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Protective Effect of Vitamin E on Formaldehyde-Induced Injuries in the Rat
Kidney
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Background: Formaldehyde (F) is a chemical component that has an extensive usage on fixation of tissues and produces different types
of reactive oxygen species (ROS) in our body. Studies have shown that long exposure to F damages the eyes, nose and throat; in addition it
has adverse effects on body organs such as the urinary system. Vitamins can reduce free ROS.
Objectives: The aim of this study was evaluating the protective effect of vitamin E on the kidney damaged by formaldehyde.
Materials and Methods: Male adult wistar rats were divided into three groups. Group A (control): rats received vehicle (normal saline)
for two weeks. Group E1 (formaldehyde): rats received formaldehyde (10 mg/kg) for two weeks. Group E2 (formaldehyde + vitamin E): rats
received formaldehyde (10 mg/kg) and vitamin E (30 mg/kg) for two weeks. After two weeks, all rats were killed, and the kidneys were
dissected and processed for routine histological staining.
Results: Comparison of the control and formaldehyde groups with the vitamin E group revealed that there were significant differences in
lumen size and nuclear color of proximal tubules in rats treated by vitamin E (P < 0.05). Cell degeneration, lumen size, number and size of
nucleus of distal tubules were statistically different among the three groups. In the vitamin E treated group observed histological changes
were improved compared to the formaldehyde group.
Conclusions: According to the results of this study, vitamin E probably improves the harmful effects of formaldehyde on rat kidney tissue.
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1. Background
Formaldehyde, an economically important chemical,
is classified as a human carcinogen that causes different
damages leading to cancer and probably leukemia (1). It
is a gas at room temperature but it dissolves easily in water (2). It is used for fixation of tissues, aromatization and
in other chemical components (3). It is found in all body
cells and results from cerine, glycine and methionine metabolism (4). Different studies have indicated that it can
produce free radicals in the body, which can cause harmful effects on different body organs (5, 6). Antioxidants are
effective in removing the adverse effects of active components of formaldehyde. Vitamin E, C and A are antioxidants. Vitamin E has a main role in protecting the body
against harmful effects of metabolically active types of
oxygen that can have a strong antioxidant function (7, 8).
Vitamin E can protect body organs such as the kidneys (9).
It has been shown that vitamin E can suppress the damage of free radicals in cell membranes (10) and improve
antioxidant enzyme activity in kidney tissues (11).
The urinary system has a major role in termination of
toxic materials in most routine protocols. It has a major

role in filtration, metabolism and deification of xenobiotic or their metabolic products (12). Chemical materials
or their active metabolic types can transfer from plasma
to kidney tubules and compared to other tissues can have
a manifold concentration. Kidneys should receive 25%
of heart output in order to have a good distribution of
chemical materials (12).

2. Objectives

This research aimed to study the protective effect of vitamin E on kidneys damaged by formaldehyde.

3. Materials and Methods

A total of 24 adult wistar male rats weighing 250-300
grams were obtained from the Razi Institute (Tehran,
Iran) and divided into three different groups (eight in
each group). At first, animals were randomly assigned
into three groups: Group A (control), Group E1 (formaldehyde), Group E2 (vitamin E and formaldehyde). The
animals were housed under standard lighting conditions
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(12-hour light-dark cycle and room temperature of 27°C ±
1°C) with free access to water and food. They were allowed
to adapt for at least one week to the animal room before
they were subjected to treatment. Animals were maintained and handled according to the protocols approved
by the Guilan University of Medical Sciences, Animal Care
and Use Committee. Group A (control): rats received 1cc of
intraperitoneal normal saline. Group E1 (Formaldehyde)
received 10 mg/kg of intraperitoneal formaldehyde and
Group E2, received 10 mg/kg of formaldehyde and 30 mg/
kg of intraperitoneal vitamin E for two weeks. At the end
of the experiments and 24 hours after receiving the last
dose of vitamin E and formaldehyde, rats were sacrificed
by cervical dislocation. Then the abdomen was opened to
dissect the kidney, which was fixed in 10% formalin. For dehydration, kidneys were placed in ethyl alcohol and the
tissues were passed through a successive series containing 30%, 70%, 80%, 90%, 95% and absolute alcohol. Then the
tissues were cleared in xylenol and embedded in paraffin
wax. Sections of 5 µm thickness were cut using “SLEE” rotator microtome (Germany). At least 5 slides from each kidney were stained with hematoxylin and eosin (H&E) for
routine histological examination using a light microscope
(13). The histological studied parameters of each slide included: Bowman's capsule, proximal and distal tubules.
All above-mentioned parameters were studied morphologically. In each animal five slides and in each slide five
microscopic fields were evaluated for histological studies
and were classified into two grades of 1 and 2. Grade 1: high
eosinophilic cytoplasm; long height; number of nucleus
in each Bowman's capsule or between proximal and distal tubules; lack of congestion of blood vessels inside the
Bowman's capsule or between tubules; lack of inflammatory cells, inside the Bowman's capsule or between tubules. Grade 2: light eosinophilic cytoplasm; short height;
change in number of nucleus in each Bowman's capsule
or between proximal and distal tubules; presence of congestion of blood vessels inside the Bowman's capsule or
between tubules; presence of inflammatory cells, inside
the Bowman's capsule or between tubules.

3.1. Statistical Analysis

For statistical analysis we used the SPSS software (version 16). Pearson chi-square and fisher tests were used
and the statistical significance level was set to P < 0.05.

4. Results

Bowman's capsule, proximal and distal tubules were
studied in the control group. Bowman's space and capillary plexus were normal. The tubules had normal morphologically and eosinophilic cytoplasm or congestion of
blood vessels or inflammatory cells inside the Bowman's
capillary plexus or between proximal and distal tubules
was not seen. Proximal tubules had a slightly larger outer diameter than distal tubules. Proximal tubules had a
brush border and a star shaped lumen; whereas the distal
tubules had a cleaner sharper luminal surface and fewer
nuclei (Figure 1 A). Eosinophilic cytoplasm of Bowman’s
capsule was statistically significant in three groups (P ≤
0/05), but there were no significant differences in number of nucleus and height of cells in different groups (Figure 1) (Table 1). Comparison of eosinophilic cytoplasm,
cell degeneration and lumen size of proximal tubules in
three groups showed statistically significant differences
(P ≤ 0/05) (Table 1); however, there were no statistically
significant differences in the number of nucleus in this
part of the kidney. In addition the lumen size and cell
degeneration between the control group and E1, and between E1 and E2 were significant (P ≤ 0/05). The same
parameters between control and the E2 group were not
significant. Cell degeneration, lumen size, number of
nuclei of distal tubules in all three groups showed significant differences (P ≤ 0/05). There were statistically
significant differences in cell degeneration, lumen size,
number of nuclei between the control and E1 groups (P
≤ 0/05) (Figure 1). Degeneration levels of cells between
the control group and E2 showed statistically significant
differences (P ≤ 0/05). However, there were no significant difference in the number of nucleus and the size of
the distal tubules.

Figure 1. Light Microscopy of Kidney

A) control (Group I) showing normal architecture; B) formaldehyde (Group E1) showing abnormal architecture such as: reduced eosinophilic cytoplasm,
number of nucleus, short height, and presence of congestion of vessels; C) formaldehyde and vitamin E (Group E2) showing a relative regenerative
architecture of Bowman's capsule. CT, collecting tubule; P, proximal tubule; d, distal tubule; L, lumen; *, congestion of vessels; H and E staining (× 400).
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Table 1. Effect of Vitamin E on Formaldehyde-Induced Injuries in the Kidney of Different Treated Groups a
Cell Height in PT

Control

E1

E2

P Value

Congestion of Vessels Cell Degeneration

Normal Abnormal Normal
8

Nucleolus in PT

Lumen Size in DT

Abnormal Normal Abnormal Normal Abnormal Normal Abnormal Normal Abnormal

0

8

0

1

6

2

8

0

7

0.000

BC Eosinophilic
Cytoplasm

0.004

8

0

5

1

6

5

1

2

6

8

0.000

8

a Abbreviations: BC, Bowman's capsule; DT, distal tubules; PT, proximal tubules.

0

8

0

2

2

5

2

5

0

6

2

8

0

0.082

0.01

8

0

0.001

5. Discussion
The results of this study revealed that administration
of vitamins E can reduce the harmful effects of formaldehyde and improve the adverse changes on rat renal tissue in the treated group compared to the control group.
Similar to our research, a study by Johannsen et al. and
Til et al. also suggested specific pathological changes
in renal tissue that was exposed to formaldehyde in
their experimental groups (14, 15). These researchers
stated that the severity of tissue changes depended on
the amount and duration of exposure to formaldehyde.
Studies on the effect of formaldehyde on the human
body and its rapid metabolism (16), suggest that cellular toxicity of formaldehyde is probably due to its major
metabolite, formic acid. Formic acid is excreted through
two major routes, metabolism in the liver and excretion
in the urine. Since formic acid metabolism in the liver
is primarily saturated, exposure to a certain amount of
formaldehyde and consequently formic acid can result
to saturation of the enzymes. Thus, higher levels of formaldehyde exposure increases the concentration of formic
acid in the liver cells and consequently in the plasma. Increased plasma concentrations of formic acid can cause
primary metabolic acidosis and eventually systemic
acidosis which results in renal excretion of formic acid
(12). On the other hand formic acid inhibits cytochrome
oxidase and cellular respiration cycle and increases anaerobic respiration that causes production of lactic acid;
it also reduces the formic acid secreted into the renal tubules (17). Thus, an increase intracellular concentration
in renal cells and serum will follow. Therefore, exposure
to high concentrations of formaldehyde causes increasing formic acid concentration resulting in cell toxicity
effects on the kidney. Formaldehyde can also cause the
production of free radicals and the presence of antioxidants such as vitamin E can reduce the side effects of this
substance. In this study, simultaneous treatment with vitamin E in the group receiving vitamin E and formaldehyde, greatly compensated the harmful effects of formaldehyde on the renal tissue. The present study results as
well as the results of previous studies showed that vitamin E as an antioxidant can reduce reactive oxygen species (ROS) levels in the kidneys (11). Vitamin E as a powerful antioxidant and is the first line of defense against
Gene Cell Tissue. 2014;1(3):e21539

the peroxidation of fatty acids in phospholipids of cell
membranes (18). In addition, lipid peroxidation index in
the presence of vitamin E reduces (19). Vitamin E is also
a powerful antioxidant that maintains the permeability
of fluidity of biological membranes and prevents them
from demolition (19). Vitamin E may increase the expression of E-cadherin in kidney tissue and renal tubular
basal membrane degradation can be improved (20). Factors such as carboxyethyl hydroxychromans (CEHC) are
water-soluble metabolites of vitamin E that have anti-inflammatory and antioxidant properties. These metabolites increase in progressive renal diseases and improve
renal function (19). Given the protective role of vitamin
E against oxidative damage in the kidney (21) and other
study results, it has been accepted that vitamin E has antioxidant properties and elevates the levels of catalases
in kidney tissue (11). Considering that these enzymes are
responsible for the body's defense against free radicals
(21), vitamin E has greatly improved the harmful effects
of oxidative stress created by formaldehyde in the kidney tissue. The results of this study indicate that vitamin
E may largely improve the adverse effects of formaldehyde on rat kidney tissue. Thus considering that these
contaminants exist in everyday dietary consumption,
and that human will inevitably be exposed to these environmental contaminants, a greater consumption of
vitamin E is recommended.

Acknowledgements

We thank Mr. Moravati and Mr. Parhizi for their technical support.

Authors’ Contributions

Study design: Masoumeh Faghani and Ebrahim Nasiri.
Experimental studies and data collection: Yeganezahra
Kohestani. Data analysis: Hassan Moladoust. Manuscript preparation and final approval of the manuscript:
Masoumeh Faghani and Mojgan Mesbah.

Funding/Support

This project was supported by the Medical faculty of
Guilan University of Medical Sciences.
3

References
1.
2.

3.
4.

5.
6.

7.
8.
9.
10.

4

Faghani M et al.

Tang X, Bai Y, Duong A, Smith MT, Li L, Zhang L. Formaldehyde
in China: production, consumption, exposure levels, and health
effects. Environ Int. 2009;35(8):1210–24.
Gurel A, Coskun O, Armutcu F, Kanter M, Ozen OA. Vitamin E
against oxidative damage caused by formaldehyde in frontal
cortex and hippocampus: biochemical and histological studies.
J Chem Neuroanat. 2005;29(3):173–8.
Albertini P, Mainardi P, Mazzeo N, Triassi M. [Experimental value
of formaldehyde exposure to preserve anatomical findings]. Ann
Ig. 2012;24(3):221–8.
Checkoway H, Boffetta P, Mundt DJ, Mundt KA. Critical review
and synthesis of the epidemiologic evidence on formaldehyde
exposure and risk of leukemia and other lymphohematopoietic
malignancies. Cancer Causes Control. 2012;23(11):1747–66.
Saito Y, Nishio K, Yoshida Y, Niki E. Cytotoxic effect of formaldehyde with free radicals via increment of cellular reactive oxygen
species. Toxicology. 2005;210(2-3):235–45.
Swenberg JA, Moeller BC, Lu K, Rager JE, Fry RC, Starr TB. Formaldehyde carcinogenicity research: 30 years and counting for
mode of action, epidemiology, and cancer risk assessment. Toxicol Pathol. 2013;41(2):181–9.
Eggermont E. Recent advances in vitamin E metabolism and deficiency. Eur J Pediatr. 2006;165(7):429–34.
Mahan L, Escott SS, Raymond J. Krause's Food and the Nutrition
Care Process.: Saunders; 2012.
Karabulut-Bulan O, Bolkent S, Yanardag R, Bilgin-Sokmen B. The
role of vitamin C, vitamin E, and selenium on cadmium-induced
renal toxicity of rats. Drug Chem Toxicol. 2008;31(4):413–26.
Shamsi MB, Venkatesh S, Kumar R, Gupta NP, Malhotra N, Singh
N, et al. Antioxidant levels in blood and seminal plasma and

11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

their impact on sperm parameters in infertile men. Indian J Biochem Biophys. 2010;47(1):38–43.
Derakhshanfar A, Bidadkosh A, Kazeminia S, Vitamin E. protections against gentamicin-induced nephrotoxicity in rats:
a biochemical and histhological study. Iranian Vet Res J. 2007;
8(3):231–8.
Larry E, Alan H, Rebar . Metabolic and Endocrine Physiology. 3, revised ed: CRC Press,; 2012.
Bancroft J, Gamble M. Theory and Practice of Histological Techniques. illustrated ed: Elsevier Health Sciences; 2008.
Johannsen FR, Levinskas GJ, Tegeris AS. Effects of formaldehyde in the rat and dog following oral exposure. Toxicol Lett.
1986;30(1):1–6.
Til HP, Woutersen RA, Feron VJ, Hollanders VH, Falke HE, Clary
JJ. Two-year drinking-water study of formaldehyde in rats. Food
Chem Toxicol. 1989;27(2):77–87.
Richard C, Dart . Medical Toxicology. illustrated, revised ed.
Davarian A, Fazeli S, Golalipour M, Azarhoush, R... Histopathologic changesof rat tracheal mucosa followingformaldehyde
exposure. Int JMorphol. 2005;23(4):369–72.
Yesim H, Muberra U. Structural Effect Of Vitamin E on Proximal
Tubule and Interstitium in a Rat Model of Cyclosporin A Nephrotoxicity. Pakistan Biol Sc J. 20005;8(12):1712–9.
Thabet MA, Chan JC. Vitamin E in renal therapeutic regiments.
Pediatr Nephrol. 2006;21(12):1790–801.
Wang QL, Yuan JL, Tao YY, Zhang Y, Liu P, Liu CH. Fuzheng Huayu
recipe and vitamin E reverse renal interstitial fibrosis through
counteracting TGF-beta1-induced epithelial-to-mesenchymal
transition. J Ethnopharmacol. 2010;127(3):631–40.
Jalili S, Ilkhanipour M, Heydari R, Salehi Sh, Farshid AA. The Effects of Vitamin E on Endosulfan - Induced Oxidative Stress in
Rat Heart. Pakistan Nutr J. 2007;6(4):375–80.

Gene Cell Tissue. 2014;1(3):e21539

