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Purpose: Clenbuterol is one of the beta-2 adrenergic receptor agonists with potent
anabolic properties in muscles yet the concommitant effects on muscle and bone in
young animals remain to be resolved. Therefore, the purpose of this study was to
determine the effects of clenbuterol administration on bones and muscles of young rats.
Methods: Twelve male Sprague-Dawley rats (9-wk-old) were randomly assigned to
either a control (CON, n=6) or clenbuterol group (CLE, n=6). Clenbuterol of 2 mgkg
body wt/day was administered subcutancously for 4 weeks. Following treatment, the
soleus (SOL), extensor digitorum longus (EDL), and ventricle (VENT) muscles and the
femurs (FE) and tibiae (T1) bones were analyzed. The bone mineral content (BMC), the
area, and the bone mineral density (BMD) of the FE and T1 were measured by dual-
energy X-ray absorptiometry (DXA). The longitudinal lengths of bones were measured
with the Vernier Calipers. Muscle samples from the hindlimb were used to determine
lactate dehy drogenase (LDH) activity and LDH isozymes, myosin heavy chain (MHC)
isoforms, and lactate transporter (MCT1).

Results: The CLE showed smaller body weight than CON (P<0.05). The muscle wet
weights in CLE tended (P=0.08) to be higher than CON in the SOL (9%) and EDL
(12%), but the ratio of muscle wet weight-to-body weight were higher (SOL: P<0.05,
EDL: P<0.01) than CON. VENT of CLE showed increases in both the wet weight and
the ratio (P<0.01). FEs in CLE showed smaller values in BMC (P<0.01), the area
(P<0.01), and the length (P <0.05) than CON, but not in BMD. TIs showed significant
decreases (P<0.01) in BMC, the area and the length, but not in BMD. In skeletal
muscles, clenbuterol induced the appearance of the fast type 2D myosin heavy chain
isoform and decreased the slow type 1 isoform in the SOL muscle (13%) but had no
effect on the EDL muscle. These data indicate that the MHC isoform pattern  of SOL
changed from slow to fast type. Clenbuterol increased LDH specific activity (P<0.01)
and the ratio of LDH-M to LDH-H (P<0.05) in the SOL muscle. The LDH total activity
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of the EDL muscle was also increased (P<0.05). Furthermore the percentage of MCT1
content significantly (P<0.05) decreased in both the SOL and the EDL muscles, 27% and
52%, respectively. '

Conclusion: These results indicated that clenbuterol induced the muscular
hy pertrophy but inhibited the longitudinal growth of bones in male rats, which may be a
serious concern in any ergogenic use. Furtermore, the present study suggests that
clenbuterol might mediate the shift of MHC from slow to fast type and the changes in
the regulation of lactate metabolism. Novel to the present study is the observation that
clenbuterol administration decreases MCT 1 content in the hindlimb skeletal muscles and
the decrease of MCT1 is not muscle type-specific. It may suggest the genetic
expressions of individual factors involving slow-type MHC, LDH-H, and MCT1 are
associated with one another, but are regulated independently.
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Table 1. Body weights and muscle weights CLEIZBWTHREDOHIH
CON (n=6) CLE (n=6)

Soliody wt, g 4415 = 119 4205 2 157* ﬁi‘g‘—ﬂ@ s, Lh L.
Muscle wt, mg . 2056 = 1.1 2238 £250 N
Muscle wi/Body wt, mg/g 047 = 001 053 +005* CLE®DEDL G#f#) . SOL
EDL
Muscle wt, mg 2425192 2740 £32.1 N - Ja
Muscle wt/Body wt, mg/g 0.55 0.04 0.65 +0.05 ¥+ GEf) oWnTniesnT
VENT
Muscle wt, mg 1,0853 £30.8 12406 £ 362 ** _ HED alhs
Muscle wt/Body wt, mg/g 246 £0.10 2.96 £0.17 ** %) %ﬁ = i%ﬂﬂﬁﬁf)
Values are means + SD. n, no. of observations. %Eab 6 Ih\ {ZFEH: Lj:ﬁ ﬁf;
SOL, soleus; EDL, extensor digitorum longus. Body wt, body weight.
* Significantly different from control group (P<0.05) . j-%m] & 7—]% L7 (P<0 0 5) .

** Significantly different from control group (P<0.01).

L DLEHITBNTIIE

Table 2. Bone analyses of young male rats treated with - .
or without clenbuterol. HE, ﬁi HibEHIZCLETHY
CON (0=6) CLE (n=6) .
Femur i : EmLTwk (P<0.01) .
BMC, mg 3142 +18 294.4 8.2 **
Area, cm? 223+0.03 2.15+0.02 ** - S, % > J
BMD, mg/om? 141.1£056 136.9+2.7 Table 2 = HALRIZS
Length, cm 3.84 £0.04 378004 * - -
T J:li?_%géic‘:@fw FHRIZ
BMC, mg 247657 2307 x7.6** - ' -
Area, cm? 2.35+0.06 2232003 ** jbl()fliFE&TI & :b ‘\"CLE 0)
BMD, mg/cm? 105547 103626 -
Length, om 4282002 4.19£0.05 ** BMCEH#ETHRICEME P
Values are means £ SD. 1, no. of observations. 001) % T~ L. %ﬁ HFE (P<
* Significantly different from control group (P<0.05) .
** Signi tly diffe fro 1 01) .
ignificantly different from control group (P<0.01) 005) (‘:’I‘I (P<0.01) &: %l:{&
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Table 3. MHC isoforms distribution .

CON (n=6) CLE(n=6)

SOL

MHC2B, % 0 0

MHC2D, % 0 110+ 25%*

MHC2A, % 258+ 88 27318

MHCI, % 742+ 88 61.7x 34%**
EDL

MHC2B, % 56.7 %206 571297

MHC2D, % 40.7 = 18.0 429 +9.7

MHC2A, % 18+ 43 0

MHC1, % 08+ 21 0

Values are means = SD. n, no. of observations.
SOL, soleus; EDL, extensor digitorum longus.
** Significantly different from control group (P<0.01) .
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Table 4. LDH activity.

Specific Activity (IU/gw.wt) Tolal Adivity (TU)
OON aE CON CLE

SOL 859 +131 1100 +122% 173 +29 249 = 52*
EDL 2480 =233 2780 +292 08 £82 782 x160*

LDH; Lactate dehydrogenase
Values are meansSD for 6 rats in each group.
SOL, soleus; EDL, extensor digitorum longus.
* Significantly different from control group (P<0.05) .
** Significantly different from control group (P<0.01) .
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Fig. 1. MCT!1 protein content in SOL and EDL.

Data were obtained from CONT (1 =6) and CLEB (n=5).
MCTtin fes is exp d as a percentage of rat heart MCT1
content, which was set to 100% for each Western blot.

Values are means = SD. Significant difference between CONT
and CLEB, * P<0.05.
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