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Abstract

Objective: The aim of this work was to find obesity control method without rebound. In our previous studies, gymnemate
extracted from Gymnema sylvestre, inhibited oleic acid absorption. The Otsuka Long-Evans Tokushima Fatty (OLETF) rat,
a genetic multifactor syndrome model, exhibits progressive overweight, hyperlipidemia and hyperglycemia. The effect of
gymnemate on obesity in OLETF was investigated. Methods: Three groups were divided (n = 4–8): (1) OLETF-gymnemate,
gymnema water extract (containing gymnemate) diet (62.5 g/kg) and water (2.5 g/kg) were supplied 2 weeks from 26–28 weeks,
following it general diet and water were fed 3 weeks to observe if it rebound, (2) OLETF-control and (3) the counterpart Long-
Evans Tokushima Otsuka rats as normal-control. Results: With gymnemate treatment, the food and water intake were decreased
about 1/3 and 2/3, along with body weight reduced 57.2±6.4 and 75.5±6.3 g during 1 and 2 weeks respectively. In the end of
experiment (3 weeks after gymnemate withdrawal), the body weight was decreased to no significant difference with normal-
control. The total cholesterol was decreased about 1/3, moreover LDL+VLDL (low-density and very-low-density lipoprotein)
cholesterol decreased about 1/2. The proportion of HDL (high-density lipoprotein) cholesterol to the total cholesterol was
increased. The serum triglyceride was decreased to the 1/4 of OLETF control. The level of serum cholesterol and triglyceride
was no significant difference in gymnemate group with normal group. Conclusion: Supplementation with gymnemate promoted
weight loss by its ability to reduce hyperlipidemia, which was no withdrawal rebound: an important discovery. Supplementation
with gymnemate is a novel therapeutic tool for weight management, especially in multifactor syndrome. (Mol Cell Biochem
299: 93–98, 2007)
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Introduction

Obesity has become a global health epidemic, which accom-
panies with dyslipidaemia, insulin resistance, hypertension
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and arteriosclerosis generally. This association is referred to
as the multifactor syndrome, which also names cardiovas-
cular dysmetabolic syndrome, insulin resistance syndrome
or syndrome X. Some of them are multiple congenital
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Fig. 1. Chemical structure of gymnemate.

anomalies. Diet regimen, bodyweight and lipid control to
reduce varies possible complications such as myocardial in-
farction, fatty liver, microvascular and neurosystem disorder
are broadly accepted as basic treatment. The withdrawal re-
bound could not be ignored in the treatment, because unstable
metabolic control is more dangers than persistent obesity. The
aim of this study was to find a stable control method without
withdrawal rebound in the treatment [1–4].

We have found that gymnemate (GA), a mixture of triter-
pene of glucuronides (Fig. 1), which was extracted from a
traditional herb of Gymnema sylvestre, not only inhibited
glucose and maltose absorption but also limited oleic acid
absorption in small intestine [5–7], which is a good potential
candidate.

The Otsuka Long-Evans Tokushima Fatty rat (OLETF),
an animal model of multifactor syndrome, exhibits a pro-
gressive polyphagia, dislipidaemia, hyperglycemia and rapid
body weight gain at last accompaniment of varies system
disorder [8–12]. The effects of GA on the body weight,
food and water intake, triglyceride, total cholesterol, HDL
(high-density lipoprotein) cholesterol, as well as LDL (low-
density lipoprotein) and VLDL (very low-density lipopro-
tein) cholesterol levels in OLETF were investigated during
and following it treatment.

Materials and metods

Animals

Male 4 weeks old OLETF and Long-Evans Tokushima
Otsuka Rat (LETO) rats that were kindly supplied by
Tokushima Research Institute (Otsuka Pharmaceutical,
Tokushima, Japan), were housed individually in a air con-
dition animal room of Laboratory Animal Science, Research
Center for Bioscience and Technology, Tottori University
with temperature of 23 ◦C, humidity of 50% and 12 hours
light/dark circles (7 am to7 pm). They had free access to
standard food CE-2 (CLEA Japan, INC, Tokyo) and tap wa-

ter until the experiment start. The care and treatment of the
animals conformed to Tottori University guidelines for the
ethical treatment of laboratory animals. From 24 to 26 weeks
the rats were divided into 3 groups (n = 4–8):

(1) GA group in OLETF, gymnema water extract (contain-
ing GA) was mixture in diet (62.5 g/kg CE-2) and water
(2.5 g/kg) for 2 weeks, following GA withdrawal general
diet was fed for 3 weeks to observe if it rebound.

(2) Control of OLETF, standard food and water was fed
continuously.

(3) Normal control, the counterpart LETO as normal control.
The food and water was same with OLETF control.

To observe if it rebound, the general diet was fed for 3
weeks following the GA feeding period.

Materials

Gymnema water extract (containing GA) was kindly
supplied by Maruzen Pharmaceuticals Company, Ltd (Osaka,
Japan).

HDL, LDL and VLDL

The blood samples were collected following anesthetiza-
tion with intraperitoneal injection of 50 mg/kg body weight
sodium pentobarbital (Dainippon Pharmaceutical, Osaka,
Japan) at 1:00 to 2:00 pm. The serum was separated by cen-
trifugation at 4 ◦C. The serum total triglyceride, total choles-
terol, LDL + VLDL and HDL cholesterol were measured by
commercial kits (Wako, Osaka, Japan).

Statistical analysis

Statistical analysis was performed with t test by Microsoft
Excel for a Macintosh computer. All data are presented as
mean ± SME. P < 0.05 was considered to be a significant
difference

Results

Body weight

The bodyweight of OLETF was progressive increased. Be-
fore GA treatment, the body weight was 630.0 ± 9.5 g. Two
weeks later, it increased to 669.0 ± 20 g. In the end of exper-
iment the bodyweight achieved to 680±5.6 g in the OLETF,
about 1.5 folds of LETO (480.5±2.2 g). With GA treatment,
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Fig. 2. Inhibitory effects of gymnemate on body weight of OLETF. In the OLETF group the bodyweight increased time dependently. In the pre-GA treatment
duration (left), the bodyweight was about 150 grams more in OLETF than that in LETO, that was 200 grams after 5 weeks (right). With GA treatment for 2
weeks, the bodyweight was decreased (middle). In the end of experiment (right, 3 weeks after gymnemate withdrawn), the body weight was no significant
difference with non-diabetic control.

Fig. 3. OLETF with or without GA treatment. The photo was taken 3 weeks
after GA withdrawal.

the increase was stop not only, but also to the opposite direct:
decrease (57.2 ± 6.4 g and 75.5 ± 6.3 g during a week and
two weeks respectively). After 3 weeks of GA withdrawal,
the body weight was no significant difference with normal
control (544 ± 22.8 g vs. 475.2 ± 24.3 g) (Figs. 2–3)

Food and water consumption

With GA treatment, the food and water consumption in
OLETF were decreased about 1/3 and 2/3 that was similar
with or even lower than that in LETO (Fig. 4).

Serum triglyceride

Serum triglyceride was suppressed by GA. With GA treat-
ment, the serum triglyceride was decreased to about the 2/7
of OLETF control (68.6 ± 11.9 vs. 245.6 ± 11.7 mg/dl,
p < 0.0001), which was no significant difference with
normal control (70.0 ± 10.0 mg/dl). After 3 weeks of GA
withdrawal, the triglyceride (69.6 ± 5.9 mg/dl) kept no sig-
nificant difference with normal control (62.9 ± 9.1 mg/dl),
however in OLETF control the serum triglyceride achieved
298.3 ± 43.4 mg/dl (more than 4 folds of GA group, P <

0.0001, Fig. 5).

Serum cholesterol

In the GA group, the serum cholesterol was decreased to
about 2/3 of OLETF control (85.0±6.5 vs. 128.6±3.0 mg/dl,
P < 0.05), which was no significant difference with nor-
mal control (101.6 ± 1.2 mg/dl). In the end of experiment,
the cholesterol in GA group was kept no significant differ-
ence with normal control although GA withdrawal (113.0 ±
6.5 mg/dl vs. 102.5 ± 8.5 mg/dl, P > 0.05), while that in
OLETF control achieved 157.5 ± 12.5 mg/ml (p < 0.05
vs. GA group), moreover LDL+VLDL cholesterol decreased
about 1/2 (from 84.7 ± 7.1 to 48.9 ± 10.1 mg/dl, P < 0.05).

The percentage of HDL-cholesterol in serum was more
than LDL+VLDL-cholesterol 3 weeks after GA withdrawal
in GA treatment OLETF, contrasted to OLETF-control. The
Containing of HDL and LDL+VLDL-cholesterol in LETO-
control was half-and-half simultaneously (Fig. 6).
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Fig. 4. Inhibitory effects of GA on food (left) and water (right) intake.

Fig. 5. Inhibitory effects of GA on serum triglyceride. The triglyceride increased time dependently in OLETF that was 4 to 5 folds of LETO. With GA treatment,
the triglyceride decreased to normal lever (left) and was kept even GA withdrawal (right).

Fig. 6. Effects of GA on the containing of serum cholesterol. The proportion
of HDL to total cholesterol was increased by GA. The sample was taken 3
weeks after GA withdrawal.

Discussion

Multifactor syndrome characterized by the clustering of
insulin resistance and hyperinsulinemia. It is often asso-
ciated with dyslipidemia (hyperlipidemia); essential hy-
pertension; abdominal obesity; glucose intolerance or
non-insulin-dependent diabetes mellitus (diabetes mellitus,
type II); and an increased risk of cardiovascular events
[1–4, 8].

OLETF is an inbred strain of Long-Evans rats that was
developed from outbred Long-Evans stock in 1983, and the
strain was established in 1992 through selective breeding by
Tokushima Research Institute (Japan) [12]. The OLETF rats
that naturally develop insulin resistance at the age of 16 weeks
and type II diabetes at the age of 30 weeks were used as a type
II diabetes animal model generally. In fact, besides diabetes
OLETF exhibits a progressive polyphagia, dislipidemia, hy-
pertension and rapid body weight gain earlier than the hy-
perglycemia, which resembles human multifactor syndrome
[13–14].

GA is a group of saponin with triterpenoid structure that
improves glucose metabolism and diabetes. Although the
mechanism of the action of GA has not been fully understood,
some of them have been reported such as: relaxation of in-
testinal smooth muscle and inhibition of intestinal peristalsis,
inhibition of potassium channel, regulation of the unstirred
layer function, limitation of the paracellular absorption, stim-
ulation of the nitric oxide production [5–7, 15] in intestine,
decrease of the gastric inhibitory peptide secretion [16], and
increase of the permeability in pancreas [17]. About 6 years
ago, we have discovered that Gymnema inhibited the ab-
sorption of oleic acid, which suggest the possibility of GA
inhibiting lipid absorption [7]. Next year, increase of fecal
steroid excretion was reported also by Nakamura et al. [18].
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Before that time, although blood triglyceride tendency to de-
cease during long time application of GA has been recorded
in our group, the effect was believed as a result of improving
glucose metabolism [19]. After that few effects on serum lipid
have been reported, but all of them are in experiment diabetic
or dislipidemia induced by diets or drugs. Recently Preuses et
al, reported that Gymnema sylvestre extract combination of
(−)-hydroxycitric acid (HCA-SX), a natural extract of from
Garcinia cambogia can improve lipid metabolism and re-
duce body weight in obese patients, but have not provided
the data of GA without HCA-SX [20]. In high fat diet Wistar
rat, GA deceases the serum cholesterol as well as triglyceride
and increases fecal lipid excretion, but hardly affects body-
weight [21]. Inhibiting the increase of bodyweight by long
time GA treatment has been reported by our group [19]. In
ob/ob and db/db mice, Gymnema yunnanense extract reduces
blood glucose and bodyweight [22]. Until now, decrease the
bodyweight and lipid simultaneously even after GA with-
drawal in progress obesity has not been seen.

In our knowledge, it was 1st study that the improvement of
lipid metabolism and decrease bodyweight without rebound
in genetic multiply metabolic syndrome animal model. More-
over the proportion of HDL to total cholesterol was increased.
The reason for our result may be due to the animal model
and method for GA treatment. The doses of GA in our ex-
periment were decided by food and water consumption (the
dose of GA in proportion to taking food and water). There
was a positive proportion of body weight to taking food and
water; as a result the dose was regulated by the degree of
polyphagia, an important factor for obesity and dislipidemia.
The GA treatment and food intake were simultaneous, that
made it possible to more effectively down regulation of lipid
especially cholesterol absorption by decrease the oleic acid
reabsorption from intestine.

Obesity has become a world health problem. The obese
reasons can be divided in to environmental and inheritable
factors. The environmental factors include overeat, high fat
and high calorie food, lacking of physical activity, sedentary
lifestyle, high stress, depression, alcohol and lower socioe-
conomic status [1–3, 23–29]. Following the clone of ob gene
in mouse [30], various obesity relative genes have been re-
ported. The obesity in OLETF are due to multiple genetic mu-
tations [31] such as absence of cholecystokinin A receptors
(CCK-AR) and dorsomedial hypothalamic over expression
of neuropeptide Y (NPY) gene. Accordingly, it overeats and
has a decreased responsiveness to ingested fats [9–11, 32].
About 33% of obesity are hereditary obesity [23], which are
more difficult to control generally. In our study, the obesity
and hyperlipidemia were inhibited by GA in genetic multi-
factor syndrome animal. It can be suggested that GA not only
prevented the sedentary lifestyle obesity but also inhibited the
genetic obesity by improved the cholesterol metabolism and
inhibited polyphagia.

Conclusion

(1) GA inhibited the hyperlipidemia and overweight in ge-
netic multifactor syndrome animal.

(2) The inhibitory effects were due to not only directly sup-
pression the intestinal absorption but also suppression
innate polyphagia, a key reason of diabetes and obesity.

(3) GA improved lipid metabolism: increasing the propor-
tion of HDL cholesterol to the total cholesterol alone
with decreasing total cholesterol and triglyceride.

(4) The inhibitory effects were without rebound after GA
withdrawal, an important discovery.

(5) GA may be expected to reduce the complication morbid-
ity and mortality of obesity especially in genetic multi-
factor syndrome.
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