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Summary

This study was a scquential expenmernt consisting of feeding trial and in vitro cnllure siudies.
Feeding trial was conducled by 2 X 2 x 2 factorial design with 1wo cimaterol levels {Il. 025 mgfkg).
two energy evels (3,200, 2,90C MFE kcallkg) and iwao sexes. In starting periad {0-2) days) breilers
were fed diets conlaining 1we cnergy ‘evel withoul dietary supplemenraticn of cimalcrol. During
foishing pericd  (21-42 days) cimalerol  greups were led  cimatere! supplemented diews. In vitro
cultures were carried anl ta study the cellular metakelism of profein and fat in liver and adipese
1:ssues prepared from chicks used in feeding rrials.

Bedy weight gain was significanily improved by the administration of cimalero. 10 experimental
diets by 249 (p < 0.08) Feed intake was reduced by cimatcrol administratian at the h:gh energy
level. but this trend was reversed at low cnergy level. Feed efficiency was improved hy cimaterol
administrafion and at high energy ‘eve’ the dilference (5.792) was significant (p<0.05) The admini-
stratian of cimaterol kad ne effects on percentage of abdominal {at canent, giblet and neck. There
litre carcass yield hetween conira,  ard cimaterol 1veated group The admirni-
siration of cimateral had ne effect on nuirient metabolizahility or carcass compasition. The results
of 12 vitro studies with liver tisspes showed that c'materal increased the lipalytic aclivices ip<(0095)
and  cececaved  ipogemic  activities (p < 0CS)  In iz sitro studies witk acinar cell ol liver tissues.
cimateral increased the amount of retained proteir and decreased secrcted protein at high evergy Jevel.

was diftereece in

kut the trend wuas opposile at low energy ‘cvel
(Key Waords :
Calture)

Introduction

Major abjectives of animal and avian growth
research are 10 improve the rate and efficiency
of gain, and meat quality. Since feed accounts
for major cosl (approximately 709 of the cost
of hrotler preduction) in animal prednction, even
small improvement in feed efficiency s econom:-
cally impoctant Carcass fat in broilers has con-
tinually increased since praducers hegan using
1985).
Not oniy is carcass fat viewed by healthy con-
sciaus cansumels as undesirable, but 1t has been
demonstrated that the lack of improvement in

high energy hrailer rations (Donaldson,

[eed clficiency is associated with increased carcass
fat in heoilers (Chery et al, 1978). 1t is apparem
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that a product which impreves growth, increases
efficiency of feed
protein and decreases carcass [at would be bene-
ficial to the broiler industry.

A1 1his background. beta-adrenerpic agonists

utilizalian, incréases carcass

{ B-agonists) are particularly atiractive as growth
pramciers Rccently. it bas been shown that the
dietary administration of beta-adrenergic agonist
such as cimatero]l or clenbuterol improve animal
growth performance and carcass composition in
vartous animals (Baker et al. 1584: Dalrymplc
et al, 1584a.b: Emery et al., 1984; Beerman et
1985k: Jones et al. 198%) Several reparts
{Raker et al. |984: Dalrymple et al.. 1984a.b)
have identified that the B-adienergic agomsts
{ B-agonists) such as clenhuteral |kenzyl alcohel.
4 - amino - R - (U - hutyl - amino) methyl

1.5 - dichlero] or ciwaterol (CL263. 780). when
added 10 the diets of steers. lambs, poultry And
prgs. incregse the muscle mass and decrease {af

al..

aceretion which have been attributed to a shift
in notrient partitiomong. In addition. many  3-
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agonists are potent and arally active so that
parenteral and “in feed” formulation are possible.

The objectives of this study were as fallows;
) to determine the cffects of (he level of dietary
cimaterol and energy on growth performance,
carcass quailly and nutrient utilization in broifers,
2) to investigate lipogenic and lipolylic activity
in liver and adiposc tissue, and 3) to compare
protein  synthetic  activity cell
culture.

in liver acipar

Materials and Methods

To investigate the effecls of cimatercl on the
growth performance and carcass quality of broilers
at two energy level and sex, 1,200 Hanil Poultry
Farm's Arbor Acres broiler chicks, male 600
{average weight 43.25 p), female 600 (average
weight 43.80 g) were used as shown in tablc I.

TABLE 1. EXPERIMENTAL DESIGN

All (reatments in this experiment had 5 replicates
with 60 birds in each replicate.

Birds were fed two basal diets (no cimaterol)
for 0-3 weeks: which were formulated to contain
the same crude protein level (23%) and two
metabolizable energy levels (3,200, 2.960 kealfkg)
as shown in (able 2. During 4-6 weeks the birds
were fed 4 different diets (table 2). two of which
were added with cimaterol {0.25 mg/kg) at c¢ach
dielary energy level.

The birds were grown in floor-pens, each pen
holding 30 males and 30 females. Birds were
housed in a room with 24 hours illumination
and forced fan air ventilation. One day old chicks
were allocated to the experimental groups to have
uniform mean body weight. Diets and waler were
fed ad libilwm throughout the experimental pe-
riods. Body weighl and feed intake were recorded
at 2 and 42 days.

Cimalerol (mg/kg) ¢ 0.25

Metaholizable energy (mg/kg) 3,200 2,900 3,200 2,500
Replication 5 5 5 S
Bird/replication' 60 60 60 60
Total 300 300 300 300

Each pen contained 30 males and 30 females.

To determine the nutrient metabolizability of
the experimental diets, a trial was carnied out
by a total collection method for 8 days (5 pre-
liminary days, 3collection days) upon the termi-
nation of feeding trial, At 42 day three male and
lemale chicks per treatinent were sclected for
metabaolizability trial. All chicks were caged in
metabolic cages individually and the experimental
dicts and water were fed ad lihitum. Total excreta
collected from same birds were dried in an air-
-lorced drving oven at 60T for 72 hours and
analyzed for proximate composition.

To evaluate the carcass composition four male
and female chicks per trcatment were randomly
selected at 42 day. These chicks were fed cima-
terol-free finisher diet for 3 days. These selected
birds were slaughlered. Siaughter procedure con-
sisted of stunning, decapilation, bleeding, scalding
and deieathering. Weight of whoic carcass, tat

104

pad, neck and giblel were determined. The carcass
sample that was removed of bone, giblet, ncck,
abdominal fat individually  collected to
determine carcass composition. These carcass
sample was frecze-dried and ground with | mm
mesk Willy mill and analyzed for compositicn
by AOQAC (1990) methods.

To investigale protein metabolism in liver
acinar cell, and lipolytic and lipogenic activity
in liver tissue, liver tissues were collected from
each male and female bird per treatment. To
sludy protein metabolism, liver tissues were trim-
med free of large pieces of cennective and adipose
tissue. Isolation and culturing of liver acinar cells
were performed (Park ¢t al.. 1979), The cell were
plated on plastic tissue culture dishes (approxi-
malely 10° celifdish). The basic culture medium was
Eugle's 1 X MEM (Eagle. 1959) with 0.2%
{wifvol) glucase, 37, (voljvel) fetal bevine serum

was
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TABLE 2. FORMULAR AND CHEMICAL COMPOSITION OF EXPERIMENTAL DIETS

Starter (0-3 wks)

Grower (4-6 wks) Finisher (7 wk)

ME (kealjke) - 3200 2900 3,200 2900 3200 2,900 3,200

Ingredients (%)
Corn 614 579 672 61.9 672 6.9 70.%
Soybean meal (409%) 15.8 28.9 16.5 28.0 16.5 28.0 17.7
Carn pluten 5.7 3.1 39 0.4 39 0.4 30
Fish meal (60%) 119 50 7.3 4.1 7.3 4.1 39
Wheat bran 0 1.8 0 2.5 0 2.5 0
Tallow 2.4 0 2.2 0 2.2 0 2.25
Limestone 7 1.2 0.7 0.7 0.7 0.7 1.1
Nicalcium phosphate 0.7 0.7 0.7 1.1 0.7 1.1 0.7
Lysine 0.1 0.1 03 0.1 03 0.1 0.1
Methionine 0.3 0.3 0.2 0.2 0.2 0.2 0.15
Salt 0.2 0.3 0.3 0.3 0.3 03 03
Vitamin' 0.5 0.5 05 0.5 0.5 0.5 0.5
Mineral* 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Anticocadant? 0.1 0.1 0.1 0.1 0.1 0.1
Cimaterol {mgfkg) 0 0 0 0 0.25 0.25 0
Total 100 100 100 100 100 100 160

Chemical compaosition
Metabolic energy 3,200 2,900 3,200 2,901 3.200 2.901 3.201
(kcalfkg)*
Crude protein (%) 21.73 21.18 20.3] 18.96 20.31 18.96 18.0
Ca (%) 1.03 1.03 0.93 0.92 0.93 0.92 0.90
P (%) 0.64 0.66 0.66 0.71 0.66 0.71 0.57

' Viramin mixture contains the followings in [ kg Vitamin A, 10.000 IU: Vitamin D. 1.500 1U, Viamin E,
)5 mg: Vitamin K. 5 mg: Vitamin B, 8 mg: Vitamin B.. 0.008 mg: Ca-d-pantolhenate. 8 mg: Niacin. 25 me:
Folic acid. 04 mg: Bioun. 0.2 mg: Choline. 500 mg; pyridoxine. | mg: B. 1. T. 125 mg.

‘ Mineral mixture contains the followings in ) kg: Co. 0.85 mg: 1. [.29 mg: Zo. 100 mg: Mg. 110 mg: Cu.

8.75 mg; Se. 15 mg; Fe, 35 mgp.
* Monensin was nsed.
* Calculated valie.

and antibiotics. Dijshes were incubated for 18
hours at 37T under a gaseous almosphere of
5% CO, in O, Four dishes were set up for each
observation with contents pooled after incubalion
for subsequent analysis. The PH]-lysine (0.5
Cifml) was added to culture medium to determine
the amount of in witro secreted protein and
tetained prolein. Al the termination of the I8
hours incubsation, cells were collected, pooled,
and centrifuged at 1,000x g at 47 for 10 minutes.
Supernatant and pellet were separated and used
to determine the amount of sccreted protein and
retained protein, respectively.

To determine lipogenic activity, liver tissues
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of each bhird were divided into five 10-20 mg
tissue slices. These liver tissue slices (10-20 mg)
were incubated for 120 minutes at 37C tn 3 ml
ol medium under a gaseous atmosphere of 5%
CO, in O,. The incubation medium {Krebs-Ringer
bicarbonate bufter) also contained 25 mM HEP-
ES. 0.5 mM glucose. 3% bovine serum albumin
and 0.5 wCi[MC)-glucose. Incubation was termi-
nated by placing vials on ice. After taking oul
tissue slices from medium. total lipids in the lissue
were extracied by the methad of Dole and
Meinertz (1960). After the extracts werc dried.
radioactivity incorporated into total fipid slices
was determined by 2 liquid scintillation counter
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(LC 100C). Lipolytic activity was measured 1n
Krehs-Ringer  bicarbonate  buffer (KRB) with
one-half of the indicated Ca*, 4%, fatty-acid-poor
Fruction V bovine serum albumin and 5.56 mM
glucose. Tissue slices (approximately 100 mg) were
incubated for 120 minutes at 37C in 3 ml of
medium under a gaseaus atmasphere of 5% CO,.
Incubation was terminated by placing vials on
ice. The medium was filiered through cheese cloth
lo remove the tissue and stored at —20°C unti)
analysis. Non-esterjited fatly acids in the mediom
were exiracted and titrated according ta method
of Kelly (1965).

All proximate analyses were conducted by the
AOQAC (1990) method. Analysis of variance was
carried out and means were compared by Dun-
can’s multiple range test using Proc Anova Pro-
cedure of SAS (1986) package program with
[BM-PC compatible computer.

Results and Discussion

Performance of broilers

The results in bird performance as affected
by dietary lreatmenls are presented in table 3.
Both weight gain during the 0-42 days and final

TABLE 3. EFFECTS OF CIMATEROL ON BODY WEIGHT GAIN, FEED INTAKE AND EFFICIENCY IN BROILER

FED TWO ENERGY LEVELS (D-47 DAYS)

_ Variable Treatment 3,200 3,200-C! 2.900 2.500-C”
Init. weight (g) Male 43.25 43.60 43.30 4394
Female 44.91] 44.10 43.27 42.90
Mcean 44,08 43RS 43.29 43.42
42 day Male 2,180.00 2.179.29 2.088.67 2.176.57
weight (g) Female 1,860.00 1,894.05 1,773.33 1.838.00
Mean 2,009.21 2,036.67 1,931.00 2,006.73
Body weight Male 2.136.75 2,135.69 2,045.37 2.132.63
gain (g) Female 1.815.09 1.849.95 1.730.06 1.795.10
Mean 1,975.13 1,992 .82 1.887.71 1.963.3]
Feed ntake (g) 4.139.00 3,084.42 3,776.25 3,971 .94
Feed elficiency 2.10 1.98 2.00 2,02
Probability;
42-day Body weight Feed Feed
weight gain intake efficicncy
Energy 0.0048 0.0107 0.0195 0.2290
Sex 0.0001 0.0001 - =
Cimaterol 0.0487 0.0301 0.5524 0.1090
Fnergy X sex 0.2853 0.3988 — —
Encrgy X cimatcrol 0.4529 0.2308 0.0315 0.1048
Sex X cimaterol 0.7151 0.4732 - —
Energy X sex X ctmaterol 0.3364 0.6817 - -

' C: cimaterol added.
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body weight were significantly affected by dietary
energy level, cimaterol and sex and there was
no evidence for any interaclion between these
main effects, The inclusion of cimaterol resulted
in an incrcase in weight gain and 42 day body
weight of 249, (p < 0.05). Several studies have
shown that the £ adrenergic agonist such as
cimaterol and clenbuterol improved growth
performance and carcass composition of broilers
and of other various animals (Dalrymple et al.,
1984a,b; Ricks et al., 1984; Jones et al, 1985;
Beerman ¢t al, 1986; Boborov et al., 1987
Williams et al,, 1988). These reports arc consistant
with present results. The response in terms of

final body weight to increasing the dietary energy
concentration was 3.0% (p < 0.05). There was
a significant energy X cimaterol interaction in
feed intake. Cimatcrol enhanced feed intake at
the low cnergy level and reduced it at the high
energy level. This was also reflected in the results
in relation to feed efficiency by 5.7% reduction
(p < 0.05) at the high energy level bnt had no
effect at the tow energy level.

Carcass characteristics

The effects of cimaterol on carcass character-
istics are summuarized in lable 4. There were no
significant differences among the experimental

TABLE 4. EFFECTS OF DIETARY CIMATEROL ON THE GIBLET, NECK, ABDOMINAL FAT AND CARCASS YIELD

OF THE BROILERS (% OF LIVE WEIGHT)

Variable Treaiment 3,200 3,200-C" 2,900 2.900-C"
Male S.14 4.79 4.86 5.31
Giblet Female 522 5.05 5.09 4.61
Mean 518 492 4.98 496
Male 3.97 4.53 3.72 3.56
Neck Female 3.37 379 3,71 4.00
Mean 3.67 4.16 3.72 3.78
Atdominal Male 1.52 216 1.79 t.42
fat Female 1.72 2.6l 1.34 2.01
Mean 1.62 2.39 1.57 1.72
Carcass Male 66.16 66.84 66.00 67.16
yield Female 65.95 66.85 68.15 67.79
Mean 66.06 66.85 67.08 67.48
Probability :
Giblet Neck Abdominal fat  Carcass yicld
Enerpy 0.6242 0.3959 0.0574 0.1335
Scx 0.7999 0.2155 0.1921 0.2184
Cimaierol 0.5415 0.1104 0.0202 0.3124
Energy X sex 0.3421 0.0087 0.7408 0.1892
FEnergy X cimaterol 0.5485 0.1649 0.2322 0.7285
Scx X cimaterol 0.3297 0.5991 02167 0.5332
Energy X sex X cimuterol 01736 0.3369 0.5228 0.433)

' C: cimateral added.
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groups in weight of giblet, neck, abdominal fat
or carcass yield by the administratton of cima-
terol. Giblet was the lowest in the 3,200-cimaterol
group und the highest in the 3.200-no cimaterot
group. Abdominal fat was significantly increased
with cimatero]l administration. These results are
contrary to other reporls (Dalrymple et al,
1984ua.b, 1985) which indicated that abdominal
fat was teduced with cimaterol administration.
There was little difference in carcass vield

between control and cimalerol treated group.

Nutrienl metabolizability

The results of nutrient metabolizability affected
by dietary treatment are presented in table S
The results of the analysis of variance provided
no evidence for any significant effect of cimaterol
on the melabolizability of dry matter, crude
protein, ether extract or total carbohydrate. All
of these parameters, however, were significantly

TABLF 5. EFFECTS OF CIMATEROL ON THE NUTRIENTS METABOLIZABLITY OF BROILERS (%)

__Variable _';r[calment 3,200 3,200-C 2,900 2.900-C'
Male 74.62 75.15 71.15 75.06
Dry malter Temale 7595 74.48 71.04 70.12
Mean 75.29 74.82 71.28 72.59
Malc 4796 59.32 19.70 28.21
Crude protein Female 53.44 58.32 45.09 4501
Mean 50.70 58.82 42.25 36.61
Male 82.39 90.58 76.17 77.70
Ether extract Femalc 91.79 89.96 74,31 85.47
Mean 87.09 90.27 75.24 81.59
Mule 32.90 56.98 39.52 38.28
Ash Female 32.59 55.31 34.98 55.5%
Mean 32,93 56.15 37.25 46.93
Total Male 86.60 85.17 8425 76.61
carbohydrate Female 85.73 86.49 79.71 84.28
Mean 86.17 85.83 81.98 £0.45
Probability ;
Dry Crude Ether Ash Total
matler protein extract carbohydrate
Energy 0.0048 0.0070 0.0132 0.7191 0.05511
Sex 0.4472 0.0938 0.0832 0.2204 0.3607
Cimaterol 0.8283 0.8944 0.3340 0.0071 0.3053
Energy X scx 0.2356 0.1954 0.6569 0.2035 0.33%2
Fneray X cimaterol 0.3850 0.0445 0.9819 0.0410 0.3079
Scx X cimaterol 0.1222 0.7732 0.4010 0.8049 0.1605
Energy X sex X cimaterol 0.4675 0.5903 0.2612 0.6630 0.3888

' C: cimaterol added.
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increased by raising the energy concentration of
the diet. The metabolizability of the ash compo-
nent of the diets was highly variable but was
nevertheless significantly increased by cimaterol.

Carcass composition

Carcass compositions as influcnced by dictary
cimateral are summarized in table 6. In this study
neither cimaterol administration nor energy level
affected carcass ccmpaosition. Crude protein con-
tent was significantly higher in males than in
females (p < 0.05) bul other carcass compaosition
was similar for the sexes. The effects of cimaterol
on carcass composition were not found, which
15 contrary 1o results of others who reported

thal A-agonist such as clenbuterol and cimaterol
reduced the fal content and increased the protein
content in various animals (Dalrymple et al.,
1984a,b; DBaker et al, 1984; Emery et al, 1984;
Jones et al, 1985, Haonrahan et al, 1986; Kim
et al, 1987, Han et al, 1990). No responce by
cimaterol in body composilion in present studies
may be the results of withdrawal period imposed
lo the experimental bird for the last three days
of the teeding trial.

Lipalytic and lipngenic activity

The effects of cimateral on lipalytic
lipogenic activity in the liver are presented in
table 7.

and

Lipolytic activity in liver tissue was

TABLF 6. FFFECTS OF FEEDING CIMATEROL AT TWO ENERGY IEVELS ON THF CARCASS COMPOSITION

OF BROILERS (%)

Variable Treatment 3.200 3.200-C’ 2.900 ~2.900-C
Male 65.44 65.78 66.18 £9.16
Moisture Female 69.96 67.29 70.07 67.45
Mcan 67.20 66.54 68.13 6R.31
Male 19.60 18.99 19.89 20.14
Crude protein  Female 18.52 19.18 19.06 12.71
Mean 19.06 10.09 19.48 18.93
Male 14.39 14.40 12.85 9.85
Ether extract  Female 11.47 12,79 10.01 14.12
Mean 1293 13,60 1143 11.99
Maule 0.92 092 1.06 1.02
Ash Female 0.93 0.95 0.97 0.9]
Mean 0.93 0.94 1.02 0.97
Probability ;
Maisture Crude protein Fther extract Ash
Energy 0.3095 0.7047 0.2312 0.0645
Sex 0.1753 0.0242 0.6511 01618
Cimatcrol 0.7144 0.5522 0.4729 0.4462
Energy X sex 0.4473 0.1303 04124 0.0441
Energy X cimaterol 0.6471 0.4279 09138 0.2955
Sex X cimateral 0.1038 0.8120 G.0707 0.9571
Encrgy X sex X cimaterol 0.4445 01176 0.2133 0.7622

' Coamaterol added.
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TABLF 7. FFFFCTS OF DIFTARY CIMATEROL AT CIFFERENT ENERGY LEVELS ON LIPOLYTIC AND LIPOGFENIC
ACTIVITY N LIVER INCUBATED IN VITRO®

Variable Treatment 3,200 3,200-C" 2,900 2.900-C?
Lipolytic? Male 0.081 0.068 0.041 0.078
activity Female 0.047 0.075 0.072 0.078
Mean 0.064 0.072 0.056 0.078
Lipogenic® Male 20.86 11.94 18.40 16.18
activity Female 3477 9.09 2044 8.73
Mcan 27.82 10.52 19.42 12.46

Probability .

Lipolytic activity

Energy

Sex

Cimateraol

Energy X sex

Energy X cimaterol

Sex X cimaterol

Energy X sex X cimaterol

0.9937
0.880/
0.0293
0.0326
0.2417
0.6512
0.0066

Lipogenic activity

0.6152
0.825

0.0653
0.5220
0.4222
0.3098
0.7769

' C: cimatero: added.

Fach value represenis the mean of five determinatiens (n = 3).
" peq nonesterified Tatty acid (NEFA) released mgfeell in 120 minuses
* n moles glucose incarporated into tatal lipid mgfeell in 120 minutes.

TABLE 8. EFFECTS OF DIETARY CIMATERQL AT DIFFERENT ENERGY LEVELS ON RETAINED PROTEIN AND
SFCRETED PROTEIN IN ACINAR CULTURE OF BROLER L VER'

Variable Treatment 3,200 3.200-C* 2,900 2,900-C*
Retained Male R1.04 94, 5% 105.40 87.60
protein’ Female 75.53 76.75 84.27 95.66
{dpm/mg X 107 prolein) Mean 78.29 §5.67 94 .84 91.63
Secreled Male 5.40 5.30 11.34 11.02
protein’ Female 6.78 5.74 6.1i 318
{(dpm/mg X 10 7? protein) Meun 6.09 5.52 8.73 9.6

Probability ;

Retained pratein

{dpm/mg X 10 * protein)

Energy

Sex

Cimaterol

Energy X sex

Energy X cimaterol

Sex X cimaterol

Encrgy X sex X cimaterol

0.0196
0.2459
0.9060
0.0744
0.5843
0.7842
0.5301

Secreted protein
(dpm/mg X 107 protein)

0.2751
0.3732
0.8553
0.8111
0.6132
0.6849
0.2911

" Acinar cells from liver were plated and incubated for 18 hovrs in 1he medium; Bach wvalue represenis the

meun of four determinaticns (4 culture dishes/determinatien].

! The amaunt of retaned protein was determined hy the incarporation of [fH)-lysine (0.5 «Cifml) into acini
* The amount of sccreted protein was determined hy the incorporation of PPHi-lysine (0.5 uCifml) into TCA

insoluble material.
* C: cimaterol added.
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decreased 1n female hirds with cimaterol admin-
istratian. fn vitro lipogenic activity in liver was
decreased with cimaterol administration (g <
0.05). This resulls is consistant with that of Fain
and Garcia-Sainz (1983), who reported that 8-
apgenist increased lipolysis as a result of stimul-
atian of G-receptors. Even though the difference
was pot significant, fa viro lipagenic aclivily in
liver tissue was decreased with cimaterel admin-
istration (p = (.065) Reta-agonists are substituted
catechalamines the /A adrenergic
stimulate  cyclic AMP  production
{(Fain and Garcia-Sainz, 1983), resu'ting n
rednced  lipogenesis  and  enhanced  lipalysis
(Theraton et ai., 1984; Duquerte and Muir, 1985).
A direct effect. at least on lipolysis, s

which act on
receplors to

sup-
ported by lang-term elevation in circulating plas-
ma free fatty acids in cimaterel-treated lambs
{Beermann ¢t a... 1985a).

Pratein syunthesis

Effects of cimaterol on retained and secrered
protem in liver acinar culture are summarized
in table 8 FEven though difterence was nct sig-
nificant. at 3200 keal/kp energy level synthesis
of retamned proteins was icreased by cimatercl
administration. The increase was higher in males
than 'n females. A1 2,900 kcallkg energy level
the synthesis of retained protein was decreased
with With regard o
secreled pretein, it was not significantly affected
by cimaterol administration. A1 3200 kcalkp
energy level secreted protein was decreased with
administration. but at 2,900 keal/kg
cnergy level this trend was reversed.

cimatercl administraticn.

cimalerol
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