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and Proglucagon Gene Expression in Streptozotocin
Induced Diabetic Rats

Eswar Kumar Kilari*, Swathi Putta, Kotaiah Silakabattini

Pharmacology Division, A.U. College of Pharmaceutical Sciences, Andhra University, Visakhapatnam, Andhra Pradesh, INDIA.

ABSTRACT

Aim: To study the expression of Insulin Receptor (IR) in pancreas and proglucagon in
the ileum homogenate with the hydroalcoholic extract of Gymnema sylvestre (HAGS)
in streptozotocin induced diabetic rats. Materials and Methods: The HAGS was
administered once daily at 100, 200 and 400mg/kg bd.wt for 28 days to STZ induced
diabetic rats. Blood samples were collected at the end of 28 days. Serum blood
glucose, glycosylated hemoglobin (HbA, ), insulin levels; SOD (Superoxide Dismutase),
CAT (Catalase), MDA (Malondialdehyde) were estimated in the pancreatic and liver
homogenates and the expression of pancreatic Insulin Receptor (IR) and intestinal
proglucagon were estimated at the end of 28 days treatment period in all the treatment
groups. Results: The HAGS showed a significant reduction in the serum levels of glucose
and HbA, with elevated insulin levels in diabetic rats. The HAGS showed a significant
reduction in MDA with elevated levels of SOD and CAT in the pancreatic and liver
homogenates. The expression levels of pancreatic Insulin Receptor (IR) and intestinal
proglucagon were increased significantly with HAGS in diabetic rats. Conclusion: It is
concluded that HAGS has significant antihyperglycemic activity through stimulation of
GLP-1 release and its enhanced proglucagon expression in ileum followed by Insulin
Receptor (IR) expression in pancreas. This may be due to the presence of active principles
like saponins, triterpenoids and anthraquinones in Gymnema sylvestre.
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pancreatitis, renal failure, thyroid tumors and GI distut-
bances such as nausea, diarrhoea, etc.®

The usage of herbal drugs and herbal based prod-
ucts were found to be increased due to their action on
various biochemical pathways involved to alleviate the
diabetes and associated complications based on their
phytochemical constituents.” Now a days, potential use
of herbal drugs was found to be benefited over the use
of allopathic medications due to their fewer side effects.
The leaves of Gurmar (Gymnema sylyestre), Asclepediaceae
populatly called as sugar destroyer. The leaves of gurmar
is a rich source of alkaloids, anthraquinone glycosides,
flavanoids, gymnemic acids, tartaric acid, formic acid,
butyric acid, phytin, resin, Lupenol, stigmasterol'*"
and calcium oxalate."” It poses a wide range of pharma-
cological properties as control over frequent utination,”
stomach stimulation, anti-diabetic,'*!®
inflammatory and antioxidant properties." Hence the
present work was undertaken with the objective of
studying the effect of Gymmnema sylvestre for antidiabetic,
antioxidant, intestinal proglucagon and pancreatic insu-
lin receptor gene expression levels in STZ induced dia-
betic rats.

anti-ulcer, anti-

MATERIALS AND METHODS
Plant extract

The aqueous stem extract of Gymnema sylvestre was
obtained from Lalia Impex, Vijayawada.

Chemicals and drugs

2, 2-diphenyl-1-picrylhydrazyl (DPPH) was purchased
from Sigma Chemical Co. (St.Louis, MO, USA). TRIzol
reagent was purchased from GeNei, Bangalore, India.
Taq DNA polymerase was acquired from Invitrogen
(Carlsbad, CA, USA). Sitagliptin was purchased from
Himedia chemicals. The remaining kits and chemicals
used are of analytical grade.

In vitro antioxidant activities

The HAGS extract tested for DPPH radical scavenging
potency according to the method Liu and Zaho, 2006."
The hydrogen peroxide scavenging assay was esti-
mated using the method reported by Ruch ez a/. 1989."
According to Winter bourn 1984," hydroxyl radical
scavenging activity was calculated. Scavenging activ-
ity of superoxide anion radical was determined by
the method of Beauchamp, 1971.% nitric oxide scaveng-
ing activity was calculated according to the method of
Marcocci, 1994.*' reducing power of the extracts was
determined by the method of Oyaizu, 1986.%

Acute toxicity studies

$278

The acute toxicity studies are conducted according
to the OCED 423 guidelines. Adult albino mice of
either sex were used and starved overnight. The HAGS
extracts was tested at 2000mg.kg b.wt.*» The behavioral,
neurological and autonomic profile, toxicity and
mortality were observed upto 72 hrs.

Animals

Adult male Wistar rats (180+10g) were purchased from
Mahaveer Enterprises, Hyderabad, India. All the animals
are maintained under the standard temperature
(2312°C), 50% of humidity and 12:12 hrs light and
dark cycles. The standard pellet diet with Carbohydrates
(48.8gm), Protein (21gm), Fat (3gm), Calcium (0.8gm),
Phosphorous (0.4gm), Fiber (5gm), Moisture (13g) and
Ash (8gm) was obtained from Rayon’s Biotech Pvt Ltd,
India and at ad /ibitum water. The animal house had CPC-
SEA (Regd. No.516/01/A/CPCSEA) approval and
the work was approved by the Institutional animal
ethics committee (IAEC-19/AU-Pharm/2017-18).

Experimental design

After acclimatization period all the animals are divided
into 6 groups and with 6 rats of each group. The animals
are under 16 hrs deprived before the experimentation.
The fasting blood glucose levels were estimated before
starting the experiment. Group 1 received vehicle,
group 2 a single dose of STZ (60 mg/kg b.wt) and
dissolved in citrate buffer, group 3 received 1.0 ml
of sitagliptin (5mg/kg), group 4 treated with HAGS
(100 mg/ kg), group 5 treated with HAGS (200 mg/ kg)
and group 6 treated HAGS (400 mg /kg) once daily
by oral administration in STZ induced diabetic rats.
Blood was collected using retro orbital plexus to
estimate serum biochemical parameters. All the animals
were anaesthetized using ether anesthesia prior to scari-
fication by cervical dislocation method at the end of 28
days.

Biochemical Estimation

At the end of 28 days the serum blood glucose levels,
HbA  and insulin levels were estimated* The
pancreas was isolated and prepared 10% homogenate
using 10mM Tris hydrochloride buffer using tissue
homogenizer and centrifuged at 12000tpm for 15 min
at 0°C using cooling centrifuge (R-247, Refrigerated
Centrifuge, Mumbali, India). The tissue parameters such
as protein,” lipid peroxidation (LPO),* Superoxide dis-
mutase (SOD)” and Catalase (CAT)* were estimated in
all the treatment groups.

Total RNA extraction and reverse transcription
and polymerase chain reaction
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Total RNA was isolated from intestinal samples using
TRIzol reagent (GeNei, Bangalore, India) according
to manufacture’s instructions. The RNA concentration
was measured at 260 nm with UV spectrophotometer
(UV-1800 UV-Vis Spectrophotometer, Japan). The
RNA pellet was dissolved in diethylpyrocarbonate
(DPEC) treated water. The cDNA was synthesized using
9uL of total RNA and reverse transcriptase purchased
from Invitrogen, Catlsbad, USA. The PCR studies
were conducted by using thermal cycler PCR Machine
(Model No.LT- 240) using Taq DNA polymerase
with the following thermal cycle profiling: initial
denaturation at 95°C for 5 min followed by 30 cycles
(Denaturation at 95°C for 5 min, annealing at 60°C
for 30 Sec, denaturation at 72°C for 30 Sec and extension
at 72°C for 10 min).

The following primer sets were used to amplify
proglucagon and insulin gene expression. All the primers
were ordered from GeNei, Bangalore, India.

Proglucagon

Forward: PLG-F_R: GTAATGCTGGTACAAGGCAG
Reverse: PLG-R_R: TTGATGAAGTCTCTGGTG-

GCA

Insulin

Forward: INSULIN-F_384: CCCTAAGTGACCAGC-
TACA
Reverse:

CAGTTG

INSULIN-R_384: TTGCAGTAGTTCTC-

RESULTS
The Effect of HAGS on in vitro anti-oxidant activity

The HAGS showed a significant 7z vifro antioxidant
activity (Table 1). The various concentrations of HAGS
showed dependent radical scavenging activity. The IC,
values of HAGS for scavenging of DPPH, hydrogen
peroxide, nitric oxide, reducing power, phosphomo-
lybdinum and hydroxyl radical scavenging activity of
HAGS extract showed significant scavenging activity
compared to the ascorbic acid.

The Effect of HAGS on blood glucose, HbA, and
insulin

STZ induced diabetic rats showed significant increase
in blood glucose and HbA, levels when compared
with controls (Table 2). Whereas HAGS and sitagliptin
treated diabetic rats showed a significant decrease in
blood glucose and HbA, _levels. In diabetic rats, insulin
levels were significantly (p<0.05) decreased when
compared to normal rats. Whereas in HAGS treated
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Table 1: Effect of HAGS on in vitro antioxidant

activity.

In vitro Antioxidant IC,,(9)
Activity Ascorbic acid HAGS

DPPH radical 22.65+ 1.0 38.47+0.8
H,O, radical 02.59+ 0.9 02.68+1.3
Nitric Oxide radical 265.71+ 1.9 495.4+0.5
Reducing Power 16.82+ 0.8 07.39+0.8
Phosphomolybdenum 61.34+ 0.5 112.3+1.0
Hydroxyl radical 301.32+ 1.2 272.6+1.3

Values are expressed as mean+SEM; n=3

Table 2: Effect of HAGS of blood glucose, %HbA,
and insulin levels in STZ induced diabetic rats.

L Insulin
Groups Glucose %HbA1c (ulU/ml)
(mg/dL)

Normal 88.05+1.8* | 2.89+0.10* | 4.86+0.22*
Diabetic control 366.2+6.5 10.12+0.33 | 3.29+0.89
Standard 95.1+3.5* 3.55+0.23* | 4.65+0.45*
HAGS(100mg/kg) 125.9+3.0¢ | 7.23+0.22* | 3.96+0.89*
HAGS(200mg/kg) 102.4+2.8* | 5.31+0.11* | 4.54+0.76*
HAGS(400mg/kg) 93.23+5.7* | 3.77+0.18* | 4.88+0.77*

P<o.05" significance followed by two way ANOVA followed by Bonferroni’s post
test when compared with toxicant group.
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Figure 1: Effect of HAGS on protein levels in liver and
pancreas of STZ induced diabetic rats.
Values are expressed as mean+SEM; n=6

diabetic rats, insulin levels were significantly (p<<0.05)
increased when compared to diabetic rats.

The Effect of HAGS on protein, Malionaldehyde
(MDA) and antioxidant enzyme levels in pancreas
and liver

Total protein levels were found to be decreased in
diabetic liver and pancreas whereas treatment with
HAGS showed increased levels of protein levels
significantly at p<0.05 (Figure 1). Antioxidant enzymes
like SOD and catalase levels were significantly (p<0.05)
decrease in both pancreas and liver of diabetic rats.
Furthermore, HAGS extract and Sitagliptin treatment
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clevated the levels of SOD, CAT when compared to
diabetic rats at p<0.05 (Figure 2, 3). The MDA contents
were significantly (p<0.05) increased in both of the
pancreas and liver of diabetic rats and with HAGS
treatment showed a significant reduction of MDA when
compared to control induced rats. However, HAGS and
Sitagliptin treated diabetic rats showed a significant
(»<0.05) decline in MDA contents when compared to
the diabetic rats (Figure 4).
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Figure 2: Effect of HAGS on SOD levels in liver and pancreas
of STZ induced diabetic rats.
Values are expressed as mean+SEM; n=6
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Figure 3: Effect of HAGS on CAT levels in liver and pancreas
of STZ induced diabetic rats.
Values are expressed as mean+=SEM; n=6
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Figure 4: Effect of HAGS on MDA levels in liver and pancreas
of STZ induced diabetic rats.
Values are expressed as mean+SEM; n=6
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The Effect of HAGS on intestinal proglucagon and
pancreatic insulin gene expression levels

The pancreatic insulin gene expression levels were
significantly (p< 0.05) decreased in diabetic rats when
compared to control rats (Figure 5). However, in
HAGS and sitagliptin treated diabetic rats insulin gene
expression levels and expression fold change were sig-
nificantly (p< 0.05) increased when compared with
diabetic rats (Figure 6, Figure 7). Figure 8 showed the
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Figure 5: Effect of HAGS on insulin gene expression in
pancreas of STZ induced diabetic rats by using RT-PCR.
Values are expressed as mean+SEM; n=6
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Figure 6: Effect of HAGS on percentage fold change of insulin
expression.
Values are expressed as mean+SEM; n=6

Amphtication Pt

#20991 - GAPDH(Internal Coantrol) and Rat INSULIN Gene Expression
eonoo| Among Normal, Standard, HAGS(treated) and Diabetic control

o0 threshold

5000 @ 326 27438

Figure 7: Effect of HAGS on insulin gene expression fold
change in pancreas of STZ induced diabetic rats.
Values are expressed as mean+SEM; n=6
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STZ induced diabetic rats showed a significant (p<0.05)
decrease in intestinal proglucagon gene expression
levels in comparison to control rats, whereas, in HAGS
and sitagliptin treated diabetic rats, the proglucagon
gene expression levels and fold change were significantly
increased (Figure 9, Figure 10) when compared with the
diabetic rats.
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Figure 8: Effect of HAGS on Proglucagon gene expression in
ileum of STZ induced diabetic rats by using RT-PCR.
Values are expressed as mean+SEM; n=6
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Figure 9: Effect of HAGS on percentage fold change of
proglucagon expression.
Values are expressed as mean+=SEM; n=6
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Figure 10: Effect of HAGS on proglucagon gene expression
fold change in ileum of STZ induced diabetic rats.
Values are expressed as mean+SEM; n=6
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DISCUSSION

Free radicals are the major cause of oxidative stress.
The imbalance between the free radicals and antioxidant
defense system lead to the alteration of antioxidant
potential tend to the development of diabetes mellitus
and other chronic metabolic dysfunctions.”” Hyper-
glycemia itself also causes production of oxygen free
radicals and their by the end products. The HAGS
extract possesses significant antioxidant activity in var-
ious in vitro models, it may be due to the electron or
hydrogen donating capability of HAGS and they can
stabilize or terminate the free radical chain reactions.
In the present study HAGS extract shows significant
in vitro antioxidant activity against hydroxyl, hydrogen
peroxide, nitric oxide and DPPH radicals compared
to ascorbic acid. The free radical induced diabetes was
achieved by using Streptozotocin due to the cytotoxic
effect on pancreatic B-cells.”” The STZ alkylates the
pancreatic DNA; thereby it produces reduced insu-
lin levels, altered glucose metabolism and utilization.”
The STZ also causes stimulation of nitric oxide free
radicals and initiates DNA strand break of B cells of
pancreas.”” In STZ induced diabetic rats were elevated
blood glucose levels but in the treatment with HAGS
there was a significant reduction in elevated blood
glucose levels. The glucose upon irreversible conden-
sation with the hemoglobin at the N terminal chain
tends to the formation of Glycosylated hemoglobin
(HbA,).” The levels of HbA  were found to be
elevated in STZ induced rats and reverted to normal
range after treatment with HAGS extract. It indicates
that protective activity of HAGS from hyperglycemia
might be reason to the improvement in insulin secretion.

In the present study in STZ induced diabetic rats, MDA
content was increased. Treatment with HAGS extract
for 28 days significantly reduced the pancreatic MDA
content indicating a protective role of extract; this may
be attributed to the presence of phytochemicals such as
alkaloids, glycosides and steroids. Many of antioxidant
principles reported to have inhibitory action on MDA
levels.** Antioxidant defense system provides the body
to fight against free radicals. The SOD acts by reducing
the conversion of superoxide into hydrogen peroxide.”
In diabetic condition, the levels of SOD are found to
be diminished and could result to excessive formation
of H,O,. The SOD was found to be glycosylated during
diabetes.” The CAT is an enzyme playing a role in
elimination of H,O,” Both the SOD and CAT were
found to be decreased in STZ induced diabetic rats.
Treatment with HAGS showed a significant elevation
of SOD and CAT that might be due to its antioxidant
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activity as they have hydroxyl radical and H,O,
scavenging activity as discussed. The HAGS extract
treated diabetic rats pancreatic antioxidant enzymes
were significantly increased which could be attributable
to strong anti-oxidative properties.”

The prohormone convertase 2 (PC2) enzymes breaks-
down the proglucagon into glucagon in pancreatic
cells and the prohormone convertase 1 are involved in
the conversion of proglucagon into GLP-1 in intestinal
L- cells. Hence, the present study aimed to identify the
mechanism of proglucagon in stimulating the GLP-1
in ileum and its effect on insulin secretion and insulin
expression in pancreas as reported earlier by Whalley
NM, 2011.* As mentioned above, STZ induced diabetes
resulted to enhanced generation of GLP-1 with
Gymmnema sylvestre treatment. The activity might be due to
the presence of gymnemic acid present in the HAGS as
reported earlier by Nakamura ez a/. 1999* to increased
insulin secretion, increased utilization of glucose and
inhibition of glucose absorption from intestine.

There was a significant reduction of proglucagon
expression in STZ induced diabetic rats when compared
with the normal control rats. The treatment with HAGS
was found to increase the expression of proglucagon
in intestinal homogenate in diabetic rats. This might be
the key mechanism in increased release of insulin from
pancreatic B cells. Further the HAGS also found to
increase the expression of Insulin Receptor (IR) gene
in pancreatic B cells, which might be responsible for
antihyperglycemic activity. The present study proves the
herbal drug induced antihyperglycemic activity.

CONCLUSION

The significant antihyperglycemic activity through
its activity on stimulation of GLP-1 release and its
enhanced proglucagon expression in ileum followed by
insulin receptor (IR) expression in pancreas. This may
be due the presence of active principles like saponins,
triterpenoids and anthraquinones in Gymnema sylvestre.
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ABBREVIATIONS

IR: Insulin Receptor; GLP-1: Glucagon like peptide-1;
GIP: Glucose Insulinotropic Peptide; STZ: Strepto-
zotocin; SOD: Superoxide dismutase; CAT: Catalase;
TBA: Thiobarbituric Acid; NO: Nitric oxide; PC2:
Prohormone Convertase -2.
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SUMMARY

Herbal medicines may be used as an alternative therapy in this condition as they ate effectively used for the
treatment of diabetes in Ayurveda and are generally well tolerated. Gymmnema sylvestre is recommended for
diabetes and several chronic diseases. The aim of the present study was to determine the effect of hydro
alcoholic extract of Gymnema sylvestre (HAGS) on antihyperglycemia, iz vivo antioxidant, intestinal proglucagon
and pancreatic insulin gene expression levels in streptozotocin induced diabetic rats. The synthesis and
secretion of proglucagon-derived peptides are regulated in a tissue-specific manner in pancreas and intestine.
Treated groups divided into 6 groups setves as control (group 1), diabetic control (group 2), sitagliptin
(group 3), HAGS100, 200 and 400 mg/kg body weight as group 4,5 and 6 respectively were administered
orally once a day for 28 days. A significant increase in blood glucose and glycosylated hemoglobin (HbA, )
with decrease serum insulin was observed in diabetic rats. Treatment with HAGS reduced the elevated lev-
els of blood glucose and HbA, with significant increase in insulin in comparison with diabetic rats. At the
end of the study period rats were sacrifice and tissue samples were used for further investigations. A significant
reduction was observed in malondialdehyde content with elevated levels of superoxide dismutase and catalase
in the pancreas and liver homogenates of diabetic rats with HAGS treatment. Pancreatic insulin and intestinal
proglucagon expression levels were decreased in diabetic rats. In HAGS treated diabetic rats, the pancreatic
insulin and intestinal proglucagon levels were elevated to normal levels. This indicates HAGS has protective
effects on insulin and proglucagon, which is further responsible for elevated levels of GLP-1 activity. It
concludes that HAGS has significant antioxidant, antihyperglycemic activity and protective activity on GLP-1.
This may be due the presence of Gymnema saponins and gymnemic acids in Gymmema sylvestre.
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