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Abstract

Plant medicine ais used in the prevention and treatment of various diseases. This approach utilizes derivatives of natural compounds such as curcumins, resveratrol,
green tea extract, luteolin, soybeans, pomegranate, etc. Natural products have also been allied their ability against tumor action to trigger cell death pathways and their
associated approaches. Plant products stop or exhibit inhibition of carcinogenesis at initiation or at promotion/progression step. Among them polyphenols possess

many health benefits, including being potent analgesic, antibacterial, antiviral, antiparasitic, antioxidant, and anti-inflammatory agent.

The evolution of the plant-based medicine systems started from
ca. 50,000 years ago by the Sumerians, Irages., Chinese, Tibetan, etc.
[1]. From 6000 years ago through 3000 to 1500 years ago, the ancient
Egyptians and ancient Greece have invented numerous curing materials
obtained from natural resources. Herbs, spices, vegetables were used in
food preparation as a response to the threat of food-borne pathogens.
Historically, flowering plants were the source of most plant medicines
[2]. They reflect their ability to produce curing agents with a broad range
of pharmacological properties, including anticancer activity. Phenolic
compounds, such as flavonoids, are the most promising plant-derived
metabolites for the treatment of cancer [3]. Natural products have
also been allied their ability against tumor action to trigger cell death
pathways and their associated approaches. Apoptosis or programmed
cell death plays a pivotal role in maintaining tissue homeostasis that
is highly conserved among different species [4]. A hallmark of human
cancers is evasion of apoptosis [5].

Modern science has proved the role of plants in the treatment
of diseases, and this has been evident through the incorporation of
modern drug therapy for many of the drugs of plant origin which have
already been used for thousands of years by the ancient civilizations.
Greek and Roman therapeutic practices were preserved through the
writings of Hippocrates, especially Galen (e.g., Therapeutics), which
were also as the headwaters for western medicine later [6].

Due to the side effects of synthetic drugs, lack of new pharmaceutical
remedies for microbial resistance and many chronic diseases, the
medicinal plants curing model appeared in medicinal research and
development. Additionally, the high cost of medicines and the inability
of many developing countries to purchase modern drugs have forced
them to search for products in the form of medicinal plants that are
proved to be cheap, efficient, safe, and culturally acceptable [7].

Green prevention model describes inhibition of carcinogenesis at
initiation phase or at promotion/progression stage via the utilization
of derivatives of natural compounds such as curcumins, resveratrol,
green tea extract, luteolin, soybeans, pomegranate, etc. It exhibits
the cell cycle inhibition and apoptosis induction, affects cancer cell
growth and development (growth reduction even up to 50%), as well
as an inhibition of metastases formation, prolonging patient’s survival.
All these aforementioned plant products have antioxidant properties
secondary to the inherent polyphenols present in them [8]. Polyphenol
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is a subgroup of phytochemicals which inhibit cancer development
through different strategies, constrain the intracellular oncoprotein
signaling along with the PKC/RAS/MPK or p13-kinase/AKT pathways,
downregulate the pro-proliferative anti-apoptotic transcription factors
NE-XB and AP-1, and upregulate the carcinogen-detoxifying enzymes
and DNA repair proteins [9]. Different studies show that drinking
of green tea delays cancer onset between 4 and 7 years. Green tea is
found to have potent antioxidants called catechins. The catechins
are four types and recognized to be the active component to prevent
carcinogenesis [10].

Dietary polyphenols have demonstrated significant preventive and
therapeutic activities in various cancerous cells such as breast, liver,
lung, prostate and skin [11]. Curcumin (Curc), a low-molecular-weight
lipophilic compound [12], a major yellow pigment, is generally obtained
from the rhi-zomes of Curcuma longa L. (Zingiberaceae). It absorbs in
the visible region and gives fluorescence with a low quantum yield [13].
The hydrophobic Cur is a pleiotropic drug which can identify various
targets and selectively penetrate through the cancerous cell membrane,
compared to normal types, and initiates tumor growth prevention and
apoptosis induction [14]. The application of Cur is limited due to its
low solubility, poor absorption and rapid metabolism, which can be
overcome in combination with a synthetized or natural carrier with a
great potential for the solubility of Cur and increasing its uptake in the
tumor cells and cytotoxicity.

Curcumin (diferuloylmethane) has been used widely in preclinical
in vitro and in vivo models of hepatocellular carcinoma (HCC) [15].
Although the outcomes of these studies were satisfactory, the curcumin
dosage used in these investigations was high due to the disadvantages
of low water solubility, poor pharmacokinetics and bioavailability, and
physicochemical instability [16]. The dosage of Cur used in treating
xenograft models of HCC was reportedly to be 100 mg/kg/day (i.p.) for
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16 days [17] and 200 mg/kg/day [18], or up to 3000 mg/kg/day per os
(p.o.) for 14 days [19]. Therefore, efforts have been made to overcome
the limitations of the physicochemical properties of curcumin.

Curcumin is a yellow polyphenol found in turmeric (Curcuma
longa) of the ginger family (Zingiberaceae). It has been part of folk
medicine for centuries due to possessing many health benefits,
including being potent analgesic, antibacterial, antiviral, antiparasitic,
antioxidant, and anti-inflammatory agent. Curcumin has been the
focus of many chemoprevention studies. Thus, it may be able to target
several hallmarks of cancer [20] demonstrated a dose-dependent
inhibitory effect of curcumin on colon cancer cell lines. They suggested
that apoptosis and cell-cycle arrest of HCT-116 cells after curcumin
treatment is mediated by caspase-3-induced cleavage of B-catenin. In
addition, decreasing transactivation of 3-catenin/Tcf-Lef was found to
lead to the inactivation of Wnt/B-catenin pathway. Moreover, treatment
of HCT-116 cell line with curcumin decreased levels of c-Myc protein,
a key mediator of gene regulation and differentiation that maintains
self-renewal properties of embryonic stem cells. Alternatively, Ryu
et al. [21] offered another mechanism of curcumin inhibitory effect
on Wnt/B-catenin pathway where curcumin derivatives were able to
downregulate p300, a transcriptional coactivator of Wnt/f-catenin
pathway. In addition, Ryu and his group reported the suppressive effect
of curcumin derivatives on P-catenin transcription that was activated
by Wnt3A conditioned-medium. Furthermore, curcumin inhibits
NFkB activity in ovarian, breast, head and neck, lung, and prostate
cancer cell lines [22]. In the clinic, curcumin is well tolerated and has
some biological activity in phase II pancreatic cancer trials [23].

Resveratrol is a further polyphenol derived from red grapes
and berries. Like curcumin, a significant amount of in vitro data has
shown that resveratrol inhibits the growth of multiple cancer cell
lines including the breast, prostate, thyroid, head and neck, ovarian,
and cervical. Resveratrol appears to regulate cancer cell growth by
inhibition of IKK and suppression of NFkB activity [22]. Resveratrol
also inhibits IKK activity in animal models of colitis. Data from in
vivo preclinical trials shows that resveratrol can prevent tumor growth
or carcinogenesis in several cancer sites including the breast, skin,
prostate, gastrointestinal, and lung. Clinical trials to date, which are
mostly risk assessment studies, show that resveratrol-rich products may
be beneficial for cancer prevention.

Ongoing clinical trials with pure resveratrol will provide toxicity
and efficacy dosage for this chemopreventive agent [24]. A third
chemopreventive agent that regulates NFkB activity is epigallocatechin
3-gallate (EGCG), the major polyphenol found in green tea. In animal
studies, green tea polyphenols in the drinking water resulted in a delay
of primary tumor incidence and tumor burden in a mouse model of
prostate cancer that correlated with a substantial reduction in NFxB
activity. The data from human studies suggest that green tea polyphenols
may provide greater efficacy for preventing prostate cancer than for
treating cancer patients. There are multiple ongoing clinical trials to
access the effects of green tea on prostate, lung, bladder, esophageal,
breast, and head and neck cancer. Two other natural products known
to inhibit NFkB activity, dietary isothiocyanates, from watercress, and
sulforaphanes, from crucifiers, are also being evaluated in clinical
trials against various cancers. Other natural products known to block
NFkB activity include catechins, silymarin, caffeic acid phenethyl
ester (CAPE), sanguinarine, anethole, emodin, piceatannol, capsaicin,
ursolic acid, betulinic acid, flavopiridol, oleandrin [25], parthenolide,
kambekaurin [22], and freeze-dried black raspberries [26].
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Quercetin was intensively studied as the most abundant flavonoids
in food. In vitro, quercetin inhibited the proliferation of oral cancer cell
lines showing enzymatic inhibition of the thymidylate synthase, a key
enzyme expressed by oral cancer cells [27,28]. Apoptotic properties of
quercetin were also explained by the modulation of the Bax/Bcl-2 ratio
in oral cancer cells. Quercetin was also associated with the prevention
of oral cancer cell migration in several ways including the inhibiting of
the expression of metalloprotease 2 and metalloprotease. The effect of
quercetin extends beyond prevention; quercetin showed some cancer
therapeutic potential. The combination of quercetin with cisplatin (a
chemotherapeutic drug) induced apoptosis and decreased the cells’
resistance to the chemotherapeutic medication [27,28].

Active pharmaceutical ingredients (APIs) with anticancer activity
are usually isolated from plants allowing them to be tested for a specific
mode of action at defined concentrations without side effects caused by
other metabolites. The most prominent example is paclitaxel, a taxane
found in the bark of the Pacific yew tree [29]. Small-molecule anticancer
compounds can also be produced in cultured plant cells [30]. Paclitaxel
is used to treat ovarian, breast, and pancreatic cancers among others
[29] the extraction of paclitaxel from Pacific yew trees [29] requires a
large cultivation area to grow a sufficient number of trees over a period
of up to 200 years. The trees must be logged and stripped of bark to
extract paclitaxel, killing the trees in the process.

Myriad of many plant products exist that have shown very
promising anticancer properties. The plant-natural compounds derived
from Tinospora cordifolia, Ocimum sanctum, Bauhinia variegata, etc.
have shown promise as anticancer agents and outlines their potential
mechanism of action. The anticancerous compounds present in the
Tinospora cordifolia are berberine and palmatine. Berberine is present
in the stem whereas palmatine is present in both root and stem [31].
The berberine and palmatine both are protoberberine alkaloids
that show anticancerous activity. Palmatine is a close structural
analogue of berberine that both bear the same tetracyclic structure
(7,8,13,13-tetrahydro 9,10 dimethoxy berberinium) but differ in the
nature of substitutes at position 2,3 on the benzo ring, where it is
dimethoxy for palmatine and methylene dioxy for berberine [32].

Free radicals, reactive oxygen species (ROS), and radiations
induce the DNA damage, including the oxidation, strand breakage,
and ionization which may lead to defects in the genes involved in
proliferation and cell signaling pathways that are crucial for tumor
growth and cancer progression, so antioxidants play a protective role
in preventing cellular damage due to oxidation [33,34]. Lipoxygenase,
xanthine oxidase, and cyclooxygenase (COX2) are the three
important enzymes that are responsible for generating the reactive
oxygen species in the cells and berberine has the ability to reduce
the activity of xanthine oxidase and COX2, which finally decrease
the level of reactive oxygen level in the cell. But sometime berberine
increases the amount of reactive oxygen species to induce several
apoptotic signaling pathways, including mitogen-activated protein
kinase (MAPK), extracellular signal-regulated kinase 1/2 (ERK1/2),
c-Jun N-terminal protein kinase (JNK) and Akt, as well as calcium-
dependent pathways. So these different effects of berberine, whether
it increases or decreases the cellular reactive oxygen species content,
depend upon the cell conditions and types. For example, berberine
induces reactive oxygen species production in prostate cancer cells,
but not in the normal epithelial cells. Berberine induces apoptosis and
inhibits cell proliferation in various cell lines derived from breast, lung,
colon, and liver cancer by different pathways: Fasdependent pathway
and p53-dependent pathway as follows.
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Conclusion

Chemopreventive natural agents have been part of folk medicine
for centuries due to possessing many health benefits, including being
potent analgesic, antibacterial, antiviral, antiparasitic, antioxidant,
and anti-inflammatory agent. Natural products are known to block
NFkB activity include catechins, silymarin, caffeic acid phenethyl
ester, sanguinarine, anethole, emodin, piceatannol, capsaicin, ursolic
acid, betulinic acid, flavopiridol, oleandrin epigallocatechin 3-gallate,
curcumin, quercetin, etc. Furthermore, plant medicines induce reactive
oxygen species production in cancer cells, but not in the normal
epithelial cells. They induce apoptosis and inhibits cell proliferation in
various cell lines derived from breast, lung, colon, and liver cancer by
different pathways.

Glossary

Cancer is a disease that is associated with genetic lesions and
epigenetic modifications. During oncogenesis and malignant cellular
transformation, DNA undergoes significant changes in methylation,
resulting in both activation and silencing of genes. Particularly genes
involved in cell cycle regulation, cell growth, and differentiation
are affected leading to uncontrolled expansion of cancerous cells.
Cancers are classified mainly in three groups, carcinomas, leukemias/
lymphomas, and sarcomas, based on their tissue origin during
embryonic development. About 90% of the cancers in humans are
malignancies of epithelial cells, the carcinomas. Leukemias and
lymphomas arise from the hematopoietic cells of bone marrow and are
responsible for roughly 8% of human cancers. Whereas leukemias tend
to proliferate as single cells, lymphomas grow as aggregates of tumor
cells. Sarcomas, which are relatively rare in humans (approximately
1%of total cancer cases), are solid tumors of connective tissues.
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