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ABSTRACT

Background: Duloxetine was a widely used antidepressant approved in 2004 with indications for use in the treatment
of major depressive disorder, diabetic neuropathy, fibromyalgia, and generalized anxiety disorder. It induced toxic
effects on male reproductive system. L-carnitine improved different parameters of oxidative stress.

Objective: to explore the impact of duloxetine hydrochloride treatment and the protective effects of L-carnitine on the
histological structure of the testes of male albino rats born to treated mothers.

Methodology: In this study, 100 offspring out of 25 adult female albino rats were utilized. Rat females were divided
equally into 5 groups as the following: first control group (CA), second control group (CB), L-carnitine group (group
L) duloxetine hydrochloride treated group (D), and combined duloxetine hydrochloride and L-carnitine treated group
(DL). Throughout their pregnancy and for two weeks following birth, each female in the corresponding groups were
given daily oral doses of 0.96ml, 2.06ml of purified water, 36mg L-Carnitine, 1.44 mg of duloxetine hydrochloride and
combined 1.44 mg of duloxetine hydrochloride with 36 mg of L-carnitine once daily. At two weeks of age, samples
were collected from each group for morphometric, light and electron microscopic analyses.

Results: Studies using morphometric analysis, light and electron microscopy demonstrated a variety of degeneration,
necrosis, inflammation, and fibrosis. However, L-carnitine mitigated most of the adverse effects.

Conclusion: Duloxetine hydrochloride induced various deleterious changes in the testes. These changes were improved
to a large extent by L-carnitine.
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INTRODUCTION

Pregnant women are predicted to have a depression authorized in US in August 2004 M. Duloxetine
incidence of 7-19%. Negative outcomes like low birth hydrochloride taken orally is well absorbed by the
weight, premature birth and inadequate prenatal care body 1. Duloxetine is metabolized primarily by two
have been related to untreated depression [, hepatic cytochrome P450 isoenzymes; CYP2D6 and
Postpartum depression is common, occurring in about CYP1A2 Bl In the US, duloxetine received approval in
10 to 20 percent of women after giving birth. 1 to 8 2004 for the medical treatment of diabetic neuropathy
percent of women take antidepressants during and depression. These drugs are suitable for the
pregnancy 12, treatment of these pathologies during pregnancy and
breastfeeding. 1 A report found that the concentration
Duloxetine hydrochloride (Cymbalta) is a drug from of duloxetine in the umbilical cord is low (12%)
the class of antidepressants called serotonin- compared to maternal blood 1.
norepinephrine reuptake inhibitors (SNRIs). SNRIs
block serotonin and norepinephrine transporters and Taking this drug while breastfeeding is probably safe
cause increased serotonergic or noradrenergic as only a small amount passes into breast milk [,
neurotransmission 1. Duloxetine is classified as a Duloxetine is an antidepressant that has toxic effects
Category C pregnancy drug by the United States (US) on many organs, particularly the male reproductive
Food and Drug Administration (FDA) and was first system. It causes sexual dysfunction in men by causing
https://jram.journals.ekb.eg Personal non-commercial use only.
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a significant decrease in androgen levels. In rat testes,
it causes oxidative stress, apoptosis, and adverse
effects on sperm parameters . The antioxidant L-
carnitine is soluble in water. It is made in the liver and
kidneys from two types of amino acids called lysine
and methionine. L-carnitine's primary job is
transporting long-chain fatty acids from the cytoplasm
to the mitochondrial matrix, where they are oxidized
for energy. It also removes toxic compounds produced
by these cell organelles to prevent their accumulation.
This helps sperm grow up in the epididymis. Studies
have shown that taking carnitine supplements can help
sperm move better and increase their number [,
Therefore, the purpose of this study was to explore the
impact of duloxetine hydrochloride administration on
the histological structure of testes in the offspring of
male albino rats and the protective function of L-
carnitine.

MATERIALS AND METHODS

Drugs: Duloxetine hydrochloride (Trade name
Cymbalta) produced in Cairo by the EIli Li
Organization for Chemical and Pharmaceutical
Industries and was sold as capsules. Duloxetine
hydrochloride was prescribed to humans at a
therapeutic dose of 40 to 120 mg per day. MU The
average therapeutic dose (80 mg/day) was utilized in
this work. The equivalent therapeutic dose for an adult
albino rat was calculated using the Paget and Barnes
formula 24 to be 80*18/1000 = 1.44 mg/rat. 20
milliliters of purified water were used to dissolve a 30-
milligram duloxetine hydrochloride tablet, and the
adult rat was given 144 mg of duloxetine
hydrochloride in 0.96 ml of purified water. One daily
dosage of distilled water and distilled water mixed with
the medication was given orally by gavage to
controlled and treated albino rats, respectively. Arab
Organization for Pharmaceuticals and Medicinal plants
(MEPACO- MEDIFOOD), Sharkeya- Egypt produced
L-carnitine in pill form. L-carnitine has a therapeutic
dosage of 1000-3000 mg per day for humans. 123, In
this experiment, the average therapeutic dose of 2000
mg/day was employed. Using Paget and Barnes
formula 12, the adult albino rat equivalent therapeutic
dose was determined to be 2000* 18/1000 = 36
mg/rat.20 milliliters of purified water were used to
dissolve a 350 mg L-carnitine tablet. Then, the adult
rat was given L-carnitine from distilled water that
contained 36 mg of L-carnitine. Purified water alone or
in combination with the drug was administered orally
by gavage as a single daily dose to control and treated
albino rats respectively.

Animals: An experimental study was conducted on 38
mature albino rats (25 females, 13 males) and 100 of
their young were utilized. The mature albino rats
weighed an average of 180-200 grams. They were
acquired and given veterinary treatment at the Al-
Azhar university faculty of medicine for girls, animal
house. They kept in clean properly ventilated cages
with a 12-hour light/dark cycle and were given a
balanced diet of rat chow and water (standard food
pellets- EI-Nasr Company, Abo-Zaabal- Egypt).

97

Two weeks prior to the commencement of the
experiment, mature males and females were separated
for the purpose of acclimatization, then each male was
kept in a separate cage (40 x 27.5 x 19.5 cm) with two
females to allow mating. Only one cage had one male
and one female. The adult female rats were considered
to be in their first day of pregnancy if they had vaginal
plug. The 25 pregnant albino rats were divided equally
among the following 5 groups:

I. First control group (Group CA): Every pregnant
rat was given daily 0.96 milliliters of purified water
throughout pregnancy and for 2 weeks after
delivery.

Il. Second control group (Group CB): Every
pregnant rat received 2.06 milliliters of purified
water daily throughout pregnancy and for 2 weeks
following delivery.

I1l. L-carnitine treated group (Group L): Every
pregnant rat was received 36 milligrams of L-
carnitine throughout pregnancy and for 2 weeks
following delivery once daily.

IV. Duloxetine hydrochloride treated group (Group
D): Every pregnant rat received 1.44 milligrams/
day of duloxetine hydrochloride once daily for the
course of the pregnancy and for two weeks
following delivery.

V. Combined duloxetine hydrochloride and L-
carnitine treated group (Group DL): Throughout
pregnhancy and for two weeks following delivery,
every pregnant rat received 1.44 milligrams of
duloxetine hydrochloride as well as 36 milligrams
of L-carnitine once daily.

Collection of the specimens and preparation for
examination:

Two weeks following birth, samples from every group
were gathered. Two-week-old offspring lightly
anaesthetized by diethyl ether inhalation. Each rat's
testes were removed and utilized for histological
studies (the testes of ten offspring were prepared for
light microscopy and morphometric studies, while the
remaining ten offspring were prepared for electron
microscopy).

Histological analysis

1. Light microscopic analysis: Testes embedded in
Bouin solution and processed for paraffin blocks.
Paraffin blocks were sliced into 5 pm transverse
sections and stained with Haematoxylin and Eosin
(141 to examine the testicular structure, Masson’s
trichrome [ to demonstrate collagen fibers and
immunohistochemistry 4 using caspase-3 for
detecting apoptotic cells. Images were captured in
anatomy department, faculty of medicine for girls,
Al-Azhar university, Cairo, Egypt, using a Leica
DM750 microscope that was connected to a digital
camera.

2. Transmission electron microscopic analysis:
Specimens were fixed in glutaraldehyde, washed
with phosphate buffer, and preserved with osmium
tetroxide. Specimens underwent phosphate buffer
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washing, alcohol dehydration, and epoxy resin
embedding. To find the ultrathin section area,
Imicrometer thick sections were cut using an
ultratome, stained, and analyzed. Lead citrate and
uranyl acetate were used to stain 60 nm ultrathin
slices, which were then placed on copper grids 41,
Sections were inspected at Al-Azhar university's
regional mycology and biotechnology center,
Cairo, Egypt, using an electron microscope for
transmission  (JEOL1010 EX II, Japan).
Additionally, at the histology department of the
Faculty of Medicine for Girls at Al-Azhar
University in Cairo, Egypt.

3. Morphometric study: The department of oral and
dental pathology, Al-Azhar university, faculty of
dental medicine for girls, Cairo, Egypt, used a
Leica Qwin 500 image processing computer
system to measure collagen fiber percentage in
testicular sections stained with Masson's trichrome
stain, and to evaluate immune reactivity by
estimating the area filled with positive
immunostained cells from the total number of
cells. Ten rats from each group were
photographed at a power field of x 100 (2.3 mm
field's diameter) on ten slides.

Statistical analysis

The SPSS statistical program was used to analyze
collagen fibers and immunohistochemical staining
(IHC) of the analyzed groups. After analyzing the data
(which were presented as means * standard deviation),
one-way ANOVA was used for comparison between
groups, and a Tuckey post-Hoc test was used for
multiple comparisons. P value of less than 0.05 was
considered statistically significant 61,

RESULT

I-Control group (Group C): Light and electron
microscopic analysis of groups; CA, CB and L
revealed insignificant variations, so their data were
combined as (GC).

Light microscopic analysis of the control group (GC)
testes demonstrated that the testicular capsule was
consisted of an outer layer, the tunica albuginea, which
was a fibrous coat consisted of connective tissue fibers
and spindle shaped cells with elongated deeply stained
basophilic nuclei and an inner layer, the tunica
vasculosa, which consisted of loose connective tissue
containing blood vessels [figure 1 a, b and c]. The
Sertoli cells appeared pyramidal-shaped and had

elongated faintly stained basophilic nuclei with
prominent  nucleoli. Their long axes were
perpendicular to the basal laminae. Note the

pseudostratified appearance of Sertoli cells, which was
due to rapid expansion of them with limited increase in
tubular diameter in this age [figure 1 b]. The
spermatogonia A cells appeared few and lied along the
basal lamina in-between the Sertoli cells. They
appeared large and had large oval lightly stained
basophilic nuclei, and their long axes were parallel to
the basal laminae [figure 1 b]. The spermatogonia B
appeared as small round cells between the Sertoli cells
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and had small rounded deeply stained basophilic nuclei
[figure 1 b]. The primary spermatocytes appeared few,
large and rounded cells lied near the centers of many
seminiferous tubules. They had rounded deeply stained
basophilic nuclei [figure 1 b]. The interstitial tissue of
the testes was scanty and the interstitial cells of Leydig
were few and appeared singly scattered between the
seminiferous tubules. They were irregular in shape and
had small rounded vesicular basophilic nuclei [figure 1
a, b, ¢ and d]. Fine collagen fibers in the testicular
capsule; tunica albuginea and tunica vasculosa,
seminiferous tubules' basal lamina, blood vessels wall
and the interstitial tissue were distributed normally in
sections of the testis stained with

Masson’s trichrome stain [figure 1 c]. The sections of
the testis showed a weak positive Caspase 3
immunoreaction as cytoplasmic faint brown color in
the interstitial tissue, as well as in some germ cells
[figure 1 d].

Electron microscopic analysis of the testes of the
control (GC) found that the seminiferous tubules were
surrounded by basal laminae composed of the
basement membranes and inner cellular layer. The
basement membrane appeared as thin homogenous
layer enclosing the seminiferous tubule. One layer of
myoid cells made up the inner cellular layer, which had
euchromatic ~ nuclei  with  periphery  arranged
heterochromatin. There was a gap, separating the
myoid cells from the basement membrane and
contained considerable amount of collagen fibers and
another narrow gap containing few collagen fibers
outside them [figure 4 a, b]. The Sertoli cells appeared
pyramidal and lied perpendicular to the basement
membrane. It had irregular nuclei, which were
euchromatic and had prominent nucleoli. Their
cytoplasm had rough endoplasmic reticulum, free
ribosomes and small, rounded and elongated
mitochondria [figure 4 a].

Spermatogonia A possessed a wide area of contact
with the basement membrane. They appeared oval-
shaped and contained oval euchromatic nuclei with
prominent eccentric nucleoli. Their cytoplasm had
rough endoplasmic reticulum, free ribosomes and few
round and oval mitochondria [figure 4 b]. The
spermatogonia B appeared round in form and had
large clumps of peripherally located heterochromatin
in euchromatic nuclei. Oval or rounded mitochondria,
rough endoplasmic reticulum and free ribosomes in
their cytoplasm [figure 4 c]. Primary spermatocytes
appeared round or oval with heterochromatic nuclei.
Small oval mitochondria, free ribosomes, and few
rough endoplasmic reticula in their cytoplasm [figure 4
d]. The interstitial tissues formed of interstitial cells of
Leydig and few collagen fibers. The interstitial cells of
Leydig had an oval euchromatic nuclei with notable
nucleoli. Well-developed highly distended smooth
endoplasmic reticulum, oval mitochondria, free
ribosomes, fat droplets, and secondary lysosomes were
found in their cytoplasm contained [figure 4e].
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Morphometric  analysis  showed insignificant
differences in the collagen fibers and immune reaction
between the CA, CB and L groups [table 1 and figure
7].

11- Duloxetine hydrochloride treated group (Group
D):

Light microscopic analysis of the testes of group D
revealed that testicular capsules were consisted of
tunica albuginea, which appeared irregular and widely
separated from the seminiferous tubules and the tunica
vasculosa, which appeared loose and had congested
blood vessel. The interstitial tissue contained a
homogenous eosinophilic material [figure 2 a, b].
Some cells of the seminiferous tubules had
cytoplasmic vacuoles and nuclear alterations include
shrunken deeply stained nuclei, nuclear fragmentation
and fading of their basophilia. Some Leydig interstitial
cells had shrunken deeply stained nuclei [figure 2 b]. A
noticeable increase in the collagen fibers distribution in
the testicular capsule; tunica albuginea and tunica
vasculosa, the seminiferous tubules' basal lamina,
blood vessels walls and the interstitial tissue in
comparison to the control groups was noted in the
testis sections stained with Masson’s trichrome stain
[figure 1 c] and [figure 2 c]. The immune stained
sections of the testis with Caspase 3 stain showed a
strong positive reaction as a brown color in the
interstitial connective tissue, the follicular lumen, and
the germ cells in comparison to the control groups
[figure 1 d] and [figure 2 d].

Electron microscopic examination of group D testes
showed that the basal lamina’ basement membrane
appeared slightly irregular in some seminiferous
tubules. There were in the gap between myoid cells
and the basement membrane a slight increased
collagen fiber, while fewer in other parts. Some myoid
cells exhibited chromatin-fading regions and
asymmetric euchromatic nuclei. [figure 5 a, b, c].
Some Sertoli cells had irregular euchromatic nuclei
with prominent nucleoli. Their cytoplasm contained
vacuoles,  cristae-destructed  mitochondria  and
degraded mitochondria [figure 5 a]. Some
spermatogonia A appeared pyramidal and possessed
euchromatic nuclei with notable nucleoli. Vacuoles,
degraded mitochondria, cristae-destructed
mitochondria, and dilated rough endoplasmic reticulum
were all present in their cytoplasm. [figure 5 b]. Some
spermatogonia B appeared round and included
heterochromatic nuclei with presence of condensed
clumps of heterochromatin and patches of chromatin
fading. They had degraded mitochondria and vacuoles
in their cytoplasm [figure 5 c]. Some primary
spermatocytes nearly appeared round and had large
heterochromatic central nuclei with ill-defined
outlines. Their cytoplasm had rough endoplasmic
reticula and cristae-destructed mitochondria [figure 5
d]. The interstitial tissue contained abundant collagen
fibers bundles cut in different directions and Leydig
interstitial cells with poorly defined boundaries and
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irregular nuclei with more peripheral heterochromatin
clumps, and chromatin fading [figure 5 €].

Morphometric analysis showed a significant increase
in the collagen fibers and immune response in group D
when compared with that of CA, CB and L groups
[table 1 and figure 7].

I11- Combined duloxetine hydrochloride and L-
Carnitine treated group (Group DL):

Light microscopic analysis of group DL testes
showed thin, wavy testicular capsule and consisted of
tunica albuginea and tunica vasculosa which resembled
the control group [figure 1 a, b, c] and [figure 3 a, c].
The spermatogenic cells were improved and appeared
to be roughly the same as the control group. But few
cells had cytoplasmic vacuoles and shrunken deeply
stained nuclei as compared with D group [figure 1 b],
[figure 2 b] and [figure 3 b]. The interstitial tissue
consisted of blood vessels and interstitial cells of
Leydig with normal appearance as contrasted with the
control group [figure 1 a, b] and [figure 3 a, b].

Masson’s trichrome stained sections when compared
with group D, the testicular capsule; tunica albuginea
and tunica vasculosa, the basal lamina surrounding
seminiferous tubules, the walls of blood vessels, and
the interstitial tissue all appeared to have less collagen
fibers distributed throughout them. However, the
collagen fibers showed a mild increase in contrast to
the control group [figure 1 c], [figure 2 c] and [figure 1
c]. Caspase 3 stained sections of the testis showed that
the testis was more or less resembled the control group
and less than group D with weak positive reaction as a
brown color in the interstitial connective tissue, the
follicular lumen and the germ cells [figure 1 d], [figure
2 d] and [figure 1 d].

Electron microscopic analysis of DL group showed
that the seminiferous tubules were surrounded by basal
laminae which appeared more or less resembled the
control group [figure 4 a, b] and [figure 6 a, b]. The
Sertoli cells had characteristic irregular euchromatic
nuclei with notable nucleoli. Their cytoplasm still had
very small vacuoles and mitochondria in contrast to
those in the control group and group D [figure 4 a],
[figure 5 a] and [figure 6 a]. The spermatogonia A
exhibited euchromatic nuclei with prominent nucleoli.
Their cytoplasm still had few vacuoles and
mitochondria with destroyed cristae as opposed to the
control group and group D [figure 4 b], [figure 5 b] and
[figure 6 b]. The spermatogonia B looked to be
roughly the same as the control group. However, their
cytoplasm contained few cytoplasmic vacuoles and
mitochondria with destroyed cristae [figure 4 c] and
[figure 6 c]. The primary spermatocytes appeared
much the same as the control group. However, their
cytoplasm had few mitochondria with destroyed cristae
as opposed to group D [figure 4 d], [figure 5 d] and
[figure 6 d]. The interstitial tissue consisted of
interstitial cells of Leydig and collagen fibers. Most of
interstitial cells of Leydig appeared more or less
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similar to the control group while others still had group relative to the group D. However, it showed
nuclei with chromatin fading. The collagen fibers insignificant increase in collagen fibers and immune
appeared more than the control group and less than response in group DL when compared with CA, CB
group D [figure 4 €], [figure 5 €] and [figure 6 €]. and L groups [table 1 and figure 7].

Morphometric analysis showed significant reduction
in the immune response and collagen fibers in DL
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Figure 1 (a-d): A photomicrograph of the control group showing (a) the testicular capsule (Ca) appears thin and wavy. It consists of
tunica albuginea (TA) and tunica vasculosa (TV), which consists of loose connective tissue containing blood vessels (BV). The
seminiferous tubules (ST) are separated by scanty interstitial tissue (IT) containing blood vessel (BV) (H and E X 100). (b) The
testicular capsule (Ca) consists of tunica albuginea (TA) and tunica vasculosa (TV). The seminiferous tubules (ST) are surrounded
by thin basal laminae (BL). The Sertoli cells shows pseudostratified appearance and have elongated lightly stained basophilic nuclei
(Sr). The spermatogonia A have oval lightly stained basophilic nuclei (SA). The spermatogonia B have small rounded deeply stained
basophilic nuclei (SB). The primary spermatocytes have deeply stained basophilic nuclei (PS). The interstitial tissue (1T) consists of
blood vessel (BV) and interstitial cells of Leydig (ILCs) which have vesicular basophilic nuclei (H and E X 400). (c) Normal
distribution of collagen fibers in the testicular capsule (Ca); tunica albuginea (TA) and tunica vasculosa (TV), the basal lamina (BL)
around the seminiferous tubules, the wall of blood vessels (BV) and the interstitial tissue (IT) (Masson's trichrome X 200). (d) A
weak positive reaction as cytoplasmic faint brown color in the interstitial tissue (IT) as well as in some germ cells (G) (Caspase 3 X
400).
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Figure 2 (a-d): A photomicrograph of ydrochloride treated group showing (a) The testicular capsule (Ca) consists of
irregular tunica albuginea (TA), which is widely separated from the seminiferous tubules and tunica vasculosa (TV), which has
congested blood vessels (BV). The seminiferous tubules (ST) are separated from each other by the interstitial tissue (IT) which
contains a homogenous eosinophilic material (E) (H and E X 100). (b) The seminiferous cells have cytoplasmic vacuoles (V),
nuclei with fading of their basophilia (K), shrunken deeply stained nuclei (P) and nuclear fragmentation (F). The interstitial tissue
(IT) contains interstitial Leydig cells with shrunken deeply stained nuclei (ILCs) and homogenous eosinophilic material (E) (H and
E X 400). (c) An apparent increase in the distribution of collagen fibers in the testicular capsule (Ca); the tunica albuginea (TA) and
tunica vasculosa (TV), the basal lamina (BL) around the seminiferous tubules, the walls of blood vessels (BV) and the interstitial
tissue (IT) (Masson's trichrome X 200). (d) A strong positive reaction as a brown color in the interstitial connective tissue (1T), the
tubular lumen (L) and the germ cells (G) (Caspase 3 X 400).
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Figure 3: (a-d) A photomicrograph of combined duloxetine hydrochloride and L-carnitine treated group showing (a) The testicular
capsule (Ca) appears thin, wavy and consists of tunica albuginea (TA) and tunica vasculosa (TV) containing blood vessels (BV).
The seminiferous tubules (ST) are separated by the interstitial tissue (1T) containing blood vessel (BV) (H and E X 100). (b) Most
of the seminiferous cells; Sertoli (Sr), spermatogonia A, B (SA) (SB) and primary spermatocytes (PS) appear normal. Scanty cells
have cytoplasmic vacuoles (V) and shrunken deeply stained nuclei (P). The interstitial tissue (IT) consists of blood vessel (BV) and
interstitial cells of Leydig (ILCs) with normal appearance (H and E X 400). (c) A mild increase in the distribution of collagen fibers
in the testicular capsule (Ca); the tunica albuginea (TA) and tunica vasculosa (TV), the basal lamina (BL) around the seminiferous
tubules, the walls of blood vessels (BV), and the interstitial tissue (1T) (Masson's trichrome X 200). (d) A weak positive reaction as
a faint brown color in the interstitial connective tissue (IT), the tubular lumen (L) and the germ cells (G) (Caspase 3 X 400).
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Figure 4: (a-e) An electron micrograph of the control group showing (a) The basal lamina (BL) consists of basement membrane
(BM), myoid cells (MC) and collagen fibers (CF) between them. The Sertoli cell has an irregular (arrow) euchromatic nucleus (N)
with prominent nucleolus (Nu). Its cytoplasm contains small rounded and elongated mitochondria (Mi), rough endoplasmic
reticulum (RER) and free ribosomes (R) (EM X 10000). (b) The spermatogonium A (SA) has euchromatic nucleus (N) with
prominent eccentric nucleolus (Nu). Its cytoplasm contains round and elongated mitochondria (Mi), and free ribosomes (R). Notice
the basal lamina (BL) consists of thin basement membrane (BM) and collagen fibers (CF) (EM X 10000). (c) The spermatogonium
B (SB) appears spherical in shape and has euchromatic nucleus (N) with peripherally located heterochromatin. Its cytoplasm
contains round mitochondria (Mi), free ribosomes (R) and rough endoplasmic reticulum (RER) (EM X 10000). (d) The primary
spermatocyte (PS) has heterochromatic nucleus (N). Its cytoplasm contains oval mitochondria (Mi), free ribosomes (R) and few
rough endoplasmic reticula (RER) (EM X 10000). (e) The interstitial tissue (1T) consists of few collagen fibers (CF) and interstitial
cell of Leydig (ILC) having euchromatic nucleus (N) with prominent nucleolus (Nu) and its cytoplasm contains well-developed
highly distended smooth endoplasmic reticulum (SER), oval mitochondria (Mi), free ribosomes (R), fat droplets (Fd), and
secondary lysosomes (L) (EM X 10000).
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Figure 5: (a-e) An electron micrographs of duloxetine hydrochloride treated group showing (a) The Sertoli cells (Sr) have irregular
(arrow) euchromatic nuclei (N) with prominent nucleoli (Nu). Their cytoplasm contains vacuoles (V), mitochondria with destructed
cristae (Mi) and degenerated mitochondria (DMi). The basal lamina (BL) has slightly irregular basement membrane (BM) and a
slight increased collagen fiber (CF) (EM X 10000). (b) The spermatogonia A (SA) are pyramidal in shape and have euchromatic
nuclei (N) with prominent nucleoli (Nu). Their cytoplasm contains vacuoles (V), mitochondria with destructed cristae (Mi),
degenerated mitochondria (DMi), and dilated rough endoplasmic reticulum (RER). The basal lamina (BL) consists of basement
membrane (BM), myoid cells (MC), and collagen fibers (CF) (EM X 10000). (c) The spermatogonia B (SB) has heterochromatic
nucleus with condensed clumps of heterochromatin (N). The nucleus has areas of chromatin fading (K). Its cytoplasm contains
vacuoles (V) and degenerated mitochondria (DMi). The basal lamina (BL) consists of basement membrane (BM) and myoid cells
(MC), which have euchromatic nuclei with areas of chromatin fading (K) (EM X 10000). (d) The primary spermatocyte is nearly
round (PS). It has a large heterochromatic central nucleus (N) with ill-defined outlines. Its cytoplasm contains mitochondria with
destructed cristae (Mi) and rough endoplasmic reticula (RER) (EM X 10000). (e) The interstitial tissue (IT) contains abundant
collagen fibers (CF) bundles cut in different directions and two interstitial cells of Leydig (ILCs) with ill-defined outlines and
having irregular nuclei with increased peripheral clumps of heterochromatin (N) with presence of chromatin fading (K) (EM X
10000).
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Figure 6: (a-e) An electron micrograph of combined duloxetine and L-carnitine treated group showing (a) The Sertoli cells (Sr)
have irregular (arrow) euchromatic nuclei (N) with prominent nucleoli (Nu). Their cytoplasm contains very small cytoplasmic
vacuoles (V) and mitochondria (Mi). The basal lamina (BL) consists of basement membrane (BM), and collagen fibers (CF) (EM X
10000). (b) The spermatogonium A (SA) has euchromatic nucleus (N) with prominent eccentric nucleolus (Nu), few cytoplasmic
vacuoles (V) and mitochondria with destructed cristae (Mi). Notice also, the Sertoli cell (Sr) has irregular (arrow) euchromatic
nucleus (N) with prominent nucleolus (Nu), few cytoplasmic vacuoles (V) and oval or elongated mitochondria (Mi). The basal
lamina (BL) consists of basement membrane (BM) and collagen fibers (CF) (EM X 10000). (c) The spermatogonium B (SB) has
euchromatic nucleus with peripherally located heterochromatin (N), rough endoplasmic reticulum (RER), free ribosomes (R), few
cytoplasmic vacuoles (V) and mitochondria with destructed cristae (Mi) (EM X 10000). (d) The primary spermatocyte (PS) has
heterochromatic nucleus (N), rough endoplasmic reticula (RER), free ribosomes (R) few mitochondria with destructed cristae (Mi)
(EM X 10000). (e) The interstitial tissue (IT) consists of collagen fibers (CF), which were fewer than duloxetine hydrochloride
treated group and three interstitial Leydig cells. Two interstitial Leydig cells (ILCs) have normal appearance. They have
euchromatic nuclei (N) with small clumps of heterochromatin, rough (RER) and smooth (SER) endoplasmic reticulum, oval
mitochondria (Mi), secondary lysosomes (L) and free ribosomes (R). The third cell has nucleus with chromatin fading (K) (EM X
10000).
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Table (1): Comparison of measurements of collagen fibers percentage and area filled by immune in the offspring

of all studied groups
Collagen fibers (%)

Groups Mean £ SD Range
CA 33.4 £ 3.647 8.00
CB 31+3.391 9.13
L 31.7+ 324 11.619
D 65.63 + 2.28 8.138
DL 42.8 £5.03 18.008
Stat. test F =87.34

p-value p=0.05*

Post Hoc analysis

Compared groups
CAvs. CB

CAvs. L

CAvs. D

CAvs. DL

CBvs. L

CBvs.D

CBvs. DL

Lvs.D

L vs. DL
D vs. DL

Collagen fibers (%)

<0.05
<0.05
0.003*
<0.05
<0.05
0.002*
<0.05
0.001*
<0.05
0.015*

Immune
Mean £ SD Range
0.152 +0.053 0.28
0.152 +0.053 0.17
0.152 +0.053 0.193
1.33+0.28 1.005
0.45 + 0.206 0.742
F=50.219
p =0.05*
Parameters
Immune
<0.05
<0.05
0.04*
<0.05
<0.05
0.03*
<0.05
0.05*
<0.05
0.051*

F: One Way ANOVA, CA: First control group, CB: Second control group, L: Protective group, D: Treated group, DL: Recovery group, *:
Significant p-value (<0.05).
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Figure (7): Mean values of area percentage of collagen fibers and area filled by immune in the offspring of all

studied groups

DISCUSSION

In this study, light and electron microscopic
examinations as well as testicular morphometric
analysis of the offspring of duloxetine hydrochloride
treated group displayed a range of necrosis and
degeneration indicators, including  cytoplasmic
vacuoles, mitochondria with destroyed cristae,
degraded mitochondria, dilated rough endoplasmic
reticulum and nuclear alterations in the form of
karyolysis, pyknosis and nuclear fragmentation. A
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significant increase in Caspase-3 protein expression in
the germinal epithelium and interstitial tissue was
detected. A noticeable rise in the testicular capsules'
collagen fiber content, basal laminae and interstitial
tissue, interstitial oedema, and dilated and congested
blood vessels were among the several indications of
inflammation and fibrosis. These findings agreed with
EI-Din and Abd-El Aty [71 who reported that rats'
testicles suffered cell damage and death because of
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duloxetine. The germ cells were disorganized,
disrupted and had pyknotic nuclei. Many Leydig's
interstitial cells appeared pyknotic. Also, there was a
noticeable growth of collagen fibers in the group that
received duloxetine treatment. Also, Atli et al. [
found that, fluoxetine caused significant testicular
damage and germ cell apoptosis. Some germ cells
showed cytoplasmic vacuolation and strongly stained
pyknotic nuclei. The intertubular space containing
damaged Leydig cells and homogenous acidophilic
hyaline material. There was increased collagen fibers
deposition in the capsule, the seminiferous tubules,
blood vessels walls. Also, dilatation and congestion of
blood vessels in the intertubular spaces. Also, Camara
et al. 1 and Elsedawi et al. 2 showed that fluoxetine
had deleterious effects on testicular tissue in treated
rats, including nuclear apoptosis of spermatogenic cells
and large cytoplasmic vacuoles. In addition, the
perifollicular blood vessels were congested. Moreover,
Elsedawi et al. ! and Bezerra et al. 24l discovered that
rats treated with fluoxetine and sertraline during
pregnancy and lactation experienced adverse effects on
the testes and liver, manifested by cell degeneration
and blood vessels congestion. Additionally, Kaur et al.
(221 mentioned that mice treated with venlafaxine
hydrochloride had increased levels of certain proteins
in their bodies. These proteins are called caspase-3,
caspase-9 and Bax. Also, Atli et al. [81 and Khaksar et
al. 2% found that rats treated with fluoxetine had more
of a protein called caspase-3 in spermatogenic cells
and Leydig cells, leading to DNA fragmentation and
germ cell apoptosis. Also, Youssef 4 reported that
fluoxetine administration to rats was associated with
increased inflammation and fibrosis of the interstitial
tissue of the testis, between the acini of the parotid
gland and around pancreatic ducts. Also, Youssef et al.
1251 demonstrated that duloxetine had a negative impact
on the salivary glands and oral mucosal histological
structure in rats. In adult rats, they discovered that the
lamina propria had a significant dilatation of blood
vessels. Duloxetine dosing over an extended period
resulted in significant atrophic and degenerative
alterations to the tongue's deep and superficial layers,
as well as aberrant cytoplasmic vacuolization, nuclei
pyknosis, and karyolysis. All regions of the tongue
were also shown to contain high concentrations of a
protein known as Bax (brown cytoplasmic staining). In
addition, Paulis et al. 281 found that rats treated with
venlafaxine showed signs of damage and inflammation
in the liver, stomach, and kidneys. The liver tissue
degeneration, inflammatory cell infiltration, and
cortical distortion led to lobular loss. Degenerated
cells, apoptotic hepatocytes, and fragmented nuclei
were found. Gastrointestinal mucosa showed ulcers,
deteriorated gastric cells, and swelling. Renal sections
showed interstitial bleeding and glomeruli hyperemia.

The potential causes of duloxetine hydrochloride's
negative effects were disturbance of the hormonal axis
and could also damage the testes by producing harmful
compounds called free radicals 71 Also, Tinkel et al.
(271 revealed increased cellular damage caused by
oxidative stress which linked to a certain type of
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molecule called reactive oxygen species (ROS).
Membrane lipids, in a process known as lipid
peroxidation, was the major targets of ROS. Oxidative
stress is a problem in many disease states.
Additionally, de Oliveira et al. 28] mentioned that the
exposure to increased serotonergic activity induced by
the administration of the serotonin reuptake inhibitors,
caused seminiferous tubules degeneration. Also, Solek
et al 291 found  that  antidepressant
(venlafaxine) toxicity on the reproductive cells was
mediated by increased reactive nitrogen and oxygen
species generation, and failure of the cellular defense
systems, both enzymatic and non-enzymatic, as well as
impairment of mitochondrial function. Erdemir et al.
[39 mentioned that reactive oxygen species (ROS) and
antioxidant defenses were out of balance during
oxidative stress, which could lead to lipid, protein, and
DNA deterioration. In living cells, this could result in
necrosis or apoptosis. Oxidative stress caused by
several factors, including medications.

Also, Ahmed and Shaheen B4 explained that expansion
of the spaces between the seminiferous tubules in the
testes of rats was due to the accumulation of a
substance called hyaline material in these spaces. This
clear substance can result from excessive fluid loss
from unhealthy lymph vessels as well as increased
vascular permeability due to the accumulation of free
radicals and reactive oxygen species. Also, Atli et al.
(181 mentioned that lipid peroxidation causes the
cytoplasm of spermatogenic cells to vacuolate. This, in
turn, damages the cell membrane through the action of
sertraline and increases the permeability of the cell
organelle membranes. Additionally, they demonstrated
how oxidative stress caused by selective serotonin
reuptake inhibitors led to DNA fragmentation and an
excess of reactive oxygen species, which inflicted cell
damage in the male rats' reproductive organs. In
addition, El-Beltagi et al. B2 reported that the
transparent vacuoles in the cytoplasm reflect elongated
and compressed segments of the endoplasmic
reticulum. The absence of energy-dependent ion
pumps in the cell membrane can cause cellular
swelling and make it difficult to maintain fluid and ion
homeostasis and they called this nonlethal damage
pattern as hydropic injury or vacuolar degeneration.
Also, Saleem et al. [¥ stated that testicular
degeneration, seminiferous tubules vacuolization and
basement membrane detachment by venlafaxine and
pramipexole occurred when the drug crossed the blood
testes barrier (BTB) and possibly had effect on the
Sertoli cells. Also, Soliman et al. B4 reported that lipid
peroxidation caused by the production of hydroxyl
radicals and other extremely reactive oxidative
molecules damaged proteins and nucleic acids.
Collagen fibers and the creation of ground substance
increased because of those interactions. Furthermore,
the production of free radicals from lipid peroxidation
resulted in membrane disorganization, a reduction in
fluidity, and ultimately substantial tissue damage.
Also, Abo-Ouf 31 reported that the Increased oxidative
stress may be the cause of the degenerative impact of
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fluoxetine. and

enzymes.

reduced activity of antioxidant

Also, Soliman et al. B4 found that the degenerative
effects in germ and interstitial cells in rats treated with
fluoxetine could be due to reduced blood supply and
tissues ischemia caused by inflammation and fibrosis
of the interstitial tissue. Also, dilated and congested
blood vessels in some areas of dilated interstitium
could be attributed to a compensatory mechanism of
reduced testicular blood flow after fluoxetine
administration. Also, Aitken et al. ¢ discovered that
the testes' oxidative stress (OS) could harm cell
membranes and impair testicular cell function and
testosterone production. Decreased testosterone level
not only affected spermatogenesis but also libido and
sexual function. Therefore, OS might have had more
than one mechanism of action leading to loss of
spermatogenesis and fertility.

Also, Alvarez-Gonzéalez et al. B found that
venlafaxine and duloxetine damaged liver cells by
producing too many harmful chemicals called reactive
oxygen species (ROS). This led to problems such as
damaged proteins and lipid peroxidation. Also,
provided evidence that the primary targets were
mitochondria and lysosomes, leading to loss of
lysosomal  membrane integrity,  mitochondrial
membrane potential collapse and finally cell death.
Also, hepatotoxicity caused by oxidative stress could
induced by hydroxylated and epoxide metabolites,
which could release free radicals or reactive oxygen
species. Also, Alvarez-Gonzalez et al. Bl and Ziegler et
al. 8 revealed that during a crucial stage of brain
development, prenatal exposure to equivalent
therapeutic doses of venlafaxine and duloxetine raised
the levels of reactive oxygen species and pro-apoptotic
protein (Bax) in the fetal brain, causing apoptotic
neurodegeneration that affects brain cell migration,
proliferation, and differentiation. That led to serious
and long-term damage to the embryo and fetus.
Increased induction of lipid peroxidation and oxidized
proteins in brain cells was found. Mishra et al. [
mentioned that the molecular oxidation could be due to
the involvement of duloxetine epoxide in duloxetine
metabolism or to some changes that happen in some
parts of the duloxetine molecule. It was known that
epoxides could cause harmful changes in cells,
including  mutations,  deletions,  chromosomal
abnormalities, genetic changes, tumors and viral
infections. Duloxetine could also cause liver damage
by releasing harmful substances called free radicals or
(ROS) produced by its metabolites.

CONCLUSION

Duloxetine hydrochloride caused various deleterious
changes in the histological structure of the testis. L-
carnitine made significant improvements in these
changes. Pregnant and breast-feeding mothers who will
take antidepressants should try to take antioxidants
with them to alleviate their dangerous effects on them
and their offspring.
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