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Introduction

Melatonin (MT) or N-acetyl-5-methoxytryptamine, the 
fascinating molecule secreted by the pineal gland, was first 
identified and isolated in Bovine pineal extracts [1]. MT se-
cretion is high during the dark period which indicates that 
MT synthesis and release is regulated mainly by the light-
dark cycle. There is an evidence that MT may have a role in 
biologic regulation of circadian rhythms, sleep, mood and 
aging. Apart from this, MT has several important actions 

like ability to modulate immune response, quench hydroxyl 
radical–scavenging of free radicals, influence mutagenesis, 
carcinogenesis etc. The property of MT as a free radical scav-
enger increases its importance in the process of aging by way 
of neuroprotection. MT has a close interaction with hypotha-
lamic-pituitary-gonadal axis [2].

MT has a major physiological role in adult mammals 
through regulation of seasonal reproduction. The influence of 
MT on reproductive development begins during the prenatal 
period, extending into postnatal life [3]. In mammals, MT 
exhibits an inhibitory effect on the reproductive axis [4]. But, 
in non-seasonal breeders like rat its exact role in reproduction 
is controvertible. In adult male rats, the effect of exogenous 
MT varies from ineffective, antigonadal to progonadal [5-
7]. In rats, MT production is partially controlled by gonadal 
hormones. In male rats circulating testosterone which in-
duces modifications in tyrosine hydroxylase activity in pineal 
sympathetic nerve terminals, is necessary to maintain the 
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amplitude of the nocturnal MT peak [8]. Functional relation-
ship and feedback between the pineal gland and the testis is 
reported to exist [9]. Also, possible involvement of pancreas, 
insulin-like growth factor 1 (IGF-1) in the action of MT on 
the reproductive axis cannot be ruled out.

With the above facts it is worth to explore the possible role 
of MT on the onset of puberty in male albino rats.

Materials and Methods

Inbred strains of Albino rats bred under controlled lighting 
using 12 hours of light and 12 hours of dark (12L:12D) cycle 
as per ethical guidelines were used.

Animal groups
Two groups of male rats aged 5 and 10 days were used for 

the study. In each group, there were three subgroups, each 
receiving MT for 5 days, 10 days or till the day of descent of 
testes. Similar subgroups were used as controls and received 
the vehicle alone i.e., saline-ethanol. 

Protocol for MT administration
MT (Sigma, St. Louis, MO, USA) dissolved in saline-

ethanol (9:1 v/v; 0.9% NaCl and 100% ethanol), was prepared 
fresh and the dose 100 µg/day was injected by subcutaneous 
route at 15:00 hours. Control pups received injections of ve-
hicle alone.

Observation on descent of testes and blood collection
Without handling, animals were observed daily for the 

onset of puberty in male rats which is judged by descent of 
testes and is a conventionally accepted sign for the event [10]. 
On the day of descent of testes, body weight of the animal was 
noted, anaesthetized with ether and blood was collected, se-
rum was separated and used for radio immunoassay.

Collection of tissues
After collecting the blood, animals were sacrificed as per 

the international ethical guide lines (for animals); the organs 
testes, epididymides, thymus and pancreas were dissected, 
weighed. Testes and thymus were fixed in Bouin’s fluid for 
histological studies. Tissues were processed and paraffin 
blocks were prepared. Sections of 5 μm thickness were cut as 
described by Farris and Griffith [11]. For every 20 serial sec-
tions, only five were selected and the remaining was discard-
ed. The sections were later stained with Ehrlich’s hematoxylin 

and eosin [11]. 

Histological parameters
For morphometric analysis, the cross section of the tubules 

which showed clear and well demarcated boundaries was se-
lected. All morphometric measurements were done using an 
Occular micrometer. Volume fraction of seminiferous tubules, 
intertubular connective tissue of testes, cortex and medulla of 
thymus were estimated by point count method [12] using the 
eyepiece graticule. Further, cortico-medullary volume frac-
tion ratio was calculated.

Radioimmune assay
Radioimmune assay for luteinizing hormone (LH) and 

testosterone was done using the kits procured from the Diag-
nostic Systems Laboratories, Inc. (Webster, TX, USA). While 
growth hormone (GH) was estimated by using the kit from 
ICN Pharmaceuticals Inc. (Costa Mesa, CA, USA).

Statistical analysis
All data was entered and Student’s unpaired t test was ap-

plied to assess the significant differences between mean of ex-
perimental and control group animals for each characteristic 
under study.

Results 

Gross parameters (Tables 1, 2)

Age on descent of testes
The range of age on descent of testes in control group of 

rats was from 28.75 to 31.25 days. On treatment with MT 
for different durations in 5 days and 10-day-old rats the age 
on descent of testes (onset of puberty) was significantly ad-
vanced. 

Body weight
Body weight of control and experimental rats ranged from 

30.0 to 44.50 g and 36.0 to 48 g, respectively. MT treatment 
till descent of testes in 5-day-old rats did not affect any sig-
nificant result. However, in 10-day-old rats MT treatment till 
descent of testes significantly increased the body weight. 

Testes weight
Testes weight in 5-day-old of rats was significantly in-

creased after MT treatment for shorter duration. On contrary, 
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a non-significant decrease in the testes weight was observed 
after treatment of MT till descent of testes in both age group 
of rats. In 10-day-old rats, a significant increase in testes 
weight was observed only after 5 days of treatment. 

Epididymides weight
Epididymides showed a significant increase in weight after 

treatment with MT in 5-day-old rats after 5 and 10 days of 
administration. While in 10-day-old rats significant increase 
in the weight of epididymides was observed in 5-day treat-
ment group, a non-significant decrease was observed after 
MT treatment for 10 days and till descent. 

Thymus gland weight
There was a significant increase in thymus weight in all the 

groups after MT treatment except in 5-day-old rats receiving 
MT till descent of testes where no significant change was ob-
served. 

Pancreas weight
MT treatment significantly increased the pancreas weight 

in all treatment group of rats when compared to controls ex-
cept in 5-day old rats treated till descent (Tables 1, 2).

Histological parameters 

Testis 
The seminiferous tubule diameter was significantly in-

creased in 5-day-old rats after 5 days of MT treatment, while 
in 10-day-old rats significant increase was observed after 5 
days and 10 days of MT treatment. Further, in 5-day-old rats 
MT treatment for 5 days and 10 days significantly increased 
the seminiferous tubule volume and decreased the intertubu-
lar connective tissue volume, while in 10-day-old rats signifi-
cant change was observed only in rats receiving MT for 10-
day duration (Table 3, Fig. 1). 

Thymus gland-cortex and medulla volume fraction 
The in-situ thymus gland exhibited well developed cortex 

and medulla. The in-situ thymus gland cortical volume in all 
the treatment groups was significantly higher when compared 
to control group of rats. Similarly, MT resulted in significant 
reduction in medulla volume in all treatment groups. Corti-
co-medullary volume ratio was significantly higher in all MT 
treatment groups of rats except in 10-day-old rats receiving 
MT till descent (Table 4, Fig. 2). 

Radioimmune assay 
The serum LH was significantly higher in rats subjected to 

MT treatment for 5- and 10-day duration in both the age rats. 

Table 1. Effect of melatonin on descent of testes and body, testes, epidydimides, 
thymus and pancreas weight in 5-day-old rats

Melatonin
5 Days 10 Days Till descent

Age on descent of testes (day)
   Cont 30.25±0.25 31.25±0.75 29.50±0.50
   Expt 25.50***±0.29 25.75***±0.48 25.25**±0.75
Body weight (g)
   Cont 38.25±0.48 30.00±0.82 37.75±1.70
   Expt 39.75*±0.25 36.00**±1.08 39.00±0.41
Testes weight (mg)
   Cont 104.6±2.59 103.4±1.48 120.4±6.61
   Expt 131.9**±5.92 124.9*±8.57 118.6±7.70
Epidydimides weight (mg)
   Cont 17.63±1.39 16.13±0.24 17.25±0.78
   Expt 21.75*±0.25 18.13a±0.55 17.75±0.66
Thymus weight (mg)
   Cont 104.5±4.41 78.25±3.12 127±5.07
   Expt 135.75***±2.96 128.5***±1.85 128±6.39
Pancreas weight (mg)
   Cont 183.2±15.3 132.2±15.5 182.5±15.9
   Expt 231.7*±9.14 183.2±2.75 210.0±10.6

Cont, control; Expt, experiment. *P<0.05, **P<0.01, ***P<0.001.

Table 2. Effect of melatonin on descent of testes and body, testes, epidydimides, 
thymus and pancreas weight in 10-day-old rats

Melatonin
5 Days 10 Days Till descent

Age on descent of testes (day)
   Cont 30.00±0.41 30.50±0.29 28.75±1.18
   Expt 25.50***±0.29 27.00**±0.58 25.00*±0.00
Body weight (g)
   Cont 35.50±0.29 44.00±2.20 44.50±0.65
   Expt 37.50*±0.65 44.75±0.25 48.00**±0.00
Testes weight (mg)
   Cont 120.4±0.94 129.3±2.49 135.0±6.15
   Expt 131.4*±3.60 132.3±1.48 128.3±5.39
Epidydimides weight (mg)
   Cont 17.25±0.43 20.88±2.19 22.38±1.56
   Expt 20.00*±0.79 18.63±0.83 19.00±0.29
Thymus weight (mg)
   Cont 113.75±2.14 124.2±5.51 143±1.68
   Expt 128.0*±5.02 142.7*±3.43 196.25**±11.79
Pancreas weight (mg)
   Cont 164.7±5.95 161.7±9.45 173±5.05
   Expt 188.7*±3.12 243.5**±12.5 208.2*±10.6

Cont, control; Expt, experiment. *P<0.05, **P<0.01, ***P<0.001.



Effect of melatonin on the onset of puberty

https://doi.org/10.5115/acb.18.122

Anat Cell Biol 2019;52:286-295 289

www.acbjournal.org

The same effect was not observed in rats subjected to MT 
treatment till descent of testes in 5-day-old as well as 10-day-
old rats (Fig. 3). Further, the serum testosterone levels were 
found to be statistically significant in both age groups of rats 
after treatment with MT except in 10-day-old rats receiving 
MT till descent (Fig. 4). While, serum GH concentrations 

ranged from 3.34 to 4.25 ng/ml and 3.93 to 6.43 ng/ml in con-
trol and experimental group of rats, respectively. Significantly 
higher serum GH concentrations were observed after treat-
ment with MT in all the groups (Fig. 5). 

Fig. 1. (A) Control rat testis (H&E stain, ×100) showing normal tubular diameter, less compactness of tubules and normal interstitial connective 
tissue. (B) Melatonin (MT) treated rat testis showing increased tubular diameter, more compactness of tubules and reduced interstitial connective 
tissue (H&E stain, ×100). (C) Control rat testis (H&E stain, ×500) showing normal tubular diameter, less compactness of tubules and normal 
interstitial connective tissue. (D) MT treated rat testis showing increased tubular diameter, more compactness of tubules and reduced interstitial 
connective tissue (H&E stain, ×500).

Table 3. Effect of melatonin on histomorphometry of testis in 5-day-old and 
10-day-old rats

Melatonin
5 Days 10 Days Till descent

Seminiferous tubule diameter (µm)
   5 Days 
      Cont 128.4±5.85 133.9±0.65 129.5±5.68
      Expt 147.5*±0.96 143.0±5.15 140.4±2.26
   10 Days 
      Cont 138.3±2.60 141.1±2.57 146.9±3.30
      Expt 154.9**±1.80 149.9*±0.94 145.2±1.45
Seminiferous tubule volume fraction (mm3/mm3)
   5 Days 
      Cont 0.84±0.01 0.83±0.01 0.83±0.01
      Expt 0.87*±0.01 0.89**±0.01 0.85±0.02
   10 Days 
      Cont 0.84±0.01 0.86±0.01 0.86±0.01
      Expt 0.87±0.01 0.89**±0.01 0.86±0.01
Intertubular connective tissue volume fraction (mm3/mm3)
   5 Days 
      Cont 0.16±0.01 0.17±0.01 0.17±0.01
      Expt 0.13*±0.01 0.11**±0.01 0.15**±0.02
   10 Days 
      Cont 0.16±0.01 0.14±0.01 0.14±0.01
      Expt 0.13±0.01 0.11**±0.01 0.14±0.01

Cont, control; Expt, experiment. *P<0.05, **P<0.01.

Table 4. Effect of melatonin on histomorphometry of thymus in 5-day-old and 
10-day-old rats

Melatonin
5 Days 10 Days Till descent

Cortex volume fraction (mm3/mm3)
   5 Days 
      Cont 0.74±0.02 0.75±0.02 0.73±0.01
      Expt 0.88**±0.03 0.88**±0.02 0.84±0.02
   10 Days 
      Cont 0.75±0.01 0.75±0.01 0.75±0.01
      Expt 0.87**±0.02 0.87***±0.01 0.85*±0.03
Medulla volume fraction (mm3/mm3)
   5 Days 0.26±0.02 0.25±0.02 0.27±0.01
      Cont 0.12**±0.03 0.12**±0.02 0.16**±0.02
      Expt
   10 Days 0.25±0.01 0.25±0.01 0.25±0.01
      Cont 0.13**±0.02 0.13***±0.01 0.15*±0.03
      Expt
Cortico-medullary volume fraction (mm3/mm3)
   5 Days 
      Cont 2.83±0.28 2.98±0.27 2.69±0.18
      Expt 8.09*±1.61 7.97**±1.87 5.70*±1.13
   10 Days 
      Cont 3.03±0.21 3.02±0.14 3.06±0.17
      Expt 7.02**±0.84 6.81**±0.86 7.16±2.19

Cont, control; Expt, experiment. *P<0.05, **P<0.01, ***P<0.001.
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Discussion

Descent of testes normally occurs around 15–50 days of 
postnatal life in male rats [13], the event is considered as the 
signal for the onset of puberty. The gain in the body weight of 
the rat also directs for the earlier sexual maturity. Exogenous 
MT was shown to have a dose-dependent inhibitory action on 
sexual maturation when given daily from 20 to 40 days of age 
in the laboratory rat [5]. In contrast, when it was injected dur-
ing the prepubertal period from 5 to 20 days no significant 
influence of MT was observed [5]. In the present study, MT 
injection for 5 or 10 days or till descent of testes, advanced 
the age on descent of testes indicating earlier onset of puberty 
when compared to control animals. The difference in the re-
sults of the present study compared to the other studies may 

A B

Fig. 2. (A) In situ thymus gland of control rats (H&E stain, ×125) 
showing normal central medulla and peripheral cortex. (B) In situ 
thymus gland of melatonin treated rats showing increased, dense, wider 
cortex and lesser medulla (H&E stain, ×125).

Fig. 3. (A) Effect of melatonin (MT) on luteinizing hormone (LH) in 5-day-old rats. MT treatment shows significant increase in LH levels 
compared to control. (B) Effect of MT on LH in 10-day-old rats. MT treatment shows significant increase in LH levels compared to control. 
*P<0.05, **P<0.01.

Fig. 4. (A) Effect of melatonin (MT) on testosterone in 5-day-old rats. MT treatment shows significant increase in testosterone levels compared to 
control. (B) Effect of MT on testosterone in 10-day-old rats. MT treatment shows significant increase in testosterone levels compared to control. 
*P<0.05, **P<0.01.
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be due to the difference in the age of the rats and also dura-
tion of MT treatment employed. Further, as the age of the rat 
advances during the treatment regimen there may be prob-
able shift in the exerting action of MT. MT may bring about 
this progonadal effect during the juvenile period of male rats 
by altering the serum gonadotropins, testosterone and growth 
hormone levels. This finding correlates with the views of 
Moreno, who stated that neonatal MT administration induces 
an earlier sexual maturation in male rats [14]. 

The classical studies of Kennedy and Mitra [15] established 
that the weight and composition of body is well associated 
with the timing of sexual maturation. In the present study MT 
increased the body weight significantly, indicating the rapid 
general growth than control animals. This may trigger the 
hypothalamus and prepare for the task of reproduction which 
is done by the faster growth of the organs in toto. Reverse of 
this was observed as decreased body weight in the middle 
aged rats after MT treatment [16] and this difference may be 
due to variation in the age group as well as the dose of the MT 
administered. Furthermore, reports regarding the potential 
role of MT in regulating body weight and metabolism in the 
young rats are contradictory [17]. 

Increased testes weight was observed after shorter duration 
of MT administration in both age rats, while for till descent in 
5-day-old rats, and 10 days or till descent in 10-day-old rats 
does not increase the testes weight. This indicates that within 
20 days of postnatal age MT increases testes weight but after 
that period it does not, may be because of different site of ac-
tion of MT as the age advances. Moreover, the present results 
of non-significant decrease in testes weight correlate with the 

inhibitory action on sexual maturation, when MT was given 
daily from 20 to 40 days of age by Lang et al. [5]. But the ob-
served non-significant decrease is not sufficient to influence 
the whole system as far as the onset of puberty is concerned 
which is indicated by the earlier advancement of age on de-
scent of testes. The similar effect on the epididymides weight 
in younger rats after MT was observed and this may be due to 
the direct action by MT on this. 

The weight of the thymus gland recorded an increase in all 
MT treated experimental group in comparison to controls. 
Experimental evidence reveals that MT is of major impor-
tance to thymus development [18]. Long term administration 
of MT restored the thymus weight which was decreased by 
pinealectomy [19]. The increased thymus further may exert 
stimulatory effect on hypothalamus and results in the progo-
nadal effect.

Increased pancreas weight in MT treated animals throws 
an importance to understand the action of MT on the repro-
ductive axis. This may be one of the factors responsible for 
the earlier attainment of optimum growth. The results of the 
present study confirm the reports of presence of MT receptors 
in pancreas, its stimulatory effect on the functioning of the 
pancreas [20, 21]. The increased pancreas weight provides an 
indirect evidence for the increased IGF concentration. This 
is hypothesized with the reports of increased levels of IGF 
after exogenous MT administration [22]. IGFs have been im-
plicated in general growth, definite role in pancreas develop-
ment. IGF-1 signaling can bring about antiapoptosis, protein 
synthesis, cell growth and mitogenesis [23]. These properties 
of IGF are definitely the reason behind the increased weight 

Fig. 5. (A) Effect of melatonin (MT) on growth hormone (GH) in 5-day-old rats. MT treatment shows significant increase in GH levels compared 
to control. (B) Effect of MT on GH in 10-day-old rats. MT treatment shows significant increase in GH levels compared to control. *P<0.05, 
**P<0.01.
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of pancreas. The present result leads to the hypothesis that 
MT probably exerts its action on the reproductive axis via 
IGF and pancreas. But this needs further study to establish 
whether MT acts on IGF for the growth and development of 
pancreas, reproductive axis or its stimulatory action on pan-
creas as a link on the reproductive axis through IGF (Fig. 6). 
This is the most important presumption leading to the future 
scope of the present study. IGF-1 is considered as a critical 
link between the reproductive and somatotropic neuroendo-
crine systems [24]. 

Histological parameters
The increased testicular weight is supported by increased 

tubule diameter which was noticed in MT treated groups 
for shorter duration and thus exerting progonadal influence. 
Edmonds and Stretson also reported that MT is intimately 
involved in testicular growth in rice rats [25]. The increased 
tubule diameter of the testes in the treated rats is an indica-
tive of the action of treatment on higher centers especially on 
the pituitary gland which through its secretions brings about 
the changes in the histomorphometric aspects of testes which 
further accounts for the gross changes. The action at the 
organ level cannot be ruled out with the fact that testicular 
morphometry depends on the local secretions also. Increased 
seminiferous tubule volume and decreased intertubular con-
nective tissue volume in corresponding groups supported the 
increased testes weight in different treatment combination 

groups. Surprisingly no change was found in both the age 
group rats treated with MT till descent reflecting the non-
significant decrease in gross testicular weight. 

The volume fraction of in-situ thymus gland cortex was 
significantly increased and medullary volume fraction was 
decreased in MT treated rats when compared to control rats. 
These changes possibly reflect the increased weight of in-situ 
thymus. This agrees with the work which reports the immu-
nostimulatory effect of MT acting on the thymic lymphocytes 
and epithelial cells by increasing the cellularity of the thymus 
and hypertrophy after constant darkness [26]. Increase in thy-
mus weight in the present study was supported by increased 
cortical volume. The increased cortical volume fraction ob-
served in the present study may account for the increased 
activity of the cortical cells, thereby increasing the secretions 
of the same which may be responsible for bringing about the 
progonadal action by acting at the higher centers as well as at 
the organ level. However, MT acting on its own to increase 
cortical volume fraction is confirming the report of Herradon 
et al. [18], that MT is of major importance to thymus develop-
ment. The results of cortico-medullary volume fraction ratio 
account for the increased thymus weight in the respective 
treatment groups. MT treatment in younger rats resulted in 
higher cortical area, the same was observed in 10-day-old rats 
treated for 5-day duration which indicates that age and the 
duration of the treatment are vital for cortical area. 
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Radioimmuno assay
A striking feature of the effects of MT on LH and follicle-

stimulating hormone (FSH) release is that they are lost during 
the course of development [27]. The faster maturation of tes-
tes may exert stimulatory role on epididymides microstruc-
ture and these in turn may account for the observed gross 
changes leading to the progonadal state.

Serum levels of gonandotropins were found decreased in 
adult rats after treatment of MT subcutaneously for 14 days 
[6]. MT injected daily for 15 or 20 days to rats of age 20 up to 
40 days resulted in marked decrease in serum LH concentra-
tions [28]. The results of the present study indicate the in-
creased serum LH levels in both age groups of rats of different 
duration except in rats treated till descent. The deviatory re-
sults of the present study to the other workers may be due to 
the difference in the age of the rats and also duration of treat-
ment compared to the earlier studies. The non-significant rise 
in longer duration treated animals of the present study cor-
relate with the report that the effects of MT on LH and FSH 
release are being ineffective during the course of development 
[27]. The present finding is in line with that of Esquifino et 

al., who reported that exposure to MT early in life may accel-
erate maturation of 24-hour prolactin and LH profiles toward 
an adult form [29]. The increased LH concentrations may 
probably due to the MT modulation of gonadotropin secre-
tion by acting on a dopamine mechanism or by acting on the 
hypothalamus. MT can modulate gonadotropin secretion by 
acting on a dopamine mechanism independent of hypotha-
lamic suprachiasmatic areas [30].

MT acts not only at higher centres to influence serum hor-
mone levels but also at organ level; this fact was confirmed by 
the findings of serum testosterone concentrations. This con-
clusion can be drawn from the significant increase in testos-
terone concentrations after treatment with MT for different 
durations. MT binding sites have been characterized in the rat 
testes, additionally the presence of binding sites in immature 
rat testes; have been linked for a possible direct role of MT on 
testicular steroidogenesis [31, 32]. These reports support the 
action of MT at organ level i.e., testes which is the site of pro-
duction of testosterone. Additionally, action of MT at higher 
centres which brings about increased LH levels which is re-
sponsible for the increased serum testosterone concentrations. 

Fig. 7. Schematic representation of 
mechanism of action of melatonin 
on gross, histological and hormonal 
parameters. LH, luteinizing hormone; 
GH, growth hormone; IGF-1, insulin-
like growth factor 1.
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However, the present findings differ from that of Mandal et 
al. [6], Olivares et al. [28], probably due to difference in the 
age of the animals and also duration of treatment employed. 
The increased testosterone concentrations in experimental 
animals may be responsible for the faster growth of the re-
productive organs directing towards the earlier maturation 
which probably has resulted in the earlier onset of puberty by 
advancing the age on descent of testes. 

Growth hormone levels were not altered by MT [34]. 
However, the acute oral administration of MT was found to 
increase growth hormone levels [35]. The response of growth 
hormone to growth hormone releasing hormone has been 
shown to increase after MT treatment [36]. In the present 
study also MT increased GH concentrations in all the groups. 
The GH concentrations may probably result in the increased 
secretion of IGF-1. This is hypothesized with the background 
of the report stating that the deficiency of GH results in a low 
state of IGF-1 thereby affecting translational efficiency and 
secretory responses of both the hormones [33]. This is further 
substantiated with increase in pancreas weight which may 
also contribute for increased IGF-1 in turn for the progonadal 
action of MT. The increase in GH levels seen in the present 
series may be connected to the increase in the body weight 
and other histological parameters of reproductive organs con-
cerned which stated to be associated with the sexual maturity 
as described by Kennedy and Mitra [15] accounting for the 
progonadal form of action as a possible mechanism for early 
descent of testes (Fig. 7). 
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