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ABSTRACT 

Objective: To evaluate and compare the effects of telmisartan and pioglitazone on peripheral insulin resistance in 
diabetic mice. 
Study Design: Randomized control trail. 
Place and Duration of Study: National Institute of Health, Islamabad and pharmacology dept, Army Medical 
College, from 17th March to 17th June 2014. 
Material and Methods: Twenty four BALB/c mice, both male and female, of 35 to 40 grams were used for this 
study. Animals were randomly divided into four groups. Two were taken as control groups, one was normal 
control and the other was diabetic control. Two were taken as interventional groups and received either 
pioglitazone or telmisartanfor four weeks after induction of diabetes. 
Results: After treatment, pioglitazone reduced all the biochemical parameters significantly when compared with 
diabetic control. Negative correlation between glucose and insulin was changed into positive correlation (r-value, 
0.92) with significant p-value (0.015) in pioglitazone treated group, while telmisartan only managed to convert a 
negative correlation between insulin and glucose into statistically non-significant positive. 
Conclusion: Telmisartan although reduces glucose levels and improves beta cell mass but the effect is statistically 
non-significant as compared to pioglitazone. In hypertensive type 2 diabetics a combination of these two drugs 
may help in reducing the dose of pioglitazone and consequently the cardiovascular adverse effects of 
pioglitazone. 

Keywords: Diabetes mellitus, Peroxisome proliferator activated receptor gamma (PPAR gamma), Pioglitazone, 
Telmisartan, Renin angiotensin system (RAS). 

 

INTRODUCTION 

Globally over the past two decades, type 2 
diabetes has become more prevalent than before. 
Sedentary life style and obesity could be one of 
the attributing factors as obesity has a strong link 
to endanger insulin resistance. Raised peripheral 
insulin resistance along with insulin deficiency 
can lead to diabetes1. Insulin resistance also has 
strong impact on other chronic ailments 
including hypertension, hyperlipidaemia, and 
atherosclerosis. Data reveals that 70% of diabetics 
develop hypertension during the course of 
disease and hypertension is twice more common 
in diabetics as compared to non-diabetics vice 

versa. Recently it has been suggested that renin 
angiotensin system (RAS) is implicated in the 
development of type 2 diabetes and interruption 
of RAS may improve the glycaemic control in 
type 2 diabetics2. This reduction in insulin 
resistance with better long term course of the 
disease is through complex mechanisms. These 
mechanism include both haemodynamic and 
non-haemodynamic elements. Telmisartan, an 
angiotensin type 1 (ATI) receptor blocker, 
reportedly has beneficial effects on glycemic 
control more than other ATI receptor blockers 
and this unique feature of telmisartan can be due 
to its peroxisome proliferator activated receptors 
(PPARγ) agonistic activity3. 

PPAR are group of nuclear hormone 
receptors with ligand binding transcription 
factors. They play an essential role in the 
metabolism of fats and lipids on activation. They 
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also determine sensitivity of insulin in peripheral 
tissues especially those which are being involved 
in the glucose homeostasis like adipose tissue and 
skeletal muscles4. 

Thiazolidinedione are PPARγ agonists  and 
by their action  they improve glycaemic control in 
type 2 Diabetes mellitus (DM). Pioglitazone is 
one of the thiazolidinedione  and it reduces 
insulin resistance by acting on peripheral tissues 
including liver, skeletal muscles and adipose 
tissues and increase uptake of glucose through 
activation of  PPARγ5. Though thiazolidinediones 
provide good glycaemic control in type 2 
diabetics, there is association of cardiovascular 
complications along with their administration 
due to fluid retention and adipogenesis6. This 
study was designed to evaluate the properties of 
telmisartan as partial PPARγ agonist, its effect on 
insulin resistance and to compare its anti-diabetic 
effect with pioglitazone. 

MATERIAL AND METHODS 

It was a randomized control trail. The study 
was performed using facilities of animal house of 
National Institute of Health, Islamabad. 
Biochemical parameters were estimated in the 
department of chemical pathology, Army 

Medical College Rawalpindi. Conventional 
guidelines for animal experimentation (NIH 
Publication No. 85-23, revised 1996) were 
followed for all procedures. 

Ethics committee of centre for research in 
experimental and applied medicine (CREAM) 
Army Medical College, Rawalpindi gave 
approval for this study. Total duration of this 
study was of twelve weeks after initial 
acclimatization of one week. Streptozocin used in 
this study was purchased from Sigma Chemicals 
USA. Telmisartan and pioglitazone were gifted 
generously from werrick pharmaceuticals 
Pakistan. Standard laboratory conditions were 
maintained in animal house of National Institute 
of Health, Islamabad. 

Twenty four BALB/c mice, both male and 
female, of 35 to 40 grams were used for this 
study. Animals were selected through 
nonprobability convenience sampling and then 
divided by lottery method  into four groups. A 
model resembling type 2 diabetes in humans 
with a combination of insulin resistance and 
insulin deficiency was developed with 
administration of high fat diet consisted of 58% 
fat, 25% protein and 17% carbohydrate, as a 
percentage of total kcal7 for two weeks prior to 
streptozocin injection. They were weighed 
initially and also after two weeks of high fat diet 
and non-significant rise in weight was 

observed.After initial 2 weeks of dietary 
manipulation, all mice except for group-1 
(normal control), received five injections of low 
dose of STZ (35 mg/ kg) intra-peritoneally, on 

Table-I: Baseline and pretreatment biochemical parameters of all groups. 
Para-
meters 

Normal control(GroupI) 
(Mean ±SD) 

Diabetic control (Group 
II)(Mean ±SD) 

Diabetic with 
Pioglitazne(Group III)(Mean 

±SD) 

Diabetic with Telmisartan 
(Group IV)(Mean ±SD) 

 Baseli
ne 

Pre.T p-value Baselin
e 

Pre.T p-value Baseline Pre.T p-value Baselin
e 

Pre.T p-value 

Glucose 
(mg/dl
)  

114.83 
± 

6.67 

108.33 
± 
9 

0.23 
116.33 

± 
8.4 

298.33 
± 

25.12 
˂ 0.001 

114.67 
± 

6.24 

299 
± 

21.31 
˂ 0.001 

115.83 
± 

6.8 

293.33 
± 

23.18 
˂ 0.001 

Insulin 
(µIU/ 
ml)  

0.16 
± 

0.02 

0.15 
± 

0.02 
0.73 

0.16 
± 

0.04 

0.17 
± 

0.03 
0.697 

0.16 
± 

0.04 

0.17 
± 

0.03 
0.55 

0.14 
± 

0.02 

0.17 
± 

0.03 
0.07 

Homa 
IR 

0.04 
± 

0.005 

0.04 
± 

0.008 
0.6 

0.05 
± 

0.02 

0.12 
± 

0.014 
0.001 

0.04 
± 

0.015 

0.12 
± 

0.02 
˂ 0.001 

0.04 
± 

0.009 

0.12 
± 

0.013 
˂ 0.001 

Homa β 
(%)  

108.04 
± 

6.07 

122.26 
± 

12.33 
0.08 

105.03 
± 

11.15 

26.18 
± 

7.9 
˂ 0.001 

109.3 
± 

15.7 

25.98 
± 

7.9 
˂ 0.001 

94.08 
± 

6.47 

26.51 
± 

5.6 
˂ 0.001 

 p-value is significant ˂0.05*,p value is highly significant ˂0.01** and calculated with baseline  levels. All value are expressed as means ± SD 
(Standard deviation) 

 Pre treatment = Pre.T 
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five consecutive days8. Fasting glucose levels 
started rising after one week of fifth streptozocin 
injection and mice  with fasting blood glucose 
levels more than 250 mg/dl were considered as 
diabetic9. Once they were declared diabetic, they 
were separated and divided into three groups 
with six mice in each group. From this point on, 
all groups   received normal pallet diet and water 
ad libitum for the rest of study. One group of 

these diabetic mice, group II was taken as 
diabetic control and did not receive any drug for 
the rest of the study. Group III received 
pioglitazone (15.4 mg/kg)10 for four weeks 
through oral gavage after suspending it in 
vegetable oil. Group IV received telmisartan (8 
mg/kg)11 suspended in vegetable oil once daily 
through oral gavage for four weeks. This dose 
was selected for telmisartan because previous 
studies showed that at this dose glucose 
utilization in response to insulin was improved 
and also insulin secretion was decreased which 
indicated better sensitization to the insulin in 
peripheral tissues11. Both control groups also 
received the vehicle. Baseline blood samples were 
collected initially after one week of 
acclimatization of animals through tail vein in 
un-anaesthetized state. After diabetic model was 
prepared, blood sample was again collected for 
all parameters. Terminal cardiac sampling was 
done after four weeks of drug intervention. 

For estimation of fasting blood glucose 
levels, samples were collected after a fast of six 
hours. Fasting blood glucose levels were 
estimated by GOD-PAP enzymatic method using 
auto analyser. 

For analysis of fasting insulin levels, samples 
were collected at six hours fast and stored at - 

80°C. Plasma insulin levels were measured by 
ELISA method using Rat Insulin Elisa Kit12. 

The homeostasis model assessment of 
insulin resistance (HOMA-IR) was calculated 
using fasting glucose and insulin concentration 
using the formula; Fasting blood glucose (mg/dl) 

× fasting insulin (µIU/ml) /40513.  

Percentage of functional beta cell mass 
(HOMA-β)14 was  measured by using equation: 
360×Insulin / Glucose −63.  

The results of the serum analysis were 
expressed as mean±standard error of mean 
(SEM). Arithmetic means and S.E.M were 
calculated using SPSS version 22. Level of 
significance between baseline, pretreatment and 
post treatment levels was determined by 
applying paired sample “t” test and for multiple 
comparisons between groups, one way ANOVA 
followed by Post hoc Tukey Test was applied. 
Pearson correlation was also determined between 
fasting glucose and insulin levels. A pvalue <0.05 
was taken as significant. 

RESULTS 

 When we compared twenty four mice at 
baseline, there was non-significant difference 
among the groups regarding all parameters and 
the correlation between glucose and insulin was 
positive and significant (r value 0.851, p value 
0.032). After diabetic model was developed, we 
compared the baseline parameters of each group 
with its pretreatment levels, it was found that 

Table-II: Post treatment biochemical parameters of all groups. 
Parameters  Normal Control 

(group I) ± S.E.M 
Diabetic Control 

(group II) ± S.E.M 
Diabetic with 
pioglitazone  

(groupIII) ± S.E.M 

Diabetic with 
telmisartan  

(group IV) ± S.E.M 

Glucose (mg/dl)  108.33±1.84 (1) 301.33±8.39(0.36) 182.67±5.54(˂ 0.001**) 289.17±5.26(0.74) 

Insulin (µIU/ ml)  0.15±0.005 (0.9) 0.16±0.007(0.4) 0.14±0.006(0.04*) 0.15±0.012(0.18) 

Homa IR 0.04±0.002 (1) 0.12±0.003(0.4) 0.06±0.005(˂ 0.001**) 0.11±0.012(0.2) 

Homa β (%)  122.01±1.64 (0.97) 24.24±1.94(0.36) 41.68±0.83(0.006**) 24.15±1.08(0.3) 

p-value is significant ˂ 0.05*, p-value is highly significant ˂0.01** and calculated with pretreatment levels. All value are 
expressed as means ± S.E.M. 
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there was non-significant difference in group I 
while highly significant difference in other three 
groups as shown in table-I. Similarly there was 
highly significant difference between the three 
diabetic groups and group I (normal control) 
regarding all parameters (p value <0.001), except 
for insulin levels which showed non-significant 
difference with group I (normal control) and that 
could be explained with the relative deficiency of 
insulin due to destruction of pancreatic β cells 
induced by streptozotocin. At this stage, 

correlation between glucose and insulin became 
negative with significant p value in all diabetic 
groups (r value -0.905, p value 0.013). After 
administering   pioglitazone and telmisartan to 
group III and IV (diabetic groups) for four weeks 
respectively, the parameters were compared 
among both pre and post treatment groups. It 
was found that with the treatment of 
pioglitazone, all parameters had changed 
significantly with p values ˂ 0.001 for fasting 
glucose and Homa IR while 0.006 and 0.04 for 
homa b and insulin respectively as shown in 

table-II and fig-1. Correlation between glucose 
and insulin in this group changed from strong 
negative to strong positive (r value 0.92, p value 
0.02). Telmisartan though reduced glucose and 
insulin resistance and increased pancreatic β cell 
mass but statistically it was not significant. 
Correlational analysis in this group revealed a 
change from strong negative to non-significantly 
positive correlation (r value 0.43, p-value 0.16) as 
shown in fig-2. In this fig-2 the upward fit line 
showed that the values of insulin and glucose 

had become directly proportional to each other 
after administering telmisartan for four weeks 
which meant that with unit rise in glucose, there 
was proportional rise in secretion of insulin with 
positive r value.In diabetic control group and in 
the telmisrtan treated group, prior to 
intervention, r value was significantly negative 
and the conversion to positive r value supports 
the anti-diabetic properties of telmisartan. 

Multiple comparisons between groups after 
intervention with pioglitazone and telmisartan, 

 
Figure-1: Comparison of Homa IR levels in all groups. 
Homa IR 1=baseline levels, Homa IR 2=pre-treatment levels in all diabetic groups, Homa IR 3=post treatment levels. NC=Normal 
control, DC=Diabetic control, DWP=Diabetic with pioglitazone, DWT=Diabetic with telmisartan,(p-value is significant ˂0.05*, p-value is 
highly significant ˂0.01**). 

 
Figure-2: Scatter diagrams for Pearson correlation between glucose and insulin levels in 
Telmisartan treated group (Group IV). 
R2 Linear describes the % variability in insulin values with unit change of glucose levels. 
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showed that there was highly significant 
difference with regard to plasma glucose levels, 
insulin resistance and percentage of functional 
pancreatic β cell mass with p values less than 
0.001 while non-significant difference between 
group II and group IV (p value 0.458, p value 
0.633, pvalue 1) which showed weak anti diabetic 
properties of telmisartan. 

DISCUSSION 

Hyperinsulinemia and hypertension are the 
two components of cardio metabolic syndrome 
that integrate closely and have a frequent co-
occurrence in genetically predisposed 
individuals. Insulin resistant states can 
predispose to hypertension through effects of 
insulin on tissues and vasculature, and also 
through its actions on sympathetic nervous 
system15. It has emerged as a consensus over the 
past few years that overstimulation of RAS is 
linked to the development of diabetes. Besides 
RAS also plays a central role in the pathogenesis 
of essential hypertension. Angiotensin receptor 
blockers (ARBs) are considered as an important 
class of antihypertensive drugs. In this study we 
evaluated the anti-diabetic properties of 
telmisartan and compared it with pre-treatment 
levels and also with pioglitazone which is a 
known insulin sensitizer.  

Telmisartan was selected because of its 
partial PPARγ agonist properties and was 
considered superior amongst ARBs to improve 
peripheral insulin resistance16 as shown in the 
study done by Li L and his collegues. Telmisartan 
can improve glucose intolerance even through 
mechanisms independent of its PPAR γ agonistic 
properties as show by the work done by Shiota 
and his collegues17. After treatment, it was 
revealed that pioglitazone can effectively reduce 
blood glucose levels and reduce insulin resistance 
in peripheral tissues significantly and it was 
consistent with the work done by Rosenblatt and 
his fellows18. There was significant difference 
between its pretreatment levels and also with the 
control diabetic group. Also it had changed the 
correlation between glucose and insulin from 

negative to positive significantly which means 
that the relative deficiency of insulin with 
increased levels of glucose had been compared 
with its administration. Telmisartan reduced 
fasting plasma glucose levels and reduced 
peripheral resistance as shown by Chu and his 
colleagues19, but it was insignificant when 
compared with control diabetic and pioglitazone 
treated groups. However the ability of 
telmisartan to change negative correlation 
between glucose and insulin into a positive 
correlation reflected positively on its ability as an 
anti-diabetic agent.   

CONCLUSION 

Telmisartan although reduces glucose levels 
and improves beta cell mass but the effect is 
statistically non-significant as compared to 
pioglitazone.In hypertensive Type 2 diabetics a 
combination of these two drugs may help in 
reducing the dose of pioglitazone and 
consequently the cardiovascular adverse effects 
of pioglitazone.  
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