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ABSTRACT

Momordica charantia Linn. which has been used mainly for edible
purposes at different countries of the world including South East
Asia and has also been extensively used in traditional medicines for
the cure of various ailments. M. charantia belongs to the
cucurbitaceae family. Extensive research has been carried out on
the fruit, leaves, and seeds of the plant. Most importantly, all these
research works have shown its efficacy on various cancer cell lines
like lymphoid leukemia, lymphoma, choriocarcinoma, melanoma,
breast cancer, skin tumor, prostatic cancer, squamous carcinoma
of tongue and larynx, human bladder carcinomas and on
Hodgkin’s disease. Clinical reports of some research on the use of
M. charantia in diabetes and cancer patients showed promising
results. The main active constituents of M. charantia are
cucurbitane type triterpenoids which have some potent biological
and pharmacological activities including antidiabetic, anti-obesity,
anticancer, anti-HIV, anti-feedant and anti-oviposition activities.
Since in the early 1960’s the constituents of M. charantia have
been investigated and several classes of secondary metabolites
including cucurbitane-type triterpenoids, glycosides and phenolic
compounds have been isolated and their structures were
determined. This review summarizes the previous and current
information regarding phytochemical constituents of M. charantia
and their pharmacological effects that provide the scope for future
research in this aspect.
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INTRODUCTION: Plants and herb preparation have
been traditionally use for the cure of various ailments
from ancient times and even today all over the world,
80% of the population continues to use traditional
medicine for primary health care. In the past decade,
therefore, research has been conduct on scientific
evaluation of traditional drugs of plant origin.
Momordica charantia is one such plant that has been
frequently used as medicine from time immemorial >2.

Momordica charantia, a climber belonging to family
Cucurbitaceae, is commonly known as bitter gourd or
bitter melon in English and karela in Bengali.
Momordica means, to bite (referring to the jagged
edges of the leaf, which appear as if they have been
bitten). All parts of the plant, including the fruit have
bitter taste. The fruit is oblong and resembles a small
cucumber; young fruit is emerald green that turns to
orange-yellow when ripe. It is an herb, grows in
tropical areas of Asia, Amazon, East Africa, and the
Caribbean and cultivated throughout the world for its
use as vegetable as well as folk medicine.

The plant has been used traditionally as medicine in
developing countries like Brazil, Bangladesh, China,
Colombia, Cuba, Ghana, Haiti, India Mexico, Malaya,
New Zealand, Nicaragua, Panama and Peru. Some of its
common uses in the above countries are for diabetes,
as a carminative and in the treatment of colics *°.
Topically it is used for treatment of wounds, internally
as well as externally for management of worms and
parasites. It is also used as emmenagogue, antiviral for
measles and hepatitis. In Turkish folk medicine, mature
fruits of M. charantia are used externally for rapid
healing of wounds and internally for treatment of
peptic ulcers >.

In Bangladesh, various medicinal properties are
claimed for M. charantia that include antidiabetic,
abortifacient, anthelmintic, contraceptive, antimalarial
and laxative and is used for treatment of
dysmenorrhea, eczema, emmenagogue, galactagogue,
gout, jaundice, kidney (stone), leprosy, leucorrhea,
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piles, pneumonia, psoriasis, rheumatism and scabies.
However, it is commonly consumed as vegetable °.

During the last few decades tremendous research work
has been carried out with M. charantia extract to see
the antidiabetic, antiviral, antitumor, antileukemic,
antibacterial, antihelmentic, antimutagenic,
antimycobacterial, antioxidant, antiulcer, anti-
inflammatory activities along with hypo-
cholesterolemic, hypo-triglyceridemic, hypo- tensive,
immunostimulant, and insecticidal properties ®2. This
review aims to highlight the main phytochemical
constituents of M. charantia with their biological
properties which support for future research on this
plant.

Phytochemistry: The reported data showed that
cucurbitane type triterpenoids are the main and
common phytochemicals present in the Momordica
charantia. More than 50 cucurbitacins so far have been
isolated from this plant together with glycosides,
saponins, alkaloids, fixed oils, proteins, steroids,
flavonoids and phenolic compounds. Research has
found that the leaves are nutritious sources of calcium,
magnesium, potassium, phosphorus and iron; both the
edible fruit and the leaves are great sources of the
vitamins A, Cand B 3,89

Cucurbitane type triterpenoids: The terpenoids,
referred to as isoprenoids, are a class of natural
products and related compounds formally derived
from five carbon isoprene units. The cucurbitacins are
a typical group of cucurbitane type triterpenoids found
in plants and belonging to the cucumber family
(Cucurbitaceae) and the main chemical constituents of
M. charantia. The following cucurbitane type
triterpinoid are isolated from different part of M.
charantia (Fig. 1)

Charantin, a mixture of two compounds, namely,

sitosteryl glucoside and stigmasteryl glucoside %
kuguacins A-S 1'% 3B, 25-dihydroxy-7B-methoxy

cucurbita-5, 23(E)-diene, 3B3-hydroxy-78, 25-dimethoxy
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cucurbita-5, 23(E)-diene, 3B, 7B, 25-trihydroxy
cucurbita-5, 23(E)-diene-19-al, 5B, 19-epoxycucurbita-
6, 23(E)-diene-3B, 19, 25-triol, 5B, 19-epoxy-19-
methoxycucurbita-6,23(E)-diene-3p, 25-diol 3; 3B, 25-
dihydroxy-5B,19-epoxycucurbita-6,  23(E)-diene %
momordicine I, Il and 11l *; karavilagenin A, B, C, D and
E 7% 19(R)-methoxy-5B,19-epoxycucurbita-6, 23-
diene-3B, 25-diol, 5B, 19-epoxycucurbita-6, 23(E)-
diene-3B, 25-diol *°; 3B, 7B-dihydroxy-25-methoxy
cucurbita-5, 23(E)-diene-19-al '’; 23(E)-25-methoxy
cucurbita-23-ene-3pB, 7B-diol, 23(E)-cucurbita-5, 23, 25-
triene-3B, 7B-diol, 23(E)-25-dihydroxy cucurbita-5, 23-
diene-3, 7-dione, 23(E)-cucurbita-5, 23, 25-triene-3, 7-
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dione, 23(E)-5B, 19-epoxycucurbita-6, 23-diene-38, 25-
diol, 23(E)-5B, 19-epoxy-25-methoxy cucurbita-6, 23-
diene-3B-ol *&; cucurbita-5, 23(E)-diene-3B, 7B, 25-triol,
3B-acetoxy-7p-methoxy cucurbita-5, 23(E)-diene-25-ol,
cucurbita-5(10), 6, 23(E)-triene-3B, 25-diol, cucurbita-
5, 24-diene-3, 7, 23-trione *%; (19R, 23E)-5B, 19-epoxy-
19-methoxy cucurbita-6, 23,25-triene-3B-ol, (23E)-3p-
hydroxy-7B-methoxycucurbita-5, 23, 25-triene-19-ol,
(23E)-3B-hydroxy-,7B, 25-dimethoxycucurbita-5, 23-
diene-19-ol, (19R, 23E)-5B, 19-epoxy-19, 25-
dimethoxycucurbita-6, 23-diene-3B-ol, (19R, 23E)-58,
19-e2%oxy-19-methoxy cucurbita-6, 23-diene-3B, 25-
diol =.

.".r_,u-

‘Bl
W

F = CH4, Kuguacin
R = CHC, Kuguacin D

=3H=:J\_r
Qa -
. \\.\\1 .

Kuguacin H
FIG. 1: MAJOR CUCURBITANE TYPE TRITERPINOID ISOLATED FROM M. CHARANTIA (CONTINUED)
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FIG. 1: MAJOR CUCURBITANE TYPE TRITERPINOID ISOLATED FROM M. CHARANTIA
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Cucurbitane type triterpene glycoside: Cucurbitane
glycoside, form with the substitutions at C-2 and/or C-
3 position of the main skeleton of cucurbitanes, are
abundant in the plants of genus Momordica.
Momordicosides A-E %%, all lacking an oxygen
function at C-11, the first cucurbitane glycoside have
been isolated from the seeds of M. charantia.
Following cucurbitane glycosides were also isolated
(Fig. 2). Charantosides I-VIII 23, momordicosides F1, F2,

G, 1, K L M N, O QR,SandT *? Karaviloside I, Il
l:JH OH
"'--.I.--"j‘“'-.E o~

by | o"

R:Beta gentiobiosyl: Momordicosides A

H: G‘u-;!}’f‘/-_-,. Glu-pyr - - M omordicoside B
Xylpyr

Beta-gentobiosyl-0

M om ordicosides D

R20

Ri:Me; R2: Beta-D-glucopyranosyl;, Momordicoside F1

R4:H; Rz: Beta-D -allopyranosyl; M omordicoside F2
Ry: Me; Ry Beta-D-allopyranosyl, Momordiceside G
R4:H; Rz: Beta-D -glucopyranosyl; M omordicoside |

Beta-gentobiosyl-0
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L, 1V, V, VI, VII, VIIl, IX, X and XI * ' 3-0-B-D-
allopyranosyl, 7B, 25-dihydroxycucurbita-5, 23(E)-
diene-19-al *3; 3-0-B-D-allopyranosyl, 7B, 25-dihydroxy
cucurbita-5(6), 23(E)-diene-19-al, 3-0-B-D-allo
pyranosyl, 25-methoxy cucurbita-5(6), 23(E)- diene-
19- ol ?*; Goyaglycoside- a, -b, -c, -d, -e, -f, -g and —h *’.
A new steroidal glycoside, 24(R)-stigmastan-3p, 5a, 6-
triol-25-ene 3-0-B-gluco pyranoside was also isolated
from M. charantia .

Momordicosides C

CHO

Beta-gentobiosyl-0

Momordicosides E

0- Beta-D -glucopyranosyl

R: Me: Momordicoside K
R: H; Momordicoside L

&m COOH
f"\‘/ﬁf’
GHDH
15,16 -dihydroxy-alpha-elecstearic acid

FIG. 2: MAJOR CUCURBITANE TYPE TRITERPINOID GLYCOSIDE ISOLATED FROM M. CHARANTIA (CONTINUED)
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R: Beta-D-glucopyranosyl: Charantasides I R: Beta-D-glucopyranosyl, Charantosides b
R: Beta-D-allopyranosyl; Charantosides | R Beta-D-allcpyranosy [ Charantosides Vl

Beta-D-glucopyranosy|-C Beta-D-allopyranosy|-0

Charantosides| Charantosides ||

F+ H; Bz Beta-D-glucopyranosyl, Goyaglycoside-a
R+ H: Rz Beta-D-allopyrancsyl, Goyadlycoside-h
R
R

R+ Me Rz Beta-D-glucepyrancsy|, karaviloside |
R Me Rz Beta-D-allepyrancsy|, karaviloside I
R4 H: Rz Beta-D-allopyranosyl, karaviloside |11

OH
4
.
Ea

Rzﬂ/g‘*ﬂam

F1: Beta-D-glucopyrancsyl; Bz H; karaviloside |
R, Beta-D-allopyranosyl; Rg Beta-D-allapyranosy |, karaviloside

L8]

FIG. 2: MAJOR CUCURBITANE TYPE TRITERPINOID GLYCOSIDE ISOLATED FROM M. CHARANTIA (CONTINUED)
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Oleanane type triterpene saponins: Murakami et al.,
*8 have reported the goyasaponins I, Il and Ill present
in the fresh fruit of Japanese M. charantia.

Phenolic and flavonoid compound: HPLC analysis has
been proved that leaf, stem, fruit (green and ripe)

I
LR

HZ ZH
oH H
Galic acid
_OoH
H
==
H H
=
oH
ZH
Caffeic acid
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contains phenolic compounds like galic acid, tannic
acid, (+)-catechin, caffeic acid, p-coumaric, gentisic
acid, chlorogenic acid and epicatechin ***° (Fig. 3).

]
[
]
]
I

F-cumaric acid

[+ -iZatechin acid

FIG. 3: PHENOLIC COMPOUND DETERMINED BY HPLC FROM M. CHARANTIA

Miscellaneous: The essential oil obtained from the
seeds of M. charantia was analyzed by GC/MS.
Twenty-five components, representing 90.9% of the
oil, were identified and among them trans-nerolidol,
apiole, cis-dihydrocarveol and germacrene D were the
main constituents 3!, Trypsin inhibitors e.g. MCTI-II
and BGIT *?, elastase inhibitors *, guanylate cyclase
inhibitors ** and a-glucosidase inhibitor e.g. D-(+)-
Trehalose * are reported. Moreover, HIV inhibitory
proteins like MRK29 (MW: 28.6 KDa) and MAP30 (MW:
30,000 KDa) and lectin were also documented % a-
eleostearic acid and its dihydroxy derivative, strongly
inhibited the growth of cancer and fibroblast cell lines
like HL60 leukemia and HT29 colon carcinoma, were
also isolated from M. charantia *’.

Pharmacological Properties:

Antidiabetic activity: All parts (fruit pulp, leaves, seeds
and whole plant) of M. charantia showed
hypoglycemic activity in normal animals **° and
antihyperglycemic activity in alloxan induced method

Available online on www.ijpsr.com
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or streptozotocin-induced metho as well as
acts on genetic models of diabetes *’. Moreover, a few
isolated compounds like charantin, a polypeptide-p,
momordin Ic, oleanolic acid 3-O-monodesmoside, and
oleanolic acid 3-O-glucuronide of M. charantia also
showed hypoglycemic activity 4850,

Hypolipidemic effect: The treatment of diabetic rats
with M. charantia extract resulted in significant
reduction of blood lipid levels (total cholesterol and
triglycerides) in diabetic rats. M. charantia also
ameliorate Pl-associated apoB and lipid abnormalities
in HepG2 cells. Compounds in M. charantia improve
lipid profiles. They reduce liver secretion of
apolipoprotein B (Apo B) — the primary lipoprotein of
low-density "bad" cholesterol; reduce apolipoprotein
C- Il expression, the protein found in very-low density
cholesterol which turns into LDL/bad cholesterol; and
increases the expression of apolipoprotein A-1 (ApoAl)
- the major protein component of high density "good"
cholesterol. It also lowers cellular triglyceride content
51
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Antioxidant effect: M. charantia extracts possess
potent antioxidant and free radical scavenging
activities >* and this may be due to the presence of
phenolic and flavonoid compounds like, galic acid,
tannic acid, (+)-catechin, caffeic acid, p-coumaric,
gentisic acid, chlorogenic acid and epicatechin 2°,

Inhibition of protein Synthesis: The bitter melon plant
(Momordica charantia) seeds also contain several
lectins which, while not highly toxic to animals in situ,
inhibit protein synthesis in vitro >*.

Hepatoprotective effect: The extract of Momordica
charantia  significantly reduces serum glutamic
pyruvate ransaminase (SGPT), and serum glutamic
oxaloacetate transaminase (SGOT) in rats. The
hepatoprotective activity of M. charantia leaves may
be attributed to the presence of flavonoids and
ascorbic acid *°.

Antibacterial and antifungal activity: Clinically and
experimentally, leaf extracts (Methanol, Ethanol and
aqueous) of M. charantia have demonstrated a broad
spectrum  antimicrobial activity *°.  Meanwhile,
essential oil of the seed of M. charantia showed
antibacterial and antifungal activities may due to the
presence of trans-nerolidol (61.6% of the total oil) *.

Antiviral activity: Cunnick et al, >’ clinically and
experimentally demonstrated that the leaf extract of
M. charantia have the ability to increase resistance
against viral infections and to provide
immunostimulant effects. Several isolated
phytochemicals, e.g. a and B-momorcharin, lectin,
MRK 29 and MAP 30, have been documented to have
in vitro antiviral activity against Epstein-Barr, herpes,
HIV, coxsackievirus B3 and polio-viruses and among
them MAP 30 have promising anti HIV activity >*°.

Anticancer activity: M. charantia extract and its
several isolated compounds like momordin I, Id and le,
o and B momorcharin and cucurbitacin B as well as
MAP 30- have shown anticancer activity against
lymphoid leukemia, lymphoma, choriocarcinoma,

Available online on www.ijpsr.com
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melanoma, breast cancer, skin tumor, prostatic cancer,
squamous carcinoma of tongue and larynx, human
bladder carcinomas and Hodgkin’s disease °®®’. kobori
et al,*’ have depicted a-eleostearic acid present in the
seed extract of this plant and its dihydroxy derivative
strongly inhibited the growth of cancer and fibroblast
cell lines like HL60 leukemia and HT29 colon
carcinoma.

Abortifacient and antifertility activity: Literature
review revealed the experimental documentation of
abortifacient properties of Momordica proteins °®72
and momorcharins produced abortifacient activity in
early and midterm pregnancy "°72.

Anti-ulcer activity: The traditional use of M. charantia
in the treatment of ulcers is supported by research,
suggesting the dried-powdered fruits in filtered honey
have significant and dose-dependent anti-ulcerogenic
activity against ethanol-induced ulcerogenesis in rats
3 Matsuda et al., * demonstrated momordin Ic (10
mg/kg, b.wt. p.o.) potentially inhibited ethanol induced
gastric mucosal lesions.

Immunomodulatory activity: M. charantia extracts
and its isolated constituents have a variable effect on
the immune system. It has been shown to be immune
stimulating in some studies and immunosuppressive in
some conditions (allograpft rejection) . a- and B-
momorcharin showed immunosuppressive activity via
lymphocytotoxicity or to a shift in the kinetic
parameters of the immune response’®. However, its
immunostimulant activity has been attributed to
increase the interferon production and natural killer
cell activity °’.

Analgesic and anti-inflammatory activity: Momordin
Ic and its aglycone, oleanolic acid are active principles
with antirheumatoid activity ’’ .

Hypotensive and anti prothrombin activity: Wang and
Ng ’° observed mild hypotensive response with
Momordin. In another study, M. charantia prolonged
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prothrombin time by inhibiting activation of factor X by
factor Vlla-tissue factor complex or factor IXa .

Antiobesity: M. charantia and its isolated compounds
increase the activity of adenosine-5-monophosphate
kinase (AMPK), an enzyme that facilitates cellular
glucose uptake and fatty acid oxidation. Hypoglycemic
agents in M. charantia promote efficient oxidation of
glucose into fuel, and conversion into starch. (Glycogen
or animal starch is stored in the liver and muscle cells).
During glucose shortages, fats/fatty acids are used as
fuel. Continued demand for energy in the absence or
shortage of glucose causes fat cells to release their fat
contents to maintain energy balance. This increased
fatty acid oxidation eventually leads to weight loss 2.

Toxicity and Drug interaction: The seed contains vicine
and therefore can trigger symptoms of favism in
susceptible individuals. In addition, the red arils of the
seeds are reported to be toxic to children. Many in vivo
clinical studies have demonstrated the relatively low
toxicity of all parts of the M. charantia plant when
ingested orally. Pregnant women should not eat bitter
melon as it stimulates the uterus and may cause
premature birth ®.

CONCLUSION: Recent vyears, ethno-botanical and
traditional uses of natural compounds, especially of
plant origin received much attention as they are well
tested for their efficacy and generally believed to be
safe for human use. It is the best classical approach on
searching new molecules for management of various
diseases. Thorough screening of literature available on
Momordica charantia depicted the fact that it is a
popular remedy among the various ethnic groups,
Ayurvedic and traditional practitioners for the
treatment of various ailments. Today, evidence based
studies are needed to establish these facts so that
these wonder drugs with lot of therapeutic activities
can be traditionally use safely (excluding the toxic
components) to cure the various diseases of suffering
humanity with high efficacy and least side effects. Like
M. charantia lot of other medicinal plants are available

Available online on www.ijpsr.com
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and the time is coming to explore the efficacy and best
use of such effective secondary plant metabolites
which reduce the use of synthetic modern medicine
having severe side effects.

REFERENCE:

1. Giron LM, Freire V, Alonzo A and Caceres A: Ethnobotanical
survey of the medicinal flora used by the Caribs of Guatemala.
Journal of Ethnopharmacology 1991; 34: 173-187.

2. lans C and Brown G: Observations on ethnoveterinary
medicines in Trinidad and Tobago. Preventive Veterinary
Medicine 1998; 35: 125-142.

3.  http://www.raintree.com/bitmelon.htm

4. Satyawati GV, Gupta AK and Tandon N: Medicinal plants of
India. Indian Council of Medical Research, New Delhi, India
1987; 262.

5. VYesilada E, Gurbuz | and Shibata H: Screening of Turkish
antiulcerogenic folk remedies for anti-Helicobacter pylori
activity. Journal of Ethnopharmacology 1999; 66: 289-293.

6. Basch E, Gabardi S and Ulbricht C: Bitter melon (Momordica
charantia): a review of efficacy and safety. American Journal of
Health and Systemic Pharmacology 2003; 65: 356—359.

7. Ng TB, Chan WY and Yeung HW: Proteins with abortifacient,
ribosome inactivating, immunomodulatory, antitumor and anti-
AIDS  activities from  Cucurbitaceae plants. General
Pharmacology 1992; 23: 579-590.

8. Raman A and Lau C: Anti-diabetic properties and
phytochemistry of Momordica charantia L. (Cucurbitaceae).
Phytomedicine 1996; 2: 349-362.

9. http://momordica.allbio.org/

10. Pitiphanpong J, Chitprasert S, Goto M, Jiratchariyakul W, Sasaki
M and Shotipruk A: New approach for extraction of charantin
from Momordica charantia with pressurized liquid extraction.
Separation and Purification Technology 2007; 52: 416-422.

11. Chen JC, Tian R, Qiu M, Lu L, Zheng Y and Zhang Z:
Trinorcucurbitane and cucurbitane triterpenoids from the roots
of Momordica charantia. Phytochemistry 2008; 69: 1043-1048.

12. Chen JC, Liu WQ, Lu L, Qiu MH, Zheng YT, Yang LM, Zhang XM,
Zhou L and Li ZR: Kuguacins F-S, cucurbitane triterpenoids from
Momordica charantia. Phytochemistry 2009; 70: 133-140.

13. Harinantenaina L, Tanaka M, Takaoka S, Oda M, Mogami O,
Uchida M and Asakawa Y: Momordica charantia constituents
and antidiabetic screening of the isolated major compounds.
Chemical and Pharmaceutical Bulletin 2006; 54: 1017-1021.

14. Yasuda M, lwamoto M, Okabe H and Yamauchi T: Structures of
momordicines |, Il and lll, the bitter principles in the leaves and
vines of Momordica charantia L. Chemical and Pharmaceutical
Bulletin 1984; 30: 4334-4340.

15. Nakamura S, Murakami T, Nakamura J, Kobayashi H, Matsuda H
and Yoshikawa M Structures of new cucurbitane-type
triterpenes and glycosides, karavilagenins and karavilosides,
from the dried fruit of Momordica charantia L. in Sri Lanka.
Chemical and Pharmaceutical Bulletin 2006; 54: 1545- 1550.

16. Matsuda H, Nakamura S, Murakami T and Yoshikawa M:
Structures of new cucurbitane-type triterpenes and glycosides,

1143



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

International Journal of Pharmaceutical Sciences and Research

Karavilagenins D and E and karavilosides VI, VII, VIII, 1X, X and
XI, from the fruit of Momordica charantia. Heterocycles 2007;
71:331-341.

Fatope MO, Takeda Y, Yamashita H, Okabe H and Yamauchi T:
New cucurbitane triterpenoids from Momordica charantia.
Journal of Natural Products 1990; 53: 1491-1497.

Chang Cl, Chen CR, Liao YW, Cheng HL, Chen YC and Chou CH:
Cucurbitane-type triterpenoids from Momordica charantia.
Journal of Natural Product 2006; 69: 1168-1171.

Chang Cl, Chen CR, Liao YW, Cheng HL, Chen YC and Chou CH:
Cucurbitane-type triterpenoids from the stems of Momordica
charantia. Journal of Natural Product 2008; 71: 1327-1330.
Kimura Y, Akihisa T, Yuasa N, Ukiya M, Suzuki T, Toriyama M,
Motohashi S and Tokuda H: Cucurbitane-type triterpenoids
from the fruit of Momordica charantia. Journal of Natural
Product 2005; 68: 807-809.

Okabe H, Miyahara Y, Yamauchi T, Miyahara K and Kawasaki T:
Studies on the constituents of Momordica charantia L. |.
Isolation and Characterization of momordicosides A and B,
glycosides of a pentahydroxy-cucurbitane triterpene. Chemical
and Pharmaceutical Bulletin 1980; 28: 2753-2762.

Miyahara Y, Okabe H and Yamauchi T: Studies on the
constituents of Momordica charantia L. Il. Isolation and
characterization of minor seed glycosides, momordicosides C, D
and E. Chemical and Pharmaceutical Bulletin 1981; 29: 1561-
1566.

Akihisa T, Higo N, Tokuda H, Ukiya M, Akazawa H, Tochigi Y,
Kimura Y, Suzuki T and Nishino H: Cucurbitane-type
triterpenoids from the fruits of Momordica charantia and their
cancer chemopreventive effects. Journal of Natural Product
2007; 70: 1233-1239.

Liu Y, Ali Z and Khan IA: Cucurbitane-type triterpene glycosides
from the fruits of Momordica charantia. Planta Medica 2008;
74:1291-1294.

Li QY, Chen HB, Liu ZM, Wang B and Zhao YY: Cucurbitane
triterpenoids from Momordica charantia. Magnetic Resonance
Chemistry 2007; 45: 451- 456.

Tan MJ, Ye JM, Turner N, Hohnen Behrens C, Ke CQ, Tang CP,
Chen T, Weiss HC, Gesing ER, Rowland A, James DE and Ye Y:
Antidiabetic activities of triterpenoids isolated from bitter
melon associated with activation of the AMPK pathway.
Chemistry and Biology 2008; 15: 263-273.

Murakami T, Emoto A, Matsuda H and Yoshikawa M: Medicinal
foodstuffs. XXI. Structures of new cucurbitane-type triterpene
glycosides, goyaglycosides-a, -b, -c, -d, -e, -f, -g, and -h, and new
oleanane-type triterpene saponins, goyasaponins I, Il, and IlI,
from the fresh fruit of Japanese Momordica charantia L.
Chemical and Pharmaceutical Bulletin 2001; 49: 54-63.

Liu JQ, Chen JC, Wang FC and Qiu MH: New Cucurbitane
Triterpenoids and Steroidal Glycoside from Momordica
charantia. Molecules 2009; 14: 4804-4813.

Kubola J and Siriamornpun S: Phenolic contents and antioxidant
activities of bitter gourd (Momordica charantia L.) leaf, stem
and fruit fraction extracts in vitro Food Chemistry 2008; 110:
881-890.

Horax R, Hettiarachchy N, and Islam S: Total phenolic contents
and phenolic acid constituents in 4 varieties of bitter melons

Available online on www.ijpsr.com

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

ISSN: 0975-8232

(Momordica charantia) and antioxidant activities of their
extracts. Journal of Food Science 2005; 70 (4): 275-280.

Braca A, Siciliano T, Arrigo MD and Germano MP: Chemical
composition and antimicrobial activity of Momordica charantia
seed essential oil. Fitoterapia 2008; 79: 123-125.

Miura S and Funatsu G: Isolation and amino acid sequences of
two trypsin inhibitors from the seeds of bitter gourd
(Momordica charantia). Bioscience Biotechnology and
Biochemistry 1995; 59: 469-473.

Hamato N, Koshiba T, Pham TN, Tatsumi Y, Nakamura D,
Takano R, Hayashi K, Hong YM, and Hara S: Trypsin and elastase
inhibitors from bitter gourd (Momordica charantia LINN.)
seeds: purification, amino acid sequences, and inhibitory
activities of four new inhibitors. Journal of Biochemistry (Tokyo)
1995; 117: 432-437.

Takemoto DJ, Kresie R and Vaughn D: Partial purification and
characterization of a guanylate cyclase inhibitor with cytotoxic
properties from the bitter melon (Momordica charantia).
Biochemical Biophysical Research Communications 1980; 94:
332-339.

Matsuur H, Asakawa C, Kurimoto M and Mizutani J:
Alphaglucosidase inhibitor from the seeds of balsam pear
(Momordica charantia) and the fruit bodies of Grifola frondosa.
Bioscience Biotechnology and Biochemistry 2002; 66: 1576—
1578.

Wang HX and Ng TB: Examination of lectins,
polysaccharopeptide, polysaccharide, alkaloid, coumarin and
trypsin inhibitors for inhibitory activity against human
immunodeficiency virus reverse transcriptase and
glycohydrolases. Planta Medica 2001a; 67: 669-672.

Kobori M, Kameyama MO, Akimoto Y, Yukizaki C and Yoshida
M: a-Eleostearic acid and its dihydroxy derivative are major
apoptosis-inducing components of bitter gourd. Journal of
Agricultural and Food Chemistry 2008; 56: 10515-10520.

Bailey CJ, Day C, Turner SL and Leatherdale BA: Cerasee, a
traditional treatment for diabetes. Studies in normal and
streptozotocin diabetic mice. Diabetes Research 1985; 2: 81—
84.

Day C, Cartwright T, Provost J and Bailey CJ: Hypoglycaemic
effect of Momordica charantia extracts. Planta Medica 1990;
56: 426-429.

Shibib BA, Khan LA and Rahman R: Activity of Coccinia indica
and Momordica charantia in diabetic rats: depression of the
hepatic gluconeogenic enzymes glucose-6-phosphatase and
fructose-1, 6- bisphosphatase and elevation of both liver and
red-cell shunt enzyme glucose-6-phosphate dehydrogenase.
Biochemistry Journal 1993; 292: 267-270.

Akhtar MS: Trial of Momordica charantia Linn (karela) powder
in patients with maturity-onset diabetes. Journal of Pakistan
Medical Association 1982; 32: 106—-107.

Pari L, Ramakrishnan R and Venkateswaran S: 2001.
Antihyperglycaemic effect of Diamed, a herbal formulation, in
experimental diabetes in rats. Journal of Pharmacy
Pharmacology 2001; 53: 1139-1143.

Kar A, Choudhary BK and Bandyopadhyay NG: Comparative
evaluation of hypoglycaemic activity of some Indian medicinal

1144



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

International Journal of Pharmaceutical Sciences and Research

plants in alloxan diabetic rats. Journal of Ethnopharmacology
2003; 84: 105—-108.

Ahmed |, Lakhani MS, Gillett M, John A and Raza H:
Hypotriglyceridemic and hypocholesterolemic effects of anti-
diabetic Momordica charantia (karela) fruit extract in
streptozotocin-induced diabetic rats. Diabetes Research Clinical
Practices 2001; 51: 155-161.

Kedar P and Chakrabarti CH: Effects of bittergourd (Momordica
charantia) seed & glibenclamide in streptozotocin induced
diabetes mellitus. Indian Journal of Experimental Biology 1982;
20: 232-235.

Rathi SS, Grover JK and Vats V: The effect of Momordica
charantia and Mucuna pruriens in experimental diabetes and
their effect on key metabolic enzymes involved in carbohydrate
metabolism. Phytotherapy Research 2002; 16: 236—243.

Miura T, Itoh C, Iwamoto N, Kato M, Kawai M, Park SR and
Suzuki I: Hypoglycemic activity of the fruit of the Momordica
charantia in type 2 diabetic mice. Journal of Nutrition Sciences
Vitaminology (Tokyo) 2001; 47: 340-344.

Lotlikar MM and Rao MR: Pharmacology of a hypoglycemic
principle isolated from the fruits of Momordica charantia Linn.
Indian Journal of Pharmacy 1966; 28: 129.

Matsuda H, Li Y, Murakami T, Matsumura N, Yamahara J and
Yoshikawa M: Antidiabetic principles of natural medicines. Part
IIl. Structure-related inhibitory activity and action mode of
oleanolic acid glycosides on hypoglycemic activity. Chemical
and Pharmaceutical Bulletin (Tokyo) 1998; 46: 1399—-1403.
Khanna P, Jain SC, Panagariya A and Dixit VP: Hypoglycemic
activity of polypeptide-p from a plant source. Journal of Natural
Products 1981; 44: 648—655.

Pratibha VN, Lee YK, Linden EH, Lim S, Pearson L, Frank J and
Nerurkar VR: Lipid lowering effects of Momordica charantia
(Bitter Melon) in HIV-1-protease inhibitor-treated human
hepatoma cells, HepG2. British Journal of Pharmacology 2006;
148: 1156-1164.

Wua SJ and Lean TN: Antioxidant and free radical scavenging
activities of wild bitter melon (Momordica charantia Linn. var.
abbreviata Ser.) in Taiwan. LWT 2008; 41: 323-330.
Sathishsekar D and Subramanian S: Antioxidant properties of
Momordica Charantia (bitter gourd) seeds on Streptozotocin
induced diabetic rats. Asia Pacific Journal of Clinical Nutrition
2005; 14 (2): 153-158.

Lin JY, Hou MJ, and Chen YC: Isolation of toxic and non-toxic
lectins from the bitter pear melon Momordica charantia.
Toxicon 1978; 76: 653-660.

Chaudhari BP, Chaware VJ, Joshi YR and Biyani KR:
Hepatoprotective activity of hydroalcoholic extract of
Momordica charantia Linn. leaves against Carbon tetrachloride
induced Hepatopathy in Rats. International Journal of Chem
Tech Research 2009; 1(2): 355-358.

Khan MR et al: Momordica charantia and Allium sativum: broad
spectrum  antibacterial  activity. Korean Journal of
Pharmacognosy 1998; 29: 155—-158.

Cunnick JE, Sakamoto K, Chapes SK, Fortner GW and Takemoto
DJ: Induction of tumor cytotoxic immune cells using a protein
from the bitter melon (Momordica charantia). Cellular
Immunology 1990; 126: 278-289.

Available online on www.ijpsr.com

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

ISSN: 0975-8232

Au TK, Collins RA, Lam TL, Ng TB, Fong WP and Wan DC: The
plant ribosome inactivating proteins luffin and saporin are
potent inhibitors of HIV-1 integrase. FEBS Letters 2000; 471:
169-172.

Zheng YT, Ben KL and Jin SW: Alpha-momorcharin inhibits HIV-1
replication in acutely but not chronically infected T-
lymphocytes. Zhongguo Yao Li Xue Bao 1999; 20: 239-243.
Licastro F, Franceschi C, Barbieri L and Stirpe F: Toxicity of
Momordica charantia lectin and inhibitor for human normal
and leukaemic lymphocytes. Virchows Archives of B Cell
Pathology Including Molecular Pathology 1980; 33: 257-265.

Ng TB, Liu WK, Sze SF and Yeung HW: Action of
alphamomorcharin, a ribosome inactivating protein, on
cultured tumor cell lines. General Pharmacology 1994; 25: 75—
77.

Battelli MG, Polito L, Bolognesi A, Lafleur L, Fradet Y and Stirpe
F:  Toxicity of ribosome-inactivating proteins-containing
immunotoxins to a human bladder carcinoma cell line.
International Journal of Cancer 1996; 68: 485—490.

Ganguly C, De S and Das S: Prevention of carcinogen-induced
mouse skin papilloma by whole fruit aqueous extract of
Momordica charantia. European Journal of Cancer Prevention
2000; 9: 283-288.

Sun Y, Huang PL, Li JJ, Huang YQ, Zhang L, Huang PL and Lee-
Huang S: Anti-HIV agent MAP30 modulates the expression
profile of viral and cellular genes for proliferation and apoptosis
in AIDS-related lymphoma cells infected with Kaposi’s sarcoma
associated virus. Biochemical and Biophysical Research
Communication 2001; 287: 983—-994.

Basch E, Gabardi S and Ulbricht C: Bitter melon (Momordica
charantia): a review of efficacy and safety. American Journal of
Health and Systemic Pharmacology 2003; 65: 356—359.

Lee DK, Kim B, Lee SG, Gwon HJ, Moon EY, Hwang HS, Seong SK,
Lee M, Lim MJ, Sung HJ, Shin DH, Yoon SJ and Yang CH:
Momordins inhibit both AP-1 function and cell proliferation.
Anticancer Research 1998; 18: 119-124.

Takemoto DJ, Dunford C, Vaughn D, Kramer KJ, Smith A and
Powell RG: Guanylate cyclase activity in human leukemic and
normal lymphocytes. Enzyme inhibition and cytotoxicity of
plant extracts. Enzyme 1982; 27: 179-188.

Law LK, Tam PP and Yeung HW: Effects of alpha-trichosanthin
and alpha-momorcharin on the development of peri-
implantation mouse embryos. Journal of Reproduction and
Fertility 1983; 69: 597-604.

Tam PP, Law LK and Yeung HW: Effects of alpha-momorcharin
on pre-implantation development in the mouse. Journal of
Reproduction and Fertility 1984; 71: 33-38.

Chan WY, Tam PP, Choi HL, Ng TB and Yeung HW: Effects of
momorcharins on the mouse embryo at the early
organogenesis stage. Contraception 1986; 34: 537-544.

Chan WY, Tam PP, So KC and Yeung HW: The inhibitory effects
of beta-momorcharin on endometrial cells in the mouse.
Contraception 1985; 31: 83—-90.

Chan WY, Tam PP and Yeung HW: The termination of early
pregnancy in the mouse by beta-momorcharin. Contraception
1984; 29: 91-100.

1145



73.

74.

75.

76.

77.

78.

International Journal of Pharmaceutical Sciences and Research

Gurbuz 1, Akyuz C, Yesilada E and Sener B: Anti-ulcerogenic
effect of Momordica charantia L. fruits on various ulcer models
in rats. Journal of Ethnopharmacology 2000; 7: 77-82.

Matsuda H, Li Y and Yoshikawa M: Roles of capsaicin-sensitive
sensory nerves, endogenous nitric oxide, sulfhydryls, and
prostaglandins in gastroprotection by momordin Ic, an
oleanolic acid oligoglycoside, on ethanol-induced gastric
mucosal lesions in rats. Life Science 1999; 65: PL27-PL32.
Grover JK and Yadav SP: Pharmacological actions and potential
uses of Momordica charantia: a review. J Ethnopharmacol
2004; 93(1):123-132.

Leung SO, Yeung HW and Leung KN: The immunosuppressive
activities of two abortifacient proteins isolated from the seeds
of bitter melon (Momordica charantia). Immunopharmacology
1987; 13: 159-171.

Biswas AR, Ramaswamy S and Bapna JS: Analgesic effect of
Momordica charantia seed extract in mice and rats. Journal of
Ethnopharmacology 1991; 31: 115-118.

Choi J, Lee KT, Jung H, Park HS and Park HJ Anti-rheumatoid
arthritis effect of the Kochia scoparia fruits and activity

79.

80.

81.

82.

3k 3k %k 3k %k 3k >k %k %k *

Available online on www.ijpsr.com

ISSN: 0975-8232

comparison of momordin Ic, its prosapogenin and sapogenin.
Archives of Pharmacological Research 2002; 25: 336-342.
Wang HX and Ng TB: Studies on the anti-mitogenic, anti-phage
and hypotensive effects of several ribosome inactivating
proteins. Comparative Biochemistry and Physiology C-
Pharmacology Toxicology 2001b; 128: 359-366.

Hayashi K, Takehisa T, Hamato N, Takano R, Hara S, Miyata T
and Kato H: Inhibition of serine proteases of the blood
coagulation system by squash family protease inhibitors.
Journal of Biochemistry (Tokyo) 1994; 116: 1013-1018.

Umesh C, Yadav S, Moorthy K, Najma Z and Baquer: Combined
treatment of sodium orthovanadate and Momordica charantia
fruit extract prevents alterations in lipid profile and lipogenic
enzymes in alloxan diabetic rats. Molecular and Cellular
Biochemistry 2005; 268(1-2): 111-120.

Kumar DS, Sharathnath KV, Yogeswaran P, Harani A, Sudhakar
K, Sudha P and Banji D: A medicinal potency of Momordica
charantia. International Journal of Pharmaceutical Science
Review and Research 2010; 1(2): 95-100.

1146



