
The results of the present study indicate the antispermatogenic activity of Busulphan or Myleran (1,4-
dimethane-sulphonoxy butane) on the testicular tissue of adult male Indian house rat, Rattus rattus.
Single oral dose of Busulphan (10 mg/Kg body weight) was administered and its activity was noticed at
10, 40, 70 and 100 days of posttreated animals.

Histological observation and quantitative histological study indicates no major alteration in the rela-
tive percentages of primary spermatocytes, spermatid and Sertoli cells at 10 days of posttreatment. But
there was a gradual decrease in the seminiferous tubular diameter at 40 and 70 days of post treated
groups. However, the Leydig and Sertoli cells morphology and number remained normal in all the treat-
ment groups. At 40 days, the normal cellular associations in all the tubules were disrupted. The tubules
constituted only spermatogonia, Sertoli cells and some zygotene spermatocytes. At 70 days, repopulation
of Type A, Type B spermatogonia, resting and zygotene spermatocytes occurred at this stage. The tubules
were still devoid of pachytene spermatocytes, spermatid and spermatozoa. At 100 days, active sper-
matogenesis was observed in majority of the tubules. The various types of germ cell population were
regaining towards normalcy.

Histochemical studies clearly revealed that due to busulphan administration there was no major alter-
ation in the intensities of some key enzymes (i.e. D5 3b-HSDH and 17b-HSDH) involved in the biosyn-
thesis of steroid hormones. Only the acid phosphatase activity was slightly depressed within the 40th and
70th days of posttreatment. Sudanophilic lipid materials increased in the interstitium of all the busulphan
post treated groups. The changes which were noticed due to busulphan treatment regained normalcy at
100 days of post treated animals.

The mode of action of Busulphan on the testicular tissue of adult Indian house rat (Rattus rattus) has
been pointed out and discussed.
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INTRODUCTION

The antispermatogenic properties of one member of the group of alkane sulphonic
esters, 1,4-dimethane-sulphonoxybutane, commonly known as Busulphan (Myleran)
is well establised in various mammalian and avian species. It has been recorded that
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single injection (i.p.) of Busulphan (10 mg/kg body wt.) in male rats, rabbits and
mice led to induction of infertility after 8 weeks of treatment [10, 12, 13], associat-
ed with progressive destruction of seminiferous epithelium [5] and spermatogonial
damage [14, 19].

While several aspects of Busulphan on spermatogenesis of some mammalian and
avian species have been studied, and the possible mode of action has been pointed
out by some authors, but there is no detailed and systematic investigation on the vari-
able dose response of this sulphonic ester on the testicular tissue of the wild murid
rodents. From the earlier reports it is noted that due to the high rate of breeding per-
formance and carrier of dreaded germs, the reproductive efficacy should be con-
trolled in a scientific way. Considering all aspects and especially to control their fer-
tility the present study has been undertaken to pin point the site of action of this
chemosterilant (Busulphan) on the spermatogenic cells within the testis at various
periods of exposure in a wild murid rodent, the wild Indian house rat (Rattus rattus).

MATERIALS AND METHODS

The experiment was conducted on the adult healthy male Indian house rat, Rattus
rattus. A total of twenty-five male wild rats were captured from various unprotected
godowns, grocery shops around Kalyani University Campus, Kalyani, Nadia, W. B.,
India. After capturing they were kept singly in especially designed wire cages, mea-
suring 60×30×30 cm. The animals were acclimatized in the laboratory conditions
(with 12L : 12D) for 7 days before they were used in the experiments. All the ani-
mals were provided with sufficient specially prepared rat food and water throughout
the experimental period.

A total of five animals were randomly assigned to each of the five treatment
groups. Group A, served as the control and Groups B, C, D and E were meant as the
treated groups. All the experimental groups (B to E) received Busulphan at a dose of
1 mg/100 gm body weight in the form of small food cube. At the termination of the
experiments, at 10, 40, 70 and 100 days of post-treatment, all the animals were killed
after mild ether anaesthesia and decapitation.

At the termination of the experiment body weights of individual rat of all the
experimental groups were recorded. At the time of autopsy the testes and other
organs of interest were quickly dissected out, weighed and fixed in aqueous Bouin�s
solutions for regular histological examination. The Bouin�s fixed tissues were
processed and sections were prepared at six mm in thickness. All the sections were
stained by PAS-haematoxylin, Masson�s trichrome and Cason�s trichrome procedure.
From the well-stained sections observations were made and photomicrographs were
taken. Various histometric parameters e.g. a) Seminiferous tubular diameter; b)
Leydig cell nuclear diameter and c) spermatogenetic index (the relative percentage
of the tubular sections containing most advanced germ cells) were used for the quan-
titative histological study. The spermatogenetic index was based on the reports of
Patzner [28]; Patzner and Ichikawa [29] and Maitra and Ghosh [22]. All the histo-
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metric data were recorded, calculated and analysed statistically by Students�s t-test
procedure [9].

Just after autopsy, portion of the right testis was quickly frozen in the cryocut
chamber, maintained at �18 °C. After proper thawing, serial sections of the testis
were prepared (15 mm in thickness) and fixed on the greese free slides for various
cytochemical procedures. After sectioning the slides were kept at room temperature
for half an hour and were processed for the localization of neutral lipids [21]; Acid
phosphatase [4]; Alkaline phosphatase [6]; D5 3b-HSDH [35], and modified by [3]
and 17b-HSDH [30], and modified by [3]. Studies were made from the well-stained
sections of the control and treated groups and were carefully recorded.

Libido test

Separate experiments were conducted to assess the libido and sperm insemination
capacity in the treated male rats. The antifertility effect of Busulphan was investi-
gated by mating the treated males with the normal receptive female on selected days
of post-treatment.

OBSERVATIONS

Gravimetry

Changes in the weight of the body, reproductive, accessory reproductive and other
organs of interest have been presented in the Table (Table 1). There was no signifi-
cant change in the body weight of the treated animals but the reduction in testicular
epididymes and vas deferens weight were noticed especially in the 40 days (P < .001)
and 70 days post-treated animals. The organ weights, e.g. testes and epididymes had
returned to control values by day 100.

Histology

S p e r m a t o g e n i c  p r o f i l e

CONTROL. Histological observations of the control testis showed normal features
with successive stages (spermatogonia, spermatocytes, spermatid and mature
sperms) of transformations of the seminiferous epithelium into spermatozoa. Each
section revealed tubules at various stages (14 stages in Rattus sp.) of spermateleosis
(Fig. 1). The tunica propriya was prominent. The interstitium contained Leydig cells
and fibroblast like elements.

Busulphan treatment

1 0  d a y s

Seminiferous tubules failed to show much regressive change in this group.
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Fig. 1. Part of the seminiferous tubules ST (LM) of the control rat with stages VIII spermatid (IM) and
spermatocyte (SC) observed at higher magnification (×1000). Fig. 2. Section of testis of 40 days
Busulphan post-treated rats. ST showing maturation depletion of post-Zygotene germ cells. Sertoli cells
were normal (×1000). Fig. 3. Section of testis of 40 days Busulphan post-treated rat showing few necrot-
ic spermatogonia, early and late primary spermatocytes and normal Leydig and Sertoli cells (×1000).
Fig. 4. Higher magnification of a tubule showing development of few secondary spermatocytes at 70

days of Busulphan post-treatment (×1000)
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Table 1
Effect of Busulphan (10 mg/kg body weight) on the relative weights of testis,

accessory sex organs of adult male Indian house rats (Rattus rattus)

Relative weight (mg/100 gm body wt.)

Group
Body wt.

Testis Epididymis Vas deferens Seminal Coagulating Ventral(gm.)
vesicle gland prostate

Control (5) 117.40±11.40** 1166.54±28.30 462.60±21.40 45.27±7.9 221.832.3 76.3±18.2 330.816±19.26

10 days (5)* 118.40±11.94 1146.84±21.46 456.60±26.80 44.37±9.50 229.00±37.90 78.4±19.6 352.58±16.54

40 days (5) 119.80±11.23 767.00±31.34e 360.40±12.50e 44.42±11.49 215.00±32.99 61.20±15.60 348.92±11.47

70 days (5) 116.30±4.60 640.20±28.76e 252.30±25.86e 36.60±12.06 264.50±19.35 50.00±16.40 348.52±20.33

100 days (5) 124.20±6.18 1069.34±24.35 441.30±31.81 44.31±8.70 223.20±38.80 78.60±19.40 311.10±17.79

*Number of animals in each group.
**Mean ±Standard error.
eSignificant at P < 0.001.
The data without superscript are not significant.
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4 0  d a y s

At this stage a drastic regressive effect on the testis was observed. The seminiferous
tubular diameter was significantly reduced and in most cases, the tubular lumen
obliterated. The tubules were largely devoid of spermatoza and the spermatogenic
stages. Spermatogenic cells were being sloughed off into the tubular lumen (Figs 2
and 3). Tubules showed an increase in amorphous cell debries along with hyperpla-
sia of the interstitium. The primary germ cells in the adluminal compartment and the
interstitial Leydig cells appeared normal.

7 0  d a y s

At 70 days the seminiferous tubular diameter was increased. The tubules were still
devoid of pachytene spermatocytes, spermatids and spermatozoa. Due to shrinkage
of the tubules the interstitium appeared conspicuous but the Leydig cells appeared
normal. Repopulation of type A and type B spermatogonia, resting and Zygotene
spermatocytes (Fig. 4) occurred in most of the tubules. Tubules contained normal
peripheral Sertoli cells.

1 0 0  d a y s

At 100 days of post-treatment, the tubular diameter was further increased. Active
spermatogenesis was observed in majority of the tubules. Various cellular associa-

Table 2
Gonosomatic index, spermatogenesis index, seminiferous tubular diameter and Leydig cell nuclear

diameter in various groups of busulphan treated adult male wild Indian house rat (Rattus rattus)

Gonosomatic Spermatogenesis Seminiferous Leydig cell
Group index index tubular nuclear

diameter (mm) diameter (mm)

Control (5)* 1169.7±21.00** 90.80±2.16 175.73±6.20 5.86±0.26

10 Days (5) 1142.30±22.00 89.40±1.75 170.40±8.50 5.78±0.08

40 Days (5) 775.00±21.00e 43.82±6.74e 115.52±18.20e 5.91±0.12

70 Days (5) 646.00±22.00e 0 145.38±14.50c 5.94±0.09

100 Days (5) 1070.20±25.00b 81.80±3.15 161.00±6.95 5.84±0.08

*Number of animals in each group.
**Mean ± standard error.
b Significant at P < 0.02.
c Significant at P < 0.01.
e Significant at P < 0.001.
The data without superscript are not significant.



tions regained their normal profile. Sertoli and interstitial cells remained unchanged
in morphology and number.

Gonosomatic index, spermatogenetic index, seminiferous
tubular diameter and Leydig cell nuclear diameter

CONTROL. The gonosomatic index (i.e. paired testis wt., mg, in relation to 100 gm
body wt.) in the untreated animals ranged from 1148 to 1190 and spermatogenesis
index was about 90.8 (Table 2).

Tr e a t m e n t  g r o u p s

There was no marked decrease in the values of the gonosomatic index and sper-
matogenetic index in the 10 days busulphan post-treated animals.

The gonosomatic and spermatogenetic index were lowered progressively at 40
(< .001) and 70 (< .001) days of busulphan post-treatment (Fig. 5). At 70 days the
index value was reduced to zero.

However, the gonosomatic as well as spermatogenetic index showed a conspicu-
ous increase at 100 days of busulphan post-treatment. These features lead towards
normalcy.

Seminiferous tubular diameter reduced in the 40th (P < .001) and 70th (P < .01)
days busulphan post-treated animals (Fig. 6) in comparison to the control value
(approx. 176 mm). There was no remarkable change in the Leydig cell nuclear diam-
eter.
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Fig. 5. Gonosomatic index (G. Index) and Spermatogenetic index (Spt. Index) in control and Busulphan
treated rats (10 mg/kg. Body wt.) at various time intervals
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Libido

The effect of busulphan treatment on sexual behaviour and mating were examined in
separate successive experiments. The behavioural observations indicated that the
busulphan treated males exhibited no marked alterations in the frequency of sexual
advances in relation to the untreated animals.

Histochemical components

C o n t r o l  g r o u p

Amongst the enzymes related to androgen formation, D5 3b-HSDH, 17b-HSDH
were histochemically demonstrable within the interstitial and Sertoli cells region of
the testes of Rattus rattus. They were in the form of diformazan granules. Alkaline
phosphatase activity was found mainly in the basement membrane of the seminifer-
ous tubules (BMST) and Leydig cells. Intensity of acid phosphatase activity was
moderate within the testicular tissues.

Sudanophilic lipids were moderate in distribution. They were mainly present with-
in the seminiferous tubules and interstitium. The coarse granules varied in size and
were located irregularly at the periphery of the tubules.

Fig. 6. Seminiferous tubular diameter (mm) in control and Busulphan treated rats (10 mg/kg body wt.)
at various time intervals
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B u s u l p h a n  t r e a t m e n t

No significant changes were observed in the 10 days post-treated animals.
At days 40 and 70 of busulphan post-treatment, intensity of lipid components was

increased in the interstitium. There was no marked variation in the intensities of 3b-
HSDH (using DHA as the substrate) and 17b-HSDH (using estradiol as the substrate)
in all the treatment groups investigated. Acid phosphatase activity was quite feeble
in the 40th and 70th day busulphan post-treated groups. There was no change of alka-
line phosphatase activity in all the experimental groups.

DISCUSSION

The present experimental results clearly revealed that Busulphan (Myleran), pos-
sessed antispermatogenic activity and it acted on the seminiferous tubular compart-
ment and spermatogenesis. Due to its administration, the testicular weight was
severely decreased and no adverse effect on the body and other vital organs weight
were recorded.

Histological changes were apparent by the significant reduction of the seminifer-
ous tubules, cytotoxic and cytolytic manifestations of all the spermatogonial cells
including spermatogonia. At the same time there was no morphological change of the
Leydig cells and Sertoli cells due to the same treatment. Quantitative histological
study of the seminiferous tubules of the treated animals revealed the arrest of sper-
matogenesis at various stages and severe decline in the population density of late pri-
mary spermatocytes, spermatids and spermatozoa. This action may be due to the sup-
pression of spermatogonial cell division and the arrest of spermatogenesis at the
Zygotene stage. It is assumed that it may be due to the maturation blockages at this
stage [12]. In Golden hamster, B spermatogonia is also sensitive to Myleran while in
mouse and rat it is resistant [31].

It was estimated that the testicular phases of spermatogenesis in rat (Sherman
species) require exactly 48 days [7], of which 27 days are required for the conversion
of Type A spermatogonia into spermatocytes in diakinesis stage [7]. Jackson et al.
[12] pointed out that Busulphan acts more selectively on early spermatogonia with
sterility commencing about 50�60 days after dosing in rats. This data is also consis-
tent with the present findings in Rattus rattus also, where the cauda epididymis and
vas deferens comprises no normal spermatozoa by 70th days and repopulation with-
in the seminiferous tubules was evident on 100th day of post-treatment. There were
some documented evidences also of the degenerative effect of Busulphan on the
testis of pigeon [2], common myna [17], quail [16] and parakeet [27].

Histochemical evidences of certain components clearly indicated that there was an
apparent increase in overall lipid contents in the testes as depicted from the histo-
chemical profile of Busulphan treated animals. Similar features were also observed
in the Busulphan treated gerbil testes [33]. However, Kar et al. [19] reported a
decrease in concentration of lipids in the isolated rat seminiferous tubules.
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The decrease in activity of acid phosphatase in the testes at days 40 and 70 can be
supposed to be brought about with the depletion of cell population of the seminifer-
ous tubules of the treated rats. Earlier studies have shown that the alteration in the
activities of testicular phosphatase can be reflected with the suppression of function-
al changes in the testicular cell types [8, 11, 23, 34].

Intense activity of alkaline phosphatase enzymes at 40 days of post-treatment may
be due to the shrinkage of the tubular components of the testis and is in conformity
with the findings of Singh and Mathur [33], Ahlquist [1].

Histochemical visualization of the hydroxysteroid dehydrogenase (HSDH)
enzymes indicated that Busulphan treatment had not affected the activities of 3b-
HSDH and 17b-HSDH in the interstitium. The Leydig cells remained structurally as
well as functionally normal, suggests that the testosterone secreting ability in the
testis is generally normal, even when thay lack spermatogenic cells. Although
Niimura et al. [26] recently pointed to a shifting of 3 b-HSDH activity from Leydig
to Sertoli cells in Busulphan treated rat testis without altering the testosterone secret-
ing ability. No such feature could be visualized in the present study. But altered
steroid metabolism could be manifested, from strong histochemically localized D5
3b-HSDH and 17b-HSDH enzymes in the cultured Sertoli cells from germ cells
depleted (Busulphan treated) animals and moderate activity in the intact ones [18].

Serial mating performance test indicated that Busulphan induced acute testicular
regression associated with a severe depletion of sperm count and resulted in sterility
for a specific period. The sexual behaviour suggested unimpaired libido.

In the present study unaltered testicular steroidogenesis had been observed due to
Busulphan administration. Such a suppressive effect of Busulphan on testicular sper-
matogenesis in the absence of any apparent change in the libido suggest that the drug
directly acted on the seminiferous tubules. The result was also consistent with the
findings of Jackson et al. [14]; Jackson and Craig [15]. Although the present experi-
mental results pointed out the direct action of Busulphan on the seminiferous tubules
but it was not very unlikely that this drug mediated its action at the pituitary level.
Kar et al. [19] in a more detailed study in the rats, Saha and Ghosh [32] in the Silver
munia and Nandy [27] in the rose-ringed parakeet pointed out that the antispermato-
genic action of Busulphan was possibly mediated through the pituitary-gonadal axis. 

Definite answer to the question whether Busulphan exerts its action at the pituitary
level in Rattus sp., is still difficult to interprete in the present experiment as the study
had not been conducted to correlate it with the circulatory levels of extratesticular
androgens. But the possibility of any direct inhibitory effect of the drug on the
responsiveness of the tubules to circulating FSH levels cannot be ruled out.
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