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SUMMARY

1. Title

Nutritional, hormonal and iImmunological approaches for

improving the carcass quality of finishing barrows

11. Objectives and Significance

Boars grow fTaster and also utilize the feed more
efficiently than gilts, but the carcass quality of the former
is inferior to that of the latter because of the boar-taint.
The boar-taint is caused mainly by androstenone which is
secreted from testes and accumulated in adipose tissues. Under
the current situation where market pigs are slaughtered at
110kg of body weight, it is iInevitable to castrate the boar
because of the boar-taint.

Barrows have no boar-taint because their testes have been
removed; however, they accumulate much more fat and utilize the
Teed less efficiently than gilts or boars, and moreover, their
carcass grade is likely to be inferior to that of gilts. As for
the way for preventing the excessive fat deposition of barrows,
restriction of energy intake and administration of exogenous
hormonal agents have been reported. Restricted feeding is well
known as a means to limit energy intake, but this is not widely

used in the field because of a few practical limitations. Use



of low energy diets, which also is not widely used in the
field, has been knowmn as a second choice for limiting the
energy intake. As a third line of approach, implantation of
anabolic steroid(s), has been introduced in European countries,
but this has not been even tried domestically.

The present project was undertaken to investigate the
effects of restricted feeding, feeding a low-energy diet and
implantation of anabolic steroids on fat deposition and carcass
quality and the expression of iInsulin-like growth factor(1GF)
system components in finishing barrows and thereby to derive
and make public practical means to prevent the excessive
Tatness of barrows and also to find insights into hormonal
regulation of body composition and the role of the IGF system

in somatic growth.

111. Experimental Approaches and Scope

The present study can be divided into three main steps:
preparation, feeding trial and analyses of experimental samples
of the trial. The preparation step iIncludes formulation of a
NRC-based control diet and a low-energy diet containing 85%
energy level of the former and a preliminary feeding trial of
the experimental diets. Also performed during the first step
were a development of IGFBP-3 RIA following purification of the

protein from porcine serum and raising iIts antiserum In a



rabbit and cloning of a c¢cDNA fragnent of acid-labile
subunit(ALS), a major component of the circulating IGF system.
At the next step, a feeding trial was performed using finishing
barrons weighing 60kg under a 2[ad libitun vs restricted(80%
ad libitum) feeding] x 2Z2[control vs low-energy diet] x 2[nho
implantation vs iImplantation of anabolic steroids] factorial
arrangement of treatments. Animals were slaughtered at  105kg,
after which liver samples were taken for RNA extraction and
carcass quality and physicochemical characteristics of the
longissimus muscle section were analyzed. Blood samples were
taken at the beginning day of the experiment and subsequently
at three weeks intervals. The final step involved determination
of concentrations in sera of estradiol, testosterone, IGF-1 and
IGFBP-3 and also determination of hepatic ALS mRNA abundance
using the ALS cDNA fragment as probe that had been cloned
during the first step. Also included in the final step was an
initiative trial where effects of active immunization against
ACTH, which is believed to play a significant role 1in
increasing the body fat ratio, during the growing and finishing

period of barrows on growth was investigated.

IV. Key Results and suggestions for Their
utilization

Following are main results and their utilities of the



present research project.

1. Low-energy diet

1) Developed a low-energy diet containing a high percentage of
grain by-product for finishing barrows.

2) Above low energy diet was confirmed to reduce the backfat
thickness: this diet can be useful for excessively fat
barrows.

3) The feed mill that participated in this project registered
the low energy diet and made public the utility of iIt.
(Distribution of this report iIs considered to be a good
channel of publication.)

2. Restricted feeding

1) Suppressed fat deposition and growth rate.

2) Considered to be useful for small-scale production units.

3. Revalor(trenbolone + estradiol pellets) implantation

1) Suppressed fat deposition and weight gain and increased feed
efficiency.

2) Found not to be suitable for practical application because
implanted barrows were judged as boars at the slaughter
house, apparently resulting from an androgenic effect of
trenbolone on development of extermal genitalia
(However, implantation of estrogen only deserves further
investigation.)

4_ Studies on the IGF system

1) IGFBP-3



(1) Purified IGFBP-3, raised a polyclonal antiserum against it
and developed its RIA.
(2) The antiserum can be distributed at request for non-profit
research purposes.
2) ALS cDNA fragment
(1) Cloned and sequenced a  300-bp porcine ALS cDNA
fragment.
(2) This fragment can be distributed at request for non-profit
research purposes.
3) Interactions of the IGF system with nutrition, feeding and
anabolic steroids
() IGF-I:
serum concentration increased by Revalor implantation.
exhibited no relation to feed Intake or dietary energy.
had positive and negative correlations with growth rate and
backfat thickness, respectively.
(@) Serum IGFBP-3 concentration:
found to have a positive correlation with growth rate.
found not to be related to feed iIntake, energy content of
the diet, or Revalor implantation.
(3) Hepatic ALS mRNA abundance:
no apparent change by any treatment
(4) I1GF1 and IGFBP-3 concentrations are considered to be
useful as iIndexes of growth potential.

5. Active Immunization against ACTH

- 10 -



1) no apparent effects of the active Iimmunization on growth up
to mid Finishing period.
2) further observations/measurements up to marketing

required(planned) as an initiative trial

- 11 -
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2

)

(growth
hormone; GH) (Etherton Kensinger, 1984; Lee,
1988). Insulin-like growth factor-1(IGF-1) GH
7.5-kDa peptide (Jones  Clemmons, 1995; , 1996; Liu
LeRoith, 1999).

1GF IGF

] IGF IGF-binding
protein(1GFBP) ICF 40 45-kDa
IGF-binding protein-3(1GFBP-3) 85-kba acid-labile subunit(ALS)
termary complex (Baxter , 1989; Lee Rechler,

1995a; Rechler Clemmons, 1998). Termnary IGF:IGFBP-3:ALS complex  IGF

IGF
(Ueki , 2000). IGF-1, IGFBP-3
ALS IGF system 3 )
IGF-1  peptide CDNA
- cloning , IGFBP-3[porcine
IGFBP-3(pIGFBP-3)] (Walton
1989), plGFBP-3 - ALS protein  cDNA
- cloning (Baxter , 1989; Leong

, 1992; Dai  Baxter, 1992; Baxter Dai, 1994; Delhanty , 1996; Lee

Rechler, 1995b; Boisclair , 1996; Rhoads , 2000)

- 17 -



) Anabolic steroid

anabolic steroids trenbolone
acetate[androst-4,9(10),11 trien-3-one, 178 acetate; TBA)]
estradiol-17p - TBA  androgen anabolic steroid
testosterone anabolic activity
(androgenecity) androgen
(Heitzman , 1977; Heitzman, 1979; Galbraith Topps,
1981; Lee, 1988). TBA Roussel UCLAF
Finaplix , estradiol
Revalor(TBA plus estradiol) -
anabolic steroids
Grandadam  (1975)  TBA(140mg) plus estradiol (14mg)
implanting 15% 10%
TBA plus estradiol anabolic action
- TBA plus estradiol 1GF-1
, oortisol (Lee , 1990)
anabolic steroids 1GF-1
testosterone
(cortisol )] .
TBA plus estradiol 1GF-1 1GFBP-3
ALS

18 -



) (active immunization)

insulin  glucocorticoid(cortisol) - Glucocorticoids
adrenocorticotropic hormone(ACTH)
catabolic hormone
(Henricks , 1984).
ACTH  glucocorticoid hormone
- Sillence (1992)

ACTH 37™%

(passive immunization)

- ACTH glucocorticoid
? ?
ACTH
glucocorticoid ’
? ,
somatotropin
Kirby , 1993) glcocorticoid hormone
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, , anabolic steroids
implantation ACTH , ,

IGF system . Table 1-1
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Table 1-1. Yearly objectives and scope

Year

Objectives

Scope

ist
(1997)

Development of a low- |-

energy diet

IGFBP-3 purification

ALS cDNA cloning

Formulation of a NRC-based control and a
low—energy(85% NRC) diets

IGFBP-3 purification from porcine serum:
cation exchange chromatography

IGF-1 affinity chromatography

C1 reverse-phase HPLC

Cloning of a porcine ALS cDNA fragment
(PCR) & sequencing

2nd
(1998)

Development of
IGFBP-3 RIA

Feeding trial

N-terminal amino acids sequencing
Production of antiserum in a rabbit
Development of pIGFBP-3 RIA

Feeding trial using a 2(ad libitum vs
restricted feeding) x 2(energy levels) x
2(none vs anabolic steroids) factorial
arrangement of treatments

Measuring live wt & blood sampling
slaughtering & carcass analysis

3rd
(1999)

Analyses of samples

Active immunization
against ACTH

Serum:

glucose concentration, RIAS(IGF-1,
IGFBP-3, estradiol, testosterone),
Ligand blotting(total IGFBPs)
Hepatic ALS mRNA abundance:

RNA extraction, Northern blotting
RNAse protection assay

ACTH-carrier coupling & injection to
growing pigs

Blood sampling & analysis:

Antibody titering, cortisol concentration
Analysis of growth and body composition

- 21 -




2 : , 1GFBP-3 1GF

1 RIAS ALS Cloning
1
1.
C D
NRC
(1988, 1998) Table 2-1 NRC
(digestibel energy; DE) 103%
85% , 15%
NRC
40
Table 2-2
110kg
(3
= 0.11) . (1985)
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Table 2-1. Composition of experimental diets

Control dietl Low E diet2
Ingredients

com, ground 62.68% 30.48
wheat 5.38 13.44
wheat bran 35.00
rice bran, polishings 3.00 3.00
soybean meal, sol. 17.76 9.64
rapeseed meal 2.00 2.00
limestone 0.48 0.88
dicalciun phosphate 1.80 1.62
salt 0.30 0.30
vitamin premix 0.30 0.30
mineral premix 0.26 0.26
tallow 3.04

molasses 3.00 3.00
lysine-HCI 0.08
total 100.00 100.00

Chemical composition3

crude protein 15.0 15.0
crude fat 6.2 3.2
crude fiber 34 5.2
crude ash 5.0 5.9
Ca 0.85 0.98
P 0.67 0.83
Lysine 0.75 0.75
Met. + Cys. 0.54 0.56
DE(kcal/kg) 3,509 2,946

Lontains 103% NRC(1998) digestible energy(DE) requirement.
Zontains 87% NRC(1998) digestible energy(DE) requirement.

Xalculated values

- 23 -



Table 2-2. Growth performance and carcass measurements of Tinishing
barrons fed the low-energy diet

Items Control diet(r=30)1 Low E diet(n=27)12
Initial wt, kg 70.7 £ 1.2 720+ 13
Final wt, kg 107.7 = 1.3 103.6 = 1.4*
ADG, gn 756 £ 22 661 £ 23*
Carcass wt, kg 69.7+ 1.1 684+ 1.2
Backfat(measured), mm 17.3 + 0.64 15.2 + 0.67*
Backfat(corrected), mm 17.8+ 0.64 16.2 £+ 0.67
A,B grade ratio, % 0 93

PData are LS means + SE.
ZIhree stunted animals were excluded during the experiment.

P<0.05.

= 90% A,B

2

2. IGFBP-3 RIA

- 1GFBP-3
D
250ml centrifuge bottle
JA-14 rotor  3,000rpm(1,600 x g)/4 C 30
1GFBP-3 -20 C - IGFBP-3 Martin
Baxter(1996) Zapf (1988) Walton (1989)

- 24 -



2) SP Sephadex C-25 cation-exchange chromatography

) 50gm SP Sephadex C-25 cation-exchange resin 1 M acetic acid(pH

3.0) equilibration 48 swelling
) cation-exchange resin swelling 11 1l 2 M
acetic acid/150mv NaCl pH 3.0 10
250ml centrifuge bottles rotating shaker 3
)] centrifuge bottle 35ml  swollen SP Sephadex C-25 resin
24 rotating shaker
) Resin cheese cloth \Whatman filter

10 N NaOH pH 6.5
)] 40ml centrifuge tube JA-20 rotor 39,000
x g(18,000rpm)/4 C 1
) Whatman filter 2 IGF-1 affinity column

loading

3) IGHI affinity column (Lee Rechler, 199a)
) 2ng recombinant 1GF-1 10mv HCI  1ml 2ml  coupling

buffer[0.1 M NaHCO%/0.5 M NaCI(pH 8.0)]

) 0.6gm CNBr-activated Sepharose-4B resin  1mM HCI 50ml 15
swelling

) 1ImM HCI 100ml  swollen resin sintered glass filter washing
5nl coupling buffer 1GF-1 :

- 25 -



coupling reaction -

) Rocker platfomm 2 coupling

) Reaction tube 5nl blocking buffer[50mv
Tris-HCI, pH 8.0]

) 10ml blocking buffer 3 blocking

) 4 C resin 15m1  column 0.1 M sodium
acetate/0.5 M NaCI(pH 4.0) 20mlI 0.1 M NaHCO30.5 M NaCl(pH 8.3) 20ml
washing; 3

) 50mM sodium phosphate(pH 6.5) equilibration

4) 1GF1 affinity chromatography

4 C -
)] 2) IGF-1 affinity colum
30 6oml/ (loading)
)1 0.5 M NaCI(7Oml/ ) washing
) Affinity colum IGF-binding proteins(IGFBPs) 15mI 0.5 M

acetic acid(pH 3.0) elution

) Centricon-30 ultraconcentrator -4 C

5) SDS-PAGE and electro-elution of IGFBP-3

) IGF-1 affinity chromatography total IGFBPs  Laemmli
buffer - 12 _5%SDS-PAGE - lane  Coomassie staining 1GFBP-3
) IGFBP-3 band Molel 422 electro-eluter(Biorad)

- 26 -



5 IGFBP-3 elution(@mA/barrel; SDS-PAGE buffer)

) Centricon-30 -—20 C
*1 0.5 1mg IGFBP-3
1) 5)
6) IGFBP-3
total IGFBPs electro-elution IGFBP-3 1 silver
staining(Pierce) (Fig. 2-1) total IGFBPs
SDS-PAGE gel PVDF membrane  transfer 1GFBP-3
automated Edman degradation NHZ2-
- Sequencing —AVXTGPV
IGFBP-3 cDNA (Shimasaki ~ , 1990)
1GFBP-3 -
- IGFBP-3
IGFBP-3 Lee  Rechler(1996)
D
) 0.2ml pIGFBP-3  0.4ml 50mM PBS(pH 6.75) ( pH; 7.25)
0.6ml Freund®s Complete Adjuvant
) New Zealand White rabbit( 5kg) preimmune blood
ml (19 G needle) pIGFBP-3
6

- 27 -



Fig. 2-1. Silver staining of IGFBP-3 purified from porcine serum by SP
Sephadex C-25 cation exchange chromatography, [IGF-1  affinity
chromatography and electro-elution following SDS-PAGE. Lane 1, protein
molecular mass standards representing 37, 43, 56 and 66kDa from the
botton to top, respectively. Lanes 2-4, 50, 200 and 800ng BSA,
respectively. Lanes 5 and 6, purified IGFBP-3 after electro-elution
representing 8.3 and 1.4ml serum equivalents, respectively. Lane 7,
IGFBPs mixture(bnl serum equivalent) prior to electro-elution(after
IGF-1 affinity chromatography). Note 40-45kDa IGFBP-3 doublet bands in
lanes 5 and 6 co-migrating with the 43kDa molecular mass standard.

2) Booster injection

) pIGFBP-3  PBS Freund®s Incormplete Adjuvant 2

) Booster injection 1 56, 70,
84 aml

) 98

- 28 -



3) IGFBP-3 RIA

) pIGFBP-3 iodination(lee Henricks, 1990)

) 1wg pIGBP-3 2041 0.1M acetic acid - 501 0.5M phosphate
buffer(pH 7.0) - 0.5mCi NaIAa (pH 10.0; 5x1)

(@ Chloramine-T(1-2ng/ml) 10yl 20 iodination

(@) Sodium metabisulfite(6mg/ml) 20yl iodination

(@) Sephadex G-50 chromatography(1.5 x 12cm column)  free NalA

(buffer: 50mV PBS, pH 7.4/0.02% BSA, specific activity: 100 200u:Ci/hQg)

®) -70 C
) Antiserum titration: 70 & 98 1: 300, 900, 2,700, 8100
[I3]1GFBP-3 binding percentage (1:1500 )]
) RIA conditions = validation
@ (Walton  Etherton, 1989)

( ) 0.3ml total assay volume RIA buffer[50mM PBS, pH 7.4/0.5% fatty
acid-free BSA/0,02% NaN3], 1:1500 , 15,000cpm [IA]IGFBP-3

non-antigen peptide

()4 cC 16h -»0.1ml 1:10 goat anti-rabbit IgG + O0.1ml
1:30 normal rabbit serum - 1
( ) 1ml ice-cold 6% PEG-8000 - (3,000rnm/30 )-

(aspiration) - pellet \y-counting

@)

IGFBP-3 RIA

- 29 -



©)
)
RIA non-specific binding(NSB) BO 5.3

+ 0.3% 36.8+ 2.8% -

Unlabeled plIGFBP-3 [I51]1GFBP-3 displacement curves
(parallelism) RIA (Fig. 2-2)

pIGFBP-3 IGF-1, hIGFBP-3 5>

) :
Owens , 1999) (Fig- 2-3)

3. IGF-1 RIA

. = IGF-1 RIA IGFBPs
1) 0.2nl + 1.3ml 1% aqueous trifluoroacetic acid(TFA) (¢ )]

2) C18 Sep-Pak cartridge preconditioning: CHXN- HD- aqueous 0.1% TFA

3 loading- 3ml 0.1% aqueous TFA  washing
4) Bound IGFs 2ml 0.1% TFA CHN elution
5) 0.2nl aliquots -RIA 4 C

. IGF-1 1odination
1GFBP-3 NalA chloramine-T 200~400nCi/fg  1GH1

labeling Sephadex G-50 column Tree NaIAa free

- 30 -
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. RIA conditions - validation

D
dried Sep-Pak eluate 0.1M 1:104,000
(Gropep, Adelaide, Australia), 30,000cpm [2A]IGF-I,
Sep-Pak eluate RIA buffer[30mM sodiun phosphate/10mM EDTA/0-2%

protamine sulfate/0.05% Tween-20/0.02% NaN3, pH 7.5)

0-4ml pre-treated unlabeled ICG~1 standard
dose-response [IAI]IGF-1 displacement curves (parallelism)
2)

Sep-Pak chromatography
1GFBPs 2x1 serum 0.1M acetic acid

Sep-Pak eluate RIA .

D
Fig. 24 Unlabeled 1GHI
[1ZA3]1GF1 displacement curves (parallelism) RIA
2)
Fig. 2-5 1G--1

lee  (1991)
RIA
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4. ALS cDNA fragment cloning ALS mRNA
PALS cDNA liver RNA primer pairs

reverse transcription-polymerase chain reaction(RT-PCR)

TA-cloning , Northem blotting RNAse
protection assay ALS mRNA abundance
- RNA
Trizol total cellular RNA
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, poly(A)+ RNA  standard procedure(Sambrook , 1989) oligo(dn)

cellulose chromatography -

- (reverse transcription; RT)
poly(A)+ RNA 100ng cDNA Cycle kit(Invitrogen)

2041 HD ]

- polymerase chain reaction(PCR; Innis , 1989)

1) PCR primers

ALS cDNAs
304F 303R primer pair - ALS cDNA numbering
304F 303R primers ntlo4 120 390 406 - PCR
pGem-3Z plasmid vector cloning primers

Eco RI site Bam HI site .

Primer 304F: 5" AGCTGAATTCCTGGGTGGCACTGGGCC 3”

Primer 303R: 5° AGTCGGATCCGCCTGTGGCTCCAGGCT 3¢

2) PCR
(liver RT products) 2xl, 304F & 303R primers
25pmoles  High Fidelity PCR reagents(Boehringer Mannheim)
[4 C2 -(®4 C1 ,60 C1 ,72 C2 ) x 35cycles -~ 72 C 10
-4 C] PCR agarose gel ALS cDNA

Tfragment -

- 35 -



- ALS cDNA fragment cloning & sequencing

1) PCR

Purification kit

2

cDNA fragment

300-bp ALS CDNA

agarose gel

pCR 2.1 TA—cloning vector kit(Invitrogen)

ligation & transformation

3) Positive colony

version 2.0(USB)

(Sanger

‘tggcaggcac
ccggctgect
cttctgeage
ccgecagggce
ggggctttce

C

Fig. 2-6. Base sequence of a pALS cDNA fragment amplified by RT-PCR.

ggagcccggg
gctcctgegg
tcccggaace
cctgtggety

gtaacctctc

fragment

blue/white screening

plasmid

standard dideoxy chain termination

, 1977) cDNA fragment

gcgccatcgg
ccacgacgac
tcacgcaget
gacagcaaca

cagectggge

acgecgagag
tacacggacg
gccegacgge
acttctcctc

ttcctcaacc

Sequence homology to human cDNA is 80.8%.

[ZB]dATP  Sequenase

(Figs. 26 & 7)

cctgeegtge
agctecagegt
atcccagacg
cgtccocgey

tgcagggcag

Wizard DNA

100

150

200

250

AGTEPGAPSD AEGLPCPAAC SCGHDDYTDE LSVFCSSRNL  TQLPDGIPDA 50

ARALWLDSNN  FSSVPAGAFR  NLSSLGHFLNL  QGSG 84

Fig. 2-7. Deduced amino acid sequence of a pALS cDNA fragment amplified
by RT-PCR.  Sequence similarity to human ALS

69.0%.

- 36 -
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4) Directional cloning of the ALS cDNA fragment into pGem-3Z plasmid
RNAse protection assay in vitro transcription riboprobe
TA-cloning vector ALS cDNA fragment

pGem-3Z plasmid vector cloning -

) ALS cDNA fragment TA-cloning vector Eco RI  Bam HI
agarose gel
) 300-bp ALS cDNA fragment gel Eco RI/Bam Hl-cut
pGem-3Z(Promega) plasmid vector standard procedures ligation &
transformation blue/white screening , transformed
plasmid Eco RI/Bam HI digestion agarose gel

ALS cDNA fragment -

- ALS mRNA abundance
ALS mRNA abundance Northem

blotting solution hybridization/RNAse protection assay -
1) Northemn blotting

)] Trizol total RNA
oligo(dN-cellulose chromatography  poly(A)+ RNA

) 20hg poly(A)+RNA  2_.2M formaldehyde-1.5% agarose gel

) Nylon membrane ovemight capillary transfer(20x SSC)

) Prehybridization: 2h/42 C, formamide-containing buffer

) Hybridization: nick-translated pALS cDNA fragment(l x 106 cpnv/ml, 42

C/overnight)

) Washing: 2x SSC 30min/ -0.2x SSC 15min/50 C

- autoradiography
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poly(A)' RNA was loaded, See text for details.

Ab) A2HFig. 2-8): roxut 2,2-kb ALS mRNA 7} WZAE gl oL} intensity”}

U5 ylo} ALS mRNA abundace ZFHOo 2= HAY Ao sy g

2) Solution hybridization/RNAse protection assay

7}) pGem-3Z plasmide)] ol ALS cDNA fragment clone& Eco RI
digestiond}o{ linearization—agarose gel A 7] ¥ %5 —linearized DNA &
L) 0.5ug DNAE 50uCi “P-UTP £zi5}o]lA] SP6 promoterd o]-&-3tod 37 °Coj

A 1A 7t ¥Qt in vitro transcription
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) hybridization: 1 x 105 cpm + 0.5xg poly(A)+ RNA/45  C/overnight
) RNAse T1 digestion(template ): 37 C/30min

) Free nucleotide = Sephadex G-50 chromatography

) RNAse (single strand RNA ): 56 C/1h

) EDTA, ammonium acetate yeast RNA C )]

) Phenol/chloroform extraction- ethanol precipitation

) 6% polyacrylamide gel electrophoresis -, autoradiography

) (Fig. 2-9)

(@) ALS mRNA
(@) ALS mRNA
(©)) ALS mRNA abundance
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Fig. 2-9. Solution hybridization/RNAse protection assay. Note the
~300-bp protected band indicated by an arrow on the left of the

autoradiogram, See text for details,
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1.
3
- NRC
(3,400kcal DE/kg; 1988, 1998) 85k
3,400kcal DE/ky
- NRC
103% 87%
2.
IGF system
IGF system RIA
CDNA -
IGF system components 3 1G-1 1GFBP-3
RIAs , ALS cDNA fragrent - cloning
3
1GFBP-3 1GFBP-3 ,
IGFBP-3 2 3
1GFBP-3 ,
, IGFBP-3 IGF-1 RIAs -
1GFBP-3 1GFBP-3 IGFs
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IGFBP-3 antigen

- IGFBP-3  IGF-1 RIAs

antigen standard dose-response displacement
curves parallelisn IGF-1 & IGFBP-3
RIAs

. ALS cDNA fragment

clone cloning DNA

1GFBP-3 ALS cDNA fragment
clone
, IGF-1 RIA procedure

val idation
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1
, IGF system
IGF system -
anabolic steroids implantation
» IGF system
(adrenocorticotropic hormone; ACTH)
2
IGF-1 & 1GFBP-3 RIAs ALS cDNA fragrent cloning
ALS mRNA abundance -
2
1.
50kg st 7
LYYD (Table 3-1) 2 x 2 x 2 factorial
8 - 2
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Table 3-1 Experimental design of the feeding trial

Feeding Ad libitum Restricteda
Diet Control Low Energyb Control Low Energy
Steroids None Impc | None Imp None Imp None Imp
Number

) 8 8 8 8 8 8 8 8
of animals

&iven 80% ad libitun feed intake of the corresponding diet x steroids.
For exanple, the fifth group from the left received 80% intake of the
Tirst.

KContains 85% digestible energy(DE) of the control diet(3509cal DE/kg).-
Composition of the diets is showmn in Table 2-1.

dmplanted with Revalor(140mg trenbolone acetate + 14mg estradiol-17R).

steroids implantation Revalor H(Roussel

UCLAF, France) implantation -

diet x steroids 80% -
3 18 19 gauge
needle -

4 C 4 C 3,000rpm 30

1ml -20 C

- 50 4
105kg
real-time ultrasonic scanner(Aloka SSD--500V, Aloka Co.) 10
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RNA -70 C

Chromameter(Minolta Co. CR 301) -

30
Rheometer(CR 100, Japan) - chart
speed 120mvmin, maximum load 2000g, 20mm, 25mm,
adapter No. 4( 13m2) .
pH 109 90ml Polytron

homogenizer  14,000rpm 1 -

A.0.A.C.(1993)

3.
1GF-1 1GFBP-3 2
radioinmunoassays(RIAs) . IGF-1 IGFBP-3 RIAS
intra- and inter-assay coefficients of variation 15.3% & 19.3%
13.5% & 10.6% -
estradiol-17R testosterone RIA kits(Diagnostic

Products Corporation, Los Angeles, CA)
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- RIAs 1 estradiol-173 RIA

intra-assay coefficient of variation 4.4% -

IGFBPs (Hossenlopp , 1986; Lee ,
1991) Iyl SDS-PAGE nitrocellulose membrane(0-45wm
pore size) electro-transfer [ ]1GF-11 Westerm ligand
blotting (semi—-quantitation) - GLU-P strip

DRI-CHEM 3000(Fuji Photo Film Co., Tokyo, Japan)

4. ALS Northern blotting & RNAse protection assay

—-70 C total RNA Puissant
Houdebine(1990) guanidinium-phenol-chloroform extraction
(Lee , 1993) . ALS Northern blot

analysis solution hybridization/RNAse protection assay 2

30ng 10ng total RNA -

, SAS(1986) general linear

models procedure -

(feeding), (diet) implantation(steroids) (main effects),
3 (interactions) feeding x diet x steroids
interactions

animal(nested within feeding x diet x steroids)

main effects main effects animal (nested
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within feeding x diet x steroids) error term
- (loin muscle area; LMA) National

Swine Improvement Federation(NC State Univ., 1995)

110kg -
= +[( — )X +
( — b)]; b=+30 for barrows( : )
LMA = +[( - )x LA+
( +155)]; I
3
1.
4
(Table 3-2). anabolic steroids
implantation -

steroids implantation
- , ultrasonic scanning

- A,B
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Table 3-2. Effects of restricted feeding, lov energy diet and
implantation of anabolic steroids on growth performance and carcass

traits in finishing barrows

Ad libitum feeding Restricted feedingl
Item Control diet Low E2 Control diet Lov E2 P<0.05
None | Imp3 | None | Imp3 | None | Imp3 | None Imp3
Initial wt 58.0 | 59.9 | 60.0 | 60.1 61.0 60.6 57.0 56.9
() +25| 25| +£25|+25| +25 | +£25| 25 | +25
Final wt 112.7 | 107.5 | 108.5 | 110.0 | 105.7 | 102.3 | 102.8 98.2 B
() +24| £23|£23| 23| £23 | £23| £0.23 | +£23 Feeding
ADG 0.96 | 0.81 | 0.86 | 0.79 0.78 0.67 0.74 0.61 |Feeding,
() + 004|004 £0.04/+0.04| £+ 0.4 | £0.04| £ 0.4 | £0.04|Inp
Carcass 8.7 | 783 | 78.1 | 79.3 76.8 74.5 72.2 70.1 |Feeding
wr (ko) +187|+1.75|+1.75|+1.75| + 1.75 |+ 1.87| + 1.75 | £ 1.75|Diet
Dressing 16 72 72 71 72 72 70 71 Diet
) +10|+09|+£09|+09| 09 | £+10| 0.9 | £+0.9
BF thickness4| 2.3 | 17.5 | 20.0 | 18.0 2.7 18.4 15.7 15.3 |Diet
() +158|+147 |\ +£1.47|+1.47| +1.47 |£1.58| +1.47 |+£1.47|Inp
LMAS 39.9 | 38.3 | 3.3 | 4.0 39.0 37.3 37.2 37.1 Feeding
() +1.05/+£0.9£0.9|+0.99)| +£0.9|£0.9| +0.9 |£0.9
A,B not
6/7 8/8 6/8 5/8
grade ratiob applicable
not
Feed/gain’ 3.37 | 3.14 | 461 | 3.5 3.29 3.15 4.02 3.66 R
applicable

No two-way or three-way interactions observed

180% ad libitum

B5% control diet ME

Revalor(140 trenbolone acetate + 14  estradiol- 173 )

LCorrected for 110kg body weight

FEstimated by ultrasound and corrected for 110kg body weight

@mplanted animals excluded(misjudged as boars at the slaughter
house)

M™ean values, all the other values: means + SE



B &

—— Low E diet not
- imolaniad
e | —=—Low E diet
implantad
——Control diat not
——— implanted
—<— Control diet
| implanted

Feed intakel(kg/head/day)
[

waek

Fig. 3-1. Daily feed intake with increasing number of weeks of
experiment in ad libitum groups

steroids implantation

Tabe 3-2 -
steroids implantation non-implanted
20 30% (Fig- 3-1).
(Table 3-3). L*
a* b*
steroids implantation )
- pH steroids
implantation 0.2 unit
L*
a* b* steroids implantation
- Steroids implantation b*
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Table 3-3. Effects of restricted feeding,

low energy diet and

implantation of anabolic steroids on physicochemical character-

istics of the longissimus muscle section in finishing barrowsl

Ad libitum feeding Restricted feedinga
Item Control diet Low Eb Control diet Low E P<0.05
None | Impc | None Imp | None Imp | None Imp
Hardness| 506 633 524 503 553 546 471 515
@) | +59 | +54 | +59| +47 | +59 | +59 | +54 | +54
L 75.0 | 75.6 | 74.5 | 75.2 | 75.6 | 74.6 | 74.6 | 74.1
Back + 0.79|+ 0.72|+ 0.79|+ 0.62|+ 0.79|+ 0.79|+ 0.72|+ 0.72
3.82 | 3.17 | 3.17 | 3.78 | 3.35 | 4.96 | 4.63 | 4.01 ]
fat |Color |a* Feeding
+ 0.52|+ 0.48|+ 0.52|+ 0.41|+ 0.52|+ 0.52|+ 0.48|+ 0.48
4.48 | 5.03 | 4.54 | 469 | 5.32 | 5.77 | 5.69 | 5.56 )
b* Feeding
+ 0.46|+ 0.42|+ 0.46|= 0.37|+ 0.46|+ 0.46|+ 0.42|+ 0.42
Moisture| 72.3 | 74.2 | 73.3 | 74.3 | 74.0 | 74.7 | 73.7 | 75.2 |Feeding
) + 0.53|+ 0.49|+ 0.53|+ 0.42|+ 0.53|+ 0.53|+ 0.49|+ 0.49|Imp
Fatch) 3.86 | 3.20 | 3.09 | 3.04 | 2.91 | 2.37 | 3.02 | 2.09 |Feeding
0
+ 0.37|+ 0.34|+ 0.37|+ 0.29|+ 0.37|+ 0.37|+ 0.34|+ 0.34|Imp
H 548 | 556 | 5.52 | 553 | 5.57 | 5.86 | 5.47 | 5.69 |Feeding
Veat + 0.08|+ 0.07|+ 0.08|+ 0.06|+ 0.08|+ 0.08|+ 0.07|+ 0.07|Imp
L 50.4 | 51.1 | 46.5 | 47.2 | 52.0 | 47.9 | 52.6 | 46.0
£+22|+£20|+£22|+£1.7|+£22|+£22|+20| 2.0
860 | 7.26 | 6.62 | 6.72 | 7.73 | 6.58 | 9.38 | 6.67
Color |a* Imp
+ 0.84|+ 0.77|+ 0.84|+ 0.66|+ 0.84|+ 0.84|+ 0.77|+ 0.77
b 550 | 489 | 450 | 4.84 | 567 | 4.01 | 6.44 | 4.22 |
o m
+ 0.50|+ 0.54|+ 0.50|+ 0.46+ 0.59|+ 0.50|+ 0.54|+ 0.54| "*
Dara represent means + SE.
ded 80% ad libitun feed intake.
IContains 85% energy of the control diet(3509cal DE/kQ) -
dmplanted with Revalor(140mg trenbolone acetate + 14mg
estradiol-173).
» (P

value of feeding X

steroids interaction<0.05).



Table 3-4 estradiol, I1GF-1, IGFBP-3
| testosterone | 0.02ng/ml
. Estradiol steroids implantation
implanted non-implanted
1GF-1 inplanta;:ion (non-implanted

vs implanted = 187 vs 226ng/ml, SE = 7ng/ml) »
C Vs = 213 vs 200ng/ml, P = 0.16)

C Vs = 210 vs 202ng/ml, P =
0.39) . IGF-1

(P<0.01; Fig. 3-2).

1GFBP-3
IGF-1 C
vs 21 vs 42 = 3.0 vs 3.3 vs 3.4wg/ml, SE = 0.05;
g/ml; P<0.01). IGFBP-3 [ 1IGF-11

Western ligand blotting
(Fig. 3-3).
1GF-1 1IGFBP-3
Table 3-5 - IGF-1

1GFBP-3

steroids-implanted non-implanted
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Table 3-4. Effects of restricted feeding, low energy diet and
implantation of anabolic steroids on serum concentrations of

glucose and hormones in finishing barrows

Ad libitum feeding Restricted feedinga

Item Control diet Low Eb Control diet Low E P<0.05

None | Impc | None Imp | None | Imp | None | Imp
Exd 47.1 23.8 35.0 15.5 Inp
(pg/ml) * 10.5 * 10.5 * 10.5 * 10.5
IGF-l1e 198 243 224 175 214 187 209

175+ 13 Imp

(hg/mb) | 15 | +13 +13 | £13 | £13 | +13 | +13
1GFBP-3 3.3 [3.4+0.] 31 3.3 3.0 3.3 3.3 3.1
CGrg/mD) |+0.15| 14 |+ 0.14|+0.14 |+ 0.14|+ 0.14 |+ 0.14| + 0.15
Glucose 91 93 90 92 88 90 91 87
(mg/dl) | £3.0 | 2.7 | £2.7 | £2.7 |27 £2.7 |+2.7| +2.7

gred 80% ad libitum intake.

IContains 85% energy of the control diet(3509cal DE/kQ) -
dmplanted with Revalor(140mg trenbolone acetate and 14mg estradiol-17
B).

dNon-implant groups were at the detection 1imit(3-34pg/ml).

elncreased with increasing weeks of experiment(growth).

8

\
X.
|

8

== Mrrindaied
= ITpate]

IGF-1 Concemliationingfml)

=

3 51
Woks pfter impdarting

o

Fig. 3-2. Mean serum concentrations of IGF1 after implantation of

Revalor(140mg trenbolone acetate + 14mg estradiol-173).
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aed fitritum Feeding Resincted Feeding

Refl Period | Period 2 Peniod 3 Ref Period 1 Period 2 Perind 3
rrenErEeNes@Et  ~ONEWE S RuUREGD
- - - o iy,

Fig. 3-3. Ligand blotting of serum IGFBPs. Four animals cut of each
group were randomly selected and 1yl serum out of each animal at each
experimental period was subjected to 12.5% SDS-PACE, electro-transfer
anto nitrocellulose membrane, blotting with [LZE1]IGF-11 followed hy
autoradiography. On Ref lanes, save amounits of a pocled reference serum
taken fram market pigs were loaded; periods 1, 2 and 3 correspond to O,
3 and 6 weeks after irplantation of Revalor(140rmg trenbolane acetate +
14mg estradicl-3). Upper two row panels, fed a contral diet; lower two
row panels, fed the low energy diet; 1st and 3rd row panels from the
top, non-inplanted; 2nd and 4th panels, i#nrplanted with Revalor(140mg
trenbolone acetate + 14mg estradicl-83). Cn the blot, top two doublet
bands correspond to glycosylation variants of ICFBP-3; middle and bottom
dim bands are a mixture of unidentified IGFBPs and deglycosylated

ICFBP-4, respectively.
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(non-implanted , 21 42

: 0.17, 0.40 & 0.54, P=0.34, 0.03 & <0.01,

- 1GF-1 IGFBP-3
steroids-implanted
IGF-1

non-implanted

21 IGF-1 (r=0.69, P<0.01)
IGFBP-3 (r=0.50, P<0.01) (
). 1GF-1 42 1GF-1
» 42 1GF-1
non-imrplanted (r=— 0.45, P=0.01).

steroids implantation
(Table 3-2)
non-imrplanted
(r=0.48, P=0.16) (r=0.34, P=0.33)
C )-
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Table 3-5. Pearson correlation coefficients between serum

concentrations of ICGF-1 and IGFBP-3 and selected carcass traits

Hormone Growth and Carcass traits
IGF- | IGFBP- 3 ADG Backfat Dressing LMAa LM fatb
Correlation with hormone concentration at day 0 of Exp.
IGF- | - 0.19 0.21 0.02 - 0.21 021 - 0.02
(p=0.13) (p=0.10) (p=0.86) (p=0.10) (p=0.09) (p=0.90)
IGFBP- 3 - - — 0.07 001 —-0.04 - 0.09 0.22

(p=0.55) (p=0.91) (p=0.74) (p=0.48) (p=0.15)

IGF- | . 0.44 0.16 - 025 003 —005 0.5
(p 0.01) (p=0.20) (p=0.05) (p=0.83) (p=0.72) (p=0.73)

IGFBP- 3 . . 022 —004 007 - 006 012
(p=0.09) (p=0.75) (p=0.62) (p=0.63) (p=0.48)

IGF- | . 0.57 - 002 —-047 -018 —017 - 018
(p 0.01) (p=0.88) (p 0.01) (p=0.17) (p=0.18) (p=0.33)

IGFBP- 3 : : - 001 - 07 002 —026 026
(p=0.93) (p=0.20) (p=0.90) (p=0.04) (p=0.09)

Growth and carcass traits
ADG - - - 0.24 0.23 0.33 047
(p=0.06) (p=0.08) (p 0.01) (p 0.01)

Backfat - - - - 0.35 0.31 033
(p 0.01) (p=0.01) (p 0.02)

Dressing . . . . . 0.14 0.46
(p=0.27) (p 0.06)

LMA . . . i i : 0.01
(p=0.97)

LM fat

eLongissimus muscle area at the 10th rib.

ktFat content of the whole longissimus nmuscle.



3. Northern blotting and RNAse protection assay

Fig- 34 & 5 ALS Northern blotting

solution hybridization/RNAse protection assay

mRNA abundance

Ad libitum Feeding Restricted Feeding
~_Control Diet Low E ~ Control Diet ~~ Low E
~ None. Imp_ None Imp ~  None Imp__ None _Imp

ALS

Fig- 3-4. Narthern blot analysis of hepatic ALS mRNA abundance.

Thirty microgrars of total RNA were subjected to Northern blot

analysis using a porcine ALS cDNA fragment as probe. Cnly the

2.2-kb ALS mRNA band is shown. See Section 4 of Chaper 11 faor

details. Ref, reference liver sample.
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\d libi Feedin Restricted Feedi
Control Diet _ Tow E  Control Diet _ Tow E
—Ref _Nonme _Imp _None _Imp _Nope _ Imp _None _Imp.

it
ol -
- 3
-
i il

Fig., 3-5. Solution hybridization/RNAse protection assay of
hepatic ALS mRNA abundance. Ten micrograms of total RNA were
subjected to the assay using a 32P-labeled, 303-nucleotide(nt)
porcine ALS riboprobe. Only the 303-nt protected band is shown,

See Section 4 of Chaper II for details. Ref, reference liver

sample,
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(Leynraster Mersmann, 1991;

1994)

(1985)

- Anabolic steroids implantation

Anabolic steroids
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(Galbraith  Topps, 1981)

steroids implantation - androgen
trenbolone acetate estradiol Revalor
implantation
- Revalor implantation
Crandadam  (1975)
De wilde Launers(1984) »
- Revalor implantation
Revalor implantation
implantation
implantation 20
30% -

stercids implantation

Revalar implantation

Revalar implantation

- Revalaor-implanted

o0%) implanted

- Revalor-irplanted
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androgenecity

implantation

trenbolone

20mm

(Hertzman

Revalor implanting pellets

implanting pellet

anabolic steroids
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trenbolone
, 1977)
/
, Revalor
estrogen implantation
1998



IGF system »
anabolic steroids
- Non-implanted
1GF-1 1GFBP-3
Owens (1999) 1GF-1
- 1GF-1
1GF-1

anabolisr

(Gluckman , 1991; Laager , 1993; Jones Clemmons, 1995).
Revalor implantation 1GF-1
(Lee , 19390)
Revalor [trenbolone (androgen) + estrogen] anabalic
action 1GF-1 -

trenbolone estradiol steroid IGF-1

Revalar implantation



1GF-1

implanted steroids

steroids
1GF-1
anabolic stroids 1GF-1
anabolic action
1GF-1 1GFBP-3
non-implanted

- 1GF-1 1GFBP-3

components
insulin systenr

IGF system components
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5 = ACTH

insulin  glucocorticoid(cortisal)

(Etherton  Kensinger, 1984). Clucacorticoids

adrenocaorticatropic hormone(ACTH)

catabolic hormone

, 1984). ACTH
(1992) ACTH

; ACTH
, ACTH

(passive iInmunizatiaon)

ACTH
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3-maleimidocbenzoic acid N-hydroxysuccinimide(MBS; Sigra)

glutaraldehyde crass-linker keyhole limpets
hemocyanin(KLH; Sigma) human histone carrier protein
ACTH(Sigma) cross-linker:carrier
cross-linking 8 2 x 2 x 2
factorial (Table 3-6) -

Table 3-6 Experimental design for the active imnunization against ACTH

Cross-linker MBS Glutaraldehyde
Carrier KLH Histone KLH Histone
Hapten None | ACTH | None | ACTH | None | ACTH | Nane | ACTH
# of animals 8 8 8 8 8 8 8 8

- Hapten coupling
Hapten MBS  glutaraldehyde carrier
protein  coupling -
1) MBS cross-linker
) 70mg KLH  human histone 4_4ml PBS(pH 7.4)
)  Rocker 875x1 MBS (25mg/4.16ml N,N-

dimethyl-formamide(DMF; Sigma)]

30
) Frit column loading
eluate Centricon-30
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) P-6 column(Biorad; 10ml bed volume) loading Iml

fractions 2 4(void volure)

) D suspension
) 70mg ACTH[in 13.2r1 PBS, pH 7.4) C pH 7.0)
L non-hapten coupling PBS 1
) stirring plate 3
h) (cut-off M\: 1000) 1 PBS 12
4 C 3
) PBS(pH 7.4) 40ml 5 aliquots
— 70 C

2) Glutaraldehyde cross-linker

) 70mg KLH  histone 15ml PBS(pH 7.4)
) Fume hood 70mg ACTH
L non-hapten coupling ACTH )
) 15ml 0.2% glutaraldehyde 15ml 1
) 50mM PBS(pH 7.2) 1M glycine
C glycine : 200mv) 1 (blocking)
D 5 aliquots — 70 C
- ACTH
8 carrier—-caonjugated ACTH conjugated
carrier aliquots Freund*s  complete
adjuvant(Sigma) immunogen -
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25kg LYD 64

8 immunogen 2mil/
8 -
- immunogen 4 immunogen
Freund®s incomplete adjuvant immunogen
booster injectiaon - booster injection 2
» 80kg real-time ultrasonic
scanner (Aloka SSD--500V, Alcka Co.) 10
3.
Table 3-7 8Ckg ultrasonic
scanner -

coupler  coupler carrier
ACTH hapten -
ACTH

titer, cartisol
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Table 3-7. Growth parameters of barrows actively immunized

against ACTH with different couplers and carriers.

MBS Glutaraldehyde
Item KLH Histone KLH Histone F<0.05

None | ACTH | None | ACTH | None | ACTH | None | ACTH
Initiall 28.4 | 25.0 | 25.4 | 28.4 | 26.1 | 25.9 | 25.1 | 23.9

We(kg) |+ 1.4|+1.6|+1.4|+14+1.4/+14+1.4 +1.4
Final wt| 83.0 | 77.6 | 79.0 | 77.5 | 81.3 | 86.4 | 81.6 | 76.4

(k@) | +3.2/£3.2/+3.0 +3.0+3.0 +3.0/+3.0%3.2
ADG 805 | 767 | 81 | 733 | 804 | 903 | 843 | 785

(@m) | +41 | +£44 | +38 | £38 | +38 +38 | £38| £41
Backfata| 10.2 | 11.8 | 11.4 | 10.8 | 9.5 | 10.1 | 11.6 | 10.3

() |+0.8/+£0.8 £0.8+0.7/+0.7 +0.7+0.7 £0.8] 7
LMAeb | 29.9 | 30.9 | 34.4 | 31.2 | 31.4 | 31.9 | 35.8 | 34.8 |coupler

(cm2) +13|+£13|+£13|£12|+x1.2|+1.2|+x1.2|+ 1.3 |carrier

coupler

éCarrected for 80kg body weight.

kLain muscle area corrected for 80kg bady weight.
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3. Revalor(trenbolaone + estradicl pellets)
- Trenbolone
(estrogen implantation
4. IGF system
- IGFBP-3
1) IGFBP-3 RIA
2) IGFBP-3

- ALS cDNA fragment
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1) 300-bp ALS cDNA fragment cloning & sequencing

2) cDNA clone
- ) anabolic stercids IGF system
1) ICGF-I: Revalor implantation
&
2) 1GFBP-3 :
R Revalar implantation
3 ALS mRNA :
4) 1GF-1 IGFBP-3
5. ACTH
1) ACTH
2) : «C )
2 ( )
1. - 2000. Insulin-like growth factor system ,
. ( )-
2. , - 2000.

insulin-like growth factor(I1GF-1) ICF-binding protein-3(ICFBP-3)
IGFBP-3 , IGFBP-3 ICF-1 RIAs -

( )-
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3- £ £ £ £ ’ £ ’ £

, . 1999. , anabclic steroids
implanting , 8

, Proceedings p211 ( )]

4. , - 2000. , anabolic
steroids implanting ICF-1 IGF-binding
protein-3 , 9 , Praoceedings

Vol. 11, p78 ( )]

5. Lee CY, Kwak I, Simmen RCM, Simren FA. 1999. Mclecular cloning of the
porcine acid-labile subunit (ALS) of the 150-kilodalton IGF-binding
protein corplex. Program & Abstracts of the 81st Annual NMeeting of the
Endocrine Scciety, p4l1l (Abstract)

6. :

Lee CY et al. Effects of restricted feeding, low energy diet and
implantation of anabolic stercids on growth and circulating
concentrations of insulin-like growth factor (IGF)-1 and IGF-binding

protein-3 in finishing barrows.
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