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Abstract 

Backgrounds: Insulin resistance is a pathological condition associated with metabolic syndrome. In this 

condition, insulin action in liver, muscles, and adipocytes decreases which leads to hyperglycemia, 

hyperinsulinemia, and dyslipidemia. Thiazolidinediones (Pioglitazone) have been used to enhance insulin 

sensitivity but due to dyslipidemia associated with insulin resistance, adult treatment panel III (ATPIII) 

have suggested statin therapy for ameliorating dyslipidemia in metabolic syndrome.  

Method: In this study, 40 rats were randomly divided into 5 groups (8 rats per group). The first group was 

considered as the healthy control group and fed with regular chow. In other groups, insulin resistance was 

induced by feeding a high-fructose diet for 6 weeks. Then, the 2nd, 3rd and 4th groups respectively received 

Pioglitazone, Simvastatin and Simvastatin+Pioglitazone through gavage for 2 weeks and the 5th group 

(control group) did not receive any drug. At the end of the treatment period, serum samples were collected 

in fasting condition. The levels of glucose, triglycerides, insulin, and adiponectin were measured by 

ELISA method, and HOMA-IR was calculated. Animals were anesthetized to remove liver for measuring 

PPAR.γ expression. 

Results: Blood glucose in Pioglitazone group (129.1±5.8 mg/dl) and Simvastatin+Pioglitazone group 

(137.1±9.9 mg/dl), triglyceride in Simvastatin group (123.6±16.6 mg/dl) and Simvastatin+Pioglitazone 

group (101.5±7.5 mg/dl), insulin in Pioglitazone group (40.27±2.75 pmol/L), Simvastatin group 

(70.07±10.35 pmol/L), and Simvastatin+Pioglitazone group (47.62±2.80 pmol/L) and adiponectin in 

Pioglitazone group (5.90±0.29 μg/ml) and Simvastatin+Pioglitazone group (5.89±0.41 μg/ml) showed 

significant differences with the corresponding values in the control group [blood glucose (187.5±15.9 

mg/dl), triglyceride (217.6±18.5 mg/dl), adiponectin (3.86±0.14 μg/ml), insulin (137.65±34.22 pmol/L) 

and HOMA-IR (9.7±2.13)]. Pioglitazone significantly increased PPAR.γ expression, but Simvastatin 

suppressed the effect of Pioglitazone on PPAR.γ expression.  

Conclusion: The results show that Simvastatin has beneficial effects on insulin resistance in rats fed with 

high-fructose diet, but it has no synergistic or antagonistic effect with Pioglitazone.  
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Introduction 

Insulin resistance is characterized by abnormal 

and weak response to insulin. It is diagnosed 

through reduction of target tissues sensitivity to 

insulin, increase in glucose concentration and 

production of atherogenic lipids in the liver (1). 

Insulin resistance is associated with other 

metabolic disorders like type 2 diabetes, glucose 

intolerance, obesity, lipid metabolism disorders, 

atherosclerosis, and hypertension, which are 

collectively known as metabolic syndrome (2-4). 

Thiazolidinediones are a class of medications that 

are commonly used for increasing insulin 

sensitivity and function as agonists for peroxisome 

proliferator activated receptor γ (PPARγ). PPARs

  are hormone receptors in the cell nucleus that 

are bound to DNA and regulate the transcription of 

a wide range of genes. PPAR.γ is one of the most 

important factors in metabolic syndrome because it 

functions as an important transcription regulator 

for adipogenesis and lipogenesis and plays an 

important role in glucose homeostasis and insulin 

sensitivity (5, 6). The role of PPAR.γ in insulin 

sensitivity is confirmed by this finding that 

Thiazolidinediones (Rosiglitazone and 

Pioglitazone), a class of anti-diabetic drugs, have a 

high affinity for PPAR.γ (5). 

In insulin resistance, increased hepatic 

gluconeogenesis and glucose output, elevation of 

lipolysis in fat tissues and consequently, increased 

plasma fatty acids and production of VLDL occur 

which lead to metabolic dyslipidemia and 

hypertriglyceridemia (7). According to the adult 

treatment panel III (ATPIII), the treatments that 

reduce LDL cholesterol and triglycerides and 

increase HDL cholesterol should be considered in 

metabolic syndrome (7, 8). Statins are a class of 

medications that inhibit the production of 

endogenous cholesterol through inhibiting HMG-

CoA reductase, and reduce circulating LDL levels 

(7, 8). Considering the various and controversial 

roles reported on the effects of statins on insulin 

sensitivity, and also co-administration of this 

medicine with Thiazolidinediones in dyslipidemia 

associated with insulin resistance, the aim of this 

study was to evaluate the role of simvastatin when 

used in combination with pioglitazone on the effect 

of pioglitazone on insulin sensitivity and PPAR.γ 

expression. 

 

Materials and Methods 

Preparation of High-fructose Food 

In order to prepare high-fructose food 

(containing 60% fructose), according to Shih et al, 

fructose was mixed with casein (60:40 

respectively), multivitamins, minerals, and 

methionine. The mixture was changed to dough by 

adding distilled water. Then, this dough was 

formed as standard pellets and dried in the air (9). 

The food was kept in the refrigerator for use. 

 

Animals and treatment 

For this study, 40 male Wistar rats (250-300 g) 

were purchased from Afzalipour School of 
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Medicine. The rats were transferred into a separate 

room in animal house and randomly grouped in 4-

well shelves. To get used to the new environment, 

animals were kept in this room with standard 

condition (12 hrs. dark/ light cycle) at 20o C for 2 

weeks.  

After two weeks, animals were randomly 

divided into 5 groups (8 rats per group). As a 

healthy control group, the first group was fed with 

standard rat food. Other groups were fed with 

high-fructose diet for 6 weeks, and at the end of 6 

weeks, to ensure the development of insulin 

resistance, glucose tolerance test was performed on 

animals after a 12-hour fast. Results showed the 

presence of insulin resistance in all animals 

compared to the healthy control group (group I, 

results not showed). Then, treatment with drugs 

was started and continued for two weeks as 

follows:  

Group II: received Pioglitazone (10 mg/kg/day) 

(10).  

Group III: received Simvastatin (25 mg/kg/day) 

(11).  

Group IV: received Pioglitazone (10 

mg/kg/day) and Simvastatin (25 mg/kg/day).  

Group V:  received no medication (as a control 

group) 

Drugs (dissolved in 1 ml PBS for each rat) were 

administered through gavage.  

Animals were weighed weekly and in the last 

two weeks, their daily food and water intake were 

measured and recorded.  

All samples were collected in the morning, after 

a 12-hour fast. For sampling, rats were 

anesthetized with ether and blood samples were 

taken from their heart. The blood samples were 

kept on ice until serum was separated. Samples 

were immediately centrifuged at 3000 rpm for 10 

minutes at 4oC. Liver was removed to study 

PPAR.γ expression. Liver tissue was immediately 

frozen in liquid nitrogen. Serum samples and 

tissues were kept in the freezer at -75oC until the 

time of experimation. 

 

Measurement of Biochemical Factors 

Using enzymatic methods, glucose, 

triglycerides, cholesterol, and HDL-c were 

measured by a RA-1000 auto analyzer in Razi 

Clinical Laboratory (Kerman). 

 

Measurement of Insulin and Adiponectin, and 

Calculation of HOMA-IR:  

Insulin and adiponectin concentations were 

measured by ELISA (USCN Company) according 

to manufacturer’s protocol. HOMA-IR was 

calculated according to the following equation: 

[glucose (mmol/L) × insulin (μU / ml)/22.5]. 

 

Measurement of PPAR.γ Transcription 

The level of PPAR.γ transcription was 

determined by measuring the level of its mRNA in 

liver cells through Real Time PCR. For this 

purpose, using RNA extraction kit (Rneasy mimi 

kit, Qiagen), the total RNA was extracted 
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according to the kit protocol. The purity of 

extracted RNA was confirmed by calculating the 

260nm:280nm absorbance ratio. The quality of 

extracted RNA was evaluated after electrophoresis 

on agarose gel and observing the ribosomal RNA 

bands. 

 Using cDNA Synthesis Kit (Quanti Tect 

Reverse Transcription Kit, Qiagen), 

complementary DNAs (cDNA) were produced 

according to the kit protocol and used for PCR. 

Polymerase chain reaction (PCR) was performed 

using PCR kit (QuantiFast SYBR Green PCR kit, 

Qiagen). After drawing standard curve charts for 

target gene (PPAR.γ) and reference gene 

(GAPDH) as well as calculation and comparing 

the performance of PCR, the 2-ΔΔCT equation was 

used to compare gene expression in different 

groups. The sequences of primers used are shown 

in Table 1. 

 

Table 1. Sequences of primers used in Real Time PCR for PPAR.γ and GAPDH 

Accession Number 
Product Size 

(Base Pairs) 
Primer Sequences Gene 

  R: TGTCATATTTCTCGTGGTTCA  

Accession Number 
Product Size 

(Base Pairs) 
Primers Sequence Gene 

NM_001145367 131 
F: CATGCTTGTGAAGGATGCAAG 

R: TTCTGAAACCGACAGTACTGACAT 
PPAR.γ 

NM_017008 138 
F: TGGAGTCTACTGGCGTCTT 

R: TGTCATATTTCTCGTGGTTCA 
GAPDH 

 

Data Analysis 

 Data were analyzed using SPSS 18. Statistical 

analysis was performed using One-way ANOVA 

and Tukey’s post hoc Test. Results are reported as 

Mean ± SEM. P values <0.05 are considered 

significant. 

 

 

 

 

Results 

Body Weight changes  

Animals' initial weighs and their weight 

measured during the experiment at the beginning 

of each week showed no significant difference. In 

addition, mean of weight gain (final weight - initial 

weight) during eight weeks showed no significant 

difference between the groups. 
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Blood Glucose Levels 

 Blood glucose levels in the pioglitazone group 

(129.1 ± 5.8 mg/dl) and simvastatin+pioglitazone 

group (137.1 ± 9.9 mg/dl) compared to that of the 

control group (187.5 ± 15.9 mg/dl) showed a 

significant decrease. However, mean blood 

glucose of simvastatin group (166.6 ± 12.1 mg/dl) 

showed no significant difference in comparison to 

the control group. In addition, the level of blood 

glucose in pioglitazone and simvastatin groups 

showed no significant difference compared to 

simvastatin-pioglitazone group. In other words, co-

administration of simvastatin and pioglitazone had 

no synergistic or antagonistic effect with 

pioglitazone with regard to controls. The results are 

summarized in Table 2. 

 

Triglyceride and Cholesterol Levels 

Triglyceride levels in simvastatin group 

(123.6± 16.6 mg/dl) and simvastatin-pioglitazone 

group (101.5±7.5 mg/dl) showed a significant 

decrease compared to the control group 

(217.6±18.5 mg/dl). In addition, triglyceride levels 

in simvastatin and simvastatin+pioglitazone groups 

compared to the pioglitazone group (200.7 ± 21.6 

mg/dl) were significantly lower. However, total 

cholesterol and HDL-c levels showed no 

significant difference among groups. The results 

are summarized in Table 2. 

Insulin and Adiponectin Levels 

Fasting insulin levels in pioglitazone 

(40.27±2.75 pmol/L), simvastatin (70.07±10.35 

pmol/L) and simvastatin+pioglitazone (47.62±2.80 

pmol/L) groups were significantly different 

compared to the control group (137.65 ± 34.22 

pmol/L). Adiponectin level in pioglitazone 

(5.90±0.29 μg/ml) and simvastatin-pioglitazone 

(5.89±41 μg/ml) groups showed a significant 

increase compared to the control group 

(3.86±0.14μg/ml). Adiponectin level in simvastatin 

group (3.72 ± 55 μg/ml) showed no significant 

difference compared to the control and 

pioglitazone groups. The results are summarized in 

Table 2. 

 

HOMA-IR Values 

Comparison of mean HOMA-IR among the 

groups revealed that compared to the control 

group, pioglitazone (2.11 ± 0.13), simvastatin 

(4.76 ± 0.37), and simvastatin-pioglitazone (2.70 ± 

0.29) signigicantly decreased the level of HOMA-

IR (9.7 ± 2.13). The level of HOMA-IR in the 

control group (2.76±0.38) compared to the control 

group was significantly lower, which confirms the 

insulin resistance in this group. The results are 

summarized in Table 2. 
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Table 2. Changes in serum parameters and body weight in insulin-resistant rats after the treatment period 

 Studied Groups 

 Control Pioglitazone Simvastatin 
Simvastatin-

pioglitazone 
Initial Weight (g) 270±8 268±13 259±17 264±13 

P value 1 0.997 0.999 

Total Weight (g) 307±8 294±16 287±24 304±17 

P value 1 0.991 1 

Wight Gain (g) 37±8 26±12 28±19 40±14 

P value 0.678 0.998 0.740 

Blood Glucose (mg/dl) 187.5±15.9 129.1±5.8 166±12 137.1±9.9 

P value 0.002 0.86 0.012 

Triglyceride (mg/dl) 217.6±18.5 202±26 123.6±16.6 101.5±7.5 

P value 1 0.054 0.06 

Total Cholesterol (mg/dl) 59±3 63±4 54±3 61±5 

P value 1 0.996 1 

HDL (mg/dl) 28±2 29±1 26±1 27±2 

P value 1 0.937 0.989 

Insulin (pmol/L) 137.65±34.22 40.27±2.75 70.07±10.35 47.62±2.80 

P value <0.0001 <0.0001 <0.0001 

Adiponectin (µg/ml) 3.86±0.14 5.90±0.29 3.72±0.55 5.89±0.41 

P value 0.006 0.516 0.006 

HOMA-IR 9.7±2.13 2.11±0.13 4.76±0.37 2.70±0.29 

P value <0.0001 <0.0001 <0.0001 

The values have been reported as Mean ± SEM, and the reported values show difference in comparison to the control 

group (without any drug therapy) 

 

PPAR.γ Transcription  

As shown in Figure 1, the relative expression of 

PPAR.γ in the pioglitazone group compared to the 

control group showed a significant difference 

(p=0.027), but in the simvastatin group no 

significant difference was observed compared to 

the control group (p=0.793). It was also found that 

simvastatin inhibits the effect of pioglitazone on 

PPAR.γ expression; that is, co-administration of 

simvastatin and pioglitazone did not increase 

PPAR.γ expression (p=0.992). The expression 

level of PPAR.γ in all 4 groups is shown in Figure 

1. 
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Figure 1. changes in PPAR.γ expression induced by pioglitazone, simvastatin, and simvastatin+ pioglitazone in insulin-

resistant rats 

 

 

Discussion and Conclusion 

Insulin resistance is one of the main 

charactristics of type 2 diabetes that plays an 

important role in the pathogenesis of this disease 

(12). Thiazolidinedione’s are a class of 

medications that have been used to increase insulin 

sensitivity since 1997 (13). On the other hand, due 

to dyslipidemia which is common in insulin 

resistance and metabolic syndrome, statins are 

recommended by the ATPIII for improving 

dyslipidemia (8). Therefore, in this study the effect 

of administration of pioglitazone or simvastatin 

alone and in combination on insulin resistance 

factors was evaluated. 

Results showed that treatment with simvastatin, 

pioglitazone, and their combination for two weeks, 

did not have any significant effect on the body 

weight in insulin-resistant rats. Blood glucose level 

in pioglitazone (P=0.002) and pioglitazone-

simvastatin (P=0.012) groups was significantly 

decreased, however, this decrease was more 

significant in pioglitazone group compared to 

pioglitazone+simvastatin group. Insulin level was 

significantly decreased in pioglitazone, 

simvastatin, and pioglitazone+simvastatin groups 
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(P<0.0001). In addition, HOMA-IR as a marker of 

insulin resistance, showed a significant reduction 

in all 3 groups compared to the control group (P 

<0.0001). 

In a study performed on the effect of co-

administration of simvastatin and pioglitazone on 

inflammatory factors, it was reported that 

simvastatin has no effect on HOMA-IR (14). This 

difference with our results can be attributed to the 

difference in the design of two studies. Because the 

mentioned study was performed on non-diabetic 

patients at risk of atherosclerosis, but the present 

study was performed on the insulin resistant rats 

without clear dyslipidemia.  

Adiponectin is the most abundant plasma 

adipocytokine involved in regulating insulin 

sensitivity, inflammation, and lipid metabolism.  

Reducing this adipocytokine leads to increase in 

insulin resistance and risk of metabolic syndrome 

(3, 15). The results also show that adiponectin 

concentration was significantly increased by 

pioglitazone and pioglitazone+ simvastatin but 

simvastatin showed no effect on the level of 

adiponectin. In the study of Bulcao et al (2007), 

simvastatin did not show any effect on insulin 

sensitivity in patients with metabolic syndrome 

and it just improved their dyslipidemia. In addition, 

no relationship between lipid profile and HOMA-

IR has been reported in this study (16). 

Ding et al (2009) reported that statin therapy 

reduces insulin sensitivity and adiponectin 

secretion (17). In the study of Forst et al (2007) on 

non-diabetic patients with risk of atherosclerosis, it 

was revealed that simvastatin reduces adiponectin 

secretion (18). Consistent with the study of 

Schaalan et al (2012), the present study indicated 

that simvastatin has no significant effect on 

adiponectin level (4). 

In the study of Wang et al (2013) on 

Streptozotocin-induced diabetic rats, it was 

revealed that simvastatin increases the 

hyperglycemia (19), this is in contrast with the 

results of the present study. This inconsistency can 

be due to the dysfunction of beta cells in animals 

affected by streptozotocin while in the present 

study, the animals have were made insulin resistant 

only by high-fructose diet.  

Paolisso et al (2000), in their study on patients 

with type 2 diabetes, reported that simvastatin and 

atorvastatin reduce HOMA and also improve 

dyslipidemia in these patients (20), this is in 

agreement with the results of the present study. 

Lalli et al (2008) also reported that statins increase 

insulin sensitivity in insulin-resistant animals 

treated with lovastatin. They suggest elevation of 

tyrosine phosphorylation of IRS as the probable 

mechanism (21). 

In the study of Shen et al, it was reported that 

simvastatin increases the PPAR.γ activity and 

inhibits NFкB (22). Since PPAR.γ has a role in 

insulin sensitivity (23), increase in the activity of 

this receptor can be considered as one of the main 

mechanisms through which simvastatin improves 

insulin resistance. 
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Forst et al, in their study on the effect of co-

administration of pioglitazone and simvastatin in 

non-diabetic patients at risk of cardiovascular 

disease, showed that pioglitazone and pioglitazone 

in combination with simvastatin increase 

adiponectin secretion and decrease HOMA-IR, but 

simvastatin alone has no effect on HOMA and 

reduces adiponectin secretion (18). This is in 

contrast with the results of the present study. It has 

been also reported in Forst et al study that co-

administration of these drugs improves lipid status 

(18). In Leonhardt et al study, a synergistic effect 

of simvastatin and pioglitazone on the reduction of 

small- dense LDLs (Low-density lipoprotein) has 

been confirmed (24). 

Schaalan et al in their study on the effect of co-

administration of simvastatin and pioglitazone in 

insulin-resistant rats reported that simvastatin can 

enhance the effect of pioglitazone on elevation of 

insulin sensitivity and adiponectin secretion; even 

though, it has no effect on blood glucose level (4).  

The present study showed that simvastatin 

inhibits the effects of pioglitazone on the induction 

of PPAR.γ expression, although it has no effect on 

pioglitazone role in increasing insulin sensitivity. 

Thiazolidinediones (Rosiglitazone, Pioglitazone, 

and Troglitazone) as PPAR.γ agonists activate 

these receptors, however according to several 

studies, these medications increase the expression 

of PPAR.γ as well. Rosiglitazone increases 

PPAR.γ expression in the liver of insulin-resistant 

rats (10) and skeletal muscle cell line (L6) (25). 

Pioglitazone also increases PPAR.γ expression 

in the liver of rats fed with high-fructose diet (26) 

which is consistent with the results of the present 

study. Through activating PPAR.γ expression, 

pioglitazone increases the secretion of adiponectin 

and consequently reduces insulin resistance (18). It 

is worth mentioning that pioglitazone, through a 

PPAR.γ- independent mechanism improves 

TNF.α- induced insulin resistance by increasing 

phosphorylation of tyrosine roots in IRS-1 (27). In 

the inflammatory conditions that SOCS.3 

expression increases, pioglitazone reduces the 

expression of this protein to its basal level (26). 

Given that the increased mRNA expression??? of a 

gene does not necessarily lead to an increase in the 

relevant protein (28), simvastatin, despite 

pioglitazone-induced mRNA increase, had no 

effect on insulin sensitivity.  It is likely that there is 

no increase in the PPAR.γ expression. However, 

further studies are needed to confirm this claim. 

Considering the results and as it was expected, 

it can be concluded that pioglitazone increases the 

insulin sensitivity in insulin-resistant rats but has 

no effect on body weight or triglyceride levels. 

According to the ATPIII, simvastatin monotherapy 

is recommended in insulin-resistant animals to 

improve the lipid profile in metabolic syndrome. 

Although simvastatin has no significant effect on 

the level of blood glucose, it increases insulin 

sensitivity. However, co-administration of 

simvastatin and pioglitazone compared to 

pioglitazone alone, besides increasing insulin 
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sensitivity, reduces triglyceride and consequently 

improves lipid profile. No significant synergistic or 

antagonistic effect was observed in their co-

administration. Therefore, in contrast with some 

studies suggesting a negative role for statins in 

insulin resistance, the results of the present study 

show that co-administration of simvastatin and 

pioglitazone does not reduce the effect of 

pioglitazone on developing insulin sensitivity. 
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