
CHAPTER-II

Postnatal glucocorticoid exposure in the preweanling 
period hastens spermatogenesis and increases germ cell 
number: I, Dose dependent effect

Stress induced increase in glucocorticoids is shown to affect testicular 

function and steroidogenesis (Collu et aL, 1994; Orr et ai, 1994; Marie et at., 

1996; Chatterton et aL, 1997). Developmental stages are likely to be more 

vulnerable to hormonal disturbances, especially glucocorticoids. Both

elevation or reduction in glucocorticoids can have profound effects. In this 

respect, hormonal alterations in the foetal environment have been reported 

to influence the adult phenotype (Barker, 1994). Glucocorticoids are known 

to be crucial for the maturation of foetal organ systems (Baxter and 

Rousseau, 1979). However, exposure of foetuses to excess glucocorticoid has 

been shown to retard growth and precipitate disease in the adult 

(Benediktsson et a!., 1993; Levitt et aL, 1996, Lindsay et aL, 1996). These 

observations have led to the premise that glucocorticoids are involved in the 

programming of postnatal development of various systems. Foetal exposure 

to glucocorticoid jfmay also be detrimental for postnatal reproductive 

development as shown by the delayed onset of puberty in the female
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offsprings of mothers subjected to stress (Poiitch and Herrenkohi, 1984a) or 

treated with adreno-corticotrophic hormone (ACTH) during gestation (Harvey 

and Chevins, 1987). On these lines, a recent study involving glucocorticoid 

excess or insufficiency induced by appropriate treatments in pregnant rats 

from day 13 to term (day 23) has recorded reduced offspring birth weight 

and delay in the onset of puberty in females with hormone excess and 

increased birth weight and advanced puberty onset in male offsprings with 

hormone insufficiency (Smith and Waddell, 2000). It has been concluded 

from the above study that foetal exposure to glucocorticoid is an important 

determinant of the timing of puberty onset in the postnatal life, an effect that 

is manifested within the normal physiological range of glucocorticoid 

concentrations.

Such experimental findings raised a logical question of the possible 

influence of glucocorticoid excess during the postnatal period of development 

on the adult reproductive system. The present study is an attempt to answer 

this question and test the hypothesis that glucocorticoids in the preweanling 

postnatal period may have an influence on the functional maturation of testes 

and puberty onset. This premise has been tested in the present study by 

exposing the postnatal rat pups to time dependent glucocorticoid excess 

starting from day 0 to day 21 (weanling) and assessing puberty onset as 

marked by testicular spermatogenesis and steroidogenesis. Alterations in 

the circulating profile of various hormones like corticosterone (CORT), thyroid
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stimulating hormone (TSH), tri-iodothyronine (T3), thyroxine (T4), leutinising 

hormone (LH) and testosterone (T) have also been evaluated.

Material and Methods:

Animals and Maintenance:

As in chapter one.

Preparation of Corticosterone:

Corticosterone acetate procured from Sigma Co. USA was weighed and 

the requisite amount was dissolved in a drop of alcohol and then diluted with 

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 fcontrol) (Cl:

Newborn rat pups maintained till 90 days served as controls. This 

consisted of 3 subgroups (as follows) of 30 animals each:

(i) Control rats (N).

(ii) Injected i.p. with vehicle (0.9% saline) in the morning (0800 

hrs) from day 0 to day 21 (CM ).
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(iii) Injected i.p. with vehicle (0.9% saline) in the evening (1600 hrs) from 

day 0 to day 21 (Cr).

Group II (Corticosterone treated) fCORT):

Newborn rat pups were injected i.p. with Corticosterone (Sigma 

Chemical Co. USA) in the following doses:

(i) 30 newborn pups were injected with corticosterone lpg/animal/day in 

the morning (0800 hrs) from day 0 to day 10 and 2jig/animal/day from 11 to 

21 days (CM)

(ii) 30 newborn pups were injected with corticosterone lpg/animal/day in 

the evening (1600 hrs) from day 0 to day 10 and 2|ig/animal/day from 11 to 

21 days (CE)

Parameters and Methods of Evaluation:

As in chapter one.

Histology and Histometrv: 

As in chapter one.

Hormone Assays:

As in chapter one.
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Puberty Onset:

It was assessed by the capacity for preputial separation, determined 

by manual retraction of prepuce (see Korenbrat etai, 1977).

Statistical Analysis:

As in chapter one.

Results;

Since no significant differenfce was observed between the non-vehicle and, 

both the vehicle controls, the data represented is of vehicle control (C) only.

Postnatal Growth;

The body weight of the experimental groups (CM and CE) was 

significantly less during the treatment period (Table 1; Figure la). There was 

a significant compensatory increase during 15-35 days in CM and CE rats. 

However, the body weight of both CM and CE rats at 90 days was less than 

the controls. The relative weight of testes which tended to remain lower till 

60 days in the experiment groups, became higher at 90 days though, 

statistically insignificant (Table 1; Figure 2). The overall growth rate was not 

significantly different, however the growth rate between 0-45 days was 

higher in the' experimental animals with maximal growth between 35 and 45 

days as recorded in CE animals (Table 2; Figures 3a & 3b).
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Fig. 1a and 1b. Chronological alterations in body weight (g) and absolute 
weight (g) of testes in Control and Corticosterone treated rats 
C - Control, CE - Low Dose evening Corticosterone injection, CM - Low Dose 
morning Corticosterone injection, Values expressed as Mean ± SEM 
of six animals,a p< 0.05, b p< 0.005, c p< 0.0005
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0.6
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' Chronological alterations in relative weight (g/100 g) of testes in 
Control and Corticosterone treated rats
C - Control, CE - Low Dose evening Corticosterone injection, CM - Low Dose 
morning Corticosterone injection, Values expressed as Mean ± SEM 
of six animals,a p< 0.05,b p< 0.005,0 p< 0.0005
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Body

Fig.3a
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Age in days
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Fig. 3a and 3b Per day Body and Testes Growth rate (g/day) in Control and 
Corticosterone treated rats
C - Control, CE - Low Dose evening Corticosterone injection, CM - Low Dose 
morning Corticosterone injection



Histology and Histometrv:

Control testis sections reveal establishment of full spermatogenesis 

marked by the appearance of sperms by 60 days (Plate 1). However, in CM 

and CE, establishment of spermatogenesis was hastened as marked by the 

appearance of sperms by 45 days. At 60 and 90 days, the testis sections of 

CM and CE animals showed compactly packed increased number of germ cells 

and, higher sperm mass at 90 days in CE. The interstitial cells were also 

found to be prominent in the experimental animals. There was significant 

increase in tubular diameter and germinal epithelial thickness but no increase 

in Sertoli cell count in the experimental groups (Table 3). In fact the number 

of Sertoli cells showed a significant decrement, more with the morning 

regimen. The tubular length was significantly decreased in CM rats and the 

total basement membrane area was increased in CE rats. The total germ cell 

number per testis, both theoretical and actual were both significantly higher 

in CM and CE animals but, relatively more in CE. But the germ cell number 

per meter length of the tubule was more in CM than in CE rats. The total 

germ cell loss was significantly more in CM than in CE, but much lesser than 

in the controls (2% in CE, 7% in CM and 10% in C) (Table 3) (Plates Ilia, 

Illb, IVa, IVb and IVc.)
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Corticosterone

Age in days

Fig.4: Serum Corticosterone level (ng/ml) in Control and Corticosterone 
treated rats
C - Control, CE - Low Dose evening Corticosterone injection, CM - Low Dose 
morning Corticosterone injection, Values expressed as Mean ± SEM 
of four samples, a p< 0.05, b p< 0.005,0 p< 0.0005



Testosterone

Fig.5a and 5b- Serum LH and T levels (ng/ml) in Control and Corticosterone 
treated rats

C - Control, CE - Low Dose evening Corticosterone injection, CM - Low Dose 
morning Corticosterone injection, Values expressed as Mean ± SEM 
of four samples,a p< 0.05, b p< 0.005,c p< 0.0005
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Fig.6: Serum TSH level (ng/ml) in Control and Corticosterone treated rats 
C - Control, CE - Low Dose evening Corticosterone injection, CM - Low Dose 
morning Corticosterone injection, Values expressed as Mean ± SEM 
of four samples, a p< 0.05, b p< 0.005,c p< 0.0005



Fig.7a and 7b: Serum T4 and T3 level? (ng/ml) in Control and Corticosterone 
treated rats
C - Control, CE - Low Dose evening Corticosterone injection, CM - Low Dose 
morning Corticosterone injection, Values expressed as Mean ± SEM 
of four samples,3 p< 0.05, b p< 0.005,0 p< 0.0005



Serum Hormone Profile:

Corticosterone:

Serum corticosterone levels were higher in CM and CE animals 

throughout the treatment period as well as subsequently till 45 days. 

Thereafter there was permanent significantly reduced corticosterone titre in 

the adult condition (60 and 90 days) (Table 4; Figure 4).

TSH, Tg and T*:

TSH, T4 and T3 levels were by and large significantly higher in the 

experimental animals throughout including treatment period and in the post­

treatment period extending to the adult stage (Table 4; Figures 6, 7a & 7b).

LH and Testosterone:

LH and T levels were significantly higher during the treatment period 

and this trend persisted till 35 days. Thereafter the levels of LH and T 

remained consistently and significantly lower in the experimentals as 

compared to controls (Table 4; Figures 5a & 5b).

Discussion:

The present investigation indicates that postnatal response to
t

glucocorticoids can affect the subsequent timing of puberty and quality and 

quantity of spermatogenesis in the adult condition. Though deleterious effect 

of excess corticosterone in the adult stage has been documented
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(Benedicktsson et aL, 1993; Levitt et aL, 1996; Lindsay et aL, 1996), no 

report is available with regard to neonatal corticosterone excess on puberty 

onset or on testis functions. This is the first report, which shows a 

favourable influence of excess corticosterone in the physiological range 

during neonatal preweanling period on puberty onset and spermatogenesis. 

This study also indicates that though both morning and evening exposure to 

corticosterone is effective, evening exposure coinciding with the endogenous 

rise as per the known diurnal corticosterone rhythm (Poland et at., 1981) is 

relatively more favourable. This is attested to by the increased body and 

testes weights in the immediate post exposure periods. Though there is no 

significant difference in the body and testes weights at 90 days, there was 

hastened growth dynamics as seen by the higher body and testes weights at 

35 and 60 days. The relative weight of testes at 90 days tended to be higher 

though statistically insignificant (Table 1; Figure 2). These aspects are in 

contrast to the observed birth weight and attainment of puberty in rats 

exposed to either an excess of or deficient glucocorticoid in the foetal period, 

with die former resulting in decreased birth weight and delayed onset of 

puberty and the latter in increased birth weight and earlier onset of puberty 

(Benedicktsson et aL, 1993; Burton and Waddell, 1994; Lindsay et aL, 1996; 

Smith and Waddell, 2000). Obviously, there is differential sensitivity to 

glucocorticoid in relation to foetal or postnatal development.
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It is clear from the data (Table 2) that there is retardation in body 

growth rate during the treatment period but the post-treatment periods upto 

60 days, generally characterized by increasing growth rate, was marked by 

significantly pronounced rates in the CE & CM groups of animals. This 

temporally hastened growth manifestation was also clearly reflected in the 

testes growth between days 0 to 45 (0.03 C v/s 0.040 CE and 0.036 CM). 

Much of this growth was between 35 and 45 days in CE and between 45 and 

60 days in CM. The positive influence of transient neonatal exposure to 

corticosterone was also manifested in the form of early attainment of puberty 

(42 days in CM and CE v/s 50 days in controls).

The temporally enhanced growth dynamics is further confirmed by the 

advanced onset of spermatogenesis and appearance of sperms by 45 days in 

the testis and epididymis. The same occurred in the control rats later than 

45 days. Besides hastened spermatogenesis, the testes of CE and CM rats 

were also marked by significantly higher density of germ cells at all ages. 

The tubules of CE testis also showed a dense population of spermatozoa at 

90 days, further underscoring the relatively more favourable influence of 

evening exposure to excess corticosterone than morning exposure (Plate 1). 

Despite reduced tubular length and reduced Sertoli cell number, the 

significant greater number of germ cells (both theoretical and actual) indicate 

reduced germ cell loss by apoptosis, more so with the evening schedule 

(Table 3). However, morning corticosterone seems to show greater germ cell
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loss by degeneration compared to evening treatment The degenerative loss 

In CE animals seems relatively closer to that of control rats. Apparently, 

neonatal evening corticosterone excess is more favourable for overall germ 

cell survival, which contributes to an increased germ cell population. Due to 

the significant decrease in tubular length, the number of germ cells per meter 

length of tubule was higher in CM rats. Corticosterone treatment in general, 

irrespective of the time of administration, is favourable compared to controls. 

Another interesting observation is that major part of the growth involving 

tubular length is completed by 35 days (65% approximately) in both CE and 

CM animals, thereby alluding to a role for corticosterone in promoting tubular 

elongation. A very interesting observation is the presence of only two or 

three stages of spermatogenesis in all tubules of a section, more often stages 

V-VII. It is a matter of speculation as to whether corticosterone treatment in 

the neonatal period, more specifically evening schedule, synchronises 

initiation of spermatogenesis for longer stretches in the tubule which should, 

as a consequences, reduce the number of waves per tubule. This aspect 

needs critical evaluation for necessary validation. The observed difference in 

germ cell population and sperm density in the corticosterone-exposed animals 

is amply validated by the recordecThtgher relative weights of testes at 9ft=:zrT 

days.

Possible mechanisms that may account for the observed hastened 

growth dynamics, early onset of puberty and temporally advanced
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spermatogenesis with increased germ cell density, may become meaningful 

when viewed against the recorded alterations in circulating titres of 

hormones. Neonatal corticosterone exposure seems to have significant 

effects on many hormonal axes directly. Corticosterone excess during the 

neonatal period appears to have a long term depressing influence on the set 

point of the hypothalamo-hypophyseal-adrenal (HHA) axis, as marked by the 

lower levels of corticosterone titre in the adult (60 to 90). An earlier study in 

neonatal deprivation for a day (day 11) showed higher corticosterone 

response to stress as adults without altering the basal level (Suchecki and 

Tufik, 1997). Preceding this basal level, the corticosterone levels in the 

pubertal and pre-pubertal periods (35 and 45 days) were higher. Apparently, 

the increased corticosterone level in the treatment period persisted and 

extended upto atleast a month after the cessation of treatment. It may be 

speculated that neonatal chronic exposure to corticosterone decreases the 

metabolic clearance of the hormone leading to elevated level, an effect, 

which persists for sometime after exposure to corticosterone. An opposite 

permanently elevating influence on the hypothalamo-hypophyseai-thyroid 

(HHT) axis can also be inferred by the recorded high circulating levels of T3, 

T4 and.TSH. Previous studies on neonatal thyroid hormone status during the 

preweanling period have clearly established the role of T3 in inducing Sertoli 

cell differentiation and conversely, prolonged Sertoli cell proliferation and 

consequent increase in number due to hypothyroidism (Hess and Cooke,
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1992; Van Haaster etat, 1992; Hess etat, 1993; Cooke etat, 1994; Franca 

et at, 1995). The presently observed higher T3 and T4 levels during the 

critical window of Sertoli cell proliferation in this context portend augmented 

Sertoli cell differentiation. This stands well correlated by the observed 

temporally advanced onset of spermatogenesis and consequent appearance 

of sperms by postnatal day 45 in the CE and CM rats.

The levels of LH and T were significantly higher till 35 days followed by 

persistently lower levels in the pubertal and adult stages. Apparently 

neonatal corticosterone excess for a sufficiently longer period seems to have 

a dampening influence on the hypothalamo-hypophyseal-gonad (HHG) axis. 

Presumably, neonatal corticosterone exposure lowers the set point of the 

HHG axis. Prominent 3p and 17p-HSDH activities observed in the CM and CE 

rats at 35 days support the higher T level favouring hastened 

spermatogenesis (not included in this study). Such reprogramming of 

hormonal axes by neonatal glucocortoid exposure is tenable in the context of 

reported actions of foetal glucocorticoid exposure on the HHG axis (Smith and 

Waddell, 2000) as well as on the HHA axis (Meaney et at., 1991). Since 

glucocorticoid receptors have been shown in the neural tissue (Reagan and 

McEwen, 1997; Daikoku and Koide, 1998), pituitary gonadotrophs (Kilen et 

at, 1996), the ovary (Michael et at, 1993) and testis (Monder et at, 1994), 

reprogramming modulations by glucocorticoid in the neonatal period cannot 

be discounted.
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The increased germ ceil population and sperm density in adult rats 

exposed to corticosterone neonatally, are novel features, which require some 

explanation. One possible reason for the increased germ cell number is an 

increase in the number of Sertoli cells as manifested in rats rendered 

hypothyroid neonatally (Cooke et a!., 1994). But this is also related with an 

overall increase in tubular diameter as well as testis size and weight. The 

latter effect is not manifest in the present case and in fact there is decrement 

in Sertoli cell number especially in CM rats. Arguably, the increased germ cell 

population seen in the present study is not due to an increase in Sertoli cell 

number but due to an actual decrease in the quantum of germ cell loss. This 

is confirmed by the histological observations of decreased germ cell 

degeneration at all ages compared to controls. The germ cell loss occurring 

during spermatogenesis as a normal event is now clearly established as 

apoptosis and, has been estimated to result in the loss of upto 75% of germ 

cells (Huckins, 1978; deRooij and Janssen, 1987; Blanco-Rodriguez, 1998). 

The reduced germ cell loss in the present study results in relatively more 

number of germ cells being supported by each Sertoli cell. It is speculated 

from the present circumstantial evidences that neonatal exposure to 

corticosterone excess somehow attenuates the normal rate of germ cell 

apoptosis probably, by way of altered pattern of secretion of 

growth/paracrine factors and/or adhesion molecules from the Sertoli cells by 

a permanent genetic reprogramming. This is understandable in the context of
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non-expression of llp-HSDH (a metabolising enzyme of corticosterone) in 

the preweanling period (Hardy et at., 1998) which could result in hyper 

stimulation and thereby altered Sertoli cell expression. Though glucocorticoids 

have been known to promote apoptosis in many tissues (Gonzalo et ah, 

1993; Hassan et at., 1996; Waddell et at., 2000), the presently revealed anti­

apoptosis action in the testis is validated by the observation of an inhibitory 

role of glucocorticoids on apoptosis in neutrophils leading to increased 

neutrophil survival (Cox, 1995) and also in glomerular endothelial cells 

(Messmer eta!., 1999).

In conclusion, this study reveals that excess glucocorticoid exposure 

during the preweanling neonatal period hastens puberty, augments 

spermatogenesis and increases germ cell number and sperm density 

essentially by decreasing germ cell apoptosis on a long-term basis in the 

adult.
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PLATE -1

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

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

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

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

Fiaures 7 and 8 : Section of testis of 90 day old rats showing prominent 
interstitium and fully established spermatogenesis.

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

Abbreviations:

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

Figures 1-4: Photomicrographs of sections of testis of rats treated with
corticosterone.

Fiaures 1 and 2 : Sections of testis of 35 day old CE rats 
showing inhibited completion of meiosis.

Fiaures 3 and 4 : Testis section of 45 day old CE rats showing, fully 
established spermatogenesis and thinner population of 
sperms and more number of germ cells.

CE - Low evening Corticosterone injection

Figures: 1 and 3 - 250 x 
Figures: 2 and 4- 400 x





PLATE - III b

Figures 1-7: Photomicrographs of sections of testis of rats treated with
corticosterone.

Fiaures 1 to 4 : Testis section of 60 day old CE rats showing sperms and 
more number of germ cells.

Fiaures 5 to 7 : Testis section of 90 day old CE rats showing, high content 
of sperms and less number of germ cells. Prominent 
interstitium with large number of cells but smaller in size.

CE - Low evening Corticosterone injection

Figures: 1, 3 and 5 - 250 x 
Figures: 2, 4, 6 and 7 - 400 x





PLATE - IV a

Figures 1-6: Photomicrographs of sections of testis of rats treated with 
corticosterone.

Figures 1 and 2 : Section of testis of 35 day old CM rats, showing sperms
hypertrophied interstitium, elongating spermatids and more 
number of germ cells.

Figures 3 to 6 : Section of testis of 45 day old CM rats showing sperms and
more number of germ cells.

CM - Low morning Corticosterone injection

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





PLATE - IV b

Figures 1-5: Photomicrographs of sections of testis of rats treated with 
corticosterone.

Figures 1 to 5 : Section of testis of 60 day old CM rats, showing larger
tubules and large number of germ cells.

CM - Low morning Corticosterone injection

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





PLATE - IV c

Figures 1-4

Figures 1 to 4

CM-

: Photomicrographs of sections of testis of rats treated with 
corticosterone.

Section of testis of 90 day old CM rats, showing more 
number of germ cells.

Low morning Corticosterone injection

Figures: 1 and 3 - 250 x 
Figures: 2 and 4 - 400 x





Summary

Time dependent effect of mild glucocorticoid excess during the 

neonatal period has been accessed on adult testis function and on the 

hormonal status of TSH, T4/ T3, LH, T and CORT by the administration of 

corticosterone either in morning at 0800 hrs or in the evening at 1600 hrs 

(lpg / day/ animal from day 0 to day 10 and 2 pg /day/ animal from day 11 

to day 21). The treatment had no significant effect either on body weight or 

testes weight at 90 days of age, though the body weight was significantly low 

during treatment period. The experimental animals showed early puberty 

onset and hastened spermatogenesis marked by the appearance of sperm by 

45 days in the testis tubules. The germ cell number was increased with 

increase in tubular diameter and germinal epithelial thickness with compactly 

packed cells. There was decrease in total tubular length in CM rats and 

increase in total basement area in CE rats and decrement in Sertoli cells in 

both. The germ cells number though higher in both the experimental groups 

was nevertheless relatively more in CE. The total germ cell loss was much 

lesser than in controls but relatively more in CM comparison to CE. The adult 

serum TSH, T3 and T4 levels were significantly higher in experimental rats 

while the corticosterone level was significantly lower. The serum LH and T
- • t

were levels also significantly lower, though their levels were initially higher 

along with corticosterone during the treatment and immediate post-treatment
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period. The recorded observations suggests that neonatal corticosterone 

excess is favourable for puberty onset and establishment of spermatogenesis. 

There is significant effect on germ cell number by probably decreasing germ 

cell apoptosis. There is retardatory influence on tubular length increase, total 

basement area and Sertoli cells, more specifically in CM rats. The total 

number of germ cells per testis is significantly higher in CE rats but the 

number per meter length of tubule is higher in CM rats and the number of 

germ cells supported by each Sertoli cell is higher in the experimental rats. It 

is hypothesized that neonatal hypercorticalism decreases germ cell apoptosis 

by genetic reprogramming of the Sertoli cell secretory function.
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