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Avrticle information Abstract
Article history: Baclofen has a central acting effect, so clinicians have been utilized it chiefly for treating
iﬁgg;}‘gﬂ Q‘;r)'/'& 2205200 the spasticity of spinal origin. Nowadays, off-labeling use of baclofen with high doses is
Available online March 15, 2021 frequently increased. Despite of the extensive research studies on the effectiveness of
baclofen, the reports on its histological effects on testes and on sperm parameters we
Keywords: insufficient. This work aims to assess the histological influences of baclofen on rats' testes
Baclofen .. . .
Rat and on several sperm characteristics after administration for 8 weeks. Twenty-two male rats
Testes at age of peripuberty (8weks) that were categorized into two groups. Group | (control group)
Histopathology includes 10 rats which were gavaged with 1 ml/day of distilled water daily. Group Il
(baclofen's group) includes 12 rats which were received baclofen 14.5 mg/kg for 8 weeks
Correspondence: via gavage. At the end of the designed work, euthenization was done and the testes were
L.I. Al-Allaf excised from each rat, the epididymis samples were obtained and prepared for examination
lumaallaf1971@yahoo.com under light microscope. This study revealed that rats that were administered with

14.5mg/kg/day of baclofen for 8 weeks showed changes in the sperms parameters with
several testicular histological alterations in their sections in comparison with those of
controls. The percentage of the live sperms of rats (baclofen's group was lower than that of
control group). Features of sloughing inside seminiferous tubules' lumen are frequently seen
among these sections with mild decrease in the diameter of seminiferous tubules. Evidence
of decreased Johnsen's scores (spermatogenic index -SI) was noticed in some sections, and
decreasing of the frequency of seminiferous tubules that possess spermatozoa was obviously
noticed. Moreover, disorganization of seminiferous tubules is shown in these sections. In
addition, sections of rats of baclofen group revealed features of necrosis of seminiferous
tubules, presence of degenerated spermatogenic layer, features of apoptosis, and presence
of gaps in the seminiferous epithelium of degenerated tubules. Different alterations of sertoli
cells as vacuolation, and detachment sertoli cells are noticed in sections of rats that were
administered with baclofen. The chronic administration of rats with 14.5 mg/kg with
baclofen induced effects on sperm parameters and testicular histology. however, the
testicular histological alterations were more obvious. Further works are needed to clarify
mechanism that stands behind these effects.
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This is an open access article under the CC BY 4.0 license (http://creativecommons.org/licenses/by/4.0/).

Introduction sufficient manner. The susceptibility of chemicals, drug or
compound to impair reproductive processes in laboratory

One of the most serious reasons of males' infertility is animals and human is of great concern to toxicologists and
their incapability to get dynamically healthful sperms in a the public (1). Sexual development in the male rat post
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natally has been categorized into four stages: neonatal,
infantile, juvenile, and the period extends from post-natal
day 36 to 55 or 60 is named peri-pubertal (2,3). In fact, the
spermatogenesis and steroidogenesis has not fully clarified
till now throughout the period of peri-puberty, which could
be considered critically during reproduction and as a result it
may more liable for several challenges especially the
chemical one (4). Baclofen is a brand name of Gamma-
Amino Butyric Acid Beta (GABAB) receptor represents the
major metabotropic receptor that is responsible for the
inhibition of mammalians' central nervous system (CNS) (5).
Beside its position in CNS, GABA is also localized
peripherally in several systems including organs that have
endocrinologic functions like ovary, pituitary, and hepatic
tissue. Previous articles mentioned that Gamma-
aminobutyric acid receptors may be identified in male
reproduction system as testes, sperms, deferent ducts and
epididymis (6). Baclofen (B-chlorophenyl - GABA, Lioresal)
is the selective agonist of neurotransmitter GABA that acts
potentially in clinical practice (7). It has beneficial effects in
treatment of muscles spasticity after spinal cord traumas,
multiple sclerosis, and alcohol dependence with prevention
of alcohol relapse (8). The rate of off-labeling use of over-
doses of baclofen markedly raised as it is used nowadays for
treatment of chronic hiccups and anxiety disorders (9).
Although it is clearly determined that Gamma-aminobutyric
acid system localized in reproductive systems, the reports of
the effect of baclofen on reproductive function and testicular
histology are scanty. There is a need to study its effect on the
testes in animal models at peripubertal periods. This study
aims to assess the influence of baclofen on the testicular
histology and sperm parameters of male rat administered
orally with 14.5mg/kg/day/8weeks started at peripubertal
period.

Materials and methods

Analysis of data of twenty-two male rats at age of
peripuberty (8weks) was performed in this work. Rats were
obtained from Animal House of WVeterinary College,
University of Mosul, Mosul, Northern Irag. They were
housed at optimized condition according to Liu et al. (10).
Mean temperature was 23°C+1°C and with maintenance of
diurnal light/dark cycle of 12 hours. Animals were provided
with water and laboratory chow ad libitum and put in a
manner of 5 rats per each cage following the experimental
laws and policies approved by Ethical Committee of Medical
Researches of College of Medicine, University of Mosul,
and they were categorized in a random manner into two
groups. Group | (control group) includes 10 rats which were
gavaged with 1 ml/day distilled water daily. They were
housed during the experiment under the similar manners for
8 weeks. Group Il (baclofen's group) includes 12 rats which
were administered with baclofen 14.5 mg/kg for 8 weeks via
gavage. Baclofen doses were justified to be in accordance
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with those of other authors (11). Observing of the rats in both
group was done with recording of any sign of sudden toxic
effects during first 24 hours of treatment.

Sperm collection

At the last day of the planned study (after 24 hr. of the
final dose), euthenization with ether (12) was done and
laparotomy performed. Then, both testes were obtained with
their epididymis. Measurement of the weights of testes,
epididymis (head, body and tail), prostate, and seminal
vesicles was done. The cauda- epididymis was utilized for
studying the sperms characteristics, while the testis (right)
was prepared for histologic analysis. For all rats, two cauda
epididymis were isolated with mincing, protecting inside
the Petri dish (warm) which contained ten ml of salt
balanced solution (Hank's) with temperature of 37°C.
Spermatozoa have been allowed for distribution inside the
solution. Then the removing of cauda - epididymis were
done after 20 min, mild shaking of the suspension was
performed for homogenization to be ready for light
microscopic examination under a using x400 magnification
(13).

Sperm counting

To calculate the sperm, dilution of 500 pL of the sperm
suspension as 1:10 in fixative solution of formaldehyde
(phosphate buffered saline with 10 percent of formalin).
Approximately, movement of ten pL of this solution was
done inside the hemocytometer. Then the hemocytometer
has been localized in the chamber (moist Petri dish) via a
moistened filter papers and has put there for 7.5 minutes.
Counting of the settling sperms was performed (counting of
4 small corners with situation of center squares in the biggest
center square of the counting chamber) and assessment / two
hundred fifty small hemocytometer's squares via an
objective x40 (14).

Techniques for evaluation of the sperm shape

The assessment of normal sperm morphology was
performed by the examination of an aliquot of sperm smears
of left cauda epididymis and estimation of the sperm
deformities. Eosin-nigrosine protocol was conducted to
investigate normal morphology of sperms as adding of 1
drop of eosin-nigrosine to the suspended solution with mild
mixing, and about three hundred sperms have been assessed
per each slide to precise the head's abnormalities and tail's
abnormalities (15).

Protocol of sperm viability

In order to assess the presence of sperm viability, or not,
five percent of eosin Y stain in saline was used. Samples of
forty microliters of freshly sperm's suspension were
localized on a crystallized slide, mixing with ten pL eosin
and microscopically identified. Alive sperms persisted
without stain after the staining protocol. On the other hand,
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pink or red sperms were considered as dead. Two hundred
sperms at least were identified in a random manner from
samples of each rat in ten visual fields, and live sperms'
percentage was recorded (16).

Histopathological analysis

After fixation of all excised testes by using Bouin’s
solution, routine histological procedure was done to obtain
histological sections and stained with Harris hematoxylin-
eosin (17), then they were prepared for examination under
light microscope for blinded evaluation to treatment and any
data.

Qualitative analysis

Testes from the control and treated animals were
analyzed for any disorganization of cytoarchitecture of
seminiferous tubules, the presence of vacuoles, gaps, and
detection of any cellular abnormality in the seminiferous
tubular  epithelium.  Furthermore, sloughing, and
degeneration of seminiferous epithelium were also looked
for. Examination of interstitial spaces also was done (18,19).
In addition, spermatogenic index-SI (Johnsen’ scores) were
used to analyze the effect of drug on spermatogenesis as the
scores range from one to ten (19). The seminiferous tubules
that looked inactive completely, they were considered as
score one, while those that showed maximally active (> five
luminal sperms) they were considered as score ten.

Photography

Histological sections were visualizing in Ernst Leitz
Wetzlar microscope (Germany). The photomicrographs
were taken in by using Leica microscope with Leica camera
(Germany, HD, 1080, resolution 8.0 Mega pixels) attached
using plan apochromatic objectives.

Statistical Analysis
Data quantitatively were offered with mean + standard

deviation. Analysis of variance (One-way) and chi-square
were utilized to precise the statistical significance between

the 2 groups through SPSS package (Version 16, SPSS Inc.,
USA), A significance level of 0.05 was considered (20).

Results

All animals remain alive during the experimental work.
At necropsy, no clear gross tissue abnormalities were
observed of any animal. Analysis of sperm parameters in this
study revealed that the percentage of the live sperms of

treated rats which were administered with baclofen for 8
weeks was 65.4% compared with 68.6% in rats of control
group, while the percentage of the dead sperms in rats of
baclofen group was 34.6% compared with 31.4% in rats of
control group (Figures 1-3), (Table 1).
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Figure 1. A photomicrograph of a sperm smear obtained
from a rat from control group showed normal sperm (Eosin-
Nigrosine x1000).

Figure 2: Photomicrograph of a sperm smear of a rat from
baclofen group showed abnormal head and tail (Eosin-
Nigrosine x1000).
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Figure 3: Photomicrograph of a sperm smear of a rat from
control group showed abnormal head (Eosin-Nigrosine
%1000).
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Table 1: Effect of baclofen on sperm count, percentage of live sperm, dead sperm, and abnormal sperm

Groups (n sperm) head of epididymis % live sperms % dead sperms % abnormal sperms P-Value
Control 1.42x10° 68.6% 31.4% 7.6% P>0.05
Baclofen 1.52x10° 65.4% 34.6% 6.4% P>0.05
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Histological analysis of the testicular sections obtained
from control rats showed normal appearance of the
seminiferous tubules (Figure 4). On the other hand, the
current work revealed that sections obtained from rats
administered with 14.5 mg/kg/day of baclofen for 8 weeks
showed several testicular histological alterations in
comparison with those of controls. Features of sloughing
inside seminiferous tubules' lumen of the testes of the treated
animals are frequently seen among these sections with mild
decrease in the diameter of seminiferous tubules (Figure 5),
while decreased spermatogenic index-Sl (Johnsen's scores)
was noticed in some of these sections. Mean Johnsen’s
scores in these sections was 6.5+0.1 (Figure 6) as there is a
decrease in the number of seminiferous tubules containing
spermatozoa among testicular sections obtained from rats of
baclofen group. Moreover, disorganization of seminiferous
tubules is shown in sections obtained from rats of baclofen
group (Figures 6 and 7), while retained spermatids with a
decrease in the thickness of the spermatogenic layers are
identified in some of these sections (Figure 8). In addition,
light microscopic observations of sections of rats
administered with 14.5 mg/kg/day of baclofen for 8 weeks
revealed features of necrosis of seminiferous tubules as
shown in figure 9, and even degenerated spermatogenic
layers were noticed (Figures 6a, 7 and 10). Moreover, the
results of this study showed that sections obtained from
baclofen administered rats exhibited presence of cells with
dense nuclei and esinophilic cytoplasm which are indicating
presence of apoptosis (Figure 11). Apoptotic spermatogonia
may  manifest features of hyalinization, and
hypereosinophilia with compressed deeply stained
cytoplasm. Their nuclei showed indestincting features with
occasional clear surrounding space resembled to cellular
shrinking. There was also presence of gaps in the
seminiferous epithelium of degenerated tubules (Figure 12).
On the other hand, different alterations of sertoli cells were
observed as vacuolation composed of variable size,
separated, clear, rounded structures frequently localized
directed to the basal membrane (Figures 12 and 13).
Detached Sertoli cells were noticed in some sections
(Figures 13 and 14), as well as, pyknotic nuclei (Figure 14
and 15), while apoptotic nuclei were identified clearly in
some of these sections (Figure 16).

Figure 4: Photomicrograph of a section obtained from a rat
from control group showed normal spermatogenesis
(H&Ex250).

Figure 5: Photomicrograph of a section obtained from testis
of a rat after treatment with 14.5mg/kg/day of baclofen with
features of sloughing (arrow) (H&Ex400).
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Figure 6: (a) Photomicrograph of a testicular section
obtained from a rat after treatment with 14.5mg/kg/day of
baclofen with decreased Johnsen's scores and degenerated
spermatogenic layer (arrows) (H&Ex250). (b) Histogram of
the spermatogenic index-SI (Johnsens' scores) of both study
groups.
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Figure 8: Photomicrograph of a testicular section of rat
treated with baclofen with features of retained spermatid
(arrow) (H&Ex400).

Figure 7: Photomicrograph of a testicular section of rat
treated with baclofen with features of disorganization
(H&Ex250).

Figure 9: Photomicrograph of a testicular section of rat
treated with baclofen with features of necrosis (arrow)
(H&Ex250).
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Figure 10: Photomicrograph of a testicular section of rat Figure 12: Photomicrograph of a testicular section of rat
treated with baclofen with features of degeneration in treated with baclofen. Sloughing with features of vacuolation
spermatogenic layer (arrow) (H&Ex250). of degeneration (black arrow) and detachment of sertoli cells

(red arrow) (H&Ex400).

Figure 11: Photomicrograph of a testicular section of rat Ml' ‘

treated with baclofen with features of apoptosis (arrow), gaps . . . .

in the seminiferous epithelium of degenerated tubules Figure 13: Photomicrograph of a testicular section of rat
(H&Ex400). treated with baclofen with features of apoptosis (black

arrows) and detached sertoli cells (red arrow) (H&Ex400).
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Figure 14: Photomicrograph of a testicular section of rat
treated with baclofen with features of pyknotic nuclei (black
arrows) and intraepithelial vacuoles (red arrow) (H&Ex400).
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Figure 15: Photomicrograph of a testicular section of rat
treated with baclofen with features of pyknotic nuclei (black
arrows) (H&Ex400).
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Figure 16: Photomicrograph of a testicular section of rat
treated with baclofen with features of apoptosis nuclei (black
arrows) and detachment from the basement membrane (red
arrow) (H&Ex400).

Discussion

Pharmacological use of baclofen is widely increased all
over the world, but its adverse effect has been poorly
investigated. So, considering the paucity of researches on the
effects of baclofen on males’ reproduction, this work tried to
assess its effects of sperm characteristics and testicular
tissues in male rats. The y-aminobutyric acid - GABA, is the
chief neurotransmitter that inhibits the vertebrates' central
nervous system as it has activated a spectrum of y-
aminobutyric  acid receptor  varieties. GABA
neurotransmitted may be end via fast re-up taking its
transporters into presynaptic neurons with glial cells that are
surrounded them (21,22). Previous published work revealed
that y-aminobutyric acid is localized in testes, sperms,
deferent ducts and epididymis of males' reproductive system
(6). In spite of the fact that y-aminobutyric acid and its
transporters - GAT1 distributed in the epididymis is unclear
manner yet.

In fact, observation of GAT1 in testis, epididymis and
sperms is reported (22,23). GABA could has a physiologic
regulatory role of sperms functions. Results of the sperm
parameters in the two study groups revealed that there is a
decrease in the percentage of live sperms in rats administered
with 14.5mg of baclofen for 8 weeks in comparison with that
of controls. Our observations are according with those of
others who suggested that the characteristics measured by
semen analysis are some of the factors in semen quality that
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determine the viability of sperm (15,24). The multifacing
procedure -spermatogenesis- can be influenced frequently by
many faces to induce males' subfertility (25-27).

To our knowledge, there is no previous reports on the
effect of baclofen administration on the sperm parameters in
rats. Numerous factors may disturb spermatogenesis
processes and affect sperms' quality and quantity (15), and
the drugs are one of them (12,17). The current work revealed
different histological changes in testes of rats after exposure
to baclofen for 8 weeks. In fact, the reports on the effect of
this agents on the testicular histology in rats are scanty.
Among the noticed testicular alterations were evidence of
decreased Johnsen's scores (spermatogenic index), decrease
in the number of seminiferous tubules containing
spermatozoa, and disorganization of seminiferous tubules.
Our observations are according those of other works (23,28).
Authors were considered the decrease in spermatogenic
index represented by Johnsen's scores as an indicator of
testicular injury functional impairment (12,17,19). It has
been reported that the overexpression of y-aminobutyric acid
transporter 1 may has an influence on the developing of mice
testes. Observations of previous work suggested that the
activation of GABAA receptors leads to stimulation. On the
other hand, the activation of GABAB receptors causes
inhibition (21,23,28). These observations indicated that
GABA and its receptors have a role crucially in
reproduction. It has been reported that the injured germ cells
are considered primarily morphological feature after
exposure to  pharmacological compounds (12,18).
Spermatogonial cells which is suffering from mitosis and the
basic germ cell variety are without protection via the Blood
Testes Barrier -BTB, are vulnerably affected to these agents.

On the other hand, light microscopic analysis of sections
of rats administered with 14.5mg/kg/day of baclofen for 8
weeks revealed presence of spermatogenic layer injury with
vacuoles of degeneration in the seminiferous epithelium, and
detachment of sertoli cells. Our observations are similar to
those of Zang et al. who showed features of testes' dysplastic
changes in GAT1 in transgenic mice (TG) with over-
expression. Authors suggested that GAT1 when is expressed
abnormally may causes defective spermiogenesis, presence
of sperms paramorphia with dysgentic effects (21-23,28).
Authors suggested that these data may be useful for
clinicians especially at the andrological aspects (5). GABA
is crucial for the central nervous system's function (29) and
it may be having the same influence on the testis. Due to the
fact that the regulative function of the membrane-
transporting protein in GABA concentration, so GAT1 may
share in spermatogenesis. Overexpressing GAT1 could
cause a decrease in GABA concentration of testis of
transgenic mice, thus inhibits testicular developing (21-23).
So, the misregulated GATL1 results subfertility via
influencing the development of sperms. Our observations
also provide a possible impact of baclofen on cells of Sertoli,
there is vacuolation of their cytoplasm, which may be caused
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by dilatation of endoplasmic reticulum. In fact, some Sertoli
cell changes suggest that these cell damages are more
obvious than those regarded as to be specifically secondary
effects as an outcome from germ cell death (12), and it is in
accompany with other alterations as including degenerative
changes with spermatid retention, or the later alone (12). The
Sertoli cells are vital in various key steps of spermatogenic
lineage maturation and their resistance throughout the free
radical attack may enhance the maintenance of seminiferous
tubule integrity.

The current work showed features of sloughing of germ
cells in sections of rats that are belonged baclofen group. The
germ cells' exfoliation may be due to Sertoli cells
dysfunction. The microtubule disruption leads to loosing of
the attachments of germ cells to the processes of Sertoli cells,
beside the sloughed germ cells (rounded spermatids,
spermatocyte) inside the seminiferous tubules' lumens and
finally to that of the excurrent ductules (30). On the other
hand, apoptosis was found in sections of rats treated with
baclofen. These lesions occur in a spontaneous manner to
keep homoeostatic balance by diminishing injured
germinative cells from the epithelia of tubules (21).
Moreover, it is resulted from several challenges for
examples: damage of DNA, thermal shocks, growth factors
inhibition and stimulation of genes concerning with
apoptosis, caspase serial events, and oxidative stress (27,30-
32). In addition, authors reported that GABA agonists
exposure may induces apoptosis of germinative cells and
also may injure cells of Leydig including the functional
aspects (26). The inactivational influence of GABA results
an inhibition of somatic stem cells proliferative action, the
primary spermatogenic cells during spermatogenesis (27),
beside the adverse effects of baclofen may be due to the
involvement of GABA and transporter 1 (GAT1) in the
Leydig cells' proliferations, testosterone's productions with
spermatogenesis (25).

Another important lesion that should be concerned in this
work is the retention of spermatids in sections of rats that are
belonged to the baclofen's group. These observations are
according with those of previous researchers who reported
that retention of spermatids will result to defective
spermiation (a process is regulated by Sertoli cells), and
damages to these cells can change spermiation and lead to
spermatid retention (12,33). Like reported by authors the
precise morphological alterations in rats' testes (included
spermatids’ retention and spermatocytes’ degenerative
changes and rounded spermatids are accompanied with
diminished testosterone levels inside the testicular tissue
(12,18). As cells of Sertoli are exposed to toxicants for
longtime, there is disruption of the seminiferous epithelial
organization beside a spectrum of germ cell loosing and
irregular array of germ cell layers. The cytoplasm of cell of
Sertoli appeared obviously by the non-masking by germ cell
loosing and which is scattered focally or segmentally,
sometimes, it may be more extensive as in diffuse atrophy
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according to the degree of the severity of toxicities.
Histopathological analysis of the testis is the gold method
that is sensitively determine different influence on
spermatogenetic process, but, the testicular histology is
complex, interdisciplinary nature all cellular varieties in the
testes, the prolonged spermatogenetic process can convert
the evaluation of effect of any agent on the testicular
compartments to a big challenge. An extensive detailed
effort to understand the histological and morphological
characters of response to damage is crucial to achieve a
successful identification of the testicular influences and to
start the understanding of mechanisms that is responsible for
that (33). On the other hand, the testicular interstitial
components were comparable between group 1 and group 2,
these findings were also consistent with those of another
study (12), however, the morphologic changes in the cell of
Leydig haven't been clearly noticed via light microscopic
examination.

Conclusion

This study revealed that chronic administration of rats
with 14.5mg/kg with baclofen induced effects on both the
sperm parameters and testicular histology, however, the
testicular histological alterations were more obvious. Further
works are needed to clarify the mechanisms of action that
stands behind.
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