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Abstract: The effect of melatonin on estrous period of ovariectomized mice which received neonate vitrified
ovarian grafts was studied. Vitrified ovaries from neonate F1 hybrid mice, candidates for transplantation to
treated or non-treated groups, were thawed under standard conditions with or without the addition of 100 pM
melatonin, respectively. Following transplantation, melatonin (20 mg/kg/day) or saline solution was uyected
i.p., to treated and non-treated groups, respectively. Melatonin, gonadothropins and steroids concentrations,
together with vaginal cytology to monitor estrogenic activity of ovariectomized recipient mice were carried out.
Studies showed that the restoration of fertile estrous was similar between treated and control groups. However,
the estrous cyclicity duration as well as estrous time of fertile period in the treated group was shorter than
non-treated group. Plasma LLH and FSH levels were higher in the ovariectomized host at before restoring ovary
graft cyclicity than intact mice. However, the melatonin administration reduced these high levels into nearly
similar concentrations to those m intact mice. The comrelation coefficients between gonadothropins and
melatonin concentrations at the different stages of the estrous cycle were sigmficantly different from zero.
indeed, progesterone secretion in spite of estradiol was adversely affected by melatonin treatment. Meanwhile,
the correlation coefficients were significantly different from zero. These results suggest that melatonin could
be having positive effects on the deficient activity of hypothalamic-pituitary-ovarian axis especially on the

progesterone drive of the recipient.
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INTRODUCTION

The quality of vitrified ovarian grafts is not
satisfactory and this 1s likely due to damage caused by
disappearance of regular sexual cyclicity (Wang et al,
2002). It would be useful if there is a substance that has
positive effects on the deficient GnRH drive of host.
Melatonin is a pineal hormone with well-known actions on
the neuroendocrine reproductive axis and circadian
system as well as being an antioxidant (Lopez et al., 2005,
Tan et al., 2003). The administration of melatonin to
menopausal female rats induced an increase in the
concentration of the mRNA encodng GnRH and
completely reversed the effect of menopausal (Diaz et al.,
2000). In young female rats, exogenous melatonin did not
influence the responsiveness of the pituitary to GnRH,
unlike the response of old acyclic rats, which extubited
LH concentrations that were restored to the levels
exhibited by young animals (Diaz et al., 2000; Saalu et al.,
2006). Exogenous melatonin is used widely to improve the

reproductive performance during anestrus (Forcada ef af .,
2007; Cagnacci et al., 1995, Cagnacci et al., 1991 ; Wallace
et al., 1988; Bellipanni et al, 2005). In addition, the
production of luteal progesterone in sheep and ewe
appear to be stimulated by melatonin, both in vive and
in vitro (Abecia et al., 2002, Forcada et al., 1995).
Melatonin exerts its effect by reducing the elevated
gonadothropins and also regulates the distwbance of
endocrine estrous cycle function observed in menopause
female mto the physiological conditions of matire females
(Bellipanni et al., 2005). Therefore, it could be useful to
ovariectomized females that have signs of menopause.
Thus, melatonin could play a role in the regulation of
activity of the hypothalamic-pituitary-ovarian axis in
ovary graft recipients. In addition, melatonin receptors
have been found in granulosa and theca cells of
ovarian follicles (Lee et al., 2001, Soares et al., 2003). The
high lipophilicity of melatomn permits its rapid transfer
into other organs and fluids. Indeed, presence in the

ovarian follicular fluid even exceeds blood levels
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(Brzezinski et al., 1987, Ronnberg et al., 1990). The
existence of melatonin receptor in cells of ovary, its high
lipophilicity and also its effect of synchromzing endocrine
function of the female reproductive system makes us to
suppose that melatonin may have protective effect on
frozen-thawed ovaries graft. Earlier reports showed direct
effects of different melatonin
folliculogenesis and oogenesis of irn vitro cultured
mouse ovarian follicles (Adriaens et al., 2006). Melatonin
also protects the ovaries against oxidative damage
assoclated with reperfusion following an schemic msult
(Hemadi et al., 2009; Liu et al., 2008; Turkoz et ai., 2004,
Kim et al., 2004). But, there has been no report on the
protective effect of melatonin on the activity of the
hypothalamic-pituitary-ovarian axis m ovary graft
recipients yet. Therefore, we evaluated the effect of the
optimum dose of melatonin (from our dose-finding study,
unpublished data) on the functional activity of the
hypothalamus-pituitary-gonadal axis in the recipients of
vitrified ovary grafts.

concentrations on

MATERIALS AND METHODS

Mice: This study was conducted from August 2009 to
January 2010 and accordance with Ahvaz jundishapur
University of Medical Sciences Guide for the Care and
Use of Laboratory Ammals. Ten day old female
(CBA=C57Bl/6) F1 hybrid mice were used as ovarian
donors and 8-10 weeks-old females of the same strain
were used as ovarian recipients (Pasture Institute of Tran).
Recipient mice were randomly assigned either as control
(group I) or treated (group 1I). Group I obtained
physiological saline and Group IT received melatonin
(20 mg/kg/day). Each of the groups was randomly further
distributed into six subgroups. In each subgroup
sacrificed at days 1-2(n=6),3 (n=13),7-9(m=19), 10-12
(n=9) or 32 (n = 3). As sham, for each subgroup, same
mumber mice were sham operated: After anaesthesia,
ovaries were visualized and replaced. These sham mice
did not receive any graft.

Ovaries vitrification: Intact ovaries of 10 day old mice
were recovered and vitrified as previously published
(Mazoochi et al., 2008) with the following modifications:
medium containing 40% ethylene glycol (v/v), 30% ficoll
70 (wiv)and 1 M sucrose supplemented with fetal bovine
serum (EFS40) (Sigma-Aldrich, USA). Whole ovaries were
exposed to increasing concentrations of Vitrification
Solution (VS) (12.5, 25, 50 and 100%). The first two steps
lasted 5 min at room temperature and the next two for
15 min at 4°C. Each of the ovaries was then transferred
mto 1.8 mL cryogenic vials (Nune, Roskilde, Denmark)
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containming 100% (EFS540). The vials were transferred
directly into liquid nitrogen at -196°C. Before grafting,
ovaries were rapidly warmed in air at room temperature for
30 sec and then immersed in water at 30-35°C’ for 5 min.
The ovaries were removed from the cryovials and placed
successively in solutions containing decreasing VS
concentration (50, 25 and 12.5%) and finally washed in
aMEM.

Melatonin treatment in vitro: The thawed ovaries were
firther meubated 30 min in ¢MEM plus 10% FBS, with or
without 100 pM additive melatonin before being
transplanted  subcutaneously on  the back of
ovariectomized recipients of treatment (group II) or no
treatment (group T), respectively.

Transplantation procedure: The host amimals were
anesthetized by i.p., injection of ketamine-xylazine cocktail
(ketamine 80 mg kg™ and xylazine 10 mg kg~' b.wt,
Pharmacia and Upjohn, Erlangen, Germany). While, the
incisional area on the back was prepared and protected
(kept sterile) for the transplantation procedure,
Ovarilectomy was performed by excision between the
uterine horn and the fallopian. The intact vitritied thawed
ovaries were subsequently mserted bilaterally mto the
subcutaneous-site  (into adipose tissue; hilaterally
adjacent to the midline) on the back of recipient mice.
Sham animals were subjected to swgery without
implantation of tissue.

Melatonin treatment in vive: After transplanting,
melatonin 20 mg/kg/day was applied by intraperitoneal
(i.p.) injections in 0.2 mL of 0.9% saline to the host mice
(group T) once a day at 18:00h (1 h before initiation of
12 h dark phase) up to 48 h. Group II received only saline.
Treatment was started 1-4 h after transplantation.

Validation of ovaries graft: Vaginal smears were taken
daily using sterile pipettes, beginning 5 days after
transplantation; the vaginal wall of each recipient was
scraped gently and the cells were mixed with a drop of
PBS on a clean glass slide. The stage of the estrous cycle
was determined from the cell types observed with an
inverted microscope with Hoffman contrast modulation.

Serum sample collection and tissue preparation: Blood
samples were obtained by cardiac puncture. Heparimzed
plasma was separated using centrifugation (3000 rpm) and
stored at -B0°C to carry out the hormonal assays. The
grafted intact ovaries were carefully dissected out,
cleaned of adhering connective tissue and then fixed by
4% buffered formaldehyde (37% Formaldehyde, Merck,
Germany).
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Hormone assays: Plasma Follicle-Stimulating Hormone
(FSH), Luteinizing Hormone (LH), estradiol and
progesterone secretions were measured by ELISA using
ELISA reader (Awareness Comp., USA). The LH and FSH
concentrations were measwred as described in the
instructions provided with the kits (Radim S.P.A., Ttaly),
whereas estrogen and progesterone
determined as illustrated in the tuition offered by kits
(DRG Diagnostics GmbH, Germany).

levels were

Melatonin serum levels: Melatonin in mice serun was
detected using a commercially available R1A (Buehlmann,
Allschwil, Switzerland). Briefly, melatonin was extracted
100 pl serum aliquots by reverse phase
chromatography in 1 mL 100% methanol, vacuum-dried
and reconstituted m 1 mL reagent buffer. Appropriately
diluted extracts were incubated with melatonin-specific
antibody and radiolabeled melatonin over night at 4°C.
Following incubation with a sepharose-coupled
secondary anti-rabbit antitbody for 15 min at 4°C, specific
radioactivity was measwed using a gamma counter
(Beckman Instrument Inc., USA). Samples were measured
in duplicates and melatonin concentration calculated from
a standard curve obtained separately for each test run

from

Statistical analysis: Two-way variance analysis was used
tocompare the mean time of estrous cyclisity of all mice of
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groups. The correlation coefficients were calculated to
estimate the effect of gonadothropins and steroids levels
on melatonin concentration. Results are expressed as
MeantSE. The p<0.05 was considered sigmficant.

RESULTS

Vaginal cytology: Cormfied epithelial cells vagina of
ovariectomized host mice in both non-/treated groups
resumed at variable 10-12 days of transplantation.
However, Melatomn treatment caused more cycles during
the period of study (5.3+0.3 versus 4+0.3; p<0.001). The
intervals between the manifestation of epithelial cells
cornified (estrous cyclicity) within study in sham and
non-/ treatment mice were 5.941.1, 5.841.6 and 4.241.7
days for a period of 1.940.2, 1 8+0.5and 1.2+0.6 repetitive
days, respectively (Fig. 1a, b).

Melatonin level: Admmistration of melatonin led to a
substantial rise of the melatonin level to 1.0-1.2 ug mL ™'
around midmght. But, a rapid decline through midday
similar to the circadian rhythm of melatonin that found in
untreated was still observed in treated group. Moreover,
as soon as treatment ceased 1n treatment mice, the
melatonin secretion at midnight returned again in
melatonin measurements comparable with the physiologic
concentration m untreated animals. However, after that
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Fig. 1: (a-d) Correlation between melatonin concentration and LH and FSH levels i the estrous cyclicity of neonate
ovarian graft, (a) There was a statistically significant (p=0.001; I = 0.810) correlation between melatomn and LH
concentrations, (b) There was a statistically significant (p=>0.001; T= 0.806) correlation between melatonin and FSH
concentrations, (¢) There was a statistically significant (p=0.009; T = 0.399) correlation between melatonin and E2
concentrations and (d) There was a statistically sigmficant (p=0.001; I = 0.957) correlation between melatomn and

P concentrations
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Fig. 2. (a-d) Concentrations of plasma LH, FSH, estradiol and progesterone in all stages of the estrous cycle in
no-/treatment host mice and Sham group. Mice were treated with 20 mg/kg/day melatomun. p=>0.05

melatonin secretion still tended to differ between days
(p=10.05), but interactions of remedy with day (p<0.718) or
treatment and estrous cyclicity with day (p<0.117) were
not detected.

Profile of plasma sex hormone concentrations: An
outline of the statistics gained 18 shown n Fig. la-d and
2a-d. Gonadothropms (LH and FSH) levels were higher in
host ovariectomized mice before restoring of ovary graft
cyclicity than in the sham mice (p<0.001 and p<0.001).
However, melatonimn administration reduced these levels
mto the gonadtrophins concentrations found m sham
mice. Treatment within estrous phase is shown to reduce
the circadian cycle of LH and FSH more in the treated than
untreated group at midday (early proestrous) (p<0.001 and
p<0.001); meanwhile, at afternoon (lately proestrous) a
peak value more equivalent to that found in sham mice
than control mice was again observed in treatment group.
The correlation coefficients between gonadothropins
(LH and FSH) and melatonin concentration at the estrous
cycle were significantly different from zero (I = 0.810,
p<0.001 andT = 0.806, p<0.001 ). Mean levels of estradiol
and progesterone during the different stages of the cycle
were similar between untreated and treated groups
(p<0.979 and p<0.991), albeit in metestrous and distrous
2 the progesterone secretion was higher in treated group
than non treated group (p<0.002 and p<0.003). The
correlation coefficients between steroids (E2 and P4) and
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melatonin level at the estrous cycle were significantly
different from zero (I = 0.399, p<0.009 and T = 0.957,
p<0.001) (Fig. 2a-d).

DISCUSSION

Early, it was showed for the fust tume that
administering melatonin during the imitial 1schemia of graft
tended to promote the proportion of follicles entering the
next development stage (Hemadi et af., 2009). Properly,
the extent of follicular survival at different stages of
development in ovarian grafts depends on their activity of
hypothalamic-pituitary-ovarian axis (Liu et al, 2002).
Indeed, in our earlier in vivo study, it was observed that
distribution of brown of apoptosis stam in the granulosa
and theca cells were more susceptible to harm than cocyte
(Hemadi et al., 2009). This can be explained by the fact
that the somatic cells are more active metabolically than
the oocyte and thus are more affected by down regulation
of gonadothropins hormone (Goodman, 1988). The
results of the present study indicated that melatonin
administration did not disturbance the stable rhythm of
melatonin concentration of ovariectomized host mice.
Meanwhile, it reduced the elevated gonadothropins level
before restoring estrous cyclicity to level nearly similar to
intact mice. Also, melatomn have caused that the
characteristics of sex steroids in neonate ovaries host
mice are modified as mechamsm that take place duning the
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estrous cycle of adult intact mice and may have improved
synchromization. Cleaver reported that melatonin
treatment within proestrous in mice had no effect on LH
secretion, but it decreased estradicl and increased
progesterone concentrations during the subsequent
estrous and diestrous, respectively (Cleaver, 1992).
Indeed, in vitro studies have demonstrated that melatomn
stimulates progesterone production by ovarian granulosa
cells several species
synergistically with human chorionic gonadotrophin to
increase the production of progesterone (Goldman, 1999;
Brzezinski et al., 1992).

It seems that melatonin doesn’t has effect directly on
GuRH neurons to regulate secretion of GnRH (Cleaver,
1992; Goldman, 1999). Melatonin might regulate GnRH
secretion via effect on steroid negative feedback on GnRH
release or by a steroid-independent modulation of GnRH
secretion (Nakamura et al., 2003). Recently revealed that
kisspeptin 1s a factor that acts between melatonin and
hypothalamic-pituitary-ovarian  axis, in which that
melatonin could act on the kisspeptin to modulate
reproductive activity  (Messager et al, 2005).
Considering that kisspepting potently elicits LH/FSH
secretion (Revel et «l, 2007) the activation of this
endocrine pathway may have created a more suitable

in mammalian and acts

hormonal environment for follicle growth and hence
oocyte maturation, in melatonin-treated  does
(Thompson et af, 2004). In anestrus, LH secretion is
diminished, as opposed to the breeding season when
the pulsatile release of LH 15 at frequencies and
amplitudes appropriate for controlling follicle dynamics
(Bulnes et al., 2004). Furthermore, the presence of an
active growing follicle may indirectly support effects of
melatonin on follicular function and therefore on steroid
secretion and function, as suggested in previous studies
(Yie et al., 1998).

In addition, in this study, it was detected that when
we examined the estrous cycle by vaginal smear method,
Cornified epithelial cells vagna of ovariectomized host
mice 1in both non-/ treated groups resumed at same days
of transplantation. However, admimstration of melatonin
could be shorted the estrous cyclicity duration as well as
the intervals between the mamfestations of epithelial cells
cyclicity.  These
differences in total length of the cycles were mainly
caused by a more rapid growth phase of the dominant
follicles. In this case, it was presumed that decreased
FSH by melatonin induced follicle development in the
elevated estrogen influenced

cornified interaction of estrous

ovary and subsequently
the uterine tissue, resulting in shorted estrous
(Berlinguer et al., 2009). It can be assumed that mn fact the
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melatonin have caused that the characteristics of sex
steroids in neonate ovaries host mice are modified as
mechamsm that take place during the estrous cycle of
adult intact mice and may have improved synchronization.
This result i1s consistent with other observations that
reported that the melatomin has improved synchromzation
(Goodman, 1988; Cleaver, 1992). In conclusion, the
evidence presented in this study illustrates that melatonin
could retwn the disturbed sexual cyclicity of the
ovariectomized host reproductive
Moreover, the evidence presented in this study illustrates
that melatonin could be shorted dwation of estrous
peried of the ovariectomized host.

nto function.
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