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Abstract :

Melatonin is a hormone secreted by the pineal gland in response to darkness,
because of that it named hormone of darkness. Melatonin has generated an im-
portant deal of interest as a therapeutic modality for many diseases especially
sleep disorders. The melatonin Play an important part in the regulation of sea-
sonal changes and circadian in many aspects of neuroendocrine and physiology
functions. In mammals, melatonin can activating its receptors and binding sites in
the hypothalamic-pituitary-gonadal (HPG) axis, melatonin can have an impact on
sexual maturation and reproductive activities. This research assume to measure
the effect that happened on female sex hormones under the melatonin treatment
by using female albino, laboratory-bred mice, 36 female mice were divided to 3
groups, group A which were dosed with 3mg of melatonin, group B with 12mg
and group C with no dosing as a control group. The killing process was done in
2 stages (6 and 10 weeks). Blood samples were taken and analyzed. In addition,
the results proved significantly higher levels of sex hormones (LH, FSH, estrogen
and progesterone). This study summarizes current knowledge of melatonin on the
female’s sexual hormones.
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1. Introduction

1.1. Melatonin

Melatonin is the hormone that se-
creted from pineal gland. The discovery
of melatonin was in 1958 with chemi-
cal formula (N-acetyl-5-methoxytryp-
tamine) Melatonin has many physi-
ological functions in animals , such as
influencing circadian rhythms, body
temperature, retina physiology, mood,
sleep, food intake, locomotor activity,
seasonal reproduction, sexual behav-
ior and the body immunity. The pineal
gland secretes the melatonin which it is
the sleeping hormone in the dark and it
helps to regulate the body temperature
and the “circadian rhythm” depends on
the cycle of 24 h day\night [1].

The receptors of the melatonin have
been found in different cells such as
granulosa cells from preovulatory fol-
licles [2] and in sperm [3]. It has been
determined that semen samples with
low and inadequate fertilization rates
had decreased melatonin levels [2].
And in females with idiopathic infer-
tility [4]. The circadian disruption in
females, who have experienced stress,
where melatonin annihilation is pres-
ent, effect the fertility and the fetal
development and raises the risk of

miscarriage, early birth, and low birth
weight. [5].

1.2. Gonadotropins

Gonadotropins are peptide hor-
mones required for appropriate growth,
sexual development, and reproduc-
tion that control ovarian and testicu-
lar function. The hypothalamic-pitu-
itary-gonadal axis (HPG axis) and two
populations of hypothalamic neurons,
the gonadotropin-releasing hormone
(GnRH) neurons and the kisspeptin
neurons, play a major role in the regu-
lation of fertility. [6][7].

The LH surge is mediated by the
Kisspeptin neurons in the anterior ven-
tral periventricular area, whereas the
hypothalamic Kisspeptin neuron popu-
lation, situated in the arcuate nucleus,
is involved in the process., transmits
data about the metabolic state to the
HPG axis and releases GnRH.[8][9].
The hypothalamus releases the gonad-
otropin-releasing hormone (GnRH) in
a pulsatile manner, which operates on
the anterior pituitary lobe to control
gonadotropin synthesis before even-
tually causing the blood to release
LH and follicle-stimulating hormone
(FSH).. LH and FSH both contribute to
the ovarian follicles’ ability to produce
steroid hormones (estrogens) in fe-



n ||

aublyell dooladl - duw il &5 - dualellg dugy il Olwlyal ddao
02024 131 - 8Lyl pg Le - Jodl adaodl - gg i ellg LUl el

males. [10]. Also, the LH peak causes
the mouse ovary’s master clock gene
(BMALT1) to continuously express its
genes and proteins. [11].

1.2.1. Estrogen (E2)

Estrogen is a steroid hormone it is
mainly produced by the female ovaries.
The follicles in the ovaries released es-
trogen. Also, after the egg released
from the follicle or from the placenta
the E2 then will secrete by the corpus
luteum. It is connected to the female
reproductive system and is in charge
of forming the feminine sex traits. Es-
trogen is often divided to estrone, and
estriol, estradiol.

Estrogen has inclusive important
physiological effects on the cardiovas-
cular maturation and growth, skeletal,
endocrine and metabolic systems [12].
The population of some nations, like
China, is progressively aging, which
means that women will live almost
one-third of their lives without the pro-
tection of estrogen [13]. E2, a steroid
hormone that is fat-soluble, is crucial
to the physiology and growth of nu-
merous organ systems, including the
breasts, uterus, heart, and bones [14].
The estrogens have a 24-hour circadian
rhythm while they are in the follicular
phase [15].

1.2.2. Progesterone

Progesterone 1s a neuroactive and
neurosteroid, produced primarily by
the placenta and corpus luteum [16].
The first isolation of progesterone was
in 1934 during the investigation of
endocrine function of the corpus lu-
teum [17]. The preovulatory follicles
have two main functions, first create
progesterone synthetically, and then
transform progesterone into estrogens.
[18]. Although other factors may also
play a significant role in this switcho-
ver of steroid synthesis, LH and FSH
both play a significant role in boosting
steroid production in the ovaries. Ace-
tylcholine and serotonin increase the
release of progesterone from granulo-
sa cells; meanwhile nicotine and nor-
adrenaline greatly reduce progesterone
synthesis. [19]. Through the progester-
one receptor membrane component-1
(PGRMC1), apoptotic genes suppress
and follicular growth is promoted. Pro-
gesterone directly affects granulosa
cells [18]. The progesterone receptor
that does not belong to genomic re-
ceptors 1s found in the cell membrane.
Progesterone elevation appears to trig-
ger an LH surge, which in turn triggers
ovulation. Progesterone improves go-
nadotropin pituitary sensitivity to go-
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nadotropin-releasing hormone (GnRH)
secretion.

Just before ovulation, the granulosa
cells of the dominant follicle begin to
vacuolate and acquire the yellow pig-
ment lutein, which is the first step in
their transformation into large luteal
cells. [20]. Progesterone stimulates the
luteal cells, which in turn promotes the
circulation of cholesterol substrate at a
low level. LH and human chorionic go-
nadotropin (hCG) receptors are absent
from large luteal cells. but are more ca-
pable of producing steroids. The small
luteal cells carry LH and hCG recep-
tors and are connected to the larger
cells by gap junctions. These cells are
most likely descended from the theca
cells. Large luteal cells respond to LH
stimulation and produce progesterone
thanks to the quick signal transfer be-
tween the cells.

1.2.3. Follicle stimulating hor-
mone (FSH)

Follicle stimulating hormone (FSH)
is a glycoprotein hormone it is one of
the gonadotrophic hormones, is pro-
duced by the anterior pituitary gland
in the brain. It is one of the important
hormones that maintain normal func-
tioning of the reproductive system in
both female and male. FSH regulates

folliculogenesis in the ovary. Also, It
controls implantation, the production
of sex steroid hormones, and the pro-
cess of getting the reproductive system
ready for conception and pregnancy.
FSH facilitates the growth of the tes-
ticles and spermatogenesis in males.
[21]. FSH has important role in bone
resorption via improving osteoclast
generation and activity while boosting
survival [22]. More recent studies have
observed that FSH is a primary regula-
tor of energy homeostasis and body fat
[23].

1.2.4. Luteinizing hormone (LH)

Luteinizing hormone is a glycopro-
tein hormone synthesized and secreted
by the anterior pituitary gland as a re-
sult of high-frequency GnRH release.
LH is the hormone that promotes ovu-
lation, prepares up fertilization, facili-
tates uterine implantation, and stimu-
lates theca and luteinized granulosa
cells in the ovaries to produce proges-
terone..

In the ovary, LH interacts with The-
ca cells that are close to granulosa cells.
For the development of follicles, these
cells create androgens that diffuse into
the granulosa cells and change into es-
trogen. [24]. The LH surge creates the
circumstances for follicular eruption
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by increasing the activity of the proteo-
lytic enzymes that weaken the ovarian
wall and permit the entry of the egg.
After the oocyte is released, the follicu-
lar remnants consist of luteinized gran-
ulosa cells and theca. Progesterone, the
hormone responsible for maintaining
the uterine environment favorable for
accepting a fertilized embryo, is now
produced by them.. [25].

1.3. Effects of Melatonin on fe-
male sexual Hormones

The effect of melatonin on the sex-
ual hormones level and its role in re-
productive activities has been proved
in numerous published studies. Via
receptor activation that located in axis
called hypothalamic pituitary gonadal
axis [26]

In the preovulatory follicles the mel-
atonin has a role in progesterone syn-
thesis by the human granulosa when
the melatonin is in high level. In ova-
ries, melatonin may interfere with the
steroid receptor, especially progester-
one receptor [27]. That’s mean melato-
nin can affect the ovaries in many ways
such as:

1- Boosting the synthesis of progester-
one both in vivo and in vitro

2- Improving the embryo and increas-
ing the chance of fertilization

3- Antagonizing estrogen action and

improving thecae cell quality
4- Increasing estrogen production [28].

Sexual Development and the Cir-
cadian Clock

The process of Sexual develop-
ment is not under endocrine control
solely but also the level of the circa-
dian regulation has a function in this
process [29]. Circadian regulation and
Reproductive organs influences many
sexual developmental processes, such
as the timing of gonadotropin secre-
tion, which has been under the influ-
ence of circadian regulation itself, both
gonadotropins secretion and regarding
GnRH release [30].

2. Materials and Methods

Ethical statement

Informed consent according to the
Declaration of Helsinki was obtained
from ethics committee of College of
Science, Mustansiriyah  University
(Ref. No.: BCSMU/0123/00033Z7).

Experimental Design and Animal
Treatment

Thirty-six female’s laboratory mice
were bought from the Iraqi center for
cancer research in Al-Qadisya, Bagh-
dad. The animals were housed in cages
made of polypropylene (43 cm x 30
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cm X 15 cm) Animals had access to
food and water. Within a temperature
controlled (23 & 2 °C) with constant 12
h light—dark cycles. The mice were di-
vided into three groups. Group A that
treated with 3mg melatonin, group B
treated with 12mg melatonin and group
C which is control group. The juvenile
mice that been chosen for this study
were at postnatal days 10-24.The Mice
received melatonin (puritan’s pride/
USA) every evening (8:00 PM) at dos-
es of 3mg/kg and 12 mg/kg (melatonin
was dissolved in Distilled water to the
final Concentration of 1.06% and 4.2%
sequentially) .

Thekilling process was done through
two periods duration. The first groups
were killed after 6 weeks for each tree
groups, collect the blood samples and
then conduct the required test.While
the second kill will be after 10 weeks
for each three groups and conduct the
required test.

Determination of Hormone

For the detection of hormone, Blood
samples were taken from each group
through the venous vein in the eye-
lid. Then the serum was obtained by
centrifugation at 3000 rpm for 10 min
and stored at —18 °C. The serum levels

of hormones were operated by cobas

6000 analyzer of chemistry.

Statically analysis

Results were expressed in terms of
mean + SE or percentage (%) of case
frequency. The data were examined
for many comparisons after one-way
analysis of variance (ANOVA), us-
ing Fisher’s test or t-test. Regression
analysis utilizing analysis of combined
variance was done (ANCOVA). Stat-
view 5.0 was used to conduct all of the
statistic analysis of these experiments.
When p< 0.05 was reached, the differ-
ences were considered significant.
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Table 1. Mice Sex hormones levels for six weeks and 10 weeks (mean + SD)

3. Results and Discussion
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3.1 The LH result

The result showed significant incre-
ment in the LH levels that treated with
melatonin compared to control group,
also LH levels increased more with the
extend period of time.

In the groups that treated with mela-
tonin for six weeks there is significant
increment between 12mg group and
control  (p-value=0.0017),3mg and
12mg (p=0.048) and there is no signifi-
cant change between 3mg and control
(p-value=0.116). while the groups that
treated with melatonin for ten weeks
significant changes perceive between
the 3mg group and control group (p-
value=0.0325),the difference between
12mg and control was significant too
(p-value=0.0001). And that’s observed
between 3mg and 12mg groups (p-val-
ue=0.0095).

The first reference of the weight
reduction caused by exogenic melato-
nin intake in female rat ovaries dates
back to 1963 by R.J. Wurtman et al.
Subsequently, numerous pieces of data
emerged demonstrating the influence
of the pineal gland and its primary
hormone, melatonin, on reproductive
function. Melatonin’s primary physi-
ological function is to increase gonad-
otrophin production, which results in a
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larger increase in LH and FSH. Posi-
tive correlation found between melato-
nin and both LH and FSH. These find-
ings support earlier research indicating
melatonin raises LH and FSH levels.
Another study shown that melatonin
promoted the manufacture of FSH in
the pituitary, which accelerated the be-
ginning of puberty. [31]. and that by
administering 15 mg/kg of melatonin
(Sigma, St. Louis, MO, USA) intra-
peritoneally to the mice each morning
at 8:00 AM.

3.2 The FSH result

The result show insignificant chang-
es in FSH levels in six weeks period,
meanwhile it shows significant change
in the ten weeks groups between con-
trol and 3mg (p-value=0.0001) and
between control and 12mg (p-val-
ue<0.0001). No significant change be-
tween 12mg and 3mg.

The result above proved that mela-
tonin can affect the secretion of LH
and FSH in female mice. Some studies
approve the same. Yang, C. et al. study
mice were chosen postnatal days Mice
were given melatonin injections every
morning from day 10 until the day of
vaginal opening at a dose of 15 mg/
kg.Reproductive hormones implicated
in the hypothalamic-pituitary-ovarian

axis, such as serum levels of estrogen
and FSH, were elevated. [31].

3.3 The progesterone result

The level of progesterone during the
6 weeks shows significant increment be-
tween control and 3mg group (p-value
0.0046) and between control,12mg (p-
value 0.0013) . No significant change
between 3mg and 12mg groups.

During the 10 weeks period it shows
significant change between control and
3mg group, control and 12mg group
and between 3mg and 12mg with p-
value <0.0001,<0.0001 and 0.0033
sequentially . Previous research has
demonstrated that melatonin can en-
courage the ovary’s synthesis of pro-
gesterone [32][33]. Melatonin is usu-
ally believed to influence reproduction
at the level of the hypothalamus and
pituitary gland [34]. In our result show
that melatonin can effect progesterone
production and the stimulatory impact
might result from increased expression
of Cholesterol side-chain cleavage en-
zyme (P450scc) and Steroidogenic
Acute Regulatory protein (StAR), two
crucial P4 biosynthesis pathway me-
diators. In the mitochondria, P450scc
changes cholesterol into pregnenolone
[35] [36]. Pregnenolone then diffuses
out of the mitochondria and into the
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smooth endoplasmic reticulum (SER),
where 3beta hydroxysteroid dehydro-
genase (HSD) transforms it to proges-
terone. LH increases the expression
of 3beta HSD [37] in theca cells and
luteinized granulosa cells of the ovary.
Females get their plasma progesterone
from their ovaries and adrenal cortex
[38][39]. Meanwhile male testicles are
the only source of progesterone in men.

3.4 The estrogen result

The result demonstrate that there
is significant increment between con-
trol and 3mg group (p-value <0.0001)
Also, significant increment observed
between control and 12mg(p-value
0.0002) ,no significant change between
3mg and 12mg groups . and that were
during 6 weeks period. During the 10
weeks period no significant changes
observed between groups except be-
tween control and 12mg groups that
show significant increment (p-value
0.0351).

We proved that melatonin encour-
aged the production of FSH in the pi-
tuitary, which raised serum estrogen
levels. The impact of melatonin on the
female reproductive system has been
demonstrated by numerous investiga-
tions. It has been established that this
action 1s caused by directly attaching

to ovarian cell receptors and via the hy-
pothalamic/pituitary axis. Many stud-
ies proved same thesis that melatonin
increase E2 levels [31] [40].

4.4 The testosterone result

During the first six weeks of melato-
nin treatment the result shows signifi-
cant decrement between 3mg melato-
nin group compered to control group
with p-value 0.0005. While a signifi-
cant increment between 12mg and con-
trol with p-value 0.0272. Also signifi-
cant increment observed between 3mg
melatonin and 12mg melatonin with
p-value <0.0001.

The ten weeks period shows signifi-
cant increase in testosterone levels be-
tween each control,3mg melatonin and
control,12mg melatonin group with
p-value 0.0311 and0.0395 sequen-
tially . It 1s thought that there is a bi-
directional link between melatonin and
testosterone, meaning that when one
hormone levels up, the other does too.
Furthermore, it has been demonstrated
that melatonin increases the synthesis
of luteinizing hormone (LH), an essen-
tial hormone for the synthesis of testos-
terone.
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Conclusions
It’s becoming steadily more obvi-
ous that melatonin and sex steroid
hormones interact, often in a recipro-
cal manner in which the sex steroids
influence melatonin’s actions while
melatonin is also influenced by them.
Age, tissue, hormonal state, melatonin
levels, and environmental factors all af-
fect this transmission. Moreover, this
relationship is highly complex due to
the direct or indirect mechanistic path-
ways involved.Our data result shows
the levels of female sexual hormones
under the melatonin treatment.Each
sex hormone (FSH, LH, estrogen, pro-
gesterone and testosterone) affect with

the treatment of melatonin.
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