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Abstract: Millions of patients who administer or abuse tramadol to relieve chronic pain may suffer from infertility.
Thymoquinone (TQ) is a major active component of nigella sativa oil, which has antioxidant and anti-inflammatory effects.
The present work aimed to clarify effects of tramadol and TQ on epididymis of adult male rabbits. Forty adult male rabbits
aged 3 months were used for one month & divided equally into 4 groups: Group 1 as a control group; group 2 was treated with
tramadol 30 mg/kg orally/day, group 3 was treated with TQ 20 mg/kg orally/day and group 4 as a protected group that was
treated with TQ 20 mg/kg & tramadol 30 mg/kg orally/day. The epididymis was processed for histological and
immunohistochemical (IHC) study for detection of epididymal structure and caspase-3 as an indicator of epididymal apoptotic
changes. Statistical analysis of apoptotic index, area% of collagen and caspase-3 immunoexpression was carried out. Group 2
showed epithelial thinning of epididymal wall, degeneration and vacuolation of epithelial cells with disturbance of stromal
collagen fibers. Also, a significant increase of apoptotic index, area % of collagen and caspase-3 cytoplasmic
immunoexpression in epididymal epithelium was noticed in group 2. While, Group 3 and 4 showed improvement of the
histological and IHC changes described in group 2. It is concluded that tramadol intake exerted toxic effects on epididymal
structure while, TQ minimized these effects. Therefore, intake of TQ with tramadol is advised to protect the epididymis from
the hazardous effects of tramadol abuse.
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1. Introduction
There is a growing interest in male reproductive toxicity
due to hazardous effects of drugs, industrial chemicals and
environmental pollutions [1]. Epididymal toxicity gains
importance as it led to male infertility where epididymis
improves maturation, post-testicular transport and storage of
spermatozoa. However, more information about the effects of
tramadol on epididymal oxidative stress is required [2].
The epididymis is a highly convoluted single long duct
that links the efferent ducts to vas deferens and extends from
the caput to cauda epididymis which are lined with
pseudostratified columnar epithelium (PSCE) that is formed
of principal, apical and basal cells. The first two segments are

considered areas of sperm maturation within its lumen, while
the last portion represents a storage region [3].
The basal cells (BCs) and apical cells (ACs) are
intermingled between numerous principal cells (PCs). The
tall columnar PCs are very active in protein synthesis,
secretion and transport of tiny molecules with absorption of
fluid and particulate matter. While, the small elongated BCs
play an active role in detoxification with numerous apical
vesicles and lysosomes that remove materials actively from
the lumen [4]. The main function of epididymis is the
production of a specific microenvironment to mature and
transport sperms through absorption and secretion of
different protein substances. These substances help sperms to
survive, induce progressive sperm motility and acquire a
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fertilizing capacity [5].
Although the common usage of tramadol among youth
leads to addiction and dramatic effects on structure of
reproductive organs, there is a little information about its
reproductive effects especially on the epididymis [6].
Tramadol is an opioid analgesic with a chemical synthetic
structure similar to codeine that stimulates dopamine
receptors with analgesic effect less than morphine [7].
It inhibits the release of gamma amino butyric acid in the
central nervous system (CNS) and is used to relieve acute or
chronic severe pain [8]. Tramadol absorption is more rapid in
the small intestine than morphine to reach its highest peak
after 6 hours and is widely distributed throughout the body,
especially the liver and kidneys [9]. Repeated administration
of tramadol decreases its clearance and increases its toxic
metabolites leading to CNS stimulation that causes headache,
dizziness or constipation. [10]. In addition, tramadol toxicity
is related to the overdose as people who develop tolerance
need large doses to obtain the same desired effects. Tramadol
overdose may cause death due to cardiopulmonary arrest,
hypoglycemia or hepatic failure [11]. Therefore, it is
interesting to explore if repeated tramadol administration
induces histopathological and IHC alterations on the
epididymis of male rabbits or no.
Over many centuries humans have been turning to nature
to discover substances for treatment of multiple diseases
through enhancing the antioxidant defense enzymes, as
superoxide dismutase and catalase which are very important
to scavenge free radical species [12]. Nigella sativa (NS)
seeds are amazing natural herb that has been used against
several diseases. It contains 30% fixed oil and 0.1% volatile
oils where; TQ constitutes 30% of these volatile oils [13].
TQ is the major bioactive component of NS oil that has
most of its biological, antioxidant, immunomodulatory and
anti-inflammatory effects however, TQ effects on the
histological structure of epididymis have not been
investigated in depth and needs to be an active area of
research nowadays [14].
This work aimed to explore the histological and IHC
changes induced by prolonged administration of tramadol on
the epididymis of male rabbits and the role of TQ in reducing
these effects.

2. Materials and Methods
Forty adult male New Zealand white rabbits, aged 3
months and weighing (1.0–1.4 kg), were used in this study
and housed for one month at the animal house of Qassim
University, KSA in metal cages. The rabbits were feeding tap
chow diet and water ad libitum at 23°C.
2.1. Experimental Design
The experimental protocol and procedures of this study
were accepted by the ethical scientific research committee of
Qassim University, KSA. Rabbits were divided into 4 groups
(10 rabbits for each group) administered doses of drugs
suspended in 2 ml of distilled water (DW) orally by a

stomach tube once daily for one month as follow:
(1) Group1 (control = G1) received 2 ml of DW only.
(2) Group 2 (tramadol treated group =G2) was
administered 30 mg of tramadol/kg of BW [15].
(3) Group 3 (TQ-treated group =G3) was administered 20
mg of TQ /kg of BW [16].
(4) Group 4 (protected group =G4) was administered 20
mg of TQ and 30 mg of tramadol /kg of BW. Tramadol
HCl (Tramal) was purchased as 50 mg capsules from
Mina-Pharm, Egypt and TQ was purchased from
Sigma-Aldrich, USA as crystals.
2.2. Light Microscopic and IHC Study
By the end of experiment, all animals were sacrificed and
the epididymis was incised immediately. Specimens were
fixed overnight in Bouin’s fluid and processed to obtain 5 um
tissue sections then stained with H&E and Masson’s
trichrome stains according to the standard histological
protocols in Bancroft et al. to investigate the general
histological structure under light microscopy [17]. Avidin
Biotin peroxidase Complex (ABC) technique (LSAB 2 Kit;
Dako) was used in IHC reactions and rabbit monoclonal
antibody of caspase-3 protein (anti- caspase-3; Abcam, UK)
was used with biotinylated antirabbit IgG1 secondary
antibody (Abcam, UK) [18]. Sections kept in 3% H2O2,
incubated with rabbit monoclonal antibody of caspase-3
protein for 1 night at 4°C, followed by incubation with
biotinylated antirabbit IgG1 secondary antibody in ABC
solution. The binding of antibody to sections was visualized
by DAB reaction (Abcam, UK). Finally, these sections were
stained with Mayer’s hematoxylin and negative control
sections had the same procedure without the primary
antibodies. Positive controls were used as the manufacturer
instructions of primary antibody [19].
2.3. Morphometric Study and Statistical Analysis
Digital photomicrographs were taken and analyzed for
general histology by using an imaging morphometry system,
"consisting of light microscope and digital camera (Leica
Microsystems, Germany). The images were transformed into
a grey image and then delineated to choose the areas
exhibiting positive reactivity with accumulation of all grades
of reaction" [20]. The morphometrical parameters of control
and treated groups were measured in the CE tubules of
epididymis in 10 random non overlapping fields from 5
slides of each rabbit in all groups at magnification 1000x to
determine:
A The epididymal apoptotic index (AI) % by counting the
mean number of shrunken and vacuolated epithelial
cells (apoptotic cells)/100 cells of epididymal CE ducts
stained by H&E.
B The area % of collagen fibers in epididymal CE tubules
stained by Masson trichrome.
C The area % of caspase-3 immunoreaction in epithelial
cells of CE ducts.
The computer program SPSS version 16 (Chicago, Illinois,
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USA) was used to analyze the data. All data were expressed
as mean ± standard deviation (SD). One way ANOVA test
followed by post-hoc tukey was used to compare the animal
intergroup comparisons and P value less than 0.05 was
considered significant.

3. Results
3.1. Light Microscopic Histological and IHC Results
(1) Control group (G1): Histological examination of
epididymis from G1 showed PSCE resting on a thin
lamina propria (LP) and multiple layers of circular
smooth muscle fibers (SMF) while the CE lumen (L)
had spermatozoa (S). PSCE had mainly tall columnar
PCs with basal nuclei, few polygonal BCs and some
ACs with dark nuclei in figure1A. Masson trichrome
stained sections of G1 had a thin interstitium of loose
areolar connective tissue (LACT) in figure 2A while;
the immunostained sections showed a weak
cytoplasmic immunoexpression of caspase-3 in
epithelial cells of CE ducts in figure3A.
(2) Tramadol-treated group (G2): Examination of CE
sections of G2 revealed PSCE resting on a thick LP
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and SMF. The lumen of CE was narrow and had some
sloughed cells (SC). Many PCs and BCs were
shrunken and degenerated (DC) with vacuoles in their
cytoplasm in figure1B. While; the interstitium showed
a thick LACT with marked edema (ED) in figure 2B
and the immunostained sections showed a strong
cytoplasmic immunoexpression of Caspase-3 in CE
epithelial cells in figure 3B.
(3) TQ-treated group (G3): The CE sections of G3 had
nearly the same histological and IHC structure of G1
rabbits in figures 1C, 2C and 3C.
(4) TQ and tramadol-treated group (G4): The CE sections
of G4 showed apparently normal PSCE lining the duct
and resting on a thin LP and multiple circular SMF.
While, the lumen had many S. PCs and BCs were
nearly similar to G1 cells with basal nuclei however; a
few degenerated PCs were seen with focal vacuoles
(DC) in figure1D. Masson trichrome stained sections
of G4 had a thick interstitium of LACT with a minimal
ED in figure 2D while the immunostained sections
showed a weak cytoplasmic immunoexpression of
caspase-3 in epithelial cells of CE ducts in figure 3D.

Figure 1. Photomicrographs of sections stained by H&E from corpus epididymis (CE) ducts of: A- Control group (G1); B- Group treated with tramadol (G2);
C- Group treated with TQ (G3); D- Group treated with TQ and tramadol (G4).
A- Control group (G1) shows pseudostratified columnar ciliated epithelium (PSCE) which reveals principal cells (PC), basal cells (BC) and apical cells (AC).
PSCE rests on a thin lamina propria (LP) and peritubular multiple circular smooth muscle fibers (SMF) while, the ducts are separated by a thin interstitium of
loose areolar connective tissue (LACT) and their lumens (L) have spermatozoa (S).
B- Group treated with tramadol (G2) shows PSCE which has many shrunken, vacuolated and degenerated cells (DC) of PC and BC. PSCE rests on LP and
SMF while, the ducts are separated by a thick interstitium of LACT with marked edema (ED) and their lumens (L) have some sloughed epithelial cells (SC).
C- Group treated with TQ (G3) shows PSCE that reveals PC, BC and AC. PSCE rests on a thin LP and SMF while, the ducts are separated by a thin
interstitium of LACT and their lumens (L) have S.
D- Group treated with TQ and tramadol (G4) shows apparently normal PSCE lining the duct which has PC, BC and AC that are similar to G1 however, a few
DC with focal vacuoles are present. PSCE rests on a thin LP and SMF nearly similar to G1 rabbits while, the ducts are separated by a thick interstitium of
LACT with minimal ED and their lumens have S. Bar= 10µm.
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Figure 2. Photomicrographs of sections stained by Masson's trichrome from CE ducts of: A- Control group (G1); B- Group treated with tramadol (G2);
C- Group treated with TQ (G3); D- Group treated with TQ and tramadol (G4).
A- G1 shows PSCE that lines the duct and has PC, BC and AC. PSCE rests on a thin LP and peritubular SMF while the ducts are separated by a thin
interstitium of LACT and their lumens (L) have S.
B- G2 shows PSCE that reveals many vacuolated DC of PC, BC and AC. PSCE rests on a thick LP and SMF while the ducts are separated by a thick
interstitium of LACT with marked ED and their lumens (L) have some SC.
C- G3 shows PSCE that has normal PC, BC and AC. PSCE rests on a thin LP and SMF while the ducts are separated by a thin interstitium of LACT and their
lumens (L) have S.
D- G4 shows CE ducts that reveals apparently normal PSCE similar to G1 rabbits. PSCE has nearly normal PC, BC and AC while rests on a thin LP and SMF.
The ducts are separated by a thick interstitium of LACT with minimal ED and their lumens (L) have S. Bar = 10 µm.

Figure 3. Photomicrographs of caspase-3 immunostained sections from CE ducts of: A- Control group (G1); B- Group treated with tramadol (G2);
C- Group treated with TQ (G3); D- Group treated with TQ and tramadol (G4).
A- G1 shows a weak immunoexpression of Caspase-3 in all epithelial cells of PSCE (PC, BC and AC). PSCE rests on a peritubular SMF while the ducts are
separated by a thin interstitium of LACT and their lumens (L) have some S.
B- G2 shows a strong immunoexpression of caspase-3 in epithelial cells of PSCE (PC, BC and AC) and reveals some vacuolated DC. PSCE rests on a
peritubular SMF while the ducts are separated by a thick interstitium of LACT with marked ED and their lumens (L) have no S.
C- G3 shows a weak immunoexpression of caspase-3 in epithelial cells of PSCE (PC, BC and AC). PSCE rests on a peritubular SMF while the ducts are
separated by a thin interstitium of LACT and their lumens (L) have S.
D- G4 shows a weak immunoexpression of caspase-3 in epithelial cells of PSCE (PC, BC and AC). PSCE rests on a peritubular SMF while the ducts are
separated by a thick interstitium of LACT and their lumens (L) have S. Bar = 10 µm.
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3.2. Morphometric Results and Statistical Analysis
The epididymal apoptotic index % of epithelial cells, area % of collagen fibers in epididymal wall and area % of Caspase-3
immuno-expression in epithelial cells increased significantly in G2 compared to GI, G3 and G4 as presented in table 1.
Table 1. Shows the apoptotic index % of epithelial cells, area % of collagen fibers and area % of Caspase-3 immuno-expression in all groups of rabbits. The
data are presented as the mean values ±SD.
Parameter
Apoptotic index % of epithelial cells
P value
Area % of collagen fibers in epididymal wall
P value
Area % of Caspase-3 immuno-expression in epithelial cells
P value

Mean ± SD of G1
3 ±1
5± 0.61
2 ± 0.77
-

Mean ± SD of G2
19±4
0.02**
9± 1.93
0.01**
14± 2.39
0.01**

Mean ± SD of G3
2 ±1
0.07*
4 ± 0.71
0.09*
3 ± 1.13
0.08*

Mean ± SD of G4
7 ±2
0.28*
8± 0.95
0.27*
5 ± 1.85
0.23*

SD = Standard deviation, Non-significant* and Significant** when P value is less than 0.05 as G II, III and IV compared with GI.

Figure 4. Shows the apoptotic index % of epithelial cells, area % of collagen fibers and area % of caspase-3 immuno-expression in all groups of rabbits.

4. Discussion
The epididymis has a vital role for transport, functional
maturation to gain motility, capacitation to fertilize oocytes
and storage of mammalian sperms during epididymal transit
while, many evidences determined the hazardous effects of
drugs on male reproduction so; tramadol toxicity should be
considered during its therapy with large doses for prolonged
periods [21]. The present work examined the effects of
tramadol on epididymis of adult male rabbits and the
protective effects of TQ on these alterations, as the
epididymis is vital for male fertility.
The histological results of G2 rabbits showed prominent
changes in the epididymis as epididymal cell shrinkage,
vacuolation and apoptosis with decreased number of
spermatozoa and increased number of sloughed cells in
lumens of CE ducts. Also, there was a thickening of
epididymal LP and SMF around the epithelium of epididymal
duct while the interstitium contained a thick loose connective
tissue that reduced the luminal diameter. Moreover, IHC
stained
sections
showed
a
strong
cytoplasmic
immunoexpression of caspase-3 in epithelial cells of CE
ducts compared to G1 rabbits. These results were supported

by Azari et al. who mentioned that there is cell apoptosis,
decreased epithelial height and luminal diameter of
epididymis with thickening of epididymal basement
membrane and interstitial tissue in drug abusers which
impaired epididymal metabolism and enhance epididymal
cell atrophy [22].
Decreased epithelial thickness and cellular vacuolation in
this study is explained by oxidative stress that increases
generation of O2 free radicals as hydrogen peroxide in
various organs. All of these factors impaired the
physiological functions of male reproductive system [23].
Giri et al. mentioned that the epididymis protects sperms
from hazards of excessive ROS and provides many
antioxidants while, metabolism of spermatozoa increases
oxidative stress. Moreover, the main mechanism of drug
toxicity and destruction of epididymal mucosa is oxidative
damage that enhances generation of free radicals and induces
tissue necrosis [24]. Effects of ROS include multiple cell
injuries as membranous lipid peroxidation, oxidative
modification of proteins, membrane damage, DNA lesions
and altered gene expression that induce cell degeneration,
cytoplasmic vacuolation, changes of caspase-3 expression
and apoptosis of epithelial cells [25].
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Tramadol intake enhances apoptosis by releasing caspases
(proforms of apoptosomes called death-driving cysteine
proteases) or the mitochondrial apoptogenic factors such as
cytochrome C into the cytoplasm that directly activate
caspases to cleave a set of cellular proteins and finally cause
apoptotic changes [26].
These effects were explained by Raffa who mentioned that
the epididymis is a frequent target of phospholipidosis by
metabolism of tramadol mainly in the liver through
cytochrome P450 then conjugation with glucuronic acid and
sulphate resulting in cytoplasmic vacuolation of epithelial
cells and occlusion of CE ducts by sloughed debris [27].
While; Lamas et al. mentioned that decreased epithelial
thickness, cell swelling, epididymal injury and reduced
lumen proportion is related to the ultrastructural findings of
disturbed cell adhesion and cytoplasmic lipid droplets that
promoted cell swelling and cytoplasmic degeneration [4].
The histological and IHC results of G3 and G4 were nearly
the same as the structure of G1. The PSCE lining the duct, LP
and SMF were apparently normal as those of G1 rabbits
however; a few degenerated PCs were seen with focal
vacuolation in G4. CE duct sections showed a weak
cytoplasmic immunoexpression of caspase-3 protein in CE
epithelial cells. Moreover, all of these histological and IHC
findings were supported by the morphometrical results and
statistical analysis showed a significant increase in the
epididymal apoptotic index % of epithelial cells, area % of
epididymal duct collagen fibers and area % of caspase-3
immuno-expression in epithelial cells of G2 compared to GI,
G3 and G4.
These data are in compliance with the results of Kooti et
al. who demonstrated that most of natural products like TQ
contain large amounts of total polyphenol molecules that can
prevent cellular damage due to drugs by reducing production
of ROS and inhibiting lipid peroxidation [28]. Usage of TQ
is a good option to protect the reproductive system from
diseases through complex mechanisms and various actions. It
had a strong antioxidant and cytoprotective properties on
many organs against the oxidative stress and cellular
oxidative damage that are induced by multiple free radical
generating agents. Moreover, TQ modulates multiple factors
as cell proliferation, migration or apoptosis, enhances the
actions of antioxidant enzymes and inhibits cellular
inflammatory responses [29]. TQ induction of antioxidant
enzymes activity in cells of male genital tract is responsible
for neutralizing the free radical induced oxidative damage as
superoxide dismutase (SOD), catalase and glutathione
reductase. SOD has a vital role in antioxidative reactions as
a primary scavenging enzyme to catalyze O2 into H2O2,
which can be removed by catalase [30].
Furthermore, TQ alleviates the hazardous effects of
tramadol as it reacts directly with ROS and clears up them
from the testicular and epididymal cells. It exerts antiinflammatory properties by preventing the formation of
inflammatory mediators, prostaglandins, leukotrienes,
cytokines, inflammatory macrophages and neutrophils that
create inflammation. Also, it inhibits production of 5-

lipooxigenase and reduces TNF, Cox-2 and nitric oxide
production [31].

5. Conclusion
The present study concludes that tramadol intake exerts
hazardous effects on epididymal structure and should be
avoided without medical prescription while, TQ is a
promising therapeutic agent that can minimize tramadolinduced infertility. Therefore, TQ intake with tramadol
therapy is advised to protect the epididymis and preserve
male fertility.
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