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Abstract 

Aust. J. BioI. Sci., 1982,35,287-93 

The quantitative nature of the compensatory testicular hypertrophy following unilateral castration 
was examined in groups of immature Wistar-derived male rats hemicastrated at 10, 20, 30, 40 and 
50 days of age and completely castrated 20 days later. Hemicastration resulted in compensatory 
hypertrophy of the remaining testis and it decreased as the animals aged. In 30-day-old rats com
pensatory testicular hypertrophy was 33 % while at 70 days of age hypertrophy was reduced to 2 %. 
The increase in testis weight of hemicastrated rats was correlated with an increase in total semini
ferous tubule length and a larger cross-sectional area which was due in part to the greater number 
of germ cells per testis. Sertoli cell number did not increase significantly in the hemicastrated testis 
but more germ cells were associated with each Sertoli cell. 

Introduction 

Removal or damage to one of a paired glandular organ frequently results in 
compensatory hypertrophy, compensat:l~ hyperplasia, or both, of the cells of the 
remaining or intact gland. The occuriehceof compensatory testicular hypertrophy 
in the immature rat testis after hemicastration has been reported (Jacobsohn and 
Norgren 1965; Yaginuma et al. 1969; Ojeda and Ramirez 1972; Stewart et al. 
1973; Cunningham et al. 1978). On the other hand, Shellabarger (1963) failed to 
demonstrate an increase in weight of the testis of rats hemicastrated at 30 days of 
age and killed 14 days later. The degree of compensatory gonadal hypertrophy in 
male rats decreased with age (Ojeda and Ramirez 1972), and was absent in mature 
animals (Setchell and Waites 1972; Gomes and Jain 1975; Howland and Skinner 
1975; Lindgren et al. 1976). 

The increase in weight of the remaining testis after unilateral castration appeared 
to be due to an increase in Sertoli cell numbers (Cunningham et al. 1978), but testicular 
hypertrophy occurring in hemil;:~~trated young puberal rats was thought by Liang 
and Liang (1970) to be due in part to an increase in the interstitial cells, and was not 
true hypertrophy of the tubules. In the ram, it was reported that diameter (V oglmayr 
and Mattner 1968) and length (Hochereau-de Reviers et al. 1976) of the seminiferous 
tubules of hemicastrated aniinals were significantly greater than in intact animals. 

As the nature of the hypertrophy occurring in the contralateral testis after hemi
castration does not appear to have been adequately described, particUlarly in regard 
to cell type and number, a study has been conducted to examine the quantitative 
nature of the hypertrophy of the testis~nd to ascertain the age at which hypertrophy 
ceases to occur in rats following hemicastration. 
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Ma terials and Methods 

Wistar-derived rats were maintained on commercial rat pellets and water ad libitum under 
controlled conditions of temperature and lighting (22°C, light duration from 6.00 a.m. to 6.00 p.m.). 

Animals were weighed, lightly anaesthetized with ether and hemicastration performed through 
a scrotal incision at 10, 20, 30, 40 and 50 days of age; the remaining testis was removed and examined 
20 days later for evidence of compensatory hypertrophy; alternate left and right testes were removed, 
weighed, and immediately fixed for at least 24 h in Susa's fixative. The tissue was embedded in 
paraffin, sectioned at 5 Ilm and stained with haematoxylin and eosin (Humason 1972). 

Testes collected at hemicastration were considered as control or intact groups while those removed 
at autopsy 20 days later were the hemicastrated groups. The numbers of individuals for the intact 
and hemicastrated groups are shown in Table 1. 

Fig. 1. Weibel multipurpose stereological test system with 21 lines 
and 42 end-points superimposed on profiles of seminiferous tubules. 

Stereological techniques were ~inployed to obtain quantitative morphological information. 
The 42-point graticule of Weibel et al. (1966) which was used has an area containing 21 lines of 
constant length arranged in seven equidistant and parallel rows (Fig. 1). Calibration of the area 
of the graticule for each magnification used enabled tubular length and cross-sectional area to be 
estimated. The slides were assessed for seminiferous tubule length (x 125) (Elias et al. 1971), cell 
number (x 1250) (Aherne 1967; Underwood 1970) and the volume fraction of the testicular com
ponents (x 125) (Weibel et al. 1966). Cross-sectional area of the seminiferous tubule (Weibel et al. 
1966) was assessed at magnifications depending on the size of the tubule. The occupancy of 
Sertoli cells by germ cells was determined by the ratio of germ cell and Sertoli cell numbers. 

The results were analysed by two-way analysis of variance with unequal sample size, using the 
method of unweighted means (Keppel 1973). Means of the observed items for the intact group 
were compared with th()se of the hemicastrated animals, and, when the interaction was significant. 
comparison· between the two groups at each day of age was made. 

Results 

Hemicastration resulted in slightly faster growth of rats and the hemicastrated 
groups had higher body weights than the intact groups (Table 1). The age at which 
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hemicastration was performed and its effects on the remaining testis of the rats are 
shown in Table 1. Compensatory testicular hypertrophy (CTH) occurred and the 
testicular weights of the hemicastrated rats were significantly greater than those of 
the intact animals (Table 1). Hemicastrated rats at 40, 50 and 70 days of age had 
significantly larger testes than intact animals of the same age. However, the mean 
testicular weight per 100 g of body weight was greater in hemicastrated rats at 30, 
40 and 50 days of age than in control animals. The percentage of CTH (based on 
testis weight per 100 g of body weight) decreased with age, falling from 33% at 
30 days of age to 2% at 70 days (Table 1). 

Table 1. Compensatory hypertrophy ofthe rat testis: weight changes 

Mean values (± standard error of means) for the remaining testis in rats hemicastrated at different 
ages are compared with means for the equivalent testis in intact animals. a,b = significantly different 

from the corresponding intact group: a, P<0'05; b, P<O·Ol. * P<0·05. ** P<O'Ol 

No. of Age Body wt Testis wt Testis wt per Compensatory hypertrophy 
animals (days) (g) (mg) 100 g body wt (%)A 

(mg) Testis Testis wt per 
wt 100 g body wt 

Intact rats 

11 30 85·66±3·95 332· 20± 28 ·16 375·56±19·86 
12 40 1l0·58±3·35 593·21±41·05 534·37±31·86 
16 50 151·58±4·00 845·94 ± 43·88 551'85± 18·74 
14 60 170·90± 9·43 1232·14±36·17 739·45± 32· 33 
16 70 191'84± 10·15 1161·93±42·36 615·21±17·91 

Hemicastrated rats 
12 30 76·57±4·83 382· 79±28· 85 499 ·45 ± 17· 79b ;15 ·23 32·98 
16 40 108· 83 ± 6·12 732· 87± 30· 69" 684·12±22· 85b 23·54 28·02 
10 50 173 ·05 ± 9·21" 1160·10±49·56b 643 '06±41'40b 37'14 16·52 
12 60 190· 36 ±4' 82" 1277·21±50·41 674· 85 ± 30·91 3·66 - 8·73 
14 70 209·42±6·59 1301· 57 ± 26· 76" 626· 72± 15' 87 12·02 1·87 

Overall analysis of variance 

Degrees of freedom 1,122 1,121 1,121 
F 4'74* 30'79** 19'37** 
Error mean squares 618·98 19651 7385·37 

A Mean hemicastrated testis weight-Mean intact testis weight . 
Compensatory hypertrophy ( %) = .. . x 100. 

Mean mtact testis weIght 

Hemicastration increased significantly the length of the seminiferous tubules per 
testis (Table 2). In hemicastrated animals 40 and 50 days old the cross-sectional 
area of the seminiferous tubules was increased (Table 2). The number of cells within 
the seminiferous epithelium per testis in intact and hemicastrated rats increased 
considerably as the animals aged (Table 2). There was no significant difference in 
Sertoli cell number between the intact and hemicastrated groups at any age but the 
number of germ cells in the testis of the hemicastrated animals was significantly 
greater than that of intact animals (Table 2). Sertoli cell occupancy increased signifi
cantly as the animals of both groups became older, but hemicastration led to an 
earlier increase in occupancy. Sertoli cell occupancy in hemicastrated rats at 40, 
50, 60 and 70 days of age was 30· 3, 16'1, 33·9 and 10· 5% higher respectively than 
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Table 2. Compensatory hypertrophy of the rat testis: histological changes 

Mean values (± standard error of means) for the remaining testis in rats hemicastrated at different 
ages are compared with means for the equivalent testis in intact animals. a,b = significantly different 

from the corresponding value for intact rats: a, P<0·05; b, P<O·Ol. * P<0·05. ** P<O·OI 

No. of Age Tubule length 103 x Tubular 10- 6 X No. of 10- 6 xNo. Sertoli 
animals (days) per testis area germ cells of Sertoli cells cell 

(m) (mm 2 ) per testis per testis occupancyA 

Intact rats 

11 30 27·26± 1·20 22· 52± 1·24 226·2±20·8 62·2±5·4 3·68±0·24 
12 40 36·95±2·52 31·21±1·24 404·6±38·3 52·6± 3·2 7·91±0·07 
16 50 40·12±1·50 39·67±2·69 935·7±77·0 57·8±4·2 16·81±1·29 
14 60 48·12±1·10 49·74± 1·00 1158·9±47·9 74·5±6·2 16·52±1·51 
16 70 41·91±2·05 54·59±1·58 1395· 9± 70· 5 83·8± 6·2 17·09±0·87 

Hemicastrated rats 

12 30 29·97±0·94 24·48±1·19 270·0±31·6 74·7 ± 5·6 3·56±0·20 
16 40 36·94± 1·14 39·47± 1·16b 513·4±35·9 51·3±3·6 10·30±0·84 
10 50 44·70± 1·47 49·47±1·92b 1149· 2± 66·9" 61·1±3·5 19·46± 1·69 
12 60 48·81±2·12 50·77± 1·59 1367· 2± 100·7" 66·1± 6· 2 22·10±2·44 
14 70 45·00± 1·03 55· 54± 1·39 1369·4± 75·8 74·6±5·2 18·94±1·53 

Overall analysis of variance 

Degrees of freedom 1,115 1,89 1,87 1,87 1,87 
F 4·65* 20·55** 8 ·13** 0·039 8 ·18** 
Error mean squares 3·31x10 7 0·226 3·57x 10'6 2·71 x 1014 18·05 

A Ratio of germ cells to Sertoli cells. 

Table 3. Volume fractions of the seminiferous tubule, interstitial cells, and 
interstitial space in testes of intact and hemicastrated rats at different ages 

b, significantly different (P < 0·01) from the corresponding value for intact rats. 

No. of 
animals 

11 
12 
16 
14 
16 

12 
16 
10 
12 
14 

Age 
(days) 

30 
40 
50 
60 
70 

30 
40 
50 
60 
70 

Degrees of freedom 
F 
Error mean squares 

** P<O·OI 

Percentage mean (± s.e.m.) volume fraction 
Seminiferous Interstitial Interstitial 

tubule cells space 

Intact rats 

92·1±0·5 3·2±0·3 3·8±0·2 
91·1±0·4 4·3±0·4 3·5±0·2 
92·2±0· 5 3·5±0·2 3·4±0·3 
92·3±0·2 3·5±0·2 3·4±0·3 
92·1±0·4 3·5±0·3 3·6±0·4 

Hemicastrated rats 

91·9±0·4 3·0±0·3 4·0±0·3 
91·7±0·5 3·7±0·3 3·8±0·3 
89·8±0·6b 3·8±0·2 5·8 ± O· 5b 

91·2±0·3 4·2±0·3 3·9±0·3 
91·5±0·3 3·9±0·2 3·8±0·3 

Overall analysis of variance 

1,85 1,85 1,85 
7·93** 0·46 13·55** 
0·00017 0·00007 0·000005 
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that in intact animals of the corresponding age. The volume fractions of the semi
niferous tubules and interstitial space were significantly greater for the intact animals 
(Table 3). However, the volume fraction of the interstitial cells was similar in both 
groups. 

Discussion 

Compensatory testicular hypertrophy develops when one testis is absent, mal
descended, or damaged in any way provided that the contralateral testis is normal. 
In this study CTH of the contralateral testis diminished as the age of the hemicastrated 
animals approached 60 days. Testicular weight data (mg/lOO g of body weight) 
showed that the degree of CTH occurring after hemicastration was inversely related 
to sexual maturation and this is consistent with the reports of Ojeda and Ramirez 
(1972), and Cunningham et al. (1978) who found that hypertrophy of the remaining 
testis did not occur in rats hemicastrated at 45 days of age or older. 

The increase in the weight of the testis after unilateral castration was due in part 
to an increase in germ cell number. This agrees with the view of Santolaya and 
Burgos (1978) who concluded that the primary factor for the increase in testicular 
weight was an increase in the number of cells in the seminiferous tubules, and with 
the findings of Johnson (1978) that in adult and young puberal bulls hypertrophy 
could be attributed to an increase in activity of the seminiferous epithelium. 
Hochereau-de Reviers and Courot (1978) noted that hemicastration of impuberal 
rats resulted in an increase in Sertoli cell and stem spermatogonia numbers in the 
remaining testis; however, in prepubertal animals, hemicastration promoting hyper
trophy of the contralateral testis led to an increase in stem spermatogonia but not 
inSertoli cell numbers. In the toad, Thyagaraja and Sarkar (1970) also found that 
the increase in testicular weight following hemicastration was due to an increase 
in the numbers of sperm bundles and cell nests per seminiferous tubule. 

Previous work reported an increase in the seminiferous tubule diameter of the 
contralateral testis after unilateral castration in the rat (Liang and Liang 1970), 
toad (Thyagaraja and Sarkar 1970), bull (Johnson 1978), and ram (Voglymayr and 
Mattner 1968; Johnson et al. 1971). The present results also found that the area 
of the seminiferous tubule of hemicastrated rats was significantly larger than that of 
intact animals. Moreover, the length of the seminiferous tubules per testis was signi
ficantly greater for the hemicastrated group (Table 2). This supports the findings 
of Hochereau-de Reviers et al. (1976) that in the ram the hypertrophy of the remaining 
testis following unilateral orchidectomy was caused by an increase in the total length 
of the seminiferous tubules with an associated increase in intertubular elements. 

The results of volume fraction estimations of the testicular components showed 
that the hemicastrated testis contained more interstitial space, but there was no 
difference in the volume fraction of interstitial cells. This does not support the results 
of Liang and Liang (1970) who concluded that the increase in testicular weight after 
hemicastration was due in part to an increase in the interstitial cell number. 

Normal testicular growth is regulated by the pituitary gonadotrophins (Davies 
1981) and hemicastration has been shown to raise FSH levels preferentially (Ojeda 
and Ramirez 1972; Ramirez and Sawyer 1974; Moger 1977; Cunningham et al. 
1978; Walton et al. 1980). Serum testosterone concentrations have been shown to be 
significantly reduced by hemicastration (Moger 1977) and the transient decrease in 
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blood steroid levels after removal of one gonad may reduce the negative feedback 
effects of the steroids and trigger an increase in pituitary gonadotrophin secretion 
which causes the remaining testis to increase in size and secretory activity until the 
gonadotrophin control system reaches a new steady state. 

In conclusion, the present results show that hypertrophy occurring after hemi
castration is restricted to immature rats and the effects are noted in the unilaterally 
castrated rats up to 50 days of age. The hypertrophy of the testis is related to an 
increase in the number of germ cells accommodated by each Sertoli cell. The histo
logical preparations used did not permit changes in the surface area of Sertoli cells 
to be determined and the increase in occupancy could be related to either increased 
surface area of the Sertoli cells or a greater density of germ cells associated with 
the Sertoli cell surface. 

References 

Aherne, W. (1967). Methods of counting discrete tissue components in microscopical sections. 
J. R. Microsc. Soc. 87, 493-508. 

Cunningham, G. R., Tindall, D. J., Huckins, C., and Means, A. R. (1978). Mechanisms for the 
testicular hypertrophy which follows hemicastration. Endocrinology 102, 16-23. 

Davies, A. G. (1981). Role of FSH in the control of testicular function. Arch. Androl. 7, 97-108. 
Elias, H., Henning, A., and Schwartz, D. E. (1971). Stereology: applications to biomedical research. 

Physiol. Rev. 51, 158-200. 
Gomes, W. R., and Jain, S. K. (1975). Effect of unilateral and bilateral castration and cryptorchidism 

on serum gonadotrophins in the rats. J. Endocrinol. 68, 191-6. 
Hochereau-de Reviers, M. T., and Courot, M. (1978). Sertoli cells and development of seminiferous 

epithelium. Ann. BioI. Anim. Biochem. Biophys. 18, 573-83. 
Hochereau-de Reviers, M. T., Loir, M., and Pelletier, J. (1976). Seasonal variations in the response 

of the testis and LH levels to hemicastration of adult rams. J. Reprod. Fertil. 46, 203-9. 
Howland, B. E., and Skinner, K. R. (1975). Changes in gonadotropin secretion following complete 

or hemicastration in the adult rat. Horm. Res. 6, 71-7. 
Humason, G. L. (1972). 'Animal Tissue Techniques'. 3rd Edn. (W. H. Freeman and Co.: San 

Francisco.) 
Jacobsohn, D., and Norgren, A. (1965). Early effects of testosterone propionate injected into 

5 day-old rats. Acta Endocrinol. 49, 453-65. 
Johnson, B. H. (1978). Effects of hemicastration on testicular, functions in adult and young puberal 

bulls. Theriogenology 10, 257-64. 
Johnson, B. H., Desjardins, c., and Ewing, L. L. (1971). Testicular function following hemicastration 

in mature rams. J. Anim. Sci. 33, 257. (Abstract.) 
Keppel, G. (1973). 'Design and Analysis. A Researcher's Handbook.' (Prentice-Hall, Inc.: Engle

wood Cliffs, New Jersey.) 
Liang, D. S., and Liang, M. D. (1970). Testicular hypertrophy in the rat. J. Reprod. Fertil. 21, 537-40. 
Lindgren, S., Damber, J. E., and Cartensen, H. (1976). Compensatory testosterone secretion in 

unilaterally orchidectomized rats. Life Sci. 18, 1203-6. 
Moger, W. H. (1977). Endocrine responses of the prepubertal male rat to hemiorchidectomy. 

BioI. Reprod. 17, 661-7. 
Ojeda, S. R., and Ramirez, V. D. (1972). Different pituitary-gonadal response to hemicastration in 

female and in male rats bearing intra hypothalamic FSH implants. Neuroendocrinology 10,161-74. 
Ramirez, V. D., and Sawyer, C. H. (1974). A sex difference in the rat pituitary FSH response to 

unilateral gonadectomy as revealed in plasma radioimmunoassays. Endocrinology 94, 475-82. 
Santolaya, R. C., and Burgos, M. H. (1978). First spermiation and spermatozoa concentrations 

in hemicastrated rats. Andrologia 10, 26-30. 
Setchell, B. P., and Waites, G. M. H. (1972). The effect of local heating of the testis on the flow 

and composition of rete testis fluid in the rat, with some observations on the effect of age and 
unilateral castration. J. Reprod. Ferti/. 30, 225-33. 



-... -~-----------. 

Compensatory Testicular Hypertrophy in the Rat 293 

Shellabarger, ,C. J. (1963). Compensatory hypertrophy of the thyroid gland, adrenal gland and the 
gonad studied singly or in combination. Endocrinology 73, 124-6. 

Stewart, S. F., Gawlak, D. L., and Kopia, S. (1973). The effect of caloric restriction on testicular 
hypertrophy following hemicastration in the rat. J. Reprod. Fertil. 34, 159-63. 

Thyagaraja, B. S., and Sarkar, H. B. D. (1970). Compensatory hypertrophy of the contralateral 
testis after unilateral castration in the toad (Bu/o melanostictus). Experientia 26, 544-5. 

Underwood, E. E. (1970). 'Quantitative Stereology.' (Addison-Wesley Publishing Company: 
Massachusetts.) 

Voglmayr, J. K., and Mattner, P. E. (1968). Compensatory hypertrophy in the remaining testis 
following unilateral orchidectomy in the adult ram. J. Reprod. Ferfil. 17, 179-81. 

Walton, J. S., Evins, J. D., Hillard, M. A., and Waites, G. M. H. (1980). Follicle-stimulating hormone 
release in hemicastrated prepubertal rams and its relationship to testicular development. J. 
Endocrinol. 84, 141-52. 

Weibel, E. R., Kistler, G. S., and Scherle, W. F. (1966). Practical stereological methods for morpho
metric cytology. J. Cell BioI. 30, 23-38. 

Yaginuma, T., Kogawa, T., Kobayashi, T., and Kobayashi, T. (1969). Further studies on the hypo
thalamo-pituitary testicular axis of the rat in the neonatal period. J. Endocrinol. 45, 473-4. 

Manuscript received 17 August 1981, accepted 15 March 1982 





 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 6.46, 682.64 Width 459.77 Height 14.00 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     6.4604 682.6381 459.7695 13.9977 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     8
     0
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 4.31, 683.71 Width 465.15 Height 10.77 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     4.307 683.7149 465.1532 10.7674 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     2
     8
     2
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 4.31, 683.71 Width 459.77 Height 10.77 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     4.307 683.7149 459.7695 10.7674 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     4
     8
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 7.54, 684.79 Width 456.54 Height 7.54 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         CurrentPage
         1
              

       CurrentAVDoc
          

     7.5372 684.7916 456.5393 7.5372 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     6
     8
     6
     1
      

   1
  

 HistoryList_V1
 qi2base



