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Abstract: The current study was performed to examine the response of the enzymes related lipid metabolism
gene to hormonal stimulation in pig muscle tissue from finishing pigs. Longissimus dorsi muscle was collected
and muscle tissue explants (approximately 100 mg) were prepared by sterile techmique in finishing barrows
(100.5+5.3 kg BW) of Rongchang. A ir vifro system was established to investigate the regulation of Insulin
(IN'S), Somatotropin (ST), Epinephrine (Epi) and Glucagon (GCG) on Lipoprotein Lipase (LPL), Acetyl-CoA
Carboxylase (ACC), Fatty Acid Synthase (FAS) and Hormone Sensitive Lipase (HSL) gene expression to
determine whether there was any potential for the mampulation of the Intramuscular Fat (IMF) deposit in
Longissimus dorsi muscle of pig. The experiment was conducted with an orthogenal design with a L,(3") and
each treatment had three replicates. Results showed that ST significantly affected HSL. and FAS mRNA
abundance (p<<0.01) and INS influenced LPL and ACC mRNA abundance (p<0.01), respectively. This results
suggested that the combination of hormenes (INS; 1x107° M, ST, 5x107"' M, Epi; 1x107° M, GCG; 1107 M,
INS, 11077 M, ST; 53107 M, Epi; 1x107° M, GCG;, 1x107° M, INS; 1x1077 M, ST; 3x107° M, Epi; 1x107° M,
GCG; 1x107° M) could increase IMF content by increasing L.PL, ACC and FAS mRNA expression and at the
same time, the combination of hormones (INS; 1 <1077 M, ST; 5107 M, Epi; 1 107" M, GCG; 1 x107° M) had
higher IMF content by decreasing HSL mRNA expression. It could be concluded that the combination of
hormenes (INS; 1x107°, ST, 5x107°, Epi; 1x1077, GCG; 1 x107% could improve IMF content in finishing pigs.
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INTRODUCTION
Flavour and tendemess are key components
contributing to a good eating experience. Intramuscular
fat extracted from the Longissinus muscle was related
to flavour and juiciness (Femandez et al, 1999)
with marbling related to percent intramuscular fat
(De Campeneere et al., 1999). Sutdies showed that one of
Chinese local species, Rongchang had higher
mtramuscular fat content in muscle (Pang et al., 2006).
Muscle tissues and cells undergo a regulated growth
substrate
utilization and energy partitioning were affected by a
range of factors (Hocquette et al., 1998a, b). Recently, the
(signaling) interaction between myogenic cells and
adipocytes had been found which was considered as a
significant role in regulation of the rate and extent of
adipogenesis, myogenesis and lipogenesis/lipolysis
(Fruhbeck et al., 2001; Diamond, 2002). Studies showed

and differentiation processes as well as

that Insulin (INS), Somatotropin (ST), Epinephrine (Epi1)
and Glucagon {(GCG) were hormones participating in the
processes  of  lipogenesis/lipolysis
(Hillgartner ef al., 1995).

Conventional PCR has been shown to convincingly
detect the presence of some enzymes in muscles such as
Lipoprotein Lipase (ILPL) in muscle tissues of bovine and
psoas muscle of rat (Hocquette et al., 1998b), Acetyl-CoA
Carboxylase (ACC) mn muscle tissues of human and soleus
muscle of rats (Abu-Elheiga ef af., 2003, 2001), Fatty Acid
Synthetase (FAS) in BC3H-1 myocytes (Zhang and
Kiechle, 2006) and Hormone Sensitive Lipase (HSL) in
soleus muscle of rats (Langfort et al., 2003, 2000). Salat1
found that some hormones regulated these enzymes
mRNA levels of pig in vitro (Salati and Clarke, 1986).

However, the major drawback of conventional PCR
lies in the difficulty in generating quantitative data in
relation to the mput template because of the exponential
kinetics of PCR amplification and the end point detection
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of the amplified product (Orlando et al., 1998). The recent
of  quantitative
Transcription-polymerase Chain Reaction (qRT-PCR)
technology, a variant of conventional PCR has largely
solved. This problem and can be considered as an
alternative to conventional PCR. This variant of PCR
measures the product formation in real time by means of
fluorogenic probes and was acknowledged to be
extremely sensitive (Heid et al, 1996), making it an
invaluable tool in all areas of biclogy where sensitivity
and rapidity of detection are critical to the end user
(Orlando et al., 1998).

The current study was performed to examine the
response of the LPL, ACC, FAS and HSL gene in
Longissimus dorsi muscle of Rongchang pigs to hormonal
stimuli by quantitative real-time PCR and to determine
whether there was any potential for the hormonal
manipulation of the Tntramuscular Fat (IMF) deposition in
plg muscle.

introduction real-time  Reverse

MATERIALS AND METHODS

Longissimus dorsi muscle isolation: Three Rongchang
barrows were used (mitial BW: 80.6+2.8 kg). They were
fed a corn-soybean meal diet for 1 month. Pigs were
separately housed in a semi-confinement, cement-floor
facility in 3 adjacent pens (2.0x4.0 m) and slaughtered
when the body weight reached at about 100.5+5.3 kg.
During the experimental period, all the pigs had a free
access to water and a 11.94% CP corn-soybean meal diet
containing 0.45% truly digestible lysine and 12.96 MJ ME
kg™ according to recommendations of GB 7223-1987
(Nutrient Requirements of Rongchang Swine in 1987).
Pigs were exsanguinated by a sterile scalpel and samples
of Longissimus dorsi muscle were immediately collected
from the 10th rib on the right side and rapidly placed into
an incubator vessel containing sterile Hank’s buffer
(0.35 g ™! sodium bicarbonate, pH7 .4, H6136, Sigma).

Longissimus dorsi muscle incubations: Longissimus
dorsi muscle explants were rinsed with Hank’s buffer,
sheared and seeded on 25 cm?® (50 mL) tissue culture
flasks (Greiner bio-one, German) at a density of 2 explant
cm (1 %1 c¢m) in cabinet (Class-Biological Safety Cabinet,
Forma, USA) maintained in incubator at 37°C in a
humidified, 5% CO, atmosphere (Series-CO , Water
Tacketed Incubator, Thermo Forma, USA) and 2 h later
culture media was perfused along the wall of flasks wluch
was Dulbecco’s modified Eagle medium/F12 (DMEM/F12,
12500-062, Gibco BRL, USA) contaimng 20% (v/v) fetal
bovine serum (FBS, 10088-141, Gibco BRI, USA)
supplemented with sodium bicarbonate (1.2 g L™"), the
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antibiotics penicillin G (10 mg L.7") and streptomycin
(10 mg L") When explants surrounded by cells
(days 6-8), cultures were changed to DMEM/F12
containing 10% (v/v). Culture medium were changed
every 3 days and in the mean while culture was observed
by mverted microscope (IX70-131, Olympus, Japan). Untl
80% cells confluency (days 14-16), cultures then were
shifted to serum-free media for 6 h, supplemented with
1.5% Bovine Serum Albumin (BSA, M20231B, Maverick,
Australia) and different hormone mcluding nsulin
(T6634, Sigma, TTSA), somatotropin (S8648, Sigma, TISA),
epinephrine (E4250, Sigma, USA) and glucagon
(G3157, Sigma, USA) according to a orthogonal design
witha Ly(3") (Table 1). Each treatment had three replicates
and hormone levels of each treatment were shown in
Table 2.

RNA isolation and ¢cDNA synthesis: After culture, cells
were washed with prewarmed Hank’s buffer and total
RNA was extracted usmg RNAiso total RNA
extraction reagent (D312, TaKaRa, Dalian, China). RNA
concentrations were determined by measuring absorbance
at 260 nm using the UV/visible spectrphotometer (DU-640,
Beckman, USA) and its purity was verified
spectrophotometrically at 260/280 nm. Electrophoresis of
total RINA through a 1% agarose gel followed by ethidium
bromide staimng to allow visualization of 28 and 18 S
ribosomal RNA (rRNA) was used to assess the integrity
of RNA. After RNA integrity was assessed, samples were
DNased to remove any contaminating genomic DNA
using a commercially DNase (RNase Free, D221 5, TaKaRa,
Dalan, China). One microgram of total RNA was then
reverse-transcribed to  produce the first strand
complementary DNA (cDNA) using TagMan reverse
transcription reagents (DRRO35, TaKaRa, Dalian, China)
and followmng the protocol recommended by the
manufacturer. Random oligo (dT) was used as primers in
c¢DNA synthesis.

Design of PCR primers for gqRT-PCR: All qRT-PCR
primers were designed with the Primer Express software

Table 1: The orthogonal experiment design of INS, 8T, Epi and GCG

Factors
No. of treatments  INS! (M) ST? (M) Epi® (M) GCG* (M)
1 1x1077 Sx1071 1x1078 1x1078
2 1x1077 Sx10710 121077 1x1077
3 1x1077 5x107° 1x1076 1x1078
4 1x107° Sx1071 1x1077 1x107°
5 1x1078 Sx10710 11078 1x1078
6 1x1078 5x107° 1x107% 1x1077
7 1x107° Sx1071 1x1078 1x1077
8 1x107° Sx10710 1x1078 1x1078
9 1x1073 5x107° 1x1077 1x1078

Insulin; 2Somatotropin; *Epinephrine; *Glucagon
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Table 2: Primers and TagMan probe sequences used for real-time quantitative PCR

Genes (GenBank Accession No.) Primer and probe sequence

Predicted size (bp)

B-actin' (U07786)

Forward: 5-CTCTTCCAGCCCTCCTTCCT-3

87

Reverse: SGATGTCCACGTCGCACTTCA-3
Probe: $'-(FAM) TCCTGCGGCATCCACGAGACCACC (Eclipse)-3'

HSL? (NM_214315)

Forward: 5" TCCAAGTGTGTCAGTGCCTATG-3'

121

Reverse: §-GGAGGTCTCGGAAGAGCAGG-S'
Probe: 5-(FAM) TGTCCCGCCGCACCAGTCCCA (Eclipse)-3'

LPL? (NM._214286)

Forward: 5-GGACCTAACTTCGAGTATGCAGAA-3'

90

Reverse: 5-CCCTCTGGTGAATGTGTGTAAGA 3!
Probe: §'-FAM) CCGCCTTTCTCCCGACGACGCAG (Eclipse)-3'

FAS® (AY952929)

Forward: 5-CTACCTTGTGGATCACTGCATAGA-3'

114

Reverse: $-GGCGICTCCTCCAAGTTCTG-3'
Probe: §'-(FAM) CGTGCCAGCGTCTTCCAGGTCAGC-(Eclipse) 3

ACCE (AF175308)

Forward: 5'-CTGACATGCTGACGTACACTGA-¥

102

Reverse: 5-TCCAAGCTACCATGCCAATCTC-3'
Probe: S'(FAM)-TCCTCCTGGAAGCCTGTTCATGTGGACC-(Eclipse) 3'

'Sus scrofa [-actin, mRNA; ?Sus scrofa hormone-sensitive Lipase (LIPE), mRNA; *Sus scrofa Lipoprotein Lipase (LPL), mRNA; “Sus scrofa Fatty Acid

Synthase (FASN), mRNA; *Sus scrofa acetyl-CoA carboxy lase, mRNA

(Version 2.0, Applied Biosystems) using design
parameters specified for real-time PCR. The primers were
custom-synthesized by TaKaRa (Dalian, China). The
designs of the primers used in the present study were
derived from cDNA sequences already present in the
database (National Center for Biotechnology Information,
NCBI). Pig specific B-actin as an endogenous control,
LPL, ACC, FAS and HSL forward and reverse primer and
TagMan detection probe were synthesized using
published GenBank sequences (Table 2). Specificity of all
the primers was tested by two methods: The first by
searching the homologous DNA sequences with the
GenBank BLAST tool and the second by amphfying the
respective target DNA by conventional PCR  and
visualizing the amplification on 2.0% agarose gels with
ethidium bromide.

Quantitative real-time-PCR: Real-time quantitative PCR
was used to measure the quantity of LPL, ACC, FAS and
HSL mRNA relative to the quantity of beta actin in total
RNA isolated from TLongissimus muscle tissue of pigs.
Measurement of the relative quantity of ¢cDNA was
carried out using TagMan Universal PCR Master Mix
(TaKaRa, Dalian, China), 200 nM concentration of the
appropriate forward and reverse primers, 120 nM
concentration of appropriate TagMan detection probe
and 2 pL of the cDNA mixture. Assays were performed in
an real-time system (MJ Research, INC), using thermal
cycling parameters recommended by the manufacturer
(10 sec at 95°C followed by 45 cycles of 5 sec at
95°C, 15 sec at 57.5°C, 6 sec at 72°C and 1 sec at 80°C).
Relative expression of LPL, ACC, FAS and HSL was
normalized with the beta actin endogenous control and
expressed in arbitrary units. Titration of LPL, ACC, FAS
and HSL and beta actin primer against increasing amounts
of cDNA gave linear responses with slopes of 0.268-0.301.
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The relative quantified results of all the target genes
were described by 27°°, ACr= Cr 1 ~Cr s, which Cr
(the threshold cycle) indicates the fractional cycle number
at which the amount of amplified target reaches a fixed
threshold (Livak and Schmittgen, 2001).

Statistical analysis: Data were analyzed by ANOVA with
the General Linear Model (GLM) procedure of SAS
software (SAS, 2000) in an orthogonal design with three
replicates and repeated measures over time.

RESULTS

Specificity of all the primers was tested by amplifying
the respective target DNA by conventional PCR and
visualizing the amplification on 2.0% agarose gels with
ethidium bromide (Fig. 1 and 2).

The effects of insulin, somatotropin, epinephrine and
glucagon on mRNA abundance of LPL were shown in
Table 3 and 4. Tt was obtained that the degree of effect on
LPL mRNA was ranged with INS>GCG=>Epi=ST. LPL
mRNA level was significantly affected by insulin (p<c0.01),
somatotropin (p<0.05), epinephrine (p<<0.01) and glucagon
(p=<<0.01). The optimal combination of was INS3 ST1 Epi3
GCG2 (INS; 1x107° M, ST; 5<107"' M, Epi; 1x107° M,
GCG; 1107 M).

The effects of hormones on mRNA abundance of
ACC were shown in Table 5 and 6. Insulin affected ACC
mRNA abundance most (p<0.01) following with
somatotropin (p<0.01 ),epnephrine (p<0.01) and glucagon
(p=<0.05) in turn. The combination of INS1 ST3 Epi3 GCG3
was optimal (INS; 1x107 M, 8T; 5<107° M, Epi; 1x10~°
M, GCG; 1x107° M).

FAS, the enzyme complex involved in the de nove
synthesis was of long chain fatty acids which was a key
intermediate at the branch point between the glycolytic
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250 bp ——
100 bp ——

Fig. 1. Conventional PCR  and
amplification on 2.0% agarose gels with ethidium

visualizing  the

bromide showmg the specificity of the prumers
designed in the present study of P-actin, HSL
and LPL. 1, 2: B-actin RT-PCR product; 3, 4: HSL
RT-PCR product; 5, 6: LPL. RT-PCR product

M

Fig. 2: Conventional PCR  and the
amplification on 2.0% agarose gels with ethidium

visualizing

bromide showing the specificity of the priumers
designed 1n the present study of ACC and FAS. 1:
ACCRT-PCR preduct, 2: FAS RT-PCR product

pathway and triacylglycerol synthesis. The effects of
insulin, somatotropin, epinephrine and glucagon on
mRNA level of FAS were shown in Table 7 and 8. The
degree of effect on FAS mRNA was ranged with
ST>GCG>INS=Epi. Somatotropin (p<0.01) significantly
affected FAS mRNA level. The optimal combination of
was INSI ST3 Epi3 GCG3 (INS; 1x107" M, ST; 5x107°
M, Epi, 1x107° M, GCG; 1 x107° M).

The effects of mnsulin, somatotropin, epmephrine and
glucagon on mRNA abundance of HSL were shown in
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Table 3: Anatysis of variances of the arthogonal experimental results of T.PL.

mRNA x10~°

Sources Sum of squares  df Mean® F p-values
Corrected Model 824.850 8 103.106 9.324 0.000
Intercept 1090.486 1 1090.486  98.618 0.000
INg! 272106 2 136.053 12.304 0.000
8T? 121.444 2 60.722 5.491 0.014
Epi® 220.287 2 110.143 9.961 0.001
GCG? 211.013 2 105.507 9.541 0.001
Error 199.038 18 11.058 - -
Total 2114.375 27 - - -
Corrected total 1023.888 26 - - -

Table 4: Single factor investigation of the orthogonal experimental results
of LPL mRNA =103

Hormonal 95% I
concentrations
Factors (VD Mean SE Lower bound Upper bound
INS! 1x1077 3.207 1.108 0.878 5.535
1x10°° 5158 1.108 2.829 7.487
1x107° 10.701 1.108 8372 13.030
ST? Sx1071 9107 1.108 6.778 11.435
5x10710 3.946 1.108 1.617 6.274
5x107° 6.013 1.108 3.685 8.342
Epi® 1x107% 4.134 1.108 1.806 6.463
1x1077 4.543 1.108 2.215 6.872
1x1078 10.388 1.108 8.059 12.717
GCG* 1x107% 3.481 1.108 1.152 5.810
1x1077 10.143 1.108 7.815 12.472
1x107¢ 5441 1.108 3.112 7.770

Table 5: Analysis of variances of the orthogonal experimental results of
ACC mRNA =107

Sources Sum of squares  df Mear? F p-values
Corrected Model 1022.918 8 127.865 8.992 0.000
Intercept 2017.095 1 2017.095 141.854 0.000
NS! 430.025 2 215.013 15.121 0.000
ST? 266.070 2 133.035 9.356 0.002
Epi® 218.496 2 109.248 7.683 0.004
GCG* 108.326 2 54.163 3.809 0.042
Error 255.951 18 14.220 - -
Total 3295.964 27 - - -
Corrected total 1278869 26 - - -

Table 6: Single factor investigation of the orthogonal experimental results
of ACC mRNA =10~

Hormonal 95% CI
concentrations
Factors (VD Mean SE Lower bound Upper bound
NS! 121077 14.104 1.257 11.464 16.745
1x1078 7.147 1.257 4.506 9.787
1x107° 4.679 1.257 2.038 7.320
8T? hESTURE 4.944 1.257 2.304 7.585
5x10710 8.367 1.257 5.726 11.007
5%x107° 12.619 1.257 9.978 15.260
Epi® 1x107% 6.498 1.257 3.857 9.139
11077 6.769 1.257 4.128 9.410
1x107¢ 12.663 1.257 10.023 15.304
GCG* 1x107% 7.070 1.257 4.429 9.711
1x1077 7.390 1.257 4.749 10.031
1x107¢ 11.470 1.257 8.829 14.111

Insulin; 2Somatotropin; *Epinephrine; “Glucagon

Table 9 and 10. Somatotropin affected HSL. mRNA
abundance sigmficantly (p<0.01) following with glucagon
{(p<0.01), epmephrine (p<0.01) and mnsulin (p<0.01) n tum.
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Table 7: Analysis of variances of the orthogonal experimental results of
FAS mRNA =x10~°

Sources Sum of squares  df Mean? F p-values
Corrected model 296.029 8 37.004 3.185 0.020
Intercept 571.044 1 571.044 49148 0.000
INS! 37.449 2 18.724 1.612 0.227
ST? 175227 2 87.613 7.541 0.004
Epi® 24327 2 12.163 1.047 0.371
GCG* 59.026 2 29.513 2.540 0.107
Error 209.141 18 11.619 - -

Total 1076.214 27 - - -
Corrected total 505.170 26 - - -

Table 8: Single factor investigation of the orthogonal experimental results
of FAS mRNA %1073

Hormonal 9596 CI
concentrations
Factors (VD Mean SE Lower bound Upper bound
INS! 1x1077 5.823 1.136 3.436 8.210
1x107¢ 4.964 1.136 2.577 7.352
1x107% 3.009 1.136 0.622 5.396
ST? Sx1o7!! 2.704 1.136 0.317 5.092
Sx10710 2.892 1.136 0.505 5.279
5%107° 8.200 1.136 5.813 10.587
Epi® 1x107% 3.790 1.136 1.403 6.177
121077 4.076 1.136 1.688 6.463
1x107¢ 5.931 1.136 3.544 8.318
[clecn 1x107% 5.486 1.136 3.098 7.873
1x1077 2.516 1.136 0.128 4.903
1x107° 5.796 1.136 3.408 8.183

Table 9: Analysis of variances of the orthogonal experimental results of
HSL mRNA =107

Sources Sum of squares  df Mean® F p-values
Corrected model ~ 244.255° 8 30.532 14.739 0.000
Intercept 221.708 1 221.708 107.029 0.000
NS 40921 2 20.460 9.877 0.001
ST? 72.290 2 36.145 17.449 0.000
Epi® 63.830 2 31.915 15.407 0.000
GCG* 67.215 2 33.607 16.224 0.000
Error 37.287 18 2.071 - -
Total 503.250 27 - -

Corrected total ~ 281.542 26 - -

Table 10: Single factor investigation of the orthogonal experimental results
of HSL mRNA %1073

Hormonal 95% CI
concentrations
Factors (M) Mean SE Lower bound  Upper bound
INS! 1x1077 1.761 0.480 0.753 2.769
1x107¢ 2.252 0.480 1.244 3.260
1x107° 4.583 0.480 3.575 5.5901
ST? Sx1o7H 5.047 0.480 4.039 6.055
5x1070 1.106 0.480 0.098 2.113
51077 2.444 0.480 1.437 3.452
Epi® 1x107% 2.092 0.480 1.084 3.100
1x1077 1.492 0.480 0.484 2.500
1x107° 5.012 0.480 4.004 6.020
GCG* 1x1078 1.383 0.480 0.375 2.391
1x1077 5.051 0.480 4.043 6.059
1x1078 2.162 0.480 1.154 3.170

'Insulin; ?Somatotropin;® Epinephrine? Glucagon

The combination of INS1 ST2 Epi2 GCG1 (INS; 1x1077 M,
ST; 5%107" M, Epi;, 1x107 M, GCG; 1x107° M) was
superior to others.

DISCUSSION

Lipoprotein Lipase (LPL) catalysed the rate-limiting
step of adipose tissue lipogenesis and was thought to
control intramuscular triacylglycerol degradation. The
reason for this belief was the finding under various
conditions of a direct relationship between lipoprotein
lipase activity and triacylglycerol depletion m muscle
(Oscal et al., 1990). LPL was of particular mterest in
tissues of meat-producing animals because LPL controls
the partitioning of fatty acids between adipose tissue and
muscle (Hocquette et al, 1998a). The levels of LPL
transcripts are positively related to LPL activity in bovine
tissues (Hocquette ef al., 1998b). Therefore, LPL activity
may affect beef carcass quality by regulating the available
substrates for either muscle or marbling development.

Aceryl-Coenzyme A (acetyl-CoA) Carboxylase (ACC)
Catalyzes the synthesis of malonyl-CoA, a metabolite that
plays a pivotal role in the synthesis of fatty acids as the
donor of C2 units (Thampy, 1989) and in the oxidation of
fatty acid as the regulator of the mitochondrial shuttle
system (McGarry and Brown, 1997). Hence, ACC links
fatty acid and carbohydrate metabolism through the
shared intermediated acetyl-CoA, the product of pyruvate
dehydrogenase. Increasing evidence suggests that it play
major roles in regulating the rates of fatty acid synthesis
and oxidation, respectively as they relate to energy
homeostasis (Abu-Elheiga et al., 2001). They are under a
strict regulation by diet, hormmones and other
physiological factors (Allred and Reilly, 1996). These
regulators manifested their actions at the levels of gene
expression and by modulating enzyme activities either
through ST allosteric activation by citrate or by covalent
modification, phosphorylation dephosphorylation  of
specific serine residues (Kim, 1997, Mabrouk ef af., 1990).
Mabrouk reported that Glucagon or epinephrine injection
of fastedrefed rats yielded carboxylase with lower
specific activity (1.4 or 1.9 units mg~', respectively),
higher phosphate content (6.4 or 6.7 mol of Pifmol of
subunit, respectively) and mainly in the octameric state
(Mr approximately 2x10% (Diamoend, 2002; Yin ef af.,
1998). Fatty Acid Synthase (FAS) was a key enzyme i the
lipogenic pathway that catalyzes all the reactions in the
conversion of acetyl-CoA and malonyl-CoA to palmitic
acid. Fatty acid synthase activity, mRNA levels and gene
transcription are exquisitely sensitive to nutritional and
hormonal manipulations (Hillgartner et al, 1995). For
example, the previous studies indicate that Somatotropin
(ST) dramatically attenuates the stimulatory effect of
insulin on FAS mRNA abundance and gene transcription
inrat liver and in 3T3-F442A adipocytes (Yin et al., 1998).
An impressive body of evidence indicates that ST
dramatically decreases lipogenesis in adipose tissue of
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growing pigs. This decrease occurs as the result of a
ST-dependent reduction i 1insulin  sensitivity and
responsiveness in adipocytes (Etherton and Bauman,
1998). The available data indicate that the pST-dependent
decrease in lipogenesis was due to a marked decrease in
the activity of several insulin-stimulated lipogenic
enzymes including FAS (Donkin et al., 1996).

Hormone Sensitive Lipase (HSL) catalyses the rate-
limiting step of adipose tissue lipolysis. HSL was thus one
of the enzymes determimng whole-body fuel availability
and it accounts for most of the detectable lipolysis in the
post-absorptive state (Langin ef af., 1996). The amount of
HSL was considered to be the rate-limiting factor in
adipocyte lipolysis. Any variation in HSL expression will
therefore modulate the extent of adipose tissue lipid
mobilization (Grober ef al., 1997). HSL was present in
skeletal muscle cells and was more abundantly expressed
mn oxidative than in glycolytic muscle fibres. Both
adrenaline and contractions stimulate muscle HSL activity
and the effects of the two stunuli are partially additive.
Adrenaline and contractions enhance muscle HSL activity
by different signaling mechamsms. Langfort demonstrated
the presence of the neutral lipase HSL by Western
bloting in muscle which controls triacylglycerol
breakdown in adipose tissue (Langfort ef al, 1999).
Furthermore, it was shown that analysed under conditions
optimal for HSL, neutral lipase activity in muscle can be
mncreased by adrenaline as well as by muscle contractions
and these increases were abolished by the presence of
anti-HSL anti-body during analysis (Langfort ef al., 1999,
2000).

CONCLUSION

The results suggested that the combination of
hormoenes (INS; 1x107° M, ST, 5x107" M, Epi; 1x107° M,
GCG; 1x1077 M, INS; 1x1077 M, ST; 5=<10~° M, Epi;
1x107° M, GCG; 1x107° M, INS; 1 x107M, ST; 5x107° M,
Epi; 1x107° M, GCG, 1x107° M) could increase TMF
content by mcreasing LPL, ACC and FAS mRNA
expression and at the same time the combination of
hormoenes (INS; 1x1077 M, ST, 5x107"" M, Epi; 1x1077 M,
GCG; 1x107" M) had higher IMF content by decreasing
HSL mRNA expression. It could be concluded that the
combination of hormones (INS; 1x107° M, ST; 5x107" M,
Epi; 1x107 M, GCG; 1x107" M) could improve IMF
content in finishing pigs.
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