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Abstract

Background: The impact of simultaneous melatonin administra-
tion on neonatal progmming by hypothyroidism (HPOT + MT) on 
adult ovarian functions and serum hormone profiles has been evalu-
ated in the Charles foster strain of rats.

Methods: The female neonates were rendered hypothyroid (HPOT) 
by feeding lactating mothers with 6-propyl 2-thiouracil (PTU) 
through drinking water and were simultaneously administered with 
melatonin (MT) (40 µg/animal/day) from day 0 to day 21 in the 
evening at 16:30 hours just prior to lights off.

Results: The experimental animals (HPOT + MT) consistently 
showed decreased body and ovary weights compared to controls. 
The total number of follicles was significantly lower in treated ani-
mals (HPOT + MT) but was greater than the HPOT group of ani-
mals, and both showed significantly decreased number of follicles 
compared to control rats. There was a significant reduction in the 
number of antral follicles and corpora lutea and decreased atretic 
follicles in experimental rats.

Conclusions: It can be concluded from the above results that mela-

tonin is able to nullify the negative influence of hypothyroidism 
on adult ovarian functions and steroidogenesis to a greater extent.
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Introduction

Sexual development and reproductive maturation is a pro-
tracted event initiated during the foetal stage and influ-
enced by the developing hypothalamic-pituitary-gonadal 
axis (HPG) [1]. Thyroid hormones are critically involved 
in embryonic and foetal development of vertebrates [2]. 
Both thyroid hormone deficiency and excess are known to 
affect the development and functions of reproductive sys-
tem [3, 4]. Prepubertal hypothyroidism induced from the 
day of birth till day 40 postpartum shows reduced body and 
ovarian weights, with the ovaries of such rats containing 
more secondary and less antral follicles, smaller non-atretic 
antral follicles and more atretic follicles with no corpora 
lutea compared to age-matched controls [5]. Many stud-
ies on postnatal hypothyroidism have reported retarded 
growth and physical development, delay in eye opening 
and teething, slow to respond to general environment and 
also to have depressed body weight [6-11]. Perturbation in 
endocrine signals in developmentally critical periods like 
the foetal and neonatal stages can bring about physiologi-
cal alteration in organ systems within a range of phenotypic 
plasticity from the same genotype. Such perturbations in 
endocrine signals in developmentally critical periods are 
potentially capable of establishing altered adult structural 
and functional status of organs and, even, impact health 
positively or negatively by inducing changes in gene tran-
scription, modification of metabolic rates in target cells, 
changes in cell number or even by bringing about subtle 
changes in receptor type and number [12]. Previous study 
on programming by induced thyroid hormone deficiency 
during the neonatal period in the Charles foster strain of 
rats has recorded increased follicular atresia and reduced 
corpora lutea together with decreased secretion of estrogen 
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and progesterone from the adult ovary as part of adult plas-
ticity changes [13].

In terms of melatonin status, immature rats have been 
shown to be relatively more responsive than adults. Admin-
istration of melatonin reportedly retards development of 
both male and female reproductive systems [14-18]. Post-
natal days 20 - 40 have been shown to be more critical in 
this inhibitory effect [19, 20]. Since the influence of melato-
nin on the development of the reproductive system has been 
shown to commence during the prenatal period and extend 
into the postnatal life [21], melatonin infusion either in the 
evening or in the morning in the infantile to prepubertal pe-
riod (10 - 25 days) has been tested in this laboratory. This 
study showed decreased body weight and testes weight in 
the period immediately after melatonin treatment more pro-
nouncedly in the evening schedule [22]. In continuation, 
neonatal programming by melatonin was studied in terms of 
adult plasticity changes on adult ovarian functions, which re-
vealed increased numbers of various follicles and more than 
doubled number of corpora lutea with fewer atretic follicles 
and greater fecundity [23].

Since postnatal programming by hypothyroidism and 
hypermelatonemia has shown opposite set of effects, an at-
tempt is made in the present study to evaluate the effect of 
simultaneous neonatal hypothyroidism and hypermelatone-
mia on adult ovarian functions.

 
Materials and Methods

Animals and maintenance

Healthy female laboratory rat neonates (Charles foster 
strain) were used for the present study.  The animals were 
maintained at the Sarabhai Research Center, with a constant 
temperature range of 21 ± 2 °C and under a lighting regimen 
of LD 8:16 throughout the experimental period of study. The 
animals were fed with standard diet (Amrut Rat Feed) and 
water ad libitum. The treatment was initiated on day ‘0’ (day 
of birth) and terminated on day 21 postpartum. The studies 
were conducted as per the CPCSEA guidelines and clear-
ance by the ethical committee (Approval No. 827/ac/04/
CPCSEA).

Experimental protocol

The experimental setup was divided broadly into two groups.

Group I control (C)

Rat neonates (female) maintained in the laboratory till day 
90 served as controls. This consisted of 2 subgroups (as fol-
lows) of 10 animals each: (i) Control rats [Maintained as 
such]; (ii) Experimental rats [Injected i.p. with vehicle (0.9% 

saline) in evening at 16:30 hours].

Group II Hypothyroidism + Melatonin (HPOT + MT)

Rat neonates (females) subjected to transient hypothyroid-
ism (HPOT) by feeding mothers with 0.1% 6-propyl 2-thio-
uracil (PTU) in drinking water from day 0 to day 21 post 
partum and simultaneously injected with 40 μg melatonin/
animal/day i.p. [N-Acetyl-5- hydroxytryptamine (MT) pro-
cured from Sigma Chemical Co. USA] at 16:30 hours con-
sisting of 10 animals each.

Parameters and methods of evaluation

The treatment was discontinued from day 22 and the animals 
were sacrificed at 22, 45 and 90 days of age, and various 
morphometric, gravimetric and histocytometric studies were 
carried out. The animals were sacrificed under mild anes-
thesia and blood was collected by brachial venipuncture in 
centrifuge tubes. They were centrifuged at 4000 rpm and se-
rum was collected and stored at -4 °C. Later, these serum 
samples were utilized for assay of various hormones. The 
viscera was cut open and the ovaries excised, blotted free 
of tissue fluids and weighed accurately in a Mettler balance. 
The absolute weights so obtained were converted to relative 
weights and expressed as percentage of body weight. The 
ovaries were fixed in Bouin’s fluid and processed for paraffin 
wax histology.

Histology and histometry

Ovaries were fixed immediately in Bouin’s fluid and pro-
cessed for histological studies.  Paraffin sections of 3 μm 
thickness were cut on a microtome and stained with Haema-
toxylin-Eosin (HE). For morphometry and enumeration of 
ovarian follicles, homologous cross sections of entire ovary 
showing better area of vision were chosen. The section area 
was calculated by integrating the area inside the traced pe-
rimeter and volume was calculated by multiplying by the 
section thickness. The section volume was multiplied by 10 
(to account for the number of sections skipped) to give the 
“10-section” volume; and sum of all the 10-section volumes 
was obtained to estimate the total ovarian volume (in mm3) 
[24, 25]. Total counts of different types of follicles were 
made using an occulometer.

Hormone assays

The blood for hormone assays was collected from the brachi-
al vein under mild anesthesia before sacrificing the animals. 
T3 and T4 were assayed by ELISA using kit purchased from 
Glaxo (product code H-T3H-0010 and H-T4H-0010) and ex-
pressed in ng/mL of serum. Estradiol and progesterone were 
assayed by using ELISA kit purchased from General Bio-
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logicals Corp, Taiwan and expressed as ng/mL.

Statistical analysis

All data are expressed as mean ± SEM. The data were ana-
lyzed by student’s t test and two-way analysis of variance 
(ANOVA) wherever applicable, at 95% confidence limit.

Results
  
Body and ovarian weights

The body and ovarian weights of experimental rats were 
consistently lower at all ages of study from 22 - 90 days 
postpartum. Whereas the body weight at 90 days was 26% 
lesser than controls, the absolute and relative weights of ova-

ry were respectively 37% and 18% lesser (Table 1).

Ovarian histology and histometry

The ovarian volume in HPOT + ML rats was significantly 
lower throughout, with a 34% decrement in the adult stage at 
90 days. There was a generalized increase in the total num-
ber of follicles at 45 and 90 days. The increase in follicular 
number was mostly of primordial and secondary follicles but 
with significant reduction in antral follicles and corpora lu-
tea. The number of atretic follicles was significantly high in 
the experimental rats (Fig. 1; Table 2).

Serum hormone profile

Both estrogen and progesterone titers were higher in the im-
mediate post-treatment period; however, their levels were 

Figure 1. Photomicrographs of sections of ovary of control and melatonin treated hypothyroid rats. Sections 
of ovaries of 2 245 and 90 day old rats (1, 3, 5) showing less number of atretic follicles and number of primary, 
secondary and tertiary follicles compared to age matched melatonin treated hypothyroid rats (2, 4, 6).

223



J Endocrinol Metab  •  2011;1(5):220-226       Neonatal Hypothyroidism on Immature Follicles

Articles © The authors   |   Journal compilation ©  J Endocrinol Metab and Elmer Press™   |   www.jofem.org

significantly lower than the control level at 45 and 90 days. 
Except for the 22nd day, T3 and T4 levels were significantly 
higher at all ages in the experimental rats compared to con-
trols. These changes in hormone profile are shown in Table 
3, 4.

Discussion
  
The results of the present study clearly reveal differential ef-
fects of both melatonin and hypothyroidism. Body weight, 
ovarian weight and volume are all significantly less com-
pared to controls, very much comparable with animals ren-
dered hypothyroid neonatally. Adult HPOT + MT rats show 
26% deficit in the body weight and 18% deficit in ovarian 
weight as against 36% and 21% deficit respectively in HPOT 
rats [13]. Clearly, simultaneous melatonin administration is 
not able to deprogram the hypothyroidism-induced retarda-
tion in body and ovarian weights. A distinct sex difference is 
inferable as both HPOT [26] and HPOT + MT (unpublished) 
males showed increased testis size as against decreased ovar-
ian weight seen in females herein. Apparently, as the testes 
respond favourably, the ovaries respond unfavourably to 
neonatal hypothyroidism in terms of adult gonadal weight. 
Thyroid hormone seems to be a crucial hormone required for 
both body and ovary growth in females, while in males the 

hypothyroidism induced testis enlargement is related with 
prolonged phase of Sertoli cell proliferation coupled with 
delayed differentiation [26-28]. Further, while melatonin ad-
ministration had a potentiating influence on hypothyroidism 
in males in terms of Sertoli cell proliferation [26], the same 
in females could not reverse the retardatory influence of hy-
pothyroidism on ovarian growth.

Previous studies showed a marginal increase in the to-
tal number of follicles under HPOT and most substantial 
increase under hypermelatonemia to the extent of 12% and 
22% respectively at 45 and 90 days [23]. However, HPOT + 
MT in the present study reveals further increase to the tune 
of 29% and 38% respectively at 45 and 90 days. Clearly, both 
neonatal hypothyroidism and hypermelatonema program for 
a definitive up regulation of folliculogenesis. Nevertheless, 
the qualitative aspect of folliculogenesis seems to be poorer 
when compared to melatonin programmed rats as, the per-
centage of atretic follicles is much higher in HPOT + MT 
compared to melatonin programmed rats (22% versus 1.5% 
at 90 days). This is however significantly less compared to 
HPOT rats as the percentage of atretic follicles in HPOT rats 
at 90 days was 42%. Further, the poorer qualitative aspect is 
also indicated by the lesser number of corpora lutea in HPOT 
+ MT rats (4.2%) which is quite similar to HPOT rats (4.1%) 
as against melatonin rats (8.1%). Obviously, the favourable 
deprogramming effect of MT on the quantum of early pre-

Treatment
T3 T4

22 days 45 days 90 days 22 days 45 days 90 days

C 2.51 ± 0.51 3.03 ± 0.71 6.53 ± 0.65 38.0 ± 1.3 117.0 ± 6.1 236.8 ± 25.5

HPOT + MT 1.39 ± 0.43 5.50 ± 0.86 7.98 ± 0.37 28.2 ± 3.7c 268.2 ± 8.6c 324.4 ± 18.5c

Table 3. Hormonal Status of Control and Melatonin Treated Hypothyroid Female Rats

Table 4. Hormonal Status of Control and Melatonin Treated Hypothyroid Female Rats

C: Control; HPOT + MT: Melatonin treated Hypothyroid. Values expressed as mean ± SEM of six animals; aP < 0.01; bP 
< 0.005; cP < 0.0005.

C: Control; HPOT + MT: Melatonin treated Hypothyroid. Values expressed as mean ± SEM of six animals; aP < 0.01; bP < 0.005; 
cP < 0.0005.

Treatment
Estradiol Progesterone

22 days 45 days 90 days 22 days 45 days 90 days

C 2.04 ± 0.31 7.83 ± 0.75 13.07 ± 1.55 4.75 ± 0.68 21.75 ± 2.39 31.59 ± 4.36

HPOT + MT 3.10 ± 0.92 5.68 ± 0.52 9.39 ± 1.84 7.80 ± 0.35c 21.75 ± 1.39 20.27 ± 3.47
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antral follicles is offset by the recorded increased atresia and 
decreased antral follicles and corpora lutea. The antagonistic 
effect of HPOT + MT on follicular atresia is clearly mani-
fested in the percentage of the atretic follicles, which is less-
er than the HPOT rats, but more than the MT programmed 
rats. As the present study has used only a smaller dose of 40 
μg of melatonin/animal, it would be interesting to test the ef-
fect of higher doses of melatonin to fully offset the negative 
impact of hypothyroidism, and we presume that the higher 
dose should be successful. Since there are no studies on hy-
permelatonemia on a background of hypothyroidism, much 
less with high hypermelatonemia alone, the observations of 
the present study are novel and interesting needing further 
evaluations. The presumed favourable effects of melatonin 
are strengthened by the reported expression of melatonin re-
ceptor gene in the granulosa cells of developing female mice 
[29], the role of melatonin in regulating ovarian functions by 
way of progesterone production, LH receptor expression as 
well as GnRH and GnRH receptor gene expression [30] and, 
the ability of melatonin to prevent intra-follicle lipid peroxi-
dation and provide radioprotective action to ovarian follicles 
[31, 32]. The above studies demonstrated the favorable in-
fluence of melatonin on simultaneous administration sched-
ules, while in the present study, the favourable influence is 
revealed as a consequence of prior neonatal administration. 
This is a novel observation and the mechanisms of this long 
lasting protection afforded by neonatal melatonin adminis-
tration remains a matter of conjecture. The possible expla-
nations could be a permanent genetic reprogramming with 
reference to ovarian survival/apoptotic factors and/or perma-
nent resetting of neuroendocrine ovarian hormonal axis as 
part of adult plasticity changes induced by neonatal mela-
tonin programming. With reference to the former, follicular 
survival or apoptosis is regulated by a number of hormones, 
growth factors and cytokines, which in turn activate several 
sub-programmes involving many genes [33]. A possible av-
enue of future investigations could be the understanding of 
the possible role of neonatal hypermelatonemia on perma-
nent resetting of local genetic programmes resulting in the 
activation of survival factors and/or inhibition of apoptotic 
factors. In the light of reported importance of expression of 
oocyte GDF 9 for pre-antral follicular survival and transition 
to antral follicles [34], and the reported expression of FOXO 
3, an apoptotic gene, and its hypothesized up regulation by 
neonatal programming by hypothyroidism [35], studies on 
the expression of these candidate genes would be worth-
while.

The effect of HPOT + MT on the endocrine axes is 
marked by reduced titres of both sex hormones but increased 
thyroid hormone titres. The progesterone titre is intermediate 
to that of HPOT and MT rats suggesting the partial nullifying 
effect of the antagonizing actions of HPOT and MT. Both T3 
and T4 levels are significantly elevated probably indicating 
the potential effect of MT on T3 and HPOT on T4. Appar-

ently, both thyroid hormones and melatonin have their own 
independent actions at the level of hypothalamus to regulate 
the set points of neuroendocrine thyroid and goand axes in 
the neonatal period.

The present study intended to examine the possibility of 
melatonin deprogramming the effects of thyroid deficiency 
in the neonatal period reports interesting but differential ef-
fects on folliculogenesis, follicular survival, ovarian weight 
and volume and, ovarian and thyroid hormone status. The 
observations suggest synergistic, cumulative or antagonistic 
effects of melatonin on neonatal thyroid hormone deficiency. 
Further investigations are warranted for proper understand-
ing of possible adult plasticity changes induced by a hyper-
melatonemic status on a hypothyroid background in the neo-
natal period.
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