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ABSTRACT

Cancer is a major public health problem in all the developed and undeveloped countries and it is considered the
second disease that causes death after cardiovascular diseases in the world. Nowadays, no absolute preventative
and curable agent has been found for cancer. The current cancer treatments such as; surgery, chemotherapy,
radiation, immunotherapy, hormone therapy and gene therapy etc., showed adverse effects such as; nausea,
vomiting, fatigue, loss of appetite, hair loss, decreased blood cell and platelet, liver and kidney failure and
decreased immune response. The high mortality and the increasing incidence of certain cancers justify a growing
interest for the identification of new pharmacological agents efficient in cancer prevention and treatment.
Moreover, several drugs in cancer care originated from natural products. The mechanism of action of antitumor
plants could be; anti-oxidative, anti-proliferative, anti-differentiation, anti-apoptosis effects, cell cycle arrest and
inhibition of angiogenic and proliferation process. However, there is a continuing need for development of new
potential novel anticancer drugs and chemotherapy strategies, by methodical and scientific exploration of natural
products that give more efficiency, less toxicity and cost effective. The present study reviews the most recent
information in the field of natural anticancer compounds and the phytochemical components and their mode of
action in cancer treatment and prevention.
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INTRODUCTION

Cancer is a group of diseases characterized by the
uncontrolled growth and spread of abnormal cells. Also,
cancer is a complex disease involving numerous tempo-
spatial changes in cell physiology, which ultimately lead
to malignant tumors.™! Prevalence estimates for 2012
show that there were 32.6 million people (over the age of
15 years) alive who had had a cancer diagnosed in the
previous five years. The most commonly diagnosed
cancers worldwide were those of the lung (1.8 million,
13.0% of the total), breast (1.7 million, 11.9%) and
colorectum (1.4 million, 9.7%). The most common
causes of cancer death were cancers of the lung, liver and
stomach.?

For thousands of year's natural products have played a
very important role in health care and prevention of
diseases. The ancient civilizations of the Chinese,
Indians and North Africans provide written evidence for
the use of natural sources for curing various diseases.
The earliest known written document is a 4000 year old
Sumerian clay tablet that records remedies for various
illnesses. In recent years, the interest in medicinal
plants and their biologically active derivatives has
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increased.® Complementary and alternative medicine
modalities are commonly used for cancer prevention and
care. The National Cancer Institute collected about
35,000 plant samples from 20 countries and has screened
around 114,000 extracts for anticancer activity.”® Over
3000 species of plants with antitumor properties have
been reported.!”) The antitumor activity and the possible
applications of medicines from medicinal plants for
cancer prevention have been recently described.®
Medicinal plants have played an important role as a
source of effective anticancer agents and it is significant
that over 60% of currently used anti-cancer agents are
derived in one way or another from natural sources,
including plants, marine organisms and micro-
organisms.”) However, there is a continuing need for
development of new anticancer drugs, drug combinations
and chemotherapy strategies, by methodical and
scientific exploration of enormous pool of synthetic,
biological and natural products. Although more than
1500 anticancer drugs are in active development with
over 500 of the drugs under clinical trials, there is an
urgent need to develop much effective and less toxic
drugs.™® The present study aimed to summarize the
current anti-cancer drugs and different plants used for
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treatment and prevention of cancer. Also, the review
discusses the plants therapeutic agents and various
mechanisms of action.

Conventional cancer treatment

Surgery, radiation therapy, chemotherapy (drug therapy),
hormonal therapy, immunotherapy, gene therapy and
nano-therapy are the main tools of conventional cancer
treatment. Surgery is the oldest and still most effective
mainstream treatment for solid tumors. Radiation and
most anticancer drugs damage DNA, suppress DNA
replication, killing rapidly growing tumor cells. After the
surgical ablation of progressive cancer, however,
metastasized tumor cells continue to progress and this is
one of the causes making cancer treatment difficult (table
2).' Chemotherapy and their consequent side effects (as
listed in the drugs package inserts for physicians), which
include: destruction of the immune system, leukopenia,
hemorrhage, gonadal suppression, bone marrow
depression, severe cellulites, fever, chills, nausea,
prolonged vomiting, partial or total hair loss,
disorientation, dysarthria, anorexia, stomatitis, erythema,
anemia, liver and kidney failure and finally, death.*?

Medicinal plants in cancer treatment

The search for anticancer agents from plant sources
started in earnest in the 1950s with the discovery and
development of the vinca alkaloids, vinblastine and
vincristine and the isolation of the cytotoxic
podophyllotoxins. As a result, the United States National
Cancer Institute (NCI) initiated an extensive plant
collection program in 1960, focused mainly in temperate
regions. This led to the discovery of many novel
chemotypes showing a range of cytotoxic activities!*®,
including the taxanes and camptothecins, but their
development into clinically active agents spanned a
period of some 30 years, from the early 1960s to the
1990s.(4) Since 1961, nine plant-derived compounds
have been approved for use as anticancer drugs in the
US: vinblastine (Velban), vincristine (Oncovin),
etoposide (VP-16, 1), teniposide (VM-26,2), Taxol
(paclitaxel), navelbine (Vinorelbine), taxotere
(Docetaxel), topotecan (Hycamtin) and irinotecan
(Camptosar). The last three drugs were approved by the
Food and Drug Administration in 1996.1*4

A number of other secondary metabolites and their
derivatives of plant origin, as well as natural products of
marine and microbial origin, are currently in preclinical
and clinical trials as potential anticancer agents.*!
Maitake D-fraction (PDF) has been also approved by
FDA for the investigational new drug (IND) application
for a phase Il pilot study on patients with advanced
breast and prostate cancer.'® Herbal medicine is very
common and the use of herbal remedies (including
dietary supplements) gains popularity day by day, even
in healthy people.’”) The treatment approach for the
cancer based on allopath is expensive and also shows an
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adverse effect. Alternative approach as safe, effective
and affordable is needed to control the disease
development and progression.l*®! Active ingredients such
as alkaloids, flavonoids, terpenoids, polysaccharide and
saponin obtained from natural products have potent
biological properties such as antitumor, analgesia, anti-
inflammatory, immunomodulation, antiviral activities.
The antitumor activity of most natural antineoplastic
drugs often do not kill tumor cells directly, but regulates
the human immune function to achieve the purpose or
both.!*!

Herbal compounds with anticancer agents

Various classes of anti-cancer agents derived from plants
are currently available for clinical use owing to their
diverse mechanism of action. Some of them are vinca
alkaloids,  podophyllotoxin  derivatives,  taxanes,
flavonoids, polysccharids, lectines, tannis, lignins,
terpenoids and saponins.

Phenolic compounds

The human diet contains a complex mixture of plant
polyphenols and it is believed that human individuals
may consume as much as one gram of plant phenols per
day in their diet.”” Studies have shown that these
phenols have cytotoxic effects on different tumors.
Mechanisms of these compounds are carried out through
apoptosis. Curcumin (Di-ferolelyl methane) is a phenol
compound derived from rhizome of curcuma specie.’?!
Using cucrcumin, pre-clinical cancer research has shown
that this plant inhibits carcinogenic procedure in the most
cancers including colorectal, pancreas, gastric, and
prostate. It is also effective on different stages of
carcinogens, proliferation, angiogenesis and metastasis
as in table 3.1

Flavonoids

Flavonoids are a group of more than 4000 polyphenolic
compounds that occur naturally in foods of plant origin.
These compounds possess a common
phenylbenzopyrone structure (C6-C3-C6) and they are
categorized according to the saturation level and opening
of the central pyran ring, mainly into flavones, flavanols,
isoflavones, flavonols, flavanones and flavanonols (table
1). Licorice is a common chinese medicinal herb and
studies conducted showed that liquiritigenin, the
flavonoid compound in licorice can effectively inhibit
the proliferation of human cervical carcinoma cell of
tumors xenografts in nude mice.” A flow cytometric
analysis®™,  suggested  that  genistein (a
hydroxyisoflavone) induced apoptosis in human pro-
myelocytic HL-60 leukaemic cells. Genistein is also
reported to inhibit tyrosine kinase®!, angiogenesis®®”! and
cell cycle progression® (table 3). Apigenin, a widely
distributed plant flavonoid has also been shown to inhibit
the growth of HelLa cells and was reported to be a
potential antitumor agent.*!
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Table 1. Anticancer activities of flavonoids in various cancer cell lines

Flavonoids Cell lines Cancer type References
Flavanones, isoflavans, EGC, chalcones, EGCG, HSC-2,HSG, SCC-25 Human oral cancer [30][31]
curcumin, genistein, ECG, quercetin, cisplatin
Flavanones, daidzein, genistein quercetin, luteolin | MCF-7 Human breastcancer 2]
Genistein, apigenin, kaempferol, chrysin, luteolin, ARO,NPAWRO Human thyroid cancer [34][35]
biochanin A

. SKLU1,SW900,H441,H661,h [36][37]
Flavone, quercetin aGo-K-1, A549 Human lung cancer
Catechln, ep!cat'echln: quercetin, -kae.mpfgrol, _ LNCaP,PC3, Human prostate cancer [38][39]
luteolin, genistein, apigenin, myricetin, silymarin DU145
Flavone, quercetin, genistein, anthocyanin fgco-Z,HT-ZQ, IEC-6HCT- | Human colon cancer i)
Apigenin, quercetin, myricetin, chalcones HL60,K562, Jurkat Human leukemia 1A
Chalcones 4A5 B16 mouse melanoma %]

Alkaloids

Alkaloids are organic compounds containing nitrogen,
which have obvious biological activity and are mostly
present in plants. Vinblastine and vincristine are the
bisindole alkaloids isolated from the Madagascar
periwinkle, Catharanthus roseus. Vinblastine and
vincristine are primarily used in combination with other
cancer chemotherapeutic drugs for the treatment of
different types of cancers, including leukemias,
lymphomas, testicular cancer, breast and lung cancers,
and Kaposi’s sarcoma.”® Vinflunine, a bis-fluorinated
vinorelbine derivative, has been synthesized by super
acid chemistry.*!  Due to its favorable preclinical
antitumor activities, vinflunine is now being widely
studied in phase 1111 clinical trials.*”? Solamargine, an
alkaloid purified from Solanum incanum, has been
observed to induce apoptosis (table 3) in human
hepatocyte (Hep-3B) and normal skin fibroblast cells in
culture. In addition, the gene expression of tumor
necrosis factor TNF receptor | was up-regulated within
30 min of solamargine treatment./*! (table 3).

Polysaccharides

Polysaccharide play antitumor role by a variety of
approaches and level of participation and regulation in
the immune system, such as regulating phagocytic
function of the reticulo-endothelial system, improve the
natural killer (NK) cell activity, activate macrophages,
induce the expression of immune-regulatory factors,
affect cell metabolism, inhibit tumor cell cycle, inhibit
the activity of SOD in tumor tissues.”® Several studies
reported that polysaccharopeptide (PSP) possesses
selective anti-cancer activity against certain cancer cells
in vitro. PSP in dose-dependent and time-dependent
manners suppresses proliferation of human cancer cell
lines.®™ Moreover, PSP markedly inhibited the growth
of several human cancer cell lines including lung cancer
cell lines in vitro.®™ It is hypothesised that the
polysaccharides extracted from different parts of
Ganoderma lucidum induce different immune responses
with varying immune potencies.® (table 3).
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Lectines

Lectins are highly specific proteins that bind to
carbohydrates and are found in many plants, animals,
and bacteria.’®! For several years, Viscum album L.
(VAL) has been used in adjuvant cancer therapy. VAL
stimulates immune system specifically increases the
activity and number of NK cells and neutrophils as in
table 3. Lectins such as Dendritic Cell-Specific
Intercellular adhesion molecule-3-Grabbing Non-integrin
(DC-SIGN), Natural killer-receptors (NK-receptors) and
selectins including P-selectin, L-selectin and E-selectin
are all part of the superfamily called C-type lectin. C-
type lectins are known to be involved in immune
response, cell proliferation and programmed cell death
making them expected targets for research. Also, another
study found DC-SIGN can recognize and bind to certain
Le glycans expressed in human colorectal carcinoma
cells leading to increased immune-functioning.*

Tannis and Lignin

Tannins are a large group of polyphenolic compounds
which have received attention in recent years due to their
claimed ability to cure a variety of diseases.®™ Tannins
are subdivided into two groups: hydrolysable tannins and
proantocyanidins (condensed tannins). Hydrolysable
tannins are gallic acid and ellagic acid esters of core
molecules that consist of polyols such as sugars.
Proantohocyanidins are polymers of flavan-3-ols (for
example catechin) and flavan-3, 4-diols linked through
an interflavan bond that is not susceptible to
hydrolysis.®® Cuphiin D1 (CD1) is new macrocyclic
hydrolysable tannin, it was isolated from Cuphea
hyssopifolia (Lythraceae) and it has been shown to exert
antitumor activity against to HL-60 cells."”) Moreover,
Ellitannin isolated from the C. ladanifer (Cistaceae),
showed inhibit the proliferation of M220 pancreatic
cancer cells and MCF7/HER2 and JIMT-1 breast cancer
cells.®® So, Pomegranate (Punica granatum L.) fruits are
widely consumed as tannin extracts were evaluated for
anti-proliferative activity in vitro on human oral, colon
and prostate tumor cells and apoptotic effects were
evaluated against the HT-29 and HCT116 colon cancer
cell lines.®¥ (table 3).
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Terpenoids

Triterpenes are one of the possible pharmaceutically
active compounds contributing to the medicinal activities
of Ganoderma lucidum (table 3).°% Triterpenes is a
subtype of Terpene, composed of one or more isoprene
units. Many subtypes of Terpenes have been found to
have  anti-inflammatory,  anti-tumourigenic  and
hypolipidemic activity.[™ There are over 140 species of
triterpenes and triterpenoids identified in G. lucidum.
A study reported that 8-epi-xanthatin and its epoxide,
two xanthanolide sesquiterpene lactones from the
methanolic extract of the leaves of Xanthium strumarium
L. potently inhibited proliferation of cultured human
tumor cells.!®

Taxanes

Taxanes currently known to suppress and inhibit cell
growth, differentiation and proliferation in indefinitely
known cancer cell lines.’®™ Taxus baccata was reported
to use in the Indian Ayurvedic medicine for the treatment
of cancer. Paclitaxel (Taxol®) derived from the bark of
Taxus brevifolia (Taxaceae) is another success in natural
product drug discovery. Also, paclitaxel is used against
ovarian cancer, advanced breast cancer, small and non-
small cell lung cancer.’® (table 3).

Saponins

Saponin is a diverse group of compounds widely
distributed in the plant kingdom, which are usually
characterized by their structure containing a steroidal or
triterpenoid aglycone and one or more sugar chains.’®! It
has antioxidant and anticancer properties.®? The
Saponins from the plant of china, Clematis manshrica
has obvious antitumor effects against various
transplanted tumor on micel®® (table 3). Studies have
proven that ginsenoside can inducing apoptosis of
hepatocellular carcinoma cell line and also have effect on
glioma and on other cancers.®™ Ginsenoside can treat
leukemia by blocking the cell cycle, treat pancreatic
cancer by inhibiting proliferation, migration, invasion
and inducing apoptosis of cancer cells."”

Mechanisms of action of antitumor plants
Antiproliferation

The use of medicinal plants is becoming increasingly
appreciated in suppressing cancer growth and cancer
prevention. The antiproliferative effects of the water
extracts of previously obtained ethanolic dry extracts of
three different medicinal plants (Camellia sinensis,
Frangula alnus from two different places and Rosmarinus
officinalis) using cell lines derived from human cervix
adenocarcinoma (HeLa cells) were investigated. The
extract of Camellia sinensis exhibited significant
cytotoxic effect against HeL a cells (table 3).["]

Cell cycle arrest

In general, the plant extracts or its constituent, cause
cellular toxicity in cervical cancer cells and result in cell
death by two primary pathways-cell cycle arrest and
apoptosis. The arrest primarily occurs at G1 and G2/M
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phase although arrest at other stages (figure 1). Cell
cycle arrest results into fragmentation or degradation of
DNA, a hallmark of induction of apoptosis. Additionally
the plant extracts or its derivatives also induces the
proapoptotic proteins such as Bcl-2—associated X protein
(Bax) and represses antiapoptotic protein B-cell
lymphoma 2( Bcl-2) and Bcl-XL.1"? Studies have shown
that triterpene extracts from G. lucidum can arrest the
cell cycle at the G1 phase.[® Many extracts of plants
could cause cell cycle arrest in cancer cell like;
Plumbago scandensl™, Mangifera indica™, Citrus
aurantifolial’® and Olea europaeal’” as summarized in
table 2,3.

Anti-apoptosis effect

Apoptosis, a physiological process for killing cells, is
critical for the normal development and function of multi
cellular organisms. Abnormalities in cell death control
can contribute to a variety of diseases, including cancer,
autoimmunity and degenerative disorders.[’® Apoptosis
pathways can be initiated at the level of the mitochondria
by the release of apoptogenic factors such as cytochrome
¢, second mitochondria-derived activator of caspase
(Smac) or apoptosis inducing factor (AIF) from the
mitochondrial intermembrane space into the cytosol
(mitochondrial or intrinsic pathway)(figure 1). In table
(2,3) several extracts of plants have anti apoptotic effect
like Eugenia caryophyllatal”, Chelidonium majus.®/®!

Decrease in differentiation

The flavones genistein, apigenin, luteolin, quercetin, and
phloretin were found to induce differentiation of human
acute myelogenous leukemia HL-60 cells into
granulocytes and monocytes.®®? Deregulation of growth
control ultimately leads to selection of clonal lines of
cells that replicate at embryonic pace and yet fail to
respond to differentiation and maturation signals.
Nonphysiological inducers of terminal differentiation
have been used as novel therapies for the prevention and
therapy of cancer.®® In table (2,3) examples of plants
with  antidifferentiation effect like: Achyranthes
asperal®, Capparis sepiaria® and Derris scandens.®®!

Inhibition of angiogenic process

Considering the fact that tumor growth and metastasis
are fully dependent on angiogenesis formation of
competent new blood vessels. However, it can be
inhibited either by regulation of the main angiogenic
cytokines VEGF (vascular endothelial growth factor) and
bFGF (basic fibroblast growth factor) released by tumor
cells or prevention of endothelial cell angiogenic
processes.’*”] Moreover, Cao and Lin (2006) showed that
a polysaccharide peptide (GI-PP) isolated from G.
lucidum inhibits the proliferation of human umbilical
cord vascular endothelial cells (HUVEC) in a dose-
dependent manner. Therefore, GI-PP may inhibit
angiogenesis via inhibiting secretion of pro-angiogenic
factors and inhibition of vascular endothelial cell
proliferation. Additionally, anti-angiogenic activity was
elucidated in curcuma specie (table 2,3).
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Modulation of multidrug resistance

Multidrug resistance due to P-glycoprotein (Pgp) or
multidrug resistance associated protein (MRP) is a
serious impediment to successful chemotherapy of
cancer. Modulation by flavonoids of cell multidrug
resistance mediated by Pgp may be through (i) inhibiting
the over expression of multidrug resistance gene-1
(MDR1),®8 (ii) direct binding to NBDs with high

European Journal of Biomedical and Pharmaceutical Sciences

affinity,® (iii) inhibiting ATPase activity, nucleotide
hydrolysis and energy-dependent drug interaction with
transporter-enriched ~ membranes.’®  Plants  with
modulation of multi drug resistant effect are shown in
table 5 such as; Curcuma longa Linn®®Y, Erythroxylum
pervillei Baill® and Acanthosper mum hispidum!®
(table 2,3).

Cervical Cancers/Human Cervical

Carcinoma Cell Lines (Hela,
K83-1, SiHa, C33a, Calki)
Other cellular and
Modulation of proapoptotic and
Cellular toxicity Cell cyele arrest o ot nt .T:'ECV‘.’
N Antiapogtoti: Japumelbn
Prospogtont prctein B2 B innbitien
protery Bax LD wCs
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Figurel. General Mechanism of Action of Plant Products or its Constituent on Cervical Cancer/Cervical
Carcinoma Cell Lines.

Table 2. Some anticancer plants that mimetic effect of many current treatments.

Treatment name

Therapeutic action

Examples of medicinal plants with the same
action

1. Radiation therapy

Decrease the differentiation and inhibition of
angiogenic process.

Scutellaria baicalensis, Chrysanthemum indicum
Linn®! Rhus verniciflua Stokes!®®,
blackseed.””]

2.chemotherapy
a. Chemotherapy by
alkylating agents

Can impair DNA polymerase and act as anticancer
agents, In in vitro cell lines.

Male Fern Rhizome (Dryopteris
Crassirhizoma).®®

b. Chemotherapy by
antimetabolism

DNA fragmentation and formation of DNA ladders,
transduce the apoptotic signal via ROS generation.

Eugenia caryophyllata.l’™!

¢. Chemotherapy by taxanes

Activation of the mitochondrial apoptotic pathway,
Significant block of G1 to S phase transition
manifested by the increase of cell number in GO/G1

phase

Olea europaea.[’1*!
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Exhibits anti-proliferative
activity in HL-60 cells by inhibiting DNA synthesis
and apoptosis

d. Chemotherapy by

) Maytenus ilicifolia.*”!
anthracylines v

Inhibiting the activation of transcription factor NF
e. Chemotherapy by platinum | Kappa B, the central mediator of apoptosis and

. . [93]
based Acanthospermum Hispidum.

binding activity of gene P50

immune response by directly targeting DNA

3.Immunotherapy

Modulation of multidrug resistance and apoptosis

The seed of Strychnos nux-vomica [103].

4.Gene therapy

Decrease differentiation, Modulation of multi drug
resistance and Inhibition angiogenic process

Solanum nigrum L.I"®1 Annona glabra™®,
Ganoder malucidum® %I onjon and
garlic.r")

Examples of anticancer medicinal plants

Medicinal plants have been used by humans for centuries
in folklore medicine.’®® The plants are a rich source of
secondary metabolites with interesting biological
activities."*M% Sixty percent of drugs confirmed by
FDA from 1984 to 1994 were isolated from natural
sources specially plants.'**¥ Therefore, attention has been
paid to natural, active substances.

1. Taxus brevifolia

Taxus brevifolia is a conifer native to the Pacific
Northwest of North America. The isolation of a large
number of taxoids as well as lignans, flavonoids, steroids
and sugar derivatives has been reported from different
parts of various Taxus species.**? Paclitaxel is a
complex taxane diterpene isolated from the bark of T.
brevifolia.'*®! Microtubule stabilizing agents (MSA\) is a
class of these drugs that includes taxanes (paclitaxel and
docetaxel), which inhibit the metaphase anaphase
transition through suppressing spindle microtubule
dynamics, which block mitosis and induce apoptosis
(table 3).4

2. Annona glabra

Annona glabra (pond apple), a tropical tree growing wild
in the Americas and Asia, is used in traditional medicine
against several human ailments, including cancer. The
extracts were highly cytotoxic to drug sensitive (CEM)
and multidrug-resistant leukemia (CEM/VLB) cell lines
as mentioned in table 3. Treatment of CEM and
CEM/VLB cells with seed extract induced apoptosis and
necrosis in both sensitive and resistant leukemia cells in
a concentration dependent manner.%4

3. Andrographolide

Andrographolide (ANDRO), an active compound
isolated from A. paniculata, is known to possess various
physiological regulatory characteristics such as anti-
inflammatory, antibacterial and hepatoprotection.
ANDRO inhibited the growth of hepatoma cells by
activation of c-Jun NH2-terminal kinase (JNK) and
reduction of GSH levels."™ ANDRO also caused
reactive oxygen species ROS-stimulated cycle arrest
(table 3) leading to the hypothesized crosstalk between
JNK activation, cellular GSH homeostasis and
cytotoxicity in hepatoma cells.[*!
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4. Black seeds (Nigella sativa)

Nigella sativa is one the most revered medicinal seeds in
history. Nigella sativa seeds extracts contains amino
acids, proteins, carbohydrates, alkaloids, saponins, fixed
and volatile oils, and many others. Among the volatile
oil, thymoquinone (TQ) is the main active compound™”!
TQ affects multiple targets, including suppression of,
anti-apoptotic genes expression and thus enhances
apoptosis induction as in table (3).*¥ Moreover, TQ
inhibited cell proliferation of many types of cancer cell
lines, including breast adenocarcinoma, ovarian
adenocarcinomal® human pancreatic adenocarcinoma,
colorectal cancer™ uterine sarcoma™®, human
osteosarcomal™®! and fibrosarcoma, lung carcinoma.*®
More recently, it was reported that TQ blocks tumor
angiogenesis (table 3) in vivo (mouse model) and in vitro
(human umbilical vein endothelial cell.

5. Garcinia Fruit (Garcinia Cambogia)

It is rich in prenylated xanthones from mangosteen fruit
with inhibitory properties against anti-neoplastic lesions
in colon.'! It showed cytotoxic effects to leukemia,
breast, gastric, lung, liver cancer cell lines. However,
xanthones mediate anticancer effects through down
regulation of c¢c-MYC mRNA expression/telomerase
reverse transcriptase gene and initiate apoptosis,
arresting immortalization, proliferation (table 3) of
human cancer cells.’* It arrested tumor cell
proliferation, migration, cell adhesion, inhibition of
MAPK/ERK, PI3K/Akt, membrane adhesion kinase
phosphorylation, augmented expression of BAX, caspase
2/3 activation, released cytochrome C, PARP-1 cleavage
in human cancer cell lines.'*!

Prevention of cancer by medicinal plants

Many of the plants and their derivatives have been under
evaluation for their effects in cancer prevention. Among
them, there are biologically active components such as
curcumin, lycopene, capsaicin, gingerol, catechins,
isothiocyanates, isoflovanes, vitamin E and C and
selenium.  Flavonoids, tannins, isoprenoids and
phytosterols are commonly investigated. All of these
agents are thought to have anti-inflammatory effect that
may influence the carcinogenesis.'*®! Free radicals are
constantly generated resulting in extensive damage to
tissues and biomolecules leading to various disease
conditions. So, the medicinal plants with antioxidant
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property are employed as an alternative source of
medicine to mitigate the diseases associated with
oxidative stress.*?”! Antioxidants are the substances that
inhibit oxidation prevent damage caused by free
radicals.'*®!

Mode of actions

Antioxidative activity

An antioxidant is “any substance that delays, prevents or
removes oxidative damage to a target molecule”.'*]
Antioxidants can act by diverse mechanisms in the
oxidative sequence. The human body complex
antioxidant defense system consists of the dietary intake
of antioxidants, as well as the endogenous production of
antioxidative compounds, such as glutathione, etc.[**”
Antioxidants can be classified into a number of different
groups as enzymatic and non-enzymatic strategies. The
enzymatic antioxidant involve superoxide dismutase,
catalase, glutathione peroxidase and glutathione
reductase, while non-enzymatic antioxidants include the
vitamins A, C and E, glutathione and lipoic acid, mixed
carotenoids, several bioflavonoid, antioxidant minerals
(copper, zinc, manganese and selenium),™*! Several
studies have shown that plant derived antioxidant
scavenge free radicals and modulate oxidative stress.
Free radicals are the cause of many diseases such as
cancer, atherosclerosis, diabetes and aging. Different
experimental and clinical studies have proved that higher
intake of antioxidant rich food is associated with
decreased risk of cardiovascular diseases and cancer. The
free radical neutralizing properties of several plants have
been screened by various researchers. Plants have been
used in the prevention of cancer such as; Solanum
nigrumt Bauhinia Purpurea™®, Sweet Myrrh!**?,
Semecarpus Anacardium***! as mentioned in table 3.

Preventing carcinogens metabolic activation

Studies in vitro and in vivo have shown that some
flavonoids modulate the metabolism and disposition of
carcinogens and can contribute to cancer prevention.3*!
One important mechanism by which flavonoids may
exert their effects is through their interaction with phase |
metabolizing enzymes (e.g., cytochrome P450), which
metabolically activate a large number of procarcinogens
to reactive intermediates that can interact with cellular
nucleophiles and ultimately trigger carcinogenesis (table
1).%%1 Thus, they are likely to have a protective role
against the induction of cellular damage by the activation
of carcinogens. Another mechanism of action is the
induction of phase Il metabolizing enzymes such as
glutathione-S-transferase, quinone reductase, and UDP-
glucuronyl transferase!™*® and by which carcinogens are
detoxified and thus more readily eliminated from the
body. "]

Examples on plants prevent cancer

a. Melia azedarach L. (Margosa)

Chemical constituents; Azaridine, sterols, tannins,
paraisine, rutin and seeds are rich in fatty oil consisting
of palmitic, oleic, linoleic acid (table 3). It showed that
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the extract of Melia azedarach, which contains highest
amount of phenolic compounds, exhibited the greatest
antioxidant activity. The high scavenging property may
be due to hydroxyl groups existing in the phenolic
compounds chemical structure that can provide the
necessary components as a radical scavenger.**

b. Zingiber officinale Roscoe

Zingiber officinale Roscoe (ZO) in the family
Zingiberaceae is a herbaceous, rhizomatous perennial
plant widely distributed throughout the tropical and
subtropical regions. The rhizome of ZO, commonly
known as ginger, is a common condiment for various
foods and beverages and is used in folk medicine in Asia
and other tropical countries for various purposes such as
for the relief of cold, fever and for treatment of
inflammation, rheumatic disorder,
hypercholesterolemia.** Ginger and its constituents
show antioxidant activity as mentioned in table 3 and
prevent the damage of macromolecules, caused by the
free radicals/oxidative stress.'*”! Ginger also acts as
antitumor via modulation of genetic pathways such as
activation tumor suppressor gene, modulation of
apoptosis (table 3).4

c. Dates fruits

Dates fruits are used as staple food in the Middle East for
thousands of years. Various types of dates are found
worldwide mainly Khodry, Khalas, Ruthana, Sukkary,
Sefri, Segae, Ajwa, Hilali and Munifi and each type of
dates has shown medicinal value in various type of
disease prevention. Dates and their constituents show a
role in diseases prevention through antioxidant and anti-
inflammatory activity. Antioxidant activity (table 3) is
recognized due to the wide range of phenolic compounds
present in dates including p-coumaric, ferulic, and
sinapic acids, flavonoids and procyanidins.*? The dates
fruits constituents have shown the antitumor activity but
its exact mechanism of action of dates and their con-
stituents in the prevention of tumor is not known
exactly.*

d. Allium sativum

Allium sativum L. (garlic) is among the oldest of all
cultivated plants being used as a food, having a unique
taste and odor along with some medicinal qualities.
Modern scientific research has revealed that the wide
variety of dietary and medicinal functions of garlic can
be because of the sulfur compounds present in it.**
Different garlic preparations including fresh garlic
extract, aged garlic, garlic oil and a number of organo
sulfur compounds derived from garlic shown to have
chemo preventive activity. The chemo preventive
activity (table 3) has been attributed to the presence of
organo sulfur compounds in garlic. The two major
compounds in aged garlic, S-allylcysteine and S-
allylmercapto-L-cysteine possess the highest radical
scavenging activity.*%
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e. Daucus carrota Linn. (Carrot)

Seed oil of daucus carrota contain Carotol, daucol,
terbenolene, sabinene, carotenoid, carotene, flavonoids, o
y-terpinene,
radical

ascorbic acid,

tocopherol,
Antitoxin. 4%

histidine

camphene,
Antioxidant and

European Journal of Biomedical and Pharmaceutical Sciences

scavenging activities (table 3) are much higher in carrot
peel than phloem and xylem tissue. Phenolic acids and
flavonoids made greater contribution to the total
antioxidant capacity. The quality of the antioxidants in
the extracts is determined by the 1C50 values.'”]

Table 3: Shows different medicinal plants and their effect on cancer prevention and treatment.

No. | Medicinal plant name Family name Action or effect references
1 Alar)glu_m Alangiaceae inhibition an_d damage the DNA (cell cycle arrest [148]
salvifolium and apoptosis)
5> | Bupleurum falcatum Apiaceae Increasing the expression of p53 and induction of [149][150]
' P P Fas/APO1 (apoptosis)
3. | solanum incanum Solanaceae Incre_as_ed the relea_se of cytochrome c. and caspase- [151]
3 activity (apoptosis)
Inhibits proliferation of the human breast cancer
4. | Forsteronia refracta Mill. Apocynaceae cellline MCF-7 by inducing cell cycle arrest at the [152]
G1 phase (cell cycle arrest and apoptosis)
5. | Ananas comosus Bromeliaceae in vivo antitumoral/ anti-leukemic activity (>3]
6. | Chenopodium ambrosioides Chenopodiaceae ?Xhl.blts antitumour actl.wty, anti-neoplastic activity [154]
in different tumor cell lines
- . toxic with a half maximal inhibitory [155]
7. | Bidens pilosa Asteraceae concentration(IC50) (antiproliferation)
8. | Securidaca longepedunculata Polygalaceae cytotoxic activity and possible pro-apoptotic effect 10
e selectively cytotoxic against a multi-drug resistant [92]
9. | Erythroxylum pervillei Baill Erythroxylaceae (MDR) oral epidermoid cancer cell line
Exhibits good cytotoxic and potential [157]
10." | Artocarpus obtusus moraceae antiproleferative activity against cell lines
. . s Onion oil inhibited tumor promotion by [158][159]
11. | Onion (Allium cepa Liliaceae DMBA/TPA
A exhibits anti-proliferative activity in HL-60 cells by [100]
12. | Maytenus ilicifolia Celastraceae inhibiting DNA synthesis and apoptosis
13. | Morinda citrifolia Linn. Rubiaceae suppress tumor growth directly by stimulating the [1601
immune system (antiprolifratio)
14. | Aloe vera Liliaceae _S-pha_se arrest promoted the reI(_ease of apoptosis- [161]
inducing factor (AlF), (apoptosis)
15. | Silybum marianum Asteraceae cell cycle arrest at the G1 phase [167]
The mechanism of its activity is due, in part, to the [163]
16. | Santalum album) Santalaceae inhibition of TPA-induced epidermal ODC activity
DNA fragmentation where a characteristic DNA
17. | Alpinia galanga Zingiberaceae laddering was noticed in treated tumor cell line (cell [164]
cycle arrest)
Identified as a potent radio-sensitizer of human
18. | Derris scandens Fabaceae colon cancer HT29 cells. Cell death mechanisms [se]
(cell cycle arrest and antidifferentiation)
19. | Melissa officinalis Lamiaceae antiproliferative properties of Melissa officinalis on [165]
breast cancer.
Antitumor and antioxidant activity antitumor effect
20. | Vitis vinifera Vitaceae and antioxidant role was determined by using tumor [166]
volume, packed cell volume
21. | Manihot esculenta Crantz Euphorbiaceae Cytotoxic activity against cervical and ovarian [167]
adenocarcinoma cells (antiproliferative)
anti-oxidant and immune-modulatory properties.,
22. | Withania somnifera Solanaceae antitumor, In vitro cytotoxicity (anti-oxidation, cell [168]
cycle arrest and anti-proliferation)
23. | Curcuma longa Linn Zingiberaceae Chemo preventive effect on DNA damage in human [169][91]
normal cell. (modulation of multi drug resistant)
Induced a significant decrease in the percentage of
24. | Ocimum basilicum Lamiaceae cells in anaphase/telophase stages 7ol
(antidifferentiation)
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25 Amaranthus Amaranthac inhibited the growth of AGS,SF-268,HCT116, [171]
" | tricolor eae tumor cell (cell cycle arrest)
anticancer and hepato-protective activity, protective
26. | Semecarpus anacardium Linn. Anacardiaceae role on deranged cell membrane in AFB1 induced [133]
hepato-carcinoma.(antioxidation and multi drug
resistant)
antioxidant properties, apoptosis, antiproliferation
27. | Sweet Myrrh Burseraceae in lung, pancreas, breast, prostate cancers (antio- 132
xidation,apoptoss and anti-proliferation)
White Cherry Bark (Prunus Antlcan.cer prope.rtles suchas antiproliferative )
28. : Rosaceae apoptotic effects in colorectal cancer
Serotina) L : .
(antiproliferatin, cell cycle arrest and apoptosis)
Eugenia DNA fragmentation and formation of DNA ladders, [79]
29. Myrtaceae L
caryophyllata transduce the apoptotic signal
. . Capparacea Decreases the tumor volume, packed cell volume [85]
30. | Capparis sepiaria E (antioxidation effect, antidifferentiation)
induce cell death by apoptosis, cell death of
31. | Chelidonium majus Papaveraceae pancreatic cancer cells via cell cycle arrest at [80liex]
prophase and metaphase
vitro cytotoxicity, induce an inhibitory action on the | 7374 a7s)
32. | Elaeis guineensis Arecaceae human breast cancer cells (antiprolifration and cell [176]
cycle arrest)
33. | Bauhinia Purpurea Caesalpiniac glevatgd antioxidant Qefense enzyme activities, [101]
Eae induction of apoptosis.
34. | Solanum nigrum Solanaceae antioxidant, cytotoxic properties. 7]
cytotoxic effects to leukemia, breast, gastric, lung,
Garcinia Fruit (Garcinia . liver cancer cell lines. initiate apoptosis, arresting [124]
35. . Clusiaceae . o : .
Cambogia) immortalization, proliferation of human cancer
cells.
the central mediator of apoptosis and immune
response by directly targeting DNA binding activity
Acanthospermum of gene P50, down regulation and expression of 193]
36. hispidum Asteraceae MRNA of MDR cells and also possess hon
cytotoxic anti-tumor affect(multi drug resistant,
apoptosis)
Balanites Decrease the [ATP] induces in turn a marked
37. X Balanitaceae disorganization of the Actin cytoskeleton (multi [
aegyptiaca .
drug resistance)
. . can impair DNA polymerase and act as anticancer
3g, | MaleFern Rihzome (Dryoperis Dryopteridaceae agents and arrested cancer growth through S-phase (981 [178]
Crassirhizoma) . )
arrest and resulting apoptosis
39. | Salvia libanotica Boiss Labiatae) inhibit tumor promotio by DMBA/TPA 117
exhibit cytotoxic activity against breast cancer and
40. | Plumbago scandens Plumbaginaceae melanoma cells, induces apoptosis and cell cycle (1801 [281]
arrest in a small cell
41 | Citrus aurantifolia Rutaceae. inhibition c_>f humar_1 color_l cancer cells DNA [76]
fragmentation and induction of apoptosis.
42. | Trigonella foenum Fabaceae alternative cell death processes and para-apoptosis BT T3] 1184
43. | Camellia sinensis Theaceae An_tlc?)fldant, antitumor and cancer preventive [185]
activities.
44. | Mangifera indica Anacardiaceae anticancer properties of polyphenolic extracts in [75]
cancer lines, (cell cycle arrest)
suppressed two stage carcinogenesis by
45. | Achyranthes aspera Amaranthaceae DMBA/TPA(antiprolefration and (4]
antidifferentiation)
46. | Azadirachta indica Meliaceae. inhibit tumor promotion by DMBA/ TPA, [186]
Inhibition of carcinogenesis
47. | Olea europaca Oleaceae Activation apoptotic pathway, block of G1 to S [77] [99]
phase
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Induces G1 arrest in cell cycle progression.

[187][188]

48. | Silybum marianum Asteraceae Activates apoptotic machinery in human prostate
cancer cells.
49. | Plantago lanceolata Plantaginaceae al?rlr\:},:;)damage and cytotoxic potential (cell cycle [189]
50. | Aglaia sylvestris Meliaceae cytotoxic to s_everal human cancer cell lines [190]
(antiprolefration and cell cycle arrest)
51. | Kigelia Africana Bignoniaceae cytotoxic activities and . o1
treating melanoma and renal carcinoma
52 | Viola odorata Violaceae Cytotoxic activity against ten different cancer cell [192]
lines (antiproliferation)
anticancer properties, DNA damage, DNA
53. | Goniothalamus macrophyllus Annonacae fragmentation, apoptosis, cytotoxicity effect against [193]
cervical cancer cells (Hela) and the cell
54. | Eclipta alba Asteraceae DNA damage leading to apoptosis. 154]
inhibit the proliferation of human cervical
55. | Licorice Fabaceae carcinoma cell of tumors. It inhibits cell cycle and [24)
induces cell apoptosis in cancerous cells
56. | Stephania sutchuenensis Menispermaceae Inducing cell growth inhibition and apoptosis. 199
Cell cycle arrest, inhibit proliferation, anti-
57. | Ganoderma lucidum Ganodermataceae | 219109enic activity and can also inhibit the [105] [106]
production of nitric oxide, an inducing agent of
angiogenesis over expressed in tumours
58. | Viscum album (coloratum) Viscaceae Cytotoxic and apoptosis against cancer cell (1]
. Anticancer effect against human tumorigenic(colon, [196]
59. | Red maple (Acer rubrum) Sapindaceae HCT-116: Breast, MCF-7)
60. | Cuphea hyssopifolia Lythraceae Antitumor activity against HL-60 (antiproliferation) 7]
61 | C landaifer Cistaceae Lr;fl]llblt proliferation of pancreatic and breast cancer 58]
62. | Punica grantum Lythraceae Ant.l-prollferatlve activity _and apoptotic effect [59]
against colon cancer cell lines
63. | Xanthium strumarium Asteraceae Inhibit proliferation of human tumor cells 53]
64. | clematis manshrica Ranunculaceae er;:gtjmor effects against various transplanted [68]
65. | Frangula alnus Rhamnaceae Anti-proliferation on tumor cell 7]
66. | Rosmarinus officinalis Lamiaceae Anti-proliferation effect 1]
67. | Taxus brevifolia Taxaceae Anti-proliferation effect on cancer cell 7]
68. | Annona globra (pond apple) Annonaceae Cytoto>§|c effect, multidrug resistant against [104]
leukemia
69. "\r/:irgzpora cordifolia (Wild) Menispermaceae Immunomodulatory and anti-oxidant activities. [197[o8]
70. | Andrographis paniculata Acanthaceae CCeyﬁotoxmlty and cell cycle arrest against cancer [199][116]
P : : : : [1I8][97]
71. | Nigella sativa (Black seed) Ranunculaceae quptotlc_mductlon, antiproliferation, blocks tumor
angiogensis
72. | Garcinia cambogia Clusiaceae or Gutti Cytotoxic effect, anti-proliferation, reduction [124][125]
ferae apoptosis, cell arrest.
73. | Melia azedarach L.(Margosa) Meliaceae Antioxidant effect for prevention of tumor L138]
74. | Zingiber officinale Roscoe Zingiberaceae Anti-oxidation, induction of apoptosis [190]L141]
75. | Dates fruits Arecaceae Antioxidant effect for prevention of tumor [143]
76. | Allium sativum(garlic) Amaryllidaceae Chemo-preventive and anti-oxidant activity 1]
77. | Daucus carrota Linn (carrot) Apiaceae Antioxidant effect for prevention of tumor 11471
78, Camptotheca Cornaceae Inhibits the DNA enzyme topoisomerase |, leading [200]
acuminata to DNA damage and apoptosis
Treats leukemia, It binds tubulin, thereby inhibiting
79. | Catharanthus Apocynaceae the assembly of microtubules thus prevent [2001
separation ofchromosomes during mitosis.
80. | Strychnos nux-vomica Loganiaceae Cell cyqle analysis showed G2/M phase arrest and [103]
apoptosis
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4. Conclusion and future prospective

Cancer is the most deadly disease that causes the serious
health problems around the world. In present study,
herbs are surveyed to demonstrate their benefits in
human health and possible use as anticancer prevention
and treatments. The pharmacological action and
biochemical mechanisms of herbs are highlighted for
their possible effects on anticancer action. A possible
herbal anticancer composition is proposed for make
effective anticancer herbal formula. Therefore, it is need
for new therapeutic strategy to improve the efficacy of
natural compounds, alone or combine with chemical
drugs to reduce toxicity as well as side effects, increase
selectivity and reduce the risk of using the current drugs.
It should be interest to explore the anticancer potential of
the medicinal plants extracts for isolation and
characterization of the active anticancer constituents so
that better, safer and cost effective drugs can be
developed for treating cancer. Several plants contain
chemical therapeutic agent that help in cancer prevention
and early treatment by different mechanisms. Indeed, the
struggle to combat cancer is one of the greatest
challenges of mankind. It will be needed to develop
novel plant-derived natural products and their analogs for
anticancer activity to synthesize new derivatives with
more efficiency and save and less cost.

5. REFERENCES

1. Anand P, Kunnumakkara AB, Sundaram C,
Harikumar KB, Tharakan ST, Lai OS; Sung B;
Aggarwal BB. Cancer is a preventable disease that
requires major lifestyle changes. Pharm Res, 2008;
25: 2097-2116.

2. World Health Organization WHO. Latest world
cancer statistics Global cancer burden rises to 14.1
million new cases in 2012: Marked increase in
breast cancers must be addressed. The International
Agency for Research on Cancer (IARC), 2013.

3. Phillipson JD. Phytochemistry and medicinal plants.
Phytochemistry, 2001; 56: 237—-243.

4. Kong JM, Goh NK, Chia LS, Chia TF. Recent
advances in traditional plant drugs and orchids. Acta
Pharmacologica Sinica., 2003; 24: 7-21.

5. Heinrich M, Gibbons S. Ethno pharmacology in
drug discovery: an analysis of its role and potential
contribution.  Journal of Pharmacy and
Pharmacology., 2001; 53: 425-432.

6. Mohammad S. Anticancer agents from medicinal
plants. Bangladesh J Pharmacol, 2006; 1: 35-41.

7. Hartwell JL. Plants used against cancer. A survey.
Quarterman Publications, Lawrence, 1982.

8. Chiu HF, Wu YC. Cytotoxic constituents of the stem
bark of Neolitsea acuminatissima. Journal of Natural
Products., 2002; 65: 255-258.

9. Cragg GM, Kingston DGI and Newman DJ. (Eds.)
Anticancer Agents from Natural Products. Boca
Raton, Florida., 2005.

10. Umadevi M, Kumar KPS, Bhowmik D, Duraive S.
Traditionally Used Anticancer Herbs In India.

www.ejbps.com

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

European Journal of Biomedical and Pharmaceutical Sciences

Journal of Medicinal Plants Studies., 2013; 1(3):
56-74.

Fidler L, Kripke. “L Jand” Science., 1977; 197: 893-
895.

Hoover JL. NATURAL MEDICINE. First Edition
1993. Revised Electronic Edition, 2006.

Cassady, J.M., Douros, J.D. (Eds.), Anticancer
Agents Based on Natural Product Models. Academic
Press, New York., 1980.

Dholwani KK1, Saluja AK, Gupta AR, Shah DR. A
review on plant-derived natural products and their
analogs with anti-tumor activity. Indian J
Pharmacol., 2008 Mar; 40(2): 49-58.

Long L, Kinghorn AD. Recent Res.
Phytochem., 1998; 2: 35+71.

Konno S (2004). Maitake D-Fraction: Apoptosis
Inducer and Immune Enhancer. Alternative and
Complementary Therapies., 2004; 7(2): 102-107.
Aydin S, Bozkaya AO, Mazicioglu M, Gemalmaz
A, Ozcakir A, et al. What influences herbal
medicine use? Prevalence and related factors. Turk J
Med Sci., 2008; 38(5): 455-63.

Rahmani AH, Aly SM, Ali H, Babiker AY, Srikar S,
et al. Therapeutic effects of date fruits (Phoenix
dactylifera) in the prevention of diseases via
modulation of anti-inflammatory, anti-oxidant and
anti-tumour activity. Int J Clin Exp Med, 2014;
7(3): 483-491

Wang LM, Ren DM. Flavopiridol, the first cyclin-
dependent kinase inhibitor: recent advances in
combination chemotherapy. Mini Rev. Med. Chem.,
2010; 10(11): 1058-1070.

Meyer M, Schreck R, Baeuerle
1993; 12: 2005-15.

Taraphdar AK, Roy M, Bhattacharya RK. Natural
products as inducers of apoptosis: Implication for
cancer therapy and prevention. Curr Sci., 2001;
80(11): 1387-96.

Qi F, Li A, Inagaki Y, Gao J, Li J, Kokudo N, et al.
Chinese herbal medicines as adjuvant treatment
during chemo- or radio-therapy for cancer. Biosci
Trends, 2010; 4(6): 297-307.

Harborne JB, Williams CA. Advances in flavonoid
research since 1992. Phytochemistry, 2000; 55:
481-504.

Liu Y, Xie S,Wang Y, Luo K,Wang Y, Cai Y.
Liquiritigenin  inhibits  tumor  growth  and
vascularization in a mouse model of HelLa cells.
Molecules. 2012; 17(6): 7206-16.

Gorczycg W, Gong J, Ardelt B, Traganos F, Darzyn-
Kiewicz Z. Cancer Res., 1993; 53: 3186-92.
Akiyama T, Ishida J, Nakagawa S, Ogawara
H, Watanabe S, Itoh N, Shibuya M, Fukami Y.
Genistein, a specific inhibitor of tyrosine-specific
protein kinases. J. Biol. Chem., 1987; 262: 5592-95.
Fotsis T, Pepper M, Adlercreutz H, Fleischmann
G, Hase T, et al. Proc. Natl. Acad. Sci. USA, 1993;

Devel.

PA, EMBO J,,

90: 2690-94.

Matsukawa Y, Marui N, Sakai T, Satomi Y,

Yoshida M,et al. Genistein arrests cell cycle
55


http://www.ejbps.com/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishida%20J%5BAuthor%5D&cauthor=true&cauthor_uid=3106339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nakagawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=3106339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ogawara%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3106339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ogawara%20H%5BAuthor%5D&cauthor=true&cauthor_uid=3106339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Watanabe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=3106339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Itoh%20N%5BAuthor%5D&cauthor=true&cauthor_uid=3106339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shibuya%20M%5BAuthor%5D&cauthor=true&cauthor_uid=3106339
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fukami%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=3106339

Adel et al.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

progression at G2-M. Cancer Res.,
1328-31.

Zheng PW, Chiang LC, Lin CC. Apigenin induced
apoptosis through p53-dependent pathway in human
cervical carcinoma cells. Life Sci, 2005; 76:
1367-79.

Shi YQ, Fukai T, Sakagami H, Chang WJ, Yang PQ,
Wang FP, Nomura T. Cytotoxic flavonoids with
isoprenoid groups from Morus mongolica. J Nat
Prod, 2001; 64: 181-88.

Elattar TM, Virji AS. The inhibitory effect of
curcumin, genistein, quercetin and cisplatin on the
growth of oral cancer cells in vitro. Anticancer Res.,
2000; 20: 1733-38.

Pouget C, Lauthier F, Simon A, Fagnere C, Basly
JP, Delage C, Chulia AJ. Flavonoids: Structural
requirements for antiproliferative activity on breast
cancer cells. Bioorg Med Chem Lett, 2001; 11:
3095-97.

Han D, Tachibana H, Yamada K. Inhibition of
environmental estrogen-induced proliferation of
human breast carcinoma MCF-7 cells by flavonoids.
In Vitro Cell Dev Biol Anim, 2001; 37: 275-82.

Yin F, Giuliano AE, Van Herle, AJ. Signal pathways
involved in apigenin inhibition of growth and
induction of apoptosis of human anaplastic thyroid
cancer cells (ARO). Anticancer Res, 1999; 19:
4297-4303.

Yin, F; Giuliano, AE; Van Herle, AJ. Growth
inhibitory effects of flavonoids in human thyroid
cancer cell lines. Thyroid, 1999; 9: 369-76.

Bai F, Matsui T, Ohtani-Fujita N, Matsukawa Y,
Ding Y, Sakai T. Promoter activation and following
induction of the p21/WAF1 gene by flavone is
involved in G1 phase arrest in A549 lung
adenocarcinoma cells. FEBS Lett, 1998; 437: 61-64.
Caltagirone S, Ranelletti FO, Rinelli A, Maggiano
N, Colasante, A, et al. Interaction with type Il
estrogen binding sites and antiproliferative activity
of tamoxifen and quercetin in human non-small-cell
lung cancer. Am J Respir Cell Mol Biol, 1997; 17:
51-59.

Knowles LM, Zigrossi DA, Tauber RA, Hightower
C, Milner JA. Flavonoids suppress androgen
independent human prostate tumor proliferation.
Nutr Cancer, 2000; 38: 116-122.

Agarwal R. Cell signaling and regulators of cell
cycle as molecular targets for prostate cancer
prevention by dietary agents. Biochem Pharmacol,
2000; 60: 1051-59.

Wenzel U, Kuntz S, Brendel MD, Daniel H. Dietary
flavone is a potent apoptosis inducer in human colon
carcinoma cells. Cancer Res., 2000; 60: 3823-31.
Kuo SM. Antiproliferative potency of structurally
distinct dietary flavonoids on human colon cancer
cells. Cancer Lett, 1996; 110: 41-48.

Wang IK, Lin-Shiau SY, Lin JK. Induction of
apoptosis by apigenin and related flavonoids through
cytochrome c release and activation of caspase-9

1993; 53:

www.ejbps.com

43.

44,

45,

46.

47,

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

European Journal of Biomedical and Pharmaceutical Sciences

and caspase-3 in leukaemia HL-60 cells. Eur J
Cancer., 1999; 35: 1517-25.

De Vincenzo R, Ferlini C, Distefano M, Gaggini C,
Riva A, et al. In vitro evaluation of newly developed
chalcone analogues in human cancer cells. Cancer
Chemother Pharmacol., 2000; 46: 305-312.

Iwashita K, Kobori M, Yamaki K, Tsushida T.
Flavonoids inhibit cell growth and induce apoptosis
in B16 melanoma 4A5 cells. Biosci Biotechnol
Biochem., 2000; 64: 1813-20.

Cragg GM, Newman DJ. Plant as source of
anticancer agents. J Ethnopharmacol., 2005; 100:
72-9.

Fahy J. Modifications in the “upper” velbenamine
part of the Vinca alkaloids have major implications
for tubulin interacting activities. Curr Pharm Des.,
2001; 7: 1181-97.

Yun-San Yip A, Yuen-Yuen Ong E, Chow LW.
Vinflunine: clinical perspectives of an emerging
anticancer agent. Expert Opin Investig Drugs., 2008;
17: 583-91.

Hsu SH, Tsai TR, Lin CN, Yen MH, Kuo KW.
Biochem. Biophys. Res. Commun., 1996; 229: 1-5.
Zhang Y, But PP, Ooi VE, Xu HX, Delaney GD,
et al. Chemical properties, mode of action and in
vivo anti-herpes activities of a lignin-carbohydrate
complex from Prunella vulgaris. Antiviral Res.,
2007; 75(3): 242-249.

Liu JX, Pan ZR, Angela C. Lung cancer. 2006:
[06/01/2006].

Xu LZ, Yang QY. The antitumor and anti-virus
activity of polysaccharopeptide (PSP). In advanced
research in PSP, Hong Kong: Hong Kong
Association of Healthcare., 1999; 62-67.

Chan W, Law H, Lin Z, Lau Y, Chan G. Response
of human dendritic cells to different
immunomodulatory polysaccharides derived from
mushroom and barley. International Immunology.,
2007; 19(7): 891-99.

Berg JM, Tymoczko JL, Stryer L. Section 4.1, The
purification of proteins is an essential first step in
understanding their function. In Biochemistry, 5"
ed.; W H Freeman: New York, NY, USA, 2002.
Nonaka M, Ma BY, Murai R, Nakamura N, Baba M,
et al. Glycosylation-dependent interactions of C-type
lectin DC-SIGN with colorectal tumor-associated
Lewis glycans impair the function and
differentiation of monocyte-derived dendritic cells.
J. Immunol., 2008; 180: 3347-56.

Serafini M, Ghiselli A, Ferro-Luzzi A. Red wine, tea
and anti-oxidants. Lancet, 1994; 344: 626.

Haslam E. Plant Polyphenols- Vegetable Tannins
Revisited. Cambridge University Press, Cambridge,
U.K., 1989.

Wang CC, Chen LG, Yang LL. Cuphiin D1, the
macrocyclic hydrolyzable tannin induced apoptosis
in HL-60 cell line. Cancer Lett., 2000; 149: 77-83.
Barrajon-Catalan E, Fernandez-Arroyo S, Saura
ED, Guillen A, Fernandez-Gutierrez, A et al.
Cistaceae aqueous extracts containing ellagitannins

56


http://www.ejbps.com/

Adel et al.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

show antioxidant and antimicrobial capacity and
cytotoxic activity against human cancer cells. Food
Chem. Toxicol., 2010; 48: 2273-82.

Seeram NP, Adams LS, Henning SM, Niu Y, Zhang
Y, et al. In vitro antiproliferative, apoptotic and
antioxidant activities of punicalagin, ellagic acid and
a total pomegranate tannin extract are enhanced in
combination with other polyphenols as found in
pomegranate juice. J. Nutr. Biochem., 2005; 16:
360-367.

Shi L, Ren A, Mu D, Zhao M. Current progress in
the study on biosynthesis and regulation of
ganoderic acids. Appl Microbiol Biotechnol., 2010;
88(6): 1243-51.

Haralampidis K, Trojanowska M, Osbourn AE.
Biosynthesis of triterpenoid saponins in plants. Adv
Biochem Eng Biotechnol., 2002; 75: 31-49.

Yue QX, Song XY, Ma C, Feng LX, Guan SH, et
al. Effects of triterpenes from Ganoderma lucidum
on protein expression profile of HelLa cells.
Phytomedicine: international journal of
phytotherapy and phytopharmacology., 2010; 17(8-
9): 606-13.

Adjei AA, Mauer A, Bruzek L; et al. Phase II
study of the farnesyltransferase inhibitor R115777 in
patients with advanced non-small cell lung cancer. J
Clin Oncol., 2003; 21: 1760-66.

Vanhoefer U, Cao S, Harstrick A, et al
Comparativeantitumor efficacy of docetaxel and
paclitaxel in nude mice bearing human tumor
xenografts that overexpress the multidrug resistance
protein (MRP). Ann Oncol., 1997; 8: 1221-28.
Rowinsky EK, Onetto N, Canetta RM, Arbuck SG.
Taxol-the 1st of the texanes, an important new class
of anti- tumor agents. Semin Oncol., 1992; 19:
646-62.

Kensil CR. Saponins as vaccine adjuvants. Crit.
Rev. Therapeut. Drug Carrier Syst., 1996; 13: 1-55.
Vuong QV, Hirun S, Chuen TLK, Goldsmith CD,
Murchie S, et al,. Antioxidant and anticancer
capacity of saponin enriched Carica papaya leaf
extracts. Int. J. Food Sci. Technol., 2014; 50:
169-177.

Zhao Y, Wang CM, Wang BG, Zhang CY. Study on
the anticancer activities of the Clematis manshrica
saponins invivo, ‘Zhongguo Zhong Yao Za Zhi’,
2005; 30(18): 1452-53.

Lee JY, Jung KH, Morgan MJ, Kang YR, Lee HS, et
al. Sensitization of TRAIL-induced cell death by
20(S)-ginsenoside Rg3 via CHOP-mediated DR5
upregulation in human hepatocellular carcinoma
cells. Mol. Cancer Ther., 2013; 12(3): 274-285.
Tang XP, Tang GD, Fang CY, Liang ZH, Zhang
LY. Effects of ginsenoside Rh2 on growth and
migration of pancreatic cancer cells. World J.
Gastroenterol., 2013; 19(10): 1582-1592.

MiloSeviC DC, Tambur Z, IvanCajiC S, BOKONJ
IC D, CukoviC A, et al. ANTIPROLIFERATIVE
EFFECTS OF CAMELLIA SINENSIS,
FRANGULA ALNUS AND ROSMARINUS

www.ejbps.com

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

European Journal of Biomedical and Pharmaceutical Sciences

OFFICINALIS. Arch. Biol. Sci., Belgrade., 2013;
65(3): 885-891.

Wan Q, Liu Z, Peng W, et al. BnRCH gene inhibits
cell growth of Hela cells through increasing the G2
phase of cell cycle. Hum Cell., 2011; 24: 150-0.

Wu G, Qian Z, Guo J, Hu, D, Bao J, et al.
Ganoderma lucidum Extract Induces G1 Cell Cycle
Arrest, and Apoptosis in Human Breast Cancer
Cells. Am J Chin Med., 2012; 40(3): 631-642.

Hsu YL, Cho CY, Kuo PL, Huang YT, Lin CC.
Plumbagin (5-Hydroxy-2-methyl-1,4-
naphthoquinone) induces apoptosis and cell cycle
arrest in Ab49 cells through p53 accumulation via c-
Jun NH2-terminal kinase-mediated phosphorylation
at serine 15 in vitro and in vivo. J Pharmacol Exp
Ther., 2006; 318: 484-494.

Percival SS, Talcott ST, Chin ST, Mallak AC,
Lounds-Singleton A, et al Neoplastic
Transformation of BALB/3T3 Cells and Cell Cycle
of HL-60 Cells are Inhibited by Mango (Mangifera
indica L.) Juice and Mango Juice Extracts. J. Nutr.,
2006; 136(5): 1300- 04.

Patil JR, Jayaprakasha GK, Murthy KNC, Tichy SE,
Chetti, MB, Patil BS. Apoptosis-mediated
proliferation inhibition of human colon cancer cells
by volatile principles of Citrus aurantifolia. Food
Chem., 2009; 114: 1351-58.

Fernando J, Eva RZ, Rufino-Palomares E, Lupiafez
JA, Cascante M. Maslinic acid, a natural triterpene
from Olea europaea L., induces apoptosis in HT29
human colon-cancer cells via the mitochondrial
apoptotic pathway. Cancer Letters, 2009; 273:
44-54,

Strasser A, O'Connor L, Dixit VM. Apoptosis
signaling. Annu Rev Biochem., 2000; 69: 217-45.
Yoo CB, Han KT, Cho KS, Ha J, Park HJ, Nam JH,
Kil UH, Lee KT. Eugenol isolated from the essential
oil of Eugenia caryophyllata induces a reactive
oxygen species-mediated apoptosis in HL-60 human
promyelocytic leukemia cells, Cancer Lett, 2005;
225: 41- 52.

Kemény-Beke A, Aradi J, Damjanovich J, Beck Z,
Facské A, Berta A, Bodnar A. Apoptotic response of
uveal melanoma cells upon treatment with
chelidonine, sanguinarine and chelerythrine. Cancer
Lett., 2006; 237: 67-75.

Gansauge F, Ramadani M, Gansauge S. Cytotoxic
effects of the alkaloid chelidonine from
Chelidonium majus on pancreatic cancer cells. an
old and  highly potent anticancer drug.
Gastroenterology., 2001; 120: 617-618.

Takahashi T, Kobori M, Shinmoto H, Tsushida T.
Structure-activity relationships of flavonoids and the
induction of granulocytic- or  monocytic-
differentiation in HL60 human myeloid leukemia
cells. Biosci Biotechnol Biochem., 1998; 62:
2199-2204.

Ren W, Qiao Z, Wang H, Zhu L, Zhang L.
Flavonoids: Promising Anticancer Agents. 2003

57


http://www.ejbps.com/

Adel et al.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

Wiley Periodicals, Inc. Med Res Rev, 2003; 23(4):
519-534.

Chakraborty A, Brantner A, Mukainaka T,
Nobukuni Y, Kuchide M, et al. Cancer
chemopreventive activity of Achyranthes aspera
leaves on Etpstein-Barr virus activation and two-
stage mouse skin carcinogenesis, Cancer Letters.,
2002; 177(1): 1-5.

Sreenivas SA, Gopal YV, Ravindranath A, Kalpana
G, Rajkapoor B. Antitumor and Antioxidant Activity
of Capparis sepiaria Against Dalton’s Ascites
Lymphoma in Rodents, Acad. J. Cancer Res., 2012;
5: 46-52.

Arunee H, Kornkanok I, Nanteetip L, Daniel S.
Ethanolic Extract from Derris scandens Benth
Mediates Radiosensitzation via Two Distinct Modes
of Cell Death in Human Colon Cancer HT-29 Cells.
Asian Pac J Cancer Prev., 2014; 15: 1871-77.

Wang J, Lou P, Lesniewski R, Henkin J. Paclitaxel
at ultra-low concentrations inhibits angiogenesis
without affecting cellular microtubule assembly.
Anti-Cancer Drugs., 2003; 14: 13-9.

Kioka M, Hosokawa N, Komano T, Hirayoshi K,
Nagata K, Ueda K. Quercetin, a bioflavonoid,
inhibits the increase of human multidrug resistance
gene (MDR1) expression caused by arsenite. FEBS
Lett., 1992; 301: 307-309.

Di Pietro A, Dayan G, Conseil G, Steinfels E, Krell
T, et al. P-glycoprotein-mediated resistance to
chemotherapy in cancer cells: Using recombinant
cytosolic domains to establish structure-function
relationships. Braz J Med Biol Res., 1999; 32:
925-939.

Di PA, Conseil G, Perez-Victoria JM, Dayan G,
Baubichon-Cortaya H, et al. Modulation by
flavonoids of cell multidrug resistance mediated by
P-glycoprotein and related ABC transporters. Cell
Mol Life Sci., 2002; 59: 307-322.

Moon HJ, Ko WK, Han SW, Kim DS, Hwang YS,
Park HK, Kwon IK. Antioxidants, like coenzyme
Q10, selenite, and curcumin, inhibited osteoclast
differentiation by suppressing reactive oxygen
species  generation. Biochem Biophys Res
Commun., 2012; 418(2): 247-53.

Mi Q, Cui B, Silva GL, Lantvit D, Lim E, et al.
Pervilleine A, a novel tropane alkaloid that reverses
the  multidrugresistance  phenotype.  Cancer
Research., 2001; 61(10): 4030-37.

Deepa N, Rajendran NN. Anti-tumor Activity of
Acanthospermum hispidum DC. on Dalton Ascites
Lymphoma in Mice, Nat. Prod. Sci., 2007; 13:
234-240.

Siripong P, Hahnvajanawong C, Yahuafai J, et al.
Induction of apoptosis by rhinacanthone isolated
from Rhinacanthus nasutus roots in human cervical
carcinoma cells. Biol Pharm Bull,, 2009; 32:
1251-60.

Ye F, Che Y, McMillen E, Gorski J, Brodman D,
Saw D, et al. The effect of Scutellaria baicalensis on

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

the signaling network in hepatocellular carcinoma
cells. Nutr Cancer, 2009; 61: 530e7.

96. Kim JH, Go HY, Jin DH, Kim HP, Hong MH.
Inhibition of the PI3K Akt/PKB survival pathway
enhanced an ethanol extract of Rhus verniciflua
Stokes-induced apoptosis via a mitochondrial
pathway in AGS gastric cancer cell lines. Cancer
Lett., 2008; 265: 197-205.

97. Shoieb AM, Elgayyar M, Dudrick PS, Bell JL,
Tithof PK. In vitro inhibition of growth and
induction of apoptosis in cancer cell lines by
thymogquinone. Int J Oncol., 2003; 22: 107-113.

98. Sharma V, Josheph C, Ghosh S, Agarwal A, Mishra
AK, Sen E. Kaempferol induces apoptosis in
glioblastoma cells through oxidative stress. Mol
Cancer Ther., 2007; 6(9): 2544-53.

99. Goulas V, Exarchou V, Troganis AN, Psomiadou E,
Fotsis T, Briasoulis E, Gerothanassis IP.
Phytochemicals in olive-leaf extracts and their
antiproliferative  activity against cancer and
endothelial cells, Mol. Nutr. Food Res., 2009; 53:
600 — 608.

100.Costa PM, Ferreira PMP, Bolzani VS, Furlan M,
Santos VAFFM, et al. Antiproliferative activity of
pristimerin isolated from Maytenus ilicifolia
(Celastraceae) in human HL-60 cells. Toxicol in
Vitro., 2008; 22: 854-863.

101.Nafees S, Ali N, Rashid S, Hasan SK, Sultana S.
Chemopreventive Effect of Bauhinia Purpurea
against Chemically Induced Hepatocarcinogenesis
via Amelioration of Oxidative Damage, Cell
Proliferation and Induction of Apoptosis in Wistar
Rats, Toxicol Int., 2013; 20: 117-125.

102.Kim SY, Park KW, Kim JY, Shon MY, Yee ST,
Kim KH, Rhim JS, Yamada K, Seo KI. Induction of
apoptosis  bythiosulfinates in  primary human
prostate cancer cells. Int J Oncol., 2008; 32: 869-75.

103.Lee SM, Kwon JI, Choi YH, Eom HS, Chi GY.
Induction of G2/M arrest and apoptosis by water
extract of Strychni Semen in human gastric
carcinoma AGS cells. Phytother Res., 2008.

104.Cochrane CB, Nair PK, Melnick SJ, Resek AP,
Ramachandran C. Anticancer effects of Annona
glabra plant extracts in human leukemia cell lines.
Anticancer Res., 2008; 28: 965-71.

105.Jedinak A, Thyagarajan-Sahu A, Jiang J, Sliva D.
Ganodermanontriol, a lanostanoid triterpene from
Ganoderma lucidum, suppresses growth of colon
cancer cells through ss-catenin signaling. Int J
Oncol., 2011; 38(3): 761-767.

106.Song YS, Kim SH, Sa JH, Jin C, Lim CJ, Park EH.
Anti-angiogenic and inhibitory activity on inducible
nitric oxide production of the mushroom Ganoderma
lucidum. Journal of ethnopharmacology., 2004;
90(1): 17-20.

107.L'VVova GN, Zasukhina GD. Modification of repair
DNA synthesis in  mutagen-treated human
fibroblasts during adaptive response and the
antimutagenic effect of garlic extract]. Genetika.,
2002; 38: 309-306.

58


http://www.ejbps.com/

Adel et al.

108.Sermakkani MV, Thangapandian. GC-MS Analysis
of Cassia italica Leaf methanol extract. Asian
Journal of Pharmaceutical and Clinical Research.,
2012; 5(2).

109.El-Shemy H, Aboul-Enein A, Aboul-Enein M, Issa
S, Fujita K. The effect of willow leaf extract on
human leukemic cells, in vitro. J. Biochem. Mol.
Biol., 2003; 36: 387-389.

110.EI-Shemy HA, Aboul-Enein AM, Aboul-Enein KM,
Fujita K. Willow leaves’ extracts contain anti-
Tumor agents effective against three cell types.
PLOS ONE., 2007; 2(1): 178.(27).

111.Kumar DRN, George VC, Suresh PK, Kumar RA.
Cytotoxicity, apoptosis induction and anti-metastatic
potential of Oroxylum indicum in human breast
cancer cells. Asian Pac J Cancer Prev., 2012; 13(6):
2729-34.

112.Pujol M, Gavilondo J, Ayala M, Rodriguez M
(2007). Fighting cancer with plant-expressed
pharmaceuticals. Trends Biotech., 2007; 10: 455-59.

113.Kovécs P, Csaba G, Pallinger E, Czaker R. Effects
of taxol treatment on the microtubular system and
mitochondria of Tetrahymena. Cell, Cell Biol Int.,
2007; 31(7): 724-32.

114.Jordan MA, Wilson L. Microtubules as a target for
anticancer drugs. Nat. Rev. Cancer., 2004; 4:
253-65.

115.Ji L, Shen K, Liu J, Chen Y, Liu T, Wang Z.
Intracellular glutathione regulates andrographolide-
induced cytotoxicity on hepatoma Hep3B cells.
Redox Rep., 2009; 14: 176e84.

116.Ji L, Shen K, Jiang P, Morahan G, Wang Z.
Critical roles of cellular glutathione homeostasis and
jnk activation in  andrographolide-mediated
apoptotic cell death in human hepatoma cells. Mol
Carcinog., 2011; 50: 580-91.

117.Ghosheh OA, Houdi AA, Crooks PA. High
performance liquid chromatographic analysis of the
pharmacologically active quinones and related
compounds in the oil of the black seed (Nigella
sativa L.). J Pharm Biomed Anal., 1999; 19: 757-62.

118.Kaseb AO, Chinnakannu K, Chen D, Sivanandam
A, Tejwani S, et al. Androgen receptor and E2F-1
targeted thymoquinone therapy for hormone-
refractory prostate cancer. Cancer Res., 2007; 67:
7782-7788.

119.Gali-Muhtasib H, Diab-Assaf M, Boltze C, Al-
Hmaira J, Hartig R, et al. Thymoquinone extracted
from black seed triggers apoptotic cell death in
human colorectal cancer cells via a p53-dependent
mechanism. Int J Oncol., 2004a; 25: 857-66.

120.Worthen DR, Ghosheh OA, Crooks PA. The in vitro
anti-tumor activity of some crude and purified
components of blackseed, Nigella sativa L.
Anticancer Res., 1998; 18: 1527-1532.

121.Roepke M, Diestel A, Bajbouj K, Walluscheck D,
Schonfeld P, et al. Lack of p53 augments
thymoquinone-induced apoptosis and  caspase
activation in human osteosarcoma cells. Cancer Biol
Ther., 2007; 6: 160-169.

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

122.Yi T, Cho SG, Yi Z, Pang X, Rodriguez M, et al.
Thymoquinone inhibits tumor angiogenesis and
tumor growth through suppressing AKT and
extracellular ~ signal-regulated kinase signaling
pathways. Mol Cancer Ther., 2008; 7: 1789-96.

123.Jung HA, Su BN, Keller WJ, Mehta RG, Kinghorn
AD. Antioxidant xanthones from the pericarp of
Garcinia mangostana (Mangosteen). J Agric Food
Chem, 2006; 22; 54(6): 2077-82.

124.Zhang HZ, Kasibhatla S, Wang Y, Herich J,
Guastella J, et al. Discovery, characterization and
SAR of gambogic acid as a potent apoptosis inducer
by a HTS assay. Bioorg Med Chem., 2004; 12(2):
309-17.

125.Liao CH, Sang S, Ho CT, Lin JK. Garcinol
modulates tyrosine phosphorylation of FAK and
subsequently induces apoptosis through down-
regulation of Src, ERK, and Akt survival signaling
in human colon cancer cells. J Cell Biochem., 2005;
96(1): 155-69.

126.Patil SD, Chaudhari MA, Sapkale PV, Chaudhari
RB. A recent review on anticancer herbal drugs.
Drug Discov Ther., 2013; 1(6): 77-84.

127.Nithya N, Balkrishnan KP. Evaluation of some
medicinal plants for their antioxidant properties,
IJPRIF, ISSN., Jan-Mar 2011; 3(1): 381-385.

128.Sharma SK, Lalit S, Suruchi S.A review on
medicinal plants having antioxidant potential, Indian
J of Research in Pharmacy and Biotechnology.,
2013; 1(3): 404-409.

129.Halliwell B Gutteridge J. Free radicals in biology
and medicine. (4™ Edn), Oxford University Press,
Oxford, USA., 2007.

130.Clarkson PM, Thompson HS. Antioxidants: what
role do they play in physical activity and health? Am
J Clin Nutr., 2000; 72: 637S-646S.

131.Feher J, Csomos G, Vereckei A. Free radical
reactions in medicine. Springer-Verlag, Berlin-
Heidelberg, USA., 1987; 40-43.

132.Haridy FM, El- Garhy MF, Morsy TA. Efficacy of
Mirazid (Chommiphora molmol) against fasioliasis
Egyptian sleep. J Egypt Soc Parasitol., 2003; 33(3):
917-24.

133.Smit HF, Woerdenbag HJ, Singh RH, Meulenbeld
GJ, Labadie RP, Zwaving ZH. J. Ethnopharmacol.,
1995; 47: 75-84.

134.Carroll KK, Guthrie N, So FV, Chambers AF.
Anticancer properties of flavonoids, with emphasis
on citrus flavonoids. In: Rice-Evans CA, Packer L,
editors. Flavonoids in health and disease. New York:
Marcel Dekker Inc., 1998; 437-446.

135.Le Marchand L, Murphy SP, Hankin JH, Wilkens
LR, Kolonel LN. Intake of flavonoids and lung
cancer. J Natl Cancer Inst., 2000; 92: 154-160.

136.Sun XY, Plouzek CA, Henry JP, Wang TT, Phang
JM. Increased UDP-glucuronosyltransferase activity
and decreased prostate specific antigen production
by biochanin A in prostate cancer cells. Cancer Res.,
1998; 58: 2379-84.

59


http://www.ejbps.com/

Adel et al.

137.Brueggemeier RW. Aromatase, aromatase inhibitors
and breast cancer. Am J Ther., 2001; 8: 333-344.

138.Gayatri N, Kanta SR. In vitro antioxidative acitivity
Azadirachta indica and Melia azedarach Leaves by
DPPH scavenging assay, Nature and Science, 2010;
8(4).

139.Chrubasik S, Pittler MH, Roufogalis BD. Zingiberis
rhizoma: a comprehensive review on the ginger
effect and efficacy profiles. Phytomedicine., 2005;
12(9): 684-701.

140.Tjendraputra E, Tran VH, Biu-Brennan D,
Roufogalis BD, Duke CC. Effect of ginger con-
stituents and synthetic analogues on cyclooxy-
genase-2 enzyme in intact cells. Bioorg Chem.,
2001; 29: 156-163.

141.Liu Y, Whelan RJ, Pattnaik BR, Ludwig K, Subudhi
E, et al. Terpenoids from Zingiber officinale
(Ginger) induce apoptosis in endometrial cancer
cells through the activation of p53. PLoS One, 2012;
7:e53178.

142.Mansouri A, Embarek G, Kokkalou E, Kefalas P.
Phenolic profile and antioxidant activity of the
Algerian ripe date palm fruit (Phoenix dactylifera).
Food Chem., 2005; 89: 411-420.

143.1shurd O, Sun C, Xiao P, Ashour A, Pan YA. neutral
beta-D-glucan from dates of the date palm, Phoenix
dactylifera L. Carbohyd Res., 2002; 337: 1325-28.

144 Ariga T, Seki T. Antithrombotic and anticancer
effects of garlic-derived sulfur compounds: A
review. Bio Factors., 2006; 26: 93-103.

145.Thomson M; Ali M (2003): Garlic [Allium
sativum]: a review of its potential use as an anti-
cancer agent. Curr Cancer Drug Targets., 2003; 3:
67-81.

146.Lalit M, Amberkar MV, Meena K, Sanctum O. (a
taulsi) —An overview, Int. J. Pharmaceutical Sci.
Review and Research, 2011; 1(1): 51-53.

147.Donglin Z and Yasunori H. Phenolic compound and
their antioxidant properties in different tissue of
carrot, international journal of food, agriculture and
environment, 2002.

148.Venkateshwarlu R, Gopal VY, Raju BA, Prasad
BK. Antitumor activity of Alangium salvifolium
against Dalton’s ascetic Lymphoma, Medicinal
Chemistry & Drug Discovery., 2012; 3: 122-133.

149.Guinea MC, Parellada J, Lacaille-Dubois MA,
Wagner H. Biologically active triterpene Saponins
from Bupleurum fruticosum. Plant med., 1994; 60:
163-7.

150.Hu LY, Kuo PL, Liu CF, Bergmann C, et al. The
proliferative inhibition and apoptotic mechanism of
saikosaponind in human non-small cell lung cancer
Ab49 cells. Life Sci., 2004; 75: 1231-42.

151.Liu LF, Liang CH, Shiu LY, Lin WL, Lin CC, Kuo
KW. Action of solamargine on human lung cancer
cellsenhancement of the susceptibility of cancer
cells to TNFs. FEBS Lett, 2004; 577(1-2): 67-74.

152.Smith JA, Poteet-Smith CE, Xu Y, Errington TM,
Hecht SM, Lannigan DA. Identification of the first
specific inhibitor of p90 ribosomal S6 Kinase (RSK)

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

reveals an unexpected role for RSK in céancer cell
proliferation. Cancer Res., 2005; 65: 1027-34.

153.Béez R, Lopes MT, Salas CE, Hernandez M. In vivo
antitumoral activity of stem pineapple (Ananas
comosus) bromelain. Planta Med., 2007; 73(13):
1377-83.

154.Efferth T, Olbrich A, Sauerbrey A, Ross DD,
Gebhart E, Neugebauer M. Activity of ascaridol
from the anthelmintic herb  Chenopodium
anthelminticum L. against  sensitive  and
multidrugresistant tumor cells. Anticancer Res.,
2002; 22: 4221-24.

155.Kviecinski MR, Felipe KB, Schoenfelder T, de
Lemos Wiese LP, Rossi MH, et al. Study of the
antitumor potential of Bidens pilosa (Asteraceae)
used in Brazilian folk medicine, J. Ethnopharmacol.,
2008; 117: 69-75.

156.Lawal RA, Ozaslan MD, Odesanmi OS, Karagoz
ID, Kilic IH, Ebuehi OAT. Cytotoxic and
antiproliferative activity of Securidaca
longepedunculata aqueous extract on Ehrlich ascites
carcinoma cells in Swiss albino mice. Int. J. Applied
Res. in Natural Products., 2012; 5(4).

157.Hashim MN, Rahmani M, Chaing Lian EG, Sukari
MA, Yahayu M, et al. Antiproliferative activity of
xanthones isolated from Artocarpus obtusus. Journal
of biomedicine and biotechnology, 2012.

158.Perchellet JP, Perchellet EM, Belman S. Inhibition
of DMBA-induced mouse skin tumorigenesis by
garlic oil and inhibition of two tumor-promotion
stage by garlic and onion oils, Nutrition and Cancer.,
1990; 14(3-4): 183-193.

159.Sadhana AS, Rao AR, Kucheria K, Bijani V.
Inhibitory action of garlic oil on the initiation of
benz[a]pyrene-induced skin carcinogenesis in mice,
Cancer Letters., 1998; 40(2): 193-197.

160.Hirazumi A, Furusawa E, Chou SC, Hokama Y.
Immunomodulation contributes to the anticancer
activity Morinda citrifolia (Noni) fruit juice. Proc.
West Pharmacol. Soc., 1996; 39: 7-9.

161.Niciforovic A, Adzic M, Zabric B, Radojcic MB.
Adjuvant antiproliferative and cytotoxic effect of
aloin in irradiated HelLaS3 cells, Biophys Chem.,
2007; 81: 1463-66.

162.Tyagi A, Bhatia N, Condon MS, Bosland MC,
Agarwal C, Agarwal R. Antiproliferative and
apoptotic effects of silibinin in rat prostate cancer
cells. The Prostate., 2002; 53: 211-217.

163.Dwivedi C, Zhang Y. Sandalwood oil prevents skin
tumour development in CD-1 mice, European
Journal of Cancer Prevention., 1999; 8(5): 449-455.

164.Suja S, Chinnaswamy P. Inhibition of in vitro
cytotoxic effect evoked by Alpinia galanga and
Alpinia officinarum on PC - 3 cell line, Anc Sci
Life., 2008; 27: 33-40.

165.Saraydin SU, Tuncer E, Tepe B, Karadayi S, Ozer
H, et al. Antitumoral effects of Melissa officinalis on
breast cancer in vitro and in vivo. Asian Pac J
Cancer Prev., 2013; 13: 2765-70.

60


http://www.ejbps.com/

Adel et al.

166.Mahadik VJ, Piyusha BP, Pandip BP, Nilofar SN.
Evaluation of antitumor and antioxidant activity of
Vitis vinifera L. against ehrlich ascites carcinoma
induced mice, Int J Pharma Res Devel., 2001; 3:
98-104.

167.Yusuf UF, Ahmadun FR, Rosli R, lyuke SE, Billa
N, et al. An in vitro inhibition of human malignant
cell growth of crude water extract of cassava
(Manihot esculenta Crantz) and commercial
linamarin. Nutraceutical and Functional Food.,
2006; 28: 145-155.

168.Yadav B, Bajaj A, Saxena M, Saxena AK. In vitro
anticancer activity of the leaves of Withania
somnifera against various human cancer cell lines.
Indian J Pharm Sci., 2010; 72: 659-63.

169.Cao J, Jia L, Zhou HM, Liu Y, Zhong LF.
Mitochondrial and nuclear DNA damage induced by
curcumin in human hepatoma G2 cells. Toxicol Sci.,
2006; 91(2): 476-83.

170.Kehkashan AQ, Ahsana D, Bina SS, Nurul K,
Huma A, et al. Anticancer Activity of Ocimum
basilicum and the Effect of Ursolic Acid on the
Cytoskeleton of MCF-7 Human Breast Cancer Cells.
Lett. Drug Des. Discovery., 2010; 7: 726-736.

171.Jayaprakasam B, Zhang Y, Nair MG. Tumor cell
proliferation and cyclooxygenase enzyme inhibitory
compounds in Amaranthus tricolor, J Agric Food
Chem., 2004; 17: 6939-43.

172.Yamaguchi K, Liggett JL, Kim NC, Baek SJ. Anti-
proliferative effect of horehound leaf and wild
cherry bark extracts on human colorectal cancer
cells. Oncol Rep., 2006; 15(1): 275-81.

173.Nesaretnam K, Ambra R, Selvaduray KR,
Radhakrishnan A, Reimann K, Razak G, Virgili F.
Tocotrienol-rich fraction from palm oil affects gene
expression in tumors resulting from MCF-7 cell
inoculation in athymic mice. Lipids., 2004; 39:
459-467.

174.Nesaretnam K, Koon TH, Selvaduray KR, Bruno
RS, Ho E. Modulation of cell growth and apoptosis
response in human prostate cancer cells
supplemented with tocotrienols. Eur. J. Lipid Sci.
Technol., 2008; 110: 23-31.

175.Melntyre BS, Briski KP, Gapor A, Sylvester PW.
Antiproliferative and  apoptotic  effects  of
tecophenols and tocotrienols on preneoplastic and
neoplastic mouse mammary epithelial cells. Proc.
Soc. Exp. Biol. Med., 2000; 224: 292-301.

176.0bahiagbon FI. A Review: Aspects of the African
Oil Palm (Elaeis guineesis jacq.) and the
Implications of its Bioactives in Human Health.
Ame. J. Biochem. and Molecular Biol., 2012; 1-14.

177.Gnoula C, Megalizzi V, De Neve N, Sauvage S,
Ribaucour F, et al. Balanitin-6 and -7: Diosgenyl
saponins isolated from Balanites aegyptiaca Del.
display significant anti-tumor activity in vitro and in
vivo, Int J Oncol., 2008; 32: 5-15.

178.Zhao W, Kridel S, Thorburn A, Kooshki M, Little J,
et al. Fatty acid synthase: a novel target for

www.ejbps.com

European Journal of Biomedical and Pharmaceutical Sciences

antiglioma therapy. Br J Cancer, 2006; 9; 95(7):
869-78.

179.Gali-Muhtasib HU, Affara NI. Chemopreventive
effects of sage oil on skin papillomas in mice,
Phytomedicine., 2000; 7(2): 129-136.

180.Nguyen AT, Malonne H, Duez P, Vanhaelen-Fastre
R, Vanhaelen M, et al. Cytotoxic constituents from
Plumbago zeylanica. Fitoterapia.,, 2004; 75:
500-504.

181.Hsu YL, Cho CY, Kuo PL, Huang YT, Lin CC.
Plumbagin (5-Hydroxy-2-methyl-1,4-
naphthoquinone) induces apoptosis and cell cycle
arrest in Ab49 cells through p53 accumulation via c-
Jun NH2-terminal kinase-mediated phosphorylation
at serine 15 in vitro and in vivo. J Pharmacol Exp
Ther., 2006; 318: 484-494.

182.Bursch W, Ellinger A, Gerner C, Frohwein U,
Schulte HR. Programmed cell death. Apoptosis,
autophagic PCD, or others? Ann. N. Y. Acad. Sci.,
2000; 926: 1-12.

183.Leist M, Jaattela M. Four deaths and a funeral: from
caspases to alternative mechanisms. Nat. Rev. Mol.
Cell Biol., 2001; 2: 589-598.

184.Sperandio S, de Belle 1, Bredesen DE. An
alternative, nonapoptotic form of programmed cell
death. Proc. Natl. Acad. Sci. U. S. A., 2000; 97:
14376-14381.

185.Valcic S, Timmermann BN, Alberts DS, Wachter
GA, Krutzsch M, et al. Inhibitory effect of six green
tea catechins and caffeine on the growth of four
selected human tumor cell lines. Anticancer Drugs.,
1996; 7: 461-8.

186.Arora N, Bansal MP, Koul A. Azadirachta indica
exerts chemopreventive action against murine skin
cancer: studies on histopathological, ultrastructural
changes and modulation of NF-kappaB, AP-1 and
STAT], Oncology Research., 2011; 19(5): 179-191.

187.Dhanalakshmi S, Agarwal C, Singh RP, Agarwal R.
Silibinin  Up-regulates DNA-Protein  Kinase-
dependent p53 Activation to Enhance UVB-induced
Apoptosis in Mouse Epithelial JB6 Cells. The
Journal of Biological Chemistry., 2005; 280(21):
20375-83.

188.Deep G, Gangar SC, Oberlies NH, Kroll DJ,
Agarwal R. lIsosilybin A Induces Apoptosis in
Human Prostate Cancer Cells via Targeting Akt,
NF-kB, and Androgen Receptor Signaling.
Molecular Carcinogenesis, 2010; 49: 902-912.

189.Galvez M, Mart'in-Cordero C, Lopez-Lazaro M,
Cortés F, Ayuso MJ. Cytotoxic effect of Plantago
spp. on cancer cell lines. Journal of
Ethnopharmacology, 2003; 88: 125-130.

190.Hwang BY, Su BN, Chai H, Mi Q, Kardono LB,
et al .Silvestrol and episilvestrol, potential anticancer
rocaglate derivatives from Aglaia silvestris. Journal
of Organic Chemistry., 2004; 69(10): 3350-58.

191.Gabriel OA, Olubunmi A. Comprehensive scientific
demystification of Kigelia africana: A review.
African J. Pure and Applied Chem., 2009; 3(9):
158-164.

61


http://www.ejbps.com/

Adel et al. European Journal of Biomedical and Pharmaceutical Sciences

192.Lindholm P, Goransson U, Johansson S, Claeson P,
Gullbo J, et al. Cyclotides: A novel type of cytotoxic
agents. Mol Cancer Ther., 2002; 1: 365-369.

193.Aied MA, Rola A, Abdul MA, Harun H, Al-Dubai
SAR. Induction of Caspase-9, Biochemical
Assessment and Morphological Changes Caused by
Apoptosis in Cancer Cells Treated with
Goniothalamin  Extracted from Goniothalamus
macrophyllus. Asian Pac J Cancer Prev., 2013; 14:
6273-80.

194.Chaudhary H, Dhuna V, Singh J, Kamboj SS,
Seshadri S. Evaluation of hydro-alcoholic extract of
Eclipta alba for its anticancer potential: an in vitro
study, J Ethnopharmacol., 2011; 136: 363-367.

195.Liu WK, Wang XK, Che CT. Cytotoxicity of
sinococuline. Cancer Lett., 1996; 99: 217-24.

196.Gonzalez-Sarria A, Yuan T, Seeram NP.
Cytotoxicity and structure activity relationship
studies of maplexins A-l, gallotannins from red
maple (Acer rubrum). Food Chem. Toxicol., 2012;
50: 1369-76.

197.Diwanay S, Chitre D, Patwardhan BJ.
Immunoprotection by botanical drugs in cancer
chemotherapy. Ethnopharmacol., 2004; 90(1):
49-55,

198.Nair PK, Rodriguez S, Ramachandran R, Alamo A,
Melnick SJ, et al. Int. Immunopharmacol., 2004;
4(13): 1645-16509.

199.Li J, Cheung HY, Zhang Z, Chan GK, Fong WF.
Andrographolide induces cell cycle arrest at G2/M
phase and cell death in HepG2 cells via alteration of
reactive oxygen species. Eur J Pharmacol., 2007;
568: 31-44.

200.Zaid H and Saad B. Cancer treatment in the Arab-
Islamic medicine: Integration of tradition with
modern experimental trails., 2010.

www.ejbps.com 62


http://www.ejbps.com/

