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Abstract

Antiseptic agents used in the postoperative period affect the functions of many tissues in the
body, including the testicles. In this study, the effect of dressings administered with different
antiseptic agents on testicular functions in rats that underwent abdominal incisions was investiga-
ted. A total of 48 Sprague-Dawley rats were used in the study. Each of the rats in the study group
underwent a 4 cm-long skin and muscle operation. The incision was then stitched immediately.
Antiseptics, hemp seed oil, hemp leaf oil, and cannabidiol oil were then administered to the rats
for 10 days to provide antisepsis. The rats were sacrificed 24 hours after the last administration,
and testicular tissues were removed. Testicular tissues were used for histopathological examina-
tion and biochemical analysis, while epididymal tissue was used for sperm analysis. According
to the results, the MDA level in the antiseptic-administered group was higher than in the other
experimental groups (p<0.05). Levels of SOD, CAT activities, and GSH content were found to be
lower in the antiseptic group than in the hemp seed oil, hemp leaf oil, and cannabidiol oil groups
(p<0.05). In testicular histology, the SEED group had the highest Johnsen score, and the anti-
septic group had the lowest score (p<0.05). While JAK, P-JAK2, STAT3, PSTAT3, and NF-«B
were generally higher in the antiseptic group compared to the other groups, they were lower
in the SEED group. Additionally, sperm total motility rate and epididymal sperm density were
highest in the SEED group (p<0.05). As a result, it was determined that cannabidiol seed oil had
a good effect on testicular histology and sperm quality in male rats during the wound healing
process.
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Introduction

Sperm viability and motility are necessary for ferti-
lity (Donkin and Barrés 2018, Omiir 2022). Sperm via-
bility and motility are affected by many environmental
factors such as surgery and the postoperative period.
The reasons for this situation include the immune sys-
tem’s focus on healing the wound and protecting against
infections. A study indicates that sperm quality and
sperm viability decreased after surgery in azoospermia
or fertile obese patients (Carette et al. 2019). In addi-
tion, surgical operations increase oxidative stress and
therefore force antioxidant mechanisms to rapidly acti-
vate. This oxidative damage continues during the matu-
ration process of the wound (Karlidag et al. 2006).

Antiseptic solutions are agents that help accelerate
wound healing by destroying possible antigens that
may damage the wound. However, while these antisep-
tic solutions directly contact wound tissue, they can
contact other tissues and body fluids and mix with blood
and extracellular fluids. The Wolff-Chaikoff effect,
a response to povidone-iodine in infants, is a good
example of this (Heymann 2000). Therefore, continu-
ing research is crucial to creating new and updated anti-
septic solutions (Murphy and Evans 2012, Daeschlein
2013, Bodnar 2014).

Hemp is a plant with antiseptic properties that
grows almost everywhere in the world and has been one
of the research topics in recent years. Although it has
psychotropic effects, its seeds are used in oil production
and its fibers are used in the furniture and textile indus-
try (Farinon et al. 2020). The oil obtained from hemp
seeds contains a variety of different molecules, minerals
and vitamins (Matthdus and Briihl 2008). Similarly, oils
obtained from the fibrous parts of hemp are reported
to have various compounds (Menghini et al. 2021).
Studies indicate that cannabidiol, a hemp-derived com-
pound that does not have psychotropic effects, can
be used in the wound healing process (Wietecha and
DiPietro 2013, Carvalho et al. 2022).

In the present study, the effects of cannabis products
on oxidative stress, testicular histopathology and sperm
quality in rats subjected to abdominal incision were
investigated.

Materials and Methods

Ethics committee approval and supply
of experimental animals

Ethical approval was received from Erciyes Univer-
sity Animal Experiments Local Ethics Committee
(Protocol no; 2023/242). Forty-eight male Sprague-
-Dawley rats, weighing between 250-300 g and aged

10-12 weeks, were used in the study. The animals were
housed in standard conditions at 24°C, 45% humidity,
and a 12h light and dark cycle. In all animal administra-
tions, the guidelines set forth by the EU for the care
of experimental animals were complied with. The rats
that acclimated to the novel environment were arbi-
trarily separated into four groups (n=48). The rats
were then sedated with the administration of ketamine
(Ketalar, Eczacibasi, Turkey). A 4 cm long skin and
muscle incision was made sequentially on the anesthe-
tized rats. The muscle and skin were then sutured with
simple separate stitches.

The antiseptic group were dressed with 10% anti-
septic solution (Dermosept, ALG drug, Turkey) for 10
days. The CBD group were dressed with Cannabidiol
(CBD) — ethanol (w15%) for 10 days. The HEMP group
were dressed with cannabis leaf essential oil- DMSO
(w15%) for 10 days. The SEED group were dressed
with cannabis seed oil for 10 days.

After the last dressing, the rats were sacrificed
under 10 mg/kg xylazine (Basilazin, Bavet, Turkey)
+ 50 mg/kg ketamine (Ketalar, Eczacibasi, Turkey)
anesthesia. Testicular tissues of rats were removed,
separated from connective tissues, and weighed. Right
testicular tissues were placed in formaldehyde solution
for histological analysis, and the remaining testicular
tissues were kept in a deep freezer until analysis.

Determination of lipid peroxidation in testicular
tissue

Analysis of malondialdehyde (MDA) level as an
indicator of lipid peroxidation (LPO) in testicular tissue
was determined using the method described by Placer
et al. (1966). Testicular tissues were diluted 1:15 with
1.15% KCl, then homogenized and centrifuged at 1000 g
at +4°C for 15 minutes. Analyses were made from the
obtained supernatant.

Determination of antioxidant status in testicular
tissue

The powdered tissues were diluted 1:15 with 1.15%
KCI and then homogenized in a homogenizer. Homo-
genates were then centrifuged for superoxide dismutase
(SOD), catalase (CAT) and glutathion peroxidase (GPx)
measurements. Supernatants were used for analysis.
Glutathion (GSH) level analysis in testicular tissue was
determined using the method described by Sedlak and
Lindsay (1968). GPx activities were determined using
Matkovics” method (1988). CAT activities were mea-
sured using the method determined by Aebi (1984).
SOD activities were measured using the method
described by Sun et al. (1988).
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Histopathological and immunohistochemical
analysis

Testicular tissues of sacrificed rats were placed
in 10% neutral formaldehyde solution and fixed for
72 hours. They were then passed through graded alco-
hol and xylol series, embedded in paraffin blocks, and
Su thick serial sections were taken with a microtome
(Leica RM2125 RTS) for histopathological evaluations.
The obtained sections were stained using Crossman’s
Modified Mallory’s Triple Staining method for histo-
pathological examinations, and tissue damage assess-
ments were made.

Testicular histological damage and spermatogenesis
were assessed under a light microscope using Johnsen’s
mean testicular biopsy score (Johnsen 1970). 30 tubules
for each testis were graded according to the presence
or absence of germ cell types such as spermatozoa,
spermatids, spermatocyte, spermatogonia, germ cells
and Sertoli cells in the testicular seminiferous tubules,
and a score of 1 to 10 was given for each tubule.
According to this scoring system; 10 points indicate
complete spermatogenesis with many spermatozoa,
the germinal epithelium is of regular thickness and the
lumen is open. 9 points indicate that there are numerous
spermatozoa but they appear disorganized with marked
shedding or obliteration of the germinal epithelial
lumen. 8 points indicate that there are only a few sperm
in the section. 7 points indicate that there are no sper-
matozoa but many spermatids. 6 points indicate that
there are no spermatozoa but a few spermatids. 5 points
indicate no spermatozoa and no spermatids, but there
are a few or many spermatocytes. 4 points indicate only
a few spermatocytes and no spermatids or spermatozoa.
3 points indicate the only germ cells present are sper-
matogonia. 2 points indicate no germ cells but Sertoli
cells. 1 point indicates no cells in the tubular section.
Histopathological evaluations were made according
to these criteria.

The obtained testicular tissues were taken from par-
affin blocks in 5 um thick sections and placed on posi-
tively charged slides, and the sections were then passed
through xylol and alcohol series and washed with PBS
in 3% H,0, for 10 minutes for endogenous peroxidase
inactivation. They were treated with citrate solution
(pH:6.0) for 4x5 minutes at 600 watts to reveal the anti-
gen in the tissues. Anti janus kinase2 (Anti-JAK?2)
(Elabscience, E-AB-22272, 1/150 dilution), anti-P-JAK2
(Affinity, AF3024, 1/150 dilution), Anti signal trans-
ducer and activator of transcription 3 (anti-STAT3)
(Elabscience, E-AB- 32981, dilution 1/150), anti-P-STAT3
(BT LAB, BT-PHS00280, 1/150 dilution), Anti nuclear
factor kappa B (anti-NF-kB p65) (Santa Cruz, sc-109,
1/100 dilution) and anti-Bcl Tissues incubated with

-2 (Abcam, Ab-7973, 1/100 dilution) primary anti-
bodies overnight at +4°C were then treated with secon-
dary antibody. Secondary antibody (Large Volume
Detection System: anti-Polyvalent) and HRP (Thermo
fischer, TP-125-HL) was used as recommended by the
manufacturer. DAB (Thermo fischer, 3,3’-Diaminoben-
zidine) was used as a chromogen. After counterstaining
with Mayer Hematoxylin, they were coated with entel-
lan and examined under a light microscope. Evaluation
was made by the histopathologist at 20X objective mag-
nification.

Stereological immune reactivity analysis

In order to determine whether the immunohisto-
chemical staining was specific or not, a negative control
was applied to all sections and all procedures were per-
formed under the same conditions using PBS instead of
primary antibody. For immunohistochemical examina-
tions, tissue slides were evaluated under a light micro-
scope (Olympus Bx53) and photographs were then
taken. Semiquantitative analyses for all groups investi-
gated the degree of immunoreactivity at the cellular
level. Numerical density values for immune reactive
cells of testicular tissue were obtained from a modified
light microscope (Leica DM4000B; Leica Instruments)
and stereology software (Microbrightfield Stereo-
-Investigator software v. 9.0; Microbrightfield,
Williston, VT, USA), as described in previous work
(Kalkan et al. 2012).

Reproductive parameters analysis

The caudal part of the epididymis was trimmed
in 5 mL of saline in a petri dish at 35°C to obtain semen
fluid. A light microscope (Zeiss, Germany) fitted with
a heating plate was used for total motility analysis.
20 pL of semen sample was placed on a slide and cove-
red with a coverslip. Total motility score was calculated
by examining 3 different microscope fields (Gur et al.
2023). For epididymal sperm density, 5 pL of semen
sample was taken in an eppendorf tube and mixed with
995 uL of eosin dye (5%). 10 uL of the sample was then
taken by vortexing and transferred to a Thoma slide.
After the fluid movement stopped, a count was made
and the semen density was calculated. For the percen-
tage of dead-viable sperm and abnormal spermatozoa
ratio, 10 pL of sperm fluid was placed on a slide and
20 pL of eosin-nigrosin mixture (1.67% eosin, 10%
nigrosin and 0.1 M sodium citrate) was placed on it.
It was then mixed on the slide, smeared and dried.
The percentage of dead sperm and abnormal spermato-
zoa was calculated by counting 200 spermatozoa from
each sample (Aksu et al. 2016).
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Table 1. Testicular tissue oxidative stress results in rats.

Antiseptic CBD HEMP SEED
MDA (nmol/g tissue) 41.01£2.19¢ 39.67£1.63 34.83£3.76® 32.304+4.80°
SOD (u/g protein) 13.67+3.61 14.5142.88 20.50+3.51° 22.33+2.88"
CAT (catal/g protein) 17.16+4.70? 16.83+2.64° 21.33£1.63% 22.83+3.18°
GPx (u/g protein) 20.51+4.76 18.01+2.28 22.17+2.14 22.014+2.36
GSH (nmol/g tissue) 2.33+0.41° 2.35+0.85° 2.83+0.20° 2.81+0.23%

Different superscript letters indicate the difference between groups (a, b, c; p<0.05).

Table 2. Stereological analysis of immune reactivity of anti-JAK2, anti-P-JAK2, anti-STAT3, anti-P-STAT3, anti- NF-k B, anti-Bcl-2
antibodies, and Johnsen’s score in the testis tissue of rats for all groups.

Groups JAK2 P-JAK2 STAT3 P-STAT3 NF-«B p65 Bcl-2 ! OIST;": s
Antiseptic  0.063+0.014°  0.065+0.006°  0.057+0.008°  0.071+0.003*  0.055£0.009°  0.022+£0.005°  3.83+0.75°
CBD 0.044+£0.012°  0.050£0.008  0.063+0.010°  0.065£0.009°  0.060£0.007*  0.028+0.009°  4.5+0.83"
HEMP 0.026£0.013°  0.018+0.003"  0.012£0.005>  0.035£0.008>  0.022+0.011°  0.061£0.006>  7.83+0.75¢
SEED 0.022£0.011¢  0.011£0.003°  0.011£0.003>  0.040£0.007°  0.018+0.003"  0.063=0.010  9.5+0.54¢

Different superscript letter (a, b, ¢) indicates the statistical differences between the groups, p value accepted as <0.05.

Results

Oxidative stress parameters results

Results for oxidative stress parameters are shown
in Table 1. The MDA content was found to be higher in
the antiseptic group compared to the other experimental
groups, while it had the lowest value in the SEED group
(p<0.05). While the SOD and CAT activity levels had
the lowest values in the antiseptic and CBD groups,
they had higher values in the HEMP and SEED groups
(p<0.05). There was no statistically significant differen-
ce between the groups in terms of GPx activity. While
the GSH level was the lowest in the antiseptic and CBD
groups, it was highest in the HEMP and SEED groups
(p<0.05).

Histopathological examination results

In the present study, it was found that the seminifer-
ous tubules in the antiseptic and CBD groups lost their
normal structure, and the integrity of the testis was
completely disturbed. The germ cells in the semini-
ferous tubules were shown to be totally shed in some
tubules while appearing uneven and incomplete in other
groups. The lumen is totally destroyed in some semini-
ferous tubules. It was easy to see that the seminiferous
tubules and germ cells were deteriorating. The integrity
of the seminiferous tubules was confirmed in the HEMP
and SEED groups, the germ cells were organized regu-
larly, and the tubule lumens were in a normal configura-

tion. As a result of the histopathological evaluations,
it was observed that the score was 4 according to the JS
score in the antiseptic group (Fig. 1A-B) and 5 in the
CBD group (Fig. 1C-D). According to this scoring
system, while the score was 8 in the HEMP group
(Fig. 1E-F), it was determined as 10 in the SEED group
(Table 2, Fig. 1G-H).

According to the data obtained as a result of immu-
nohistochemical staining, while JAK2, P-JAK2,
STAT3, P-STAT3 and NF-kB p65 immune reactions
were found to be high in the antiseptic and CBD groups,
these values were found to be significantly lower in the
HEMP and SEED groups when compared to other
groups (p<0.05). Bcl-2 immune reactivity was found
to be significantly higher in the HEMP and SEED
groups compared to other groups (p<0.05). Statistical
data of all immune reactivity results are presented
in Table 2 and immunoreactivity results are presented in
Fig. 2.

Reproductive parameters results

Testicular weights and sperm quality parameters
of the experimental groups are presented in Table 3.
These data indicate that total motility was highest
in the HEMP and SEED groups and lowest in the anti-
septic group (p<0.05). Regarding the percentage
of dead, abnormal spermatozoa, and total weight of the
testicles, there were no statistical differences between
the groups. While the epididymal sperm density was
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ANTISEPTIC

Fig. 1. Testicular seminiferous tubules stained with Crossman’s Modified Mallory’s Triple Staining. Star: Degeneration of seminiferous
tubules, Arrow: Spermatogoniums, Curved arrow: Spermatocytes, Arrowhead: Sertoli cells. Magnification: A, C, E, G x200;

B, D, F, H x400.
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ANTISEPTIC CBD HEMP SEED
" 7 s

NF-«B po65 P-STAT3 STAT3 P-JAK2 JAK2

Bel-2

Fig. 2. Representation of testicular seminiferous tubules stained with antibodies to JAK2, P-JAK2, STAT3, P-STAT3, NF-«B p65, Bcl-2
by immunohistochemical methods; Streptavidin- Biotin (LSAB) staining, magnification x200.

Table 3. Results of total testicular weight and epididymal sperm parameters in rats.

Total motility (%) Dead-li:/aet :z;zt)natozoa Abnorrr;zlt eslzf/gnatozoa Density (x10°) Total T?Is;;s)Weight
Antiseptic 63.32+6.67* 10.67+0.81 9.01+1.26 14.33+2.332 2404.01+183.99
CBD 66.63+5.98% 10.01£1.09 8.51+0.54 14.01+1.67* 2484.83+124.64
HEMP 74.41+4.02° 8.83+1.47 8.17+1.60 15.66+1.03% 2399.84+87.24
SEED 73.86+3.89° 8.51+2.42 8.01+1.26 17.16+0.75° 2550.33+140.09

Different superscript letters (a, b, ¢; p<0.05) in the same line are statistically significant.
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highest in the SEED group, a statistically significant
difference was observed between the CBD and antisep-
tic groups (p<0.05).

Discussion

Semen quality is affected by various environmental
factors such as surgical operations. In the present study,
the effects of different antiseptic agents on testicular
histopathology, oxidative stress and sperm quality in
rats subjected to abdominal incision were investigated.

Oxidative stress is one of the parameters affecting
sperm quality in testicles. The increase in MDA, which
is an indicator of lipid peroxidation, affects spermatoge-
nesis in the testicles and causes a decrease in sperm
quality (Aksu et al. 2021). It has been reported in stu-
dies that oxidative damage occurs in experimental
operations applied to the testicles (Aktas et al. 2010,
Koksal et al. 2012). Cannabis sativa L. contains amino
acids, fatty acids, and steroids, as well as secondary me-
tabolites such as flavonoids, stilbenoids, terpenoids, al-
kaloids, lignans, and others (Graczyk et al. 2021).
It is also reported that cannabis products have antioxi-
dant properties (Fouda et al. 2020). While antiseptic
products delay wound healing (Thomas et al. 2009),
cannabis products accelerate this process (Chelliah
et al. 2018, Atalay et al. 2019, Zheng et al. 2022).
It is reported that dysregulated endocannobinoids sys-
tem (ECS) signaling occurs in wound conditions and
cannabis products regulates this condition (Maccarrone
et al. 2015). In our study, the fact that the CBD groups
generally had lower testicular tissue MDA content com-
pared to the antiseptic group can also be explained
by the ECS regulation. The significant decrease in
MDA content, especially in the SEED group, can be
explained by the higher antioxidant properties of canna-
bidiol seeds and the regulation of the ECS system.

Inflammation, sperm DNA damage, induction of
apoptosis and spermatogenesis disorder occur in testis
damage (Hassan et al. 2019). The binding of IL-6 to
Janus kinase (JAK)/signaling pathways and activators
of the transcription3 (STAT3) receptor family induces
the transcription of a variety of inflammatory and apop-
totic genes, including NF-«B (Shafiey et al. 2023).
Previous studies suggest that povidone-iodine use may
affect the inflammatory response (Islamov et al. 2020).
In the present study, it is seen that JAK, STAT3, and
NF-kB immune activity is lowest in the SEED group
and high in the antiseptic group (p<0,05). This is inter-
preted as CBD and its products reducing inflammation.
Anti-apoptotic B-cell lymphoma-2 (Bcl-2) regulates
apoptosis. The Bcl-2 ratio was found to be higher
in CBD groups compared to the antiseptic group.

A significant increase in Bcl-2 levels was observed in
the SEED and HEMP groups (p<0.05). This is thought
to be the reason why CBD products have anti-apoptotic
properties and therefore preserve the composition of the
testis.

Male reproductive function is essential for success-
ful fertilization (Aksu et al. 2019). It is indicated that
there may be a decrease in sperm quality after abdomi-
nal surgery (Peeters et al. 2014). While antiseptic solu-
tions used after the operation protect the tissues against
pathogens, they also cause various complications
(Coban etal. 2018). When we examine the study groups,
it is seen that the sperm quality has decreased in gene-
ral. This may be due to the operation performed. Howe-
ver, sperm quality was found to be lower in the antisep-
tic group compared to the other groups (p<0.05).
This may be due to the fact that CBD derivatives reduce
inflammation and oxidative damage in tissues, and
consequently inhibit apoptosis.

Conclusion

Testicular histopathology, oxidative damage, and
sperm quality were examined in this study to determine
the effects of various antiseptic agents used after
abdominal incision. Groups using CBD, HEM, and
SEED oil reduced testicular inflammation and oxidative
damage while also improving sperm quality, compared
to the group using antiseptics.
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