CHAPTER - VI

Neonatal corticosterone deprivation decreases germ: cell
number and sperm density in the adult testis

Foetal impressions in terms of environmental and endocrine conditions
have long-term effects. Profound effects on birth weight and adult organ
system functions have been reported as consequences (Smith and Waddell,
2000). Among endocrine conditions, variations in foetal glucoco&icoid
exposure have been found to be of greater significance. Though foetal
glucocorticoids have been implicated a role in the maturation of organ
systems (Baxter and Rousseau, 1979), excess glucocorticoids have: been
shown to retard foetal growth and have been linked with the developm:ent of
adult diseases (Smith and Waddell, 2000). Foetal exposure to glucocorticoids
has also been considered significant in programming normal p;)stnatal
development and physiological maturation of various systems. One system
that has been known to be affected is the postnatal reprodudive
development, as puberty onset is delayed in the offsprings of mbthers
subjected to stress (Politch and Herrenkohl, 1984) or treated with aﬁreno- -
corticotrophic hormone (ACTH) during pregnancy (Harvey and Chevins,

1987). In a recent study, reduced offspring birth weight and delayed onset
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of puberty in male offsprings of mothers subjected to glucocorticoid excess
from gestation day 13 to termination has been reported (Smith and Waddeﬂ,
2000). Since there was no studies on neonatal exposure to glucocorticoids,
we had previously tested the influence of glucocorticoid administration to rat
neonates during the preweanling period on the course of development and
adult histoarchitecture and functions of the testis (Chapters 2 & 3). These
studies suggested a definite influence of glucocorticoid status during neonatal
period on qualitative and quantitative aspects of spermatogenesis and
steroidogenesis as, long-term effects of glucocorticoids. Apart from long-
term effects on the various neuroendocrine axes, increase in germ cell
population in the testes was a significant feature, which was accredited to a
probable decrease in apoptosis.

The above findings raised a natural and logical question of the effect
of glucocorticoid deprivation or insufficiency during neonatal period on the
observed functions. Hence, present study was planned as a corollary to the
above studies to answer these questions and test the assumption of the
reduced germ cell loss due to glucocorticoid excess. To this end, rat
neonates have been treated with metyrapone (Glucocorticoid synthesis
inhibitor) during the preweanling period for 21 days and the ensuing effects
on adult testis structure and functions have been assessed to have an idea

about the influence of neonatal glucocorticoid insufficiency on various
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neuroendocrine axes. To this end, circulating levels of TSH, T4, T3, LH, T and

CORT have been measured.

MATERIALS AND METHODS!

Animals and Maintenance:

As in chapter one.

Preparation of Metyrapone:

Metyrapone (2,methyl 1, 2 di-3-pyridyl-1-propanone) procured from 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 major groups of study, some of them

consisting of subgroups as mentioned below.

Group I (contro!) (C):

Newborn rat pups maintained till 90 days served as controls. This consisted of 2
subgroups (as follows) of 30 animals each:

6] Control rats (N).

(i) Injected /.p. with vehicle (0.9% saline) in morning (0800 hrs)
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Group II Metyrapone treated; (MET):
Rat neonates were injected with metyrapone (2,methyl 1, 2 di-3-pyridyl-1-

propanone) in the following dose,
M 0.5 mg metyrapone/animal/day from day O to day 10 and 1.0 mg

metyrapone/animal/day from day 11 to day 21.

Parameters and Methods of Evaluation:

As in chapter one.

Histology and Histometry:

As in chapter one.

Hormone Assays:

As in chapter one.

Statistical Analysis:

As in chapter one.

RESULTS:
Since no significant difference was observed between vehicle and non-vehicle

controls, the data represented is of vehicle control (C) only.
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Postnatal Growth:

Body and testes weights of experimental animals tended to be slightly
lower during the treatment period, significantly increased during post-
treatment period upto 60 days and, noticeable lower weight at 90 ‘days
(Table 1; Figures 1a & 1b). These changes in body and testes weights are
clearly evidenced in the recorded growth rates, with higher growth rates
between 15-60 days in MET animals. The decline in growth rate in both body
and testes weights between 60-90 days in MET animals are perceptible and
significant (Table 2; Figures 3a & 3b). The relative weight of testes is not
significantly different in any of the stages studied except between 60 and 90

days whence there was a decrement (Table 1; Figure 2)

Histology and Histometry:

The sections of testis of control animals showed full spermatogenic
activity and presence of sperms in the tubules at 60 days. The experimental
animals in contrast showed presence of sperms by 45 days. There was no
significant difference in tubule diameter or germinal epithelial thickness
between controls and experimentals at any age. Overall, the germ cell
number appears to be decreased in experimental animals with many empty
spaces; such loss of cells appear to be increased during postpubertal (45, 60
and 90 days) as compared to prepubertal stage (35 days). Quantitative

alterations, marked by low density of sperms was the feature at 60 and 90
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Fig. 1a and 1b. Chronological alterations in body weight (g) and absolute

weight (g) of testes in Controf and Metyrapone treated rats
C - Control, MET - Metyrapone, Values expressed as Mean £ SEM

of six animals, ® p< 0.05, ® p< 0.005, © p< 0 0005
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Control and Metyrapone treated rats
C - Control, MET - Metyrapone, Values expressed as Mean + SEM
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days. Leydig cells in general appear to be small at 90 days. Various
histometry parameters such as seminiferous tubular volume, tubular length
and total basement area did not show any significant difference, compared to
control testis at 90 days. The Sertoli cell number per testis or number per
meter length of tubule was identical to those of controls. However, the total
germ cell number per testis or per meter length of the tubule was slightly
more in MET as compared to controls (14.43 x 10° v/s 13.39 x 10%. The
total number of cells per meter length of tubule, obtained by actual count
was significantly lower in experimental animals (9.97 x 10°) than controls
(12.1 x 10%). The germ cell loss was as high as 31% (Table 3) (Plates 1, IXa

and IXb).

Serum Hormone Profile:

Corticosterone:

Serum corticosterone level was significantly lower during the treatment
period but then increased tc; a higher level at 35 and 45 days. During 60 and
90 days the hormone level increased gradually to reach near normal iéve! at
90 days (Table 4; Figure 4).

ISH, T4 and Ts:

Except” for treatment period (15 days), -ali “other periods of study
showed increasing higher levels of TSH in MET animals with a significantly

higher level at 90 days (Table 5; Figure 6). The serum T; level was
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Fig.4: Serum Corticosterone level (ng/ml) in Control and
Metyrapone treated rats

C - Control, MET - Metyrapone, Values expressed as Mean £ SEM
of four samples, ? p< 0 05, ® p< 0 005, ® p< 0 0005
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Fig.6: Serum TSH level (ng/ml} in Control and Metyrapone treated rats
C - Control, MET - Metyrapone, Values expressed as Mean 1 SEM
of four samples, ® p< 0.05, ® p< 0.005, © p< 0.0005
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Metyrapone treated rats

C - Control, MET - Metyrapone, Values expressed as Mean £ SEM
of four samples, ® p< 0.05, * p< 0.005, © p< 0 0005




significantly higher in the experimental animals at 15, 35 and 45 days but the
levels at 60 and 90 days were significantly lower compared to controls (Table
5; Figure 7a). In contrast, serum T3 showed consistently lower levels with
significantly lower level at 90 days in MET animals (Table 5; Figure 7b).

LH and Testosterone:

Serum LH level was significantly higher at all ages of study as
compared to controls (Table 4; Figure 5a). However, serum testosterone
level was significantly higher at 15 days (treatment period) and at 35. days
(post-treatment period), but then decreased significantly to subnormal level

at 90 days (Table 4; Figure 5b).

DISCUSSION:

Previous studies on reduced exposure of the foetus to endogenous
glucocorticoid by maternal metyrapone treatment had shown higher birth
rate and early onset of puberty in male rats. Metyrapone is known to inhibit
glucocorticoid synthesis by inhibiting 11-B hydroxylase (Milkovic et al, 1975;
Smith and Waddell, 2000). The 11-B hydroxylase inhibition induced minimal
foetal glucocorticoid exposure is reported to account for the enhanced foetal
growth and advancement of puberty in males (Milkovic et a/, 1975; Smith
) énﬁdﬂ\'}\rléd‘dell, 2000). This is the first study, which evaluates the effect of
reduced endogenous glucocorticoid exposure in the neonatal period on adult

testis structure and functions and neuroendocrine hormonal status. Though
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there are no significant effects on testicular volume, testicular weight, tubular
volume, tubular basement membrane area or Sertoli cell number, there are
nevertheless marked influences on the time of appearance of sperms, germ
cell number per unit area as well as the degree of germ cell loss by apoptosis
and/or degeneration. The appearance of sperms in the tubules by 45 days,
which is slightly earlier than in the controls, is similar to the observations
made in neonatal corticosterone exposed animals (Chapters 2 & 3). | This
similarity of early onset of spermatogeﬁesis in diametrically opposite sétups
(hypercorticalism and hypocorticalism) is rather paradoxical. However, a
critical review of the experimental observations in the two set up shovys, an
identical increased serum corticosterone titre in the prepubertal period (35
days) subsequent to the period of experimental treatment. This increase in
the endogenous glucocorticoid level seen at 35 days (about 14 day§ after
treatment) could be inferred to be due to two unrelated consequences.
Whereas, the increased co¢icosterone level in animals exposed to neonatal
glucocorticoid excess can be related to the probable decreased metabolic
clearance due to inhibition of 11B-HSDH as inferred earlier (Chapter 2), the
increase obtained in MET treated animals could be accredited to a rebound
effect mediated by the higher adreno-corticotrophic hormone (ACT Hj levels
prevéi!ing in the experimental period (upto 21 days) due to the reduced
negative feedback effect as a consequence of lowered corticosterone

synthesis. In this context, the prevailing glucocorticoid levels during the
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prepubertal periods appear to be of crucial significance in controfmng
postnatal growth and maturation. This assumption gains justification from
the recorded higher growth rates of body and testes between 35-60 days in
animals subjected to either g!ucocorticoid excess or deficit (Chapters 2 & 3).
The early completion of spermatogenesis and appearance of sperms in the
tubules by 45 days seen under both neonatal hyper and hypocorticalism. may
also suggest a potentiated testosterone action in a background of higher
prepubertal corticosterone level {(Chapters 2 & 3).

Our previous studies involving neonatal corticosterone exposure had
suggested a possible long-term quantitative influence on spermatogenesis by
way of increased germ cell number. This was related with the possibiﬁty of
neonatal corticosterone excess in modifying the genetic programmit;g of
Sertoli cells resulting in reduced apoptosis. Looked in this contexf, neonatal
corticosterone insufficiency could be expected to have a reverse effec?t and
thereby favour increased apoptosis. The histoarchitectural features seen in
testis section of MET animals suggest greater loss of germ cells as seen by
the empty spaces within the germinal epithelium. Such sites might repfesent
areas previously occupied by germ cells and subsequently lost by apo;:Jtosis.
As can be seen from table 3, the totéi number of germ cells that cén be
theoretically present per meter length of seminiferous- tubule -based 6n the .
area available is 14.43 x 108 Calculations based on actual counts projvide a

figure of 9.9 x 10° cells. This amounts to a 31% difference compared to age
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matched controls, much more than that seen under neonatal exposure to
melatonin or corticosterone (Chapters 1, 2 & 3). This observation of
increased germ cell loss by apoptosis seen with metyrapone treatment
strengthens and provides validity to our earlier contention of decreased
apoptotic loss of germ cells in the adult, due to neonatal corticosterone
exposure.

Unlike neonatal corticosterone exposure, which resulted in a
permanently lowered set-point of the hypothalamo-hypophyseal-adrenal
(HHA) axis, MET treatment does not seem to alter the set point of the axis
significantly as the circulating serum corticosterone level tended to increase
gradually to control levels. The set point of the hypothalamo-hypophyseal-
gonad (HHG) axis seems to be permanently altered under MET treatment as
marked by consistently higher levels of LH at all ages. However, there seems
to be a lowered responsiveness of the post pubertal Leydig cells to LH as
seen by the reducing testosterone levels. Nevertheless, there is either an
increased number and/or increased sensitivity of prepubertal Leydig cells as
denoted by the higher testosterone levels at 15 and 35 days, which can be
favorably related with early appearance of sperms as discussed above.‘ The
hypothalamo-hypophyseal-thyroid (HHT) axis shows a differential effect
under neonatal corticosterone deficit. The increased TSH levels right from 35
to 90 days (except for a slight decrease at 15 days; treatment period)

indicates an upregulation of hypothalamo-hypophyseal set point or an
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increased sensitivity of pituitary thyrotropes to thyrotrophin releasing
hormone (TRH). In contrast, the sensitivity of thyroid to TSH seems t6 be
decreased as revealed by consistently lower Ts levels at all ages and of T4
levels at 60 and 90 days. The levels of T3 at all ages suggest either a
decreased thyroid output and/or decreased peripheral conversion.
Apparently, the HHT axis responds differentially to neonatal corticosterone
deficit.

Overall, the present study on neonatal corticosterone deficiency has
not only shown an altered response of HHT and HHG axes with no significant
effect on HHA axis, but has also demonstrated increased germ cell !osé and
low sperm density, strengthening our earlier contention of neonatal
corticosterone excess in physiological range providing a long-terml anti-

apoptotic effect.
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PLATE — 1

Figures 1 — 8: Photomicrographs of sections of testis of control rats.

Figures 1 and 2 : Sections of testis of 35 day old control rats showing
interstitium.

Figures 3 and 4 : Section of testis of 45 day of showing advanced stages of
spermatogenesis and appearance of sperms in few tubules.

Figures 5 and 6 : Section of testis of 60 day old rats showing well-established
spermatogenesis and sperms in lumen.

Figures7 and 8 : Section of testis of 90 day old rats showing prominent
interstitium and fully established spermatogenesis.

Figures: 1, 3,5, & 7—-250x
Figures: 2,4, 6, & 8 —400 x

Abbreviations:

I-Interstitium, L-Lumen, st-spermatids, S-sperms,
D-Degeneration,rs-round spermatids.






PLATE—-IXa

Figures 1 — 5: Photomicrographs of sections of testis in rats treated with
Metyrapone.

Figures 1 and 2 : Sections of testis of 35 day old MET treated rats showing,
showing elongated spermatids and degenerating germ cells.

Figures3to 5 : Section of 45 day old testis of MET treated rats
showing, high degree of degeneration and mixed population
of interstitial cells, also sperms are seen.

MET - Metyrapone treated rats

Figures: 1 and 3 — 250 x
Figures: 2to 5 - 400 x






PLATE—-IXb

Figures 1 — 7: Photomicrographs of sections of testis in rats treated with
metyrapone. '

Figures1to 3 : Sections of testis of 60 day old MET treated rats showing,
sloughing off of spermatids, less no. of sperms and less
germ cell number.

Figures4to 7 : Section of 90 day old testis of MET treated rats
showing, degeneration and less sperm density.

MET — Metyrapone treated rats

Figures: 2, 4 and 6 — 250 x
Figures: 1,3 and 5 - 400 x

T-400 x






SUMMARY

The long-term influence of neonatal hypocorticalism on adult testis
structure and functions and serum hormonal profiles has been assessed in
Charles Foster strain of rats. The neonates were subjected to corticosterone
deprivation by treatment with metyrapone (2-methyl, 1,2 di-3-pyridyl-1-
propanone) from day 0 to day 21 at a dosage of 0.5 mg/day from day O to
day 10 and 1 mg/day from day 11 to day 21. The present study conducted,
as a corollary to previous studies on neonatal corticosterone excess, has
shown no significant difference in either body or testes weights. There was
an-increase in germinal epithelial thickness, total basement membrane area
and theoretical germ cell count. However, the actual germ cell count was
significantly lower and the percentage of germ cell loss was very high (10%
in control v/s 31% in MET). In general, serum LH level was high and
testosterone (T) level was significantly low. The serum corticosterone and T3
and T4 levels were also significantly lower though the TSH levels were high.
The early onset of spermatogenesis seen in the present study has been
correlated with the increased serum corticosterpne level in the prepubertal
period. The observation of empty spaces within the germinal epithelium as
well as the calculated higher germ cell loss are confirmatory of the eariier

inferred protective role of corticosterone in preventing apoptosis by genetic
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programming of the Sertoli cell secretory function. The sensitivity of the
postpubertal Leydig cells is significantly reduced and so is the case with
reference to sensitivity of thyroid to TSH. The findings suggest alterations in
the hypothalamo-hypophyseal-thyroid (HHT) and hypothalamo-hypophyseal-
gonad (HHG) axes in the form of increased sensitivity of the pituitary for

releasing factors and paradoxically lower sensitivity of the target glands.
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