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Abstract: It was speculated that vasectomy might induce hyperplasia of Leydig cells associated with atrophy of 

seminiferous tubules, but estimates of the Leydig cell number were lacking in previous studies. This study aimed to test the 

speculation by determining the numerical change of Leydig cells and other interstitial cells after a vasectomy that induced 

spermatogenic damage. Twelve adult Japanese white rabbits and twelve mature Sprague-Dawley rats were subjected to a 

unilateral vasectomy away from the scrotum. Six months (rabbits) or thirty-seven days (rats) postoperation, testes on both 

sides were removed and methacrylate sections prepared. The total numbers (per testis) of all nuclei in the testicular interstitial 

tissue were estimated with a stereological technique – the optical disector. The results showed that marked spermatogenic 

damage associated seminiferous tubular atrophy on the vasectomized side occurred in 7 (rabbits) or 5 (rats) of the 12 animals. 

For the rabbit, the total numbers of myoid cells or leukocytes on the vasectomized side (compared with the contralateral 

nonvasectomized side) were unchanged but those of Leydig cells and other interstitial cells increased significantly by 41% and 

52%, respectively, (a) with the increase in the testis with spermatogenic damage appearing to be larger than that in the testis 

without spermatogenic damage and (b) without significant increase in the total volume of the interstitium. For the rat, there 

were no significant differences in the total numbers of any cell type. In conclusion, hyperplasia or hyperproliferation of the 

interstitial cells, which might be a result of increased intra-testicular pressure for long, was possible postvasectomy, but it 

might not be indicative of a better function of the cells. 
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1. Introduction 

In the 1920s, vasectomy was performed to rejuvenate older 

and fatigued men, assumed to be a result of atrophy of 

seminiferous tubules followed presumably by hyperplasia of 

Leydig cells in the inter-tubular interstitium which would 

presumably increase testosterone secretion [1-5]. Since its 

widespread use as a contraceptive measure from the 1950s, 

however, vasectomy has been shown by most studies not to 

affect significantly the serum testosterone levels 1 week to 25 
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years after vasectomy in men [6-10]. Similarly in vasectomized 

rats, studies showed testosterone levels unchanged 1 week to 12 

months postvasectomy [11-16]. It was recently suggested that 

vasectomy per se (vasal obstruction) would not lead to 

spermatogenic damage, which would result in seminiferous 

tubular atrophy, unless increased intra-testicular pressure was 

induced when the reproductive tract (including sperm 

granuloma formed around it) could not accommodate or 

dispose of the spermatozoa and testicular fluid continually 

produced by the testis after vasectomy [17-19]. Since the 

estimation of total Leydig cell numbers per testis, which could 

be obtained with an unbiased counting technique – the 

stereological optical disector [20, 21], was lacking in previous 

studies, we speculated that the vasectomy-induced Leydig cell 

hyperplasia previously observed was a subjective impression 

on sections due to the tubular atrophy and therefore a relative 

increase of the interstitial tissue, i.e. due to, more precisely, the 

increase of Leydig cell numerical density (relative number or 

number per unit volume of testis) rather than the increase of 

absolute Leydig cell number. To test this speculation, the 

current study was therefore carried out to estimate the total 

numbers of Leydig cells (nuclei), and other interstitial cells, 

with the sophisticated stereological method and compare the 

total numbers of cells in the testes on the vasectomized sides 

with those on the non-vasectomized sides using a unilaterally 

vasectomized rabbit model [18] and a unilaterally vasectomized 

rat model [19], either of which successfully brought about a 

vasectomy-induced spermatogenic damage in some animals. 

2. Materials and Methods 

2.1. Animals, Vasectomy and Tissue Blocks and Sections 

Methacrylate-embedded testicular tissue blocks re-used in 

this study were from our previous studies, in which the 

spermatogenic status in the seminiferous tubules and the total 

volume of the seminiferous tubules or interstitium were 

studied but the total numbers of the cells in the interstitium 

were not [18, 19]. Briefly, 12 normal adult male Japanese 

white rabbits (aged approximately 6 months) underwent a 

unilateral “proximal vasectomy”: through a longitudinal 

ventral midline dermal incision between the pubic symphysis 

and the scrotum, the vas deferens on one side (left or right 

randomly chosen) was ligated with two ligatures (silk thread) 

and a segment of the vas was excised between the two 

ligatures. Twelve normal mature male Sprague-Dawley rats 

(aged 10–11 weeks) were subjected to a unilateral “distal 

vasectomy” via the inguinal canal: through a longitudinal 

incision in the inguinal region, the vas deferens on one side 

(randomly chosen) was doubly ligated with silk thread, but not 

severed. Six months (rabbits) or 37 days (rats) postoperation, 

both testes on the vasectomized side and the contralateral 

non-vasectomized side (control) were removed for study. 

Two tissue blocks were obtained from each testis (in a 

random manner) and embedded in a resin (glycol 

methacrylate). One section (thickness 20 µm) was cut from 

each tissue block and each section was stained with periodic 

acid-Schiff’s reagent and hematoxylin (Figures 1−4). 

2.2. Cell Number Estimation 

As we previously described [20-23], the numerical densities 

of all the cells (nuclei) in the interstitial tissue were first 

estimated with the stereological optical disector. Briefly, each 

testicular section was serially observed on a computer screen 

(final magnification on full screen × 2550) through a × 100 oil 

lens (Uplan FL N, numerical aperture 1.30) of an Olympus 

BX53 light microscope (Japan) equipped with a stereology 

system (NewCAST, Visiopharm, Denmark). Four 

forbidden-line frames (rectangular unbiased counting frames, 

each 24 × 19 µm
2
) were superimposed on each field of view; 

fields of view on each section were randomly sampled in a 

systematic (equally spaced) manner by means of a 

computer-assisted motorized stage (ProScan III, Prior Scientific 

Inc., USA), the distance between fields being set at 350 µm 

along the X-axis or Y-axis. From the focal plane (optical section) 

at 3 µm below the top surface of the section, newly appeared 

nuclei of the cells in the interstitium were counted while 

focusing down through for 10 µm (in thickness, measured with 

an electronic microcator by Dr. Johannes Heidenhain GmbH, 

Germany) of section, “within” each frame according to the 

optical disector counting rule. An average of 516 (rabbits) or 

578 (rats) fields were sampled and an average of 482 (rabbits) 

or 544 (rats) nuclei counted per testis. The nuclear density was 

obtained by dividing the number of nuclei counted by the total 

volume of disectors (volume of each disector 24 × 19 × 10 µm
3
) 

used for the counting. Then the total number of cells (nuclei) 

per testis was calculated by multiplying the numerical density 

by the volume of testis that was previously obtained [18, 19]. 

As described previously [18], the nucleated cells in the rat 

interstitium were divided into 4 categories readily identifiable: 

Leydig cells, myoid cells, leukocytes and other cells (including 

fibroblasts, endothelial cells, smooth muscle cells and others). 

Specifically, the large round Leydig cell nuclei are 

characterized by uniformly distributed granules of chromatin, 

the flattened myoid cell nuclei line the basement membrane of 

the seminiferous tubules, and the leukocyte nuclei are within 

the blood vessels (Figures 3 and 4). The nucleated cells in the 

rabbit were readily classified in the same way (Figures 1 and 2). 

2.3. Statistics 

The data in Table 1 and some in the text are expressed as 

mean±SEM (standard error of the mean). Comparison of data 

between the nonvasectomized and vasectomized sides of the 

same animals was performed using the paired t-test; the 

significance of difference was set at p < 0.05. 
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Figure 1. Typical micrographs taken with a × 10 objective lens, from an adult 

rabbit testis on the nonvasectomized side (a) and an adult rabbit testis on the 

vasectomized side (b) at 6 months after unilateral vasectomy. *, lumen of 

seminiferous tubules; #, interstitial tissue between seminiferous tubules. Note 

the atrophy of the seminiferous tubules and the relative increase of the 

interstitial tissue on the micrograph (b). Scale bar=180 µm. 

 

Figure 2. Typical micrographs taken with a × 60 oil lens, from an adult rabbit 

testis on the nonvasectomized side (a) and an adult rabbit testis on the 

vasectomized side (b) at 6 months after unilateral vasectomy. *, lumen of 

seminiferous tubules; #, interstitial tissue between seminiferous tubules; L, 

nuclei of Leydig cells; M, nuclei of myoid cells. Note the depletion of 

spermatids in the seminiferous tubules and the appearance of more flattened 

nuclei (fibroblasts, myoid or other cells other than Leydig cells) in the 

interstitial tissue on the micrograph (b). Scale bar=30 µm. 

 

Figure 3. Typical micrographs taken with a × 10 objective lens, from a mature 

rat testis on the nonvasectomized side (a) and a mature rat testis on the 

vasectomized side (b) at 37 days after unilateral vasectomy.*, lumen of 

seminiferous tubules; #, interstitial tissue between seminiferous tubules. Note 

the severe atrophy of the seminiferous tubules on the micrograph (b). Scale 

bar=180 µm. 

 

Figure 4. Typical micrographs taken with a × 60 oil lens, from a mature rat 

testis on the nonvasectomized side (a) and a mature rat testis on the 

vasectomized side (b) at 37 days after unilateral vasectomy. *, lumen of 

seminiferous tubules; #, interstitial tissue between seminiferous tubules; L, 

nuclei of Leydig cells; M, nuclei of myoid cells; W, nuclei of white blood cells. 

Note the depletion of spermatogenic cells (from spermatocytes to spermatids) 

in 2 seminiferous tubule profiles on the micrograph (b). Scale bar=30 µm. 
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3. Results 

As shown previously [18, 19], the vasectomy induced 

marked spermatogenic damage (characterized by atrophied 

testis and seminiferous tubules with diminished adluminal 

spermatogenic cells) on the vasectomized side in 7 (rabbits) or 

5 (rats) of the 12 animals (Figures 1−4 and Table 1). Based on 

data previously obtained [18, 19], the ratios of the total 

volume of the interstitial tissue on the vasectomized side to 

that on the nonvasectomized side were 1.233±0.189 (for 7 

rabbits with marked spermatogenic damage on the 

vasectomized side, p > 0.40 for comparison of the total 

volumes between the two sides) and 1.232±0.115 (all 12 

rabbits, p > 0.10), or 0.781±0.029 (5 rats with marked 

spermatogenic damage on the vasectomized side, p < 0.01) 

and 0.929±0.055 (all 12 rats, p > 0.05). 

Table 1. Total number (million per testis) of cell nuclei in the testicular interstitium. 

 
Animals without spermatogenic damage* Animals with spermatogenic damage* 

Nonvasectomized side Vasectomized side Nonvasectomized side Vasectomized side 

Adult male Japanese white rabbits 

Leydig cellsa 51.0±5.6 66.2±10.1b’ 54.7±4.0 81.7±12.2b’ 

Myoid cells 21.6±2.8 24.3±1.9 24.0±1.9 26.0±1.9 

Leukocytes 1.9±0.4 1.5±0.6 1.2±0.3 1.5±0.4 

Other cellsa 32.7±3.4 42.9±8.6 38.9±3.0 62.1±6.9b 

Mature male Sprague-Dawley rats 

Leydig cells 22.9±1.2 22.9±1.7 27.4±2.2 23.2±2.6 

Myoid cells 7.3±0.5 8.5±0.5 7.5±0.5 6.5±0.4 

Leukocytesa’ 0.8±0.1 0.7±0.1 0.8±0.1 0.4±0.1 

Other cellsa’ 16.2±1.6 14.9±1.1 17.2±1.8 12.1±1.5b’ 

Data are shown asx±SEM. *Marked damage to spermatogenesis in the testis on the vasectomized side occurred in 7 of the 12 rabbits at 6 months after unilateral 

vasectomy, or in 5 of the 12 rats at 37 days after unilateral vasectomy. Other cells: fibroblasts, endothelial cells, smooth muscle cells and others in the interstitial 

tissue. ap< 0.05 or a’0.05 ≤p< 0.10: for comparison between the nonvasectomized and vasectomized sides of all (12) animals; bp< 0.05 or b’0.05 ≤p< 0.10: 

compared with the nonvasectomized sides of the same animals without or with spermatogenic damage. 

In terms of qualitative histology observed on the sections of 

testis with spermatogenic damage on the vasectomized side 

(compared with the nonvasectomized side), the Leydig cell 

nuclei appeared slightly smaller and more irregular in the rat 

and there appeared to be more flattened nuclei (fibroblasts, 

myoid cells and others) in the rabbit (Figures 2 and 4). 

Apparent inflammatory cell infiltration, especially presence of 

typical neutrophils outside the blood vessels [18, 19], was not 

observed in the testis on either side. 

For the rabbits (n=7) with spermatogenic damage, the total 

numbers of Leydig cells and other interstitial cells (not 

including myoid cells or leukocytes) in the testes on the 

vasectomized sides (in comparison with the nonvasectomized 

sides) increased by 50.3%±22.4% (p=0.06) and 67.8%±26.0% 

(p=0.03), respectively (Table 1). For the rabbits (n=5) without 

spermatogenic damage, the total numbers appeared to increase 

by 29.1%−29.2% (p=0.09−0.18). For all rabbits (n=12), the 

total numbers significantly increased by 41.5%±14.1% 

(p=0.01) and 51.7%±16.8% (p=0.01), respectively (Table 1). 

For myoid cells or leukocytes, there were no significant 

differences in the total numbers between the vasectomized and 

nonvasectomized sides (Table 1). 

For the rats, there were no significant increases (p > 0.05) in 

the total numbers of any cell type in the testes on the 

vasectomized side (in comparison with the nonvasectomized 

sides) and, in fact, the total numbers of Leydig cells and other 

interstitial cells (excluding myoid cells or leukocytes) 

appeared to have decreased by 13% (P=0.33) and 27% 

(p=0.08) in the 5 testes with spermatogenic damage, 

respectively (Table 1). 

In terms of numerical density of Leydig cells (number per 

unit volume of testis), the results in the 12 rabbits significantly 

increased (vasectomized sides compared with 

nonvasectomized sides) by 81%±27% (p < 0.01) and the 

results in the 12 rats appeared to have increased by 41%±20% 

(p=0.08). 

4. Discussion 

This is the third study in which we have estimated the total 

numbers of all interstitial cells in the testis with reliable 

stereological (quantitative) methods [18, 19] and the first 

study in which the total numbers of all interstitial cells have 

been estimated in the testis after vasectomy. The rabbit and rat 

models used in this study [18, 19] induced atrophy of the 

seminiferous tubules but not the inter-tubular interstitium, 

thus the numerical increases, if any, of interstitial cells 

postvasectomy would be more evident in numerical densities 

than absolute numbers. That is, we would tend to conclude 

that there was Leydig cell hyperplasia or hyperproliferation 

postvasectomy if we just observed histological changes on 

sections or calculated number of cells per area of section 

(Figures 1 and 3) or per unit volume of testis. As demonstrated 

in this study, the rat vasectomy that induced spermatogenic 

damage did not significantly increase the total numbers of 

Leydig cells or other interstitial cells, with the total numbers 

appearing to decrease and the numerical densities appearing to 

increase. Nevertheless, the rabbit vasectomy that induced 

spermatogenic damage increased not only the numerical 

densities but also the absolute numbers of Leydig cells and 

other interstitial cells (excluding myoid cells and leukocytes). 

It should be pointed out that spermatogenic damage induced 

by vasectomy per se was intra-testicular pressure mediated 

[18, 19]. Vasectomy via the scrotum might affect the testis as a 
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result of iatrogenic effects of the operation such as 

inflammatory irritation or adhesion around the testis [24, 25]. 

Vasectomy away from the scrotum or testis might not affect 

the testis due to the distensibility of the reproductive tract 

(epididymis and vas deferens) and/or formation of sperm 

granuloma around the tract, which would accommodate 

and/or dispose of the spermatozoa and testicular fluid 

produced by the testis and thus relieve the intra-tract pressure 

or not affect the spermatozoa and testicular fluid being 

transported out of the testis, without resulting in increased 

intra-testicular pressure [17-19]. Specifically, the reproductive 

tract in the rabbit may distend for 3−6 months before sperm 

granuloma is formed [17, 18]; the tract distension in the rat is 

rare but sperm granuloma may form soon after vasectomy [19]. 

Moreover, effect of vasectomy on the testis may be decreased 

with spermatogenic damage or reduced spermatogenesis [26]. 

So it is an advantage that the present study used a vasectomy 

away from the scrotum and that the vasectomy happened to 

induce increased intra-testicular pressure and thus 

spermatogenic damage, which might, more likely than a 

vasectomy that did not induce spermatogenic damage, affect 

the Leydig cells as well. 

The vasectomy-induced hyperproliferation of Leydig cells 

and other interstitial cells (including fibroblasts, endothelial 

cells and smooth muscle cells) in the rabbit testis with 

spermatogenic damage, as demonstrated in the present study, 

appeared to be larger than that in the testis without 

spermatogenic damage. This suggested that the 

vasectomy-induced effect on the interstitial cells was also 

intra-testicular pressure mediated. The reason why the 

hyperproliferation did not occur in the present rat study might 

be species difference and, probably more likely, the shorter 

vasal obstructive interval. That is, persistent long-term vasal 

obstruction might more likely induce hyperproliferation of the 

interstitial cells while acute short-term vasal obstruction might 

less likely induce the hyperproliferation and more likely 

damage the interstitium or interstitial cells, which was 

supported by the total volume or number results (a trend of 

decrease rather than increase) in the rat. So the interstitial 

hyperplasia in the rat might also occur with increasing vasal 

obstructive intervals. But this will need clarification with 

further studies, and the clarification might be met with 

difficulty as longer vassal obstructive intervals do not 

necessarily lead to greater intra-testicular pressure or 

pressure-mediated testicular change (see above). 

Taken together, the early speculation of Leydig cell 

hyperplasia following vasectomy-induced spermatogenic 

damage (see the Introduction) was possible, which was shown 

in the rabbit in the present study. But the hyperplasia was not 

Leydig cells specific. Concurrent hyperproliferation of 

connective tissue related cells (fibroblasts) and blood vessel 

related cells (endothelial cells and smooth muscle cells) 

shown in the present study was suggestive of a non-specific 

cell regeneration stimulated by the pressure onto the 

inter-tubular interstitium from the increased intra-tubular 

pressure. It is well recognized that fibroblasts, endothelial 

cells and smooth muscle cells are proliferative, regenerating 

from stem cells and existing cells [27]. As Leydig cells will 

regenerate 2 weeks after destruction with ethane dimethane 

sulfonate treatment [21], they have the potential of 

regeneration from stem cells. If vasectomy will indeed result 

in interstitial fibrosis [2, 26, 28, 29], hyperproliferation of 

fibroblasts will definitely be likely. As also shown in the rabbit, 

hyperproliferation of the interstitial cells was not associated 

with a significant increase in the total volume of the interstitial 

tissue, which implied overcrowding of the cells and thus 

poorer blood supply to or poorer function of the cells in the 

interstitium. This is supported by the fact that vasectomy is not 

normally associated with increased testosterone secretion (see 

the Introduction). Therefore the Leydig cell hyperplasia 

should be essentially a pathological change although it might 

be not worse than Leydig cell atrophy or depletion. 

The use of both the rabbit and rat models in the present 

study was a study of 2 different experiments, not for model or 

species comparison. It is recognized that the mechanism of 

vasectomy-induced effects is mainly intra-reproductive tract 

and intra-testicular pressure mediated, unlikely via a systemic 

route such as immunity- or testosterone-mediated effects [18, 

19]. Thus, to study the effects of vasectomy, it suffices to 

compare the vasectomized side with the contralateral 

nonvasectomized side in the same animal; in fact, such 

pair-design (within-animal bilateral comparison) is important 

(in terms of efficiency) for detecting the vasectomy effects, if 

any, in view of the considerable individual (between-animal) 

difference in the effects [25] as also shown in the current study. 

In other words, the use of the unilateral vasectomy model in 

the present study optimized comparison between the 

experiment (vasectomy) and control, conducive to reaching a 

conclusion that the effects found in the present study was due 

to the vasal obstruction per se (pressure-mediated local 

effects). And the conclusion, in principle, would not be 

affected even if the vasectomy induced some systemic effects 

(e.g. hormonal changes) as the systemic effects, which would 

unlikely affect the experiment (vasal obstruction), would 

affect both the vasectomized and non-vasectomized sides in 

the same way. 

5. Conclusion 

Hyperplasia of Leydig cells and other interstitial cells in the 

testis was induced at 6 months after a vasectomy away from 

the scrotum in the rabbit, probably a result of increased 

intra-testicular pressure for long after vasal obstruction, but 

not at 37 days after a vasectomy away from the scrotum in the 

rat, probably due to the fact that the vasal obstructive interval 

was acute and short. 
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