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SUMMARY: Pregabalin (PGB) is an anti-convulsant drug that is indicated in epilepsy, neuropathic pain and anxiety. Pregabalin is
considered an analogue to the neurotransmitter gamma amino butyric acid (GABA). A phytochemical called carvacrol is abtaimedetic
plants in the Oregano genus. It is well recognized for its anti-inflammatory and antioxidant properties, as well astitssatyilitile growth of
many cancer cells. The purpose of this study was to assess Carvacrol's antioxidant capacity in relation to PGB-indwredjtegtidtorty
male albino rats were randomly divided into 4 groups with 10 rats in each group. Group | (control group). Group |l arimelQan/acrol
orally in a dose of 40 mg/kg/day for 4 weeks. Group Il animals received PGB orally in a dose of 1200 mg/kg/day for 4 owgeRé.aBimals
received (PGB + Carvacrol). The testes were taken out, weighed, and sampled for biochemical, immunohistochemical, antbgisépath
analyses at the end of the experiment. In order to analyze the semen, the epididymes were also removed. PGB adminissaidia0& mg/
kg raised FSH and LH levels while decreasing serum testosterone levels. Additionally, it led to an increase in spermiebaodheatiecrease
in sperm motility, count, and viability percentage. Additionally, there was a decrease in GSH, GPx, and SOD and an ikiféasehich
suggests testicular oxidative damage. Testicular histology revealed morphological alterations. Carvacrol administeretlycorsuatge to
undo the negative effects of PGB. This was seen in the revised levels of the mentioned measures, which were almost momzdreddo the
PGB and control groups. Carvacrol ameliorated PGB-induced testicular damage, according to the current study's biocluwogjicall, st
immunohistochemical results.
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INTRODUCTION

The most prevalent long-term neurological condition Pregabalin is frequently used in primary care,
worldwide is thought to be epilepsy. Convulsions result fromeurology, and psychiatry. It is an anticonvulsant medication
the central nervous system's disrupted natural balaniat is six times more powerful than gabapentin despite
between excitation and inhibition (Asadi-Poeyal, 2012). having a comparable structure. Pregabalin is frequently used
Through several ways, antiepileptic medications naturaltp treat neuropathic pain, notably in diabetic patients,
balance the excitatory and inhibitory postsynaptic potentiibromyalgia, anxiety, and epilepsy (Baldwéh al, 2013;
(Deckerset al., 2000). Loftus & Wright, 2014; Evoyet al, 2017). PGB was
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displayed for the first time on the market by Pfizer undantibacterial, bactericidal, anti-inflammatory, anticancer,
the trade name Lyrica. The Food and Drug Administratioantioxidant, antifungal, and depressive qualities (Siha,
(FDA) authorized it in 2004 (Al-Zubaidit al, 2015). 2018).

According to Martinottiet al. (2013), pregabalin The anti-inflammatory, cytoprotective, and
exerts its analgesic and anxiolytic effects by binding tantioxidant properties of CRV have been linked to its ability
voltage-gated calcium channels. It participates in th® lessen kidney damage brought on by bilateral renal
dopaminergic reward system and possesses characterisschemia-reperfusion (I/R) (Oztust al, 2018). Another
similar to those of GABA (Cat al, 2012). Pregabalin has study shown that CRV protected male rat testicles from
been misused by some abusers to replace other comnetsplatin-induced reproductive impairment (Akstial.,
prohibited drugs like opium and tramadol (Batal, 2014). 2016).

The ability of PGB to diminish the release of Therefore, this study aimed to investigate whether
excitatory neurotransmitters like glutamate and substancarvacrol could mitigate testicular injury resulting from
P, as well as peptides such as calcitonin gene-related pepttegabalin administration in adult male albino rats.
accounts for its wide range of therapeutic effects, which
include lowering neuropathic pain and anxiety and managingATERIAL AND METHOD
epilepsy (Foroutan & Nikvarz, 2016). By doing this, the
overstimulated neurons in the central nervous system revArtimals. Forty healthy adult male albino rats weighing
to their original positions (Baidyet al, 2011). between 200 and 250 g were used in this study. They were

purchased from Tanta University's animal house, Tanta

Preclinical animal studies demonstrated thataculty of Medicine, Egypt. During the experiment, the rats
pregabalin (PGB) temporarily impaired sperm qualitywere housed in polypropylene cages with normal
reducing sperm count and motility while increasingllumination and a temperature-controlled environment (25
abnormalities and negatively affected reproductive functian2°C), and they were allowed unlimited access to laboratory
by decreasing fertility and raising rates of pre-implantatiofood and water. They had at least two weeks to acclimate to
embryo loss (Etemadst al., 2013; Dinget al, 2017). their new environment before the study started. All animal
According to certain clinical research, pregabalin causgsocedures were approved by the Research Ethics Committee
erectile dysfunction, delayed ejaculation, and changes sexaélthe Faculty of Medicine, Tanta University, Egypt,
desire (Calabrd & Bramanti, 2010; Bucur & Jeczmien, 2011Approval Code: 36264PR1079/2/25
Unlikely, previous clinical research showed that PGB 600
mg/day for 12 weeks did not significantly changexperimental design.Following the time of acclimatization,
spermatogenesis or blood levels of FSH and testosterondha rats were randomly split into four groups, each consisting
healthy men (Sikkat al, 2015). of ten rats:

The so-called Mediterranean diet often include&roup | (Control group): received distilled water daily for
plants from the Lamiaceae family, including sa§alyia four weeks through oral gavage.
spp.), oreganoregano vulgarg and thyme Thymus
vulgaris) (Guidi & Landi, 2014). One of the active Group Il: Received carvacrol orally (Sigma-Aldrich
components that contribute significantly to the essential oiGhemical Co. St. Louis, MO, USA) at a dose of 75 mg/kg/
of Lamiaceae plants is the monoterpenoid phenol carvacday for 4 weeks (Baghegt al, 2023).
(5-isoropyl-2-methylphenol) (Gunes-Bayét al., 2019;
Ahmadet al, 2021). Group lll: Received pregabalin dissolved in distilled water
orally at a dose of 1200 mg/kg/day for 4 weeks (Badawi,
Carvacrol has antioxidant properties both in vitro ang023).
in vivo. The presence of a hydroxyl group (Qldovalently
bonded to an aromatic ring is associated with these effe@soup IV: Received a combination of pregabalin (1200 mg/
(Guimarédest al, 2010; Aristatileet al,, 2015). Carvacrol kg/day) and carvacrol (75 mg/kg/day) orally for 4 weeks.
has been approved by the Federal Drug Administration
(FDA) for use as a food preservative and is thought to be An intraperitoneal injection of sodium pentobarbital
safe in small amounts (Ghoraatial, 2021). According to (35 mg/kg bw) was used to anesthetize the rats twenty-four
studies, carvacrol possesses biological activities as hours following the last medication regimen. The heart was
immunological and nerve impulse modulator, as well asxamined by cutting into the chest wall. To extract serum, 5
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ml of intracardiac blood was extracted and centrifuged f@perm viability (Life/dead ratio). On a preheated slide, two
15 min at 3000 rpm. In order to measure the serudrops of heated Eosin/Nigrosin stain were mixed with one
concentrations of FSH, LH, and testosterone, the samphtirep of semen to form a homogeneous smear, which was then
were stored at -2€. Radioimmunoassay was used tdeft to air dry. The stained slide was then immediately examined
measure hormones (RIA). at X400 magnification using a microscope. The live sperm
cells did not absorb the stain, while the dead sperm cells did.
The animals were then sacrificed by decapitation, ariche proportion was calculated after the number of stained and
opening the abdomen and scrotum of the rats was doneutwstained sperm was counted (Oyedepl, 2013).
extract both testicles and epididymes. For biochemical
analysis, the appropriate testes were promptly snap frozZ8perm morphology. On a preheated slide, two drops of
in liquid nitrogen and kept at -8C. The testicular tissues' warmed Eosin/Nigrosin stain were mixed with one drop of
concentrations of reduced glutathione (GSH), glutathioreemen to form a homogeneous smear, which was then left to
peroxidase (GPx), superoxide dismutase (SOD), amd dry. The stained slide was then immediately examined at
malondialdehyde (MDA) were then assessed. The left test30 magnification using a microscope. A random selection of
were fixed in 10 % neutral buffered formalin (NBF) andive microscope fields was made, and the number of abnormal
weighed and sampled for histopathological examinationsspermatozoa was calculated from the total number of
spermatozoa in each field. The percentage of abnormal
Serum hormonal assayThe levels of follicle-stimulating spermatozoa was then expressed (Oyedeji, 2013).
hormone (FSH), luteinizing hormone (LH), and testosterone
were assessed by radioimmunoassay using a commerciallgsessment of oxidative stres3o get rid of any remaining
(AccuBind ELISA Kits, California, USA). Analyses were blood clot, the right testes were rinsed with 10 % cold
conducted in accordance with the manufacturerfhosphate buffered saline (PBS) solution (PH 7.4). To gather
instructions. the supernatant fluids, tissues were weighed, homogenized in
PBS, and centrifuged for 15 min at’@ at 8000 rpm. The
Semen analysisThe caudal portion of the epididymis wasintended indicators of oxidative stress were measured using
cut and placed at 37 °C in a Petri dish with 2 ml of reguléinese supernatant components.
saline (0.9 % NacCl). The tissue is left for 30 to 60 seconds
to allow the sperm to seep from the tubules. The resulting Using spectrophotometry (PD-303 Spectrophotometer;
fluid will be handled exactly like semen and will have &APEL CO., LTD., Japan), the tissue MDA level (a marker for
whitish or grayish tint. The fluid should be collected in atipid peroxidation) was analyzed. Based on the Ohlketved
Eppendorf tube. (1979) method, MDA concentration was determined
spectrophotometrically by measuring the absorbance of the
Sperm count.After adding 0.5 ml of the semen to 1 ml ofthiobarbituric acid reactive substances (TBARS) complex at
the semen diluting fluid (sodium bicarbonate 5 g, formaliB35 nm using a commercial assay kit (Cayman Chemical
1 ml, and distilled water 99.0 ml), the mixture was thoroughl€ompany, Ann Arbor, USA, Cat. No. 10009055). Results were
mixed. In the hemocytometer chamber, a single drop qgtiantified as nanomoles of MDA per gram of tissue protein
sperm suspension was placed. And for ten minutes, tf&hmida, 2012).
hemocytometer was placed in a humid area to allow the
sperm to settle. Spermatozoa in the hemocytometer's squares  Antioxidant activity was evaluated by measuring GSH,
were counted under a microscope. [The number @&Px, and SOD levels. GSH concentration was determined
spermatozoa per ml = No. of spermdilution factorx depth  spectrophotometrically at 412 nm using a kinetic assay based
factor /No. of areas counted] (Oyedsfjial, 2013). on the Ellman (1959) method, performed with a commercial
Glutathione Assay Kit (Cayman Chemical, Cat. No. 703002).
Sperm motility. On a slide that had been preheated, twbata were reported asnol GSH per gram of tissue protein
drops of heated 2.9 % sodium citrate and one drop of sen{8oltaniet al, 2018). Glutathione peroxidase (GPx) activity
were mixed together. The slide was then examined undewas determined following Paglia & Valentine (1967) protocol
microscope ax 400 magnification after being covered withusing a commercial assay kit (abcam, UK; Cat. ab102530),
a heated cover slip. Ten randomly selected microscope fielolgh spectrophotometric measurements taken at 340 nm.
were used to test the motility of ten sperm. ConsequentResults were reported as units per gram of tissue protein
the motility of 100 sperm was assessed at random. {Boltaniet al, 2018). Superoxide dismutase (SOD) activity
determine the percentage of motile sperm, the numberwd#s assessed via the xanthine/xanthine oxidase method (Sun
motile sperms was divided by the total number of counted al., 1988) using a Cayman Chemicdsay kit (Item
sperm (i.e., 100) (Oyedest al, 2013). 706002), by measuring the amount of reduced nitro blue
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tetrazolium (NBT) with one unit of SOD (defined as thdRESULTS

amount of protein that inhibits the rate of NBT reduction by

50 %). SOD was expressed as units/mg tissue protein (Soltani  Over the course of the 4-week experiment, none of
et al, 2018). the experimental rats passed away.

Histological and immunohistochemical examinationEach  Testicular weight evaluation.The PGB group's testis weight
animal's left testis is preserved for 24 hours in 10 % neutra the end of the experiment was considerably lower than
buffered formalin. After that, it is treated and embedded ithat of the PGB+Carvacrol group and the control group
paraffin wax, and a microtome is used to cut pieces that aréR<0.05). In contrast, there was no noticeable variation in
um thick. To find histological alterations, certain paraffintestis weight between the PGB+Carvacrol, Carvacrol, and
sections were stained with hematoxylin and eosin (H&E) arabntrol groups (Table ).
seen under a light microscope (Bancroft & Layton, 2014).
Proapoptotic protein (Bax) immunoexpression was evaluat&erum hormonal assay.PGB-treated rats showed a
by immunohistochemically stained paraffin sectionssignificant increase in FSH and LH hormones and a
Proteinase K (2fug/ml) was used to break down the proteirsignificant decrease in testosterone hormone concentrations
in the tissue after the paraffin sections had been deparaffinizeden compared to the control and PGB+Carvacrol groups
using xylene and ethanol. Endogenous peroxidase activ{fy<0.05). However, there was no significant difference in
was then inhibited for 10 min by treating them with a 3 %he concentration of serum hormones between the control,
hydrogen peroxidase solution. After that, sections were treat€drvacrol, and PGB+Carvacrol groups (Table I1).
for 15 min with prediluted mouse monoclonal antibodies (10
ug/ml) against Bax (Dako, Carpinteria, California, USA), theisemen analysiswWhile there was no significant difference
for another 15 min with a rabbit anti-mouse antibody andetween the control, Carvacrol, and PGB+Carvacrol
another 15 min with the streptavidin-biotin-peroxidasgroups, there was a significant decrease in sperm motility,
complex. After five minutes of diaminobenzidine (DAB)count, and percent of viability as well as an increase in
staining, the specimens were counterstained for two to figperm abnormalities in PGB-treated rats when compared
minutes using Mayer's hematoxylin. Brown precipitationto the control and PGB+Carvacrol groups (P<0.05) (Table
showing cells were regarded as having positive Balk).
expressions (Singét al, 2015).
Assessment of oxidative stresshe MDA level was higher

Statistical Analysis.All data were analyzed using in the PGB-treated rats than in the control group (P<0.05),
SPSS software (version 26; IBM Corp., Armonk, NY, USA)but the activity of the antioxidant enzymes GSH, GPx, and
Results are presented as meastandard deviation (SD). SOD was significantly reduced. PGB-induced increases in
The unpaired Student’s t-test was used to compare meaasal MDA and decreases in renal GSH, GPx, and SOD were
between two independent groups with statistical significansggnificantly inhibited by the administration of carvacrol in
set at p <0.05. conjunction with PGB (P < 0.05) (Table V).

Table I. Testis weight of rats in the various groups under study.

p i Group | Group Il Group Il Group IV
arameters (Control) (Caracrol) (PGB) (PGB+ Carvacrol)
Testis weight (g) 1.73+0.04 1.70+0.02 0.97+ 0.02 1.69+0.08

The meart standard deviation is used to express the data. The student’s t test was used to statistically assess the results at P <
0.05. ap < 0.05 in relation to group I, the control group. bp < 0.05 in contrast to group Ill, the PGB group.

Table Il. Serum levels of testosterone, FSH and LH hormones in the various groups under study.

Parameters Group | Group Il Group Il Group IV
(Control) (Caracrol) (PGB) (PGB+Carvacrol)

Testosterone(ng/ml) 4.82+1.08 4.8040.025 2.43+£1%29 4.75+0.005

FSH (mIU/mli) 8.6940.04 8.73+1.09 13442035 9.11+1.09

LH (mlU/ml) 5.07+0.012 5.16+1.03 8.38+0.002 5.74+1.08

The mearnt standard deviation is used to express the data. The student’s t test was used to statistically assess the results at P <
0.05. ap < 0.05 in relation to group I, the control group. bp < 0.05 in contrast to group I, the PGB group.
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Table lll. Sperm parameters in the various groups under study.

Parameters Group | Group Il Group llI Group IV
(Control) (Canracrol) (PGB) (PGB+Carvacrol)
Sperm count 106.3+5.3 101.4+2.05 63.3+343 99.3+2.78
Motility (%) 91.3+2.8 89.2+1.09 48.44+16 87.4+2.38
Viability (%) 94.6+3.45 92.23+1.03 62.81+2313 90.4+2.18
Abnormalities (%) 243+0.13 2474048 9.64+015 252+0.24

The meant standard deviation is used to express the data. The student’s t test was used to statistically assess the results at P <
0.05. ap < 0.05 in relation to group |, the control group. bp < 0.05 in contrast to group Ill, the PGB group.

Table IV. Malondialdehyde (MDA), reduced glutathione (GSH), glutathione peroxidase (GSH-Px), and superoxide dismutase (SOD)
levels in the various groups under study.

Parameters Group | Group Il Group IlI Group IV
(Control) (Canracrol) (PGB) (PGB+ Carvacrol)
MDA (nmol/g tissue protein) 78.62+4.32 75.33+4.56 123.1316%74 83.15+3.73
GSH (umol/g tissue protein) 12.41+0.39 12.14+40.73 432+1712 11.69+0.88
GSH-Px (units/g tissue protein) 29.53+1.88 29.14+145 12.92+2389 25.91+1.37
SOD (units/mg tissue protein) 7.35+0.04 7.28+0.03 3.14+0.08 7.11+0.02

The meant standard deviation is used to express the data. The student’s t test was used to statistically assess the resulta@&R<06.06elation
to group I, the control group. bp < 0.05 in contrast to group Ill, the PGB group.

Histological findings. The testis of control rats of H&E-stained sections showedbule were flattened myoid cells. Inside
seminiferous tubules surrounded by connective tissue, containing many rountidedubule, there was sustentacular cells
or polygonal interstitial cells (Leydig cells). Immediately surrounding ea¢Bertoli cells), and germ cells of the
spermatogenic lineage. Prominent among
the latter were spermatogonia, located
near the basement membrane, and
primary spermatocytes closer to the
lumen of the tubule. Sperm were located
in the center of the tubule (Fig. 1).

In PGB-treated group, H&E-
stained sections showed distortion of
seminiferous tubules, with irregular and
wrinkled basement membrane and
spermatogonia's separation from the
basement membrane. There was sperm
loss in the cores of some tubules (Fig.
2A). Other tubules showed predominance
of spermatogonia on the expense of other
germ cells (Fig. 2B). Some tubules
showed destruction and loss of part of the
basement membrane (double arrows).
T, S Loss of continuity of the chain of
v oy J!!{ 820 NS ﬂ;.;};_ B spermatogenesis was seen in some

\ FLORVTA ; ST : : -
e . : e . tubules (Fig. 2C). The interstitium
Fig. 1. A photomicrograph of normal architecture of the testis in the control gro

ﬁé)cyved shrunken and destroyed

showing seminiferous tubules surrounded by connective tissue, containing many rou . .

or polygonal interstitial cells (L). Immediately surrounding each tubule were fIatterfE'Ei":'rs’t't'aI cells (Fig. 2D).

myoid cells (M). Inside the tubule, a unique seminiferous epithelium composed of

columnar sustentacular cells (SC), and germ cells of the spermatogenic lineage is seen. In rats receiving PGB+Carvacrol,
Prominent among the germ cells are spermatogonia (SG), located near the basddeht-stained sections showed a
membrane, and primary spermatocytes (PS) closer to the lumen of the tubule. Shéstological structure which was more or
are located in the center of the tubule (S) (H&E, scale bargs0 less similar to normal (Fig. 3).
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Immunohistochemical findings

Bax antigen immunostaining. The
testicular tissues in the control group
showed a negative Bax immunostaining
reaction(Fig. 4a). Rats given PGB
showed dark brown granules in the
cytoplasm of the majority of their
testicular cells (Fig. 4b). The testicular
tissues of the PGB+carvacrol-treated
group exhibited Bax activity that was
essentially identical to that of the
control group (Fig. 4c).

Fig. 2. (A-D) Photomicrographs of testis in
PGB-treated rats. (A) Distortion of
seminiferous tubules, with irregular and
wrinkled basement membrane and
detachment of spermatogonia from the
basement membrane.{. Some tubules
showed loss of sperms in their centers (**).
(B) Other tubules showed predominance of
spermatogonia on the expense of other germ
cells. (C) Some tubules showed destruction
and loss of part of the basement membrane
(double arrows). Loss of continuity of the
chain of spermatogenesis was seen in some
tubules &) (D) The interstitium shows
shrunken and destroyed interstitial cells (L)
(H&E, scale bars = 4am).
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Fig. 3. A photomicrograph of testis in rats treated with PGB+carvacrol
showing normal looking testicular tissue more or less similar to normak=®
(H&E, scale bars = 4Qm).

i 3

DISCUSSION

The spermatogenesis phase is thought to be a time
significant cellular change that is extremely vulnerable to outsid

different stages of germ cells. Chemical agents are more comma
thought of as spermatocyte poisons, however spermatogonia

Although gabapentinoids, including pregabalin and
gabapentin, are frequently utilized in primary care, psychiatry, an ]
neurology, there is growing evidence that they may be abus
(Liliana et al, 2015). Many fragrant herbs, including oregano anef S _ - . )
thyme, produce carvacrol, a monoterpenic phenol (Suetra ~ 19- 4- (A) Negative immunostaining reaction of Bax in
2013). Its ability to scavenge radicals can help reduce damage caﬂ%%&?sncu'ar tissue of the control group. (B) Strong positive

S . . . 2 munostaining reaction of Bax in the testicular tissue of
by oxidative stress. It increases the activity of enzymatic antioxidaifls pgp.-treated group. (C) Negative immunostaining

such as glutathione peroxidase (GPx), reduced glutathione (GSfdiction of Bax in the testicular tissue of group treated with
and superoxide dismutase (SOD) (Evazalipual, 2021). PGB-+carvacrol (Bax immunostaining, scale bars g

RSP L ;

In this study, we aimed to determine whether carvacrol may
protect adult male albino rats from testicular damage causeddamage brought on by PGB treatment, as evidenced
pregabalin. by the fact that the testicular weight in the group
treated with both PGB and carvacrol did not differ
Testicular weight significantly decreased after PGRBubstantially from the control group. Another study
treatment, which may indicate detrimental effects on testicultirat found that giving carvacrol to rats inebriated with
function. The reduction of spermatogenesis, which results in fewdiT X improved their testis weight corroborated this
spermatogenic and interstitial cells, may be the cause of this dfipgling (Ibrahimet al, 2023).
in testicular weight. This finding was corroborated by Kamel &
Khalifa (2015), who found that pregabalin 20 mg/kg for 65 days Comparing the PGB-treated group to normal
significantly reduced the weights of the testicles, seminal vesicleats, the blood hormonal assay showed a considerable
and prostate glands. Carvacrol effectively reduced the testiculacrease in FSH and LH levels and a significant drop
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in serum testosterone levels. These results were consistdestroyed and lost in certain tubules. There were fewer
with those of Hareedgt al. (2020), who found that primary spermatocytes, spermatids, and sperm in other
testosterone levels greatly dropped and FSH and LH levéldbules, with undifferentiated spermatogonia predominating.
significantly increased when PGB was given for two monthShrunken and damaged interstitial cells were visible in the
compared to the control group. Another study found that whenterstitium. Another study that found deteriorated
taken orally for 28 days, pregabalin raised levels of FSH asgminiferous tubules in the PGB-treated group corroborated
LH while decreasing levels of serum testosterone (Bostanitte current study's findings. About 30 % of seminiferous
et al, 2016). The concurrent administration of carvacrol wittubules exhibit late spermatid, whereas the majority exhibit
PGB significantly restored the normal hormonal levelsarly spermatid spermatogenesis (Hareedwl, 2020).
supporting its protective effects. Ibrah@tal.(2023), showed According to a third study, the groups treated with PGB had
an increase in testosterone levels in rats cotreated widss spermatogonia, primary spermatocytes, and spermatids,
carvacrol with MTX, and attributed this improvement to theas well as interstitial cell loss and death (Bostasiaal,
antioxidant and cytoprotective effects of carvacrol. 2016). The majority of the other spermatogenic cells are
overpopulated by spermatogonia, according to Al-Zubaidi
Sperm metrics showed that the PGB-treated growgt al, (2015). Therefore, the proportion of primitive germ
had significantly more sperm abnormalities and significantlgells was higher than that of more advanced ones.
lower sperm motility, count, and viability percentage.
Pregabalin reduces the activity and division of the testes' The PGB+carvacrol group's testicular tissue showed
epithelial cells by increasing prolactin secretion; as a resudt,noticeable histological improvement, demonstrating the
fewer spermatogenic cells should be present after PQiBotective benefits of carvacrol. Carvacrol showed
treatment (Bostaniagt al 2016). These findings concurredregeneration of testicular histological architecture with
with those of Kamel & Khalifa (2015), who reported thatarying degrees of injury, according to other research that
oral treatment of pregabalin 20 mg/kg for 65 days resultedported similar findings (Dagguléit al, 2014; Araghiet
in a significant rise in sperm abnormalities and a notab#d., 2017; Shooregt al, 2019; Bagherét al., 2023).
decline in sperm viability percentage, motility, and count.
Another study found that sperm agglutination increased Immunohistochemical results presented a clear
significantly and sperm count, motility, and morphologicallyelationship between apoptosis and PGB exposure. The
normal sperms significantly decreased after 35 days of dailysticular tissues in PGB group revealed positive
exposure to PGB 600 mg/kg (Al-Zubati al, 2015). On immunostaining reaction for Bax (pro-apoptotic proteins).
the other hand, the sperm parameters returned to norma@in the other hand, combining carvacrol with PGB strikingly
the group that received both PGB and carvacrol. Bagherireduced Bax activity, indicating a suppression in the
al. (2023), similarly reported this outcome, finding thaapoptotic process and suggesting protective mechanisms.
carvacrol administration helped diabetic rats' spermnother study confirmed these results by demonstrating that
parameters return to normal. carvacrol therapy significantly decreased the expression of
Bax in diabetic rats' testicular tissue (Shoeteil, 2019).
Additionally, the study's measurements of oxidative
stress markers verified that PGB results in oxidative stress It could be concluded that carvacrol offers significant
and testicular injury. Malondialdehyde (MDA) levels in theprotective effects against PGB-induced testicular injury
testicles significantly increased, whereas Superoxidhrough various mechanisms, including reducing oxidative
dismutase (SOD), reduced glutathione (GSH), anstress and modulating apoptosis. These results imply that
glutathione peroxidase (GPx) levels significantly decreasethrvacrol may be a useful supplemental treatment in clinical
However, following carvacrol treatment, there was a notabsettings involving PGB treatment, warranting further
decrease in level of MDA and a restoration of SOD GShhvestigation into optimal dosing and mechanisms of action.
GSH-Px, and levels. This illustrated how its antioxidanEuture research should also aim to translate these findings
gualities can lessen the oxidative damage brought on by PGifgo clinical trials to assess the safety and effectiveness of
These findings were documented in several previow®mbining carvacrol with PGB in epileptic patients.
investigations (Shooreit al, 2019; Bagherét al., 2023).
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