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Abstract—Formaldehyde (FA) interacts with biological molecules such as DNA and it induces DNA-protein
cross-links (DPCs), oxidative stress, reactive oxygen species (ROS), methylation, chromosomal damage,
fragmentation, and adducts of DNA, which are considered the most important genotoxic effects caused by
exposure to FA. The purpose of this study was to evaluate the percentage of DNA fragmentation on lympho-
cytes and spermatozoa from Wistar rats exposed to different doses of FA. The results about the percentage of
fragmentation of DNA in lymphocytes and spermatozoa, were statistical different from controlled group ver-
sus treated groups respectively to (p < 0.05). Pathological changes were observed in the seminiferous tubules,
especially in rats exposed to 30 mg/kg of FA. This study provided additional evidence supporting that FA
induces DNA strand breaks in both cells and therefore genotoxic damage in Wistar rats.
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INTRODUCTION
Formaldehyde (FA) is a highly reactive chemical

compound that may interact with macromolecules
such as proteins and nucleic acids, or with low molec-
ular weight molecules such as amino acids [1]. The
main interactions attributed to the FA that are consid-
ered biologically significant are held in proteins and
DNA [2]. In this manner, it induces damage to DNA,
as well as the formation of DNA adducts, alteration of
protein structure, and DNA-protein cross-links
(DPCs) [3–5]. DPCs formation is considered the pri-
mary genotoxic effect induced by exposure to FA [2, 6].

It has been suggested two mechanisms in which FA
induces DPCs. The first one is through the binding of
FA in a nucleophilic site of a protein, followed by the
crosslinking of the protein methylol adduct, and a
nucleophilic site on DNA. The second one is the
interaction of FA with a nucleophilic site in a DNA

nucleotidic base, which is followed by the cross-link-
ing between the DNA methylol adduct in DNA and a
protein residue [2]. Additional mechanisms for the
toxicity induced by FA include oxidative stress, ROS
generation, and methylation of DNA, all of them lead
to chromosomal damage, fragmentation, the forma-
tion of adducts, protein cross-linkings of the DNA,
structural and functional alterations of enzymes, hor-
mones, and proteins [7] as well. DNA fragmentation is
an initial distinctive seal of apoptosis of any cell line,
cells may die by programmed cellular death, or they
can acquire chromosomal mutations, which are inher-
ited in succeeding generations [8, 9]. In lymphocytes,
the most important mechanism causing damage to
DNA is the abnormal packaging of chromatin, while
in sperm cells this is due to insufficient chromatin pro-
tamination triggered by ROS production [10].

Oxidative stress occurs when there is an excessive
production of ROS by leucocytes [11]. Previous stud-
ies on humans occupationally exposed to FA showed1 The article is published in the original.
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genotoxic damage in lymphocytes and cells of the
nasal mucosa, with clastogenic and cytogenetic effects
[6, 12–15]. Likewise, several studies have stated that
the generation of ROS is an important cause of dam-
age to the DNA of the spermatozoa [10, 11, 16–18].
The production of ROS or failures in the proper
exchange of the histone fraction of chromatin for prota-
mine may produce irreversible DNA damage [18–20].
Because the integrity of DNA is a characteristic of the
cells which depends on its genomic stability and qual-
ity [18]. As it was mentioned before, the purpose of
this study was to evaluate the percentage of DNA frag-
mentation in lymphocytes and spermatozoa in WR
exposed to different doses of FA.

MATERIALS AND METHODS
Animals

Twenty male WR were provided by the bioterium of
the School of Dentistry (Autonomous University of
Coahuila (UAC), Torreon Campus, Coahuila, Mex-
ico). Animals were pathogen free, with an average
weight of 242 g; they were kept in a controlled environ-
ment with temperature between 25 and 28°C (tem-
perature control: 2H/JT-03, LennoxMR, Mexico),
relative humidity 30–70% (Minisplit, LennoxMR,
Mexico), light/darkness cycles of 12 h (photoperiod
was regulated by an electric timer and light intensity
was at least 300 lx, positioned laterally to the eyes of
the animals; Electric R/F, China), and free access to
food (Nutri-Cubes, Agribrands Purina®, Mexico),
and water ad libitum.

This study was conducted in accordance with institu-
tional and international guidelines for animal handling
procedures (SAGARPA in Mexico, NOM-062-ZOO,
1999), and was approved by the Bioethical Committee
of the School of Medicine of the Autonomous Uni-
versity of Coahuila, Campus Torreon, Coahuila,
Mexico (Number of approval by the Secretaría de
Salud and Comisión Nacional de Bioética in Mexico:
(CONBIOETICA07CEI00320131015). Protocol
approval reference number: AUT.02-08/13.

Study Design

Four groups of WR were formed (n = 5), including
the controlled group. Groups 1, 2, and 3 were exposed
to FA (Sigma-Aldrich, St. Louis, MO, USA) during
5 days through an intraperitoneal injection (ip) of 5,
10, and 30 mg/Kg body weight respectively; control
animals were treated with physiological solution
(NaCl 0.9%) (SSB, PiSA®, México). Selection of
doses and the exposure time to FA were based on pre-
vious studies regarding damage caused to tissues and
organs in rats [21–24]. At the end of the treatment, the
animals were euthanized by cervical dislocation and
biological samples were collected to perform the cor-
responding tests.

Lymphocyte Samples
In order to obtain lymphocytes from the experi-

mental groups, blood samples were obtained by heart
puncture and stored in test tubes with EDTA (BD
Vacutanier®, Spain) as an anticoagulant and kept at
35°C for 30 minutes to perform the single cell gel elec-
trophoresis/comet assay.

Epididymis Spermatozoa Samples
Spermatozoa from rats of all experimental groups

were extracted from the epididymis in 15 ml Falcon
conical-polystyrene tubes (Becton Dikinson Labware,
USA) and they were immediately washed with 3 mL of
saline solution at 37°C (NaCl 0.9%), then they were
washed again with Ham F-10 culture medium (Irvine-
Scientific, Santa Ana, CA), and incubated in this
media at 37°C for 30 min. After this procedure the
genotoxicity of FA was analyzed by the single cell gel
electrophoresis/comet assay.

Comet Assay for Lymphocytes and Spermatozoa
DNA fragmentation was analyzed by gel electro-

phoresis assay of a single cell (SCGE). To study the
DNA fragmentation of peripheral blood lymphocytes
and epididymal sperm, using a protocol described [25]
and subsequently modified [26].

The slides were stained with 35 μL of ethidium bro-
mide and the comets were counted using a f luores-
cence microscope (Labomed LX 400, Germany). One
hundred images of nuclei were captured and analyzed
using the TriTek CometScoreTM Freeware v1.5 soft-
ware, which has been designed exclusively for this type
of images. The percentage of DNA in the head and
percent of DNA in the tail in the comet images was
evaluated to determine the level of genotoxicity of FA.

Histopathological Analysis
Once the exposure to FA was completed, the ani-

mals were sacrificed by cervical dislocation and the
organs were dissected and fixed in 10% neutral forma-
lin during at least 48 h; the testes were fixed in Bouin’s
fixative for no more than 48 h. Tissues were processed
by conventional histological technique and they were
included in paraffin blocks. Sections of 5μ of thickness
were prepared using a microtome; afterwards, they
were stained with hematoxylin and eosin (H&E). After
staining, sections were mounted on glass slides with
synthetic resin and coverslips. Representative photo-
graphs were taken by using a Zeiss Axiostar plus light
microscope fitted with a Motic 5.0 MP digital camera.

Statistical Analysis
The statistical software SPSS 20.0 for Windows was

used to analyze the studied variables. Descriptive sta-
tistics were performed and values were represented as
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means and standard deviation of the mean. A distribu-
tion analysis was realized with one sample Kolmog-
orov-Smirnov test. One way ANOVA with the Tukey’s
test for multiple comparisons between groups was car-
ried out as a second step to determine any possible dif-
ference in DNA damage induced by FA, and to deter-
mine the relation between the percentage of damage to
DNA caused by FA in lymphocytes and spermatozoa.
Likewise, a Pearson correlation analysis was applied to
determine the degree of association between the stud-
ied variables. A value of P < 0.05 was considered statis-
tically significant for all tests.

RESULTS AND DISCUSSION
Effect of FA on the Body Weight of Wistar Rats

At the end of the experimental exposure to FA the
basal and final weights of the animals treated with dif-
ferent doses were compared versus the controlled
group (0 mg/Kg of FA body weight). The most obvi-
ous effect was the decrease in body weight in groups 2
and 3 (treated with 10 and 30 mg/Kg of FA body
weight, respectively). By contrast, the animals in
group 1 (treated with 5 mg/Kg of FA body weight)
showed a slight weight gain. Statistical analysis using a
Tukey’s post-hoc test demonstrated significant differ-
ences only between groups 2 and 3 regarding to control
(Table 1).

DNA Fragmentation in Lymphocytes
When the alkaline comet assay was performed, an

increment in DNA strand breaks was detected as large
DNA amounts migrating outside the nucleus, towards
the tail of the comet (Fig. 1). The extension of DNA
migration in the comets was directly dependent to the
dose of FA, as it is shown in Table 2. For the controlled
group the percent of DNA damage was 6.79%, while
for groups 1, 2, and 3 the percentages were 14.83,
15.93, and 44.58%, respectively.

When the experimental groups were compared
against the controlled group, significant genotoxicity
was observed in all the 3 FA exposed groups (Table 3).

Regarding to control, statistically significant differ-
ence in the degree of genotoxicity was found in lym-
phocytes from group 3, which was exposed to the

highest dose of FA (p = 0.001). In comparison of the
genotoxic damage between group 1 versus group 3,
and group 2 versus group 3, also statistically significant
differences were showed (p = 0.001) in lymphocyte
DNA damage in these groups.

The Pearson’s correlation analysis shows that each
milligram of injected FA increases at 76.3% the DNA
in the tail of comets from lymphocyte, which indicates
an elevated genotoxic effect (Table 4).

DNA Fragmentation in Spermatozoa

Similar to lymphocytes, the migration of DNA
from the nucleus towards the tail of the comet was
clearly seen in spermatozoa (Fig. 1).

The damage to DNA is completely differentiated in
groups 1, 2, and 3 which were treated with FA versus
damage to the DNA of the controlled group.

Table 1. Basal and final body weights in animals treated with different doses of formaldehyde

* Statistically significant compared with basal weight (p < 0.05).

Experimental Group FA dose (mg/Kg body weight) Exposure time (day)
Basal weight (g) Final weight (g)

Mean ± SD

Control NaCl 0.9% 5 204.20 ± 1.92 215.8 ± 2.86
Group 1 5 mg/kg 5 214.60 ± 18.45 222.4 ± 17.05
Group 2 10 mg/kg 5 220.00 ± 13.19 208.6 ± 11.14*
Group 3 30 mg/kg 5 268.00 ± 37.20 244.6 ± 31.26*

Fig. 1. Levels of DNA damage after exposure to formalde-
hyde evaluated by the comet assay. Lymphocytes a-d; (a)
Damage level 1, (b) Damage level 2, (c) Damage level 3,
(d) Damage level 4. Germ cells e-h; (e) Damage level 1,
(f) Damage level 2, (g) Damage level 3, (h) Damage level 4.
(In this experiment we found no comets level 0).

Lumphocytes Spermatozoa

Control Group

Group 1

(5 mg/Kg*FA)

Group 2

(10 mg/Kg*FA)

Group 3

(30 mg/Kg*FA)

*mg/Kg*FA of body weight

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)
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The values of DNA fragmentation for control
group, and groups 1, 2, and 3, were 14.74 ± 0.90, 23.78 ±
3.27, 27.55 ± 0.98, and 32.08 ± 2.80, respectively
(Table 2).

Statistically significant differences were found in
the percentage of DNA damage of spermatozoa from
groups 1, 2, and 3, compared to controlled group (p <
0.0001). Besides of this, there was a statistical differ-
ence in the damage to spermatic DNA between groups 1
and 3 (p < 0.0001), and between groups 2 and 3 (p =
0.027) (Table 3).

In brief, lymphocytes and sperm from rats of the
controlled group did not show comet tails (Fig. 1a,e).
In the case of lymphocytes from exposed animals,
damage is not observed at 5 mg/Kg of FA body weight
(Fig. 1b); tails were evident only at doses of 10 and
30 mg/Kg of FA (Fig. 1c,d).

However, spermatozoa were more sensitive to the
toxic effect of FA because the damage to DNA was
evident even at 5 mg/Kg of FA body weight (Fig. 1f),
and was remarkably higher at the doses of 10 and
30 mg/Kg of FA (Figs. 1g, 1h).

Figure 4 shows the different types of comets
observed sperm DNA in a field. Randomly captured in
this experiment.

Histopathological Findings

Compared to the controlled group, histopatholog-
ical analysis of the liver, kidneys, brain and lungs from
the different experimental groups did not show signif-
icant changes. The most notable effect was on the
structure of the testicles, especially in animals treated
with 30 mg FA/Kg body weight, in which most of the
seminiferous tubules were altered and presented des-
quamation of the germinal epithelium, degeneration
of germinative cells, presence of deposits of amor-
phous intraluminal proteinaceous material, numerous
atypical mitosis, as well as, a marked decrease in the
number of spermatozoa (see Figs. 2a, 2b).

Our results indicate that intraperitoneal (ip) expo-
sure to FA provoked considerably effects on DNA
integrity of both, spermatozoa and lymphocytes, from
all the 3 experimental groups of male WR exposed to
this toxicant, and a significant diminution of body
weight from groups 2, and 3, which were treated with
the higher doses. In the same way, other studies have
shown that FA causes reduction in corporal weight in
rats exposed to different doses and exposure ways.
Studies reported reduction in body weight in animals,
which received 200 mg/Kg of FA body weight through
oral administration [27]. Likewise, in a review paper
cites several reports of fetal weight reduction in rats
exposed to different doses and administration routes
of FA28. While observed that ip injections of FA at
concentrations of 2.5, 5, 7.5, and 10 mg/Kg body
weight during 40 days also induced a decrease of cor-
poral weight in rats [21].

Their results are in agreement with the findings in
our study, in which a reduction in body weight was
observed for groups 2, and 3, which in turn were
exposed to the higher doses of FA; this result could be
probably related to FA intolerance, because we also
observed a marked diminution in food and water con-

Table 2. DNA fragmentation in lymphocytes and germ cells in the experimental groups of rats exposed to formaldehyde
during 5 days

* Statistically significant compared with the control group (p < 0.05).

Experimental Group FA dose (mg/Kg body weight)

% of fragmented DNA 

in lymphocytes

% of fragmented DNA 

in germ cells

Mean ± SD

Control NaCl 0.9% 6.79 ± 3.89 14.74 ± 0.90

Group1 5 mg/Kg 14.83 ± 8.04 23.78 ± 3.27*

Group 2 10 mg/Kg 15.93 ± 9.06 27.55 ± 0.98*

Group 3 30 mg/kg 44.58 ± 14.51* 32.08 ± 2.80*

Table 3. Statistical comparison of the DNA damage
induced by formaldehyde in lymphocytes and germ cells on
the experimental groups

Comparison 

between groups

DNA damage

in lymphocytes 

(p value)

in germ cells 

(p value)

Control vs Group 1 0.572 0.0001

Control vs Group 2 0.998 0.0001

Control vs Group 3 0.001 0.0001

Group 1 vs Group 2 0.998 0.075

Group 1 vs Group 3 0.001 0.0001

Group 2 vs Group 3 0.001 0.027
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Table 4. Correlation between the percentage of DNA dam-
age induced by formaldehyde in lymphocytes and germ cells

** Highly significant correlation p < 0.01 (2-tailed).

% of DNA

in the tail 

of lymphocytes

DNA in the tail 

of germ cells

Pearson’s correlation 76.3** 93.3**

p value 0.0001 0.0001

Fig. 2. Effects of formaldehyde on the testicular structure of Wistar rats. With regard to the control group (a), in which the histo-
logical structure was conserved, significant alterations were observed in animals treated with 30 mg FA/Kg body weight. Mor-
phological changes consisted; (1) Degeneration of the epithelial germinal cells (EGC), (2) Disruption of the intercellular unions,
(3) Presence of amorphous-proteinaceous deposits (APD) in the lumen of the majority of the seminiferous tubules, (4) Impaired
spermatogenesis, (5) Atypical mitosis (*) and (6) Decreased amount of sperm cells (SC). H&E staining.

sc

sc

sc

sc

sc

sc
sc

EGC

EGC

APD

APD

(a) (b)

40× 40×

sumption and urethral obstruction as well. The last
one impeded urination.

Although, the comet assay is a rapid and relatively
simple method for detecting DNA damage at the indi-
vidual cells level, reports on its specific application in
experiments with Wistar rats injected intraperitoneally
with FA are scarce.

With regard to trials in animals exposed to FA and
genotoxic evaluation using the comet assay, studies
show that celiac injection of FA in pregnant mice after
birth the desendencia shows hepatic DNA damage
cells in mothers and fetuses [29]. Analysis of genotox-
icity of FA as well as its effect on gene expression pro-
files of lung tissue when FA was applied via inhalation
in rats [2, 29, 30].

In our research, we demonstrated the genotoxic
effect of FA over the DNA of peripheral blood lym-
phocytes and spermatozoa on Wistar rats. The doses,
exposure route, and the time that we used, provoked
significant strand breaks in cellular DNA in 5 days of
treatment, which correlates with an important degree
of genotoxicity.

We believe that damage to the cell genome may be
related to the formation of adducts and to an increase
in oxidative stress in cells, as it has been reported in
previous studies. The DNA damage in lymphocytes
and germinal cells from rats exposed to different con-
centrations of formaldehyde was analyzed by the
comet assay. The lengths of the comets (DNA tails)
were directly dependent of the dose of FA, with longer
tails indicating more damage to DNA. This effect is
clearly observed in (Fig. 1), which shows representa-
tive images from all the doses of FA used in the study.
DNA fragmentation induced by FA that is related to
mechanisms like induction of adducts with DNA and
proteins, increasing in oxidative stress, generation of
ROS, DNA methylation, chromosomal damage, and
structural alteration of enzymes, hormones and pro-
tein function through lipid peroxidation [2, 30].

With regard to the effects of FA on testicular tissue,
studies have evaluated the reproductive toxicity of FA
on male Sprague–Dawley rats after 60 consecutive

days of exposure to low doses (0.5 and 2.46 mg/m3),
via inhalation. Their results confirmed that the repro-
ductive toxicity of FA is dose dependent. The histo-
pathological structure of testicles, and the structure
and function of the epididymis in rats exposed to

0.5 mg/m3, failed to show notable differences when
they were compared to the controlled group. Never-

theless, in the group of rats exposed to 2.46 mg/m3 of
FA, the sperm quantity and quality, the diameter of
the seminiferous tubules, and the activity of superox-
ide dismutase and glutathione peroxidase were signifi-
cantly reduced. In this group of animals, histopatho-
logical findings consisted mainly in atrophy of the
seminiferous tubules, reduction of spermatogenic
cells, and oligozoospermia [24]. These authors con-
cluded that FA in small doses and after prolonged
exposure affects reproduction in males through induc-
tion of oxidative stress.

In our study, results from the histopathologic anal-
ysis did not show alterations in liver, kidney, and lungs
in rats from all the experimental groups; we believe
that it was due because of the exposition to FA was
short, and therefore, there was not enough time to
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produce damage to these organs. However, in animals
treated with 30 mg of FA/Kg body weight we observed
morphological alterations such as degeneration of the
germinal epithelium, disruption of the intercellular
unions, impaired spermatogenesis, atypical mitosis,
decreased amount of spermatozoa, and cell death
(Fig. 2b).

In studies to assess histopathological damage
induced by FA after a short exposure time are scarce,
however, have been conducted research study nephro-
toxicity FA and rats exposed to vapors of this toxic
agent in rooms dissections induced, not found no kid-
ney damage [31]. FA exposure induces testicular dam-
age, investigations have shown results as testicular
damage after chronic exposure to vapors FA. Our
results further information on testicular damage that

might be related to an increase in DNA fragmentation

was found in cells evaluated in the study [31–35].

In other studies have reported conclusive results

with the toxic effects of FA in experimental models,

affecting tissue, enzymatic, hormonal and reproduc-

tion in the (Table 5) levels the findings by different

authors are shown.

In conclusion, exposure of male Wistar rats to FA

induced a significant genotoxic effect in lymphocytes

and spermatic cells, but also morphological alterations

in testicular structure. Although high levels of DNA

fragmentation were observed in lymphocytes as well as

in spermatozoa, the spermatic cells were found to be

more sensitive to DNA damage.

Fig. 3. Images of comets (from lymphocytes), stained with ethidium bromide. They represent different levels of DNA damage. 40×.

Fig. 4. Images of comets (from spermatozoa), stained with ethidium bromide. They represent different levels of DNA damage. 40×.
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Table 5. Comparison of literature shows different effects of exposure to FA in animal models

(ip) = intraperitoneal; ↑ = Increased; ↓ = Decreases.

Model Exposition to FA Vía Results Reference

Wistar albino rats 10 mg/kg ip ↑Malondialdehyde (MDA) and protein 

carbonyl (PC).

↓ Superoxide dismutase (SOD) and catalase (CAT) 

enzyme activities in frontal cortex and hippocampal tissue.

 [1]

Mice 0, 2.5, 5, 7.5 

and 10 mg/kg

ip ↓Effect on body weight.

↓Ganado-somatic-index.

↓Fertility.

↓Motility and viability of sperm.

 [21]

Wistar rats 10 and 25 mg/kg ip ↓ Superoxide dismutase and glutatione 

peroxidase.

—Degenerative glomerules, vacuolization and dilatation 

of distal tubules, and vascular congestion.

—Oxidative renal damage.

 [22]

Sprague-Dawley 

rats
0.5 mg/m3 

and 2.46 mg/m3

inhalation ↑Reproductive toxicity.

↓Sperm quantity and quality.

↓Testicular seminiferous tubular diameter.

↓SOD, GSH-Px, CAT, XO and MDA 

levels.

↓Decreases of spermatogenic cells and the lumina 

were oligozoospermic in testes.

—Atrophy of seminiferous tubules.

 [24]

Wistar rats 1.5 ppm inhalation ↓ Germ cells.

—Spermatogenesis arrest.

—Thickening of the basal membrane of the seminiferous 

tubules.

—Displacement of Sertoli and germinal cells.

↓ Seminiferous tubular diameter and 

seminiferous epithelial height.

—Histopathological and morphometric changes.

 [31]

Sprague-Dawley 

rats

5 and 10 ppm inhalation —Cytotoxicity, genotoxicity, lipid 

peroxidation, carbonyl protein oxidation.

 [35]

Wistar-albino 

rats

10 and 25 mg/kg ip ↑ SOD, GSH-Px, CAT, XO and MDA 

levels.

—Enlarged sinusoids filled with blood and mononuclear 

cell infiltration in the portal areas and around the central 

veins.

—Hepatocytes showed vacuolar 

degeneration.

 [36]

Fischer-344 rats 0, 0.5, 1, 2, 6, 10 

and 15 ppm

inhalation —Not induce any significant effect in any of the 

genotoxicity.

 [37]

Sprague-Dawley 

rats

6 ppm inhalation ↓ Seminiferous epithelial height.

—Adversely affects Leydig cells (RLF) and seminiferous 

epithelium of testicular tissue.

 [38]

White rats 10–15 mg/m3 inhalation —Significant changes in some indices characterizing 

differential WBC count, functional status of the central 

nervous system and liver, redox and porphyrin metabo-

lisms, bone marrow micronuclei count as well as free 

amino acid spectrum of the blood serum.

 [39]

Wistar rats 5, 10, and 

30 mg/kg

ip —Histopathological alterations in 

seminiferous tubules.

↓ Sperm concentration and motility.

↑ Dispersion of DNA chromatin.

 [40]
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