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ABSTRACT

Neonatal hypermelatonemia and adult plasticitytenrms of testis growth and functions and
endocrine axes have been studied in rats. Melatamis administered for 21 days post partum
and adult rats at 90 days were evaluated for horahgmrofile and germ cell dynamics by
histometric enumeration. The results clearly sugdglest, neonatal hypermelatonemia induces
adult plasticity in body weight gain but not oftessand, permanently lowers the set point of the
neuroendocrine reproductive axis and elevates #iepsint of the thyroid axis. Functionally,
testicular germ cell number is increased by deoedaaspoptotic loss but there is a paradoxically
increased loss of spermatids and spermatozoa by ofasltered Sertoli-germ cell adhesive
properties. Plasticity changes in the form of dased tubular length, basement area and Sertoli
cell number are also recorded. It can be conclufledn the observations made herein that,
neonatal melatonin perturbation can shape laterrgitgpic responses of male gonads and their
controlling hormonal axes.

Key words: neonatal, melatonin, plasticity, hormonal axi;ng cell dynamics.

INTRODUCTION

The two most widely recognised physiological rotdsmelatonin are the control of seasonal
reproduction and the regulation of circadian rhyshithe major physiological role of melatonin
in the regulation of seasonal reproduction in mafarnas been well recorded [1,2]. The pineal
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gland as the primary source of melatonin is nowgecsed as the preceptor of seasonal changes
in day length, and thus for the proper timing gérogluction in seasonally breeding species [3].
The duration of the nocturnal melatonin elevat®miodulated by photoperiod and this hormone
effects reproductive activity by regulating theiaty of hypothalamic neuroendocrine circuitry

[1].

Adult rats are reported to be insensitive to exogenmelatonin in altering reproductive
functions [4, 5, 6]. However, immature rats haverbshown to be responsive to melatonin.
Melatonin administration to immature rats has besported to retard testes and accessory sex
organ development [7,8,9]. Exogenous melatonin been shown to have a dose dependent
inhibitory action on sexual maturation, when givdaily in the afternoon from 20 to 40 days of
age [10]. But no influence of melatonin was seernvimjected during pre-pubertal period from
5 to 20 days or adulthood from 70 to 90 days [Atministration of melatonin between 20 and
45 days of age showed a delay in sexual maturadiomale rats but no inhibition as,
development was found to be normal in 80-day-otd tlaat received melatonin between 20 and
40 days [11]. Since the influence of melatonin eproductive development has been known to
commence during the pre-natal period and extend ipbstnatal life [12], melatonin
administration either in the morning or in the emgnn the infantile to prepubertal period (10 to
25 days) has been tested in our laboratory. Thidysshowed decreased body weight and testes
weights in the period immediately after melatonmgatment, more pronouncedly in the evening
treatment [13]. Apparently, melatonin administratio the early neonatal periods has definite
influence on body and organ growth, reproductives,aas well as on metabolic functions.
However, long term influences of neonatal melatogmeess have not received any attention.
Pineal maturation and establishment of rhythmicetemn of melatonin commences only by 15
days of age in rats [14]. In the absence of lighduced synchronization of melatonin synthesis in
the new born rats due to their being blind, laotal transfer of maternal melatonin seems as the
principal synchronizer [15]. Lactational transfdr maternal cues is a conduit of phenotypic
information transfer that could impact on developtak plasticity resulting in long term
consequences in terms of adult physiology and noésab [16]. An organism's ability to change
its physiology or developmental events within arneirent plasticity range in relation to
endogenous or exogenous cues is known as phenopjasticity. A major regulator of
phenotypic plasticity is expectedly the environmadigtinduced differences in the endocrine
system [17]. Hormones can bring about epigenetierations and, in fact, can function as
essential link between the environment and the mendPerturbation in endocrine signals in
developmentally critical periods like the foetatameonatal stages can bring about physiological
alteration in organ systems within a range of pitgsio plasticity from the same genotype. Such
perturbations in endocrine signals in developméntaitical periods are potentially capable of
establishing altered adult structural and functicstatus of organs and, even, impact health
positively or negatively by inducing changes in gdmanscription, modification of metabolic
rates in target cells, changes in cell number endw bringing about subtle changes in receptor
type and number [18].

The present study in this context has attempteev&duate the long term plasticity change in
male gonadal functions and hormonal axes due teced neonatal melatonin excess.
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MATERIALSAND METHODS

Animals and maintenance

Healthy male albino rats ( Charles Foster straggdufor the present study were maintained in
the animal house under a constant temperature @ng#g-23°C and a lighting regimen of LD
10:14 throughout the period of study as per the X guidelines and clearance by the ethical
committee ( Approval No. 827/ac/04/CPCSEA). Tharats were fed with standard pelleted
food (Lipton Rat Feed) and provided with waget libitum When the mated females delivered
pups, males and females were separated and equblenwf males were assigned to lactating
mothers. The treatment was started on day 0 postrpand continued till 21 days (Weaning).

Preparation of melatonin:
Melatonin (N-acetyl 5-methoxytryptamine) procuredni Sigma Co. USA was weighed and the
requisite amount was dissolved in 0.9% saline.

Experimental protocol:
The experimental set-up was divided into two majaups of study.
Group | (Control) (C):
Newborn rat pups maintained till 90 days servedadrols. This consisted of 2 subgroups (as
follows) of 30 animals each:
(i) Control rats (N)
(i) Injected intraperitoneally (ip) with vehicle (0.98&line) in the evening (1600 hrs).
Group Il (melatonin treated) (MT):
30 newborn rat pups were injected i.p with melataati 1600 hrs ( 40pg melatonin/animal/day)
from day O to day 21 partum.

Parameter s and methods of evaluation:

The treatment was discontinued from day 22 ancith@als were sacrificed at 35, 45, 60 and 90
days of age and, various morphometric, gravimeinit histocytometric studies were carried out.
Fifteen day old animals were sacrificed for serwtiection during the treatment period. The
animals were killed under mild anaesthesia anddleas collected by brachial venipuncture in
epindorff tubes. They were centrifuged at 4000 gord serum was collected and stored at -4°C.
Later, these serum samples were utilized for as$asarious hormones. The viscera was cut
open and testes were excised, blotted free ofdifisids and weighed. The testes were then
fixed in Bouin's fluid and processed for paraffiaxhistology.

Histology and histometry:

Testis was fixed immediately in Bouin's fluid antb@essed for histological studies. Paraffin
sections of 5 p thickness were cut on a microtontestained with Haematoxylin- Eosin (HE).
For morphometry and enumeration of seminiferousilied) homologous cross-sections from the
middle part of testis showing the largest crosdiseal diameters were chosen. The diameter of
seminiferous tubules and germinal epithelial thedsr were measured using an ocular meter.
The total Sertoli and germ cell number was estichaseng morphometric methods based on the
count of round objects in sections of known thidsEL8] as modified from the reports of Wing
and Christensen [19] and Russ#lial[20]. Inherent error was corrected using Flodesggation
[21].
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Hormone assay:

The blood for hormone assays was collected frombifaehial vein under mild anaesthesia
before sacrificing the animals.; &nd T, were assayed by ELISA kit purchased from Glaxo
(product code H-3H-0010 and H-TH-0010) and expressed in ng/ml of serum. TSH, LH,
Corticosterone (Cort) and Testosterone (T) wereyass by RIA using kits obtained from
Amersham International Plc.

Statistical analysis.
All data are expressed as mean + SEM. The data avexlysed by student’s t test and two way
analysis of variance ( ANOVA) wherever applical@e95% confidence limit.

RESULTS

Postnatal growth:

The body and testes weight of melatonin treatethalsi (MT) were significantly less during the
treatment period (15 days) by 17% and 24% respaygtitHowever, the weights at 35, 45, 60 and
90 days were significantly greater in the melatomeated rats (Table 1). The growth rate of
body and testes paralleled the changes in bodyemtes weights. Though the weights of testes
expressed relative to body weight was in generakee in melatonin treated rats, was
nevertheless statistically insignificant.

Histology and Histometry:

The testis sections of melatonin treated rats sdomeduced tubular diameter at 35 days with
relatively more germ cell loss. Sperm could be ss#e#5 days with increased tubular diameter
and hyperplastic interstitium in MT treated ratsmpared to controls where no sperm could be
seen (Plates | and Il). At 60 days, sperm were sedne testis of control animals. At both 60

and 90 days, there was increased tubular diamggeminal epithelial thickness and prominent

interstitium in MT treated rats compared to corgrolhe sections of MT rats showed

significantly higher number of germ cells startwgh 45 days though, at 35 days the number
and size were significantly lesser. The degree ads| of advanced germ cells (by

degeneration/apoptosis) was found to be greatexperimental rats marked by the formation of
empty areas within germinal epithelium. The advdnetages of germ cells i.e. spermatids and
spermatozoa seemed to be showing poor adhesivertisspas these cells were found frequently
being sloughed off from the epithelium. The overglerm mass was also found to be less.
Whereas there was no difference in testis and éuboiume, total tubular length, total basement
membrane area and Sertoli cell number were alledsed in MT rats at 90 days. Most of the
growth in tubular length occurred by 35 days aregtowth further till 90 days was only 28% as

against 190% in the controls. Total germ cell cquant meter length of the tubule was increased
significantly, but total percentage of germ cedovas higher by 8 % in the experimental rats
(Table 2).

Serum hormone profile

Corticosterone (Cort):

The control animals showed a consistent increasmiiticosterone level from 15 day onwards
with a significant increase to the adult level betw 45 and 60 days. In MT treated rats, serum
Cort level was significantly higher at 35 days, gththen decreased significantly at 45 days (still
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higher than the control) and again increased tdrobtevels by 60 days. This level persisted
even at 90 days as in the controls (Fig 1).

TSH, T, and T

In control rats, the levels of TSH and Jhowed gradual and continuous increase from B®to
days to attain maximum levels at 60 days. At 90sddlye levels were found to be slightly
decreased (Fig 2, 3). Thg [Evel after an initial increase between 15 anal&ps was slightly
decreased at 45 days, wherafter it increased an@i090 days (Fig 4). In MT treated rats, the
levels of TSH, T and & showed significant temporal increase between th3&ndays. Whereas
the TSH level showed significant decrease at 4568hdays compared to 35 days, thelével
decreased to maximal level at 45 days and theredsed at 60 and 90 days to be below the
control levels and , slincreased to a maximal level at 60 and 90 daysetabove the control
levels. Though the TSH level showed a decline @fedays, the levels were still higher than the
the controls at 60 and 90 days.

LH and Testosterone:

The levels of both LH and T in control rats shoveedontinuous and gradual increase from 15
day onwards to reach maximal levels at 90 daysnéhatonin treated rats, the levels of the
hormones were subnormal during the treatment pexiatiabove normal in the post-treatment
period at 35 days. However, the levels were caossilst subnormal thereafter at all ages (45, 60,
90 days) (Fig 5, 6).

Tablel: Chronological alterationsin body weight (g) and relative testisweight (g/100g) of testesin control
and melatonin treated rats

BODY WEIGHT RELATIVE TESTIS WEIGHT
GROUPS Age in days Age in days
15 35 45 60 90 15 35 45 60 90

37.33 | 85.51 | 117.16 | 193.66 | 322.49 | 0.755 | 0.944 | 1.09 | 1.178 | 0.933
+1.91 | £#1.90 | +0.30 | #5.49 | +4.07 | £0.07 | #0.02 | +0.04 | +0.07 | +0.03
MT 31.45 | 110.3 | 152.3 | 233.7 | 398.7 | 0.677 | 0.854 | 1.167 | 1.16 | 0.847

+1.47 | £2.49 | £2.49 | £3.24 | £9.89 | £0.08 | £0.08 | +0.04 | +0.06 | +0.04
C- Control, MT- Melatonin treated ; Values are eagsed as Mean+SEM of six anim4lg<0.05,° p<0.005,°
p<0.0005

c

Table 2: Histometric enumeration of seminiferoustubules of control and melatonin treated rats at 90 days

GROUPS Ty S GE S/ S bm SGy TGG AGC; | TGGy | AGCy | %
Incc | Incm In cm Incm | Incm incm? | x10f | x10° x10®0 |[x1¢ |x10® |LOSS
C 1.503 | 0.027 0.0074 | 1.427 | 2321.03| 204.04 | 32.49 | 311.00 | 280.84 | 13.39 12.1 10.00
+0.03 +0.0006 | £0.0003 | £0.05 | +£94.2 +5.23 +1.8 +6.3 +5.6 +0.26 +0.15 +0.0002
MT 1.541 0.033+ | 0.0098 | 1.448 | 1725.16| 177.205| 24.1% | 340.06 | 279.45| 19.70 | 16.20 | 19.00
+0.070 | 0.001 +0.002 | +0.06 | *+45.30 | “+4.69 +1.6 +5.6 +2.8 +0.35 +0.21 +0.2

C- Control, MT- Melatonin treated, Values are exqaed as MeantSEM of fifteen observations.

4p<0.05,"p<0.005,° p<0.0005

T,— Volume of testis,pS Seminiferous tubule diameter, GE- Germinal epitine thickness, 8 Volume of
seminiferous tubule, SLength of seminiferous tubule, bm- basement mamebarea of the seminiferous tubule,
SG- Total Sertoli cell number in testis, T heoretical germ cell number per testis, AG&ctual germ cell

number per testis, TG Theoretical germ cell number per meter of seraioifis tubule, AGf Actual germ cell
number per meter of seminiferous tubule.
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Fig 1: Serum corticosteroneleve (ng/ml) in control and melatonin treated rats
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C- Control, MT- Melatonin treated ; Values are eggsed as Mean+SEM of four samples.

° p<0.0005

Fig 2: Serum TSH (ng/ml) in control and melatonin treated rats
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C- Control, MT- Melatonin treated ; Values are egpsed as MeantSEM of four samples.

2p<0.05,° p<0.0005
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Fig 3: Serum T,leve (ng/ml) in control and melatonin treated rats

Thyroxine

15

30 45 60 75 90
Age in days

C- Control, MT- Melatonin treated ; Values are exgged as Mean+SEM of four samples.

4p<0.05,"p<0.005,° p<0.0005

Fig 4: Serum Tzleve (ng/ml) in control and melatonin treated rats
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C- Control, MT- Melatonin treated ; Values are eggsed as MeantSEM of four samples.

4p<0.05," p<0.005
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Fig5: Serum LH level (ng/ml) in control and melatonin treated rats
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C- Control, MT- Melatonin treated ; Values are eggsed as Mean+SEM of four samples.
®h<0.005,° p<0.0005

Fig 6: Serum T level (ng/ml) in control and melatonin treated rats
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C- Control, MT- Melatonin treated ; Values are egpsed as MeantSEM of four samples.
4p<0.05,"p<0.005,° p<0.0005

Platel: Figures 1-8: Photomicrographs of sections of testis of control rats
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Figures 1 and 2: Sections of testis of 35 day atd showing Seminiferous tubules and interstitikigures 3 and 4:
Sections of testis of 45 day old rats showing adedrstages of spermatogenesis and appearancerofssipefew
tubules, Figures 5 and 6: Sections of testis ofl&pold rats showing well-established spermatogemveth sperm
in lumen, Figures 7 and 8: Sections of testis ol old rats showing prominent interstitium antiyfestablished
spermatogenesis.
Figures: 1, 3, 5 and 7 — 250x, Figures: 2, 4, 6 &d00x
Abbreviations : I-Interstitium, L-Lumen, st-speridat S-sperm, D-Degeneration, rs- round spermatids.
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Figures 1 and 2: Sections of testis of 35 dayratd showing less number of germ cells, inhibiteersyatogenesis
and more loss due to degeneration, Figures 3 anBlettions of testis of 45 day old rats showingl wstablished
spermatogenesis with sperm in many tubules, Figbir@sd 6: Section of testis of 60 day old rats shgvgreater
population of germ cells and well established spdogenesis, Figures 7 and 8: Section of testiOad& old rats
showing more number of germ cells and sloughingbffpermatids and sperms.

Figures: 1, 3, 5 and 7 — 250x, Figures: 2, 4, 6 &1d400x, Abbreviations: I-Interstitium, L-Lumest;spermatids,
S-sperms, D-Degeneration, rs- round spermatids.

DISCUSSION

The results of the present study involving hypeatoiemia in the neonatal period suggest long-
term permanent alterations affecting adult testrscfions and neuroendocrine reproductive and
thyroid axes. A previous study involving exogen@aasninistration of melatonin in Wistar rats
had shown an inhibitory influence on the reprodigctaxis marked by reduced FSH and LH
levels and decreased testes and accessory glagtitsvé the period immediately after, when
melatonin administration was between 20-40 daysrmitwhen between 5-20 days [10]. But, in
our laboratory, melatonin administration between2®days in Charles Foster neonates showed
significant reduction in testes weight, both in@bte terms as well as relative to body weight
[13]. The experiments on Wistar rats have showrsisieity to melatonin to be exhibited when
administered 9 hours into the photophase or ab#wnning of the scotophase, but not at the
beginning of photo phase [11]. Again in contrasi, studies in Charles Foster neonates showed
sensitivity to melatonin both at the beginning dbpphase as well as scotophase, though the
effect was more pronounced in the latter phase. [IBgse paradoxical observations find no
explanation but, a possible strain difference ibofatory rats or, a maintenance temperature
difference as our animals in the above experimamse maintained at 30-32°C. In fact, a
temperature effect on adult testicular functionsibgnatal hypothyroidism has been reported by
us [22]. The present study involving transient reahhypermelatonemia demonstrates adult
phenotypic plasticity in terms of spermatogendsismonal levels and body weight.

The body weight of MT neonates in the present staayained significantly lower during the
treatment period, but in the post-treatment peritgs body weight increased significantly,
resulting in greater adult body weight. The posatment increase in body weight is due to both
an increased growth rate as well as, prolongatibnhe temporal increase in growth rate.
Melatonin has been shown to induce hyperphagia jbysaible suppressive action on central 5-
HT (2A) receptors [23]. However, this mechanism lmidy weight gain in the present
experimental regimen does not seem relevant afydtig weight of melatonin treated rats was
significantly lower during the preweanling treatrhgyeriod and showed a reverse trend of
enhanced body weight gain in the post treatmenbgezxtending to adulthood. A probable
increase in growth hormone secretion and/or seitgiton a long term basis due to neonatal
excess melatonin exposure could be speculatedhign context, the influence of neonatal
melatonin excess on the SCN-pineal axis and/or thygbe@mic-pituitary-growth hormone axis on
a long-term basis needs to be evaluated, and &s melatonin induced elevation of growth
hormone ( GH) has in fact been reported [24, 26hd_term increment in body weight to the
tune of an average of 25-26% right from 30 day<90l days tends to suggest a possible subtle
upregulation of growth hormone axis by neonataldngpelatonemia, a plausible aspect as part of
developmental plasticity and programming as has Been for other hormonal systems [26].
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In contrast to body weight, testes weight doesseeim to be affected as seen from the similar
relative weights of adult testes in both contral @axperimental rats though there is a statistically
insignificant decrease in the latter. Apparentlgomatal melatonin excess seems to favour
phenotypic plasticity for body growth rather tham festis growth. The slight decrease (though
insignificant) in testis weight noted herein favalilly contrasts with the reported increase in
adult testis weight in rats exposed to continualt in the neonatal period [27].

Though there is no increase of testis size in roBlattreated rats, plasticity changes in terms of
guantitative enumeration of testicular spermatogsnand functional features are clearly
evident. The tubular diameter and the thicknesgesminal epithelium, which were lesser by
21% and 23% respectively at 35 days, increasedfis@ntly by 17% and 32% respectively at 90
days. Previous studies have shown increased adhuitalr diameter and testis size due to induced
neonatal hypothyroidism, accredited primarily torgased Sertoli cell number as a consequence
of prolonged duration of proliferation in the hypgtoid state [22, 28]. The presently observed
increase in tubular diameter and germinal epithahickness of rats subjected to neonatal
melatonin excess however is not relatable to irsea Sertoli cell number as, neither the
relative weight of testes nor, the Sertoli cell tn@mare higher in the experimental rats. But a
justification for the increased tubular diameted germinal epithelial thickness can be sought in
the increased germ cell numbers seen in melatosated rats. The increased germ cell number
in MT rats seems to be primarily due to signifitarreduced germ cell apoptosis despite a
paradoxically higher germ cell loss. Obviously, atehin induced decrease in germ cell
apoptosis far outweighs the increased germ cekmegtion, as evidenced by the significantly
increased germ cell number per meter length ofubale and the 8% increase in germ cell loss
compared to the control. A remarkable feature &, tkhe total tubular length at 90 days is
decreased by 26% and most of the growth (78%) badroed by 35 days itself, as against 38%
of total length in the controls. Obviously, neohat&latonin either directly or indirectly, hastens
linear tubular growth but then has an inhibitorfiiance thereafter.

Apparently, there is significant increase in gereli aumber (pre-meiotic and meiotic) in MT
rats, essentially due to increased survival ofehmel types. The observation of germ cell loss by
way of premature sloughing off or detachment ofaambed stages of germ cells (spermatids and
spermatozoa) in the present study is suggestiva ddng-term effect of excess neonatal
melatonin on Sertoli cell-spermatid/spermatozoaeaiie properties. This is very much feasible
in the context of reported presence of melatongeptors in the neonatal testis [29, 30, 31, 32,
33]. Two of the possible effects of excess neomatlhtonin on adult testis histoarchitecture as
seen herein are, increased pre-meiotic and megetin cells and modified adhesion properties
between Sertoli cells and spermatids/spermatozoth Biese effects can be related with the
reported presence of melatonin receptors in th@ateaband immature rats and the consequence
of genetic reprogramming involving anti-apopto@ctors (for pre-meiotic and meiotic germ cell
survival) and junctional complexes between Serelis and spermatids/spermatozoa. Increased
tubular diameter, higher germ cell number and reduapoptosis are features observed by us
even in rats subjected to neonatal corticosteromeess (Bhavsaet al, unpublished). The
reduced incidence of apoptosis in that study iseatited to a rare direct action of Cort on Sertoli
cell expression of growth/paracrine factors ( Blaaet al, unpublished ). The increased Cort
level seen in the immediate post-melatonin expopuoéocol (15 and 30 days) in this context
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seems to program the testes for reduced early getin(pre-meiotic and meiotic) apoptosis.
Such a role of Cort is also seen in neutrophilsgladcherular endothelial cells [34, 35].

An earlier study involving exogenous melatonin e tperi pubertal period had also shown
decreased tubular diameter and serum FSH and Letslevith reduced frequency of spermatids
in the maturation phase of spermatogenesis [11¢. diesent study also reveals a decrease in
population, which apart from the adverse actiomefatonin, could also be due to a synergistic
action along with decreased FSH and testosteromdsleThough the observed degeneration of
advanced germ cells could be related with melat@ame or in conjunction with FSH and
testosterone, the decreased apoptosis seems to belieect action of melatonin mediated
through increased Cort secretion observed in teatrrent and immediate post-treatment
periods. In this context, melatonin has been regotd increase apoptosis especially affecting
spermatocytes and spermatids [36], which may ben&ibutory factor for the observed decrease
in sperm content.

Neonatal hypermelatonemia seems to exert a perrmagsetting effect on the neuro-endocrine-
reproductive axis as marked by the decreased a#ulind T levels. Such a lowered setting of
the HHG axis due to neonatal exposure to melatsegms more of a regulatory adjustment in
system settings [37] rather than an impairmentlas, may insulate the adult neuro-endocrine
reproductive axis against any agent which may céssdown regulation including melatonin.
Even short term exposure to exogenous melatonithén neonatal period has revealed an
inhibitory effect on GnRH induced FSH and LH seiom®t A permanent hyposetting of the
control set point of HHG axis is deducible and naégso suggest the possible action of neonatal
melatonin excess on the maturation of the repradrieixis directly or indirectly. The possibility
of such an alteration on set point of HHG axistisrgyly supported by an observation of altered
feedback response of T on LH, FSH and PRL secratidhe pre-pubertal and pubertal periods
due to prenatal melatonin administration [38]. Eas only one period of T excess, at 35 days,
in the present study, which could be related witle ®early puberty and appearance of
spermatozoa in MT rats. However, this increase lavEl at 35 days is not explicable and may
only signify the early attainment of an adult lewelaracteristic of melatonin treated rats. It may
be speculated that, the increased serum titreaif36 days could be due to the sudden increase
in Leydig cell number that occurs between 35-45sdayis could result in augmented release of
T contributing to the higher serum T level befohe tpermanent down regulation of LH
sensitivity of these cells. Apparently, neonatallatenin excess seems to favour Leydig cell
proliferation though the sensitivity of these cdtisvards LH is very much compromised. The
lowered levels of both LH and T in melatonin expmbsats are indicative of a centrally (brain)
mediated rather than a local (testis) effect [T%]e present tenet of lowered set point of HHG
axis is well supported by the ability of melatominregulate at all the three levels of the axis as
well as the observations of its influence in intiitg the hypothalamic gonadotropin releasing
hormone pulse generator and GnRH gene transcripti@nRH neurons, dampened response of
gonadotrops of pituitary to GnRH by way of inhibii of GnRH induced increase in several
intracellular messengers and, its negative moduiatif Leydig cell response to LH in both
adults and neonates [39, 40, 41].

With regard to hypothalamo-hypophyseal-thyroid (HHiis, the MT treated rats showed a
permanently elevated set point for HHT axis in éldelt stage as marked by higher TSH agd T
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levels but lower T level. Though the elevated set point of HHT axi&ssvalso noted in rats
subjected to neonatal corticosterone excess ( Bhavsl, unpublished), the reduced [Evel,
noted herein is a novel feature. This might suggegirect action of melatonin in altering the
T3 T4 secretory ratio. Inferably, thyroidal type Il ddinase (DIO2) activity is upregulated as a
permanent plasticity alteration due to neonatalatea@in excess. Support to this suggestion is
available from the reported decrease inlével and increaseds/lT, ratio in melatonin treated
pigeons [42], which was again speculated to beilplyssue to active peripheral mono-de-
iodination [43]. Further, both melatonin and TSl egported to increase the expression of DIO
[44, 45, 3,1]. This is in contrast to the reportsrelatonin decreasing TSHg &nd T, levels in
adult rats [46]. Apparently, melatonin has diffarahaction in the immature and mature stages
and, melatonin excess in the neonatal period, wihe®HT axis is in the process of maturation,
has potential effects on its later functioning. Tihereased thyroid hormone level seen in the
melatonin treatment period seems to be also relaidd the early maturation of testes with
appearance of sperm, contributed to mainly by thgneented Sertoli cell differentiation, a
function accredited to thyroid hormone [22, 47, 48, 50, 51].

Overall, it can be concluded that, neonatal melatadministration in the preweanling period
has many paradoxical effects on testis functioms@nvarious endocrine axes, all of which are
either due to indirect modulation by corticosterare a direct action of melatonin or even,
interactive actions between melatonin, corticosterand testosterone. The observations made
herein suggest that, hormonal disturbances eatlifeican shape later phenotypic responses and
apparently, phenotypes remain malleable into théltlaalod. More studies on this field are
warranted affecting various other organ systems.
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