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Objective(s): Pioglitazone (Actos) is one of the most controversial recent oral antidiabetic drugs. It 
was originally authorized in the European Union in 2000, and approved as an oral monotherapy 
for overweight second type of diabetic patients in 2002. It belongs to the thiazolidinedione group 
which some of its members have been withdrawn from the market due to the hepatotoxicity or 
cardiotoxicity effects. This study investigates sub-chronic use of pioglitazone induced toxicity in 
mice by the assessment of renal and liver function tests, cardiac enzymes, and some hematological 
indices with histological changes of liver, kidney, heart, and bladder.  
Materials and Methods: 120 albino mice were divided into four groups; 30 in each. The first group 
(control) received water, second (diabetic) group received alloxan only, while the third and the 
fourth groups received alloxan with 200 and 400 mg/kg/day of pioglitazone, respectively for 90 
days.  
Results: Prolonged use of pioglitazone induced significant abnormalities of hepatic, renal, and 
cardiac biomarkers and some hematological indices associated with histopathological changes in 
the liver, kidney, heart, and bladder that increased based on administered dose.  
Conclusion: Subchronic use of pioglitazone leads to hepatic, renal, cardiac, hematological, and 
bladder affection depending on the applied dose. 
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Introduction 
Pioglitazone (Actos) is one of the most recent oral 

antidiabetic drugs for treating the second type of 
diabetes mellitus as a common chronic and lifelong 
disease which affects the ability of the body to use 
the energy found in the food. Diabetes represents a 
major clinical and public health problem in the 
world, an estimated 1.5 million deaths were directly 
caused by diabetes in 2012, according to World 
Health Organization (1). It is classified into type 1, 
type 2, and the gestational type; diabetes type 2 is 
the most common form and represents 95% of 
diabetes cases in the adults (2).  

Pioglitazone was originally authorized in the 
European Union in 2000 at doses of 15 or 30 mg 
once daily, but it was approved as an oral 
monotherapy for overweight diabetic patients and 
uncontrolled cases by dit and exercise in 2002 (3). It 
is also considered a thiazolidinedione compound and 
peroxisome proliferator activating receptor agonist. 
Its activity depends on the presence of insulin, 

however, it does not stimulate insulin secretion nor 
inhibit glucose absorption (4), moreover, it improves 
dyslipidemia, hypertension, and insulin sensitivity in 
the diabetic patients by improving the sensitivity of 
hepatic and peripheral (muscle) tissue to insulin (5). 
It is highly bound to plasma proteins and 
metabolized in the liver inducing six metabolites 
which have pharmacological activity (hypoglycemic 
activity) (6). It has a slow clearance from the blood, 
despite the small volume of distribution with 
negligible renal elimination (7). 

Pioglitazone has additional multiple benefits, as 
an antiparkinsonian, antibacterial, hypolipidemic 
agent, and influences on the learning, memory, and 
oxidative stress in addition to glucose lowering 
effect. It also improves cardiovascular parameters 
such as lipids, blood pressure, endothelial function, 
inflammatory biomarkers, and fibrinolytic status (8). 
In spite of its beneficial effects, there are emerging 
harmful issues regarding effects on congestive heart 
failure and bladder cancer (9). 
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There are many previous supportive studies                  
about pioglitazone safety, but they do not provide 
a conclusive evidence for the safety. Some studies 
indicated to an idiosyncratic hepatic reaction, liver 
failure, and death due to the use of pioglitazone, while 
the others referred to liver failure without associated 
deaths (10). Until now, no long term studies are 
available about toxicity of pioglitazone repeated 
administration, whereas, its clinical use is currently 
under scrutiny because of the safety issues. Although 
most of the insulin-resistant patients might be the best 
candidates for treatment with pioglitazone as an 
important therapeutic option for type 2 diabetes 
mellitus, there is a need for further studies about its 
safety (11, 12). Therefore, the current study aims to 
evaluate the toxicity of pioglitazone subchronic use in 
mice by the assessment of liver and renal function   
tests, cardiac enzymes, hematological indices, and 
histopathological changes of liver, kidney, bladder, and 
heart. 

 

Materials and Methods 
120 albino mice, 6-8 weeks of age, weighing 25-

35 g were obtained from the animal house of king 
Abdulaziz University-Jeddah. Mice were exposed to 
12 hr day and night cycles, and were fed with water 
and the standard rat pellet during the experimental 
period. They were divided into four groups; each 
group consists of 30 mice. The first group (negative 
control) received distilled water (0.5 ml), while                
the second group (positive control, diabetics) 
received an intraperitoneal single dose of alloxan 
(100 mg/kg) (13). The third group received an 
intraperitoneal single dose of alloxan (100 mg/kg) 
with oral dose of 10% pioglitazone LD50 (200 
mg/kg/day), while the fourth group received an 
intraperitoneal single dose of alloxan (100 mg/kg) 
with oral dose of 20% of pioglitazone LD50                    
(400 mg/kg/day). LD50 of pioglitazone was 
calculated practically as a 2000 mg/kg/day given 
orally before the beginning of this study, in 
consistent with the calculated LD50 of pioglitazone 
reported by in 2012 (14). Administration of 
pioglitazone and distilled water was done by gastric 
gavage for 90 days. Pioglitazone was available in 30 
mg tablet, manufactured by Hi Pharm for 
Manufacturing Pharmaceuticals and chemicals, Al 
Obour City-Cairo, Egypt. Alloxan was available in a 
monohydrate powder that was produced by 
Research-Lab Fine Chem., Industries, Mumbai 400 
002 India. 

Diabetes was induced by a single intraperitoneal 
injection of alloxan in overnight fasted mice. Mice 
had free access to 5% glucose solution to overcome 
the initial hypoglycemia after alloxan administration, 
and the blood glucose level was measured after 72 
hr. Blood samples were collected from the tail to 
confirm diabetes using a glucometer (ACCU- Chek 

Active- Ref. 05144469); if the blood glucose level 
was 200 mg/dl or more, mice were considered 
diabetics (15). 
 
Blood sample collection  

On the last day of the experiment, mice were 
anesthetized by diethyl ether, blood samples were 
collected from the orbital sinus using heparinized 
capillary tubes and transferred into EDTA tubes for 
blood cells and platelet counts, and hematocrit and 
hemoglobin values measurement. Samples were 
centrifuged at 3000 rounds, 4 °C for 10 min to separate 
the serum. Alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase (ALP), 
and the renal function tests (urea and creatinine) were 
determined by routine colorimetric methods using the 
commercial kits and quantified on clinical biochemistry 
autoanalyzer (16). Prothrombin time test was done 
with a coagulometer (Sysmex® CA-1500-Siemens- 
Healthcare Diagnostics) (17). Cardiac enzymes (cTnI 
and CK-MB mass) were measured using an Elecsys 
analyser by the troponin I STAT third generation and 
CK-MB STAT methods (Roche Diag-nostics, Tutzing, 
Germany). These assays were based on electrochemi-
luminescence immunoassay technology (ECLIA) using 
two mouse monoclonal antibodies in a sandwich 
format, two step assay. They were done on Elecsys 
1010 and 2010 immunoassay analyzers according to 
the manufacturer’s instructions (Roche Diagnostics, 
Tutzing, Germany). Myoglobin concentration was 
determined using the respective Stratus fluorometric 
enzymeimmunoassay (Dade Behring, Newark, 
Delaware, USA) (18). 
 
Histopathological studies  

After 24 hr from the last administration of 
pioglitazone, mice were sacrificed under an excess 
anesthesia. An incision was performed in the chest 
and abdomen for heart, liver, kidney, and the bladder 
excision. Cardiac, hepatic, renal, and bladder tissue 
specimens were collected from the four groups and 
fixed in 10% neutral buffered formalin, then the 
fixed specimens were trimmed, washed, and 
dehydrated in ascending grades of alcohol, cleared in 
the xylene, embedded in paraffin, sectioned at 4-6 
μm thickness, and stained with haematoxylin and 
eosin for examination by light microscope (19).     
 
Statistical analysis   

Statistical analysis was performed using SPSS 
version 17. Variability of the results was expressed as 
mean+SD. Results were analyzed using one-way 
ANOVA with post hoc multiple comparisons test 
(Tukey) to investigate the difference between the 
biomarker levels among the groups. P-value of 0.05 was 
considered statistically significant. 
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Table 1. The effect of low and high doses of pioglitazone on hepatic biomarkers in mice. 
 
 

 

 
 
 
 
 
 
 

 

Number per group: 30; SD: standard deviation; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline 
phosphatase; First group (control) received distilled water; Second diabetic group received alloxan only; Third group received alloxan and 200                
mg/kg/day of pioglitazone; Fourth group received alloxan and 400 mg/kg/day of pioglitazone 
* P<0.001 (significant difference in comparison with the second group); ** P <0.001 (significant difference in comparison with the third group) 
 
 

 
 

Ethical considerations  
Mice were chosen as the most appropriate animal 

species for this research. High standards of the care and 
animal well-being at all times were regarded. The 
sample size was calculated using the fewest number of 
animals to obtain statistically valid results. Painful 
procedures were performed under anesthesia to avoid 
any distress and pain. Our standards of the animal care 
and administration met those required by an applicable 
international laws and regulations. 
 

Results 
Biochemical findings  
Hepatic biochemical markers    

Table 1 shows mean+SD values of hepatic 
biochemical markers in the control group (distilled 
water), the second diabetic group (alloxan only), the 
third group (alloxan and 200 mg/kg/day of 
pioglitazone), and the fourth group (alloxan and 400 
mg/kg/day of pioglitazone). Mean+SD values of AST, 
ALT, and ALP in the third group were increased 
significantly in comparison with the second group; 
however, mean+SD values of AST, ALT, and ALP in the 
fourth group were increased significantly in 
comparison with the third group.  
 
Renal biochemical markers  

Table 2 shows mean±SD values of the renal function  

tests in all the experimental groups. Mean±SD values of 
urea and creatinine in the third group were increased 
significantly in comparison with the second group. 
However, mean+SD values of urea and creatinine in the 
fourth group were increased significantly in 
comparison with the third group.  

 
Cardiac enzymes assay 

Table 3 shows mean+SD values of cardiac enzymes 
in all the experimental groups. Mean+SD values of 
troponin I, CK-MB, and myoglobin in the third group 
were increased significantly in comparison with the 
second group, however, they were also increased 
significantly in the fourth group compared to the third 
group.  

 
Hematological findings  

Table 4 shows mean+SD values of hematological 
indices in all experimental groups. Mean+SD values of 
hemoglobin, haematocrit, white blood cells, red blood 
cells, and platelets count in the third group were 
increased significantly in comparison with the second 
group. Although they were elevated significantly in the 
fourth group in comparison with the third group, 
mean±SD value of prothrombin time in the fourth 
group was decreased significantly in comparison with 
the third group.  

 
 

 
 

Table 2. The effect of low and high doses of pioglitazone on renal biomarkers in mice 
 

 

 
 

Number per group: 30; SD: standard deviation; First group (control) received distilled water; Second diabetic group received alloxan only;  
Third group received alloxan and 200 mg/kg/day of pioglitazone; Fourth group received alloxan and 400 mg/kg/day of pioglitazone;                
* P<0.001 (significant difference in comparison with the second diabetic group) 
** P<0.001 (significant difference in comparison with the third group) 
 

Table 3. The effect of low and high doses of pioglitazone on cardiac enzymes in mice  
 
 

 
 

Number per group: 30; SD: standard deviation CK-MB: Creatine kinase-MB; First group (control) received distilled water; Second diabetic 
group received alloxan only; Third group received alloxan and 200 mg/kg/day of pioglitazone; Fourth group received alloxan and 400 
mg/kg/day of pioglitazone 
* P<0.001 (significant difference in comparison with the second diabetic group) 
** P<0.001 (significant difference in comparison with the third group) 

        Group 
Parameter 

First 
M±SD 

Second 
M±SD 

Third 
M±SD 

Fourth 
M±SD 

F 

AST(IU/l) 29.50±3.285 48.90±4.090 80.35±6.800* 150.70±15.246** 739.265 
ALT(IU/l) 28.60±3.016 48.15±5.851 68.25±9.662* 127.40±15.686** 381.452 
ALP (IU/l) 79.45±10.570 48.55±4.861 173.90±13.992* 229.65±11.940** 1.183 

Group 
Parameter 

First 
M ± SD 

Second 
M ± SD 

Third 
M ± SD 

Fourth 
M ± SD   

F 

Urea (mg/dl) 30.2 ± 7.49 35.6 ± 1.46 45.1 ± 1.07* 54.4 ± 2.56** 98.7 
Creatinine (mg/dl) 0.51 ± 0.17 0.76 ± 0.13 1.10 ± 0.18* 1.88 ± 0.21** 33.28 

Group 
Parameter 

First 
M ± SD 

Second 
M ± SD 

Third 
M ± SD 

Fourth 
M ± SD 

F 

Troponin-1(ng/ml) 0.0028±0.00132 0.0046±0.0005 *0.1645±0.01605 **0.762±0.01436 2.230 
CK-MB    (ng/ml) 20.4±1.903 27.6±2.542 *135.1±14.92 **249.70±17.52 1.727 

Myoglobin (ng/ml) 127.85±3.977 125.8±3.318 *171.5±7.09 **295.45±12.996 2.066 
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Table 4. The effect of low and high doses of pioglitazone on hematological indices in mice 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

Number per group: 30; SD: standard deviation; HB: Hemoglobin; WBCs: White blood cells; RBCs: Red blood cells; HCT: Haematocrit;             
PLAT: Platelet; First group (control) received distilled water; Second diabetic group received alloxan only; Third group received alloxan 
and 200 mg/kg/day of pioglitazone; Fourth group received alloxan and 400 mg/kg/day of pioglitazone 
* P<0.001 (significant difference in comparison with the second diabetic group) 
** P< 0.001 (significant difference in comparison with the third group) 
 

 

 

 

 
 

Figure 1. 1a) First group urinary bladder section shows normal 
transitional epithelium (T), lamina propria (L) of mucosa, the inner 
and outer longitudinal layers of musculosa  with thicker middle 
circular layers (M), and fibroelastic connective tissue (S) of adventitia, 
(H&E X400). 1b) Second group urinary bladder section shows a mild 
disorganization in the transitional epithelial cells (T), the lamina 
propria (L) of mucosa with presence of vacuoles (V), mild 
disorganization, and atrophy of the muscular layer (m), (H&E X400). 
1c) Third group urinary bladder section shows marked decrease in 
cell thickness of the transitional epithelial superficial cells (T) with 
cloudy swelling and vacuoles (v), some cellular squamous metaplasia 
changes (Sq) with mild dysplasia (Dy) in other areas, congestion of the 
blood vessels (B) with lamina propria (V) vacuoles, and marked 
atrophy and disorganization (m) in the muscular layer, (H&E X400). 
1d) Fourth group urinary bladder section shows marked 
disorganization, necrosis and atrophy of the transitional epithelial 
cells (T) with vacuoles in other cells, squamous metaplasia 
changes (Sq) in some areas, with dysplasia (Dy) in other areas, 
congestion of the blood vessels (B) with cavities in the lamina 
propria (L), and marked disorganization and atrophy (m) in the 
muscular layer, (H&E X400) 

 
Histopathological findings  
Urinary bladder histopathological findings    

Urinary bladder tissues of the first group 
(negative control) showed normal urinary bladder 
structure (Figure 1a). However, urinary bladder 
tissues of the second group (positive control 
“diabetic group”) showed a mild disorganization of 
the mucosa transitional epithelial cells and the 
lamina propria and decreased thickness of the 
superficial cells with a mild atrophy of the three 
muscular layers (Figure 1b). Transverse section of 
the urinary bladder tissues of the third group 

showed necrosis of the superficial cells of the 
mucosal transitional epithelial cells with marked 
decrease in the cell thickness, cloudy swelling and 
vacuoles, cellular squamous metaplasia changes in 
some areas with mild dysplasia in other areas, blood 
vessels congestion, lamina propria vacuoles, and 
marked disorganization and atrophy of the three 
muscular layers (Figure 1c). The urinary bladder 
tissues of the fourth group showed marked necrosis 
and atrophy of the mucosal transitional epithelial 
cells with disorganization and vacuolation, 
squamous metaplasia changes with dysplasia in 
different areas, vascular congestion with cavities in 
lamina propria, and marked muscular layer 
disorganization and atrophy in all its three layers 
(Figure 1d). 

 

 
 

Figure 2. 2a) First group liver section shows normal hepatic 
architecture, central vein (CV) in the middle, and hepatocytes (H) 
arranged in hepatic cords around the central vein and separated 
by the adjacent blood sinusoids (S) containing Kupffer cells, (H&E 
X400). 2b) Second group liver section shows congestion and 
dilatation of the central vein (CV) and the blood sinusoids (S), 
some hepatocytes (H), light and foamy cytoplasm with vacuoles 
(V), pyknotic nuclei (P), and hepatocytes degeneration (d), (H&E 
X400). 2c) Third group liver section shows a cloudy swelling in the 
cytoplasm of the hepatocytes with vacuoles (V), small fragmented 
pyknotic nuclei (P), hepatocytes degeneration (d), congested and 
dilated central vein (CV), and blood sinusoids (S), (H&E X400). 2d) 
Fourth group liver section shows marked fragmented pyknotic 
nuclei (P), degenerated hepatocytes (d), marked hepatocytes 
shrinkage with marked vacuoles (V) in the cytoplasm and massive 
necrosis of hepatocytes, widening and congestion of the central 
vein (CV) and blood sinusoids (S), (H&E X400) 

      Group                         
Parameter               

First   
M±SD 

Second 
M±SD 

Third 
M±SD 

Fourth 
M±SD 

F 

HB 15.534±1.0051 11.905±0.8817 *14.4±0.6836 **16.675±0.4327 136.235 
WBCs 5.706±0.1873 5.775±213.3108 *7.6±1.5379 **9.32±0.4595 1.112 
RBCs 4.719±0.1869     3.794±0.7182             *8.557±0.6033      **11.233±0.912 546.548      
HCT 39.326±1.7324 39.030±4.0669 *41.2±3.1556 **48.1±0.9679 47.127 

PLAT 300.5±59.5134 155.34±76.830 *867.7±57.2364 **1363±63.9499 1.228 
PT 25.55±0.2503 25.535±0.2455 26.345±0.1905     **24.01±0.4789    196.233   
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Figure 3. 3a) First group kidney section shows normal renal 
glomeruli (G), glomerular capsule (c) with distinct capsular space 
(s), and proximal (P) and distal (D) renal tubules, (H&E X400). 3b) 
Second group kidney section shows congested and enlarged 
glomeruli (G), tight filling the glomerular capsular space (c) with 
the flat epithelium lining the Bowman’s capsule (c), and oedema 
and degeneration in some cells of the proximal (P) and distal (D) 
renal tubular epithelium, (H&E X400). 3c) Third group kidney 
section shows a slight shrinkage glomeruli (G), widening of the 
glomerular capsular space (s), degeneration of the epithelial  
lining of the Bowman’s capsule (c), and damage of some epithelial 
cells of the proximal (P) and distal (D) renal tubules with lumen 
widening by an inter tubular hemorrhage (H), (H&E X400). 3d) 
the fourth group kidney section shows marked shrinkage 
glomeruli (G), widening of the glomerular capsular space (s), 
degeneration of the epithelial lining of the Bowman’s capsule (c), 
and damage of the most epithelial cells of the proximal (P) and 
distal (D) renal tubules with lumen widening by an inter tubular 
hemorrhage (H), (H&E X400) 
                                                                                                                                                                

Hepatic histopathological findings  
Hepatic tissues of the first group (negative 

control) showed normal hepatic architecture (Figure 
2a). However, hepatic tissues of the second group 
(positive control “diabetic group”) showed central 
vein congestion with mild dilatation of the blood 
sinusoids, and pyknosis of hepatocytes nuclei (Figure 
2b). Transverse section of hepatic tissues of the third 
group showed mild loss of normal hepatic architecture 
and cloudy degeneration in the cytoplasm of 
hepatocytes, increased number of vacuoles with small 
fragmented pyknotic nuclei, congestion and dilatation 
of the blood sinusoids with the degenerated areas 
(Figure 2c). Hepatic tissues of the fourth group showed 
massive necrosis of hepatocytes around the central vein 
of hepatic lobules, shrinkage of hepatic cells, and 
increased number of vacuoles in the cytoplasm with 
small fragmented pyknotic nuclei around the central 
vein (Figure 2d). 

 
Renal histopathological findings  

Renal sections of the first group (negative 
control) revealed entirely normal histological 
features, as illustrated in (Figure 3a), while the renal  

 
Figure 4. 4a) First group heart section with normal branching and 
anastomosis of cardiac muscle fibers (B), acidophilic sarcoplasm, 
and central oval vesicular nuclei (n), (H&E X400). 4b) Second 
group heart section shows disturbances of cardiac muscle fibers 
(B), acidophilic sarcoplasm, with deformed nuclei (n), vacuoles 
(v), and congested blood vessels (b), (H&E X400). 4c) Third group 
heart section shows fragmentation and degeneration of the 
cardiac muscle fibers (B), large size of vacuoles (v), acidophilic 
sarcoplasm, degenerated area (d) with degenerated nuclei (n), and 
congested blood vessels (b), (H&E X400). 4d) Heart section of the 
fourth group shows widespread fragmentation and degeneration 
of the cardiac muscle fibers (B), huge number and size of vacuoles 
(v), acidophilic sarcoplasm, degenerated (n) and pyknotic nuclei 
(p), increased number and size of the degenerated areas (d), and 
increased size of congested blood vessels (b), (H&E X400) 

 
sections of the second group (positive control 
“diabetic group”) showed mild areas of tubular 
damages, hypertrophy of renal tubules epithelium, 
some enlarged glomeruli, and tight filling of 
Bowman’s capsule with the absence of capsular 
spaces (Figure 3b). The renal tissues of the third 
group showed mild degeneration of the renal tubules 
epithelial, mononuclear cells infiltration, single 
epithelial cells desquamation in the lumen of few 
renal tubules, shrinkage of small number of 
glomeruli, and hyperemia of the renal vessels (Figure 
3c). The renal sections of the fourth group showed 
marked degeneration of the renal tubules epithelial, 
single epithelial cells desquamation in the lumen of a 
large number of the renal tubules, and glomerular 
atrophy (Figure 3d). 
 
Cardiac histopathological findings  

Cardiac sections of the first group revealed 
normal appearance of myocardium (Figure 4a). 
However, the cardiac tissues of the second group 
showed a moderate disruption of cardiac myofibrils 
pattern in comparison to the negative control group, 
with deformation of cardiomyocytes nuclei in the 
size and shape (Figure 4b). The cardiac sections of 
the third group showed mild loss of normal cardiac 
architecture, small fragmented pyknotic nuclei, and 
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inflammatory cell infiltration in the cytoplasm of the 
cardiomyocytes with increased number of vacuoles 
and mild disturbance of cardiac myofibrils in 
comparison with the second group (Figure 4c). 
Moreover, cardiac sections of the fourth group 
showed marked loss of normal cardiac architecture, 
shrinkage of cardiomyocytes, small fragmented 
pyknotic nuclei, marked number of vacuoles in the 
cytoplasm, marked disarray of cardiac myofibrils in 
comparison with the second and third groups 
(Figure 4d). 

 

 Discussion 
Pioglitazone is a controversial new oral 

antidiabetic drug, belongs to the thiazolidinedione 
group that some of its members have been 
withdrawn from the market because of 
hepatotoxicity, such as troglitazone, (20) while the 
other was prohibited because of cardiotoxicity, such 
as rosiglitazone (21). Many studies focused on acute 
use of large doses of pioglitazone, while the chronic 
and subchronic use are usually the most common 
methods. Therefore, this study attempts to assess the 
systemic toxicity related to the subchronic 
administration of lower doses of pioglitazone in mice 
compared to the doses applied in the previous 
studies. 

Our results showed a statistical significant 
increase of hepatic biomarkers, mild loss of normal 
hepatic architecture, and cloudy degeneration in the 
cytoplasm of hepatocytes with small fragmented 
pyknotic nuclei, congestion and dilatation of the 
blood sinusoids, in the third group (alloxan and 200 
mg/kg/day of pioglitazone) in comparison with the 
second diabetic group. These hepatic biochemical 
findings become more severe in the fourth group 
(alloxan and 400 mg/kg/day of pioglitazone) which 
were associated with severe histopathological 
changes, such as massive necrosis of hepatocytes 
around the central vein of hepatic lobules with 
hepatic cells shrinkage, in comparison with the third 
group. These results are in consistent with previous 
studies (22, 23) suggesting that pioglitazone 
prevents ATP production and induces cytotoxicity 
and oxidative stress which lead to reactive 
metabolite formation and hepatocyte mitochondrial 
impairment involved in hepatotoxicity mechanism, 
according to Pessayre et al 1999 (24). However, 
these results are in contrast with the study of 
Elgawly et al 2009 (25) who indicated that 
pioglitazone has no harmful effect on liver, if used for 
a short period of time.     

The present study demonstrated a statistically 
significant increase of renal biomarkers levels (urea 
and creatinine) and histopathological changes, such 
as mild degeneration of the epithelial renal tubules, 
single epithelial cells desquamation in the lumen of 
few renal tubules, and shrinkage of small number of 

glomeruli in the third group in comparison with the 
second diabetic group. These findings become more 
severe in the fourth group which were associated 
with severe histopathological findings, such as 
marked degeneration of the epithelial renal tubules, 
single epithelial cells desquamation in the lumen of a 
large number of the renal tubules, and shrinkage of a 
large number of glomeruli. This is in contrast with 
previous reports about the mild renal effects of 
pioglitazone, only representing as mild renal 
congestion; also indicated that serum concentration 
of pioglitazone and its metabolites do not raise after 
the repeated doses and the elimination of 
pioglitazone with its metabolites is primarily hepatic, 
so, the renal pioglitazone clearance is little (14, 26). 

The current study showed a statistically 
significant increase of all cardiac enzymes levels 
(creatine kinase “CK-MB”, troponin I “CTnI”, and 
myoglobin) in the third group associated with mild 
loss of cardiac architecture, cardiac myofibrils 
disturbances with small fragmented pyknotic nuclei, 
and inflammatory cell infiltration in the cytoplasm of 
cardiomyocytes in comparison with the second 
diabetic group. These cardiac biochemical and 
histopathological findings become more marked in 
the fourth group in comparison with the third group. 
Our cardiac histopathological results are in 
consistent previous studies suggested (14, 27) that 
cardiac toxic effect of pioglitazone leads to cardiac 
muscle hypertrophy and then ventricular 
hypertrophy. But, Lincoff et al 2007 (28) indicated 
that the risk of myocardial infarction decreases with 
the use of pioglitazone; this is in contrast with our 
results regarding statistically significant increase of 
cardiac biomarkers levels (creatine kinase “CK-MB” 
and troponin I “CTnI”) as the highly specific and the 
gold standard markers of myocardial infarction 
proposed in people and small animals (29, 30). 

The present study also showed a statistically 
significant increase in the values of hematological 
indices (red blood cells, white blood cells, platelets, 
hemoglobin, and haematocrit) in the third group in 
comparison to the second diabetic group. However, 
the values of hematological indices in the fourth 
group were significantly higher compared to the 
third group. This is in contrast with a recent study 
(31) that showed reduced red blood cells count, 
haematocrit, and haemoglobin levels due to 
hemodilution as a result of pioglitazone induced fluid 
retention. However, reduced values of hematological 
indices have been also reported due to the 
suppressive effect of pioglitazone (32). Although, 
prothrombin time in the fourth group was 
significantly decreased in comparison with the third 
group, prolonged prothrombin time due to 
pioglitazone use has been reported before (23).  

Our results showed many histopathological 
changes in the urinary bladder, such as disorganiza-
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tion and atrophy of the muscular layers, necrosis of 
the mucosal transitional epithelial cells, squamous 
metaplasia alternating with mild dysplasia in the 
third group, while these urinary bladder 
histopathological changes become more marked in 
the fourth group. Urinary bladder dysplasia is 
considered as a putative precursor of urothelial 
carcinoma in situ and metaplastic change which is a 
premalignant condition (33), so, the association 
between the pioglitazone administration and bladder 
cancer development could be possible (34). 
Pioglitazone as a peroxisome proliferator activating 
receptor agonist, has shown a direct effect on 
peroxisome proliferator-activated receptors 
(PPARγ1) in the urothelial cells leading to bladder 
carcinogenesis via non-DNA reactive agents (35, 36). 
No relation between the pioglitazone administration 
and the bladder cancer development has been also 
proposed in one study, although they reported the 
increased risk of chronic kidney disease 
development following pioglitazone application (37). 
 

Conclusion 
Subchronic use of pioglitazone may lead to 

hepatotoxicity, renal toxicity, cardiotoxicity, 
hematological disorders, and bladder affection, which 
are manifested by biochemical abnormalities and 
histopathological changes; however, the severity of 
toxicity depends on its dose.       
 

Recommendations  
Performing clinical studies on human might 

confirm out experimental results. Further studies 
with different doses and periods of time are also 
suggested to complete this work. Thus, the use of 
pioglitazone should be restricted as much as possible 
because of its probable toxicity on the vital organs, 
until proven otherwise. 
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