CHAPTER 5

M

TRANSIENT NEONATAL HYPERTHYROIDISM AND PINEALECTOMY INCREASES GERM
CELLNUMBERAND INDUCES DIFFERENTIALACCESSORY ORGAN GROWTH IN THE RAT:
POSSIBLE PINEAL, THYROID AND GROWTH HORMONE INTERACTIONS.

Early studies of thyroid on the male reproductive system and on the functions of testis found the
role of thyroid to be inconsequ‘er;tial (Hammet, 1923, Bruni et al,, 1975, Kalland et al .,1978; Del
Rio et al., 1979 ). Subsequent studies on hypothyroidism reported either inhibitory effects or no
effects at all (Hammet, 1923; Del Rio et al., 1979). Studies on gonadotropins and testosterone
(T) in hypothyroid animals also produced controversial results with some showing changes in
"gonadotropins and T levels (Baksi; 1973; Bruni et al., 1975), while others showing no change
(Kalland et al., 1978). Over the years, the experimental observations on animal models tended
to indicate relative insensitivity of the adult condition towards thyroid hormone status; however,
there were indications that testicular functions may be more affected in the immature stage.
Recent studies conducted on these lines showed localization of T, receptors in testis (Paimero
et al., 1988, 1992) and both in vivo and in vitro studies demonstrated that thyroid hormone can
directly regulate the early postnatal development of rat testis. /n vivo administration of T, in
neonatal animals or cultured testis fragments in presence of thyroid hormone, demonstrated
stimulatory effects, such as gonocyte proliferation, increase in seminiferous cord diameter and

testis size (Amin and El-Sheikh, 1977; Chowdhury et al., 1984, Van Haaster et al., 1893, Jannini
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et al., 1993). However, more interesting observations were made when rats were rendered
hypothyroidic neonatally. Controlled experimental studies on these lines showed that induction
of transient hypothyroidism by goitrogenic compounds in the neonatal condition can resulit in
enlarged adult testes size and that, this effect is restricted to a critical period of 21 days after
birth (Cooke et al.,, 1992; 1993). Though these observations were made in Long-Evans and
Sprauge-Dawley strains of rat, similar studies conducted on Charles-foster strain resulted in a
paradoxically reduced. adult testicular size (chapter 1). An apparent strain difference was
considered to be responsible for the differential response. In this context, a coroliary experiment
on transient neonatal hyperthyroidism in this strain also resulted in adult testis size similar to the
hypothyroid animals (chapter 4). A similar effect of hyperthyroidism was also reported in Wistar

strain of rats (Van Haaster ef al, 1993).

Unlike neonatal hypothyroidism, neonatai Px in Charles-foster strain resulted in
hypertrophied adult testis and sex accessory organs (chapter 2). The above observations in
pinealectomised anihals was attributed to the hyperproliferative influence of elevated FSH on
Sertoli cells in the absence of a permissive influence of thyroid hormones (as Px reduced T, and
T, léveis) on Sertoli cell differentiation. In contrast, neonatal hyperthyroidism reduced
gonadotropin levels and also, thyroid hormones, subsequent to withdrawal of T, administration.
These set of changes were purported to exert a delayed and shortened period of Sertoli cell
proliferation, immediately followed by their differentiation, leading to reduced testis size (chapter
4). In the wake of the observed effects of hyperthyroidism and Px, it was tempting to test the
cqmbined effect of neonatal Px and hyperthyroidism._The present study has therefore tried to

evaluate the effect of transient neonatal hyperthyroidism in pinealectomised rats.
RESULTS

. MORPHOMETRIC OBSERVATIONS

BODY WEIGHT (Table 5.1; Fig. 1 & 2)

The HPRT * Px animals showed significantly lesser body weight compared to controls at 35
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days. Whereas the control animals showed a decrement in body weight at 45 days, the HPRT
+ Px animals showed c6ntinuous increment in body weight without decrease at any stage. The
body weight at 90 days was less than the controls in HPRT + Px rats. Both the control and HPRT
+ Px animals showed maximum percentage increment in body weight between 45 and 60 days.
ORGAN WEIGHTS

Testes (Table 5.2 a, b; Fig. 3 a, b & 4)

At 35 days the testes weight was significantly less in HPRT + Px animals compared to the
controls. The testes weight in control rats increased continuously from 35 to 90 days while, the
HPRT + Px rats showed a decrease at 45 days. Thereafter, they showed continuous and steady
increase in testes weight to attain similar testes weight at 90 days. On a percentage basis both
the control and HPRT + Px rats showed maximum growth between 45 and 60 days. The relative
weight showed continuous increase from 35 to 90 days in control animals, the HPRT + Px rats
recorded decreaseé relative weight at 45 days. The maximum relative testes weight was shown
by HPRT + Px rats at 80 days compared to the controls.

Epiciidymis (Table 5.2 a, b; Fig. 5 a, b & 6)

The absolute weight of epididymis was significantly lower in HPRT + Px group of rats as
compared to the control animals at 35 days. The control animals showed a transient decrement
in weight at 45 days, the HPRT + Px animals recorded continuous increment. At 80 days the
weight of the epididymis was greatly reduced in HPRT + Px animals as compared to the controls.
The maximum percentage growth of epididymis in both control and HPRT + Px animals occurred
between 45 and 60 days. In general, the relative weight of epididymis showed progressive
increase from 35 to 90 days in both control and HPRT + Px animals with a decrease at 45 days.
The relative weight at 35 days was significantly increased in control animals compared to the

HPRT + Px animals.
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Seminal Vesicle (Table 5.3 a, b; Fig. 7a, b & 8)
The weight of seminal vesicle was similar in both control and HPRT + Px rats at 35 days. Both

the control and HPRT + Px animals showed a decrement in-between at 45 days (more
prpnounced in the latter), before recording continuous increment. At 90 days, the weight of
seminal vesicle was slightly higher in HPRT + Px animals compared to that of the controls. The
percentage increment in the weight of seminal vesicle was the greatest between 45 and 60 days
in control animals while the HPRT + Px animals showed higher growth rate both between 45 and
60 and 60 and 90 days. The relative weight of seminal vesicle at 35 days was significantly high
in HPRT + Px animals compared to the control rats. There was a decrement in relative weight
in both the groups of rat at 45 days, more pronounced in HPRT + Px group and, at 90 days, the

relative weight was significantly high in HPRT + Px group of animals.

Prostate Gland (Table 5.3 a, b; Fig. 9 a, b & 10)
The HPRT + Px rats showed significantly higher weight of prostate at 35 days compared to the

controls. There was a decrease in the weight of the prostate at 45 days in both the control and
HPRT + Px animals before, showing continuous increment. At 80 days, the final weight of
prostate was similar in both the control and HPRT + Px groups of rat. The maximum percentage
increase in prostate weight occurred between 45 and 60 days in control animals, while, the same
occurred between; 60 and 90 days in HPRT + Px animals. In general, the relative weight of

prostate paralleled the changes in absolute weight.

Thyroid Gland (Table 5.4; Fig. 11 a, b)
The absolute weight of thyroid in HPRT + Px animals was significantly reduced at 35 days

compared to the controls. Though the HPRT + Px animals showed continuous increase in thyroid
wéight thereafter, the control animals showed a decrement in-between at45 dayé. The maximum
percentage increase in thyroid weight occurred between 45 and 60 days in controls, while the

| same bccurred in HPRT + Px animals between 680 and 90 days. The relative weight was high
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in control animals compared to the HPRT + Px animals at 35 days, the same was high in HPRT

+ Px animals compared to the controls at 90 days.
il. HISTOLOGICAL OBSERVATIONS
STRUCTURE OF TESTIS (Table 5.5; Plates | & II)

35 Day Old
Control: The tubules were small with an average diameter 90.47 um with mostly spermatogonial

cells and primary spermatocytes in the zygotene stage. Some tubules also showed few
pachytene spermatocytes . Lumenation of the tubules was evident vﬁth many tubules showing
degenerating germ celis in the lumen. Interstitial cells were mostly small and inactive though

occasionally at regions few active hypertrophied ones also could be seen.

HPRT + Px: The tubules were smaliler in size with an average diameter of 57.14 ym. There was
reduced germ cell population and many of them appeared to be hypertrophied and showing
signs of degeneration. interstitium was poorly developed.

45 Day Old
Control: The tubules were enlarged with an average diameter of 114.28 um. Spermatogenesis

was more advanced and was marked by the appearance of post-zygotene primary
spermatocytes and even secondary spermatocytes and round spermatids. There was also

evidence of spermatogonial proliferation. The interstitium was well developed.

HP»RT + Px: There was increase in tubular diameter and the degenerative changes were
checked and spermatogenesis was reestablished with most of the tubules showing

spermatocytes and round spermatids.
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PLATE

Figures 1-4: Photomicrographs of sections of testis of 35 and 60 day old neonatally hyperthyroid
rats subjected to pinealectomy (HPRT + Px)

Figures 1 (100 x) and 2 (200 x): Sections of testis of 35 day old rat showing smaller tubules (T)

with reduced germ cell population and many hypertrophied degenerating germ cells
(arrow).

Figures 3 (100 x) and 4 (200 x): Sections of testis of 60 day old rat showing well formed tubules
with compactly arranged germ cells. The overali germ cell population appears to be
more.






PLATE 1l

Figures 5-10: Photomicrographs of sections of testis of 90 day old neonatally hyperthyroid rats
subjected to pinealectomy (HPRT + Px).

Figures 5 and 6 (100 x); 7-10 (200 x): Sections of testis of 90 day old rat showing well formed
compactly arranged tubules with fully established spermatogenesis. Spermatids (St) and
spermatozoa (Sz) could be seen in aimost all the tubules. The interstitium (I) is
prominent.
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60 Day Old
Control: The tubules increased in diameter further and attained a size of 162.86 ym in diameter.

They were well formed and spermatogenesis was complete with many tubules showing

spermatids and spermatozoa. The interstitium was well developed.

HPRT + Px: The tubules were well formed and well organised with an average diameter of
145.71 um. The germ cells were also compactly arranged and elongated spermatids could be
seen in many of the tubules. The overall germ cell population appeared to be increased. The
in{erstitium appeared well formed.

80 Day Old

Control: The tubules were further enlarged with a maximum diameter of 187.52 ym.
Spermatogenesis was fully established in all the tubules and most of the tubules were having

sperms. The interstitium appears to be moderately developed.

HPRT + Px: The tubules were well formed and compactly arranged and measured 188.09 ym
in diameter. Spermatogenesis was fully established with all stages well represented. Almost-all

the tubules showed spermatozoa. The interstitium appeared prominent and well developed.
STRUCTURE OF EPIDIDYMIS (Table 5.5; Plate Ilf)

35 Day Oid
Control: The tubules were lined by cuboidal to columnar epithelial cells and the cell height varied

between 11.48 to 23.24 ym. In between the tubules, fibrous connective tissue was evident.

Degenerated germ cells flushed out from the testis could be seen in the lumen.

HPRT + Px: The tubules were compactly packed and the cell height ranged from 25.6 ym in the

caput to 18.9 um in the cauda. The lumen was narrow and empty.



PLATE il

Figures 26-31: Photomicrographs of sections of epididymis of 35, 45, 60 and 90 day old
neonatally hyperthyroid rats subjected to pinealectomy (HPRT + Px) [200 x].

Figure 26: Section of epididymis of 35 day old rat showing compactly arranged tubules with
hypertrophied epithelium and narrow lumen.

Figure 27: Section of epididymis of 45 day old rat showing large tubules with normal looking
epithelial cells and containing degenerating germ cells in the lumen..

Figure 28: Section of epididymis of 60 day old rat showing normal looking compactly packed
tubules containing round spermatids in the lumen.

Figures 28-31: Sections of epididymis of 90 day old rat showing large tubules with normal
looking epithelial cells and the lumen containing abundant sperms.






166

45 Day Old .
Control: The tubules were well developed and compactly packed and the cell height ranged

between 13.9 to 26.9 ym. The lumen was filled with round spermatids.

HPRT + Px: Tubules were large with normal looking epithelial cells. The average cell height in

the caput was 30.8 um. and in the cauda 19 yum. The lumen was full of degenerating germ cells.

60 Day Old
Control: The epididymis appeared well developed with large compactly packed tubules with cell

height ranging between 20.24 to 31.9 um.

HPRT + Px: The tubules appeared more like the controls with an average cell height of 33.33um

in the caput and 20.8 um in the cauda. The lumen contained many round spermatids.

90 Day Old
Control: The well formed large tubules were lined by cuboidal to columnar epithelial cells. The

cell height was maximum ranging between 21.6 to 49.7 yum. The lumen was filled with sperms.

HPRT + Px: The tubules were large with normal looking cells and the lumen contained abundant

sperms. The average cell height was almost similar in caput and cauda and measured 16.3 ym.
STRUCTURE OF SEMINAL VESICLE (Plate V)

35 Day Oid
Control: The secretory epithelium was small and less convoluted with no secretory material.

HPRT + Px: The secretory epithelium was convoluted with hypertrophied cells. The lumen had

little secretory material.

45 Day Oid )
Control: The 'secretory epithelium appeared better developed than at 35 days and was

convoluted.

HPRT + Px: The epithelium was well formed and convoluted and the cells appeared normal.



PLATE IV

Figures 32- 36: Photomicrographs of sections of seminal vesicle of 35, 45, 60 and 90 day old
neonatally hyperthyroid rats subjected to pinealectomy (HPRT + Px) [200 x].

Figure 32: Sections of seminal vesicle of 35 day old rat showing convoluted secretory epithelium
with hypertrophied cells and no secretory material in the lumen.

Figures 33 and 34: Sections of seminal vesicle of 45 day old rat showing well formed epithelium
with normal looking cells.

Figure 35: Section of seminal vesicle of 60 day old rat showing well formed epithelium with
prominent cells. The epithelium is thickened and less convoluted and the cells were
slightly hypertrophied. Secretory material (S) is present in some acini.

Figure 36: Section of seminal vesicle of 90 day old rat showing epithelium well formed and
convoluted lined by columnar cells. The lumen contains secretory material (S).
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60 Day Old
Control: The epithelium was well developed and convoluted. The cells were from cuboidal to

columnar and the lumen contained secretory materiai.

HPRT + Px: The epithelium was well formed with prominent cells. The epithelium appeared
thicker and less convoluted. The cells were slightly hypertrophied. There was only little secretory

material in the lumen.

90 Day Old
Control: The secretory epithelium was very well developed and highly convoluted. It was lined

by tall columnar cells and the narrow lumen was filled with secretofy material.

HPRT + Px: The epithelium was very prominent and convoluted lined by columnar cells. The

lumen contained secretory material.
STRUCTURE OF PROSTATE (Plates V & Vi)

35 Day Old
Control: The prostatic acini was less convoluted and lined by cuboidal to columnar cells. Some

secretory mate‘rialicou!d be seen in the lumen.

HPRT + Px: The prostatic acini were lined by low to high cuboidal epithelium. There was

appreciable secretory material in the lumen.

45 Day Oid
Control: The acini were well developed and convoluted and lined by tall columnar epithelium. The

epithelium also appeared pseudostratified.

HPRT + Px: The acini were large and well developed lined by hypertrophied cuboidal epithelial

cells. Amorphous secretory material could be seen in the lumen.



PLATE V

Figures 37-39: Photomicrographs of sections of prostate of 35, 45 and 60 day old neonatally
hyperthyroid rats subjected to pinealectomy (HPRT + Px) [200 x].

Figure 37: Section of prostate of 35 day old rat showing prostatic acini lined by low to high
cuboidal epithelium. Secretory material (S) can be seen in the lumen.

Figure 38: Section of prostate of 45 day old rat showing prostatic acini lined by large cuboidal
epithelial cells. Amorphous secretory material (S) seen in the lumen.

Figure 39: Section of prostate of 60 day old rat showing well formed prostatic acini lined by
cuboidal epithelium. Less secretory material (S) in the lumen.






PLATE VI

_Figures 40- 42: Photomicrographs of sections of prostate of 90 day old neonatally hyperthyroid
rats subjected to pinealectomy (HPRT + Px) [200 x].

Figures 40- 42: Sections of prostate of 90 day old rats showing large prostatic acini lined by
large cuboidal to columnar epithelial cells. Abundant secretory material (S) seen in the
lumen.
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60 Day Old
Control: The acini were well developed and lined by tall columnar celis and with amorphous

secretory material in the lumen.

HPRT + Px: The acini were well formed and lined by cuboidal to columnar epithelium and had

less secretory content in the lumen.

90 Day Old »
Control: The acini were large, prominent and lined by tall columnar cells. The lumen was filled

with amorphous secretion and some cells.

HPRT + Px: The acini wére large and well formed lined by large cuboidal to columnar epithelial

cells. Abundant secretory material was present in the lumen.
STRUCTURE OF THYROID (Plate Vi)

35 Day Old
Control: The thyroid appeared active with the follicles lined by large cuboidal cells. The lumen

was namow and contained very little colloid.

HPRT + Px: The follicles were lined by hypertrophied epithelial cells due to which the lumen

appeared obliterated. Some follicles contained colloid.

45 Day Old
Control: The thyroid appeared less active with the follicles filled with colloid.

HPRT + Px: Follicles were filled with colloid and were lined by cuboidal epithelium.

60 Day Olid
Control: The follicular epithelium appeared hypertrophied and the follicles contained low to

moderate amount of colloid.

HPRT + Px: The follicles were lined by hypertrophied and cuboidal epithelium. The follicles

showed narrow lumen and low colloid content.



PLATE ViI
Figures 43- 47: Photomicrographs of sections of thyroid of 35, 45, 60 and S0 day old neonatally
hyperthyroid rats subjected to pinealectomy (HPRT +Px) [200 x].

Figure 43: Section of thyroid of 35 day old rat showing follicles lined by hypertrophied cells.
Lumen are obliterated and a few follicles contain colloid (C).

Figure 44: Section of thyroid of 45 day old rat showing follicles lined with low cuboidal
epithelium, containing colloid (C).

Figure 45: Section of thyroid of 60 day old rat showing follicles lined by hypertrophied epithelial
cells and the follicles show narrow lumen and low colloid (C) content.

Figures 46 and 47: Sections of thyroid of 90 day old rat showing follicles lined by cuboidal
epithelium and containing different degrees of colloid (C) content.
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90 Day Old .
Control: The follicles were lined by cuboidal epithelium and were full of colloid.
HPRT + Px: The follicles were lined by cuboidal epithelium and showed varying degrees of

colloid content ranging from high, moderate to low.
Hil. HISTOCHEMICAL OBSERVATIONS (Plates Vil & IX)

35 Day Old .
In the testis of control animals, the 3R-HSDH activity was clearly discernible in the Leydig cells

and, there was a ‘weak localisation in the tubules. The localisation in the Leydig cells was
diécernible with DHEA as the substrate but not with P. The 178-HSDH activity was appreciable
in the tubules while no activity was visible in the Leydig cells in control rats. The 3¢-HSDH
activity was weakly localised in the tubules but not in the Leydig cells of control rats. In the HPRT
+ Px rats, éppreciable 3R-HSDH activity was discernible in the interstitium while it was weak in
the tubules. The activity with DHEA as the substrate was prominent than with P . 17R3-HSDH
activity was strong in the tubules and weak in the interstitium. Activity of 3a-HSDH was prominent

in the interstitium while the tubules showed no activity.

45 Day Old ‘
In the control rats, mild activity could be seen in the Leydig cells, noticeably more with DHEA as

thé substrate. The 38-HSDH was reduced as compared to 35 day’s. There was mild enzyme
activity in the Leydig cells with DHEA as the substrate which was not evident with P. In the
control animals, the Leydig cells were weakly 178-HSDH active while the fubules showed
significant activity. Though the enzyme activity was localised uniformly within the tubules
containing early stages of germ cells, the enzyme activity was localised more in the luminal part
in tubules containing advanced stages of spermatogenesis. The 3a-HSDH activity was mild
though discernible in tubules as well as in the interstitium of the control rats. In the HPRT + Px

rats the activity of 3B-HSDH was mild in the interstitium and weak in the tubules. The activity of



PLATE ViII

Figures 11-18: Photomicrographs of sections of testis of 35, 45, 60 and S0 day old neonatally
hyperthyroid rats subjected to pinealectomy showing histochemical localisation of 3a and 178
HSDH (85 x).

Figures 11 and 15: Sections of testis of 35 day old rats showing prominent activity of 3¢ HSDH
(Fig. 11) in the interstitium (l) and that of 1703 HSDH (Fig. 15) in the tubules (T).

Figures 12 and 16: Sections of testis of 45 day old rat showing weak activity of 3¢ HSDH (Fig
12) in both tubules (T) and interstitium (1) and strong activity in the tubules (T) and mild
activity in the interstitium (1) of 178 HSDH (Fig.16).

Figures 13 and 17: Sections of testis of 60 day old rats showing mild activity in the interstitium ,
(1) and noticeable activity in the tubules (T) for 3a HSDH (Fig. 13) and mild activity in
the interstitium (1) and strong activity in the tubules (T) for 17 HSDH (Fig.17).

Figures 14 and 18: Sections of testis of 90 day old rats showing noticeable to mild activity in the
interstitium (1) and intense activity in the tubules (T) containing advanced stages of germ
cells for both 3¢ HSDH (Fig.14) and 178 HSDH (Fig.18).






PLATE IX

Figures 19- 25: Photomicrographs of sections of testis of 35, 45, 60 and 80 day old neonatally
hyperthyroid rats subjected to pinealectomy (HPRT +Px) showing histochemical
localisation of 3% HSDH using P and DHEA as substrates (65 x).

Figures 19 and 22: Sections of testis of 35 day old rat showing appreciable activity of 38 HSDH
in the interstitium (1).

Fiéures 20 and 23: Sections of testis of 45 day old rats showing noticeable enzyme activity in
both interstitium (1) and tubules (T) with P (Fig.-20) and low activity in the interstitium
() with DHEA (Fig. 23).

Figure 24: Section of testis of 60 day old rat showing noticeable activity in the interstitium (l) with
DHEA as the substrate.

Figures 21 and 25: Sections of testis of 90 day old rat showing mild activity in the interstitium
(1) and strong activity in the tubules (T) containing advanced stages of germ cells. More
pronounced with DHEA as the substrate (Fig. 25).
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178-HSDH was weak in the interstitium and strong in the tubules. There was generally no activity
of 3a-HSDH in the interstitium except for a weak response by a few cells. The activity of the
enzyme in the tubules was also very weak.

60 Day Old

The 3R-HSDH activity was very strong in the tubules and weak in interstitium with DHEA as the
substrate. While the enzyme activity was more uniform in the tubules containing earlier stages,
it was more intense in the luminal part in tubules containing advanced stages of germ cells in
control animals. Relatively the enzyme activity was weak with‘P. Compared to 45 days, the
enzyme activity was significantly more. The tubules were more 178-HSDH responsive than the
interstitium, though the latter was also enzyme responsive. Compared with 38-HSDH, the
enzyme activity was less at the same age. In the control, the 3a-HSDH activity was very strongly
localised in the tubules, almost as intense as 3-HSDH activity. In the HPRT + Px rats, the
appreciable activity of 38-HSDH could be seen in the interstitium, more with DHEA as the
substrate while there was very weak activity in the tubules. The activity of 173-HSDH was
appreciable in the interstitium and mild in the tubules. The interstitium showed mild activity of 3a-

HSDH while some tubules showed moderate and some others mild activity.

90 Day Old
In the controls, the 3B-HSDH activity was weak in the tubules and appreciable in the interstitium.

Comparatively, the enzyme activity was more intense with P as the substrate. In general, tubules
with advanced stages of germ cells were enzyme responsive and the activity was more localised
towards the luminal part. Compared to 60 days, the enzyme activity with DHEA as the substrate
was much less while, with P, it was increased. The 17R-HSDH activity was very strong and
clearly discernible towards the luminal part containing advanced stages of germ cells in the testis
of control rats. The interstitial cells were mildly enzyme responsive. Relatively, the enzyme

activity was more than that of 38-HSDH. In the control rats, the 3g-HSDH activity was very much

4
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reduced as compared to 60 days and the intensity and distribution was similar to that of 383-
HSDH. In the HPRT + Px rats, the activity of 33-HSDH was mild in the interstitium and in the
tubules. However, tubules with advanced stages of germ cells showed strong localization. The
tubules showed intense response for 178-HSDH with the localization being more prominent
tO\.Nards the center of the tubules containing advanced stages of germ cells. The interstitium
depicted mild localization. Though the activity of 3a-HSDH was mildly localized in the interstitium,
the tubules containing advanced stages of germ cells showed strong localization in the luminal
part.

iV. SERUM HORMONE PROFILE (Table 5.6; Fig. 12 a, b & ¢)

T,and T,

Both T, and T, increased continuously in control rats from 35 days to reach peak levels at 60
days and then decreased by S0 days to the 35 day level. The 35 day levels of T, and T, in the
HPRT + Px rats were significantly lower compared to the controls. Thereatfter, tr;eir levels
increased to attain control levels. Whereas the serum T, attained its highest level by 45 days,

that of serum T, attained by 60 days. The hormone levels remained more or less in the same

range thereafter.

Testosterone
The serum T level increased in the control rats to peak level at 45 days. At 60 days the T level

was reduced but then again increased to a higher level by 90 days, slightly less than the 45 day
level. The HPRT + Px rats had significantly higher T levels at 35 days. The hormone level
remained more or less steady thereafter, though slightly decreased, till 60 days and then attained

a very high level at 90 days.
DISCUSSION

The present results show that the HPRT + Px animals have reduced body weight and growth

rate during the entire period of study. Compared to the controls, the growth kinetics revealed a
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lowered threshold of growth rate though less significant, this is similar to what was observed
previously in hyperthyroidic rats (chapter 4). This could be attributed to the reduced GH secretion
due to early neonatal hyperthyroidism as envisaged earlier in hyperthyroid rats (chapter 4).
Evidences are available to show that altered thyroid hormone status in the immature stages can
reduce GH secretion (see, Giustina and Wehrenberg, 1995). Similar reduction in body weight
due to neonatal T, administration has also been considered possibly due to reduced GH levels
(Van Haaster ef al., 1993). The persisting reduced growth kinetics even after cessation of T,
treatment indicates lowering of the set point of the hypothalamic-pituitary unit growth regulating
the GH secretion. This effect of tiwyroid hormone on the growth hormone axis appears to be
manifested in the immediate neonatal peribd itself. This conclusion is drawn based on the facf
that the HPRT + Px rats remains hyperthyroidic only till the duly expected establishment of pineal
fuﬁctions (from 10 day onwards) as neonatally Px animals become hypothyroidic in the juvenile
period (to be discussed later). Apparently, it is during those first 10 days of hyperthyroidic state,

the set-point of GH secretion is lowered and remains imprinted.

In the earlier study on hyperthyroidism, the testes weight was significantly reduced at 90
days and was only 67% of the controls. In éontrast to that in the present study, Px nullified the
hyperthyroidic effect and the paired testes weight at 90 days was the same as that of the
controls. However, the testes weight was less than the controls in the early periods. This could
be due to the generalised growth retardation caused by reduced GH secretion as inferréd earlier.
FSH which controls gonadal growth generally starts increasing after 10 days from the low
neonatal level. In the earlier study it was shown that neonatal hyperthyroidism decreases
gonadotropin levels (chapter 4), while neonatal Px increases the levels of gonadotropins (chapter
2). Since, the pineal matures and starts its functions in rats only between 10 to 15 days, the Px
induced effect on gonadptropins can apparenﬁly be manifested only after that period. In this
context, the initial retardation in the growth of testes seems to be due to the reduced FSH level,

which is clearly the hyperthyroidic effect. Due to this early effect of hyperthyroidism, the increase
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in gonadotropin levels, a consequence of Px, is attenuated, as compared to the pinealectomised
animals (chapter 2). Another effect of Px is its lowering influence on thyroid hormones as inferred
earlier (chapter 2). Apparently, in the period between 25 and 35 days, there is a hypothyroidic
state despite T, administration, as the dosage administered is so low that it is unable to offset
the effect of Px. The concurrent increased FSH level seems to.stimulate the growth of testes by
inducing spermatogonial and Sertoli cell proliferation. Though some studies on other strains of
rat have shown that the thyroid hormone inhibits Sertoli cell proliferation and induces Sertoli cell
differentiation (Cooke and Meisami, 1991; Cooke et al., 1992; Kirby et al., 1892; Van Haaster
et al., 1992; Hess et al., 1993), in the Charles-foster strain, thyroid hormone was shown to be
less important on its influence on Sertoli cell proliferation though, it has a permissive influence
in inducing differentiation (chapter 1). From the above studies on Charles-foster strain, it was
inferred that FSH alone is responsible for Sertoli cell proliferation though it is dependent on
thyroid hormone for controlling Sertoli cell differentiation. In the present study, it is evident that

the increased FSH level induces Sertoli cell proliferation which is evident from the increased
| tubular diameter at 35 days. The increase in LH level caused by Px is also refiected in the
histochemically observed weak localization of 178-HSDH in the interstitium, not observable in

the controls.

Since the thyroid hormone level increases to the optimal levels only by 45 days, Sertoli
cell differentiation is delayed, as was the case in the previous study involving Px (chapter 2).
This, though prolongs the period of Sertoli cell proliferation, is nevertheless not conducive for the
survival of the advanced stages of germ cells as, they are depended on structurally and
functionally differentiated Sertoli celis ( O’ Donnell et al., 1995; Mcl.achlan et a/., 1996; chapter
1). This is very obvious in the present study as there was rampant degeneration of germ cells
and decrease in testes weight at 45 days. The increased germ cell degeneration is corroborated
by the increased histochemical localization of 1783-and 3¢-HSDH in the tubules, an observation

which was seen even in the earlier studies (chapters 1-4). The delayed Sertoli cell differentiation
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ultimately results in reestablishment of spermatogenesis as evident from the histological
appearance and the néted presence of round spermatids. From 60 day onwards the testicular
functions seems to be greatly hastened as almost all the tubules contained spermatozoa. The
increased Sertoli cell proliferation was due to a delay in their differentiation is clearly evident from
the steady growth rate of testes from 35 to 90 days, as well as the increase in tubular diameter
between 60 and 90 days and, the histologically observable greater number of germ cells
compared to the controls at 90 days. Though the testes weight at 90 days was less than that of
the Px animals, it is likely that further growth after 90 days can result in hypertrophid testes. This
can be speculated from the recorded growth rates of testes which has remained steadily high
from 45 day onwards. Apparently, Px alone or a combination of neonatal hyperthyroidism and
Px can increase sperm production in the Charles-foster strain of rat. Though both could increase

germ cell production, HPRT + Px seems to have a qualitatively better influence.

The morphometric and histological observations reveal an initial growth retardation in the
epididymis of HPRT + Px animals as seen at 35 days. The reduced tubular diameter with
hypertrophid cells and narrow lumen bear testimony to this. However, both the seminal vesicle
and prostate weighed as much as those of controls and, in fact the initial weight of prostate at
35 days was significantly greater. At 90 days while the prostate weight equalled to that of the
controls, the seminal vesicle weighed significantly greater and the epididymis significantly lower.
Thesg -differences are suggestive of differential hormonal requirement/sensitivity in controlling
their growth. In the earlier studies it was shown that a hypothyroidic state in the juvenile and
prepubertal periods in pineal intact animals is more detrimental to the growth of accessory
organs due to the potentiated growth retardatory influence of melatonin (chapter 1). This was
further confirmed by a similar observation of lowered accessory organ weights in rats subjected
to neonatal hyperthyroidism. This was again accredited to the potentiated growth retarding
influence of melatonin in a lowered serum thyroid hormone state, as withdrawal of T, wa.s

immediately followed by a hypothyroidic state (chapter 4). The present observations on the
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weight and structure of the prostate and seminal vesicles indicate that the absence of melatonin
despite the hypothyroid state favours normal growth of these organs. The increased growth rates
seen between 45 and 90 days in the case of seminal vesicles and between 60 and 90 days in
the case of prostate are related with the synergistic growth and maturation promoting influence
of PRL and T. The delay in the final growth and maturation seen in the case of prostate can be
related to the subnormal PRL levels induced by Px in the earlier periods (chapter 2). The seminal
vesicle not exposed to the growth retardatory influence of melatonin in the earlier periods, seems
to show a hypersensitive response towards the synergistic action of PRL and T as seen in the

present study.

in an earlier study it was inférred that neonatal hyperthyroidism decreases GH secretion
and, based on the observations of body weight in the present study, it was inferred earlier that
hyperthyroidism in the immediate neonatal days (up to 10 days) permanently lowered the set-
point for GH secretion. The consistently reduced weight of the epididymis seen in the present
study probably suggests a relatively greater dependence of this organ on GH for its growth. A
similar observation of reduced epididymal weight in rats rendered neonatally hyperthyroidic
(chapter 4) strengthens the present contention. Interestingly the diameter of the epididymal
tubules is significantly greater in the HPRT + Px animals at 90 days. In this context it may be
speculated that theAepididymis in these experimental animals might have reduced length

compensated by increased diameter.

Finally, it can be concluded from the present results that transient neonatal
hyperthyroidism in pinealectomised rats has a favourable influence oﬁ Sertoli cell proliferation
and increased germ cell production. Neonatal hyperthyroidism seems to lower the hypothalamic
set-point regulating GH secretion. The consequent lowered levels of GH has a persistent
influence on body and epididymal growth. The present results also emphasize a definite growth
retardatory influence of melatonin on sex accessory organs in the immature stages and the role

of thyroid hormones in resisting the same.



