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Background & objectives: Metabolic syndrome (MS) comprises several cardio-metabolic risk factors,
which include obesity, hypertension, hyperglycaemia, hypertriglyceridaemia and decreased HDL
cholesterol. Leaf extract of Gymnema sylvestre has been shown to possess glucose lowering activity in
animal models. This study was carried out to evaluate the efficacy of deacyl gymnemic acid (DAGA),
active constituent of G. sylvestre, in a rat model of MS.

Methods: Six groups consisting of six wistar rats in each, were studied. Group I received the normal diet,
while the remaining five groups received high fructose diet (HFD ) for 20 days to induce MS. HFD was
continued in these five groups for the next 20 days along with group II received vehicle solution, group I11
received pioglitazone and groups IV- VI received DAGA in variable doses. Systolic blood pressure (SBP)
was measured using tail-cuff method. Oral glucose tolerance test (OGTT) was done at baseline and at
days 20 and 40. Blood samples were collected for glucose, insulin and lipid profile.

Results: Administration of HFD for 20 days resulted in weight gain (>10%), increase in SBP, fasting
plasma glucose (FPG) and triglycerides fulfilling the criteria for MS. Administration of DAGA (200 mg/
kg) reduced SBP and significantly improved the FPG and HOMA-IR (homeostatis model assessment-
insulin resistance) with modest improvement in lipid profile without decrease in body weight similar to
pioglitazone.

Interpretation & conclusions: Our findings show that DAGA decreases SBP and improves parameters
of glucose-insulin homeostasis in a rat model of MS induced by HFD. Further studies are required to
elucidate the mechanism of action.
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Metabolic syndrome (MS) is a cluster of several
cardio-metabolic risk factors, which include abdominal
obesity, hypertension, hyperglycaemia and increased
triglycerides and decreased HDL cholesterol. All these
parameters are surrogate markers of insulin resistance
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and predict the risk for future development of diabetes
and cardiovascular diseases'.

The prevalence of metabolic syndrome is on
the rise in both developing as well as in developed
countries. Data from the third National Health and
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Nutrition Examination Survey (NHANES III), show
that approximately one fourth of the US adults 20
years or older have metabolic syndrome?. Worldwide,
in adult population samples, the prevalence of MS has
been shown to vary from 8 to 24 per cent’. Many studies
from developing countries including India also show
high prevalence of metabolic syndrome varying from
15 to 45 per cent*>. Authors have previously reported
two third of patients with stable coronary artery disease
had metabolic syndrome®.

Lifestyle modification remains the mainstay of
treatment of metabolic syndrome. Even 10 per cent
decrease in body weight rewards appreciably in
reduction of blood pressure, favourable lipid profile and
improved glucose-insulin homeostasis. Unfortunately,
till date no single pharmacological therapy has been
found to address all the components of metabolic
syndrome. Drugs like metformin, thiazolidinedione,
ACE (angiotensin converting enzyme) inhibitors and
statins are directed towards the individual components
of the metabolic syndrome and do not address in
totality.

Many alternative medications including herbs have
been examined for their efficacy in metabolic
syndrome”"'. These include plant extracts from
Zingiber officinale thizome’ and Gymnema sylvestre
(Asclepiadaceae)!!. G. sylvestre is a woody climber
that grows in tropical forest of central and southern
India”®. Leaves of this herb cause a loss of sweet taste.
The active ingredients of the plant obtained from leaves
are a group of acids termed as gymnemic acids which
have been shown to have anti-hyperglycaemic activities
in some studies, while other could not show similar
results’®, Oral feeding of powdered leaves of G.
sylvestre (500 mg per rat) for 10 days prevented
intravenous beryllium nitrate induced hyperglycaemia
in rats and normalized it in four days in comparison to
10 days in untreated rats. However, no significant
hypoglycaemia was seen in normal rats who were daily
fed with the leaves of G. sylvestre for 25 days'?. Single
as well as chronic (32-35 days) oral administration of
aqueous extract of G. sylvestre leaves (1 g/kg) did not
have any significant effect on immuno-reactive insulin
levels'®. Tominaga et al" reported no effect of G.
sylvestre leaves extract (120 mg/kg/day PO)
administered for seven days on insulin resistance in
streptozotocin (STZ) induced diabetic rats. G. sylvestre
contains several ingredients', of which most active
constituent is deacyl gymnemic acid (DAGA), which
has not been examined earlier. The present study was

undertaken to evaluate the efficacy of DAGA on various
components of metabolic syndrome in a rat model
induced by high fructose diet.

Material & Methods

Animals: This study was conducted in the department
of Pharmacology, Postgaduate Institute of Medical
Education & Research (PGIMER), Chandigarh, India,
from January 2008 to June 2009. Approval from the
Institute’s animal ethics committee was taken prior
to conducting the study. Wistar rats of both sexes
weighing between 150-180 g were procured from the
central animal house of PGIMER, Chandigarh. They
were kept individually in polypropylene cages in an
environmentally controlled room of the departmental
animal house, and maintained at 25+2° C with a 12-h
dark/light cycle and 40-70 per cent humidity. The
animals had free access to food and water. Rats were
fed with standard rat chow diet or special high fructose
diet (HFD) according to the protocol. Experiments
were carried out after a week of acclimatization.

Drugs and chemicals: Deacyl gymnemic acid which is
90 per cent pure (batch no. RD/1574) and pioglitazone
were gifted by Natural Remedies, Bangalore, India,
and Ind-Swift Pharmaceuticals, Chandigarh, India,
respectively.

Experimental groups: Six groups consisting of six
wistar rats in each, were studied. Group I, as control
received normal diet, while the remaining five groups
were fed with high fructose diet (HFD) [supplied by
Central Drug House (P) Ltd., New Delhi, India] for 20
days ad libitum. The HFD provided 60 per cent of the
calories from fructose. Group II continued to receive
HFD and vehicle solution, while group III received
HFD and pioglitazone 2.7 mg/kg body weight orally
for the next 20 days. The remaining three groups
(IV to VI) continued to receive HFD and DAGA at
a dose of 50, 100 and 200 mg/kg orally for the next
20 days. Since this compound had never been tested
before, dose selection was done on the basis of some
preliminary work done in our department. All the drugs
were administered once daily by gavage in 1 per cent
carboxy-methyl cellulose (CMC) suspension.

Blood pressure was measured by tail-cuff method'®
at baseline, days 20 and 40 [Ugobasile, Biological
research apparatus, comerio-(va)-Italy]. After light
ether anaesthesia, the tail of rat was cleaned with xylene.
An occluding cuff similar in principle to that used for
routine blood pressure measurements in humans was
placed over the tail (near the base), with a piezoelectric
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transducer placed about 0.5-1 cm distal to the cuff.
Pressure in the cuff is increased until the tail pulse
disappears and then is released slowly. The systolic BP
was taken as the average of the values when the tracing
disappears on inflation and reappears on deflation.

The oral glucose tolerance test (OGTT) was
performed at baseline, at days 20 and at 40 with the
administration of equivalent anhydrous glucose at a
dose of 200 mg/kg. Samples for plasma glucose and
insulin were collected from the tail vein of rats after an
overnight fast at ‘0 min’ and samples were estimated
for plasma glucose at 15, 30, 60 and 120 min. The
blood samples for lipids were collected at baseline, and
at days 20 and 40. Lipid profile estimation was carried
out in the pooled plasma in each group. The criteria
for metabolic syndrome was defined as 10 per cent
increase in body weight and serum triglycerides more
than 130 mg/dl after HFD".

The plasma glucose was estimated by glucose
oxidase method® from commercial kits purchased
from CDR Diagnostics, Hyderabad, India. Plasma
samples for insulin estimation were stored at -20°C
and measured by rat insulin ELISA kit purchased from
Mercodia AB, Seminariegatan, Uppsala, Sweden.
Plasma total cholesterol and triglycerides were
measured enzymatically (Randox Laboratories Ltd.,
UK) on a digital colorimeter (Digichem Economy, UK).
HDL cholesterol was measured (AUTOPAK, Bayer
Diagnostics India Ltd., India) on digital colorimeter
after precipitation of chylomicrons and LDL cholesterol
were measured by Friedwald equation. Insulin
resistance (IR) was calculated using homeostasis
model assessment (HOMA-IR) and beta cell function
(HOMA-B) assessment was done according to formula
derived by Mathews et al*°.

Statistical analysis: Intra-group comparisons were done
byrepeated measuresANOVA. Inter-group comparisons
were made using one-way ANOVA followed by post-
hoc Bonferroni’s test. For the calculation of area under
curve (AUC) of OGTT, glucose values at 0, 15, 30, 60
and 120 min were calculated according to trapezoidal
rule. Increase in AUC of glucose suggests occurrence
of insulin resistance.

Results

The baseline weight of rats in different groups was
not significantly different. Administration of HFD for
a period of initial 20 days resulted in an increase in
body weight of more than 10 per cent (range 10-15%)
in all the groups and reached to significance in all the

groups except in group VI (Table). While rats fed on
normal diet (control group) gained 6 per cent increase
in body weight which was insignificant as compared
to HFD administered groups. After intervention with
pioglitazone and different doses of DAGA day 20
onwards had no significant change in body weight
except DAGA at a dose of 100 mg/kg which was
significant. The baseline systolic blood pressure (SBP)
in all the groups was similar and administration of
HFD for a period of 20 days resulted in about 33 per
cent increase SBP in all the groups. Pioglitazone and
different doses of DAGA reduced the SBP but could
not achieve statistical significance. The baseline
fasting plasma glucose (FPG) was similar in all the
groups except in group V and administration of HFD
for a period of 20 days resulted in significant increase
in FPG of about 13-27 per cent in all the groups.
Administration of pioglitazone 2.7 mg/kg and DAGA
200 mg/kg caused a significant decrease in FPG level
at day 40, however, there was no difference between
both the groups. The doses of 50 and 100 mg/kg of
DAGA did not influence the FPG profile at day 40. The
baseline fasting plasma insulin (FPI) was similar in
all the groups and administration of HFD for 20 days
significantly increased FPI in all groups as compared to
baseline. Pioglitazone 2.7 mg/kg and DAGA in doses
of 100 and 200 mg/kg treatment produced a significant
decrease in FPI levels at day 40, however, there was
no difference between both the groups. The baseline
% beta cell function (HOMA-B) was similar in all the
groups and administration of HFD for a period of 20
days resulted in significant increase in % beta cell
function in all groups. However, the dose of 50 and
100 mg/kg DAGA did not significantly alter % beta
cell function (Table).

The baseline HOMA-IR in all the groups was
similar and administration of HFD for a period of 20
days resulted in significant increase in all the groups.
Pioglitazone and DAGA in doses of 100 and 200 mg/
kg treatment led to significant decrease in HOMA-IR at
day 40. However, the decrease in HOMA-IR between
both the groups was comparable (Fig. 1). The baseline
AUC for glucose was similar in all the groups and
administration of HFD for a period of 20 days resulted
in significant increase of AUC for glucose. Pioglitazone
and DAGA (100 and 200 mg/kg) treatment caused a
significant lowering in AUC for glucose in both the
groups at day 40. However, the difference between
both the groups was comparable (Fig. 2).

HFD administration led to an increase Iin
triglyceride, total cholesterol and LDL-cholesterol
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Table. Weight, systolic blood pressure and metabolic parameters in different groups of rat models of metabolic syndrome
Parameters Days Normal HFD HFD + PIO HFD+ HFD+ HFD+
DAGA DAGA DAGA
50 mg/kg 100 mg/kg 200 mg/kg
Weight (g) Day 0 151.33+16.56  162.50+6.72 160.67+7.63 161.33£8.55 158.67+7.66  156.83+16.34
Day 20 161.33+13.49  180.00+5.93"  181.33+6.19" 185.67+ 15.00"* 179.1746.94" 174. 67+16.81
Day 40 167.33+£10.33  196.33+4.68"  189.83+7.33  193.67+12.36  191.834£8.16"  185.00+17.32
Systolic blood Day 0 136.67£13.66  135.00+10.49  141.67+11.69 136.67+12.11  146.67x12.11  141.67+11.69
?,::fﬁrge) Day 20 145.0+13.78  183.33+7.51"  191.67+22.29" 18833+ 18.35" 191.67+11.69"  195.00+13.78"
Day 40 141.67+£11.69  185.00£24.29  183.33+20.66  188.33+7.52  181.67+13.29  180.00+14.14
Fastingplasma Day 0 95.70+7.45 88.80+12.89 83.70+4.72 88.50+14.57 78.70+8.14" 97.70+5.57
(g;lgc/‘zlsl‘; Day 20 91.80+9.68  105.70+5.85  94.80+6.11° 106.80+7.90 100.30 £2.94°  110.70+6.53"
Day 40 89.80+6.40 111.20+£ 6.65  83.30+4.13%  97.30+10.63¢  95.30+4.32% 92.30+7.09%
Fasting Day 0 6.50+0.55 6.70+0.82 6.80+0.75 7.00+0.63 6.80+0.75 6.70+0.82
1(’::5%;“3“““ Day 20 6.70£0.82 19204271  20.5042.35%  19.8042.56%¢  21.00+2.45%  19.70+1.86*
Day 40 6.80+0.98 21.80+3.82 9.00£1.10% 18.80+2.71@  12.50£2.17"  10.50+1.05"
HOMA-B (%) Day 0 76.47+£11.05 93.93+£32.16  102.88+12.78  100.48+42.71  116.85+22.87  74.00+13.43
Day 20 83.52416.02  130.37422.27* 168.17+19.33"* 130.67+20.01"* 153.27+16.50" 122.05+21.81™*
Day 40 87.45+11.76  129.52+19.80 124.23+17.56" 153.47+28.36  118.6+15.86"  112.75+20.83
Data expressed as mean=SD. "P<0.05 between HFD and DAGA (100 and 200 mg/kg); *P<0.05 compared to baseline, “P<0.05 compared to
normal group, #P<0.05 compared to pretreatment levels (day 20), $P<0.05 compared to vehicle and ®P<0.05 compared to pioglitazone.
HFD, high fructose diet; P10, pioglitazone; DAGA, deacyl gymnemic acid

level and decrease in HDL-cholesterol level at day 20.
Treatment with DAGA at a dose of 200 mg/kg resulted
in slight decrease in triglyceride and total cholesterol
level. The extract at any dose level did not result in any
alteration in HDL-cholesterol and LDL-cholesterol
levels. However, statistical significance could not be
assessed as lipid profile analysis was done in pooled
samples.

Discussion

This study shows the beneficial effect of DAGA, a
herbal ingredient derived from leaves of G. sylvestre,
on various parameters of metabolic syndrome in a rat
model induced by high fructose diet (HFD). Various rat
models of the metabolic syndrome have been developed
over the years. The prominent among them are obese
Zucker diabetic fatty (ZDF) rat, obese Koletsky rat,
obese ZSF1 rat, spontaneously hypertensive rat (SHR)
and wistar-Kyoto (WKY) rat?!. These are all genetic
models of metabolic syndrome and usually associated
with severe hyperglycaemia and [ cell exhaustion.
HFD induced rat model of metabolic syndrome has
been widely employed in research studies? since
diet is implicated in the pathogenesis of metabolic

abnormalities such as insulin resistance, hypertension
and dyslipidaemia®.

Though there are no definite criteria to define
metabolic syndrome in rats, some studies have used a
serum triglyceride level of >130 mg/dl after HFD as a
criterion to define metabolic syndrome®. In this study,
we defined metabolic syndrome by 10 per cent increase
in body weight and serum triglyceride of >130 mg/dl
after HFD. All groups of animals achieved the defined
criteria and in addition, there was 35-40 per cent
increase in SBP and 20-25 per cent increase in FPG.
Therefore, we could achieve almost all the metabolic
abnormalities which constitute metabolic syndrome as
defined in human beings.

Inourstudy, DAGAindoses o200 mg/kg decreased
the levels of fasting plasma glucose accompanied with
decrease in fasting plasma insulin, reduction in systolic
blood pressure and modest improvement in lipid profile.
This was associated with decrease in HOMA-IR, a
surrogate marker of insulin resistance, suggesting that
DAGA has beneficial effect on improvement in insulin
sensitivity. The improvement in insulin sensitivity
was not accompanied with a decrease in body weight
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HOMA index

Fig. 1. HOMA-IR (homeostasis model assessment - insulin
resistance) at baseline, days 20 and 40 in different groups. Values
meantSD (n=6 in each group). "P<0.05 compared to baseline,
£ P<0.05 compared to normal group, #P<0.05 compared to
pretreatment levels (day 20), $ P<0.05 compared to vechicle and
@P<0.05 compared to pioglitazone. HDF, high fructose diet; PIO,
pioglitazone; DAGA, deacyl gymnemic acid.
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Fig. 2. Area under curve ( AUG mg/dl/min) of OGTT at baseline,
day 20 and 40 in different groups. Values are meantSD (n=6 in
each group) “P<0.05 compared to baseline, £ P<0.05 compared
to normal group, #P<0.05 compared to pretreatment levels (day
20), $P<0.05 compared to vehicle and @ P<0.05 compared to
pioglitazone. HFD, high fructose diet, PIO, pioglitazone, DAGA,
deacyl gymnemic acid.

thereby suggesting that the drug per se improves
insulin sensitivity. The results are further strengthened
by inclusion of a positive control group (pioglitazone),
which is a well established insulin sensitizer acting
through PPAR v receptors®.

Since insulin resistance is the major contributory
factor towards the development of metabolic
syndrome®, the ability of DAGA to decrease HOMA-
IR appears to be useful and worth pursuing further. This
was further corroborated by corresponding decrease in
B cell function as evidenced by HOMA-B. The B cell
burden increases with HFD which may be attributed to
compensatory increase in insulin secretion in response
to increasing insulin resistance associated with weight
gain. This finding appears to be contrary to the earlier
reports in literature that G. sylvestre improves beta
cell function in streptozotocin treated rats*. However,
several reasons can explain this finding. Firstly,
streptozotocin induced diabetes is a model for type 1
diabetes in which the main defect is loss of beta cell
function?’. The model used by us is a model of insulin
resistance where beta cell function is not only preserved
but also increased. Secondly, DAGA may have effects
that are different from, and/or in addition to gymnemic
acid. The mechanism of action of DAGA on glucose-
insulin homeostasis is not well elucidated. Some studies
have shown preservation of § cell function while others
have shown improvement in insulin sensitivity'!4,

The strengths of the study include induction of
metabolic syndrome by high fructose diet mimicking
the aetiopathogenesis of metabolic syndrome and
prospective evaluation of efficacy of a herbal drug in
a rat model of metabolic syndrome. The limitations of
study include lack of comparison with crude extract
and short duration of the study.

In conclusion, treatment with DAGA resulted in a
significant decrease in insulin resistance accompanied
with a decrease in systolic blood pressure and improved
glucose and lipid profile without decreasing body
weight in a rat model of metabolic syndrome. The
molecular mechanisms leading to these effects need to
be evaluated.
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