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Abstract

Hyperprolactinemia is primarily an endocrine disorder in men. It can be caused by a variety of factors, including
medication use, hypothyroidism, and pituitary disorders. Melatonin is known as an antioxidant; moreover, it has
multiple uses in biological rhythm regulation. Our study aims to investigate the effects of melatonin supplements on
prostate gland protection in metoclopramide-induced hyperprolactinemic rats. A total of twenty-four male rats were
divided into four groups: The first group received only normal saline. The second group received metoclopramide
5 mg/kg orally to induce hyperprolactinemic rats. The third group received metoclopramide-induced
hyperprolactinemic rats plus bromocriptine 2.5 mg/kg. The fourth group received metoclopramide-induced
hyperprolactinemic rats administered melatonin at 2.5 mg/kg. After treatments, hormonal parameters (prolactin,
testosterone, FSH, and LH) were analyzed, and the prostate gland was collected as well as routine paraffin-embedded
section staining with hematoxylin and eosin. The result of the study revealed a significant decrease (P<0.05) in
prolactin levels and a significant increase (P<0.01) in testosterone, FSH, and LH levels in Group 3 and Group 4
compared with Group 2. In addition to histological changes after treatment with MT, all prostate components
displayed structural tissue that was nearly normal. The glandular epithelium's height was reduced, the follicular
lumen was expanded, and secretion materials were homogeneously distributed. Also, note the vanishing of
intraluminal invagination and the presence of normal stroma in a regular shape. The study concluded that melatonin
had an encouraging effect on the prostate via the stabilization of sex hormones and the reconfiguration of
histostructures.
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Introduction

Prolactin excess in men can be associated with
gynecomastia  (rarely galactorrhea), sexual

Hyperprolactinaemia is a relatively common
endocrine abnormality characterized by a high

prolactin concentration in the blood. The causes
range from minor medical issues that do not
require treatment to major medical issues that
require immediate treatment (Chen & Burt, 2017).
It is the most common hypothalamic-pituitary axis
disorder (Akter et al., 2018). Hyperprolactinemia
can be caused by a variety of physiological,
analytical, pathological, and pharmacological
factors (Bernard et al, 2015; Vilar et al, 2019).

dysfunction, and infertility (Rizzo et al., 2020). It
can also cause decreased libido, osteopenia or
osteoporosis, and an increased risk of fracture in
both sexes (Melmed et al, 2011; Capozzi et al,
2015).

Melatonin (MT) is a tryptophan derivative that is
produced by pinealocytes as well as other cells in
vertebrates (Gonzalez Arto et al., 2016; Reiter et al,,
2020).
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Melatonin has the ability to regulate a wide variety
of physiological activities, including the well-known
sleep-wake cycle and circadian rhythm modulation,
as well as neural development, immune system
preservation and regulation, and endocrine
functions (Amaral & Cipolla-Neto, 2018).
Bromocriptine (BRC) is a semi-synthetic derivative
of ergocryptine that stimulates dopaminergic
receptors (D2) in the pituitary gland. It is a
substance that has a wide range of effects on
organisms. It inhibits the production and secretion
of prolactin from the pituitary gland's anterior
lobe (Molith, 2015).

Materials and Methods
Experimental Animals

The twenty-four adult male Albino rats were
provided by the Iraqi Center for Cancer Research
and Medical Genetics/Ministry of Higher Education
and Scientific Research. These rats were between
the ages of 3 and 4 months, and their weights
ranged from 190 to 240 g/bw). The animals were
housed in the Animal House of Thi-Qar University
College of Education for Pure Science, and the room
was under conventional conditions of temperature
(24+1_C) under a 12 hour light/dark cycle. Before
the experiment began, the rats were given 10 days
to acclimate and were given free access to food and
water.

Experimental Design

Following the acclimatization period, the animals
were divided into four groups of six rats each. The
first group (the control group) was given 0.5 mL of
distilled water only. The second group was given
metoclopramide 5 mg/kg b.wt orally using gavage
for 21 days to induce hyperprolactinemia according
to Uhuo et al.,, 2021. The third group was given BRC
at 2.5 mg/kg b.wt intraperitoneally (Uhuo et
al.,2021). The fourth group was given MT 2.5 mg
intraperitoneally (Koohsari et al.,, 2020).

Biochemical Analysis

Determination of Serum Prolactin, Testosterone, FSH,
LH, Levels

Prolactin (PRL), testosterone, follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) were
determined using commercial kits (Vidas,
bioMérieux, France).

Histopathological Examination

The prostate gland was fixed in formalin solution
(10%) for 48 hours. They were then treated
(washed with water, passed through ascending
grades of alcohol, cleared in xylene, and embedded
in paraffin wax at 70 °C). 5um of tissue thickness
was mounted on clean glass slides and stained with
hematoxylin and eosin according to Bancroft and
Gamble (2008).

Statistical Analysis

All data is expressed as the mean + standard
deviation. One-way analysis of variance was used to
compare the differences between groups, while
multiple comparisons were performed by Tukey's
test as a post-hoc test. (P<0.01) was considered
statistically significant.

Results and Discussion

The results presented in Figure (1) indicate a
significant decrease (P<0.01) in the level of PRL
hormone in the Glcompared with the G2 and a
non-significant decrease compared with the G3 and
G4. As for the G2, it showed a significant increase
compared with the G3 and the G4.PRL levels
decreased gradually in G3and G4. As for the G3, it
showed a non-significant increase with the G4. The
results shown in Figure (2) indicate a significant
decrease (P<0.01) in the level of testosterone in
Glcompared to G2, G3 and G4. The G2 show
significantly declined compared with G3and the G4.
Also G3 offer non significantly decreased with G4.

0=
G1 G2 G3 G4

Figure 1. PRL hormone level in all groups
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Figure 2. Testosterone hormone level in all group

As for the hormone FSH the results in Figure (3)
indicated that in the G1 there was a significant
increase (P<0.01) with the G2 and with G3 and
non-significant increase with G4. Regarding the G2,
there was significant decline with the G3, and G4.
The G3 did not display a significant decrease with
the G4. The results of the LH hormone in Figure (4)
showed a significant increase (P<0.01) in the G1
compared other groups. As for the G2, it showed a
significant decline with the G3 and G4. Regarding
the G3, it did not show any significant effect with
the G4.
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Figure 3. FSH hormone level in all groups
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Figure 4. LH hormone level in all groups

Histological Changes

In control rats, histological results revealed that
prostate structures had normal architectural
organization that was apparent with the glandular
epithelium encircling the follicular lumen of the
prostate. Furthermore, homogenicitic serous
secretions act as colloid materials. The epithelium
of acinal is made up of columnar cells that repose
on the basement membrane, with basal cells
disseminated between them. In between the
tubules, scattered stroma diffuses into intra
interstitial space. In the metoclopramide-induced
hyperprolactinemia rats group, prostatic epithelial
cell hyperplasia was observed, as well as increased
intraluminal budding, giving the metaplasia figure,
but columnar cells transforming into cuboidal or
flattened  shapes.  Calcificated and  non-
homogeneous secretion materials are found in the
follicular lumen. In some prostatic follicles, this
material has vanished.In addition to prostatic
Follicles develop an irregular shape and undergo
hypertrophy. A sparse stroma was missing,
resulting in adherent follicles. The components of
the prostate in the rat group treated with BRC
begin to improve and respond to treatment more
positively and better than in the previous group,
and the secretory substance begins to restore its
activity, but intraluminal immersion is present.
According to the findings, all of the rats in the MT-
treated group had prostate constituents that were
repaired and emerged with nearly normal
structural tissue. The glandular epithelium height
was decreased, and the lumen of the follicular was
magnified, with dark secretion materials being
found characterized by homogenicity, as well as the
disappearance of intraluminal invagination and the
appearance of normal stroma in regular form.
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A. Section of normal histostructures of prostate tissues in control  C. Section of prostatic histostructures in BRC- treated group. Columnar
group. Columnar cells of glandular epithelium (A), secretion material  cells of glandular epithelium (A), secretion material (B), interstitial
(B), interstitial stroma (C). Photomicrograph X (40) And X (100) (left  stroma (C). Photomicrograph X (40). And X (100) (left and right)
and right) respectively respectively.

- S 3 ) D. Section of prostatic histostructures in MT- treated group. Columnar
B. Section of prostatic histostructures in metoclopramide treated (q|is of glandular epithelium (A), secretion material (B), interstitial

group. Columnar cells of glandular epithelium (A), secretion material  gtroma (C). Photomicrograph X (40). And X (100) (left and right)
(B), interstitial stroma (C). Photomicrograph X (40). And X (100) (left  regpectively.

and right) respectively.
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Discussion

This study investigated the efficacy of melatonin in
lowering prolactin levels in male rats with
hyperprolactinemia. Our results indicated that the
prolactin levels were decreased in both the BRC
and melatonin groups after four weeks of
treatment. Nevertheless, both MT and BRC are
equally effective in reducing prolactin levels. But
MT has an effective role in improving tissue and
returning it to its normal state.

Hyperprolactinemia is one of the most common
pituitary clinical disorders is caused by a
prolactinoma or another disorder in the
hypophyseal system. Disorders in gonadotrophic
hormone secretion are caused by excessive
prolactin secretion. As a result, the male libido
declines or disappears, causing depression (Molik
& Blasiak, 2015). In the current study, we observed
a significant increase in PRL levels and a decrease
in testosterone, FSH and LH levels in male rats after
administering metoclopramide. It is consistent with
previous findings (Molitch, 2005; Coker and Taylor,
2010; Majumda and Mangal, 2013; Almasseri et al,,
2020; Uhuo et al., 2021). In addition, rats in Group
2 with hyperprolactinemia had lower testosterone,
FSH, and LH levels. Several hypotheses have been
proposed to explain the mechanisms of
testosterone deficiency in hyperprolactinemia
animals. PRL has receptors found in all parts of the
body, especially in the reproductive system. These
receptors are linked with prolactin and perform its
function. As shown by Khourdaji et al. (2018), PRL
receptor expression has been found in Leydig cells,
Sertoli cells, and germ cells. The reason could also
be due to PRL's effect on the brain and the
hypothalamic-pituitary axis, which negatively
affects the secreted hormones. Tsutsumi & Webster
(2009) and Bernard et al. (2015) suggest that
hyperprolactinemia reduces hypothalamic
kisspeptin production, reducing hypothalamic
secretion of GnRH (gonadotrophin-releasing
hormone) and, as a result, the decline of pituitary
gonadotrophin synthesis and secretion (LH and
FSH), resulting in gonadal stimulation loss and
infertility.

PRL can influence steroidogenesis by controlling
the activity of steroidogenic enzymes or through
modulating LH receptor expression (Binart et al,
2003; Rastrelli et al., 2015). Therefore, a decrease
in testosterone levels in the hyperprolactinemia
group was confirmed in our study through
indugious histological changes in the prostate
tissue structures, which indicated aberrant

histological changes. The findings suggest that
hyperprolactinemia  produces = morphological
abnormalities in the dorsal lobe of the prostate in
male rats, according to the findings. Elevated
prolactin, either directly or indirectly through a
reduction in testosterone, causes the problems
(Suczanowska-Gabowska et al, 2006). In our
results for the current study, a decrease in PRL and
an increase in testosterone, FSH, and LH levels
were found in groups of rats treated with BRC. It
lowers (PRL) concentrations in hyperprolactinemia

(Molith, 2015). Also, according to research
(Dominguez-Gonzales and  Genaro, 1994),
dopaminergic receptor stimulation in the

hypothalamo-pituitary area suggests a considerable
role for dopamine in regulating the release of sheep
(PRL).

As mentioned by Andrews et al. (2001), in BRC-
treated ewes, the concentration of PRL in blood
plasma reached less than 1.5 ng/ml, which may be
sufficient to inhibit tuberoinfundibular neurons.
Our results do not correspond with those of
Besognet et al. (1995), whose statistics show no
significant changes in PRL concentration after BRC
was administered to animals. This result
corresponds with Boucher et al. (1977), who
investigated the effects of BRC in
hyperprolactinemia patients and found that
prolactin secretion was reduced. The results of the
current study indicate that the MT-treated group
showed a decrease in PRL levels and an increase in
testosterone, FSH, and LH levels. As it's known, MT
regulates a variety of biological pathways, including
hormone secretion and modulation, circadian
rhythms, and reproduction (Kim et al, 2012;
Maroufi et al, 2020). According to Villana et al.
(1989), MT appears to modify prolactin secretion
via multiple complex mechanisms that may be
dependent on the animals' physiological status
(hormonal and neurotransmitter). The decrease in
PRL levels may be MT and may inhibit prolactin
secretion in the pituitary gland. According to
research (Ciechanowska et al, 2013), long-term
administration of MT to both rams and ewes (e.g.,
using subcutaneous MT implants during the long
day) inhibited PRL secretion. Also, Morgan (2000)
mentioned that the long MT signal from the short
photoperiod or a constant signal produced by the
implantation of MT may inhibit PRL secretion by
reducing the release of tuberalin from the pars
tuberalis.

Or it may be due to the effect of melatonin on the
activity of dopamine in the brain and the regulation
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of vital processes. As reported by Molik et al
(2013). There was a decrease in dopaminergic
system activity and a decrease in PRL
concentration as a result of the action of exogenous
MT. This result does not correspond with Terzolo
et al. (1991), who showed that PRL was unaffected
by MT action in one of their experiments. The
increase in testosterone levels in the current study
may be due to the difference in testosterone
concentrations could be due to the relationship
between melatonin, photoperiod, and GnRH, where
MT administration influenced the secretion of LH
and GnRH (Valenti et al. 1997, Valenti et al. 1999).
Or, melatonin  treatment may  stimulate
hypothalamic cells to release GnRH, which affects
gonadal function, or it may increase GnRH RNA in
the hypothalamus (Bernard et al, 1999). The
increase in testosterone level is consistent with
melatonin's protection of Leydig cells because of
the presence of MT binding sites in the
reproductive system (Ghasemi, 2010). Also, several
studies in rodents have shown that melatonin
activates the hypothalamohypophyseal-gonadal
axis and, as a consequence, acts as a modulator of
testosterone release (Reiter et al., 2013). This study
corresponds with Majrashi et al. (2017) and not
with Mahmud et al. (2013), which show MT
administration significantly decreases both LH and
testosterone levels, and MT prevents testosterone
secretion via the hypothalamo-pituitary axis.
Moreover, the pineal gland and the testis have a
functional relationship and feedback regulation
(Yilmaz et al., 2000). As for the histological changes,
melatonin has the ability to restore tissue
components closer to the normal state. This result
corresponds to Olukole et al. (2018).

Conclusion

The study concluded that melatonin had an
encouraging effect on the prostate via the
stabilization of sex hormones and the
reconfiguration of histostructures.

References

Reiter, R.J., Rosales-Corral, S.A., Manchester, L.C., & Tan, D.X.
(2013). Peripheral reproductive organ health and
melatonin: ready for prime time. International journal of
molecular sciences, 14(4), 7231-7272.

Olukole, S.G., Ajani, S.0., Ola-Davies, E.O., Lanipekun, D.O., Aina,
0.0, Oyeyemi, M.0., & Oke, B.0. (2018). Melatonin
ameliorates bisphenol A-induced perturbations of the
prostate gland of adult Wistar rats. Biomedicine &
Pharmacotherapy, 105, 73-82.

Chen, AX, & Burt, M.G. (2017). Hyperprolactinaemia.
Australian Prescriber, 40(6), 220.
Akter, N. Qureshi, N.XK, & Akter, T. (2018).

Hyperprolactinemia: A Systematic Review of Diagnosis and
Management. Delta Medical College Journal, 6(2), 90-101.

Boucher, D. Hermabessiere, ], Doly, M., Cheyvialle, D., &
Soubrier, J. (1977). Prolactin secretion in infertile men
before and after treatment with bromocriptine. In Annales
de Biologie Animale Biochimie Biophysique, 17(3B),
483-498.

Stuczanowska-Gtabowska, S., Laszczynska, M., Gtabowski, W., &
Wylot, M. (2006). Morphology of the epithelial cells and
expression of androgen receptor in rat prostate dorsal lobe
in experimental hyperprolactinemia. Folia Histochemica et
Cytobiologica, 44(1), 25-30.

Bernard, V., Young, ], Chanson, P., & Binart, N. (2015). New
insights in prolactin: pathological implications. Nature
Reviews Endocrinology, 11(5), 265-275.

Vilar, L., Vilar, C.F., Lyra, R., & da Conceicao Freitas, M. (2019).
Pitfalls in the diagnostic evaluation of hyperprolactinemia.
Neuroendocrinology, 109(1), 7-19.

Rizzo, L.F., Mana, D.L, Serra, H.A,, & Danilowicz, K. (2020).
Hyperprolactinemia associated with psychiatric disorders.
Revista Medicina, 80(6).

Melmed, S. Casanueva, F.F., Hoffman, A.R, Kleinberg, D.L,
Montori, V.M., Schlechte, ].A., & Wass, J.A. (2011). Diagnosis
and treatment of hyperprolactinemia: an Endocrine Society
clinical practice guideline. The Journal of Clinical
Endocrinology & Metabolism, 96(2), 273-288.

Capozzi, A, Scambia, G. Pontecorvi, A, & Lello, S. (2015).
Hyperprolactinemia: pathophysiology and therapeutic
approach. Gynecological Endocrinology, 31(7), 506-510.

Reiter, RJ, Ma, Q. & Sharma, R. (2020). Melatonin in
mitochondria: mitigating clear and present dangers.
Physiology, 35: 86-95.

Amaral, F.G.D., & Cipolla-Neto, J. (2018). A brief review about
melatonin, a pineal hormone. Archives of endocrinology
and metabolism, 62, 472-479.

Molitch, M.E. (2015). Endocrinology in pregnancy:
management of the pregnant patient with a prolactinoma.
European journal of endocrinology, 172(5), R205-R213.

Uhuo, E.N.,, Nwuke, C.P.,, Oriaku, C.E, & Chilaka, J.0. (2021).
Biochemical and hormonal parameters analysis of
metoclopramide-induced  hyperprolactinemic ~ female
wistar rats administered leaf extract of Kigelia africana.
Clinical Nutrition Open Science, 36, 151-162.

Koohsari, M., Ahangar, N., Mohammadi, E., & Shaki, F. (2020).
Ameliorative effect of melatonin against reproductive
toxicity of tramadol in rats via the regulation of oxidative
stress, mitochondrial dysfunction, and apoptosis-related
gene expression signaling pathway. Addiction & Health,
12(2),118.

Bancroft, ].D., & Gamble, M. (Eds.). (2008). Theory and practice
of histological techniques. Elsevier health sciences.

Molik, E., & Blasiak, M. (2015). The Role of Melatonin and
Bromocriptine in the Regulation of Prolactin Secretion in
Animals-A Review. Annals of Animal Science, 15(4), 849.

Molitch, M.E. (2005). Medication-induced hyperprolactinemia.
In Mayo Clinic Proceedings, (Vol. 80, No. 8, pp. 1050-1057).
Elsevier.

Coker, F, & Taylor, D. (2010). Antidepressant-induced
hyperprolactinaemia. CNS drugs, 24(7), 563-574.

elSSN 1303-5150

www.neuroquantology.com



NeuroQuantology | July 2022 | Volume 20 | Issue 8 | Page 1803-1809 | doi: 10.14704/nq.2022.20.8.NQ44197
Nidaa Abudallah Mizban et al / Restoring Action of affected Prostate Gland Disorder by Hyperprolactinemia through Melatonin Treatment

Majumda, A, & Mangal, N.S. (2013). Hyperprolactinemia.
Journal of Human Reproductive Sciences, 6 (3), 168-175.

Almasseri, Z., Nicolas-Jilwan, M., Almadani, A, Al-Owain, M.,
Gama, R., & Ainuddin Sulaiman, R. (2020). Prolactinoma as
a Cause of Persistent Hyperprolactinemia in 6-Pyruvoyl-
tetrahydropterin synthase Deficiency.

Khourdaji, I, Lee, H., & Smith, R.P. (2018). Frontiers in
hormone therapy for male infertility. Translational
andrology and urology, 7(Suppl! 3), S353.

Tsutsumi, R, & Webster, N.J. (2009). GnRH pulsatility, the
pituitary response and reproductive dysfunction.
Endocrine journal, 56(6), 729-737.

Bernard, V., Young, J., Chanson, P., & Binart, N. (2015). New
insights in prolactin: pathological implications. Nature
Reviews Endocrinology, 11(5), 265-275.

Rastrelli, G., Corona, G., & Maggi, M. (2015). The role of
prolactin in andrology: what is new? Reviews in Endocrine
and Metabolic Disorders, 16(3), 233-248.

Binart, N., Melaine, N., Pineau, C., Kercret, H., Touzalin, A. M.,
Imbert-Bolloré, P., & Jégou, B. (2003). Male reproductive
function is not affected in prolactin receptor-deficient mice.
Endocrinology, 144(9), 3779-3782.

Dominguez-Gonzalez, A., & Genaro, R.C. (1994). Evidence for
participation of the catecholaminergic system of the
midbrain central gray matter on ovulation: a lateralised
study. Medical Science Research (United Kingdom).

Andrews, Z.B., Kokay, I.C., & Grattan, D.R. (2001). Dissociation
of prolactin secretion from tuberoinfundibular dopamine
activity in late pregnant rats. Endocrinology, 142(6),
2719-2724.

Besognet, B, Hansen, B.S, & Daels, P.F. (1995). Prolactin
secretion during the transitional phase and the relationship
to onset of reproductive season in mares. Biology of
Reproduction, 52(monograph_series1), 459-467.

Kim, J.H., Jeong, S.J., Kim, B., Yun, S.M,, Choi, D.Y., & Kim, S.H.
(2012). Melatonin synergistically enhances
cisplatin-induced apoptosis via the dephosphorylation of
ERK/p90 ribosomal S6 kinase/heat shock protein 27 in
SK-0V-3 cells. Journal of pineal research, 52(2), 244-252.

Maroufi, N.F, Vahedian, V. Hemati, S., Rashidi, M.R,
Akbarzadeh, M., Zahedi, M., & Nouri, M. (2020). Targeting
cancer stem cells by melatonin: Effective therapy for cancer
treatment. Pathology-Research and Practice, 216(5),
152919.

Villanua, M.A,, Agrasal, C., Tresguerres, ]J.A.F., Vaughan, MK, &
Esquifino, A.l. (1989). Melatonin Effects on Prolactin
Secretion in Pituitary-Grafted Male Rats. Journal of pineal
research, 6(1), 33-41.

Ciechanowska, M., Misztal, T., & Przekop, F. (2013). Prolactin
and the physiological regulation of its secretion. A review. ]
Anim Feed Sci, 22, 79-89.

Morgan, P.J. (2000). The pars tuberalis: the missing link in the
photoperiodic regulation of prolactin secretion? Journal of
neuroendocrinology, 12(4), 287-295.

Molik, E. Misztal, T, & Dorota, A. (2013). The Effect of
Physiological and Environmental Factors on the Prolactin
Profile in Seasonally Breeding Animals. In Prolactin.
IntechOpen.

Patil, L, & Balaraman, R. (2009). Effect of melatonin on
doxorubicin induced testicular damage in rats. Int ] Pharm
Tech Res, 1(3), 879-84.

Alp, B.F, Kesik, V., Malkog, E., Yigit, N., Saldir, M., Babacan, 0., &
Erdem, O. (2014). The effect of melatonin on procarbazine
induced testicular toxicity on rats. Systems biology in
reproductive medicine, 60(6), 323-328.

Valenti, S., Giusti, M. Guido, R, & Giordano, G. (1997).
Melatonin receptors are present in adult rat Leydig cells
and are coupled through a pertussis toxin-sensitive G-
protein. European journal of endocrinology, 136(6),
633-639.

Valenti, S., Thellung, S., Florio, T., Giusti, M., Schettini, G., &
Giordano, G. (1999). A novel mechanism for the melatonin
inhibition of testosterone secretion by rat Leydig cells:
reduction of GnRH-induced increase in cytosolic
CaZ2. Journal of molecular endocrinology, 23(3), 299-306.

Bernard, D.J., Abuav, N.R, Horton, T.H., Turek, F.W. (1999).
Photoperiod effect ongonadotropin - releasing hormone
(GnRH) content and the GnRH immunoreactive neuronal
system of male Siberian hamster. Biol Reprod, 60: 272-276.

Ghasemi, F.M., Faghani, M., Khajehjahromi, S., Bahadori, M,
Nasiri, E., & Hemadi, M. (2010). Effect of melatonin on
proliferative activity and apoptosis in spermatogenic cells
in mouse under chemotherapy. Journal of Reproduction
and Contraception, 21(2), 79-94.

Majrashi, K.A., Barakat, I.A., Al-Himaidi, A.R,, & Adham, K.G.
(2017). Effect of exogenous melatonin treatment on the
reproductive characteristics and progeny of male rats
exposed to different periods from light and darkness.
Physiological research, 66(3), 507.

Mahmud, S.A., & Mahmud, A.M. (2013). Physiological effects of
melatonin on leptin, testosterone and biochemical
parameters in Albino rats. IOSR ] Pharm, 3, 48-53.

Yilmaz, B., Kutlu, S., Mogulkog, R. Canpolat, S, Sandal, S.,
Tarakei, B, & Kelestimur, H. (2000). Melatonin inhibits
testosterone secretion by acting at hypothalamo-pituitary-
gonadal axis in the rat. Neuroendocrinology letters, 21(4),
301-306.

elSSN 1303-5150

www.neuroquantology.com



