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Abstract Natural products have been used for centuries for
cures prevention, treatment, and cure of multiple diseases.
Some dietary agents are present in multiple systems of medi-
cines as proposed treatments for chronic and difficult to treat
diseases. Once such natural product is Momordica charantia
or bitter melon. Bitter melon is cultivated in multiple regions
across the world, and various parts of the plant, such as fruit,
leaves seed, etc. have been shown to possess medicinal prop-
erties in ancient literature. Over the last few decades, multiple
well-structured scientific studies have been performed to study
the effects of bitter melon in various diseases. Some of the
properties for which bitter melon has been studied include:
antioxidant, antidiabetic, anticancer, anti-inflammatory, anti-
bacterial, antifungal, antiviral, anti-HIV, anthelmintic, hypo-
tensive, anti-obesity, immuno-modulatory, antihyperlipidemic,
hepato-protective, and neuro-protective activities. This review
attempts to summarize the various literature findings regarding
medicinal properties of bitter melon. With such strong scien-
tific support on so many medicinal claims, bitter melon comes
close to being considered a panacea.
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Introduction

Nature is full of deadly poisons as well as life-saving entities.
In natural products such as medicinal plants, their extracts
have been used for thousands of years in traditional medicine
throughout the world. In the past century, new drug develop-
ment is mainly being carried out using combinatorial chemis-
try and targeted drug design. However, phytochemicals and
their analogs have also started to garner a lot of attention in
drug discovery because of their relatively better safety profile,
possible multi-targeted activities, and potential to treat wide
range of diseases. A report from the World Health Organiza-
tion (WHO) had reported that about 80 % of the world’s pop-
ulation utilizes traditional system of medicine as their first line
of therapy [1]. Multiple countries in Asia, Africa, and the
Middle East have long-standing and still prevailing systems
of traditional medicines, most containing within them large
compilations of therapeutic plants and related products [2].
Some of the medicinal plants described in Ayurveda (the tra-
ditional Indian system of medicine), viz. bitter melon (BM)
[3–5], turmeric [6, 7], and stone apple [8, 9], have demonstrat-
ed their importance in recent years for treatment of various
diseases including diabetes and cancer. With advancement in
science and technology, it is now a lot more feasible to dis-
cover the active constituents present in these plants and estab-
lish their pharmacology for developing them into safer and
more efficient therapeutics.

The current review discusses and summarizes the potential
biological activities of BM or Momordica charantia (MC).
BM, though a medicinal plant in Ayurveda and Chinese sys-
tems of medicine, is often consumed as a cooked vegetable in
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both these countries as well as other parts of Southeast Asia. It
is known as bitter melon, bitter gourd, balsam pear, bitter
cucumber, and Karela [10]. All parts of the plant, including
the fruit, taste bitter. The shoot and leaves of bitter melon are
used as vegetables for cooking, while fruit extracts are also
utilized in tea preparations [11, 12]. Since the bitterness of the
vegetable is considered desirable, hence, the bitter flavor has
been preferentially selected during domestication [13].

In Ayurveda, MC is claimed to possess antidiabetic,
abortifacient, anthelmintic, antimalarial, and laxative prop-
erties. Additional indications include dysmenorrhea, em-
menagogue, eczema, gout, galactagogue, kidney (stone),
jaundice, leucorrhea, leprosy, pneumonia, piles, rheuma-
tism, and psoriasis [14]. In recent years, MC and its various
extracts have been studied for biological activities including
antioxidant [15], antidiabetic [16], anticancer [3, 4], anti-
inflammatory [17], antibacterial [18], antifungal [19], anti-
v i r a l [20 ] , an t i -HIV [21] , an the lmin t i c [22 ] ,
antimycobacterial [23], hypotensive [24], anti-obesity [25],
Immuno-modulatory [26], antihyperlipidemic [27], hepato-
protective [28], and neuro-protective activities [29]. Numer-
ous chemical constituents such as curcubitane-type
triterpenoids, curcubitane-type glycosides, triterpene sapo-
nins, phenolic and flavonoid compounds, and protein com-
ponents [30] have been identified and studied for various
therapeutic activities. In the present review, we are summa-
rizing some of the important reports dealing with antioxi-
dant, anti-inflammatory, anticancer, and antidiabetic activi-
ties of MC. With so many health and therapeutic benefits,
one can consider bitter melon to be as close to panacea as
possible that exists in nature.

M. charantia

The genus Momordica occurs to subtribe Thladianthinae,
tribe Joliffieae , subfamily Cucurbitoideae , of the
Cucurbitaceae family [31]. The genus Momordica includes
45 plant species domesticated in Asia and Africa [32]. The
plant grows in tropical areas of Asia, Amazon, east Africa, and
the Caribbean. The core of MC domestication is mainly in
eastern Asia, with greater proportion in India and southern
China [33]. Other countries of prominent cultivation include
Brazil, Colombia, Cuba, Ghana, Haiti, Mexico, Malaya, New
Zealand, Nicaragua, Panama, and Peru [34, 35]. MC has been
mentioned in Ayurvedic books from 2000 to 200BCE [32],
providing reference of early cultivation of MC in India. The
Chinese written reference to MC was documented in 1370
[33]. Both the domesticated and putative wild progenitors of
MC are recorded in floras of India, tropical Africa, and Asia as
well as Brazil, where it first came and then spread into Central
America [13].

Morphological Characteristics

MC is an herbaceous plant with tendril-bearing vines
that grows up to 5 m in length. It has simple and al-
ternate leaves, which are 4–12 cm across. These leaves
bear 3–7 deeply separated lobes. The plant has two
different kinds of flowers separated based on sex. MC
has easily differentiable male and female, yellow-
colored flowers, owing to its monecious qualities. The
male flowers grow at the end of thin, long stems,
whereas the female flowers have a small fruit at the
base of flower stem. The fruit is oblong in shape with
a distinct warty on exterior. The cross-sections of the
fruit show hollow interior with thin layer of flesh cov-
ering a central seed cavity filled with large, flat seeds as
well as pith. Often, fruit is eaten when it is green or
just starts turning yellow in color. At this stage, the fruit
is crunchy as well as watery in texture. As the fruit
progress to ripening, the rind becomes tough and with
sometimes increased bitterness, while pith becomes
sweet in taste and red in color. After full ripening, fruit
turns orange in color, mushy, and often splits into seg-
ments, that curl back to expose seeds covered in bright
red pulp (Fig. 1).

MC is available commercially in a variety of shapes
and sizes. The Chinese variety is 20–30 cm long, ob-
long with bluntly tapering ends, and pale green colored
with a gently undulating, warty surface, whereas the
Indian variety has a narrower shape with pointed ends
and a surface covered with jagged, triangular Bteeth^
and ridges. Indian MC is available in two varieties
based on size, shape, color, and surface texture of the
fruit. The first variety is M. charantia var. charantia
having large fusiform of fruits that are not tapered at
both ends and possesses numerous triangular tubercles
looking like a Bcrocodile’s back.^ The second variety is
M. charantia var. muricato (Wild), which produces
small and round fruits with tubercles, and more or less
tapering at both ends [36].

Nutritional Values

The nutritional analysis of MC fruits shows that it is a
rich in carbohydrates, proteins, vitamins, fibers, and min-
erals (Table 1). MC holds the highest nutritive value
among all cucurbits [37]. Vitamin C content of Chinese
MC differs significantly (440–780 mg/kg edible portion).
Considerable variation in nutrients, including protein, car-
bohydrates, iron, zinc, calcium, magnesium, phosphorous,
and ascorbic acid, has been observed in MC [37, 38]. The
pulp around the seeds of the mature ripe fruit is a major
source of the carotenoid lycopene.

Curr Pharmacol Rep (2016) 2:34–44 35



Biological Activities of Bitter Melon

Antioxidant Activity and Antidiabetic Activity

Oxidant production as normal metabolic by-products or their
exposure from environment often leads to effects such as ag-
ing or other degenerative disorders. Consumption of
antioxidant-rich foods can help alleviate such issues. Multiple
reports using different extracts of BM have shown potential
antioxidant properties of the fruit. Lu and group have studied
the protective effects of the ethanolic extracts of MC fruit,
against chronic alcohol-induced hepatic injury in C57BL/6
mice. It is believed that the protective effects are facilitated
by improving levels of liver antioxidant enzymes (GSH, GPx,
GRd, CAT, and SOD), decreasing lipid peroxidation (MDA),
and lowering expression of pro-inflammatory cytokines
(TNF-α, IL-1β, and IL-6) [28]. Similarly, antioxidant po-
tential of MC extract was studied in ammonium
chloride-induced (AC) hyperammonemic rats. Treatment
with MC extract normalized the abovementioned chang-
es by reversing the oxidant–antioxidant imbalance dur-
ing AC-induced hyperammonemia [39].

The antioxidant activity of MC extracts may vary, depend-
ing on the method of extraction. Wei and coworkers have
shown that the free radical scavenging activity of MC extract
was significantly increased by using heat drying process for
extraction. The extract was found to exert higher proliferation
activity on NIT-1 beta cells, thus resulting in possibly better
antidiabetic activity of the fruit [15]. Liu et al. developed sul-
fated polysaccharide from MC with variable degrees of

sulfation. There results showed that polysaccharides with high
degree of sulfation exhibited better antioxidant activities as
compared to native polysaccharides from MC in vitro [28].

Different ingredients in MC have found to be responsible
for its potential antioxidant and antidiabetic properties. Lin et
al. in 2011 isolated a number of new compounds including a
novel cucurbitane-type triterpene glycoside, taiwacin A,
taiwacin B, a known cucurbitane-type triterpene glycoside,
and a known steroid glycoside from the stems and fruits of
MC. They further proposed the structure of the new com-
pounds by utilizing spectroscopic methods. All four com-
pounds were shown to exhibit ABTS radical cation scaveng-
ing activity with IC50 values of 119.1 ± 4.3, 204.5 ± 1.2,
159.7±11.0, and 98.1±2.4 μM respectively [40]. In a study
comparing the antioxidant activities of various herbal agents,
the highest free radical scavenging activity was observed with
the extracts of MC and Eugenia jambolana [41]. Kumar et al.
also carried out the evaluation of the antioxidant activity of the
total aqueous extract (TAE) and total phenolic extract (TPE)
of MC fruits. The antioxidant activities were measured by
using radical-scavenging methods. Further, the cytoprotective
effects of the extracts on hydrogen peroxide (H2O2)- and
hypoxanthin-xanthin oxidase (HX-XO)-induced damage to
various cell types were also measured. At 200 and 300 μg/
mL, TPE showed dose-dependent cytoprotection against the
used oxidants [42]. Dhar et al. have studied the in vitro anti-
oxidant activity of MC seed oil containing conjugated
octadecatrienoic fatty acid and alpha-eleostearic acid. Alpha-
eleostearic acid also decreased the lipid peroxidation level in a
dose-dependent manner [43].

Fig. 1 Raw and ripened fruit of
bitter melon
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The antioxidant and α-glucosidase inhibitory activity of
the methanolic and ethyl acetate extracts of MC was studied
by Sulaiman et al. The reducing power was found to be
692.56±43.38 and 221.97±17.20 mM AscAE/g extract re-
spectively, and the α-glucosidase inhibitory activities were
18.04±0.47 and 66.64±2.94 %, respectively [44]. Ching et
al. evaluated the effects of maternal high-fructose intake on
the offspring and if metabolic control in the offspring could
improve from supplementing bioactive food components to
the maternal diet. Their results showed that MC supplementa-
tion to dams could offset the adverse effects arising from the
maternal high-fructose intake in adult offspring [45]. Tripathi
and Chandra further studied the antihyperglycemic and anti-
oxidative activities of MC aqueous extracts and found that it
improved fasting blood glucose levels in rats. In addition,
antioxidant activities such as the levels of superoxide dismut-
ase, catalase, glutathione, and glutathione-s-transferase within

the heart, kidney, and liver tissues and TBARS levels were
also improved [46]. These authors also studied the effect of
MC on antioxidant levels and lipid peroxidation in heart
tissue of non-diabetic and alloxan-induced diabetic rats.
They found that MC treatment reduced the elevated
levels of fasting blood glucose, decreased lipid peroxida-
tion and increased antioxidant enzyme activity in heart
tissue of diabetic rats [47]. These results all suggest that
some portion of the antidiabetic benefits of MC also
come from its antioxidative properties, which supplement
the hypoglycemic effects with the reversal of oxidant-
induced damage.

Further studies in diabetic animal models showed that MC
extracts possess not only the hypoglycemic properties but can
also alleviate diabetes-related adverse effects. A study by
Chaturvedi and George in alloxan-induced diabetic rats sub-
jected to a sucrose load showed that MC maintained the

Table 1 Nutritional values of Momordica charantia raw leafy tips, raw pods, and their cooked forms

Nutrients Leafy tips, raw Leafy tips, cooked,
boiled, drained, no salt

Pods, raw Pods, cooked, boiled,
drained, no salt

Proximates Water (g) 89.25 88.69 94.03 93.95

Energy (Kcal) 30 34 17 19

Proteins (g) 5.30 3.60 1 0.84

Total lipids (fats) (g) 0.69 0.20 0.17 0.18

Carbohydrate, by difference (g) 3.29 6.68 3.70 4.32

Fiber, total dietary (g) – 1.9 2.8 2.0

Sugars, total 1.04 1.95

Minerals Calcium, Ca (mg) 84 42 19 9

Iron, Fe (mg) 2.04 1.02 0.43 0.38

Magnesium, Mg (mg) 85 94 17 16

Phosphorus, P (mg) 99 77 31 36

Potassium, K (mg) 608 602 296 319

Sodium, Na (mg) 11 13 5 6

Zinc, Zn (mg) 0.30 0.30 0.80 0.77

Vitamins Vitamin C, total ascorbic acid (mg) 88 55.6 84.0 33.0

Thiamin (mg) 0.181 0.147 0.040 0.051

Riboflavin (mg) 0.362 0.282 0.040 0.053

Niacin (mg) 1.110 0.995 0.040 0.280

Vitamin B-6 (mg) 0.803 0.760 0.043 0.041

Folate, DFE (μg) 128 88 72 51

Vitamin A, RAE (μg) 87 121 24 6

Vitamin A, IU (IU) 1734 2416 471 113

Vitamin E (mg) 1.45 0.14

Vitamin K (μg) 163.1 4.8

Lipids Fatty acids, total saturated (g) 0.032 0.014

Fatty acids, total monounsaturated (g) 0.005 0.033

Fatty acids, total polyunsaturated (g) 0.083 0.078

The detailed nutritional information can be found from the United States Department of Agriculture, Agricultural research services websites at the
following weblinks. For leafy tips, raw: http://ndb.nal.usda.gov/ndb/foods/show/2867; for pods, raw: http://ndb.nal.usda.gov/ndb/foods/show/2869; for
pods, cooked, boiled, drained, without salt: http://ndb.nal.usda.gov/ndb/foods/show/2870
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normal glucose levels in all experimental groups. It also re-
duced triglyceride and low-density lipoprotein levels and in-
creased high-density lipoprotein levels. It further improved
the antioxidant status by lowering the levels of thiobarbituric
acid-reactive substances and normalizing the levels of reduced
glutathione [48]. Teoh et al. studied the nephro protective
effect ofMC extract in streptozotocin-induced diabetes in rats.
The MC extract was found to reverse streptozotocin-induced
thickening of the basement membrane of the Bowman’s cap-
sule, edema, and hypercellularity of the proximal tubules, ne-
crosis, and hyaline deposits. The MC extract also exerted
nephro-protective activity by preventing the oxidative damage
involved in the diabetic kidney [49]. In a separate study, the
livers of the diabetic rats had hepatocytes showing features of
inflammation. These signs of liver damage were found to re-
verse with administration of the MC extract [50].

Another important study was to determine the potential cell
reparative effects of MC boiling water extract (MCE) on the
HIT-T15 Hamster Pancreatic beta cells by Xiang and col-
leagues. The highmolecular weight fraction ofMCE (MHMF,
MW>3 kDa) exhibited better repairing in alloxan-damaged
cells than the low molecular weight fraction (MLMF,
MW<or =3 kDa). Contrary to the cell proliferation improve-
ments, it was observed that MLMF showed higher overall
activity through the increase in insulin secretion of both nor-
mal and damaged cells. Their results indicated MCE has sig-
nificant repairing activity against superoxide anion radicals.
Further, their data shows that different components of the
extracts may elicit different aspects of response when it comes
to its antidiabetic properties [51]. Antioxidant activities of the
aqueous extract of seeds of two varieties of MC (MCSEt1 and
MCSEt2) were studied in streptozotocin-induced diabetes in
rats. The extracts were shown to possess protective effects
against lipid peroxidation by scavenging of free radicals, thus
reducing the risk of diabetic complications. The effect was
more pronounced in MCSEt1 compared to MCSEt2 [52].

Kavitha and colleagues evaluated the effects of
ethanolic fruit extract of MC on stress-induced changes
in Wister albino rats. MC pretreatment significantly coun-
tered acute stress-induced changes in plasma corticosterone
levels and brain monoamine levels (5-hydroxy tryptamine,
norepinephrine, epinephrine, and dopamine) [53]. Nerurkar
et al. have also investigated the neuroprotective effects of
MC on high-fat diet (HFD)-associated changes in C57BL/
6 female mice. MC treatment ameliorated HFD-associated
changes in BBB permeability. The treatment also normal-
ized HFD-induced glial cells activation and expression of
neuroinflammatory markers such as NF-κB1, IL-16, IL-22
as well as IL-17R in brains of MC-dosed mice. Brain
oxidative stress was significantly reduced by MC along
with reduction in FoxO, normalization of Sirt1 protein
expression, and upregulation of Sirt3 mRNA expression
[54].

The protective effects of MC extract on lipid peroxidation
induced by immobilization stress in rats were studied. Here
too, MC inhibited stress-induced lipid peroxidation in rats,
which was in part due to increasing levels of reduced gluta-
thione and increased catalase activity [55]. The anti-oxygenic
activity of MC pulp and seed powders as well as their various
solvent extracts were evaluated. Overall, the MC pulp and
seed powders exhibited stronger anti-oxygenic activity than
other solvent extracts. However, MC pulp and its extracts
showed little higher activity when compared to MC seeds
and its extracts [56]. De et al. determined the effects of fresh
juices of MC and tomato separately as well as together in
repairing DNA damage. They found that the combination
could protect from DNA damage, but not as effectively as
either agent alone [57].

Anti-inflammatory Activity

Immune cells are involved in inflammation-based responses.
Bitter melon is known to interact with immune cells. Multiple
studies have shown that various extracts of MC can act as
immunomodulators and, hence, can also act as anti-
inflammatory agents. Bao et al. looked at the effects of MC
treatment in C57BL/6 mice administered with HFD. Once
again, MC-containing diets reduced the HFD-induced obesity
as well as insulin resistance. MC was also shown to
decrease macrophage infiltration into epididymal adipose tis-
sues (EAT) and brown adipose tissues (BAT). MC further
reduced IL-6 and TNF-α expression in EAT and normalized
serum levels of cytokines, suggesting the potential anti-
inflammatory role of MC in obese rats [58]. Further, Xu et
al. studied the effects of MC onmitochondrial function during
the development of obesity-linked fatty liver in C57BL/6
mice. The mouse model involved feeding with high fat diet
(HFD) supplemented with two doses of MC powder {0.5
(HFD+ 0.5MC) and 5 (HFD+ 5MC) g/kg}. The mice in
HFD+5MC group showed less body and tissue weight gain
and less hyperglycemia and hyperlipidemia compared to con-
trol HFD group. In both treatment groups, serum interleukin-6
concentration was lower than that in HFD group, though the
serum C-reactive protein concentration was lower only in
HFD+5MC group [59].

Hsieh et al. suggested that the anti-adiposity effects of MC
seed oil is linked to white adipose tissue delipidation, inflam-
mation, and browning [60].

The triterpene, EMCD extracted from wild variant of MC
WB24 have been shown to suppress TNFα-induced expres-
sion of inflammatory markers including inducible nitric oxide
synthase (iNOS), NF-κB, protein-tyrosine phosphatase-1B,
and interleukin-1β in FL83B cells. Moreover, EMCD exerted
more pronounced anti-inflammatory activity in combination
with EGCG [61].
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The protective effect of MC in tibial and sural nerve tran-
section (TST)-induced neuropathic pain were studied in rats.
TST induce significant development of cold allodynia, me-
chanical and heat hyperalgesia, dynamic mechanical
allodynia, and functional deficit in walking alongwith increase
in TBARS and TNF-α levels. Administration of MC at vari-
ous doses significantly reduced TST-induced behavioral and
biochemical changes [62]. Hsu et al. showed that ethyl acetate
extract of MC fruit and its saponofiable as well as nonsapon-
ifiable fractions reduced pro-inflammatory cytokine and ma-
trix metalloproteinase (MMP)-9 levels in Propionibacterium
acnes-stimulated THP-1 cells. The intradermal injection of
MC extract in mice effectively attenuated P. acnes-induced
ear swelling and granulomatous inflammation [63].

In further studies, Lii and group have shown that the etha-
nol extracts of MC exerted the greatest decrease of lipopoly-
saccharide treatment (LPS)-induced production of nitric oxide
and prostaglandin E2 as well as iNOS and pro-interleukin-
1beta expression in RAW264.7 macrophages [64]. Similarly,
Kobori et al. also showed that the butanol-soluble fraction of
MC extract decreased LPS-induced TNF-α production in
RAW 264.7 cells [65].

Anticancer Activities

In the previous three decades, the research with MC was fo-
cused on its antidiabetic, anti-inflammatory, and anti-
oxidative properties. Over the last 10 years, the interest in
studying MC in the prevention or treatment of cancer has
increased. The Warburg effect, which deals with the shift in
metabolic profile of tumor cells by increasing their depen-
dence on glycolysis and lactic acid fermentation, also regained
prominence during this time. MC was found to be effective in
multiple cancers by affecting multiple pathways including
metabolic pathways. In the following section, we have sum-
marized the potential activities of MC and its chemical con-
stituents against numerous cancers including breast, colon,
pancreatic, liver, prostate, and skin cancers.

Breast Cancer

Weng et al. have studied a cucurbitane-type triterpene DMC
isolated from wild MC. DMC was found to activate PPAR-γ.
The pharmacological inhibition of PPAR-γ protected cells
from DMC’s anti-proliferative effect, further confirming its
mechanism of action. DMC suppressed the expression of
PPAR-γ targets, such as cyclin D1, CDK6, Bcl-2, XIAP, cy-
clooxygenase-2, NF-κB, and estrogen receptor-α. It induced
ER stress, as manifested by GADD153 and GRP78 induction.
DMC also inhibited mTOR-p70S6K signaling by downregu-
lating Akt and activating AMPK. The study suggested in-
volvement of PPAR-γ signaling in the antitumor activity of
MC [66].

Fang et al. have isolated and characterized a 14-kDa ribo-
nuclease (RNase MC2) fromMC seeds. RNase MC2 showed
both cytostatic and cytotoxic properties against MCF-7 breast
cancer (BC) cells causing nuclear damage, leading to either
early or late apoptosis. Additionally, RNase MC2 induced
activation of MAPKs such as p38, JNK, and ERK as well as
Akt, caspases 8, 9, and 7, enhanced Bax and cleaved PARP
levels, further contributing to apoptosis [67].

In another study, the anticancer activity of MC extract was
studied inMCF-7 andMDA-MB-231 human BC cells as well
as in primary human mammary epithelial cells. MC treatment
reduced cell proliferation and induced apoptosis in BC cells
tested, which was accompanied by increased levels of cleaved
poly (ADP-ribose) polymerase and caspase activation. The
treatment also inhibited the expression of survivin and claspin.
MC-treated MCF-7 cells accumulated during the G2-M phase
of the cell cycle. MC treatment enhanced p53, p21, and
pChk1/2 expression and inhibited cyclin B1 and cyclin D1
expression, suggesting a further mechanism involving cell
cycle regulation [68]. Nagasawa et al. have shown that SHN
virgin mice supplimented with free access to hot water extract
of MC (0.5 %) in drinking water developed significantly less
breast tumors. The treatment also inhibited uterine
adenomyosis. Moreover, there were no adverse effects ob-
served with MC treatment [69].

Eleostearic acid (α-ESA) is a conjugated form of linolenic
acid (CLN) that constitutes up to 60 % of MC seed oil.
Grossmann and group have studied the effects of α-ESA on
estrogen receptor (ER)-negative MDA-MB-231 (MDA-wt)
and ER-positiveMDA-ERalpha7 human BC cells. Their stud-
ies found that α-ESA inhibited proliferation of MDA-wt and
MDA-ERalpha7 cells. α-ESA treatment also induced apopto-
sis in both cell lines (70 %–90 %), whereas CLN resulted in
only 5 to 10 % apoptosis. Moreover, the addition of α-ESA
also caused loss of mitochondrial membrane potential and
translocation of apoptosis-inducing factor as well as endonu-
clease G from the mitochondria to the nucleus. α-ESA treat-
ment also caused a G(2)-M arrest in the cell cycle [70].

Lee-Huang et al. have studied the efficacy of a peptide
MAP30 found in MC on estrogen-independent and highly
metastatic human breast tumor MDA-MB-231. The treatment
resulted in inhibition of cancer cell proliferation and inhibition
of HER2 gene expression in vitro. When MDA-MB-231 cells
were transferred into SCID mice, they developed extensive
metastases and all mice succumbed to tumor by day 46. Treat-
ment of the BC-bearing mice with MAP30 injections resulted
in significant increases in survival, with 20–25 % of the mice
remaining tumor free for 96 days [71].

Colon Cancer

The utilization of multiple food agents with potential cancer
preventive properties in the daily diet has been attributed to
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relatively lower incidence rate of colon cancer in South and
East Asian countries. MC is one such food, and hence, it has
also been studied for its potential role in preventing/treating
colon cancer. We have evaluated the potential of methanolic
extracts of MC (whole fruit and skin) on colon cancer stem
and progenitor cells. Both the whole fruit and the skin extracts
significantly inhibited cell proliferation and colony formation,
where the whole fruit extract showed greater efficacy. In these
studies, the cells were arrested at the S-phase of cell cycle. The
extracts induced the cleavage of LC3B, but not caspase 3/7,
indicating that the cells were undergoing autophagy and not
apoptosis. Autophagy was further confirmed by reduced Bcl-
2 and increased Beclin-1, Atg 7, and 12 expression after MC
treatment. The treatment also led to reduced cellular ATP
levels and activation of AMPK. Exogenous additions of
ATP led to revival of cell proliferation even in the presence
of MC. Treatment with MC resulted in decrease in the num-
ber, and size of colonospheres coupled with decreased expres-
sion of DCLK1 and Lgr5 suggested the activity of extracts on
colon cancer stem cells [3]. The effects of the sameMC extract
on anticancer activity and bioavailability of doxorubicin
(DOX) was also studied. MC extract enhanced the effect of
DOX on proliferation and sensitized the cancer cells toward
DOX upon pretreatment. This synergism was attributed to
both an increase in drug uptake and reduction in drug efflux.
Reduced expression of multidrug resistance conferring pro-
teins (MDRCP) P-glycoprotein, MRP-2, and BCRP was also
observed. Suppression of DOX efflux in MDCK cells over-
expressing the three MDRCP individually suggests that MC
extract is a potent inhibitor of MDR function. MC extract also
suppressed PXR (a xenobiotic sensing nuclear receptor that
controls the expression of MDRCP) promoter activity. These
results suggested thatMC can enhance efficacy of convention-
al cancer chemotherapy [4].

Li et al. also showed that the methanolic extracts of MC
exerted cytotoxic activity on Hone-1 (nasopharyngeal carci-
noma), AGS (gastric adenocarcinoma), HCT-116 (colorectal
carcinoma), and CL1-0 lung adenocarcinoma in a time-
dependent manner. MC treatment induced apoptosis by acti-
vation of caspase-3, enhanced cleavage of downstream
DFF45 and PARP, resulting in DNA fragmentation and nucle-
ar condensation. Bax expression was increased, whereas Bcl-
2 was decreased in all treated cells, indicating the involvement
of mitochondrial pathway in MC activity [72]. Another study
identified a resistance-like protein P-B from MC by using
high-speed counter-current chromatography (HSCCC)
coupled with a reverse micelle solvent system. Fractions I
and III were identified as resistance-like protein P-B and
pentatricopeptide repeat-containing protein, respectively.
However, fraction II, which is thought to be a new protein,
has not yet been identified. The fraction II had excellent anti-
cancer activity (IC50 value 0.116 mg/ml for 48 h treatment)
on human gastric cancer cell line SGC-7901 [73].

Kupradinun et al. examined effect of MC against
clastogens, cyclophosphamide (CYP), and DMBA using in
vivo erythrocyte micronucleus assay in mice and
azoxymethane (AOM)-induced colon carcinogenesis in rats.
The study demonstrated that mice fed with MC containing
diets showed potential anticancer activity against clastogens.
Surprisingly, the MC extracts did not show any preventive
effects in AOM model with treatment resulting in increased
incidence and multiplicities of colon tumors than control [74].
Fan et al. showed that proliferation of LoVo cells was sup-
pressed byMAP30 in both time- and dose-dependent manner.
MAP30-induced the apoptotic nuclei observed in LoVo cells.
Additionally, genomic degradation was detected in treated
cells by using single-cell gel electrophoresis (comet assay).
Upregulation of Bax and downregulation of Bcl-2 were also
observed [75]. Yasui et al. investigated the effects of free fatty
acids prepared from the MC seed oil in Caco-2 cells. The
expression of Bcl-2 was found to be decreased by the treat-
ment. Apoptosis regulators GADD45 and p53 were also re-
markably upregulated by the treatment [76].

Konishi et al. observed that MC fraction extracted with
40 % methanol showed the greatest increase of rhodamine-
123 accumulation in Caco-2 cells. Inhibitory compound in the
MC fraction was identified as 1-monopalmitin. They hypoth-
esized that that certain types of monoglyceride might modu-
late the bioavailability of drugs by inhibiting efflux mediated
by P-gp, which matched the MDR-based claims of Kwatra
et al. [77]. The inhibitory activity of 1-monopalmitin and re-
lated compounds suggested that the P-gp inhibition activity
was independent of degree of unsaturation of fatty acid instead
depending on chain length, with the monoglyceride structure
deciding the ultimate inhibition of P-gp efflux. Monoglycer-
ides could therefore alter drug pharmacokinetics by inhibiting
efflux [78].

Deep et al. tested MC fruit extract (2.5 % and 5 % of
standard mice feed) against 3,4 benzo(a)pyrene [B(a)P]-in-
duced forestomach papillomagenesis in Swiss albino mice.
A significant decrease in tumor burden was observed after
MC treatment. Also, total tumor incidence reduced by 80 %
to 90% in short-term treatment and close to 75% in long-term
treatment [79]. Kohno et al. studied the effects of MC contain-
ing diet in AOM-induced colonic neoplasms in male F344
rats. The treatment reduced both the incidence and the multi-
plicity of colonic adenocarcinoma. The inhibition was associ-
ated with increased content of CLN in colonic mucosa and
liver [80]. In another study, Kohno et al. had studied the die-
tary effects of CLN isolated from the seeds of MC against
AOM - induced colonic aberrant crypt foci (ACF) in male
F344. Dietary administration of CLN caused a significant re-
duction in the frequency of ACF, lowered the PCNA index,
and induced apoptosis in ACF. The possible mechanism of
chemo-preventive activity was hypothesized to be modulation
of cryptal cell proliferation activity and/or apoptosis [81].
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Pancreatic Cancer

The efficacy of MC juice against pancreatic carcinoma cells
both in culture and MiaPaCa-2 tumors in nude mice was in-
vestigated. Their results showed that MC (2–5 % v/v) de-
creased cell viability in all tested cell lines by inducing strong
apoptotic cell death caused by activation of caspases. It was
also found to activate AMPK, alter expression of Bcl-2 family
members, and release cytochrome-c into the cytosol. Addi-
tionally, the treatment with MC juice resulted in reduced
survivin and XIAP expression but increased p21, CHOP,
and phosphorylated MAP kinases levels. Oral administration
of lyophilizedMC juice inhibitedMiaPaCa-2 tumor xenograft
growth by 60%without noticeable toxicity in nudemice. IHC
analyses of xenografts suggested that MC also inhibits prolif-
eration, induces apoptosis, and activates AMPK in mouse
model [82].

Liver Cancer

Fang et al. have shown that RNase MC2 restricted cell prolif-
eration and induced apoptosis in HepG2 cells. RNase MC2
caused S-phase cell cycle arrest, induced phosphorylation of
ERK and JNK as well as caused activation of both caspase-8
and caspase-9 mediated apoptosis. RNaseMC2 treatment also
reduced Bcl-2 and enhanced Bak expression. RNase MC2
suppressed tumor growth by inducing apoptosis in the HepG2
xenograft-bearing nude mice. RNase MC2 mediated apopto-
sis was confirmed by enhanced number of caspase-3-,
PARP-, and TUNEL-positive cells in the tumor tissues of
HepG2 xenograft-bearing nude mice [83]. Further studies
have been performed to establish the efficacy of MAP30
against human hepatocellular carcinoma HepG2 cells and
HepG2-bearing mice. The mechanistic studies showed the
involvement of both extrinsically (caspase-8) as well as intrin-
sically (caspase-9) induced apoptosis in MAP30-treated cells.
The peptide was also found to be effective in HepG2 tumor-
bearing nude mice [84].

Prostate Cancer

Ru et al. have evaluated the of MC against human prostate
cancer (PC3 and LNCaP) cells. The cancer cells treated with
MC extract got arrested during the S-phase of the cell cycle.
MC treatment also modulated cyclin D1, cyclin E, and p21
expression within the cells. The treatment also increased Bax
expression and induced PARP cleavage. Oral gavage of MC
extract in TRAMPmice delayed the progression to high-grade
prostatic intraepithelial neoplasia by 31 %. Prostate tissue
from MC extract-fed mice displayed approximately 51 % re-
duction in the expression of proliferating cell nuclear antigen
(PCNA) [85].

Pitchakarn et al. have shown that MC leaf extract and
Kuguacin J (KuJ) exerted growth inhibition through a G1-
arrest of cell cycle and induced apoptosis in androgen-
dependent LNCaP cells. MC leaf extract and KuJ also reduced
the expression levels of prostate-specific antigen (PSA) and
androgen receptor (AR). These two together induced P53 pro-
tein level upon treatment. Additionally, the inhibition of p53
by RNAi confirmed the mechanism partially to be p53-depen-
dent. MC leaf extract and KuJ were less toxic in normal pros-
tate cells (PNT1A); hence, these effects were prostate cancer
specific [86]. In another study, the same group studied the
anti-invasive effects of MC on a rat prostate cancer cell line
(PLS10) and found that MC leaf extract significantly reduced
the migration and invasion ability of cells in vitro. The MC
extract successfully inhibited MMP-2, MMP-9, and uPA se-
cretion from PLS10. It also markedly increased the mRNA
expression of TIMP-2. The collagenase type IV activity was
also partially inhibited by MC leaf extract. Intravenous inoc-
ulation of PLS10 to nude mice resulted in 20 % deaths, but a
100 % survival rate in the mice given MC leaf extract. The
treatment did not affect the incidence rate of lung metastasis
but reduced the percentage of lung area occupied by metasta-
tic lesions [87].

Xiong et al. also isolated a protein from MC seeds, which
they called MCP30. MCP30 - induced apoptosis in PIN and
PCa cells in vitro and also suppressed the PC-3 growth in vivo
with minimal effects on normal prostate cells. MCP30
inhibited HDAC-1 activity and promoted histone-3 and
histone-4 protein acetylation. The treatment also induced
PTEN expression in both cell lines, resulting in inhibition of
Akt phosphorylation. MCP30 inhibited Wnt signaling by re-
duced nuclear accumulation of β-catenin and decreased the
levels of c-Myc and Cyclin-D1 [88].

Skin Cancer

Agrawal and Beohar have shown that the treatment with MC
fruit and leaf extract in Swiss albino mice resulted in reduced
tumor incidence, tumor burden, and cumulative number of
papillomas when compared to untreated controls. In a mela-
noma model, the mice receiving either fruit or leaf extracts
showed improved life spans and reduced tumor volumes
[89]. Further, Ganguly et al. have also evaluated the anticar-
cinogenic effect of aqueous extract of MC fruit in skin carci-
nogenesis mouse model. Though high doses of extract had an
adverse effect on the health of the animals, but on reducing the
dose by half, the extract reduced the development of skin
tumors and increased life expectancy. Hence, this study
showed both the potential positive effects and potential toxic
effects upon overdosing [90].

Singh et al. have studied the potential of different MC plant
parts (peel, pulp, seed, and whole fruit) extracts on mouse
model of skin papillomagenesis. Topical use of MC against
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DMBA resulted in reduced incident rate, tumor burden, and
cumulative number of papillomas. The results suggested that
the most effective extract was the MC peel, indicating that
biotransformation system enzymes may be the reason for
these effects [91].

Miscellaneous Cancers

MC has been evaluated in other cancers including
cervical cancer [92, 93], leukemia [94–97], adrenocortical can-
cer [98], adenocarcinoma of rat prostate [99], human lung ade-
nocarcinoma cells with different metastatic ability [100], human
nasopharyngeal carcinoma CNE2 and HONE1 cells [101], and
head and neck squamous cell carcinoma cells [102].

Conclusions

MC, also called as bitter melon, an edible fruit, is traditionally
used in alternative system of medicines as a remedy for treat-
ment of diabetes, laxative, antiulcer, anthelmintic, and antima-
larial activity. MC contains numerous important chemical
constituents that thought to be involved in therapeutic activity
of MC. Several studies have been conducted to establish ther-
apeutic activities of MC for various disorders. MC has exhib-
ited multiple targeting ability against several cancers in vitro
and animal models, but systematic clinical studies are needed
to establish its efficacy in patients. More studies are also need-
ed to establish its detailed pharmacological and toxicological
profile.
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