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CANCER is a serious concern right away which severely affects the mankind.  Recently, 
the centre of interest of pharmaceutical industry is to develop newer drug molecules with 

very less or no toxicity to prevent and cure this life-threatening disease. Nature is the origin of 
remedies for human. Natural therapeutic agents brought a great change in recent drug market, 
as these are simple, safer, eco-friendly, low-cost, and less toxic in respect to commonly using 
drugs. Natural anticancer agents are selective in their functions and targetfully act on tumor 
cells without having any effect on normal cells. Cancer is a complex phenomenon which 
requires many signaling pathways. Natural therapeutic agents are the appropriate candidates 
to develop anticancer drug on account of their pleiotropic actions on target events with diverse 
manners. In this review we have collected a basket, flooded with latest information (2010-2020)  
on prevention and treatment of cancer with several products from nature, such as phytohemical 
(artemisinin, parthenolide, thapsigargin, curcumin, resveratrol, quercetin, coumarin, calcitriol, 
capsaicin, fisetin,  evodiamine, boswellic acid, betulinic acid, deoxyelephantopin), plant 
(Rosmarinus officinalis L., Aloe vera, Olea europaea), functional foods (pomegranate, mango, 
amla, garlic, ginger, broccoli, mushroom, green tea, coffee, honey), textile and marine product  
based on their mechanism of action. 
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Introduction:                                                                                     

A severe metabolic syndrome is the leading cause 
of uncontrolled proliferation and adaptation of a 
normal cell, called cancer. It is the foremost cause 
of mortality and morbidity; after cardiovascular 
disease it is in the second risk factor to death in 
the world. The number of cases was assessed 9.6 
million deaths, or one in six deaths, in 2018 and 
the cases are repeatedly growing approximated 
to be 21 million by 2030 [1-5].  Some of 
the cancers that most often affect men are lung, 
prostate, colorectal, stomach and liver cancer, 
while in case of women that are breast, colorectal, 
lung, cervical and thyroid cancer. Among these, 
specifically, lung cancer in men and breast cancer 
in women is reported to be the most common 
[5,6]. A lot of external and internal factors such as 
radiation, smoking, pollutants, food, chemicals, 

certain metals, infectious agents, genetic mutations, 
hormones and immune conditions can generate this 
severe disease [7]. Cancer cells have potential of 
invasion and angiogenesis and also to overcome 
the apoptosis [8]. Cancer stem cells (CSCs), a 
small subset of tumor are capable for inducing 
tumorigenesis. These CSCs exhibit high resistance 
to the therapy and even grow after treatment [9]. 

Chemotherapy, radiotherapy, immunotherapy 
cancer vaccinations, photodynamic therapy, 
stem cell transformation and chemically 
derived epigenetic drugs are the gold standard 
approaches for the treatment of cancer worldwide 
[10, 11]. But, patients associated with these types 
of treatment undergo several side effects such as 
alopecia, nausea, vomiting, limited bioavailability, 
diarrhoea, constipation, anemia, a weakened 
immune system, neutropenia, weakness etc [12,13]. 
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Due to these side effects of standard therapies 
which are in practice for the treatment of various 
cancers, an alternative green approaches are the 
centre of interest nowadays for the prevention and 
treatment of cancer by utilizing several natural 
products from plant source, food and marine 
source [14-16]. Sesquiterene lactone triterpenoid, 
polyphenol, flavonoid, bioflavonoid, coumarin, 

indole, quinolone and many more obtained from 
natural sources are the most important nucleus 
for the prevention and treatment of cancer. A lot 
of natural therapeutic compounds bearing these 
nucleuses have been examined in searching of 
novel anticancer agents with less or no toxicity and 
few of them are in clinical trial also. 

Phytochemicals that fight cancer:

                    Thapsigargin                                                                                        Artemisinin

                                       Curcumin                                                                                            Parthenolide

                            Resveratrol                                                                                              Quercetin

                           Fisetin                                                                                                      Evodiamine  

                            Capsaicin                                                                                                Daphnetin
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                         Calcitriol                                                                                        Boswellic acid

Betulinic acid                                                             Deoxyelephantopin

Fig.1: Phytochemicals used in cancer therapy

(i) Artemisinin: Artemisinin, an antimalarial 
drug, wined Nobel Prize for its anticancer 
activity in 2015. It is a sesquiterpene 
lactone derived from a Chinese herb, sweet 
wormwood (Artemisia annua L. belonging 
to the family Asteraceae). Artemisinin and 
its semisynthetic derivatives including 
artesunate, artemether and dihydroartemisinin 
exihibit highly selective and potent cytotoxic 
activity against wide range of cancer cell type 
both in-vitro and in-vivo (17). Artesunate 
(Succinyl dihydroartemisinin) shown great 
restraining response against leukemia, colon, 
melanoma, breast, ovarian, prostate, central 
nervous system, and renal cancer cells and 
Dihydroartemisinin has also satisfactory 
antineoplastic activity against pancreatic, 
leukemic, osteosarcoma, and lung cancer 
cells according to National Cancer Institute 
(18). Artemisinin induced apoptosis through 
the mitochondrial pathway, with intracellular 
heme (Fe2+ protoporphyrin IX) as the molecular 
target and prohibited the DU 145 and PC-3 
human prostate carcinoma cell growth 
(19,20). The structure-activity relationship 
(SAR) study indicated that the endoperoxide 

group of Artemisinin is important for its 
cytotoxic action (21). Recently, Artesunate 
has entered in phase II trials against non-small 
cell lung cancer, colorectal cancer, metastatic 
uveal melanoma, and laryngeal squamous cell 
carcinoma (22)

(ii) Parthenolide: The plant-derived multifunctional 
sesquiterpene lactone, parthenolide is the 
active component of Tanacetum parthenium 
L. belonging to the family Asteraceae, 
repressed proliferation and eliminated several 
cancer cells by inducing apoptosis (23). The 
underlying molecular mechanisms were 
proposed for the anti-cytotoxic effect of 
parthenolide including suppression of NFκB 
activation, inhibition of STAT3, reduction of 
MAPK activity and sustained activation of 
JNK, activation of p53, inhibition of nucleic 
acid synthesis, induction of oxidative stress, 
induction of mitochondrial dysfunction etc 
(24). Proliferation, invasion and tumor induced 
angiogenesis of glioblastoma cells repressed 
by this natural molecule. Parthenolide reduced 
Akt phosphorylation and mitochondrial 
apoptotic signaling by inhibiting NF-κB 
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(25). Some parthenolide analogues with high 
cytotoxicity against T cell leukemia, mantle 
cell lymphoma, adenocarcinoma cells,and 
neuroblastoma cells were reported (26). 
Dimethylamino-parthenolide was used in 
phase I trial for the treatment of leukemia and 
other blood cancers (27)

(iii)Thapsigargin: The plant Thapsia 
garganica L. is the source of thapsigargin, 
a sesquiterpene lactone. Thapsigargin and 
its analogues were exhibited anticancer 
activity by inhibiting sarcoplasmic reticulum 
Ca(2+)-ATPase via of apoptotic pathways 
(28). Mipsagargin [8-O-(12-dodecanyl)-8-
O-debutanoylthapsigargin], a prodrug of 
thapsigargin has completed phase II clinical 
trial against the treatment of liver cancer and 
glioblastoma or, brain tumors (27,29).

 (iv) Curcumin: A nutritious and medicative agent, 
curcumin (diferuloylmethane), a polyphenol, 
derived from the rhizomes of Curcuma longa 
Linn. belonging to the family Zingiberaceae, 
which frequently known as turmeric. Curcumin 
possessed tremendous anti-tumorigenic effect 
and inhibited the cancer cell migration and 
invasion by manipulating several signaling 
pathways. During epigenetic modifications 
curcumin inhibited the acetylation of histone 
proteins and DNA methylation process by 
altering DNA methyltransferase activity 
(30). At 10μM dose curcumin supressed 
the migration and invasion of 801D lung 
cancer cells, this was induced by epidermal 
growth factor. The inhibition of Rac1/PAK1 
signaling pathway and the reduced MMP-
2 (matrix metalloproteinase-2) and MMP-
9 (matrix metalloproteinase-9) expression 
was responsible for anti-metastatic effect on 
these cells (32). Curcumin shown the anti- 
vasculogenic mimicry ability in liver cancer 
cell by down-regulating the Akt (or Protein 
Kinase B) and STAT3 (Signal transducer and 
activator of transcription-3) pathways (33).  
It played important role to suppress several 
cancer cells such as colorectal, breast, prostate, 
bone, nasopharyngeal, brain and nervous 
system. Curcumin manifested its numerous 
anti-cancer properties in-vitro, ex-vivo and in-
vivo as well as in clinical trials by regulating 
a variety of biological pathways involved in 
tumor invasion, metastasis and angiogenesis.

(v) Resveratrol: A natural polyphenolic 
phyloalexin, resveratrol (3,5,4’-trihydroxy-
trans-stilbene) particularly found in the skin 

or peel of grapes (Vitis vinifera), peanuts, 
berries and red wine. In a study, resveratrol 
was extracted from the roots of Polygonum 
cuspidatum and shown its activity as a 
chemopreventive agent (33). It was found 
that resveratrol prevent the conversion of 
procarcinogen to carcinogen (34). Via different 
signaling molecules resveratrol and its two 
derivatives (acetyl-resveratrol and polydatin) 
shown the antigrowth activity against 3D 
cell aggregates of the EGF-R/Her-2-positive 
and -negative ovarian cancer cell lines 
(35). Resveratrol inhibited tumorogenesis 
by hindering KRAS (a proto-oncogene) 
expression in a KRAS-activated sporadic 
colorectal cancer mouse model (36). It also 
serves its chemopreventive action in A549 
lung cancer cell by prohibiting the induction 
of cell attachment, invasion and migration, 
mediated by TGF-β1 (37). Resveratrol and 
quercetin (RQ) in combination (1:1 ratio) 
decreased the generation of reactive oxygen 
species (ROS) induced caspase-3-cleavage 
(2-fold), increased PARP cleavage, reduced 
the expression of Sp1, Sp3, and Sp4 mRNA 
in HT-29 colon cancer cells. RQ obstructed 
growth of Human leukemia cells (38).

(vi) Quercetin: The most abundant bioflavonoids, 
quercetin (3,3′,4′,5,7- pentahydroxy-flavone), 
present in various nutritive vegetables, fruits 
and beverages like broccoli, red onions (Allium 
cepa), citrus,  peppers, kale, spinach, berries, 
apples, grapes, black tea, green tea, red wine.  
Quercetin inhibited neoplastic cell growth 
by decreasing the oncogene expression, 
induction of malignant cells apoptosis and 
restraining angiogenesis (39,40). Quercetin 
suppressed the maturation of HepG2 cells 
and generated apoptosis by taking part in 
cyclin D1 regulation (41). It has been reported 
that quercetin inhibitd the cytochrome P450, 
which can activate numerous suspected  
human carcinogens (42). It shown remarkable 
inhibitory activities on the growth of 
cancerous cells in breast, hepatic, ovarian, 
gastric, colorectal, endometrial cancers and in 
leukemia (43).

(vii) Coumarin: Coumarins belonging to benzo-
α-pyrone chemical class and found in higher 
plants, essential oils (e.g. cinnamon bark oil, 
cassia leaf oil, lavender oil etc) possesses 
anti-tumor activity (44). 5-geranyloxy-
7-methoxycoumarin derived from Citrus 
aurantifolia L. (Rutaceae) induced apoptosis 
via stimulation of tumor repressor gene p53, 
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caspase 8/3 and prohibition of p38 MAPK 
phosphorylation for blocking the proliferation 
of SW-480 cell (human colon cancer cell) 
(45). Osthole, a coumarin derivative, 
isolated from the fruit of Cnidium monieri 
(L) Cuss and Angelica pubescens shown its 
anticancer activity by inhibiting Akt/NF-κ 
B signaling pathway, which promotes G2/M 
arrest and apoptosis in HCC tumor cells (46). 
Daphnetin, a coumarin derivative, exhibited 
anti-neoplastic activity by depressing the Akt/
NF-κ B signaling pathway leads to induction 
of apoptosis to inhibit the proliferation of 
A549 human lung adenocarcinoma cells (47).

(viii) Calcitriol: The biologically active 
metabolite of vitamin-D, commonly named 
as calcitriol, a steroid like molecule, found 
in oily fish and egg yolk,  possessed various 
biological phenomenon like induction of 
apoptosis, modulation of the immune system, 
inhibition of inflammation and prevention of 
cell proliferation by binding to the nuclear 
receptor and modulating gene expression 
(48,49). The elementary non-genomic 
mechanism of action of calcitriol include 
activation of signalling systems such as the 
phospholipase C, the phosphatidylinositol-3 
kinase (PI3K) and the mitogen-activated 
protein kinases (MAPK) pathways, rapid 
generation of second messenger molecules 
such as Ca2+ and cyclic AMP and modulating 
Ca2+ channels are responsible for giving the 
anticancer activity (50). Inecalcitol is an 
epi-analogue of calcitriol, shown to be more 
potent than calcitriol in reducing tumor cell 
growth and inducing apoptosis in different 
models of breast cancer, prostate cancer and 
squamous cell cancer. In the squamous cancer 
model, inecalcitol exhibited effect via caspase 
3 and 8/10-induced apoptosis (51,52).

(ix) Capsaicin: Capsaicin is the major spicy 
component in chili peppers that are 
consumed as a spice. Capsaicin (trans-
8-methyl-N-vanillyl-6-nonenamide) is a 
homovanillic acid derivative as well as a 
alkaloid, exihibited anticancer, analgesic, 
antioxidant, anti-inflammatory, anti-obesity 
activities widely (53). Via down-regulation 
of the phosphoinositide 3-kinase (PI3K) 
signaling pathway along with reduction in 
RAS related c3 botulinum toxin substrate 1 
(RAC1), capsaicin significantly suppressed 
the migration of melanoma cells (54). In 

prostatic cancer, capsaicin inhibited NFκB 
signaling route as a radio-sensitizing agent 
and promoted the secretion of TNF-α-
stimulated IL-6 in PC-3 cells and via TRPV1, 
ERK, PKC-a, PI3K/Akt activation it induced 
the expression of IL-6 (55,56). It is active over 
several types of cancer such as lung, colorectal 
and gastric cancer.

(x) Fisetin: A naturally occurring flavonoid, 
fisetin (3,7,3´,4´-tetrahydroxyflavone) is a 
polyphenol and abundantly found in fruits 
and vegetables such as apple, strawberry, 
grape, kiwi, cucumber and onion that has an 
interesting chemopreventive property (57). 
Recently sereval clinical and preclinical 
studies shown that fisetin inhibited cell 
proliferation, migration and invasion, and 
induced apoptosis in various cancers such as 
colon cancer, lung cancer, nasopharyngeal 
carcinoma, prostate cancer, bladder cancer and 
cervical carcinoma. It also inhibited micro-
ophthalmia associated transcription factor 
(MITF) in melanoma cells. Via modulation 
of the MAPK and NF-κB pathways, fisetin 
restrained invasion of melanoma cells (58). 
Fisetin induced apoptosis in HCT-116 cancer 
cells via downregulation of HSP70/BAG3 
followed by significant reduction of the 
amounts of Bcl-2, Bcl-xL and Mcl-1 proteins 
(59).

(xi) Evodiamine:  A natural quinolone alkaloid, 
evodiamine is the active constituent of 
the fruit of Evodia rutaecarpa Bentham, 
a herb belonging to the family Rutaceae, 
traditionally used in China. This bioactive 
compound exhibited good anti-tumor 
property (60).  Evodiamine showed the most 
tenacious cytotoxic effect againest human 
hepatoblastoma and colon cancer cell lines. 
Recently, it played a great role in prevention 
of human papillary thyroid cancer, breast 
cancer and leukemia (61,62). It has been 
reported that evodiamine decreased thyroid 
tumorigenesis via suppressing PI3K/AKT 
(Phosphoinositide-3-kinase/Protein kinase 
B) pathway (63). Evodiamine decreased 
metastatic growth in MDA-MB-231 (triple 
negative breast cancer cell line) breast 
cancer cell (64). By suppression of JAK2/
STAT3 pathway evodiamine reduced the 
MMP3’s (matrix metalloproteinase-3) 
expression in HCT-116 human colorectal 
cells (65).
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(xii) Boswellic acid: A pentacyclic triterpenoid, 
boswellic acid is the chief constituents of 
Boswellia serrata belonging to the family 
Burseraceae, shown its activity against 
cancer cells via numerous mechanisms that 
include apoptosis and cell cycle arrest. By 
inhibition of PI3K/AKT signalling pathway 
and G2/M cell cycle arrest in a concentration-
dependent manner boswellic acid exerted its 
cytotoxic activity in HCT-116 colon cancer 
cells (66). It also reported that boswellic acid 
nanoparticles formulation caused apoptosis 
and DNA fragmentation and given promising 
anti-cancer effect (67). Via suppression of 
cyclin D1 cdk4 expression and activation 
of Akt and Erkl1/2 boswellic acid shown its 
anti-proliferative and pro-apoptotic activities 
against pancreatic tumours (68).

(xiii) Betulinic acid: A pentacyclic lupane-
type triterpenoid, betulinic acid, occurred 
in animal, fungi and plant. Betulinic acid 
and its derivatives shown antiproliferative 
activity by inducing apoptosis via affecting 
the mitochondrial membrane permeability 
and enhancing the release of cytochrome c 
[69,70]. As seen from various investigations 
that the treatment of 5-flurouracil (5-FU) with 
BA induced apoptosis in ovariancancer cells 
OVACAR 432 by mitochondrial pathway 
[71]. Betulinic acid arrested tumour growth 
and decreased the tumour size by reducing 
the expression of mRNA of Sp transcription 
factors in nude mice with xenografted MDA-
MB-231 brest cancer cells [72]. In another 
study, it was reported that BA in combination 
with vincristine suppressed lung metastasis of 
murine melanoma B16F10 cells in C57BL/6 
mice (73)

(xiv) Deoxyelephantopin: One of the major 
sesquiterpene lactone of Elephantopus scaber, 
deoxyelephantopin (DET), exhibted cytotoxic 
activity against varuous cancer cell lines and 
malignant tumors in different in vitro and in 
vivo studies. It also demondtrated  cytotoxicity 
against human breast cancer cell lines (74). 
In nasopharyngeal carcinoma cells, DET 
triggred Akt and Mitogen-activated protein 
kinase (MAPK) signalling pathways (75). Via 
inducing apoptosis through multiple signaling 
pathways, DET inhibited HCT116 human 
colorectal carcinoma cell growth (76). 

Plants that fight cancer
(i) Rosmarinus officinalis L.: It has been observed 

that Rosmarinus officinalis L. (rosemary) 

extract and its polyphenols carnosic acid 
and rosmarinic acid found to have potent 
anticancer effects (77,78). Via upregulation of 
PARP cleavage and modulation of TYMS and 
TK1, rosemary extract exhibited its immense 
activity against colon cancer by decreasing 
the cell proliferation and inducing apoptosis. 
Rosemary extract has shown a synergistic 
effect with 5-fluorouracil, a chemotherapeutic 
drug (79). It has been reported that rosemary 
extract dissolved in olive oil interestingly 
reduced the tumor size in HCT116 colon 
cancer in mice through increasing the Nrf2 
and sestrin-2 expression (80).

(ii) Aloe vera: Aloe vera has been used as a 
traditional herbal remedies for its curative 
properties for various biological activities 
including anti-tumor, purgative, anti-microbial, 
anti-inflammatory and anti-diabetic activities 
(81). Aloesin, an active constituent of aloe 
caused downregulation of cyclin A, CDK2 and 
cyclin D1 and suppression of MAPK signaling 
pathway, hence induced apoptosis in ovarian 
cancer (82). Another bioactive component of 
aloe vera, aloe-emodin, inhibited proliferation 
of human monoblastic leukemia (U937) cells 
through increased ROS and NO (Nitric oxide) 
production 8(3). It was found that aloe vera 
gives synergistic effect in combination with 
chemopreventive drug named cisplastin 
by inducing apoptosis in human breast and 
cervical cancer cells (84).

(iii) Olea europaea: Extra virgin olive oil from 
Olea europaea was found to have anticancer 
effect in human colon cancer by inducing 
apoptosis through metastasis and cell death 
(85). An olive flavanoid named apigenin 
prohibited the proliferation by downregulation 
of GLUT1 expression in prostate cancer (86). 
Several evidence has demonstrated that the 
bioactive constituent of olive i.e. oleuropein 
suppressed the oestrogen activated ERK1/2 
signaling pathway in MCF-7 breast cancer 
cell lines and restrained cell proliferation via 
modulation of  NF-𝜅B (87). Another olive 
component, luteolin was found to have anti 
tumor activity in prostate cancer of mice (88).

Functional foods that fight cancer:
(i) Pomegranate (Punica granatum): A nutritious 

fruit, pomegranate belonging to the family 
Lythraceae, is grown in various parts of the 
world, including Iran, India and America, 
was effective in treatment of cancer, diabetes, 
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Camellia sinensis

Fig. 2: Plants and plant sources with anticancer activity
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ulcer and anemia. Pomegranate potentially 
shown cytotoxic activity by promoting 
apoptosis in breast cancer cells (89). Several 
studies reported that pomegranate fruit 
extract inhibited proliferation via reduction 
of STAT3 phosphorylation and downstream 
regulation of NF𝜅B signaling pathway 
(90,91). In both, A549 and H1299 lung cancer 
cell lines, punicalagin, an active constituent 
of pomegranate peel, reduced DNA adduct 
formation hence proliferation prohibited (92).

 (ii) Mango (Mangifera indica): The most exotic 
and juicy fruit mango abundantly found in 
worldwide contains bioactive compound 
mangiferin which shown its promising activity 
against cancer (93). Recently, it was found 
that mango kernel extract accelerated the ROS 
production hence promoted apoptosis and cell 
growth inhibition via modulation of p53 tumor 
suppressor protein in MCF-7 breast cancer cell 
lines (94). It also reported that mangiferin, the 
chief constituent of mango, inhibited tumor 
necrosis factor (TNF) and shown its cytotoxic 
effect in cervical cancer. Mango exhibited 
synergistic effect with the chemopreventive 
drugs such as paclitaxel and cisplastin (95).

(iii) Amla (Phyllanthus emblica): Amla, a 
traditionally used Ayurvedic wonder berry, 
reported to possess various pharmacologicl 
activities such as antipyretic, analgesic, 
gastroprotective, antianemia, cardioprotective, 
hepatoprotective, neuroprotective and 
specifically acted as radiomodulator, 
chemomodulator and immunomodulator that 
are advantageous in the prevention of cancer 
(96). Several studies found the potent anti-
tumorigenic effect of amla extracts against 
numerous cancer both in-vitro and in-vivo (97). 
Recently, flowcytometric results demonstrated 
the underlaying mechanism of amla fruit 
extract, which could possibly arrest the cell 
cycle at the G0/G1, S or G2/M phase and 
promoted cell apoptosis in human colorectal 
cancer (HCT-116) and neuroblastoma cell 
lines (98). Via downregulation of  HPV 
(human papillomavirus) gene expression and 
repression of AP-1(activator protein-1), amla 
fruit extract strongly exhibited the anti cancer 
activity over cervical cancer cells (99).

(iv) Garlic (Allium sativum): For thousands of 
years garlic used as spice and has been shown 
its medicative properties and used globally 
in various kinds of diseases together with 
cancer as a natural remedy, the beneficial 
effects include antifungal, antimicrobial, anti-
diabetic, anti-thrombic, immunomodulator 

(100). Garlic contains many bioactive 
compounds such as allicin, alliin, ajoene, 
diallyldisulfide, diallyltrisulfide.  Among 
wich allicin exhibited chemopreventive 
effect to gastric cancer by decreasing the 
growth of cancer cells at G2/M phase via the 
caspase-dependent/-independent pathway 
(101). Alliin was found to suppress VEGF 
(vascular endothelial growth factor) and 
fibroblast growth factor 2- (FGF-2) induced 
tube formation and angiogenesis in HUVEC 
(human umbilical vein endothelial cell) 
(102). Diallyltrisulphide, the most bioactive 
constituent of garlic inhibited the cell growth 
via increasing the levels of intracellular ROS 
(Reactive Oxygen Species) and damaging the 
DNA and also induced endoplasmic reticulum 
stress as well as mitochondria-mediated 
apoptosis in human melanoma A375 cells and 
basal cell carcinoma (103). Via stimulation of 
peroxide production, activation of caspase-3 
and caspase-8, ajoene (secondary metabolite 
of garlic) induced apoptosis in human 
leukemic cells (104).

(v) Ginger (Zingiber officinale): The major 
constituents of ginger, a spice, are gingerols, 
zingerones, shogaols, and erumbone exerted 
promising effects in several cancer cell lines 
(105). By suppression of  cyclin A, cyclin-
dependent kinase (Cdk) and NF-𝜅- regulated 
gene expression, via affecting the extracellular 
signal-regulated kinases (ERK) pathway,  
6-gingerol regulated tight junction-related 
proteins and inhibited invasion and metastasis 
of pancreatic cancer cells (PANC-1 cells) 
(106). Weng et al showed that by inhibition 
of MMP-2/-9 and uPA and suppression of 
MAPK and PI3k/Akt pathways, along with 
downregulation of NF-𝜅B and STAT3 activity, 
6-shogaol and 6-gingerol effectively inhibited 
invasion and metastasis of hepatocellular 
carcinoma (107). The underlaying mechanism 
of these two bioactive molecules of ginger i.e. 
6-Gingerol and 6-shogaol are modulation of  
NF-𝜅B, STAT3, MAPK, cyclin A, Cdk and 
caspase-3/7, PI3k/Akt Ca2+ signals, COX-2, 
cyclin D1, survivin, Bcl-2 and MMP-9.

(vi) Broccoli (Brassica oleracea): Broccoli 
is one of the healthy edible plants in the 
family of Brassicas, containing the principal 
compound sulforaphane, an isothiocyanate, 
found to have promising effect in pancreatic 
cancer and breast cancer (108-110). In case 
of prostate cellular models, sulphorphane 
induced the acetylation of histone H3 protein 
at the p21 promoter, which showed reduction 
in HDAC (Histone deacetylase) protein 
activity to promote the acetylation of alpha-
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tubulin for attaining the neoplastic cell death 
(111). Several studies shown that Broccoli 
sprouts became much more beneficial for anti 
proliferative activity (112).

(vii) Mushroom: Edible mushrooms have high 
nutritional value and various therapeutic 
effects including anti-diabetic, anti-cancer, 
immunomodulatory because of their high 
contents of carbohydrates, protein, dietary 
fiber, vitamins and minerals (113). Cytotoxic 
bioassay revealed the immense activity 
of Pleurotus ostreatus, known as oyster 
mushroom, over several cancers (114). It 
was reported that via suppression of MMP-
2 and MMP-9 expression  P. ostreatus 
polysaccharide extract prohibited the invasion 
of colon cancer cell lines (Caco-2 cell), through 
the basement membrane (115). Another 
bioactive component, carboxymethylated 
P-glucan, from the mushroom Pleurotus 
tuberregium, reduced the proliferation of 
MCF-7 breast cancer cells via G1 phase cell 
cycle arrest in a dose-response manner (116). 
Pan, et al. in 2015 did research on mushroom 
Amauroderma rude, which on treatment with 
mice model reduced tumor growth through the 
modulation of immune system (117). Antrodia 
cinnamomea, a treasured mushroom, altered 
the PI3K/AKT/mTOR signaling pathway and 
promoted apoptosis in T47D breast cancer cell 
lines (1118).

(viii) Green tea (Camellia sinensis): Green tea is 
one of the healthiest beverages on the planet. 
Epigallocatechin-3-gallate (EGCG) is the most 
abundant catechin in green tea and potentially 
active against tumorigenesis (119). It blocked 
NF𝜅B signaling pathway via modulatin of 
interleukin in gastric adenocarcinoma cells 
for prohibition of metastasis and induction of 
apoptosis (120). Several studies shown that 
EGCG reduced proliferation and angiogenesis 
in colon cancer cell via regulation of different 
signaling pathway such as AKT, p38 and 
ERK1/2 (121).

(ix) Coffee: The most desired brewed drink 
worldwide after water is coffee, a mixture 
of bioactive components, exhibited potent 
chemopreventive activity (122). Very recently, 
from the Moli-sani cohort and cellular models, 
it was found that caffeine, the chief constituent 
of coffee, exhibited protective response over 
prostate cancer. In a time and dose dependent 
manner caffeine mediated suppression of cell 
proliferation by  triggering the deterioration of 
G1 to S cell cycle progression in human PC-3 
and DU145 prostate cancer cell lines (123). Via 
altering the ER (Estrogen receptor) and IGFIR 

(Insulin-like growth factor-I receptor) levels 
caffeic acid, another bioactive component of 
coffee, suppressed the cell cycle growth through 
inducing apoptosis in breast cancer cells (124). 

 (x) Honey: In addition to important role of natural 
honey in the traditional medicinal system, 
during the past few decades, it was subjected 
to laboratory and clinical investigations by 
several research groups and it has taken a 
place in modern medicine for its immense 
activity against several diseases such as 
leukemia, colorectal cancer, breast cancer 
and also in inflammation, cough, cold etc. 
Polyphenol in honey possesses tremendous 
anti-tumor activity in various clinical trials 
(125). Via induction of apoptosisthrough 
downregulation of VEGF (Vascular 
endothelial growth factor) expression tualang 
honey suppressed 7,12-dimethylbenz(α)
anthracene (DMBA)-induced breast cancer in 
rats (126). By modulation of gene expression 
associated with Ras/ERK and PI3K/AKT 
pathways, combination of gelam honey and 
ginger shown promising response over tumor 
invasion in HT29 colon cancer cells (127).

Marine products that fight cancer:
From the past few decades oceanic resources 

like sponge, bacteria, seaweed, fungi and others 
have possessed a diverse range of biological 
activities and have attracted the attention of 
those, who has been trying to develop new lead 
compounds, specifically anticancer drugs (128). 
Fucoidan, a natural component from brown 
seaweed, suppressed the cycllin D1, cyclin 
D2 and Cyclin-dependent kinase 4 (CDK4) 
in carcinogenic cell and fucoidan from Fucus 
vesiculosus arrested cell cycle in G0/G1 phase 
via repression of  CDK2 and CDK4 expression 
in human bladder cancer 5637 cells (129-131). 
Very recently, it was found that Lipastrotethya sp., 
a marine sponge, extract (LSSE) has noticeable 
antiproliferative effect on wild-type p53 (WT) 
and p53 knockout (KO) HCT116 cells; where, cell 
viability and cell death was more in HCT116 p53 
KO cells than the HCT116 WT cells. In HCT116 
WT cells, LSSE induced apoptosis via modulation 
of p53 and in HCT116 p53 KO cells, LSSE 
induced autophagy via decreasig  mTOR and 
Bcl-2 (13). A bis-indole, fascaplysin, was isolated 
from a marine sponge and it demonstrated anti-
neoplastic response via downstream regulation 
of CDK4 signaling pathway and modulation of 
phosphoproteins in human lung cancer cell lines 
(A549) (133).

Textiles in cancer treatment:
Cancer patients with surgery, chemotherapy, 

and radiation therapy, new medical textile 
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materials are developed. The new generation of 
applicational products (textiles) is intended for 
targeted local delivery of drugs to the lesion site 
(e.g., to tumour tissues) in a strictly defined effective 
concentration, specific for each of the drugs, 
whose accumulation in intact tissues and organs 
is minimized. The technology of textile printing  
is used for preparation of two types of medical 
materials: textile-based applications with hydrogel 
composition and hydrogel biopolymer based 
materials comprised of polymer thickeners with a 
drug impregnated thereon, intended for introduction 
into cavities: proctologic, gynecologic, etc. The drug 
is introduced into the thickened composition by 
a procedure similar to that used in printing textile 
(134). For creation of medical materials destined to 
improve the effectiveness of radiation therapy, were 
used 5-fluorouracil, a cytostatic agent possessing 
radiomodifying properties, and metronidazole, a 
radiosensitizing agent, for prevention and treatment 
of radioreactions. Molybdenum trioxide, which 
has anticancer effect, is used as a flame retardant in 
textiles, (135). The use of textiles for sun protection 
has been underestimated from long time. It has been 
found that one-third of commercial summer clothing 
items provide a UV protection factor (UPF) less than 
15. Various textile parameters have an influence on 
the UPF of a finished garment. Important parameters 
are the fabric porosity, type, color, weight and 
thickness (136).  

Scottish researchers developed headwear that 
uses smart textiles for women with cancer related hair 
loss. Micro-encapsulated textiles, that produce extra 
comforts and aroma-therapeutic effects to cancer 
patients, are now being used in a luxury handmade 
headwear range (137). Silver-coated conductive 
yarns were fabricated into hollow fiber-based non-
woven fabrics which were used in drug delivery 
to the breast cancer. These non-woven fabrics are 
useful in designing a specially made textile wearable 
for breast cancer (138). The anticancer and cytotoxic 
activities of poly(propylenimine) dendrimers was 
observed against HeLa and Lep-3 human tumor cell 
lines. These dendrimers deposited cotton fabrics used 
in textile industry. (139). Sericin, a silk protein, has 
anticancer property. This property makes sericin-
treated fabrics suitable for use as medical textiles 
(140).

Conclusion and future prospective:
Attempt has been made through this 

comprehensive review to focus the recent 
progresses and milestones accomplished in cancer 
therapies using various natural compounds from 

plant source, functional food and marine source 
with their mechanism of action on nuclear and 
cellular factors. Natural anticancer agents are the 
main focus due to their low cost and reliability 
over adverse effect resulted from existing 
marketed drugs. Based on the literature survey, 
we have concluded that natural therapeutic agents 
serve as promising and effective research area 
with bright future. It is expected those in coming 
years, much more novel entities from nature 
will enter into the commercial drug market as 
anticancer agent. There are still many of these 
entities under clinical trials. Moreover, huge 
research work should be execute on these novel 
entities to assess their toxicological and particular 
genotoxic profile against a vast range of cancer 
and finally to bring them in the market as anti-
cancer drug either alone or in combination.

Conflict of interest                                                      
The authors declare no conflict of interest.

References                                                                                  

1. He L., Gu J., Lim L.Y., Yuan Z.X. and Mo J., 
Nanomedicine-mediated therapies to target breast 
cancer stem cells. Frontiers in pharmacology, 7, 
pp.313 (2016).

2. Qin W., Huang G., Chen Z. and Zhang Y., 
Nanomaterials in targeting cancer stem cells for 
cancer therapy. Frontiers in pharmacology, 8, 
pp.1 (2017).

3. American Cancer Society. Cancer facts & figure, 
Atlanta, GA: American Cancer Society, (2016).

4. Siegel R.L., Miller K.D. and Jemal A., Cancer 
statistics,CA: a cancer journal for clinicians, 
66(1), 7-30 (2016).

5. Torre L.A., Trabert B., DeSantis C.E., Miller K.D., 
Samimi G., Runowicz C.D., Gaudet M.M., Jemal 
A. and Siegel R.L., Ovarian cancer statistics, 
2018. CA: a cancer journal for clinicians, 68(4), 
pp.284-296 (2018).

6. Smeets M.A. and Dalton P.H., Evaluating the 
human response to chemicals: odor, irritation and 
non-sensory factors. Environmental Toxicology 
and Pharmacology. 19(3), 581-8 (2005).

7. Horn L., Pao W. and Johnson D.H., “Neoplas
msofthelung’’,18thEdn.,eds D.L.Longo, D.L. 
Kasper, J.L.Jamson, A.S.Fauci, S.L.Hauser,  
and  J.Loscalzo,Harrisons Principles of Internal 
Medicine,Chapter89, NewYork,NY: MacGraw-
Hill (2012).



3239

Egypt. J. Chem. 63, No. 9 (2020) 

PreveNtioN aNd treatmeNt of CaNCer with alterNative aNtiCaNCer... 

8. Mohammad R.M., Muqbil I., Lowe L., Yedjou C., 
Hsu H.Y., Lin L.T., Siegelin M.D., Fimognari C., 
Kumar N.B., Dou Q.P. and Yang H., “Seminars 
in cancer biology”, Broad targeting of resistance 
to apoptosis in cancer, Vol. 35, pp. S78-S103, 
Academic Press (2015).

9. Oh J., Hlatky L., Jeong Y.S. and Kim D., 
Therapeutic effectiveness of anticancer 
phytochemicals on cancer stem cells. Toxins, 8(7), 
199, doi:10.3390/toxins8070199 (2016).

10. Patra C.R., Mukherjee S. and Kotcherlakota 
R., Biosynthesized silver nanoparticles: a step 
forward for cancer theranostics?,Nanomedicine, 9, 
1445-8 (2014).

11. Mukherjee S. and Patra C.R., Therapeutic 
application of anti-angiogenic nanomaterials in 
cancers, Nanoscale, 8, 12444-70 (2016).

12. 12.Weaver, B.A., How Taxol/paclitaxel kills 
cancer cells, Molecular biology of the cell, 25(18), 
pp.2677-2681 (2014).

13. https://www.cancer.org/treatment/treatments-
and-side-effects/treatment-types/chemotherapy/
chemotherapy-side-effects.html 

14. Ochwang’i D.O., Kimwele C.N., Oduma 
J.A., Gathumbi P.K., Mbaria J.M. and Kiama 
S.G., Medicinal plants used in treatment and 
management of cancer in Kakamega County, 
Kenya. Journal of Ethnopharmacology, 151(3), 
1040-55 (2014).

15. Islam S.R. and Siddiqua T.J., “Functional 
foods in cancer prevention and therapy: Recent 
epidemiological findings”,Academic Press, Ed. K. 
Yearul, Chapter.20,pp. 405-433 (2020).

16. Jimenez P.C., Wilke D.V. and Costa-Lotufo 
L.V., Marine drugs for cancer: Surfacing 
biotechnological innovations from the oceans. 
Clinics, 73 (2018).

17. Wong Y.K., Xu C., Kalesh K.A., He Y., Lin Q., 
Wong W.F., Shen H.M. and Wang J., Artemisinin 
as an anticancer drug: recent advances in target 
profiling and mechanisms of action. Medicinal 
research reviews, 37(6), pp.1492-1517 (2017).

18. Lu Y.Y., Chen T.S., Qu J.L., Pan W.L., Sun L. and 
Wei X.B., Dihydroartemisinin (DHA) induces 
caspase-3-dependent apoptosis in human lung 
adenocarcinoma ASTC-a-1 cells. Journal of 
biomedical science, 16(1), pp.1-15 (2009).

19. Nakase, I., Gallis, B., Takatani-Nakase, T., Oh, S., 

Lacoste, E., Singh, N.P., Goodlett, D.R., Tanaka, 
S., Futaki, S., Lai, H. and Sasaki, T., Transferrin 
receptor-dependent cytotoxicity of artemisinin–
transferrin conjugates on prostate cancer cells and 
induction of apoptosis. Cancer letters, 274(2), 
pp.290-298 (2009).

20. Zhang S. and Gerhard G.S., Heme mediates 
cytotoxicity from artemisinin and serves as a 
general anti-proliferation target. PloS one, 28, 
4(10), e7472 (2009).

21. Ren Y., Yu J. and Douglas Kinghorn A., 
Development of anticancer agents from plant-
derived sesquiterpene lactones. Current medicinal 
chemistry, 23(23), pp.2397-2420 (2016).

22. Konstat-Korzenny E., Ascencio-Aragon J.A., 
Niezen-Lugo S. and Vázquez-Lopez R., 
Artemisinin and its synthetic derivatives as a 
possible therapy for cancer. Medical Science, 6(1), 
19 (2018).

23. Gopal Y.V., Chanchorn E. and Van Dyke M.W., 
Parthenolide promotes the ubiquitination of 
MDM2 and activates p53 cellular functions. 
Molecular cancer therapeutics,8(3), 552-62 
(2009).

24. Dey S., Sarkar M. and Giri B., Anti-inflammatory 
and anti-tumor activities of parthenolide: an 
update. Journal of Chemical Biology and 
Therapeutics, 1(2), 107 (2016).

25. Nakabayashi H., Shimizu K. and Involvement 
of Akt/NF-κB pathway in antitumor effects of 
parthenolide on glioblastoma cells in vitro and in 
vivo. BMC cancer, 453 (2012).

26. Alwaseem H., Frisch B.J. and Fasan R., Antican-
cer activity profiling of parthenolide analogs gen-
erated via P450-mediated chemoenzymatic syn-
thesis. Bioorganic & medicinal chemistry, 26(7), 
pp.1365-73 (2018).

27. Mandal S.K.,DebnathU., Kumar A., Thomas S., 
Mandal S.C., Choudhury M.D and Palit P., Natural 
Sesquiterpene lactones in the prevention and 
treatment of inflammatory disorders and cancer: 
systematic study on this emerging therapeutic 
approach through chemical andpharmacological 
aspect. Letters in Drug Design & Discovery,17(1), 
(2020).

28. Doan N.T., Paulsen E.S., Sehgal P., Moller J.V., 
Nissen P., Denmeade S.R., Isaacs J.T., Dionne 
C.A. and Christensen S.B., Targeting thapsigargin 
towards tumors. Steroids, 97, pp.2-7 (2015).



3240

Egypt. J. Chem. 63, No. 9 (2020) 

ArchitA roy et al.

29. Samali A., FitzGerald U., Deegan S. and Gupta S. 
Methods for monitoring endoplasmic reticulum 
stress and the unfolded protein response. 
International journal of cell biology, (2010). 

30. Shankar S., Kumar D. and Srivastava 
R.K., Epigenetic modifications by dietary 
phytochemicals: implications for personalized 
nutrition. Pharmacology & therapeutics, 138(1), 
pp.1-17 (2013).

31. Chen H.W., Lee J.Y., Huang J.Y., WangC.C., 
Chen W.J., Su S.F., et al.(2014).Curcumin 
inhibits lung cancer cell migration and invasion 
through Rac1-dependent signaling pathway. 
Journal of Nutritional Biochemistry, 25, pp. 177–
185, doi: 10.1016/j.jnutbio.2013.10.004 (2014).

32. Chiablaem K., Lirdprapamongkol K., 
Keeratichamroen S., Surarit R. and Svasti J., 
Curcumin suppresses vasculogenic mimicry 
capacity of hepatocellular carcinoma cells through 
STAT3 and PI3K/AKT inhibition. Anticancer 
research, 34(4), pp.1857-1864 (2014).

33. Aluyen J.K., Ton Q.N., Tran T., Yang A.E., 
Gottlieb H.B. and Bellanger R.A., Resveratrol: 
potential as anticancer agent. Journal of dietary 
supplements, 9(1), pp.45-56 (2012).

34. Diaz-Gerevini G.T., Repossi G., Dain A., Tarres 
M.C., Das U.N. and Eynard A.R., Beneficial action 
of resveratrol: how and why?, Nutrition, 32(2), 
pp.174-178 (2016).

35. Hogg S.J., Chitcholtan K., Hassan W., Sykes P.H. 
and Garrill, A., Resveratrol, acetyl-resveratrol, 
and polydatin exhibit antigrowth activity against 
3D cell aggregates of the SKOV-3 and OVCAR-8 
ovarian cancer cell lines. Obstetrics and 
gynecology international (2015).

36. Schaafsma E., Hsieh T.C., Doonan B.B., Pinto J.T. 
and Wu J.M., Anticancer activities of resveratrol 
in colorectal cancer. Biology and Medicine, 8(5), 
pp.317-318 (2016).

37. Wang H., Zhang H., Tang L., Chen H., Wu 
C., Zhao M., Yang Y., Chen X. and Liu G., 
Resveratrol inhibits TGF-β1-induced epithelial-
to-mesenchymal transition and suppresses lung 
cancer invasion and metastasis. Toxicology, 303, 
pp.139-146 (2013).

38. Del Follo-Martinez A., Banerjee N., Li X., Safe S. 
and Mertens-Talcott S., Resveratrol and quercetin 
in combination have anticancer activity in colon 
cancer cells and repress oncogenic microRNA-

27a. Nutrition and cancer, 65(3), pp.494-504 
(2013).

39. Yuan Z., Long C., Junming T., Qihuan L., Youshun 
Z. and Chan Z., Quercetin-induced apoptosis of 
HL-60 cells by reducing PI3K/Akt. Molecular 
biology reports, 39(7), pp.7785-7793 (2012).

40. Xiao X., Wu Z.C. and Chou K.C., A multi-
label classifier for predicting the subcellular 
localization of gram-negative bacterial proteins 
with both single and multiple sites. PloS one, 6(6), 
p.e20592 (2011).

41. Zhou J., Li L.U., Fang L.I., Xie H., Yao W.X., 
Zhou X., Xiong Z., Wang L.I., Li Z. and Luo F., 
2016. Quercetin reduces cyclin D1 activity and 
induces G1 phase arrest in HepG2 cells. Oncology 
letters, 12(1), pp.516-522 (2016).

42. Urmila J., Amol J.,S.Gadge, Priscilla D’Mello, 
S. Ragini, Srivastava S. and Govil G., Anti-
inflammatory, antioxidant and anticancer activityof 
Quercetin and its analogues., International Journal 
of Research in Pharmaceutical and Biomedical 
Sciences, 2(4), ISSN: 2229-3701 (2011).

43. Mitra S. and Dash R., Natural products for 
the management and prevention of breast 
cancer. Evidence-Based Complementary and 
Alternative Medicine, (2018).

44. Padte T., Pednekar S. and Shejwalkar P., 
Applications of coumarins as cardiovascular and 
anti-cancer agents: a short review. Cardiovascular 
Therapeutic, 8(5), pp.555749 (2017).

45. Patil J.R., Jayaprakasha G.K., Kim J., Murthy 
K.N.C., Chetti M.B., Nam S.Y. and Patil B.S., 
5-Geranyloxy-7-methoxycoumarin inhibits 
colon cancer (SW480) cells growth by inducing 
apoptosis. Planta medica, 79(03/04), pp.219-226 
(2013).

46. Zhang L., Jiang G., Yao F., He Y., Liang G., 
Zhang Y., Hu B., Wu Y., Li Y. and Liu H., 
Growth inhibition and apoptosis induced by 
osthole, a natural coumarin, in hepatocellular 
carcinoma. PloS one, 7(5), e.37865 (2012).

47. Wang Y., Li C.F., Pan L.M. and Gao Z.L., 7, 
8-Dihydroxycoumarin inhibits A549 human 
lung adenocarcinoma cell proliferation by 
inducing apoptosis via suppression of Akt/NF-
κB signaling. Experimental and Therapeutic 
Medicine, 5(6), pp.1770-1774 (2013).

48. Feldman D., Krishnan A.V., Swami S., Giovannucci 
E. and Feldman B.J., The role of vitamin D in 



3241

Egypt. J. Chem. 63, No. 9 (2020) 

PreveNtioN aNd treatmeNt of CaNCer with alterNative aNtiCaNCer... 

reducing cancer risk and progression. Nature 
reviews cancer, 14(5), pp.342-357 (2014).

49. Leyssens C., Verlinden L. and Verstuyf A., 
Antineoplastic effects of 1, 25 (OH) 2D3 and 
its analogs in breast, prostate and colorectal 
cancer. Endocrine-related cancer, 20(2), pp.R31-R47 
(2013).

50. Hii C.S. and Ferrante A., The non-genomic actions 
of vitamin D. Nutrients, 8(3), pp.135 (2016).

51. Okamoto R., Delansorne R., Wakimoto N., Doan 
N.B., Akagi T., Shen M., Ho Q.H., Said J.W. and 
Koeffler H.P., Inecalcitol, an analog of 1α, 25 
(OH) 2D3, induces growth arrest of androgen𝜅
dependent prostate cancer cells. International 
journal of cancer, 130(10), pp.2464-2473 (2012).

52. Ma Y., Yu W.D., Hidalgo A.A., Luo, W 
Delansorne, R Johnson C.S. and Trump D.L., 
2013. Inecalcitol, an analog of 1, 25D𝜅, displays 
enhanced antitumor activity through the induction 
of apoptosis in a squamous cell carcinoma model 
system. Cell Cycle, 12(5), pp.743-752 (2013).

53. Bley K., Boorman G., Mohammad B., McKenzie 
D. and Babbar S., A comprehensive review of the 
carcinogenic and anticarcinogenic potential of 
capsaicin. Toxicologic pathology, 40(6), pp.847-873 
(2012).

54. Clark R. and Lee S.H., Anticancer properties 
of capsaicin against human cancer. Anticancer 
research, 36(3), pp.837-843 (2016).

55. Venier N.A., Colquhoun A.J., Sasaki H., Kiss 
A., Sugar L., Adomat H., Fleshner N.E., Klotz 
L.H. and Venkateswaran V., Capsaicin: A novel 
radio𝜅sensitizing agent for prostate cancer. The 
Prostate, 75(2), pp.113-125 (2015).

56. Malagarie-Cazenave S., Olea-Herrero N., Vara 
D., Morell C. and Diaz-Laviada I., The vanilloid 
capsaicin induces IL-6 secretion in prostate PC-3 
cancer cells. Cytokine, 54(3), pp.330-337 (2011).

57. Pal H.C., Sharma S., Elmets C.A., Athar 
M. and Afaq F., Fisetin inhibits growth, 
induces G 2/M arrest and apoptosis of human 
epidermoid carcinoma A 431 cells: role of 
mitochondrial membrane potential disruption and 
consequent caspases activation. Experimental 
dermatology, 22(7), pp.470-475 (2013).

58. Youns M. and Abdel Halim Hegazy W., The natural 
flavonoid fisetin inhibits cellular proliferation 
of hepatic, colorectal, and pancreatic cancer 
cells through modulation of multiple signaling 

pathways. PLoS One, 12(1), p.e0169335 (2017).

59. Kim J.A., Lee S., Kim D.E., Kim M., Kwon 
B.M. and Han D.C., Fisetin, a dietary flavonoid, 
induces apoptosis of cancer cells by inhibiting 
HSF1 activity through blocking its binding to the 
hsp70 promoter. Carcinogenesis, 36(6), pp.696-
706 (2015).

60. Jiang J. and Hu C., 2009. Evodiamine: a 
novel anti-cancer alkaloid from Evodia 
rutaecarpa. Molecules, 14(5), pp.1852-1859 
(2009).

61. Vemuri S.K., Banala R.R., Subbaiah G.P.V., 
Srivastava S.K., Reddy A.G. and Malarvili T., 
Anti-cancer potential of a mix of natural extracts 
of turmeric, ginger and garlic: a cell-based 
study. Egyptian journal of basic and applied 
sciences, 4(4), pp.332-344 (2017).

62. Yang L.I., Liu X., Wu D., Zhang M., Ran G., Bi Y. 
and Huang H., Growth inhibition and induction of 
apoptosis in SGC7901 human gastric cancer cells 
by evodiamine. Molecular medicine reports, 9(4), 
pp.1147-1152 (2014).

63. Lv Z., Zhao D., Liu R., Guo J., Lin Y. and Zhang 
M., Evodiamine inhibits proliferation of human 
papillary thyroid cancer cell line K1 by regulating 
of PI3K/Akt signaling pathway. International 
Journal of Clinical & Experimental Medicine, 9(8), 
(2016).

64. Du J., Wang X.F., Zhou Q.M., Zhang T.L., Lu 
Y.Y., Zhang H. and Su S.B., Evodiamine induces 
apoptosis and inhibits metastasis in MDAMB-231 
human breast cancer cells in vitro and in 
vivo. Oncology reports, 30(2), pp.685-694 (2013).

65. Zhao L.C., Li J., Liao K., Luo N., Shi Q.Q., 
Feng Z.Q. and Chen D.L., Evodiamine induces 
apoptosis and inhibits migration of HCT-116 
human colorectal cancer cells. International 
journal of molecular sciences, 16(11), pp.27411-
27421 (2015).

66. Wang D., Ge S., Bai J. and Song Y., Boswellic 
acid exerts potent anticancer effects in HCT-116 
human colon cancer cells mediated via induction 
of apoptosis, cell cycle arrest, cell migration 
inhibition and inhibition of PI3K/AKT signalling 
pathway. Journal of the Balkan Union of 
Oncology, 23(2), pp.340-345 (2018).

67. Uthaman S., Snima K.S., Annapoorna M., 
Ravindranath K.C., Nair S.V. and Lakshmanan 
V.K., Novel boswellic acids nanoparticles induces 



3242

Egypt. J. Chem. 63, No. 9 (2020) 

ArchitA roy et al.

cell death in prostate cancer cells. Journal of 
natural products, 5, pp.100-108 (2012).

68. Suhail M.M., Wu W., Cao A., Mondalek F.G., Fung 
K.M., Shih P.T., Fang Y.T., Woolley C., Young G. 
and Lin H.K., Boswellia sacra essential oil induces 
tumor cell-specific apoptosis and suppresses 
tumor aggressiveness in cultured human breast 
cancer cells. BMC complementary and alternative 
medicine, 11(1), p.129 (2011).

69. Yang S., Zhao Q., Xiang H., Liu M., Zhang Q., 
Xue W., Yang S., Antiproliferative activity and 
apoptosis-inducing mechanism of constituents 
from Toonasinensis on human cancer cells. Cancer 
Cell Int, 13(1): 12 (2013).

70. Banerjee S., Bose S., Mandal S.C., Dawn 
S., Sahoo U., Ramadan M.A.M.and Mandal 
S.K., Pharmacological Property of Pentacyclic 
Triterpenoids. Egyptian Journal of Chemistry, 62, 
13-35 (2019).

71.  Wang Y.J., Liu J.B. and Dou Y.C., Sequential 
treatment with betulinic acid followed by 
5-fluorouracil shows synergistic cytotoxic activity 
in ovarian cancer cells. International journal of 
clinical and experimental pathology, 8(1), p.252 
(2015).

72. Mertens-Talcott S.U., Noratto G.D., Li X., Angel-
Morales G., Bertoldi M.C. and Safe S., Betulinic 
acid decreases ER-negative breast cancer cell 
growth in vitro and in vivo: role of Sp transcription 
factors and microRNA-27a: ZBTB10. Molecular 
carcinogenesis, 52(8), pp.591-602 (2013).

73. Sawada N., Kataoka K., Kondo K., Arimochi H., 
Fujino H., Takahashi Y., Ohnishi Y., Betulinic acid 
augments the inhibitory effects of vincristine on 
growth and lung metastasis of B16F10 melanoma 
cells in mice. British Journal of Cancer, 90(8), 
1672-1678 (2004).

74. Su M., Wu X., Chung H.Y., Li Y., Ye 
W., Antiproliferative activities of five 
Chinese medicinal herbs and active 
compounds in Elephantopusscaber, Natural 
Product Communications, 4, 1025-1030 (2009).

75. Su M., Chung H.Y. and Li Y., Deoxyelephantopin 
from Elephantopusscaber L. induces cell-cycle 
arrest and apoptosis in the human nasopharyngeal 
cancer CNE cells. Biochemical and biophysical 
research communications, 411(2), pp.342-347 
(2011).

76. Mandal S.K., Pal H., Pal I. and Bose S., 

Biological Potential of Elephantopusscaber 
Linn. International Journal of Pharmaceutical 
Sciences and Research, 50(2), pp.130-134 (2018). 

77. Gonzalez-Vallinas M., Reglero G., Ramirez de 
Molina A. Rosemary (Rosmarinus officinalis) 
L.,  Extract as a Potential Complementary Agent 
in Anticancer Therapy. Nutrition and Cancer, 67, 
1221–1229 (2015).

78. Petiwala S.M. and Johnson J.J., Diterpenes from 
rosemary (Rosmarinus officinalis): Defining 
their potential for anti-cancer activity. Cancer 
letters, 367(2), pp.93-102 (2015).

79. Gonzalez-Vallinas M., Molina S., Vicente G., de 
la Cueva A., Vargas T., Santoyo S., Garcia-Risco 
M.R., Fornari T., Reglero G. and de Molina A.R., 
Antitumor effect of 5-fluorouracil is enhanced 
by rosemary extract in both drug sensitive and 
resistant colon cancer cells. Pharmacological 
research, 72, pp.61-68 (2013).

80. Yan M., Li G., Petiwala S.M., Householter E. and 
Johnson J.J., Standardized rosemary (Rosmarinus 
officinalis) extract induces Nrf2/sestrin-2 pathway 
in colon cancer cells. journal of functional 
foods, 13, pp.137-147 (2015).

81. Nejatzadeh-Barandozi, F., Antibacterial activities 
and antioxidant capacity of Aloe vera. Organic 
and medicinal chemistry letters, 3(1), p.5 (2013).

82. Zhang L.Q., Lv R.W., Qu X.D., Chen X.J., Lu 
H.S. and Wang Y., Aloesin suppresses cell growth 
and metastasis in ovarian cancer SKOV3 cells 
through the inhibition of the MAPK signaling 
pathway. Analytical Cellular Pathology,(2017).

83. Tabolacci C, Oliverio S, Lentini A, Rossi S, 
Galbiati A, Mon-tesano C, Mattioli P, Provenzano 
B, Facchiano F, Beninati S. Aloe-emodin as 
antiproliferative and differentiating agent 
on human u937 monoblastic leukemia cells. 
The Journal of Life Sciences, 89, 812-820 (2011).

84. Hussain A, Sharma C, Saniyah K, Kruti S, Shafiul 
H. Aloe vera inhibits proliferation of human breast 
and cervical cancer cells and acts synergistically 
with cisplatin. Asian Pacific Journal of Cancer 
Prevention, 16(7), 2939-46 (2015).

85. Fezai M., Senovilla L., Jemaa M. and Ben-Attia 
M., Analgesic, anti-inflammatory and anticancer 
activities of extra virgin olive oil. Journal of lipids 
(2013).

86. Gonzalez-Menendez P., Hevia D., Rodriguez-
Garcia A., Mayo J.C., Sainz R.M., Regulation of 



3243

Egypt. J. Chem. 63, No. 9 (2020) 

PreveNtioN aNd treatmeNt of CaNCer with alterNative aNtiCaNCer... 

GLUT transporters by flavonoids in androgen-
sensitive and -insensitive prostate cancer cells. 
Endocrinology, 155, 3238–3250 (2014).

87. Sirianni R., Chimento A., De Luca A., Casaburi 
I., Rizza P., Onofrio A., Iacopetta D., Puoci 
F., Ando S., Maggiolini M. and Pezzi V., 
Oleuropein and hydroxytyrosol inhibit MCF-7 
breast cancer cell proliferation interfering with 
ERK1/2 activation. Molecular nutrition & food 
research, 54(6), pp.833-840 (2010).

88. Pratheeshkumar P., Son Y.O., Budhraja A., Wang 
X., Ding S., Wang L., Hitron A., Lee J.C., Kim D., 
Divya S.P., et al., Luteolin inhibits human prostate 
tumor growth by suppressing vascular endothelial 
growth factor receptor 2-mediated angiogenesis. 
PLoS ONE, 7, e52279 (2012).

89. Adhami V.M., Khan N. and Mukhtar H., Cancer 
chemoprevention by pomegranate: laboratory and 
clinical evidence. Nutrition and cancer, 61(6), 
pp.811-815 (2009).

90. Wang Y., Zhang S., Iqbal S., Chen Z., Wang X., 
Wang Y.A., Liu D., Bai K., Ritenour C., Kucuk O. 
and Wu D., Pomegranate extract inhibits the bone 
metastatic growth of human prostate cancer cells 
and enhances the in vivo efficacy of docetaxel 
chemotherapy. The Prostate, 74(5), pp.497-508 
(2014).

91. Lee S.T., Wu Y.L., Chien L.H., Chen S.T., 
Tzeng Y.K. and Wu T.F., Proteomic exploration 
of the impacts of pomegranate fruit juice on 
the global gene expression of prostate cancer 
cell. Proteomics, 12(21), pp.3251-3262 (2012).

92. Zahin M., Ahmad I., Gupta R.C. and Aqil 
F., Punicalagin and ellagic acid demonstrate 
antimutagenic activity and inhibition of benzo [a] 
pyrene induced DNA adducts. BioMed research 
international, (2014).

93. Hu X.Y., Deng J.G., Wang L., Yuan Y.F., Synthesis 
and anti-tumor activity evaluation of gallicacid-
mangiferin hybrid molecule. Journal of Medicinal 
Chemistry. 9, 1058–1062 (2013).

94. Abdullah A.S.H., Mohammed A.S., Rasedee A. 
and Mirghani M.E.S., Oxidative stress-mediated 
apoptosis induced by ethanolic mango seed extract 
in cultured estrogen receptor positive breast cancer 
MCF-7 cells. International journal of molecular 
sciences, 16(2), pp.3528-3536 (2015).

95. Gold-Smith F., Fernandez A. and Bishop 
K., Mangiferin and cancer: Mechanisms of 

action. Nutrients, 8(7), pp.396 (2016).

96. Baliga M.S. and Dsouza J.J., Amla (Emblica 
officinalis Gaertn), a wonder berry in the treatment 
and prevention of cancer. European Journal of 
Cancer Prevention, 20(3), pp.225-239 (2011).

97. Zhao T., Sun Q., Marques M. and Witcher M., 
Anticancer properties of Phyllanthus emblica 
(Indian gooseberry). Oxidative medicine and 
cellular longevity, pp.1-7 (2015).

98. Dogra P., Tanvi N.G., Janadri S., Darshan Raj 
C.G. and Rajendra S.V., Anticancer and cell cycle 
analysis of aqueous extract of fruits on Emblica 
officinalis human colorectal and neuroblastoma 
cancer cell lines. Asian Journal of Pharmacy and 
Pharmacology, 2(2), pp.26-33 (2016).

99. Mahata S., Pandey A., Shukla S., Tyagi A., Husain 
S.A., Das B.C. and Bharti A.C., Anticancer activity 
of Phyllanthus emblicaLinn.(Indian gooseberry): 
inhibition of transcription factor AP-1 and HPV 
gene expression in cervical cancer cells. Nutrition 
and cancer, 65(sup.1), pp.88-97 (2013).

100. Gao C., Jiang X., Wang H., Zhao Z. and Wang 
W., Drug metabolism and pharmacokinetics of 
organosulfur compounds from garlic. Journal 
of Drug Metabolism & Toxicology, 4(5), pp.10 
(2013).

101. Mandal S.K., Das A., Dey S., Sahoo U., Bose 
S., Bose A., Dhiman N., Madan S. and Ramadan 
M.A.M., Bioactivities of Allicin and Related 
Organosulfur Compounds from Garlic: Overview 
of the Literature Since 2010. Egyptian Journal of 
Chemistry, 62, 1-11 (2019).

102. Pandrangi A., Cancer chemoprevention by garlic: 
A review. Journal Hereditary Genetics, 4, pp.1-7 
(2015).

103. Wang H.C., Pao J., Lin S.Y. and Sheen L.Y., 
Molecular mechanisms of garlic-derived 
allyl sulfides in the inhibition of skin cancer 
progression. Annals of the New York academy of 
sciences, 1271(1), pp.44 (2012).

104. Tsubura A., Lai Y.C., Kuwata M., Uehara N. and 
Yoshizawa K., Anticancer effects of garlic and garlic-
derived compounds for breast cancer control. Anti-
Cancer Agents in Medicinal Chemistry (Formerly 
Current Medicinal Chemistry-Anti-Cancer 
Agents), 11(3), pp.249-253 (2011).

105. Rahman H.S., Rasedee A., Yeap S.K., Othman 
H.H., Chartrand M.S., Namvar F., Abdul A.B. 
and How C.W., Biomedical properties of a natural 



3244

Egypt. J. Chem. 63, No. 9 (2020) 

ArchitA roy et al.

dietary plant metabolite, zerumbone, in cancer 
therapy and chemoprevention trials. BioMed 
research international, (2014).

106. Kim S.O. and Kim M.R., [6]-gingerol prevents 
disassembly of cell junctions and activities of 
MMPs in invasive human pancreas cancer cells 
through ERK/NF-κB/snail signal transduction 
pathway. Evidence-Based Complementary and 
Alternative Medicine, (2013).

107. Weng C.J., Chou C.P., Ho C.T. and Yen G.C., 
Molecular mechanism inhibiting human 
hepatocarcinoma cell invasion by 6-shogaol 
and 6-gingerol. Molecular nutrition & food 
research, 56(8), pp.1304-1314 (2012).

108. Medina S., Dominguez-Perles R., Moreno 
D.A., Garcia-Viguera C., Ferreres F., Gil J.I. 
and Gil-Izquierdo A., The intake of broccoli 
sprouts modulates the inflammatory and 
vascular prostanoids but not the oxidative stress-
related isoprostanes in healthy humans. Food 
chemistry, 173, pp.1187-1194 (2015).

109. Li S.H., Fu J., Watkins D.N., Srivastava R.K. and 
Shankar S., Sulforaphane regulates self-renewal of 
pancreatic cancer stem cells through the modulation 
of Sonic hedgehog–GLI pathway. Molecular 
and cellular biochemistry, 373(1-2), pp.217-227 
(2013).

110. Lee Y.R., Noh E.M., Han J.H., Kim J.M., Hwang 
B.M., Kim B.S., Lee S.H., Jung S.H., Chung E.Y. 
and Kim J.S., Sulforaphane controls TPA-induced 
MMP-9 expression through the NF-κB signaling 
pathway, but not AP-1, in MCF-7 breast cancer 
cells. BMB reports, 46(4), pp.201 (2013).

111. Clarke J.D., Hsu A., Yu Z., Dashwood R.H. and Ho 
E., Differential effects of sulforaphane on histone 
deacetylases, cell cycle arrest and apoptosis in 
normal prostate cells versus hyperplastic and 
cancerous prostate cells. Molecular nutrition & 
food research, 55(7), pp.999-1009 (2011).

112. Guo Q., Guo L., Wang Z., Zhuang Y. and Gu Z., 
Response surface optimization and identification 
of isothiocyanates produced from broccoli 
sprouts. Food chemistry, 141(3), pp.1580-1586 
(2013).

113. Le Ngoc T.N., Oh Y.K., Lee Y.J. and Lee Y.C., 
Effects of Sparassiscrispa in Medical Therapeutics: 
A Systematic Review and Meta-Analysis of 
Randomized Controlled Trials. International journal 
of molecular sciences, 19(5), pp.1487 (2018).

114. Ijaz S., Akhtar N., Khan M.S., Hameed A., Irfan 
M., Arshad M.A., Ali S. and Asrar M., Plant derived 
anticancer agents: A green approach towards skin 
cancers. Biomedicine & Pharmacotherapy, 103, 
pp.1643-1651 (2018).

115. Cojocaru S., Mihaela R.A.D.U., Bodea 
L.G., Cimpeanu M.M., Gheorghita G., 
Stoian G. and Dinischiotu, A., Water soluble 
Pleurotusostreatus polysaccharide down-regulates 
the expression of MMP-2 and MMP-9 in Caco-2 
cells. NotulaeBotanicaeHortiAgrobotanici Cluj-
Napoca, 41(2), pp.553-559 (2013).

116. Zhang J.J., Li Y., Zhou T., Xu D.P., Zhang P., Li 
S. and Li H.B., Bioactivities and health benefits of 
mushrooms mainly from China. Molecules, 21(7), 
pp.938 (2016).

117. Pan H., Han Y., Huang J., Yu X., Jiao C., Yang X., 
Dhaliwal P., Xie Y. and Yang B.B., Purification 
and identification of a polysaccharide from 
medicinal mushroom Amauroderma rude with 
immunomodulatory activity and inhibitory effect 
on tumor growth. Oncotarget, 6(19), p.17777 
(2015).

118. Shang K.M., Su T.H., Lee W.L., Hsiao W.W., Chiou 
C.Y., Ho B.Y., Wang S.Y. and Shyur L.F., Novel 
effect and the mechanistic insights of fruiting body 
extract of medicinal fungus Antrodiacinnamomea 
against T47D breast cancer. Phytomedicine, 24, 
pp.39-48 (2017).

119. Yuan, J.M., Cancer prevention by green tea: 
evidence from epidemiologic studies. The 
American journal of clinical nutrition, 98(6), 
pp.1676S-1681S (2013).

120. 120. Gutierrez-Orozco F., Stephens B.R., Neilson 
A.P., Green R., Ferruzzi M.G. and Bomser J.A., 
Green and black tea inhibit cytokine-induced IL-8 
production and secretion in AGS gastric cancer 
cells via inhibition of NF-κB activity. Planta 
medica, 76(15), pp.1659-1665 (2010).

121. Cerezo-Guisado M.I., Zur R., Lorenzo M.J., Risco 
A., Martin-Serrano M.A., Alvarez-Barrientos A., 
Cuenda A. and Centeno F., Implication of Akt, 
ERK1/2 and alternative p38MAPK signalling 
pathways in human colon cancer cell apoptosis 
induced by green tea EGCG. Food and Chemical 
Toxicology, 84, pp.125-132 (2015).

122. Zamarin D., Holmgaard R.B., Subudhi S.K., 
Park J.S., Mansour M., Palese P., Merghoub 
T., Wolchok J.D. and Allison J.P., Localized 
oncolytic virotherapy overcomes systemic 



3245

Egypt. J. Chem. 63, No. 9 (2020) 

PreveNtioN aNd treatmeNt of CaNCer with alterNative aNtiCaNCer... 

tumor resistance to immune checkpoint 
blockade immunotherapy. Science translational 
medicine, 6(226), pp.226ra32-226ra32 (2014).

123. Pounis G., Tabolacci C., Costanzo S., Cordella M., 
Bonaccio M., Rago L., D’Arcangelo D., Filippo Di 
Castelnuovo A., de Gaetano G., Donati M.B. and 
Iacoviello L., Reduction by coffee consumption of 
prostate cancer risk: Evidence from the Moli-sani 
cohort and cellular models. International journal 
of cancer, 141(1), pp.72-82 (2017).

124. Kabała-Dzik A., Rzepecka-Stojko A., Kubina R., 
Jastrzębska-Stojko Ż., Stojko R., Wojtyczka R.D. 
and Stojko, J. Migration rate inhibition of breast 
cancer cells treated by caffeic acid and caffeic 
acid phenethyl ester: An in vitro comparison 
study. Nutrients, 9(10), p.1144 (2017).

125. Ahmed S. and Othman N.H., Honey as a 
potential natural anticancer agent: a review of its 
mechanisms. Evidence-Based Complementary 
and Alternative Medicine, (2013).

126. Kadir E.A., Sulaiman S.A., Yahya N.K. and 
Othman N.H., Inhibitory effects of tualang 
honey on experimental breast cancer in rats: a 
preliminary study. Asian Pacific Journal of Cancer 
Prevention, 14(4), pp.2249-2254 (2013).

127. Tahir A.A., Sani N.F.A., Murad N.A., Makpol 
S., Ngah W.Z.W. and Yusof Y.A.M., Combined 
ginger extract &Gelam honey modulate Ras/ERK 
and PI3K/AKT pathway genes in colon cancer 
HT29 cells. Nutrition journal, 14(1), p.31 (2015).

128. Sithranga, B., and Kathiresan K. Anticancer 
drugs from marine flora: an overview. Journal of 
oncology, 2010 (2011).

129. Boo H.J., Hong J.Y., Kim S.C., Kang J.I., Kim 
M.K., Kim E.J., Hyun J.W., Koh Y.S., Yoo E.S., 
Kwon J.M. and Kang H.K., The anticancer effect 
of fucoidan in PC-3 prostate cancer cells. Marine 
drugs, 11(8), pp.2982-2999 (2013). 

130. Banafa A.M., Roshan S., Liu Y.Y., Chen H.J., Chen 
M.J., Yang G.X. and He G.Y., Fucoidan induces 
G 1 phase arrest and apoptosis through caspases-
dependent pathway and ROS induction in human 
breast cancer MCF-7 cells. Journal of Huazhong 
University of Science and Technology [Medical 
Sciences], 33(5), pp.717-724 (2013).

131. Cho T.M., Kim W.J. and Moon S.K., AKT signaling 
is involved in fucoidan-induced inhibition of growth 
and migration of human bladder cancer cells. Food 
and chemical toxicology, 64, pp.344-352 (2014). 

132. Choi K., Lim H.K., Oh S.R., Chung W.H. and Jung J., 
Anticancer effects of the marine sponge Lipastrotethya 
sp. extract on wild-type and p53 knockout HCT116 
cells. Evidence-Based Complementary and 
Alternative Medicine, (2017).

133. Rath B., Hochmair M., Plangger A. and Hamilton G., 
Anticancer activity of fascaplysin against lung cancer 
cell and small cell lung cancer circulating tumor cell 
lines. Marine drugs, 16(10), pp.383 (2018).

134. https://www.ifatcc.org/wp-content/uploads/2018/01/
PL11pdf 

135. Odularu A.T., Ajibade P.A. and Mbese J.Z., 
Impact of Molybdenum Compounds as 
Anticancer Agents. Bioinorganic chemistry and 
applications, (2019).

136. Gambichler T., Altmeyer P. and Hoffmann K., 
Role of clothes in sun protection. In Cancers of the 
Skin, Springer, Berlin, Heidelberg, pp. 15-25, 
(2002).

137. https://www.innovationintextiles.com/scottish-
textile-technology-helps-cancer-patients/ 

138. Wai Cheung T., Yang C. and Li, L., An integrated 
design of self-care textile wearables: exploration 
of thermal-stimuli effects and drug delivery 
function. Textile Research Journal, 89(13), 2553-
2568 (2019)

139. Grabchev, I., Staneva, D., Vasileva-Tonkova, E. 
and Alexandrova, R., Surface functionalization of 
cotton fabric with fluorescent dendrimers, spectral 
characterization, cytotoxicity, antimicrobial and 
antitumor activity. Chemosensors, 7(2), 17 (2019).

140. Chaudhary H., Gupta D. and Gupta C., 
Multifunctional dyeing and finishing of polyester 
with sericin and basic dyes. The Journal of The 
Textile Institute, 108(3), 314-324 (2017).


