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Luthman, J., and S. O. Jacobsson: Acute metabolic effects of clenbuterol in calves. 
Acta vet. scand. 1993, 34, 169-174. -The acute metabolic effects of clenbuterol were 
studied in calves. Clenbuterol was given intravenously at a dose of 1 µg/kg body weight. 
Glucagon was used to increase insulin secretion. Pretreatment with clenbuterol did not 
change the glucagon-induced hyperglycremia, but the serum levels of insulin were sig
nificantly higher. Clenbuterol showed a significant lipolytic effect. The postprandial in
creases in glucose and insulin were significantly higher in clenbuterol treated calves. 
The findings are in accordance with results from earlier studies where clenbuterol was 
given orally in much higher doses. 

lipolysis; insulin. 

Introduction 
The B-agonists clenbuterol and cimaterol are 
known to change body composition by stimu
lation of muscle growth and reduction of fat 
accretion and are therefore often called repar
titioners. By using these drugs in the feed it is 
possible to obtain clean meat from cattle, 
swine, lambs and poultry. The research in this 
field has been intense and a comprehensive 
review was published by Meersmann (1989). 
Besides the effect on body composition B-ag
onists also enhance growth and their use as 
feed additives has therefore been considered 
to be of significant economic importance. B
agonists are however not approved as growth 
promoters or repartitioners. In veterinary 
medicine clenbuterol is approved as a bron
chodilator. It has also been suggested that B
agonists have a potential use in the treatment 
of obesity in man (Blum & Flilckiger 1988). 
The metabolic effects leading to the described 
changes are not completely understood. Mus
cle hypertrophy has been described in chroni
cally treated animals by several authors e.g. 
Beermann et al. (1987), Hamby et al. (1986), 

and it was suggested from the results of Boho
rov et al. (1987) that muscle hypertrophy 
probably is the result of decreased protein 
degradation. 
B-agonists are known to have lipolytic proper
ties (Luthman, 1972). There are however 
great differences between various species in 
the lipolytic response to B-agonists. It seems 
possible from the review of Meersmann 
(1989) that the reduction of adipose tissue in 
some species may be due to increased lipoly
sis in others to decreased lipogenesis. 
The oral dose of clenbuterol used for reparti
tioning is 10-20 µg/kg body weight (Blum & 
Flilckiger 1988). The primary aim of the 
present investigation was to study the acute 
metabolic effects of the much lower paren
teral dose used for broncho-dilatation (0.8-1 
µg/kg). 

Material and methods 
Eleven calves of the Swedish Red and White 
Breed were used in the study. The calves were 
4-6 weeks old and were held in individual 
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Figure 1. Influence of clenbuterol on the glucose response to glucagon in calves (n=5). Glucagon, 4 µg/kg i.v. 
-. Clenbuterol (1 µg/kg) + glucagon ----. Clenbuterol was given 20 min before glucagon. 
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Figure 2. Influence of clenbuterol on the insulin response to glucagon in calves (n=5). Glucagon, 4 µg/kg i.v. 
-. Clenbuterol (1 µg/kg + glucagon ----. Clenbuterol was given 20 min before glucagon. 
*** p<0.001. * O.Ol<p<0.05. 
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Figure 3. Postprandial changes in blood glucose, before -and after---- clenbuterol treatment. n=6. 
* O.Ol<p<0.05. 

pens. Milk replacer (2.51) was fed twice daily 
and the animals had free access to hay. 
Glucagon stimulates the release of insulin, 
and the influence of clenbuterol on glucagon
induced insulin release was studied in the first 
experiment. Five non-fasted calves were used. 
The animals were given an intravenous injec
tion of glucagon, 4 µg/kg body weight, and 
blood was sampled for analysis of glucose and 
insulin. The experiment was repeated after 3 
days but at that occasion 1 µg/kg of clenbute
rol was injected intravenously 20 min.before 
glucagon. 
Glucagon was obtained from Novo Nordisk 
Pharma AB,202 15 Malmo,Sweden and clen
buterol was a gift from Boehringer Ingelheim 
Agrovet,217 48 Malmo,Sweden. 
The influence of clenbuterol on the post pran
dial changes in insulin, glucose and non-ester
ified fatty acids (NEFA) were studied in the 
second experiment. Six calves were used in an 
experiment of cross-over design. Three of the 
calves were given 1 µg/kg of clenbuterol intra
venously 30 min. before the first milk-feeding 
of the day, the others served as controls. The 
experiment was repeated after a week in a 

way so that all calves were treated with clen
buterol. 
Pharmacia Insulin RIA 100 (Pharmacia Diag
nostics AB, S-75182 Uppsala,Sweden) was 
used for insulin analysis. 
Non-esterified fatty acids (NEFA) and glu
cose was analysed enzymatically (Wako 
NEFA C,B-B Diagnostics,S-10462 Stock
holm, Sweden and Uni-kit 111, Roche Pro
dukter AB,S-127 25 Skiirholmen, Sweden). 
Student's t-test was used for statistical calcula
tions. All values given in text and figures are 
means±standard error of the mean. 

Results 
The influence of clenbuterol on glucagon-in
duced hyperglycemia and hyperinsulinemia is 
shown in Figs. 1 and 2. The animals were non
fasted, the figures therefore shows the 
changes from the base-line levels. The prein
jection level of glucose was 4.00±1.13 mmol/l 
in the controls and 4.6±1.24 before clenbute
rol treatment. Corresponding values for insu
lin were 6.09±0.44 µU/l and 9.58±3.82 µU/l. 
As seen from Fig 1 clenbuterol had no influ
ence on the glucagon-induced hyperglycemia, 
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Figure 4. Postprandial changes in NEFA, before - and after---- clenbuterol treatment. n=6. 
** O.OOl<p<0.01. 

while the insulin levels were significantly 
higher after clenbuterol treatment. 
The effects of clenbuterol on the post prandial 
changes in glucose, NEFA and insulin are 
shown in Figs. 3-5. All animals consumed the 
milk replacer within 3-5 min. 
It is obvious from Fig. 3 that clenbuterol did 
not influence the blood glucose level, since 
the means did not differ between -30 min. and 
zero (immediately before feeding). The lipo
lytic effect of clenbuterol is demonstrated in 
Fig. 4, at -30 min. NEFA was 0.42±0.10 mmol/l 
and at zero the mean had increased to 
1.81±0.20 mmol/l. Insulin did not change dur
ing the same period (Fig. 5). 
The expected changes after feeding occurred 
in the controls, blood glucose and insulin in
creased while NEFA decreased. Clenbuterol 
increased the glucose and insulin response to 
feeding significantly and caused a remarkable 
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increase in NEFA. 
No serious adverse effects were observed af
ter injection of clenbuterol, but single calves 
showed transient muscle tremor. 

Discussion 
Glucagon stimulates insulin secretion by 
mechanisms which are supposed to act di
rectly on the B-cells and indirectly by increas
ing the blood glucose level. Glucagon injec
tions can therefore be used to study insulin 
release. The method was successfully used in 
man by Ahren et al. (1987) and in dairy cows 
by Holtenius & Traven (1990). As shown in 
Fig. 2 the method is useful also in calves. 
Fig. 1 shows that glucagon-induced hypergly
cemia was not influenced by clenbuterol, 
while the insulin levels were significantly in
cresed. 
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Figure 5. Postprandial changes in serum insulin, before - and after---- clenbuterol treatment. n=6. 
*** p<0.001, ** O.OOl<p<0.01. 

The levels of glucose and insulin were signifi
antly higher after clenbuterol treatment. It is 
obvious that clenbuterol is a potent lipolytic 
agent in calves, since NEFA increased re
markably after feeding. The control group on 
the other hand showed the expected decline. 
Earlier studies with norepinephrine in rumi
nants (Luthman 1972) showed that this B-ago
nist has both glycogenolytic and lipolytic 
properties. It seems as clenbuterol has no gly
cogenolytic properties in calves as blood glu
cose did not increase within the 30 min. from 
injection to feeding (Fig. 3). 
The results are very similar to what has been 
reported earlier after oral doses of 10-25 
µg/kg body weight given in milk replacer 
(Blum & Flackiger 1988).They concluded that 
the effects on glucose, NEFA and insulin were 
mediated by B-adrenoceptors as all effects 
could be fully inhibited by the B-antagonist 

propranolol.It was also suggested that clenbu
terol induces insulin resistance within hours, 
since the calves showed decreased glucose 
clearence rate and an excessive insulin re
sponse when glucose tolerance tests were per
formed 6 hours after clenbuterol administra
tion. The results were confirmed in a later 
study (Zimmerli & Bluml990) where it also 
was demonstrated that clenbuterol treated 
calves showed no blood glucose response to 
insulin. The most interesting results were 
however that the studied metabolic effects of 
clenbuterol disappeared after prolonged 
treatment. The postprandial changes in blood 
glucose, NEFA and insulin were normalized 
after 14 days of treatment. The results agree 
with other studies where it was shown that ba
sal lipolysis was unaffected or depressed after 
long-term treatment with B-agonists (Meer
smann et al. 1987, Miller et al. 1988). 
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It seems probable that the long-term effects of 
B-agonists are more important for repartition 
of nutrients than the acute effects. Beerman et 
al. (1987) demonstrated that lambs fed B-ago
nists for several weeks showed lower blood 
levels of somatotropin, insulin and thyroxine 
than the controls. These endocrine changes 
may partly explain the long-term effects of B
agonists. 
Clenbuterol is approved in Sweden for the 
treatment of bronchospasm in horses. The 
recommended dose is 0.8 µg/kg. The results 
from the present study show that parenteral 
doses at this level induce the same acute meta
bolic changes in calves as the higher oral doses 
(up to 20 µg/kg/day) which are used for repar
tition and growth enhancement. 
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Sammanfattning 
Akuta metaboliska eftekter av clenbuterol hos kalv. 

De akuta metaboliska effektema av B-agonisten 
clenbuterol studerades hos kalv. Clenbuterol gavs 
intraventist i dosen 1 µg/kg. 
Glukagon anvandes for att tika insulinsekretionen. 
Clenbuterol hade ingen effekt pa glukagon-induce
rad hyperglukemi, daremot var insulinnivaema sig
nifikant htigre hos djur som ftirbehandlats med clen
buterol. Den lipolytiska effekten av clenbuterol var 
mycket pataglig. Djur som behandlats med clenbute
rol visade signifikant htigre serumkoncentrationer 
av glukos, fria fettsyror och insulin efter utfodring. 
Resultaten ar i tiverensstammelse med tidigare 
studier dar clenbuterol givits oralt i mycket htigre 
doser. 
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