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Abstract: In order to investigate the protective effects of Momordica charantia extract (MCE) on obesity and insu-
lin resistance, C57BL/6j mice fed in a high-fat diet (HFD) were used as animal model. Obese mouse model was
successfully made after 2-week HFD induction. The mice were then randomly divided into normal control, model
control, MCE dose of 13.5, 27.0, and 54. 0 g/kg treated groups. Mice in normal and model control groups were
treated with 0. 5% CMC-Na, and other groups were treated with MCE (i. g. ), respectively, with the same vol-
ume twice a day for ten weeks. It was shown that the body weight, epididymal and total visceral white adipose tis-
sue weight were decreased by treatment of MCE 54. 0 g/kg without the change of food intake. The increased serum
TG, CHO, LDL-C, glucose, insulin concentration and insulin resistance index were significantly inhibited. The
concentration of TG was also decreased by the treatment of MCE 27. 0 g/kg; while the concentration of HDL-C was
increased by the treatment of MCE 13.5, 27. 0 and 54. 0 g/kg, respectively. The adipocyte hypertrophy induced
by HFD was mitigated by MCE dose-dependently.
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Obesity results from chronic imbalance between
energy intake and expenditure, and is characterized by
over 30 kg/m’ Body Mass Index ( BMI), which is the
most widely used measure for determine the prevalence
11 Overweight and obesity are the fifth lead-

ing cause of global deaths, accounting for at least 2. 8

of obestiy

million adults’ deaths annually. And the alarming prev-
alence of childhood obesity is of particularly noteworthy
since 1970s. The prevalence of obesity has been more
than doubled for children and nearly 43 million chil-
dren under the age of five were outweight in 2010. The
obesity pandemic, if left out of control, will reach un-
precedented proportions in 2050 with 165 million a-
dults in the USA™',

The global increase in prevalence of obesity has
led to an increased need for the treatment of obese per-
sons. It is well known that both diet and exercise are
best for prevention and treatment. However, both ways
require self-discipline and persistence. Another possi-
ble adjunct is drug treatment. But it may have only
modest effects, accompanied by side effects and poten-
tial for drug abuse. Furthermore, the weight lowering
effect lasts as long as the period when the drug is being
taken. Unfortunately, as soon as the administration is

3741 Interestingly, in

stopped, the weight is regained'
the Eastern world including Chian, there are some al-
ternative therapies having been used, which herbal
medicine is involved” ~°'.

Momordica charantia, also is referred to as bitter
melon or bitter gourd, is a popular vegetable as well as
an herb in China. It has been used as an herb for at
least 600 years in South China and nowadays widely
cultivated in Asia'”’, Africa and South America. Bitter
melon is received widespread attention in the scientific
community due to its beneficial effects such as anti-dia-
betic, anti-cancer and anti-inflammatory "*7"''. Al-
though various parts (roots, stems, leaves and fruits)
of Momordica charantia are used traditionally, studies
have shown that the fruit extract of Momordica charan-
12750 Tt has

been reported that juice extract of fresh Momordica

tia has potent hypoglycaemic properties

charantia fruit without seeds could reduce adiposity,
lower serum insulin, improve insulin sensitivity, and
normalize glucose tolerance in rats fed with a high-fat-
diet (HFD) -1,

charantia fruit including seeds could reduce insulin re-

Lyophilised power of Momordica

sistance and inhibit adipocyte hypertrophy in diet-in-
duced obese (DIO) rats''’.

showed that juice of immature Momordica charantia

Recent in vitro studies

could inhibit primary human adipocyte differentia-

tion'"™ . Moreover, 95% ethanol extract of Momordica

charantia seedless fruit could depressed blood glucose

191 However the effects

in streptozotocin-diabetic rats
of ethanol extract of Momordica charantia fruit on obe-
sity and insulin resistance in diet-induced obese mice
has not been reported yet.

Considering that C57BL/6j mice are very suscep-
tible to diet-induced obestiy' ™’ | the present study was
designed to develop this animal model to examine the
anti-obesity and anti-diabetic effects of Momordica cha-

rantia in C57BL/6j mice fed in a high-fat diet.

1 Materials and methods

1.1 Chemicals and Reagents

Serum triglyceride (TG) , cholesterol (CHO) and
glucose test kits were purchased from Roche Company
(Shanghai, China) ; low density lipoprotein cholestrerl
(LDL-C) and high density lipoprotein cholesterol
(HDL-C ) test kits were purchased from Leadman
Company ( Beijing, China); Insulin ( mouse) ultra-
sensitive ELISA kits was purchased form ALPCO Com-
pany ( America ) ; Haematoxylin and eosin solution
were purchased from Baso Company ( Guangzhou, Chi-
na). Other chemicals were of reagent grade.

1.2 Preparation of Momordica charantia extract
(MCE)

Immature Momordica charantia fresh fruit was
purchased from a local market, and was throughly
washed with water and dried at room temperature. 45
kg of fruit was then cutted into slice and extracted with
360 L ethanol/water (70:30, V/V) for 2 h. After fil-
tration, the fruit was re-extrated with 270 L ethanol/
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water (70:30, V/V) for 1.5 h, and filtered again, all
the filtrates were combined and subjected to vacuum e-
vaporation. The resulted gummy residues were weigh-
ted and stored at 4 C. Before using, it was diluted
and adjusted with 0.5% CMC-Na to 1.8, 0.9 and
0.45 g (crude drug) /mlL.
1.3 Animals and diets

Male C57BL/6j mouse (11 ~13 g) were obtained
from Beijing HFK Bioscience Co. , Ltd (Beijing, Chi-
na). Mice were group-housed in standard individual
ventilated cages with wood shavings as litter. The cages
were a controlled environment an temperature (22 1)
C and humidity 45% ~55% with a 12 h /12 h modi-
fied dark-light cycle. There were four mice in each
cage. Food and water were available ad libitum. Ani-
mal care and use were conducted with the approval of
Shenyang Pharmaceutical University Institutional Labo-
ratory Animal Care and Use Committee. All efforts
were made to minimize pain and suffering and to re-
duce the number of animals used. After adaption for 3
days, the mice were assigned into low-fat diet group
and high-fat diet group. The compositions of low-fat di-
et and high-fat diet were shown in Table 1. The mice
in high-fat diet group were induced obestiy ( diet-in-
duced obesity, DIO) after 2 weeks (weeks -2 to -1) ,
and then separated into high-fat diet control group
(HFD-Control ) and MCE 13.5, 27.0, 54.0 g/kg
eroups ( indicated as HFD-13. 5SMCE, HFD-27MCE,
and HFD-54MCE, respectively). The mice in low-fat
diet group were separated into low-fat diet control group
(LFD-Control ) and MCE 54.0 g/kg groups ( LFD-
54MCE) as well. The mice in MCE groups were given
intragastrically with MCE; and mice in control groups
(LFD-Control and HFD-Control ) were given 0.5%
CMC-Na with the same volume (15 ml./kg) twice a

day for ten weeks . The dietary was also continued .

Table 1  Composition of tested diets
Composition Low-fat diet High-fat diet
Barley power/(g-kg") 200 140
Dehydrated vegetable /(g+kg™") 100 70
Bean flour /(g-kg™") 200 140
Casein /(g-kg™") 10 7
Bone meal/(g-kg™") 50 35
Corn starch /(g-kg™") 160 112
Bran/(g-kg™") 160 112
Fish meal/(g-kg™") 100 70
Salt /(g kg™") 20 14
Milk power /(g-kg™") - 100
Yolk power/(g-kg™") - 100
Lard oil /(g-kg™") - 100

Concentrated cod liver oil -

100 drops

The food intake of mice in each cage was recorded dai-
ly and body weight of mice were measured weekly
throughout the study.
1.4 Collection of serum and adipose tissue

After 10 week of treatment, mice were fasted for
20 h. Afier the blood was removed, the mice were kill-
ed by decapitation. The white adipose tissues (WATs,
including epididymal , mesentery, and perirenal WAT)
were dissected according to the defined anatomical
landmarks. The weights of tissues were measured. Vis-
ceral fat was defined as the sum of epididymal, mesen-
tery, and perirenal WAT. They were then fixed in 4%
buffered formalin until use. The collected blood was
kept at room temperature for 10 min for coagulation.
Then, the serum was obtained from the coagulated
blood by centrifugation at 2 000 r/min for 15 min at 4
°C. The separation of the serum was finished within 30
min. The serum was immediately frozen at — 80 °C un-
til analysis.
1.5 Measurement of serum lipid, glucose and

insulin levels

The serum TG, CHO, LDL-C, HDL-C and glu-
cose concentrations were measured using commercial
assay kits according to the manufacturer’s directions
with MODULAR P800 automatic biochemistry analyzer
(Roche, Germany). Serum insulin levels were meas-
ured by ELISA using a commercial assay kit according
to manufacturer’s directions, the OD value was readed
at 450 nm with Synergy HT multifunctional microplate
reader ( Bio-tek, America). The degree of insulin re-
sistance was estimated by a homeostasis assessment
model ( HOMA-IR), which was calculated according
to the formula; HOMA-IR = serum glucose ( mmol/
L) ( serum insulin (mU/L) /22.5"",
1.6 Histological analysis of WAT

Epididymal adipose tissues from the mice were
embedded in paraffin. Standard sections of 4-pum
thickness were cut with Leica RM2245 manual rotary
slicer (Shanghai, China) , and stained with hematoxy-
lin and eosin. which was viewed under an inverted op-
tical microscope ( Olympus IX71, Japan) and photo-
graphed at a final magnification of 400 x .
1.7 Statistical analysis

Data are expressed as the mean + SEM. The sta-
tistical significance of differences between the mean
values for the treatment groups was analyzed with one-
way or two-way analysis of Variance ( ANOVA) fol-
lowed by Dunnet ¢-tests using the software SPSS 13.0
(Chicago, USA). P < 0.05 was considered statisti-
cally significantly.
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2 Results

2.1 Effects of the MCE on body weight and food
intake

The weekly body weights and food intakes of mice
were shown in Fig. 1 and Fig. 2. The body weight of
the HFD-control group was significantly increased com-
pared with the LFD-control group during MCE treat-
ment after DIO except at eighth week. The body weight
of the HFD-54MCE group was significantly decreased
compared with the HFD-Control group at ninth and
tenth week after MCE treatment. However, there was
no significant difference in the body weight of the HFD-
27MCE and HFD-13. 5SMCE group compared with the
HFD-Control group (Fig. 1). During the MCE treat-
ment period, the food intake did not differ significantly
among all the groups except those mice in HFD-54MCE
group, which ate less than those in HFD-Control group
at second week after MCE treatment ( Fig. 2).
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Fig. 1  Effect of MCE on body weight of mice
after ten weeks treatment
LFD. low-fat diet; HFD: high-fat diet; MCE:. Momordica
charantia extract. Data are expressed as the mean + SEM
(n=8~12). P < 0.05, P < 0.01 vs LFD-Control
group; "P < 0.05, ""P < 0.01 vs HFD-Control group.
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Fig. 2 Effect of MCE on food intake of mice
after ten weeks treatment
LFD. low-fat diet; HFD: high-fat diet; MCE:. Momordica
charantia extract. Data are expressed as the mean + SEM

(n=8~12). " P < 0.0l vs HFD-control group.

2.2 Effects of the MCE on the WAT weights
The mesentery, perirenal and epididymal WAT

weights were shown in Fig. 3. There were no significant

differences in mesentery WAT weight among the six
groups. The perirenal, epididymal and total visceral
WAT weights were significantly increased in the HFD-
Control group compared with the LFD-control group.
However, the epididymal and total visceral WAT
weights were decreased signifgicantly after treatement
with MCE 54 g¢/kg for ten weeks, but treatement with
MCE 13.5 and 27 g/kg had no obvious effect on WAT
weights.
2.3 Effects of the MCE on the serum biochemi-
cal parameters

The serum biochemical parameters were shown in
Table 2. The significantly increased serum TG, CHO,
LDL-C, glucose, and insulin levels, and decreased
HDL-C were observed in the HFD-control group com-
pared with the LFD-control group. The serum TG,
CHO, LDL-C,
significantly reduced in the HFD-54MCE group com-
pared with the HFD-control group, but not significantly
in the HFD-13. SMCE and HFD-27MCE group. How-
ever, HDL-C levels was restored in all the MCE-trea-
ted groups. Although there were no significant differ-
ence on HOMA-IR between HFD-control group and
LFD-control group, the HOMA-IR in HFD-54MCE
group was decreased markedly compared with HFD-

glucose and insulin levels were

Control group. Moreover, the concentration of LDL-C
in serum was significantly decreased in LFD-54MCE
group compared with LFD-Control group.
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Fig. 3 Effect of MCE on visceral white adipose

tissue weight of mice after ten weeks treatment
LFD; low-fat diet; HFD. high-fat diet; MCE: Momordica
charantia extract. Data are expressed as the mean + SEM
(n=8~12). *P < 0.05, ¥P < 0.01, compared with
LFD-control group; “**P < 0.001, compared with HFD-

control group.

2.4 Histological analysis of the epididymal WAT
The sizes of the epididymal adipocytes in each
groups were shown in Fig. 4. The sizes of the adipo-
cytes were significantly larger in the HFD-control group
than those in the LFD-control group. Interestingly, af-
ter treatment with MCE 54 g/kg for ten weeks, the hy-
pertrophy of epididymal adipocytes were considerably
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Table 2 Effects of the MCE on serum biochemical parameters in HFD-induced obese mice after ten weeks treatment”’

TG / CHO/ LDL - C/ HDL-C/ Glucose/ Insulin /
Group » . I » . . HOMA-IR
(mmol-L”") (mmol-L"") (mmol-L™") (mmol-L"") (mmol:L™") (ng-mL ")

LFD-Control 1.14 £0.03  2.52 +£0.07 0.50 £0.03 3.10£0.11  5.53+0.39 0.62+0.03 4.21+1.09
LFD -54MCE  1.09 £0.09  2.43 +0.09 0.28 +0.02* 2.83+0.06 5.30+0.59 0.62+0.06 5.18+0.46
HFD-Control ~ 1.35 +0.10" 4.00 +0.22"* 0.80 +0.04™ 1.80+0.05" 7.58 £0.69" 1.31£0.32" 12.47+5.18
HFD -13.5MCE 1.23 £0.11 4.25+0.16 0.69+0.04 2.50+0.17 * 8.78+0.49 1.08 +0.22 10.82+1.97
HFD -27MCE  1.12+0.08" 4.22+0.09 0.78 £0.04 2.54+0.21" 7.20+0.40 1.24+0.43 11.20+5.10
HFD -54MCE  1.13+0.09" 3.37+0.20" " 0.46£0.04""" 3.03+0.05"" 6.20+0.57" 0.55+0.03" 3.68 +0.25"

1)LFD: low-fat diet; HFD; high-fat diet; MCE: Momordica charantia extract. Data are expressed as the mean + SEM (n = 8 ~12).

P <0.05, "P < 0.01, P < 0.001 vs LFD-Control group;
group.

LFD- Coniro] © LFDSMMCE |
.. Al
~ v v
- > \
. "N
¥ ”
T~ by
4 J i A B

[ L - | <

! ¥ { = 4 X '\
—rial “ -
e y “ '
« I 1 i
’
, /
\
!
- A
L
i - '

P <0.05, ""P < 0.01, """P < 0.001 vs HFD-Control

/ HFD- Contfol
Y
- o n

nae i
-v -~ - .
¥

{ > |

L] v \

~ . } | .

> 5

HFD-S4MCE o
[} i

Fig. 4 Representative histological section of epididymal white adipose tissue,

stained with haemotoxylin and eosin, from each of the six treatment groups

Scale bar: 100 microns; LFD: low-fat diet; HFD . high-fat diet; MCE: Momordica charantia extract.

decreased compared with the HFD-control group, but
the effects of MCE 13.5 and 27 g/kg were not as
significant as those of MCE 54 g/kg.

3 Discussion

The present study demonstrated that MCE reduced
body weight and visceral white adipose tissue weight
without affecting food intake and controlled hyperlipi-
demia, hyperglycemia and hyperinsulinemia by signifi-
cantly decreasing serum lipids, glucose and insulin
levels in C57BL/6j mice fed in a high-fat diet. Moreo-
ver MCE could inhibit proliferation and hypertrophy of

adipocyte in epididymal adipose tissue.

C57BL/6] mice are preferred to use in many anti-
obesity experiments for its susceptibility to diet-induced
obesity. Some studies have shown that obesity was in-
duced within 4 weeks after introduction of HFD to
C57BL/6j mice'” !, However, in the present study,
obesity was induced after fedding in HFD for two
weeks. The inhibitory effects of Momordica charantia
on adiposity has been reported in vivo and in vitro. Ad-
iposity was reduced in rats fed with HFD when 0. 75%
or higher freeze-dried Momordica charantia juice sup-

plemented into the diet for 15 weeks'"’. Adipocyte hy-
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pertrophy and lipogenic gene expression were inhibited
in diet-induced obese rats when 5% lyophilised Mo-
mordica charantia powder supplemented into the diet

for 9 weeks''".

were inhibited in mice on high-fat diet after treatment

Visceral obesity and body weight gain

with P and G fraction extracts of Momordica charantia
for 4 weeks"®’.

adipocyte was inhibited by Momordica charantia
[18]

The differentiation of primary human
juice In accordance with these results, after 10
weeks treatment with 54 g/kg of ethanol extract of Mo-
mordica charantia, the body weight and visceral white
adipose tissue weight were decreased in HFD mice.
Obesity is a chronic metabolic disorder character-
ized by increased fat accumulation, such as increases
in the cell number and/or cell size in adipose tissue
and elevated lipid concentrations in blood ™. The in-
creased concentrations of TG, CHO and LDL-C and
hypertrophic adipocyte in epididymal adipose tissue
were observed in HFD mice in our study. Interesting-
ly, treatment with 54 g/kg ethanol extract of Momordi-
ca charantia could normalize the concentrations of TG
and LDL-C and the size of adipocyte in epididymal adi-
pose tissue and significantly decreased the conecetra-
tion of CHO. In agreement with our results, decreased
serum TG, CHO and LDL-C and increased serum
HDL-C were reported after administration of Momordica

126-281 " Furthermore,

charantia extrat in diabetic rats
our results shown that the concentration of HDL-C was
decreased in HFD-Control group, and was restored by
the treatments of MCE 13.5, 27. 0 and 54. 0 g/kg, re-
spectively.

Recent advances have shown that adipose tissue
not only stores excess energy in the form of fat but also
is a critical endocrine organ that is innately involved in
regulating obesity and other metabolic processes. For
example, resistin was considered to be a mechanistic
mediator form adipocytes to insulin resistance ' ',
Insulin resistance is the salient feature of type 2 diabe-
tes mellitus. Insulin resistance occurs when normal cir-
culating concentrations of the hormone fail to regulate

30 . . . .
131 Since insulin resistance

body glucose homeostasis
is a major metabolic abnormality of T2D, there has
been considerable interest in insulin-sensitizing agents
to counteract insulin resistance for the treatment of this

disease*!’ .

The present study proved that Momordica
charantia was effective to decrease the serum concen-
tration of glucose and insulin and to improve insulin re-
sistance in a diet-induced obese mice model. A sub-
stantial number of reports indicated that Momordica

charantia was able to exert a hypoglycemic effects in a

variety of animal models, such as STZ-induced diabetic
mice, KK-Ay mice and alloxan-induced rats, the relat-
ed mechanisms included protection of B-cells, increase
of glycogen content, enhancement of GLUT4 transloca-
tion and inhibition of gluconeogenesis''®***7**! The
decreased visceral white adipose weight might be an-
other mechanism responsible for amelioration of insulin
resistance , for some substance secreted from adipocytes
might be reduced, such as leptin or resistin, but this
was needed further investigation.

In Momordica charantia, there exist many active
chemicals including saponins, alkaloids, fixed oils,
triterpenoids, steriods, polypeptides, glycosides, ca-

rotenoids , flavanoids and POlyphenolsBS ~39]

. Quercetin
and gallic acid, two kinds of polyphenols contained in
Momordica charantia, have been demonstrated to in-
hibit adipogenesis and induce apoptosis in 3T3 — L1
[40-41]

mouse adipocytes The hypoglycemic effects of
Momordica charantia might result from saponins known
as charantin, alkaloids known as glycoalkaloid, and
39,42]

triterpenoids known as momordicoside' The poly-
phenols and flavanoids in Momordica charantia beside
quercetin and gallic acid have been displayed to inhibit
obesity and metalism disorder in vivo or vitro™* ™%,
Which components are responsible for the anti-obesity
and anti-diabetic effects in the present investigation re-
mains unknown.

Some clinical trials about hypoglycemic effects of
Momordica charantia extract have been carried out in

[47 -51

type 2 diabetes ", but the controversial results are

reported too >’ .

Despite the need for more information
in randomised controlled trails, but no serious adverse
effects on humans have been reported until now. How-
ever, long term studies testing the effects of Momordica
charantia extract on body weight, glucose and lipid
metabolism as well as identifying the pharmacokinetics
and effective dose of Momordica charantia extract is
warranted, before it can be recommended as an effec-
tive alternative and/or complementary therapy.

In conclusion, MCE signifcantly decreased body
weight and serum lipids, improved insulin resistance
and inhibited visceral adipose tissue accumulation and
hypertrophy of epididymal adipocyte in HFD mice. All
these results suggested that MCE may serve as an alter-

native therapy for obesity and diabetes.
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