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Introduction 

Formaldehyde is an important environmental 

pollutant.1 It is widely used in the manufacture of 

wood and MDF, rubber and in textile industries. In 

addition, it is used in the preparation of herbicides 

and fungicides for farm use, and in hospitals for 

pathology and histology in the laboratory as a 

fixative and also as part of preservative materials 

for dental laboratories. The limit for occupational 

exposure, up to 8 h long-term exposure, is 0.75 

ppm in air and short-term 15 min exposure is 2 

ppm.2,3 However, there are also low levels of 

formaldehyde in detergents, disinfectant solutions, 

cosmetics and toothpaste. Hence, nowadays, each 

A B S T R A C T 

Background: Formaldehyde is widely used for industrial applications. Renal 

injury is an adverse effect associated with formaldehyde. Few studies have 

explored the potential benefits of protective factors on formaldehyde induced 

renal toxicity. This study evaluated the dose dependent effects of sodium 

selenite on the biochemical and histopathological effects of formaldehyde on 

murine kidney. 
Methods: Forty eight adult Balb/c male mice were randomized into six 

groups: a control group, a formaldehyde group and experimental III-VI 

groups. Formaldehyde group was injected with 10 mg/kg formaldehyde and 

groups III-VI received intraperitoneally doses of 0.1, 0.2, 0.4, 0.8 mg/kg 

selenium. After two weeks, a stereological study was done in accordance with 

the principle of Cavalieri and serum concentrations of urea and creatinine 

were measured. Data were analyzed using ANOVA and SPSS software. 

Results: Glomerosclerosis, necrosis and vacuolization were observed in the 

convoluted tubules of animals treated with formaldehyde. The biochemical 

markers, volume and count of glomeruli in the group treated with 

formaldehyde was significantly difference compared to the control group 

(P<0.05). The volume of the glomeruli in the group treated with 0.2 and 0.4 

mg selenium and urea level in the group treated with 0.4 and 0.1 mg/kg 

selenium was significantly difference compared to the control group (P 

<0.05). The count of glomeruli and creatinine level in the selenium group was 

significantly difference compared to the control group (P ≤ 0.0001).   

Conclusions: A dose of 0.2 mg/kg of sodium selenite caused partial protective 

effect on the renal tissue and function in exposed to formaldehyde.  

 

A r t i c l e  I n f o  

Article History: 

Received: 3 February 2016 

Accepted: 7 August 2016 
ePublished: 30 December 2016 

 

Keywords: 
-Formaldehyde 

-Selenium 

-Kidney 
-Mouse 

 

 

 

http://dx.doi.org/10.15171/PS.2016.36
http://crossmark.crossref.org/dialog/?doi=10.15171/PS.2016.36&domain=pdf&date_stamp=2016-12-30
mailto:haniyet2013@gmail.com


 

228 | Pharmaceutical Sciences, December 2016, 22, 227-233 

Mohammadi et al.  
 
  

 
 

person is either directly or indirectly exposed to 

formaldehyde.1 Many studies have demonstrated 

the adverse effects of formaldehyde on the 

respiratory, cardiovascular and urogenital 

systems.4-7 It has been shown that formaldehyde 

leads to degeneration of the glomeruli, dilatation 

and vacuolization of renal tubules in rat models.8 

After exposure to formaldehyde, an increase in 

serum urea, creatine and malondialdehyde levels is 

observed while the levels of glutathione peroxidase 

and superoxide diminished. Increased levels of 

malondialdehyde (MDA) and low level of 

antioxidants disturb the balance of oxidant and 

antioxidant, thereby leading to oxidative stress.9,10 

Formaldehyde increases free radicals that must 

remain inactive for normal cell function. Free 

radicals are neutralized by the actions of a variety 

of antioxidants. These antioxidants are divided into 

enzymatic and non-enzymatic antioxidants such as 

superoxide dismutase, catalase, glutathione 

peroxidase, and non-enzymatic antioxidants 

including vitamins C and E, pyruvate, carnitine and 

selenium.11 

Selenium is a trace element found in large 

quantities in dairy products, liver and cereals and 

plays a vital role in the body's metabolic system. 

Selenium is a component of glutathione peroxidase 

and is involved in the activation of antibody 

biosynthesis and coenzyme Q (a component of the 

mitochondrial electron transport system), 

regulation of the flow of ions through the cell 

membrane and neutralizes the excessive amount of 

heavy metals.12,13 It has been reported that selenium 

is effective in the treatment of poisoning with 

cadmium and lead compounds.14,15 There are few 

reports on the protective effects of antioxidants on 

kidney tissue. The aim of this study was to evaluate 

the effect of different doses of sodium selenite on 

the biochemical and histopathological parameters 

in the kidney of mice treated with formaldehyde.  

 

Material and Methods 

In this experimental study, after approval by the 

Ethics Committee, 48 adult Balb/c male mice were 

purchased from the Razi Institute. All experiments 

were performed in compliance with the laws for 

animal trial. The mice were randomized to six 

groups. The control group received no injection. 

The second group was injected with 10 mg/kg 

formaldehyde.16 The third to sixth groups received 

intraperitoneally 0.1- 0.2- 0.4- 0.8 mg/kg selenium 

plus 10 mg/kg formaldehyde for 14 days. Then, the 

mice were anesthetized with chloroform and the 

left kidney was placed into fixative solution.  

 

Stereological evaluation of kidney  

The total volume of each kidney and glomeruli was 

calculated using the principle of Cavalier. For this 

purpose, after tissue processing, 50 sections from 

each sample and 5 fields from each section were 

randomly selected. Images were photographed 

using a microscope is equipped with a digital 

camera and magnification ×40. Finally, the number 

of points hitting the kidney transects were counted 

Following formula was used to calculate the kidney 

volume: 

 pi a  p t

2M
V

  
                                             Eq.(1) 

Σpi: Total points of grid hitting the kideny, 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: 

     V Glomeruli V Glomeruli V   refrencevtotal  
 

                                                                        Eq.(2) 

 

In the formula for calculating the Vv, below 

formula was used.17,18 

 

 

p Glomeruli

p Cortex
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                                Eq.(3) 

To determine the number of glomeruli, after 

randomly placing the grid on the images, glumeruli 

in the reference section were counted. Finally, the 

final number of glomeruli was calculated by the 

following formula. ΣQ: Total points of grid hitting 

the glomeruli, a/ (p): the area around each point of 

grid, h: dissector height and ΣP: the number of 

frames. 
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                        Eq.(4) 

 

Urea and creatinine serum level 

To evaluate the serum urea and creatinie level, 1 ml 

of blood were collected and centrifuged at 1000 

rpm. Urea and creatinine serum level were 

measured using pars azmoon kits and an Auto 

analyzer (B 1000, Biotecnica instruments).  

 

Statistical analysis  

Data are presented as Mean±SD.  The normality of 

data was assessed using the Kolmogorov-Smirnov 

test. Data were analyzed using ANOVA and Tukey 

test. P value less than 0.05 was considered as 

significant.  

 

Histological findings in experimental groups  
Images of the kidneys were evaluated by two 

separate individual. For the control samples, 

glomeruli and tubules were normal. The interstitial 

tissue and renal arteries were also normal. 

Collapse, glomerulosclerosis, necrosis, 

vacuolization and cast were observed after 

administration of formaldehyde. In addition, 

interstitial and renal arteries were normal. Collapse 

of glomeruli was observed in mice treated with 0.1 

mg selenium. In addition, vacuolization, necrosis 
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and cast were observed in convoluted tubules. 

Interstitial tissue and renal arteries were normal. 

Glomeruli, convoluted tubules and renal arteries 

were normal in group treated with 0.2 mg/kg 

selenium. Glomerular lobulation as well as mild 

focal inflammation were observed in group treated 

with 0.4 mg/kg selenium. Vacuoles, cast and 

necrosis were observed in convoluted tubules. 

Glomeruli were normal in group treated with 0.8 

mg/kg selenium. Vacuolization, necrosis and cast 

were observed in convoluted tubules. Interstitial 

tissue and renal arteries were normal (Figure 1and 

2). 

 

Kidney volume, glomerular volume and 

glomerular count in experimental groups  

As shown in Figure 3-5, kidney volume in group 

treated with formaldehyde was significantly 

difference compared to the control group (P ≤ 

0.0001). In addition, the kidney volume was 

significantly difference in groups treated with 0.1 

and 0.4 mg/kg selenium compared to this value of 

the formaldehyde group (P ≤ 0.0001). Glomeruli 

count in group treated with formaldehyde was 

significantly difference compared to the control 

group (P ≤ 0.0001). In addition, glomerular volume 

in group treated with 0.1, 0.2, 0.4 and 0.8 mg/kg 

selenium was significantly difference compared to 

the formaldehyde group (P ≤ 0. 001). 

The statistical analysis showed a significant 

difference between values of count of glomeruli in 

the formaldehyde group compared to the control 

group (P <0.01). In addition, the count of glomeruli 

in group treated with 0.4 mg/kg selenium was 

significantly difference compared to the 

formaldehyde group (P ≤ 0.0001). 

 

Level of urea and creatinine level in experimental 

groups 

Data of serum urea and creatinine are presented in 

Table 1.  Urea level in the formaldehyde group was 

significantly difference compared to the control 

group (P ≤ 0.0001). There was a significant 

difference between value of urea in group treated 

with 0.8 mg selenium compared to the 

formaldehyde group (P <0.05). Urea level was not 

significantly different in the group treated with 

formaldehyde compared to groups treated with 0.1, 

0.2 and 0.4 mg/kg selenium (P > 0.05). 

  

 
Figure 1. (A-F) are images of renal glomeruli in the control group, formaldehyde group, 0.1 mg/kg selenium group, 0.2 mg/kg 
selenium group, 0.4 mg/kg selenium group and 0.8 mg/kg selenium group . Magnification × 40, H&E staining. 
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Level of creatinine in the formaldehyde group was 

significantly difference compared to the control 

group (P ≤ 0.0001). Level of creatinine in the 

formaldehyde group was not statistically 

significance compared to the 0.1, 0.2, 0.4 and 0.8 

mg selenium (P = 1.000). The level of creatinine in 

the selenium group was statistically significant 

compared to the control group (P ≤ 0.0001).

 
Figure 2. (A-F) are images of convoluted tubules in the control group, formaldehyde group, 0.1 mg/kg selenium group, 0.2 
mg/kg selenium group, 0.4 mg/kg selenium group and 0.8 mg/kg selenium group . Magnification × 40, H&E staining. 

 

 

 
Figure 3. Kidney volume in experimental groups. **P≤ 0.0001 compared to the formaldehyde group. 
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Figure 4. Glomerular volume in experimental groups. *P≤0.001 compared to the formaldehyde group. 

 

 
Figure 5. Glomerular count in experimental groups. **P≤ 0.0001 compared to the formaldehyde group. 

 
Table 1. Level of urea and creatinine in experimental groups. 

Experimental groups Creatinine level  P value Urea level P value 

Control 0.48±0.06 - 29.06±3.50 - 

Formaldehyde 0.71±0.06 0.001 54.25±3.53 0.001 

Selenium 0.1 mg 0.72±0.04 0.001 44.46±8.77 0.027 

Selenium 0.2 mg 0.71±0.04 0.001 41.68±8.9 0.108 

Selenium 0.4 mg 0.72±0.08 0.001 61.38±8.44 0.001 

Selenium 0.8 mg 0.68±0.06 0.001 39.57±3.36 0.257 

P values expressed compared to the control group. 
 

Discussion 

Overall, the results showed that a dose of 0.1 mg of 

formaldehyde causes adverse effects on kidney 

tubules, as well as the glomeruli.  The effects of 

selenium supplementation for renal volume were 

dose-dependent. In addition, formaldehyde had 

negative effects on urea and creatinine levels. 

Kidney function is determined by measurement of 

urea and creatinine. In their study, Boj et al. 

showed that the serum level of urea and creatinine, 

after 48 h of exposure to formaldehyde 

significantly increased at both low concentrations 

and high doses of formaldehyde.10 Similarly, in the 

present study after administration of 10 mg of 

formaldehyde, the levels of urea and creatinine 

increased as compared to the control group.  
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Studies showed that exposure to formaldehyde at a 

rate of 1 to 1.9 ppm for 18 weeks causes 

degenerative changes in the renal tubules, 

vacuolization and focal congestion, as well as renal 

glomeruli and vascular congestion.19 In the results 

of another study, degeneration of the glomeruli, 

thickening of the kidney tubule basement 

membrane, dilatation, necrosis and vacuole of the 

distal tubules of rats after exposure to 

formaldehyde were observed. The level of 

glutathione peroxidase and superoxide dismutase 

reduced while levels of malondialdehyde (MDA), a 

marker of oxidative stress increased. Treatment 

with melatonin enhanced the level of antioxidant 

enzymes and reduced the level of malondialdehyde. 

In addition, kidney damage significantly reduced 

and the injury improved except a mild dilatation of 

the renal tubules.8  

Studies demonstrated that the administration of 0.1 

mg / kg selenium results in the neutralization of 

oxidants and elimination of cadmium toxicity in the 

kidneys of rats. In addition, it causes a reduction in 

the level of malondialdehyde, inflammatory 

markers such as IL-6, IL-10, tumor necrosis factor-

alpha and interleukin-ß. Also, it increases the level 

of enzymatic antioxidants such as glutathione 

peroxidase, superoxide dismutase and catalase.15 

Formaldehyde increases protein-DNA cross-links 

in culture. In addition, it increased the levels of 

malondialdehyde, NF-KB necrosis factor and AP-

1, but reduced the level of superoxide dismutase 

and glutathione peroxidase. 

Selenium pretreatment attenuates formaldehyde-

induced genotoxicity in A549 cell lines. The 

addition of selenium to cell culture before exposure 

to formaldehyde, reduced protein-DNA cross-links, 

level of malondialdehyde, NF-KB and AP-1 

protein but increased superoxide dismutase and the 

level of glutathione peroxidase.19 In this study, with 

respect to the rapid absorption of formaldehyde in 

the blood, the likely toxic effects of formic acid is 

due to formic acid as its main metabolite. Formic 

acid is excreted from the body through the liver or 

urine. Increasing the concentration of formic acid 

inhibits the respiratory cycle while cell anaerobic 

respiration leads to the production of lactic acid. 

Lactic acid causes reduction in the secretion of 

formic acid into the renal tubules and as a result 

leads to cell toxicity.19,20 

This suggests that antioxidants are like a double-

edged sword, and that the appropriate dose and 

duration of their use have good effects while 

inappropriate dose or time reverses the effects.21,22 

Although, the exact mechanism of selenium 

nephrotoxicity is not understood, it is postulated 

that selenium acts as a scavenger of reactive 

oxygen species in the kidney tissue. Finally, it is 

recommended for future studies in biochemical 

analysis such as measurement of antioxidant 

capacity, markers of inflammation and oxidative 

stress. In addition, the effects of selenium 

supplementation is investigated in the different 

time of treatment, on kidneys exposed to 

formaldehyde.  

 

Conclusion 

Histopathological results showed that 

formaldehyde causes adverse effects on kidney 

tissue in mice. In addition, an increase in the 

kidney weight and the urea and creatinine 

concentration was observed in the formaldehyde 

group. Administration 0.2 mg/kg sodium selenite 

caused protective effect on renal tissue exposed to 

formaldehyde during 14 days. 
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