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Introduction 
Lead, one of the most important environmental 
pollutants, is widely used in the chemical industry and 
it has been a major problem for human health.1 Despite 
the removal of lead from gasoline in many countries, 
lead levels in the environment are much higher than 
those recommended by the World Health 
Organization.2 The occupational exposure upper limit 
for lead has been recommended to be <150 μg/m3 for 
8-hour time. The non-occupational exposure limit is the 

range between 26-282 μg/day.3 Lead accumulates at 
very high levels in the kidneys and causes structural 
histopathological changes and functional changes of 
the kidney.4 Animal studies suggest that lead causes 
reversible effects in the kidney, such as cytomegali and 
inclusion body in the nucleus and irreversible 
symptoms such as interstitial fibrosis and chronic renal 
failure.4-6 Lead poisoning causes a reduction in 
glomerular volume but an increase in number of 
glomeruli.7 After lead administration, kidney shrinkage, 
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elimination of the glomeruli and mild fibrosis with 
reduction in cortical thickness is observed. Atrophy and 
dilation are found in many renal tubules.8 
Statins are commonly prescribed for lowering serum 
cholesterol levels.9,10 In addition, they have antioxidant 
and anti-inflammatory properties.11 Several studies 
have shown that statins such as simvastatin causes 
protective effects in tissue damage, and has been shown 
to be protective agent against hepatic and renal toxicity 
induced by cisplatin in rats.12 Also, simvastatin reduced 
the extent of renal lesions in a mouse model of chronic 
renal failure.13 Other studies have shown that 
simvastatin can reduce the damage caused by oxidative 
stress and improves proteinuria and glomerular damage 
in rats with nephrotic syndrome,14 and that simvastatin 
has antioxidant effects in renal tissue after injury.15-18 
As far as we are awre, there is a little data on the effects 
of simvastatin on the effects of lead related renal 
disease. Hence, the aim of this study was to determine 
the effect of different doses of simvastatin on the lead 
poisoning in adult male mice. 
 
Materials and Methods 
After approval by the ethics committee, this study was 
conducted in 48 male Balb/c mice. The mice were kept 
in the standard 12-hour darkness, brightness and 
temperature 21-23°C. In addition, food and water were 
freely available. Mice were randomised to 6 groups 
containing eight mice as follows: a control group, a 
lead group and experimental III-VI groups. The control 
group received no injections. Group II was injected 
with 60 mg/kg lead acetate (manufactured by Sigma) 
and groups III-VI received intraperitoneally 5-10-20-40 
mg/kg simvastatin plus 60 mg/kg lead acetate for 14 
days.The appropriate dose of lead acetate was chosen 
based on the mortality of mice. To determine the 
optimal dose of lead acetate, it was injected different 
doses of lead acetate. Many mice died in the first week 
at high doses such as 120 mg/kg. So, the dose of 60 

mg/kg lead acetate was used for study. 
 
Stereological study  
After 14 days, the mice were anesthetized with 
chloroform and kidneys were removed and placed into 
10% fixative solution. Dehydration and clearing were 
performed by passing through ethanol 70%-100% and 
xylene. After the paraffin embedding, samples were 
sectioned using microtome with 5m thickness and 
stained with H&E. The stained slides were examined 
by  
Olympus BX51 light microscopy.19  
To calculate the total volume of the kidney, cortex, 
medulla and renal glomeruli was used the principle of 
Cavalier. The sections were randomly selected and a 
spot probe was randomly placed on the pictures. Then, 
the number of points hitting the kidney transects were 
counted. Following formula was used to calculate the 
volume of the cortex, medulla and kidney. 
V = ∑୮୧×ୟ	(୮)×୲

୑మ                                                     Eq.(1) 
 ∑pi:  total points of grid hitting the cortex, medulla 
and kidney, a/(p): the area around each point of grid, t: 
the thickness of each slice and M2: magnification. 
Glomerular volume was calculated from the following 
formula: 
V୲୭୲ୟ୪	(Glomeruli) = V୴(Glomeruli) × V	(refrence) 
Eq.(2) 
 
Biochemical analysis 
Auto analyzer and pars tous kits were used for 
measurement of serum levels of urea and creatinine. 
 
Statistical analysis  
Data are presented as mean±SD. Then, data were 
analyzed using SPSS software version 20 and ANOVA 
test. Turkey was used for post-hoc test. A significant 
difference was accepted for a  P<0.05. 

 

      

      
Figure 1. (A-F) are images of renal glomeruli in the control group, lead group, 5 mg/kg simvastatin group, 10 mg/kg simvastatin group, 
20 mg/kg simvastatin group and 40 mg/kg simvastatin group. Magnification ×20, H&E staining.  
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Histopatological results  
For the control samples, glomeruli and tubules were 
normal and no pathological damage was observed. In 
addition, interstitial and renal arteries were also normal. 
In the present study after administration of lead acetate, 
glomeruli were collapse and there was the presence of 
glumerulosclerosis.  In addition, necrosis, cast and 
vacuolization were observed in convoluted tubules. In 
some samples, the congestion in the interstitial tissue, 
blood vessels as well as mild focal inflammation were 
observed (figure 1, 2). In the group treated with 5 
mg/kg simvastatin, glomeruli were collapsed and there 
was vacuolization, necrosis and cast were observed in 

proximal convoluted tubules as well as the congestion 
in the interstitial tissue. In groups treated with 10 
mg/kg simvastatin glomeruli were collapsed and 
vacuolization, necrosis and low level of cast were 
observed in proximal convoluted tubules. In groups 
treated with 20 mg/kg simvastatin, glomeruli were 
normal. Renal convoluted tubules were without cast 
with low level of vacuolization.  In groups treated with 
40 mg/kg simvastatin, glomeruli were collapsed and 
vacuolization and necrosis was observed in proximal 
convoluted tubules. The interstitial tissue was normal 
and the congestion was found in the blood vessels of 
kidney (figure 1, 2). 

 

      

      
Figure 2. (A-F) are images of renal tubular in the control group, lead group, 5 mg/kg simvastatin group, 10 mg/kg simvastatin group, 20 
mg/kg simvastatin group and 40 mg/kg simvastatin group. Magnification ×20, H&E staining.  
 
Kidney weight in experimental groups 
Kidney weight to body weight ratio in the control 
group was 0.73 ± 0.07 that this ratio was 0.93±0.08 for 
lead group. The statistical analysis showed a significant 
difference between the value of kidney ratio in the lead 
group compared to the control group (P = 0.000). In 
addition, the ratio of kidney weight to body weight in 
the groups treated with doses of 20 mg of simvastatin 

significantly increased compared to the control group 
(P=0.001). There was a significant difference between 
values of kidney weight in group IV compared to these 
values of group V (P=0.022). Also, There was a 
significant difference between values of kidney weight 
in group III compared to these values of group IV 
(P=0.007) and group VI (P=0.022). 

Table 1. Volume of different parts of kidney in experimental groups. 

Glomerular  
count 
(mm3) 

Glomerular  
volume 
(mm3) 

Kidney  
volume 
(mm3) 

Medulla  
volume 
(mm3) 

Cortex 
volume 
(mm3) 

Experimental groups  

777.4±32013 0.48±4.88 1.60±471.5 3.20±287 4.81±184.5 Control group  
757.3±22025 0.52±3.99 11.81±329.7 10±185.7 4.53±144 Lead group  
794.1±24025 0.07±4.60 12.85±408 7.18±190.2 5.67±217.7 5 mg/kg simvastatin  
1440.9±21075 0.19±5.77 2.50±373 5.67±192.2 7.97±180.7 10 mg/kg simvastatin  
2155.8±22075 0.23±5.85 10.72±411.25 5.67±207.7 7.30±203.5 20 mg/kg simvastatin  
833.2±26050 0.06±5.61 8.66±418.7 6.07±238.5 3.49±180.2 40 mg/kg simvastatin  
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Cortex volume and medulla in experimental groups  
Data of stereological study are summarized in Table 1. 
The statistical analysis showed significant differences 
between values of cortex and medulla volumes in the 
lead group compared to the control group (P = 0.000). 
Also, value of cortex volume in groups treated with 5 
and 20 mg/kg simvastatin was significantly difference 
compared to the control groups (P = 0.000). There was 
a significant difference between values of cortex 
volume in group III compared to these values of group 
V (P=0.001). Medulla volume was significantly 
difference in groups treated with 20 and 40 mg/kg 
simvastatin compared to this value of the lead group (P 
= 0.000). 
 
Volume and count of glomeruli in experimental 
groups  
The statistical analysis showed a significant difference 
between values of Volume and count of glomeruli in 
the lead group compared to the control group (P = 
0.000). Besides, glomerular volume was significantly 
difference in groups treated with 40 mg/kg simvastatin 
compared to this value in the control group (P=0.001). 
There was a significant difference between values of 
glomeruli volume in group V compared to these values 
of group VI (P=0.025). Glomerular count was 
significantly difference in groups treated with 5 mg/kg 
simvastatin compared to this value in the lead group 
(P=0.027). There was a significant difference between 
values of glomeruli count in group III compared to 
these values of group IV (P=0.001), group V (P=0.04) 
and group VI (P=0.03). 
 
Level of urea and creatinine in the experimental 
groups  
Data of serum urea and creatinine are summarized in 
Table 2. There was a significant differences between 
values of serum urea and creatinine in the lead group 
compared to the control group (P = 0.000). Also, urea 
levels in groups treated with simvastatin were 
significantly difference compared to those values of the 
lead group (P=0.000).  

Table 2. Levels of urea and creatinine in experimental groups. 
Creatinine 

level 
(mg/dl) 

Urea level 
(mg/dl) 

Experimental 
groups  

0.06±0.48 3.50±29.06 Control group  
0.02±0.76 1.73±57.51 Lead group  
0.04±0.79 2.81±44.96 5 mg/kg simvastatin  

0.06±0.73 4.92±46.94 10 mg/kg 
simvastatin  

0.08±0.72 5.08±42.26 20 mg/kg 
simvastatin  

0.07±0.80 3.66±35.81 40 mg/kg 
simvastatin  
 

There was a significant difference between values of 
urea in group VI compared to these values of group III 
(P=0.001) and group V (P=0.024). It was not found a 
significant difference between values of the creatinine 
level in the treated groups compared to the lead group 
(P>0.05).   
 
Discussion  
Overall, the results of this study showed that lead 
acetate causes adverse effects on the kidney, 
particularly renal glomeruli. Besides, urea and 
creatinine, as an indicator of kidney function, 
dramatically increase after lead poisoning. 
Administration 20 mg/kg simvastatin can improve 
these effects. Studies have shown that lead poisoning 
causes a reduction in glomerular volume and an 
increase in number of glomeruli.7 
After lead administration, kidney shrinkage, 
elimination of the glomeruli and mild fibrosis with 
reduction in cortical thickness is observed. Atrophy and 
dilation is found in many renal tubules.8 Another study 
showed that orally administration of lead caused renal 
damage, deposit of particles in the renal tubules and an 
increase in serum calcium level in rats.20 
Similarly, in the present study after administration of 
lead acetate, glomeruli were collapse and there was the 
presence of glumerulosclerosis.  In addition, necrosis, 
cast and vacuolization were observed in convoluted 
tubules. In some samples, the congestion in the 
interstitial tissue, blood vessels as well as mild focal 
inflammation were observed in kidney. 
Several studies have shown that statins such as 
simvastatin causes protective effects in tissue damage 
and has been shown to be protective agent against  
hepatic and renal toxicity induced by cisplatin in rats.12 
Also, simvastatin reduces the extent of renal lesions in 
mouse model of chronic renal failure.13 Other studies 
have shown that simvastatin can reduce the damage 
caused by oxidative stress and improves proteinuria 
and glomerular damage in the rats with nephrotic 
syndrome.14  Fouad et al reported that the 
administration of 5 mg/kg simvastatin significantly 
reduces the damage induced by cadmium. Also, 
expression of genes involved in the inflammatory 
response such as tumor necrosis factor-α, nuclear 
factor-κB, cyclooxygenase-2, nitric oxide synthase and 
caspase-3 are reduced after simvastatin treatment. In 
addition, glutathione peroxidase and catalase levels 
increased while the levels of nitric oxide and 
malondialdehyde reduced in the treatment group 
compared to the non-treatment group.  These 
researchers concluded that these effects are related to 
antioxidant and anti-inflammatory effects of 
simvastatin.21 Similarly to the above studies, in the 
current study administration of 20 mg simvastatin 
reduces tissue damage. Administration of other doses 
of simvastatin increased kidney damage that it is 
indicated a dose-dependent effect of simvastatin. The 
appropriate dose of simvastatin lead to the desired 
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effects while inappropriate doses of simvastatin causes 
destructive the effects.22  
Heilmann et al reported that an association between a 
reduction in the number of glomeruli and volume of 
glomeruli.23 In consistent, in the present study, a 
reduction in the number of glomeruli in the kidney 
tissue and an increase in volume of glomeruli were 
observed. This may be compensated for the loss of 
functional glomeruli. In addition, our study showed that 
the lead administration increased kidney weight. 
Yagminas et al reported an increase in kidney weight 
following lead poisoning.24 Increasing in kidney may 
be due to lead accumulation in the kidneys as well as 
an increasing inflammation and cell proliferative in the 
kidney.  
Neshat's study showed that unilateral ureteral 
obstruction causes severe glomerular atrophy, 
subcapsular fibrosis, necrosis and atrophy in renal 
convoluted tubules. Serum urea and creatinine increase 
in this group. Prescription 2mg/ kg simvastatin for 15 
days reduced the tissue damage caused by unilateral 
ureteral obstruction.25 Also, in the present study, the 
dose of 20 mg of simvastatin reduced kidney damage 
but not effect on urea and creatinine levels.  
It seems simvastatin due to antioxidant property has 
protective effect on renal and thereby neutralize free 
radicals and reduce oxidative stress. In addition, studies 
show anti-inflammatory properties of simvastatin. It 
reduces inflammatory markers such as interleukin and 
high sensitive C-reactive protein (hsCRP).9,11    
The strength of study was the investigation the effects 
of simvastatin on lead poisoning for the first time. The 
weaknesses of study were lack of evaluation the level 
of malondialdehyde, total antioxidant capacity and 
inflammatory factors that it recommends for future 
studies.  
 
Conclusion 
Histopathological results showed that lead acetate 
causes adverse effects on kidney tissue in mice. In 
addition, an increase in the kidney weight and the urea 
concentration was observed in the lead treated group. 
Administration 20 mg/kg simvastatin improved the 
histopathological induced by lead in mice during 14 
days. However, there was no significant effect on urea 
and creatinine levels.  
 
Acknowledgment  
This study is a research project approved by the 
Research Council of Student Research Committee in 
Gonabad University of Medical Sciences that authors 
thanks for their cooperation.  

 
References  
1. Hsu PC, Guo YL. Antioxidant nutrients and lead 

toxicity. Toxicol 2002;30:33-44.  
2. Patrick L. Lead toxicity, a review of the literature. 

Part 1: Exposure, evaluation, and treatment. Altern 
Med Rev 2006;11:2-22. 

3. Al-Saleh I, Al-Enazi S, Shinwari N. Assessment of 
lead in cosmetic products. Regul Toxicol 
Pharmacol 2009;54:105-113. 

4. Missoun F, Slimani M, Aoues A. Toxic effect of 
lead on kidney function in rat wistar. African J 
Biochem Res 2010;4: 21-27. 

5. Sanchez S, Aguilar RP, Genta S, Aybar M, Villecco 
E, Riera AS. Renal extracellular matrix alterations 
in lead-treated rats. J Appli Toxicol 2001;21:417-
423. 

6. Ibrahim NM, Eweis EA, el-Beltagi HS, Abdel-
Mobdy YE. The effect of lead acetate toxicity on 
experimental male albino rat. Biol Trace Elem Res 
2011;144:1120-1132. 

7. Sanchez S, Aguilar RP, Genta S. Renal extracellular 
matrix alterations in lead –treated rats. J Appl 
Toxicol 2001;21:417-423. 

8. Witzmann FA, Fultz CD, Crant RA. Regional 
protein alterations in rat kidneys induced by lead 
exposure. Electrophoresis 1999;20:943-951. 

9. Roya Aryanpour, Seyed Mohammad Reza 
Parizadeh, Mohsen Moohebati, Shima Tavallaie, 
Amirhossein Sahebkar, Shabnam Mohammadi, 
Majid Ghayour-Mobarhan, Gordon AA. Ferns. 
Simvastatin Treatment is not Associated with 
Changes in Serum Concentrations of Heat Shock 
Proteins -60 and -70 in Patients with Dyslipidemia. 
Pharm Sci 2014;20:46-51. 

10. Rosenson RS. Statins in atherosclerosis: lipid-
lowering agents with antioxidant capabilities. 
Atherosclerosis 2004;173:1-12. 

11. Sakoda K, Yamamoto M, Negishi Y, Liao JK, Node 
K, Izumi Y. Simvastatin decreases IL-6 and IL-8 
production in epithelial cells. J Dent Res 
2006;85:520-523. 

12. Namazi H. Simvastatin attenuates cisplatininduced 
kidney and liver damage in rats. Toxicol 
2008;247:161. 

13. Ivanovski O, Szumilak D, Nguyen-Khoa T, 
Nikolov IG, Joki N, Mothu N, et al. Effect of 
simvastatin in apolipoprotein E deficient mice with 
surgically induced chronic renal failure. J Urol 
2008;179:1631-1636. 

14. Sonmez A, Yilmaz MI, Korkmaz A, Topal T, 
Caglar K, Kaya A, et al. Hyperbaric oxygen 
treatment augments the efficacy of cilazapril and 
simvastatin regimens in an experimental nephrotic 
syndrome model. Clin Exp Nephrol 2008;12:110-
118. 

15. Bayorh MA, Ganafa AA, Eatman D, Walton M, 
Feuerstein GZ. Simvastatin and losartan enhance 
nitric oxide and reduce oxidative stress in 
saltinduced hypertension. Am J Hypertens 
2005;18:1496-1502. 

16. Inman SR, Davis NA, Mazzone ME, Olson KM, 
Lukaszek VA, Yoder KN. Simvastatin and 
Larginine preserve renal function after 
ischemiareperfusion injury. Am J Med Sci 
2005;329:13-17. 



 

[162] 

Effect of Simvastatin on Lead-Induced Kidney Damage 

17. Işeri S, Ercan F, Gedik N, Yüksel M, Alican I. 
Simvastatin attenuates cisplatin-induced kidney and 
liver damage in rats. Toxicol 2007;230:256-264. 

18. Rugale C, Delbosc S, Mimran A, Jover B. 
Simvastatin reverses target organ damage and 
oxidative oxidative stress in angiotensin II 
hypertension: comparison with apocynin, tempol, 
and hydralazine. J Cardio vasc Pharmacol 2007; 
50:293-298 

19. Jalali M, Nikravesh M R, Moeen  AA, Karimfar 
MH,  Mohammadi Sh , Saidi nejat Sh, Rafighdoost 
H. Inductive Role of Type IV Collagen in 
nephrogenesis. Urology J 2009;4:289-294. 

20. Missoun F, Slimani M, Aoues A. Toxic effect of 
lead on kidney function in rat wistar. African J 
Biochem Res 2010;4: 21-27. 

21. Fouad AA, Albuali WH, Jresat I. Simvastatin 
treatment ameliorates injury of rat testes induced by 
cadmium toxicity. Biol Trace Elem Res 
2013;153:269–278. 

22. Shabnam Mohammadi. Protective Effect of N-
Acetyl Cysteine Against Formaldehyde-Induced 
Neuronal Damage in Cerebellum of Mice. Pharm 
Sci 2014;20:61-65. 

23. Heilmann M, Neudecker S, Wolf , Gubhaju L, 
Sticht C, Schock-Kusch D, Kriz W, Bertram JF, 
Schad LR, Gretz N. Quantification of glomerular 
number and size distribution in normal rat kidneys 
using magnetic resonance imaging. Nephrol Dial 
Transplant 2012;27:100-107. 

24. Yagminas AP, Franklin CA, Villeneuve DC,et al. 
Subchronic oral toxicity of triethyl lead in the male 
weanling rat, Clinical, Biochemical, Hematological 
and Histopathological effects. Fundam Appl Toxicol 
1990;15:580-596. 

25. Neshat M ,  Khayat Nouri MH , Mousavi G. Effect 
of simvastatin on renal function and impairment 
following to the unilateral urethral obstruction in 
rat. Feyz 2008;12:25-32. 

 


