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ABSTARCT

The objective of this paper was to highlight some natural anti-cancer particularly used for breast cancer. In this paper, some evidence for the
success of using natural products as anti-cancer, selected in vitro and in vivo studies on anti-cancer plants were summarized from many studies
which recently conducted with the objectives of using natural sources against breast cancer. It was found that theanti-cancer activities of the plants
used in this regard were highly dependent on their components of major types of phenolic compounds present in the plants. The information
provided in this paper could assist in building strong ideas about the ability of natural sources of anti-breast cancer as well as conducting deep

researches in such fields of studies.
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INTRODUCTION

Breast cancer is considered as the second most common cancer-
related cause of death among females. It caused a major public
health concern and accounting for nearly 1 in 3 cancers diagnosed
among women [1]. It is one of the main life-threatening diseases that
a woman may have to face during her lifetime [2]. An increasing
incidence of breast cancer reported over the last few decades has led
to development of new anti-cancer drugs particularly from natural
sources [3,4] which showed large amount of scientific evidence in
lowering the risk of cancer [5-7]. Experimental investigations
demonstrated that many naturally occurring agents and plant
extracts have shown anti-cancer potential in a variety of bioassay
systems and animal models [8, 9]. These anti-cancer activities of the
extracts from medical plants were associated with their components
of phenolic compounds; the major types of phenolic compounds
which include flavonoids, phenolic acids, coumarins, tannins,
lignans, quinones, curcuminoids and stilbenes [10, 11]. Recently,
there are many studies conducted with the objective of using plants
as anti-cancer natural sources against breast cancer [12-18]. This
paper summarizes selected studies investigated to reduce the risk of
breast cancer using natural products.

Some evidence for the success of using natural products as anti-
cancer

Historically, plants and their derived products have been used for
long time in the treatment of cancer. For instance, more than 3000
plant species are listed and used as anti-cancer ones [19]. In
traditional medicine systems, plants are recognized and played an
important dominant role in the development of such systems. As
reported by WHO, approximately 80% of the population in some
African and Asian countries depend on traditional medicine for
primary health care [20]. It was reported that by 2050, the global
market for herbal products is expected to reach $5[21]. Plant based
drug discovery not only resulted in development of many anti-
cancer drugs but also provides a platform for design of safe and
novel drugs. These could be in terms of proper understanding of
many interactions between complexes synergistic of various
constituents of anti-cancer herbs [22]. Verma and Singh [23]
isolated two alkaloids namely vinblastine (1) and vincristine (2)
from the Madagascar periwinkle. They can be used in clinical
oncology for blocking the polymerization of tubulin molecules into
micro-tubules as well as preventing the formation of the mitotic
spindle which result in metaphase arrest and apoptosis [24]. One
good example of anti-cancer plants is curcumin which is the

principal curcuminoid and responsible for the yellow colour of the
spices. It comprises approximately 2-5% of turmeric as well as the
majority of turmeric’s therapeutic effects [25]. Curcumin also poses
varieties of therapeutic properties such as anti-inflammatory,
antiseptic, anti-oxidant and analgesic activities. It was found that
curcumin had effects on many biological pathways as well as anti-
cancer activities involved in oncogene expression, mutagenesis,
tumorigenesis, apoptosis, cell cycle regulation and metastasis [25].
However, further evidence for the success of natural product drug
discovery, the discovery of paclitaxel (Taxol, 9) which extracted
from the bark of the Pacific Yew, Taxusb revifolia Nutt (Taxaceae). It
considered as the first compound discovered to promote
microtubule formation and has been used in the treatment of several
types of cancers such as breast cancers ovarian ones [35]. Numerous
of paclitaxel semisynthetic derivatives has been developed later and
the first effective one to reach clinical use was docetaxel (10) which
have shown significant clinical activity in a different toxicity pattern
and a wide range of tumours [36,37]. However, several other
derivatives from paclitaxel such as paclitaxel microspheres and
albumin-bound docetaxel are still in clinical development [38].

Selected in vitro studies on anti-cancer plants

An in vitro study refers to the technique of performing a given
procedure in a controlled environment outside of a living organism.
Wang et al. [39] investigated anti-cancer activity of litchi fruit
pericarp (LFP) extract which contains significant amounts of
polyphenolic compounds. Human breast cancer cells were tested in
vitro for cytotoxicity, colony formation inhibition, BrdU
incorporation and gene expression profiling after treatment with
LFP extract. It exhibited powerful antioxidative activity against fat
oxidation in vitro. LFP extract demonstrated a dose-and time-
dependent inhibitory effect on cell growth (IC50 = 80 pg/ml).

It was suggested that LFP extract might have potential anti-cancer
activity on different types of breast cancers. This finding could be
attributed to many factors such as DNA damage effect of the extract, its
down-regulation of multiple genes involved in cell cycle regulation,
proliferating inhibition and apoptosis induction of cancer cells through
up-regulation and cell proliferation, signal transduction and
transcriptional regulation, motility and invasiveness of cancer cells,
apoptosis and Hyaluronan-mediated motility receptor (HMMR). An
anti-cancer activity of Cajanol which is chemically recognized as (5-
hydroxy-3-(4-hydroxy-2-methoxyphenyl)-7-methoxychroman-4-one)
is an isoflavanone from Pigeonpea [Cajanuscajan (L.) Millsp.] roots
were investigated on cancer cells [12].
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Table 1: Selected plant compounds with anti-cancer properties
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S. No. Family of the plant Plant species Plant part Extract solvent TGI (ng/ml)
1 Anacardiaceae RhusleptodictyaDiels. Leaves DCM 55.42
2 Apocynaceae Gomphocarpusphysocarpus Roots DCM: MeOH 20.80
Schltr
3 Apocynaceae Gomphocarpusfruticosus Leaves and stems MeOH 4.78
Dryand.
4 Asparagaceae Asparagus aethiopicusL Roots DCM: MeOH 15.00
5 Asteraceae BrachylaenarotundataS. Moore Leaves DCM 25.95
6 Bignoniaceae Kigeliaafricana(Lam.) Benth. Leaves DCM 15.00
7 elastraceae Gymnosporiatenuispina(Sond.)Szyszyl. Stems MeOH 28.04
8 Fabaceae Erythrinalysistemon Hutch. Whole plants DCM: MeOH 15.00
9 Geraniaceae Pelargonium acraeumR. A. Dyer Whole plants H20 12.74
10 Iridaceae Moraeapolystachya(Thunb.) Whole plants DCM: MeOH 29.63
11 Capparaceae Cadabaaphylla(Thunb.) Wild Roots DCM 14.89
12 Convolvulaceae Ipomoeas cairica(L.) Sweet Whole plants DCM: MeOH 65.34
13 Crassulaceae KalanchoethyrsifloraHarv. Leaves and roots MeOH 15.00
14 Solanaceae PhysalisperuvianaL. Leaves DCM: MeOH 35.59
15 Solanaceae SolanumtomentosumL. Stems H20 14.68
16 Celastraceae Gymnosporiatenuispina(Sond.) Flowers and leaves MeOH 28.04
DCM = dichloromethane, MeOH = methanol, TGI = total growth inhibition, *Reference: [34].
Table 2: Selected plants inhibiting breast MCF7*
S. Plant source Anti-cancer Effect as anti-cancer References
No. compound
1 Sanguinariacanadensis, Sanguinarine Decreases histone methylation (H3K4 and H3R17); HMTi [26]
Argemonemexicana, Papaver (G9a), in vitro HATi and decreases histone acetylation
somniferum(Opium poppy
2 Puerariamirifica, Pueraria Gene reactivation (p16, RARbeta, and MGMT), induces DNA [27]
lobata, Glycine max (soy) Daidzein demethylation
3 Silybummarianum (milk Silibinin Increases histone acetylation [28]
thistle)
4 Curcuma longa (curcuma) Curcumin Decreases histone and protein acetylation, increases histone [29,30]
acetylation, reduces expression of several HDACs sequence-
specific
demethylation at promoter regions of epigenetically silenced
genes
5 Fruits and Quercetin Induces gene expression and demethylation promoter [31]
vegetables
6 Rosmarinusofficinalis Rosmarinic acid Decreases DNMTi in vitro [32]
(Rosemary)
7 Caesalpiniasappan Brazilin HDAC2 expression, increases histone acetylation and [32]
Downregulation of HDAC1
8 Some fruits such as mango, Decreases protein acetylation (NF-«kB p65) and in vitro HATi [33]
blackberry and a number of Gallic acid (p300, CBP, PCAF, Tip60)
plants such as tea, areca nuts
9 Olives, green tea Protocatechuic In vitro decreases DNMTi [32]
acid
10 Allium sp. (onion, garlic, shallots) Diallyl disulfide increases histone acetylation [33]

It inhibited the growth of MCF-7 cells. The results also showed that
the IC50 value was 54.05uM after 72 h of the treatment, 58.32 uM
after 48 h and 83.42 pM after 24 h. Cajanol arrested the cell cycle in
the G2/M phase and induced apoptosis via a ROS-mediated
mitochondria-dependent pathway and initiated apoptosis. To the
best of our knowledge, this is the first report demonstrating the
cytotoxic activity of cajanol towards cancer cells in vitro. Human
breast cancer (MCF-7) cells were treated with GIS0 concentration
(concentration of lectin required for 50% inhibition of cell growth)
extracted from mulberry leaf lectin (MLL) at dose of 8.5 1g/ml for a
period of 24 h to induce cell death [15]. It was found that MLL
induced cell death through apoptosis in MCF-7 cells. Chalcones, the
biosynthetic precursors of flavonoids present in edible plants was
examined for its effect on breast cancer using TNBC cells [45]. The
treatment was conducted with chalcone derivatives, 2-
hydroxychalcone, and xantho humol for 24 h. The results revealed
great inhibition of the growth of MDA-MB-231cells with IC50 values
of 18.1, 4.6, and 6.7 1M, respectively. These results suggest a
potential application of these chalcones as anti-cancer agents which

can alleviate malignant progression of TNBC. Sahpazidoua et al. [18]
examined extracts of grape for their ability to inhibit growth of
breast cancer (MCF-7 and MDA-MB-23). The cancer cells were
exposed to the extracts for 72 h and the effects on cell growth were
evaluated. The results showed that the grape extracts inhibited cell
proliferation with IC50 values of 121-230 pg/ml for MCF-7 and
121-184 pg/ml for MDA-MD-23.

Selected in vivo studies on anti-cancer plants

An in vivostudy (Latin for “within the living”) refers to
experimentation using a whole, living organism as opposed to a
partial or dead organism. Animal studies and clinical trials are two
forms of in vivo research. Anti-cancer activity of litchi fruit pericarp
(LFP) extract on human breast cancer was confirmed with in vivo
study using nude mice bearing human breast infiltrating duct
carcinoma orthotopically by oral administration of 0.3% (0.3
mg/ml) of LFP water soluble crude ethanolic extract for a period of
10 weeks [39]. The result revealed that 40.7% reduction in tumor
mass volume and significant increases in casepase-3 protein
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expression (casepase-3 protein involved in various biological
functions such as apoptosis, cell proliferation, cell cycle regulation,
signal transduction and transcriptional regulation, extracellular
matrix/adhesion molecules and malignancy of cancer cells) were
observed in the experiment. Wu et al. [40] studied whether psoralen
which known as a coumarin isolated from the seeds of P. corylifolia
L. and it has been reported [41] to have an antioxidant activity can
inhibit metastasis of breast cancer to bone in vivo in mice. The
molecular, histological biological and imaging studies showed that
the psoralen inhibits bone metastases and led to inhibition of breast
cancer cell growth in the bone microenvironment which suggested
that psoralen is a bone-modifying agent and a potential therapeutic
to treat patients with bone metastases. In another research, Noratto
et al. [42] examined tumor growth inhibition and anti-metastatic
effects of peach polyphenolics in vivo using a xenograft model and
MDA-MB-435 breast cancer cells. The results revealed that tumor
growth and lung metastasis were inhibited in vivo by peach poly
phenolics in a dose range of 0.8 - 1.6 mg/day. Gene expression
studies were also conducted to confirm these effects using mediated
by  inhibition of  metalloproteinases. Modulation of
metalloproteinase-2 (MMP-2), metalloproteinase-3 (MMP-3) and
metalloproteinase-13 (MMP-13) gene expression may be some the
molecular targets for anti-metastatic activity of peach polyphenolics.
These compounds may constitute a novel chemopreventive tool to
reduce the risk of metastasis in the combination therapy when
primary cancer is diagnosed. The studies suggested a conversion to
equivalent human intake for future clinical studies using the body
surface area (BSA) normalization method at a dose of ~370.6
mg/day for a human adult of 60 kg, which can be supplied by
consuming 2 to 3 peach fruit per day or alternatively using a dietary
supplement peach polyphenol extract powder.
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CONCLUSION

This review article reports selected investigations using natural
plants as breast cancer medication. The anti-cancer activity of these
plants was associated with their components of major types of
phenolic compounds such as phenolic acids, flavonoids, tannins,
lignans, quinones, coumarins, curcuminoids and stilbenes.

REFERENCES

1. De Santis C, Siegel R, Bandi P, Jemal A. Breast cancer statistics.
CA Cancer ] Clin 2011;61:408-18.

2. Angelopoulos N, Barbounis V, Livadas S, Kaltsas D, Tolis G.
Effects of estrogen deprivation due to breast cancer treatment.
Endocr Relat Cancer 2004;11:523-35.

3. Mukherjee AK, Basu S, Sarkar N, Ghosh AC. Advances in cancer
therapy with plant based natural products. Curr Med Chem
2001;8:1467-86.

4. Ferguson PJ], Kurowska E, Freeman D], Chambers AF,
Koropatnick DJ. A flavonoid fraction from cranberry extract
inhibits proliferation of human tumor cell lines. ] Nutr
2004;134:1529-35.

5. Chen MS, Chen D, Dou QP. Inhibition of proteasome activity by
various fruits and vegetables is associated with cancer cell
death. In vivo 2004;18:73-80.

6. Ivanova D, Gerova D, Chervenkov T, Yankov T. Polyphenols and
antioxidant capacity of Bulgarian medicinal plants. ]
Ethnopharmacol 2005;96:145-50.

7. Jo EH, Hong HD, Ahn NC, Jung JW, Yang SR, Park JS, et al.
Modulations of the Bcl-2/Bax family were involved in the
chemopreventive effects of licorice root
(GlycyrrhizauralensisFisch) in MCF-7 human breast cancer cell.
] Agric Food Chem 2004;52:1715-9.

8. Aziz MH, Kumae R, Ahmad N. Cancer chemoprevention by
resveratrol: in vitro and in vivo studies and the underlying
mechanisms (review). Int ] Oncol 2003;23:17-28.

9. Primchanien M, Nuttavut K, Sineenart K, Omboon L,
Narongchai P, Neelobol N. Antiproliferation antioxidation and
induction of apoptosis by Garciniamangostana (mangosteen)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Int ] Pharm Pharm Sci, Vol 7, Issue 2, 44-47

on SKBR3 human breast cancer cell line. ] Ethnopharmacol
2004;92:161-6.

Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and phenolic
compounds of 112 traditional Chinese medicinal plants
associated with anti-cancer. Life Sci 2004;74:2157-84.

Gaudet MM, Britton JA, Kabat GC, Steck-Scott S, Eng SM,
Teitelbaum SL, et al. Fruits vegetables and micronutrients in
relation to breast cancer modified by menopause and hormone
receptor status. Cancer Epidemiol Biomarkers Prev
2004;13:1485-94.

Luoa M, Liua X, Zua Y, Fua Y, Zhanga S, Yaoa L, et al. Cajanol a
novel anti-cancer agent from Pigeonpea [Cajanuscajan (L)
Millsp roots induces apoptosis in human breast cancer cells
through a ROS-mediated mitochondrial pathway Chem Biol
Interact 2010;188:151-60.

Soares R, Meireles M, Rocha A, Pirraco A, Obiol D, Alonso E, et
al. Maitake (D fraction) mushroom extract induces apoptosis in
breast cancer cells by BAK-1 gene activation. ] Med Food
2011;14:563-72.

Engel N, Oppermann C, Falodun A, Kragl U. Proliferative effects
of five traditional Nigerian medicinal plant extracts onhuman
breast and bone cancer cell lines. ] Ethnopharm
2011;137:1003-10.

Deepa M, Sureshkumar T, Satheeshkumar PK, Priya S. Purified
mulberry leaf lectin (MLL) induces apoptosis and cell cycle
arrest in human breast cancer and colon cancer cells. Chem
Biol Interact 2012;200:38-44.

Fang XY, Chen W, Fan JT, Song R, Wang L, Gu YH, et al. Plant
cyclopeptide RA-V kills human breast cancer cells by inducing
mitochondria-mediated apoptosis through blocking PDK1-AKT
interaction. Toxicol Appl Pharmacol 2013;267:95-103.
Mohankumar M, Pajaniradje S, Sridharan S, Singh VK, Ronsard
L, Banerjea AC, et al. Mechanism of apoptotic induction in
human breast cancer cell MCF-7 by an analog of curcumin in
comparison with curcumin-An in vitro and in silico approach.
Chem Biol Interac 2014;210:51-63.

Sahpazidou C, Geromichalos GD, Stagos D, Apostolou A,
Haroutounian SA, Tsatsakis AM, et al. Anticarcinogenic activity
of polyphenolic extracts from grape stemsagainst breast colon
renal and thyroid cancer cells. Toxicol Lett 2014;230(2):218-
24.

Kaur R, Kapoor K, Kaur H. Plants as a source of anti-cancer
agents. ] Nat Prod Plant Resour 2011;1:119-24.

Khazir ], Mir BA, Pilcher L, Riley DL. Role of plants in anti-
cancer drug discovery Phytochem Lett 2014;7:173-81.

Anand C, Neetu S. Contribution of world health organization in
the global acceptance of Ayurveda. ] Ayurveda Integr Med
2011;2:179-86.

Larkin T. Herbs are often more toxic than magical. FDA Consum
17:4-11.

Verma AK, Singh RR. Induced Dwarf Mutant
in Catharanthusroseus with enhanced antibacterial activity.
Indian ] Pharm Sci 2010;72:655-7.

Jordan MA, Thrower D, Wilson L.Mechanism of inhibition of
cell proliferation by vinca alkaloids. Cancer Res 1991;51:2212-
22.

Wilken R, Mysore SV, Marilene BW, Eri SS. Curcumin: a review
of anti-cancer properties and therapeutic activity in head and
neck squamous cell carcinoma. Mol Cancer 2011;10:12.

Selvi BR, Pradhan SK, Shandilya ], Das C, Sailaja BS, Shankar GN,
et al. Sanguinarine interacts with chromatin modulates
epigenetic modifications and transcription in the context of
chromatin. Chem Biol 2009;16:203-16.

Bosviel R, Dumollard E, Dechelotte P, Bignon Y], Bernard-
Gallon D. Can soy phytoestrogens decrease DNA methylation in
BRCA1 and BRCA2 oncosuppressor genes in breast cancer?
OMICS 2012;16:235-44.

Kauntz H, Bousserouel S, Gosse F, Raul F. Epigenetic effects of
the natural flavonolignansilibinin on colon adenocarcinoma
cells and their derived metastatic cells. Oncollett 2013;5:1273-
7.

Khor TO, Huang Y, Wu TY, Shu L, Lee ], Kong AN.
Pharmacodynamics of curcumin as DNA hypomethylation

46



30.

31

32.

33.

34.

Adam et al.

agent in restoring the expression of Nrf2 via promoter Cp
Gsdemethylation. Biochem Pharmacol 2011;82:1073-8.

Shu L, Khor TO, Lee JH, Boyanapalli SS, Huang Y, Wu TY, et al.
Epigenetic CpGdemethylation of the promoter and reactivation
of the expression of Neurogl by curcumin in prostate LNCaP
cells. AAPS ] 2011;13:606-14.

Tan S, Wang C, Lu C, Zhao B, Cui Y, Shi X, et al. Quercetin is able
to demethylate the pl6INK4a gene promoter. Chemother
2009;55:6-10.

Paluszczak ], Krajka-Kuzniak V, Baer-Dubowska W. The effect of
dietary polyphenols on the epigenetic regulation of gene
expression in MCF7 breast cancer cells. Toxicol Lett
2010;192:119-25.

Druesne N, Pagniez A, Mayeur C, Thomas M, Cherbuy C, Duee
PH, et al. Diallyl disulfide (DADS) increases histone acetylation
and p21(wafl/cipl) expression in human colon tumor cell
lines. Carcinogenesis 2004;25:1227-36.

Fouche G, Cragg GM, Pillay P, Kolesnikova N, Maharaj V],
Senabe J. In vitro anti-cancer screening of South African plants.
] Ethnopharmacol 2008;119:455-61.

35.

36.

37.

38.

39.

40.

41.

42.

Int ] Pharm Pharm Sci, Vol 7, Issue 2, 44-47

Kinghom AD, Seo EK. Cultivating the pharmacopoeia. Chem
Tech 1996;26:46-54.

Gelmon KA. The taxoids: paclitaxel and docetaxel. Lancet
1994;344:1267-72.

Bissery MC, Nohynek G, Sanderink GJ, Lavelle F. Docetaxel
(Taxotere): a review of preclinical and clinical experience part
1-preclincial experience. Anti-Cancer Drugs 1995;6:339-68.
Hennenfent KL, Govindan R. Novel formulations of taxanes: a
review Old wine in a new bottle. Ann Oncol 2006;17:735-49.
Wang X, Yuan S, Wang J, Lin P, Liu G, Lu Y, et al. Anti-cancer activity
of litchi fruit pericarp extract against human breast cancer in vitro
and in vivo. Toxicol Appl Pharmacol 2006;215:168-78.

Wu C, Sun Z, Ye Y, Han X, Song X, Liu S. Psoralen inhibits bone
metastasis of breast cancer in mice. Fitoterapia 2013;91:205-10.
Guo ], Weng X, Wu H, Li Q, Bi K. Antioxidants from a Chinese

medicinal herb - Psoraleacorylifolia L. Food Chem
2005;91:287-92.
Noratto G, Porter W, Byrne D, Cisneros-Zevallos L.

Polyphenolics from peach (Prunuspersicavar Rich Lady) inhibit
tumor growth and metastasis of MDA-MB-435 breast cancer
cells in vivo. ] Nutr Biochem 2014;25:796-800.

47



