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Abstract

Background: In previous studies, Sharma et al. has already isolated an anti-hyperglycemic compound from the
fruit pulp of Eugenia jambolana using HPLC and other chromatographic techniques. However, the effect of anti-
hyperglycemic compound (FIIc) on the expression of PPAR gamma, IRS-1 and IRS-2 in high sucrose diet induced
type 2 diabetic rats has not been studied so far.

Methods: There were exactly 24 Male Wistar rats were taken and fed on High Sucrose Diet (HSD) for the
development of type 2 diabetic animal for 30 weeks. Active compound FIIc was given to group C and Pioglitazone to
group D at dose of 20 mg/kg of b.w. orally for 30 weeks respectively. Blood was drawn for the estimation of plasma
glucose and serum insulin at week o and at week 30 from retro orbital plexus. At the end of the study animal were
sacrificed and organs including pancreas and skeletal muscles were isolated and stored at -80°C. Total RNA was
isolated by using Trizol method and expression of PPAR gamma, IRS-1 and IRS-2 was quantified and compared
among the study groups by Real Time PCR.

Results: After treatment with FIIc for 30 weeks we found a significant reduction in post prandial blood glucose
levels in group C rats compared to group B. Serum insulin was also reduced in group C rats compared to group B. In
skeletal muscles the mRNA expression of PPAR γ and IRS-1 was found to be 2.48 fold and 2.56 fold increased
respectively as compared to group B. Similarly the mRNA expression of IRS-2 in pancreas was found to be 2.69
folds increased as compared to group B.

Conclusion: FIIc treatment for 30 weeks improves glycemic control and insulin sensitivity by increasing the
mRNA expression of PPAR γ, IRS-1 and IRS-2.

Keywords: Eugenia jambolana; Type 2 diabetes; PPAR γ; IRS-1;
IRS-2; Pioglitazone; Insulin resistance

Abbreviations PPAR γ: Peroxisome Proliferator Activated
Receptor Gamma; IRS: Insulin Receptor Substrate; HSD: High Sucrose
Diet; IGF1: Insulin like Growth Factor-1; T2DM: Type 2 Diabetes
Mellitus; b.w.: Body Weight, RXR: Retinoic X Receptor; PI3K:
Phosphoinositide 3 kinase; HPLC: High Performance Liquid
Chromatography; β cell: Beta cell.

Introduction
Insulin resistance and beta cell failure are the hallmarks of type 2

diabetes [1,2] which appear to be genetically determined [3]. Insulin
resistance is the first symptom of pathogenesis of diabetes which
precedes the development of glucose intolerance. Initially, the pancreas
increases the insulin secretion and production to compensate for
hyperglycemia, and in due course of time it leads to beta cell failure
[2].

Insulin initiates a wide variety of growth and metabolic effects by
binding to the insulin receptor and activating its intrinsic tyrosine

kinase. It causes phosphorylation on tyrosine residues of various
downstream signaling molecules including insulin receptor substrate
(IRS) proteins [4]. IRS molecules are key mediators in insulin signaling
and play a central role in maintaining basic cellular functions such as
growth, survival, and metabolism. They act as docking proteins
between the insulin receptor and a complex network of intracellular
signaling molecules [5,6]. Studies have shown that mice lacking IRS-1
exhibit retardation in embryonic and postnatal growth [7,8] indicating
that IRS-1 is important for growth-promoting effects of IGF-I. These
mice also showed resistance to the glucose-lowering effects of insulin.

Similarly the IRS-2 is also a critical element in insulin-signaling
pathways, and T2DM mice with the IRS-2 gene knocked out possess
insulin resistance in the liver [9]. IRS-2 deficient mice became insulin
resistant at 6 weeks, presumably because of insulin resistance in the
liver and they progressively developed type 2 diabetes at 10 weeks [10].
Despite insulin resistance, the amount of beta cells was also found to
be reduced to 83% of that of wild type mice, which was in marked
contrast to the 85% increase in the amount of beta cells in IRS-1
deficient mice at 6 weeks. Thus, insulin resistance in liver combined
with absence of compensatory beta cell hyperplasia caused type 2
diabetes in IRS-2 deficient mice [10]. These results suggest that IRS-1
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and IRS-2 may play different roles in the regulation of beta cell mass
and function of individual beta cells.

On the other hand, PPAR γ has been reported to be expressed in
various tissues including adipose and skeletal muscles [11-13]. Studies
have reported that PPAR γ is a master regulator in the formation of fat
cells and it plays an important regulatory role in adipocyte
differentiation and metabolism [13]. Owing to their unique functions
in regulating glucose, lipid and cholesterol metabolism, PPARs have
drawn special attention for developing drugs to treat type-2 diabetes.
Increased serum levels of fatty acids and lipids have known to be
associated with insulin resistance. The activation of PPAR γ causes the
uptake of lipids and fatty acids in fat depots and improves glycemic
control and insulin sensitivity in peripheral tissues [13]. With the
glycemic advantages of the PPAR-γ agonists such as
Thiazolidinediones (TZDs), the PPAR γ agonists approach can
improve the metabolic effects and minimize the side effects caused by
either agent alone. Hence it has become a promising strategy for
designing effective drugs against type-2 diabetes.

Hence, this study was planned to establish a molecular mechanism
of antihyperglycemic compound (FIIc) which was isolated from the
fruit pulp of Eugenia jambolana in the previous studies by Sharma et
al. [14] (US patent No. 6,428,825 August 2002; Indian Process patent
no 188759 May 2003; Indian Product Patent no: 2, 30, 753 February
2009) by studying its effect on PPAR γ, IRS-1 and IRS-2 at mRNA level
in HSD fed T2DM animal model. By determining its molecular
mechanism we can predict its therapeutic targets and a novel approach
for the treatment of diabetes.

Material and Methods

Experimental animal model
Male Wistar rats weighing ≈ 150-180 grams were used as animal

models of diabetes for the present study. The animals were procured
from the central animal house, University College of Medical Sciences
(UCMS), Delhi. The rats were fed on a standard chow diet (Hindustan
Lever Ltd., Mumbai, India) and water ad libitum. The rats were housed
under standard conditions of temperature (22°C ± 2°C) and 12 hour
light dark cycle. For sacrificing animals CO2 inhalation was used.

Induction of type 2 diabetes by feeding High Sucrose Diet
The HSD as prepared by Madhu et al. [15] was used. It was prepared

by mixing 12 liters of distilled water, 5.6 kg of chow diet, 1.8 kg of table
sugar, 560 ml of palm oil, 40 ml of Vimeral, 40 ml of calcium syrup and
160 grams of maize powder. The composition of high sucrose diet is
carbohydrate 60% to 70% predominantly sucrose, fat 20% to 25% and
protein 15% to 20%. The prepared diet was kept at 4°C.

Methodology
Exactly 24 Male Wistar rats were taken for the present study and

given standard chow diet for 2 weeks. After 2 weeks of acclimatization,
animals were randomized into 4 groups (6 rats per group).

• Group A: Healthy control given normal chow diet
• Group B: Diabetic control given HSD
• Group C: Diabetic treated with FIIc (20 mg/kg of body weight/day)

given HSD

• Group D: Diabetic treated with Pioglitazone (20 mg/kg of body
weight/day) given HSD

Animals in group A were fed on normal chow diet whereas animals
in group B, C and D were fed on High Sucrose Diet and water ad
libitum throughout the study. Purified active compound FIIc and
Pioglitazone were given orally to group C and group D orally, at a dose
of 20 mg/kg of b.w./day for 30 weeks respectively. This is the effective
dose standardized in previous studies done by Sharma et al. [14]. An
equal volume of normal saline were given orally to group A and group
B rats.

At week 26 a mild dose of Streptozotocin at a dose of 15 mg/kg of
body weight were given intraperitoneally to group B, group C and
group D rats and were followed till week 30. Blood was drawn from
retro orbital plexus from overnight fasted animals on day 1 and
afterwards at week 30 of the study. Blood/serum was collected for the
estimation of glucose and insulin respectively. Fasting blood glucose
and 2 hour post prandial blood glucose were estimated for the
confirmation of diabetes. 2 hour post prandial blood glucose was
estimated after giving a glucose load at a dose of 2 gm/kg of body
weight in overnight fasted rats. At the end of 30th week all the animals
were sacrificed and their organs including skeletal muscles and
pancreas were dissected out and stored at -80°C.

RNA extraction by Trizol method
The quantitative mRNA expression levels of PPAR γ, IRS-1 were

measured in skeletal muscles and IRS-2 was done in pancreatic tissues,
depending upon their site of expression in the four study groups. At
the end of the study, all the animals were sacrificed and the above
mentioned tissues were dissected out and fixed in the Trizol reagent for
extraction of RNA according to the manufacturer’s protocols. 50 mg to
100 mg of tissue was taken and homogenized in 1 ml of Trizol reagent
using a plastic pestle or a sonicator (Thermo Scientific, USA). Sample
was centrifuged at 12,000 g at 4°C for 10 minutes using a cooling
centrifuge (Remi CPR 24, India). Pellets obtained were discarded and
supernatant was transferred into another aliquot.

It was incubated at room temperature for 5 minutes. 200 μl of
biotechnology grade chloroform (Amresco, USA) was further added
and incubated at room temperature for 15 mins. Again the sample was
centrifuged at 12,000 g 15 mins at 4°C. The aqueous phase obtained
after centrifugation was transferred in another aliquot and 0.5 ml of
biotechnology grade pure isopropanol was added to the aqueous phase.
Sample was mixed by inverting the aliquot and incubated at room
temperature for 10 mins.

The sample was again centrifuged at 12,000 g at 4°C for 10 min.
After centrifugation the supernatant was removed and pellets obtained
was left intact. 1 ml of biotechnology grade 75% ethanol was added
and mixed properly by inverting the aliquot. The sample was again
centrifuged at 7,500 g at 4°C for 5 minutes. The supernatant obtained
was discarded and the aliquot was incubated on a dry bath at 57°C for
10 minutes.

After incubation 50 μl of nuclease free water (Amresco, USA) was
added and sample was put into -20°C deep freezer. The quality of
isolated RNA was determined spectrophotometrically (260/280 nm,
260/230 nm) using a Nano Drop (Thermo Scientific, Wilmington, DE,
USA). The yield of RNA obtained was high and varied between 5000
ng/µl to 6000 ng/µl.
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cDNA preparation
The RNA obtained from the tissues was used for the preparation of

cDNA by using a First Strand cDNA synthesis kit (Thermo Scientific,
Waltham, USA). After thawing and mixing the components of the kit
properly, 1 μl of sample RNA, 0.5 μl of oligo dt primer and 0.5 μl of
random hexamer were mixed in 9 μl of nuclease free water to make up
the volume to 11 μl and incubated on a dry bath at 65°C for 5 minutes.
After incubation, 4 μl of 5X reaction buffer, 1 μl of RiboLock RNase
inhibitor, 2 μl of 10 mM dNTP mix and 2 μl of M-MuLV reverse
transcriptase enzyme were added.

The master mix obtained was briefly centrifuged to remove any air
bubbles and to bring any sample adhering at the walls to the bottom.
This reaction mix was put for cDNA synthesis (Eppendorf master
cycler nexus gradient, Eppendorf, Germany). The programming used
was 25°C for 5 minutes, 45°C for 60 minutes, 70°C for 5 minutes and
the reaction was put to end by bringing the reaction at 4°C. The cDNA
obtained was diluted by adding 60 μl of nuclease free water and was
stored in a -80°C deep freezer.

Real Time PCR Quantification
The cDNA obtained was used as a sample for the determination of

expression levels of PPAR γ, IRS-1 and IRS-2 by using Qiagen Thermal
Cycler (Rotor-Gene Q 2plex+HRM System, Qiagen, USA) with
Maxima SYBR Green/ROX qPCR Master mix (Thermo Scientific,
USA). Alpha tubulin was used as an internal control gene.

• The primer sequences for PPAR γ, IRS-1, IRS-2 and alpha Tubulin
were as follows

• PPAR γ Primer sequence- Fwd primer-
5’CCCTGGCAAAGCATTTGTAT 3’, Rev Primer-
5’GGTGATTTGTCTGTTGTCTTTCC 3’

• IRS- 1 Primer sequence- Fwd Primer- 5'
TCAACAGCAGTCCCTACCAC- 3', Rev Primer- 5'-
GCTGTGATGTCCAGTTACGC- 3'

• IRS- 2 Primer sequence- Fwd Primer- 5’-
TCCAGAACGGCCTCAACTAT- 3’, Rev Primer- 5’-
 AGTGATGGGACAGGAAGTCG- 3’

• Alpha tubulin Primer sequence- Fwd primer-
5’TAGCAGAGATCACCAATGCC 3’, Rev Primer- 5’
GGCAGCAAGCCATGTATTTA 3’

Real time PCR was conducted in a final volume of 20 μl consisting
of 10 μl Maxima SYBR Green, 1 μl forward primer (10 mM), 1 μl
reverse primer (10 mM), 3 μl cDNA sample and 5 μl nuclease free
water. The amplification parameters consisted of an initial activation at
95°C for 5 min followed by 40 cycles of a 3-step PCR (denaturation at
95°C for 15 sec, annealing at 52°C for 30 sec, and extension at 75°C for
30 sec). The PCR products formed was detected simultaneously and
shown on the LCD display by measuring the increase in fluorescence
caused by the binding of SYBR green dye into the major grooves of
double helical DNA. The relative fold change in the mRNA expression
levels of PPAR γ, IRS-1, IRS-2 and alpha Tubulin was calculated by the
2−ΔΔCt method as described by Schmittgen et al. [16]. The results were
normalized to the mRNA expression level of alpha tubulin.

Statistical analysis
The statistical analysis was carried out by using analysis of variance

(ANOVA) followed by tukeys test.

Results
As shown in Table 1, we observed a significant decrease in post

prandial blood glucose levels in group C and group D rats compared to
group B at week 30 after treatment with FIIc and Pioglitazone.
However, no significant difference in fasting blood glucose levels was
observed at week 0 among the four study groups.

At week 30 fasting serum insulin levels were also found to be
decreased in group C and group D rats as compared to group B after
treatment with FIIc and Pioglitazone. However this decrease is
statistically not significant.

Parameters Time

Points

Group
A

Group
B

Group
C

Group
D

p Value

FBG (mg/dl) 0 Weeks 86.5 85.5 84 84.33 a=0.0167

b=0.1783

c=0.5471
30 Weeks 89.66 102.16a 93.16b 98.16c

PPBG
(mg/dl)

0 Weeks 122.66 124.83 123.33 126.33 a=0.0001

b=0.0007

c=0.0001
30 Weeks 136.83 236.83a 190.50b 183.33c

Insulin
(pmol)

0 Weeks 13.16 14.66 14.75 14.32 a=0.0030

b=0.1411

c=0.0631
30 Weeks 15.71 29.71a 23.88b 21.88c

a=Healthy control vs. diabetic control, b=Diabetic control vs. diabetic treated
with FIIc, c=Diabetic control vs. diabetic treated with Pioglitazone

Table 1: Showing Fasting blood glucose, post prandial blood glucose
and serum Insulin levels at week 0 and at week 30 after treatment with
FIIc and Pioglitazone.

In Figure 1, 2.4 and 3.53-fold increases in PPAR r mRNA expression
levels in skeletal muscles of groups C and D respectively were
observed, when compared to group B after treatment with active
herbal compound FIIc and Pioglitazone for 30 weeks.

Figure 1: Showing PPAR γ mRNA expression level in skeletal
muscles at week 30 after treatments with FIIc and Pioglitazone.

In Figure 2, a 2.56 and 2.81 folds increase in IRS-1 mRNA
expression level in skeletal muscles of group C and group D
respectively was observed, when compared to group B after treatment
with active herbal compound FIIc and Pioglitazone for 30 weeks.
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Figure 2: IRS-1 mRNA expression level after treatment with FIIc
and Pioglitazone in skeletal muscles at week 30.

In Figure 3, a 2.69 and 2.05 folds increase in IRS-2 mRNA
expression level in pancreas of group C and Group D respectively was
observed, as compared to group B after treatment with active herbal
compound FIIc and Pioglitazone for 30 weeks

Figure 3: IRS-2 mRNA expression level after treatment with FIIc
and Pioglitazone in pancreas at week 30.

Discussion
This study was conducted in HSD fed type 2 diabetic rats to study

the effect of herbal anti-hyperglycemic compound (FIIc) on peripheral
insulin sensitivity by measuring the mRNA expression levels of PPAR
γ, IRS-1 and IRS-2. After treatment with FIIc at week 30, we observed
a 2.48 and 2.56 folds increase in PPAR γ and IRS-1 mRNA expression
level in skeletal muscles of group C as compared to group B. Similarly,
a 2.69 folds increase in IRS-2 mRNA expression level in pancreas of
group C was observed, as compared to group B. A significant fall in
post prandial blood glucose levels was also observed in group C and
Group D rats as compared to group B. serum insulin was also found to
be reduced in group C as compared to group B as an indicator of
reduced insulin resistance upon treatment with FIIc for 30 weeks.

Insulin resistance is a characteristic feature of type 2 diabetes in
which a higher than normal levels of insulin is required for
maintaining normal glucose levels. Various studies have reported that

PPAR γ is down regulated in type 2 diabetes and insulin resistant states
and up regulation of PPAR γ upon binding of the synthetic PPAR γ
ligands in T2DM results in a marked improvement in whole body
insulin sensitivity and improved glycaemic control [13,17-19].
Similarly, studies have also reported that IRS-1 is an important element
in insulin signaling pathways and defect in the IRS-1 gene has been
reported to be associated in the generation of T2DM [20,21].
Literature survey has also reported a significantly reduced IRS-1
mRNA levels in obese subjects and insulin resistant subjects compared
with healthy lean and insulin sensitive subjects [22]. Hence, above
studies showed that IRS-1 plays an important role in the susceptibility
to type 2 diabetes. Similarly IRS-2 is also an important player in
insulin-signaling pathways. Genetic studies have also reported that
IRS-2 knockout resulted in the development of insulin resistance in the
liver and type 2 diabetes [9-10,23-24].

When insulin binds to cell surface receptors it initiates a cascade of
events by activating the intra cellular tyrosine kinase domain of β
subunit which leads to a rapid auto phosphorylation of downstream
signaling molecules such as IRS-1, IRS-2 and several Shc proteins
which in turn activates further intracellular signaling intermediates
[25] hence leads to uptake of glucose, lipids and other metabolites. We
strongly suggested that cause of insulin resistance lies at the post
receptor level of insulin signaling. Thus, various studies in the past
failed to explain a normal or slightly reduced insulin receptor tyrosine
kinase activity in insulin resistance subjects, in spite for a substantial
reductionin insulin action [26].

In a recent study it has been reported that upon treatment with a
Chinese herbal traditional medicine (a partial PPAR γ agonist)
prevented hyperglycaemia and weight gain in vivo [27]. Studies have
also reported that herbal drugs were found to be useful in improving
the mRNA expression of IRS-1 [28,29] and IRS-2 in type 2 diabetes
[30,31]. The possible mechanism of FIIc through which it improves the
PPAR γ mRNA expression is through the binding of retinoic X
receptor (RXR) present on the DNA. Upon binding it causes co-
repressor release and co-activator binding and resulting in increased
affinity for the specific PPAR response element, which modulates gene
transcription.

Similarly, In a recent study it has been reported that upon treatment
with herbal traditional Chinese medicine in T2DM, resulted in
significantly increased expression of IRS-1, PI3K and other
downstream signaling molecules suggesting an effective herbal therapy
for insulin resistance by regulating the PI3K/Akt signaling pathway in
adipose tissues [32]. During insulin signaling pathway, the activation
of PI3K phosphorylates Akt, which further activates the downstream
signaling molecules and mediates glucose uptake and intracellular
glycogen synthesis in skeletal muscle. In our study we also observed a
similar finding suggesting that this might be the possible mechanism
of action of our herbal active compound FIIc.

Animal studies have also reported that down regulation of IRS-2
causes peripheral insulin resistance leading to β cell failure and T2DM
[9,10,34] and up-regulation of IRS-2 in β cells leads to improved
glucose tolerance and prevents diabetes in IRS-2 deficient and obese
mice [33]. Increased serum insulin and IGF1 levels activates Akt
pathway is also an important factor for the up regulation of IRS-2. In
our study we have observed decreased serum insulin levels and
increased mRNA expression levels of IRS-2 at week 30 of the study.
Hence our results are in accordance with the previous studies and this
might be the possible mechanism of action of FIIc in regulation of
insulin signaling mechanism in improving glycemic control.
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