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Abstract. — OBJECTIVE: Thyroid hormones
are essential for regulating metabolism, repro-
duction, and growth. Hypothyroidism is connect-
ed with lower sperm count and motility, leading
to male infertility. Oxidative stress is likely to be
linked to this interaction. Melatonin, being known
as an oxidative scavenger, may offer a feasible
treatment method for reproductive dysfunction
accompanying hypothyroidism in adult male rats.
The purpose of this investigation was to deter-
mine the mechanism by which melatonin treat-
ment affected spermatogenic and steroidogenic
function in an experimental model-induced hypo-
thyroidism in adult male rats.

MATERIALS AND METHODS: Twenty-one
male albino adult rats weighing between 150 and
210 g were used in this experiment. Rats were split
into three groups and studied for 11 weeks. The
control euthyroid group, in which rats received
0.9% Sodium Chloride (NaCl) solution by intra-
peritoneal injection [solvent for 6-propyl 2-thoura-
cil (PTU)], 6 days/week for 8 weeks; the PTU-in-
duced hypothyroid group, in which chemical thy-
roidectomy was induced by intraperitoneal injec-
tion of PTU at a dose of 10 mg/kg body weight, 6
days/week for 8 weeks; and the melatonin-treated
hypothyroid group, which received 3 mg/kg mel-
atonin intraperitoneally daily for 21 days plasma
free Triiodothyronine (T3), free Thyroxin (T4), thy-
roid stimulating hormone (TSH), free testosterone,
Follicle Stimulating Hormone (FSH), Luteinizing
Hormone (LH) and prolactin were measured. Al-
so, semen analysis, testicular tissue malondialde-
hyde (MDA), and tumor necrosis factor-a (TNF-a)
were accessed.
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RESULTS: The results indicated that mela-
tonin significantly increased sperm viability and
motility compared to the untreated PTU-induced
hypothyroid group (p<0.001). Testicular MDA
and TNF-a showed a significant decrease in
the melatonin-treated hypothyroid group com-
pared with the PTU-induced hypothyroid group
(p<0.05). In addition, plasma testosterone levels
were significantly increased, accompanied by a
significant reduction of plasma prolactin levels
compared to the untreated hypothyroid group
(p<0.05 for both).

CONCLUSIONS: Based on the study find-
ings, melatonin could mitigate gonadal dysfunc-
tion induced by hypothyroidism by improving
several components of semen analysis, such as
sperm motility and sperm viability, as well as by
enhancing testosterone production focusing on
oxidative and inflammatory stress as the under-
lying mechanisms.
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Introduction

Sperm quality!® and, therefore, male fertili-
ty*s are negatively impacted by hypothyroidism,
a significant endocrinopathy. Studies™ suggest
a worldwide decline in semen quality, which
is concerning since semen analysis is a key
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predictor of male fertility. Hypothyroidism has
been associated with hypogonadism, decreased
serum testosterone, and altered sperm morphol-
ogy and motility, all of which contribute to this
reduction’.

Propylthiouracil (PTU) is a commonly used
antithyroid drug that can be used to induce hy-
pothyroidism in rats. PTU works by blocking the
thyroid peroxidase enzyme, which is essential for
the synthesis of thyroid hormones. PTU has been
shown to produce a significant decrease in serum
thyroid hormone levels and to induce a range of
biochemical and physiological changes character-
istic of hypothyroidism®’.

The exact mechanism by which hypothyroid-
ism causes infertility is not fully understood, but
it is thought to be related to the effects of thyroid
hormones on the reproductive system!®!!, Thyroid
hormones are essential for spermatogenesis and
steroidogenesis. They are well-established regu-
lators of Sertoli cell proliferation and functional
maturation, as well as in Leydig cell differentia-
tion'*13,

Thyroid hormones are suspected to have a role
in hypothyroidism-related infertility, although
the specific mechanism is not well known'®!.
Spermatogenesis and steroidogenesis cannot oc-
cur without thyroid hormones. They are known
to have a role in Leydig maturation and in the
development and proliferation of Sertoli cells'*".

In addition, it is important to note that thyroid
hormones have a significant physiological func-
tion in mitigating the effects of oxidative stress
induced by reactive oxygen species. Consequent-
ly, a lack of thyroid hormones leads to a state of
hypothyroidism and oxidative stress, which is
often linked to impaired testicular function and
infertility".

Pineal gland melatonin is thought to have anti-
oxidant and anti-inflammatory effects. Melatonin
has been found to be far more effective than
traditional antioxidants at protecting molecules
from damage caused by free radicals'. Melatonin
could be a promising treatment for reproductive
dysfunction in hypothyroidism'.

Melatonin’s influence on semen parameters
in male rats with PTU-induced hypothyroidism
has not precisely been studied before. Therefore,
our study examined the effect of melatonin ad-
ministration on spermatogenic and steroidogenic
function in a model of experimentally induced
hypothyroidism in adult male rats, hypothesizing
that melatonin could have beneficial effects on
those rats.

Materials and Methods

Experimental Animals

The current experimental study was conducted
on a sample of 21 adult male albino rats with body
weights ranging from 150 to 210 grams. The rats
used in this study were obtained from the Egyp-
tian Organization for Biological Products and
Vaccines (VACSERA) and housed at the Animal
House, Physiology Department, Faculty of Medi-
cine, Ain Shams University. The rats were main-
tained under standard boarding circumstances
and subjected to a regular light/dark cycle. The
availability of food and water was unrestrict-
ed. Ethical approval for the study was given by
the Standing Committee of Bioethics Research,
Deanship of Scientific Research at Prince Sattam
bin Abdulaziz University (SCBR/144-2023).

Rats were divided into three groups of identi-
cal size and kept in the lab for 11 weeks. Euthy-
roid control rats were injected intraperitoneally
with 0.9% Sodium Chloride (NaCl) solution [the
solvent for 6-propyl 2-thouracil (PTU)] on a daily
basis for 8 weeks (group I). Group II received in-
traperitoneal injections of PTU at a dosage of 10
mg/kg body weight, 6 days a week for 8 weeks, in
order to induce a chemical thyroidectomy. After
inducing hypothyroidism, similarly, in group II,
group III administered 3 mg/kg melatonin intra-
peritoneally daily for 21 days.

PTU (Sigma Chemicals Co., St. Louis, MO,
USA) with a dose of 10 mg/kg body weight'” given
intraperitoneally once daily for 8 weeks was used
to induce experimental hypothyroidism in rats'.
After inducing hypothyroidism, rats in group III
received 3 mg/kg intraperitoneal melatonin (Co:
Puritan’s Pride, UAE) daily for 21 days".

Experimental Procedure

The overnight fasted rats were weighed and
anesthetized with i.p. injection of thiopental sodium
(EIPICO, Egypt), in a dose of 40 mg/kg B.W., then
the abdominal aorta was exposed and cannulat-
ed with polyethylene catheter. The obtained blood
samples were immediately centrifuged at 3,000
rpm for 15 minutes to separate sera. The separated
sera were then pipetted and stored at -80°C for later
measurement of serum urea and creatinine levels as
well as serum catalase, malondialdehyde (MDA),
and tumor necrosis factor-alpha (TNF-a) levels.

At the end of the study period (11 weeks),
the overnight fasted rats were weighed. Rectal
temperature was recorded by inserting an ordi-
nary mercury thermometer into the anus for 2
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minutes. Subsequently, the rats were anesthetized
with an intraperitoneal injection of thiopental
sodium (Sandoz, Austria) at a dosage of 40 mg/
kg body weight. Blood samples were obtained
from the abdominal aorta and placed in a plastic
tube containing heparin to prevent coagulation.
Subsequently, the tube was subjected to centrif-
ugation at a speed of 4,000 rpm for a duration of
10 minutes in order to separate the plasma. Sub-
sequently, the plasma was transferred into sterile
storage tubes using a pipette and preserved at a
temperature of -20°C. This was done in order
to facilitate the subsequent analysis of plasma
free Triiodothyronine (T3), free Thyroxin (T4),
Thyroid Stimulating Hormone (TSH), free tes-
tosterone, Follicle Stimulating Hormone (FSH),
Luteinizing Hormone (LH), and prolactin.

The retroperitoneal fat was dissected out and
weighed using 5-Digit-Metler balance (AE 163).
Then, the left testis was exposed; epididymis was
carefully separated from it and minced in 1 ml
of phosphate buffered saline (PBS) to be used
for semen analysis. The right testis was removed,
dried by filter paper, weighed and then preserved
at -80°C for further measurement of testicular
malondialdehyde (MDA) and tumor necrosis fac-
tor alpha (TNF-a).

Semen Analysis

Epididymal sperm count

After being carefully separated from testis, the
epididymis was minced in 1 ml of phosphate buff-
ered saline (PBS), pH 7.2, and the suspension was
filtered through a nylon mesh. The determination
of sperm count was conducted using a hemocy-
tometer in the following manner: a volume of
0.05 ml was extracted from the filtered sperm
suspension and then diluted at a ratio of 1:40 with
PBS. The resulting mixture was properly mixed,
and a portion of the diluted sperm suspension was
then put into a counting chamber located inside
a hemocytometer. The researchers conducted an
assessment of the cumulative sperm count inside
eight individual squares, each measuring 1 mm?.
This count was then multiplied by a factor of
5x10* in order to ascertain the overall quantity of
sperm present within the epididymis®.

Epididymal sperm viability

100 pl of the same sperm suspension was com-
bined with 100 ul of 0.5% eosin solution on a mi-
croscope slide and inspected under a 200x objective
lens after thirty minutes to determine sperm viabil-
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ity, as outlined in the WHO Laparotomy Manual?'.
The dead sperms were stained with eosin solution,
appearing as red spots, while the viable sperms
were unstained. By counting the number of viable
sperms (unstained) and the number of dead sperms
(eosin-stained) in the examined field, the percentage
ratio of viable sperms was calculated as:

Number of viable sperms

% 100
Total number of sperms

Epididymal sperm motility

Sperm motility is an important factor in male
infertility. The motility of sperm produced in
the epididymis was evaluated using a micro-
scope (BXS51 Phase, Olympus, Tokyo, Japan).
To facilitate spermatozoa motility and tubule
escape, sperm from both caudal epididymides
were minced into 2 ml of 0.9% physiological
solution and incubated at 37°C for 20 minutes.
To calculate sperm motility, the number of sperm
that were moving progressively was divided by
the total number of sperm and the result was mul-
tiplied by 100 to get a percentage®"2.

Biochemical Analysis
Electrochemiluminescence immunoassay “ECLIA”
methods were used to measure free T3, free T4,
and TSH in plasma, using kits provided by Roche
Diagnostics Switzerland®. Testing for follicle-stim-
ulating hormone, luteinizing hormone, and prolac-
tin in plasma was performed using enzyme-linked
immunosorbent assay (“ELISA”) methods and kits
from (DRG diagnostics, Marburg, Germany)**. En-
zyme-linked immune sorbent assay “ELISA” meth-
ods employing kits provided by DRG diagnostics
were used to measure plasma-free testosterone lev-
els”. Malondialdehyde (MDA) levels in testicular
tissue were determined using a method similar to
that developed by Ohkawa et al*® (1979). This was
done with the use of kits provided by Bio-diagnos-
tic, Egypt. Rat quantitative ELISA kit (R&D sys-
tems Co., USA) was used to measure tumor necrosis
factor-alpha (TNF-a) in testicular tissue.

Statistical Analysis

Data was compiled and shown as mean SEM.
Student’s t-test for unpaired data was performed
at a significance level of p<0.05 to establish
statistical significance. The SPSS software (V.
25, IBM Corp., Armonk, NY, USA) was used to
conduct an ANOVA on all the statistical data to
determine its significance.
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Table I. Body weight gain (%), weights of retroperitoneal fat (g), testicular weight (g) and body temperature (°C) in the three

studied groups.

Melatonin treated
Control group Hypothyroid group hypothyroid group
Parameters n=7 n=7 n=7
Body weight gain (%) 20+3.18 31 +391° 23 +4.06
Retroperitoneal fat weight (g) 2.54+0.29 3.66 +0.33° 2.73+0.34
Testicular weight (g) 0.99 +£0.05 1.13+0.13 0.93 +£0.09
Body temperature (°C) 37.9+0.12 36.81 £ 0.132 37.05 +0.27°

All values are expressed as mean + SEM. * Significance from the control group, calculated by Student’s “#” test for unpaired

data.

Results

The body weight gain was significantly higher
in the untreated hypothyroid group compared to
the control group (31£3.91 vs. 20+3.18, p<0.05).
Moreover, retroperitoneal fat weight significantly
increased in the untreated hypothyroid group
compared to the control group (3.66+0.33 vs.
2.5440.29, p<0.05). On the other hand, testicular
weight did not show any significant difference
among all rat groups. Body temperature sig-
nificantly decreased in both hypothyroid groups
(36.81+0.13 and 37.05+0.27, respectively) com-
pared to the control group (37.9+0.12, p<0.01 for
both). The melatonin-treated hypothyroid group
did not reveal a significant change in these pa-
rameters compared to the untreated hypothyroid
group (Table I).

When comparing the hypothyroid groups to
the control group, plasma-free T3 levels were
significantly lowered in the hypothyroid groups
(0.9740.18 and 1.05+0.13, respectively) vs.
(1.834£0.12) with p<0.001 and p<0.01, respec-
tively. In addition, plasma-free T4 levels were

found to be significantly lowered (1.92+0.28 and
2.03+0.43, respectively) compared to the control
group (3.57+0.38, p<0.01), and plasma TSH levels
were found to be significantly higher (0.28+0.05
and 0.24+0.06 vs. 0.09+£0.02, p<0.01 and p<0.05,
respectively) than in the control group. These re-
sults verified that the hypothyroid condition had
been successfully induced in these cohorts, as
detailed in Table II.

The current study elucidated that both tes-
ticular tissue MDA and TNF-a were signifi-
cantly superior in the untreated hypothyroid
group than the control group (31.82+1.23
vs. 22.36£1.06 and 8.18+0.92 vs. 5.26+0.82,
p<0.001 and p<0.05, respectively). In con-
trast, the melatonin-treated hypothyroid group
had significant decreases in both measures
(18.77+£1.35 and 4.23+0.04) compared to the
untreated hypothyroid group (31.82+1.23 and
8.18+0.92, respectively, p<0.001 and p<0.01,
respectively) and being non significantly differ-
ent from the control group (Figure 1A-B).

Epididymal sperm count showed a significant
decrease in hypothyroid rats (7.15+£0.66 and

Table II. Plasma levels of free T, (ng/dl), free T, (ng/ml), TSH (uIU/ml), testicular tissue levels of MDA (umol/gm) and TNF-o.

(pg/mg) in the three studied groups.

Melatonin treated
Control group Hypothyroid group hypothyroid group
Parameters n=7 n=7 n=7

T3 (ng/dl) 1.83+0.12 0.97 £0.182 1.05+0.13¢
T4 (ng/dl) 3.57+0.38 1.92 +0.28° 2.03 £0.43
TSH (uIU/ml) 0.09 +0.02 0.28 £0.05° 0.24 £ 0.06*
MDA (umol/gm) 22.36 + 1.06 31.82 £1.23¢ 18.77 £ 1.35°
TNF-a (pg/mg) 5.26+£0.82 8.18 £0.92¢ 4.23 £0.40°

T3: Triiodothyronine, T4: Thyroxine, TSH: Thyroid stimulating hormone, MDA: Malondialdehyde, TNF-a: Tumor necrosis
factor. All values are expressed as mean + SEM.  Significance from the control group, calculated by Student’s “¢” test for
unpaired data. ®: Significance from the hypothyroid group, calculated by Student’s “#” test for unpaired data.
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Figure 1. Changes of (A) testicular tissue MDA and (B) TNF-a in the three studied groups. a: significance from the control
group, calculated by Student’s 7-test for unpaired data. b: significance from the hypothyroid group, calculated by Student’s

t-test for unpaired data.

8.86+0.77, respectively) compared to control rats
(14.61«1.13, p<0.001 for both). Sperm viability
was significantly reduced in the untreated hy-
pothyroid group compared to the control group
(30.46£1.11 vs. 56.33+3.3, p<0.001). Meanwhile,
melatonin-treated hypothyroid rats revealed a
significant increase in sperm viability compared
to untreated hypothyroid rats (41.25+2.74 vs.
30.46£1.11 p<0.01) and was still significant as
compared to the control rats (41.25+£2.74 vs.
56.334£3.3, p<0.01). In addition, sperm motil-
ity was significantly reduced in the untreat-
ed hypothyroid group compared to the control
group (29.25+1.14 vs. 52.15+2.8, p<0.001). The
melatonin-treated hypothyroid rats revealed a
significant increase in sperm motility compared
to untreated hypothyroid rats (39.41+2.52 vs.
29.25+1.14, p<0.01) and were still significant
as compared to the control rats (39.41+£2.52 vs.
52.15£2.8, p<0.01) as detailed in Table III.
Moreover, the untreated hypothyroid rats
showed significant elevation in plasma FSH and
LH (8.25+0.16 vs. 6.09+0.63 and 10.9840.85 vs.
8.65£0.42, p<0.05 for both, respectively) as-
sociated with a significant decrease in plasma

free testosterone levels (1.75+£0.17 vs. 3.22+0.41,
p<0.01), in addition to a significant increase in
plasma prolactin levels (0.88+0.16 vs. 0.65+0.05,
p<0.05) when compared to the control rats. Mel-
atonin administration to hypothyroid rats result-
ed in a significant decrease in plasma FSH and
LH (5.08+0.75 vs. 8.25+0.16 and 8.47+0.41 vs.
10.9840.85, p<0.01 for both, respectively) com-
pared to the untreated hypothyroid group, being
insignificantly different compared to the control
group. Also, a significant increase in plasma
free testosterone levels (2.8640.34 vs. 1.75+0.17,
p<0.05) and a significant decrease in plasma
prolactin levels (0.52+0.07 vs. 0.88+0.16, p<0.05)
were observed in melatonin treated hypothyroid
group compared to the untreated hypothyroid
group, both were insignificantly different from
the control group as shown in Table IV.

Discussion
To the best of our knowledge, the current

study is the first to examine the effect of mela-
tonin on both spermatogenic and steroidogenic
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Table Ill. Sperm count per epididymis (x10°), epididymal sperm viability (%), epididymal sperm motility (%) in the three

studied groups.

Control group

Melatonin treated

Hypothyroid group hypothyroid group

Parameters n=7 n=7 n=7
Epididymal sperm count (x10°) 14.61 £1.13 7.15 +0.66° 8.86 £0.77°
Epididymal sperm viability (%) 56.33+3.3 3046 £ 1.11* 41.25 £2.74%>
Epididymal sperm motility (%) 52.15+2.8 29.25 +1.14* 39.41 +2.52%0

All values are expressed as mean = SEM. : Significance from the control group, calculated by Student’s #-test for unpaired data.
b: Significance from the hypothyroid group, calculated by Student’s ¢-test for unpaired data.

testicular dysfunction in adult male hypothyroid
rats, hypothesizing that melatonin could have
beneficial effects on those rats. The study find-
ings confirmed our hypothesis that the melatonin
treated PTU- induced hypothyroid rats showed a
significant increase in epididymal sperm viabil-
ity, motility, and serum testosterone levels with
significant decreases in MDA and TNF-a when
compared with the untreated PTU-induced hypo-
thyroid rats.

PTU is an anti-thyroid medication that works
by inhibiting the thyroid peroxidase enzyme,
hence preventing the production of thyroid hor-
mones. To confirm the development of hypothy-
roidism, it was reported that plasma-free T3 and
T4 levels dropped significantly after PTU injec-
tion, while TSH levels rose*. This hypothyroid
profile could be explained by a loss of negative
feedback effects of free T3 on the hypothalam-
ic-pituitary-thyroid axis**-*’.

Along with the significant decrease in both
plasma-free T3 and T4 and an increase in TSH,
an increase in body weight gain, retroperitoneal
fat weight, as well as a decrease in body tem-
perature was observed after PTU administra-
tion, which further confirmed the hypothyroid
condition. Thyroid hormones have a role in lipid

production, metabolism, and mobilization. Be-
cause thyroid hormones are usually lipolytic in
nature and accelerate metabolism, the increased
weight gain and decreased body temperature seen
in PTU-induced hypothyroid rats was expected
in the current study. Thereby, a lack of thyroid
hormones will result in weight gain and low body
temperature. This finding agrees with a previous-
ly reported finding in hypothyroid rats*.

Deficiency of thyroid hormones is associat-
ed with decreased mitochondrial biogenesis, im-
paired mitochondrial function, and slowed mito-
chondrial turnover that can lead to a decrease in
ATP production®.

Our results also indicated that testicular MDA
level was significantly higher in PTU-induced
hypothyroid rats than euthyroid control rats,
suggesting increased oxidative stress in hypo-
thyroidism conditions. This could be explained
by the increased TSH levels as elevated TSH
levels per se could affect oxidative stress pro-
gressions* and are directly associated with oxi-
dative stress®.

Reactive oxygen species (ROS) are associated
with hypothyroidism because more free radi-
cals are being produced, and antioxidant defense
against them is weakening. The accelerated pro-

Table IV. Plasma levels of FSH (ng/ml) and LH (ng/ml), prolactin (pg/ml) and free testosterone (pg/ml) in the three studied

groups.
Melatonin treated
Control group Hypothyroid group hypothyroid group
Parameters n=7 n=7 n=7
FSH (ng/ml) 6.09 +0.63 8.25+0.16° 5.08 £0.75°
LH (ng/ml) 8.65+0.42 10.98 + 0.85* 8.47 £ 0.41°
Prolactin (pg/ml) 0.65+0.05 0.88 +0.16* 0.52+0.07°
Testosterone (pg/dl) 3.22+0.41 1.75+0.17° 2.86 +(.34°

FSH: Follicle-stimulating hormone, LH: Luteinizing hormone. All values are expressed as mean = SEM. *: Significance from
the control group, calculated by Student’s #-test for unpaired data. °: Significance from the hypothyroid group, calculated by

Student’s ¢-test for unpaired data.
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duction of free radicals could be attributed to the
mitochondrial respiratory chain dysfunction. In
addition, hyperlipidemia, which is a coherent bio-
chemical characteristic in hypothyroidism, leads
to increased lipid peroxidation, which is implicat-
ed in hypothyroidism-induced oxidative stress*.

In this study, TNF-a was considerably higher
in PTU-induced hypothyroid rats, indicating an
inflammatory state in the testes that may have
been brought on by an increase in oxidative
stress. Nuclear factor-kB (NF-kB) is suggested
to be the essential connection between oxidative
stress and inflammation. When oxidative stress
is present, NF-kB is activated, which in turn
causes an increase in nitric oxide production,
which in turn activates NF-xB. The latter sets off
a cascade of inflammation-promoting signaling
molecules, including the inflammatory cytokine
as TNF-a®.

In addition, the current study declared a signif-
icant reduction in free plasma testosterone levels
in hypothyroid rats, which is in accordance with
previous study findings*. This work provides
more evidence that the oxidative stress associated
with a hypothyroid condition may be responsi-
ble for the damage to Leydig cells that results
in low testosterone levels. It was documented
that oxidative stress in the testes may lead to a
decrease in testosterone synthesis due to Leydig
cell damage®”.

In addition, PTU hypothyroid rats of the cur-
rent study exhibited a significant increase in plas-
ma prolactin levels, which is a well-known effect
of this disorder®*. This could be attributed to the
excitatory influence of the heightened TRH on
the secretion of prolactin with hypothyroidism*.
Moreover, elevated pituitary VIP may play a role
in hypothyroidism-induced hyperprolactinemia
by functioning as a paracrine or autocrine regu-
lation of prolactin release. In fact, the increased
prolactin levels could explain the reduced plasma
testosterone observed in the hypothyroid rats in
the current study, which was consistent with re-
cent study findings*.

It is to be noted that the decline in sperm count,
viability, and impaired sperm motility in hypo-
thyroid rats of this study could be linked to afore-
mentioned oxidative, inflammatory states, and
reduced testosterone production. Our findings are
supported by those stated in various experimental
models-induced hypothyroidism*-+,

Interactions between ROS and membrane lipids,
proteins, and nuclear and mitochondrial DNA may
disrupt normal sperm production as well as quality
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(motility, viability, and function)**#’. Peroxidative
damage to the DNA in sperm has also been linked
to oxidative stress in the testis***’, making this a hot
topic in the study of male infertility. DNA damage
in sperm cells has been linked to poor sperm quality
and failed fertilization since spermatozoa rely on
genomic integrity to reproduce®®.

Because sperm membrane polyunsaturated
fatty acids (PUFA) are essential for spermatozoa
to carry out their normal physiological functions
(such as the acrosome reaction and sperm-egg
fusion during fertilization), the impairment of
sperm motility in PTU-hypothyroid rats may be
linked to loss of membrane fluidity induced by re-
active oxygen species®?. This, in turn, disrupts the
cellular ionic balance and compromises cellular
Ca? homeostasis, both of which have been linked
to a decrease in sperm motility™.

Hypothyroidism is associated with gonadal
dysfunction, but the mechanisms for these chang-
es are not clear. Hypothyroidism causes oxidative
damage to the testis with a subsequent decrease
in testosterone and impairment in semen quality.
Therefore, we could assume that increased plas-
ma LH and FSH is a consequence of the primary
hypogonadism encountered in hypothyroid rats*.

Our results clearly suggest that the elevated
plasma FSH and LH are the consequence of a de-
creased negative feedback effect of free testoster-
one and that hypothyroidism is the direct cause of
gonadal dysfunction. However, a previous publi-
cation by Aiceles et al** contradicted our findings
by showing that hypothyroidism reduces FSH and
LH. The current research suggests that elevated
levels of plasma FSH, a sensitive indicator of ger-
minal cell dysfunction, in hypothyroid rats may
contribute to testicular germ cell damage, as seen
by decreased sperm count, viability, and motility.
Also, it was ascertained that hypothyroidism is
associated with a decrease in testosterone pro-
duction by Leydig cells, indicating impaired both
spermatogenesis and steroidogenesis as well®.

Interestingly, melatonin administration to
PTU-induced hypothyroid rats decreased plasma
MDA levels, suggesting its antioxidative role.
This study’s observation that melatonin has anti-
oxidative potential is in line with prior research’®,
showing that melatonin may increase the ex-
pression of a number of endogenous antioxidant
enzymes, including glutathione peroxidase and
superoxide dismutase.

Likewise, melatonin has been found to pro-
tect the testis from the oxidative stress brought
on by hypothyroidism by increasing the tes-
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ticular production of nuclear factor erythroid
2-related factor 2 (Nrf2), a key transcription
factor for many antioxidant genes®’. Therefore,
by mitigation of oxidative stress, melatonin can
provide protection against harm inflicted upon
reproductive cells®.

Melatonin dramatically reduced the response
to inflammation and lowered the inflammatory
cytokines, including TNF-a, in the testicular tis-
sue of PTU-induced hypothyroid rats, which had
already been shown to reduce oxidative stress. In
the current study, melatonin administration sig-
nificantly increased sperm motility and viability
but did not affect the number of spermatozoa.
In agreement with our study results, previous
studies” have demonstrated that melatonin ex-
hibits positive effects on both sperm quality and
fertility outcomes in males. It has the potential
to enhance the quantity, mobility, and structural
characteristics of sperm. Melatonin has the po-
tential to provide protective effects against free
radical-induced damage to sperm.

Various processes might be proposed to explain
the enhanced sperm quality seen in hypothyroid
mice as a result of melatonin administration. The
first observation pertains to the enhancement of
the testicular microenvironment, which creates a
favorable setting for the process of spermatogen-
esis. This improvement is attributed to the effects
of melatonin, which has been shown to boost
spermatogenesis and promote the survivability
of germ cells. These effects are achieved via the
attenuation of oxidative stress, inflammatory re-
sponse, and apoptosis, as well as the facilitation
of meiosis®. Additionally, it is worth noting that
melatonin has a direct impact on sperm due to the
presence of melatonin in seminal fluid and the ex-
istence of melatonin receptors on spermatozoa®'.

The process of spermatogenesis is dependent
on the intricate interplay between germ cells and
Sertoli cells inside the seminiferous tubules®.
Hence, the preservation of the typical arrange-
ment of seminiferous tubules by melatonin may
possibly provide the necessary conditions for the
process of spermatogenesis.

Moreover, melatonin reduced hyperprolactin-
emia observed in hypothyroid rats. This find-
ing agrees with earlier studies® suggesting that
melatonin has a direct effect on the lactotroph
in the regulation of prolactin production and mel-
atonin caused inhibition of prolactin secretion as
it reduced both TRH and vasoactive intestinal
peptide (VIP), which are known stimulators of
prolactin secretion.

Furthermore, the increased plasma testoster-
one levels in melatonin-treated hypothyroid rats
of our study could explain the observed decrease
in plasma FSH and LH levels as melatonin has the
potential to counteract the aberrant changes seen
in the hypothalamic-pituitary-gonadal (HPG) ax-
is, as well as in spermatogenesis and sperm func-
tion®. Additionally, this effect might be ascribed
to its capacity to downregulate the neuropeptides
neurokinin B and kisspeptin, which are known to
stimulate the production of Gonadotrophin Re-
leasing Hormone (GnRH)%, In contrast to the
data shown in our study, previous publications®
have indicated that melatonin could activate the
HPG axis, leading to a rise in the blood levels of
GnRH, LH, and FSH.

Accordingly, it is plausible to speculate that
the reestablishment of normal testicular sperm
viability and motility in semen analysis following
melatonin administration resulted not only from
the reduction of oxidative stress and inflammatory
state but also from the increase in testosterone lev-
els. Being a metabolic regulator of Leydig cells®8,
melatonin, as a metabolic regulator of Leydig cells,
could inhibit apoptosis of Leydig cells and enhance
the expression of genes associated with testos-
terone synthesis, including steroidogenic factor-1,
transcription factor GATA-4, and steroidogenic
acute regulatory protein in Leydig cells®. Con-
sequently, melatonin facilitates the restoration of
testosterone production by Leydig cells.

There is a need for additional research to com-
pletely investigate the effects of melatonin on re-
productive function; nevertheless, the current ev-
idence suggests that melatonin has a potentially
therapeutic role as an antioxidant, anti-inflamma-
tory, and endocrine modulating agent on repro-
ductive dysfunction associating hypothyroidism
in adult male rats.

Conclusions

Our findings indicated that melatonin could
mitigate gonadal dysfunction induced by hy-
pothyroidism by improving several components
of semen analysis, such as sperm motility and
sperm viability, as well as by enhancing testos-
terone production, focusing on oxidative and in-
flammatory stress as the underlying mechanisms.
These results provide strong support for the need
for future clinical trials to evaluate the safety and
effectiveness of melatonin as a treatment for male
infertility-associated hypothyroidism.



W. Ezzat, W.K. Abdelbasset, R.S. Hussien, A.R. Azab, A. Sulieman, S. Yousry

Conflict of Interest
The authors declare no conflicts of interest.

Funding

This study is supported via funding from Prince Sattam bin
Abdulaziz University project number (PSAU/2023/R/1445).
The authors extend their appreciation to the King Sal-
man Center for Disability Research for funding this work
through Research Group No. KSRG-2023-042.

Ethics Approval

The study was approved by the Standing Committee of Bio-
ethics Research, Deanship of Scientific Research, Prince
Sattam bin Abdulaziz University (SCBR/144-2023).

Data Availability
The authors declare that all relevant data supporting the
findings of this study are available within the article.

Authors’ Contribution

WE, WKA, RSH, ARA, AS, and SY were involved in the
planning and design of the study. WE, WKA, RSH, ARA,
AS, and SY were involved in the literature search. WE and
SY completed the study procedures, collected, and analyzed
the data. WE, WKA, RSH, ARA, AS, and SY developed the
manuscript, and all authors agreed to its final submission. All
authors guarantee the integrity of the content and the study.
All authors read and accepted the final manuscript.

ORCID ID

Wessam Ezzat: 0000-0002-5474-0747

Walid Kamal Abdelbasset: 0000-0003-4703-661X
Ramadan S. Hussein: 0000-0003-3620-0648
Alshimaa R. Azab: 0000-0002-9533-0699
Abdelmoneim Sulieman: 0000-0003-0830-4706

Informed Consent
Not applicable.

References

1) Romano RM, Gomes SN, Cardoso NC, Schiessl
L, Romano MA, Oliveira CA. New insights for male
infertility revealed by alterations in spermatic func-
tion and differential testicular expression of thy-
roid-related genes. Endocrine 2017; 55: 607-617.

2) Sahoo DK, Roy A, Bhanja S, Chainy GBN. Hy-
pothyroidism impairs antioxidant defence sys-
tem and testicular physiology during develop-
ment and maturation. Gen Comp Endocrinol
2008; 156: 63-70.

1928

3)

4)

10)

11)

12)

13)

14)

15)

16)

17)

18)

Jiang JY, Umezu M, Sato E. Characteristics of in-
fertility and the improvement of fertility by thyrox-
ine treatment in adult male hypothyroid rdw rats.
Biol Reprod 2000; 63: 1637-1641.

Krassas GE, Papadopoulou F, Tziomalos K, Ze-
giniadou T, Pontikides N. Hypothyroidism has an
adverse effect on human spermatogenesis: A
prospective, controlled study. Thyroid 2008; 18:
1255-1259.

Wagner MS, Wajner SM, Maia AL. The role of thy-
roid hormone in testicular development and func-
tion. J Endocrinol 2008; 199: 351-365.

Tong N, Witherspoon L, Dunne C, Flannigan R.
Global decline of male fertility: Fact or fiction? B
C Med J 2022; 64: 126-130.

Krysiak R, Szkr6BKA W, Okopien B. The impact
of testosterone on metformin action on hypotha-
lamic-pituitary-thyroid axis activity in men: A pilot
study. J Clin Pharmacol 2020; 60: 164-171.

Dong S, Liu Q, Jiang M, Ma Q, Huang Q, Liu T,
Li Y, Ni L, Shi Y. Xiao-Luo-Wan treats propylth-
iouracil-induced goiter with hypothyroidism in rats
through the PI3BK-AKT/RAS pathways based on
UPLC/MS and network pharmacology. J Ethno-
pharmacol 2022; 289: 115045.

Kar A, Panda S, Singh M, Biswas S. Regulation of
PTU-induced hypothyroidism in rats by caffeic ac-
id primarily by activating thyrotropin receptors and
by inhibiting oxidative stress. Phytomed Plus 2022;
2:100298.

Brown RS, Reichlin S. Clinical manifestations of
hypothyroidism. In Thyroid disorders: A clinical
guide 2014; (pp. 13-30). Springer International
Publishing.

Thapar L, Sandhu S, Garg V. Hypothyroidism and
fertility: A review. J Hum Reprod Sci 2018; 11: 20.

La Vignera S, Vita R. Thyroid dysfunction and se-
men quality. Int J Immunopathol Pharmacol 2018;
32: 2058738418775241.

Hernandez A, Martinez ME. Thyroid hormone
action in the developing testis: Intergenerational
epigenetics. J Endocrinol 2020; 244: 33-46.

Naseem Z, Igbal M, Ahmad S, Roohi N. Inflam-
matory markers asprognosticators of cardiovas-
cular dysfunction in hypothyroid patients. J Biol
Regul Homeost Agents 2019; 33: 1891-1895.

Wartofsky L, Garber JR. Treatment of hypothyroid-
ism. In Thyroid disorders: A clinical guide 2011;
(pp. 205-224). Springer International Publishing.

Mohamed H, Bushra R. Effects of simultaneous
melatonin administration on the testis of the exper-
imentally induced hyper- and hypothyroidism in the
adult male albino rat. Egypt J Histol 2017; 40: 52-67.

Belviranli M, Baltaci AK. The relation between re-
duced serum melatonin levels and zinc in rats
with induced hypothyroidism. Cell Biochem Funct
2008; 26: 19-23.

Armada-Dias L, Carvalho JJ, Breitenbach MM,
Franci CR, Moura EG. Is the infertility in hypothy-
roidism mainly due to ovarian or pituitary func-



Effect of melatonin on reproductive function in PTU induced hypothyroidism

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

tional changes? Braz J Med Biol Res 2001; 34:
1209-1215.

Makay B, Makay O, Yenisey C, Icoz G, Ozgen G,
Unsal E, Akyildiz M, Yetkin E. The interaction of
oxidative stress response with cytokines in the
thyrotoxic rat: is there a link? Mediators Inflamm
2009; 2009: 391682.

Narayana K, Prashanthi N, Nayanatara A, Ku-
mar HH, Abhilash K, Bairy KL. Effects of methyl
parathion (o0,0-dimethyl 0-4-nitrophenyl phospho-
rothioate) on rat sperm morphology and sperm
count, but not fertility, are associated with de-
creased ascorbic acid level in the testis. Mutat
Res 2005; 588: 28-34.

World Health Organization (2010). WHO laborato-
ry manual for the examination and processing of
human semen. 5th ed. World Health Organization.

Kourouma A, Duan P, Keita H, Osamuyimen A,
Qi S, Quan C, Yu T, Yang K. In vitro assess-
ment of ROS on maotility of epididymal sperm of
male rat exposed to intraperitoneal administra-
tion of nonylphenol. Asian Pac J Reprod 2015;
4:169-178.

Fisher DA. Physiological variations in thyroid
hormones: physiological and pathophysiological
considerations. Clin Chem 1996; 42: 135-139.

Uotila M, Ruoslahti E, Engvall E. Two-site sand-
wich enzyme immunoassay with monoclonal an-
tibodies to human alpha-fetoprotein. J Immunol
Methods 1981; 42: 11-15.

McCann D, Kirkish L. Evaluation of Free Testos-
terone in serum. J Clin Immunoassay 1985; 8:
234-236.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid per-
oxides in animal tissues by thiobarbituric acid re-
action. Anal Biochem 1979; 95: 351-358.

Lépez-Torres M, Romero M, Barja G. Effect of thy-
roid hormones on mitochondrial oxygen free rad-
ical production and DNA oxidative damage in the
rat heart. Mol Cell Endocrinol 2000; 168: 127-134.

Kelso A. Cytokines and their receptors: an over-
view. Ther Drug Monit 2000; 22: 40-43.

Saito M, Okamatsu-Ogura Y. Thermogenic Brown
Fat in Humans: Implications in Energy Homeo-
stasis, Obesity and Metabolic Disorders. World J
Mens Health 2023; 41: 489-507.

Pucci E, Chiovato L, Pinchera A. Thyroid and lipid
metabolism. Int J Obes Relat Metab Disord 2000;
24 Suppl 2: 109-112.

Cioffi F, Giacco A, Goglia F, Silvestri E. Bioener-
getic Aspects of Mitochondrial Actions of Thyroid
Hormones. Cells 2022; 11: 997.

Nanda N, Bobby Z, Hamide A. Association of thy-
roid stimulating hormone and coronary lipid risk
factors with lipid peroxidation in hypothyroidism.
Clin Chem Lab Med 2008; 46: 674-679.

Haribabu A, Reddy VS, Pallavi Ch, Bitla AR,
Sachan A, Pullaiah P, Suresh V, Rao PV, Suchitra
MM. Evaluation of protein oxidation and its asso-
ciation with lipid peroxidation and thyrotropin lev-

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

44)

46)

47)

els in overt and subclinical hypothyroidism. Endo-
crine 2013; 44: 152-157.

Resch U, Helsel G, Tatzber F, Sinzinger H. Anti-
oxidant status in thyroid dysfunction. Clin Chem
Lab Med 2002; 40: 1132-1134.

Aprioku JS. Pharmacology of free radicals and
the impact of reactive oxygen species on the tes-
tis. J Reprod Infertil 2013; 14: 158-172.

Krytskyy T, Pasyechko N. Correction of androgen
deficiency in men with hypothyroidism. Georgian
Med News 2019; 77-82.

Turner TT, Bang HJ, Lysiak JJ. Experimental tes-
ticular torsion: reperfusion blood flow and subse-
quent testicular venous plasma testosterone con-
centrations. Urology 2005; 65: 390-394.

Jaya Kumar B, Khurana ML, Ammini AC, Kar-
markar MG, Ahuja MM. Reproductive endocrine
functions in men with primary hypothyroidism: ef-
fect of thyroxine replacement. Horm Res 1990;
34: 215-218.

Grandison L, Hodson C, Chen HT, Advis J, Simpkins
J, Meites J. Inhibition by prolactin of post-castration
rise in LH. Neuroendocrinol 1977; 23: 312-322.

Honbo KS, Van Herle AJ, Kellett KA. Serum pro-
lactin levels in untreated primary hypothyroldism.
Am J Med 1978; 64: 782-787.

Tohei A. Studies on the functional relationship be-
tween thyroid, adrenal and gonadal hormones. J
Reprod Dev 2004; 50: 9-20.

Santos LC, Dos Anjos Cordeiro JM, da Silva San-
tana L, Barbosa EM, Santos BR, Mendonga LD,
Cunha MCDSG, Machado WM, Santana LR, Ker-
sul MG, Henriques PC, Lopes RA, Snoeck PPDN,
Szawka RE, Silva JF. Kisspeptin treatment re-
verses high prolactin levels and improves go-
nadal function in hypothyroid male rats. Sci Rep
2023; 13: 16819.

Ibrahim AA, Mohammed NA, Eid KA, Abomughaid
MM, Abdelazim AM, Aboregela AM. Hypothyroidism:
morphological and metabolic changes in the testis of
adult albino rat and the amelioration by alpha-lipoic
acid. Folia Morphol (Warsz) 2021; 80: 352-362.

Hegazy AA, Morsy MM, Moawad RS. Effect of ex-
perimentally induced hypothyroidism on structure of
adult albino rats’ testes and possible protective role
of L-carnitine. Zagazig Univ Med J 2018; 24: 41-55.

Alhealy E, Algazzaz M, AL-Nuaimy W. Impact of
selenium on structural changes induced by hypo-
thyroidism in adult male rat’s testis. Iraqi J Pharm
2021; 18: 20-32.

Morte MI, Rodrigues AM, Soares D, Rodrigues
AS, Gamboa S, Ramalho-Santos J. The quan-
tification of lipid and protein oxidation in stal-
lion spermatozoa and seminal plasma: season-
al distinctions and correlations with DNA strand
breaks, classical seminal parameters and stallion
fertility. Anim Reprod Sci 2008; 106: 36-47.

Yeni D, Gundogan M, Cigerci IH, Avdatek F, Fi-
dan AF. Seasonal variation of oxidative stress pa-
rameters in ram seminal plasma. J Anim Vet Adv
2010; 9: 49-55.

1929



W. Ezzat, W.K. Abdelbasset, R.S. Hussien, A.R. Azab, A. Sulieman, S. Yousry

48)

49)

50)

51)

52)

53)

54)

55)

56)

57)

58)

59)

Evenson DP, Larson KL, Jost LK. Sperm chro-
matin structure assay: its clinical use for detec-
ting sperm DNA fragmentation in male infertility
and comparisons with other techniques. J Androl
2002; 23: 25-43.

Agarwal A, Said TM. Role of sperm chromatin ab-
normalities and DNA damage in male infertility.
Hum Reprod Update 2003; 9: 331-345.

Duran EH, Morshedi M, Taylor S, Oehninger S.
Sperm DNA quality predicts intrauterine insemi-
nation outcome: a prospective cohort study. Hum
Reprod 2002; 17: 3122-3128.

Meseguer M, Martinez-Conejero JA, O’Connor
JE, Pellicer A, Remohi J, Garrido N. The signifi-
cance of sperm DNA oxidation in embryo devel-
opment and reproductive outcome in an oocyte
donation program: a new model to study a male
infertility prognostic factor. Fertil Steril 2008; 89:
1191-1199.

Aitken RJ, Clarkson JS. Cellular basis of defec-
tive sperm function and its association with the
genesis of reactive oxygen species by human
spermatozoa. J Reprod Fertil 1987; 81: 459-469.

Aaberg RA, Sauer MV, Sikka S, Rajfer J. Effects
of extracellular ionized calcium, diltiazem and
cAMP on motility of human spermatozoa. J Urol
1989; 141: 1221-1224.

Aiceles V, Gombar F, da Fonte Ramos C. Hor-
monal and testicular changes in rats submitted to
congenital hypothyroidism in early life. Mol Cell
Endocrinol 2017; 439: 65-73.

Cebi Sen C, Yumusak N, Atilgan HI, Sadic M, Ko-
ca G, Korkmaz M. The protective effect of melato-
nin on sperm quality in rat after radioiodine treat-
ment. Andrologia 2018. doi: 10.1111/and.12962.
Epub ahead of print.

Morvaridzadeh M, Sadeghi E, Agah S, Nachvak
SM, Fazelian S, Moradi F, Persad E, Heshmati J.
Effect of melatonin supplementation on oxidative
stress parameters: a systematic review and me-
ta-analysis. Pharmacol Res 2020; 161: 105210.

Wang P, Zhang S, Lin S, Lv Z. Melatonin ameli-
orates diabetic hyperglycaemia-induced impair-
ment of leydig cell steroidogenic function through
activation of SIRT1 pathway. Reprod Biol En-
docrinol 2022; 20: 117.

Amirjannaty S, Gashti NG, Mojtahedi A, Ashouri
A, Bahadori MH. An In vitro study on the protec-
tive effect of melatonin on human sperm parame-
ters treated by cadmium. J Hum Reprod Sci 2022;
15: 21-26.

Li R, Luo X, Li L, Peng Q, Yang Y, Zhao L,
Ma M, Hou Z. The protective effects of mela-
tonin against oxidative stress and inflammation

1930

60)

61)

62)

63)

64)

65)

66)

67)

68)

69)

induced by acute cadmium exposure in mice tes-
tis. Biol Trace Elem Res 2016; 170: 152-164.

Ortiz A, Espino J, Bejarano |, Lozano GM, Monl-
lor F, Garcia JF, Pariente JA, Rodriguez AB. High
endogenous melatonin concentrations enhance
sperm quality and short-term in vitro exposure to
melatonin improves aspects of sperm motility. J
Pineal Res 2011; 50: 132-139.

Zi T, Liu Y, Zhang Y, Wang Z, Wang Z, Zhan S,
Peng Z, Li N, Liu X, Liu F. Protective effect of
melatonin on alleviating early oxidative stress
induced by DOX in mice spermatogenesis and
sperm quality maintaining. Reprod Biol Endocri-
nol 2022; 20: 105.

Wu S, Yan M, Ge R, Cheng CY. Crosstalk be-
tween sertoli and germ cells in male fertility.
Trends Mol Med 2020; 26: 215-231.

Griffiths D, Bjero T, Gautvik K, Haug E. Melatonin
reduces the production and secretion of prolactin
and growth hormone from rat pituitary cells in cul-
ture. Acta Physiol Scand 1987; 131: 43-49.

Oladele CA, Akintayo CO, Badejogbin OC, Oniy-
ide AA, Omoaghe AO, Agunbiade TB, Olaniyi KS.
Melatonin ameliorates endocrine dysfunction and
defective sperm integrity associated with high-fat
diet-induced obesity in male Wistar rats. Androlo-
gia 2022; 54: e14242.

Oliveira AC, Andreotti S, Sertie RAL, Campana
AB, de Proenca ARG, Vasconcelos RP, Oliveira
KA, Coelho-de-Souza AN, Donato-Junior J, Lima
FB. Combined treatment with melatonin and insu-
lin improves glycemic control, white adipose tis-
sue metabolism and reproductive axis of diabetic
male rats. Life Sci 2018; 199: 158-166.

Lehman MN, Coolen LM, Goodman RL. Minire-
view: kisspeptin/neurokinin b/dynorphin (KNDy)
cells of the arcuate nucleus: a central node in
the control of gonadotropin-releasing hormone
secretion. Endocrinology 2010; 151: 3479-4809.

Du Z, Xu S, Hu S, Yang H, Zhou Z, Sidhu K, Miao
Y, Liu Z, Shen W, Reiter RJ, Hua J, Peng S. Mel-
atonin attenuates detrimental effects of diabetes
on the niche of mouse spermatogonial stem cells
by maintaining leydig cells. Cell Death Dis 2018;
9: 968.

Yu K, Deng SL, Sun TG, Li YY, Liu YX. Melatonin
regulates the synthesis of steroid hormones on
male reproduction: a review. Molecules 2018; 23:
447.

Yang M, Guan S, Tao J, Zhu K, Lv D, Wang J, Li
G, Gao Y, Wu H, LiuJ, Cao L, FuY, Ji P, Lian Z,
Zhang L, Liu G. Melatonin promotes male repro-
ductive performance and increases testosterone
synthesis in mammalian Leydig cellst. Biol Re-
prod 2021; 104: 1322-1336.



