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AćĘęėĆĈę

Type 2 diabetes is delineated by impaired metabolic ϐlexibility, and intramy-
ocellular lipid accumulation, causing insulin resistance, particularly in skele-
tal muscle by reducing insulin-stimulated glucose uptake. High-fat diet and
high fructose (HFD and HF) administration in rodents bestows a model for
hyperlipidemia, insulin resistance, and Type 2 diabetes. The current study is
focused on elucidating the role of Gymnemic acid in combating hyperglycemia
mediated oxidative stress and apoptotic events in the skeletal muscle of HFD
and HF induced Type 2 diabetes in Wistar albino rats by boosting antioxidant
defense system. Gymnemic acid, a saponin of triterpene glycoside contained
in leaves ofGymnemaSylvestre, has potent anti-diabetic properties. Treatment
with Gymnemic acid restored the antioxidant status (Gpx, SOD, CAT, GR, Vit C
& Vit E) with signiϐicant (p<0.05) decrease in free radical levels and reinvigo-
rated the expression of apoptotic and antiapoptotic proteins in Type 2diabetic
rats. Histopathological data demonstrate that oral administration of Gymne-
mic acid protects skeletal muscle ϐibers from an oxidative niche in HFD and
HF in Type 2 diabetic rats. In accordance with this, Gymnemic acid might be
regarded as a promising therapeutic agent against Type 2 diabetes, thereby
restoring skeletal muscle integrity and function.
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INTRODUCTION

Diabetes mellitus (DM), a metabolic disorder pro-
nounced by a rise in the concentration of glu-
cose in the blood because of absolute (type 1)

or proportionate (type 2) lack of insulin leading
to hyperglycemia. This is associated with the
aberrant metabolism of protein, fat and carbohy-
drates (Ahmad, 2017). DM is one amongst the most
important world health emergencies of the twenty-
ϐirst century. According to WHO estimates univer-
sally, 422 million adults over eighteen years of age
group had diabetes in 2014 (WorldHealth Organiza-
tions, 2016) of which, 90% are type 2 diabetic. This
alarming increase of diabetes occurring in devel-
oping countries, which is mostly due to rising liv-
ing standards, sedentary habits, lifestyle changes
like obesity and unhealthy diets (Jayaprasad et al.,
2018). Many factors are responsible for the cause of
DM, including genetics, age, physical inactivity, obe-
sity, autoimmunity, resistance to insulin, pancreatic
β-cell defects, and low-grade inϐlammation (Leach,
2007).
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Insulin resistance is broadly deϐined as a decline in
the ability of the body to utilize glucose from the
blood in response to insulin (Turcotte and Fisher,
2008). Resistance by target tissues (Liver, Skeletal
muscle, Adipose tissue) to insulin (Sampath et al.,
2012) mediated by oxidative stress (Tiwari et al.,
2014) contributed by hyperglycemia and hyperlipi-
demia (Lim et al., 2011) is the main physiological
event causing type 2 DM. However, different types
of orally ingested hypoglycemic agents (Biguanides,
thiazolidinediones, sulphonylureas) are used along
with insulin for DM treatment. Among them, Met-
formin, a biguanide antidiabetic drug potentiates
insulin action, has been widely used for the treat-
ment. The adverse effects of the above-mentioned
agents instigate the researchers to identify natu-
rally occurring products for their antidiabetic activ-
ity with little or no side effects (Dholi et al., 2014).
One such plant herb is G. Sylvestre (Asclepiadaceae),
is a perennial, woody climber with distinct medic-
inal properties found predominantly in the mid-
dle and peninsular regions of India. Sweet taste
suppressing factor, a property unique to its leaves
and therefore called as ’Gurmar’ (sugar destroying),
has been utilized for more than 2000 years in DM
treatment in the form of the crude extract (Kapoor,
1990; Dixit and Pandey, 1984; Gupta, 1961; Jain and
Sharma, 1967) in India. (Reddy et al., 1989). G.
Sylvestre leaves are exploited as a diuretic, digestive,
hypoglycemic, hypolipidemic, antiallergic, antivi-
ral and antiobesity agent and also to treat dental
caries (Leach, 2007).

The leaves contain the active compound Gymnemic
acids, a triterpenoid Oleanane saponins which may
possess the predicted antidiabetic property through
inhibition of glucose absorption in the small intes-
tine. The Gymnemic acids, a deacylgymnemic acid
(DAGA) derivative, contain many acylated groups
(methylbutyroyl, tiglolyl, etc.) (Thakur et al., 2012),
which has been described for its multifaceted anti-
hyperglycemic agentwith antiobesity effect (Zarrelli
et al., 2013).

Diseases that adversely impact on skeletal mus-
cle health such as DM may negatively affect pro-
genitor cell quantity and/or functionality. Func-
tional impairments, as shownby a reduction inmus-
cle strength (Sugihara et al., 2000; Anderson et al.,
2009), are strongly related to intramuscular fat stor-
age. The impact of Gymnemic acid on skeletal mus-
cle has not been investigated so far during the dia-
betic condition. Hence the current study is aimed to
elucidate the protective activity of Gymnemic acid in
skeletal muscle of HFD+HF induced Type 2 diabetic
rats.

MATERIALS ANDMETHODS

Source of chemicals
Gymnemic acid (90% pure, standardized to 75%
Gymnemic acid IV) was purchased from Sant Clare
herbals, Hungary. Bovine Serum Albumin (BSA)
was purchased from Sigma-Aldrich, USA. Enhanced
chemiluminescence (ECL) kit was procured from
Millipore, USA. All other analytical grade chemi-
cals were brought from Medox Biotech, India, Sisco
Research Laboratories Pvt. Ltd (SRL), Genei, Banga-
lore and CDH (Central Drug House Pvt. Ltd., Mum-
bai, India).

Laboratory Animals
Male Wistar Albino rats were acquired from Cen-
tral Animal House facility, University of Madras,
Taramani campus and experiments were conducted
in consonance with guidelines authorized by the
Institutional Animal Ethical Committee (IAEC No:
01/10/2016). Two animals per large cavernous
cagewere housed under controlled temperature (25
± 2 ◦C) conditions with 12/12 h light/dark cycle
and were provided with water and food ad libi-
tum. The animals were kept on commercial rat feed
(GOLD MOHUR RAT FEED) manufactured by Hin-
dustan Lever Ltd., Mumbai. The feed contained 21%
protein, 5% fat, 55% nitrogen-free extract, 4% ϐibre
(w/w) with sufϐicient vitamins and minerals.

Experimental Design
Young rats of 4 months old weighing around 130-
150g were used for this study. Animals were sorted
out into 5 groups with six rats in each group as fol-
lows,

Group 1
Rats fed with normal water and standard rat chow
ad libitum served as normal healthy control.

Group 2
HFD and HF (25%) in drinking water-fed rats for 75
days and the disease was conϐirmed by the elevated
glucose levels on day 45, served as diabetic control.

Group 3
HFD and HF(25%) in drinking water-fed rats for
75 days and Gymnemic acid (150mg/kg body
weight/day) was supplemented for the last 30 days
orally.

Group 4
HFD and HF(25%) in drinking water-fed rats for 75
days and Metformin (50mg/kg body weight/day)
was supplemented for the last 30 days orally served
as drug positive control.

Group 5
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Normal water and standard rat chow adlibitum
fed rats and supplemented with Gymnemic acid
(150mg/kg body weight/day) for 30 days orally
served as drug control.

HFD comprised of normal rat chow and 4% choles-
terol, 1.5% cholic acid and 30% coconut oil supple-
mentation. Gymnemic acid (150mg/kg bodyweight
/day) was dissolved in physiological saline (0.89%)
and administered by oral gavage. As the experi-
mental period ended, rats were made anesthetized
with ketamine (22mg/kg bw/ip) and soleus muscle
was immediately excised, drenched in physiological
saline (ice-cold) and 10% homogenate of the mus-
cle tissue was prepared using 0.01M Tris-HCl buffer
with a pH of 7.4 and centrifugation is done for about
10min at 12,000 rpmand analysis of various param-
eters were carried on the supernatant. The rest of
the tissue was stored at -80 ◦C for protein expres-
sion studies.

Fasting Blood Glucose Measurements

Measurement of blood glucose levels at overnight
fasting state on lateral tail vein blood samples were
carried out weekly with the help of a One-touch
select simplemeter and system (Life scan, Scotland)
all over the treatment period.

Determination of Glycosylated Hemoglobin
(HbA1c)

Glycosylated hemoglobin (HbA1c) levels were
analyzed by hemoglobin analyzer (D-10-Biorad)
based on the ion exchange HPLC method and the
absorbance changes measured at 415nm. From
the collected blood samples, the glycosylated
haemoglobin were separated and its content was
calculated by the glycosylated haemoglobin peak
area to the total haemoglobin peak area ratio.
Results are expressed in gm%.

Lipoprotein Proϐile

Triglycerides (TG), Total cholesterol (TC) and high-
density lipoproteins (HDL) in serum were analyzed
using commercial kits purchased from spin react
in semi-auto analyzer (Rx Monza, Randox, U.K).
The amount of total cholesterol, triglycerides and
HDL are indicated as mg/dl. Friedwald formula
was used to calculate LDL cholesterol: LDL = Total
cholesterol- (VLDL+ HDL cholesterol). VLDL (very
low density lipoprotein) = TG/5. VLDL and LDL con-
centrations are shown as mg/dl.

Estimation of Reactive Oxygen Species (ROS)

Hydrogen peroxide, superoxide and hydroxyl radi-
cals were estimated by (Jiang et al., 1992; Park et al.,
2006; Nishikimi et al., 1972; Puntarulo and Ceder-
baum, 1988) method respectively.

Biochemical Assessment of Protein Carbonyl
and Lipid Peroxidation
Protein carbonyl in skeletalmuscle tissuewas deter-
mined using 2,4- dinitrophenyl hydrazine (DNPH)
with slight modiϐications of Levine et al. (1990)
method and expressed as nmols of protein car-
bonyl/mg protein/mL. The lipid peroxide levels was
assayed by Devasagayam and Tarachand (Levine
et al., 1990)method and expressed as nmols of MDA
released/g of tissue.

Assessment of Enzymic and nonenzymic Antiox-
idants
The activity of the enzyme SOD was assessed
by Marklund and Marklund (1974); Devasagayam
and Tarachand (1987) method. The activity of SOD
is the amount of enzyme inhibiting 50% pyrogallol
auto-oxidation rate and was conveyed as Units/mg
protein/min. Sinha (1972) method was used to
assess the catalase activity and expressed as moles
of H2O2 consumed /min/ mg of protein. The modi-
ϐied methodology of Rotruck et al. (1973) was used
to assess the GPx activity and expressed as µmoles
of GSH utilized/ minute. Determination of Reduced
glutathione (GSH) was carried out by Moron et al.
(1979) method and was expressed as µg/mg pro-
tein. VitaminC andVitaminEwere estimated byRoe
and Kuether (1943); Jargar et al. (2012) method,
respectively and expressed in µg/mg of protein.

Immuno Blot Analysis
Skeletal muscle tissue samples were homogenized
inTris-HCl buffer (0.01M, pH7.4)with1mMPhenyl-
methylsulfonylϐluoride as a protease inhibitor and
protein concentrations were estimated using Lowry
et al. (1951). Immunoblotting samples contain-
ing 50µg of proteins were separated by SDS−PAGE
on 10% Polyacrylamide gels, followed by its trans-
fer to polyvinyl diϐluoride membrane (PVDF). The
membranes were incubated with primary antibod-
ies (Bax, Bcl-2, and Cytochrome C) overnight at 4
◦C and incubated 1 hour with horseradish perox-
idase (HRP) conjugated secondary antibodies next
day. Detection of Protein bands were done by stan-
dard, enhanced chemiluminescence (ECL) method
in a Biorad Chemidoc XRS imaging system.

Statistical Analysis
The results are presented as the mean ± standard
error of the mean (SEM) obtained from the average
of three or six independent experiments. Analysis of
Variance with one way ANOVA was done to analyze
the differences between segregated groups using
the Graph pad prism version 5.0 software package.
Intergroup comparison testings were performed by
Tukey’s Post hoc testing. Values are signiϐicant sta-
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Table 1: Effect of Gymnemic acid on Serum Lipid proϐile
Parameters
(mg/dl)

Group I Group II Group III Group IV Group V

Cholesterol 107.1± 8.4 157.3±12.5a 116.1± 7.4b 121.1±8.8b 99.2± 6.5 b

Triglycerides 96.2± 7.6 227.3±16.5a 125.5± 8.6b 135.5±10.8b 105.1± 8.4 b

LDL 55.1± 3.6 87.6± 7.1a 62.7±5.7b 71.1±6.8b 48.3± 2.9 b

VLDL 18.2± 2.2 48.1± 4.7a 25.9± 2.3b 30.4±2.9b 20.1± 1.9b

HDL 33.8± 3.3 22.8± 2.2a 32.4± 3.2b 29.5±2.9b 33.1± 3.3 b

tistically at the level of p < 0.05.

RESULTS AND DISCUSSION

Inϐluence of Gymnemic acid on body weight
changes, fasting blood glucose (FBG), and glyco-
sylated hemoglobin (HbA1c) in Type 2 diabetic
rats
Figure 1 A shows a signiϐicant increase (26%) of
bodyweight in DM induced (group II) animals when
compared to that of normal control rats (group I)
(p<0.05). Treatment with Gymnemic acid or met-
formin (group III or group IV) profoundly show
a signiϐicant decrease (18% and 14%) in body
weight compared with that of group II diabetic
rats (P<0.05). Figure 1 B shows fasting blood glu-
cose levels estimated at various intervals during the
experimental period. Levels of fasting blood glu-
cose at the initial day were around 70 - 90 mg/dl
in control and experimental animals. At the end of
45 days HFD and HF fed group II, III and IV animals
showed a striking increase in the levels of the blood
glucose 161 mg, 145 mg and 150 mg/dl when com-
pared to that of the initial day 75 mg, 84 mg and
79 mg/dl respectively. Upon treatment with Gym-
nemic acid (group III) ormetformin (group IV) from
45th day for 30 days lead to the decrement of blood
glucose levels to 92 mg and 98 mg/dl signiϐicantly
(P<0.05) when compared to that of diabetic control
rats with 254 mg/dl (group II). No marked changes
were noticed between normal control (group I) and
drug control rats (group V). Figure 1 C depicts the
glycosylated Hb levels in control and experimental
animal models. About 50% increase in glycosylated
Hb was recorded in HFD+HF fed animals at the end
of the experimental period, while Gymnemic acid or
metformin-treated groups explicitly showed a sig-
niϐicant decrease in HbA1C levels, even though they
did not revert to the normal range due to 30 days of
short term treatment.

Figure 1 shows, (A) Bodyweight, (B) fasting plasma
glucose levels and (C) glycosylated Hb levels are
shown. Group I-control rats; Group II-diabetic
rats; Group III-Gymnemic acid-treated diabetic rats;

Group IV-Metformin treated diabetic rats; Group
V-Gymnemic acid alone treated rats. Values are
expressed as mean ± SEM for six animals in each
group. Values are statistically signiϐicant at the level
of p < 0.05. Where a, comparedwith Group I; b, com-
pared with Group II rats.

Effect of Gymnemic acid on Lipid Proϐile in Type
2 diabetic rats
Table 1 depicts the inϐluence of Gymnemic acid or
metformin on the serum lipid proϐile of control and
experimental animal groups. Assessment of serum
lipid proϐile reveals that a signiϐicant (p < 0.05)
increase in the levels of serum triglycerides, LDL,
VLDL, total cholesterol and a concomitant decrease
in HDL was observed in DM induced group II com-
pared to that of normal control rats. Gymnemic acid
treatment to HFD and HF fed rats demonstrated a
striking decrease (p < 0.05) in serum triglycerides,
LDL, VLDL, total cholesterol with a concomitant
increase (p < 0.05) in HDL, when compared to group
II, moreover it was observed that Gymnemic acid
was almost equally beneϐicial on reducing lipid lev-
els in the serum compared to metformin.

In Table 1 shows, Group I-control rats; Group II-
diabetic rats; Group III-Gymnemic acid-treated dia-
betic rats; Group IV-Metformin treated diabetic rats;
Group V-Gymnemic acid alone treated rats. Values
are expressed asmean± SEM for six animals in each
group. Values are statistically signiϐicant at the level
of p < 0.05. Where a, comparedwith Group I; b, com-
pared with Group II rats.

Impact of Gymnemic acid on Markers of Oxida-
tive Stress in Type 2 diabetic rats
Figure 2 A – Figure 2 C show the levels of hydro-
gen peroxide, superoxide and hydroxyl radicals in
the skeletalmuscle of control and experimental rats.
HFDandHF fed rats (group II) demonstrated a 2 fold
elevation in the free radicals level (p<0.05) when
compared to control animals (group I). Administra-
tion of Gymnemic acid or metformin to HFD and HF
fed rats decreased the levels of free radicals gener-
ated by 1.5 fold and 1.4 fold, respectively. Figure 3 A
shows the impact of Gymnemic acid or metformin
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Figure 1: Inϐluence of Gymnemic acid on body weight, fasting blood glucose levels and serum
glycosylated Hb in Type 2 diabetic rats

on the levels of MDA in the muscle of control and
experimental rats. Assessment of MDA levels were
elevated in HFD and HF fed rats by about 3.5 fold
when compared with that of control rats. On com-
parison with group II rats, the MDA levels were evi-
dently brought down by 3.2 and 3.0 folds, respec-
tively, upon Gymnemic acid or metformin treatment
(group III or group IV). Figure 3 B shows the protein
carbonyl levels in the skeletal muscle of control and
experimental rats. HFD and HF (Group II) fed rats
showed a signiϐicant increase (1.9 fold) in the pro-
tein carbonyls level when compared to that of con-
trol rats. Treatment with Gymnemic acid or met-
formin signiϐicantly brought down the protein car-
bonyl levels in HFD and HF fed rats by 1.4 and 1.2
fold correspondingly.

Figure 2 shows, (A) Hydrogen peroxide, (B) Super-
oxide and (C) Hydroxyl radical levels are shown.
Group I-control rats; Group II-diabetic rats; Group
III - Gymnemic acid-treated diabetic rats; Group IV-
Metformin treated diabetic rats; Group V - Gymne-
mic acid alone treated rats. Values are expressed as
mean ± SEM for six animals in each group. Values
are statistically signiϐicant at the level of p < 0.05.
Where a, compared with Group I; b, compared with
Group II rats

Figure 3 shows, (A) Lipid peroxidation (LPO) and
(B) Protein carbonyl levels are shown. Group
I-control rats; Group II-diabetic rats; Group III-
Gymnemic acid-treated diabetic rats; Group IV-
Metformin treated diabetic rats; Group V-Gymnemic
acid alone treated rats. Values are expressed as
mean ± SEM for six animals in each group. Values
are statistically signiϐicant at the level of p < 0.05.
Where a, compared with Group I; b, compared with
Group II rats

Impact of Gymnemic acid on levels of Enzymatic
and Non Enzymatic Antioxidants in Type 2 dia-
betic rats

Figure 4 A – Figure 4 C shows the levels of enzymatic
antioxidants in the skeletal muscle of HFD and HF
fed rats, Gymnemic acid, or metformin-treated rats.
On comparisonwith the control rats, therewas a sig-
niϐicant decrease (p<0.05) observed in the antiox-
idant enzymes, namely SOD, Catalase, GPx in HFD
andHF fed (group II) rats by50%, 61%, 40%respec-
tively. Approximately 30-50% marked increase in
these enzyme activities have been noticed in the
HFD and HF fed rats when treated with Gymnemic
acid or metformin. Figure 4 D and Figure 4 E shows
the non-enzymatic antioxidants, namely Vit-C and
Vit-E, GSH levels in the skeletalmuscle of the various
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Figure 2: Inϐluence of Gymnemic acid on free radicals in Type 2 diabetic rats

Figure 3: Inϐluence of Gymnemic acid on oxidative stress markers in Type 2 diabetic rats
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Figure 4: Inϐluence of Gymnemic acid on enzymic and non-enzymic antioxidants in Type 2 diabetic
rats

experimental groups showed a decreasing trend in
group II rats by 60%, 44%, 46% respectively com-
paring with control rats (group I). Gymnemic acid
or metformin-treated rats had shown a signiϐicant
increase (p<0.05) in these antioxidant status.

Figure 4 shows, (A) SOD (B) CAT (C) GPx (D) Vit C
and Vit E (E) reduced glutathione levels are shown.
Group I-control rats; Group II-diabetic rats; Group
III-Gymnemic acid-treated diabetic rats; Group IV-
Metformin treated diabetic rats; Group V-Gymnemic
acid alone treated rats. Values are expressed as
mean ± SEM for six animals in each group. Values
are statistically signiϐicant at the level of p < 0.05.
Where a, compared with Group I; b, compared with
Group II rats.

Effect of Gymnemic acid on skeletal muscle His-
toarchitecture of HFD andHF fed Type 2 diabetic
rats (H&E 40×)
Figure 5 shows the histoarchitecture of control and
experimental rats skeletal muscle. Control rats
(Group I) show longitudinal muscle ϐibers exhibit-
ing peripheral nuclei, Oval pale nuclei (p) and trans-
verse sarcoplasmic striations. Diabetes induced

rats (Group II) show wide skeletal myocytes sep-
aration and fragmentation of the skeletal muscles
ϐibers. Gymnemic acid-treated rats (Group III) show
narrower intercellular spaces between the skele-
tal muscle ϐibers, which appear relatively normal
on comparison with the control group. Metformin
treated rats (Group IV) display narrower intercellu-
lar spaces between the skeletal muscle ϐibers with a
central nucleus. Gymnemic acid alone treated rats
(Group V) show longitudinal muscle ϐibers exhibit-
ing peripheral nuclei, which is similar to that of con-
trol rats.

Figure 5 shows, Group I (control rat) showing lon-
gitudinal muscle ϐibers exhibiting peripheral nuclei
(arrows). Oval pale nuclei (p) and transverse stri-
ations in the (arrows) in the sarcoplasm. Group
II (Diabetes induced) showing the wide separation
of the skeletal myocytes and fragmentation of the
skeletal muscle ϐibers (arrow). Group III (Gym-
nemic acid-treated) showing narrower intercellular
spaces (arrow) between the skeletal muscle ϐibers,
which appear relatively normal compared to the
control group. Group IV (Metformin-treated) show-
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Figure 5: Effect of Gymnemic acid on skeletal muscle histoarchitecture of HFD+HF induced Type
2diabetes in rats (H&E 40×)

ing narrower intercellular spaces (arrow) between
the skeletal muscle ϐibers with the central nucleus
(arrow). Group V (Gymnemic acid control) show-
ing longitudinal muscle ϐibers exhibiting peripheral
nuclei (arrows) look like control.

Antiapoptotic potency of Gymnemic acid in HFD
and HF fed Type 2 Diabetic Rats

ROS act as potential mediators of glucose-induced
apoptosis, which involves the response of apoptotic
proteins (Bax and Bcl-2) and initiated by caspase
3 cleavage activation. Immunoblot analysis depicts
that Bax expression (2.2 fold) and released cytoso-
lic Cyt C levels (2.8 fold) were signiϐicantly high in
the HFD and HF fed (group II) diabetic skeletal mus-
cle (Figure 6). However, treatment with Gymne-
mic acid or metformin signiϐicantly decreased the
expression of Bax by 1.7 and 1.6 fold, respectively;

Cyt C by 1.5 fold and 1.6 fold, respectively (Fig-
ure 6 A and Figure 6 C). The current study exhibited
that HFD and HF induced diabetic conditions signif-
icantly decreased Bcl-2 expression to 1.6 fold (Fig-
ure 6 B), which upon Gymnemic acid or metformin
treatment showed a 1.5 fold signiϐicant increase.

Figure 6 shows, (A) Bax (B) Bcl-2 and (C)
Cytochrome C protein expressions are shown
in the blot. β-actin was used as an internal con-
trol. * Represent the non-speciϐic bands of Bcl-2.
Densitometry analysis of each blots are shown.
Group I-control rats; Group II-diabetic rats; Group
III-Gymnemic acid-treated diabetic rats; Group IV-
Metformin treated diabetic rats; Group V-Gymnemic
acid alone treated rats. Values are expressed as
mean ± SEM for three animals in each. Values
are statistically signiϐicant at the level of p < 0.05.
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Figure 6: Impact of Gymnemic acid on the protein expression of Bax and Bcl-2 in skeletal muscleof
Type 2 diabetic rats

Where a, compared with Group I; b, compared with
Group II rats.

Skeletal muscle employs both glucose and free fatty
acid (FFA) as sources of fuel for energy produc-
tion (Lowry et al., 1951). Thus, glucolipotoxicity
causes obesity-related Type 2 diabetes in skeletal
muscle. Our study showed raise in body weight,
fasting blood glucose, glycosylated hemoglobin and
elevation of lipids and lipoproteins except for HDL
in HFD and HF fed rats when compared to that of
control rats establishing glucolipotoxicity. These
results also demonstrate that the rats are hyper-
glycemic and hyperlipidemic, a typical biochemical
picture associated with Type 2 diabetes. Our results
are supported by Singh et al. (2017); Abdul-Ghani
and Defronzo (2010), who have demonstrated that
HFD fed rats for four weeks provoked obesity and
dyslipidaemia. Gymnemic acid or metformin treat-
ment in group III or group IV rats in our study
showed a signiϐicant decrease in body weight, fast-
ing blood glucose and lipid proϐile. (Kim et al., 2017;
Singh et al., 2017) have proved that mice fed with G.
Sylvestre extract (500mg/kg) demonstrate less food
and energy efϐiciency ratios and less body weight
gainwhen scrutinizedwith theHFD alone fed group.

Our results showed a remarkable increase in blood
glucose levels upon HFD and HF feeding for 75 days
in Group II rats, which is favored by the studies
of (Nampurath et al., 2008; Woods et al., 2003; Kim
et al., 2017). Gymnemic acid lowered blood glu-
cose levels, which might be mediated by its ability
to inhibit the enzymes involved in the digestion of

carbohydrates and delaying of absorption of glucose
in the intestine (Nirmala et al., 2016). In a study
by (Baskaran et al., 1990; Nakamura et al., 1999)
22 DM patients (type 2) were administered orally
with GS4 extract (ethanolic extract of G. Sylvestre
leaves) at 400mg/daydose showeda substantial fall
of glucose in the blood, glycosylated plasmaproteins
and glycosylated hemoglobin. The current study
shows the signiϐicantly elevated levels of Glycosy-
lated hemoglobin in HFD and HF (group II) rats and
after Gymnemic acid treatment, these levels were
reverted back to the normal.

We observed the signiϐicant restoration of amended
lipid proϐile and circulating free fatty acids after
administration of Gymnemic acid (group III) to type
2 diabetic rats is consistent with our previous stud-
ies by (Narasimhan and Kalaiselvi, 2018), which
supported that Gymnemic acid administration to
HFD and HF diet-induced Type 2 diabetic rats low-
ered the circulatory cholesterol, triglycerides, LDL
and VLDL levels and also up-regulated HDL levels in
serum. These results exhibit the antihyperlipidemic
effect of Gymnemic acid.Wang et al. (1998)have also
shown that Gymnemic acid inhibited potently oleic
acid absorption in the small intestine.

Oxidative stress at the molecular level occurs
when elevated ROS overcome the antioxidant
defense capabilities systems. Chronic hyper-
glycemia increases the polyol pathway, formation
of advanced glycation end products (AGE) and free
radical generation rates. Hence we measured free
radical levels such as hydroxyl radicals, hydro-

1534 © International Journal of Research in Pharmaceutical Sciences



Kalaiselvi Periandavan et al., Int. J. Res. Pharm. Sci., 2020, 11(2), 1526-1538

gen peroxide and superoxide radicals. Our study
established a notable increase in free radicals level
in skeletal muscle of the HFD and HF fed rats.
Our results were in corroboration with ϐindings
of (Selvaraj et al., 2016; Wang et al., 1998) in which
diabetic rats exhibited elevated levels of H2O2.OH,
and LPO in the liver due to HFD and dihydroxy
gymnemic triacetate treatment reduced the free
radical levels. Hence our study represents that
Gymnemic acid prevents hyperglycemia-induced
advanced glycation end products (AGE) formation.
Similarly, (Kang et al., 2012; Shafey et al., 2013)
have reported a decline in the level of plasma lipid
peroxidation and increase in superoxide dismutase
level in rats treated with G. Sylvestre leaves extract
after STZ-diabetic induction when compared to
untreated diabetic rats by either directly decom-
posing the reactive oxygen species or by increasing
the generation of antioxidant molecules. In order to
authenticate the efϐicacy of Gymnemic acid on treat-
ing oxidative stress, we assessed the histopathology
of skeletal muscle tissue. The histopathological
observation showed a wide separation of skeletal
myocytes and fragmentation of the skeletal muscle
ϐibers in HFD and HF fed (group II) rats. This
might be due to increased lipid peroxidation and
protein carbonyls leading to myoϐibrillar fragmen-
tation. Treatment with Gymnemic acid narrowed
intercellular myoϐibrils and reduced signiϐicant
pathological changes induced by hyperglycemia.

Our current ϐindings shows that the antioxidant
defense of control and experimental groups indi-
cates that feeding HFD and HF reduce antioxidant
enzyme activity and there was a marked increase
in the activity of enzymes treated with Gymnemic
acid suggesting the high antioxidant potential of this
bioactive compound. Ohmori et al. (2005); Vasi and
Austin (2009) have demonstrated that G. Sylvestre
exhibited antioxidant potential over free radicals
and oxidation of LDL in healthy volunteers. Sup-
plementing diets incorporated with G. Sylvestre to
experimentalWistar rats led to a signiϐicant increase
in GSH levels, indicating that the leaves and bark
have a free radical scavenging capacity, thereby
reducing oxidative stress (Ohmori et al., 2005).

The surplus production of ROS triggers hyper-
glycemia mediated apoptosis. Apoptosis is inhib-
ited by Bcl-2, a major anti-apoptotic protein by for-
bidding the mitochondrial discharge of cyt C, ϐinally
resulting in caspase activity inhibition (Chauhan
et al., 2014). Lipid deposition in skeletal muscle
canpromote lipotoxicity and, as a result, lipoapopto-
sis. Our results demonstrate signiϐicantly increased
expression of Bax and released cytosolic cyt C and
decreased expression of Bcl-2 in the skeletal mus-

cles ofHFDandHF fed (group II) rats. (Li et al., 2004;
Kirkin et al., 2004) have shown that increased Bax
expression in the kidney cortex of diabetic experi-
mental animal models. Sekiguchi et al. (2004) have
elucidated apoptosis in endothelial cells in vitro by
high glucose induction. Mizutani et al. (1998) have
indicated low expressions of Bc1-2 in adult retinas
of diabetic humans. Upon Gymnemic acid or met-
formin treatment in group III or group IV in the
present study, the expressions of Bax, Bcl-2 and
Cyt-C were reversed. These ϐindings were coherent
with the following observation. The antiapoptotic
activity of Gymnemic acid by (Mizutani et al., 1998;
Pathan et al., 2012) have explicated that Gymnemic
acid phospholipid Complex’s supplementation efϐi-
ciently suppressed cardiomyopathy induced byDox-
orubicin. Our study showed prominently the anti-
apoptotic potency of Gymnemic acid in skeletalmus-
cle against HFD and HF induced type 2 diabetes.

CONCLUSIONS

The above ϐindings indicate that Gymnemic acid
attenuated Type 2 diabetes induced by HFD and
HF through the amelioration of oxidative stress-
mediated hyperglycemia-induced apoptosis. The
Gymnemic acid maintains normoglycemia during
diabetes, triggers not only liver and kidney to revert
to their normal metabolic homeostasis but also
skeletal muscle. Hence, Gymnemic acid may be
considered as an adjuvant therapeutic agent for
DM. However, studies are greatly needed further to
establish its molecular mechanism of antidiabetic
potency.
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