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Boldenone esters (mainly the undecylenate form) are heavily used in the 
field of animal production in order to increase the productivity and reduce 
breeding expense. The current study was conducted to evaluate boldenone 
undecylenate (BOL) effect on behavioral and reproductive responses. 
Therefore, 18 mature male New Zealand rabbits and 10 females were used 
in this study. The Animals were assigned to two groups, the control group 
received 0.25 ml corn oil ⁄ kg bwt and BOL-treated group received 4.5 mg⁄

kg bwt BOL, 3 intramuscular injection with two weeks interval. Six rabbits 
from BOL-treated group were withdrawn from the treatment which served 
as a BOL withdrawal group (6 weeks post 3rd injection). Blood, semen and 
testis specimens were collected for serum hormonal assay, semen evaluation 
and ultrastructural investigation. Sexual behavior was tested using a 
receptive female and aggressive behavior was assessed via a male intruder. 
The BOL-treated animals showed a significant increase in serum 
testosterone, diminished LH and estradiol levels, elevated sperm count and 
motility percentage. In contrast, diminished testosterone and elevated
estradiol levels were recorded in animals withdrawn from BOL. Besides, 
low sperm count and motility percentage and severe ultrastructural 
alterations.  Males treated with BOL showed significant increases in both 
sexual and aggressive behaviors. While, BOL-withdrawal group showed 
significantly lower levels of sexual behavior compared with control and did 
not show any heightened aggression. Considering the results of this study, 
BOL injection affects animal future fertility even after cessation of its use 

                                                                Copy Right,IJAR,2014,.All rights reserved.

Introduction 
The natural male hormone, testosterone (TES) is the unique hormone in human and animals bodies that have 

both anabolic (muscle growth) and androgenic (masculinizing) effects. Hence, anabolic androgenic steroid (AAS) was 
developed as synthetic derivatives of TES with enhanced anabolic activity and reduced androgenic activity. They 
were used to improve the food producing animal growth rate through promoting protein synthesis and muscle 
growth (Mottram and George, 2000). Also, they can exert potent effects on the human body that may be beneficial 
for athletic performance (Hartgens and Kuipers, 2004). 

Boldenone, is a synthetic AAS which differs from TES only by one double bond at the 1-position, 
synthesized by the dehydrogenation of TES, often produced and administered as esterified molecules in a ready-to-use 
anabolic preparations; boldenone undecylenate (BOL). It is applied as a growth promoter on meat production farms 
(De Brabander et al., 2004), in order to increase the productivity and to reduce breeding expense, therefore might be 
abused to achieve more efficient meat production. Also it is used to improve athletic, body builder and racing horse 
performance in sports (Ho et al., 2004).The abuse of esters of AAS in cattle fattening and sports is hard to control. In
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Egypt, BOL has been used heavily in the field of animal production. It is represented under the trade name 
Equipoise, Ganabol, Equigan and Ultragan. 

There is a growing disquiet that these synthetic hormones used in veterinary treatment are making their way 
into surface waters and even ground water via human and animal wastes, mainly by their incomplete removal during 
passage through wastewater treatment plants (Soto et al., 2004). It exhibits relatively more stability in aqueous 
media and more resistance to microbial degradation (Schiffer et al., 2001) leading to accumulation and persistence in 
the environment and endanger consumers with a permanent exposure. Beside the danger of consuming the meat of 
animals that treated with them. 

The abuse of AAS was proved to cause serious and irreversible organ damage (Maravelias et al., 2005). 
Among the most common adverse effects of AAS that have been described are reduced fertility (Dohle et al. 
2003), cardiovascular disorders (Sader et al., 2001), hepatic neoplasms and carcinoma (Velazquez and Alter, 2004), 
tendon damage (Battista et al., 2003), psychiatric and behavioral disorders in both sexes (Clark and Henderson, 2003). 

According to the International Agency for Research on Cancer (IARC), BOL is classified in class 2A 
(growth promotors – steroids), as a probable human carcinogen with a high carcinogenic index (IARC Monograph, 
1987). In light of this carcinogenic potential of AAS residues and obvious human health risks, the European 
Community banned the use of steroid hormones as growth-promoting agents in livestock breeding (EC, 1996), but in 
other countries orderly applied for meat production and human uses (Schiffer et al., 2001). Hence, the presence of 
boldenone or its metabolites in biological samples is proposed to be a marker for illegal hormone administration in 
various animal species especially in cattle fattening (De Brabander et al., 2004). 

The potential behavioral effects of AAS abuse in human populations have received prominent coverage in a 
number of reviews (Christiansen, 2001 and Kuhn, 2002). However, less attention has been paid to the behavioral 
effects using animal models. Beside, the effects of AAS on reproductive capacity have been hardly studied in 
human as well as in many animal species (Thabet et al., 2010). 

Rabbit is a good model to study different aspects of sexual behavior and performance (Villagran et al., 
2003). Hence, mature male New Zealand rabbit was used in this work as a preclinical animal model to compare 
between the immediate effects of BOL exposure and after withdrawal time on various reproductive alterations and 
behavioral changes induced in meat-producing animal. The examined parameters include body weight gain, weight 
and histopathological analysis of testis, sperm characteristics as well as determination of serum concentrations of TES, 
luteinizing hormone (LH) and estradiol. In addition, examination of the behavioral consequences on both aggressive 
and sexual behavior. 

Materials and Methods 
Animals 

Eighteen apparently healthy mature male New Zealand rabbits, 5– 6 months old (weighing 2800-3500 gm), 
in addition to ten sexually receptive females (for sexual behaviour assessment) were obtained from the Laboratory 
Animal's farm of Faculty of Vet. Medicine, Zagazig University and acclimated to the laboratory environment for 2 
weeks prior to use. Animals were housed separately in metal cages, fed pelleted commercial feed (Abou Amer Co., 
Cairo, Egypt) and water were supplied. Rabbits were administered a prophylactic dose of ivermectin as a safe guard 
against mange and gastrointestinal nematodes. Adult male rabbits were trained to serve an artificial vagina for 
semen collection. All the experiment was approved by the ethical committee of Cairo University in accordance with 
the guidelines of the National Institutes of Health (NIH) for the Care and Use of Laboratory Animals. 
Chemical and reagent 

Equi-gan® vial was obtained from Laboratorios Tornel, Co., (S.A. Mexico). Each vial containing oily 
solution (50mg BOL/ml vehicle). All other chemicals, reagents and stains were obtained from El- Gomhoria 
Chemical Company (Egypt) and Sigma (St. Louis, MO, USA). 
Experimental design 

After 2 weeks of acclimatization, rabbits were assigned to two groups, vehicle control group (n=6) and BOL- 
treated group (n=12). Control group were received corn oil in a dose of 0.25 ml ⁄ kg bwt as a vehicle, BOL- treated 
group were received 4.5 mg⁄ kg bwt BOL, 3 injections intramuscularly with two weeks interval for 4 weeks (Paget and 
Barnes, 1964). Six rabbit from BOL-treated group were withdrawn from the experimental treatment which served as a 
BOL withdrawal group (6 weeks post 3rd injection). Body weight for each animal was obtained weekly in order to 
calculate the injection volume required to adjust the desired dose. During the experiment, body weight was recorded 
on the first day before injection (initial) and on the day of sacrifice (final) and the weight gain was calculated. 
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Behavioral assessment 
To evaluate the aggressive behavioral consequences of BOL exposure, resident-intruder model of 

offensive aggression (Christie and Barfield, 1979) was applied. Animals from BOL-treated and withdrawal 
groups were presented in their home cage with a stimulus male animal of equal age and weight from the control 
group. Number of bites, and latency and frequency of fight over a 10-min test period was scored. 

For sexual behavior, all males used in this study were given a sexual rest before initiation of the study. 
Thereafter, female was introduced to the male’s cage for a period during which the copulatory sexual behavior stages 
were recorded, then the female was immediately withdrawn and semen collected with artificial vagina, then a new 
female was introduced to the male’s cage. The procedure continued until the male was not interested in the 
newly introduced female. When there was no longer response to the newly introduced female, the male was 
considered sexually exhausted (sexual satiety). The sexual behavior was scored through recording of different 
behavioral patterns observed during mating until sexual activity ceases such as: mount number and mount latency 
(time from introduction of the female until the first mount with pelvic thrusting), ejaculation latency (time between 
mounting and ejaculation), post ejaculatory refractory period, (time from one ejaculation until the next mount), 
furthermore the number of ejaculations was also recorded (sexual satiety) and its abnormal sexual behavior towards 
other male (Nelson, 1995; Agmo, 1996). 
Semen collection and sperm characteristics 

Ejaculates were collected from each male rabbit on the day of sacrifice with artificial vagina. The semen was 
evaluated immediately after collection for the seminal picture. The percent of motile spermatozoa was 
microscopically estimated at 400× magnification (mass and individual sperm motility) and sperm cell concentration 
was estimated according to Bearden and Fuquay (1980), the count was repeated five times for each sample to 
minimize the error. Sperm abnormalities were recorded according to Evans and Maxwell (1987). In order to assess 
the incidence of abnormalities in head, neck/midpiece and tail, at least 500 spermatozoa were observed per animal. 
Sampling 

Rabbits of control and BOL-treated groups were sacrificed after the last injection of vehicle and BOL 
respectively by one day while 6 weeks later in the BOL-withdrawl group. After decapitation trunk blood was 
collected then centrifuged at 3000 rpm for 10 min for separation of serum which stored at -20°C for hormonal 
analysis. After dissection, the testicles were removed, trimmed off the attached tissues, grossly examined and 
weighed. The relative weight of testis was calculated (testis weight/total body weight×100). 
Hormonal assays 

Serum hormonal TES, Estradiol and LH levels were determined using an enzyme linked immunosorbent 
assay (ELISA) with commercial kits, following manufacturer's instruction. Serum TES, Estradiol were evaluated 
using (Oxis International, Inc, USA. Catalog No. 11150 and 11110, respectively) kit, the sensitivity of assays were 
0.05 ng/ml and 10 pg/ml respectively, the level expressed respectively as ng/ml and pg/ml. Serum LH was 
quantified using (BioCheck, Inc. USA. catalog No. BC-1031) kit, the sensitivity of assay was 1 mIU/ml. 
Histopathological and ultrastructural investigation 

Specimens from testis were fixed in Bouin’s solution and were processed, stained with hematoxylin and eosin for 
histopathological investigation using light microscope according to Bancroft and Stevens (1996). For ultrastructural 
investigation, very small specimens were fixed by immersion in 3% glutaraldehyde solution for 24 hrs, washed by 
cacodylate buffer 0.1M, followed by post-fixation in 1% osmium tetraoxide (O2O4) in 0.1 M phosphate buffer (pH 
7.3) for 2 hrs at 4°C. Then the tissues were dehydrated in upgraded series of ethanol and finally embedded in  
araldite 502 resin. Semi-thin sections (1 µm) were stained with uranium acetate and lead citrate and investigated 
with a transmission electron microscopy (TEM). 
Statistical analysis 

Data of the current study was statistically analyzed using the computer program SPSS/PC+2001. The 
statistical method was one way ANOVA test, followed by Duncan’s multiple range test (Duncan, 1955). Data are 
presented as means plus or minus the standard error. The minimum level of significance was set at P ≤ 0.05 
 
Results 
Body weight and relative testis weight 

Table 1 shows that BOL injection has no significant effect on the body weight gain of both BOL-treated and 
withdrawal groups compared with the control group (-43.3 ± 61.19). While there is a significant decrease in BOL-
withdrawal group (-73.3 ± 21.86) compared with treated one (83.3 ± 17.64). The relative testis weight was 
significantly increased in BOL-treated group (0.38 ± 0.02), while in the withdrawal group showed a significant 
decrease (0.19 ± 0.02)(P ≤ 0.05) compared with the control group (0.28±0.03). 
Sperm characteristics 
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Semen characteristics was affected after BOL injection, rabbit treated with BOL showed significant 
elevation of sperm count (601.83±17.29) with high percentage of morphological abnormalities (13.80±0.95) than 
control group. In addition, sperm individual and mass motility were significantly increased (40.00±1.15, 86.67±1.67, 
respectively). In contrast, the BOL withdrawal group showed a significant decrease of sperm count (283.17±28.37) 
compared to those of the control group (372.50±22.55) (Fig 1). In addition the incidence of abnormal spermatozoa 
was significantly high (15.78±0.88) compared to control (8.24±0.28). As illustrated in Fig (2), the primary 
pathologic spermatozoa were (detached, microcephalic & pyriform head; detached, rudimentary &double tail), while 
the secondary abnormalities were (coiled & looped tail and protoplasmic droplets). There was no obvious difference 
in the incidence abnormalities between BOL-treated and withdrawal groups. 
Hormonal analysis 

The mean serum TES level was elevated significantly in male injected with BOL in comparison with control 
group (210.67 ± 7.31 and 146.00 ± 11.27, respectively) while in the withdrawal group, the level of serum TES 
decreased (166.0 ± 2.65), but still non significantly higher when compared with control group. LH serum levels 
was significantly diminished in both BOL-treated and withdrawal groups (1.07 ± 0.03 and 1.13 ± 0.04, respectively) 
compared with control one (1.42 ± 0.02). Serum Estradiol showed a significant decrease in BOL treated group 
(3563.33 ± 58.08), this diminished level was significantly increased in BOL-withdrawal group (5905.00 ±348.77) 
compared with control group (4283.00 ± 35.95) as illustrated in Fig (3) 
Behavioral study 

Animals treated with BOL showed significantly heightened measures of offensive aggression when 
presented with an intruder of equal size and weight. Male rabbits treated with BOL showed a significant increase in 
bites number (2.83 ± 0.48) (p ≤ 0.05) over control animals (1.17 ± 0.17). In addition, BOL-treated rabbits displayed a 
significantly quicker aggressive response towards intruders (fight latency and frequency) (22.50 ± 2.81, 2.00 ± 0.37, 
respectively) than control animals (10.83 ± 0.83, 1.00 ± 0.26). The BOL-withdrawal animals did not score even a 
single bite on the intruder during the entire test period with short fight latency compared with control animals as shown 
in table 2. 

Concerning sexual behavior, BOL administration evoked a significant difference on the number and 
latencies of mounts, intromissions and ejaculations. In general, BOL facilitated sexual behavior in BOL-treated 
group and reduced in withdrawal group. Data analyses showed a trend toward a significant increase number of mounts 
(4.67 ± 0.33) in BOL-treated relative to control group (3.17 ± 0.48). In contrast, animal withdrawn from BOL showed 
significantly fewer mounts (1.83 ± 0.40). The same pattern of results was found for latencies to show sexual 
behavior, reduced latencies and post ejaculatory interval in BOL-treated and lengthened of them in withdrawal one 
as shown in table 2. In BOL-treated group, male rabbits reach sexual satiety (i.e., they are unable to continue 
copulating on the same day) after (5.33 ± 0.33 ejaculations) while in BOL-withdrawal group, after (1.33 ± 0.21 
ejaculations). 
Histopathological investigation 

The testis of control rats showed uniform seminiferous tubules with complete spermatogenesis and 
interstitial connective tissue (Fig 4A). While, the testis of BOL-treated-group showed moderate testicular 
degeneration with improvement of spermatogenesis. The latter was represented by presence of numerous elongated 
spermatids and huge numbers of spermatozoa in the lumina of the seminiferous tubules. Moreover, the testicular 
degeneration was evident by vacuolation and desquamation of the spermatocytes. Sometimes, the seminiferous 
tubules were lined by single or 2-3 layers of degenerated germ cells (Fig 4B). The Leydig cells were slightly depleted and 
degenerated. In comparison with the aforementioned findings of control and treated groups, the testis of withdrawal 
animals showed severe degenerative changes, atrophy and rarely necrosis in the majority of the seminiferous tubules with 
irregular, buckled basement membrane and incomplete spermatogenesis (Fig 4C). The seminiferous tubules were 
almost devoid of spermatids and spermatozoa. The Sertoli were focally proliferated and restored the Leydig cells (Fig 
4D). Few leukocytes of mostly neutrophils were infiltrated the tubular structures and the interstitium. Regarding to the 
interstitium, there were congestion of the interstitial blood vessels. 

The Transmission Electron Micrographs of control group showed normal basement membrane, primary 
spermatocytes, spermatogonia, Sertoli cell (Fig 5A) and normal Leydig cell with normal nucleus, mitochondria and 
smooth endoplasmic reticulum (Fig 5B). Normal spermatids and spermatozoa were noticed with electron dense, 
myelin bodies, lipid droplets, mitochondria, flagellum, and other organelles. The BOL-treated group revealed 
moderate empty vacuolar spaces in the Sertoli cells, spermatogonia and spermatocytes with numerous spermatids 
(Fig 6A). Numerous spermatozoa in the lumen of seminiferous tubules were detected (Fig 6B). Irregular and 
thickened basement membrane with normal basal lamina was visualized besides hydropic degeneration and 
rarefaction of the cytoplasm of germinal cells and fibrinous edema among these cells (Fig 6C). The Leydig cells 
were rarely detected and the remaining ones were vacuolated with swollen mitochondria (Fig 6D). The BOL-
withdrawal testis showed widely separated layers of basal lamina, severe testicular degeneration with large empty
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vacuoles in spermatocytes and Sertoli cells. The latter showed phagocytic vacuoles containing myelin bodies (Fig 
7A). Wide interstitial space and vacuoles in the germ cells were seen (Fig. 7B). Focal proliferation of the Sertoli 
cells was seen besides the vacuolated germinal cells (Fig 7C). Few leukocytic infiltrations of mostly neutrophils 
were seen on the degenerated cells and the interstitial tissue. The Leydig cells were normal (Fig 7D). 

Fig. 1. Effect of BOL intramuscular injection on sperm charactaristics of male New Zealand rabbit (Mean ± 
SE, n=6). Different superscripts depict significant differences among groups (p ≤ 0.05) 
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Fig. 3. Effect of BOL intramuscular injection on serum hormonal level (Testosterone, Luteinizing and Estradiol 
hormone) of male New Zealand rabbit (Mean ± SE, n=6). Different superscripts depict significant differences among 
groups (p ≤ 0.05) 

Fig. 2. Effect of BOL intramuscular injection on sperm morphology of male New Zealand rabbit (Eosin - 
nigrosin, X100). 
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Fig. 4. Light microscopy of rat testis from: A, control with normal seminiferous tubules and spermatogenesis. 

B, treated group with moderate testicular degeneration (arrow) and improvement of spermatogenesis 
(arrowheads). C, D, withdrawal group with severe testicular degeneration, incomplete spermatogenesis 
and proliferated Sertoli cells (arrow) beside few leukocytes infiltration. (HE X. Bar = 100 µm). 

 

 

 

 

Fig. 5. Electron microscopy (TEM) of rat testis from the control group showing: A, normal basement 
membrane (BM), primary spermatocytes (PS), spermatogonia (SG), Sertoli cell (S), Sertoli cell junction (SJ) 
and interstitial spaces (ITS). B, normal Leydig cell (LC) with normal nucleus, mitochondria (M) and 
vesiculated smooth endoplasmic reticulum (SER). X. Bar = 2 microns. 
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Fig. 6. Electron microscopy (TEM) of rat testis from the treated group showing: A, moderate empty vacuolar 
spaces (V) in the Sertoli and spermatocytes with numerous spermatids (SP). B, numerous spermatozoa in the 
lumen of seminiferous tubule (arrows). C, irregular (arrows) and thickened basement membrane (BM) with 
normal basal lamina (BL), rarefaction of the cytoplasm of primary spermatocytes (PS) and fibrinous 
edema among these cells (FE). D, vacuolation (V) in the Leydig cell (LC). X. Bar = 2 microns. 
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Fig.7. Electron microscopy (TEM) of rat testis from the withdrawal group showing: A, widely separated 
layers of basal lamina (BL), large empty vacuoles in spermatocytes and Sertoli cell (V) and phagocytic 
vacuole in Sertoli cell containing myelin, B, Wide interstitial space (ITS) and vacuoles in the germ cells (V). C, 
vacuolations in the germ cells (V) and proliferated Sertoli cells (SC). D, normal Leydig cell (LC) and 
leukocyte (Neu). X. Bar = 2 microns. 

 

Table 1. Effect of BOL intramuscular injection on body weight gain and relative testis weight (g) of male New 
Zealand rabbit (Mean ± SE, n=6) 
 

Parameter 

Groups 

Initial body 

weight (g) 

Final body 

weight (g) 

body weight gain 

(g) 

Relative testis 

weight (g) 

Control 2926.7±61.7
 a 2883.3

 
±

 
37.1

 a -43.3
 
±61.19

 ab 0.28±0.03
 b 

BOL- treated 3226.7±295.8
 a 3310.0

 
±278.4

 a 83.3
 
±17.64

 a 0.38
 
±0.02

 a 

BOL- withdrawal 3410.0±57.7
 a 3336.7

 
±76.2

 a -73.3
 
±21.86

 b 0.19±0.02
 c 

Means within the same column carrying different superscripts are significantly different (p ≤ 0.05)
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Table 2. Effect of BOL intramuscular injection on aggressive and copulatory sexual behavior of male New Zealand 
rabbit (Mean ± SE, n=6) 

Means within the same column carrying different superscripts are significantly different (p ≤ 0.05). 

Discussion 
Few studies have assessed the impact of BOL treatment on male reproductive function and behavior. 

Consequently, this study was performed to evaluate the effects of BOL on body weight gain, testis weight, hormonal level, 
sperm characteristics and histopathological investigation of mature male New Zealand rabbit testis. Besides, 
behavioral interactions especially aggressive and reproductive behaviors with special concern to the withdrawal 
impacts. 

A conflicting data was recorded on the assessment of AAS effects on body weight gain in human and 
laboratory animals. Our study revealed that, BOL injection had no significant effect on the body weight gain of both 
BOLtreated and withdrawal groups compared with the control group. Similar results have been reported in horses 
(Maher et al., 1983), in female rats (Howe and Morello, 1985) and in veal calves (Cannizzo et al., 2007). In contrast, 
Thabet et al., (2010) and Toussan et al., (2012) revealed that injection of BOL evoked a significant increase in body 
weight of immature rabbit. Also, in veal calves (Toffolatti et al., 2006). Multiple factors, including administration 
time-course, dose, composition, and target-tissue metabolism have been contributed the AAS effects on body weight gain. 
Furthermore, androgens are known to cause alterations in many physiological processes, all predisposing the animal 
to changes in weight gain during the treatment period (Kochakian, 1990). 

The elevated serum TES level recorded in the present work after administration of BOL is correlated with 
regular BOL injection which provides a continuous supply of TES into the blood producing a stable TES level. These 
findings agreed with other investigators (Muraoka, 2001; Shiono, 2001; Rasul and Aziz, 2012) in rats, (Tousson et 
al., 2012) in rabbit, Gabr and Shaker (2006) in ram using other TES derivatives. While, Simontacchi et al. (2004) 
showed that TES administration to bull calves did not induce any variation in plasma TES. In contrast, Oda and El-
Ashmawy (2012) and Thabet et al. (2010) revealed that injection of anabolic steroid BOL to male rabbit evoked a 
significant decrease of serum TES level. This elevation of serum TES level was declined till became non significant 
with control group after 6 weeks of treatment stoppage, this may be attributed to the cessation of exogenous TES 
administration. 

The serum estradiol level was diminished throughout BOL injection course in this study but elevated after 
stoppage of administration in withdrawal group. This may be attributed to aromatization of BOL whereas it 
converted in tissues to estradiol, subsequently estradiol strongly suppresses the spermatogenesis process (Torres-
Calleja et al., 2001). Therefore, decreasing the sperm count as observed in BOL-withdrawal group of the present 
study. 

Serum LH level was significantly decreased in both BOL-treated and withdrawal groups. Dohle et al., 
(2003) and Eklof et al., (2003) revealed that the exogenous treatment with synthetic TES usually followed by 
suppression of gonadotropin-releasing hormone production, LH production and intratesticular TES production via the 
negative feedback loop. The resultant intratesticular TES suppression leads to suppression of antioxidant enzyme 
expression, an increase in peroxidative damage, the disruption of spermatogenesis and an increase in germ cell 
apoptosis within the seminiferous tubule. Interestingly, the suppression of antioxidant activity largely affects the 
Leydig cells that contain most of the catalase and GPx activities (Chaki et al. 2006). 

As the size and function of sexual organs are highly dependent on the level of TES, so the increased relative 
weight of testis recorded in BOL-treated was parallel with the significant increase in serum TES level observed in 
present work. On the other hand, BOL-withdrawal group showed significant decrease in relative weight of testis 
compared with the control one. The reduced testis weight may be as a result of the decrease of developing germ cell 
number and absence of different stages of spermatogonia as well as severe degenerative changes detected during

Aggressive behavior   Copulatory sexual behavior  Parameter 
 
 
 
Groups 

Fight 

latency 

(sec) 

Fight 

frequency 
Bites 

No. 

Mount 

latency 

(sec) 

No. of 

mounts 

Ejaculation 

latency 
(sec) 

Post-

ejaculatory 

interval 

No. of 

ejaculation 
 

Control 
10.83

 b
 

±0.83 
1.00

 b 
±0.26 

1.17
 b

 

±0.17 
88

  b
 

±6.69 
3.17

 b
 

±0.48 
70.5

 b 

±5.68 
105

 b 
±7.06 

3.50
 b 

±0.22 
BOL-

treated 
22.50

 a
 

±2.81 
2.00

 a 

±0.37 
2.83

 a
 

±0.48 
61

  c
 

±4.15 
4.67

 a
 

±0.33 
53.5

 c 

±2.73 
72.5

 c 

±5.50 
5.33

 a 

±0.33 
BOL-

withdrawal 
0.80

 c
 

±0.51 
0.17

 c 

±0.17 
0.00

 c
 

±0.00 
108

 a
 

±3.19 
1.83

 c
 

±0.40 
101.5

 a 

±6.31 
143.5

 a 

±9.81 
1.33

 c 

±0.21 
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histopathological examination. The later finding is consistent with the previous results of (Thabet et al., 2010) after 
stoppage of BOL administration by several weeks. In the same line Brower (2002); Pope and Brower (2005) 
confirmed that the sudden cessation of AAS administration after a long period of use leading to hypogonadism 
consequently impaired sexual functioning and future infertility (Menon, 2003; de la Torre Abril et al., 2005). 
Usually, the hypothalamic-pituitary-testicular function recovers within weeks to months, but several reports have 
described hypogonadism persisting for more than a year after AAS were discontinued (Boyadjiev et al., 2000; 
Menon, 2003; van Breda et al., 2003), this can explain the persistence of decrease of testis in BOL -withdrawal group 
To further explore the effects of BOL on the male reproductive system, semen characteristics were investigated. The 
elevated sperm count and morphological sperm abnormalities observed in BOL-treated group may be attributed to 
elevated serum TES level as a result of regular use of BOL which consequently stimulate the spermatogenesis as 
TES essential for the attachment of different generations of germ cells in seminiferous tubules. Depending on 
histological and ultrastructural study, the present work reported that intramuscular injection of male rabbits with 
BOL is deleterious to the structure of testis which exhibited different alterations (more marked in BOl-withdrawal 
group). These changes manifested in BOL-treated group as moderate testicular degeneration with improvement of 
spermatogenesis which represented by presence of numerous elongated spermatids and huge numbers of 
spermatozoa in the lumina of the seminiferous tubules. Moreover, the testicular degeneration was evident by 
vacuolation and desquamation of the spermatocytes. Also, the Leydig cells were slightly depleted and degenerated. 
The enhanced spermatogenesis explained by continuous BOL administration consequently stimulates the 
spermatogenesis. Inhibited spermatogenesis was the prominent feature in BOL-withdrawal group. This in parallel 
with the significant reduction in serum TES level and extensive testicular structural perturbations recorded in this 
group, as TES level is directly linked to spermatogenesis (Amory et al., 2006). In addition, synthesis TES treatment 
could deplete intratesticular TES and arrest spermatogenesis (Park and Yi, 2002). Also, the decrease in sperm count 
may occur due to increase free radical formation initiating germ cell apoptosis and subsequent male infertility 
(Blanco-Rodriguez and Martinez-Garcia, 1998). Our results were similar to those reported in Thabet et al. (2010) 
where the sperm count significantly decreased after 30 and 45 day post last administration of BOL in male rabbit. 
The count and morphology of the sperm may be abnormal for months after drug withdrawal (Bahrke et al., 2000). In 
present work elevated morphological sperm abnormalities has been recorded, these results were similar to those 
reported by Wolfe et al. (1991) in bull, Brown (2005) and Ciocca (2005) in athletes and Cannizzo et al. (2007) in 
veal calves. On other hand, Oda and El-Ashmawy (2012) reported that no significant sperm abnormalities after 
BOL injection in rabbit. 

There was obvious cessation of spermatogenesis in BOL-withdrawal group. The majority of seminiferous 
tubules showed severe degenerative changes, atrophy and rarely necrosis with irregular, buckled basement membrane. The 
seminiferous tubules were almost devoid of spermatids and spermatozoa. Also, severe damage of Sertoli cells 
consequently affects sperm production. The TEM has confirmed these results. These findings may be attributed to 
the diminished serum and intratesticular TES levels in BOL-withdrawal group. Consequently, leading to detachment of 
germ cells from seminiferous epithelium and may initiate germ cell apoptosis and subsequent male infertility (Blanco-
Rodriguez and Martinez-Garcia, 1998). Cannizzo et al. (2007) suggested that most of the histopathological changes seen 
in testis can be explained by estradiol, this was confirmed by the increase in estradiol level recorded in the present 
study. leukocytic infiltrations (neutrophils) on the degenerated cells and the interstitial tissue by chemotaxic agents 
that produced by damaged inflammatory tissues. Normal Leydig cell seen in testis of withdrawn animals may be as a 
result of its proliferation to compensate the reduced TES level following exogenous TES stoppage. 

The testicular lesions were similar to those described by Groot and Biolatti (2004); Thabet et al. (2010) and 
Oda and El-Ashmawy (2012). Tousson et al. (2012) showed the same results after BOL injection in rabbit, which 
increased in dose dependent way. These changes suggested that BOL adversely affects spermatogenesis which may lead 
to a continuous damage of the testicular function and structure and subsequent future infertility following BOL 
cessation, explaining the common genital progressive disturbances of athletes and body builder. 

The behavioral responses to AAS depend on the chemical structure of the steroid administered, the age of 
animal, dose and duration of treatment (Clark and Henderson, 2003). This experiment demonstrated that treatment of 
male rabbit with BOL led to increased levels of aggressive and reproductive behaviors. In contrast, BOL-
withdrawal animals showed significantly lower levels of sexual behavior and did not show heightened 
aggression when compared with control group. 

A marked increase in sexual intercourse frequency was detected after BOL administration. A significant 
difference was observed in the number and latency of both mounts and ejaculations as a result of BOL treatment. 
While withdrawn animals showed absolute frigidity. In addition, it has been observed that the male animal mounts 
other males, also, long intromissions latency and decrease ejaculation number are indicative of the onset of
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sexual satiety (Arteaga et al., 2000), which is the inhibition of masculine sexual behavior after repeated ejaculations. 
These results are in agreement with previous work in which the treatment with small doses of naloxone increased 
libido in bucks (Fuentes et al., 1997). The varaiation of sexual behavior between BOL-treated and withdrawal 
groups may be linked with variable TES level observed in this experiment, where as TES is one of the hormones 
that modulates sexual behavior (Crews, 1993). 

This finding stands in contrast to previous studies, adult male rats treated with TES and TES cypionate do 
not display altered reproductive behaviors when compared to controls (Farrell and McGinnis, 2003). However, TES 
administered to intact adolescent male rats increased sexual behaviors in adulthood (Wesson and McGinnis, 2006). 
Also, long-term treatment of male rats with oxymethelone, stanozolol, nandrolone, or 17α-methyltestosterone during 
adolescence and continuing to adulthood results in a decrease in sexual behaviors (Farrell and McGinnis, 2003; 
Feinberg et al., 1997). 

In fact, we found that BOL-withdrawal decreases sexual behavior, similar reductions in sexual behavior in 
response to exposure to supraphysiological levels of androgens have been reported in rats up to 9 weeks after 
withdrawal (Farrell and McGinnis, 2004) and hamsters (Meek et al., 1997). The decrement in sexual behavior induced 
by high levels of exogenous androgen may be secondary to a general suppression of endogenous hypothalamic–
pituitary– gonadal axis function. 

Conclusion 
The results of this work suggested that the use of exogenous androgen, BOL had no effect on body weight gain 

but induced a deleterious effect on hormonal and behavioral events, which can be reflected by changes in the weights 
of the testis which confirmed by the histopathological examination of testis of treated male rabbit, hormonal status and 
sperm characterstics alterations. Besides, aggressive behavior and sexual behavior disruptions. Hence, affect in 
animal future fertility even after cessation of BOL. Considering the results of the study, further studies needed to 
clarify more BOL alterations including before the puberty period also longer withdrawal period over 6 weeks. 
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