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Abstract: We investigated the side effects of carbon tetrachloride (CCl4) on testicular
tissue and explored the protective effects of pomegranate juice (PJ) against CCl4 expo-
sure. Twenty-eight male Wistar albino rats were randomly divided into four groups as
follows: Control, PJ, CCl4, and CCl4+PJ. We assessed serum testosterone levels and
evaluated carboxylesterase (Cak), malondialdehyde (MDA), glutathione (GSH), glutathi-
one reductase (GR) and glutathione Stransferase (GST) parameters. Histopathological
changes were examined using CD68 immunoreactivity to detect macrophage activity.
Analysis revealed a significant increase in CaE activity in the PJ group that compared
to the control group (p < 0.05). CCl4 exposure reduced CaE activity, which was partially
restored by PJ in the CCI4+PJ group (p < 0.05). PJ also significantly reduced the elevated
MDA levels induced by CCl4 (p < 0.05). CCl4 alone decreased the reduced glutathione
(GSH) levels (p < 0.05), however PJ had no effect on GSH levels (p > 0.05). Neither CCl4
nor PJ had an effect on glutathione reductase (GR) and glutathione S-transferase (GST)
activity (p > 0.05). In conclusion, PJ reversed histological damage and restored reduced
testosterone levels. Furthermore, it alleviated CCl4-induced oxidative stress by utilizing
an alternative antioxidant system rather than glutathione.

Introduction

Male infertility is a significant global health problem that af-
fects couples, and its incidence is increasing year by year.
An estimated more than 48 million couples worldwide are
affected by infertility problems (1). The most important
parameters affecting male fertility are endocrine and tes-
ticular factors. Various factors, including hormonal disor-
ders, physical ailments, lifestyle choices, and psychological

issues, contribute to male infertility (2). Additionally, envi-
ronmental factors and chemical pollutants can also dam-
age the male reproductive and endocrine systems, leading
to infertility (3). Carbon tetrachloride (CCl4) also known as
tetra chloromethane is a non-flammable, dense, colourless
chemical, is a toxic substance that can damage the liver,
central nervous system, and reproductive system (4). It
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was utilized in the manufacture of refrigeration fluids and
aerosol can propellants, as a pesticide, cleaning fluid, and
degreasing agent, as well as in fire extinguishers and spot
removers. Due to its harmful health effects, the use of CCl4
is restricted. However, individuals may still be exposed to
CCl4 in the air through accidental releases during produc-
tion and use, as well as from its disposal in landfills where
it can evaporate into the air or leach into groundwater (5).
Exposure to CCl4 results in oxidative stress within testicu-
lar tissues, causing a decrease in the activity of antioxidant
enzymes. CCl4 has been demonstrated to induce oxidative
damage through the generation of free radicals and an in-
crease in lipid peroxidation, which are primary indicators of
oxidative stress. The formation of free radicals is height-
ened in tissues exposed to CCl4 (6). Consequently, the de-
pletion of antioxidant mechanisms within cells disrupts the
pro-oxidantantioxidant balance, leading to tissue damage
(7). This complex tissue damage process impairs testicu-
lar function by affecting testicular histology and antioxidant
system (8) and also CCl4 intoxication leads to a decrease
in androgen levels (9). Numerous studies have investigated
the use of specific antioxidant molecules for preservation
or therapeutic purposes. (10, 11).

Furthermore, it is also important to assess the actual effect
of such remedies in order to avoid bogus claims about the
health benefits of (semi-)natural products. Although there
are several pharmacological treatments available for infer-
tility, they often come with numerous side effects and oc-
casionally may prove ineffective (12). Therefore, consuming
natural products is an alternative way to mitigate the chron-
ic effects of chemical pollutants on reproductive function
by reducing risk factors (13).

Pomegranate juice (PJ) is a natural product abundant in
various phytochemicals, which exhibit a diverse array of
biological activities, including anti-oxidative, anti-inflamma-
tory, and antiapoptotic properties. These compounds are
pivotal in the oxidation of unsaturated fatty acids and the
neutralization of free radicals, rendering PJ a highly ben-
eficial natural product for health. With its longstanding his-
tory of safe usage in both traditional and modern medicine,
PJ boasts significant antioxidant capacity (14). Numerous
studies have demonstrated the protective effects of pome-
granate phytochemicals on the reproductive system (15,
16). However, there is limited data regarding its potential
protective role against CCl4-induced toxicity.

In current study we investigated the potential protective
efficacy of PJ on reproductive system induced by CCl4 in
rats. Biochemical markers (carboxylesterase (Cak), malo-
ndialdehyde (MDA), glutathione (GSH), glutathione reduc-
tase (GR) and glutathione S-transferase (GST) elevated to
detect the antioxidant pathway) endocrine (testosterone
levels) and histological parameters have been examined to
detect the possible protective effect of PJ against CCl4 in-
duced damage.
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Material and methods

Chemical composition of pomegranate juice

The content of PJ was determined as follows: phenolic acid
at 490.75 mg/kg, anthocyanin at 137.1 mg/L, ellagic acid at
175 mg/100 g, total flavonoids at 63 mg/kg, and total anti-
oxidants at 1530 mg/kg.

Preparation of pomegranate juice

Pomegranates sourced freshly from Adiyaman, Turkey,
underwent meticulous preparation. Following a thorough
wash and drain, they were halved and blended using an
electric blender. The resulting juice was subsequently
stored in 1 ml portions at -20°C until required. We used fro-
zen juice for one week, then switched to fresh juice for fur-
ther experiments.

Animals and experimental protocol

The research was carried out at the Adiyaman University
Animal Experiment Centre, with ethical clearance granted
by the Adiyaman University Animal Experiments Centre
Ethics Committee, protocol number 2022/17. Twenty-eight
adult male Wistar albino rats (11-12 weeks old and weighing
between 240-260 g), were included in the study. These rats
were housed under controlled conditions at a room tem-
perature of 22 + 2°C, with a 12-hour light-dark cycle, and
provided with unrestricted access to food (a standard labo-
ratory diet (RT-FR-01, DSA Agrifood Products INC, Kirikkale,
Turkey) and water.

The animals were randomly divided into four groups (same
aged rats selected from different cages, maximum 2 ani-
mals from same cage). Before the experimental process,
the rats were housed in cages with 4 animals per cage for
four weeks. During the experimental phase, the rats were
randomly distributed into groups of 7 animals each. The 7
rats in each group were then divided into cages with 3 and
4 animals per cage. The rats were housed in cages mea-
suring 90 cm (L) x 60 cm (W) x 120 cm (H). Groups has
been as follows: Control group, CCl4 group, PJ group, and
CCl4+PJ group. Prior to any experimental procedures, the
animals were housed in cages without any experimental in-
terventions for adaptation. Following the adaptation period,
experimental procedures were carried out as described
below:

Control group: received the solvent of CCl4, olive oil, twice
a week (i.p.) for a duration of 6 weeks, followed by saline (4
ml/kg) every other day for the succeeding 30 days.

CCl4 group: was administered CCl4 (Bayer) prepared in
50% olive oil via intraperitoneal injection (i.p.) at a dosage of
0.2 ml/100 g, twice a week. Rats received CCl4 (0.2 ml/100
g) over a period of six weeks (17).



PJ group: pomegranate juice was administered to the ani-
mals via an orogastric tube at a dosage of 4 ml/kg per day
for a duration of 30 days (18).

CCl4+PJ group: the animals were injected i.p. with CCl4
at a dosage of 0.2 ml/100 g twice a week for 6 weeks.
Subsequently, for the following 30 days, pomegranate juice
was administered to the animals via an orogastric tube at a
dosage of 4 mi/kg per day.

Sample collection

After the 6 weeks of experimental period, the animals were
euthanized one day after the last application by decapita-
tion. Blood samples were obtained from the cranial vena
cava using a sterile injector containing heparin. The sam-
ples were then centrifuged at 3000g for 5 minutes to sep-
arate the plasma. The plasma was subsequently isolated
and stored at -20°C until further hormonal analyses. Testes,
epididymis, seminal vesicles, and ventral prostate were re-
moved and cleared from adhering connective tissue. Right
testis tissues were kept at —20°C for biochemical analysis
and left testis tissues were fixed in 10% neutral formalin so-
lution for subsequent histological examinations.

Homogenization of tissue samples

To determine the levels of MDA, GR, GSH, GST and CaE
tissue homogenization was conducted using a Potter—
Elvehjem glass homogenizer, utilizing an ice-cooled 0.1
M Kphosphate buffer containing 0.15 M KCI, T mM EDTA,
and 1T mM DTT in a 1:4 ratio of total tissue weight (w/v).
Following homogenization, the homogenates were trans-
ferred to Eppendorf tubes and subjected to centrifugation
for 20 minutes at 16, 000 g at 4°C (using a Sigma 2-16 K
centrifuge, St. Louis, Missouri). Following centrifugation,
the supernatant fraction was collected for subsequent
analysis.

Biochemical analysis
Determination of MDA and reduced GSH levels

MDA and reduced GSH levels were evaluated using a mi-
croplate reader spectrophotometer system (Thermo TM
Varioskan Flash, Thermo Scientific). Testicular MDA levels
were determined by assessing the relative production of
reactive substances of thiobarbituric acid (19). The results
were presented as nmol/g wet tissue weight. Reduced GSH
activity was measured by its reaction with DTNB to form
a compound absorbing at 412 nm (20). The results were
expressed as nmol/mg wet weight tissue.

Determination of glutathione s-transferase (GST)
activity

To measure GST activity, a solution of 20 mM 1-chlo-
ro-2.4 dinitrobenzene (CDNB) was initially prepared in 96%

ethanol, which served as the substrate. Reductive glutathi-
one (0.002 M) was utilized as the cofactor in the reaction
(21). Briefly, 10 ul of supernatant, 100 ul of phosphate buffer
(0.1 M, pH 6.5), 100 pl of the GSH mixture, and finally 10 pl
of CDNB were transferred into the microplate wells. These
were then inserted into the microplate reader system, and
the absorbance change was recorded at 344 nm for 2 min-
utes at 25°C. Specific GST activity was computed as nmol/
min/mg protein.

Determination of glutathione reductase (GR)

The analysis of GR activity was conducted using a modi-
fled method (22). The assay solution consisted of 50 mM
Tris—HCI buffer (pH 8.0), T mM EDTA, T mM GSSG, and 0.1
mM NADPH. One enzyme unit was defined as the quantity
that oxidizes 1 pmol of NADPH per minute under the speci-
fled assay conditions. GR activity was computed as nmol/
mg protein.

Determination of carboxylesterase (CaE) activity

The previously described spectrophotometric methods
were adapted for the analysis of CaE activity using a mi-
croplate reader system (23, 24). In the activity assay, p-
nitrophenol acetate (PNPA) was dissolved in 26 mM 96%
ethanol to serve as the substrate. A reaction solution com-
prising 5 ml of sample and 250 ml of 0.1 mM Trizma buffer
(pH 7.4) was incubated for 3 minutes at 25°C. The reaction
was initiated by adding 5 ml of the substrate to the reaction
solution. Changes in absorbance were monitored at 405
nm for 2 minutes at 25°C. Specific CaE activity was calcu-
lated as nmol/min/mg protein.

Analysis of serum testosterone levels

Testosterone levels were assessed using a commercial
rat ELISA kit (Beckman Coulter, Inc., USA). The inter- and
intra- assay coefficients of variation were 5.6%-6.8% and
2.9%—4%, respectively. Testosterone levels were expressed
as ng/mL.

Histopathological evaluation

Preparation of Tissues and Hematoxylin & Eosin
Staining

Testicular tissues were preserved in a 10% neutral forma-
lin solution at room temperature until the day of analysis
for histological examination. To perform light microscopy
analyses, routine tissue processing was conducted using
an automatic tissue processor (Leica TP1020, Nussloch,
Germany), and 4-6 um thick sections were obtained from
the prepared paraffin blocks using a Thermo Shandon
Finesse ME microtome (Thermo Fisher Scientific, Cheshire,
UK). The slides prepared with Hematoxylin-Eosin (H&E)
staining were examined semi-quantitatively under a Leica
DMS500 microscope and images has been captured.
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Histological Evaluation and Maturation of Seminiferous
Tubules

To perform light microscopic evaluations, seminiferous tu-
bule diameter and germinal epithelium thickness (25) were
measured in 30 randomly selected seminiferous tubules
per section at X10 magnification. To assess spermatogen-
esis in the same seminiferous tubules, a modified Johnsen
scoring system was used (26). Spermatogenic cells in the
seminiferous tubules examined by using a Leica DM500
microscope were evaluated based on their maturation and
density, receiving scores from 1 to 10 according to the fol-
lowing scoring table (Table 1) (26)

Table 1: Modified Johnsen scoring system

10: Complete spermatogenesis with mature sperm cells

9: Few sperm cells present with irregular germinal epithelium

8: Fewer than 10 sperm cells (less than 5-10)

7:No sperm cells, but spermatids are present

6: No sperm cells, fewer than 10 spermatids (less than 5-10)

5: No sperm cells or spermatids, but spermatocytes are present

4: No sperm cells or spermatids, fewer than 5 spermatocytes

3: Only spermatogonia are present as germ cells

2:No germ cells, only Sertoli cells are present

1: No cells in the seminiferous tubule

Immunohistochemically analysis
Determination of CD68 Expression in Testicular Tissue

The immunoregulatory phenotype of testicular macro-
phages is essential for the preservation of normal testicu-
lar function. CD68 staining is used primarily to identify and
visualize macrophages and monocytes in tissues (27).
Immunohistochemically staining was performed using the
avidin-biotin-peroxidase (ABC) complex method with some
minor modifications (28, 29). Sections of 7 pm thickness
were obtained from the blocked tissues and deparaffinized.

A primary antibody CD68 (Rabbit polyclonal IgG, ab125212,
Abcam, London, UK) diluted at 1:200 was used in conjunc-
tion with the Thermo Scientific™ TP-015-HA commercial
kit. After applying the AEC chromogen, the sections were
counterstained with Mayer's hematoxylin and examined
under a light microscope. The prepared slides were ana-
lysed and captured using a Leica DM500 microscope.
Immunoreactivity was scored according to its extent (0.1:
<25% cells, 0.4: 26-50%, 0.6: 51-75%, 0.9: 76-100%) and
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intensity (0: no staining, +0.5: weak, +1: medium, +2: moder-
ate, +3: strong), and a histoscore was calculated by multi-
plication. The lowest possible histoscore was 0.00 and the
highest possible histoscore was 2.70.

Statistical analysis

The results are presented as mean + SEM. Data were anal-
ysed with the SPSS 26.0 (licensed for Adiyaman University,
Turkey). Group comparisons were conducted using one-
way analysis of variance (ANOVA), followed by the Tukey—
HSD test. Statistical significance was considered at p <
0.05.

Results

Biochemical results
Serum testosterone levels

The serum testosterone levels were significantly lower in
the CCl4 group (1.73 ng/ml) compared to the control group
(3.90 ng/ml, p < 0.05). There was no significant difference
in testosterone levels between the PJ group (3.87 ng/ml),
the CCl4+PJ group (3.76 ng/ml), and the control group.
However, testosterone levels in the CCl4 group were signifi-
cantly lower than in the PJ group (p < 0.05), and testoster-
one levels were higher in the CCl4+PJ group compared to
the CCl4 group (p < 0.05, Figure 1.A).

MDA levels

The MDA concentration in the testis was significantly high-
er in the CCl4 group (0.30 nmol/g) compared to the control
group (0.20 nmol/g, p < 0.05). However, there was no signifi-
cant difference in MDA levels between the PJ group (0.21
nmol/g), the CCl4+PJ group (0.22 nmol/g), and the con-
trol group. Additionally, MDA levels in the PJ and CCl4+PJ
groups were significantly lower than those in the CCl4
group (p < 0.05, Figure 1.B).

GSH levels

The reduced GSH levels were significantly lower in the CCl4
group (0.062 nmol/mg) compared to the control group
(0.081 nmol/mg, p < 0.05). There was no significant differ-
ence in GSH levels between the PJ group (0.082 nmol/mg),
the CCl4+PJ group (0.074 nmol/mg), and the control group.
GSH levels in the PJ group were higher compared to the
CCl4 group. Additionally, there was no significant difference
in GSH levels between the CCl4+PJ group and the PJ group
(p > 0.05, Figure 1.C).

CaE activity

CaE activity was significantly higher in the PJ group
(2566.79 nmol/mg) and the CCl4+PJ group (1182.90 nmol/



mg) compared to the control group (585.53 nmol/mg, p < between the CCl4 group and the control group (p > 0.05,
0.05). Additionally, CaE activity in the CCl4+PJ group was  Figure 1.D).

higher than in the CCl4 group (371.60 nmol/mg, p < 0.05).

However, there was no significant difference in CaE activity
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Figure 1: A. Effects of CCI4 and PJ on the serum testosterone levels in male rat. The data represent as mean + SEM (n=7). #: p<0.05 compared to the
control group. *: p<0.05 compared to the CCl4 group. B. Effects of CCI4 and PJ on the MDA level in male rats. The data represent as mean + SEM (n=7). #:
p<0.05 compared to the control group. *: p<0.05 compared to the CCl4 group. C. Effects of CCl4 and PJ on the reduced GSH level in male rats. The data
represent as mean + SEM (n=7). #: p<0.05 compared to the control group, *: p<0.05 compared to the CCl4 group. D. Effects of CCl4 and PJ on the CaE
activity in male rats. The data represent as mean + SEM (n=7). #: p<0.05 compared to the control group, *: p<0.05 compared to the CCl4 group. E. Effects
of CCl4 and PJ on the GST activity in male rats. The data represent as mean + SEM (n=7). #: p<0.05 compared to the control group, *: p<0.05 compared
to the CCl4 group. F. Effects of CCl4 and PJ on the GR activity in male rats. The data represent as mean + SEM (n=7). #: p<0.05 compared to the control
group, *: p<0.05 compared to the CCl4 group
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GST activity

GST activity did not significantly differ among the CCl4
group (98.2 nmol/mg), PJ group (12397 nmol/mg),
CCl4+PJ group (106.16 nmol/mg), and the control group
(118.47 nmol/mg, p > 0.05). Additionally, there was no sig-
nificant difference in GST activity between the CCl4 group
and both the PJ and CCl4+PJ groups (p > 0.05, Figure 1.E).

GR activity
GR activity did not significantly differ among the CCl4 group
(6.57 nmol/mg), PJ group (7.85 nmol/mg), CCI4+PJ group

(8.07 nmol/mg), and the control group (7.73 nmol/mg, p >
0.05). Additionally, there was no significant difference in
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GR activity between the CCl4 group and both the PJ and
CCl4+PJ groups (p > 0.05, Figure 1.F).

Histopathological findings
Haematoxylin and Eosin findings

In the H&E sections of both the control and PJ-treated
groups, the testicular tissues exhibited similar histological
structures. The seminiferous tubules appeared organized
and tightly packed, each surrounded by a basal membrane
with myoid cells, and covered by seminiferous epithelium.
The seminiferous epithelium consisted of Sertoli cells and
layers of germ cells at various stages of development, includ-
ing spermatogonia, primary and secondary spermatocytes,
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Figure 2: Testicular tissues from all groups were stained with H&E and observed at different magnifications. In the control (1a) and PJ groups (4a), tubule
diameter (black double-headed arrow) and germinal epithelium thickness (red double-headed arrow) were similar, with normal seminiferous tubule.
Spermatids and spermatozoa (blue arrow) were densely present in the lumen. In contrast, the CCI4 group (2a) showed reduced tubule diameter and
decreased germinal epithelium height compared to the control (1a), along with congestion and edema in the interstitial area (black star). Seminiferous
tubules exhibited vacuolated germinal epithelium (red star), apoptotic Leydig cells (red arrow), and apoptotic cells among Sertoli cells (yellow arrow). In
the CCl4+PJ group (3a), tissue and cell damage were noticeably reduced compared to the CCl4 group (2a). (ST: seminiferous tubule, IT: interstitial tissue,

MC: myoid cell, LC: Leydig cell, SP: spermatogenic cells, SC: Sertoli cell)
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spermatids, and spermatozoa. Spermatogonia located on
the basal membrane were characterized by dark nuclei,
while large primary spermatocytes, with prominent het-
erochromatic nuclei, were nearby, some showing mitotic
filgures. Spermatids and spermatozoa were present within
the tubules. Sertoli cells appeared as tall, columnar cells
extending from the basal membrane to the lumen. Leydig
cells, large polygonal cells with acidophilic cytoplasm, ap-
peared normal in the interstitial spaces between the tubules
(Figure 2). In the H&E sections of the CCl4 group, compared
to the control group, there was evidence of reduced and
disrupted seminiferous tubules, with vacuolated germinal
epithelium and apoptotic cells located between the basal
spermatogonia and Sertoli cells. Detached germ cells were
frequently observed in the tubular lumens. Additionally,
the cytoplasm of Leydig cells was intensely eosinophilic.
Numerous congested blood vessels and vascular conges-
tion were observed, along with apoptotic Leydig cells exhib-
iting an acidophilic appearance. (Figure 2).

In the H&E sections of the CCl4+PJ-treated group, com-
pared to the CCl4 group, a significant increase in the layers
of spermatogenic cells within the seminiferous tubules was
observed. However, apart from the presence of dilated nu-
merous congested blood vessels in the interstitial spaces,
and the disrupted appearance of some tubules, the histo-
logical findings were similar to those of the control and PJ
groups (Figure 2).

Findings of seminiferous tubule diameter and
germinal epithelium thickness

Seminiferous tubule diameter

Measurements of seminiferous tubule diameter in the tes-
ticular tissues of all groups showed similar values between
the control (Figure 2a) and PJ (Figure 2d) groups (p=0.871).
In the CCl4 group (Figure 2b), the seminiferous tubule diam-
eter was significantly decreased compared to the control
group (p<0.05). However, the CCl4 + PJ group (Figure 2c)
showed a statistically significant increase in tubule diam-
eter compared to the CCl4 group (Table 2).

Table 2: Seminiferous tubule diameters (um)

Groups Median (mean-max) <0.05
Control 366,97 (281, 31-390, 16)
CCl4 165,97(117,03-198, 38) @
CCl4+PJ 261, 31(227,03-275,16) °
PJ 344,61 (315, 57-384,93)

2Compared to the CCl4 group, ®Compared to the CCI4 + PJ group, (p < 0.05)
(CCl4: Carbon tetrachloride, PJ: Pomegranate juice)
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Germinal epithelium thickness

In the testicular tissues of all groups, the germinal epithe-
lium thickness was similar between the Control (Figure
2a) and PJ (Figure 2d) groups (p=0.948). In the CCl4
group (Figure 2b), the germinal epithelium thickness was
significantly reduced compared to the Control group 320
(p<0.05). However, the CCl4 + PJ group (Figure 2¢) showed
a statistically significant increase 321 in germinal epithe-
lium thickness compared to the CCl4 group (Table 3).

Table 3: Germinal epithelium thickness

Groups Median (mean-max) <0.05
Control 120, 42 (120, 63-172, 33)

CCla 47,58(21, 55-55, 66) @

CCl4+PJ 115,27 (100, 26-120, 44) ©

PJ 138, 54 (124, 47-218, 23)

2Compared to the CCl4 group, ®Compared to the CCI4 + PJ group, (p < 0.05)
(CCl4: Carbon tetrachloride, PJ: Pomegranate juice)

Johnsen scoring findings

According to the modified Johnsen scoring used to evalu-
ate spermatogenesis in seminiferous tubules, the Control
group (Figure 2a) and PJ group (Figure 2d) showed simi-
lar results (p=0.845). Spermatogenesis was significantly
decreased in the CCl4 group (Figure 2b) compared to the
Control group (p<0.05). However, in the CCl4 + PJ group,
spermatogenesis 332 was significantly increased com-
pared to the CCl4 group (Figure 2¢) (Table 4).

Table 4: Johnsen scoring findings

Groups Median (mean-max) <0.05
Control 8,95 (8,42-10, 16)

ccl4 2,96(2, 64-3, 84) @

CCl4+PJ 7,32 (5,21-7,95) b

PJ 7,51 (637-8, 34)

2Compared to the CCl4 group, ® Compared to the CCI4 + PJ group, (p < 0.05)
(CCl4: Carbon tetrachloride, PJ: Pomegranate juice)

Immunohistochemical findings
CD68 Immunoreactivity Levels in Testicular Tissue

According to the results of immunohistochemical staining
for CD68 analyzed under a light microscope, CD68 immu-
noreactivity was observed in the interstitial area (red arrow)
of testicular tissue. CD68 immunoreactivity was similar
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between the control group (Figure 3a) and PJ group (Figure
3d) (p=0.816). In the CCl4 group (Figure 3b), CD68 immu-
noreactivity was significantly increased compared to the
control group (p<0.05). However, in the CCl4 + PJ group, it
was significantly decreased compared to the CCl4 group
(Figure 3c) (Table 5).

Table 5: CD68 Immunoreactivity (Histoscore)

Groups Median (mean-max) <0.05
Control 0,20 (0, 10-0, 30)

CCl4 1,80(1,20-2, 40) ®

CCl4+PJ 0,20(0,20 -0, 40) ®

PJ 0,20 (0, 10-0, 20)

2Compared to the CCl4 group, "Compared to the CCl4 + PJ group, (p < 0.05)
(CCl4: Carbon tetrachloride, PJ: Pomegranate juice)

Discussion

Selenium In this study, we investigated the effects of CCl4-
induced damage in the testes and the potential protective
role of PJ against these effects by evaluating histological
and biochemical parameters. CCl4 reduces testosterone
levels through a combination of hepatic damage, oxida-
tive stress, inflammatory responses, and direct testicu-
lar toxicity, all of which impair the normal production and
regulation of testosterone (30). Our findings indicate that
CCl4 exposure leads to a decrease in serum testosterone
levels. While long-term PJ treatment alone did not affect
testosterone levels, it successfully restored the decreased
testosterone levels induced by CCl4. CCl4 increased MDA
levels in testicular tissue, while long-term PJ treatment re-
duced elevated MDA levels. CCl4 exposure increased tes-
ticular GSH levels, while long-term PJ treatment did not
have any effect on GSH levels. While CCl4 exposure alone
did not affect CaE activity, we observed that PJ alone sig-
nificantly increased CaE levels. However, CCl4 exposure re-
duced the CakE levels increased by PJ. Neither GST nor GR
activities were affected by CCl4 exposure or PJ treatment.
According to our histopatological analysis, CCl4 notably
caused decreased spermatogenesis and vacuole forma-
tion in seminiferous tubules and caused interstitial edema.
Long-term PJ treatment reduced this histopathological le-
sions, but the damage caused by CCl4 did not fully recov-
ered. Immunohistochemical staining results showed that
increased macrophage activity in animals exposed to CCl4
was reduced with PJ treatment. Despite similar studies (31,
32) evaluating the antioxidant and histopathological effects
of PJ in testes, our study adds novelty to the literature by
evaluating macrophage activity and introducing new data
in oxidative processes related to CCl4 exposure.

Testosterone, the primary male sex hormone produced
in the testicles, plays a crucial role in normal male sexual



development and function (33). The data of CCl4 reduced
serum testosterone levels in our study was consistent with
the literature (32). Previous studies on the effects of PJ on
serum testosterone levels have shown mixed results: one
found no effect (16), while another reported an increase
(32). In our study, we also found that PJ alone did not affect
serum testosterone levels. These discrepancies may be
due to variations in the components of PJ used. However,
consistent with other studies (32), we observed that PJ
significantly mitigated the CCl4-induced reduction in tes-
tosterone, nearly restoring it to control levels. Additionally,
an increase in free radicals causes excessive production
of MDA, indicating the oxidation of polyunsaturated fatty
acids within cells (34). It is known that the plasma mem-
brane of testicular cells contains a high concentration of
polyunsaturated fatty acids, it becomes more susceptible
to oxidation (34). We found that, consistent with the litera-
ture, we found that CCl4 increased testicular MDA levels
and that PJ reduced this increase (35). CakE, also found in
testis, plays essential roles in the breakdown of various en-
dogenous esters, drugs containing esters, and toxic sub-
stances found in the environment (36). GSH is an antioxi-
dant that protects cells from the toxic effects of reactive
oxygen species such as free radicals, peroxides, heavy
metals and chemical toxins (37). Previous studies have re-
ported that CCl4 increases GSH levels in both renal (38) and
testicular tissue (32). However, our data indicate a reduc-
tion in GSH levels following CCl4 exposure. Literature sug-
gests that GSH levels may vary with age (39). The observed
decrease in GSH levels in our study could be attributed to
age-related changes. There are some studies suggest that
alterations in the testicular antioxidant defence profile in
rats are influenced by age (40, 41). Contrary to the literature
(32), neither CCl4 nor PJ showed any effect on GST and GR
activities in testicular tissue in our study. This difference, as
previously mentioned, could be the result of the age-related
decreases in cellular glutathione-related antioxidant capac-
ity. However, we found that the chemical toxin CCl4 had no
effect on CaE activity. A previous study demonstrated that
CCl4 reduces liver CaE activity (42). The unaffected testicu-
lar CaE activity according to our data led us to conclude
that expression levels, isoforms, and specific roles of CaE
can vary significantly between tissues such as the testis
and the brain (43) may so CaEs may exhibit different re-
sponses to various chemical toxins. Interestingly again,
we found that PJ alone increased CaE activity, while when
given together with CCl4, this activity decreased. Despite
the decrease, the activity in the CCl4 + PJ group was still
higher than in the control group. These data regarding Cak
activity are the novel findings of our study. However, further
research is needed to investigate this different CaE activity.
The histopathological findings obtained in our study were
consistent with the literature (44).

Conclusion

[In conclusion, our study showed that CCl4 increases MDA
levels in testicular tissue, leading to oxidative stress and
disruption of cellular antioxidant systems. Pomegranate
juice mitigated these effects using alternative antioxi-
dant mechanisms rather than glutathione. Pomegranate
juice alone also enhanced CaE activity, which is reduced
by CCl4 exposure. These data are novel findings of our
study. Furthermore, pomegranate juice restored serum
testosterone levels and promoted recovery in testicular
histopathology
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Zdravljenje s sokom granatnega jabolka preprecuje poskodbe mod zaradi
ogljikovega tetraklorida (CCl4) pri podganah: biokemicna in histoloska
studija

O. F. Kalkan, A. Tiirk, C. Citil, M. Uckun, A. Ozkaya, E. Yologlu, Y. Ozay, S. C. Biilbil, N. B. Akgdil, Z. Sahin, A. Kirbas

Izvleéek: Raziskali smo nezelene ucinke ogljikovega tetraklorida (CCl4) na tkivo mod in preucili zasc¢itne ucinke soka
granatnega jabolka (PJ) ob izpostavljenosti CCl4. 28 samcev podgan wistar albino je bilo naklju¢no razdeljenih v $tiri
skupine: kontrolno, PJ, CCl4 in CCl4 + PJ. Merili smo raven testosterona v serumu in ocenili parametre karboksilesteraze
(Cak), malondialdehida (MDA), glutationa (GSH), glutation reduktaze (GR) in glutation S-transferaze (GST). HistopatoloSke
spremembe so bile pregledane z uporabo imunoreaktivnosti CD68 za ugotavljanje aktivnosti makrofagov. Analiza je po-
kazala znatno povecanje aktivnosti Cak v skupini PJ v primerjavi s kontrolno skupino (p < 0,05). Izpostavljenost CCl4 je
zmanjsala aktivnost CaE, v skupini CCl4 + PJ pa se je aktivnost CaE delno izboljSala s PJ (p < 0,05). PJ je tudi znacilno
znizal povisano raven MDA, ki jo je povzrocil CCl4 (p < 0,05). CCl4 je zmanjSal raven reduciranega glutationa (GSH) (p <
0,05), vendar PJ ni vplival na raven GSH (p > 0,05). Niti CCl4 niti PJ nista vplivala na aktivnost glutation reduktaze (GR) in
glutation S-transferaze (GST) (p > 0,05). PJ je torej odpravil histoloske poskodbe in obnovil znizano raven testosterona.
Poleg tega je ublazil oksidativni stres, ki ga je povzrocil CCl4, tako da je namesto glutationa uporabil alternativni antiok-
sidativni sistem.

Kljucne besede: toksicnost CCl4, neplodnost, sok granatnega jabolka, karboksilestraza, oksidativni stres, histopatologija
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