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FRANCES, H., S. DANTI, A.-J. PUECH AND P. SIMON. Disappearance of the decrease in biting behavior induced by 
clenbuterol, a beta-adrenergic agonist, after chronic administration. PHARMACOL BIOCHEM BEHAV 21(2) 313-316, 
1984.--The beta-adrenergic agonist clenbuterol decreased interest in food in starved mice, 30 minutes after administration. 
This effect disappeared after repeated treatment with clenbuterol (0.25 mg/kg, twice daily). Three chronic injections were 
sufficient to prevent the effect of an acute dose of clenbuterol (0.125 mg/kg) up to 45 hours after treatment. 
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ONE of the consequences of treatment with beta-adrenergic 
agon~sts is to decrease interest in food in food-deprived 
animals [3, 13, 14, 16, 21, 22, 26, 27]. Some effects of acute 
administration of beta-adrenergic agonist have been shown 
to disappear after chronic treatment. It has been reported 
that repeated administration of beta-adrenergic agonists in- 
duced "in vivo" a decreased response to acute treatment [1, 
5, 18] and, in vitro, a down-regulation of beta-adrenergic 
receptor number and a decrease in beta-adrenergic stimu- 
lated cAMP formation [2, 7, 23, 25, 29]. Inversely hypersen- 
sitivity to adrenergic stimulation is observed after long term 
administration of beta-blocking drugs [4]. We wished, there- 
fore, to determine whether repeated stimulation with beta- 
adrenergic agonists would decrease the effect of these sub- 
stances on biting behavior in mice. 

METHOD 

The mice (male Swiss NMRI strain) weighed 20-25 g at 
the beginning of the experiments. Food and water were 
supplied ad lib. Food was withdrawn 24-27 hours before 
testing. 

The "Tantalus"  test, described by Dumeur et al. [9] was 
performed as follows. A food pellet of the type normally 
given to the mice was wrapped in a fine wire mesh in such a 
manner that the mice could not eat the pellet. This wire mesh 
wrapped pellet was then placed in the cage of a mouse de- 
prived of food for one day. The number of times the animal 
bit the mesh was counted for 2 minutes after a 15 second 
habituation period. The test was always performed in the 
afternoon. 

The test drug was administered by intraperitoneal route 
(IP) in a volume of 0.25 ml/20 g body weight, 30 minutes 
before the test session. The controls received demineralized 
water which was used as the solvent. Chronic treatment 
consisted of intraperitoneal injections of clenbuterol (0.25 
mg/kg) twice daily (between 8:30 and 9:30 a.m.; between 
5:00 and 6:30 p.m.). Controls received water. The animals 
were tested 6 hours after the last chronic injection, in order 
to determine the period of treatment necessary for "resist- 
ance" to develop. The disappearance of resistance was 
monitored as indicated in the text. Groups of ten mice, or 
multiples of 10, were used for each dose of the drug. Statisti- 
cal analysis was performed using one-way analysis of vari- 
ance followed by the Dunnett test [10], for Table 1 and Fig. 
2. To determine the degree of resistance (Fig. 1), the method 
of Litchfield and Wilcoxon [24] was used to calculate the 
EDso's and their limits. 

RESULTS 

In the "Tantalus"  test, the number of bites decreased but 
did not disappear following clenbuterol treatment. Residual 
bitings when the decrease was maximal was 40-30% of the 
control score. Test doses were the lowest dose producing the 
maximal effect (0.125 mg/kg) and one four times higher. 

Development of  Resistance (Table 1) 

In animals pretreated once or repeatedly with water, 
clenbuterol (0.125 and 0.5 mg/kg) administered 30 minutes 
before the test decreased the number of bites. Because of 
widely varying results indicated by the S.E.M., this effect 
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T A B L E  1 

TANTALUS TEST: EFFECT OF ACUTE CLENBUTEROL TREATMENT ON THE NUMBER OF BITES AFTER CHRONIC TREATMENT WITH 
WATER OR CLENBUTEROL* 

Chronic 
Treatment 

Acute 
Clenbuterol 
mg/kg 

Water Clenbuterol 0.25 mg/kg 

0 0.125 0.5 0~ 0.125 0.5 

Number of 
Injections 

1 9.5-+1.2 5.5-+1.2 N.S. 5.7-+1.1 N.S. 14.3_+0.95 8.6-+1.5§ 10.5_+1.2N.S. 
3 10.5-+1.7 5.7-+1.3 N.S. 5.3-+1.5 N.S. 13.2-+2.2 N.S. 12.8-+1.3 N.S. 11.2-+1.9N.S. 
5 12.9-+1.1 5.4-+1.5§ 5.4-+1.7§ 12.6-+1.6 N.S. 11.9+-1.3 N.S. 9.1-+1.5N.S. 
7 12.5-+1.5 5.5___1.5§ 5.1-+1.0§ 12.4-+1.4 N.S. 13 -+1.7 N.S. 13.6-+2.0N.S. 

15 11.9-+0.8 4.4-+1.2§ 2.2-+0.7§ 14.9_+2.2 N.S. 11.1-+1.3 N.S. I1.0-+I.5N.S. 
23 10.7-+1.2 5.9_+1.8 N.S. 4.5-+0.9 N.S. 14.9-+2.3 N.S. 15.7-+2.1 N.S. 13.3_+2.4N.S. 

*Mice were deprived of food for 24-27 hours. Acute doses, administered 30 minutes before test. 
The number of times mesh wrapped food pellet bitten in 2 minutes after 15 seconds habituation: reported as mean _+ s.e.m., n= 10-20. 
Last injection of chronic treatment (2 injections per day, 8:30-9:30 a.m.; 5:00-6:30 p.m.) given in the morning approximately 6 hours 

before performance of the test. 
tStatistical significance calculated with respect to controls treated chronically and acutely with water. In the other columns significance 

with respect to controls receiving the same chronic treatment. 
Statistics: one-way analysis of variance F(5,112)=7.77, p<0.001. 
Dunnett's Test [10]: $p<0.05; §p<0.01. 

was not always significant even  when the number  of  bites 100 
decreased  more than 50%. Howeve r ,  when animals were  
pre t reated with clenbuterol ,  biting did not decrease  except  '~ 
after a single pre t rea tment  with clenbuterol  6 hours before 
acute  t reatment .  In this case,  the number  o f  bites (8.6 and ~ "~ 
10.5 with doses  of  0.125 and 0.5 mg/kg respect ive ly  was simi- ~ ~ 5o 

lar to the score o f  controls  receiving water  only,  e i ther  ._: 
chronical ly and acutely (9.5 bites). In most  cases  the biting of  ~e 

controls  receiving clenbuterol  chronical ly was higher than 
that  o f  controls  receiving water.  When compar isons  be tween  ,~ 
the two controls  were  per formed for each exper iment  inde- 0 
pendent ly ,  a significant difference was found only after one 
pret reatment .  If, however ,  the compar isons  be tween  the 
controls  receiving clenbuterol  chronical ly and these receiv-  
ing water  chronical ly was per formed by combining the 
groups regardless of  the number  of  pre t rea tments  the follow- 
ing results were  obtained.  The mean number  of  bitings in 
controls  pre t reated with water  was 10.83-+0.54 (n=70) and in 
controls  pre t reated with clenbuterol  13.78-+0.66 (n=69);  
using a one-way analysis of  var iance,  the difference be tween  
the two values was highly significant (p<0.001). 

Degree of Resistance (Fig. 1) 

Dose- response  curves  of  the effect  o f  acute administra- 
t ion of  c lenbuterol  on the " T a n t a l u s "  test  were  established 
using mice rendered resistant  to acute  t rea tment  by pre- 
t reatment  (3 times) with clenbuterol  compared  to water  (3 
administrations) treated controls.  Using the method  de- 
scribed by Litchfield and Wilcoxon [24], we calculated the 
effect ive dose which reduced the number  o f  bites to half  
(50%) maximal  (ED~0) after t ransformat ion of  the results to 
account  for the fact that the reduct ion in biting is incomplete  
under  these conditions.  The ED.~0's and their  fiducial limits 
for reducing the effect  to half  maximal  was 0.03 mg/kg 
(0.02-0.04) for mice chronical ly t reated with water ,  and 3.5 
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FIG. 1. Tantalus test: degree of resistance to acute administration of 
clenbuterol after chronic treatment. Chronic treatment consisted of 
3 injections (IP) of water (©) or 0.25 mg/kg clenbuterol (O). The test 
was performed 6 hours after the last chronic injection. The mice had 
been deprived of food 24--27 hours before the experiment. The test 
doses progressed geometrically as multiples of two. Statistics: the 
doses decreasing the effect to 50% of the maximum (this maximum 
being 60-70% of the total effect) has been calculated using the test of 
Litchfield and Wilcoxon. The results are indicated in the text. 

mg/kg (2.59-4.73) for mice chronical ly t reated with clen- 
buterol.  

Disappearance of Resistance (Fig. 2) 

Resis tance to clenbuterol  could be de tec ted  6 hours after 
the third pre t rea tment  with clenbuterol  (0.25 mg/kg). The  
effect  was tested 21, 30, 45 and 54 hours after the third pre- 
t reatment .  Clenbuterol  (0.125 mg/kg) administered 30 min- 
utes before the test was ineffect ive for 30 hours following 
pret reatment .  Its effect iveness  was partially restored after  45 
hours and complete ly  res tored 54 hours after pre t reatment .  
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FIG. :2. Tantalus test: time course of disappearance of resistance to 
acute administration of clenbuterol after chronic treatment. Chronic 
treatment consisted of 3 injections (IP) of water ((3) or 0.25 mg/kg 
clenbuterol (Q). The test was performed 6, 21, 30, 45, 54 hours after 
the last chronic injection. The mice (10 per group) were deprived of 
food 24 to 27 hours before the experiment. The test dose was 0.125 
mg/kg. The mean number of bitings was obtained from 10 mice per 
dose. Vertical bars represent the S.E.M. Open bar: controls 
(chronic and acute water); shaded bar: controls (chronic clen- 
buterol; acute water). Statistics: one-way analysis of variance, 
F(9,87)=6.18, p<0.001. Dunnett test [10]: *p<0.05; **p<0.01. 

DISCUSSION 

Cienbuterol, a beta-adrenergic agonist specific of beta 2 
receptors [6,11], administered acutely decreases the biting 
behavior of starved mice. This behavior is not necessarily 
equivalent to feeding behavior. However, a parallelism is 
observed between the results of the "Tantalus" test and the 
ED.~o"s obtained in a test of anorexia performed in rats with 
fenfluramine, d-amphetamine, amfepramone and cloben- 
zorex (Dumeur et  al . ,  personal communication). Moreover, 
the experiments described by Borsini et  al .  [3] demonstrated 
that the beta-adrenergic agonist salbutamol decreased food 
intake in rats. Salbutamol and isoproterenol also decreased 
biting behavior in the "Tantalus"  test and clenbuterol is far 
more active than the other two beta-adrenergic agonists 
[13,14]. The greater activity of clenbuterol compared to sal- 
butamol is probably explained by its greater lipophilicity 
which allows it to cross the blood brain barrier more readily 

[ 17,28]. This would suggest that clenbuterol acts on the CNS 
to produce biting behavior. 

This study demonstrates that the clenbuterol induced de- 
crease in biting behavior in starved mice disappears follow- 
ing chronic administration of this substance. Similar effects 
have been observed in other models. The development of 
resistance to the effects of beta-adrenergic agonists on 
cAMP and plasma glucose has been described in pregnant 
women treated with salbutamol [30]. Subchronic treatment 
(4 days) of female rats with isoprenaline reduced the relaxant 
effect of the drug on the uterus and decreased the density of 
beta-adrenergic receptors in myometrium membrane prep- 
arations [18]. It has been reported that intense use of beta- 
adrenergic agonists by asthmatic patients reduces their ef- 
fectiveness on the respiratory system [5], but contradictory 
results have also been reported [19]. The increase in cardiac 
rhythm observed in man and dogs after rapid intravenous 
injection of isoprenaline is attenuated during intravenous in- 
jections lasting 15 to 210 minutes. The relaxant effect of 
isoprenaline and salbutamol on isolated fragments of rabbit 
thoracic aorta [15] could no longer be observed after pro- 
longed exposure to the drugs. The decrease in exploratory 
behavior of rats after acute clenbuterol is reversed after 
chronic treatment [8]. 

The "resistance" in biting behavior induced by clen- 
buterol might be explained by a reduction in the number of 
beta-adrenergic receptors. This has been observed in rat cor- 
tex after peripheral administration of the drug [17]. The in- 
crease in biting behavior on control mice chronically treated 
with clenbuterol compared the control mice chronically 
treated with water may be another manifestation of the same 
phenomenon. If a beta-adrenergic stimulation occurs in sa- 
tiety, as has been proposed [21], a reduction of this stimula- 
tion may reduce satiety and increase feeding behavior. When 
the number of beta-adrenergic receptors is decreased by a 
chronic treatment with a beta-stimulant a reduction in the 
action of endogenous noradrenaline may be expected. These 
results have two implications: firstly, the use of beta- 
adrenergic agonists as anorectics in man should be envisaged 
with prudence and only after long term study in animals. 
Secondly, the beta-adrenergic stimulant, salbutamol, has 
been shown to have, in animals, the psychopharmacological 
profile of an antidepressant drug [12] and has been used suc- 
cessfully in the treatment of depressive illness [20, 23, 31]. 
Its use for a prolonged period may lead to "resistance" to its 
antidepressant effects. This is now being studied in animals. 

ACKNOWLEDGEMENTS 

This research was supported in part by a grant from the INSERM 
(contrat n ° 133029, thrme: "'Etats drpressifs, ralentissement 
idromoteur et systrmes noradrrnergiques." PRC: Sant6 mentale et 
cerveau. We thank Boehringer-Ingelheim laboratories for their 
generous gift of clenbuterol. 

REFERENCES 

I. Abbrachio, M. P., F. Cattabeni, E. Coen, Y. Torres-Hernandez 
and C. Omini. Beta-adrenoceptor desensitization in rat lung: 
functional and biochemical aspects. Eur J Pharmacol  89: 35-42, 
1983. 

2. Blumberg, J. B., J. Vetulani, R. J. Stawartz and F. Sulser. The 
noradrenergic cyclic AMP generating system in the limbic fore- 
brain: pharmacological characterization in vitro and possible 
role of limbic noradrenergic mechanisms in the mode of action 
of antipsychotics. Eur J Pharmacol  37: 357-366, 1976. 

3. Borsini, F., C. Bendotti, P. Thurlby and R. Samanin. Evidence 
that systematically administered saibutamol reduces food intake 
in rats by acting on central beta-adrenergic sites. Life Sci  3@: 
905-91 l, 1982. 

4. Boudoulas, H., R. P. Lewis, R. E. Kates and G. Dalamangas. 
Hypersensitivity to adrenergic stimulation after propranolol 
withdrawal in normal subjects. Ann  Intern Med  87: 433-436, 
1977. 



316 F R A N C E S ,  DANTI ,  P U E C H  A N D  S I M O N  

5. Conolly, M. F., D. S. Davies, C. T. Dollery and C. F. George. 
Resistance to fl-adrenoceptor stimulants (a possible explanation 
for the rise in asthma deaths). Br J Pharmacol 43: 38%402, 
1971. 

6. Delbarre, B., D. Senon and H. Schmitt. Comparison between 
central effects induced by T.R.H. and a/32-adrenoceptor stimul- 
ant agent, clenbuterol (NAB 365). In: Molecular Biology and 
Pharmacology o f  Cyclic Nucleotides, edited by G. Folco and R. 
Paoletti. Amsterdam: Elsevier North-Holland Biomedical 
Press, 1978. 

7. Dibner, M. D. and P. B. Molinoff. Agonist induced changes in 
beta-adrenergic receptor density and receptor-mediated re- 
sponsiveness in slices of rat cerebral cortex. J Pharmacol Exp 
Ther 210: 433-439, 1979. 

8. Dooley, D. J., A. Delini-Stula, E. Mogilnicka, K. Hauser and 
H. Bittiger. Some neurochemical and behavioral effects of clen- 
buterol, a centrally active/3-adrenergic agonist. In: Symposium 
on Catecholamines: Abstract. Grteborg, July 1983, p. 117. 

9. Dumeur, G., B. Hue, M. A. Mouries and J. M. Lwoff. Action 
des medicaments psychotropes sur un test de comportement 
chez la Souris (test de Tantale). 7th International Congress on 
Pharmacology IUPHAR, July 16-21, 1978. 

10. Dunnett, C. W. New tables for multiple comparisons with a 
control. Biometrics 20: 482-491, 1964. 

11. Engelhardt, V. G. Pharmakologisches Wirkungsprofil von NAB 
365 (clenbuterol), einem neuen Broncholytikum mit einer selek- 
tiven wirkung auf die adrenergen/32-rezeptoren. Arzneimittel- 
forsch 26: 1404-1420, 1976. 

12. Frances, H., A. J. Puech et P. Simon. Profil psychophar- 
macologique de l'isoprrnaline et du salbutamol. J Pharmacol 
(Paris) 9: 25-34, 1978. 

13. Frances, H., S. Danti et P. Simon. Test de Tantale, activite 
motrice et stimulants brta-adrrnergiques. J Pharmacol (Paris) 
13: 135, 1982. 

14. Frances, H., A. J. Puech, S. Danti and P. Simon. Attempt at 
pharmacological differentiation of central fl-adrenergic recep- 
tors. Eur J Pharmacol 92: 223-230, 1983. 

15. Franklin, T. J. and W. P. Morris. Beta-adrenergic desensitiza- 
tion in rabbit aortic strips. Artery 3" 576-591, 1977. 

16. Goldman, H. W., D. Lehr and E. Friedman. Antagonistic ef- 
fects of alpha and beta-adrenergically coded hypothalamic 
neurons on consummatory behavior in the rat. Nature 231: 
453-455, 1971. 

17. Hall, H., M. Sfillemark and S. B. Ross. Clenbuterol, a central 
beta-adrenoceptor agonist. Acta Pharmacol Toxicol 47: 159- 
160, 1980. 

18. Johansson, S. R. M. and R. G. Anderson. Mechanisms of beta- 
adrenergic desensitization in rat myometrium. Acta Pharmacol 
Toxieol 49: 241-244, 1981. 

19. Larsson, S., N. Svedmyr and G. Thiringer. Lack of bronchial 
beta-adrenoceptor resistance in asthmatics during long-term 
treatment with terbutaline. J Allergy Clin Immunol 59: 93-100, 
1977. 

20. Lecrubier, Y., A. J. Puech, R. Jouvent, P. Simon and D. Wid- 
16cher. A beta-adrenergic stimulant, salbutamol vs. clomi- 
pramine in depression: a controlled study. Br J Psychiatry 136: 
354--358, 1980. 

21. Leibowitz, S. F. Hypothalamic beta-adrenergic "satiety" sys- 
tem antagonize an alpha-adrenergic "hunger" system in the rat. 
Nature 226: 963-964, 1970. 

22. Leibowitz, S. F. Hypothalamic alpha and beta-adrenergic sys- 
tems regulate both thirst and hunger in the rat. Proe Natl Acad 
Sei USA 68: 330-334, 1971. 

23. Lerer, B., R. P. Ebstein and R. M. Belmaker. Subsensitivity of 
human beta-adrenergic adenylate cyclase after salbutamol 
treatment of depression. Psychopharmacology (Berlin) 75: 
16%172, 1981. 

24. Litchfield, J. T. and F. Wilcoxon. A simplified method of 
evaluating dose-effect experiments. J Pharmacol 96: 99-113, 
1949. 

25. Mickey, J., R. Tate and R. J. Lefkowitz. Subsensitivity of 
adenylate cyclase and decreased beta-adrenergic receptor bind- 
ing after chronic exposure to ( - )  isoproterenol in vitro. J Biol 
Chem 250: 5727-5729, 1975. 

26. Moberg, G. P., C. R. Clark and D. W. Robinson. Observations 
on the ontogeny of the feeding response to beta-adrenergic 
agonists and antagonists. Br Vet J 129: XXVII-XXVIII, 1973. 

27. Robinson, D. W. and G. P. Moberg. The feeding response to 
beta-adrenergic active agents during lactation-induced hyper- 
phagia. Br Vet J 134: 501-506, 1978. 

28. Ross, S. B. Antagonism of reserpine-induced hypothermia in 
mice by some beta-adrenoceptor agonist. Acta Pharmacol Toxi- 
co/47: 347-350, 1980. 

29. U'Prichard, D. C. and S. J. Enna. In vitro modulation of CNS 
beta-receptor number by antidepressants and beta-agonists. Ear 
J Pharmacol 59: 292-301, 1979. 

30. Wager, J., B. B. Fredholm, N. O. Lunell and B. Persson. De- 
velopment of tolerance to oral salbutamol in the third trimester 
of pregnancy: a study of circulatory and metabolic effects. Br J 
Clin Pharmacol 12: 42%434, 1981. 

31. Widl6cher, D., P. Simon, J. F. AUilaire, R. Jouvent, Y. Lec- 
rubier et A. J. Puech. Une nouvelle approche dans le traite- 
ment des 6tats d6pressifs: le salbutamol. Ann Med Intern 129: 
419-422, 1978. 


