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Abstract: Benzene is an aromatic hydrocarbon and a colorless and odorous liquid. It is used in the
production of plastics, detergents, pesticides, and other chemicals. Serious deterioration is seen in
sperm production of men who are exposed to hydrocarbons such as ethylbenzene, toluene, xylene, and
aromatic solvents found in paints, lacquers, adhesive-like substances in their professions. The purpose
of this study was to examine the possible effects of benzene on testicular tissues via histopathological
and TUNEL staining methods. In this study, healthy 18 Wistar albino male rats, with a mean age of 8-
10 weeks weighing 250-300 g were used. Rats were divided into 3 groups; Group | was the control
group. Group Il was administered 1 ml/kg benzene for 9 days and Group I11 1.5 ml/kg benzene for 5
days via orogastric tube. At the end of the experiment, all rats were decapitated, and their testicular
tissues were excised. Stained with Haematoxylin and Eosin, Johnsen scoring was performed for each
group. Apoptosis was demonstrated with TUNEL method, marked with the Image J program and
statistical analysis was performed. Benzene exposed rat testicular tissues depicted thinning of
seminiferous tubule epithelium cytoplasmic vacuoles, affusion of seminiferous tubule epithelium to the
lumen, and affusion in spermatogenic cells (desquamation), degenerative changes in germ cells
(spermatogonia), degenerative tubule structures, disorganized interstitial tissues, and absence of
epithelial integrity were observed. Compared with the control group, the rats exposed to benzene
revealed a significant increase in apoptotic cells in the seminiferous tubules via TUNEL staining. It was
thought that exposure to benzene resulted in degeneration and increased apoptotic cells in the testicular
tissues.
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1. Introduction

Benzene, an aromatic hydrocarbon, causes significant damage when taken into the body [1, 2].
According to EU classification of CMR (Carcinogenic, Mutagenic, Reprotoxic) substances (EU
legislation- CLP 1272/2008) and the International Agency for Research on Cancer (IARC), benzene is
classified as carcinogenic (1A), mutagenic (1B), and reprotoxic (Reproductive Toxic Substance). The
way CMRs enter the organisms can be through inhalation (dust, smoke, gas, vapor), ingestion (by eating
or drinking with dirty hands, smoking or accidentally swallowing), and through (intact or damaged) skin
and mucous membranes. From the perspective of occupational health and safety, examples of exposure
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to carcinogens such as benzene can be given from different activity sectors. Workplace employees are
exposed to benzene in pure or hydrocarbon mixtures in the refinery, through steam and skin contact in
mechanical works, during transfer in the fuel transport area [3-5]. Benzene causes leukemia and aplastic
anemia in exposed workers and has been associated with immune system abnormalities [6]. Prolonged
inhalation of benzene vapor causes reduction of red and white blood cells in the blood [7]. Benzene
shows its reprotoxic effect on the male reproductive system by affecting steroid hormones, sperm
quality, and concentration [8, 9]. Benzene has been found to cause a decrease in spermatogenesis by
affecting androgens [10] however, an improvement in spermatogenesis occurs when androgen therapy
is applied [11]. Effects of benzene on the female reproductive system have been also proven. It causes
an increased frequency of oligomenorrhea in women exposed to high doses of organic solvents
(benzene, xylene, or toluene) [12]. After benzene enters the organism, it is metabolized in the liver via
the Cytochrome P450 2E1 enzyme system. The resulting intermediates (hydroquinone, phenol, catechol,
benzoquinone, muconaldehyde) have been reported to cause toxicity [13]. These metabolites are
responsible for genotoxicity and hematotoxicity [14].

Apoptosis is a programmed, energy-requiring active cell death [15, 16]. The structural features of
apoptosis are the shrinkage of the cell, the condensation of chromatin in the nucleus and its localization
on the nucleus membrane, DNA fragmentation, karyorrhexis, condensation of cytoplasm, compact
organelles, blebbing of the cell membrane, and the formation of apoptotic bodies [17]. Cellular apoptosis
is one of the important processes observed in testicular development and normal spermatogenesis.
Spermatogenesis is a complex process that requires homeostasis of different cell types. Sertoli cells,
regulating germ cell proliferation and differentiation, play a role in the control of germ cell apoptosis
[18]. Apoptotic events seen in ejaculated human spermatozoa are caspase activation, phosphatidylserine
externalization, and alteration of mitochondrial membrane potential, and DNA fragmentation. These
processes are frequent in non-fertile men and functionally insufficient sperm. The importance of the
apoptotic pathway in spermatogenesis and sperm maturation can be expressed by eliminating defective
germ cells in the testis and epididymis and ensuring quality control in sperm production [19].

This study aimed to examine the apoptotic effects of benzene toxicity on rat testicular tissue via
histopathological methods.

2. Material and Method

2.1. Ethical approval and experimental model

Firat University Local Ethics Committee approved all experimental procedures. (Decision Date:
04.04.2013; Decision number: 2013/14). The study was completed in accordance with the ethical
procedures in the 'Guide for the Care and Use of Laboratory Animals' published by the National
Research Council [20]. Male Wistar Albino rats (n: 18) weighing 250-300 grams, 8-10 weeks of age,
were obtained from Firat University Experimental Research Center (FUDAM). During the study, rats
were allowed to access water and fed ad libitum at room temperature of 25 C°, 12/12 h light/ dark period.
Rats were assigned to three groups (6 rats per group). Group | control; only saline (1 ml/kg) was
administered orogastric during the experiment. Group Il, 1 ml/kg benzene (Benzene anhydrous, 99.8%,
Cas no: 71-43-2, Sigma-Aldrich, Germany) was administered at the same time interval every day for 9
days with an orogastric catheter. Group 111, 1.5 ml/kg benzene was administered at the same time interval
every day for 5 days with an orogastric catheter.
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2.2. Histological tissue processing protocol

All rats were sacrificed under anesthesia (90 mg/kg intramuscular ketamine hydrochloride,
(Ketalar, Pfizer, Turkey) and 10 mg/kg xylazine (Rompun, Bayer, Turkey) at the end of the 5 and 9™
days. Testicles were removed quickly. Testicular tissues were processed for routine paraffin wax tissue
protocol as follows; excised tissues were fixed in Bouin solution. After fixation, they were dehydrated
in ascending alcohol series (70%-80%-96%-100%) and cleared in xylene for 25 min two times, and
embedded in paraffin blocks (Sigma, Germany). 5-um sections from paraffin blocks were cut with a
microtome (Leica, Germany), stained with Hematoxylin-Eosin (H&E), examined by light microscopy
(Zeiss, Imager A2, Germany).

2.3. TUNEL method

Apoptosis in testicular tissue sections was evaluated by TUNEL method for each group.
Apoptotic cells were stained with ApopTag plus Peroxidase in Situ Apoptosis Detection Kit (Chemicon,
cat no: S7101, US) on the sections. Endogenous peroxidase activity was blocked by 3% hydrogen
peroxide (5 min) and then tissues were treated with 0.05% proteinase K for 10 min. Tissues were washed
in PBS and incubated with equilibration buffer (6 min), then incubated with the working solution (60
min, 70 pl reaction buffer + 30% TdT Enzyme) at 37 ° C in a humid environment. After the application
of stop /wash buffer (10 min), sections were incubated with anti-digoxigenin-peroxidase for 30 minutes.
Diaminobenzidine (DAB) substrate was used as a chromogen to show apoptotic cells. Harris
hematoxylin was used as a contrast staining. TUNEL staining evaluation was performed with a semi-
guantitative scoring using a number from 0 (no expression) to +3 (strong) based on the prevalence of
the staining.

2.4. Johnsen testicular biopsy scoring

Testicular biopsy scoring criteria of Johnsen et al. [21] were used in the biostatistical evaluation
of spermatogenesis (Table 1). A number of 90 seminiferous tubules were subjected to testicular biopsy
scoring. Scoring of the data was performed in a blind manner by the histopathologists for each group
under the light microscope.

Table 1. Johnsen testicular biopsy scoring criteria

Johnsen Biopsy Scoring Table Score

Regular, dense spermatogenesis and tubule structure 10
Dense spermatozoa in the lumen but irregularity in the spermatogenic line 9
The small amount of spermatozoa present in the lumen 8
No spermatozoa in the lumen but spermatids are present 7
The low number of spermatids 6
No spermatozoa and spermatids but dense spermatocytes 5
Low amount of spermatocytes 4
Only Spermatogonia available 3
There are no germ cells 2
No germ cells or Sertoli cells 1
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2.5. Image J analysis

Image J version 1.35f was also used for apoptotic cell examination using the TUNEL technique.
10 seminiferous tubules were selected in the cross-sectional area and the chromogen reaction (brownish
stained cells) was counted. The percentage result was obtained by proportioning the total number of
cells in the seminiferous tubule to the total number. Cells that react to chromogen and cells that do not
(cells stained in the bluish pattern) were marked with two different markers in the Image J program and
then counted. Percentage calculations of all groups were obtained.

2.6. Statistical analysis

All statistical analyses were made with IBM SPSS 25 software (SPSS Inc. Chicago, IL)
application. Shapiro-Wilk tests were used for normality tests and normality of distributions. Normal
distributed measurements were analyzed with the One Way Anova test. The comparison between the
groups was evaluated with the Post-Hoc Turkey test. Any p-value lower than 0.05 was accepted
statistically significant.

3. Results

3.1. Hematoxylin-Eosin findings

In the control group, seminiferous tubules, basal lamina of seminiferous tubules, cells belonging
to the spermatogenic series, Sertoli cells, and Leydig cells were observed in normal structure (Figure
1a). In Group Il, tubule structures seemed to be preserved, and degeneration and pyknosis in the
spermatogenic line, fibrosis in the interstitium, and cytoplasmic vacuoles were observed (Figure 1b). In
group 111, it was observed that there were more degenerative changes in the rat testes compared to Group
Il; desquamation due to degeneration in spermatogenic cells, pyknosis, cytoplasmic vacuoles in the
interstitial area, pyknosis in the Leydig cells, and the tubule structure was disrupted (Figure 1c).

Figure l1a. Control group rat testis tissue. Normal histological appearance. Leydig cells (red arrow)
and germinal epithelium (red rectangle). H&E staining, Bar: 100 um. 1b. Group Il rat testis cross
section. Degeneration (rectangle) and pyknosis arrow) in the spermatogenic line, fibrosis in the
interstitium (asteriks), H&E staining, Bar: 100 um 1c. Group 111 rat testis section. Degeneration in
spermatogenic cells (desquamation) (rectangle) and pyknosis (red arrow), cytoplasmic vacuoles in the
interstitial area (asteriks), pyknosis (red arrowhead) in Leydig cells, deterioration in tubule structure.
H&E staining, Bar: 100 um
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3.2. TUNEL results

In TUNEL staining for apoptotic examinations, TUNEL positivity was observed with a
prevalence of +1 in the control group (Figure 2a). Compared to the control group, it was observed to
have a spread of +3 in Group Il and Group 111 groups (Figures 2b and 2c, respectively). There was no
difference in TUNEL positivity between Group Il and Group I11 groups.
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Figure 2a. TUNEL positive cell in the control group (red arrow). TUNEL staining, Bar: 20 pm. 2b.
Group Il TUNEL positive apoptotic cell (red arrows). TUNEL staining, Bar: 20 um. 2c. Group Il
TUNEL positive apoptotic cell (red arrows). TUNEL staining, Bar: 20 pm
Marking of apoptotic cells determined by TUNEL technique with Image J program for statistical
analysis is as in Figure 3a-c. The statistical analysis of Johnsen scoring revealed a significant difference
when the control group was compared with Group Il and Group Il (p = 0.01) (Table 2). There was no
statistical difference between Group Il and Group Il (p = 0.315) (Figure 4). The average percentage
distribution of the groups according to Image J analysis results was given in Table 3. The highest
percentage was in Group 11 (0.19%) whereas the lowest one was in Group | (0.09%).
. an
AL ‘
( ""‘" /.a
D 8 Ae
€.%% O
KL R?
i “a '." t
. ” .‘ < \ a0
° . 8, - ,. ¢
. y , R COLD i 1'. “'.
al ——] 08, e, & O 'ow o adlin A0,

Figure 3 a,b,c. Image J analysis of TUNEL staining in all groups. TUNEL positive (yellow) and
negative (pink) marked cell nuclei in Group I(control), Group II, Group IlI respectively.
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Table 2. Johnsen scoring of groups

https://doi.org/10.51477/mejs.938468

Groups

Median (min-max)

Statistical significance

Group | (Control)
Group 11 (1 ml Benzene)
Group 11 (1.5 ml Benzene)

9.50 (8.00-10.00)
3.00 (1.00-6.00)
2.00 (0.00-5.00)

p=0.001 (compared with group Il and I1I)
p=0.315 (compared to group I)
p=0.315 (compared to group I)

[y
o

Scores
o = N w SN ol (o)) ~ (o] [{e)

Group 111

Group | Group 11

Figure 4. Chart showing Johnsen scoring for quantifying spermatogenesis. Spermatic cells were
significantly lower in Group Il and Group Il than that of control I (p = 0.01). Scores of Group Il and
Group I11 were significantly close to each other (p = 0.315).

Table 3. Average percentage distribution of the groups according to Image J analysis results.

Negative reaction Positive reaction

Groups (cell) (cell) Percentages
ﬁ:ﬁ%n 156 17 0.09%
Group 11 .

(1 ml Benzene) 135 30 0.18%
Group I 128 a1 0.10%

(1.5 ml Benzene)

4, Discussion

Since most of the organic solvents commonly used in the industry are volatile compounds, they
show their effects on living things through respiration. These compounds enter the organism through
inhalation as well as orally and through the skin, causing significant damage [22]. Skin contact of
organic solvents is known to cause eczema on the skin, prolonged inhalation of its vapor to the reduction
of red and white blood cells, genotoxicity, hematoxicity and leukemia, liver damage, and chromosome
aberration [6,7,22]. The median lethal dose (LD50) for benzene changes from 0.93 to 5.96 g/kg [23, 24].
A 4-week exposure of mice to >=8 mg of benzene/kg/day in the drinking water induced the synthesis
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and catabolism of monoamine neurotransmitters and produced dose-related decreases in red-blood-cell
parameters and lymphocyte numbers [25]. Previous literature revealed that the main toxic effect of
benzene is related to the hematopoietic system and is of great importance in terms of reproductive health.
The rate of infertility is increasing day by day in the community. Exposure to chemicals that affect
reproductive health such as benzene for various reasons is a cause of both male and female infertility.
Singh R. et al. administered benzene orally with 0.5 and 1 ml/kg (-1) doses of benzene for 14 and 9
days, respectively. They have observed all germ cell types (spermatogenesis, primary spermatocyte,
spermatid in seminiferous tubules), Sertoli cells and interstitial Leydig cells in healthy testicular tissue
have normal morphological appearance however, in the benzene group, they have found giant cell
formation in the seminiferous tubule epithelium, cytoplasmic vacuoles, chromatolysis, shedding of germ
cells into the tubular lumen, and elongated appearance in Leydig cells. They also observed that the
degeneration in the seminiferous tubule was more evident in the high-dose benzene group, as well [26].
In our study, we preferred to give at the dosages of 1 ml/kg and 1.5 ml/kg. We observed irregularity due
to degeneration in the seminiferous tubule epithelium, cytoplasmic vacuoles in the seminiferous tubule,
shedding in the seminiferous tubule epithelium and spermatogenic cells, pyknosis in Leydig cells were
observed (Figure 1b, ¢). Although the findings were consistent with the previous studies, no evaluation
could be made in terms of chromatolysis. More degenerative changes were observed in the testicles of
rats exposed to benzene at higher doses (Group IlI). Ravindranath et al. observed inhibition of
spermatogenesis, damage to seminiferous tubules, reduction in the number and size of interstitial Leydig
cells, degenerative changes in the cytoplasm of Sertoli cells and nuclei of spermatocytes [27]. Ralph et
al. reported that benzene has a negative effect on sperm production, and disrupts the structure of
spermatogonias during developmental stages [28]. The effect of benzene on spermatogenic cells may
result in infertility was indicated by Cardenas-Valencia et al. [29].

In our study, as a result of the benzene effect on spermatogenic cells, the structure of the
seminiferous tubule degenerated therewithal, the structures of some tubules were completely disrupted
and this may result in infertility. In another study conducted on mouse testicular tissue, it was reported
that benzene caused degenerative changes in spermatogenic cells, Sertoli cells, and seminiferous tubule
epithelium due to the increase in the dose amount, which may lead to testicular cancer [30]. A study by
Shi et al. revealed that above 30 uM benzene exposure causes an increase in apoptosis in testicular germ
cells [31]. These findings are in harmony with our study. According to the results of TUNEL staining
applied to determine apoptosis, we observed that there was an increase in apoptosis in the benzene
administered groups compared to the control group, but there was no significant difference between the
benzene administered groups (Figure 2 a,b).

By virtue of the difference between Group Il and Group 111 was not statistically significant when
compared to each other (Figure 4), we thought that increasing the dose and shortening the duration and
decreasing the dose, and increasing the duration have the same effect. Additionally, the fact that cellular
apoptosis was higher in Group Il and Group 111 compared to the control group means that benzene may
have induced apoptosis and caused an excessive increase in cell death rate thus infertility in testicular
tissue.

In conclusion, it was observed that benzene exposure caused toxicity in testicular tissue resulting
in degeneration in tissue structure, and apoptotic cell increment in spermatogenic cells that may lead to
infertility. Following safe working procedures and staying as far as possible from benzene are important
to prevent male infertility due to benzene exposure.
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