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Clenbuterol  on Lipid Metabolism in Fattening Lambs 
H i  SKftLIEVA, Z. SHINDAR3KA, T. DARDJÜNOV and V. DIMOViL ^ sk ALIEVA, Z

of Animal Sc ience ,  2232 Kostinbrod,  Bulgaria’ tu te

IARY: The e f f e c t  of  Clenbuterol  on both growth and f a t t y  acid composition of
(5̂  ent adipose tissues in fattening lambs was studied.
ti Of1n’stration of Clenbuterol reduces the total body fat, especially the perirenal fat
In CaiJl ,  as well  as the  th i ck n e s s  of d i f f e r e n t  f a t  depots.

«11 adipose  t i s s u e s  in v e s t ig a t ed  c lenbutero l  reduces the  r e l a t i v e  amount of 1 6 : 0 , butl n f 1
uence d i f f e r e n t l y  on the  other f a t t y  a c id s .  The unsaturation of both

ClJ Iari and perirenal  ad ipose  t i s s u e s  in tr ea te d  animals did not change,  however t h i s  
^«creased and th at  of  both subcutaneous and breast  increased .  No s i g n i f i c a n t  
c ~s were e s t a b l i s h e d  in tr ea te d  animals a f t e r  a week withdrawal period.
®sults  obtained show that  c l en buterol  e x e r t s  a d i f f e r e n t  e f f e c t  not only on ther,f

deput- l i p i d s  but a l s o  on t h e i r  composition.  
H r DUcTI0N: Clenbuterol  and c imaterol  /beebecame already " c l a s s i c a l " /  are known to

Mechanisms of
'"^1 ' ~s s  are not. ye t  c l e a r ,  inducing numerous i n v e s t i g a t i o n s .  Resu lts  in some of them

V  chat ~ag o n i s t s  depress  l i p o g e n e s i s  and s t im u la t e  l i p o l y s i s  in adipose  t i s s u e  
',f c0rit ’ e t  a l -  (1985) ,  BERSHAUER (1989 ) ,  THORNTON e t  al . (1985)" and in other  they are

ai_ r®ry e f f e c t  "MILLER e t  a l .  (1988 ) ,  HU e t  a l .  (1988)" or exer t  no e f f e c t  "COLEMAN 
( 1 g3 5 ) ,  SCHIAVETTA e t  al . (1990)".  Quant i t a t i v e  changes in re serve  l i p i d s

’’«t 'Position of reserve lipids in both monogastric and in ruminants.
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«9oni at lon about f a t t y  acid p r o f i l e  of l i p i d s  from re serve  depots a f t e r  t r e a t i n g  with

y are accompanied with a decreasing of  f a t  layer th i c k n e s s ,  with number and s i z e  
•B0H0R0V" et  a l . ( 1 9 8 7 ) ,  COLEMAN e t  a l . (19 85) ,  MILLER e t  a l .  (1988)".
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was obtained at  i n v e s t i g a t i o n s  of  HU e t  a l . ( 1 9 8 8 ) ,  THORNTON et  al . (1985) '

\

riâ  Sat i n g ,  both with c imaterol  and c l e n b u t e r o l ,  although in d i f f e r e n t  degree ,  leads  
h Bra ’n r e l a t i v e  f a t t y  acid content  of l i p i d s  from subcutaneous adipose  t i s s u e .  In=y i OUsthe ’h v e s t i g a t  ions on lambs "BAN SKALIEVA e t  a l .  (1989)" i t  was e s t a b l i s h e d  that
"Hsit ln’f l uence of feeding  fa c to r  t r i a c y 1 g 1 y c e r o l s  change s p e c i f i c a l l y  t h e i r  f a t t y  acid
It jn depending on l o c a l i s a t i o n  of adipose  t i s s u e s . ̂S

. 1 ^ . ^ , '  m t e r e s t  to  be s tudied  to  what ex ten t  q u a n t i t a t iv e  changes of  l i p i d s  from "n't. .
. a ’P°se  t i s s u e s  are a l s o  accompanied to  changes in t h e i r  f a t t y  acid composition

«Ct n9 with B-agonist-s.  I t  was the  purpose of  the  present  study on lambs where the
H er|buterol  has been s t u d ie d ,  appl ied in the  s t a g e  of in t e n s iv e  f a t  d ep o s i t io n .
5 V  " and METHODS: Experiment has been conducted on male lambs, s e m i f i n e - f 1ee ced .

 ̂ fi ^n ̂  pin ,q«ys 9  at  an age of 45 days (average l i v e  weigth of  15.4 kg) ,  animals re ce ived  for
« di*

9 p 1 r *9  26.5  kg of l i v e  weight lambs were divided in to  3 groups ( 8  animals each) .
( u n t i l  the  end o f  experiment) animals of  both experimental  groups received

’ 'T con ta in ing  energy and protein  -  6 . 0  MJ and 200 g/kg d ie t  r e s p e c t i v e l y .

V ’ K

1 i

«tiq1t
y, ,  lon« l l y  10 mg c l en butero l  per kg of d i e t .  Feed intake (ad l ibi tum) was recorded a «Id ■

V . ^  *r
1'1 * s i _lui au9ht-ered. Lambs of the  second experimental  group were s laughtered  a week

vs weight -  every 14 days.
-hd of  experiment 4 animals of each contro l  and the f i r s t  experimental groups

h '
0 9  that  time they rece ived  no c l e n b i t e r o l .  Up t i l l  s laughte r  the  animals were
aCce :ss to  water and food.

$1 f ’ren^ l ,  subcutaneous (around the t a i l ) ,  intermuscular (around
 ̂ n°Sus) , breast (over 5-6th vertebra)  adipose  t i s s u e s  and caul were obtained at 

h . ^ t t e r  24 h at 2 C ca r ca s s e s  were divided in to  two par ts  by a t ransverse  cut
II) '«St . " depths  were measered at t a i l —base,  at  5—6 th vertebra of breast  bone and« i . - ■i b . T.'he t o t a l  subcutaneous fat. was removed from the l e f t  s i d e  of  each c a r c a s s .

Ofon of t i s s u e s  were ext ract ed  t h r i c e  with CHCL /ME0H ( 1 : 1 ; v / v )  and stored in a
>1 -’■14 (w/v) of butyl hydroxytol uen in chloroform at -30  C.

'v.jtjS"’«t.hŷ  Srs of t r i a c y l g l y c e r o l s  (TG), i s o l a t e d  by prepara t iv e  TLC, were prepared by
toirip ' ’ on with 2V. s o l u t io n  ( v / v )  of HjSOyi n dry methanol at 40 C for  15h. The f a t t y  

^’° n was analysed by g a s - l i q u i d  chromatography, us ing a metal 2 4 column 
 ̂  ̂ with 3*/. SP 2330 on Supelcoport. (100—200 mesh). The Student test,  was

1 t»r  i on for  s t a t i s t i c a l  eva lu at ion  of r e s u l t s .
and D isc iJS S I ON: The contro l  and trea ted  animals had equal l i v e  weights  (about
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39 kg) a f t e r  42 d on t r i a l  ( t a b l e  1) .  However Clenbuterol  t r ea ted  lambs had heavier  ̂
deboned ca r ca ss ,  probably as a r e s u l t  of increas ing weight of s i n g l e  muscles "SHINDAft 
e t a l . (1991)",  as well  as of decreased l i p i d  content  in carcass  ( t a b l e  1 ) .  The rat i°
between s laughter  ca rcass  weight and deposed f a t  i s  1 : 1 2  and 1 : 2 2  for control  and ^
experimental group r e s p e c t i v e l y .  R esu l ts  obtained d i f f e r  from those  of SCHIAVETTA ^  

(1990) in c a l v e s  a l s o  tr ea ted  in the  s ta g e  of in t e n s iv e  d epos i t io n  of re serve  f a t s ,  ^  
Clenbuterol does not change q u a n t i t a t iv e  c h a r a c t e r i s t i c s  of l i p i d  depots .  Total  
subcutaneous f a t  ( t a b l e  1) a l s o  decrease  s i g n i f i c a n t l y  (by about 27 t h i s  being
a n a l o g i c a l l y  to  data of THORNTON e t  a l . (19 35) .  I t  shoud be noted that  the  e f f e c t  
Clenbuterol on l i p i d  content  in the  carcass  was d is c ern a b le ,  even at  a v i s i b l e  compar 
of both control  and experimental  animals.  Drast ic  decr eases  are observed in the  dL,an ^ 
of caul (by 52%) and perirenal  adipose  t i s s u e  (by 39%), as well  as  of l i p i d s  in these^  $ 

depots .  R esu l ts  are s im i la r  t o  the  communication of E0H0R0V e t  a l . ( 1 9 8 7 ) ,  whi le  COL-S 
a l . ( 1 9 8 5 )  f ind  out no changes.

Incorporat ion of Clenbuterol  a l s o  leads t o  s i g n i f i c a n t  changes in the  f a t  1ayer ^ 
t h ick ness  -  a f i n e s s  i s  observed by about 50 % at 5-6  th r i b ,  l e s s  at the  t a i l  layer ^

.fpl *that  at  breast  bone ( t a b l e  1) .  Changes obsrved in f a t  content of d i f f e r e n t  depots  
the  changes in t o t a l  l i p i d  content  of ca rcass  "SHINDARSKA" e t  a l . (1991) .

o-f

,1'
f 1

Decreasing of f a t s  of c l e n b u t e r o l —tr eate d  animals i s  accompanied with s p e c i f i c a l  
in f a t t y —acid composition of TG of  each i n v e s t ig a ted  t i s s u e  ( t a b l e  2 ) .  A common 
depots i s  decreasing of r e l a t i v e  part of 16:0 and increas ing of 18:2 ,  whi le  the  e f t 1 

the  other f a t t y  a c id s  i s  not synonymous. S te a r ic  acid content does not change at b,'e >
and subcutaneous adipose  t i s s u e  and i t  increase s  for other three  ones . Contrary,  
of o l e i c  acid i s  constant  in intermuscular f a t ,  s i g n i f i c a n t l y  decr eases  in caul and

th®

perirenal  adipose  t i s s u e s .  I t s  e l eva ted  content  in TG of both breast  and subcutan®c ^  

adipose  t i s s u e  a l s o  co n d i t io n s  higher t o t a l  unsaturat ion of l i p i d s  from t h es e  both  ̂
Changes are i n t e r e s t i n g  in breast  adipose  t i s s u e ,  being d i f f e r e n t l y  conservat i ve  t o  

"BANSKALIEVA et  a l . (1939)".  Changes in 16:0 and18:1 l e v e l s  are analogica l  to  the ^
t ' s

t.e5

c ommunication of HU et. a l . (1938) ,  THORNTON e t  a 1 . ( 1 935) f o r subcutaneous a d i p o s e

in sheep.
In more s p e c i e s  as well  as  in sheep,  the  ra t e  of  f a t t y  acid s y n t h e s i s  of adipocV 

known t o  be d i r e c t l y  proportional  to  the  c e l l  s i z e  "HOOD et  a l . (1982)".  R e la t i ve 
p a lm it i c  acid content  i s  known t o  be an ind ica to r  for  the  degree of b i o s y n t h e s i s  '-t  ̂ th'

Decreased levea c id s  de novo in d i f f e r e n t  adipose  t i s s u e s  "INGLE e t  a l . (1972)'  . utLrcaacu ' = - - f
acid ( t a b l e  2 ) ,  changes in the a c t u v i t y  of some l ipogenic  enzymes, p a r a l e l l y  to  s ® 3 f 0’
s i z e s  of fat- c e l l s  in some depots “MILLER et  a l . (1933)",  support the  a ff irmation  ,

depress ing the  l i p o g e n e s i s  a f t e r  t r e a t i n g  with B -a g o n is t s .  According t o  the  r e s u l • ¡)
th3*

—— j  I -j J —
THORNTON et  a l , ( 1 9 8 5 ) ,  BERSHAUER (198 9) ,  reduct ion of re serve  l i p i d s  i s  due to  d e d '
l i p o g e n e s i s .  Sharply th in ing out of f a t  1ayer ( t a b l e  1) i s  probably as a r e s u l t  ^ t

proce ss .  MILLER e t  a l .  (19 38 ) ,  SCHIAVETTA et- a l . (1990) however e s t a b l i s h e d  no
in l i p o g e n e s i s  of  both intermuscular and subcutaneous adipose  t i s s u e .  The e f f e c t  °

B -agon is t s  on l i p o g e n e s i s  has not been s tudied  in the  other adipose t i s s u e s .  ^
Regardeless  of the  s i m i l a r i t i e s  of changes in f a t t y  acid composition a f t e r  tr®a  ̂

B -a g o n is t s ,  r e s u l t s  of HU e t  a l . (1988) for  increas ing  l i p o g e n e s i s  in subcutaneous
t i s s u e  in sheep are op pos i te  to  those  of THORNTON et  a l .  (1985) .

In high-concentrated feed ing of  lambs, incresed i n s u l in  s e c r e t io n  "DIM0V et a
s t im u la te  l i p i d  s y n t h e s i s  and d ep os i t io n  of  more re serv e  l i p i d s  "BANSKALIEVA et a '

* fl C" " {V
(1939)".  Treat ing with c l e n b u t e r o l ,  however, does not change the  content  of tha
(unpublished data ) .  Probably in t h i s  ca se  the  in h i b i t in g  e f f e c t  of the  compound
d ep o s i t io n  i s  exerted by a reduced l i p o g e n e s i s ,  presumamly caused by decreased i n*
s e n s i t i v i t y  „£

A week a f t e r  terminat ing the  t r e a t i n g  with c l e n b u t e r o l ,  no s i g n i f i c a n t  change* 
observed in t r a i t s  s tudied ( t a b l e  1) .  In f a t t y  acid composition a c e r ta in  trend 
toward reaching the  value s  of control  group ( t a b l e  2 ) ,  being dif ferent ,  for  d i f t e ’ B ^  
acid and for  each adipose  t i e s s u e .  From t h ese  data r e s u l t s  a quest ion to  what e,‘
occured changes are r e v e r s i b l e  a f t e r  terminat ing the  t r e a t i n g .  f f ie .■fo

The r e s u l t s  obtained show that  c lenbutero l  e x e r t s  a d i f f e r e n t  e f f e c t  not omy
■jamount, of  depot l i p i d s  but a l s o  on t h e i r  f a t t y  acid composit ion.  They are an
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KĴ t0n ÎVe f a t t e n in g  of lambs. Anim.
E f fe c t  of c lenbutero land DARDJ0N0V,T. (1991):

S c i . ( S o f i a ) .  In pres s .
> TUMEjR.K. , PAYNE,G., LARSEN, T. W. ,  JOHNSON,G.W. and HOHENHAUS, M. A. (1985):( I f l

,6nCe ° f  the  B-adrenergic a gon is t  2 c lenbutero l  on l i p i d  metabolism and carcass
’ on ° f  sheep.  Proc. N. Z .Soc. Anim.Prod. 45: 97-101 —



1:4

Table 1. C a r c a s s  v a r i a b l e s

G R O U P S
Variable  ------------------------------------------------------

control  experimental  1 experimental 2

Live weight wt,kg 38.5 + 1 .5 39.0 + 1 .0 39.0  + 1 .0

Deboned ca rcass  wt , kg 14.6 + 0.5 19. 3 + 0.5 19.0 + 0 .4

Fat t h i ck n e s s ,  cm:

t a i 1-base 1 .48 + 0.1 5 1 .08 + 0 .19 1.08 + 0. 1 5

f o r e l a s t  r ib  of

breast bone 0 .50 + 0. 1 1 0.26 + 0.02 0 .2 8  + 0 .07

E-6th vertebra 1.41 + 0. 20 1.10 + 0. 10 1.10 + 0 .10

Total subcutaneius

adipose t i s s u e  wt , kg 1 .20 + 0.25 0 .88 + 0.04 0 .83  + 0.05

Perirenal  adipose

t i s s u e  wt , kg (PAT) 0 .26 + 0.05 0. 1 3 + 0.01 0 .1 3  + 0.01
1 3 2

Caul wt , kg 0.52 + 0.06 0 .3 3 + 0.02 0 .3 8  + 0.02
1 1 ,2 3

PAT f a t  (•/.) 80 .4 + 3 .0 79.2 + 3.6 71 .7  + 2.2

Caul f a t  (*/.) 78.2 + 4.1 70 .7 + 6.2 6 9 .3  + 5.1

If  the  small i s t  p o s s ib l e  d i f f e r e n c e  between the  su pers cr ip s  (D) i s :  
D = 1, p < 0 . 0 5 ,  D = 2, p < 0.01

TABLE 2. Fatty  acid composition of d i f f e r e n t  adipose  t i s s u e s  from both control  
and c 1en butero l - f ed  lambs

Fatty  

ac i ds
control  exp. 1 exp.

Breast adipose  t s s u e

R 0 U P S

control exp. 1 exp.
Subcutaneous adipose tissue

14:0 6 .9 + 0 . 9 5 .6 + 0 .8 6 .0 + 0 .4 4 .4  + 0 .5 3 .9 + 0.5 4.2 + 0.

16:0 29.7 + 1 .8 23.9 + 2 .6 25.5 + 1 .1 26 .6  + 0 .6 22.7 + 1 .2 23. 1 + 1.
16:1 3.4 + 0.5 3.7 + 0 .6 3. 1 + 0. 1 2 .0  + 0 . 1 2 .0 + 0. 1 2 .4 + 0.
18:0 8 .6 + 0.5 8 . 6 + 1 .6 10.5 + 1 . 1 16.4 + 1 .0 16.8 + 1 . 2 15.1 + 2.
18: 1 47.5 + 2.5 54.2 + 3 .9 49.0 + 1 .7 45 .9  + 1 ; 6 49.2 + 0 .6 49.4 + 0.
1 8:2 3.9 + 0 .3 4.1 + 0 .3 5 .9 + 1.3 4 .7  + 0 .3 5.2 + 0 .7 6.  1 + 1 .

Intermuscular adipose  t i s s u e Per irenal  adipose  t i s s u e

1 A : Q 5.0 + 0 . 6 5.2 + 0 .2 6.1 + 0 .3 4 . 6  + 0 .5 3.8 + 0 .6 3 .9 + 0.
1 JL 1 ■9 1 9

16:0 26.0 0 .9 22.2 + <>.9 25.0 + 1 .0 25 .4  + 1 .2 20.6 + 1 .2 20.5 + 1.
16: 1 9 9 + 0.2 2 .9 + 0 .3 2 .4 + 0.2 2.1 + 0 .4 2.1 + 0. 1 1 .6 + 0.

1 3 1 1 2
18:0 16.6 + 0 . 9 20.8 + 0 . 3 16.6 + 1 .2 20.4  + 0 . 8 26.5 + 2 .3 26. 1 + 2 -

1 1 ,2
1 8: 1 44.6 + 0 .7 44.2 + 1I .2 43 .6 + 1.3 42 .4  + 0 . 6 40 .8 + 0 . 8 40 .7 + 0.
18:2 4 .6 + 1 .2 4 .8 + <:>.4 6 .3 + 1.3 5 . 0  + 0 .9 6.2 + 1 . 3 6 .7 + 1.

C a u i

14:0 5.3 + 1 .2 5 .0 + 11 .0 5 .4 + 0 .9
1 1 ,2 2

1 6:0 28.3 + 0 .9 24.7 + 1! .8 24.6 + 1 .0 Jf the  sm a l l e s t  |p o s s i b 10
16: 1 1 .8 + 0.1 1 .3 + <:>. 1 1 .7 + 0.  1 a i f f e r e n c e  betweien the super'scr u
18:0 20.8 + 0 .7 26.5 + i1 . 9 21.9 + 1 .5 (D) i s :  D = 1, p < 0.05 ; d = 9

18: 1 39.2 + 0 .3 36.2 + 0 .7 39.0 + 0.2 P < o .01
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