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Abstract

In spite of advance interventions and novel strategies, cancer is still one of the major causes of
mortality worldwide. The constant increase in cancer patients, failure of conventional
chemotherapeutics due to toxicity clearly demands an alternative approach. In past decades,
scientific community is engrossed in the discovery of new agents from natural sources. The
phytochemicals have recently gained the attention because of their potential to modulate
cascades of molecular mechanisms that governs the tumor growth and progression. The
protective effects of phytochemicals have gained attention due to less side effects and greater
safety index. The present review summarizes the perspective of the scientific evidences as well
as their potential druggability. The approach aimed to examine the current status of
phytochemical compounds currently used to treat cancer and their potential at a preclinical and
clinical level. It also addresses current challenges that lie ahead for their use. The methodology
adopted for this review was comparative analysis of the papers published in the areas of
antitumor plant-based products or plant compounds or dietary phytochemicals, anticancer
phytochemicals or anticancer herbs. The analysis involved papers published from 2010 to 2020

for the recent understanding.
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Introduction

Cancer is a significant public health problem worldwide and is the second leading cause
of death. Cancer is a large group of diseases that begin in any organ or tissue of the body when
abnormal cells grow wildly, go past their usual limits to attack connecting parts of the body
and/or spread to other organs. The latter process is called metastasizing and is a significant
reason of death from malignancy. A neoplasm and malignant tumors are commonly considered
for cancer. According to the World Health Organization (WHO), it is estimated that globally
9.6 million deaths occur due to cancer and its complications. Lung, colorectal, prostate, liver
and liver cancer are well known types of cancer in men, while breast, cervical, thyroid, lung
and colorectal cancer are well known among the women. The economic burden continues to
grow due to lack of proper health management systems. The current treatment options available
for treatments are chemotherapy and radiation therapy while sometimes surgical removal is
also opted. The major disadvantage due to the chemotherapeutics is relapse of cancer, drug
resistance and toxicity to the non-targeted tissues. These problems resist the use of the currently
available chemotherapeutics drugs as it ultimately impairs the quality of life. Therefore, there
is urgent need to search new lead anticancer agents with better potency and lesser
complications. There are many scientific evidences available which shows that natural
compounds are good sources for the development of new remedies for cancer.! There has been
investigation that floral kingdom consists of approximately 250000 plant species and nearby
10% have been researched for the cancer treatment.? The plant derived analogues are present
in different plant and have several pharmacological functions. There is wide research gap and
investigation is needed to identify the molecules involved in cell signaling network and better
assessment is needed in understanding their mechanism of action. Another research need is
dosage concentration and frequency of intake at human trials. However, an important research
need is testing in vitro dosage which are unachievable in human trials.®® Phytochemicals serve
as the promising candidate for the treatment of the cancer. For example, currently Taxol
analogues, Vinca alkaloids and podophyllotoxins analogues has been used for the treatment.
This paper aims to review the available biological actions of phytoconstituent in relation to
cancer treatments. It also attempts to investigate the current concerns of chemotherapeutics

being used in practice.
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Challenges and introspection into the current cancer treatment regimen:

There are three major aspects for clinical trials with phytochemicals: 1) adjuvant for chemo
and radiotherapy. 2) reduction of chronic side effects of chemotherapy, and 3) unwanted
interaction with chemo and radiotherapy. The array of compounds like berberine, curcumin,
epigallocatechin, quercetin, resveratrol and sulphorafane are currently in clinical trials on
various cancers. The major classes of plant-based anticancer compounds clinically used include
epipodophyllotoxin, camptothecin derivatives, vinca alkaloids, and taxane diterpenoids.
However, there still remains the key concern of poor solubility, poor penetration in target cells,
limited therapeutic potential and toxicity. In this regard, prodrugs, combination therapy with
conventional chemotherapeutics, synthetic metal analogues and nano-formulations could be
targeted to enhance the bioactivity. These major limitations can be overcome with the advent
of nanotechnology and micro-encapsulation of phytochemical for targeted delivery, longer
circulation period in the bloodstream and lesser side effects over free compounds. The
combinational approach with mixture/single of phytochemicals and chemotherapeutic drugs
induce synergistic effect and may be efficient at the lower dose compared to an individual drug
which increases toxicity in normal cells. The use of cholesterol/sphingomyelin liposomal
vincristine (Marigbo®) for the treatment of acute lymphoblastic leukemia was approved by
Food and Drug Administration (FDA).” Paclitaxel is considered to be a magic pill in
chemotherapeutic not only used as a single drug but combined with other anticancer drugs. The
hormone-refractory metastatic breast and prostate cancer is treated with Cabazitaxel
(Jevtana®) approved by FDA.2 These modifications in delivery system have increased
accumulation of drugs in target cells and improved their cytotoxicity. When docetaxel
combined with curcumin administered in mice having breast cancer showed reversal in drug
resistance.® Recently it has been reported that the gingerol increased the sensitivity of cisplatin

in gastric cancer and doxorubicin in liver cancer.10-!
An overview of Phytochemicals

Phytochemicals, or ‘plant chemicals’, are bioactive non-nutrient plant compounds that has
ability to interact with at least one component of a living tissue introducing enormous scope of
credible effects. They shield plants from destructive microorganisms and also from ultraviolet
(UV) irradiation and extreme temperatures. Additionally, birds and insects are attracted to

promote seed dispersal, pollination and germination. Phytochemicals are responsible for
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colours to plants and range of flavours both pleasant and unpleasant when consumed. They are
explicit to specific plants and parts of plants, and that they usually synthesis is increased during
stressful events. Phytochemicals additionally provide health benefits when plant or its part are
devoured. They consist of biomolecules essential for well-being (e.g., proteins, carbohydrates,
vitamins, and minerals) and other supplements (e.g., phenolic acids, flavonoids, and other
phenolics).*2 Phytochemicals are classified as primary metabolites and secondary metabolites.
Primary metabolites comprise of the common sugars, amino acids, proteins, nitrogenous bases
pyrimidines and purines, chlorophylls etc. Secondary metabolites include alkaloids,
flavonoids, steroids, terpenes, lignans, saponins, phenolics and glucosides. The detailed

classification is represented in Fig 1.
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Figure 1: Classification of Phytochemicals
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Role of Phytochemicals in cancer treatment

Plants are indispensable sources for anticancer drug development. Natural dietary
phytochemicals are broadly utilized in in vitro, in vivo, and preclinical cancer prevention and
treatment studies. In number of clinical trials have shown various degrees of success. Since
ancient times plants and their formulations are used for its probable effects. In any case, therapy
of plant-based compounds for the treatment of cancer can be followed back to 1950s. Some of
the very first anticancer agents derived from plants are vinca alkaloids such as vinblastine,
vincristine, and cytotoxic podophyllotoxins. Modern drug development program based on
Ayurveda and has acquired acknowledgement in present healthcare settings. Plant derived
natural products are nontoxic to normal cells and also better endured henceforth they have
acquired consideration for modern drug discovery. Alkaloids, flavonoids, phenolics, tannins,
glycosides, gums, resins and oils and their derivatives present in root, stem, bark leaf, and
flower perform many pharmacological functions in human systems. Vinblastine, vincristine,
taxol, elliptinium, etoposide, colchicinamide, 10-hydroxycamptothecin, curcumol, gossypol,
ipomeanol, lycobetaine, tetrandrine, homoharringtonine, monocrotaline, curdione, and
indirubin are astounding phyto molecules in this scenario.'® The extraordinary potential of
plant-based compounds for the treatment and counteraction of cancer is ascribed to their safety,
low cost, and oral bioavailability. However, a couple of plant-based compounds induce some
side effects. It also has been elucidated that phytochemical can modulate key cellular signalling
pathways from initiation to progression by targeting different stages. The exposure of
carcinogen at cellular, genetic and epigenetic levels triggers the multistep carcinogenesis
process. The initial uptake of carcinogenic agent and its assimilation in tissues where its
activation and detoxification occur, interaction with the DNA, results in genetic damage and
transformation into neoplastic cells.'* The tumour promotion on other hand is relatively
expanded proliferation of cancerous cells regulated by mediators of cell signalling pathways
like receptors, regulatory proteins, kinases and cyclins. The tumour promotion on other hand
is relatively expanded proliferation of cancerous cells regulated by mediators of cell signalling
pathways like receptors, regulatory proteins, kinases and cyclins. The final stage is progression
of neoplastic transformation characterized by metastatic potential and migration to the distant
location in the body. Thus this bidirectional communication between cells and their secondary
sites serve as one of the promising target for the action of phytocompounds.*® For instance, to

name a few dietary phytochemicals like quercetin from onion, apple, lemon, Epigallocatechin
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from green tea, genistein from soya bean, caffeic acid from coffee, resveratrol from red grapes,
berries, Indol-3-carbinol from cruciferous vegetables have been proved in extensive range of
anti-proliferation, cell cycle blockage, DNA repair alterations, apoptosis induction, free radical
scavenging, anti-inflammation, activation of tumour suppressor genes, suppression of
oncogenes, regulation of growth factors and hormones and inhibition of invasion, angiogenesis
and metastasis.'® The molecular connection between the phytochemicals and regulatory check
points of cancer progression is illustrated in the fig.2. Several crude phytochemicals which are
obtained from medicinal plants and has multifactorial effects on the many types of cancer are

as depicted below.

Important phytochemicals and their effect on types of cancer:

1. Andrographolide

Species: Andrographis paniculata

Andrographolide is one of the diterpene lactone found in the Andrographis paniculata which is
reported to exert the anti-proliferative activity on various human cancer cells.!” The anti-cancer
activity is modulated through cell-cycle arrest by induction of p27 accompanied with decrease
in cyclin dependent kinase 4 (CDK4) expression. Further, the immunomodulatory activity was
reported by increase in cytokine levels and enhanced natural killer cell activity. These
demonstrate  andrographolide as an opportunistic pharmacophore with potent
anticancer/immunomodulatory activity.'8

2. Berberine

Species: Berberis vulgaris

Berberine is a benzylisoquinoline alkaloid present in the roots, rhizomes, stem and bark of B.
vulgaris. Berberine has multifaceted role like cell cycle arrest, autophagy, inhibition of cell
invasion and metastasis, regulation in tumour microenvironment and immunomodulatory
activity.'® Also it has been demonstrated in vivo levels of catalase and glutathione peroxidase
enzymes increased which proves berberine as a potent anti-oxidant.?°

3. Crocetin

Species: Crocus sativus

Crocetin is a diterpenoid and natural carotenoid found in crocus flower. There are reports which
shows that crocetin have significant effect on Breast, Cervical, Colorectal, Leukemia, Liver,

Lung, Pancreas, Skin.?! Crocetin exert anti-proliferative, anti-apoptotic, and decrease the
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activity of RNA and DNA polymerase. It also decreases the lipid peroxidation with
concomitant increase in GST, catalase and superoxide dismutase.?>?

4. Curcumin

Species: Curcuma longa

Curcumin is polyphenol extracted from rhizome of Curcuma longa also known as turmeric.
Several studies demonstrated curcumin’s anti-cancer activity on leukemia, breast, gastric,
pancreas, colorectal, prostate, cervical, liver and lung.?* The curcumin mainly exerts its activity
by prompting apoptosis and restraining proliferation and invasion of tumors by suppressing
cellular signalling pathways like including Wnt/p-catenin, PI3K/Akt, JAK/STAT, MAPK, p53
and NF-xB.%»

5. Aloe emodin

Species: Aloe barbadensis

Aloe emodin is dihydroxyanthraguinone present in sap of aloe vera. It exhibits an array of
deleterious effect on cancers like ovary, colorectal carcinoma, gastric carcinoma, liver, glioma,
leukemia, breast, small cell lung cancer including reduction in cell viability, induction in cell
cycle arrest, apoptosis, cell cycle arrest through downregulation of cyclin dependent and
independent kinase. Additionally, emodin related compounds also served as adjuvants with
chemotherapy in treatment of certain cancers.?6-?’

6. Magniferin

Species: Mangifera indica

Magniferin is xanthoid present in the peel, stalks, leaves, barks, kernel, and seed of mango
fruit. Magniferin showed anti-proliferative effect on breast, prostate, pancreas, lung, colon,
leukemia and cervical cancer.?® Further it causes cell cycle arrest at G2/M phase accompanied
with the inhibition of expression levels of proteins like ATR, Chk1, Weel, Akt, and Erk1/2. It
also relieves the oxidative stress, suppress metastatic potential, decrease the expression of
MMP-7 and 9, and inhibit b-actin pathway by reversing epithelial-mesenchymal transition
(EMT).2

7. Plumbagin

Species: Plumbago zeylanica

Plumbagin is a naphthoquinone isolated from roots of Plumbago zeylanica. There are reports
which demonstrated the role of Plumbagin against gastric, breast, melanoma, promyelocytic
leukemia cancer. It has been reported that plumbagin suppress malignant activity of tumour
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cells through cascade of mechanism such as the inhibition of growth, invasion, metastasis and
anti-angiogenesis.®® Flow cytometric analysis of human cancer cell lines revealed that
Plumbagin arrest cell cycle at G1 phase with concomitant inhibition of cyclin D1, cyclin E, and
upregulation of p53.3!

8. Piperine

Species: Piper longum

Piperine is an alkaloid transcendently found in the fruits and roots of Piper longum. Black
pepper has been exploited as king of spices in Indian system of medicine for various ailments.®2
Piperine not only exhibits anti-proliferative activity but also regulates the fundamental proteins
involved in the cancer progression. Piperine inhibits cell proliferation via cell cycle arrest,
triggers reactive oxygen species production which in turn activates intrinsic and extrinsic
apoptosis pathways. Piperine at the molecular level block the Akt phosphorylation leading to
inhibition of angiogenesis and vascular endothelial growth factor (VEGF).*

9. Epigallocatechin

Species: Camellia sinensis

Epigallocatechin (type of catechin) is a polyphenol extracted from tea plant. The
epigallocatechin mediates the anti-cancer activity via inhibition of nuclear factors associated
with the inhibition of migration, invasion and angiogenesis. It has dual function of anti-oxidant
and pro-oxidant potential which modulates the production of reactive oxygen species leading
to epigenetic modification, regulation of histone acetylation and upregulation of apoptosis.3+3°
10. Resveratrol

Species: Vitis vinifera

Resveratrol is trans-stilbenoid polyphenol present predominantly in grapes but also found in
mulberries, blueberries, cranberries and peanut. Resveratrol activates apoptotic pathways
which includes increase in levels of Bax and decrease in levels of Bcl-2 and cyclin D1. In
addition to this it regulates cell differentiation, DNA repair, cell cycle arrest, autophagy,
angiogenesis and metastasis.®® It also modulates the balance of cyclins as well as cyclin-
dependent kinases (CDKSs) which inhibits cell cycle at GO-G1 phase. It activates the STAT3
which promotes the proliferation, survival, invasion, angiogenesis, and metastasis of tumour

cells.?”
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Phytochemical

Type of cancer

Biological action

Andrographolide®-°

Breast, Liver, Lung,

Ovarian, Cervical

suppression of heat shock protein 90,
cyclins and cyclin-dependent kinases,
metalloproteinase and growth factors, and
the

induction of tumour suppressor

proteins p53 and p21.

Colorectal, Leukemia,
Liver, Lung, Pancreas,
Skin.

Berberine**-42 Breast, Liver, Lung, | Caspase activation; ROS production,
Ovarian, Cervical, | Cytochrome ¢ release; Bcl-2/Bcl-xL
Prostate, decrease, COX-2 downregulation
Colorectal

Crocetin*-4 Breast, Cervical, | suppression of Bcl-2 and up-regulation of

Bax expression,

Curcumin?6-48

Blood, Breast, Gastric,
Pancreas, Colorectal,
Prostate, Cervical,

Liver, Lung, Skin

interfere with multiple cellular signalling

cascades including Wnt/B-catenin

signalling, 3-kinase

(P13K)/protein kinase B (Akt) pathway,

phosphoinositide

Janus kinase (JAK)/signal transducer and
(STAT)
mitogen-activated

activator  of  transcription
signalling pathway,
protein kinase (MAPK) pathway, p53
signalling and nuclear factor-xB (NF-kB)

pathway

Aloe emodin?°-0

Ovary, Colorectal
carcinoma, Gastric
carcinoma, Liver,

Glioma, Blood, Breast

cell cycle arrest through downregulation
of cyclin dependent and independent
kinase and suppression of Bcl-2 and up-

regulation of Bax expression

Magniferin®

Breast, Liver, Lung,
Blood, Prostate, Brain,

Gastric, Kidney

down-regulation of inflammation, cell
cycle arrest, reduction of
proliferation/metastasis, promotion of
apoptosis in  malignant cells and
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protection against oxidative stress and
DNA damage.

Plumbagin®2->*

Breast, Liver, Lung,
Blood, Prostate, Brain,

Gastric, Kidney

Cell cycle arrest, DNA damage, apoptosis,

and suppression of telomere and

telomerase  activity, inhibition  of
proteasome, Inhibition of COX-2 and

STAT3 signalling pathway

Piperine®>-

Breast ,Lung, Prostate,

induction cell cycle arrest, increased cell

Pancreatic, Ovary,
Oral, Prostate, Blood,
Colorectal,

cervical, Ovary, | apoptosis, disruption of redox
colorectal homeostasis, inhibition of angiogenesis,
modulation in stress, and autophagy,
influence on the Wnt/B-catenin and
inhibition of PI-3K/Akt signalling
pathways.
Epigallocatechin®’-® | Breast, Lung, | induction of apoptosis, inhibiting NF-xB

activation and downregulate the key genes
associated with
metastasis and

angiogenesis, tumour

survival.

Resveratro|>?-60

Breast, Colon, Liver,

Lung, Prostate, Blood

induction cell cycle arrest, increased cell
apoptosis, inhibition of COX-2 and

STAT3 signalling pathway

Table 1: Summary of phytochemicals used in cancer treatment.
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Figure 2: Phytochemicals alterate the key signalling pathways of cancer from initiation

to progression.
Conclusion and Future perspective:

The high biodegradability and biocompatibility of phytocompounds have open the new
avenues in cancer therapy. The phytochemicals can be categorized as signalling molecules and
imposition of serving as phyto-chemotherapeutics is still needed to be investigated. The
phytocompounds could be combined with the conventional therapies to enhance the potency
and prevent tumour recurrence after achieving a successful treatment. The pleotropic properties
of Phyto agents can be considered as pioneering adjuvant line of action that can be in
combination with chemotherapeutics. In conventional approach of research, efficacy of
phytochemicals is evaluated in vitro and then in vivo followed by mechanistic studies. This
screening only suffices the cytotoxic effect on cancer cells. To overcome these limitations, the
approach should be developed to predict the pharmacological activities by using OMICS
analyses. Although there are many known phytochemicals having cytotoxic effects, but the
exact molecular/cellular targets and systematic mechanisms for many of them is questionable.
With the advancement of bioinformatics, the in-silico approaches to study the
pharmacokinetics properties of molecules should be opted. So due to large scale use of
traditional healthcare products and their demand by humans, it is very essential to scrutinize

different formulations for anticancer therapy in vitro as well as in vivo.
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Glossary:

e Neoplasm- an abnormal growth of tissue caused due to rapid cell division. It is also
known as tumour.

e Malignant tumors- cancerous tumor

e Chemotherapeutics- drugs for treatment of cancer.

e Adjuvant- substance which help or aid to increase the potency of the drug.

e Alkaloid- a class of naturally occurring heterocyclic nitrogen bases in plants having
pharmacological effects.

e Flavonoids- a class of complex polyphenolic compounds naturally present in plants.

e Terpenoids- also known as isoprenoids.

e Tannins- water soluble polyphenol naturally present in plants.

e Apoptosis- It’s a programmed cell death.

e Metastasis- It’s a process through which cancer cells spreads to other body parts.

e Adenoma- structurally unorganized neoplasm consisting of fibrous, glandular and fat
tissues.

e Carcinoma- most common type of malignancy starts at inner or outer epithelium of

the organs.
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