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Abstract
Background: Lifestyle factors, including environmental and occupational exposure, have a key
role in reproductive health status and may impact fertility. Formaldehyde (FA) is a suspected
reproductive toxicant, which may cause significant adverse effects on the reproductive system.
This study was aimed at detecting the impact of FA and the possible protective role of vitamin E
on the male reproductive system in rats. Materials and Methods: Thirty-two adult male Wistar
rats were randomly divided into four groups: control rats, rats treated with vehicle (corn-oil), rats
treated with 10 mg/kg/day FA (FAt), and rats treated with FA plus 30 mg/kg/day vitamin E plus
vehicle (FAt+ vitamin E) for two weeks. After treatment, sex hormone levels were examined
using ELISA. Moreover the count, morphology, and motility of sperm, were observed. Results:
The sperm count and the percentage of rapid progressive sperm were significantly decreased
in rats in the FAt-treated group compared with those in the control and vehicle-treated groups
(P<0.05). Vitamin E treatment significantly improved the parameters examined in the FAt+ vitamin E group (29.85±8.62 vs. 10.04±4.79 for sperm count and 60.50±5.67 vs. 42.19±8.02 for
sperm motility). Moreover, serum follicle-stimulating hormone (FSH) levels mildly decreased
in the FA exposure group, although the difference was not statistically significant (P>0.05).
Conclusion: The findings of this study revealed that FA exposure had a negative impact on
sperm parameters and some reproductive hormones in rats and vitamin E attenuated the deleterious impact of FA on the reproductive system of adult male rats. [GMJ.2017;6(4):330-7]
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Introduction

I

nfertility can present as a life crisis and
cause psychological distress [1]. There have
been serious concerns about the negative impact of environmental pollutants on human
fertility [2]. Lifestyle factors including environmental and occupational exposure to toxicants have a key role in reproductive health
status and may impact on fertility [3]. Among
all the environmental pollutants, formaldehyde (FA) with more than 21 million pounds
produced worldwide annually [4], is a major
industrial chemical. It has been widely used
for over 60 years in the production of resins,
adhesives, and plastics [5,6]. It has also been
used as a tissue preservative and disinfectant
in anatomy and pathology laboratories, as an
antimicrobial agent in cosmetics, as a fumigant in agriculture, and more recently in the
production of crease-resistant garments and
textiles [7]. Although most exposure to FA
occurs in the work place, it can also occur in
public areas, which makes it a threat to public health [5,8,9].Vitamin E is lipid-soluble,
chain-breaking antioxidant, which protects
biological membranes from oxidative damage [10]. Vitamin E has been reported to act
as a free radical scavenger, preventing damage to the cell membrane by removing lipid
peroxidation products and also by maintaining mitochondrial integrity and mediating
generation of superoxide systems [11,12].
FA, a ubiquitous environmental contaminant, has long been considered a substance
with harmful effects on the reproductive system. The protective effects of vitamin E on
the brain and liver in rats exposed to FA has
been described in previous studies [13,14],
but the effects of vitamin E on FA-induced
reproductive toxicity in rats has not been
elucidated. Therefore, the present study
was designed to investigate the adverse effects of FA on the reproductive system, and
to determine whether vitamin E can reverse
these effects. This study had two objectives.
The first was to detect the impacts of FA on
the reproductive system of male Wistar rats,
and the second was to evaluate the possible
protective role of vitamin E in alleviating

GMJ.2017;6(4):330-7
www.gmj.ir

Moladoust H, et al.

the deleterious effect of FA on male fertility.
Materials and Methods
1. Animals
Adult male Wistar rats (250±20 g) were obtained from the Razi Vaccine & Serum Research Institute. They were fed a normal diet
and tap water ad libitum and were housed in
plastic cages under a 12-hour light/dark cycle and room temperature of 22–24ºC and
55–60% relative humidity. Rats adjusted
to the environment for one week before being used in the laboratory. All procedures
for utilizing rats were performed according
to the standards of the National Institutes of
Health Guidelines for the Care and Use of
Laboratory Animals [15] and approval of
the Animal Ethics Committee of the Guilan
University of Medical Sciences, Rasht, Iran.
2. Experimental Design
Thirty-two adult male Wistar rats were randomly divided into four groups by randomized block design (each comprising eight
rats): control rats, rats treated with corn-oil
as vehicle (VEH), rats treated with FA (FAt),
and rats treated with FA plus vitamin E and
corn oil (FAt+ vitamin E). FAt and FAt+ vitamin E groups were exposed to FA by intraperitoneal injection (IP) (10 mg/kg/day,
Merck, Germany) for two weeks. Furthermore, rats in the FAt+ vitamin E group were
administered vitamin E orally (30 mg/kg/
day, dl-alpha-tocopherol, 21st Century Healthcare Inc., America) simultaneously [16].
3. Sample Collection
At the end of the 14-day exposure, rats
were euthanatized under ketamine/xylazine anesthesia (ketamine 75 mg/kg + xylazine 15 mg/kg, IP, Sigma Co., Ltd, China).
Blood samples were collected from the inferior vena cava of each animal. Blood was allowed to clot and then centrifuged (5000 rpm,
10 min) and the collected serum was stored
at -70 °C until assays for the levels of reproductive hormones could be conducted [17].
In addition, the right cauda epididymis was
finely minced into minute pieces and transferred into a prewarmed Petri dishes which
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contained 5 mL T6 medium (Royan Institute,
Iran) supplemented with 10% bovine serum
albumin (BSA, Royan Institute, Iran) to allow
sperm to swim out [18]. The minced tissue
was placed in a 37°C incubator for 20 minutes.
4. Sperm Parameter Analysis
4.1. Sperm Motility
Sperm motility was evaluated immediately. The spermatozoa were assessed
and classified as rapidly progressive
(linear velocity ≥22 μm/s), non-progressive (linear velocity <22 μm/s and
velocity ≥ 5 μm/s), and immotile spermatozoa.
The number obtained in each category was
expressed as a percentage and at least five microscopic fields were observed at 400× magnification under the microscope; at least 200
spermatozoa were observed for each sample.
All methods were carried out at 37°C [19,20].
4.2. Sperm Count
The sperm count was performed using a
Neubauer chamber (Improved Neubauer
Hemocytometer, Deep 1/10 mm, LABART,
Germany (under a light microscope at 400×
magnification. The number of spermatozoa
in five squares and on two sides of the Neubauer chamber was counted. The mean was
multiplied by 106 to obtain the total number
of sperm cells per mL of semen. The whole
sperm (with heads and tails) were counted.
4.3. Sperm Morphology
Sperm morphology was evaluated by Papanicolaou stain method. An aliquot of stained
sperm suspension was smeared on a glass slide
and air-dried. A total of 100 spermatozoa from
each animal were evaluated under a light microscope at 400× magnification and the total
number of sperm with abnormalities was expressed as a percentage.All of the sperm evaluation steps were accomplished based on the
World Health Organization manual for human
sperm analysis with some modification [19].
To avoid inter-assay errors, all evaluation procedures were manually carried out by a single individual in duplicate for each animal.
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5. Hormone Levels
Serum follicle stimulating hormone (FSH)
and luteinizing hormone (LH) concentrations were measured by an enzyme-linked
immunosorbent assay (ELISA) using rat LH
and FSH ELISA kits, respectively (Cusabio
Co., Ltd., China) following the manufacturer’s instructions. The sensitivity of the assay
for LH and FSH was calculated respectively
as 0.15 mIU/mL and 0.25 mIU/mL.Serum
testosterone (TT) level was also measured
using a total testosterone ELISA kit (Diagnostics Biochem Canada Inc., Canada) based
on the manufacturer’s protocol. The sensitivity of the assay was calculated as 0.22 ng.
To calculate the hormone concentrations, a
standard curve was plotted using standards
provided in the kit. In order to avoid the effect of diurnal fluctuations, all samples were
collected at set intervals in the early morning. Samples were measured in the same
assay to minimize inter-assay variations.
6. Statistical Analysis
All statistical analysis was performed using
SPSS version 18.0 software package (SPSS
Inc. Chicago, IL, USA). Continuous variables were tested for normal distribution via
the Shapiro-Wilk test and the results were
expressed as mean±standard deviation (SD).
The differences among groups were analyzed using one-way analysis of variance
(ANOVA) followed by Scheffé’s tests for
post-hoc multiple comparisons. A p-value
<0.05 was considered statistically significant.
Results
1.Epididymal Sperm Parameters
1.1.Sperm Count
The mean sperm count of rats in the FAt
group was significantly decreased when
compared with the control and VEH groups
(P=0.003). Moreover, there was a significant
increase in the mean value of the sperm count
of rats that received 30 mg/kg vitamin E daily for two weeks when compared with rats
that had received only FA (P=0.001, Table 1).
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1.2.Sperm Motility
Significant reductions in the percentage of
sperm with progressive motility were observed in rats of the FAt group when compared
to the control and VEH groups (P<0.001).
Vitamin E treatment significantly increased the
percentage of rapid progressive sperm in rats
of the FAt+ vitamin E group when compared
to those of the FAt group (P<0.001, Table 1).
1.3.Sperm Morphology
The mean percentage of abnormal sperm
morphology ranged from 29.71±2.13% to
34.42±4.72% in all treatment groups and no

significant differences were found in the mean
percentage of abnormal morphology among the
examined, control, and VEH groups (Table 1).
2.Serum Hormone Levels
2.1.Follicle Stimulating Hormone
The results showed that treatment with FA
caused a slight, albeit not significant, decrease
in serum FSH levels when compared with the
control and VEH groups. However, vitamin E
treatment significantly increased FSH levels in
the serum of FAt+ vitamin E treated rats when
compared to the FAt group (P=0.042, Table 2).

Table 1. Sperm Count, the Percentage of Motile Sperm and Abnormal Sperm in Rats of the Study Groups.

Parameters

Sperm Count
(106/ml)

Sperm Motility
(Rapid Progressive, %)

Sperm Abnormal
Morphology (%)

Control

23.75±4.76

67.19±5.56

29.71±2.13

Vehicle

27.28±9.45

66.00±5.19

34.00±4.04

FAt

10.04±4.79a

42.19±8.02c

34.42±4.72

FAt+ Vitamin E

29.85±8.62b

60.50±5.67c

34.33±3.83

<0.001

<0.001

0.085

Groups

p-value

FAt= Formaldehyde-treated
a= Significant vs. Vehicle group (P=0.003), b= Significant vs. FAt group. (P=0.001)
c= FAt vs. Control, Vehicle and FAt+ Vitamin E groups (P<0.001)

Table 2. Sex Hormones Level in Rats of the Study Groups

Parameters

LH
(mIU/ml)

FSH
(mIU/ml)

Testosterone
(ng/ml)

Control

35.34±5.38

40.24±6.42

6.45±1.81

Vehicle

33.41±4.42

42.63±4.78

4.20±2.19

FAt

34.25±3.18

35.85±4.78

5.54±1.71

FAt+ Vitamin E

33.53±2.68

46.11±7.12a

6.14±1.10

0.780

0.035

0.089

Groups

p-value
FAt= Formaldehyde-treated
a= Significant vs. FAt group (P=0.042)
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2.2.Luteinizing Hormone
No significant differences in serum LH levels
were observed among the two treatment groups,
or the control and VEH-treated groups (Table 2).
3.Testosterone
Similarly, the results showed that there
were no significant differences in serum
TT levels among the two treatment groups,
or the control and VEH groups (Table 2).
Discussion
The present study showed there was a significant decrease in the sperm counts and
motility with regard to the percentage of
rapid progressive sperm in the FAt group
(10 mg/kg, 14 days, IP). These results are
in agreement with previous studies [16,21].
Moreover, no significant differences in
sperm morphology, measured as the percentage of abnormal sperm, were observed
among the groups. This finding is in accordance with Zhou and colleagues’ report [16].
The mechanisms by which FA disrupts male
spermatogenesis and fertility have been proposed by several studies. Zhou and colleagues
reported that FA exposure significantly decreased levels of antioxidant enzymes such
as superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and glutathione
(GSH) activities and increased the levels of
testicular lipid peroxidation products such as
malondialdehyde (MDA) [16]. Our data is
also consistent with results from other studies [22-24]. Thus, it is plausible to assume
that oxidative damage and overproduction
of reactive oxygen species (ROS) caused by
FA exposure plays a decisive role in reproductive toxicity. ROS are products of normal
cellular metabolism [25]. When ROS production exceeds the body’s antioxidant defense
mechanisms, it causes an oxidative stress
response. The excess ROS induce peroxidative damage to cells and eventually leads to
cell death [26].The sperm plasma membrane
is rich in lipids in the form of polyunsaturated fatty acids, which may be easily attacked
by ROS and are susceptible to peroxidative
damage [17]. Sperm are highly sensitive to

334

Formaldehyde and protective effect of vitamin E

oxidative damage, which is mediated by lipid peroxidation leading to altered membrane
function, impaired metabolism, morphology,
and motility that eventually lead to infertility
[26,27]. Disruption of the hypothalamus-pituitary-gonad (HPG) axis is another mechanism
by which FA can disturb the male reproductive system. Sari et al. demonstrated that prolonged exposure to low levels of FA may lead
to considerably altered responsiveness of the
hypothalamus-hypophyseal-adrenal (HPA)
axis such as an increase in corticotrophin releasing hormones (CRH)-immunoreactive
(IR) neurons in the hypothalamus and adrenocorticotropin hormone (ACTH) cells in the
pituitary [13]. Furthermore, Sorg et al. found
changes in corticosterone hormone levels as a
result of repeated low-level FA exposure [28].
Other mechanisms suggested for FA reproductive toxicity include epigenomic effects
including DNA methylation, as well as apoptosis of germ cells and genotoxicity, however the exact mechanisms of action have yet
to be understood [29]. In the present study,
no significant associations were found between FA exposure and LH or TT serum levels. A small, but not significant, reduction in
FSH serum levels was detected in the FAt
group. This finding is consistent with Zhou
et al. who observed that FA had no significant impact on LH, FSH, or TT levels [16].
Vitamin E is a major chain-breaking antioxidant that protects cell membranes from ROS
and lipid peroxidation [10]. It has been recognized that vitamin E is a powerful antioxidant
that is necessary for mammalian spermatogenesis [30]. Vitamin E has been reported to
ameliorate adverse effects given its direct free
radical scavenging properties, suppress lipid
peroxidation in testicular microsomes, and restore the levels of GST and GSH to normal
physiological levels [11,14,22]. The results of
this study clearly show that daily oral administration of vitamin E for two weeks (30 mg/kg,
14 days) led to a significant increase in sperm
count and the percentage of rapid progressive
sperm, compared to rats exposed to FA but
not treated with vitamin E. The protective effects of vitamin E on the total sperm count and
sperm motility in some mammals have been
reported previously [16,29-31]. However, no
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significant improvements have been noted in
the sperm morphology of rats treated with vitamin E. These data are in contrast to those
reported by previous studies [16,31]. The dissimilarities may be due to the differences in
the length, dose, or route of administration.
The published literature on the effects of vitamin E on hormone profiles of male rats exposed to FA is sparse. In the present study, a
statistically significant increase in FSH serum
levels was observed in vitamin E treated rats
when compared with the FAt group values.
Our study indicated that there was no considerable decline in serum TT or LH levels
in vitamin E treated rats when compared with
rats that received FA but were not treated with
vitamin E.The limited amount of data based
on a small sample size and relatively short
period of exposure are the limitations of this
study. A full cycle of spermatogenesis in rats
requires 48–53 days [18]. Although a shorter
exposure time may not be sufficient to affect
spermatogenesis significantly, the duration
of a single cycle of the seminiferous epithelium is about 8–10 days and our 14-day exposure time trial fulfilled that period [32].
Further investigation, with longer exposure
and more subjects, is necessary to clarify the
mechanisms of action of FA on the male reproductive system. Evaluation of appropriate
oxidative stress biomarkers to characterize
the effects caused by FA will also be helpful.

Similarly, additional studies are essential to
elucidate the precise role of vitamin E in ameliorating FA-induced reproductive toxicity.
Conclusion
The present study clearly identified that intraperitoneal administration of FA can induce a
negative impact on sperm parameters and disturbances in hormone profiles in adult male
rats. Furthermore, vitamin E provides appreciable protection against FA-induced reproductive toxicity probably though its free radical scavenging properties.
Acknowledgments
All hormone analyses were performed at the
Cellular & Molecular Research Center Laboratory, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran.
We are grateful to the staff of the Anatomy
Department from the Guilan University of
Medical Sciences for technical assistance
and to Bahram Soltani, PhD, for providing advice on the ELISA protocol. We also
thank Habibi MS for valuable remarks.
Conflict of Interest
The authors declare that they have no conflicts
of interest.

References

1.

2.
3.

GMJ.2017;6(4):330-7
www.gmj.ir

Mosalanejad L, Khodabakshi Koolee A.
Looking at infertility treatment through the
lens of the meaning of life: The effect of
group logotherapy on psychological distress
in infertile women. Int J Fertil Steril. 2013;
6(4):224-31.
Wilcox AJ, Bonde JP. On environmental
threats to male infertility. Asian J Androl.
2013; 15(2):199-200.
Negro-Vilar A. Stress and other
environmental factors affecting fertility in
men and women: overview. Environ Health
Perspect. 1993; 101 Suppl 2:59-64.

4.

5.

6.

Viegas S, Ladeira C, Nunes C, Malta-Vacas
J, Gomes M, Brito M, et al. Genotoxic effects
in occupational exposure to formaldehyde: A
study in anatomy and pathology laboratories
and formaldehyde-resins production. J Occup
Med Toxicol. 2010; 5(1): 5-25.
Coggon D, Harris EC, Poole J, Palmer KT.
Extended follow-up of a cohort of British
chemical workers exposed to formaldehyde. J
Natl Cancer Inst. 2003; 95(21):1608-15
Songur A, Ozen OA, Sarsilmaz M. The
toxic effects of formaldehyde on the nervous
system. Rev Environ ContamToxicol. 2010;
203: 105-18.

335

Moladoust H, et al.

7.

8.

9.

10.

11.
12.
13.

14.

15.

16.

17.

336

Cogliano, V.J., Grosse, Y., Baan, R.A.,
Straif, K., Secretan, M.B., Ghissassi,
F.E. Summary of IARC monographs on
formaldehyde, 2-butoxyethanol, and 1-tertbutoxy-2-propanol. Environmental Health
Perspectives. 2005; 113, 1205-1208.
World Health Organization (Geneva, 2002).
Formaldehyde. Concise International
Chemical Assessment Document 40.
Available at: www.inchem.org/pages/cicads.
html 
Duong A, Steinmaus C, McHale CM,
Vaughan CP, Zhang L. Reproductive and
developmental toxicity of formaldehyde:
a systematic review. Mutat Res. 2011;
728(3):118-38.
Rezk BM, Haenen GR, Van Der Vijgh
WJ, Bast A. The extraordinary antioxidant
activity of Vitamin E phosphate. Biochim
Biophys Acta. 2004; 1683(1-3):16-21.
Chow CK, Chow-Johnson HS. Antioxidant
function and health implications of vitamin
E. The Open Nutr J, 2013; 7:1-6.
Traber MG, Atkinson J. Vitamin E,
antioxidant and nothing more. Free Radic
Biol Med. 2007; 43(1):4-15.
Sari DK, Kuwahara S, Tsukamoto Y, Hori
H, Kunugita N, Arashidani K et al. Effect of
prolonged exposure to low concentrations of
formaldehyde on the corticotropin releasing
hormone neurons in the hypothalamus and
adrenocorticotropic hormone cells in the
pituitary gland in female mice. Brain Res.
2004; 1013(1):107-16.
Al-Damegh MA. Rat testicular impairment
induced by electromagnetic radiation from
a conventional cellular telephone and the
protective effects of the antioxidants vitamins
C and E. Clinics. 2012; 67(7):785-92.
Guide for the Care and Use of Laboratory
Animals. National Research Council of
the National Academies. The National
Academies Press, Washington D.C., 2011,
Eighth edition: 1-246.
Zhou DX, Qiu SD, Zhang J, Tian H, Wang
HX. The protective effect of vitamin
E against oxidative damage caused by
formaldehyde in the testis of adult rats. Asian
J Androl. 2006; 8(5):584-8.
Mansour SW, Sangi S, Harsha S, Khaleel
MA, Ibrahim AR. Sensibility of male rats
fertility against olive oil, Nigella sativa oil
and pomegranate extract. Asian Pac J Trop
biomed. 2013; 3(7):563-8.

Formaldehyde and protective effect of vitamin E

18. Saki G, Rahim F, Alizadeh K. Effect of
forced swimming stress on count, motility
and fertilization capacity of the sperm in
adult rats. J Hum Reprod Sci. 2009; 2(2):
72–75.
19. World Health Organization, Department of
Reproductive Health and Research .WHO
laboratory manual for the examination and
processing of human semen. Fifth edition.
World Health Organization 2010. Available
at: www.who.int/reproductivehealth/
publications/infertility
20. Goyal HO, Braden TD, Mansour M,
Williams CS, Kamaleldin A, Srivastava
KK. Diethylstilbestrol treated adult rats with
altered epididymal sperm numbers and sperm
motility parameters, but without alteration
in sperm production and sperm morphology.
Biol Reprod.2001; 64(3):927-34.
21. Vosoughi S, Khavanin A, Salehnia M,
Mahabadi H, Soleimanian A. Effects of
simultaneous exposure to formaldehyde
vapor and noise on mouse testicular tissue
and sperm parameters. Health Scope. 2012;
1(3):110-7.
22. 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.
23. Gulec M, Gurel A, Armutcu F. Vitamin E
protects against oxidative damage caused by
formaldehyde in the liver and plasma of rats;
Mol Cell Biochem. 2006; 290(1-2):61-7.
24. Pekmez H, Colakoğlu CN, Zararsiz D, Kus
D, Ogeturk M, Yilmaz HR, et al. The effect
of melatonin hormone on formaldehydeinduced liver injury: A light microscopic and
biochemical study. Firat Tıp Dergisi.2008;
13(2):92-7.
25. Hsieh YY, Chang CC, Lin CS. Seminal
malondialdehyde concentration but not
glutathione peroxidase activity is negatively
correlated with seminal concentration and
motility. Int J Biol Sci. 2006; 2(1):23-9.
26. Tang XQ, Fang HR, Zhou CF, Zhuang YY,
Zhang P, Gu HF, et al. A novel mechanism
of formaldehyde neurotoxicity: inhibition of
hydrogen sulfide generation by promoting
over production of nitric oxide. PLoS One.
2013; 8(1):e54829.
27. Agarwal A, Prabakaran SA, Said TM.
Prevention of oxidative stress injury to
sperm. J Androl. 2005; 26(6):654-60.

GMJ.2017;6(4):330-7
www.gmj.ir

Formaldehyde and protective effect of vitamin E

28. Sorg BA, Bailie TM, Tschirgi ML, Li
N, Wu WR. Exposure to repeated lowlevel formaldehyde in rats increases basal
corticosterone levels and enhances the
corticosterone response to subsequent
formaldehyde. Brain Res. 2001; 898(2):31420.
29. Yousef MI, Abdallah GA, Kamel KI.
Effect of ascorbic acid and Vitamin E
supplementation on semen quality and
biochemical parameters of male rabbits.
Anim Reprod Sci. 2003; 76(1-2):99-111.
30. Saalu LC, Oluyemi KA, Omotuyi IO.
A-Tocopherol (vitamin E) attenuates
the testicular toxicity associated with
experimental cryptorchidism in rats. African

GMJ.2017;6(4):330-7
www.gmj.ir

Moladoust H, et al.

J Biotech. 2007; 6(12):1373-7.
31. Ayinde OC, Ogunnowo S, Ogedegbe
RA. Influence of vitamin C and vitamin
E on testicular zinc content and testicular
toxicity in lead exposed albino rats. BMC
PharmacolToxicol. 2012; 14:13-7.
32. Aslam H, Rosiepen G, Krishnamurthy H,
Arslan M, Clemen G, Nieschlag E, et al. The
cycle duration of the seminiferous epithelium
remains unaltered during GnRH antagonistinduced testicularinvolution in rats and
monkeys. J Endocrinol. 1999; 161(2):281-8.

337

