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Background: Chloroxylenol (para-chloro-meta-xylenol, PCMX) is claimed to be highly harmful both to humans and the environ-
ment. Toxic effects of PCMX on testicular functions are scarcely discussed in the literature.

Aim of Study: To study testicular toxic effects of PCMX on male Sprague-Dawley rats.

Materials and Methods: Forty animals were randomly distributed into three groups: negative control (G I), vehicle group (G II) and
PCMX group (G III). PCMX group was subdivided into three subgroups: Gllla: received PCMX 100 mg/kg, GIIIb: received PCMX
200 mg/kg and G Illc: received PCMX 500 mg/kg. Hormonal assay included assessment of serum testosterone and estradiol levels.
Histopathological examination of testicular tissue, analysis of cellular viability, necrosis and apoptosis in testicular tissue by flow
cytometry, analysis of cellular DNA content and phases of cell cycle analysis by flow cytometry were also performed.

Results: Rats in the groups exposed to PCMX (G Illa, G IlIb and G Illc) had significantly lower estradiol and testosterone levels in
comparison to control groups (G I and GII). Histopathological examination of testicular tissue of PCMX-exposed rats showed irregular
crossly sectioned seminiferous tubules with their lumina containing scanty spermatids and spermatozoa. G Illc animals showed eosino-
philic proteinaceous material and vacuolated and necrotic interstitial cells of Leydig. Rats in PCMX-exposed groups (G Illa, G IIIb and
G Illc) showed significantly lower testicular tissue viability in comparison to control groups (G I and G II). Rats in PCMX-exposed groups
(G llla, G IIIb and G Illc) showed significantly lower percentage of cells in the GO/G1 phase in comparison to control groups (G I and G II).
Conclusion: Rats exposed to PCMX had significant reduction in testosterone and estradiol levels with marked histopathological
alterations affecting testicular tissues. These effects are dose-dependent.

Keywords: chloroxylenol toxicity, testicular toxicity, cell cycle, semen analysis

Introduction

Chloroxylenol (para-chloro-meta-xylenol, PCMX) is one of the oldest antimicrobial chemicals. It is a halogenated
phenolic compound largely utilized as an antiseptic. It is also used as a preservative in some cosmetic products and
medications.' The United States Food and Drug Administration (FDA) reopened the organizational record on some
currently used antimicrobial agents for over-the-counter human use including PCMX and recommended that further
safety data are required to support the extensive use of these chemicals.”

Data on the spectrum of PCMX toxicity are inconsistent. Some studies assessing health risks of PCMX-containing products
indicated a lack of genotoxicity and insignificant systemic toxicity."” Other studies, however, found that PCMX could alter
cellular blood components and produce oxidative DNA damage after repeated exposure.*>

Testicular toxicity is a major cause of infertility. Various factors including, hormonal, environmental, behavioral and
nutritional imbalances are responsible for testicular toxicity.® In vivo studies suggested that PCMX has too weak hormonal
activity on the androgenic receptors. However, these studies are claimed to be insufficient to assess its potential reproductive and
developmental toxicity to mammals.” Further research on PCMX toxicity was strongly recommended.®

The aim of the current study is to study the toxic effects of PCMX on the testicular functions of male Sprague-Dawley rats.
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Materials and Methods

Animals and Treatments

The current study was conducted on a total of 40 adult male 150-200 grams Sprague-Dawley rats. The study protocol
was approved by the Ethical committee, Faculty of Medicine, Mansoura University (code MD.19.05.30). For experi-
mental animals’ welfare, we respected the Guidelines for Ethical Conduct in the Care and Use of Nonhuman Animals in
Research of the American Psychological Association.

Considering the exploratory nature of the study, we used the “resource equation” approach for sample size calculation. All
animals were housed under general standard circumstances with a 12 h light dark cycle with food and water supply. Rats were fed
on standard pellet animal diet (EI-Gomhorya Company, Egypt). Each pellet contained carbohydrates, protein and fat in ratios of
67.0%, 23.0% and 10.0%, respectively. Animals’ weight gain and food consumption were weekly monitored.

Rats were haphazardly distributed into three subgroups:

e Group I (GI) (n = 8): Negative control group (untreated rats).
e Group II (GII) (n = 8): Vehicle group: rats were treated with oral corn oil (cat. no. 8001-30-7, Sigma-Aldrich, Saint
Louis, USA) for 8 weeks.
e Group III (GIII) (n = 24): PCMX group: rats within this group were divided into three subgroups (n = 8/subgroup):
1. GIlIa: Rats received PCMX (cat. no. 88—04-0, Sigma-Aldrich, Saint Louis, USA) dissolved in corn oil by oral
ingestion at a dosage of 100 mg/kg daily for 8 weeks.
2. GIIIb: Rats received PCMX dissolved in corn oil by oral ingestion at a dosage of 200 mg/kg daily for 8 weeks.
3. GIlIc: Rats received PCMX dissolved in corn oil by oral ingestion at a dosage of 500 mg/kg daily for 8 weeks.

Before sacrificing, rats were anesthetized through an intraperitoneal injection of 0.5 mL sodium thiopental (Eipico,
Egypt). Blood was collected via orbital puncture. Cauda epididymis and testes were excised following standard approved
procedures for histopathology and flow cytometry.

Hormonal Assay
Serum testosterone’ and estrogen levels'® were determined using iFlash 1800 chemiluminescence immunoassay analyzer
(YHLO, Chennai, India) after twenty-four hours from the last dose.

Semen Analysis''

The cauda epididymis of one testis was removed and placed in 2 mL of sodium chloride 0.9% solution in a sterilized Petri
dish at 37°C. Then, a sterilized scissor was used to get the epididymal contents out into the solution to form a suspension. The
sperm motility was examined under high power 40x of light microscope. The sperm count was performed under a light
microscope at 100x. The number of sperms in 1 mL of the fluid was obtained using the following formula:

Mean number of sperm in each chamber x 10,000 X dilution factor

Morphological changes were examined under a microscope with a magnification of 400. About one hundred spermatozoa
were randomly observed under oil immersion lens in several fields to measure the percentage of abnormal spermatozoa. "’

Histopathological Examination
Serial paraffin sections (5 um) of right testis were sliced and set for hematoxylin and eosin (H & E) staining for examination
under a light microscope.'?

Analysis of Cellular Viability, Necrosis and Apoptosis in Testicular Tissue by Flow
Cytometry

The left testicle was left in a glass Petri dish containing phosphate-buffered saline (PBS). The tunica albuginea was
excised and the de-capsulated testis was chopped into very tiny pieces that were processed in a Medi-machine
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system (Dako, Italy) for automated tissue dissection. Tissue lumps were removed through a 50 um sterilized mesh
filter. After that, the outcome was centrifuged at 300 g for 5 minutes to obtain the pellet."?

Cells were washed two times with cold PBS and suspended in 1X Binding Buffer (BD Biosciences, New Jersey,
USA). One hundred pL of the solution were moved to a sterile tube. Five uL of annexin V (BD Biosciences, New Jersey,
USA) and 5 pL Propidium lodide (BD Biosciences, New Jersey, USA) were added. Then, cells were carefully mixed by
utilizing vortex, incubated for 15 minutes at 25°C in dark room and 1X Binding Buffer (200 uL) was superadded. Using
flow cytometry, cells were assessed for viability, necrosis and apoptosis within one hour.'*

Analysis of Cellular DNA Content and Phases of Cell Cycle Analysis by Flow Cytometry'>
Ten mL of 1X ammonium chloride lyse was added to 1 mL of heparinized blood in a conical centrifuge tube and
incubated for 15 min at 25°C. Then, the sample was centrifuged at 300—400 g for 5 minutes at room temperature and the
supernatant was discarded.

A drop of cold 70% ethyl alcohol was added to the pellet and vortexing was done to confirm fixation and reduce
clattering. The solution was then incubated at 4°C for thirty minutes. The sample was centrifuged at 850 g and the
supernatant was discarded. Fifty uL of ribonuclease (100pg/mL stock) were added to make sure that only DNA is stained
and 200 pL propidium iodide (50 pg/mL stock solution) was also added. Using a flow cytometer, analysis of cellular

DNA content and cellular phases was done.'”

Statistical Analysis

Data were analyzed by utilizing SPSS Version 22.0 (IBM, Armonk, USA). Quantitative data were expressed as mean and
standard deviation (SD) and compared using one-way ANOVA with post-hoc Tukey’s test. P value <0.05 was considered
statistically significant.

Results

Hormonal Assay

Rats in the groups exposed to PCMX (G Illa, G IIIb and G IlIc) had significantly lower estradiol and testosterone levels
in comparison to control groups (G I and GII). No significant differences were noted between the PCMX-exposed groups
regarding estradiol levels (Table 1).

Semen Analysis

Rats in the PCMX-exposed groups (G Illa, G IIIb and G IlIc) had significantly worse sperm count, motility and abnormal
morphology when compared with control groups (G I and GII). Moreover, G IIla animals showed significantly better sperm
count, motility and abnormal morphology when compared with G IIIb and G Illc animals. In addition, G IIIb animals had
significantly better sperm motility and abnormal morphology when compared with G Illc animals (Table-2).

Table | Hormonal Blood Levels in Studied Groups

Gl Gl G llla G llIb G llic
Estradiol (pg/mL) 5325 £ 3.22°°¢ 48.84 £ 5.12°°¢ 3553 + 544 30.63 = 4.49 30.81 * 6.56
Testosterone (ng/dl) 367.15 £ 29.42*P< 350.29 £ 33.36*P¢ 283.11 % 30.20°¢ 193.45 + 50.59¢ 141.75 £ 52.79

Notes: “Significant differences versus G llla. "Significant differences versus G lllb. “Significant differences versus G lllc.

Table 2 Sperm Analysis Among Different Studied Groups

Gl Gl G llla G llib G llic
Sperm count (x10%/ml) 145.38+ |1.1°* 142.87 + 7.74** 125 + 9.75° 98.36 + 9.75 88.65 + 22.42
Sperm motility (%) 93.75 + 3.41%¢ 91.50 + 3.07°¢ 85.87 + 436> 725 £ 7.41¢ 61.25 + 10.49
Abnormal morphology (%) 5.75 + 2.6®¢ 6.75 + 2,12 I1.13 + 3.52°¢ 14.5 + 3.12° 21.5 + 4.89

Notes: significant differences versus G llla; ®significant differences versus G lllb; significant differences versus G llic.
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Histopathological Examination

Histopathological examination of testicular tissue of PCMX-exposed rats showed irregular crossly sectioned seminifer-
ous tubules with their lumina containing scanty spermatids and spermatozoa. Moreover, the number of spermatocytes
lining the tubules was decreased with increasing dose. Also, several spermatocytic giant cells were observed and the
interstitial space increased in a dose-dependent manner. G Illc animals showed eosinophilic proteinaceous material and

vacuolated and necrotic interstitial cells of Leydig (Figure 1).

Figure | H & E-stained testicular sections: (A and B) representing G | and GlI respectively and showing normal regular crossly sectioned seminiferous tubules having small
lumen (L) filled with spermatids and spermatozoa (black line) and lined with spermatogonia (black arrows), several layers of spermatocytes (circle) along with Sertoli cells
(S). Narrow interstitial space is seen between tubules containing cells of Leydig (blue arrows). Interstitial cells of Leydig are unaffected (yellow arrows) (C and D)
representing G llla and G Illb respectively and showing irregular crossly sectioned seminiferous tubules lined with spermatogonia (black arrows) and few layers of
spermatocytes (circle). Several spermatocytic giant cells (green arrows) are seen. The lumina of seminiferous tubules are free from spermatids and spermatozoa (L) with
wide interstitial space (blue arrows). Interstitial cells of Leydig are unaffected (yellow arrows) (E) representing G lllc and showing irregular crossly sectioned seminiferous
tubules lined with diffusely vacuolated and necrotic lining epithelium (black lines) with pyknotic nuclei (black arrows). The lumina of seminiferous tubules are free from
spermatids and spermatozoa (L) with eosinophilic proteinaceous material is seen (blue arrows). Interstitial cells of Leydig are vacuolated and necrotic (yellow arrows).
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Analysis of Testicular Tissue by Flow Cytometry

Figure 2 shows that rats in PCMX-exposed groups (G Illa, G IIIb and G IlIc) showed significantly lower testicular tissue
viability in comparison to control groups (G I and G II). Also, animals in PCMX-exposed groups showed significantly
marked testicular tissue necrosis in comparison to controls. Moreover, G Illc animals demonstrated significantly higher
early and late apoptosis when compared with control groups.

Cell Cycle Analysis by Flow Cytometry

Figure 3 and Table 3 demonstrate the percentage of mononuclear cells in different cell cycle phases in the peripheral
blood. Rats in PCMX-exposed groups (G Illa, G IIIb and G Illc) showed significantly lower percentage of cells in the
GO0/G1 phase in comparison to control groups (G I and G II). Moreover, G IlIb and G Illc rats showed significantly
higher percentage of cells in the sub-G1 phase in comparison to control groups.

Discussion

Previous animal and human studies have shown that oral, dermal or inhalation exposure to PCMX can be associated with
serious health hazards.® Its effects range from enhancement of oxidative stress to carcinogenic effects.'® However,
testicular toxicity of PCMX is a rarely discussed issue.'’
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Figure 2 (A) Most of testicular tissue cells in rats of G | and G Il are viable. (B and C) Diminished cellular viability and increased testicular tissue necrosis in rats of G llla
and G llIb. (D) Reduction in cellular viability and increase in necrosis and apoptosis of testicular tissue in G Illc rats (Q1: necrosis; Q2: late apoptosis; Q3: viable cells; Q4:
early apoptosis).
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Figure 3 (A) Ratio of cells in sub-G | and GO/GI phase of cell cycle of the peripheral blood mononuclear cells of G I and G Il animals. (B) Reduction in the ratio of the G0/
G| phase in the peripheral blood mononuclear cells in G llla rats. (C and D) Reduction in the ratio of cells in GO/G| phase and increase in the ratio of cells in the sub G|
phase in the peripheral blood mononuclear cells in animals of G lllb and G lllc.

Propidium lodide

In the current study, we utilized the previously declared concentrations of PCMX to simulate the non-observed-
adverse-effect level (NOAEL) which was suggested to be 100 mg/kg per day.'

In our experiment, rats exposed to PCMX had significantly lower estradiol and testosterone levels in comparison to controls.
To the best of our knowledge, these effects were not previously reported. However, the endocrine disrupting effects of other
chlorophenols (CPs) on testosterone and estradiol functions were identified by experimental and human studies.'® %' Being
a chlorinated phenol, it is logic for PCMX to induce the hormonal changes detected in the present work.

Table 3 Comparison Between Cell Cycle Phases in the Mononuclear Cells in Peripheral Blood of Different Tested Groups of Rats

Gl Gl G llla G lllb G llic

GO/GI (%) 83.06 + 4.47°* 81.06 + 2,92 79.10 £ 2215 75.28 + 4.29° 54.56 + 3.44
S (%) 290 + 1.23 419+ 198 3.34 £ 1.44 3.10 £ 1.64 3.83 & 1.55
G2/M (%) 3.18 % 1.44 388+ 11 3.68 + 1.52 298 + 1.61 2.68 £ 0.95
Sub GI (%) 10.74 + 2.50*¢ 10.75 + 2.62%¢ 13.88 + 2.77* 18.64 + 4.19° 3892 £ 3.29

Notes: significant differences versus G llla; bsigniﬁcam: differences versus G llIb; Ssignificant differences versus G llic
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Moreover, the present study noted that rats in the PCMX-exposed groups had significantly worse sperm count, motility
and abnormal morphology when compared with control groups. These detrimental properties of PCMX appeared to be dose
dependent. Again, this novel finding was not previously known for PCMX but for other CPs.?' ** The depressed levels of
androgens noted in this study can affect physiological development of sperm resulting in reduced sperm parameters.**

In the present work, testicular tissue of rats exposed to PCMX (100 and 200 mg/kg) revealed altered structure, lining
and contents of the seminiferous tubules. Moreover, specimens from higher exposure animals (500 mg/kg) showed
eosinophilic proteinaceous material and the interstitial cells of Leydig were vacuolated and necrotic. These findings can
also be explained by the effects of PCMX on androgen levels. It was documented that changes in testosterone level or
decrease in the activity of the androgenic receptors could alter the histological structure of testicles, epididymis as well as
mammary glands. This can occur due to a central depression of GnRH, direct depression of Leydig cell function or
through increased elimination of testosterone. The morphologic changes usually depend on the severity of exposure, the
period of follow-up, as well as the species under study.”

While PCMX-related testicular changes were not previously recognized, previous studies reported that PCMX could induce
histopathological changes affecting gills, spleen, liver and kidneys. These changes included hyperplasia, degeneration, necrosis
and nuclear pyknosis.*

In order to demonstrate the effects of PCMX on cellular viability and death, analysis of the testicular tissue with
annexin V and propidium iodide (PI) was conducted in the present study. It was observed that the viable cells (Annexin
V as well as PI negative) were significantly decreased in PCMX-treated rats in comparison with the controls. These
results are supported by the conclusions of Newby et al*® who demonstrated that the intact keratinocytes and dermal
fibroblasts in humans exposed to toxic concentrations of PCMX revealed a significant reduction in cellular viability. They
attributed these findings to increased release of tumor necrosis factor-alpha and interleukin-8.

In the current work, the groups of rats exposed to PCMX at different concentrations (100, 200 and 500 mg/kg) showed
significant reduction in the ratio of the peripheral blood mononuclear cells in the GO/G1 phase, whereas rats exposed to
PCMX (200 and 500 mg/kg) showed significant increase in the ratio of the cells in the sub-G1 phase (dead cells).

In agreement with our results, Capkin et al,* who evaluated the genotoxic effect of PCMX on blood cells of the fish,
observed a mutagenic effect on blood DNA of rainbow trout on exposure to 4.2 + 0.9 pg/l of PCMX for nearly 6 weeks
with significant DNA damage depending on the comet assay technique.

It was proved that the DNA structure checkpoint mechanisms arrest the cells at the G2/M phase owing to DNA damage and
prevent anaphase until whole chromosomes have acquired their normal bipolar attachment.>” However, this arrest did not occur
in our study.

Conclusion

Rats exposed to PCMX had significant reduction in testosterone and estradiol levels with marked histopathological
alterations affecting testicular tissues. These effects are dose-dependent. Further studies are recommended to confirm
these conclusions and to uncover other PCMX-related toxicities.
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