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Abstract 

Background Tramadol provokes oxidative stress that gives rise to apoptosis with alterations in the cellular structure 
and adversely influences male fertility. A specific inhibitor of nuclear factor kappa B (NF-κB), pyrrolidine dithiocarba-
mate (PDTC), has observable antioxidant and anti-inflammatory characteristics and enhances the improvement of 
organs damage caused by various agents. The impact of PDTC on testicular damage caused by tramadol has not been 
previously examined.

Objective This study was designed to investigate the potential impact of pyrrolidine dithiocarbamate on testicular 
damage provoked by chronic tramadol usage.

Materials and methods Forty healthy adult male albino rats were included in this study. Rats were randomly and 
equally divided into 4 groups: group (I), control group; group (II), pyrrolidine dithiocarbamate (PDTC) group; group (III), 
tramadol (Tr) group; and group (IV), Tr + PDTC group. This study measured serum follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), and free testosterone levels. Testicular malondialdehyde (MDA), interleukin-1β (IL-1β), inter-
leukin-6 (IL-6), tumor necrosis factor-α (TNF-α) levels, and superoxide dismutase (SOD), glutathione peroxidase  (GPX), 
and caspase-8 and caspase-3 activities were also detected. Immuno-histochemical evaluation of inducible NOS (iNOS) 
expression in testicular tissue along with histopathological examination of testicular tissue has been studied.

Results Tramadol caused a significant reduction in serum FSH, LH and testosterone levels, epididymal sperm count, 
and motility, as well as testicular  GPX and SOD activities. On the other hand, a significant elevation of testicular MDA, 
IL-1β, IL-6, and TNF-α levels and caspase-8 and caspase-3 activities were found. However, PDTC administration with 
tramadol showed significantly increased sperm production and motility and alleviated tramadol-induced disturbance 
in other measured parameters in the Tr + PDTC group compared to the Tr group. Moreover, co-administration of 
PDTC with tramadol significantly alleviated the histopathological structure of testicular tissue and the increased iNOS 
expressions noticed in the tramadol-treated group.

Conclusion Considering the protective effects of PDTC against the reproductive toxicity induced by tramadol, this 
compound can be used as a possible protective and treating target for tramadol-induced reproductive toxicity.
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Background
One of the most widely used pain killers is tramadol 
hydrochloride that is considered centrally acting opioids 
with more potent pain killing effect. Regarding its phar-
macokinetics, rapid absorption and rapid tissue distribu-
tion are its characteristics (Leppert and Łuczak 2005). 
Regarding its pharmacodynamics, as tramadol is consid-
ered a synthetic opioid, it gives action through selective 
agonistic effect on mu (μ) receptors with lower action 
through other opioid receptors: δ- and κ-. As a synthetic 
opioid, it produces similar side actions like other opi-
oid drugs including hypotension, dizziness, nausea, dry 
mouth, constipation, delayed ejaculation, and respiratory 
depression (in rare cases) (Baghishani et al. 2018).

It was stated that chronic consumption of tramadol in 
males complaining of chronic pain resulted in decreased 
libido and erectile dysfunction (Ahmed and Kurkar 
2014), and it was thought that reproductive toxicity asso-
ciated with tramadol was associated with decreased sex 
hormones and sperm abnormalities in both morphology 
and count (Aloisi et al. 2011).

Oxidative stress and apoptosis in the spermatocytes are 
the recent theories explaining the mechanisms of testicu-
lar toxicity from chronic tramadol intake (Ibrahim and 
Salah-Eldin 2019a). On the other hand, it was reported 
that uncontrolled production of free radicals can act as 
an inflammatory effector by activating the transcrip-
tion factor, nuclear factor-kappa B (NF-κB), which in 
turn results in the transcription of genes encoding cell 
adhesion molecules, nitric oxide synthase (NOS), proin-
flammatory cytokines (IL-1β, IL-12 and TNF), and cyclo-
oxygenase-2 (Nafees et al. 2015).

Previous research found the possible protective action 
of antioxidants against tramadol reproductive adverse 
effects. For example, pre-treatment of rats with other 
antioxidants as selenium, garlic, curcumin (Sheweita 
et al. 2018), gallic acid (Abdel-Zaher et al. 2011), and/or 
nigella sativa oil before tramadol administration restored 
the inhibition in activities of antioxidant enzyme 
(Kopalli et  al. 2022). Also, a promising role of mela-
tonin was studied as it maintained mitochondrial func-
tions and membrane integrity in testicular Sertoli cells 
(Koohsari et al. 2020).

On the other side, a specific inhibitor of NF-κB, pyrroli-
dine dithiocarbamate (PDTC), was a metal chelator thiol 
compound capable of producing intense anti-inflamma-
tory and antioxidant actions (Mehdizadeh et  al. 2017), 
and it was also studied that PDTC protects and mends 
histopathology in various organ damages caused by vari-
able agents (Mehdizadeh et al. 2017 and Kabel 2018).

Up to our knowledge, no studies have examined the 
protective effect of PDTC on testicular damage caused by 
tramadol yet.

Therefore, this study is designed to investigate the 
histopathological and biochemical impacts of PDTC 
on testicular damage provoked by tramadol in rats. To 
elaborate the potential protective mechanisms, the study 
investigated its effect on the redox status of the testes 
by evaluating the levels of lipid peroxides and antioxi-
dant enzyme activities in testes. Some inflammatory and 
apoptotic markers have also been assessed in testicular 
tissue.

Methods
Animals
This study involved 40 healthy adult male albino rats 
weighing 197–234  g (obtained from the animal house 
of Faculty of Veterinary Medicine, Zagazig University). 
Rats were kept in steel wired cages under hygienic condi-
tions with water ad libitum at room temperature and on 
natural light/dark cycle (in the animal house in Faculty of 
Medicine, Zagazig University). The study protocol was 
approved by the ethics of the guiding standard for the 
use of research animals by ZU-IACUC committee, with 
number ZU-IACUC/3/F/119/2022.

Chemicals
Tramadol was obtained from Hikma Pharmaceutical Co. 
Giza, Egypt, in the form of tramadol hydrochloride tab-
lets, while PDTC was obtained from Sigma Aldrich (St. 
Louis, MO, USA).

Experimental design
Rats were randomly divided into four equal groups, 10 
rats in each group based on previous researches (El Bana 
et al. 2019 and Ramadan et al. 2020): group I, the control 
group, in which rats were intraperitoneally (IP) admin-
istered saline twice daily for 4 successive weeks; group 
II, the pyrrolidine dithiocarbamate (PDTC) group, in 
which rats received 100 mg/kg PDTC dissolved in saline 
(divided into two equal doses and administered intra-
peritoneally daily) for 4 successive weeks (Delen and Uz 
2021); group III, the tramadol (Tr) group, in which rats 
received 40  mg/kg/day tramadol dissolved in distilled 
water orally by gastric gavage for 4 successive weeks; this 
dose is equivalent to human effective therapeutic dose 
(Ramadan et  al. 2020); and group (IV), the Tr + PDTC 
group, in which rats had been concomitantly treated 
daily with the previous doses of PDTC and tramadol for 4 
successive weeks (Delen and Uz 2021).

Sample collection
At the end of the experimental period, rats were anaes-
thetized with intraperitoneal thiopental, and then blood, 
epididymis, and testes samples were collected.
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Biochemical testing

Hormonal parameters 

• Serum FSH level: Serum FSH level was measured 
using FSH ELISA kit (Catalog Number: BC-1029, 
BioCheck, Inc 323 Vintage Park Dr. Foster City, CA 
94404) as described by Rebar et al. (1982)

• Serum LH level: Serum LH level was measured 
using FSH ELISA kit (Catalog Number: BC-1031, 
BioCheck, Inc 323 Vintage Park Dr. Foster City, CA 
94404) as described by Tietz (1995)

• Serum-free testosterone level: Serum-free testoster-
one level was measured using testosterone ELISA kit 
(BioCheck, Dr. Foster City, CA 94404) as described 
by Zirkin and Chen (2000).

Epidydimal sSpermparameters analysis The right 
cauda epididymis of each rat was dissected, cut, and 
minced in 2 ml of Hank’s buffer salt solution at 37  °C. 
After 5 min incubation at 37 °C, the epididymal sperm 
count was then determined using the standard hemo-
cytometric method (Belsey et  al., 1980). The percent-
age of sperm motility was calculated using the number 
of live sperm cells over the total number of sperm cells 
(Khaki et al., 2009).

Evaluation of testicular redox status MDA level and 
SOD and  GPX activities in testicular tissues were meas-
ured using specific ELISA kits (Biodiagnostic company, 
Egypt) according to Ohkawa et  al. (1979), Kakkar et  al. 
(1984), and Reddy et al. (1995) respectively.

Measurement of testicular inflammatorybiomarkers IL-
1β, IL-6, and TNF-α concentrations in testicular tissues 
were quantified according to the manufacturer’s instruc-
tions and guidelines using their specific ELISA kit (Biodi-
agnostic company, Egypt).

Evaluation ofapoptosis markers Activities of cas-
pases-8 and caspase-3 were measured in testicular 
homogenate using their specific colorimetric assays fol-
lowing their manufacturer’s recommendations (Sigma 
Aldrich Co., USA).

Histopathological examination
Right testes from all groups were fixed in Bouin’s solu-
tion and followed by dehydration in a descending series 
of ethyl alcohol and then cleared in xylene and embedded 
in paraffin. Paraffin sections of testes were cut at 5  μm 
on a rotary microtome, mounted on slides, and stained 

with hematoxylin and eosin (H&E) and examined under 
a light microscope by a blinded pathologist (Raghavendra 
et al. 2003).

Inducible nitric oxide synthase (iNOS) immunohistochemical 
study
Paraffin sections were deparaffinized in xylene and rehy-
drated using ascending grades of alcohol and used to 
evaluate the expression of iNOS using anti-inducible 
nitric oxide synthase antibody: mouse monoclonal reacts 
specifically with iNOS (Sigma Aldrich Co.-USA) as 
described by Kolasa et al. (2009).

Statistical analysis
Data were presented as mean ± SD. IBM SPSS statistics 
20 (SPSS Inc., Chicago, IL, USA) was used for perform-
ing the statistical analysis. Analysis of variance (ANOVA) 
followed by LSD (least significant difference) post hoc 
test was performed to compare the means of the differ-
ent groups. P values < 0.05 were considered statistically 
significant.

Results
Effect of PDTC on hormonal parameters 
in tramadol‑treated rats
Regarding hormonal parameters, the current study esti-
mated highly significant decrease (P < 0.001) in serum 
FSH, LH, and free testosterone levels in group III (trama-
dol group) in comparison with other groups, while these 
changes were reversed significantly (P < 0.001) with 
administration of PDTC in group IV (Tr + PDTC group) 
when compared with that in group III (tramadol group) 
(Table 1 and Fig. 1).

Effect of PDTC on sperm parameters in tramadol‑treated 
rats
Tramadol administration in group III (tramadol group) 
resulted in highly significant decrease (P < 0.001) in 
epidydimal sperm count and motility when compared 
with other groups, but this effect was improved sig-
nificantly (P < 0.001) by PDTC in group IV (Tr + PDTC 
group) when compared with that in group III (tramadol 
group) (Table 1 and Fig. 1).

Effect of PDTC on testicular redox status 
in tramadol‑treated rats
Statistical analysis of data regarding testicular oxida-
tive stress/antioxidant parameters showed significant 
increase (P < 0.001) in MDA that was associated with 
high significant reduction (P < 0.001) of SOD and  GPX 
activities in testicular tissues from rats of group III 
(tramadol group) compared with other groups. The 
specimens from rats of group IV (Tr + PDTC group) 
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Table 1 Comparison of serum sex hormones (FSH, LH, and free testosterone levels) and epidydimal sperm parameters (count and 
motility) in all studied groups

FSH, follicle-stimulating hormone; LH, luteinizing hormone; SD, standard deviation; n, number of rats in each group; LSD, least significant difference
* Significant result
a p value versus group I
b p value versus group II
c p value versus group III

Parameters Groups (n = 10)

Group I Group II Group III Group IV

Serum FSH (μIU/ml) mean ± SD 0.4 ± 0.03 0.38 ± 0.03 0.25 ± 0.04 0.32 ± 0.027

P value of LSD P = 0.243a P < 0.001*a,b P < 0.001*a,c, P < 0.01*b

Serum LH (μIU/ml) mean ± SD 0.37 ± 0.02 0.36 ± 0.04 0.2 ± 0.03 0.3 ± 0.02

P value of LSD P = 0.498a P < 0.001*a,b P < 0.001*a,b,c

Serum-free testosterone (ng/ml) mean ± SD 4.66 ± 0.44 4.7 ± 0.3 1.33 ± 0.22 3.03 ± 0.42

P value of LSD P = 0.806a P < 0.001*a,b P < 0.001*a,b,c

Epidydimal sperm count (millions/ml) P value of LSD 51.5 ± 4.03 52.3 ± 4.42 26.9 ± 5.42 40.7 ± 5.39

mean ± SD P = 0.715a P < 0.001*a,b P < 0.001*a,b,c

Epidydimal sperm motility (%) P value of LSD 73.7 ± 6.32 75.3 ± 6.03 36.1 ± 6.6 56 ± 8.48

mean ± SD P = 0.609a P < 0.001*a,b P < 0.001*a,b,c

A B

C
Fig. 1 Serum sex hormones [follicle-stimulating hormone (FSH) and luteinizing hormone (LH) (A)], free testosterone level (B), and epidydimal 
sperm parameters [count and motility (C)] of all studied groups. * Significant versus control, # significant versus pyrrolidine dithiocarbamate (PDTC) 
group, $ significant versus tramadol (Tr) group
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showed improvement in the form of highly significant 
reduction (P < 0.001) in MDA along with high signifi-
cant elevation (P < 0.001) of testicular SOD and  GPX 
activities when compared with that of group III (trama-
dol group) (Table 2 and Fig. 2).

Effect of PDTC on testicular inflammatory biomarkers 
in tramadol‑treated rats
Regarding testicular inflammatory biomarkers, IL-1β, 
IL-6, and TNF-α were highly significantly (P < 0.001) 
increased in group III (tramadol group) when compared 

to other groups. This elevation was highly significantly 
decreased (P < 0.001) in testicular tissues of rats in 
group IV (Tr + PDTC group) in comparison to in group 
III (tramadol group) (Table 3 and Fig. 3).

Effect of PDTC on apoptosis markers in tramadol‑treated 
rats
Testicular activities of apoptotic factors and caspase 3 
and 8 activities were increased significantly in group III 
(tramadol group) in comparison with other groups, while 
these effects were alleviated by PDTC administration in 
group IV (Tr + PDTC group) (Table 3 and Fig. 3).

Table 2 Comparison of testicular oxidant/antioxidant parameters (MDA, SOD, and  GPX) in all studied groups

MDA, malondialdehyde; SOD, superoxide dismutase; GPX, glutathione peroxidase; SD, standard deviation; n, number of rats in each group; LSD, least significant 
difference
* Significant result
a p value versus group I
b p value versus group II
c p value versus group III

Parameters Groups (n = 10)

Group I Group II Group III Group IV

MDA (nmol/mg protein) mean ± SD 111.75 ± 5.63 106.07 ± 5.71 197.86 ± 13.3 135.61 ± 6.18

P value of LSD P = 0.138a P < 0.001*a,b P < 0.001*a,b,c

SOD (U/mg protein) mean ± SD 73.68 ± 7.27 75.72 ± 6.21 35.55 ± 5.33 56.5 ± 4.68

P value of LSD P = 0.449a P < 0.001*a,b P < 0.001*a,b,c

GPX (U/mg protein) mean ± SD 23.28 ± 2.14 24.58 ± 2.65 14.22 ± 2.54 19.79 ± 2.05

P value of LSD P = 0.226a P < 0.001*a,b P < 0.01 *a, P < 0.001*b,c

Fig. 2 Testicular oxidant/antioxidant [malondialdehyde (c) level and superoxide dismutase (SOD) and glutathione peroxidase  (GPX) activities] 
parameters of all studied groups. * Significant versus control, # significant versus pyrrolidine dithiocarbamate (PDTC) group, $ significant versus 
tramadol (Tr) group
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Effect of PDTC on histopathological findings 
in tramadol‑treated rats
Light microscopic examination (H&E) of specimens 
from rats receiving tramadol (group III) expressed histo-
pathological changes in the form of distorted seminifer-
ous tubules both in shape and structure with vacuolated 
germinal epithelium and wide interstitial spaces (Fig. 4a–
c) comparable to that in both group I (control group) 
(Fig.  5) and group II (PDTC group) (Fig.  6) which had 
well-arranged normal shape and structure of seminifer-
ous tubules, lined with stratified germinal epithelium 

consisted of germinal cells and supporting Sertoli cells. 
Narrow interstitial spaces presented in between the semi-
niferous tubules containing blood capillaries and clusters 
of interstitial Leydig cells.

On the other hand, histopathological changes in rats 
of group IV (Tr + PDTC group) showed a remarkable 
improvement in the histopathological alterations induced 
by tramadol; the testis regained near normal histological 
structure. The seminiferous tubules lumen was patent, 
and some showed aggregation of sperms. Narrow inter-
stitial spaces were also noticed (Fig. 7).

Table 3 Comparison of testicular inflammatory (TNF-α, IL-6, IL-1β) and apoptotic (caspase-8 and caspase-3) parameters in all studied 
groups

TNFα, tumor necrosis factor alpha; IL-6, interleukin 6; IL-1β, interleukin-1beta; SD, standard deviation; n, number of rats in each group; LSD, least significant difference
* Significant result
a p value versus group I
b p value versus group II
c p value versus group III

Parameters Groups (n = 10)

Group I Group II Group III Group IV

TNFα (pg/mg protein) mean ± SD 35.72 ± 3.48 32.72 ± 2.45 65.78 ± 7.6 43.11 ± 3.35

P value of LSD P = 0.160a P < 0.001*a,b P < 0.01*a, P < 0.001*b,c

IL-6 (pg/mg protein) mean ± SD 21.62 ± 2.16 20.46 ± 2.10 39.56 ± 5.45 27.1 ± 3.42

P value of LSD P = 0.470a P < 0.001*a,b P < 0.01*a, P < 0.001*b,c

IL-1β (pg/mg protein) mean ± SD 35.13 ± 3.13 34.02 ± 3.49 58.4 ± 4.74 42.3 ± 3.59

P value of LSD P = 0.517a P < 0.001*a,b P < 0.001*a,b,c

Caspase-8 (nmol/min/ml) mean ± SD 0.45 ± 0.07 0.41 ± 0.07 2.03 ± 0.44 1.07 ± 0.16

P value of LSD P = 0.686a P < 0.001*a,b P < 0.001*a,b,c

Caspase-3 (μmol/min/ml) mean ± SD 0.4 ± 0.05 0.37 ± 0.04 2.56 ± 0.38 1.19 ± 0.24

P value of LSD P = 0.804a P < 0.001*a,b P < 0.001*a,b,c

BA
Fig. 3 Testicular inflammatory [tumor necrosis factor alpha (TNFα), interleukin 6 (IL-6), and interleukin-1beta (IL-1β) (A)] and apoptotic [caspase-8 
and caspase-3 (B)] parameters of all studied groups. * Significant versus control, # significant versus pyrrolidine dithiocarbamate (PDTC) group, $ 
significant versus tramadol (Tr) group
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Effect of PDTC on immunohistochemical findings 
in tramadol‑treated rats
There was intense positive immunoreaction to iNOS in 
specimens taken from group III (tramadol group) (Fig.  8) 
opposite to that in group I (control group) (Fig. 9) and group 
II (DPTC group) which showed unnoticed reaction to iNOS 
(Fig.  10). However, PDTC administration decreased the 
immunoreaction in group IV (Tr + PDTC group) (Fig. 11).

Discussion
One of the most widely used pain killers is tramadol 
hydrochloride. It is considered centrally acting opi-
oids with more potent pain killing effect. Regarding its 
pharmacokinetics, rapid absorption and rapid tissue 
distribution are its characteristics (Leppert and Łuczak 
2005). Regarding its pharmacodynamics, as trama-
dol is considered a synthetic opioid, it gives action 
through selective agonistic effect on mu (μ) receptors 
with lower action through other opioid receptors: δ- 
and κ-. As a synthetic opioid, it produces similar side 
actions like other opioid drugs including hypotension, 
dizziness, nausea, dry mouth, constipation, delayed 
ejaculation, and respiratory depression (in rare cases) 
(Baghishani et al. 2018).

Fig. 4 a A photomicrograph of a rat testis section from the 
tramadol-treated group showing many distorted seminiferous 
tubules (T) with vacuolated germinal epithelium (arrow). The 
interstitial spaces are wide and contain few cells (I) (H&E × 100). b A 
photomicrograph of a rat testis section from the tramadol-treated 
group showing many distorted seminiferous tubules (T) with 
exfoliated germ cells (*). The interstitial spaces are wide (I) (H&E × 200). 
c A photomicrograph of a rat testis section from the tramadol-treated 
group showing distorted seminiferous tubules (T) with multiple 
vacuolations (arrow) (H&E × 400)

Fig. 5 A photomicrograph of a rat testis section from control group 
showing the well-known histological picture of rat testis. The testis 
consists of multiple seminiferous tubules (T) with interstitial space 
between them (I). Sperms (S) are seen inside the tubules. Each tubule 
is bounded by a basal lamina (arrow) (H&E × 400)

Fig. 6 A photomicrograph of a rat testis section from PDTC treated 
group showing the well-known histological picture of rat testis. The 
testis consists of multiple seminiferous tubules (T) with interstitial 
space between them (I). Sperms (S) are seen inside the tubules. Each 
tubule is bounded by a basal lamina (arrow) (H&E × 400)
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Reproductive toxicity associated with tramadol can be 
induced by decreased sex hormones and sperm abnormal-
ities in both morphology and count (Aloisi et al. 2011).

Ahmed and Kurkar (2014) stated that chronic 
consumption of tramadol in males complaining of 
chronic pain resulted in decreased libido and erectile 
dysfunction.

Many researchers tried to rule out possible mecha-
nisms involved in chronic tramadol testicular toxic-
ity; from multiple mechanisms, oxidative stress and 
apoptosis of spermatocytes were accused (Ibrahim and 
Salah-Eldin 2019a).

Several research had studied the mechanism of 
reproductive toxicity of tramadol as an inducer of oxi-
dative stress and the possible roles of antioxidants. 

Fig. 7 A photomicrograph of rat testis section from the 
PDTC + tramadol-treated group showing near normal histological 
structure. The seminiferous tubules lumen was patent (T) and some 
showed aggregation of sperms. Few vacuolations in the germinal 
layer (arrow) were noticed. Profiles of seminiferous tubules are 
separated by narrow interstitial spaces (I) (H&E × 200)

Fig. 8 A photomicrograph of a section from the tramadol-treated 
rat testis showing many distorted seminiferous tubules (T) with 
wide interstitial space (I) and vacuolated germinal epithelium (V) 
and showing many positive intense reactions to iNOS (arrows) 
(iNOS—3X200)

Fig. 9 A photomicrograph of a section from control rat testis 
showing well-defined histological pattern of the testis which consists 
of multiple seminiferous tubules (T) with interstitial space between 
them (I). Scanty reaction to iNOS (arrow) (iNOS X20)

Fig. 10 A photomicrograph of a section from PDTC treated rat testis 
showing well-defined histological pattern of the testis which consists 
of multiple seminiferous tubules (T) with interstitial space between 
them (I). Scanty reaction to iNOS (arrow) (iNOS X20)

Fig. 11 A photomicrograph of a section from PDTC and tramadol 
treated rat testis. The testis showed near normal histological structure. 
Few positive immune reactions were observed for iNOS-3 (arrows) 
(iNOS—3X200)
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From those, the natural product, resveratrol, is present 
in grapes. De la Lastra and Villegas (2007) stated that 
it produced antioxidant impacts by reducing lipid per-
oxidation and inducing release of antioxidant enzymes.

Nafees et  al. (2015) reported that uncontrolled 
production of free radicals can act as an inflamma-
tory effector by activating the transcription factor, 
nuclear factor-kappa B (NF-κB), which in turn results 
in the transcription of genes encoding cell adhe-
sion molecules, nitric oxide synthase (NOS), proin-
flammatory cytokines (IL-1β, IL-12, and TNF), and 
cyclo-oxygenase-2.

Another recent study by Koohsari et al. (2020) proved 
that tramadol provoked mitochondrial-mediated apopto-
sis in rat testicular tissue, and its inflammatory responses 
were produced through NF-κB pathway.

A specific inhibitor of NF-κB, pyrrolidine dithiocarba-
mate (PDTC), is a metal chelator thiol compound capable 
of producing intense anti-inflammatory and antioxidant 
actions (Mehdizadeh et al. 2017).

Mehdizadeh et al. (2017) and Kabel (2018) researched 
that PDTC safeguards and mends histopathology in vari-
ous organ injuries caused by variable agents.

Up to our knowledge, no research had studied the pro-
tective impact of PDTC on testicular injury caused by 
tramadol yet.

The current findings in the tramadol group revealed 
a significant reduction in the values of FSH, LH, and 
testosterone hormones. These findings are parallel 
to the findings of Adelakun et  al. (2022) and Rama-
dan et  al. (2022) who clarify this reduction by trama-
dol’s direct activity on the hypothalamic–pituitary axis 
inducing repression of both FSH and LH release. The 
noteworthy decrease of sexual hormones might be clar-
ified through tramadol boost free radicals’ release and 
exerted harm on both cells of Leydig and Sertoli. Dimi-
nution of secretion of gonadotrophic hormones gives 
rise to atrophy of the testes, as well as a diminution in 
production of sperm cells (Tousson et  al. 2012). Any-
wise, it was twigged that co-administration of pyrroli-
dine dithiocarbamate along with tramadol significantly 
elevated these hormonal parameters in the tramadol-
treated group. Similar results have been declared by 
Delen et al. (2021).

Oxidative stress with overexpression of nitric oxide 
synthase (NOS) are declared as the most important 
possible pathophysiology for tramadol-induced sup-
pressive impact on spermatogenesis added to spermi-
ological parameters (El-Baky A. and Hafez M., 2017). 
Oxidative stress conditions have also been shown to 
initiate progressive aponecrosis, necrosis, and ferrop-
tosis in male testicular tissue, resulting in male fertility 
loss (Alahmar 2019).

It is important to understand that oxidative stress-
induced ROS can prompt lipid and protein peroxidation 
leading to mitochondrial-related and unrelated apop-
tosis, added to oxidative harm of DNA in the testicular 
cells: both somatic and germ cells (Chianese and Pieran-
toni 2021). In addition, oxidative stress-induced cell 
injury strikes up an enormous immune cell infiltration 
into the connective tissue, leading to inflammation in the 
testicles (Razi and Malekinejad 2015).

In our experimental model, MDA content was signifi-
cantly rise, while there was a significant diminution in 
the antioxidant enzyme activities (SOD and  GPX) in the 
tramadol group. This result can be declared by studies 
of Bisht et al. (2017) explaining that spermatozoa have a 
rich content of unsaturated fatty acids and a little con-
tent of antioxidants, and they are overmuch susceptible 
to the adverse impacts of reactive oxygen species (ROS). 
High amounts of ROS were reported to impair fertility 
by induction of lipid oxidation, DNA harm, and sperm 
apoptosis. Lipid peroxidation induced by tramadol can 
eventually result in dysfunction and structural damage of 
cells (Abd et al. 2020).

On the other hand, PDTC administration to tramadol-
treated rats significantly reduced MDA level and sig-
nificantly enhanced the antioxidant enzymes activities. 
Similarly, in other investigations, it was stated that PDTC 
prevented the lipid peroxidation and testicular damage 
induced by other oxidative stress conditions (Kemahli 
et  al. 2016 and Ilbey et  al. 2009). This antioxidant or 
free radicle scavenging properties is linked with its thiol 
group, which acts by neutralizing reactive oxygen species 
(Ding et al. 2014).

Moreover, our results demonstrated increased tes-
ticular TNF-α, IL-6, and IL-1β in the tramadol-treated 
group, whereas administration of PDTC with the tram-
adol ameliorated their levels. Similar results have been 
reported by Abd et  al. (2020). The process of inflam-
mation involves different signal transduction pathways, 
including NF-κB. NF-κB is a complex of transcriptional 
activator proteins, found in the cytoplasm of normal cells 
in an inactive state, dimers with the inhibitory kappa 
B (IKB) subunit proteins. Oxidative stress can activate 
NF-κB via phosphorylation of IKB by IKB-kinases (Man-
tawy et al. 2014). Free NF-κB binds to the corresponding 
DNA sequence of target genes, including TNF-α, IL-1β, 
and other genes, associated with increased ROS genera-
tion (Nafees et  al. 2015). Pyrrolidine dithiocarbamate 
(PDTC) is recognized as the inhibitor of (NF-κB) in a 
variety of cells (Lu et al. 2017).

Moreover, the feedback of our experiment revealed 
that tramadol exposure increased levels of the initia-
tor caspase-8 and the executioner caspase-3. Conse-
quently, tramadol-induced ROS can also damage the 
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integrity of mitochondrial membrane and opening of 
MPT pores and lead to apoptosis which agrees with 
Ibrahim and Salah-Eldin (2019) and Koohsari et  al. 
(2020). Otherwise, PDTC administration significantly 
lessened both caspase-3 and caspase-8 activities in 
treated group. Caspase-3 is an executioner caspase 
and one of the key indicators of apoptosis because of 
its robust role in assortment the destruction of cellular 
structures such as DNA fragmentation or degradation 
of cytoskeletal proteins (McIlwain et  al. 2015). PDTC 
protected against apoptosis induced by oxidative or 
inflammatory cytokines in other studied (song et  al. 
2013 and Zheng et al. 2016).

Previous histopathological studies of tramadol-
treated rabbit testes showed disrupted immature sper-
matozoid with vacuolization which corresponds with 
the current results, while on administrations of anti-
oxidants in the form of garlic and selenium, normal 
mitotic and meiotic divisions and healthy sperms were 
observed. Moreover, tramadol treatment decreased 
significantly the motility and number of sperms in tes-
tes of rabbits (Sheweita et al. 2022).

Added to the above, tramadol administration 
resulted in accretion of iNOS immunoreactivity in 
testicular cells. Similar results have been reported 
by Ramadan et  al. (2022). Increment of expression of 
iNOS interposes the production of an excess amount 
of nitric oxide. Excess nitric oxide interacts with super-
oxide anion and composes a potent oxidant peroxyni-
trite accountable for cell damage by nitrating cellular 
macromolecules and elevating the vulnerability to oxi-
dative stress by minimizing intracellular glutathione 
(Xu et al. 2014).

On the other hand, co-administration of PDTC along 
with tramadol ameliorated the iNOS immunoreactiv-
ity as compared to tramadol untreated group. Simi-
larly, other investigations also recorded blocking of 
the NF-κB pathway and inhibition of iNOS activity by 
PDTC administration.

Consequently, according to previous literature 
search, PDTC treatment significantly improved serum 
FSH, LH, and testosterone hormone levels and had 
antioxidant and anti-inflammatory with a protective 
impact on testicular tissue by decreasing prokineticins 
and NFkB expressions and elevating expressions of 
Nrf2. So, it was thought that PDTC can participate in 
the management of methotrexate-induced testicular 
injury and infertility (Delen and Uz 2021).

PDTC prevented deoxynivalenol-induced mito-
chondrial dysfunction and apoptosis by blocking the 
translocation of NF-κB into the nucleus and inhibiting 
induced iNOS expression (Wan et al. 2018). Aras et al. 

(2010) also denoted diminished immunohistochemical 
iNOS expression by PDTC in renal tissue in streptozo-
tocin-induced diabetic rats.

Conclusions
Conclusively, the present study demonstrated that 
tramadol therapy decreased epididymal sperm count 
and motility, induced testicular tissue damage, reduced 
FSH, LH, and testosterone levels, inhibited antioxidant 
enzyme activity, and increased inflammatory and apop-
totic markers. Such changes were reversed and alleviated 
by pyrrolidine dithiocarbamate co-administration along 
with tramadol. However, there is need for further clinical 
trial studies to evaluate its possible clinical applicability 
in chronic tramadol usage.
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