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The hypoglycemic activity of Momordica charan-
tia L. (Cucurbitaceae) (MC) was investigated in KK-
Ay mice, an animal model of type 2 diabetes. The
water extract of the fruit of MC (100 mg/kg) reduced
the blood glucose of KK-Ay mice 2 and 4 hr after
oral administration (p < 0.05). In addition, the mus-
cle adenosine monophosphate-activated protein ki-
nase (AMPK) was significantly activated in the orally
MC-treated mice when compared to that of the con-
trols (p < 0.01). These results suggest that the antidi-
abetic effect of MC is derived, at least in part, from
an activation of AMPK in the muscle.
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INTRODUCTION

Despite considerable progress in the manage-
ment of diabetes mellitus by synthetic drugs, the
search for indigenous natural antidiabetic agents is
ongoing. The plant kingdom is a wide field in which
to look for effective oral hypoglycemics. More than
400 species have been reported to display hypo-
glycemic effects, but only a few of them have been
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investigated.1–3)

In Okinawa, where many people live to an ad-
vanced age, the inhabitants eat fruits of the Mo-
mordica charantia L. (MC). The fruits of the MC
(Cucurbitaceae) (named Nigauri in Japanese), a
plant widely used in traditional medicine as an an-
tidiabetic agent, has been shown to lower blood glu-
cose in laboratory animals.4–10) Previously, we re-
ported that the water extract of MC induced mus-
cle glucose transporter isoform4 (GLUT4) translo-
cation in KK-Ay mice.11) However the detail mech-
anism of GLUT4 translocation is not clear.

Adenosine monophosphate-activated protein ki-
nase (AMPK) plays a central role in the regulation
of glucose and lipid metabolism as an intracellular
energy sensor. Upon activation by allosteric bind-
ing of AMP or phosphorylation at Thr172 of its cat-
alytic subunit, AMPK accelerates ATP-generating
catabolic pathways, including glucose uptake, and
glucose and fatty acid oxidation. In many reports,
AMP-activators such as aminoimidazole carbox-
amide ribonucleotide (AICAR), metoformin and
berberine stimulated muscle glucose uptake by the
increased GLUT4 translocation.12–14)

In the present study, we have examined the ef-
fect of MC on blood glucose, and we also investi-
gated the AMPK activation of the muscle in order to
elucidate the mechanism of the antidiabetic effect.

MATERIALS AND METHODS

The fruit of the MC used in this experiment was
obtained in a market in Kagoshima Japan. One hun-
dred grams of the fruit was extracted with 2 l of wa-
ter (40◦C, 2 hr, 2 times). The water extracts were
lyophilized (MC) and stored at room temperature
until use. The yield was 18.7%.
Animals —— KK-Ay mice (Clea, Tokyo, Japan),
9 weeks old, were used. KK-Ay mice with blood
glucose level above 300 mg/100 ml were consid-
ered to be diabetic in this study. The mice were
housed in an air-conditioned room at 22± 2◦C with
a 12 hr light-12 hr dark cycle (light: 9:00 am to
9:00 pm). The animals were kept in an experimen-
tal animal room for 7 days with free access to food
(CE-2, Clea) and water (tap water). Blood samples
were drawn from the cavernous sinus with a capil-
lary to determine blood glucose levels under non-
anesthesia and non-fasting. MC was dissolved in
distilled water. The oral administration of MC was
given on a compulsory basis. Animals were treated
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in accordance with the Guideline for the Care and
Use of Laboratory Animals (the Prime Minister’s
Office No. 6, 1980).
Determination of Blood Glucose —— Blood glu-
cose levels in mice were determined by the glucose
oxidase method.15)

Isolation of Hindlimb Muscle —— The mice were
given MC (100 mg/kg) or distilled water (as con-
trols) orally and, 4 and 7 hr later, the hindlimb mus-
cle was resected for the experiment.
Analysis of AMPK16) —— Small segments of
muscle (20–50 mg) were homogenized in 100 µl
of ice-cold 50 mM Tris-HCl (pH 7.5), 50 mM
NaF, 5 mM Na pyrophosphate, 1 mM EGTA, 1 mM
EDTA, 1 mM dithiothreitol, 1 mM benzamide,
1 mM phenylmethylsulfonyl fluoride (PMSF), 1%
(vol/vol) Triton X, and 10% (vol/vol) glycerol with
a glass homogenization tube. The homogenate
was kept on ice and then centrifuged at 4000 g for
30 min, 4◦C. The supernatants were removed and
their protein concentrations were determined by a
commercial kit (Protein Assay kit, Bio-Rad Labo-
ratory Inc., CA, U.S.A.).
Western Blot Analysis —— Anti-AMPK, anti-
Phosphorylated AMPK and anti-GAPDH were pur-
chased from Cell Signaling Co. Ltd (Danvers,
MA, U.S.A.). The proteins (30 µg) prepared were
suspended in 1% sodium dodecyl sulfate (SDS)
and 50 mM dithiothreitol and subjected to SDS-
polyacrylamide (9%) gel electrophoresis. Elec-
trophoretic transfer to nitrocellulose paper and
detection of the immunocomplex with enhanced
chemiluminescence (Amersham, Buckinghamshire,
U.K.) were carried out as has been previously de-
scribed.17) The sheet was exposed on RX X-ray
film and an intensifying screen (Fuji, Tokyo, Japan).
The prestained molecular weight standard (Bio-
Rad, Richmond, VA, U.S.A.) was used for estima-
tion of the molecular weight. The experiments were
performed at least twice for each tissue with similar
results.
Statistical Analysis —— All the data were ex-
pressed as mean ± S.E., and Student’s t-test and
analysis of variance (ANOVA) were used for the
statistical analysis. The values were considered to
be significant when the p value was less than 0.05.

RESULTS

The Effect of MC on Blood Glucose in KK-Ay
The effect of MC injected p.o to KK-Ay mice

Fig. 1. Effects of MC on Blood Glucose in KK-Ay Mice
MC 4, 20 and 100 mg/kg were administered orally to KK-Ay

diabetic mice. After 2, 4 and 7 hr, blood samples were taken to
determine blood glucose level. Each value represents the mean
±S.E. of 4–5 mice. Significantly different from prevalue, ∗p < 0.05,
∗∗p < 0.01 (by ANOVA). Significantly different from corresponding
control, # p < 0.05, ## p < 0.01 (by ANOVA).

is shown in Fig. 1. MC-treated animals (100 mg/kg
body weight) showed lower blood glucose lev-
els from 2 to 4 hr after the administration (2 hr;
p < 0.01, 4 hr; p < 0.05) when compared with con-
trols. MC (20 mg/kg) also decreased blood glucose
2 and 4 hr after administration (2 hr; p < 0.05, 4 hr;
p < 0.01). These data is similar to the results of
previous study.11)

Muscle AMPK Phosphorylation
Effects of MC on muscle AMPK phosphoryla-

tion in both control and MC-treated KK-Ay mice
are shown in Fig. 2. The quantitation of AMPK pro-
tein in muscle was assessed by Western blotting in
the mice. Quantitation of the AMPK band isolated
from nitrocellulose paper demonstrated that the ra-
tio (phosphorylated AMPK/AMPK) in the muscle
from MC treated mice was 161% of that observed
in the control mice (p < 0.01) 4 hr after administra-
tion. No differences in the ratio were observed at
7 hr after administration (Fig. 2).

DISCUSSION

This study clearly showed that the water extract
of the fruits of MC produced a consistent hypo-
glycemic effect. We examined the therapeutic ef-
fects of MC on hyperglycemia in KK-Ay mice, an
animal model with type 2 diabetes mellitus. KK-Ay
mice, which are known for genetically induced dia-
betes, including ob/ob mice18) and KK mice,19) are
hyperinsulinemic as a result of insulin resistance.20)
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Fig. 2. Effect of MC on PMPK activity in Mouse Skeletal
Muscle

MC (100 mg/kg) was administered to mice orally, and after 4
and 7 hr muscle samples were obtained. Western blotting analysis
of AMPK protein content in 30 µg protein was done from muscle of
mice, followed by quantitation of AMPK protein content abundance in
the muscle. Autoradiographic bands from hybridizations shown were
quantitated by densitometry. Each value represents the mean ±S.E. of
5 mice. Significantly different from control, ∗∗p < 0.01.

The insulin resistance in peripheral tissues is known
to be one of the major pathogenic factors of type
2 diabetes. The finding that MC decreases blood
glucose level in KK-Ay mice, is important. In addi-
tion, we confirmed that MC did not affect the blood
glucose of ddY normal mice (data not shown).11)

These findings indicate that MC is useful for type 2
diabetes.

As for the hypoglycemic compounds of MC, Ali
et al. reported that MC contained nonsapogenin,
which may contribute to the reduction of blood
glucose in streptozotocin-induced diabetic rats.9)

Lolkar et al. reported that the hypoglycemic princi-
ple was charantin.5) In the present study, these com-
pounds could be related to the antidiabetic activity.5)

This study was further extended to determine
the modulation of upstream regulators involved in
the GLUT4 translocation signaling pathway such as
AMPK, which was an important marker involved in

the stage of nutrient-sensing. Phosphorylation of
AMPK at Thr172, the active site of the AMPK α-
subunit and which was essential for enzyme activity,
was demonstrated by Western blotting. The levels
of AMPK were normalized with glyceraldehydes
3-phosphate dehydrogenase (GAPDH). AMPK was
found to have been significantly phosphorylated af-
ter the cells were treated with MC (100 mg/kg). Af-
ter 7 hr, AMPK phosphorylation was restored, while
no difference in blood glucose were observed be-
tween control and MC.

In a previous study, we examined the effect
of MC on GLUT4 glucose transporter in KK-
Ay mouse muscle, since it has been reported that
GLUT4 plays a crucial role in the muscle process
of glucose uptake. MC increased GLUT4 protein
content of muscle in KK-Ay mice. From these find-
ings, it is likely that the hypoglycemic effect of
MC is derived, at least in part, from the increase
in GLUT4 translocation, presumably due to the in-
crease of AMPK activity in muscle.

Further study would show how MC could be-
come a useful drug in the treatment of diabetes
through this unique therapeutic mechanism. The
above experimental results suggest that the antidia-
betic activity of MC supports its traditional medical
use for type 2 diabetes.
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