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ABSTRACT

Objective: Scientists have growing interest in traditional medicinal plants as they contain active ingredients for the treatment of various diseases. 
Tea is one of the most popular beverages worldwide. The variety of tea and tea extracts in the market has different polyphenol profiles, which are the 
bioactive chemical entities. We performed a direct comparison between Thea sinensis, green tea extracts (GTEs), and Punica granatum peel powder 
(PGPP), which have been chemically well characterized in a type II diabetic mouse model.

Methods: We conducted both in vivo and in vitro experiments in the present paper. In vivo studies were carried out on male Swiss albino rats having 
type II diabetes, induced by single intravenous injection of streptozotocin (0.7 mg/Kg i.m.) and IDDM rats received either PGPP (200 mg/kg) or GTE 
(100 mg/kg) as a single oral dose. After the above result, the extracts were further subjected to know the effect of insulin secretion by RIN-5F cells 
providing confirmation of insulinotropic effect.

Results: The results revealed that both PGPP and GTE substantially lowered blood glucose levels and ameliorated glucose intolerance, both were 
effective in antihyperglycemic activity and in lowering body weight gain. Serum insulin levels significantly increased in GTE group as well as in PGPP 
group, suggesting that they were exerting hypoglycemic effects through different pathways.

Conclusion: Synergistic action of PGPP and GTE is an effective alternative for the treatment of type II diabetes through the regeneration of β cells of 
pancreas.
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INTRODUCTION

Hyperglycemia is a chronic disorder accompanied by raise in 
blood glucose level which results in the interruption of the various 
metabolisms and brings about secondary complications such as 
hypertension, cardiovascular diseases, and diabetic neuropathy. There 
is a critical need for the management of type II diabetes mellitus [1]. 
Plants and their derived preparations have comprehensively used as 
traditional remedies for the treatment of diabetes all over the globe. 
Some of the plants were identified scientifically and evaluated for the 
beneficial effects in diabetes; they include cinnamon, cloves, ginger, 
garlic, cumin, and green tea [2].

Thea sinensis belongs to the family Theaceae whose leaves and leaf buds are 
used to produce tea and commonly known as “tea plant.” A small number of 
studies have confirmed that green tea extract (GTE) contains polyphenols 
and epigallocatechin gallate is favorable for the treatment of hyperglycemia, 
and a probable mechanism can be ascribed to their inhibitory effect against 
α-amylase and α-glucosidase in the intestinal tract [3].

One of the potential agents for future diabetic therapy is pomegranate 
obtained from Punica granatum (PG), belonging to the family of 
Punicaceae that contains flavonoid, proanthocyanidin, ellagitannin, and 
gallotannin. They are verified to protect pancreatic beta-cells from free 
radicals damage [4].

In this paper, we investigated the combined effect of GTEs and PG 
peel powder (PGPP) with standard reference rosiglitazone on RIN-
5F cells in vitro, which include a range of studies such as reduced or 
inhibited glucose absorption at intestinal level and peripheral level, by 
facilitating the entry of glucose into cells. The in vivo studies included 

the stimulation of β pancreatic cells to release insulin in insulin-
sensitive tissues [5].

METHODS

Drugs and chemicals
Streptozotocin [N-(Methylnitrosocarbamoyl)-α-D-glucosamine] 
procured from Sigma, St. Louis, MO, USA. Other chemicals used throughout 
this investigation were of the highest analytical grade available.

Rosiglitazone
Rosiglitazone is an oral hypoglycemic drug in the thiazolidinedione 
class of drugs. It works as an insulin sensitizer, by binding to the PPAR 
gamma receptors [6].

Plant material fresh PG fruits were purchased from local markets, India. 
Fruits were cut into portions and arils were separated manually from 
peels. The peels were cut into small pieces and sun dried until complete 
dehydration. Dried peels were grounded into fine powder in a mortar. 
Peels powder was kept in an airtight plastic container and stored at 5°C 
until used. Peels powder was suspended in warm distilled water (100 
mg/1 ml) and was given orally through the stomach tube to rats at a 
dose of 200 mg/kg [7].

Green tea water extracts (GTEs) were purchased from Tata Global 
Beverages Instant Tea Division (Munnar, Kerala 685612).

In vivo and in vitro screening for antidiabetic activities
Streptozocin-induced insulin resistance in rats
Exogenous administration of streptozocin in rats causes hyperglycemia, 
hyperinsulinemia, and associated with insulin resistance. Institution 
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of Animals Ethics Committee has approved the experimental protocol 
(DSU/PhD/IAEC/09/2017-18).

Animals [8,9]
Male Sprague-Dawley (SD) rats (150–200 g) were obtained from the 
Animal House of the School of Pharmaceutical Sciences, Dayananda 
Sagar University, Bengaluru. They were housed in standard 
environmental conditions (24±1°C) with 12 h light:12 h dark cycles and 
fed a commercial diet and water ad libitum.

Streptozotocin-induced diabetic rats [10-12]
Diabetes was induced by intraperitoneal injection of streptozotocin 
(Sigma-Aldrich) (65 mg/kg body weight in 0.9% NaCl, pH 4.5) to 
rats fasted for 16 h. Their diabetic conditions were confirmed by the 
symptoms of polydipsia, polyuria, and a high fasting blood glucose 
concentration 72 h after injection of streptozotocin. Rats with a blood 
glucose level above15.0 mmol/L were considered to be diabetic and 
used in the experiment 14 days treatment with the 6a and 6b

Group I: Normal control – Received 0.25% CMC p.o and sterile water 
for injection i.m.

Group II: Streptozocin control – Received 0.25% CMC p.o and 
streptozocin 0.7 mg/Kg i.m.

Group III: Rosiglitazone treated – Received rosiglitazone 0.72 mg/kg in 
0.25% CMC p.o and streptozocin 0.7 mg/Kg i.m. 

Group IV: Received PGPP, 200 mg/Kg in 0.25% CMC p.o and streptozocin 
0.7 mg/Kg i.m.

Group V: Received GTE, 100 mg/Kg in 0.25% CMC p.o and streptozocin 
0.7 mg/Kg i.m.

Treatment was continued for 10 days. On day 10, after overnight fasting, 
blood samples were collected from all the animals by puncturing the 
retro-orbital plexus under mild ketamine anesthesia.

In vitro studies using RIN-5F cells [13-15]
RIN-5F cells (rat pancreatic beta cell line) were routinely cultured in 
RPMI 1640 supplemented with 2 mM L-glutamine, 10 mM HEPES, 
1 mM sodium pyruvate, 4.5 g/L glucose, 1.5 g/L sodium bicarbonate, 
and 10% fetal bovine serum. The cells were passaged 2–4 days before 
each experiment and plated in 24-well Nunclon multiwell plates (NUNC 
A/S, Denmark) at a density of 0.2 × 106 cells/well. Insulin secretion 
was measured as previously described by Gray and Flatt (1998, 
1999). Multiwells were seeded with 0.2 × 106 cells and insulin release 
measured after 4–5 days as follows. Cells were washed three times 
with KRB (115 mM NaCl, 4.7 mM KCl, 1.28 mM CaCl2, 1.2 mM KH2PO4, 

1.2 mM MgSO4, 24 mM NaHCO3, 10 mM HEPES-free acid, 1 g/L bovine 
serum albumin, and 1.1 mM glucose; pH 7.4) and preincubated for 
40 min at 37°C. Cells were then incubated for 20 min with 1 mL KRB and 
1.1 mM glucose in the presence of PGPP and GTE. Following incubation, 
aliquots were removed from each well and stored at −20°C for insulin 
assay. Insulin release was measured by rat an insulin enzyme-linked 
immunosorbent assay (ELISA) kit (Crystal Chem, USA).

Cell viability [16]
The 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 
(MTT) assay which is based on the cleavage of a tetrazolium salt by 
mitochondrial dehydrogenases in viable cells (Hansen et al., 1989) 
used to estimate cell viability. Briefly, cells were added onto flat-
bottomed microculture plates in the presence or absence of various 
concentrations of the extracts (in triplicate) and incubated at 37°C 
in a 5% humidified CO2 incubator for 24 and 48 h. Then, 10 mL of 
MTT (5 mg/mL, Sigma) was added to each well and incubation was 
continued for a further 4 h at 37°C. In each well, 100 μL/well of 
solubilization solution, containing dimethyl sulfoxide and Sorenson 
buffer, were added. After complete solubilization of the dye, plates 
were read at 570 nm on an ELISA reader. The mean optical density 
(OD)±SD for each group of replicates was calculated. The whole 
procedure was repeated for 3 times. The inhibitory rate of cell growth 
was calculated using the formula:

% Growth inhibition = (1− OD extract treated)/OD negative control × 
100

RESULTS

Body weight: There was a momentous reduction in the weight of the 
animals in the streptozotocin-induced diabetic group with comparison 
to control. After supplementation with PGPP and GTE for 14 days, the 
body weight was notably regained. After 21 days of the supplementation, 
the animals started to gain their normal weight. With insulin treatment 
for 21 days, diabetic rats began to regain weight to a lesser extent, as 
shown in Fig. 1 [6].

DISCUSSION

Hyperglycemia is said to be one of the most well-known health 
crisis in the world. Best treatment is important to control diabetic 
complications. Natural products and their active phytochemicals have 
brilliant biological activity in vitro and in vivo.

In many research papers, the studies were restricted only on PG [1] 
or GTE [4] for antidiabetic activity. In the current delve into, we 
made a realistic approach to improve the compound therapy of 
active phytoconstituents using them day by day in our usual food. 
Green tea, one of the comprehensively used beverages in the world, 

Fig. 1: Changes in rats’ body weight (g). Each bar represents the mean±SD of rats. PGPP: Punica granatum peel powder and GTE: Green tea 
extract. Values were expressed as mean±SD. PGPP: Punica granatum peel powder, GTE: Green tea extract
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Fig. 2: Effect of derivatives on blood glucose levels (mg/dl) in streptozocin-induced insulin resistance model in rats. Fasting blood 
glucose level in the PGPP and GTE treated rats, decrease in blood glucose level was prominent from day 7 onward; the decrease in blood 
glucose level was highly pronounced on the day 21. The hypoglycemic effect of PGPP at 200 mg/kg and GTE at 100 mg/kg dose was more 
prominent than rosiglitazone (the reference standard). Values were expressed as mean±SD. PGPP: Punica granatum peel powder, GTE: 

Green tea extract

Fig 3: Effects of derivatives on insulin secretion by RIN-5F cells [9]. Rosiglitazone (0.2–20 mM) produced a dose-dependent stimulatory 
effect on insulin secretion by RIN-5F cells incubated in 1.1 mM glucose. RIN-5F cells exposed to 20 mM of rosiglitazone for 20 min showed 
maximal levels of stimulation. However, concentrations of rosiglitazone <20 mM did not significantly enhance the insulin-releasing effect. 

As seen in the treatment of RIN-5F cells with different concentrations of PGPP and GTE (10 mg/mL) significantly increase the levels of 
insulin as compared with the control. Each value represents the mean±SEM (n=6); *indicates significant difference between treated 

groups compared with control group without rosiglitazone at p<0.05. Values were expressed as mean±SD. PGPP: Punica granatum peel 
powder, GTE: Green tea extract

is renowned in the avoidance of hyperglycemia [17,18]. PG is used 
as remedy in handling of variety of diseases. It also serves as a 

therapy for diabetes [19]. In Fig. 1, we reported the effects of PGPP 
and GTE on streptozocin-induced type II diabetic rats. The treatment 

Fig. 4: MTT assay/percentage cell viability of rosiglitazone, PGPP, and GTE. A 10 mL of MTT (5  mg/mL, Sigma) was added to each of the 
four wells containing rosiglitazone, PGPP, and GTE at concentrations of 10 mg/mL showed no cytotoxic effect in RIN-5F cells. Incubation 
was continued for a further 4 h at 37°C. In each well, 100 μL/well of solubilization solution, containing dimethyl sulfoxide and Sorenson 
buffer, were added. After complete solubilization of the dye, plates were read at 570 nm on an enzyme-linked immunosorbent assay 

reader. Values were expressed as mean±SD. PGPP: Punica granatum peel powder, GTE: Green tea extract, MTT: 3-(4, 5-dimethylthiazol-2-
yl)-2, 5-diphenyltetrazolium bromide
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continued for 21 days and this resulted in dissimilarity in the body 
weight between treated and untreated rats. These improvements 
were observed due to increased relaxation in diabetic rats, due 
to the decrease in blood glucose level. This proves that PGPP and 
GTE administration can minimize non-insulin-dependent diabetes 
symptoms.

As shown in Fig. 2, in vivo studies of PGPP and GTE at 200 mg/kg and 
100 mg/kg in respective doses are more eminent than rosiglitazone to 
produce insulinotropic effect in type II diabetic rats; it is proved from 
the 7th day to 21st day reduce in blood glucose levels which were highly 
evident, this is due to inhibitory action of the extracts on absorption of 
glucose at intestinal levels.

In addition, PGPP and GTE treatment restored and observations were 
recorded on the regeneration of β-cells of the pancreas [20]. This 
guarantees that both have protective effects on RIN-5F cells and adds 
extra confirmation for its hypoglycemic properties including increased 
insulin sensitivity and inhibition of α-glucosidase and α-amylase 
in-vitro, as shown in Fig. 3.

The cell viability effects of both the extracts were studied on cell culture 
and determined by MTT assay, as shown in Fig.  4, and both were 
potentially capable and they showed less cytotoxicity effect.

On the scrutiny of the above sighting, it is elective that both the extracts 
are gifted source for insulinotropic activity both in vitro and in vivo. We 
promise that both could be noteworthy and favorable agents in preventing 
the degenerative diseases and a range of other human ailments.

CONCLUSION

Using a two-way experimental design, the consequence of combinations 
of PGPP and GTE was considered and analyzed. Both the extracts were 
synergistic in action. PGPP potentiates the insulinotropic effect of 
GTE. We trust that they will be precious for future investigations as 
prospective multitarget-oriented remedies for type II diabetes.
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