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Summary

Chronic administration of clenbuterol, a beta-adrenoceptor agonist (2 mg/kg body weight/day for 30 days) to mice
resulted in an increased body mass. Measurement of dry tissue mass suggested a protein anabolic effect in the
gastrocnemius and heart. Quantitative estimation of collagen content, a non-contractile element as calculated from
hydroxyproline assay revealed its proliferation in the gastrocnemius, cardiac ventricle, intestine and to some extent also
in the kidney. Clenbuterol did not induce collagen proliferation in non-muscle tissues such as the lungs and liver.
Histopathological examination of sections from treated ventricles showed an extensive collagen infiltration in the

subendocardium and at myonecrosis sites.
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Introduction

Beta-adrenoceptor agonists like clenbuterol,
cimaterol and isoproterenol are known to produce
specific protein anabolic effects in skeletal muscle in
addition to lipolysis in the adipose tissue of different
vertebrates (Baker et al. 1984, Choo et al. 1992, Kim and
Sainz 1992, Moore et al. 1994, Kumar et al. 2003,
Agrawal et al. 2003). The drugs are therefore employed
in repartitioning and production of lean meat in
commercial poultry and other animals (Elliott et al.
1993). By virtue of their ability to enhance protein
biosynthesis (Maltin et al. 1992, Hesketh et al. 1992), B-
adrenoceptor agonists are commonly used by athletes
especially those involved in strength and power
performance related games (Delbecke et al. 1995). The
drugs are, however, banned for common use. Clenbuterol,
one of the most widely tested B-adrenoceptor drug, has

been used in concentrations ranging from 1-5 mg/kg body
weight in different vertebrates. In response to such doses
the size of heart, skeletal muscle, bone, lung and kidney
all increase whereas tissues like liver and adipose show a
decrease in mass (Von Deutsch et al. 2000). Protein
anabolic effects of different B-adrenoceptor agonists are
not only restricted to normal innervated skeletal muscles
but have been equally documented in conditions
characterized by atrophy of the constituent muscle cells.
Thus different beta agonists including clenbuterol can
oppose muscle weaknesses in aged muscles (Carter et al.
1991) or conditions arising in a variety of neuromuscular
disorders like denervation atrophy (Zeman et al. 1987,
Agrawal et al. 2003). The drugs can even reverse
1995).

Owing to its bronchodilatory properties, clenbuterol is

dystrophic states (Dupont-Versteegden et al.

also used therapeutically to relieve respiratory disorders
in humans and animals (Boyd et al. 1994). Although B-
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adrenoceptor agonists have potent specific protein
anabolic effects in skeletal muscle, yet a chronic use of
these substances produces a deleterious effect on vital
organs like the heart. An overall hypertrophy of heart in
different animals in response to P-agonist treatments is
well known. Hearts of sedentary rats treated with
clenbuterol exhibited an infiltration of ventricular tissue
2000) and thereby
potentially produces changes in muscle structure and

with collagen (Duncan et al.

functions, such as myocardial fibrosis. Collagen is a non-
contractile protein of the extracellular matrix that controls
the functional organization of the tissue and thereby
modulates myocardial compliance (Eghbali et al. 1988)
and hence cardiac output.

Clenbuterol may even induce cell death and
necrosis in the heart and higher doses of drug (5 mg/kg
body weight) produce myotoxic effects in the heart and
soleus muscle of rats (Burniston et al. 2002). The utility
of chronic use of B-adrenoceptor agonists in producing an
accelerated protein accretion in skeletal muscle is,
however, bellied by simultaneous and deleterious effects
on the heart. The aim of this study was to evaluate, in
both qualitative and quantitative terms, the collagen
proliferation in ventricular tissue of Swiss albino mice by
employing hydroxyproline assay. More specifically we
were interested to confirm tissue-specific collagen
proliferation by including other non-muscle tissues as
well.

Methods

Eight weeks old and sexually mature adult male
white Swiss albino mice, weighing approximately
22 +3 g, were procured from the Central Research
Institute, Kasauli, Himachal Pradesh, India. The mice
were housed in flat bottomed polypropylene cages and
maintained in the animal house of the Department of
Biosciences of Himachal Pradesh University under
appropriate conditions as approved by Institutional
Animals Ethics Committee, providing 16 h daylight and a
temperature of 2442 °C. Animals were provided food and
water ad libitum. A total of 40 mice were divided into
three groups:

(a) Mice (n=15) in the first group were given a
daily oral administration of clenbuterol (2 mg/kg body
weight) for 30 days. Five mice were killed on the last day
of drug administration for (i) quantitative assay and (ii)
qualitative distribution of collagen in left ventricle
respectively. Remaining 5 mice were maintained further

till day 45 but without any drug treatment. This was
specifically aimed at ascertaining the effect of drug
withdrawal on the collagen content, which was finally
determined in these animals on day 45.

(b) Mice (n=10) in the second group received
clenbuterol as in group (a) and also a B-adrenoceptor
(2 mgkg body weight)
simultaneously for 30 days. While 5 mice were killed on

antagonist butoxamine
day 30 for the quantitative assay of collagen, remaining
5 mice were maintained till day 45. This group did not
receive either of the two drugs. Collagen content was
assayed in these mice on day 45.

(c) The third group comprised of age-matched
control mice (n=15). Out of this, 5 mice each were
employed for quantitative assay of collagen on day 30
and 45. Five mice were killed separately on day 30 and
used for studying qualitative distribution of collagen in
left ventricle by van Gieson staining.

A complete record of the body weight and heart
weight of mice used in quantitative assays was
maintained. Cardiac hypertrophy was confirmed by
measuring dry tissue mass using a procedure described
by Agrawal et al. (2003).

Administration of drugs

Each mouse in the group (a) and/or (b) was daily
given an oral dose of clenbuterol and butoxamine
2 mg/kg body weight for 30 days. Stock solutions of
clenbuterol (10 mg/ml) and butoxamine (5 mg/ml) were
prepared in sterilized distilled water. Further dilutions
from stock solutions were performed according to weight
records at the time of the experiment.

Histopathological study

Van Gieson stain (1 part 1 % aqueous acid
fuchsin, 9 parts saturated picric acid and 10 parts distilled
water) was employed to identify proliferation of non-
contractile/collagen distribution in Bouin's fixed 6 pm
thick tissue sections from the left ventricle only.

Hydroxyproline assay

Total collagen content in different tissues was
calculated following the hydroxyproline assay as
described by Bergman and Loxley (1963) with slight
modifications. For heart tissue, posterior one third of left
ventricle was employed in quantitative estimation of
hydroxyproline. Weighed amounts of fine slices of
different tissues (100 mg) were digested in 5 M HCI at
100 °C for 4 h. Tissue homogenates were then decolori-
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zed with activated charcoal. These were gravity filtered
after 2 min and rinsed with 800 uM NaOH and 500 pl of
distilled water.

200 pl of clear extract/supernatant was oxidized
with chloramine T solution for 20 min at room
temperature. The mixture was then heated with p-
dimethylaminobenzaldehyde at 60 °C for 20 min. Full
color development reached in 15 min. Samples were cold
centrifuged at 3500 x g for 10 min. Absorbance was read
at 550 nm in Hitachi 150-20 double-beam spectrophoto-
meter.

A standard calibration curve was plotted for
4-hydroxyproline (SRL Pvt. Bombay) and regression line
drawn. A conversion factor of 7.14 was employed to
convert hydroxyproline into collagen (calculated from
standard curve) assuming that collagen contains 14 %
4- hydroxyproline (Brilla et al. 1994). Collagen content
was finally expressed in pg/mg fresh tissue weight.
Clenbuterol and butoxamine were purchased from Sigma
Chemical Co. USA. Other routine chemicals were
obtained from local suppliers.

Statistical analysis

Data have been expressed as mean + SEM.
Statistical significance was determined by Student's t-test
to find the differences between group means. Differences
were assumed to be significant at p<0.05.
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Fig. 1. Changes in body weight of mice treated with clenbuterol
(2 mg/kg body weight/day; duration of treatment 30 days). The
effects of drug continued even when drug administration had
been withdrawn (at 45 days). Values are £ SEM; n = 5 each. C =
Control; CB = Clenbuterol-treated; CB + Bx = Clenbuterol and
butoxamine-treated.

Results

Chronic administration of clenbuterol to mice
for 30 days resulted in more than 11 % increase in body
weight (Fig. 1). Treated animals exhibited a mean body
weight of 28.66+2.33 g; n=5 compared to mean body
weight of 25.66+0.33 g in age matched control mice on
day 30. Butoxamine administration to clenbuterol-treated
group did not influence the augmented body growth and
the animals in this group continued to maintain body
weight equivalent to that of the treated group (28.33£1.20
g; n=5). Butoxamine was again only partially effective in
reversing  PB-adrenoceptor  agonist-induced cardiac
hypertrophy in mice, although daily administration of
clenbuterol for 30 days caused an increase of more than
14% in heart muscle mass (control hearts
129.66+1.20 mg, clenbuterol-treated 148.33+12.80 and
clenbuterol + butoxamine 141.00+4.58 mg; n=5 each)
(Fig. 2). Parallel increments in body weight and heart
muscle mass demonstrated a muscle specific protein
anabolic effect of clenbuterol. This is because more than
two thirds of body mass in all vertebrates is composed of
muscle tissue and hence tissue contribution to body mass
is considerable. An enormous cardiac hypertrophy,
however, remained established even on day 45, i.e.
15 days following drug withdrawal (heart

176.66£2.40 mg; n=5) (Fig. 2).
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Fig. 2. Administration of clenbuterol, a beta-adrenoceptor agonist
results in cardiac hypertrophy as revealed by changes in organ
weight. Hypertrophying effects on heart were more significant on
day 45 (15 days following the withdrawal of drug administration).
Values are £ SEM; n = 5 each. C = Control; CB = Clenbuterol-
treated; CB + Bx = Clenbuterol and butoxamine-treated.
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Fig. 3. Collagen concentration in different tissues of mice treated
with clenbuterol. Values are £ S.E.M. (n = 5 each; * p<0.05).
GM = gastrocnemius muscle.
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Fig. 4. Clenbuterol-induced changes in the collagen content of
gastrocnemius muscle (GM), heart, intestine and kidney on day
45 (15 days after the drug administration was withdrawn). Values
are = S.E.M. (n = 5 each; * p<0.05).

Fig. 5. (@) Longitudinal section of ventricle from control mice stained with van Gieson stain showing a scarce distribution of collagen in
the tissue. Thin strip of collagen is restricted to blood vessels only (arrows). (b) Ventricular section from clenbuterol-treated mice
stained with van Gieson stain showing an extensive proliferation of collagen around blood vessels (arrows). (c) Longitudinal section of
mice ventricle treated with clenbuterol and stained with van Gieson stain showing muscle fiber undergoing myonecrosis. There is heavy
accumulation of collagen along the sarcolemma (single arrow) and in myonecrotic regions (double arrow). (d) Longitudinal section of
mice ventricle treated with clenbuterol and stained with van Gieson stain. Thick collagen patches covering affected cardiac fibers are
very commonly observed (arrows). Focal areas showing large myonecrosis are common.

Gastrocnemius muscle from normal innervated
mice demonstrated a collagen content of 5.79+0.82 (n=5)
pg/mg fresh tissue weight which was more than two
times higher than that of ventricular tissue (2.82+0.18
png/mg fresh tissue weight; n=5) (Fig. 3). Administration
of clenbuterol interestingly induced a different response

in these two muscles. Beta-agonist-induced increase of
collagen content, although significant (> 19 %; p<0.05),
was delayed in gastrocnemius muscle and was confirmed
only on day 45, i.e. 15 days after drug administration had
been stopped (Fig. 4). On day 30, an insignificant decline
in the collagen content as compared to normal controls
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was noticed in this muscle. Heart ventricle, on the other
hand, demonstrated increased collagen content on the day
30, which was not affected by butoxamine on day 30 and
beyond. Collagen contents of different non-muscle tissues
as calculated from hydroxyproline assay revealed that
pinna exhibited predictably highest content (9.64+1.04
pg/mg; n=5 animals). Lungs (4.64+0.67 pg/mg; n=5),
kidney (2.20+0.19 pg/mg; n=5), intestine (1.42+0.34
pg/mg; n=5) and liver (0.72540.11 pg/mg; n=5) followed
in decreasing magnitude of concentration. Interestingly
clenbuterol treatment resulted in a collagen increase in
intestine on day 30 (>11 %; p<0.05) and kidney (>5 %;
not significant) without much influencing the non-
contractile element of pinna, lung, and liver. Respective
increments in collagen could be confirmed by employing
B-adrenoceptor antagonist, butoxamine. The increments
were long-lasting since these could continue even beyond
day 30 when the drug administration had already been
withdrawn. Amount of collagen in pinna, lungs, liver
almost fluctuated around levels characteristic for control
levels implying the B-adrenoceptor agonists are largely
ineffective in non-muscle tissues. Van Gieson staining
employed to determine qualitative changes in non-
contractile element demonstrated collagen increase
especially around blood capillaries and in those regions in
ventricular myocardium, which showed myonecrosis.
Collagen is mainly distributed in extremely low
quantities along adventitia of the blood vessels and in
perimysial layers of subendocardium from control
animals (Fig. 5a). Ventricular myocardium in general is
either devoid of any collagen or exhibits an association
with negligible non-contractile element. Interestingly,
clenbuterol, treatment results in an extensive infiltration
of myocardium with collagen especially around blood
capillaries (Fig. 5b) and myonecrotic regions (Fig. 5c).
Collagen infiltration is evident in the form of pink and
dark brown stained areas prevalent in perimysial regions

and the blood vessels. Many cell-free areas adjacent to

high-infiltered collagen are commonly observed
(Fig. 5d).
Discussion

We have demonstrated  that chronic

administration of clenbuterol to normal mice results in an
increased body mass following accelerated skeletal
muscle growth including cardiac muscle hypertrophy.
The anabolic effect of clenbuterol is accompanied by a
considerable collagen infiltration in the ventricular

subendocardium. The growth stimulating effect of the
B-adrenoceptor agonist also extends to non-muscle tissues
like kidney and intestine. Both in terms of its anabolic
influences and physiological effects, clenbuterol was
found to be ineffective in other non-muscle tissues. The
muscle specific anabolic effects of p-adrenoceptor
agonists have been widely documented in different
sedentary and livestock vertebrates (Choo et al. 1992,
Rehfeldt ef al. 1997, Kumar et al. 2003, Agrawal et al.
2003). The mass of skeletal muscle, heart, lung, kidney
and bone increased in response to doses ranging from 2-5
mg/kg body weight. It has yet to be proven, however, that
B-adrenoceptor agonist induced skeletal muscle and
cardiac hypertrophy as a result of an increased nitrogen
retention is of any functional significance. There is
already concern that the administration of these drugs
may be antagonistic to muscular and cardiovascular
2002).
Clenbuterol resulted in a more than 14 % cardiac

adaptation to exercise (Burniston et al
hypertrophy which persisted even beyond the period
when drug had been withdrawn implying that beta
agonist effects on cardiac muscle are long-lasting.
Butoxamine at a concentration of 2 mg/kg body weight
failed to inhibit hypertrophic effect of clenbuterol. Either
the concentration employed were too low to inhibit
clenbuterol effects or clenbuterol acts by a mechanism
other than
Clenbuterol is lipophilic in nature and is likely to produce
direct intracellular actions (Bakker ef al. 1996). Although
clenbuterol is a B,-adrenoceptor agonist, there are reports

simple activation of [y-adrenoceptors.

suggesting that the drug may be acting via activation of
Bs;-adrenoceptors.

One of the important observations in the current
study included a significant (more than 9 %; p<0.05)
increase in collagen content of ventricular myocardium
raising further questions about the clinical utility of long-
term  beta-agonist therapy in rehabilitation or
reconstruction of wasting and other related disorders.
Collagen is a non-contractile protein which plays an
important role in regulating myocardial contractility and
hence it is instrumental in controlling many
hemodynamic functions. Results more than convincingly
demonstrate accumulation of collagen around blood
vessels and other necrotic regions. Control myocardium
exhibited connective tissue/collagen in extremely small
amounts and wherever present it is rather restricted to
adventitia of blood vessels or to perimysial rings only.
sections

The muscle from drug-treated ventricular

myocardium revealed conspicuously thickened collagen
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bands surrounding different blood vessels. Localized
areas in the rest of myocardium especially in subendo-
cardium showed excessive accumulation of collagen as
revealed by van Gieson staining. The finding that there is
an extensive myonecrosis accompanied by collagen
proliferation in endocardium demonstrates that before
beta-agonists like clenbuterol can be employed in any
rehabilitation programs or for the purpose of enhancing
strength performances, the potential myotoxic effects of
such drugs need to be evaluated in details. Utility of these
substances especially when these are applied for longer
time have potentially more threats to vital organs like
heart and other highly vascularized tissues like kidney
increased

and intestine. The beta-agonist-induced

collagen accumulation can lead to a pathophysiological

state characterized by reduced coronary blood flow,
reduced hyperemic flow following alterations in
ventricular compliance. Collagen content and distribution
certainly affects ventricular compliance. Petrou ef al.
(1995) documented an 18-20 % cardiac hypertrophy after
clenbuterol treatment that was shown at molecular level
to be a physiological one. Duncan et al. (2000) reported
as much as 19 % cardiac hypertrophy due to clenbuterol
with an extensive infiltration

treatment collagen

surrounding blood vessels and in the ventricular walls.
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