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ABSTRACT

Background: Male fertility requires proper functioning testes and proper hormonal balance as well. Thyroid hormones (T3
and T4) have been described to be a risk factor in male infertility. L-carnitine (LC) is an amino acid derivative that regulates
long chain fatty acids metabolism and possess an antioxidant activity.

Aim of Work: It was to evaluate the effect of induced hyperthyroidism on adult albino rats’ testes and the possible ameliorating
role of LC.

Material and Method: Twenty-four adult male albino rats have been used in this work. They were randomly divided into
three groups with eight animals in each group. Group I (Control). Group II (I-thyroxine (T4)-treated): Animals were subjected
to administration of 2 pg/ml/day I-thyroxine orally. Group III (T4 and LC-treated): Animals were subjected to administration
of the same dose of I-thyroxine and LC at a dose of 500 mg/kg via intraperitoneal injection. By the end of the experiment that
was 30 days; hormonal essay, semen analyses were done. Specimen of testes was prepared for light microscopic examination
using hematoxylin and eosin stain, Mallory’s trichrome stain and immunohistochemical stain with PCNA. In addition,
morphometrical studies were performed and statistical analysis of results.

Results: Induced hyperthyroidism caused loss of germinal epithelium with gaps among spermatogenic cells which was
confirmed by decrease in height of seminiferous tubules. There was loss of active spermatogonia which was confirmed by
significant decrease in PCNA immunostaining. Some tubular lumina showed absence of sperms and spermatids and others
showed exfoliated nuclei and multinucleated giant cells. LC protected the testicular specimens against such changes; it
improved seminal quality and quantity as well as testicular structure and biochemistry.

Conclusion: Hyperthyroidism could harm the structure of testis. Fortunately, administration of LC to these cases is suggested
to reduce the associated hazards.
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INTRODUCTION

Testes are the primary gonads in male. They are ovoid
organs which are enveloped by a tough capsule!’). The main
testicular functions are secretion of androgenic hormones
as well as production of sperms[?. Testicular tissues have
receptors for thyroid hormones. These receptors are present
and functioning throughout lifel.

Hyperthyroidism is a metabolic disorder characterized
by increased levels of thyroid hormones caused by
an inflammation (thyroiditis), a tumor (adenoma),
autoimmune reaction (Grave’s disease) or iatrogenic. This
increase elevates the basal metabolic rate and creates an
oxidative stress in different cells™.

T4 is the major hormone of the thyroid gland.
Administration of iatrogenic T4 drug produces effect
similar to that of thyroid hormone in vivo. It is converted
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to T3 in kidneys and liver and then binds to thyroid
binding hormones in the blood to be transferred to various
tissues in order to exert its functions. It is given as a
replacement therapy in the hypothyroid patients. At high
doses, it can develop the same symptoms and distress of
hyperthyroidism®.

Elevated levels of circulating thyroid hormones
cause a state of hypermetabolic activity and increase the
mitochondrial respiration with subsequent more production
of reactive oxygen species (ROS) creating an oxidative
stressi. The oxidative stress occurs when the ROS
accumulation is higher than the capacity of the antioxidant
defense. This could initiate a pathological environment
that ends with cellular death!”.

L-carnitine (LC) is an amino acid like vitamin used in
various conditions of renal failure, with anti-convulsive
therapy, controlling body weight and male infertility™!.
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It regulates the long chain fatty acid metabolism and
subsequent regulation of energy production. These fatty
acids are utilized as an energy source in all tissues except
the brain. It has an antioxidant activity which regulates
fatty acid metabolism and prevents accumulation of toxic
acetyl- CoA within the cell membranes!”.

Therefore, the current study aimed to evaluate the effect
of induced hyperthyroidism on adult albino rats’ testes as
well as the possible ameliorating role of LC.

MATERIAL AND METHODS

Chemicals

1. L-thyroxine (T4): the trade name Eltroxine, was
obtained in the form of powder, from the Egyptian
International Center for Import, the Authorized
distributer in Egypt for Sigma-Aldrich, Nasr City,
Cairo, Egypt.

2. L-carnitine (LC): it was obtained in the form of
ampoules (1gm/ 5ml), from El Amirya Company
for pharmaceuticals industries, Alexandria, Egypt.

Experimental animals

The study was performed on twenty-four healthy
adult male Wistar albino rats (5-7 months old) weighing
180-230 gm. The animals were obtained from the
animal house, Faculty of Medicine, Zagazig University.
The animals were housed under controlled laboratory
conditions. All experimental procedures were performed in
accordance with the guidelines of the Institutional Animal
Care and the norms of Ethical Committee of Faculty of
Medicine; Zagazig University (ZU-IACUC/3/F/113/2018).
The rats were divided into 3 groups (8 rats each) as follows:

First (Control) group: Animals were kept without
addition of any medications. Second (T4-treated) group:
Animals were subjected to administration of T4 powder
dissolved in drinking water at a dose of 2 pg/ml/day for
30 days!'!. Third (T4 and LC-treated) protected group:
Animals were subjected to administration of both T4
powder dissolved in drinking water at a dose of 2 pg/ml/
day!" and LC (500 mg/kg) intraperitoneal injection?,

Methods

By the end of the experiment which was 30 days,
the animals were weighed; and venous blood samples
from the retro-orbital venus plexuses were collected
for the measurement of serum thyroid hormones levels
(T3 and T4) according to the methods of Thakur et all'*
and Maes et all". All the animals were anaesthetized by
ether inhalation; and epididymal content of each rat was
obtained immediately by cutting the tail of epididymis and
squeezing it gently to obtain the fresh undiluted semen in
a clean Petri dish for semen analysis. A drop of epididymal
content of each rat was mixed with an equal drop of eosin-
nigrosin stain. The semen was carefully mixed with the
stain, these films were spread on clean and grease free

slides. Two hundred sperms were counted per rat under
high power lens of light microscope and the number of
live (unstained) and dead (stained) sperms were estimated
among the two hundred sperms. The abnormal forms were
also estimated by the same technique then the percentage
of abnormal forms was calculated!*!.

Testes specimens were dissected out then weights
and volumes of the right and left testes were measured.
Specimens were minced and homogenized for biochemical
study of the oxidative enzymes; reduced glutathione
(GSH)!'Sl,  catalase (CAT)!'”, superoxide dismutase
(SOD)"! and malondialdehyde (MDA)M™. Testicular
specimens were obtained for histological study. Moreover,
statistical analysis was performed?°.

Histological investigation

Specimens were processed for the light microscopic
examination, then investigated using the hematoxylin and
eosin (H&E)"! Mallory’s trichrome® and proliferating
cell nuclear antigen (PCNA) for the immunohistochemical
study!®.

Image analysis and morphometric study

For morphometric study, eight rats were utilized per
group, 100 seminiferous tubules in H&E stained sections
were analyzed for the perimeter of seminiferous tubules
measured from X 100 magnification and the height of
germinal epithelium measured from X 400 magnification
using the Image J software plugin (N of rats= 8\group)

Statistical investigation

The quantitative measurements were adequately
analyzed by using SPSS computer software version 19.
Comparison between groups of the study was performed
using ANOVA followed by least significant difference
test (LSD) for intergroup comparisons. A statistically
significant difference was considered when P value <0.05.
A highly significant difference was considered when
P<0.01 respectively. The results were presented as means
+SD.

RESULTS

1- Biochemical and statistical results
1. Body weights, testes weights and volumes

There were highly statistically significant differences
between the studied groups regarding rat body weights,
right testis weight, left testis weight, right testis volume
and left testis volume. By least significant difference test
(LSD), highly significant difference was found when the
T4 and LC-treated group was compared to control T4
treated group. In respect to testis weight and volume, there
were highly significant difference between control and
T4-treated group. Also highly significant difference was
detected between T4-treated group and T4 and LC-treated
group (Table 1).
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II. Serum T3 and T4

There was a statistically highly significant difference
between the studied groups regarding free T3 and T4. On
LSD comparison, T4-treated group or T4 and LC-treated
group showed highly significant when compared to control
group (Table 2).

1II. Oxidative enzymes

There was a statistically significant difference between
the studied groups regarding GSH, CAT, MDA and SOD
(p<.001). There are marked reduction of GSH, CAT and
SOD and marked increase in MDA in T4-treated group
(p<.001) when compared to control group. By
administration of LC to T4-treated significant elevation
of GSH, CAT and SOD and significant decrease of MDA
(p<.001) when compared to T4-treated group (Table 3).

IV, Semen analysis

There was a statistically significant difference between
the studied groups regarding sperm count, abnormal sperm
form percentage and sperm motility (p<.001). There was
highly significant reduction of sperm count and sperm
motility and highly significant increase in Abnormal
sperm form in T4-treated group compared to control
(p<.001). However highly significant improvement in
these parameters was detected in T4 and LC-treated in
comparison to T4-treated group (p<.001) (Table 4).

By Eosin-Nigrosin stain, the normal sperm was found
to be formed of head, neck and tail connected to each other
(Figure 1A). Abnormal forms were present in different
percentage in each group. These forms included sperm
with broken head, sperm with detached tail, sperm with
protoplasmic droplet, sperm with detached head, sperm
with curved tail and sperm with looped tail (Figure 1 B-QG)

1. Hematoxylin and eosin

Testicular parenchyma of control group was found
packed with multiple round seminiferous tubules that
had regular contour. Their lining consisted of stratified
germinal epithelium showing different stages of
spermatogenesis. Myoid cells were seen surrounding the
seminiferous tubules. They were flat cells that surrounding
the sertoli cells. The lining epithelium showed two types of
cells; the spermatogenic and the supporting Sertoli cells.
Spermatogenic cells involved spermatogonia, primary
spermatocytes, spermatids and spermatozoa. These cells
were arranged in the preceding order starting from the
basement membrane towards the lumina. Spermatogonia
appeared as rounded cells with rounded nuclei. Primary
spermatocytes were arranged in single or double layers
and appeared relatively larger than other germ cells.
Spermatocytes’ nuclei were large and round in shape.
Spermatids appeared as rounded small cells attached to
Sertoli cells while spermatozoa were present inside the
lumina of the tubules. Supporting Sertoli cells were present
among spermatogenic cells resting on the basement
membrane. They appeared as pyramidal cells with pale

triangular or oval nuclei. The lumina of the seminiferous
tubules contained whorls of sperms. Among the tubules,
narrow interstitial spaces were identified and inhabited by
clusters of interstitial cells of Leydig and blood capillaries
(Figure 2A).

Testis of the T4-treated group showed histological
changes in comparison to the control group. Sections
revealed loss of the normal round shape of some tubules;
they gained irregular contour. The basement membranes
in some tubules were corrugated (Figure 2B). There was
loss of the germinal epithelium that showed many gaps
among spermatogenic cells (Figures 2 B,C). Sertoli cells
were highly prominent compared with the control group
(Figure 2D). Some tubular lumina showed exfoliated nuclei
(Figure 2D) while other lumina showed multinucleated
giant cells (Figure 2E). Also, there was loss of whorls
of sperms in some tubular lumina (Figure 2B). Hyaline
acidophilic material was deposited in wide interstitial
space between the seminiferous tubules. The blood vessels
were large, congested with thick wall (Figure 2C).

Sections of theT4 and LC-treated group revealed
histological improvement in comparison to the T4-treated
group as most tubules restored their normal architecture
with regular contour. Most tubules restored their normal
germ cells arrangement with disappearance of gaps that
present in the T4-treated group, however some tubules
showed gaps among cells. The tubular Lumina contained
whorls of sperms without any existence of any giant cells
or exfoliated nuclei. The interstitial spaces became narrow
in comparison to the T4-treated group with minimal
hyaline acidophilic material that was found in some areas
of the interstitial space (Figure 2F).

11. Mallory’s trichrome stain

Sections showed normal collagen fibers distribution
in the control group. The collagen fibers appeared blue
in color and were located in the testicular capsule (Figure
3A). Sections stained with Mallory’s trichrome stain in
the T4-treated group revealed a marked increase in the
collagen fibers distribution in the testicular capsule and
around blood vessels (Figure 3B). Sections stained with
Mallory’s trichrome stain in the T4 and LC-treated group
revealed a decrease in the collagen fibers distribution in
comparison to the T4-treated group in the testicular capsule
(Figure 3C).

111. PCNA stain

Immunohistochemical staining of testicular sections in
the control group showed a strong positive immunostaining
with PCNA in most of the basal germ cells (spermatogonia)
while other germ cells showed negative staining also
interstitial leydig cells showed negative reaction
(Figure 4A). Immunohistochemical staining of sections in
the T4-treated group revealed that some tubules showed a
negative immunostaining with PCNA while others showed
very weak positive immunostaining with PCNA in most
of the spermatogonia (Figure 4B). Immunohistochemical
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staining of sections in the T4and LC-treated group showed
positive immunostaining with PCNA- stronger than the
T4-treated group but still weaker than the control group in
most of the spermatogonia (Figure 4C).

3- Morphometric studies

There was significant difference between the studied
groups regarding perimeter (p<.05) and highly significant
difference regarding Height of the germinal epithelium).

Table 1: Body weights, testis weight and volume of studied groups

By LSD, the T4-treated group showed significant increase
of perimeter (p<.05) and highly significant reduction of
germinal epithelial height (p<.001) compared to control.
However, no significant (p>.05) or significant difference
(p<.05) was present between control and T4 and LC-treated
group regarding perimeter and Height germinal epithelium
respectively (Table 5)

The mean of the perimeter and Height germinal
epithelium respectively are illustrated in (Figures 5 and 6).

Control group T, -treated group T,& LC-treated group F test p
body weight 1992.29 203.73% 6.95" 230.145.58* 79.447 <0.001
Mean+SD
Right testis weight . -
=+ + + '
Memashy 1.8620.03 1.2440.13 1.67% 0. 20 44.102 <0.001
Left testis weight R .
MormeS 1.82£0.07 129+0.11 1.65+0.19 37.468 <0.001
Right Testis volume 2.90+0.34 4.94 4 0.26" 2.56+£0.22" 201.37 <0.001
Mean+SD
Left Testis volume 2.98+£0.37 5.08 +£0.33 2.60+0.19"" 165.57 <0.001

Mean+SD

F one way ANOVA NS: nonsignificant # p<0.001 when compared to control and (N= 8 rats\group) T4-treated group (N= 8 rats\group) up
*p<0.001, * * p<0.05 when compared to control group! p<0.001when compared to T4-treated group (N= 8 rats\group)

Table 2: Thyroid hormones in studied groups

Control group T, -treated group T,& LC-treated group F p
Total T3 s <0.001
MeantSD 1.59+0.01 1.59+0.01 2.08+0.03 2661.47 HS
Total T4 . . <0.001
+ + + !
MeantSD 5.61+0.01 17.23 £ 6.97 23.68+1.23 80.38 HS
F one-way ANOVA HS: p<0.001 (N= 8 rats\group)
Table 3: Oxidative enzymes in the studied groups
Control group T,-treated group T,& LC-treated group F P
GSH 1.2420.01 1.06+0.07" 1.17 £0.05™ 23.99 <0.001
Mean+SD
CAT 1.69+0.08 1.56 +£0.07° 1.64+ 0.07"N8 6.73 <0.05
Mean+SD
MDA 1.12+0.15 1.55+0.04" 1.29 +0.05™ 30.27 <0.001
Mean+SD
SOD " 14
MeantSD 3.83+0.11 2.34+0.24 3.18+£0.15 153 <0.001

F one-way ANOVAF

*p<0.001, * * p<0.05 when compared to control group! p<0.001when compared to T4-treated group. $ p<0.05

when compared to control! p<0.05 when compared to T4-treated group NS: non-significant when compared to control. # p<0.001 when

compared to control. (N= 8 rats\group)
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Table 4: Semen analysis in studied groups

Control group T -treated group T,& LC-treated group F V4
Sperm count . -
MeantSD 108.66+16.2 72.1+£6.47 94.12 £9.09 25.12 <0.001
Abnormal sperm form R .
8.14+1.64 42.19+4.32 13.62 £4.68"™ 176.63 <0.001
Mean+SD
Sperm motility 83.6+1.54 26.6+ 6.28° 70 £13.41° 261.37 <0.001

Mean+SD

F one-way ANOVA  *p<0.001, * * p<0.05 when compared to control group ! p<0.001 when compared to T4-treated group. (N= 8 rats\
group)

Table 5: Morphometry of studied groups

Control group T, -treated group T,& LC-treated group F p
Perimeter 4 HNS
Mooy 813.8485.9 964.2 £133.42 844.6:96.4 5.07 <0.05
Height germinal epithelium 91.98+11.57 43.12+13.58" 70.12 £ 8.45™ 4228 <0.001

Mean+SD

F one way ANOVA  # p< .05 when compared to control, ## p< .05 when compared to T4-treated group, NS non significant when com-
pared to control *»<0.001, * * p<0.05 when compared to control group ! p<0.001when compared to T4-treated group.

. 3

[ - -

Fig. 1: A photomicrograph of a rat sperms showing A) Normal rat sperm with normal constituents (Head, Neck, Tail). B) A rat sperm
with a broken head (arrow). C) A rat sperm with a detached head (arrow). D) A rat sperm with a curved tail (arrow). E) A rat sperm with a
protoplasmic droplet (arrow). F) A rat sperm with a detached head (arrow). G) A rat sperm with a looped tail (arrow). (Eosin-Nigrosin x 1000)
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Fig. 2: A photomicrograph of a testis section in the different groups: A) the control group round seminiferous tubules showing the different
spermatogenic cells of the germinal epithelium including: spermatogonia (Sg), primary spermatocytes (SP) and sperms (Spr). Sertoli cells
(arrows) are resting on the basement membrane. Flat myoid cells also appear (arrow head). Cluster of interstitial cells of Leydig (It) present
in the narrow interstitial space. B) The T4-treated group showing corrugation of the basement membrane (arrow) of some tubules and loss of
germinal epithelium with gap spaces (S) among cells. The lumen of some seminiferous tubules has no sperms (*). Interstitial cell of Leydig
(It) and Primary spermatocyte (Sp) can be recognized. C) The T4-treated group showing disorganized epithelium with loss of epithelial
lining of seminiferous tubules with gap spaces (S) among cells. Hyaline acidophilic material deposition (E) appears in the interstitial space
with dilated congested thick walled blood vessels (Bv). Interstitial cell of Leydig (It) can be recognized with interstitial edema. D) TheT4-
treated group showing exfoliated nuclei (ex) with prominent Sertoli cells (within the oval shape) and its process (St). E) TheT4-treated
group showing multinucleated giant cells (G) within the lumen of the tubule. Spermatogonia (Sg) and primary spermatocytes (Sp) can be
recognized. F) TheT4and LC-treated group showing restoration of whorls of sperm (Spr) inside the lumen. Spermatogonia (Sg), primary
spermatocyte (Sp) and gap spaces (S) can be recognized. Sertoli cells (arrow) are resting on basement membrane. Interstitial space is narrow
containing interstitial cells of Leydig (It). (H&E X400)

Fig. 3: A photomicrograph of a testis section in different groups: A) the control group showing the normal distribution of the collagen fibers
located in the capsule (arrows). B) TheT4-treated group showing a marked increase in the collagen fibers distribution in the testicular capsule
(arrows) and around blood vessels (head arrow). C) TheT4and LC-treated group showing a decrease in the collagen fibers distribution in
capsule (arrows). (Mallory’s trichrome x 100)
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Fig. 4: A photomicrograph of a testis section in different groups A) The control group showing a strong positive immunohistochemical
staining with PCNA detected in spermatogonia (arrows). Interstitial leydig cells show negative reaction (arrow head) B) TheT4-treated
group showing a weak positive immunohistochemical staining with PCNA detected in some spermatogonia (head arrows) and a negative
immunostaining in other spermatogonia (arrows). C)The T4 and LC-treated group showing a positive immunohistochemical staining with
PCNA stronger than the T4-treated group detected in some spermatogonia (arrows) and a negative immunohistochemical staining in other

spermatogonia (head arrows). (PCNA x 400)
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Fig. 6: The germinal epithelial height in different studied groups

DISCUSSION

Testes are affected by thyroid hormones changes.
Hyperthyroidism is a metabolic disorder caused by an
increase in the level of thyroid hormones. Such increase
might be caused by an organic thyroid disease or iatrogenic
external sources such as administration of thyroid hormones
analoguel®¥. In the present study, the levels of total T3 and
T4 were significantly high in the T4-treated and T4 and
LC-treated groups; hence both groups developed a state of
induced hyperthyroidism.

Adult albino rat was the species of choice in this study,
owing to their metabolic similarities to human beings?* as
well as the fact that compounds affect the human fertility
were noticed to exert the same effect in rats®.

There was a significant increase in rats’ weights,
observed in the T4-treated group. This finding agrees with
Ferreira et al. who induced hyperthyroidism in 11 mice
receiving 2 pg/ml /day T4 in drinking water for 30 days;
and stated that weight gaining in animals with thyroid
dysfunction requires a long period to develop.

The present results showed that LC administration
caused an increase in rats’ weights in the T4 and LC-treated
group. This finding agrees with that of Abd-Elrazek and
Ahmed-Farid'? who injected 5 rats with LC for 28 day at
a dose of 350 mg/kg beside receiving busulfan (anti-cancer
drug that causes infertility); and stated that rats were
noticed to gain weight by administration of LC although
they were receiving anti-cancer therapy.

There was no significant difference between right and
left testes weights in any studied group. However, T4-
treated group exhibited a decrease in the testicular weight
compared with the control one; and this is concomitant with
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Asker et al.?® who stated that induced hyperthyroidism for
3 weeks and for 8 weeks caused a decline in the testicular
weight compared with the euthyroid status. In the current
study, LC administration caused a significant increase
in the testicular weight compared with the pathological
group. In addition, there was no significant difference
between right and left testes volume in any group. Testes’
volumes were significantly increased in the T4-treated
group compared with the control group and the protected
group. This indicated that hyperthyroidism increased the
testicular volume while LC restored the normal volume.
These results could be caused by the interstitial edema that
was evident histologically in the T4-treated groups.

The T4-treated group showed significantly decreased
sperm counts with significant increases in the abnormal
sperm forms in the seminal fluid in comparison to the
control group. Also, sperm motility was the minimum
among the control and the protected groups. This indicates
the bad impact of oxidative stress on testicular function;
and is concomitant with the histological results in this
study. These results are in agreement with Sahoo et al.*”
who induced hyperthyroidism in rats by giving T3 at a dose
of 20 pg/ 100 gm body weight for 5 days and stated that
elevated thyroid hormones cause significant decrease in the
sperm count with significant decrease in sperm viability.
Asker et al.?% observed that hyperthyroidism for 3 weeks
had a bad impact on both sperm count and motility; and
these effects became worse when hyperthyroidism lasted
for 8 weeks. Also, the results are concomitant with that
of La Vignera et al.?® who stated that hyperthyroidism
causes  oligozoospermia,  asthenozoospermia  and
teratozoospermia.

LC counteracted the effect of hyperthyroidism on
seminal fluid as it elevated the sperm count and motility
significantly with significant decrease in abnormal forms
percentage. These results agree with that of Abd-Elrazek
and Ahmed-Farid!'” who stated that LC succeeded to
improve the semen quality and quantity in rats after
administration of busulfan. The authors added that LC
improved both motility and count and diminished the
abnormalities in the seminal fluid. LC throughout the
study proved a good protective effect over the testicular
tissues against the harmful oxidative stress achieved in this
study through hyperthyroidism. Therefore, we called LC
received animals the protected group.

H&E stained sections in the T4-treated group showed
loss of normal round shape of some seminiferous tubules
which appeared with irregular contour with corrugation
in the basement membrane. There was loss of germinal
epithelium with gap spaces between its cellular content that
confirmed by significant decrease in the height of germinal
epithelium of the tubules. Sertoli cells appeared highly
prominent. There was absence of sperms in the lumen of
some seminiferous tubules with exfoliated cells and giant
cells in other Lumina of tubules. Wide interstitial spaces
were present among the tubules with interstitial edema and
thick walled blood vessels. Hyaline acidophilic material

was deposited in the interstitium. These results come in
consistence with those of Abo-Elnour and El-Deeb™
who injected 6 rats with intraperitoneal T4 at a dose of
40 pg/kg for 28 days and stated that the seminiferous
tubules lost its normal architecture and were lined with
scanty cells with apparent mitotic arrest and apoptosis.
Also, acidophilic material deposition was also evident.
The authors added that such changes might be attributed
to oxidative stress caused by the hyperthyroid status. The
results agree with suggestion reported by Asker et al.*®
who injected 15 rats with intraperitoneal T4 at a dose of
300 pg/kg for 3 weeks and other 15 rats at the same dose
for 8 weeks and stated that administration of T4 for 3
weeks caused severe spermatogenic arrest in many tubules
whereas administration for 8 weeks caused severe arrest
in most tubules with congested interstitial blood vessels
and absence of sperms in many tubules. Venditti and Di
MeoP” blamed the mitochondrial respiratory action for the
apoptotic changes and the mitotic arrest as hyperthyroid
status alters the respiratory activity with more liberation of
superoxide radicals which disturbs the cellular metabolism
with subsequent peroxidation of lipids which acts as a
beginning signal for the apoptosis. Fernandez et al.l*!
added that both nitric oxide synthase and NADPH oxidase
also form reactive nitrogen species that also harm the
mitochondrial respiration. Ghoneim et al.’? suggested
a theory that the giant cell existence occurred due to the
histopathological widening of spaces between spermatids
permitting fusion of two or more cells with subsequent
formation of giant cells.

Mallory’s trichrome staining of the T4-treated group
showed marked thickness in the capsule took place
indicating increased collagen fibers distribution in the
capsule as well as around the blood vessels. This result
can be explained as hyperthyroid status increased the
mitochondrial metabolism with production of ROS that
created an oxidative stresst® which in turn promoted excess
collagen fibers production in the testicular tissue**.

The immunohistochemical staining of the T4-
treated group with PCNA showed very weak positive
immunostaining of some spermatogonia and negative in
others. The preceding results come in consistence with
those of Abo-Elnour and El-Deeb®’ who stated that
immunohistochemical staining with PCNA in hyperthyroid
rats revealed weak staining in some cells and negative
staining in others. Kim et al.[) blamed the oxidative stress
caused by the hyperthyroid status for the apoptotic changes
in the germinal epithelium.

H&E-stained sections of T4 and LC-treated group
proved that LC has a protective role against hyperthyroid
status effect on testes as most tubules restored the round
shape and the regular contour. The germinal epithelium
restoredits cellularcontent with presence of spermsinlumina
without exfoliated nuclei or giant cells. However, some
tubules still had irregular contour with gap spaces among
its cells. The wide interstitium in the T4-treated group was
significantly narrower with minimal hyaline acidophilic
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material deposition in the interstitial spaces. These results
agreed with the results mentioned by Salama et a/.3 who
stated that LC enhanced the spermatogenic cycles and the
germinal epithelium contained spermatogonia, primary
spermatocytes, spermatids and sperms. These results
were explained by Abd-Elrazek and Ahmed-Farid!'” who
reported that LC pronounced protective effect against
infertility as LC acts as an antioxidant protecting the cells
against oxidative stress by removing the toxic acetyl- CoA
in the cell membrane.

Examination of Mallory’s trichrome-stained sections of
T4 and LC-treated group showed that LC administration
improved the previous effect in the T4-treated group as
decreased collagen fibers distribution were much less in
the capsule and around the blood vessels. These findings
is similar to that of Zambrano et al.’¥ who investigated
the protective role of LC against hypertension and cardiac
fibrosis and stated that at a dose of 400mg /kg /day, LC
reduced the elevated collagen fibers deposition (caused by
hypertension and cardiac fibrosis) to its normal levels as
LC inhibited the mRNA expression of collagen type one
and three.

In the current investigation, immunohistochemical
staining of T4 and LC-treated group with PCNA proved that
LC succeeded to improve the mitotic divisions in this group
where the immunohistochemical staining became stronger
than the T4-treated group. These results appreciated the
antioxidant activity of LC reported by Abd-Elrazek and
Ahmed-Farid'? as they described LC as a regulator for
fatty acids metabolism that prevent accumulation of toxic
acetyl- CoA and thus enhancing the cellular functions.

L-carnitine is concentrated in epididymis and plays an
important role in sperm metabolism, nutrition and motility.
Initiation of sperm motility occurs parallel with increase
in concentration of free LC in the epididymal lumen. The
main mechanism of action of LC is to reduce apoptosis
of germ cells, membrane stabilization and inhibit Fas/Fasl
systemP¢,

The morphometric studies revealed a significant
increase in the tubular perimeter and a significant decrease
in the germinal epithelium height in the T4-treated
compared with the control group. The increase in the tubular
diameter is a result of irregular borders of the seminiferous
that were evident histologically compared with the control
group. Also, the decrease in the germinal epithelium
height confirmed the arrest of cellular division caused by
the oxidative stress accompanying hyperthyroidism. On
the other side, LC was able to maintain the seminiferous
tubules perimeter and germinal epithelium height
throughout the stress of hyperthyroidism to a good level
as the perimeter was significantly low and the height was
significantly high in the protected groups compared with
the pathological groups. This highlighted the protective
role of LC reported by Abd-Elrazek and Ahmed-Farid!'"
in maintaining functioning spermatogenesis against the
oxidative stress and the apoptotic changes.

In the present study, T4-treated group showed a
significant increase in the MDA level and a drop in the levels
of GSH, CAT and SOD. This result disagrees partially with
that of Sahoo et al.*%! who stated that hyperthyroid status
causes elevation of SOD and decrease in CAT and justified
this result that oxidative stress increased the production of
ROS which required an up-regulation in the activity of SOD.
The authors added that the same elevated ROS deactivated
the CAT enzyme. Asker et al.?9 agreed partially with the
current results; and stated that hyperthyroid status caused
a significant decrease in SOD and CAT indicating an
oxidative stress together with elevation of MDA. However,
the authors disagreed with the present study result in the
GSH level as they described an increase in the GSH; and
stated that this rise is an adaptive mechanism.

In the present study, LC proved itself as antioxidant
enhancer against the oxidative stress caused by
hyperthyroidism. It reduced the MDA level in testicular
tissue indicating improved stress condition. In addition, it
maintained the GSH, CAT and SOD to a level near their
levels in the control group and prevented their exhaustion
by stress of hyperthyroidism. These results explained
the improvement in the histological examination in the
protected groups. LC is known to be an important factor in
regulating the long chain fatty acids metabolism and thus it
has a control role over the production of toxic ROS®\. The
present results agree with that of Abd-Elrazek and Ahmed-
Farid"® who stated that LC administration is accompanied
with improvement in the oxidative stress. The authors
added that LCT decreased the MDA levels in testicular
tissue with an increase in GSH level and equivalent
decrease in the GSSG.

While the current study suggested that hyperthyroidism
could result in a hazard effect on the structure of the testis,
La Vignera and Vital*” stated that any change in the thyroid
hormone either hyper- or hypothyroidism could alter the
function of the testis. They showed that hypothyroidism
reduces the morphology of sperms whereas the increase
in thyroid hormone might affect also the quantity as well
the quality of semen. Mechanism of action in case of
hyperthyroidism could be through a decrease in testosterone
level. This is because hyperthyroidism increases level
of steroid hormone binding globulins (SHBG) that bind
to testosterone so, the free testosterone decreases with
increase in serum LH by feedback mechanism Zaporozhan
et al B8,

CONCLUSION

Induced hyperthyroidism could alter the testis structure.
On the other hand, giving L-carnitine in such cases might
improve the condition.

RECOMMENDATIONS

Early proper treatment of hyperthyroidism is essential
as testis is prone to hazardous effects due to such disorder.
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ABBREVIATIONS

T4: L-thyroxine, LC: L-carnitine, GSH: reduced

glutathione, GSSG: Glutathione disulfide, CAT: catalase,
MDA: Malondialdehyde, SOD: superoxide dismutase,
DNA: Deoxyribonucleic acid, RNA: Ribonucleic acid.
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