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The purpose of this study was to determine the effect of energy supplement on responses of plasma
insulin-like growth factor (IGF)-1 and IGF binding proteins (IGFBPs) to growth hormone-releasing
peptide-2 (GHRP-2) administration in normal protein-fed wethers, and to observe the effect of
GHRP-2 treatment on hepatic growth hormone (GH) receptor in well-fed wethers. Plasma IGF-1 and
39-42 kDa IGFBP-3 during the HENP (CP, crude protein 0.34 and TDN, total digestible nutrients 1.83
kg/day DM, dry matter intake) treatment period were higher than in the LENP (CP 0.32 kg and TDN
0.87 kg/day DM intake) period (P<0.05). The response of GH was stimulated by GHRP-2 (12.5 ug/kg
body weight/day) administration during both of the feed treatment periods (P<0.05). The area under
curve (AUC) increment and average concentration of GH (0-180 min) with GHRP-2 administration
was higher during HENP treatment than LENP treatment (P<0.01). During the HENP treatment peri-
od from day 1 to day 7 of twice daily GHRP-2 treatment, the plasma IGF-1 increment was increased
on days 2, 6 and 7 of GHRP-2 administration (P<0.05). On the basis of ligand blotting, the proportions
of plasma 3943 kDa IGFBP-3 during the HENP treatment period only showed a significant difference
on days 6 and 7 with GHRP-2 administration. No significant difference in the specific binding of
"PLlabeled oGH to hepatic membranes was detected between the saline and GHRP-2 treatments of
the HENP-fed wethers. These results suggest that the nutritional balance between energy and protein
may affect the endogenous GH / IGF-1 axis as well as plasma IGFBP-3 levels.
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Introduction

Along with GH, nutritional status is the principal regu-
lator of IGF-1 concentrations in serum. The effect of nu-
trition and GH on circulating IGF-1 is related to changes
in IGFBPs in the blood. Numerous studies have observed
the relationship between GH and nutrition and circulating
IGF-1 and IGFBPs in ruminants [15,35,38]. Dietary protein
is a very important nutrient in circulating IGF-1 and
IGFBPs in humans and rats [34,36].

In cattle, however, the IGF-1 response to dietary protein
was affected by available dietary energy [11], because the
interaction between dietary energy and protein might in-

fluence digestion and protein utilization in ruminants. This
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may correspond to the close interrelationships between di-
etary protein and energy metabolism that occur in ruminal
fermentation. In cows, responses to plasma concentrations
of IGF-1 to bGH administration were altered by manipu-
lated energy and protein intake [25]. Our previous study
observed that increased protein intake did not affect plas-
ma IGFBPs despite increased plasma IGF-1 concentration
during GHRP-2 administration in low dietary energy steers
[20]. Although, high nutrition level increased in plasma
38-43 kDa IGFBP-3 and 24 kDa IGFBP-4 with an increased
plasma IGF-1 level during growth hormone (GH)-releasing
peptide 2 (D-Ala-D-fNal-Ala-Trp-D-Phe-Lys-NH2; GHRP-2
or KP102) administration [19].

Therefore, manipulation of energy and dietary protein
may affect the response of plasma IGF-1 to GHRP-2 ad-
ministration as well as regulation of IGFBPs. In addition,
the study of how the regulation mechanism affects hepatic
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GH receptors and stimulated endogenous GH with
GHRP-2 administration, may be important to under-
standing the effect of GHRP-2 administration on plasma
IGF-1 and IGFBPs in ruminants. It is important to re-
member that specific hepatic ”I-oGH binding was en-
hanced by chronic bGH treatment with respect to in-
creased plasma IGF-1 concentration [31].

The objectives of this study were two-fold: 1) to de-
termine the effect of energy supplement on responses of
plasma IGF-1 and IGFBPs to GHRP-2 administration in
wethers with normal dietary protein intake and 2) to ob-
serve the effect of GHRP-2 administration on hepatic GH
receptors in well-fed wethers.

Materials and methods

Animals and experimental procedures

Eight castrated adult male sheep were used (64.5+4.8 kg
body weight, mean+SEM). The experimental animals were
housed in metabolic cages and fed alfalfa, fish meal and a
concentrate diet with 3.0% body weight of DM from 0830
hr to 0930 hr and from 1700 hr to 1800 hr daily for 4
weeks. Water was available ad libitum. The animals were
divided into saline (S; n=4) and GHRP-2 groups (KP; n=4)
of the same average body weight and were gradually
adapted to low energy and normal protein in comparison
with the NRC [28] requirement (LENP; CP 032 kg and
TDN 0.84 kg/day DM intake) for 10 days twice daily be-
fore the start of saline or GHRP-2 administration. The
LENP group received a concentrate diet, alfalfa cubes and
fish meal at 1.82% DM of body weight per day. The con-
centrate was a fattening diet based on commercial fat-
tening diet (CP 14.7%, EE, ether extract 3.53%, CF, crude
fiber 3.63% and Ash 3.85%), the alfalfa hay cube (CP
15.70%, EE 3.21%, CF 304% Ash 12.97%) and the commer-
cial fish meal diet (CP 57.96%, EE 878 Ash 259%).
Wethers in each group (S or GHRP-2) received saline or
GHRP-2 (KP; Kaken Pharmaceutical Co., Ltd. Japan) for 7
days after the 10-day adaptation period with LENP. After
the LENP treatment period, each group (saline or GHRP-2)
began receiving high energy and normal protein in com-
parison with NRC (American national research council)
[28] (HENP; CP 0.34 and TDN 1.7 kg/day DM intake, n=4)
for 10 days twice daily before the start of GHRP-2
administration. The HENP group received concentrates, al-
falfa hay cubes and fish meal at 3.34% DM of body weight

per day. The wethers in each group received saline {S) or
GHRP-2 (KP; Kaken Pharmaceutical Co., Ltd. Japan) for 7
days after the 10-day adaptation period with HENP. The
animals were fed twice daily at 0830 hr and 1700 hr. The
GHRP-2 was administered twice daily at 1000 hr and 1800
hr for 6 days by i.v. injection (12.5 pg/kg body weight dis-
solved in 10 ml of saline) 90 min after feeding through an
indwelling catheter inserted into a jugular vein in each
steer. Water was available ad libitum. All animal-based
procedures were conducted in accordance with the
“Guidelines for the Care and Use of Experimental Animals
of Pusan National University,” which were formulated
from the “Declaration of Helsinki and Guiding Principles
in the Care and Use of Animals.”

Blood and liver sampling

Blood samples were collected at -30, -20, -10, 0, 5,10, 15,
20, 30, 40, 50, 60, 90, 120 and 180 min after injection of
GHRP-2 and saline solution on day 1 of treatment for plas-
ma GH assay. Additional samples were taken twice daily
for analysis of plasma urea nitrogen (PUN), IGF-1 and
IGFBPs. The collected blood was centrifuged and plasma
was stored at -30°C until it was assayed.

After 7 days of GHRP-2 treatment for wethers fed on
normal protein intake with energy supplement, the eight
wethers were slaughtered within 2 hr of arrival at the
abattoir to minimize the nutritional and GHRP-2 effects on
the hepatic GH receptor (approximately 3 hr after the last
injection of GHRP-2). The livers were removed within 5
min of death, washed in saline, and weighed. The samples
were immediately frozen in liquid nitrogen and stored at
-80°C.

Analysis of plasma GH, IGF-1, insulin and PUN

Plasma GH and IGF-1 were assayed by radicimmuno-
assay as previously described by Roh et al. [30]. Briefly,
plasma GH was assayed by the double antibody method
using ovine anti serum (NIDDK-anti-oGH-2, lot
AFPC0123080), and ovine GH (NIDDK-bGH-I-5, lot
AFP-12855B) was used for GH standard and iodinated by
the chloramine T method for radioimmunoassay and ra-
dioreceptorassay; the sensitivity was 0.13 ng/ml, and the
intra-assay coefficients of variation (CV) were less than
6.8%, respectively. The plasma IGF-1 level was measured
using double antibody RIA with human anti-IGF-1
(NIDDK, lot AFP4892898). Human IGF-1 (Amersham, lot



30) was used for IGF-1 standard and iodinated using the
chloramine T method for radioimmunoassay and western
ligand blotting. The plasma samples were first extracted
according to the method of Daughaday et al. [9]. The sen-
sitivity of the IGF-1 assay was 0.78 ng/ml, and inter- and
intra-assay CV was 15.3 and 9.4%, respectively.

Analysis of plasma IGFBPs

Western ligand blotting

125% sodium dodecyl suifate (SDS)-polyacryamide gel
{15x15x0.15 cm} electrophoresis was performed under non-
reducing conditions according to the procedure of
Laemmli [18]. Detection of the IGFBPs was performed in
accordance with Hossenlopp et al. [16]. The intensities on
the autoradiographs were analyzed using NIH-image soft-
ware (NIH: National Institutes of Health, USA). The data
from the IGFBPs bands were expressed as a percentage of
the relative absorbency of each sample IGFBP band com-
pared to the total IGFBPs of the standard plasma pool as
determined by scanning (NIH-image) the autoradiogram
from the Western ligand blot [19].

Analysis of hepatic GH binding

Membrane preparation

Analysis of Hepatic GH binding was performed accord-
ing to Sauerwein et al. [31]. For membrane preparation the
liver samples were thawed at 4°C, cut into small pieces
and washed in cold (4°C) 0.025M Tris, 0.01 M CaCl,, pH
7.6. The tissue was then weighed and homogenized (1:2
w/v) in 0.025 M Tris, 0.01 M CaCl;, pH 7.6, containing
aprotinin (Sigma, lot 75H7180) with Physcotron homoge-
nizer (Japan). Homogenization was performed in an ice
bath with 15-30 sec bursts at maximum speed with 45-sec
intervals of cooling between each burst. The homogenate
was then centrifuged at 1,000x g for 60 min at 4°C. The su-~
pernatant was collected and centrifuged at 40,000x g for 60
min at 4°C. The resulting pellet was incubated with 4 M
MgCl, for 20 min on ice to remove endogenous bound
GH. After a 120-min centrifugation (4°C, 40,000x g), the
pellet was resuspended in 0.025 M Tris, 0.01 M CaCl;, pH
7.6, aliquoted and frozen at -80°C.

Radioreceptor assay

The hepatic receptors were rehomogenized and then add-
ed in brief succession to the test tubes containing ®LoGH
and unlabeled ligand. All reagents were prepared in 0.025
M Tris, 0.01 M CaCly, 0.5% (W/V) bovine serum albumin,
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pH 7.6. The assay was performed with approximately 300
jg protein per tube, and the protein concentration of the
liver was measured by protein-dye binding method [3]. The
protein concentration in membrane preparations was not
different in the experimental groups (Table 5). Preliminary
experiments have shown that the binding of I-0GH is pro-
portional with the amount of membrane preparation added
in the range of membrane concentration used in the present
studies. The receptor preparations were incubated with
50,000 cpm “I-0GH and with various concentrations of un-
labeled oGH (0-3 pg/tube} in 0.5ml volume for 22 hr at room
temperature. Equilibrium was reached under these con-
ditions and the observed binding was fully reversible by
adding excess unlabeled oGH. Nonspecific binding was de-
termined by adding 1-3 pg oGH/tube. The incubation was
terminated by the addition of 2 ml cold 0.025 M Tris 0.01
M CaCly, pH 7.6. Bound and free LoGH was separated
by centrifugation at 3,000x g at 4°C. The bound “LoGH was
counted by gamma-counter.

Statistical analysis
The AUC of GH was calculated for 180 min after

Table 1. The effect of energy supply on plasma IGF-1 and
IGFBPs in normal protein-fed wethers

Pre-treatment LENP HENP  Significance
1GF-1 {(ng'm)” 16212268 14472212 16492211 *
Incre (%) 100 914131 W017x139 ¢
3843 KkDaIGFBPA 04 660210 1424 706 £ 14 .
Incre (%) 100 Bo£26 1070 £26 =
34LDaIGFBP-2 (%)  103=1p 10518 010§ NS
Incre (%) 100 1003 =81 97 +81 N$
24 kDa IGFBP-4 (%%)° 57405 54207 60 %05 N$
Tnere (%)° 100 045203 1055 £03 NS

Values are the meantSEM for 4 wethers.

* are single sample collected after 10 day of feed treatment
period.

was observed by ligand blotting. One ul plasma was run on

a 12.5% PAGE gel, transferred to nitrocellulose and blotted

with 100,000 cpm "LIGF-1/ml buffer. The absorbance of

each IGFBP band was expressed as a relative percentage of

the absorbance of that IGFBP band for absorbance of pooled

stand.

was expressed as a relative percentage of after for before

feed treatment.

¥ P<0.05, NS is not significant,

LENP: Low energy and normal protein treatment

HENP: High energy and normal protein treatment

b}
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Fig. 1. Response of plasma GH to GHRP-2 administration in
high protein fed wethers on different planes of energy
Data points represent the meantSEM of 4 wethers.
LENP-S: Low energy and normal protein group treated
with saline, LENP-KP: Low energy and normal protein
group treated with GHRP-2, HENP-S: High energy and
normal protein group treated with saline, HENP-KP:
High energy and normal protein group treated with
GHRP-2

Table 2. Profile of bovine plasma GH with GHRP-2 admin-
istration on day 6 in high-protein fed wethers on dif-
ferent planes of energy

LENP-S LENP-KP  HENP-S HENP-KP
AUC (gminal)’ 3058 £ 749 12541+ 15040 27254338 24063 + 5365
AVG (ng/mly 1.3£00° 96+ 1.0 15208 14633
Max Peak (ng/mi)’ 24206 S00:LI 31204 585+ 154

Values are the mean+SEM for 4 wethers. ‘

Y area was corrected for the 180 min (between 0 and 180) periods

3 was calculated average of concentration for 180 min.

¥ is maximum peak after saline or GHRP-2 administration

*) significant differences between treatment were analyzed
by analysis of variance, using the Duncan’s multiple
range test after General Linear Model.

LENP-S: Low energy and normal protein group treated with

saline, LENP-KP: Low energy and normal protein group treat-

ed with GHRP-2, HENP-S: High energy and normal protein

group treated with saline, HENP-KP: High energy and normal

protein group treated with GHRP-2

GHRP-2 administration and corrected for the basal AUC
(-30, -20, -10 and 0 min), which was evaluated by analysis
of variance and the Duncan’s multiple range test using the
General Linear Model (GLM) procedure of the SAS pro-
gram package (SAS Institute, Cary, NC). The mean of the
GH concentration during the period of feed treatment was
calculated for 180 min. The binding parameters of the oGH
receptors were analyzed using Scatchard analysis [32].
Significant differences noted during the feed adaptation
period, and the differences between GHRP-2 treated and

-80 .36 0 30 60 S0 130 150 180

untreated animals noted during the period of GHRP-2 ad-
ministration were analyzed by paired t-tests. Other analy-
ses were conducted by one- or two-way analysis using the
GLM procedure.

Results

The effect of protein and energy nutrition on
plasma |GF-1 and IGFBPs levels

Plasma IGF-1 and 3942 kDa IGFBP-3 during the HENP
treatment period were higher than in the LENP period
(P<0.05), but plasma 34 kDa IGFBP-2 and 24 kDa IGFBP4
were not significantly different in the LENP period com-
pared to the HENP period (Table 1).

The response of plasma GH to GHRP-2 treatment
(Fig. 1, Table 2)

The response of GH was stimulated by GHRP-2 admin-
istration during both feed treatment periods (P<0.05).
Although amplitude of the maximum GH peaks respond-
ing to GHRP-2 injection did not show any significant dif-
ference between the LENP and HENP treatments, the AUC
increment and average concentration of GH (0-180 min)
with GHRP-2 was higher during HENP treatment than
during LENP treatment (P<0.05).

Response to plasma IGF-1 and IGFBPs levels to
GHRP-2 treatment

During the period from day 1 to day 7 of twice daily
GHRP-2 treatment in the HENP, plasma IGF-1 increment
was increased at days 2, 6 and 7 of GHRP-2 administration
(P<0.05). In the LENP treatment period, the GHRP-2 treat-
ment increased the plasma IGF-1 increment on day 3
(P<0.05) (Fig. 2, Table 3). On the basis of immunoblotting
with bovine IGFBP-2 and IGFBP-3 antiserum, we observed
the band of IGFBP-2 at approximately 34 kDa, and
IGFBP-3 was detected at 38-43 kDa in a previous study
{19]. On the basis of ligand blotting, when the data from
the IGFBPs bands were expressed as a percentage of the
relative abundance of each sample IGFBP band compared
to the total IGFBPs of the standard plasma pool, the pro-
portions of plasma 34 kDa IGFBP-3 during the HENP
treatment period showed a significant difference only on
day 7 (P<0.05), other IGFBPs were not changed with
GHRP-2 administration during either the HENP or the
LENP treatment periods (Fig. 3, Table 4).
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Fig. 2. Profiles of plasma IGF-1 concentration after a single in-
jection of either saline or GHRP-2 {125 pg/kg BW) for
7 days in high protein fed wethers on different planes
of energy. Data points represent the mean+SEM of 4
wethers. LENP-G; Low energy and normal protein group
treated with saline, LENP-KP: Low energy and normal
protein group treated with GHRP-2, HENP-S; High en-
ergy and normal protein group treated with saline,
HENP-KP: High energy and normal protein group treat-
ed with GHRP-2

Table 3. Daily profile of plasma IGF-1 with GHRP-2 treatment
in normal-protein fed wethers on different planes of

energy
Treaiment Significance
LENP HENP GHRP-2
Coatrol GHRP.2 Control GHEP-? LEXF HENP
Day & og'mt 1403 =137 1384=10% 1841157 1732 =169 N& NS

Incre (%) 109 100 100 100 W ONS

Dayl sgmlt 14312113 14492151 17852171 1005233 NS NS
Tnere %Y 1034 =67 1043565 97.3 £42 123690 NS NS
Dav? agml 14022166  1466+105 12662157 21204241 NS NS
Incre (%) 1068289 1063245 262268 103202 NS
Dav3 agml’ 1318293 131696 17802242 1939:30 NS N§
mere 8o 924220 1100262 961258 071248 * N5
Day¢ sgml 13552156 13262103 17782237 1847222 W5 N§
Incre (%) 961239 067+88 958258 109996 NS NS
Day5 asgml* 13822161 129388 1959154 1879228 NS NS
Incte %) 988268 93673 107067 1240=85 N§ Ns
Days npml' 1348+140 1300:74 1870148 21352103 N NS
Incre (%) 96368 937563 1025227 161108 NS+
Day? agml’ 1343 =87 1329138 1783 £ 149 2118 64 NS NS
Incre (%)°  $7.2£61 9712110 970+30 15057 N§

Values are the mean + SEM for 4 wethers,

% is average concentration of two samples collected at 1000
and 1700 hr.

was expressed as a relative percentage of after for before
feed treatment.

*P<0.05, NS is not significant.

LENP: Low energy and normal protein treatment

HENP: High energy and normal protein treatment

b)
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Fig. 3. B: Western ligand blots of plasma samples on day 0,
2, 3 and 7 of from wethers administrated either saline
or GH-releasing peptide-2 (GHRP-2; 125 pg/kg BW) on
different planes of energy for 7 days. One ul plasma was
run on a 12.5% SDS-PAGE gel, transferred to nitro-
cellulose and blotted with 1000.000 cpm| I }-IGF-
1/10ml buffer. The standard plasma samples (STD} were

pool for all the plasma samples collected during the ex-

perimental periods (lane 1). The molecular weight mark-
ers used were BSA (66.2 kDa), ovalbumin (42.7 kDa),
carbonic anhydrase (31.0 kDa), soybean trypsin inhibitor

(21.5 kDa) and lysozyme (14.4 kDa).

HENP: Low energy and normal protein treatment,

HENP: High energy and normal protein treatment

Hepatic GH binding

Specific binding of Iabeled oGH to hepatic mem-
branes showed no significant difference between saline and
GHRP-2 treatments in the HENP-fed wethers (Table 5).
Analysis of displacement curves yielded linear results with
analysis of Scatchard plots in both saline and GHRP-2
treatments.

Discussion

In ruminants, plasma IGF-1, IGFBP-2 and IGFBP-3 have
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Table 4. The effect of GHRP-2 administration and energy supply
on plasma IGFBPs in normal-protein fed wethers *

Treatment Sgaificaace
LENP HENP GHEF-2
Controt GHRP-2 Ceatrol GHRP2  LENP HENP
Day 6
3843 ¢ IGEBP-3 (%) 838 =18 590 = 24 T 207 WA £ 28 NS W8
34 (Da KGFBP-2 30 125 = 20 85 & b8 10210 We £ 11 N§ N8
24 kD IGFBR1 (%) 45208 64 = 25 6303 srz08 N§ N8
Day 2
38-43 ¥Da IGFBP.3 (%8) 04 =32 745 £ 14 3748 887 x 43 NS W8
34 kD2 IGFBP-2 %%) 45 = 1D 118 = 3 103 £ 08 12 = Ns N3
24 kDg IGFBPA4 (%%) 11208 58 = 04 83 £08 3203 N5 X8
Day3
38-43kDa IGFBP-3(3%) 68O £ 33 NG 83 T1Z£23 817 =32 N oox
34 kD3 IGFBP (%) 95 %08 135 = 14 Hazi14 11 £381 NS 048
24 kD2 IGFBE S (%) 6 = 1D 60 + 03 4005 51 +£03 NE 038
Day 7
38.43 £Da IGFBP-3 (%%) 583 £ 40 86 = 13 05 =38 813 2 15 NS *
34 kD2 IGFBP-2 (%) 07 12 8} =08 105 =ie 128 = 05 NS ®s
24 ¥Da IGFBP4 (%) 28 202 37 203 31202 3203 N5 NS

Values are meantSEM of 4 wethers.

% was observed by ligand blotting. One pl plasma was run on
a 12.5% PAGE gel, transferred to nitrocellulose and blotted
with 100.000 cpm ™I - IGF-1/ml buffer. The absorbance of
each IGFBP band was expressed as a relative percentage of
the absorbance of that IGFBP band for absorbance of pocled
standard plasma.

* P<0.05, NS is not significant.

LENP: Low energy and normal protein treatment

HENP: High energy and normal protein treatment

Table 5. Specific hepatic "L.oGH binding with GHRP-2 treat-
ment in high energy and normal protein fed wethers

R Protein Specific 51 oGH
Treatment Liver Witke) (1 /100mg liven)* binding (%"
Saline 120 0.2 3198 % 350 98z L6
GHRP2 111014 3315+ 279 H4%15

Values are meanzSEM of 4 wethers

9 is hepatic membrane protein.

¥ s relatively percentage of "®1.oGH specifically bound with
hepatic membrane for total "“I-oGH.

been shown to be sensitive to feed intake in several studies
[11,19,22,25]. Specific effects of dietary protein intake on
circulating IGF-1 have been demonstrated in rats [8], pigs
[6] and cattle [20], but the response of IGF-1 to dietary pro-
tein requires the intake of adequate energy [33].

In the present study, we observed that plasma IGFBP-3
levels, as well as IGF-1 concentrations, were higher during
HENP than LENP feed treatment pericds in wethers.
Elsasser et al. (1989) reported that plasma IGF-1 concen-
tration linearly increased with increasing levels of dietary
protein intake (r=0.74) in the higher ME steers, but the en-
hanced effect of high dietary protein on plasma IGF-1 was
limited in low-energy intake cattle [11}. The increased plas-

ma ¥GF-1 concentration, compared to the energy supply in
wethers with normal protein intake, may be related to an
increase in hepatic IGF-1 mRNA levels induced by in-
creased hepatic GH binding [36]. GH binding with hepatic
GH receptors increased with well-balanced high nutrition
[1,4] rather than by only with specific protein supplement
under poor energy intake in rats [23].

The circulating IGFBP-3 closely parallels that of IGF-1
itself. During chronic dietary restriction or deprivation, se-
rum IGFBP-3 shows positive correlation with change in
IGF-1 in rats [10,37] and sheep [1215]. However, the
IGFBP-3 was unchanged by dietary protein supplement de-
spite increased plasma IGF-1 in sheep [7] and steers {20].
In addition, the serum IGFBP-3 levels significantly declined
during energy restriction but did not change during pro-
tein restriction in the offspring [34].

Furthermore, chronic dietary restriction decreased serum
IGFBP-3 levels and a parallel change of the liver IGFBP-3
mRNA level was observed in rats [10]. Overall, our results
provide evidence for the importance of dietary energy to
effect change in plasma IGF-1 and IGFPB-3 when normal
protein intake is supplied to wethers.

In this study, the plasma IGFBP-2 level was not changed
by energy manipulation. This may be due to the adequate
supply of dietary protein during both feed treatment peri-
ods, because dietary protein affected serum IGFBP-2 and
hepatic IGFBP-2 m RNA abundance in rats [21], humans
[34] and in our previous steer study [20].

On the other hand, in the previous study [20], we ob-
served that the response of GH to GHRP-2 administration
was the same in steers with high-protein and low-protein
intake, but not low dietary energy. The response of plasma
GH AUC to GHRP-2 administration showed a significant
difference on day 6 of GHRP-2 administration during
HENP and LENP periods. This is consistent with the GH
response to GHRP-2 administration in low and high intake
steers [19]. The GH response to GHRH administration in
sheep, however, has been shown to be higher in poorly fed
than in well-fed animals [14]. This indicates that the effect
of GHRP-2 administration on GH release may be regulated
differently in comparison with GRRH in steers on different
nutritional planes. GH releasing peptides (GHRPs) stim-
ulate GH release through G-protein-linked receptors that
have an endocrine pathway distinct from that described
for GHRH [17,29].

The enhanced endogenous GH, with GHRP-2 admin-



istration, only increased IGF-1 on day 4 in LENP wethers,
but increased on days 2, 6 and 7 in comparison with the
saline group in HENP wethers. The rate of production of
IGF-1 was influenced by the concentration and affinity of
hepatic GH receptors in steers [4,5] and sheep [1]. The
GH-binding sites to ruminant liver membranes were lower
in feed-restricted groups than in well-fed groups [4,24]. In
addition, the number of hepatic binding sites for GH and
the capacity of the high-affinity GH receptors were sig-
nificantly related to exogenous GH treatment in sheep [31].
In yearling sheep, GH treatment increased hepatic GHRs
in a dose-dependent manner [26]. However, our study
failed to observe the change in hepatic GH binding as well
as the capacity of the high or low-affinity GH receptor in
HENP wethers, although plasma IGF-1 concentration in-
creased with GHRP-2 administration. Thus the developed
responses of plasma IGF-1 to GHRP-2 administration in
HENP wethers might correspond to enhancing the blood
GH (Table 3). Plasma IGFBP-3 was increased on days 3
and 7 of GHRP-2 administration in HENP wethers. The
enhanced plasma IGFBP-3 seems to cause the plasma IGF-1
concentration to increase in GHRP-2 administrated wethers
during HENP periods, because IGFBP-3 provides a
long-lived, stable reservoir of circulating IGF-1, which
binds more than 90% of IGF-1 in serum [2]. The changes
in the serum levels of IGFBP-3 correlate significantly with
changes in the serum levels of IGF-1 [27]. On the other
hand, in the LENP wether’s plasma IGFBP-3 showed no
significant variance with GHRP-2 administration despite
enhanced plasma IGF-1 on day 3 of treatment, as the re-
sults showed in our previous study [25]. Exogenous GH
treatment increased IGFBP-3 expression by a pathway in-
dependent of IGFs in liver cells in vitro [13]. Overall, the
increased IGFBP-3 with GHRP-2 administration may play
a role in prolonging increased circulation of IGF-1 under a
sufficient intake of dietary energy and protein.

In conclusion, our study demonstrated that a sufficient
intake of energy increased plasma IGF-1 and IGFBP-3 levels
in normal protein-fed wethers. A change in the plasma
IGFBP-3 level, according to the increased plasma IGF-1 with
GHRP-2 administration, was shown only in high energy-fed
wethers on normal protein. However, the hepatic GH bind-
ing was not changed by GHRP-2 administration in HENP
wethers. Thus, we believe that the nutritional balance be-
tween energy and dietary protein may affect the endoge-
nous GH/IGF-1 axis as well as plasma IGFBP-3 levels.
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