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Abstract 

 The aim of this study was to investigate the effects of long-term administration of clenbuterol on the 

histomorphometry and histopathology of testicular tissue in mice. 30 male NMRI mice were divided into three 

groups including the control group that received (0.1 ml of normal saline) the second group, (2.5 mg /kg 

clenbuterol) and the third group (8 mg/kg clenbuterol) that received for 30 consecutive days. At the days 3 and 30 

from the beginning of the study, five mice were randomly sacrificed from each experimental group. The testicular 

tissue was removed from the right testis and fixed in the Bouin's solution for histomorphometric and pathological 

examinations. Degenerative lesions including distortion of the germ cells, reducing their number, and presence of 

vacuoles within the seminiferous epithelium were demonstrated in the clenbuterol treated groups. At the present 

study, administration of clenbuterol decreased spermatogenesis parameters including meiosis index, Johansen 

score, spermatogenesis percentage, seminiferous tubules diameter and epithelium height of seminiferous tubules 

both in the day 3 in low and high dose of clenbuterol with more severity in high dose. On the 30th day, testicular 

degenerative changes due to clenbuterol were more in the low dose of rather than high dose. According to the 

obtained results, it can be concluded that administration of clenbuterol may has potentially negative affect on the 

sperm production and fertility in male mice. 

 

Keywords: Beta-2 agonist; Testes; Infertility; Degeneration; Seminiferous tubules; Spermatogenesis. 

 

1. Introduction 

Clenbuterol [4-amino-alpha-methyl-3, 5-

dichlorobenzyl alcohol hydrochloride], a long-

acting beta-2 agonist is used as a potent 

repartitioning agent to increase lean muscle 

mass in livestock but its use is illegal from FDA 

instruction [1]. In human, clenbuterol uses is for 

dilating pulmonary airways by smooth muscle 

relaxation and decreasing mucus secretion from 

pulmonary tract epithelium in patients with 

asthma [2]. Clenbutrol is the most effective 

bronchodilator that is approved in European 
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union, USA and some other countries. 

Medication is also common in horses with 

chronic respiratory tract stenosis (COPD) [3]. 

Additionally, clenbutrol has anabolic properties 

and its effect for muscle accumulation in sheep, 

broilers, cows and horses is well known [4]. 

Clenbutrol decreases adipose tissue as the 

muscle mass increases [5,6]. It has shown that 

anabolic effects of clenbutrol are through 

binding to beta 2-adrenergic receptors on the 

muscles and motivation of related intracellular 

signaling pathways [7,8]. Protein anabolic 

effect of clenbuterol has led to researchers 

made trials to evaluate efficiency of drug for 

treatment of various diseases affecting muscle 

mass or weakness in human [8].  

Clenbuterol has side effects on various 

organs. Prolonged use of this drug decreases 

aerobic exercise performance in horses, rats and 

mice [9, 10, 11], leads to cardiac hypertrophy, 

myocardial fibrosis and cardiac arrest in rats 

[10]. The administration of clenbutrol at growth 

promoting doses causes acute toxic effects 

including muscle tremor, tachycardia, 

palpitations and nervousness [12, 13]. It is not 

clear that if beta 2-adrenergic drugs, especially 

when used for long-term bodybuilding exercise 

have harmful effects on the reproductive organs 

in males. Some of the previous studies designed 

to respond to this question. Clenbutrol receptors 

have been found in testicular tissue on the 

Sertoli, Leydig, and germ cells [14, 15]. 

Degenerative changes were seen following long 

term administration of clenbutrol in the 

seminiferous tubules [16]. Clenbuterol can also 

affect spermatogenesis by binding to its 

receptors at the germ cell and Sertoli cell 

surface and induces changes in the cellular 

organelles structure and function [14, 17]. At 

the present study, we tried to evaluate effect of 

long-term oral consumption of clenbutrol on 

testicular tissue in mice. 

2. Materials and Methods 

2.1. Animals 

In the present study, 30 adult male NMRI mice 

were purchased from the Kerman Medical 

University, Kerman, Iran. These animals had 6-

8 weeks old and weighting 35-25 g. For 

adaptation to the laboratory environment, 

animals were housed in a propylene cage with 

mesh lid for one week in the Laboratory Animal 

House ofthe Faculty of Veterinary Medicine of 

Shahid Bahonar University of Kerman and 

accessed freely to water and food (pellet form, 

Javaneh Khorasan Co., Iran) during the study. 

Storage conditions were set to 12 hours of light 

and 12 hours of darkness and 22±2°. All 

investigations were conducted in accordance 

with the Guiding Principles for the Care and 

Use of Research Animals published by the 

National Institutes of Health. The study was 

approved by ethics committee of Shahid 

Bahonar University of Kerman (ethical 

approval No.IR.UK.VetMed.Rec. 1398.013). 

2.2. Study design 

Male mice were randomly divided to the 

control and two treatment groups (n=10 in each 

group). The first treatment group was received 

clenbuterol at a dose of 2.5 mg/kg in 0.1 cc once 

a day by gavage (clen-low dose group), the 

second treatment group was received 

clenbuterol at a dose of 8 mg/kg in 0.1 cc once 

a day by gavage (clen-high dose). The control 

animals received normal saline using the same 

volume and similar method. The amount of oral 
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administration of the clenbuterol was chosen in 

the clen-low dose group based on NOEL (no-

observed-adverse-effect level) dose and in clen-

high dose group based on approximately one 

tenth the LD50 dose of clenbuterol in mice [18]. 

Clenbutrol was purchased from Sigma-Aldrich 

Company. Five mice were sacrificed at 3 and 30 

days following treatment from each 

experimental group and their right testes were 

removed for histomorphometrich and 

histopathological assessments. 

2.3. Sample assessments 

Each testicular specimen was fixed in Bouin's 

solution, embedded in paraffin wax, sectioned 

in 5 μm thicknesses, stained with hematoxylin 

and eosin (H&E) and evaluated with a light 

microscope blindly by a pathologist (Nikon, 

Digital Sight DS-Fi2, Japan). Testicular 

function evaluation was done based on the 

previous works [19] and spermatogenesis 

expressed as Johnsen’s score and percent of 

active spermatogenesis in the seminiferous 

tubules (number of seminiferous sections with 

spermatozoa inside them). Miotic index is 

another parameter for estimation of cell death 

during meiosis. Miotic index is characterized 

with the number of round spermatids per 

spermatocyte undergoing meiosis [20]. For 

morphometrical assays, diameter and epithelial 

height in 10 smallest and roundest seminiferous 

tubules were investigated in each sample. 

2.4. Statistical analysis 

Our data were analysis by SPSS17.0 (SPSS 

Inc., Chicago, IL, USA) software. Levene static 

test was used to assessment of data 

homogeneity. Comparison between the 

experimental groups was done using one-way 

analysis of variance (one-way ANOVA) 

followed by the least significant difference test 

(LSD) for multiple comparisons when the 

variances were homogenous, otherwise 

Tamhane’s test was used as post hoc. Values 

were expressed as mean ± SD. P≤0.05 was 

considered as the significant level. 

3. Results and Discussion 

Clenbuterol is belong to the beta 2-adrenergic 

drugs, has been used for many years to increase 

muscle mass in animal industry as well as human 

bodybuilding because of its androgenic properties 

[21]. The adverse effects of non-therapeutic use 

of clenbuterol have been observed in various 

tissues [22, 23]. Reproductive tissues including 

the uterus, ovary [24, 25] and testes [16] were 

considered in order to investigate the side effects 

of clenbuterol. In the present study, clenbuterol 

reduced all testicular functions indices including 

meiosis index, Johnson rating, spermatogenesis 

percentage, diameter and epithelium height of 

seminiferous tubules on day 3 and 30 after the 

onset of treatment. To the best of our knowledge, 

there is no study that describes testicular 

morphometrical indices for the use of clenbuterol 

in mice.  

In the control group on day 3 and 30, testis had 

intact seminiferous tubules with different stages 

of germ cells (spermatogonia, primary 

spermatocyte, and secondary spermatocyte) that 

normally arranged (Fig.1). 

On 3 days after clenbuterol consumption, the 

clen-low dose group showed moderate 

degenerative lesions, including disruption of the 

germ cells arrangement, reduction in their 
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number, and vacant spaces within the lining 

epithelium of the seminiferous tubules (Fig. 2).  

 

 

Figure 1. Control group. Photomicrograph showing 

normal seminiferous tubules morphology (arrows) (H&E 

staining. Bar=100 µm). 
 

 

 
Figure 2. Clenbuterol treated group with a dose of 2.5 

mg/kg (Clen low dose group) on 3rd day. 

Photomicrograph showing degenerative changes.  The 

order of germ cells has been disrupted and their numbers 

decreased (in the circle) (H&E staining. Bar=100 µm). 
 

In the clen-high dose group, more severe 

degenerative lesions than in the clen-low dose 

group at the same day. The seminiferous tubules 

were smaller and folded, with obvious decrease in 

germ cells and creating multiple gaps in the 

tubules lining epithelium (Fig. 3). In the Clen low 

dose group on day 30, degenerative changes 

slightly were alleviated. In compared with 3th day 

at the same dose, signs of regeneration in the 

seminiferous epithelial tissue were seen. In the 

Clen high dose group on day 30, the seminiferous 

tubules were markedly regenerated in comparison 

to the same dose at day 3, and many seminiferous 

tubules showed hyperplastic and high cellular 

epithelial tissue (Fig. 4). 

 

 
Figure 3. Clenbuterol treated group with a dose of 8 

mg/kg (Clen High dose group) on 3rd day. In this image, 

an obvious decrease in the number of germ cells and 

empty spaces in the lining tissue are evident (arrows) 

(H&E staining. Bar=100 µm). 
 

 
Figure 4. Clenbuterol treated group with a dose of 8 

mg/kg (Clen High dose group) on 30th day. An increase 

in germ cells is seen inside seminiferous tubules, 

indicating the process of regeneration of tissue in this 

group (arrows) (H&E staining. Bar=100 µm). 
 

The average percentages of spermatogenesis are 

listed in Table 1. Clenbuterol consumption 

significantly reduced spermatogenesis in all treated 

groups on day 3 and day 30 compared to control 

group (P≤0.05). At day 3, the rate of reduction in 

spermatogenesis was significantly higher in the 

Clen high dose than in the Clen low dose group 

(P≤0.05). At day 30, the percentage of 

spermatogenesis in the Clen high dose was 

significantly higher than the Clen low dose group 

(P ≤0.05). The percentage of spermatogenesis in 

the Clen low dose group on day 30 compared to 

day 3 showed a significant decrease, whereas in 
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the Clen high dose group, the percentage of 

spermatogenesis was significantly higher on day 

30 than day 3. This pattern of changes was also in 

the Johnsen score and miotic index, except that 

there was no significant difference with the 

Johnsen score in the low dose group on day 30 

compared to day 3 (Tables 2 and 3). 

 

 

Table 1: Mean±SD percentage of spermatogenesis in testes of rats at 3 and 30 days after clenbuterol administration. 

Days after clenbuterol administration 

 3rd days 30th days 

Groups Control Clen Low* *Clen High Clen Low Clen High 

Spermatogenesis 

percentage 
80.60±4.39a 56.75±3.32b 29.20±16.27c 35.80±9.58c 56.50±5.17b 

*Clen Low: Clenbuterol was gavaged with the dose of 2.5 mg/kg/day 
*Clen high: Clenbuterol was gavaged with the dose of 8 mg/kg/day 
a,b,c,ddifferent superscript alphabets show significant difference between experimental groups (P≤0.05) 

 

 

Table 2: Mean±SD of Johnsen’s score in testes of rats at 3 and 30 days after clenbuterol administration. 

Days after clenbuterol administration 

 3rd days 30th days 

Groups Control Clen low* *Clen high Clen low Clen high 

Johnsen’s score 7.86±0.28a 5.05±0.28b 3.47±0.49c 5.16±0.40b 5.92±0.42d 

*Clen Low: Clenbuterol was gavaged with the dose of 2.5 mg/kg/day 

*Clen high: Clenbuterol was gavaged with the dose of 8 mg/kg/day 

a,b,c,ddifferent superscript alphabets show significant difference between experimental groups (P≤0.05) 

 

 

Table 3: Mean±SD of miotic index score in testes of rats at 3 and 30 days after clenbuterol administration. 

Days after clenbuterol administration 

 3rd days 30th days 

Groups Control Clen low* *Clen high Clen low Clen high 

Miotic index 3.32±0.12a 2.04±0.20b 1.04±0.20c 2.30±0.13b 1.50±0.24d 

*Clen Low: Clenbuterol was gavaged with the dose of 2.5 mg/kg/day 
*Clen high: Clenbuterol was gavaged with the dose of 8 mg/kg/day 
a,b,c,ddifferent superscript alphabets show significant difference between experimental groups (P≤0.05) 
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The mean height of the epithelium in the 

different groups are shown in the Table 4. This 

parameter was significantly decreased in all 

treatment groups on days 3 and 30 in comparison 

with the control group (P<0.05). At day 3, the 

height of seminiferous tubules epithelium at Clen-

high dose was significantly lower than the Clen-

low dose group (P≤0.05). At day 30, in the Clen-

high dose group, the epithelium height was 

significantly higher than the same group at day 

3th day. This point indicates a partial improvement 

in tissue texture in this group. Conversely, in the 

Clen-low dose group seminiferous tubules 

epithelium height at day 30 showed a significant 

reduction in compared to day 3. 

Treatment with clenbuterol reduced 

significantly seminiferous tubules diameter at day 

3 and 30 after administration (Table 5). Decrease 

in seminiferous tubules diameter in the Clen-high 

dose group on day 3 was greater than the Clen low 

dose group, whereas this parameter increased in 

the Clen-high dose group at day 30. Seminiferous 

tubules diameter in the Clen-low dose group at 

day 30 was not significantly different from day 3. 

Blanco et al. (2002) showed that long-term 

administration of clenbuterol in male pigs causes 

degenerative change in testicular tissue and 

formation of giant cells in the seminiferous 

tubules epithelium that indicates impaired 

spermatogenesis [16]. Also, there are other 

studies that describe pathological lesions induced 

by clenbuterol in the testes [17, 26]. At the present 

study, degenerative lesions including disorganization 

of germ cells, reduction of their number and hollow 

spaces within the lining of seminiferous tubules 

were observed following use of clenbuterol. 

 
 

Table 4: Mean±SD of the seminiferous epithelial height (μm) in testes of rats at 3 and 30 days after clenbuterol 

administration. 

Days after clenbuterol administration 

 3rd days 30th days 

Seminiferous 

epithelial height 

Control Clen low* *Clen high Clen low Clen high 

59.37±4.23a 49.67±4.46b 25.81±6.57c 39.00±3.52d 46.87±4.05b 

*Clen Low: Clenbuterol was gavaged with the dose of 2.5 mg/kg/day 

*Clen high: Clenbuterol was gavaged with the dose of 8 mg/kg/day 

a,b,c,ddifferent superscript alphabets show significant difference between experimental groups (P≤0.05) 

 

 

Table 5: Mean±SD seminiferous tubules diameter (μm) in testes of rats at 3 and 30 days after clenbuterol administration. 

Days after clenbuterol administration 

 3rd days 30th days 

Seminiferous 

tubules diameter 

Control Clen low* *Clen high Clen low Clen high 

266.66±24.61a 187.22±9.29b 168.66±11.59c 186.95±5.26b 190.90±9.41d 

*Clen Low: Clenbuterol was gavaged with the dose of 2.5 mg/kg/day 
*Clen high: Clenbuterol was gavaged with the dose of 8 mg/kg/day 
a,b,c,ddifferent superscript alphabets show significant difference between experimental groups (P≤0.05) 
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The effect of clenbuterol on testicular tissue 

seems to be due to binding to beta-adrenergic 

receptors, which has been shown to abound on 

Leydig, Sertoli and germ cells [14,27]. Even 

beta2-adrenoceptors have been identified on 

sperm cells [15]. Binding of clenbuterol to these 

receptors result in alterations within the cell 

signaling pathways that eventually disrupt the 

normal function of the cells, which is seen in 

electron microscopy images as pathological 

changes such as the creation of intracellular 

vacuoles [17, 26].  

In the present study, doses of 2.5 and 8 mg/kg 

body weight were used to evaluate the effects of 

clenbuterol on testicular tissue. Dose of 2.5 mg/kg 

is NOEL dose of clenbuterol based on researches 

in mice and means the highest dose of drug 

without side effects. Dose of 8 mg/kg is equal one 

tenth of LD50 of clenbuterol in male mice which 

was considered as higher than usual in our study 

[18]. In farm animals, clenbuterol is usually 

studied in a different way as feed additive and 

consumed dose generally was different from the 

amount of clenbuterol used in the present study. 

For example, Biolati et al., (1994) had added 

1ppm of clenbuterol to the ration to evaluate the 

pathological lesions in pigs. In sports and 

informal sources, the dose of clenbuterol in an 

adult man has been stated between 20 and 40 

micrograms daily. However, some studies in farm 

animals had chosen a dose of 20 micrograms per 

kg body weight, which is still different from the 

baseline dose of clenbuterol in our study [28]. Li 

and Zhu (2015) used doses of 0.4, 2 and 18.5 

mg/kg for investigation of clenbuterol effects on 

the testis, and their justification was that these 

doses were equal to 0.002, 0.01 and 0.1of the 

clenbuterol LD50 in rats respectively [26]. In the 

study of Lynch et al. (1996), a dose of 2 mg/kg 

was used and no reason for choosing this dose of 

clenbuterol was mentioned [29]. 

Interestingly, in the present study, 

deleterious effects of clenbuterol on testicular 

morphometric parameters and histopathologic 

changes in low dose was higher than high dose 

in the long term, whereas in the short term, 

deleterious effects of high dose was more 

severe than low dose especially in the 

spermatogenesis percentage index. Frazer et al. 

(1986) showed that repeated use of clenbuterol 

reduces the number of beta-2-adrenoceptors in 

brain cells [30]. In another study, the usual dose 

of clenbuterol (20 μg/kg) in female calves for 

40 days significantly reduced the number of 

beta-2 adrenoceptors in the uterus and ovary 

[31]. It has been shown that the cellular response 

to repeated administration of natural or synthetic 

ligands decreases very rapidly as a result of the 

decrease in the number of receptors, and this is 

usually a dose-dependent process, and as the 

dose increases, this process occurs more rapidly 

[32, 33]. In Ma and Zhou's (2010) study, short-

term administration of clenbuterol significantly 

increased StAR gene expression, whereas in 

long-term administration there was no effect on 

StAR levels [34]. In the present study, it seems 

that administration of high dose of clenbuterol 

induced its deleterious effects by binding to its 

receptors in the short term and following the 

reduction of beta-2 adrenoceptors in this group 

over time, its deleterious effects decreased. 

Whereas, in the low dose group, the receptors 

were less affected by down-regulation 

mechanism and increased the detrimental effects 

of clenbuterol over time. More examinations are 

required for confirmation of this theory. 
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4. Conclusion 

According to the results, clenbuterol as a long act 

beta-2-adrenergic drug could impact fertility by 

induction of degenerative changes in testicular 

tissue. This impact is under the influence of dose 

and duration of consumption so that, the NOEL 

dose need to long duration for disclose 

clenbuterol side effects in testes. While, high 

doses of clenbuterol induce their adverse effects 

in short time after administration and over time 

due to the down-regulation of its receptors on 

testicular tissue the detrimental effects of it are 

reduced. 

Conflict of interest  

The authors declare to have no conflict of 

interest. 

Funding 

None. 

References 

[1] Kuiper HA, Noordam MY, van Dooren-Flipsen 

MM, Schilt R and Roos AH. Illegal use of beta-

adrenergic agonists: European Community. J Anim Sci. 

(1998) 76 (1): 195-207. 

[2] Wheatley D. Clenbuterol ("Spiropent'): a long-

acting bronchodilator. Curr Med Res Opin. (1982) 8 

(2): 113-9. 

[3] Sasse HH and Hajer R. [Veterinary and clinical 

experience of the use of a beta2-receptor-stimulating 

sympathicomimetic agent (NAB 365) in horses with 

respiratory discase (author's transl)]. Tijdschr 

Diergeneeskd. (1977) 102 (21): 1233-8. 

[4] Kearns CF, McKeever KH, Malinowski K, Struck 

MB and Abe T. Chronic administration of therapeutic 

levels of clenbuterol acts as a repartitioning agent. J 

Appl Physiol (1985). (2001) 91 (5): 2064-70. 

[5] MacLennan PA and Edwards RH. Effects of 

clenbuterol and propranolol on muscle mass. Evidence 

that clenbuterol stimulates muscle beta-adrenoceptors 

to induce hypertrophy. Biochem J. (1989) 264 (2): 573-

9. 

[6] Ricks CA, Dalrymple RH, Baker PK and Ingle DL. 

Use of a b-agonist to alter fat and muscle deposition in 

steers. J. Anim. Sci. (1984) 59: 1247–1255. 

[7] Hinkle RT, Hodge KMB, Cody DB, Sheldon RJ, 

Kobilka BK and Isfort RJ. Skeletal muscle hypertrophy 

and anti-atrophy effects of clenbuterol are mediated by 

the beta2-adrenergic receptor. Muscle Nerve. (2002) 25 

(5): 729-34. 

[8] Lynch GS and Ryall JG. Role of beta-adrenoceptor 

signaling in skeletal muscle: implications for muscle 

wasting and disease. Physiol Rev. (2008) 88 (2): 729-67. 

[9] Ingalls CP, Barnes WS and Smith SB. Interaction 

between clenbuterol and run training: effects on 

exercise performance and MLC isoform content. J 

Appl Physiol (1985). (1996) 80 (3): 795-801. 

[10] Duncan ND, Williams DA and Lynch GS. 

Deleterious effects of chronic clenbuterol treatment on 

endurance and sprint exercise performance in rats. Clin 

Sci (Lond). (2000) 98 (3): 339-47. 

[11] Kearns CF and McKeever KH. Clenbuterol 

diminishes aerobic performance in horses. Med Sci 

Sports Exerc. (2002) 34 (12): 1976-85. 

[12] Illera JC, Silván G, Blass A, Martínez MM and 

Illera M. The effect of clenbuterol on adrenal function 

in rats. Analyst. (1998) 123 (12): 2521-4. 

[13] Mitchell GA and Dunnavan G. Illegal use of beta-

adrenergic agonists in the United States. J Anim Sci. 

(1998) 76 (1): 208-11. 

[14] Adeoya-Osiguwa SA, Gibbons R and Fraser LR. 

Identification of functional alpha2- and beta-adrenergic 

receptors in mammalian spermatozoa. Hum Reprod. 

(2006) 21 (6): 1555-63. 

[15] Renier G, Gaulin J, Gibb W, Collu R and 

Ducharme JR. Effect of catecholamines on porcine 

Sertoli and Leydig cells in primary culture. Can J 

Physiol Pharmacol. (1987) 65 (10): 2053-8. 

[16] Blanco A, Artacho-Pérula E, Flores-Acuña R, 

Agüera E and Monterde JG. Quantitative modification 

of the testicular structure in pigs fed with anabolic 

doses of clenbuterol. Vet Res. (2002) 33 (1): 47-53. 



Testicular damages after Clenbuterol consumption 

87 

[17] Blanco A, Flores-Acuña F, Roldán-Villalobos R 

and Monterde JG. Testicular damage from anabolic 

treatments with the beta(2)-adrenergic agonist 

clenbuterol in pigs: a light and electron microscope 

study. Vet J. (2002) 163 (3): 292-8. 

[18] Kast, A. Teratological testing with the compound 

NAB-365 CL on rabbits, oral administration. 

Unpublished report. Submitted to WHO by Boehringer 

Ingelheim Vetmedica GmbH, Ingelheim am Rhein, 

Germany 1973. 

[19] Jafari O, Babaei H, Kheirandish R, Samimi AS 

and Zahmatkesh A. Histomorphometric evaluation of 

mice testicular tissue following short- and long-term 

effects of lipopolysaccharide-induced endotoxemia. 

Iran J Basic Med Sci. (2018) 21 (1): 47-52. 

[20] Kheirandish R, Askari N and Babaei H. Zinc 

therapy improves deleterious effects of chronic copper 

administration on mice testes: histopathological 

evaluation. Andrologia. (2014) 46 (2): 80-5. 

[21] Mersmann HJ. Overview of the effects of beta-

adrenergic receptor agonists on animal growth 

including mechanisms of action. J Anim Sci. (1998) 76 

(1): 160-72. 

[22] Pulce C, Lamaison D, Keck G, Bostvironnois C, 

Nicolas J and Descotes J. Collective human food 

poisonings by clenbuterol residues in veal liver. Vet 

Hum Toxicol. (1991) 33 (5): 480-1. 

[23] Smith DJ. The pharmacokinetics, metabolism, and 

tissue residues of beta-adrenergic agonists in livestock. 

J Anim Sci. (1998) 76 (1): 173-94. 

[24] Biolatti B, Castagnaro M, Bollo E, Appino S and 

Re G. Genital lesions following long-term 

administration of clenbuterol in female pigs. Vet 

Pathol. (1994) 31 (1): 82-92. 

[25] Zahn V and Krumbachner G. Clenbuterol--a long 

term uterine relaxant. J Perinat Med. (1981) 9 (2): 96-100. 

[26] Li J and Zhu W-j. Changes of testicular 

ultrastructure of rat after clenbuterol exposure. Int. j. 

reprod. contracept. obstet. gynecol. (2015) 26 (1): 1-5. 

[27] Anakwe OO, Murphy PR and Moger WH. 

Characterization of beta-adrenergic binding sites on 

rodent Leydig cells. Biol Reprod. (1985) 33 (4): 815-

26. 

[28] Biolatti B, Bollo E, Re G, Appino S, et al. 

Pathology and residues in veal calves treated 

experimentally with clenbuterol. Res Vet Sci. (1994) 57 

(3): 365-71. 

[29] Lynch GS, Hayes A, Campbell SP and Williams 

DA. Effects of beta 2-agonist administration and 

exercise on contractile activation of skeletal muscle 

fibers. J Appl Physiol (1985). (1996) 81 (4): 1610-8. 

[30] Frazer A, Ordway G, O'Donnell J, Vos P and 

Wolfe B. Effect of repeated administration of 

clenbuterol on the regulation of beta-adrenoceptors in 

the central nervous system of the rat. Ciba Found 

Symp. (1986) 123: 170-90. 

[31] Re G, Badino P, Novelli A and Girardi C. Effects 

of clenbuterol as a repartitioning agent onβ-

Adrenoceptor concentrations in heart, bronchi and 

brain of veal calves. Vet J. (1997) 153 (1): 63-70. 

[32] Badino P, Odore R and Re G. Are so many 

adrenergic receptor subtypes really present in domestic 

animal tissues? A pharmacological perspective. Vet J. 

(2005) 170 (2): 163-74. 

[33] Liggett SB. Update on current concepts of the 

molecular basis of beta2-adrenergic receptor signaling. 

J Allergy Clin Immunol. (2002) 110 (6 Suppl): S223-7. 

[34] Ma JK and Zhu WJ. Effects of the β2 -agonist 

clenbuterol on testicular steroidogenic acute regulatory 

protein mRNA expression in adult rats. J Vet 

Pharmacol Ther. (2010) 33 (6): 558-63. 

 

 

 

 


