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Abstract: The restorative effect of testosterone (t) and estradiol (e) on the prostate of castrated sprague-dawley rats was 

studied after four weeks of treatment using stereological and morphometric assessment method. Combined doses of t 

(3mg/kg bw.) and e (200µg/kg bw) administered for four weeks, caused rapid growth of the prostate. There was a 

significant increase in the volume density of the epithelium [vvep] by 1.8 fold in t alone treated group and 2.3 folds in 

combined t and e treated group. There was also a significant decrease of the volume density of acinar parenchyma [vvap] 

by 3.5 fold in both t alone treated group and combined t and e treated groups when compared with the castrated control. 

The growth of the acinar parenchyma and connective tissue especially of the epithelium were the dominant pattern 

recorded. This work showed a significant restorative response of the connective tissue and glandular epithelium of the 

prostate of castrated rats treated with combination of t and e. 
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INTRODUCTION 

Several factors were implicated in the 

development and growth of a normal prostate gland. 

These factors include androgens, growth factors and 

stromo-epithelial cell interactions. Increased level of 

estrrogen in the aging male was also found to play 

important roles in the development of Benign prostatic 

hyperplasia (BPH) (McVary, K. T., et al., 1994). 

Androgen was implicated in the physiology and growth 

of prostate gland. The circulating Androgens are 

testosterone and dihydro-testosterone (DHT). About 

95% of the testosterone was discovered to be produced 

from the adrenal gland (Coffey, D. S. 1992). 

Conversion of testosterone to a more potent androgen 

(DHT) by an enzyme 5α – reductase occur in the testis 

and other tissue which include the prostrate. (Yokota, T. 

et al., 2004; Adesanya O.A. et al., 2007; Yokota, T., . et 

al., 2004). 

 

It was reported that the normal prostate did not 

contribute to the circulating level of DHT (Adesanya, 

O. A., et al., 2007), although there may be a 

contribution by this organ in subject with benign 

prostatic hyperplasia (BPH) (Ghanadian, R. et al., 

1977). Male rats that were sexually active were found to 

have larger accessory sex glands-prostate, seminal 

vessicle (functional hypertrophy) than other male rats 

that were sexually inexperience (Sodersten, P. et al., 

1977). However, this increase was said to depend on the 

frequency of sexual stimulation and intensity of sexual 

experience. The reported increase was said to be 

reversible after sexual rest (Sodersten, P. et al., 1977). 

 

Complex interaction between androgen and 

estrogen also regulate prostate physiology and 

development (García-Flórez, M., et al., 2005). The 

prostate is an androgen dependent tissue, its physiology 

and pathology are also influenced by estrogen. Estrogen 

was also said to play some role in the development of 

abnormally enlarge prostate (Corrales J.J et al., 1981) 

Pelletier (Pelletier G 2002; Eero, H. et al., 1982) 

worked on the effects of estradiol on prostate epithelial 

cells and Garcia – Florez et al., (2005) worked on the 

effects of estradiol on the ventral prostate in castrated 

rats, they both reported that estradiol have direct have 

direct effect on the prostate and preventing apoptosis of 

prostate cells with moderate hypertrophy of the 

epithelium. Benign prostatic hypertrophy of the canine 
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is produced by the chronic administration of androstane 

– diol alone or in combination with estradiol (Huttunen 

E, et al., 1981). 

 

The observation from a study using rat model 

with combined administration of T and E showed a 

significant increase in the ventral prostate and seminal 

vesicle (DeKlerk, D. P., & Coffey, D. S. 1978; 

Rompanen T.E. et al., 1980). Another report, also 

emphasize the importance of morphological approach in 

the studies of spontaneous and experimentally induced 

hypertrophy with canine prostrate. (Rompanen T.E. et 

al., 1980; Barstch, G., & Rohr, H.P. 1977) Castration of 

experimental animals can induced prostatic atrophy 

which can be reversed through treatment with 

testosterone (Eero, H, et al., 1982; Huttunen, E. et al., 

1981). De–Clerk et al., (1978) use combined 

biochemical and histological method to show the 

differences between hyperplasia and hypertrophy of the 

prostate in histological sections. In another study 

conducted by Rompannen et al., (1980), 

histoquantitative method and analytical technique were 

used to examine castration atrophy of rat prostate gland. 

 

In view of the above, this study is design to 

investigate the late effects of T and E on the prostate 

gland of castrated rats using the stereological methods. 

The behavior of the different tissues compartments 

examined was acinar parenchyma, epithelium and 

connective tissue stroma.    

 

MATRIALS AND METHODS 

Animal and Hormone Administration. 

Twenty-five Adult Sprague –Dawley rats 

weighing betwee180 –200g were obtained from the 

animal house of the College of Medicine, University of 

Lagos, Nigeria. The rats were kept in the rat control 

room of the Department of Anatomy, College of 

Medicine, University of Lagos, Nigeria. They were 

allowed to acclimatize for two weeks before the 

commencement of treatments. Testosterone propionate 

(T) used is a product of Shangai Medicine and Health, 

Republic of China and Estradiol-valerate (E) used is a 

product of Medipharm (Pvt.), Ltd., 108 –Kotlakhpat 

Industrial Estate, Lahore Indian, licensed by Schering 

AG, Germany. The drugs were obtained from a 

reputable pharmacy store in Sagamu, Ogun state 

Nigeria. The drugs were administered subcutaneously 

in the inguinal region on alternate days for 28 days. The 

vehicle for the drugs was corn oil which was given to 

the two control groups (intact rats and castrated rats) at 

dose 2mls per animal.  Testosterone was administered 

at 3.0mg/kg body weight in T alone treated group. In 

the group where both T and E were administered, they 

given at 2mg/kg body weight and at 2.5mg/kg body 

weight respectively.  

 

HISTOLOGICAL STUDIES 

The animals were decapitated under guillotine 

and the paired prostate dissected free and weighed on a 

Mettler balance. The prostate was fixed in Bouins 

solution for 48 hours, dehydrated, and embedded in 

paraffin wax. Sections were serially cut into 5µm thick. 

They were mounted on chromalum gelatin coated slides 

and deparaffinized.  Every tenth section was stained 

with haematoxylin and eosin solution. 

 

STEREOLOGICAL STUDIES 

The haematoxylin and eosin stained slides 

from the two control groups and the three experimental 

groups were used for quantitative estimation of the 

different organ structures of the prostate. The counting 

strategy of Huttunen et al., in 1981. was used to 

determine the volumetric fractions (Vv) of the glandular 

lumen (Vvlu), epithelium (Vvep), connective tissue 

(Vvct) and acinar parenchyma (Vvap). Analysis was 

done on four photographs taken at random with axiomat 

photomicroscope Zeiss, Oberkochen, West Germany at 

magnification of 40 (objective10).  The Weibel 

multipurpose graticule with 120 points and 60 test lines 

was used. for each specimen. The sample size was 

above 600 points, which decreased the relative error 

below 10% (Huttunen, E., et al., 1981). 

 

RESULTS  

Obtained results from this study showed that 

the weight of the prostate increased from 25mg to 

120mg in castrated control group which were treated 

with Testosterone Further increase of the prostrate to 

145mg were recorded in animal group which were 

treated with both Testosterone and Estradiol. Non 

administration of Testosterone at the end of the fourth 

week aggravated the microscopic signs of atrophy. The 

proportion of connective tissue stroma was also 

increased while acinar parenchyma decrease in the 

castrated control as shown in Figure -2. 

 

During hormones (Testosterone or and 

Estradiol) administration, the volume fraction of acinar 

parenchyma (Vvap) decreased from 0.22 in the 

castrated control to 0.063 in both Testosterone treated 

group and Testosterone – Estradiol treated group 

prostates as shown in Table 3.  The volume density of 

the connective tissue stroma (Vvct) decreased in 

Testosterone treated group to 0.09 but increased slightly 

in Testosterone-Estradiol treated group to 0.31 relative 

to the castrated control which is 0.30. 

 

The volume fraction of the glandular lumen 

(Vvlu) increased from 0.13 in castrated control group to 

0.25 in Testosterone treated group and to 0.31 in 

Testosterone – Estradiol treated group.  Volume 

fraction of epithelial cells increased from 0.20 in 

castrated control group to 0.38 in Testosterone treated 

group and 0.47 in Testosterone – Estradiol repectively. 

 

Although, the volumetric fraction of 

connective tissue (Vvct) stroma was reduced in the 

Testosterone treated to 0.09, reverse was the case in the 

Testosterone – Estradiol treated group which is 0.30.  In 
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the castrated control animals that received the corn oil 

(vehicle for the hormone), atrophy of the prostate were 

evidently shown by the weight of the gland been 25mg 

/kg body weight. Four weeks after treatment, when they 

were compared with the Testosterone treated group 

there was an increase to 120 mg /kg B.W and 145 mg / 

kg body weight in Testosterone – Estradiol treated 

group, which were significantly higher at P value of 

0.05 by weight as shown in Table-2.  

 

 
Fig.-1: Weight of rats in grams at end of hormone administration \ observation period at end of 4 week 

(treatment) 

 

 
Fig.-2: Effect of Testosterone and  Estradiol on prostate weight 

 
Fig.-3: Effect of Testosterone and Estradiol on volume density of acinar parenchyma, glandular lumen, 

epithelium, connective tissue stroma after 4weeks 
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Plate 1  Photomicrograph of Intact prostate. 

Plate 2   Photomicrographs of Castrated prostrate  

Plate 3 Photomicrographs of Testosterone treated prostate  

Plate 4 Photomicrographs of Combined Testosterone and Estradiol treated prostate. 

 

DISCUSSION 
This study provides morphometric data on 

castrated rat prostate treated with combined testosterone 

and estradiol which can be correlated to available 

histological information, thus contributing to 

quantitative cell biology for the prostate. Several recent 

articles have appeared on the prostate morphometry 

utilizing a variety of stereological approaches (Eero, H. 

et al., 1982) and comparing the morphometric data in 

castrated rats with prostate of testosterone treated they 

reported increase in size of acinar parenchyma and 

decrease in connective tissue stroma after hormone 

treatment. In the work of Huttunen et al., (1982), the 

growth of the acinar parenchyma was the dominant 

feature. In the present work testosterone alone treated 

group reacted in a similar manner to Huttunen et al., 

(1982) prostate. But the combined testosterone – 

estradiol treated group gave a different pattern 

altogether, both the acinar parenchyma and the 

connective tissues stroma increased in size as correlated 

by the morphometric data obtained in Figure-3.  The 

present work is different from previously published 

morphometric data, as they did not contain much 

information about the action of combined testosterone 

and estradiol on the rat prostate as refilled by this 

present study. Corrales et al., (1981),  reported the use 

of combined dose of Testosterone and Estradiol but 

with emphasis on the effect of oestrogen, so the work 

did not discussed the combined action of testosterone 

and estradiol and no morphometric data on the prostate 

was provided. The present work presented 

morphometric data on prostate using the light 

microscope. There was alteration of the tissue of the 

testosterone treated rats alone and combined 

testosterone and estradiol treated prostate as shown by a 

decreased in the volume density of acinar parenchyma 

in both Testosterone alone and combined testosterone –

estradiol treated prostate, thus indicating the increase in 

size of the acinar parenchyma per reference area. 

 

In the T-alone treated, the acinar parenchyma 

shows a distinct preponderance over the connective 

tissue stroma but the reverse was the case in the 

combined T and E –treated as both the connective tissue 

and acinar parenchyma seems to have been influenced 

by the hormone administration, though not to the same 

degree. 

 

This study provides morphometric data on 

castrated rat prostate gland with combined Testosterone 

– Estradiol treatments. This result can be correlated to 

available histological information that will contribute to 

quatitative cell biology for the prostate gland. 

Stereological approaches have been utilized in several 

recent activities on prostate gland morphometric (Eero, 

H. et al., 1982; De-clerk D.P, & Coffey D.S. 1978). 

They have compared the morphometric data in castrated 

rats with prostate of of Testosterone treated rats and 
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they reported an increase in the size of acinar 

parenchyma and decrease in connective tissue stroma 

after hormonal treatment. 

 

The work of Huttumen et al., in (1982),  

showed that the growth of the acinar parenchyma was 

the dominant feature. Similarly this present study 

showed a pattern reported by Huttumen et al., in (1982), 

about the prostate gland in Testosterone treated rats. 

But in combined Testosterone - Estradiol treated rats a 

departure from the reports of Huttumen et al., was 

observed, in both the acinar parenchyma and the 

connective tissue stroma increase in size as correlated 

by the morphometric data obtained in Figure-3. This 

work is different from previous published 

morphometric data, as they do not contain much 

information about the action of combined Tesosterone 

and Estradiol on the rat prostate gland Corralles et al., 

in (1981), reported the use 0f combined doses of 

Testosterone and Estradiol with emphasis on the effects 

of oestrogen without the combined action of 

Testoestrone and Estradiol and no mophometric data 

were provided on the prostate gland. But the present 

work presented a morphometric data on the prostate 

gland using the light microscope. Observed more 

alteration of the tissue of the Testosterone treated rats 

and combine Testosterone – Estradiol treated prostate 

gland and showed a decrease in the volume density of 

acinar parenchyna in both Testosterone and combined 

Testosterone – Estradiol treated prostate gland, thus 

indicating increase in size of the acinar parenchyma per 

reference area. Acinar parenchyma in testosterone alone 

treated postate gland showed a distinct pre ponderance 

over the connective tissue stroma but the reverse was 

the case in the combined testosterone – estradiol treated 

prostate gland as the connective tissue and acinar 

parenchyma seems to have been influenced by the 

hormone administration though not to the same extent.  

 

By selecting high dose in this study, we expect 

strong androgenic action and a rapid growth of the 

prostate with substantial changes in the tissue 

compartments that could be assessed with stereologic 

morphometric method (Rompanen et al., 1980; 

Huttunen et al., (1981). 

 

The hormone treatment was initiated four –

weeks after castration when the prostate atrophy was 

completed, in this way, we could minimize the effect of 

early reaction to castration (Rompanen T.E, et al., 

1980). Previous investigators have used similar doses of 

testosterone propionate T [nw 12, nw 11 16, 17] while 

some others have employed larger doses (Rompanen 

T.E. et al., 1980; Huttunen, E., et al., 1981; De-clerk 

D.P, & Coffey D.S.1978; Brandes, H., et al., 1978). 

 

The connective tissue has been considered to 

provide a suitable microenvironment that permits 

androgenic response (Pelletier, G. 2002; Rompanen 

T.E, et al., 1980; Cunha G.R, & Lung B 1980). In 

conclusion, we observed an increase in the amount of 

connective, epithelium, and acinar parenchyma size in 

the combined Testosterone - Estradiol treated prostate 

gland which was almost similar to what was obtained in 

Testosterone alone treated prostate glands, but showed 

slightly higher figures which are not significant when 

the two were statistically compared. The mechanism by 

which Estradiol induced increased epithelial size and 

large connective tissue stroma require further 

investigation.  
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