GENERAL CONSIDERATION
AND POST-SCRIPT

Fetal and neonatal endocrine disruption or dysfunction is likely to
have long-lasting effects mmﬁested in the adults as altered
physiological and endocrine f\mchons and/or homeostasis.
Apparenﬂy; late fetal and neonatal periods are 1mpr1nt1ng pilases. |
These permanent alterations in adult hpnie(;stasis can be considered -
~as ”qrgairﬁzatio " effects of neonatal pe;-;u:ba,titms_.‘, It is to assess
such érgérﬁzational changes that studiesv W(iere‘ ’hﬁtiatéd in this
laboratory involving neonatal hypermelatoném,ia, Iilyp0 .or
hyperthyroidism and hypo or hyperccrhcahsm on adult testis
fuhctidns and horﬁoﬁd status. The preseﬁt study was ux;deriaken
essentially as an extension of the.above study to decipher the
impact of neonatal light induced hﬁomelatmeﬁa as well as its
interaction with hypothyroidism and hypercorticalism as well as,
melatonin replacement. Further, due to paucity of iﬁformation and
’to have comparative sex biased effect if any, similar studiés on
manipulation of 'fen;ale neonates have been undertaken in terms c;f
hypermelatonemia, hypothyroidism and combinaﬁor{ of
hypermelatonemia and hypothyroidism on adult ovarian

histoarchitechture and hormone profiles.
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The laboratory rat has not been found to be very photosensitive and
at best strain dépendent differential respg;nse have beeﬁ recorded in
recent times. However, in the present study, light induced
functional pinealectomy, by exposure of male pups of -Charles
Foster strain of rats has shown subtle changes on adult testis
histoarchitechture and on serum hormone 'titreé. Though there is
no significant effect either on body or testes Weight, there is earlier.
gmet of spermatogenesis by 45 ;iéys which is relate;d with increased
thyroid hormone levels in the prepubertal stages. It is nowﬁ well
éstablished that frepubertal elevation in :thyroid_ hormone levels
_induces-. Sertoli cell differentiatioﬁ tenhinating the postnatal I;hase
of Sertoli cell proliferation. Neonatal functional pinealectomy
cfeating’é hypomelatonémic state has an ﬁp regulating inﬂuenée oi} |
the thy%did hormone axis as, T4 and T3 levels are permanently
elevated. Since the elevation in T4 and T3 levels is occurring
despite lowered TSH level, it is inferable that there is increased
sensitiVity of thyroid gland to TSH. Aﬁattual question that arises
is whether the higher melatonin level in the normal neoﬁates
regulates thyro.id hormone sensitivity to TSH? “

The pre\;riously observed iﬁcreased TSH level.and decreased T4
level in neonatal hypermelatonemic rats is supportive of this
inference (Ramachandran et al, 2004). Another significant

observation is the reduced number of germ cells. The increased
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germ cell degeneration/ apoptosis of advanced germ cells like
spermatids and sperms. This decreased germ cell number and
increased loss of advanced cells are co-related with increased
corticosterone (CORT) titres seen in the prepubertal periods due to
LFPx. Apparently, high CORT levels in the prepubertal phases
under a low melatonin background is detrimental to germ cell
survival by promoting apoptosis as well as reduced adhesion
between Sertoli cells and advanced germ cells. Supportive evidence
for this conclusion is provided by the works of Yazawa et al. (1999,
2000) and of Biagini and Pich (2002). Neonatal up-regulation of
HHG axis is marked by the increased LH and T levels. This is
confirmed by the decreased LH and T levels observed in rats
rendered neonatally hypermelatonemic.

A follow-up study conducted to see possible reversibility of LFPx
induced effects by simultaneous melatonin treatment in the
neonatal period; a decreased testes weight was recorded. Though
the hypothalamo-hypophyseal-thyroid axis as well as initiation of
spermatogenesis where more like LFPx rats (levels of hormones
ho;vever, were relatively lower), there was a signific‘ant increase in
seminiferous tubular length, basement membrane area and total
number of germ cells. These changes are quite distinct to those
observed in LFPx or melatonin alone rats. While, the survival of

early germ cells is relatable with increased prepubertal CORT level
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(as also inferred previously, Bhavsar, 2001), the loss of late germ
cells is relatable with a combination of LEPx+MT and/or CORT.
Melatonin administration not only reverses the LFPx induced up-
regulation of HHG axis but also induces hypermelatonemic effect
of decreasing the activity of HHG axis as seen previously (Lagu, -
2001). These observations sﬁggest the. need to understand |
melatonm—cortlcosterone interactions and the ah1hty of melatonin to
influence the orgamzatmn of the hypothalamo-hypophyseal-
adrenal (HHA) and HHG axes to, an adult pattem and level of
~ homeostasis.
Since neonatal hypothyroidism has shov»;n feﬁzourebie‘inﬂuence on
~ adult testis structure and functions and LFPx hes, revealed some
adveree effects, an attempt was made to iiwestigate the:c:ombined '
effect” of LFPx and hypothyroidis&tf | an‘ :‘adult | festis
 histoarchitechture and hormonal proﬁles In terms of body and
testes we1ghts, the observed effect of reduced body Welght ‘and
increased adult testes weight are more charactenstlc of HPOT
effects rather than LFPx. Obviously on ﬂxese:aspee{s, HPOT has an
ovef-riding influence over that of LFPx. ‘Si.nce the 1:Iiitiation. and
co#xpleﬁon_ of spermatogéhesis was delayed anci _there ' was
inc;',eased j’cubular diameter, Sertoli and germ cells, it is clear that the
| influence of neonatal HPOT is more dominant and1s essentially

| due to the prolonged phase of Sertoli cell proliferation postnatally
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due to the low level of thyroid hormones which delays Sertoli cell
differentiation and progression of spermatogenesis. A novel
observation however was the more than doubled increase in
tubular length seen in LFPx+HPOT animals. Itis interesting thatin
an earlier study on surgical pinealectomyf an increase in tubular
length was noted and was revla’ted with thef increased TSH Ieyel in
the neonatal period due to hypomelatonenua (Sharma, 1996) as
neonatal increase in TSH has been shown to contnbute to increase
in tubular length Apparently the light induced hypomelatonemla
as well as, as yet other unknown pmeal factors wluch are not
reduced due to hght seem to interact with HPOT status in brmgmg
' ,about an even greater increase in tubular length as seen in the
, Apresent study. LFPx+HPOT combination QIso seems 'tcij down
,=fegﬁlate the HHG axis seen by the loweerHjend T 1eire1$.§? This
down regulation of HHG axis is to a greater_‘extent offset by an
increase in Leydig cell number, which couid also be related w1th a
reduced sen31t1v1ty of these cells to LH. Snmlarly, there is also
down-regulatlon of HHA axis and these effects on HHG and HHA
axes are similar to those seen in HPOT rats (Lagu, 2001). However,
the up regulation of HHT axis is quite disﬁ1{ct to that of ,HPOT
effeet and hence appears to be a combinatiorf effect of light and

hypothyroidism.
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A previous study on neenatal CORT administration mimicking a
physiological state of stress was shown to have a time dependent
effect of evening CORT increasing testes weight and uboth morning
or evening treatment having a detrimental effect on the population
of spermatids and sperms, more pi'onouncedly in the former. The
present smdy on LFPx+CORT seems to have more potentiated
effect on the apoptotic loss of late/ mature classes of germ cells
alluding to a E(:01'n(bi:mf;ltion leflfec‘t. Such a‘ cbmbix_iaﬁen effeet
potentimting the influence of CORT alone is further jﬁstiﬁed by the |
observed increase in early germ cells, a potenhated favourable anti-
apoptotlc mﬂuence of CORT on early germ cells, LFPx+CORT also

seems to down regulate all the three engiocr,me axes ie. HHG, HHT

and HHA. The reduced*‘serunﬁevel"qf7~’I’%‘is~corrobofated by the - —

increased titre of LH which in tum is 4r‘e1a§ed with the prominent
Leydig cells observed. The decreesed T ievel despite the preminent
Leydig cells is suggestive of decreased sen51t1v1ty of the cells. The
,‘present dbservations have thrown up ximore evenues of future
mveshgahons in terms of alteratlons in the critical orgamzahonal
neonatal phase, leading to long-term changes and affectmg adult
physiology and homeostasis with reference to many systems

In the course of the present study, an attempt was also made to see
the poss1b1e impact of neonatal mampulahons in females as

opposed to all the above and past studies on males. The first
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. paradigm that was evaluated waé the influence of neonatal
hypermelatonemia on adult o&aﬁan ]:ﬁstqaichitechm;l dynamics
and ho@one profiles. In terms of body weight, a clear cut sex
difference due to neonatal MT treatment is evident as the treated
females weighed lesser in adults cémpared to males in a i:revious
study (Ramachandran et al., '2004).' This sex differenc;e is attributed
to the difference in the response of the growth hormone ax1s The
ovarian l'tistoarchitechzture has févealed a favourablvet inﬂuencé of
neonatal MT as there was a genera]ized iricrease in the number of
all classes of: follicles. Th1s favourable iﬁﬂueﬁce seeﬁ)s‘to be moreﬁ‘
due to réduced apoptotic loss vo_f fOﬂ;déS as revealed Ey .the
significantly reduced number o‘f}a‘gretic‘- fbliides. A future line of
| investigation in this context should be to find out whétﬁer necvmtatali
= meléfom'n excess has a long lasting infh:lence on thé 'deveylopingf
. ovary in terms of genetic ;'eprogramnﬁng leéd_ing to activation of
foﬁide survival facior and/or inhibition of gpofi:oﬁc facto;'s. The
increased estrogen:progesterone ratio as well as 4i‘ncreased T3 and
T4 levels even in the prepubertal period are favourable changes for
follicular health. Apparently, neoxllatali hyéermelétonenﬁa has a
long term favourable influence on folhcular ’survi\;al either by a
direct action and/or an indirect action through thyroid horﬁmﬁes.
To test this inferred role of fhyroid hormone, the effect of neoﬁatal

hypothyroidism was evaluated.. Confirmation of the above
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inference was obtained as the neonatally hypothyroid rats showed
“more atretic folh'des, decreased estrogen:progesterone ratio aﬁd
ovary weight. Apparently neonatal hyppthyrbidism seems to have
léng-term effects on inducing follicular apoptosis. - The present
study clearly suggests the need for an optimum level of thyroid
~ hormones in the neonatal period for normal ovarian follicular
dynamics. ~ Since HPOT and MT  treatments had shown
unfavourablt; ancll-fat;'ouraﬁe éffrects‘respééﬁvelj%;. the effect Ec»‘? a
combination of HPOT+MT was tésted. | Ir:;teresﬁngij, the
combination of hypothyroidism aﬁd ,hypermieliat‘onen:\ié‘ -had a
favourablé influence on a quantitative bas_is as, .increasec:i n@bers
of pre-antral foﬁides were observed. However, this fa\}qﬁrable
influence on pre-antral follicles is offset.by'incréased apoptoﬁc loss
of _ant'ra’l fol]ides as noted by increased ah'ésia and reduced mifmber :
~ of antral follicles and corpora lutea. This ra‘-ises, a questién of
whetﬁer &1ere isa dlfferenhal effect on a;)oi:'tosis of i)re-antrali and
antral follicles? And how could sucﬁ differential effects be
manifested and regulated on a long term basis by a combination of
neonatal hypothyroidism .and hypermelatonemia? It is also clear
that the effect of HPOT on body and ovaﬁan Weight .and,l volume
cannot be overcome by melatonin. The HPOT+MT status of
neonates seems to also affect the endocrine profiles differentially as,

there is reduction in estrogen and progesterone levels and increase
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in T4 and T3 levels, suggesting a down regulation of HHG axis and
up regulation of HHT axis.

It can be concluded from the present studies that neonatal
hormonal perturbations have definite long lasting permanent
effects on gonadal functions and hormonal profiles and further that,
there is also a sex dependent differential effect. Though many
explanations are forthcoming based on the observations made in
the course of this study, man}; new avenues of investigation have
been opened and new queries raised. Further searching
investigations are needed to embellish the present observations on

a firmer edifice.
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