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Background: Diabetes is a chronic, progressive disease associated with several complications leading to 
significant mortality and morbidity. Limitations and drawbacks of the conventional treatment generate need 
for safer, effective complimentary therapies to prevent complications, and maintain normoglycemic status.
Aim and Objectives: The aim of this study is to to evaluate antidiabetic activity of AHPL/AYTAB/0513 tablet 
alone, oral hypoglycemic agents (OHA[s]), and combination of AHPL/AYTAB/0513 tablet and OHA(s) in 
streptozotocin-induced diabetes in rats.
Materials and Methods: Totally, ten groups of animals were studied comparatively to evaluate antidiabetic 
activity of AHPL/AYTAB/0513 tablet, OHA(s), and combination of AHPL/AYTAB/0513 tablet and OHA(s). Blood 
glucose level (BGL), lipid profile, serum creatinine, serum insulin level, and histopathological characteristics 
of pancreas were studied to evaluate the efficacy of various formulations. Histopathological examination of 
kidney and heart was carried out to assess the ability of various formulations in preventing complications 
of diabetes.
Results: There was a significant decrease in mean BGL, serum triglycerides, serum total cholesterol, 
low-density lipoprotein (LDL), very LDL, and serum creatinine levels in all formulations groups. Significant 
increase in mean serum insulin level and high-density lipoprotein level was observed when compared to 
diabetic control (DC) group. Recovery of pancreatic beta cells and prevention of damage to heart and kidney 
cells was significant in all the formulation groups as compared to DC group. None of the formulations tested 
in nondiabetic rat showed hypoglycemia suggesting safety of all the formulations.
Conclusion: AHPL/AYTAB/0513 tablet alone and in combination with OHA(s) can be effectively used in the 
management of diabetes mellitus. In addition, AHPL/AYTAB/0513 tablet alone and in combination with 
OHA(s) help in prevention of diabetic complications. As an adjuvant to OHA(s), AHPL/AYTAB/0513 tablet 
can be more effective.
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INTRODUCTION

Diabetes is a major noncommunicable epidemic of  this 
century. The worldwide prevalence of  diabetes for all age 
groups is projected to rise up to 4.4%, and the number of  
diabetics is bound to rise by double till 2030.[1,2]

Among various types of  diabetes, majority of  disease 
burden is with Type II diabetes mellitus (DM) comprising 
around 85% of  the total cases. In this type of  diabetes, 
peripheral insulin resistance leads to ultimate islet secretory 
dysfunction causing hyperglycemia.[2]

Since urbanization, obesity and various lifestyle-related 
factors are closely associated with increased the prevalence 
of  diabetes,[1] lifestyle modification becomes the first step 
in Type II diabetes management. When these measures fail 
to provide sufficient DC pharmacological measures are 
employed. The main drawbacks of  the present antidiabetic 
therapy are an increased incidence of  hypoglycemic 
episodes and loss of  efficacy over prolonged use.[3] 
Moreover, even with available pharmacotherapy, patients 
with DM, over the period, land up in several complications 
such as diabetic neuropathy, diabetic retinopathy, diabetic 
cardiomyopathy, and diabetic nephropathy. Hence, 
attention is focused on research and development of  drugs 
that will achieve sustained glycemic control, encounter 
insulin resistance with less chances of  hypoglycemia, and 
also help in delaying complications of  DM.

Formulation AHPL/AYTAB/0513 is conceptualized 
and  deve loped  by  Ar i  Hea l thcare  Pvt .  L td . 
It is a polyherbal combination containing Haridra 
(Curcuma longa Linn. [family - Zingiberaceae]),[4] Amalaki 
(Emblica officinalis [family - Euphorbiaceae]),[5] Jamboo 
(Syzygium cumini [family - Myrtaceae]),[6,7] Meshashringi 
(Gymnema sylvestre [family – Asclepiadaceae]),[8,9] Beejak 
(Pterocarpus marsupium Roxb. [family - Fabaceae])[10,11] and 
Karvellak (Momordica charantia [family - Cucurbetaceae]).[12,13] 
Most of  these ingredients possess antidiabetic activity 
in isolation. Thus, the present study was planned to 
evaluate and comparatively assess antidiabetic activity 
of  AHPL/AYTAB/0513 tablet, oral hypoglycemic 
agents (OHA[s]), and combination of  AHPL/AYTAB/0513 
tablet and OHA(s) in streptozotocin (STZ)-induced 
diabetes in rats. Similarly, their possible role in preventing 
complications of  diabetes was also assessed in this study.

MATERIALS AND METHODS

Ethics
The study was conducted, and analysis was done in 
December 2014 to May 2015. Before the initiation of  the 

study, the Institutional Animal Ethics Committee (IAEC) 
approval was obtained, and the animals were used 
and treated strictly following Committee for the 
Purpose of  Control and Supervision of  Experiments 
on Animals guidelines (approval letter number : 
DYPISR/IAEC/14-15/P-01). Totally, 50 male Wistar 
rats of  age 6–8 weeks weighing 180–250 g were used for 
the study.

Methodology
Evaluation of hypoglycemic activity of various formulations in 
nondiabetic rats
The overnight fasted Wistar albino rats were divided into 
nine groups of  five animals each. Animals belonging 
to Group I served as normal control (NC) group and 
received saline solution at the dose of  (1 ml/kg, p.o.); 
Animals belonging Group II and III served as standard 
and received glibenclamide (Emcure Pharmaceuticals 
Pvt. Ltd., Pune, India) (10 mg/kg, p.o.) and metformin 
(USV Ltd., Mumbai, India) (50 mg/kg, p.o), respectively; 
Group IV, V, and VI served as test groups and were 
administered with AHPL/AYTAB/0513 tablet (ARI 
Healthcare Pvt. Ltd., Pune, India) (111 mg/kg), (222 mg/kg), 
and (444 mg/kg) p.o, respectively. Animals in Group VII, 
VIII, and IX were administered with AHPL/AYTAB/0513 
tablet (222 mg/kg, p.o) + glibenclamide (10 mg/kg, p.o), 
AHPL/AYTAB/0513 tablet (222 mg/kg, p.o) + metformin 
(50 mg/kg, p.o), and AHPL/AYTAB/0513 tablet 
(222 mg/kg, p.o) + glibenclamide (10 mg/kg, p.o) + 
metformin (50 mg/kg, p.o), respectively. After single-dose 
drug treatment, blood was withdrawn from the tail vein on 
0th, 30th, 60th, and 120th min for estimation of  blood glucose 
levels (BGLs) using glucometer (Manufactured by-Easy 
Care, Mumbai, India).

Oral glucose tolerance test in nondiabetic rats
The overnight fasted Wistar albino rats were divided into 
nine groups of  five animals each. Animals belonging to 
Group I served as NC group and received saline solution at 
the dose of  (1 ml/kg, p.o.); Animals belonging to Group II 
and III served as standard and received glibenclamide 
(10 mg/kg, p.o.) and metformin (50 mg/kg, p.o), 
respectively; while animals belonging to Group IV, V, 
and VI served as test group and were administered with 
AHPL/AYTAB/0513 tablet (111 mg/kg), (222 mg/kg), 
and (444 mg/kg) p.o, respectively. While animals belonging 
to Group VII to Group IX were administered with 
AHPL/AYTAB/0513 tablet (222 mg/kg, p.o) + 
glibenclamide (10 mg/kg, p.o), AHPL/AYTAB/0513 
tablet (222 mg/kg, p.o) + metformin (50 mg/kg, p.o), 
and AHPL/AYTAB/0513 tablet (222 mg/kg, p.o) + 
glibenclamide (10 mg/kg, p.o) + metformin (50 mg/kg, p.o), 
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respectively. After drug treatment, animals were administered 
with 10% glucose solution (2 g/kg, p.o) and blood was 
withdrawn from the tail vein at 0th, 30th, 60th and 120th min 
for estimation of  BGLs using glucometer.

Evaluation of antidiabetic activity in streptozotocin‑induced 
diabetes in rats
Diabetes was induced to 18 h fasted rats by adminsitering 
by single dose of  STZ (Hi-Media Lab. Pvt. Ltd., 
Mumbai, India) (55 mg/kg, intraperitoneally) after 
dissolving it in freshly prepared ice cold 0.1M citrate 
buffer (pH 4.5). After the injection, all the animals 
were given free access to feed and water and were 
provided with 5% glucose solution to drink overnight to 
counter the hypoglycemic shock. After 48 h of  the STZ 
injection, the development of  diabetes was confirmed by 
measuring glucose level using glucometer. The animals 
having fasting BGLs >200 mg/dl were selected for the 
experimentation.[14] The animals were divided into ten 
groups (n = 5) as follows:
• Animals belonging to Group I were NC, i.e., nondiabetic 

received saline solution at the dose of  1 ml/kg, p.o for 
21 days

• Animals belonging to Group II served as DC and 
received saline solution (1 ml/kg, p.o.) for 21 days

• Animals belonging Group III and IV were diabetic 
and served as standard and received glibenclamide 
(10 mg/kg, p.o.) and metformin (50 mg/kg, p.o), 
respectively for 21 days

• While animals belonging to Group V to Group VII 
were diabetic and served as test groups and 
were administered with AHPL/AYTAB/0513 
tablet (111 mg/kg), (222 mg/kg) and (444 mg/kg) p.o, 
respectively, for 21 days

• While animals belonging to Group VIII to 
Group X were diabetic and served as standards 
and test drug and given AHPL/AYTAB/0513 
tablet (222 mg/kg, p.o) + glibenclamide (10 mg/kg, 
p.o), AHPL/AYTAB/0513 tablet (222 mg/kg, p.o) + 
metformin (50 mg/kg, p.o), and AHPL/AYTAB/0513 

tablet (222 mg/kg, p.o) + glibenclamide (10 mg/kg, p.o) 
+ metformin (50 mg/kg, p.o), respectively, for 21 days.

On day 21st, the blood from the retro-orbital plexus 
was withdrawn under mild ether (Hi Media Lab. Pvt. 
Ltd., Mumbai, India) anesthesia using fine glass capillary 
and collected in eppendorf  tubes from overnight 
fasted rats.[15] Fasting blood sugar level (BSL) was estimated 
using glucometer. The animals were then sacrificed and 
pancreas, heart, kidney were removed for histopathological 
examination.

The blood samples were centrifuged (using Cooling 
Centrifuge Manuf: REMI C24, Mumbai, India) and 
serum was estimated for determination of  serum insulin, 
serum triglyceride, Serum total cholesterol, serum 
high-density lipoprotein (HDL), serum low-density 
lipoprotein (LDL), serum very LDL (VLDL), and serum 
insulin level (biochemical kits for triglycerides, cholesterol 
estimation were obtained from Bio Lab Diagnostics Pvt. 
Ltd., Mumbai, India, while biochemical kits for HDL, 
VLDL, and LDL estimation were obtained from Ebra 
Diagnostics, Mannheim, Germany).

The data obtained from above study was expressed as 
mean ± standard error of  the mean and statistically 
analyzed by one-way ANOVA followed by Dunnett’s test.

RESULTS

In nondiabetic rats treated with single dose of  formulations, 
no significant reduction in BSL was observed after 
120 min as compared to the initial BSL of  the respective 
group [Table 1].

Similarly, when the oral glucose tolerance test (OGTT) 
was performed in single-dose treated-nondiabetic rats, it 
was observed that all the formulation groups effectively 
reduced and normalized BGL on 120th min of  OGTT 
when compared with NC group. When compared between 

Table 1: Effect of various formulations on plasma glucose level in nondiabetic rats
Groups (n=5) Plasma glucose level (mg/dl)

0 min 30 min 60 min 120 min

Group I: NC 81±3 85.6±2.46 81.2±1.2 81.8±2.267
Group II: Glibenclamide 81±0.9 75.6±2.99 77.6±2.11 82±2.191
Group III: Metformin 74±1.2 77.8±3.04 76.4±4.14 75.6±2.249
Group IV: AHPL/AYTAB/0513 tablet (111 mg/kg) 84±0.9 76.8±2.78 77.2±3.57 81.4±2.462
Group V: AHPL/AYTAB/0513 tablet (222 mg/kg) 79±1.6 75.8±1.562 77.8±0.86 80.2±2.577
Group VI: AHPL/AYTAB/0513 tablet (444 mg/kg) 76±3.5 76±3.11 75.6±2.98 77.8±1.772
Group VII: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide 76±3.6 78.4±1.21 73±3.01 71.4±1.887
Group VIII: AHPL/AYTAB/0513 tablet (222 mg/kg) + metformin 82±2.8 80±1.92 78±1.38 80.2±2.267
Group IX: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide + metformin 83±1.7 77±3.85 80.6±2.94 81.4±1.99

n=5, values are expressed as mean±SEM. Statistically analyzed by one‑way ANOVA followed by Dunnett’s test. SEM: Standard error of mean, NC: 
Normal control
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the groups, no statistically significant difference was noted 
[Table 2].

In STZ-induced diabetic rats, all the formulation groups 
effectively reduced BGL on 21st day, which was close to 
the BGL of  non-DC group. Highest percentage reduction 
in BGL was observed in the combination group of  
glibenclamide + metformin + AHPL/AYTAB/0513 tablet 
222 mg/kg [Table 3]. The mean body weight of  the rats 
significantly reduced in STZ-induced diabetic group. The 
results indicate that, on treatment with the formulations, 

the mean body weight of  STZ-induced diabetic rats was 
preserved [Table 4].

Moreover, all the treatment groups significantly increased 
serum insulin level [Graph 1], mean body weight, and 
HDL cholesterol levels after 21 day treatment with these 
formulations in STZ-induced diabetic rats [Graph 2]. 
Serum creatinine [Table 5], serum triglycerides, total 
cholesterol, LDL, and VLDL levels were found 
to be significantly decreased in all the treatment 
groups [Graph 2].

Table 2: Effect of various formulations on blood glucose level in oral glucose tolerance test in nondiabetic rats
Groups (n=5) BGL (mg/dl) Percentage increase 

in BGL on 120th min0 min 30 min 60 min 120 min

Group I: NC 81±3 139.4±2.08 128.2±0.66 118.6±2.44 46.41
Group II: Glibenclamide 81±0.9 128.6±3.09** 112.2±1.24** 82±2.47** 1.23
Group III: Metformin 85±1.2 128.6±1.66** 116.4±1.6** 80.6±1.47** −5.17
Group IV: AHPL/AYTAB/0513 tablet (111 mg/kg) 84±0.9 130.2±1.28* 120.4.8±1.37** 109.4±2.98** 30.23
Group V: AHPL/AYTAB/0513 tablet (222 mg/kg) 79±1.6 127.2±1.06** 114.2±1.393** 98.2±2.24** 24.30
Group VI: AHPL/AYTAB/0513 tablet (444 mg/kg) 76±3.5 130.6±2.73* 119.6±1.503** 94±2.81** 23.68
Group VII: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide 76±3.6 129.2±1.06** 114.8±0.86** 80.4±3.4** 5.79
Group VIII: AHPL/AYTAB/0513 tablet (222 mg/kg) + metformin 82±2.8 126.4±2.06** 118±1.46** 87.2±1.98** 6.34
Group IX: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide + 
metformin

83±1.7 129.8±1.59** 119.4±1.63** 86.4±2.24** 4.09

n=5, values are expressed as mean±SEM. *P<0.05, **P<0.01 when compared with NC group. Statistically analyzed by one‑way ANOVA followed by 
Dunnett’s test. SEM: Standard error of mean, NC: Normal control, BGL: Blood glucose level

Table 3: Effect of various formulations on blood glucose levels in streptozotocin‑induced diabetes in rats
Groups (n=5) BGL (mg/dl) Percentage reduction of 

BGL at the end of treatment0 day 15th day 21st day

Group I: NC 88.8±4.14 88.8±4.14 88.8±4.14 ‑
Group II: DC 355.6±11.021 382±3.86## 420±8.319## ‑
Group III: Glibenclamide 357.6±8.756 174.8±2.267** 80±5.161** 77.63
Group IV: Metformin 379.2±7.385 169.8±2.417** 89±5.099** 76.53
Group V: AHPL/AYTAB/0513 tablet (111mg/kg) 366.4±7.801 232±2.915** 112.2±6.726** 69.38
Group VI: AHPL/AYTAB/0513 tablet (222 mg/kg) 384.8±9.785 218.4±1.806** 92±5.607** 76.09
Group VII: AHPL/AYTAB/0513 tablet (444 mg/kg) 366.6±3.092 213.45±2.31** 96.8±6.822** 73.59
Group VIII: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide 374.6±2.159 164.8±1.985** 84.4±5.046** 77.47
Group IX: AHPL/AYTAB/0513 tablet (222 mg/kg) + metformin 356±10.134 183.6±3.894** 85.8±6.028** 75.89
Group X: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide + 
metformin

387.4±3.043 178.2±2.577** 86±6.063** 77.80

n=5, values are expressed as mean±SEM. ##Significant decrease,**P<0.01 when compared with DC group. Statistically analyzed by one‑way 
ANOVA followed by Dunnett’s test. SEM: Standard error of mean, NC: Normal control, DC: Diabetic Control, BGL: Blood glucose level

Table 4: Effect of various formulations on body weight in streptozotocin‑induced diabetes in rats
Groups (n=5) Body weight (g)

1st day 15th day 21st day

Group I: NC 184.4±1.965 192±3.742 200.2±3.169
Group II: DC 180±0 150.8±1.594## 142±1.342##

Group III: Glibenclamide 184.4±1.806** 169.2±1.8** 180.8±1.985**
Group IV: Metformin 186.4±3.458** 162.2±3.262** 186±0.4**
Group V: AHPL/AYTAB/0513 tablet (111 mg/kg) 183±3.661** 154.4±2.449** 168±2**
Group VI: AHPL/AYTAB/0513 tablet (222 mg/kg) 182±2.025** 167.6±3.742** 175±3.317**
Group VII: AHPL/AYTAB/0513 tablet (444 m/kg) 186.4±1.691** 168.6±3.852** 174.8±3.338
Group VIII: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide 180±4.472** 164.2±2** 186.6±3.855**
Group IX: AHPL/AYTAB/0513 tablet (222 mg/kg) + metformin 187±1.844** 170.4±2.449* 193±1.871**
Group X: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide + metformin 179±2.324** 162.8±2.34** 196±3.742**

n=5, values are expressed as mean±SEM. ##Significant decrease,*P<0.05, **P<0.01 when compared with DC group. Statistically analyzed by one‑way 
ANOVA followed by Dunnett’s test. SEM: Standard error of mean, NC: Normal control, DC: Diabetic control, BGL: Blood glucose level
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Histopathology of pancreas
Histopathological examination of  pancreatic tissues of  
STZ-induced diabetic rats presented disturbed cellular 
architecture with signs of  necrosis, inflammation, and 
hemorrhage. The scarcity of  beta cells indicated reduction in 
endocrine tissue of  pancreas when compared with non-DC 
group. There was significant regression in the features 
of  inflammation, necrosis, hemorrhage with preserved 
cellular architecture, and abundance of  islet cells when 
compared to the diabetic group. This suggests probable 
regeneration of  islet cells in diabetic pancreatic tissue as 
a result of  provided treatment. When compared between 
the groups, combination of  standard drugs (glibenclamide 
and metformin) with AHPL/AYTAB/0513 tablet provides 
better results in terms of  preservation of  histopathological 
features of  pancreas [Figure 1].

Histopathology of kidney
On histopathological examination of  kidney tissues, 
the tissues of  diabetic group were found to possess 
disturbed cellular architecture, signs of  necrosis, and 
hemorrhage along with congested blood vessels. All 
these signs were absent in the tissue of  NC group of  
nondiabetic rats. Deranged histopathological features 
were completely reversed in the groups treated with 
high-dose formulation (444 mg/kg) and groups treated 
with combination of  standard drug and 222 mg/
kg formulation. All the treatment groups showed 
significant improvement in terms of  preservation 
of  kidney tissue when compared to diabetic group. 
When compared between the formulation groups, the 
high-dose formulation (444 mg/kg) and combination 
groups of  standard drugs and formulation proved more 
effective [Figure 2].

Histopathology of heart
Similarly when the heart tissue was studied; the groups 
treated with formulations displayed regression of  
pathological damage caused by STZ-induced diabetes, 
which was manifested by preservation of  normal 
cellular architecture, absence of  necrosis, inflammation, 
hemorrhage, and normal blood vessels. When compared 
between the formulation groups, medium dose formulation 
group and combination of  standard drugs with formulation 
proved superior to any other group [Figure 3].

DISCUSSION

The study was carried out in nondiabetic and STZ-induced 
diabetic rats to evaluate hypoglycemic/antidiabetic activity 
of  AHPL/AYTAB/0513 tablet alone and as an adjunct 
to OHAs.

On single-dose administration of  all the formulations in 
nondiabetic rats, none of  the groups showed a significant 
reduction in fasting BGL. In all the groups, BSL was 
within normal limit. This suggests that none of  the 
formulation produces hypoglycemia in nondiabetic rats. 
All the drugs were tolerated well by the rats. Surprisingly, 
high dose (444 mg/kg) of  AHPL/AYTAB/0513 tablet did 
not produce hypoglycemia, suggesting the safety of  the 
formulation at high dosage level also. Further, the results of  
OGTT in nondiabetic rats suggest that all the formulations 
help to improve glucose tolerance in nondiabetic rats.

In STZ-induced diabetes study, there was a significant 
increase in BSL in DC group. However, all other treatment 
groups effectively reduced BSL when compared to their 
initial BSL. When compared to DC group, the reduction 
in BSL was statistically significant in all the treatment 
groups. When compared between the treatment groups, 
no significant difference was observed. Highest percentage 
reduction in BSL was seen in the group treated with 
glibenclamide + metformin + AHPL/AYTAB/0513 
tablet (222 mg/kg). This confirms that as an adjuvant, 
AHPL/AYTAB/0513 was able to enhance the efficacy 
of  OHA(s).

All the ingredients present in AHPL/AYTAB/0513 tablet 
have been effectively used in Ayurveda for the management 
of  various types of  Prameha (diabetes). E. officinalis[5] 
S. cumini,[6,7] G. sylvestre,[8,9] P. marsupium,[10,11] C. longa,[4,16] 
and M. charantia[12,13] possess antidiabetic activity. S. cumini 
enhances peripheral utilization of  glucose,[6] G. sylvestre[9] 
and M. charantia[13] inhibit absorption of  glucose from 
intestine, P. marsupium helps in conversion of  proinsulin 
to insulin, and G. sylvestre[8,9] helps to release insulin from 
pancreatic beta cells. These multidimensional activities of  
ingredients of  AHPL/AYTAB/0513 tablet could have 
helped bring down BGL effectively.

Serum Insulin level in diabetic group was reduced to 
7.2 ± 0.687 which was significantly lower than that of  NC 
group. This is in agreement with the fact that STZ causes 
hyperglycemia in the rats through its direct cytotoxic action 
on pancreatic beta cells.[15,17] Degeneration of  beta cells 
leads to insulin deficiency. However, when serum insulin 
level of  all other treatment groups was studied, it was found 
that all the groups effectively increased the serum insulin 
level in diabetic rats. This suggests probable mechanism of  
regeneration of  pancreatic islets cells with the treatment, 
which is also supported by the histopathological findings 
of  pancreas. The histopathological studies of  the rat 
pancreas showed recovery of  the STZ-induced damage 
of  the insulin-secreting pancreatic beta cells, improvement 



Nipanikar, et al.: Evaluation of antidiabetic activity of AHPL/AYTAB/0513 tablet in streptozotocin‑induced diabetes in rats

30  International Journal of Pharmaceutical Investigation | Volume 7 | Issue 1| January-March 2017 

in necrosis (mild to moderate architecture), and fibrotic 
changes by AHPL/AYTAB/0513 tablet alone and in 
combination with standard drugs, i.e., glibenclamide and 
metformin.

When compared between the groups, highest insulin 
levels were observed in the group treated with 
glibenclamide + metformin + AHPL/AYTAB/0513 
tablet (222 mg/kg). Ingredients of  AHPL/AYTAB/0513 
tablet such as S. cumini,[6] G. sylvestre,[7] P. marsupium,[18] C. 
longa,[18] and M. charantia[18] either protect or help to regenerate 

pancreatic beta cells. Ingredients such as G. sylvestre[8,9] and 
P. marsupium[10,11,19] help in release of  insulin from pancreatic 
beta cells. The synergistic activities of  these ingredients have 
helped in regeneration of  pancreatic beta cells in rats and 
subsequent release of  insulin from beta cells.

Uncontrolled DM is a common cause of  weight loss 
wherein utilization of  fats for energy generation along 
with extracellular and cellular water loss due to osmotic 
diuresis and glycosuria lead to weight loss.[20] Findings of  
the study support this fact where reduction in mean body 
weight was observed in diabetic group. All the treatment 
groups prevented such weight loss in diabetic rats and 
effectively either preserved or increased the mean body 
weight in the rats.

It was observed that AHPL/AYTAB/0513 tablet 
alone or in combination with OHA(s) can correct 
dyslipidemia in diabetic rats. As an adjuvant to OHA(s), 
AHPL/AYTAB/0513 tablet is more effective in terms of  
correcting deranged lipid levels. Most of  the ingredients 
of  AHPL/AYTAB/0513 tablet possess antihyperlipidemic 
activity.[4,8] The ingredients of  AHPL/AYTAB/0513 tablet 
could have act synergistically to correct the deranged lipid 
levels in the rats.

Table 5: Effect of various formulations on serum creatinine in streptozotocin‑induced diabetic rats
Groups (n=5) Serum creatinine (mg/dl)

Group I: NC 0.479±0.056
Group II: DC 1.869±0.060##

Group III: Glibenclamide 0.468±0.033**
Group IV: Metformin 0.569±0.084**
Group V: AHPL/AYTAB/0513 tablet (111 mg/kg) 0.585±0.088*
Group VI: AHPL/AYTAB/0513 tablet (222 mg/kg) 0.460±0.089**
Group VII: AHPL/AYTAB/0513 tablet (444 mg/kg) 0.475±0.089
Group VIII: AHPL/AYTAB/0513 tablet (222 mg/kg) + glibenclamide 0.403±0.082**
Group IX: AHPL/AYTAB/0513 tablet (222 mg/kg) + metformin 0.465±0.111**
Group X: AHPL/AYTAB/0513 tablet (222 mg/kg)+ glibenclamide + metformin 0.400±0.087**

n=5, values are expressed as mean±SEM. ##P<0.01 when DC group compared with NC, *P<0.05, **P<0.01 all groups were compared with DC group 
except normal control group. Statistically analyzed by one‑way ANOVA followed by Dunnett’s test. SEM: Standard error of mean, NC: Normal control, 
DC: Diabetic control
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Diabetic nephropathy is one of  the commonly 
encountered microvascular complications in uncontrolled 
long-term diabetes leading to end-stage renal disease. 
Serum creatinine level is indicator of  renal damage. 
The results of  the study showed that all the treatment 
groups significantly reduced the serum creatinine level; 
however, the combination of  conventional OHA(s) 
with AHPL/AYTAB/0513 tablet (222 mg/kg) was 
more successful in maintaining normal serum creatinine 
level. This was also evident from the histopathological 
evaluation of  the kidney that AHPL/AYTAB/0513 
tablet in combination with OHA(s) was more effective 
in terms of  prevention of  hyalinization and maintaining 
structure of  glomeruli as compared to DC group. 
Ingredients of  AHPL/AYTAB/0513 tablet such as 
C. longa[16] and M. charantia[21] possess nephroprotective 
action. These herbs are being used effectively in the 
management of  diabetic nephropathy. In addition, most 
of  the ingredients of  AHPL/AYTAB/0513 tablet possess 
antioxidant activity.[4,8] Thus, these multiple activities of  
the ingredients could have helped in protecting the kidney 
from damage in STZ-induced diabetes in rats.

Histopathological examination of  the heart showed 
that  AHPL/AYTAB/0513 tablet  a lone and in 
combination with standard drugs, i.e., glibenclamide 
and metformin significantly prevented myonecrosis as 
is evident from significant reduction in the infiltration 

and inflammatory cells, vascular changes as compared 
to DC group.

From the results, it is evident that AHPL/AYTAB/0513 tablet 
helps to normalize BGL, improve insulin secretion, and response 
to conventional OHAs. In addition, AHPL/AYTAB/0513 
tablet helps to protect heart and kidney from damage due to 
diabetes. Thus, AHPL/AYTAB/0513 tablet is safe for effective 
management of  newly diagnosed mild to moderate cases of  
Type II DM and as an adjuvant to OHAs in established cases 
of  Type II DM. AHPL/AYTAB/0513 tablet also helps to 
delay complications of  diabetes.

CONCLUSION

It can be concluded that AHPL/AYTAB/0513 
tablet possesses a significant antidiabetic activity. 
AHPL/AYTAB/0513 tablet in combination with standard 
drugs, i.e., glibenclamide and metformin has shown 
enhanced antidiabetic effect. AHPL/AYTAB/0513 tablet 
in combination with standard drugs, i.e., glibenclamide and 
metformin showed better recovery of  beta pancreatic cells 
than AHPL/AYTAB/0513 tablet or standard drugs alone. 
No hypoglycemic episodes and any other adverse effects 
were observed in rats treated with AHPL/AYTAB/0513 
tablet alone or in combination with OHA(s) indicating 
the safety of  AHPL/AYTAB/0513 tablet alone and 
as an adjuvant to OHAs. AHPL/AYTAB/0513 tablet 
along with standard drug(s) showed promising results in 

Figure 1: Histopathological representation of pancreas in 
streptozotocin‑induced diabetes in rats treated with various formulations 
(H and E, ×40) (Reproduction size: at column width)

Figure 2:  Histopathological representat ion of kidney in 
streptozotocin‑induced diabetes in rats treated with various formulations 
(H and E, ×40) (Reproduction size: at column width)
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diabetic complications such as diabetic nephropathy and 
cardiovascular complications.

AHPL/AYTAB/0513 tablet alone and in combination 
with OHA(s) can be effectively used in the management 
of  DM. In addition, AHPL/AYTAB/0513 tablet alone 
and in combination with OHA(s) helps in prevention 
of  diabetic complications. As an adjuvant to OHA(s), 
AHPL/AYTAB/0513 tablet can be more effective.

Acknowledgment
Authors sincerely thank all trial sites staff  at Padm. 
Dr. D. Y. Patil Institute of  Pharmaceutical Sciences and 
Research, Pune - 411 018, for their contribution in conduct 
of  the present study. Authors are extremely grateful to 
Mr. Sanjeevan Kanjilal (Managing Director) and Dr. Anisha 
Kanjilal (Director) of  Ari Healthcare Pvt. Ltd., for providing 
all the research facilities, guidance, courage, and moral support.

Financial support and sponsorship
This study was supported by Mr. Sanjeevan Kanjilal (Managing 
Director) and Dr. Anisha Kanjilal (Director) - Ari 
Healthcare Pvt. Ltd., Pune, Maharashtra, India.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of  

diabetes: Estimates for the year 2000 and projections for 2030. Diabetes 
Care 2004;27:1047-53

2. Forbes JM, Cooper ME. Mechanisms of  diabetic complications. Physiol 
Rev 2013;93:137-88

3. Turner R. Intensive blood-glucose control with sulphonylureas 
or insulin compared with conventional treatment and risk of  
complications in patients with type 2 diabetes (UKPDS 33). Lancet 
1998;352:83753.

4. Wickenberg J, Ingemansson SL, Hlebowicz J. Effects of  Curcuma 
longa (turmeric) on postprandial plasma glucose and insulin in healthy 
subjects. Nutr J 2010;9:43.

5. Khan KH. Roles of  Emblica officinalis in medicine – A review. Bot 
Res Int 2009;2:218-28.

6. Gupta R, Saxena AM. Hypoglycemic and anti-hyperglycemic 
activities of  Syzygium cumini (Linn.) skeels whole fruit, in normal 
and streptozotocin-induced diabetic rats. Asian J Pharm Biol Res 
2011;1:267-72

7. Saravanan G, Leelavinothan P. Effects of  Syzygium cumini bark on 
blood glucose, plasma insulin and C-peptide in streptozotocin induced 
diabetic rats. Int J Endocrinol Metab 2006;4:96-105.

8. Leach MJ. Gymnema sylvestre for diabetes mellitus: A systematic 
review. J Altern Complement Med 2007;13:977-83.

9. Thakur GS, Sharma R, Sanodiya BS, Pandey M, Prasad GB, Bisen PS. 
Gymnema sylvestre: An alternative therapeutic agent for management 
of  diabetes. J Appl Pharm Sci 2012;2:1-6.

10. Ahmad F, Khalid P, Khan MM, Chaubey M, Rastogi AK, Kidwai 
JR. Hypoglycemic activity of  Pterocarpus marsupium wood. J 
Ethnopharmacol 1991;35:71-5.

11. Flexible dose open trial of  Vijayasar in cases of  newly-diagnosed 
non-insulin-dependent diabetes mellitus. Indian Council of  Medical 
Research (ICMR), Collaborating Centres, New Delhi. Indian J Med 
Res. 1998;108:24-9.

12. Leatherdale BA, Panesar RK, Singh G, Atkins TW, Bailey CJ, Bignell 
AH. Improvement in glucose tolerance due to Momordica charantia 
(karela). Br Med J (Clin Res Ed) 1981;282:1823-4.

13. Uebanso T, Arai H, Taketani Y, Fukaya M, Yamamoto H, Mizuno 
A, et al. Extracts of  Momordica charantia suppress postprandial 
hyperglycemia in rats. J Nutr Sci Vitaminol (Tokyo) 2007;53:482-8.

14. Kumar A, Illavarsan R, Jayachandran T, Deekaraman M, Aravindam 
P, Padmanabhan N. Anti-diabetic activity of  Syzygium cumini and its 
isolated compound against streptozotocin-induced diabetic rats. J Med 
Plants Res 2008;2:246-9.

15. Parasuraman S, Zhen KM, Raveendran R. Retro-orbital sample 
collection in rats – A video article. Pharmacol Toxicol Biomed Rep 
2015;1:37-40

16. Adeyi AO, Nneji LM, Idowu BA. Ameliorative potentials of  medicinal 
plants on the pathophysiological potentials of  diabetes mellitus: A 
review. J Med Plants Res 2015;9:262-88.

17. Srinivasan K, Ramarao P. Animal models in type 2 diabetes research: 
An overview. Indian J Med Res 2007;125:451-72.

18. Hosseini A, Shafiee-Nick R, Ghorbani A. Pancreatic beta cell 
protection/regeneration with phytotherapy. Braz J Pharm Sci 
2015;51:1-16. Available from: https://dx.doi.org/10.1590/S1984- 
82502015000100001. [Last accessed on 2017 Mar 04].

19. Vats V, Grover JK, Rathi SS. Evaluation of  anti-hyperglycemic and 
hypoglycemic effect of  Trigonella foenum-graecum Linn, Ocimum 
sanctum Linn and Pterocarpus marsupium Linn in normal and 
alloxanized diabetic rats. J Ethnopharmacol 2002;79:95-100.

20. Evans AT, Gupta R. Approach to the patient with weight loss. In: 
Basow DS, Waltham MA, editors. Up To Date., 2013. Available from: 
http\\www.uptodate.com. [Last accessed on 2017 Mar 04].

21. Grover JK, Vats V, Rathi SS, Dawar R. Traditional Indian anti-diabetic 
plants attenuate progression of  renal damage in streptozotocin induced 
diabetic mice. J Ethnopharmacol 2001;76:233-8.

Figure 3:  Histopathological  representat ion of  heart  in 
streptozotocin‑induced diabetes in rats treated with various formulations 
(H and E, ×40) (Reproduction size: at column width)


