic acid, o-amyrin, B-sitost-
erol glycoside and des-Nmethylnoracronycine;
whereas leaves contains triterpenoids as well as
tannins. The fruits consisted of carisol, epimer

97 —

— Anticancer Plants &



of o-amyrin n, linalool, B-caryophyllene,
carissone, carissic acid, carindone, ursolic acid,
carinol, ascorbic acid, lupeol and B-sitosterol.
Ethnopharmacological significance of the plant
has been ascribed due to anticancer,
anticonvulsant, antioxidant, analgesic, antiinfl-
ammatory, antiulcer, anthelmintic, cardiovascu-
lar, anti-nociceptive, antidiabetic, antipyretic,
hepatoprotective, neuropharmacological, diur-
etic and antimicrobial activities.

Anticancer activities: The leaves and unripe
and ripe fruits of C. carandas extract has
anticancer activity using n-hexane, chloroform
and methanol as the solvent systems against a
three step extraction on the human ovarian
carcinoma cells and lung cancer cells. The
extracts exhibit good anticancerous activity
(Sulaiman et al.,, 2008). The aqueous leaf
extracts show the anticancerous -efficiencies
and antioxidant potentials by analyzing
different antioxidant enzymes such as catalase,
superoxide dismutase and glutathione-s-
transferase, and non-enzymatic antioxidant,
glutathione on MCF-7 cancer lines (Dua &
Srivastav, 2013). Hence, the extract has the
potential for future development of therapeutic
drugs against breast cancer. Further, its fruits
can be a good source of natural antioxidants
for both pharmaceutical and dietary require-
ments and appears to be useful in relieving
oxidative stress. The DNA damage inhibition
potential of methanolic extract of C. carandas
leaves show significant dose dependent DPPH
radical scavenging, H,0, scavenging and
reducing power activity (Verma et al., 2015).

1.7. Allamanda L.
A. schotti (Manja kolambi) is an erect
shrub to 2 m tall with clear sap. Leaves in

whorls of 3-5 and subsessile; leaf blade elliptic
or narrowly obovate, minutely hispid along
veins and
surface. Corolla tube is rather narrowly funnel
form, distinctly swollen at base, lobes pale

lateral veins elevated on abaxial

yellow, ovate or orbicular. Fruits are capsules
with long spines.

Anticancer activities: Allamanda species have
been used in systems of traditional medicine
for various purposes. A. schottii has been used
to treat liver tumours, jaundice, splenomegaly
and malaria. In analyses, some species have
shown some activity against carcinoma cells,
pathogenic fungi and HIV. The root extract of
the species is the most active. The root extracts
show a cytostatic effect on K562 due to the
strong cytotoxic effect. Similar cytostatic and
cytotoxic effects are seen in the endothelial
cells, but at lower doses. Parts of A. schottii are
assayed against three different cultured cells: K-
562, a cell line derived from chronic myeloid
leukemia in blastic crisis; BMEC, primary bone
marrow endothelial cells; and HUVEC, primary
human umbilical cord endothelial cells.

1.8. Holarrhena R.Br.

'Kallippala' is a deciduous shrub or
small tree which grows well on open
wastelands and uplands. Stems are short pale
bark with several branches. Leaves are
opposite, ovate, obtusely acuminate and long
with short stalks. Flowers white and turn
creamish yellow at maturity, appear at the end
of the branch in corymb like cymes and have
oblong petals. Fruits are thin and cylindrical
with two follicles which attached together at
distal ends and contain 25-30 seeds. Most of
the known chemical constituents in H. antidyse-
nterica have been found in the stem, bark,
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leaves and a few in the seeds as well. The major
constituents are steroidal alkaloids, flavonoids,
triterpenoids, phenolic acids, tannins, resins,
coumarins, saponins and ergostenol. The plant
is widely used in traditional medical system for
treatment of constipation and diarrhea; hence,
proved usefulness in gut motility disorders. The
alkaloids present in the ethanolic extract have
significant antibacterial and diarrhoeal prope-
rties. The plants consist of antidiabetic activities
and are used to treat fever, bleeding piles,
vomiting, leprosy and herpes.

Anticancer activities: The extracts from leaves
of H. antidysenterica show cytotoxicity against
fourteen human cancer cell lines including A-
549, COLO-205, DU-145, Hela, HEP-2, IMR-32,
KB, MCF-7, NCI-H23, OVCAR-5, SiHa, SK-N-MC,
SW-620 and ZR-75-1 from nine different tissues
like breast, colon, cervix, CNS, lung, liver, oral,
ovary and prostate. The cytotoxic activity is
found in the chloroform soluble fraction of 95%
ethanolic extract at 100 p/mL and inhibits the
growth in the range of 71-99% of seven human
cancer cell lines from five different tissues via.
OVCAR-5, HT-29, SK-N-MC, HEP-2, COLO-205,
NIH-OVCAR-3 and A-549. The cytotoxic activity
of chloroform soluble fraction found to be
higher than 5-flurouracil, adriamycin, mitomy-
cin-c and paclitaxel.

1.9. Ichnocarpus R.Br.

I. frutescens (Vettyar valli) is a woody
shrub with lianas sprawling to 10 m in
maximum length and 6 cm in diameter. The
bark produces a creamy white sap. The leaves
are up to 11 cm long by 4.5 cm wide. The
inflorescence is a head of several flowers. Each
flower has a calyx of densely hairy sepals and a
five lobed corolla just under a centimeter long.

The fruit is a follicle which may be over 14 cm
long. The plant has a large number of
traditional medicinal uses because of the
presence of alkaloids, flavonoids, terpenoids
and glycosides which act against rheumatism,
asthma, cholera and fever. The extracts of the
plant inhibit tumours, protect liver cells from
damage in acetaminophen overdose and
reduce complications of hyper lipidemia in
diabetic rats.

Anticancer activities: The residue from
methanolic extract of roots of I. frutescens (MIF)
and isolated triterpenes show anticancer activity
against MCF-7, BEL-7402, SPC-A-1 and SGC-
7901 cancer cell lines. MIF exhibits significant
anticancer activity on four cancer cell lines with
IC,, values 163.5+£3.58, 156.3%2.95,
142.6+2.60 and 112.4+1.85 respectively. It
effectively inhibits in vitro proliferation of U-937
monocytoid leukemia and K-562 erythrole-
ukemia cell lines, U-937 and K-562.

1.10. Kopsia Blume

K. fruticosa is a shrub or a tall bush
with simple leaves. It is an evergreen shrub
growing upto 4m tall. Leaf blade is narrowly
elliptic or narrowly oblong, tip sharp or blunt.
The plant is hairless except for inflorescence.
Flower occurs in bunches of a few. Beautiful
light pink flowers, which may also be almost
white, have 5 petals that are oblong. Kopsia
monoterpene alkaloids present in various
skeletons, but aspidofractinines, eburnamines
and chanofruticosinates are the three major
backbones. Mersinines and pauciflorines are
new chemical classes of monoterpene
alkaloids. With the rich content of monoterpene
alkaloids, Kopsia constituents are the main
objects in pharmacological studies, since the
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plant extracts and isolated compounds are
proposed for antimicrobial, antiinflammatory,
antiallergic, antidiabetic, antimanic, antinoc-
iceptive, acetylcholinesterase (AChE) inhibitory,
cardiovascular and vasorelaxant activities.

Anticancer activities: Extracts of K. fruticosa
had the highest TAC against MCF-7 cells. Ten
new indole alkaloids of the aspidofractinine
type in the leaf and stem-bark extract of the
Malayan K. singapurensis, include kopsimalines
A-E (1-5), kopsinicine (6), kopsofinone (7), and
kopsiloscines H-J (8-10). Kopsimalines A (1), B
(2),C(3), D (4), and E (5) and kopsiloscine J (10)
found to reverse multidrug resistance in
vincristine resistant KB cells, with 1 showing the
highest potency. Valpacrinine isolated from
Malayan K. arborea shows pronounced
cytotoxic effects against KB and Jurkat cells.

1.11. Ochrosia Juss.

O. elliptica (Ochrosia) is an evergreen
shrub or small tree usually growing 4-6 m tall
but sometimes reaching 12 m. It has leathery
dark green elliptic to obovate leaves up to 8-
20cm long and 4-8cm wide. The leaves occur in
whorls of 3 or 4. The flowers occur in axillary
clusters and are small, yellow or white and
fragrant. They are followed by pairs of striking
red fruit with 5-6 cm long and 2-3 cm diameter.
The fruits are poisonous and plants bleed white
sap copiously when wounded.

Anticancer activities: The plant is well known
as a promising anticancer agent. Carbohy-
drates, sterols, catechol tannins, flavonoids and
alkaloids are present in all the organs of the
plant. Ellipticine, a cytotoxic plant alkaloid, is
known to inhibit topoisomerase Il in human
breast MCF-7 cancer cells. Treatment of cells
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with ellipticine results in inhibition of growth,
and G2/M phase arrests of the cell cycle. This
effect associates with a marked increase in the
protein expression of p53 and, p21/WAF1 and
KIP1/p27. Ellipticine treatment increases the
expression of Fas/APO-1 and its ligands (mFas
ligand and sFas ligand), and subsequent
activation of caspase 8. The mitochondrial
apoptotic pathway amplifies the Fas/Fas ligand
death receptor pathway by Bid interaction in
turn result in a significant increase in activation
of caspase 9.

1.12. Rauvolfia L.

R. vomitoria is a small tree or large
shrub growing to 8 m high. The branches grow
in whorls, and the leaves grow from swollen
nodes in groups of three. The leaf blades are
broadly lanceolate or elliptical and tapering to a
long point. The small, fragrant flowers follow by
globular red fruit. All parts of the plant, except
the mature wood, contain latex. R. vomitoria
has been used across its range in traditional
medicine. A decoction or extract of the roots is
used for diarrhea, jaundice, rheumatism, snake
bites, fever, to calm people with anxiety or
epilepsy, and to lower blood pressure. The
macerated root or sometimes the pulped fruit
is used for a variety of skin conditions. The
bark, twigs and leaves are used as a purgative
and emetic. The plant contains a number of
chemical compounds used by the
pharmaceutical industry including reserpine,
reserpinine, deserpidine, ajmalicine and
ajmaline.

Anticancer activities: The B-carboline alkaloids
from R.vomitoria are using against human
LNCaP prostate cancer cell to block the
metastasis. Rauwolfia extract decreases in vitro
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cell growth in a dose dependent manner and
induces the accumulation of G1 phase cells.
PARP cleavage demonstrates that apoptosis is
induced only at the highest concentration
tested which was confirmed by detection of
cells containing sub genomic DNA. The
expression of genes associated with DNA
damage signaling pathway upregulates by Rau-
wolfia treatment including that of GADD153
and MDG. Moreover, the expression of a few
cell cycle genes like p21, cyclin D1 and E2F1
modulates by the plant extracts. tumour
volumes decrease by 60%, 70% and 58% in the
groups fed the 75, 37.5 or 7.5 mg/kg Rauwo-
Ifia, respectively. R. vomitoria has potent
antitumour activity against ovarian cancer.

1.13. Thevetia L.

T. peruviana (Manjarali) is an
evergreen tropical shrub or small tree. The
leaves are willow like, linear-lanceolate and
glossy green in color. They are covered in waxy
coating to reduce water loss. The stem is green
turning silver or gray as it ages. The flowers are
long funnel shaped, fragrant and yellow in
terminal clusters. Its fruit is deep red-black in
color encasing a large seed that bears some
resemblance to a 'Chinese lucky nut’. Moreover,
the plant is rich in phytochemicals like
alkaloids, phenolic compounds, tannins,
glycosides, cardiac glycosides, flavonoids,
diterpenes, steroids and saponins.

Anticancer activities: T. peruviana methanolic
extract exhibits cytotoxic activity on four
human cancer cell
adenocarcinoma (HTB-38), lung carcinoma
(HTB-177), prostate adenocarcinoma (HTB-81)
and breast adenocarcinoma (HTB-22) with
values of IC;, 1.91 £ 0.76, 5.78 £ 2.12, 6.30 =

lines like colorectal

4.45 and 12.04 + 3.43 pg/mL respectively. The
extract causes a significant reduction of cell
motility and colony formation on all cancer cell
lines. In addition, the morphological
examination displays cell size reduction,
membrane blebbing and detachment of cells,
compared to non treated cancer cell lines. The
T. peruviana extract induces apoptotic cell
death, which was confirmed by DNA
fragmentation and AO/EB double staining.
Cardiac glycosides from seeds of T. peruviana,
are cytotoxic toward cancer cell lines P15, MGC-
803, SW1990 and normal hepatocyte cell, LO2.
They selectively inhibit the proliferation of
cancer cell lines with IC,, from 0.05 to 0.15 uM.

1.14. Wrightia R.Br.

W. tomentosa (Ayyappala) is a deciduous tree
with a rounded crown. It can grow up to 20 m
tall and the unbuttressed bole can be up to
35cm in diameter. The plant contains four
uncommon sterols, desmosterol, clerosterol,
24-methylene-25-methylcholesterol and 24-
dehydropollinastanol in turn help to treat snake
bites, scorpion stings and renal complaints.

Anticancer activities: The plant extract
exhibits antiproliferative activity against MDA-
MB-231 and MCF-7 cancer cells. The CH,Cl,
extracts of the leaves and twigs of W.
pubescens exhibit varying cytotoxic activities.
The ethanolic extract, subsequent hexane
fractions and fraction F-4 of W. tomentosa
inhibit the proliferation of human breast cancer
cell lines, MCF-7 and MDA-MB231. The fraction
F-4 obtained from hexane extract inhibits
proliferation of MCF-7 and MDA-MB-231 cells in
concentration and time dependent manner with
IC,, of 50ug/mL and 30ug/mL for 24h,
28ug/mL and 22ug/mL for 48h and 25ug/mL
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and 20ug/mL for 72h respectively. The fraction
F-4 induced G1 cell cycle arrests reactive oxy-
gen species generation, loss of mitochondrial
membrane potential and subsequent apopt-
osis. Normally, the apoptosis is indicated in
terms of increased Bax/Bcl ratio, annexin-V
positivity, caspase 8 activation and DNA
fragmentation. The active molecule isolated
from fraction F4, oleanolic acid and urosolic
acid, inhibites cell proliferation of MCF-7 and
MDA-MB-231 cells at IC,, value of 7.5uM and
7.0uM respectively; whereas there is devoid of
significant cell inhibiting activity in non cancer
originated cells like HEK-293. Different extracts
of W. tinctoria leaves have negative impact on
replication of HIV-1(llIB) in MT-4 cells and HCV
in Huh 5.2 cells.

1.15. Beaumontia Wall.

B. brevituba is often rampant climber.
Leaves are large, smooth and opposite with
sticky white sap from petiolar glands. The large
white fragrant flowers are borne in terminal
corymbs and in the leaf axils. The calyx is 5-
lobed and the corolla is dark funnel or bell
shaped with 5 lobes. Stamens are attached near
the base of the corolla tube and have slender
filaments with arrow shaped anthers. They are
very showy when in full bloom and are
regarded as among the most outstanding vines
of the world. The fruits comprise a pair of thick
woody follicles. The seeds are compressed and
apex gradually narrows with a silky coma.

Anticancer activities: Five known cardenolides,
digitoxigenin, oleandrigenin, digitoxigenin
alpha-L-cymaroside, digitoxigenin beta-gentio-
biosyl-alpha-L-cymaroside, and delta 16-digit-
oxigenin beta-D-glucosyl-alpha-L-cymaroside

isolated from the stems of B. brevituba show
cytotoxicity against cultured human lung
cancer cell line. The compounds have cytotoxic
activity on human and murine cancer cell lines.
The lignan glycoside, syringaresinol beta-D-
glucoside, isolated for the first time in the form
of its levo-enantiomer from the species which is
also anticancerous.

1.16. Cerberal L.

C. odollam (Othalanga) is a tree
species commonly known as the 'Suicide tree'.
The branchlets are whorled about the trunk and
leaves are terminally crowded, with tapering
bases, acuminate apices and entire margins.
The plant as a whole yields a milky white latex.
Fruit, when still green, looks like a small
mango, with a green fibrous shell enclosing an
ovoid kernel measuring approximately 2 cm x
1.5 cm and consisting of two cross matching
white fleshy halves. On exposure to air, the
white kernel turns violet, then dark grey and
ultimately brown or black.

Anticancer activities: The cytotoxicity of the
leaf of C. odollam against two breast cancer cell
lines (T47D and MCF-7), two ovarian cancer cell
lines (SKOV3 and CaOV3) and a normal (Vero)
cell line was investigated. It shows potent
anticancer activity with IC,, values of 17, 21, 28,
32 and 24 mM, respectively. Tanghinin,
isolated from C. odollam, exhibits cytotoxic
activities against oral human epidermoid
carcinoma (KB), human breast cancer cell (BC)
and human small cells lung cancer line (NCI-
H187).

1.17. Chonemorpha G. Don.
C. fragrans, the 'Frangipani vine' or
'Climbing frangipani' is a vigorous, generally
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evergreen, climbing shrub producing stems 30
m or more long that can climb to the tops of
the tallest trees in the forests of Southeast Asia.
It has scented white flowers and large shiny
leaves.

Anticancer activities: The plant is commonly
used as medicine in Ayurveda and contains
alkaloids including camptothecin, chonemorp-
hine and funtumafrine. Camptothecin is a
monoterpene indole alkaloid and several
synthetic drugs which are analogs of
captothecin are used in chemotherapy for
various cancer types. MTT assay shows that the
chloroform extract of callus has potent
anticancer potential. The plant has a promising
anticancer activity against human colon
epithelium, lung carcinoma and epidermoidal
carcinoma cell lines.

1.18. Strophanthus DC.

The genus name is a compound of
the Greek words ‘Strophes’ (twisted) and
‘Anthos’ (flower) in reference to the corolla
lobes. In S. petersianus, corolla resembles long
twisted ribbons or threads and can reach a
length of 30-35 c¢cm. Strophanthus has been
used medicinally as a cardiac stimulant and in
the treatment of peptic ulcer and snake bites.
The extract possesses antimicrobial, wound
healing, antioxidant, analgesic and anticarcin-
ogenic properties. The plant contains toxic
alkaloids and cardiac glycosides including g-
strophanthin (ouabain), k-strophanthin and e-
strophanthin.

Anticancer activities: Six new compounds,
cardenolide glycosides boivinides 1-6 as well as
the four known cardenolide glycosides,
digitoxigenin 3-O-[B-d-glucopyrananosyl-(1—4)-
o-l-acofriopyranoside], corotoxigenin 3-O-B-d-

boivinoside, 17x-corotoxigenin 3-O-B-d-sarm-
entoside and uzarigenin 3-O-o-l-rhamnoside
from Stropanthus show significant antiprolif-
erative activity against the A2780 human ovar-
ian cancer cell line, with boivinide A being the
most active at IC,, of 0.17 uM. S. Wallichii has
very good antitubercular, antioxidant and
anticancer effect against renal cell carcinoma
induced by DEN and Fe-NTA in male Wistar
Albino rats.

1.19. Vallaris BurmJf.

V. glabra is a moderate growth woody
climber with clusters of fragrant white flowers,
which can grow up to about 2-3 m tall. Leaves
are light green, glossy, opposite, elliptic or
ovate with wavy leaf margin. Leaf apex is acute
or has a distinct drip tip. Stems are thin, woody,
light grey and having smooth bark.

Anticancer activities: Sequential extracts of
leaves, flowers and stems, and fractions and
isolated compounds from dichloromethane
(DCM) leaf extract of V. glabra show anticancer
effect against MDA-MB-231 cancer cells. Both
DCM extracts of leaves and flowers possess
broad spectrum APF activity against HT-29,
MCF-7, MDA-MB-231 and SKOV-3 cancer cells
and the apoptotic effect is due to the activation
of caspase 8, 9 and 3. Thirteen cardenolide
glycosides consist in CH,Cl, and MeOH extracts
of V. glabra leaves that induce cytotoxic activity
against human cervix adenocarcinoma, lung
carcinoma and colorectal adenocarcinoma cell
lines.

1.20. Calotropis R.Br.

C. gigantea is a large shrub growing
to 4 m tall. It has clusters of waxy flowers that
are either white or lavender in colour. Stem is
erect, branched, cylindrical, solid and contains
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milky latex. Leaves are 100-200 mm long,
decussate, obovate or elliptic-oblong, shortly
acute, subsessile, cordate or often amplexical
at the base. Flowers are in umbellate cymes,
large, white, not scented and peduncles arising
between the petioles. Calyx lobes 5, divided to
the base and corolla broadly rotate, valvate,
lobes 5, deltoid ovate, reflexed, coronate
appendages broad, obtusely 2 auricled below
the rounded apex which is lower than the
stamina column. Stamens 5, anthers short with
membranous appendages, inflexed over the
depressed apex of the pentagonal stigma.
Pollinium is one in each cell with pendulous
caudicles slender. Carpels and styles are two in
number which unite to the single pentagular
stigma. Fruit is a pair of follicles with many
hairy seeds. Given the potent bioactivity of
calotropin, C. gigantea has been used as a folk
medicine in India for many years and has been
reported to have a variety of uses. In Ayurveda,
Indian practitioners have used the root and leaf
of C. procera in asthma, bacterial infection,
swelling with redness, boils and shortness of
breath. The plant is effective in treating skin,
digestive, respiratory, circulatory and neurol-
ogical disorders and also to treat fevers,
elephantiasis, nausea, vomiting and diarrhea.

Anticancer activities: Recent studies have
displayed the use of calotropin as a contra-
ceptive and promising cancer medication. In
study of the cancer fighting properties of C.
gigantea, DCM extracts demonstrate to be
strongly cytotoxic against non small cell lung
carcinoma (A549), colon carcinoma (HCT116)
and hepatocellular carcinoma (HepG2). These
extracts show promise as cancer medications
and warrant further clinical research. The
extract from the stem bark of C. gigantea
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exhibits potent anticarcinogenic effects against
DEN induced hepatic cancer, including a
reduction in apoptosis induced cancer progr-
ession (Suphunwadee et al., 2022). Eight
different cardenolides from C. gigantea have
been shown to inhibit transcription by hypoxia-
inducible factor-1 transcription. Interestingly,
these cardenolides exhibit strong cytotoxic
effects against MCF-7 cells, but less on normal
cells. The cardenolides present in C. gigantea
able to induce transcription of pro apoptotic
genes, while repressing antiapoptotic gene
expression and impart apoptosis in MCF-7 cells
(Kiran & Arun, 2019).

The antitumour activity of ethyl
acetate extract from the flower of the C. gigan-
tea against EAC in Swiss mice is very prom-
inent. The flower extract exhibits a significant
decrease in both viable tumour cells and body
weight gain induced by the tumour burden and
prolonged survival time. The PUMA family
proteins involve apoptosis pathways through
controlling mitochondrial membrane permeab-
ility and cell death. The BH3 proteins only pro-
mote apoptosis through neutralizing apoptosis
inhibitory proteins (Bcl-2 and Bcl-xL) and also by
promoting the opening of mitochondrial pores
comprised by the death-promoting members of
the Bcl-2 family, Bax and Bak. The root extracts
from C. gigantea has antiproliferative activity
against human hepatocellular carcinoma cells,
HepG2 and MCF-7 cells. Gene expression
studies of Bcl-2 family of genes (Bax, Bcl-2, and
p53) show significantly increased expression in
Bax and p53; but significantly reduced Bcl-2
expression. The ratio of Bax/Bcl-2 is a decisive
factor and plays an important role in
determining apop-tosis under experimental
conditions promoting cell death.
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2. Outlook

Cancer is becoming a high profile
disease in developed and developing worlds.
Even though chemically derived drugs have
been developed and other cancer treatments
pre-exist, there is a demand for alternative
treatments with naturally derived anticancer
agents with plants being the desired source.
The secondary metabolites in the plant
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Abstract: Medicinal plants play an important role in the development of new drugs both for
humans and animals which act as a potential material for maintaining health. Almost 3/4" of the
herbal medicines used worldwide are discovered from local medicinal plants. Cancer is a disease in
which some of the body's cells grow uncontrollably and spread to other parts of the body.
According to WHO in 2020 nearly 10 million deaths are reported worldwide due to cancer. Many
people seek alternative complementary methods of cancer treatment because of high death rate
and serious side effects of chemotherapy and radiation therapy. Herbal medicine has become a
very safe, non toxic and easily available source of cancer treating compounds. Some plant species
belonging to Acanthaceae are useful for treatment of cancer. These species with active anticancer

activity due to phytocompounds have to be investigated for future to improve cancer therapy.
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ancer is a generic term for a large

group of diseases that can affect any

part of the body and is one of the most
common leading causes of death worldwide.
According to WHO, cancer is a serious health
problem in all populations. The global response
to cancer has been uneven and inequitable. In
2020, one in five people globally will face a
cancer diagnosis during their life time.
Chemotherapy, radiation therapy, immuno-
therapy, stem cell therapy etc. are commonly
recommended to overcome the disease. But
most of them prefer traditional medicines due
to its safety, efficacy and cost effectiveness.
Traditional herbs are effective for the treatment
of cancer and have less toxic side effects
(Rajeshkumar et al., 2015).

Plant species belonging to family
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Acanthaceae have abundant medicinal
properties and are rich source of phytoche-
micals. For instance, among the many antica-
ncer medicinal plants, Andrographis panicu-
lata, Justicia gendarussa, Justicia adhatoda,
Acanthus ilicifolius, Avicennia alba, Avicennia
marina, Barleria prionitis, Odontonema
strictum, Rhinacanthus nasutus, Thunbergia
grandiflora, T. laurifolia etc. of Acanthaceae
have been used traditionally for the anticancer
properties of their active ingredients.

1. Anticancer plants in Acanthaceae

1.1. Acanthus L

A. licifolius is commonly known as
'Sea holly', 'Chullikandal', 'Harikusa', 'Holly
mangrove', ‘Nivagur' etc. This plant is a mang-
rove with spiny holly leaves. It contains wide
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range of secondary metabolites and has
traditional usage in Indian and Chinese system
of medicine. Mangrove survives in the most
hostile environment with fluctuating tidal and
saline regime. Hence, these plants are conside-
red to be rich sources of steroids, triterpenoids,
saponins, flavonoids, alkaloids and tannins.
Traditionally, the plant has been used for
dyspepsia, paralysis, asthsma, headache, rheu-
matism and skin diseases (Singh & Aeri, 2013).
Several classes of polyphenolic compounds
such as phenolics, flavonoids and tannins con-
tribute to plant defense mechanism in resisting
pathogenic microorganisms (Vani et al., 2018).

Anticancer activities: The plant extract
prevents DNA alterations in a transplantable
ehrlich ascites carcinoma bearing murine
model (Chakraborty et al., 2007). The admini-
stration of A. ilicifolius reduces viable tumour
cell count and brought about a marked
increase in mean survival of tumour bearing
hosts, suggesting the tumour combating
efficacy of the extract under investigation.
Anticancer efficacy of root tissue and callus of
A. licifolius is evident on Benzo (A) Pyrene
induced pulmonary carcinoma in Mus musculus
(Singh & Kathiresan, 2013). The plant is potent
to have chemoprotective, antimutagenic,
antioxidant and anticancer effects against
Benzo (@) Pyreneinswiss albino rat. Moreover,
the plant is found to be a natural preventive
source of pulmonary carcinoma. Anticancer
activity of leaf and root extracts of A. ilicifolius
reveals that the ethyl acetate extract reduces
cellular viability in MCF-7 and PA-1 cells (Smitha
etal, 2014).

1.2. Andrographis Wall. ex Nees
A. paniculata is an important medicinal

— N4

plant and widely used around the world. It is
also known as 'Indigenous king of bitter' and
uses as a traditional herbal medicine in India,
Bangladesh, China, Hong Kong, Pakistan,
Philippines, Malaysia, Indonesia and Thailand.
The plant is ethnobotanically used for the
treatment of snake bite, bug bite, diabetes,
dysentery, fever and malaria.

Anticancer activities: Extracts of A. paniculata
reduce the risk of cancer due to the presence of
flavonoids. The aerial part of the plant is most
commonly using in medicines because of the
presence of diterpenoids, diterpene glycosides,
lactones, flavonoids and flavonoid glycosides in
the extracts. Leaves have many phytochemical
constituents like phenols, tannins, alkaloids,
saponins, flavonoids and reducing sugars.
These phytochemicals actively involved in the
medicinal uses for treating various diseases.
The plant has been reported to have a broad
range of pharmacological effects including
anticancer, antidiarrheal, antihepatitis, antiHIV,
antihyperglycemic, antiinflammatory, antimi-
crobial, antimalarial, antioxidant, cardiovasc-
ular, cytotoxic, hepatoprotective, immuno-
stimulatory and sexual dysfunctions (Sadhana
et al., 2020). The in vitro anticancer activities of
different solvent derived extracts of A. panicu-
lata leaves are against different human cancer
cell lines, neuroblastima (IMR-32) and human
colon (HT-29) (Rajeshkumar et al.,, 2015).
Andrographolide exhibits both direct and
indirect effects on cancer cells by inhibiting
proliferation of cancer cells, cell cycle arrests or
cell differentiation that enhancing body's own
immune system against cancer cells and
inducting apoptosis and necrosis of diseased
cells (Hossain et al.,, 2014). The presence of
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various chemical constituents in the aerial parts
of A. paniculata is andrographolide which is
diterpene lactone, colourless, crystalline and
bitter in taste (Nyeem et al., 2017). Ethanol
extract of A. paniculata contains 2.13 ppm
neoandrographolide and shows an inhibitory
effect in MCF-7 cells with higher doses
(Sholihah et al., 2019).

1.3. Avicennia L.

A. alba is also known as 'Api Api
Putih', and considers as the iconic tree of the
mangrove forest. The height may be up to 20
m and bearing the salt excreting leaves in pres-
ence of salt glands. The tree develops pneu-
matophores that protrude out of the sail
allowing root respiration in the anaerobic
muddy soil. A. marina is commonly known as
'Grey mangrove' or 'Cheru uppatty'. They are
generally 10-4 m long and have light gray or
whitish bark with stiff, brittle and thin flakes.
Their leaves are thick, glossy and bright green
on the upper side and gray or silvery white with
small hairs on the lower side. The pneumato-
phores can grow up to 20 cm (Baishya et al.,
2020).

Anticancer activities: Polyisoprenoids from A.
alba show anticancer activity (Lllian et al.,
2019). Isoprenoids as well as polyisoprenoids
identified from the leaves and roots of the man-
grove which possesses various pharmacolo-
gical activities including anticancer and anti-
inflammatory. Bioactive compounds in leaf
extract exhibit in vitro anticancer potential
against MCF-7 and Hela cell lines (Eswaraiah et
al., 2020). It could be used as a potential
alternative for the development of bioactive
leads in the treatment of cancer. The leaves of
plants include flavonoids, steroids, saponins
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and tannins; whereas in roots, flavonoids and
steroids / triterpenoid compounds are present
(Rahmania et al., 2018). A. marina plant
extracts show anticancer and antiproliferative
activity (Albinhassan et al., 2021). The hexane
extract of leaves is helpful for anticancer drug
development due to the presence of highest
phenolic and flavonoid contents. Polyphenol
rich leaf extracts induce apoptosis in human
breast and liver cancer cells (Huang et al.,
2016).

1.4. Barleria L.

B. prionitis is commonly known as
'Yellow nail dye', 'Chemmulli', 'Manjakanakam-
baram', 'Shemmuli', 'Vennkurinjiveru' etc. It is
an indigenous herb of Southern Asia and some
regions of Africa. The various parts including
leaf, flower, stem, seed, shoot and root are with
therapeutic effects against numerous disorders
including cough, fever, jaundice, asthma,
severe pain and cut wound (Banerjee et al.,
2021).

Anticancer activities: B. prionitis leaf ethanol
extract shows anticancer and antimicrobial
potential. The anticancer effect against lung
cancer cell line, breast cancer cell line, breast
metastatic cell line, colon cancer cell line and
lung metastatic cell line is statistically signif-
icant at particular concentration (Panchal et al.,
2018). Assessment of stem ethanol extract
potential to kill pathogenic microbial strains
and in vitro inhibitory effect on human cancer
cell lines is prominent (Panchal et al., 2021).
Several bioactive compounds isolated from
Barleria species, such as iridoids, phenolics,
flavonoids, terpenoids, phytosterols and
phenylethanoid glycosides possess various
biological properties of medicinal importance.
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Moreover, both extracts and bioactive
compounds from Barleria have demonstrated
several biological activities including antiox-
idant, antibacterial, antifungal, antiinflamma-
tory and anticancer properties and the ability to
synthesize silver nanoparticles (Gangaram et

al,, 2022).

1.5. Justicia L.

J. adhatoda is a widespread plant
throughout the tropical regions of Southeast
Asia and commonly known as 'Vasaka' or
'Malabar nut'. The species is a perennial,
evergreen and highly branched shrub with
unpleasant smell and bitter taste. It has
opposite ascending branches with white, pink
or purple flowers. It is a highly valuable ayurv-
edic medicinal plant used to treat cold, cough,
asthma and tuberculosis. The major alkaloids
of the plant, vasicine and vasicinone, have been
found to be biologically active and are the area
under discussion of many chemical compounds
and pharmacological studies. J. gendarussa is
commonly known as 'Black adusa'. The species
is a shade loving, quick growing, evergreen
shrub found throughout India and also in all
Asian countries like Malaysia, Indonesia, Sri
Lanka and Bangladesh.

Anticancer activities: J. adathoda shows in
vivo anticancer activity against dal cell lines (Jiju,
2019). It has potent phytochemical, antimicr-
obial and antiinflammatory activity. The
qualitative analysis of the extracts from the leaf
sample of J. adathoda reveals the presence of
tannins, saponin, flavonoids, steroid, lipids,
amino acids and terpenoids. The active
compounds such as amino acids, flavonoids,
alkaloids and lipids have antiinflammatory
activity and can be considered as a resource for
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a potential anticancer agent. A compound
“vasicine” isolated from n-butanol fraction is
found potent in inhibiting proliferation of
prostate cancer cells (Batoo et al., 2017). J.
adhatoda leaf extract showed a potential
anticancer effect in MCF-7 cells (Kumar et al.,
2022).

Phytochemical screening of J. gendarussa plant
extracts show higher yield of phenolic and
flavonoid content (Ramees et al.,, 2019).
Jendarussa crude extracts exhibit cytotoxicity
against human cancer cell lines (Ayob et al.,
2013). The leaf extracts have potential cyto-
toxic activity on human cancer cell lines
particularly BxPC-3 cells. Usually, the plant is
used in traditional medicinal practice for
chronic rheumatism, inflammations, bronchitis,
vaginal discharges, dyspepsia, eye diseases and
fever.

1.6. Odontonema Nees

O. strictum is commoly known as 'Fire
spike', 'Cardinal guard' and 'Scarlet flame',
native to semi-forested areas in Central
America. Fire spike is attractive evergreen shrub
with sparse stiff branches that grow mostly
straight up to about 6 feet tall. It has shiny dark
green leaves with wavy margins and long
pointed tips. The leaves are oblong and
arranged opposite each other on the stem.
From late summer through winter, fire spike
produces abundant 9-12 m upright panicles of
brilliant red tubular flowers. The individual
flowers are about an inch long and two lipped.

Anticancer activities: The silver nanoparticles
isolated from O. strictum leaf extract show
antioxidant activity (Luhata et al., 2022). Their
antioxidant properties in the management of
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oxidative stress are found in several acute and
chronic pathological processes such as hyperte-
nsion, cancer, diabetes and neurodegenerative
diseases (Luhata et al., 2016). A qualitative
phytochemical screening of the extracts
obtained from the leaves of O. strictum
indicates the presence of flavonoids, saponins,
glycosides, tannins, steroids and terpenoids
(Luhata & Usuki, 2021).

1.7. Rhinacanthus Nees

R. nasutus is commonly known as
'Snake jasmine', 'Dainty sprus', 'Nagamulla' or
'Kaurasago'. It is a small slender shrub growing
to a height of about 0.6 to 1.2 m with sparsely
branched club shaped fruit and four seeds. The
whole plant is widely used in traditional
medicinal practices for the treatment of diverse
disease conditions. Medicinal preparations of
the plant in the form of decoctions and herbal
tea have been given internally to the people for
the treatment of hepatitis, diabetes and
hypertension; while the external application in
the form of paste has been used by the people
who suffer from psoriasis, eczema, ringworm
as well as inflammation. Traditionally seeds,
roots and leaves of the plant have been used
against scabies, eczema and various skin
conditions. Leaves are used for prickly heat as
well as scurf and roots are being boiled along
with milk which is used as an aphrodisiac
(Brimson et al., 2020).

Anticancer activities: The phytochemical
analysis of R. nasutus reveals the presence of
alkaloids, phenols, saponins, flavonoids,
tannins, steroids and terpenoids. The aqueous
extract possesses a higher concentration of
phenolic compounds and flavonoids. The
anticancer activity of R. nasutus is significant in

pharmacology (Nirmala & Savitha, 2021). R.
nasutus, a Chinese medicinal herb, is rich in
carotenoids and possesses vital biological
activities such as anti-cancer. Carotenoids
reduce the risk of cancer and cardiovascular
diseases. Utilization of microemulsions from R.
nasutus helps to improve carotenoid bioavai-
lability (Ho et al., 2016). The leaf extracts
exhibit cytotoxic activity against oral human
carcinoma (KB), human breast cancer (MCF-7)
and lung cancer (NCI-H187) cell lines (Boonya-
ketgoson et al., 2018).

1.8. Thunbergia Retz.

T. grandiflora is also known as 'Blue
Thunbergid or 'Bengal clock vine'. It is native to
India, southern China and Myanmar. It thrives
predominantly on tropical and subtropical
regions, and the habitat preference is exhibited
by its morphological characteristics. The
species has the medicinal properties such as
antibacterial, antifungal, antidiabetic, antipy-
retic, antiinflammatory, anthelmentic, antioxid-
ant, antinociceptive, antidrug, antidote,
antimutagenic, detoxifying, cytotoxic and
hepatoprotective activities; hence, it can be
considered as potential alternative herbal
medicine to treat different types of diseases
(Sultana et al., 2015).

T. laurifolia is commonly known as
'‘Blue trumpet vine' or 'Laurel clock vine', a
popular ornamental vine in the tropics. Leaves
are heart shaped with a pointed tip and slightly
serrated leaf margin. Flowers are attractive with
pale purplish blue petals and a yellow throat. In
Thailand, the leaves of T. laurifolia are believed
to have detoxifying effects. They are used as an
antidote for poisons and drugs including the
treatment of drug addiction. It has reported to
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have antioxidant, antidiabetic, antiinflammatory
and antipyretic properties (Chan et al., 2011).

Anticancer activities: T. grandiflora is the
agent of in vivo acute toxicity and anticancer
and antioxidant properties (Thorat & Jain,
2020). The plant extracts inhibit lung cancer
effectively (Jain, 2020). The extract contains
phenolic acid, flavonoid, kaempferol and
quercetin. It’s presence indicates the significant
antioxidant, antidiabetic, antimicrobial and
hepatoprotective activities which give the plant
a great potential and supporting the use of the
plant as a source of natural raw material for
phytopharmaceutical preperations (Ibrahim et
al., 2017).

Radical intermediate generation and
cell cycle arrest by an aqueous extract of T.
laurifolia detected in human breast cancer cells
(Jetawattana et al., 2015). The plant possesses
antioxidant, antiinflammatory and anticancer
activities (Wonkchalee et al., 2012). T. laurifolia
leaf extract increases the levels of antioxidant
enzymes and protects human cell lines in vitro
against cadmium (unsi et al.,, 2020). The
aqueous extract of leaves significantly increases
antioxidant enzyme activities in human
embryonic kidney and human liver cells; and
significantly decreases malondialdehyde levels
in vitro. Crude dried extract of T. laurifolia
leaves can protect against Cd induced oxidative
stress in cells possibly due to it’s antioxidant
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Abstract: The members of Lamiaceae are aromatic with a number of phytochemical compounds
having anticancer properties against different human cancer cells. The major compounds in plants
include menthol, geraniol, eucalyptol, camphor and thymol in turn consider as a source of
anticancer drugs. The reduction of tumours and inhibition of metastasis by arresting cell cycle are
due to the antiproliferative bioactivities of phytocompounds.
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ancer is a worldwide public health

problem, which involves uncontrolled

growth of cells and the main reason for
cancer today is life style. The cells lose their
interaction with each other, invade neighboring
tissues and finally spread to distant tissues of
the body. It is one of the leading causes of
death in both developed and developing
countries. It has been reported that in India
there will be 19 to 20 lakhs death in 2022 due
to cancer. The anticancer properties of plants
have been recognized many years ago. The
natural compounds in plants and microbes
fight against cancer. Recent researches in the
field of plant based natural compounds have
move towards advanced and molecular level
understandings, leading to the development of
potent anticancer agents and also plants have
been accepted as abundant and rich sources
for the development of novel therapeutic
agents for the management and prevention of
different cancer types.

The Lamiaceae is a family of flowering
plants commonly known as the mint, deadn-
ettle or sage family. Many of the members of
the family are aromatic due to the presence of
secondary metabolites. Many members have
demonstrated considerable efficiency in inhibi-
ting cancer cell growth through synergistic
effects. Lamiaceae is among the largest families
of flowering plants with about 250 genera and
over 7,000 species distributed around the
world. It is considered as the important source
of essential oils such as menthol, geraniol,
eucalyptol, camphor and thymol; therefore, it is
widely used in various medicines. In addition to
proven biological activities, essential oils have
recently been evaluated for anticancer activities
and considered as a source of anticancer drugs.
The present chapter helps to assess the
anticancer properties of essential oils obtained
from different members of Lamiaceae and also
we can understand which plants are used as
anticancer agents.
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1. Anticancer plants in Lamiaceae

1.1. Anisochilus Wall. ex Benth.

The genus, Anisochilus is commonly
known as ‘Kapuri’. The native place of the
genus is China, the Indian Subcontinent and
Indochina. The plants are herbs or under-
shrubs with opposite or whorled leaves.
Flowers are usually small in whorled spike
inflorescence. The calyx is 2-lipped or 5-lobed
with 2-lipped corolla tube of slender below and
inflated above. Stamens are four in number and
didynamous with free filaments. The ovary is 4-
partite and style bifid at apex. Fruit are 4 ovoid
dry nutlets. The plant has healing qualities that
help with dermal problems and address
conditions like stomach ulcers. Additionally, it
contains active ingredients such as apigenin,
leutiolin and camphor (Bhagat, 2014).
Moreover, the secondary metabolites like
alkaloids, flavonoids, saponins, glucosides,
tannins, lignin, pectin, starch, cellulose and
carbohydrates are abundant in the plant (Reshi,
2015).

Anticancer activities: A. carnosus extracts play
a significant role in lowering of tumour volume,
tumour weight and cell viability in EAC induced
organisms. It helps in considerable prolong-
ation of host life span and restoration of
hematological parameters to almost normal
levels. The ethanol extracts and fractions of the
plant include luteolin along with phytosterols,
terpenoids and flavonoids that induce anti-
tumour potential in the plant (Gupta et al.,
2015). Petroleum ether and ethanolic extracts
show higher cytotoxic effect against BT-549
compared to the aqueous extracts. Because,
the ethanol extract contains the highest
concentration of luteolin than the aqueous
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extract. Due to the reason, the petroleum ether
and ethanolic extracts induce promising
anticancer activity and has the potential to be
developed into a therapeutic option for the
treatment of cancer (Bhagat et al., 2014).

1.2. Leucas R.Br.

The genus includes herbs, under-
shrubs or shrubs with pubescent four angled
branches showing opposite or whorled
phyllotaxy. Flowers are white in colour and in
axillary inflorescence. Bracts are many, linear
or lanceolate. Calyx is tubular, 10-ribbed,
equally or unequally 6-10-toothed. Bilipped
corolla has upper erect and lower spreading lip.
Stamens are four in number and didynamous.
The ovary has four carpels that form dry nutlets
after fertilization.

Leucas is mostly distributed over
Africa, Iran, India, China, Japan, Indonesia and
with a few species in Queensland and on
various islands in the Indian Ocean. The plant is
used traditionally as an antipyretic and
insecticide. It possesses various pharmacolo-
gical activities like antifungal, antioxidant,
antimicrobial and cytotoxicity. Plant is the rich
source of various phytochemical constituents
viz. triterpenoids, oleanolic acid, ursolic acid, b-
sitosterol, nicotine, sterols, glucoside, diterpe-
nes, phenolic compounds etc. (Prajapati, 2010).

Anticancer activities: The presence of diverse
bioactive compounds makes Leucas sp. more
demandable for curing several diseases such as
inflammatory diseases, diabetes and cancer.
The different phytochemicals in methanol
extract of L. indica leaves show remarkable
antioxidant and anticancer activities (Susmi et
al., 2022). The crude methanol extracts of
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flowers exhibit antioxidant and anticancerous
properties due to the cytotoxic effects against
the selected cancerous cell lines viz. Hela,
HCT116, HL-60 and MCF-7. The important
bioactive compound responsible for anticancer
activity is 6-hydroxy-3-(4-hydroxyphenyl)-7-
(3,4,5-trihydroxy-6-)(hydroxymethyl)tetrahydro-
2H-pyran-2yl)-4H-chromen-4-one. Based on the
antioxidant and anticancerous properties, L.
indica might be a promising source of useful
natural products and the newly bioactive
compound might offer opportunities to
develop new anticancerous drugs (Sowjanya et
al., 2022). Presence of DPPH, flavoinds, FRAPS
and phenol contents in water and methanol
extracts of L. aspera induces antioxidant and
anticancer activities as well as cytotoxicity in
treated cells (Suruthi et al., 2016). The silver
nanoparticles synthesized from aqueous leaf
extract exhibit potent cytotoxic effect on
cervical cancer cells and induce cell death
through apoptosis (Chavata et al., 2019). Silver-
copper bimetallic nanoparticles (Ag-Cu BNP)
synthesized from the leaf extract act as a
bioreducing agent that shows significant
alveolar anticancer and antioxidant activity
against human alveolar cancer cell line A549
than aqueous leaf extract (Yang et al., 2022).
Moreover, ethyl acetate fraction shows
cytotoxic effects in Dalton's lymphoma cell lines
results in significant decrease in ascites tumour
volume and viable cell count (Augustine et al.,
2014).

L. biflora leaf extract fabricated silver
nanoparticles (LbLE-Ag-NPs) act as a potential
anticancer agent. LbLE-AgNPs exhibits an
effective dose dependent anticancerous activity
on MDA-MB-231 breast cancer cell line (Chitra

et al., 2022). The leaf extract of L. zeylanica is
mitodepressive and may be considered as a
potential antitumour promoting agent (Sinha &
Kumar, 2014). The methanolic extract contains
phenol, flavonoid and tannin that are also
responsible for cytotoxicity related antitumour
activity (Abdullah et al., 2021). Ethanolic extract
of L. lanata includes reducing sugars, alkaloids,
cardiac glycosides, flavonoids and tannins. The
plant also has 6-octadecenoic acid, cis-13-
octadecenoic acid and I-(+)-ascorbic acid 2,6-
dihexadecanoate as dominant phytochemicals
in turn cause anticancer properties (Vijisaral &
Arumugam, 2014; Vermaa et al., 2020). L.
martinicensis has high inhibition of the
cyclooxygenase-2 (COX-2) enzyme with IC,,
values ranging from 3.79-25.80 ug/ml in turn
induce anticancer activity against cervical and
epidermoid cancer (Twilley et al., 2017).

1.3. Leonotis (Pers.) R.Br.

Leonotis is commonly called 'Lion's
tail' and 'Wild dagga'. The plants may be herbs
or shrubs with 4 angled stems having opposite
phyllotaxy. The flowers with numerous bracts
are yellow and axillary in position. Calyx is 10-
ribbed while corolla bear 2 lips in which the
upper lip is long and concave with a villous
crown; and the lower lip is small 3 lobed with
the largest mid lobe. Stamens are four in
number and didynamous. The 4 partite ovary is
end with subulate style that forms 4 dry nutlets
after pollination and fertilization. The plants are
the rich source of phenols, flavonoids, carote-
noids, fatty acids and steroids (Oliveira, 2015).
It is used in the treatment of haemorrhoids,
eczema, skin rashes, boils, itching, muscular
cramps, headache, epilepsy, chest infections,
constipation, spider and snake bites due to the

— Anticancer Plants &

125 —



presence of secondary metabolites (Nsuala,
2015).

Anticancer activities: L. nepetifolia root
methanolic extract acts as a source of bioactive
compounds with cytotoxic, genotoxic and
proapoptotic activity against human melanoma
cells (Merecz-Sadowska et al., 2022). It shows in
vitro cytotoxic effects on HepG2 cell line. The
methanol extract of leaves is to be more signifi-
cant in scavenging free radicals that causes
dose dependent damage to the breast and
laryngeal cancer cell lines, MCF-7 and Hep2
(Veerabadran et al., 2013). While the ethanolic
extract of the plant includes 1,3 propanedia-
mine N (3- aminopropyl)-N-methyl, 1,3-methyl-
2-(3,7,11-trimethyl dodecyl thiophene and
benzoquinoline (n) quinoline 2,4-dimethyl
shows cytotoxicity against Ehrlich Ascites
carcinoma by activating the apoptotic pathway
(Gurunagarajan & Pemaiah, 2011). Leaf extracts
have various bioactive components including A\-
sitosterol in methanol extract, 1-nonadecanol in
petroleum extract and eicosane in hexane
extract. Due to this, the leaves are significant in
scavenging free radicals and causing damage
to proliferative cells. Similarly, the different
solvent extracts of flower buds contain a
significant amount of various bioactive
phytochemicals with antioxidant and anticancer
activities; thus, the plant could serve as a
potential source of pharmacological applica-
tions (Nagaraja et al., 2022).

1.4. Isodon (Schrad. ex Benth.) Spach

Isodon is native to the tropics and
subtropics, especially in China. They are
pubescent herbs with 4 angled branchlets with
ovate leaves having truncate base and crenate-
serrate margin. Panicled inflorescence is
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slender and terminal in position. Calyx is
campanulate and 2 lipped with 3+2 condition.
Corolla is white and 2 lipped with 4 + 1
condition. Stamens are four in number. Fruit is
ovoid nutlets. The plants are used for treatment
of acute hepatitis, trauma, dysentery, enteritis,
bacterial infections and inflammation, treatm-
ent of sore throats, malaria, jaundice,
pneumonia, gastrointestinal disorders and
cholecystitis (Lianzhu et al., 2011).

Anticancer activities: The methanolic extract
of I coetsa treated DLA and EAC cell lines
reveals cytotoxic activity that varies on basis of
concentration. It induces cell death in dividing
cells, an essential phenomenon in anticancer
therapy (Neelamkavil & Thoppil, 2016).
Melissoidesin G (MOG) is a diterpenoid purified
from I. melissoides, uses in Chinese traditional
medicine as antitumour and antiinflammatory
agents. MOG specifically inhibits the growth of
human leukemia cell lines and primary acute
myeloid leukemia blasts via induction of
apoptosis, with the evidence of mitochondrial
A¥Ym loss, reactive oxygen species production,
caspases activation and nuclear fragmentation
(Yu et al., 2007). Water soluble flavanoids in /.
lophanthoides var. gerardianus inhibit cell
growth in HepG2 cells. It stimulates to increase
the amount of iROS, mitochondrial membrane
potential and the apoptotic relevant factors
(cytochrome ¢, caspase-3) in HepG2 cells in
turn induce apoptosis through downregulating
apoptosis antagonizing protein (Bcl-2, Survivin,
mcl-1) and upregulating apoptosis promoting
proteins (Bax) (Feng et al., 2016). The ent-
kaurene diterpenoid melissoidesin isolated
from the leaves of I. wightii shows significant
cytotoxicity against lung cancer and neurobla-
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stoma cell lines. The prevention of DNA
degradation activity of melissoidesin is
prominently significant that promoting the
anticarcinogenic activity in a dose dependent
manner (Thirugnanasampandan & Jayakumar,
2009).

Diterpenoids isolated from [ wightii
exhibits antibacterial, antiacetylcholinesterase,
antioxidant and anticarcinogenic activities.
Cytotoxic activity of ABA against cervical cancer
cells (HeLa) promising it as a natural compound
for herbal anticancer drug preparation
(Ramnath et al., 2016). The compound, 3,4-
seco-isopimarane isoamethinol D (4), isolated
from I amethystoides has toxicity to the
cervical Hela cancer (Hela) cells and the lung
(A549) cancer cells (Zhao et al., 2022).

Oridonin is the main bioactive
constituent of I rubescens which has anti-
neoplastic effects against hepatocarcinoma
HepG2 cells in a dose dependent manner.
Treatment with oridonin induces apoptosis and
G2/M cell cycle arrest. In addition, the up
regulation of Hsp70.1, STRAP, TCTP, Sti1 and
PPase as well as the down regulation of hnRNP-
E1 by oridonin could be responsible for the
apoptotic and G2/M arresting effects suppress
the liver cancer cells (Wang et al., 2011).

1.5. Hyptis Jacq.

Hyptis is commonly known as
'‘Bushmints' and widespread in tropical North
and South America as well as parts of West
Africa. They are herbs or shrubs with opposite
leaves and small or medium sized flowers.
Calyx is tubular with 5 lobes and the five
lobbed corolla tube is cylindrical. Didynamous
stamens are 4 in number with free filaments.
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Ovary is 4 partite with sub-entire or shortly bifid
stigma on the style. Fruit is dry nutlet. The plant
shows antimicrobial, antidiabetic, antiulcer and
antiinflammatory effects due to the presence of
flavonoids and terpinoids.

Anticancer activities: Ethanolic leaf extract of
H. capitata shows anticancer potential on T47D
cells. The extract contains neophytadiene,
hexadecanoic acid, methyl ester, ethyl ester
and heptadecanoic acid, 16-methyl-, methyl
ester that work synergistically to inhibit cell
proliferation (Tobungan et al., 2022). H.
suaveolens shows in vitro anticancer activity
due to the occurrence of the major compounds
of sabinene, trans caryophyllene, E-spathulenol,
rimuene, 1,8 cineole, B-elemene, eucaliptol,
bergamotol, x-selinene, caryophyllene oxide, y-
elemene and a-humulene. The compounds are
very effective against human breast cancer cell
line, MCF-7 (Poonkodi et al., 2017). H. pectinata
hydro ethanolic extract includes a greater
proportion of monoterpenes, cymene, thymol
and B-terpinene in the essential oil and of a
2(5H)-furanone and o-pyrones in a dichlorom-
ethane extract. Thus shows moderate cytotoxi-
city against HCT-8 line cells and inhibits the
sarcoma 180 (Barbosa et al., 2012). Isoquer-
citrin isolated from the aerial parts of H.
fasciculata is effective to interfere with gliobla-
stoma (Gbm) cell growth. Quercetin and rutin in
the extract negatively affect Gbm cell
proliferation after treatment times of longer
than 24 h. Isoquercitrin did not induce Gbm cell
death, but in turn cause marked reduction in
cyclin D1 levels and an increase in p27 levels.
Therefore, the compound reduces Gbm cell
growth without inducing apoptosis, possibly by
modulating the control of the cell cycle (Amado
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et al., 2009). The extract of H. mutabilis leaves
with different polarities viz. hexane, methanol,
water and hot water; are against sarcoma 180
and Ehrlich solid tumour due to the anticancer
activity. The extract includes steroids, saponins,
flavonoids and catechins. The aqueous extract
shows strong inhibition of tumour growth
compared to other extracts (Ximenes et al.,
2012). Moreover, H. verticillata and H. toment-
osa are strongly effective against different
cancer cell proliferation due to the effective
secondary metabolites (Kingston et al., 1979;
Picking et al., 2013).

1.6. Gomphostemma Wall. ex Benth.

The plant is native to Southeast Asia,
China and the Indian subcontinent. The plants
are herbs or undershrubs with salient morpho-
logical characters. The leaves are opposite,
large, entire, dentate or crenate. Flowers are
rather large, usually yellow with cymose
inflorescence. Calyx is campanulate, equally 5
lobed, 10 ribbed; while corolla 2 lipped with
slender tube. Didynamous stamens are four in
number and ovary 4 partite with slender style
and bifid stigma. After fertilization, the ovary
forms nutlets. Normally, the plant is used to
prepare medicines for rheumatism, dysentery
and diorrohea by kurichia, kuruma and
kattunaika tribes of Kerala due to the presence
of alkaloids, flavonoids, terpenoids, phenols,
tannins and saponins in the species.

Anticancer activities: The methanol extracts of
selected species of Gomphostemma, viz., G.
heyneanum and G. eriocarpum, consists a total
of 72 volatile phytoconstituents belonging to
various classes like terpenoids, flavonoids,
phenolics, fatty acids, aldehydes etc.. Among
them, the major components identified with
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prominent biological activities include «-
thujene, neophytadiene, B-caryophyllene,
limonene, eucalyptol, phytol, stearic acid,
stigmasterol, quinic acid and tocopherol
(Sajitha Menon & Thoppil, 2022). The cytotoxic
potential of aqueous extract of G. heyneanum
is the sign of apoptotic induction. Cytogenetic
aberrations with apoptotic signs together with
reduction in metabolic activity due to
mitochondrial disfunction and cell death
caused by the membrane damage are all
indications of possible apoptotic potential of G.
heyneanum extract (Sajitha Menon & Thoppil,
2018).

1.7. Clinopodium L.

Clinopodium is a genus of flowering
plants in the mint family. It is commonly known
as 'Wild basil' or 'Savory'. The genus includes
several species of perennial herbs that are
native to Europe, Asia and Africa. Clinopodium
plants are typically low growing, bushy herbs
with woody stems and small, oval shaped
leaves that are arranged opposite each other on
the stem. The leaves often have a pleasant
aroma when crushed. The flowers of Clinopo-
dium species are small and typically arranged in
dense clusters at the tips of the stems or in the
axils of the leaves. The flowers are usually
tubular in shape, with a slightly curved or bent
corolla that is typically two lipped. The corolla
tube is often hairy or glandular, and the upper
lip may be concave or hooded, while the lower
lip is often three lobed. The flowers come in a
variety of colors including white, pink, purple
and blue. They are often used in traditional
medicine to treat a range of ailments, including
digestive issues, headaches and respiratory
problems. Some species of Clinopodium, such
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as C. douglasii, is also used as culinary herbs in
certain cuisines.

Anticancer activities: The acidified, alkalized
and lipophilic extracts of C. vulgare are very
effective on the cell viability of cancer cell lines
like CaOV (human testis cystadenocarcinoma),
HelLa (human cervical adenocarcinoma), HT-29
(human colorectal adenocarcinoma) and FL
(human amnion normal). The acidified and
lipophilic extracts exert selective dose depen-
dent cytotoxic activity against CaOV and Hela
cells, while the cytotoxicity of the alkalized
extract against these cell lines is less pronou-
nced. All extracts show very weak or lack of
cytotoxic actions towards HT-29 and the
normal FL cells. C. vulgare extracts possess
selective anticancer activity and could serve as a
source for isolation and development of new
therapeutic anticancer agents (Batsalova et al.,
2017). The petroleum ether, chloroform and
methanol extracts of C. umbrosum have
cytotoxic activity on HN-5 oral cancer cells after
24 h of treatment. The cytotoxicity of
buddlejasaponin IVa and buddlejasaponin IV
shows that buddlejasaponin IV possesses
superior cytotoxicity. Both compounds show
their cytotoxicity through the apoptotic
pathway with increasing Bax/Bcl2 ratio and the
level of caspase 9. Similarly, HN-5 cells
migration reduces with two saponin compou-
nds (Sharifi et al., 2022). The essential oil from
C. sericeum includes 73 compounds in which
major components of the oil are -germacrene-
D, caryophyllene and sabinene. The essential oil
displays antibacterial activity against gram
negative and gram positive bacterial strains in a
dose range close to standard antibiotics. The
antiproliferative activity in healthy non tumour-
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igenic cells (HEK-293) and in three human
cancer cell lines (T24, DU-145 and MCF-7) is
positive by the essential oil (Benites et al.,
2021).

1.8. Ocimum L.

Ocimum is a genus of aromatic
annual or perennial herbs, undershrubs or
shrubs native to the tropical and warm
temperate regions of all 6 inhabited continents
with the greatest number of species in Africa. It
has strong aroma because of the presence of
oil glands. Leaves are opposite or whorled,
usually toothed and petioled. The flowers are
small in whorls of 6-10 on the axis of elongate
spikes or racemes which are sometimes
panicled. The bracts are small and caducous.
Calyx is 2 lipped in which upper lip broad and
lower lip with 4 mucronate teeth. Corolla tube
is short and 2 lipped. The upper lip is
subequally 4 lobed and lower lip hardly longer
than the upper. The didynamous stamens are
four in number in which the filaments are free
and connate below. Ovary is 4 partite with
slender style and bifid stigma. A number of
secondary metabolites such as nerol, eugenol,
terpinene pinene and carvacrol are present in
whole plant. The leaves are rich with ursolic
acid, apigenin, luteolin and orientin which are
used for the treatment of bronchitis, bronchial
asthma, malaria, diarrhea, dysentery and skin
diseases.

Anticancer activities: O. gratissimum, O.
basilicum, O. canum, O. kilimandscharicum, O.
tenuiflorum and O. citriodorum are found to
reduce the proliferation of human breast cancer
cells (Anusmitha et al., 2022). The ethanolic
extract of O. sanctum induces cytotoxicity in
human fibrosarcoma (HFS) cells. Biochemically
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the extract treated HFS cells show depleted
intracellular glutathione and increased levels of
lipid peroxidation products. Administration of
aqueous and ethanolic extracts in mice bearing
Sarcoma-180 solid tumours mediates a
significant reduction in tumour volume and an
increase in lifespan (Karthikeyan et al., 1999).

Antioxidants and other bioactive
compounds in O. basilicum
important potential anticancer activity regards
to cell death and viability inhibition, cytotox-
icity, apoptosis, cell cycle arrest etc. Additio-
nally, rosmarinic acid shows inhibition in DNA
and protein synthesis in hepatoma derived cell
line (HepG2) by lowering the suppression on
caspase-3 activation to block apoptosis (Perna
et al., 2022). Methanolic extract of O. basilicum
contains ursolic acid which induces anticancer
activity in HT-144, MCF-7, NCI-H460 and SF-
268 cell lines. Ursolic acid induces a significant
decrease in the percentage of cells in anaphase
or telophase stages along with F actin
aggregation and mitotic spindle distortion
(Arshad Qamar et al., 2010). Beyond, the
methanol extract of basil seeds is anticancer-

leaves show

ous due to the presence of potential source of
stable bioactive compounds (Gajendiran et al.,
2016). O. tenuiflorum essential oil significantly
decreases AGS cell viability in a dose dependent
manner and effectively inhibits cell migration
and invasion. Essential oil induces cell
shrinkage, chromatin condensation and fragm-
entation that are considered typical morphol-
ogies of apoptotic cell death. Proapoptotic
genes including TP53, BAX and BAK
significantly upregulate, while antiapoptotic
genes like BCL2 and BCLxL significantly
downregulate in presence of essential oil. In
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addition, significant increase of expressions of
CASP8, CASP9 and CASP3 in AGS cells occurs
when expose to the oil, rich with caryophyllene
and o-pinene (Boonyanugomol et al., 2021).

1.9. Mentha L.

The plants are widely grown in
temperate areas around the world, particularly
in Europe, North America, North Africa, Asia
Minor and Northern parts of Iran. Nowadays, it
is cultivated throughout all regions of the
world. The genus is strongly aromatic perennial
herbs which is used remedy for respiratory
diseases like bronchitis, sinusitis, tuberculosis
and cold. Quadrangular stem is with opposite
leaves of ovate-lanceolate shape and rounded
or acute base bearing verticillaster inflores-
cence. Calyx of the flowers is glabrous with 13
nerves and corolla pale purple or pink in colour.
Presence of the components like menthol,
isomenthone, limonene, iso-menthanol, ment-
hol acetate, carvone, B-pinene, x-pinene, 1,8-
cineole, «-terpineol, isopulegol, pulegone,
piperiton, piperitone oxide and B-phellandrene
are boosting the antioxidant activities of the
plant (Stefanaki, 2021).

Anticancer activities: M. piperita leaf extracts
in petroleum ether, benzene, chloroform, ethyl
acetate, methanol and water show anticancer
effects on human cancer cell lines (HeLa, MCF-
7, Jurkat, T24, HT-29, MIAPaCa-2). All the
extracts show significant dose and time
dependent anticarcinogenic activity leading to
G1 cell cycle arrest and mitochondria mediated
apoptosis, perturbation of oxidative balance,
upregulation of Bax gene, elevated expression
of p53 and p21 in the treated cells (Jain et al.,
2011). The methanolic and aqueous extracts of
whole plants of M. arvensis, M. longifolia, M.
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spicata and M. viridis exhibit anticarcinogenic
effect against eight human cancer cell lines like
A-549, COLO-205, HCT-116, MCF-7, NCI-H322,
PC-3, THP-1 and U-87MG from six different
origins of breast, colon, glioblastoma, lung,
leukemia and prostate. Beyond, the methanolic
extracts display antiproliferative effect in the
range of 70-97% against four human cancer cell
lines namely COLO-205, MCF-7, NCI-H322 and
THP-1; however, the aqueous extracts are
found to be active against HCT-116 and PC-3
(Sharma et al., 2014).

M. piperita essential oil contains five
major ingredients of menthol, menthone,
camphane, menthofuran and iso-menthone.
The essential oil has anticancer activity at vari-
ous incubation periods against three human
breast cancer cell lines. M. piperita possesses
an antiemetic effect and green nanoemulsion
could be used as an anticancer agent (Abedin-
pour et al., 2021). The cytotoxicity reveals
considerable anticancer activity of AgNPs on
HelLa and MCF-7 cancer cells (Kelkawi et al.,
2017). The silver nanoparticles (NP) synthesized
using an aqueous extract of M. spicata leaves
show cytotoxicity and anticancer activity. The
NP decreases cell viability and generation of
reactive oxygen species in Chang and SiHa cells
(Torres-Martinez et al., 2019). The anticancer
and antioxidant activity confirmed in M. citrata
and M. longifolia aerial parts. The extracts
inhibit the growth of three tested cancer cells of
liver, cervix and colon carcinoma due to the
presence of phytosterols, phenolic compounds,
unsaturated fatty acids and specific volatile
constituents (Al-Okbi et al., 2015).

1.10. Plectranthus L. Her.
Plectranthus (Spur flower) is a genus

of about 85 species mostly found in southern
and tropical Africa and Madagascar. The
species are herbs, undershrubs or shrubs with
the 4 angled stem. Leaves are opposite with
small flowers in panicle or raceme of 6-8
flowered cymes. Bracts are usually small,
sometimes large and caducous. Two lipped
calyx and corolla are with 5 lobes. The
didynamous stamens are with free filaments.
Tetra partite ovary ends with slender style and
2 fid stigma at the tip. Usually, the fruits are 4
orbicular ovoid or oblong nutlets. The plant is
widely used in folk medicine to treat conditions
like cold, asthma, constipation, headache,
cough, fever and skin diseases due to the
presence of 76 volatiles and 30 non volatile
compounds belonging to different classes of
phytochemicals such as monoterpenoids,
diterpenoids, triterpenoids, sesquiterpenoids,
phenolics, flavonoids, esters, alcohols and
aldehydes. It has antimicrobial, antiinflam-
matory, antitumour, wound healing, antiepil-
eptic, larvicidal, antioxidant and analgesic
properties.

Anticancer activities: P. ornatus includes the
phytochemicals viz. halimane (11R*,13E)-11-
acetoxyhalima-5,13-dien-15-oic acid (HAL), the
labdane diterpenes 1x,6B-diacetoxy-8c,13R*-
epoxy-14-labden-11-one (PLEC) and forskolin
like 1:1 mixture of 1,6-di-O-acetylforskolin and
1,6-di-O-acetyl-9-deoxyforskolin (MRC) that
show anticancer properties in MCF-7 and FaDu
cancer cell lines by increasing ROS production
and mitochondrial damage in the ND1 and ND5
gene regions (Sitarek et al., 2022). The
methanolic extract of P. stocksii leaf and stem
shows higher concentrations of total phenolics
and tannins that defend against MCF-7, Caco-2
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and RAW 264.7 cancerous cell lines (Muniyandi
et al.,, 2017). P. amboinicus treated TiO2
nanoparticles have better anticancer properties
to treat oral cancer (Maheswari et al., 2021).
The phytocompounds namely carvacrol,
thymol, alpha pinene, limonene, vanillin,
cineole and syringic acid include in P.
amboinicus interact with the cancer target
proteins (Sindhu et al., 2022). Moreover, the
essential oil of the plant exhibits the potent
chemotherapeutic or chemopreventive effect
(Manjamalai et al., 2013). P. strigosus consists
active ingredient of parvifloron D, a strongest
antimicrobial and cytotoxic agent (Garcia et al.,
2019).

1.11. Pogostemon Desf.

The plants are native to the island
region of Southeast Asia including Sri Lanka,
Indonesia, Malay Peninsula, New Guinea and
Philippines. The plants are grown as herbs,
under shrubs or shrubs, often aromatic with
opposite leaves. The small flowers are in
clusters of elongate spikes or raceme inflores-
cence. Calyx is more or less tubular and equally
5 lobed while the 2 lipped corolla tube includes
the 3 lobed upper lip and the lower narrower
and longer 2 lobed lower lip. The sub-equal
four stamens and 4 partite ovary with slender
style and 2 fid stigmatic lobes are prominent in
flowers. The plant is used to treat colds,
headaches, fever, nausea, vomiting, diarrhea,
abdominal pain, insect and snake bites by the
detection of secondary metabolites such as
terpenoids, phytosterols, flavonoids, organic
acids, lignins, alkaloids, glycosides, alcohols
and aldehydes in plants (Swamy et al., 2015).

Anticancer activities: The aqueous leaf extract
of P. heyneanus is effective cytotoxic agent
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inducing various clastogenic and non
clastogenic aberrations including chromosome
gaps, bridges, multipolar anaphase, fragments,
nuclear budding and lesions, hyperchromasia,
laggards and mitotic pairing in turn induce
anticancer activity (Sheela & Thoppil, 2017).
Patchouli alcohol (PA) is one of the important
compounds isolated from the essential oil of P.
cablin that exerts an anticancer activity by
decreasing cell growth and increasing
apoptosis in human colorectal cancer cells
(Jeong et al., 2013). The methanol extract of P.
cablin inhibits the growth of various cancer
cells such as A549, HepG2, MCF-7 and HT29 by
arresting the G1 phase of cell cycle (Yun et al.,
2015).

1.12. Salvia L.

The genus shows maximum diversity
in Central America and Mediterranean region.
The plants are herbs or shrubs of various habits
with small or large showy flowers having
variously sized bracts. Calyx and corolla tubes
are tubular with 3 lobbed upper lip and 2
lobbed lower lip. The lower pair of stamens
shows fertility and the upper pair reduced to
staminodes. The four partite ovary ends with
bifid style. The plant normally uses for the
treatment of different kinds of disorders
including seizure, ulcers, gout, rheumatism,
inflammation, dizziness, tremor, paralysis,
diarrhea and hyperglycemia (Ghorbani et al.,
2017).

Anticancer activities: The extracts of S.
africana-caerulea, S. africana-lutea, S.
albicaulis, S. aurita, S. chamelaeagnea, S.
disermas, S. lanceolata, S. muirii, S. namaensis,
S. radula, S. repens, S. runcinata, S. schlechteri,
S. stenophylla and S. verbenaca have cytotoxic
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effects on human colon cancer cells (HT-29)
(Kamatou et al., 2008). Liposoluble compounds
like tanshinone lIA [1,6,6-trimethyl-8,9-dihydro-
7H-naphthol[1,2-g] [1] benzofuran-10,11-dione]
and tanshinone | [1,6-dimethylphenanthrol1,2-
blfuran-10,11-dione] are rich in S. miltiorrhiza
and related species regards as having
phytoestrogenic effects with antiproliferation of
human breast cancer MCF-7 (Zhao et al., 2007).
Daucosterol, a B-sitosterol glycoside, present in
S. sahendica inhibits cell proliferation by
inducing apoptosis (Esmaeili & Farimani, 2014).
S. miltiorrhiza and S. officinalis contain the
hydrophilic phenolic acids and the lipophilic
tanshinones both show anticancer effects. S.
miltiorrhiza and related species have specific
effects on lung cancer cell lines. The methanol
crude extracts of S. menthaefolia, S. sclarea, S.
dominica, S. spinos and S. palestina exhibit
antiproliferative activity against prostate cancer
cell MDA Pca2b (Fiore et al., 2006). The
protocatechualdehyde, a polyphenol in S.
miiltiorrhiza suppresses proliferation of breast
cancer cell lines like MCF-7 and MDA-MB-231
via an estrogen dependent manner. The neo-
tanshinlactone isolated from S. miltiorrhiza is
active against ER positive human breast cancer
cell lines (MCF-7 and ZR-75-1) and HER-2-
overexpressing breast cancer cell lines (SK-BR-3,
HER-2+) (Choi et al., 2014). Moreover, the
aqueous extract from S. miltiorrhiza strongly
inhibits the proliferation of hepatocellular
carcinoma cells (HepG2). Linalyl acetate, «-
terpineol and camphor, the main components
of the essential oil of S. libanotica synergistically
induces cell arrest and apoptosis resulting in
the inhibition of the growth of two isogenic
human colon cancer cell lines HCT-116
(p53+/+ and p53-/-) (Lee et al., 2014). Beyond,

the acetone extract of S. hypargeia roots shows
the highest activity against the human ovarian
cancer cell line, A2780 (Topcu et al., 2008).
Taxodione, ferruginol and 6-hydroxysalvi-
nolone isolated from S. chorassanica exhibit
cytotoxic and apoptotic effectiveness against
the leukemic cancer cells, K562 and HL-60
(Tayarani-Najaran et al., 2013). The essential
oils of S. bracteata and S. rubifolia from
Lebanon exhibit an inhibitory effect on the
human melanoma cells M14 through induction
of apoptotic cell death (Cardile et al., 2009).
Saprorthoquinone and taxodione of S.
hypargeia show cytotoxic activity on human
colon cancer, Col 2 (Ulubelen et al., 1999).

1.13. Scutellaria L.

The genus is commonly known as
‘Skullcaps'. The generic name derived from the
Latin word “Scutella” meaning "a small dish, tray
or platter" or "Little dish". The plants may be
mostly herbs or under shrubs with opposite
leaves and small bract like floral leaves.
Inflorescence is normally terminal raceme.
Calyx and Corolla are 2 lipped in which the
upper lip entire or notched and lower lip is
broad and three lobed. Two paired didynamous
stamens arranged as the lower longest pair and
upper shortest pair in which anthers are
connivent. Ovary is four partite on a curved
gynophore with slender style and bifid stigma.
The plants are usually using in the treatment of
diarrhea, dysentery, hypertension, hemorrha-
ging, insomnia, inflammation and respiratory
infections. Flavones such as baicalin, wogo-
noside and their aglycones baicalein wogonin
are the major bioactive compounds. The
flavones have pharmacological functions like
anticancer, hepatoprotective, antibacterial,
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antiviral, antioxidant, anticonvulsant and
neuroprotective effects (Zhao et al., 2016).

Anticancer activities: The bioactive compon-
ents of Scutellaria include flavones in which the
major constituents are wogonin, baicalein and
baicalin. These are cytostatic and cytotoxic to
various human tumour cell lines in turn inhibit
tumour growth (Li-Weber, 2009). The antica-
ncer activity of the flavones in S. baicalensis
extract is well known in human leukemia cell
lines that connected with reduction of high level
reactive oxygen species, inflammatory reaction
and NFkB activation. The extract also shows
antiprostate and antibreast cancer activity
(Lamer-Zarawska et al.,, 2010). The gold
nanoparticles synthesized from the S. barbata
by green route method exhibits anticancer
activity against pancreatic cancer cell lines
(PANC-1) that may lead to the development of
novel anticancer drugs to combat pancreatic
cancer (Wang et al.,, 2019). The cytotoxic
properties of methanol extract of S. litwinowii
roots lead to the inhibition of different cancer
cell lines including AGS, HelLa, MCF-7, PC12 and
NIH 3T3 (Tayarani-Najaran et al., 2011). The
methanol extract of S. orientalis contains
apigenin, baicalein, chrysin, luteolin and
wogonin which correlate with cyclin D1 and
Cdc25A suppression and p21 induction in turn
cause potent antileukaemic properties through
the antiproliferative effect of baicalein and the
genotoxic property of wogonin (Ozmen et al.,
2010).

2.14. Teucrium L.

Teucrium is a wild growing flowering
herb or shrubs found in various regions such as
Europe, North Africa and South Western Asia.

The leaves show opposite phyllotaxy. Flowers
usually small in whorls of 2-6 in axillary or
terminal spike, raceme or head inflorescence.
Calyx may be 2 lipped, 10 ribbed and 5
toothed. Corolla tube is not annulate with 1
lipped limb. In didynamous stamens, the lower
pair is longest with exserted and reniform
anthers. The four lobed ovary ends with bifid
style. The genus is used for treating different
diseases such as diabetes, rheumatologic
diseases, inflammation and gastrointestinal
disorders. The antioxidant property of T.
polium is due to the presence of ortho-
dihydroxy substitutions in the flavone B ring
(Rafieian-Kopaei, 2014).

Anticancer activities: Crude extracts with the
phytochemicals show potential anticancer
properties. A methanolic extract obtained from
T. persicum potently inhibits viability of PC-3
cells. The viability of SW480 colon and T47D
breast cancer cells significantly decreases in
presence of the extract (Tafrihi et al., 2014). T.
polium shows the identification of 29 phytoche-
mical compounds belonging to 13 classes of
compounds and 20 tripeptides. In the species,
13R-hydroxy-9E,11Z octadecadienoic acid,
dihydrosamidin, valtratum and cepharantine
are the main compounds. Using the malignant
Walker 256/B and MatLyLu cell lines, T. polium
methanolic extract shows a dose or time dep-
endent antitumour activity (Noumi et al., 2020).
The phenolic compounds of the T. chamaedrys
and T. arduini show best cytotoxic effects in
HCT-116 cells and also the high apoptotic
percentage (Stankovic et al., 2011). The stable
silver nanoparticles synthesized using the leaf
extract of T. polium exhibits significant antica-
ncer activity against MNK45 human gastric
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cancer cell line helps for further development of
anticancer drugs (Hashemi et al., 2020).

1.15. Rosmarinus L.

Rosmarinus is a small taxonomic
clade of woody, perennial herbs or subshrubs
with fragrant evergreen needle like leaves. It is
native to the Mediterranean and Asia, but is
reasonably hardy in cool climates. Calyx is den-
sely white stellate and tomentose type. The
flowers are white, pink, purple or blue in colour
with upper bilobed lip and trilobed lower lip.
Rosmarinus uses in folk medicine to cure seve-
ral diseases including headache, dysmen-
orrhea, stomach ache, epilepsy, rheumatic pain,
spasms, nervous agitation, memory boosting,
hysteria, depression as well as physical and
mental fatigue. The main constituents in the
plants are carnosic acid, carnosol, rosmarinic
acid etc. that in turn results in antiinflammat-
ory, antioxidant, antinociceptive, neuroprotecti-
ve, antidepressant and antihysteric properties
(Rahbardar, 2020).

Anticancer activities: R. officinalis includes a
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lines.
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he dreadful disease, Cancer, severely

affects the human population. The

available medical treatments like
chemotherapy can damage the health of the
patient. From ancient time itself, the herbal
medicines have been used as the source of
medicines for various diseases. According to
the World Health Organization (WHO), some
nations still reply of plant based treatment as
their main source of medicine and developing
nations are utilizing the benefits of naturally
sourced compounds for therapeutic purposes
(Rao et al., 2002). Keeping this fact, an attempt
has been made to analyze the work being
carried out all over the world about the plants
which are used as anticancerous agents. Since
the naturally derived plant products are less
toxic, scientists and researchers starts to pay
more attention in this field now.

The presence of secondary metabo-

lites is the reason behind the medicinal
properties of all the plants. Thus researchers
have developed in to investigating the potential
properties and uses of terrestrial plant extracts
for the preparation of nanomaterial based
drugs for diseases including cancer (Sivaraj et
al., 2014). Many plant species are already being
used to treat or prevent development of cancer.
Multiple researchers have identified species of
plants that have demonstrated anticancer
properties with a lot of focus on those that have
been used in herbal medicine in developing
countries (Frieburghaus et al., 1996; Ochwang
et al., 2014). Over 60% of anticancer agents
have been derived from natural sources (Cragg
& Newman, 2005). Amaranthaceae is such a
family with lots of potential as medicine, and
also many members are reported to have
anticancer properties.

Amaranthaceae contains annual or
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perennial, dioecious, monoecious or polygam-
ous herbs, shrubs or rarely trees. It is compose-
d of approximately 800 species of 60 genera
with two sub families, Amaranthoideae with
Gomphrenoideae (lamonico, 2020). The family
has a largely worldwide distribution and the
members are common in deserts, estuarine or
alkaline regions, tropical areas and some
temperate regions (Simpson, 2010). The
members of the family which are commonly
used as a medicine for cancer treatment are
Achyranthes, Aerva, Amaranthus, Alternan-
thera, Celosia and Cyathula.

1. Anticancer plants in Amaranthaceae

1.1. Achyranthes L.

Achyranthes is also known as 'Chaff
Flower' which are mostly perennial or annual
herbs. Stem is erect to ascending with opposite
leaves. Inflorescences are terminal and axillary,
pedunculate, elongate, many flowered, simple
spikes or few branched panicles. Flowers
crowded together at tips, becoming more
widely spaced toward base. The bisexual
flowers often become deflexed with age and
bear 4 or 5 tepals. Utricles are indehiscent and
one seeded (Robertson, 1981). The plants are
distributed in Central and South-East United
States, Mexico, West Indies, Central America,
South America, tropical, subtropical and warm-
temperate regions of the Old World.

The genus includes two famous
medicinal species namely A. bidentata and A.
aspera. A. bidentata which has used for the
treatment of various diseases including amen-
orrhea, dysmenorrhea, lumbago, gonalgia,
paraplegia, edema, stranguria, headache,
dizziness, odontalgia, oral ulcer, hematemesis

and epistaxis (He et al., 2017). A. aspera is a
well known medicinal plant used commonly in
ayurvedic, Unani-Tibbi, Siddha, allopathic,
homeopathic, naturopathic and home
Remedies (Dhale & Bhoi, 2013). Different parts
of the plant and the plant as a whole are used
for medicinal purpose. The plant is bitter,
pungent, heating, laxative, stomachic, carmi-
native, and traditionally it is used to treat fever,
dysentery, diabetes, vomiting, bronchitis, heart
disease, piles, itching, abdominal pains, ascites,
dyspepsia, blood diseases, tooth ache, gonor-
rhoea, cough and stomachic and digestive
problems (Girach et al., 1992; Chopra, 1933;
Rangari, 2006; Dwivedi et al.,, 2007). The
addition of A. aspera would enhance the
efficacy of any drug of plant origin and can
used as a supporting agent (Hasan, 2014).

Anticancer activities: A. aspera suppresses
the cell proliferation and increases cytotoxicity
in colon cancer cells. This ability could be
attributed to the induction of apoptosis via the
mitochondria mediated pathway and arresting
the cells in S phase of cell cycle in COLO-205
cells. They could promote the release of
cytochrome ¢ by regulating Bcl-2 family
proteins and activate caspase-9/-3 to trigger
cell apoptosis, decrease Akt-1transcription
(Subbarayan et al.,, 2012; Arora & Tandon,
2014; Omidiani et al., 2020). The extract from
A. aspera has cytotoxic effects against VERO
(monkey healthy kidney epithelial) cells, AGS
(human stomach cancer cells), MCF-7 (human
breast cancer cell line), A549 (human lung
cancer cells) and COLO 320 DM (human colon
cancer cell line) (Baskar et al., 2012). The leaves
of A. aspera contain anti-proliferative
compounds with specific activity against

— 142

G Anticancer Plants —



pancreatic cancer (Subbarayan et al., 2012). At
the same time, in Dalton's Lymphoma (DL) cells
treated with methanolic extract, the protein
kinase Cx (PKCx) pathway inhibits in a
concentration-dependent manner. (Singh et al.,
2021). A. aspera roots extract in acetone has
the maximum cytotoxicity against Hela, colon
and liver cancer cell lines (Singh et al., 2017;
Omidiani et al., 2020).

1.2. Aerva Forssk.

Aerva species are perennial herbs
with salient morphological characters. They
constitute prostrate to erect stem, alternate
branches and leaves with entire margins,
hermaphrodite flowers, oval or oblong perianth
and membranous and margined sepals.
Flowers usually bear five stamens which are
shortly monadelphous at the base. The single
pendulous ovule containing ovary possesses
slender and distinct short style. Two stigmas
are present which are short to long and thread
like. The seeds are compressed which are
reniform, firm and black (Alwadie, 2005). There
are approximately 28 species of Aerva species,
but only a few are medicinal of which A.
persica, A. lanata and A. javanica exhibit great
medicinal values. A number of flavonol
glycosides including aervanone, kaempferol-3-
galactoside and isorhamnetin-3-O-B-D-gluco-
side, are the major phytoconstituents in A.
persica and the minor constituents include B-
cyanins (glycine betaine and trigonelline),
sterols and carbohydrates (Chawla et al., 2012).
A. lanata is an important medicinal plant widely
used in traditional systems of medicine like
ayurveda and Siddha. It belongs to the
Pashanbheda group of plants used to cure
urinary stones. The plant possesses a wide

variety of healing applications in traditional and
folklore medicines of various geographical
locations. It comprises of an extensive range of
phytochemicals such as canthin-6-one, B-
carboline alkaloids, flavonoids, phenolic acids,
steroids and terpenoids. Due to the presence of
the phytocompounds, the plant bears anti-
urolithiatic, diuretic, hepatoprotective, antica-
ncer, immunomodulatory, antioxidant, anti-
microbial and numerous other pharmacological
activities (Mandal & Madan, 2016).

Anticancer activities: Ethanolic extract of
whole plant of A. lanata exhibits immunom-
odulatory and antitumour activity. It enhances
the total WBC count, bone marrow cellularity
and number of x-esterase-positive cells (Siveen
& Kuttan, 2012; Kumar et al., 2013). Treatment
also shows enhanced proliferation of splenoc-
ytes, thymocytes and bone marrow cells both in
the presence and absence of specific mitogens
in vitro and in vivo. Both aqueous and ethanolic
extracts decrease the average increase in body
weight, reduce the packed cell volume and
viable tumour cell count and increase the life
span of Dalton's Ascitic Lymphoma (DAL)
treated mice in turn brought back the
haematological parameters, serum enzyme and
lipid profile near to normal values (Rajesh et al.,
2011).

1.3. Alternanthera Forssk.

The members of the genus are annual
or perennial herb with prostrate or ascending
stems and simple leaves. Inflorescence is
axillary and terminal, sessile or peduncled,
many flowered cylindric spikes or spheric heads
with persistent bracts and bract lets. Flowers
are bisexual, white, glabrous or woolly with 3-5
stamens fused at base into short tube and 5
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pseudo staminodes alternate with stamens.
The plants have an ovoid to spheric ovary with
short style and stigma. Fruits are indehiscent
with one seed. The genus comprises about 170
species worldwide and generally distributed in
tropical America (lamonico & Pino, 2016).

Anticancer activities: Some members of
Alternanthera are widely using in the treatment
of cancer. The cytotoxicity of A. sessilis plant
parts induces anticlonogenic property on the
HT 29 cancer cells and causes cell growth
inhibition and activation of apoptosis (Hanahan
et al., 2014). The plant parts act in a dosage
dependent manner and the ethanolic leaf
extracts become active for the treatment of
colon cancer (Gothai et al., 2018). Similar to
this, the ethyl acetate extract of A. brasiliana
shows significant decrease in tumour volume,
viable cell count, tumour weight and life span
of EAC tumour bearing mice in a dose
dependent manner (samudrala, 2015). At the
same time, the hematological profile count of
RBC, hemoglobin and WBC revert to normal
level. The cytotoxic, antiproliferative and
antimigratory properties of ethanol based
extracts of the aerial portions of A. bettzickiana
inhibit the cell growth and proliferation of
breast (MCF-7), liver (HepG2) and cervical (HelLa)
cancer cells (Saengha et al., 2022).

1.4. Amaranthus L.

The plants are typically annuals or
short lived herbs. The stem of monoecious or
dioecious is armed with spines and bears
simple alternately arranged leaves. The small
flowers arranged in dense showy infloresc-
ences. A single plant can produce hundreds or
thousands of seeds, borne singly in dry capsule
fruits. The plants utilize a photosynthetic
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pathway known as C4 carbon fixation, which
largely prevents photorespiration and thus
increases drought tolerance. Several species of
Amaranth utilize for food as well as medicines
by native tribal people in many countries.

Anticancer activities: Methanolic extracts of
Amaranthus spinosus have the ability to inhibit
cell proliferation and induce apoptosis in
cancers of breast (MCF-7), colorectal (HT-29),
liver (HEP-G2) and normal cell lines (Rajashek-
aran et al., 2014). The upregulation of p53, Bax
and caspase-3 and downregulation of Bcl-2
mMRNA in Amaranthus treated mice indicates
the mitochondria mediated apoptosis of EAC
cells (Al-Mamun, 2016). The ethyl acetate
extracts of A. viridis and A. spinosus show
greater anticancer activities against HT-29 and
Hep G2 cancer cells (Jin et al., 2013).

1.5. Cyathula Blume

The species under Cyathula are
prickly chaff flowering plant. It is a small sized
weed, reaching height up to 10-20 cm height.
Stems are violetish red in colour and the leaves
are simple, opposite, exstipulate, short
petioled, rhomboid or ovate (Vijayakumar et al.,
2014).

Anticancer activities: Of the members of the
genus, C. prostrata has high potential as an
anticancer drug. Methanolic extract of C.
prostrata leaves has antitumour activity which
reduces the tumour growth, viability of tumour
cells and raising life span by preventing the
lipid peroxidation in turn promoting the
antioxidant systems in Dalton's lymphoma
ascites induced mice (Priya et al., 2013). The
extract of C. prostrata induces apoptosis via
the extrinsic pathway, and this activation is
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independent of the mitochondria. The extract
acts through multiple targets by inducing cell
cycle arrest in the G1 phase through an
unknown mechanism, apoptosis through an
extrinsic death receptor pathway and replicative
senescence through inhibition of telomerase
(Schnablegger, 2010).

1.6. Celosia L.

Celosia species are annual or
perennial herbs, edible and ornamental plants,
consisting of about 60 species worldwide, is
native to subtropical and temperate zones of
Africa, South America, and South East Asia. The
flowers are edible and ornamental. The generic
name is derived from the Greek word kelos,
meaning "burned,” and refers to the flame like
flower heads. If the flower heads are crested by
fasciation; it is called as ‘Velvet flower’ (Thorat,
2018)

Anticancer activities: C. argentea consists of 2
important phytoconstituents; a flavonoid,
luteolin-7-O-glucoside (Compound 1), and a
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Abstract: Orchidaceae is one of the largest families among angiosperm monocots and the

members commonly known as orchids. They are cultivated worldwide for their beautiful flowers
with variety of colours, shapes and sizes. Many plants are medicinally important and extensively
using in drugs for treating various human diseases. Likewise, most of the species contain
antibacterial, antiinflammatory, antimicrobial, antioxidative and antitumour compounds. Recently

there are a number of investigations going on revealing the anticancerous properties and
antitumour compounds of different orchids, as a solution to treat various types of cancers in

human beings.
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Il living organisms are made up of

many microscopic cells, irrespective of

their size. Some are unicellular and
others are multicellular forms. The growth and
development of these organisms mainly relies
upon the controlled division and multiplication
of these cells. Cancer occurs when the cellular
reproduction process become out of control.
Nowadays cancer is one of the major threats
facing by human population which will
ultimately leads to death. Any cell in any part of
the body may become cancerous by several
environmental and genetic factors.

The cancer burden continues to grow
globally, exerting tremendous physical,
emotional and financial strain on individuals,
families, communities and health systems.
Various treatment options such as surgery,
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chemotherapy, hormone therapy, biological
therapy etc. developed by modern medical
systems are highly expensive. Moreover, all
these treatments had its own difficulties and
side effects in the patients. In this scenario, the
herbal medicines play an important role to
replace with the expensive and side effects
creating allopathic medicines.

Medicinal plants continue to play a
central role in the healthcare system of large
proportions of the world's population. Human
beings are using medicinal plants to treat many
diseases today. Recognition and development
of the medicinal and economic benefits of
plants are on the increase in both developing
and industrialized nations. The plant or plant
parts are using for its scent, flavour or
therapeutic properties (Jain et al., 2016). Many
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herbs have been evaluated in clinical studies
and are currently being investigated phytoche-
mically to understand their antitumour actions
against various cancers (Harpreet et al., 2011).

The family Orchidaceae includes
about 1000 genera and more than 25,000
species. They are cultivated and protected
worldwide for their attractive flowers. The
information regarding their medicinal proper-
ties especially the anticancerous secondary
metabolites are not much known. Orchids are
traditionally used in folk medicine for the cure
of various infectious diseases and tumours (Hu
et al,, 2008). Based on recent investigations,
many of the orchids contain antibacterial,
antiinflammatory, antimicrobial, antioxidative
and antitumour compounds. Extract investig-
ation of different species confirms the presence
of anticancer compounds. Moreover, the
isolates from various plant parts exhibit
cytotoxic activity against leukemia and mela-
noma as well as against brain, breast, cervical,
gastric, liver and lung cancer cells (Sliwinski et
al., 2022).

1. Anticancer plants in Orchidaceae

Several orchid species contain a large
number of potential anticancerous secondary
metabolites (Pant et al.,, 2021). Alkaloids,
terpenes, stilbenoids, bibenzyls, phenanth-
renes, flavonoids and polysaccharides isolated
from Orchidaceae indicate their potential
medical usefulness. Gigantol and batatasin Il
are the main bibenzyls occurring in orchids
with cytotoxic activity (Chen et al., 2008). Most
of the orchids are cytotoxic and kill human
cancer cell lines which possess antiallergic,
antimicrobial, antiinflammatory and antioxidant
properties (Toth et al., 2017). Beyond this,
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antitumour properties are reported for
monomeric phenanthrenes, biphenanthrenes
and triphenanthrenes which include in orchids
(Teoh et al., 2016). Bibenzyl derivatives of
phenanthrenes are effective antitumour
chemicals and using in the preparation of
anticancer drugs (Wang et al., 2014). The
secondary metabolite present in some genera,
denbinobin, triggers apoptosis of numerous
human cancer cell lines (Chen et al., 2013).
Interestingly, some bioactive compounds of
orchids are produced by symbiotic microbes
within them which carry excessive cytotoxic
effects (Favre-Godal et al., 2020). The main
genera which are possessing potential anticanc-
erous and antitumour properties include
Dendrobium, Vanda, Bulbophyllum, Vanilla,
Spathoglottis, Eulophia, Nervilia, Malaxis, Luisia
and Habenaria.

1.1. Dendrobium Sw.

The genus Dendrobium includes
about 1,500 species of epiphytic orchids. Many
are cultivated as ornamentals and some are
important in the floral industry. They are native
to tropical and subtropical Asia, many Pacific
islands and Australia. Species are sympodial
herbs with cylindrical roots usually arising from
the base of a pseudobulb. The pseudobulbs are
hard, cylindrical, cone shaped and more or less
covered with the bases of the leaves.

Anticancer activities: The extracts of several
species of Dendrobium have cytotoxic effects
and are inhibitors of the growth of cervical
cancer and glioblastoma brain tumour cells
(Paudel et al., 2020). The extracts in different
solvents consists a number of bioactive
constituents having medicinal values. Major
macromolecules include lectins, chalcone

G Anticancer Plants —



https://www.britannica.com/place/Australia

synthase, sucrose synthase, cytokinin oxidase
and polysaccharides. The polysaccharides
mainly display immunomodulatory and hepa-
toprotective activities; while the alkaloids
exhibit antioxidant, anticancer and neuropro-
tective activities (Ng et al., 2012).

D. longicornu carries extremely
beautiful flowers and native to warm-
temperate, subtropical and tropical regions of
Asia and Australia. The whole plant of D.
longicornu contains bibenzyl and phenan-
threne as well as minimal amounts of
monoaromatics, steroid and flavonoid deriva-
tives in turn causes antiproliferative activity
(Paudel et al., 2017). Protocorm is a special
organ induced from seed culture that belongs
to the somatic embryo and undergoes growth
and differentiation into plants. They are highly
proliferated tissues which accumulate high
content of secondary metabolites (Cui et al.,
2015). Anticancer effect of the protocorm
extract from D. longicornu toward human
cervical cancer (HelLa) and brain tumour (U251)
cell lines determined using MTT colourimetric
assay (Paudel et al., 2019). The ethanolic
extract of D. chrysanthum and D. venustum
perturbs cell cycle progression and results in a
delay in the growth of cells; moreover, it exerts
anticancer activity (Prasad et al., 2017; Phibo-
onchaiyanan et al., 2018). D. crepidatum is
significantly cytotoxic against both cervical
cancer (Hela) and glioblastoma brain tumour
U251) cell lines (Paudel et al., 2018). The
medicinally active compounds like stilbenoids
and phenolic derivatives in the extract have
high cytotoxic effects. Similarly, the extract of
D. transparens shows high cytotoxic effect
towards the HelLa and U251 cell lines (Joshi et
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al., 2020). The stem extract of wild pineapple
orchid, D. densiflorum, inhibits the growth of
50% cervical cancer cells (HeLa) and gliobla-
stoma cells (U251). Chloroform extract of D.
lasianthera stem demonstrates cytotoxicity
against T47D cancer cells that can be
considered as a potential anticancer natural
product (Pant et al., 2022). D. nobile is a good
source of anticancer compounds in which
denbinobin and 4, 7-Dihydroxy-2-methoxy-9,
10-dihydrophenanthrene show cytotoxicity
against human lung carcinoma, ovary
adenocarcinoma and promyelocytic leukemia
cell lines (Lee et al., 1995).

1.2. Vanda Jones ex R.Br.

The genus Vanda includes about 50
species of colourful orchids distributed from
East Asia to Australia. Most species are
epiphytic and have long sturdy stems that bear
closely spaced strap like leaves. Some species
have cylindrical leaves in a form known as
terete. The long lasting fragrant flowers usually
are flat and have a short spur on the lip. The
plants grow well in warm temperatures with
high humidity and require a well draining
potting medium.

Anticancer activities: The methanolic leaf
extract of V. spathulata has anticancer action in
breast cancer MCF-7 cells via producing cell
toxicity and apoptosis (Jeline Rani et al., 2022).
V. bensonii is a promising source of bioactive
molecules with anticancer potential, which can
be developed further as pharmaceutical
products to optimize the future pharmaco-
therapy of lung cancer (Jimoh et al., 2022). Four
phytochemicals including phloretic acid methyl
ester, cymbinodin-A, ephemeranthoquinone B
and protocatechuic acid in whole plant
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methanolic extract demonstrates varying
bioactivities to inhibit growth and metastasis of
NCI-H460 cells. The whole plant methanol
extracts of wild orchid, V. cristata, show
significant cytotoxic activity against cervical
cancer and brain tumour cell lines (Joshi et al.,
2020).

1.3. Bulbophyllum Thouars

Bulbophyllum, one of the largest
genera of orchids, composed of more than
2,000 species of flowering plants. The genus is
found in warm climates throughout Africa, Asia
and the Americas. Some species are of hortic-
ultural interest due to their unusual flowers.
Several species are endangered and are threate-
ned by habitat loss. Bulbophyllum species have
creeping rhizomes and rounded pseudobulbs.
Most species have a single leaf per pseudobulb,
and the leaves are often succulent and usually
are folded along the midrib. The genus displays
a wide diversity of growth forms, ranging from
small epiphytes to large cane like. Many of the
orchids have small flowers with coloured sepals
that are often larger than the petals. Some
species are pollinated by flies and give off an
offensive odour.

Anticancer activities: B. kwangtungense
shows antitumour activity against cervical
cancer (HelLa) and leukemia (K562) cell lines
(Wu et al., 2006). Beyond, B. odoratissimum is
cytotoxic against leukemia cell lines (K562, HL-
60), hepatoma (BEL-7402), lung adenocar-
cinoma (A549) and stomach cancer (SGC-7901)
cell lines (Xu et al., 2009). Extracts of B. sterile
bulbs and roots cause apoptosis in human
colon cancer (HCT116) cell lines by arresting
the G2/M phase of the cell cycle (Biswas et al.,
2016).

1.4. Vanilla Plum. ex Mill.

Vanilla is tropical climbing orchids
with the flavouring agent vanillin, extracted
from the pods. Vanilla plants have a long,
fleshy climbing stem that attaches to trees by
aerial rootlets. Moreover, the roots also
penetrate the soil for nutrient absorption.
Numerous flowers open a few at a time and last
a single day during the blooming season, which
lasts about two months.

Anticancer activities: Vanilla leaf extract has a
dose dependent antiproliferative effect in
human beings. The extract might contain the
lead molecule which may be developed as
chemotherapeutic agent for treating skin
cancer of squamous cell carcinoma type
(Vijaybabu et al., 2019). Essential oil of Vanilla
has ability to inhibit the growth of cancerous
cells due to anticarcinogenic and antioxidant
properties by killing free radicals in the body
and inhibiting the growth of cancerous cells.
The bioactive compound, 3-hydroxy-4-metho-
xybenzaldehyde, present in Vanilla plays great
role in anticancer activity and inhibits migration
of human lung cancer cells which are induced
by the hepatocyte growth factor (Hanif et al.,
2020).

1.5. Spathoglottis Blume

The genus Spathoglottis consisting of
49 species with evergreen plant body which are
terrestrial orchid plants with pseudobulbs just
below the soil and large narrow leaves above
the surface. The flowering stem arising from
the pseudobulb bears medium sized colourful
flowers. Because of their attractive flowers they
are extensively cultivated in outdoor gardens.

Anticancer activities: Even though there are
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many species under this genus, only one
species is reported to contain anticancer
agents. Chloroform extracts of leaf and whole
plant, S. plicata have moderate potency to
develop as anticancer agents, especially on
breast cancer (Holle et al., 2015).

1.6. Eulophia RBr.

Eulophia covers more than 200
species which spread throughout tropical
Americas, Asia and South Africa. They are
characterized by being terrestrial, rarely
epiphytic and are tall having globose corms,
short stalks and long plicate leaves. The basal
inflorescence can attain a length of 5 meters
with a raceme of several medium sized flowers.
The flowers are with upwardly arched lateral
sepals, deeply concave basal lip and
longitudinal crests on its blade. There is a long
foot on the column carrying two pollina with a
stipe.

Anticancer activities: The ethanolic extract of
E. macrobulbon roots and its components show
notable cytotoxic effects on the human cervical
adenocarcinoma cell line Hela, the human
colorectal adenocarcinoma cell line CaCo-2 and
the human breast adenocarcinoma cell line
MCEF-7 (Schuster et al., 2017).

1.7. Nervilia Comm. ex Gaudich.

The genus includes terrestrial orchids,
commonly known as shield orchid which has
about 80 species. The plant body is perennial,
sympodial and deciduous with one or two
flowers born on an erect fleshy leafless stalk.

Anticancer activities: N. fordii is a species
using in Chinese folk medicine. Both petroleum
ether and ethyl acetate extracts of the species

show anticancerous properties and can prolong
the life of cancer induced mices. The exact
phytochemicals which are responsible for
anticancerous properties is not known yet
(Prakash et al., 201 3).

1.8. Malaxis Sol. ex Sw.

The genus is commonly known as
'Adder's Mouth' and consisting of terrestrial and
semi epiphytic orchids with a variety of
vegetative growth. It shows worldwide
distribution except in Africa.

Anticancer activities: Cytotoxicity of methanol
extract of the whole plant of M. rheedii toward
MCF-7 suppresses the cell proliferation and it
shows good cytotoxicity than Hela cell line
(Haridas et al., 2016).

1.9. Luisia Gaudich.

The genus is commonly known as
'Velvet Orchids'. Some members are epiphytic
and others show lithophytic nature. The plant
body has thick flattened roots and long fibrous
leafy stem branching near the base. The leaves
are narrow, thick and leathery. Inflorescences
are very short recemes having a number of
flowers.

Anticancer activities: The ethyl acetate and
methanol extracts of shade dried leaves of L.
zeylanica show cytotoxicity against Hela and
MCF-7 cell lines. The viability of these cell lines
decreases considerably with increasing con-
centrations of extracts. Nowadays, the phyto-
chemicals present in the leaves are using to
develop anticancer drugs (Khasim et al., 2019).

1.10. Habenaria Willd.

Habenaria is a large terrestrial genus
with more than 800 species having colourful
flowers. They are commonly known as 'Ghost
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Orchids'. The species have small to large
underground root tubers with erect stem of 20
to 80 cm. Some members have two flat leaves
and others are with many leaves. The small or
large flowers in the inflorescence are green,
yellow or white in colour.

Anticancer activities: H. digitata is a species
with a wide range of cytotoxic properties due to
the presence of phytochemical compounds
present like flavonoids and phenolic compo-
unds having potential antitumour properties
(Alshehri et al., 2022).

2. Outlook

Medicinal plants have important roles
in curing various diseases of human beings. In
different parts of the world, a wide variety of
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Abstract: The increasing number of cancer patients worldwide has encouraged developing
effective and affordable anticancer drugs due to the limitations and drawbacks of chemotherapy

and radiotherapy. The exploration of potential medicinal plants constitutes a common alternative
for cancer treatment in many countries around the world as it is a rich source of bioactive
compounds. Zingiberaceae is one of the most explored families for anticancer herbal medicine
identification and characterization. The common genera in the family which have the anticancer
properties are Ginger, Curcuma, Hedychium, Boesenbergia, Alpinia, Etlingera, Kaempferia,

Globba, Amomum and Elettaria.

Keywords: Anticancer, bioactive, phytochemicals, therapeutic, Zingiberaceae

ancer is one of the diseases that

threaten human death and important

cause of death worldwide, accounting
for almost 10 million deaths recently (Sung et
al,, 2021). Conventional methods such as
chemotherapy and radiotherapy are used to
treat cancer patients. These methods can cause
unpleasant side effects and toxicity since they
can destroy both normal cells and cancer cells.
To reduce the side effects, there is a
tremendous clinical need for the development
of effective anticancer drugs with low toxicity.
Medicinal plants have become a source of
anticancer compounds because they are safe,
with low side effects and are easily accessible.
Natural products play an essential role in the
discovery and development of anticancer
agents, especially plant sourced anticancer
drugs have made significant contributions to

— Anticancer Plants &

cancer treatment and successfully used for the
benefits of human health (Atanasov et al.,
2021).

Zingiberaceae or Ginger family is a
large family containing approximately 1600
aromatic plant species in 52 genera, most of
which are rich in essential oils. The family is an
important natural resource providing many
useful products for food, spices, medicines,
dyes, perfumes and aesthetics. Among this
high number of representatives, some species
have been reported for their therapeutic
properties both in classical and ethno medicine.
Most of the genera are widely used as
traditional medicine for many treatments, such
as to relieve stomachache and hemorrhoids, as
a herbal compress for massage, to improve
blood circulation, to relieve muscular pain, and
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as a honey balm. Moreover, the rhizomes of
these plants are used as spices and ingredients
for cooking. Essential oils from Zingiberaceous
plants have been used for mosquito control.
They have demonstrated various bioactivities
such as antimycobacterial, immunomodulatory,
antineoplastic and anticancer (Alolga et al.,
2022). The common genera in Zingiberaceae
which have the anticancer potential are Ginger,
Curcuma, Hedychium, Boesenbergia, Alpinia,
Etlingera, Kaempferia, Globba, Amomum and
Elettaria.

1. Anticancer plants in Zingiberaceae

1.1. Zingiber Mill.

Ginger is herbaceous plant widely
distributed throughout the tropical and
subtropical regions and it is equally reputed for
its medicinal properties. The perennial plant
has annual pseudostem of about one meter tall
bearing narrow leaf blades. The inflorescences
bear flowers having pale yellow petals with
purple edges, and arise directly from the
rhizome on separate shoots. Different types of
extract from the rhizome of ginger have been
used in Ayurvedic and traditional herbal
medicine in order to treat various disorders
such as indigestion, vomiting, arthritis,
rheumatism, pains, cramps, fever and infection.
The main pharmacological actions of active
compounds extracted from ginger root
reported by in vitro and in vivo test attributed to
its active phytocompounds were antiinflamm-
atory, antioxidant, antiemetic, anticancer,
anticoagulant, immunomodulatory and cardi-
oprotective. The main phytochemical constitu-
ents of the root, the vegetal product of this
plant, responsible for the therapeutic action are
gingerols, shogaols, paradols, gingerdiols and

zingerone. Regarding its anticancer properties,
recent studies have indicated a beneficial effect
in case of liver, endometrial, ovarian and
prostate cancer. Furthermore, ginger was
described as an antiemetic agent in cancer
chemotherapy. Moreover, the ginger extracts
show promising anticancer activity against
cholangiocarcinoma (Plengsuriyakarn et al.,
2012).

Anticancer activities: Z. officinale is the main
representative of Zingiberaceae family studied
for a wide range of therapeutic properties. The
antitumour activity of Z. officinale rhizome on
B164A5 murine melanoma cell line regarding
both proliferation and apoptosis and the
increased anticancer activity may be correlated
with the higher amount of polyphenols and
antioxidant capacity (Dancio et al., 2015).
Moreover, Z ottensii is a plant with less than 2
m in height and it is widely cultured in
Southeast Asian countries including Thailand,
Malaysia, Indonesia, Loas and Vietnam. It has
been used as traditional medicinal herb for the
treatment of gastrointestinal diseases like
peptic ulcers, stomachache and constipation as
well as myalgia, sprain and wounds. Crude
extracts of Z ottensii exhibit its cytotoxicity in
HEK293T/17 cells and reduce IL-6 levels in
Hela cells. The extracts in different solvents
induce anticancer activity against four strains of
cancer cells, A549 cells (lung carcinoma cell
lines), MCF-7 cells (breast cancer cell lines),
Hela cells (cervical carcinoma cell lines), and
K562 (chronic myelogenous leukemia cell line).
Among the four cancer cells, extracts of Z
ottensii shows the most effective in inhibiting
MCF-7 (Panyajai et al., 2022).

Z. cassumunar is commonly known as
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'‘Cassumnar Ginger'. The root is perennial,
tuberous with long, white fleshy fibres, deep
yellow when fresh and possessing a strong
camphoraceous odour with bitterish taste. The
plant has been used in folk medicine for the
treatment of inflammation, sprains, rheuma-
tism, muscular pain, wounds and asthma.
Moreover, it acts as mosquito repellent, carm-
inative, mild laxative, antidysenteric, radical
scavenging and anti-malarial activity. A major
part of the pale amber colour oil obtained from
Z. cassumunar consists of terpenoids, flavo-
noids, alkaloids, steroids and benzenoids. It is
often used as traditional medicine for inflam-
mation, sprains, rheumatism, muscular pain,
wounds and asthma (Singh et al., 2015).

1.2. Curcuma L.

Curcuma is a perennial, herbaceous
plant that can reach a height of 1 meter and it
emits numerous, edible rhizomes whose
interiors are yellow or orange. The rhizomes are
reduced to a powder, which is the spice called
curcuma. The lanceolate leaves are oblong or
elliptical and uniform green coloured. C. longa,
(Turmeric), popular name-turmeric, is an arom-
atic, nutraceutical plant have been intensively
used under different pharmaceutical formula-
tions in Indian traditional medicine for different
ailments namely wounds, acne, parasitic
infection, cold and urinary tract and liver dise-
ases. Numerous experimental studies regard-
ing the therapeutic activity of turmeric reported
a plethora of pharmacological properties of the
vegetal extract including antioxidant, antiin-
flammatory, antiangiogenic, antibacterial,
analgesic, immunomodulatory, proapoptotic,
and antihuman immunodeficiency properties.
The major active compound responsible for the
pharmacodynamic action is the polyphenol

curcumin. Additionally, this natural polyphenol
has been described as an anticancer agent both
in vitro and in vivo on a wide range of cancer
types such as colon, pancreatic, liver, cervical,
pulmonary, thymic, brain, breast and bone
cancer. Recent studies intensively support the
role of polyphenols in the prevention of
degenerative diseases like cardiovascular
affections and cancers. The antioxidant activity
of polyphenols induces the antiproliferative and
proapoptotic effect of Curcuma rhizome on
B164A5 murine melanoma cell line (Danciu et
al., 2015).

Anticancer activities: C. zedoaria, 'White
Turmeric', is one of the important crude drugs
possesses many biological activities for many
therapeutic actions due to the presence of wide
range of phytochemicals such as curcumin,
ethyl p-methoxycinnamate, B-turmerone, PB-
eudesmol, zingiberene, dihydrocurcumin,
furanodiene, «-phellandrene, 1-8 cineole, B-
elemense and germacrone. White turmeric
extract has the antitumour activity against
various human cancerous cell lines of breast,
cervical and lungs. Moreover, sesquiterpene
compounds in white turmeric are highly active
against human gastric cancer cells lines (Lee et
al.,, 2019).

1.3. Alpinia Roxb.

The genus is commonly known as
'Shell ginger' which is native to Asia, Australia
and the Pacific Islands. Several species are
cultivated as ornamental plants in tropical and
subtropical climates. It shows thick rhizome
from which the lance shaped to oblong leaves
are arising. The inflorescence is spike, panicle
or raceme and hooded in bracts and bracteoles.
The plants are generally aromatic due to the
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presence of essential oils. A. coriandriodora, a
widely cultivated perennial edible plant with the
odor of coriander, is widely cultivated for its
medicinal value and used as a condiment. The
rhizome of A. coriandriodora has been used in
Chinese folk medicine to treat indigestion,
stomachache, cold, asthma and fever.

Anticancer activities: Phytochemical compou-
nds like diarylheptanoids and flavonoids
isolated from A. coriandriodora are responsible
for the antioxidant and anti-inflammatory
activities. Moreover, the most predominant
component of A. coriandriodora rhizome
essential oil, (E)-2-decenal, inhibits the
migration and invasion ability of A549 cells via
down regulation of MMP-2 and N-cadherin as
well as upregulation of E-cadherin (Hong et al.,
2022). A. officinarum is a tropical perennial
species native to China. It is used to flavor food
and to treat a variety of diseases. It bears long,
narrow green leaves and produces white
flowers and dark brown rhizomes. The
phytochemical compounds of A. officinarum
extracts have antiinflammatory, antibacterial,
antioxidant, antiobesity, anticancer, enzyme
inhibitory and remarkable antiviral properties.
The effectiveness of leaves and rhizome
extracts induces apoptosis against acute
monocytic leukemia cells and breast cancer
cells (MCF-7) (Ghil 2013; Omoregie et al.,
2013).

A. purpurata, a traditional herbal
medicinal plant, shows antidermatophytic,
hepatoprotective, antimicrobial, immunost-
imulatory and anticancer properties. The
rhizomes are used to improve appetite, taste
and voice; in addition, it is used to treat
headache, rheumatism, sore throat and renal
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infection. The leaves and rhizomes have
antioxidant, antibacterial, larvicidal, cytotoxic
and vasodilator activities. The plant extracts
exhibit anticancer activities against prostate
cancer cells (Palanirajan et al., 2022). Likewise,
A. elegans, 'Tagbak', is an endemic herbaceous
species found at low to medium altitudes in
Luzon, Polilio Islands, Mindoro and Leyte. It
possesses therapeutic properties including
hemoptysis, paralysis extremities, urticarial etc.
The leaf extract of A. elegans significantly
inhibits the cellular proliferation and migration
at high concentrations in turn exhibits
antiproliferative activity against lungs, liver and

colorectal cancer cells (Lintao & Medina, 2021).

A. galanga, 'Greater galangal, is a
perennial rhizomatous herb, widely cultivated
in tropical areas as an essential source of
cosmetics, medicines and culinary products.
The species includes various bioactive
compounds like diarabinoside, steroldiglucosyl
caprate, galangoflavonoside and acetoxy-
chavicol acetate. The essential oils and extracts
from different parts of A. galanga, especially
from flower, rhizome, leaf and fruit, have been
used for the treatment of various diseases
including stomach ache, vomiting, diarrhea,
diabetes, microbial infections, bronchitis, fever
and headache. The ethanolic extract of A.
elegans contained bioactive compounds which
inhibit the proliferation of breast cancer cell
lines (MCF-7) with the involvements of apop-
tosis or programmed cell death (Samarg-
handian et al., 2014).

1.4. Hedychium ). Koenig

The genus Hedychium is distributed in
Asia and Madagascar, and native to India,
Southeast Asia and Madagascar. There are
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approximately 70-80 known species that grows
as herb of perennial tuberous rootstocks.
Members of the genus are commonly growing
up to 120-180 cm height. Some species are
cultivated for the exotic foliage and fragrant
spikes of flowers in shades of white, yellow and
orange. Various species are used in traditional
medicines for the treatment of asthma,
bronchitis and gastric and eye diseases.

Anticancer activities: The ornamental ginger,
H. coronarium (Butterfly Ginger) has the
pharmacological properties including antio-
xidant, antibacterial, antifungal, cytotoxic,
chemopreventive, antiallergic, larvicidal, antiinfl-
ammatory, neuropharmacological, fibrinogen-
olytic, coagulant and hepatoprotective (Chan &
Wong, 2015). H. spicatum rhizome is described
as medicine in Ayurvedic and the plant has
been used in various treatments of stom-
achache, cough, wound ulcer, fever, respiratory
problems, cancer, AIDS etc. The species also
shows the antioxidant, antimicrobial,
antidiabetic, hepatoprotective, antidiarrheal,
analgesic, expectorant, antiinflammatory,
emmenagogue, antifungal, hypoglycaemic,
insect repellent, hypotensive, pediculicidal and
cytotoxic activities (Bhatt et al., 2008).

1.5. Boesenbergia Kuntze

Genus contains more than 70 species
that native to China, the Indian Subcontinent,
and Southeast Asia. B. rotunda or 'Finger Root'
is a herb with medicinal properties which grows
in Southeast Asia, India, Sri Lanka and southern
China. The species uses as a traditional
medicine to treat rheumatism, muscle pain,
gastrointestinal disorders, flatulence, stomach
ache, dyspepsia and peptic ulcer.
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Anticancer activities: The whole plant extract
of B. rotunda is effective towards breast, colon,
prostate, liver and lung cancers. Moreover, the
rhizome possesses antileukemic property due
to the occurrence of various bioactive
compounds having high anticancer potential.
Sakuranetin has a cytotoxic effect on B16BL6
melanoma cells, while cardamonin and
pinostrobin chaconne isolated from rhizome
have a cytotoxic effect on the H-29 colon cancer
cell line. The anticancer activity of B. rotunda is
strong cytotoxic and induces apoptosis of
breast cancer cell lines through insilico and in
vitro approaches (Widyananda et al., 2022). B.
pandurata is known to have various pharma-
cological activities, mainly the anticancer
property. The ethanolic extract of the plant
shows strong inhibitory effects on the growth
of cancer cells. Panduratin A, a chalcone
derivative isolated from B. pandurata, inhibits
the growth of MCF-7 human breast cancer and
HT-29 human colon adenocarcinoma cells. In
addition, rhizomes of B. pandurata contain
active compounds with anticancer activities and
have antiproliferative and apoptotic induction
against HeLa and PANC-1 pancreatic cancer cell
lines. Recently, the species is known to inhibit
the growth of breast cancer cells and the anti-
breast cancer activity is significantly influencing
by the inhibition of two receptors, ER-« and
HER2 (Pratama et al., 2022).

1.6. Etlingera Giseke

The genus Etlingera consists of more
than 100 perennial herbaceous species
distributed mainly in tropical regions. Some of
the larger species have leafy shoots reaching
almost 10 metres high, and the bases of the
shoots are so stout as to seem almost woody.
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Other species grows as clumps of leafy shoots;
while some have long creeping rhizomes with
leafy shoots, more than a metre apart. Unique
and distinctive to the species is a tube that
forming above the point where the base of the
flower petals joins onto the plant. The main
phytochemical compounds of Etlingera are
phenolics, diarylheptanoids, flavonoids,
steroids, alkaloids and terpenoids. Eight species
in the genus namely E. elatior, E. pavieana, E.
brevilabrum, E. pyramidosphaera, E. megaloc-
heilos, E. coccinea, E. fimbriobr-acteata, and E.
corneri are potential anticancer agents to treat
human cancer.

Anticancer activities: The rhizome of E. elatior
provides the anticancer activity; similarly the
rhizome essential oil has potential against the
cell lines MCF-7, HeLa and HI 60. The aqueous
extract of flowers shows anticancer activity
against the breast and colon cancer cell lines.
Presence of lapachol, apigenin, methylated
chrysin, 6,2"-dihydroxyflavanone, 3-Hydroxy3,
4'-dymethoxyflavone and 4'-Hydroxy-5,7-
dimethoxyflavanone compounds contained in
E. elatior provide the anticancer effect in turn
help to suppress different human cancers.
Moreover, E. pavieana rhizome extract provides
an antiproliferative effect against breast
adenocarcinoma MDA-MB-231, hepatoma
HepG2 and cervical carcinoma Hela and C33A.
The trans-4-methoxycinnamaldehyde (4-MCA)
compound blocks the cell proliferation and
cancer cell colony formation by inducing
apoptosis and cell cycle arrest (Wahyuni et al.,
2021).

The essential oil from E. brevilabrum shows
cytotoxic activity and inhibits cell proliferation
against MCF-7, Hela, P388 and HL 60 cancer
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cell lines due to the presence of o-fenchol,
elemicin, borneol, methyl isoeugenol, B-
farnesene etc. similarly, the essential oil from
the rhizomes of E. pyramidosphaera inhibits
cell proliferation of MCF-7 and P388 cancer cell
lines due to the presence of lauricaldehyde, 1-
dodecanol, lauryl acetate, 1-tetradecanol etc.
(Vairappan et al., 2012). Due to the presence of
terpineol oxide, aromadendrene, aromaden-
drene oxide and caryophyllene, the essential oil
from the rhizomes of E. megalocheilos
obstructs cell proliferation of MCF-7, Hela,
P388 and HL 60 cells. Likewise, the essential oil
derived from the rhizome of E. coccinea
demonstrates the cytotoxic activity against the
MCF-7, P388 and HL 60 cell lines with the
presence of 2-Methyl-1-undecanol, 1-Dode-
canol, Lauryl acetate, etc. The polyphenolic
content in leaf extract of E. fimbriobracteata
has antiproliferative effect against cervical
cancer cells; beyond, rhizome of E. corneri
hinders the growth and proliferation of MCF-7
cells (Ghazaly et al., 2020).

1.7. Kaempferia L.

Kaempferia is native to China, India
and Southeast Asia. These gingers grow from
small globular rhizomes bearing fleshy roots.
The herbaceous plant has pronounced
dormancy period. The short stem with two to a
few colourfully marked broad leaves often
carries large showy flowers. Various species of
the genus are used in traditional medicines for
the treatment of cold, dry cough, toothache,
rheumatism and hypertension. In addition, it
has been used widely as spices due to highly
aromas.

Anticancer activities: K. parviflora is
commonly known as 'Black Ginger' grown in
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tropical Asia and traditionally plays an
important role in treating all kinds of everyday
ailments including general pains, abscess,
allergy and ulcer. Extracts of K. parviflora also
suppresses gastrointestinal ulcer formation and
cancer cell growth. It inhibits cervical cancer
Hela and ovarian cancer SKOV3 cells (Paramee
et al., 2018). Likewise, K. galanga, 'Aromatic
Ginger', is one of the most economically
important species known for its broad
ethnomedicinal use. It has been used as a spice
and traditional medicine in local communities
of Southeast Asia. The rhizome extract of K.
galanga exhibits the antiproliferative activities
against various cancer cell lines. The anticancer
effects have been attributed to enhanced
cytotoxic T lymphocyte responses and the
upregulation of proapoptotic genes (Elshamy et
al., 2020).

K. rotunda is also known as an
ornamental plant with silver patterned leaves
and a purplish flower. It is used as ethno-
medicines in wide area spreading from India to
Indonesia. Some of the polyoxygenated
cyclohexane derivatives of the plant have
moderate cytotoxic activity and acts against
pancreatic and breast cancer cell lines. Lectin in
K. rotunda induces cell cycle arrest in colon
cancer cells and Ehrlich-Lettre ascites carcinoma
cells via the caspase-3-dependent pathways.
Likewise, anticancer compounds, kaempu-
Ichraol F and kaempulchraol L, extracted from
K. pulchra exhibit antiproliferative activities
against human pancreatic cancer cells (Win et
al., 2016). Moreover, the anticancer properties
of kaempfolienol and zeylenol derivatives from
K. angustifolia acts against human promye-
locytic leukemia (HL-60) and human breast

adenocarcinoma (MCF-7) cell lines (Yeap et al.,
2017).

1.8. Globba L.

Globba (Dancing Ladies’) is the third
largest genera in the Zingiberaceae family with
over 100 species, distributed in tropical and
sub-tropical Asia. Many of the species have the
peculiar habit of producing bulbils on the
inflorescence in place of the lower flowers. In
some species, the bulbils are spicy and
occasionally eaten. Different Globba species
have been used for centuries to treat a variety
of diseases including mouth ulcers, conjun-
ctivitis, eye infections, asthma, leucoderma,
cough, stomachache, fever and heart disease.
Phytochemical compounds including humulen-
6,7-epoxide, B - caryophyllene, terpineol,
heptadecane, 2,6-dimethyl1,5,7-octa trien-3-ol
and alloaromadendrene are prominent in G.
marantina extract which could be a potential
source of natural antioxidants for use in food,
cosmetics and pharmaceuticals industries.
Moreover, the main compounds of the rhizome
extract of G. candida are levoglucosan,
allylhydrazone acetaldehyde, trans-2,3-
epoxybutane, butan-3-enoic acid methyl ester,
2-methylcyclopentanone and 2-n-propyl-
oxetan. While the dominant contents of the
leaves extract of G. candida are pinostrobin
chalcone.

Phytochemical studies of G. reflexa
rhizomes afford main compounds namely
stearyl palmitate, villosin, coronarin D and
stigmasterol that have anticancer activity
against the human breast cancer, human oral
epidermoid carcinoma and human small cell
lung cancer cell lines. Likewise, the essential oil
from G. pendula possesses significant cytotoxic
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activity against MCF-7 and Hep3B cell lines and
G. bulbifera ethanolic tuber extract shows good
activity for protease inhibition to block the
proliferation of breast cancer cell lines (Rao &
Kaladhar, 2014).

1.9. Amomum L

The genus Amomum consists of over
90 species extensively distributed in Africa,
Tropical Asia, Australia and the Pacific Islands.
These are mostly terrestrial rhizomatous herbs
showing elongate pseudostems that arise from
widely creeping rhizomes. The densely
flowered spike, spike like raceme or panicle
type inflorescence arises from rhizomes. The
seeds of Amomum are used as spices; similarly,
other plant parts are used in traditional
medicine in healing of toothache, dysentery,
diarrhea, rheumatism and lung diseases (Dutta
etal., 2000).

Anticancer activities: Amomum consumption
is beneficial to health as it possesses
antioxidant, cytotoxic and immunosuppressive
properties. The volatile oil from A. kravanh
induces anticancer activity in human beings
(Chaothanaphat et al., 2022). The hexane and
ethyl acetate extracts of A. subulatum exhibit
maximum cytotoxic activity against human
breast cancer and cervical cancer cell lines.
Aculeatin A extracted from A. aceleatum is
active against human breast cancer cells, MCF-
7. Moreover, acetone extract of A. compactum
has anticancer activity against breast cancer
cells (Alkandahri, 2021); while the ethanolic
extract of A. subulatum fruits shows cytotoxic
activity against cervical cancer cell line due to
the presence of proteins, terpenoids, tannins,
steroids, phenols and flavonoids (Yadav, 2014).
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1.10. Elettaria Maton

The genus is commonly known as
'Green Cardamom' or 'Queen of Spices'. The
dried fruit of herbaceous perennial plant E.
cardamomum is spicy and ethnomedicinal. It is
the third most expensive spice behind vanilla
and saffron. Cardamom has three sided fruits
with a rough, thin and delicate outer layer and
small deep-brown aromatic seeds that arranged
in vertical order. It exhibits many medicinal and
pharmacological activities like antiseptic,
antispasmodic, anthelminthic, cephalic,
antibacterial and stomachic (Singhal et al.,
2022).

Anticancer activities: Cardamom phytoche-
micals are well known inhibitors of cancer. The
plant is also able to treat or inhibit different
stages of breast cancer from Stage 0 to Stage 4
due to the occurrence of cancer fighting
compounds. It is not only inhibits the
progression of the disease, but also prevents
the breast cancer when consumed at the
appropriate dosage level. Cardamom based
therapy has very few side effects in turn
increases the levels of tumour suppressor p53,
inhibits tumour proliferation initiating cells,
decreases expression of the metastasis prom-
oter Snaill and inhibits the epithelial
mesenchymal transition. Chemical compounds
in cardamom, diindolylmethane and indole-3-
carbinol, prevent the growth of cancer cells
including breast cancer cells. Moreover,
phytochemicals such as cineole and
limenonene have the protective role against
cancer progression (Vutakuri & Somara, 2018).
Moreover, cardamom could serve as an
apoptotic stimulator agent presenting a novel
and potentially curative approach for cancer
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treatment, inducing fewer side effects than
those of the commercially used anticancer
drugs (Almeer et al., 2021).

2. Outlook

Phytochemical investigations in
medicinal plants reveals that many plant
species have anticancer activity due to the
presence of broad range of secondary
metabolites or bioactive compounds. Among
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Abstract: The genera of Musaceae are well known due to the secondary metabolite induced
medicinal properties. Anticancer potential of Musa and Ensete species are better remedy to
suppress the cancer initiation, proliferation and metastasis related apoptosis in different human

cell lines without interfering the healthy cells.

Keywords: Musa, Ensete, antiproliferative, cytotoxicity, secondary metabolites

he monocotyledonous family,

Musaceae, consists rhizhomatous

plants that growing commonly in
humid areas. The members are distributed in
South East Asia and African countries. The
plants may be perennial or monocarpic
rhizomatous herbs with terminal large
inflorescence on huge pseudostem. This
ancient family consists of three genera viz.
Musa L., Ensete Horan. and Musella (Franch.)
H.W.Li; while Indian wild Musaceae represented
by two genera, Ensete and Musa. Both genera
are economically important due to the presence
of a number of medicinal, nutritious and
aesthetic values. The wild genus, Ensete, can
easily identify from Musa by the presence of
non stoloniferous pseudostem with seeded
fruits which consists a number of phytoche-
mical compounds (Sabu et al., 2013).

The fruits of cultivated or wild genus,
Musa, are rich with starch, sugar, potassium,
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calcium, sodium and magnesium (Doymaz,
2010).  Moreover, it shows the antioxidant,
antibacterial, antifungal, antidiarrheal and
antiulcer properties due to the presence of
phytochemical compounds. Presence of
secondary metabolites in Musa sp. includes
alkaloids, flavonoids, terpenoids, coumarins,
phenols, tannins, steroids, glycosides and
saponins which in turn improve the medicinal
properties. Various parts of the plant including
leaves, flowers, pseudostem and fruit and fruit
peel are using in various industries nowadays
that makes the edible members as one of the
major cultivated crops in India. Applications in
bio fuelproduction, biosorbents, pulp and
paper, cosmetics, organic fertilizer, environ-
mental clean-up etc. are very popular from the
ancient time onwards.

In recent decades, advanced medic-
ines have replaced by traditional medicines for
treating human illnesses. Extensive phytoch-
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emical studies in plants promise the anticancer
properties which interfere the cancer initiation
and proliferation by modulating various
pathways in cells. Cancer is a hyper proliferative
disorder and the second most frequent cause
of morality. According to the Global
Observatory Report, the number of newly
diagnosed cancer cases is projected to increase
to 29.5 million per year and projected cancer
related deaths are expected to increase to 16.4
million per year by 2040. Currently, many of
the anticancer medications destroy both cancer
and healthy cells. In addition, the cancer
therapy causes non specific targeting and
induction of drug resistance. To overcome the
present obstacles, the more effective anticancer
medications with improved safety profiles are
urgent to defeat the dangerous disease.
Because of this reason, the use of medicinal
plants for health promotion and disease
prevention has increased now. In Musaceae
members, the phytochemicals are being
extensively investigated and demonstrated that
promising anticarcinogenic properties by
interfering with cancer modulating pathways.

1. Anticancer plants in Musaceae

1.1. Musa L.

The genus Musa comprises of 65
species including both wild and cultivated taxa.
At present, the different cultivars of the species,
Musa paradisiaca, cultivated around the world
and the significant producers of fruits are India,
China, Philippines and Brazil. But M. acuminata
has been discovered from the native habitats of
India historically. The species are perennial herb
with large fruit bearing pseudostem that
emerges from the rhizome. The stem is a
compact assembly of wrapping with spirally
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arranged leaf sheaths. The leaf arising from the
centre of pseudostem by elongating the distal
end of the leaf sheath in to a petiole, in turn
split the lamina in to two equal halves.
Inflorescence is a spike which turning down-
ward towards the soil and consists both male
and female flowers. The fruits are normally
parthenocarpic fleshy berry without seeds. In
each cultivar, the fruits vary in their arran-
gement, position, number per hand, size,
shape, colour, nature etc.

Anticancer activities: The phytochemical
analysis of Musa spp. reveals the presence of
numerous secondary metabolites including
polyphenols, terpenoids, alkaloids, steroids,
anthocyanins, tannins etc. The plant extract
with the phytochemical compound is better
strategy to prevent cancer cell proliferation in
human beings. The aqueous methanol extract
of Nendran banana peel exhibits significant
antitumour activity against MCF-7 breast cancer
cell line (Durgadevi et al., 2019). Through
induction of apoptosis, the anthocyanin from
methanol extract of M. acuminata bract and M.
cavendish green peel hydroalcoholic extract
suppresses the proliferation of MCF-7cells
(Jenshi & Aravindhan, 2011; Barroso et al.,
2019). The hexane extract of M. sapientum
peel and pulp blocks the proliferation of MCF-7
cells (Dahham et al., 2015); meanwhile, the
acetone extract of M. acuminata leaves exhibits
prominent activity against breast tumour cell
lines (Salama et al., 2020). M. paradisiaca floral
extracts has shown the potent antitumou-
rigenic activity in MCF-7 and MDA-MB-231
breast cancer cell lines (Lavudi et al., 2022).

By the increased activity of caspase
enzyme, the ethanol extract of M. paradisiaca
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flower exhibits anticancer activity against HeLa
cervical cancer cell line (Nadumane & Timsina,
2014). Due to the effect of eugenol and phytol,
ethyl acetate extract shows anticervical
carcinoma in Hela cell lines (Deep et al., 2020).
By enhancing DNA fragmentation, ferulic acid
isolated from banana peel using Staphyl-
ococcus aureus induces antiproliferative and
cytotoxic activities against HelLa cervical cancer
cells (Srinivasan et al., 2017). The methanol
extract of M. acuminata flower reveals antipr-
oliferative and cytotoxic potential against HelLa
cells (Das et al., 2020). An ethyl acetate fraction
of M. x paradisiaca leaves also indicates strong
cytotoxic and anticancer activity against HelLa
and A375 cervical cancer cell lines. At a
concentration of 100 ug/mL, M. cavendish
green peel hydroalcoholic extract demonstrates
antiproliferative and cytotoxic activity against A-
375 human malignhant melanoma cells (Barroso
et al.,, 2019). Due to the presence of eugenol
and phytol, ethyl acetate extract of M.
paradisiaca leaves prevents malignant mela-
noma (Deep et al., 2020).

By arresting cell growth, the hexane
fraction of M. sapientum peel and pulp exhibits
in vitro anticancer activity against HCT-116
colon carcinoma cell line (Dahham et al., 2015).
M. cavendish green peel hydroalcoholic extract
suppresses the proliferation of Caco-2 human
colorectal adenocarcinoma cells (Barroso et al.,
2019). Protocatechualdehyde (PCA, 3,4-
dihydroxybenzaldehyde) from green cavendish
bananas promises antiproliferative activity by
triggering apoptosis in human colorectal
carcinoma cells, HCT116 and SW480, through
histone deacetylase 2 (HDAC2) initiated cyclin
D1 suppression. The compound, 2-pentanone

present in banana ameliorates antiproliferative
action by inhibiting the prostaglandin (PGE2)
production and cyclooxygenase 2 (COX-2)
protein expression in colon cancer cells, HT29
(Pettersson et al., 2008).

By decreasing the level of mitoch-
ondrial membrane potential (MMP) and
increasing the reactive oxygen species (ROS)
level, M. cavendish green peel hydroalcoholic
extract exhibits antiproliferative activity against
HepG2 human hepatocellular carcinoma cell
lines (Barroso et al., 2019). Various extracts of
banana (Musa AAB var. Nanjanagudu Rasabale)
pseudostem and rhizome demonstrates cyto-
toxicity against HepG2 cell lines. Crude
chloroform and acetone extracts of the banana
pseudostem and rhizome express substantial
cytotoxicity against the cell lines (Kandasamy et
al., 2016). The isolated bioactive compounds,
4-epicyclomusalenone, cycloeucalenol acetate
and chlorogenic acid, from banana rhizome
exhibit potent cytotoxicity against HepG2 cell
lines. Acetone extract of M. acuminata leaves
possesses a high content of phenolics, flavo-
noids and tannins of which vanillic and ferulic
acids are more intensive in turn shows vigorous
activity against liver hepatocellular tumour cell
lines (Salama et al., 2020).

Ethyl acetate subfraction of the
ethanol extract of M. paradisiaca soft piths
exhibits potent cytotoxic and antiproliferative
activity against the human oral squamous cell
carcinoma cell line (HSC-4) (Ghafar et al., 2019).
Aqueous banana flower extract shows
anticancer activity against benign prostatic
hyperplasia in vitro. The extract at a
concentration of 2 mg/mL normally reduces
the viability of BPH-1 cells through cell cycle
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arrest at the G, phase (Liu et al., 2018). By
inhibiting So-reductase activity, the methanol
fraction of the banana peel inhibits testosterone
induced cell growth in the androgen responsive
LNCaP human prostate carcinoma cell line
(Akamine et al., 2009). In MG-63 cell lines, the
hexane extract of M. acuminata promotes the
anticancer activity (Agustine et al., 2020).

1.2. Ensete Bruce ex Horan.

The genus Ensete (False Banana) was
first named by Horaninow (1862) and later 25
species of Ensete were included by Cheesman
(1947). Later, the number of species under the
genus has shrunken and recorded as seven
species viz. Ensete gilletii, E. homblei, E. perrieri,
E. ventricosum, E. glaucum, E. lasiocarpum and
E. superbum. Among the species, E. superbum
and E. glaucum are commonly distributed in
North-East and Whestern Ghats of India.

E. superbum is commonly known as
Wild Banana. It is monocarpic and non
stoloniferous perennial shrub found in Dindigul
and Anaimalai Hills, Western Ghats and some
parts of peninsular India. The species is well
documented for the medicinal and nutritional
purposes for the local peoples in India and
Ethiopia. It is well recorded in different regions
of the world for ailments such as dog bite,
semen production, abortion, leucorrhoea,
stomachache, immune response, diabetes,
psychosomatic, contraceptive, umbilical cord
care, pneumonia, cholera, labor and delivery
pain, dehydration, appendicitis, chickenpox,
measles, urinary problems, food poisoning,
snake bites, diarrhoea, dysentery, jaundice,
bone fracture, fever, asthma and leucoderma.
Plant is the source of many phytochemical
compounds like triterpenoid esters, proanth-
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ocyanidin, propelargonidin glucosides,
pelargonidin, anigorufone, hydroxyani-
gorufone, B-carboline alkaloids etc. Pharmacol-
ogically, E. superbum possesses antiurolithiatic,
antidiabetic, antifertility, antiestrogenic,
antiviral, cardiovascular and antiinflammatory
activities (Sethiya et al., 2019).

Naturally, Ensete glaucum is
distributed in Burma, Thailand, China, Laos,
Viet Nam, Philippine, Papua New Guinea and
Solomon Islands up to Java; and its probable
existence in North-East India was reported by
Simonds (1960). The species is monocarpic
nonstoloniferous herb with pseudostem,
persistant bracts, hermaphrodite flowers and
large seeds. Seeds are black, smooth and
asymmetrically subglobose to irregular due to
the pressure in packed fruit. Long dormancy
period of seed make it unique habitat and
limited distribution (Majumdar et al., 2013).

The fruits have been used in folk
medicine to treat kidney stones, diabetes,
perforated edema, stomach ulcers and skin
allergies. The seeds contain flavonoids,
saponins and tannins; meanwhile, the presence
of amino acids, flavonoids and terpenoids in
peel and flavonoids, tannins, saponins and
amino acids in pulp is also confirmed. The total
content of polyphenols and flavonoids is higher
in the seeds than in peel and pulp (Ly et al.,
2022). Presence of secondary metabolites
induces the antioxidant and antimicrobial
properties of the species (Tuan, 2021).

Anticancer activities: The ripe peel aqueous
extract of E. superbum exhibits higher
cytotoxic, antiinflammatory and antimutagenic
activities compared to the aqueous extracts of
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seed, flower and bract. The active compounds
like quercetin-3-O-rutinoside, 3,5-dimethoxy-4-
hydroxybenzoic acid and 4',5,7-trihydrox-
yflavone present in the species possesses the
antiproliferative potential in colorectal cell lines
(Mathew et al., 2021).

2. Outlook

Two genera in Musaceae, Musa and
Ensete, are naturally distributed in India which
show nutritious, medicinal, aesthetic and
religious values. The parthenocarpic fruits of
wild and cultivated species of Musa play
significant role in diet. In addition, the plant
parts viz. leaf, pseudostem, flower, corm etc.
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Abstract: Siddha system of medicine is a traditional system practiced in South India. The plant
based formulations as well as plant derived phytochemicals possessing therapeutic potential have
drawn considerable attention in recent years. Cancer is one of the major Non-Communicable
Disease and remains one of the leading causes of morbidity and mortality. As a number of
undesired side effects occur during chemotherapy, natural therapies involving the plant derived
products are used in cancer treatment, may reduce adverse side effects. A plethora of many plant
products that has shown very promising anticancer activity in vitro, but have yet to be evaluated in
clinical trials. Prominently using anticancer plants in Siddha medicine include Plumbago indica,
Taxus baccata, Asparagus racemosa, Glycyrriza glaba and Ocimum gratissimum. The compound
formulations or single drugs in Siddha literature shall be subjected to retrospective analysis for the
exploration of scientific background behind the therapeutic aspects.

Keywords: Anticancer, natural sources, chemical constituents, Siddha medicine

or many years herbal medicines have
been used and are still used in develo-

properties with a lot of focus on those that have
been used in herbal medicine in developing

ping countries as the primary source of
medicines to treat various ailments. Plants have
been used in medicine for their natural
therapeutic properties. In line with this, the
research has developed into investigating the
potential properties and uses of terrestrial as
well as marine plant extracts for the prepar-
ation of potential nanomaterial based drugs for
various dreadful diseases including cancer
(Kuppuswamy et al., 2016; Siddique & Chow,
2020). Many plant species are already being
used to treat or prevent development of cancer.
Multiple researchers have identified species of
plants that have demonstrated anticancer
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countries. The National Cancer Institute (NCI)
has screened approximately 35,000 plant
species for potential anticancer activities.
Among them, about 3,000 plant species have
demonstrated reproducible anticancer activity.
The untapped structural diversity of natural
compounds is having major importance in drug
discovery.

Cancer is a dreadful as well as a high
profile disease in developing countries. The
alarming and frightening rise in the number of
people dying from various types of cancer has
prompted researchers to search for alternative
anticancer drugs with fewer side effects to
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battle the illness in an effective manner (Cai et
al., 2006; Ochwangi et al., 2014). The great
potential of plant based compounds for the
treatment and prevention of cancer is
attributed to their safety, low cost and oral
bioavailability; while a few plant based
compounds induce some side effects. The side
effects can be overcome by dose dependent
administration and usage of plant extracts
(Raina et al.,, 2014). The already available
expensive conventional therapies for cancer
like chemotherapy and radiotherapy have a
number of side effects such as myelo-
suppression and neurological, cardiac,
pulmonary and renal toxicity, which pose

@
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Fig.1. A. Rasagandhi Mezhugu Capsules, B.
Gandhaka, C. Rasayanam Megathennai

serious harm to the quality of life (Alonso-
Castro et al., 2011). Siddha system of medicine
is a traditional system of medicine practised by
saint from ancient period. It is getting more
attention nowadays due to its less toxicity
rendered by plant based drugs. According to

Siddha system, Vippuruthinoi (carcinoma like
illness) is being classified into seven types
based on the pathogenicity and site, stages and
severity of lesions developed on a particular
part of body (Lekha et al., 2018). The
therapeutic aspect in Siddha system is based on
the body constitution of the subjects and
pathogenesis of the disease.

1. Plant derived anticancer agents

1.1. Clerodendron inerme (L) Gaertn.

The species belongs to family Verben-
aceae with a lot of ethnomedicinal properties.
The plant contains some important phytocons-
tituents viz. pentadecanoic acid-B-D-glicoside,
stigmasterol, 4x-methyl-24Bethyl-5x-cholesta-
14, 25-dien-3B-ol, 24B-ethylcholesta-5, 9(11),
22-trien-3B-ol and betulinic acid. Anticancer
potential of C. inerme has been proved on lung
cancer, Burkitt's lymphoma cancer and human
colon cancer cell line (Chouhan et al., 2018;
Kumar et al., 2018; Trieu, 2019).

1.2. Plumbago indica L.

It is a well-known medicinal plant
belongs to the family Plumbaginaceae. The
potential phytoconstituent, Plumbagin, is
known to exert various bioactivities. The plant
extract exhibits selective cytotoxic and anti-
proliferative effects in human skin cancer SK
MEL-28 cells (Anuf et al., 2014). A significant
synergy of cytotoxicity towards cancer cells
demonstrated in the use of P. rosea extract due
to interactions among plumbagin and other
components present in the herb. In addition to
plumbagin, several other potential bioactive
components such as sitosterol, stigmasterol,
campesterol, napthaquinone, 5, 6-dihydroxy-2-
methyl-1,4-naphthoquinone (6-hydroxyplumba-
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gin) o-amyrin and B-sitosterol are present in
plant (Checker et al., 2010; Hafeez et al., 2012).

1.3. Smilax chinensis L.

It is a climbing plant species belong-
ing to Smilacaceae. The ethanol extract of S.
chinensis proved to be effective in arresting the
proliferation and migration of MDA-MB-231
human breast cancer cells (Nho et al., 2015). A
flavonoid, glycoside that isolated from S.
chinensis rhizome effects against human
cancer cell lines (HeLA) (Li et al., 2007).

1.4. Morinda tinctoria Roxb.

It is an evergreen shrub or small tree
in the family Rubiaceae commonly known as
Indian mulberry. GC-MS analysis shows the pre-
sence of compounds like scopolamine, a secon-
dary metabolite and Malvidin-3, 5-diglucoside,
an anthocyanin and a glycoside, as main
constituents (Arunachalam et al., 2015).
Significant anticancer and cytotoxic effect fou-
nd in the methanolic extract against EAC and
human cancer cell lines (Kumar et al., 2017).

1.5. Trapa natans L.

The small free-floating plant grows
mainly in shallow water or swampy regions and
belongs to family Trapaceae. The plant contains
carbohydrates, minerals, calcium, phosphate,
iron, copper, manganese, magnesium, sodium
and potassium. The kernels contain some
vitamins like thiamine, riboflavin, nicotinic acid,
vitamin C, vitamin A, D-amylase and consid-
erable amount of phosphorylases. Even though
not many studies and formulations of T. natans
are documented, the plant has been indicated
for cancer (Bharthi et al., 2015).

1.6. Taxus baccata L.
The tree species belongs to the family

Taxaceae, has both toxic and medicinal
properties. ldentifying the chemical com-
ponents of different parts of the tree can be
useful in the better understanding of toxicity
and medicinal effects. A large number of
chemical constituents have been reported from
the Himalayan yew, T. baccata or T. wallichiana
in which the main constituents are taxoids and
phenolics. Taxol and paclitaxel are important
anticancer constituents using to prepare the
anticancer drugs (Das & Anjani, 1998). These
alkaloids interrupt mitosis by promoting and
stabilizing microtubule formation. Methanolic
extract of T. baccata displays significant anti-
cancer activity on MDA-MB-231 and HCT-116
cell lines (Milutinovic et al., 2015).

1.7. Allium sativum L.

It is a bulbous perennial plant coming
under the family Alliaceae, which is charact-
erized by its peculiar aroma and pungent taste.
The species is rich in sulphur containing com-
pounds such as allicin, diallyl sulfide, diallyl
disulfide, diallyl trisulfide, alliin, S-allylcysteine
and S-allylmercaptocysteine that impact various
stages of carcinogenesis. The anticancer
actions by these garlic derived phytochemicals
include altering the mitochondrial permeability,
inhibiting angiogenesis, enhancing antioxida-
tive and proapoptotic properties and regulating
cell proliferation. The effects of various garlic-
derived products, the phytoconstituents and
nanoformulations has negative impact on skin,
prostate, ovarian, breast, gastric, colorectal,
oral, liver and pancreatic cancers. The constit-
uents inhibit different stages of cancer inclu-
ding initiation, promotion and progression.
Besides, these bioactive metabolites alter the
lipid peroxidation, activity of nitric oxide synth-
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etase, nuclear factor-kB and protein kinase C,
cell cycle and survival signalling (Greef et al.,
2021; Mondal et al., 2022).

1.8. Erythrina variegata L.

It is a showy, spreading, deciduous
tree legume that can reach a height of 18-25 m
and involving in Fabaceae. The plant is a rich
source of alkaloids like 3- Demethoxyery-
thratidinone, erythraline, erythramine, erythri-
nine, erythratidinone, erysonine and erysotine.
Species acts as a potential source of anticancer
agent by MTT assay, nucleoprotein assay and
cell morphology studies on MDA-MB-231 cells

(Rai et al., 2017).

2. Outlook

The poly herbal formulations or
formulations consisting of metals or minerals
possessing a tremendous potential for a cancer
cure are being used in Siddha System. These
formulations are deemed to work on multiple
biochemical pathways and are capable of
influencing several organ systems simultan-
eously. Siddha medicine can be useful in the
management of cancer, besides being safe,
non-toxic, cost effective and non-invasive.
Owing to the high antioxidative potential, most

1. Plants used in Siddha system of medicine as anticancer agents

Plant species

Mode of administration

Formulation

Clerodendron inerme
(L.) Gaertn.

The leaves are indicated for cancerous
lesions. The intake of leaf/ root juice

Vippuruthi ennai

twice a day is beneficial in treatment of
tumours in neck region. The leaves
roasted in castor oil can also be used for
the external application in cancerous

legion.

Plumbago indica L. Plumbago

root barks are generally
indicated for tumours.

Kodiveli ennai,
Kodiveli tailam,
Megathennai
Chitramoola kuligai

Smilax chinensis L.

Root tuber of S. chinensis is indicated for

cancerous growths.

Parangipattai
rasayananm

Morinda tinctoria Roxb.  The root bark of M. tinctoria is indicated Nunappattai thylam
for tumours, ulcers and cancer.
Trapa natans L. The tender leaves and stem of  T. natans

can be grinded and applied externally for
the treatment of cancers.

Taxus baccata L.

The leaves of  Taxus buccata grinded in
vinegar can be applied externally for
cancerous lesions.

Nanti Mezhuku,
Rasaganthi melugu,
Kantaki Rasayanam

Allium sativum L.

Garlic paste is being used externally for
the treatment of tumours.

Megathennai

Erythrina variegata L.

The leaves of E. variegata can be applied
externally for cancerous lesions

(Ref.: Classical Siddha Literature, Gunapadam)
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of the Siddha medicines confer nutrition and
reduce the side effects imposed by conve-
ntional cancer therapy. The compound
formulations or single drugs in Siddha literature
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Acacia etbaica Schweinf. 65 Alstonia R.Br. 96

Acacia hamulosa Benth. 65 Alstonia scholaris (L.) R.Br. 96

Acacia karroo Hayne 65 Alternanthera bettzickiana (Regel) G.Nicholson 144
Acacia laeta R.Br. ex Benth. 65 Alternanthera brasiliana (L) Kuntze 144
Acacia Mill. 64 Alternanthera Forssk. 143,145

Acacia nilotica (L) Willd. ex Delile 65 Alternanthera sessilis (L) DC. 144

Acacia origena Hunde 65 Amaranthus L. 144,145

Acacia pycnantha Benth. 65 Amaranthus spinosus L. 144

Acacia salicina Lindl. 65 Amaranthus viridis L. 144

Acacia tortilis (Forssk.) Hayne 65 Amomum aceleatum Roxb. 164

Acanthus ilicifolius Lour. 113, 114 Amomum compactum Sol. ex Maton164
Acanthus L. 113 Amomum kravanh Pierre164

Achyranthes aspera L. 142 Amomum L. 164

Achyranthes bidentata Blume 142 Amomum subulatum Roxb. 164

Achyranthes L. 142,145 Andrographis paniculata Burm.f,) wall. 114,115
Adiantum capillus-veneris L. 31, 35 Andrographis Wall. ex Nees 114

Adiantum L. 35 Angiopteris Hoffm. 35

Adiantum monoclamys D.C. Eaton 35 Anisochilus carnosus (L.f.) Wall. 124

Adiantum venustum D.Don 35 Anisochilus Wall. ex Benth. 124

Aerva Forssk. 143,145 Anthocephalus A. Rich. 76

Aerva javanica Juss. 143 Anthocephalus cadamba Mig. 76

Aerva lanata (L.) Juss. 143 Asplenium L. 37

Aerva persica Burm.f.) Merr. 143 Asterella angusta (Stephani)Pande, K.P.Srivast. &

Sultan Khan 25
Asterella P. Beauv. 25, 29
Astragalus L. 64

Aglaomorpha coronans (Wall.) Copel.33
Aglaomorpha Schott 33

Ailanthus altissima (Mill.) Swingle 56
Ailanthus Desf. 55

Allamanda L. 98

Allamanda schotti Hook. 98

Allium sativum L. 177,178

Alpinia coriandriodor D. Fang 160

Astragalus membranaceus Fisch. ex Bunge 64
Avicennia alba Blume 115

Avicennia L. 115

Avicennia marina (Forssk.) Vierh. 115

Barleria L. 115

Alpinia elegans (C.Presl) K.Schum. 160 Barleria prionitis L. 115

Alpinia galanga (L.) Willd. 160
Alpinia officinarum Hance 160

Beaumontia brevituba RW.MacGregor & W.W.Sm.
102

Beaumontia Wall. 102
Blechnum L. 36
Boesenbergia Kuntze_161

Alpinia purpurata (Vieill.) K.Schum. 160
Alpinia Roxb. 159
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Boesenbergia pandurata (Roxb.) Schitr. 161
Boesenbergia rotunda (L.) Mansf. 161
Borreria G.Mey. 77

Borreria hispida Spruce ex K.Schum. 77
Brucea ).F.Mill. 55,57

Brucea javanica Merr. 57

Bryum argenteum Hedw . 29

Bryum Hedw. 29

Bulbophyllum kwangtungense Schltr. 152
Bulbophyllum odoratissimum Lindl. 152
Bulbophyllum Thouars 152

Caetomorpha antennina (Bory) Kutzing 13
Caetomorpha brachygona Harv. 13
Caetomorpha Kutzing 13

Caetomorpha ligustica (Kutzing) Kutzing 13
Caetomorpha linum (Muller) Kuetz. 13
Calotropis gigantea (L.) Dryand 104
Calotropis procera (Aiton) Dryand. 104
Calotropis R. Br. 104

Campototheca acuminata Decne 44
Carissa carandas L. 97

Carissa L. 97

Catharanthus G.Don 93

Catharanthus roseus (L.) G.Don 44,93
Caulerpa cuppresoides (Vahl) C. Agardh 11
Caulerpa ).V. Lamouroux 10,11

Caulerpa lentillifera J. Agardh 11

Caulerpa microphysa (Weber Bosse) Feldmann 11

Caulerpa prolifera f. obovata (). Agardh) Weber
Bosse 11

Caulerpa racemosa f. intermedia W. R. Taylor 11
Caulerpa taxifolia (M. Vahl) C. Agardh 11
Celosia argentea L. 145

Celosia L. 145

Cerbera L. 102

Cerbera odollam Gaertn. 102

Chara elegans (A.Braun) C.B.Robinson 17

Chara L. 16

Chassalia Comm. ex Poir. 78

Chassalia curviflora Thwaites 78
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Chlorella Beyerinck (Beijerinck) 18
Chlorella vulgaris Beijerinck 10, 18
Chonemorpha fragrans Alston 103
Chonemorpha G. Don 103

Cinchona L. 77

Cinchona officinalis L. 77

Cissampelos L. 44

Cissampelos pareira L. 44

Cissampelos sympodialis Eichler 45
Clerodendron inerme F. Muell. 176, 178
Clinopodium douglasii (Benth.) Kuntze 129
Clinopodium L. 128

Clinopodium sericeum (C.Pres| ex Benth.) Govaerts
129

Clinopodium umbrosum (M.Bieb.) K.Koch 129
Clinopodium vulgare L. 129

Cocculus DC. 46

Cocculus hirsutus (L.) Diels 46

Coffea L. 78

Conocephalum conicum (L.) Underw. 25
Conocephalum Hill 25, 29

Coscinium Colebr 46

Coscinium fenestratum (Gaertn.) Colebr. 46
Curcuma L. 159

Curcuma longa L. 159

Curcuma zedoaria (Christm.) Roscoe 159
Cyathula Blume 144,145

Cyathula prostrate C.B.Clarke 144

Cyclea Arn. ex Wight 47

Cyclea peltata (Lam.) Hook.f. & Thomson 47
Davallia cylindrica Ching 36

Davallia divaricata Blume 35

Davallia Sm. 35

Dendrobium chrysanthum Wall. 151
Dendrobium crepidatum Lindl. & Paxton 151
Dendrobium densiflorum Lindl. ex Wall. 151
Dendrobium lasianthera ).).Sm. 151
Dendrobium longicornu Lingl. 151
Dendrobium nobile Lindl. 151

Dendrobium Sw. 150
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Dendrobium transparens Wall. ex Lindl. 151 Eulophia macrobulbon Hook.f. 153

Dendrobium venustum Teijsm. & Binn. 151 Eulophia R.Br. 153

Dicranopteris Bernh. 38 Fagonia indica Burm.f. 6

Dicranopteris linearis (Burm.f.) Underw. 38 Frullania monocera (Taylor) Gottsche, Lindenb. &
Diploclisia glaucescens (Blume) Diels 47 Nees 2_6 _ _ )
Diploclisia Miers 47 ;;;béléag/g nisquallensis (Taylor) Gottsche, Lindenb. &
Diplophyllum (Dumort.) Dumort. 27, 29 Frullania Raddi 26, 29

Diplophyllum albicans (L. ) Dumort. 27 Gardenia J.Ellis 79

Diplophyllum taxifolium (Wahlnb.) Dumort. 27
Drynaria (Bory) J.Sm 33

Gardenia jasminoides ).Ellis 80

Gelidium crinale f. luxurians Collins 16

Drynaria fortune (Kunze ex Mett.) J.Sm. 33 Gelidium JN. Lamouroux 15

Drynaria quercifolia (L) J. Sm. 33 Gelidium latifolium (Greville) Bornet 16

Dryopteris Adans. 36 Globba candida Ridl. 163
Dryopteris crassirhizoma Nakai 32, 37 Globba L. 163

Dumortiera hirsuta (Sw.) Nees 25
Dumortiera Nees 25, 29

Globba marantina L. 163

Globba pendula Roxb. 164
Dunaliella salina (Dunal) Teodoresco 10 Globba reflexa Craib163

Ecklonia cava Kjellman 10 Glycyrrhiza echinata L. 68
Elettaria cardamomum (L.) Maton 164
Elettaria Maton 164

Ensete Bruce ex Horan. 169,172,173
Ensete gilletii (De Wild) Cheesman 172

Ensete glaucum (Roxb.) Cheesman 172

CGlycyrrhiza glabra L. 68

Glycyrrhiza Tourn. ex L. 68

Glycyrrhiza uralensis Fisch. 68
Gomphostemma eriocarpum Benth. 128
Gomphostemma heyneanum Wall. 128
Ensete homblei (Bequaert ex De Wild.) Cheesman

172
Ensete lasiocarpum (Franch.) Chessman 172 ]C(f)’aalar/a bursa-pastoris (S. G. Gmelin) P. C. Silva

Gomphostemma Wall. ex Benth. 128

Ensete perrieri (Claverie) Cheesman 172 Cracilaria corticata (). Agardh) J. Agardh 15

Gracilaria edulis (S5.G.Gmelin) P.CSilva 15
Gracilaria eucheumaides L. 15

Ensete superbum (Roxb.) Cheesman 172
Ensete ventricosum (Welw.) Cheesman 172
Equisetum arvense L. 31

Erythrina variegata L. 178

Etlingera brevilabrum (Valeton) R.M.Sm. 162

Gracilaria Greville 15

Habenaria digitata Lindl.154
Habenaria Willd. 154

Hedychium coronarium ).Koenig 161
Hedychium ).Koenig 160

Hemionitis arifolia (Burm.f.) T.Moore 34

Etlingera coccinea (Blume) S.Sakai & Nagam. 162
Etlingera corneri Mood & lbrahim 162

Etlingera elatior (Jack) R.M.Sm. 162

Etlingera fimbriobracteata (K.Schum.) RM.Sm. 162
Etlingera Giseke 161

Hemionitis L. 34
Hepatostolonophora JJ.Engel & R.M.Schust. 27, 29

Hepatostolonophora paucistipula (rodway)).). Engel
Etlingera pavieana (Pierre ex Gagnep.) RM.Sm. 162 27

Etlingera megalocheilos (Griff.) A.D.Poulsen 162

Etlingera pyramidosphaera (K.Schum.) RM.Sm. 162  Holarrhena antidysenterica Wall. ex.A.DC. 99
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Holarrhena R. Br. 98
Hyptis capitata Jacq. 127

Kaempferia galanga L. 163
Kaempferia L. 162

Hyptis fasciculata Benth. 127 Kaempferia parviflora Wall. ex. Baker 163
Hyptis Jacq. 127 Kaempferia pulchra Ridl. 163
Hyptis mutabilis Briq. 128 Kaempferia rotunda Don 163
Hyptis pectinata Poit. 127 Kopsia arborea Blume 100

Kopsia Blume 99

Kopsia fruticosa (Roxb.) A.DC. 99,100

Kopsia singapurensis Rdl. 100

Hyptis suaveolens (L.) Poit. 127

Hyptis tomentosa Poit. 128

Hyptis verticillata Jacq. 128

Ichnocarpus frutescens (L.) W.T.Aiton 99 Laurencia catarinensis Cordeiro-Marino & Fujii 12

Laurencia caspica A. D. Zinova & Zaberzhinskaya
12

Laurencia claviformis Borgesen 10

Ichnocarpus R. Br. 99
Indigofera aspalathoides Vahl. ex DC. 66
Indigofera L. 66

Indigofera suffruticosa Mill. 66 Laurencia J.V. Lamouroux 11, 12

Indigofera tinctoria Chapm. 66 Laurencia majuscule (Harvey) A.H.S.Lucas 12

Inula britannica M.Bieb. 89 Laurencia obusta (Hudson) Lamourux 12

Inula falconeri Hook.f. 89 Laurencia okamurai Yamada 12

Inula grantioides Boiss. 90 Laurencia papillosa (C. Agardh) Greville 12

Laurencia tasmanica Hooker f. & Harvey 10
Leonotis (Pers.) R.Br. 125

Inula helenium Hook.f. & Thomson 88

Inula helianthus-aquatica C.Y.Wu. ex Ling 90

Inula L. 87
Inula racemosa Hook.f. 88,89
Inula rhizocephala Schrenk 88,90

Leonotis nepetifolia (L.) R.Br. 126
Lepidolaena Dumort. 28, 29
Lepidolaena taylorii (Gottsche) Trevis. 28

Leucas aspera Link 125
Leucas biflora (Vahl) Sm. 125
Leucas indica (L) Vatke 125
Leucas lanata Baker 125

Inula royleana DC. 89

Inula viscosa (L.) Aiton 88

Isodon (Schrad. ex Benth.) Spach 126
Isodon amethystoides (Benth.) H.Hara 127
Leucas martinicensis (Jacq.) Choisy 125
Isodon lophanthoides (Buch.-Ham. ex D.Don) H.Hara Leucas R. Br. 124

126 Leucas zeylanica (L)) R.Br. 125
Lophocolea (Dumort.) Dumort. 28, 29

Isodon coetsa (Buch.-Ham. ex D.Don) Kudo 126

Isodon melissoides (Benth.) H.Hara 126
Lophocolea heterophylla (Schrad.) Dumort. 28
Luisia Gaudich. 153

Luisia zeylanica Lindl. 153

Isodon rubescens (Hemsl.) H.Hara 127
Isodon wightii (Benth.) H.Hara 127
Ixora coccinea L. 80

Ixora L. 80

Jungermannia L. 27, 29

Justicia adhatoda L. 116

Justicia gendarussa Burm.f. 116
Justicia L. 116

Kaempferia angustifolia Roscoe 163

Lycopodium clavatum L. 32

Macrothelypteris (H.lto) Ching 39
Macrothelypteris torresiana (Gaudich.) Ching 39
Malaxis rheedii B.Heyne ex Wallace 153

Malaxis Sol. ex Sw. 153

Marchantia convoluta C. Gao & G.C. Zhang 24
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Marchantia emarginata Reinw., Blume & Nees 24
Marchantia L. 24, 29
Marchantia paleacea Bert. 24
Marsilea minuta L. 36

Marsilea Necker 36

Marsilea quadrifolia L. 36
Medicago L. 68

Medicago sativa L. 68,69
Medicago truncatula Gaertn. 69
Mentha arvensis L.131

Mentha citrata Ehrh.131
Mentha L.130

Mentha longifolia (L) L. 131
Mentha piperita L. 130,131
Mentha spicata L. 131

Mentha viridis (L)) L. 131

Microsorum grossum (Langsd. & Fisch.) S.B.Andrews
33

Microsorum Link 32

Microsorum pustulatum (G.Forst.) Copel. 32
Mimosa caesalpiniifolia Benth. 67
Mimosa L. 66

Mimosa pigra L. 67

Mimosa pteridifolia Benth. 67
Mimosa pudica L. 67

Mimosa tenuiflora Benth. 67
Morinda citrifolia L. 80,81

Morinda L. 80

Morinda tinctoria Roxb. 177, 178
Musa acuminata Colla 170,171,172
Musa Cavendish 171

Musa L. 169,170

Musa paradisiaca L. 170,171

Musa sapientum L. 170

Nerium L. 95

Nerium oleander L. 95

Nervilia Comm. ex Gaudich. 153
Nevvilia fordii Schitr. 153
Neurocalyx calycinus B.L.Rob. 81,82
Neurocalyx Hook. 81

— Anticancer Plants &

Nostoc commune Vaucher ex Bornet & Flahault 19
Nostoc entophytum Bornet & Flahault 19
Nostoc linckia Bornet ex Bornet & Flahault 19
Nostoc Vaucher ex Bornet & Flahault 18
Ochrosia elliptica Labill. 100

Ochrosia elliptica Labill. 44

Ochrosia Juss. 100

Ocimum basilicum L. 129,130

Ocimum canum Sims 129

Ocimum citriodorum Vis. 129

Ocimum gratissimum Forssk. 129
Ocimum kilimandscharicum Gurke 129
Ocimum L. 129

Ocimum sanctum L. 130

Ocimum tenuiflorum Burm.f. 129,130
Odontonema Nees 116

Odontonema strictum Kuntze 116,117
Odontosoria (C.Presl) Fee 39
Odontosoria chinensis (L.) J.Sm. 39
Oleandra Cav. 37

Oleandra wallichii (Hook.) C.Pres| 37
Ophioglossum gramineum Willd. 38
Ophioglossum L. 38

Ophiorrhiza L. 82

Ophiorrhiza mungos L. 82

Ophiorrhiza pumila Merr. & Chun 82
Padina Adanson 14

Padina boryana Thivy 14

Padina distromatica Hauck 15

Padina pavonica (L.) Thivy 15

Pavetta L. 82

Pavetta indica L. 82,83

Phaleria macrocarpa Boerl. 6

Phaseolus L. 67

Phaseolus vulgaris L. 67,68

Phlebodium (R.Br.) J.Sm333

Phlebodium decumanum ).Sm. 33
Picrasma Blume 55,59

Picrasma quassioides Benn. 59
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Picrolemma Hook.f. 55,58 Pteris multifida Poir. 34

Picrolemma huberi Ducke 59 Pteris polyphylla (Pr.) Ettingsh. 34
Picrolemma pseudocoffea Ducke 59 Pteris semipinnata L. 34

Picrolemma sprucei Hook.f. 59 Pteris vittata L. 34

Pityrogramma Link 35 Ptilidium Nees 28, 29

Plagiochasma appendiculatum Lehm. & Lindenb 24  Ptilidium pulcherrimum (Weber) Hampe 28
Plagiochasma Lehm. & Lindenb. 24, 29 Quassia L. 55,58

Plectranthus amboinicus (Lour.) Spreng. 132 Radula Dumort. 27, 29

Plectranthus L. Her 131 Radula marginata Taylor 27
Plectranthus ornatus Codd 131 Rauvolfia L. 100

Plectranthus strigosus Benth. 132 Rauvolfia vomitoria Wennberg 100, 101
Plumbago indica L. 176, 178 Rhinacanthus nasutus (L.) Kurz 117
Plumeria alba L. 95 Rhinacanthus Nees 117

Plumeria L. 95 Riccardia Gray 25, 29

Podophyllum hexandrum Royle 44 Riccardia multifida (L.) Gray 26
Podophyllum peltatum L. 44 Riccardia perrottetin Pteiff 26
Pogostemon cablin Benth 132 Rosmarinus L. 135

Pogostemon Desf. 132 Rosmarinus officinalis L. 135
Pogostemon heyneanus Benth. 132 Salvia africana-caerulea L.133
Polypodium fauriei Christ 34 Salvia africana-lutea L. 133
Polypodium formosanum Baker 34 Salvia albicaulis Benth. 133
Polypodium L. Salvia aurita Schult. 133

Polypodium leucotomos Poir. 32 Salvia bracteata Banks & Sol. 133
Polypodium nipponica (Franch. & Sav.) Ching 34 Salvia chamelaeagnea P. ). Bergius 133
Polypodium virginianum L. 34 Salvia chorassanica Bunge 133
Polypodium vulgare L. 34 Salvia disermas Sm. 133

Polytrichum ohioense Renauld & Cardot 29 Salvia dominica L. 133

Polytrichum commune Hedw. 29 Salvia hypargeia Fisch. & C.A.Mey. 133
Polytrichum Hedw. 28, 29 Salvia L.132

Polytrichum pallidisetum Funck 29 Salvia lanceolata Lam. 133

Porella cordeuna Spreng. 26 Salvia libanotica Boiss. & Gaill. 133
Porella L. 26, 29 Salvia menthaefolia Ten. 133
Psychotria L. 83 Salvia miltiorrhiza Bunge 133
Psychotria leptothyrsa Miq. 83 Salvia muirii L.Bolus 133

Psychotria serpens L. 83 Salvia namaensis Schinz 133
Pteridium aquilinum (L.) Kuhn 36, 38 Salvia officinalis L. 133

Pteridium Gleditsch; Scopoli 38 Salvia palestina Benth. 133

Pteris cretica L. 32 Salvia radula Benth. 133

Pteris Gled. Ex Scop 34 Salvia repens Burch. ex Benth. 133
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Salvia rubifolia Boiss. 133

Salvia runcinata L. f. 133

Salvia sahendica Boiss. & Buhse 133

Salvia schlechteri Brig. 133

Salvia sclarea L.133

Salvia spinosa L.133

Salvia stenophylla Burch. 133

Salvia verbenaca L. 133

Sargassum C. Agardh 10, 12

Sargassum cinereum ). Agardh 13

Sargassum duplicatum (J. Agardh) J. Agardh 13
Sargassum feldmannii Pham-Hoang 12
Sargassum hornery (Turner) C. Agardh 12
Sargassum incisifolium (Turner) C. Agardh 13
Sargassum mcclurei Setchell 13

Sargassum oligocystum Montagne 12
Sargassum polycystum C. Agardh 13
Scutellaria barbata D.Don 134

Scutellaria L. 133,134

Scutellaria litwinowii Bornm. & Sint. 134
Scutellaria orientalis L. 134

Sellaginella delicatula (Desv.) Alston 39
Sellaginella doederleinii (Hieron.) H.S.Kung 39
Sellaginella labordei Hieron. ex Christ 39
Sellaginella lepidophyla (Hook. & Grev.) Spring 39
Sellaginella moellendorffii Hieron 39
Sellaginella P. Beauv 38

Sellaginella tamariscina (P.Beauv.) Spring 39
Sellaginella willdenowii (Desv. Ex Poir.) Baker 39
Simaba Aubl. 55

Simarouba Aubl. 55,57,60

Simarouba glauca D.C. 57,58

Smilax chinensis (F.T.Wang) P.Li & CX.Fu 177, 178
Sophora alopecuroides L. 69

Sophora flavescens Aiton 69

Sophora L. 69

Sophora mollis (Royle) Graham ex Baker 70
Sophora tonkinensis Gagnep. 69

Spathoglottis Blume 152
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Spirogyra Link 17

Spirogyra porticalis (O.F.Muller) Dumortier 17
Spirogyra triplicata (Collins) Transeau 18
Spirulina neglecta (Hassall) Kutzing 17
Spirulina platensis (Gomont) Geitler 17
Spirulina Turpin ex Gomont 10, 17
Stephania elegans Hook.f. & Thomson 47
Stephania Kuntze 47

Strophanthus DC. 103

Strophanthus wallichii A.DC. 103
Stypopodium flabelliforme Weber Bosse 10
Stypopodium Kutzing 10

Tabernaemontana divaricata (L.) R.Br. ex Roem. &
Schult. 96

Tabernaemontana L. 96

Taxus baccata Thunb. 177,178
Taxus brevifolia Nutt. 44

Teucrium arduini L. 135

Teucrium L. 134

Teucrium persicum Boiss. 134
Teucrium polium L. 134

Thevetia L. 101

Thevetia peruviana (Pers.) K.Schum. 101
Thunbergia grandiflora Roxb. 117
Thunbergia laurifolia Lindl. 117,118
Thunbergia Retz. 117

Tiliacora acuminata (Lam.) Miers 49
Tiliacora Colebr. 49

Tiliacora triandra (Colebr.) Diels 49

Tinospora cordifolia (Willd.) Miers ex Hook.f. &
Thomson 48,49

Tinospora crispa (L.) Hook.f. & Thomson 48
Tinospora Miers 48

Trapa natans L. 177, 178

Turbinaria conoides f. laticuspidata W. R. Taylor 14
Turbinaria decurrens Bory 14

Turbinaria ). V. Lamouroux 13

Turbinaria ornata (Turner) J. Agardh 14

Ulva fasciata S.F.Gray 16

Ulva L. 16
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Ulva lactuca L. 10, 16 Wrightia pubescens Roth 101

Ulva rigida C.Agardh 16 Wrightia R. Br. 101

Vallaris Burm.f. 103 Wrightia tinctoria R. Br. 102

Vallaris glabra Kuntze 103 Wrightia tomentosa Roem. & Schult. 101
Vanda bensonii Bateman 151 Zingiber cassumunar Roxb. 158,159
Vanda cristata Lindl. 152 Zingiber Mill. 158

Vanda Jones ex R.Br. 151 Zingiber officinale Roscoe 158

Vanda spathulata Spreng. 151 Zingiber ottensii Valeton158

Vanilla Plum. ex Mill. 152
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With the academia and higher edu-
cation tuned towards achieving Sustain-
able Development Goals and holistic
education, it's indeed an honour to see
a publication that explores a compre-
hensive exploration of plants that can
combat cancer, a terminal disease that
has become a challenge to humanity as
one of the leading causes of death
worldwide. Finding time to edit and co-
mpile these chapters as a book must
have been a herculean task for a teacher
with innumerable responsibilities and
challenges for which Dr. Deepa P. deser-
ves great appreciation. We, at Koramb-
ayil Aharmed Haji Memorial Unity Wom-
en’s College, sincerely wish that this
book becomes a great contribution to
the academia and the world of medic-
ine, and in turn for global wellbeing.

Prof. (Dr.) Muhammed Basheer Ummathur
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Manjeri, Malappuram, Kerala
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