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Exogenous insulin-like growth factor (IGF)-I has been shown to increase growth rate in neo-
natal pigs while an analogue of IGF-I, long arginine (LR3) IGF-I, has been shown to be
more potent than IGF-I in the rat. Therefore, two studies were conducted to determine whether
IGF-I and LR3IGF-I increase growth in the artificially-reared neonatal pig. Expt 1 involved
forty-two (2kg initial weight) pigs infused with either control, IGF-I (2, 4 or 8ug/h) or
LR3IGF-I (2, 4 or 8ug/h) infusions for 8d. Pigs were weighed and then offered 1.7 MJ
(gross energy) milk replacer/kg®”” per d. Expt 2 involved eighteen pigs (2kg initial weight)
treated with control saline, IGF-I (8 wg/h) or LR3IGF-I (8 wg/h) infusions. After 9d an
additional pump was inserted to increase the infusion rates of each of the growth factors
(16 pg/h) for a further 9d. Cows’” milk was provided ad libitum. In Expt 1 there was no overall
effect of growth factors on daily weight gain or slaughter weight. However, milk intake was
greater in pigs infused with growth factors (909 v. 867 g/d, P=0-027), with an apparently
greater milk intake by the pigs infused with IGF-I compared with LR3IGF-I (920 v. 898 g/d,
P=0-12). Infusion of LR3IGF-I decreased plasma IGF-I concentrations, but had no effect on
plasma IGF-II concentrations. In Expt 2, neither IGF-I nor LR3IGF-I infusion had any effect
upon daily weight gain over the first 9d of the study. However, over the second 9d of the
study, daily weight gain was increased in LR3IGF-I-infused pigs (457 v. 386 g/d, P<<0-01),
but not in pigs infused with IGF-I (413 v. 386 g/d, P=0-15). Milk intake was not different
during the first 9d of the study but was significantly greater in pigs infused with growth factors
over the second half of the study (3407 v. 2905 g/d, P<<0-01). Plasma IGF-binding protein-3
concentrations were highly correlated (R = 0-85) with average daily gain over the 3 d preceding
blood sampling. In conclusion, exogenous IGF-I and particularly LR3IGF-I can increase growth
rate and milk intake in artificially-reared pigs fed ad libitum but not in limit-fed piglets.

Insulin-like growth factor-I: Growth: Lactation: Somatotropin: Pig

The growth rate of the young pig is generally less than half
its potential (Boyd et al. 1995) and may be constrained by
endocrine status as well as nutrient intake. Although por-
cine somatotropin (ST) increases growth of grower and
finisher pigs and is now commercially available in
Australia for use in finisher pigs, the response to porcine
ST is much less in neonatal pigs (Harrell et al. 1997,
Dunshea er al. 1999). However, it has been shown that
insulin-like growth factor (IGF)-I, the putative mediator
of the effects of ST on lean tissue growth, can increase
growth in normal and intra-uterine growth-retarded piglets

(Schoknecht et al. 1997). In addition, Schoknecht et al.
(1997) found that IGF-I infusion stimulated protein
deposition in the carcass, liver, spleen and jejunum of
intra-uterine growth-retarded but not control piglets.
Researchers at the Cooperative Research Centre for
Tissue Growth and Repair (Adelaide, Australia) have pro-
duced a recombinant analogue of IGF-I that is much more
potent that IGF-I in stimulating growth in the rat (Tomas
et al. 1992, 1993). Therefore, it may be possible that
long-arginine (LR3) IGF-I stimulates growth of neonatal
pigs to a greater extent than IGF-I. Consequently, the
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following studies were conducted to determine whether
IGF-I and LR3IGF-I could increase growth in artificially-
reared piglets.

Materials and methods
Expt 1

Forty-two cross-bred male piglets were weaned at between
24 and 48 h of age after each pig had obtained colostrum
from their dam, been injected with 100 mg Fe, and had
their teeth clipped. After weaning, the pigs were trans-
ferred to individual wire mesh cages (0-6 X 0-45X 0-5m
high) located in an insulated building in which the ambient
temperature was maintained at between 26 and 32°C with
additional heat provided by a 175W infra-red lamp.
Between weaning and 2-0kg live weight, piglets were
trained to drink a high-protein liquid diet (Table 1) through
rubber teats attached to a plastic hose inserted into a plastic
container. The diet was formulated to ensure that the lysine
and other amino acid of the diets were in excess of require-
ments by 20 % (Auldist et al. 1997). Pigs were weighed
daily until they reached 2-Okg live weight when they
were randomly allocated to either a control, IGF-I (2, 4
or 8 wg/h) or LR3IGF-I (2, 4 or 8 pg/h) infusion for the
duration of the experiment. IGF-I and LR3IGF-I were dis-
solved in 10 mM-acetic acid and infusions were adminis-
tered via a mini-osmotic pump (Alzet model 2001; Alzet,
Palo Alto, CA, USA) inserted subcutaneously beneath the
loose skin behind the ear. Control pigs received pumps
containing vehicle. Pigs were weighed daily and the
amount of feed offered adjusted to 1-7MJ digestible
energy/kg””> over two feeds at 09.00 and 16.00 hours.
Spillage was collected in a container placed under the

Table 1. Composition of liquid diet used in Expt 1 (g/kg (air-dry
basis) before being constituted with water)*

g/kg (air-dry basis)

Ingredient
Butter oil 191.8
Lactose 155.7
Whey-protein concentrate 323.9
Skimmed-milk powder 239-8
Soyabean oil 48-0
Vitamin—mineral mixt 14.4
Arginine 6-02
Valine 5.90
Histidine 4.50
Phenylalanine 4-40
Isoleucine 324
Tryptophan 1.26
Methionine 1.08

Composition
Crude protein 345
Total lysine 31
Gross energy (MJ/kg) 24

* Diet was constituted with water to contain 200 g total solids/kg liquid.

1 Provided the following nutrients (mg/kg air-dry diet before constitution with
water): retinol 3-0, cholecalciferol 0-03, menadione 3-3, riboflavin 5.0, thia-
min 20, a-tocopherol 45, nicotinic acid 35, pantothenic acid 13, pyridoxine
8, cyanocobalamin 0-1, biotin 0-2, folic acid 0-5, choline 3250, Fe 60, Mg
50, Mn 45, Cu 15,1 0-75, Co 0-2, Se 0-3.

teat and under the cage. Refusals were also recorded.
After 8d, pigs were bled via venepuncture for plasma
IGF-I and IGF-II analyses before being killed with an
intravenous injection of sodium pentabarbitone. Visceral
tissues and organs were removed, the gastrointestinal
tract emptied and all tissues and organs weighed.

Expt 2

Eighteen male crossbred pigs were trained to drink from
teats and housed as described earlier for pigs in Expt 1
except that homogenized and pasteurized domestic cows’
milk was used instead of a synthetic diet. Preliminary
studies had demonstrated that pigs fed the same amount
of energy as either cows’ milk or the milk-replacer diet
used in Expt 1 grew at the same rate (DE Auldist, personal
communication). When pigs reached 2-Okg live weight
they were randomly allocated to either a control, IGF-I
(8 pg/h) or LR3IGF-I (8 wg/h) infusion for the duration
of the experiment. Infusions were given via a mini-osmotic
pump (Alzet model 2001, Alzet) inserted behind the ear
with control pigs receiving a pump containing vehicle.
Cows’ milk was provided ad libitum with the reservoirs
being washed and refilled every 8 h. After 9 d, an additional
pump was inserted to increase the infusion rates of each of
the growth factors (16 wg/h). After 18d pigs were killed
and measures taken as in Expt 1. Pigs were bled via vene-
puncture for plasma IGF binding protein (BP)-3 analyses
on days 0, 9 and 18.

Chemical analyses

Plasma was analysed for IGF-I, IGF-II and IGFBP-3 by
radioimmunoassay. IGF-I and -II were dissociated and sep-
arated from IGF-BP by size-exclusion liquid chroma-
tography of plasma at pH 2-5 before assay (Owens et al.
1990). IGF-I and IGF-II radioimmunoassays were cali-
brated with porcine IGF-I and IGF-II (GroPep, Adelaide,
Australia), respectively (Francis et al. 1989), and per-
formed as previously described (Carr et al. 1995).
IGFBP-3 was measured in diluted unextracted plasma by
radioimmunoassay using an antiserum raised against
IGFBP-3 purified from pig serum as previously described
(Walton & Etherton, 1989) except that the radioligand
was prepared by chemically cross-linking '**I-labelled
IGF-I (recombinant porcine; GroPep) to porcine IGFBP-3
(Baxter & Martin, 1986). Intra- and inter-assay CV were
7-1 and 4-3 %, 5-4 and 11-4 %, and 7-9 and 21 % for IGF-I,
IGF-II and IGFBP-3 respectively.

Statistics

Data from Expt 1 were analysed to determine the overall
effects of both growth factors, the individual growth fac-
tors, different doses and differences within growth factors.
Data from Expt 2 were analysed to determine the effects of
the overall response to both growth factors, the individual
growth factors and differences within growth factors. All
analyses were performed using GENSTAT (Payne et al.
1993; Lawes Agricultural Trust, Rothamsted, UK).
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Table 2. Effect of dose of insulin-like growth factor (IGF)-1 and LR3IGF-I on growth performance and carcass characteristics of limit-fed artificially-reared piglets (Expt 1)*

Growth factor

Statistical significance of effect (P)

LR3IGF-I

IGF-I

IGF...

GxIxD

G x

GxD

SeEDT

Dose (pg/h)...

0-82
0-64
0-12
0-99
0-91
0-26

0-085
012
0-35

0-99
0.72
0-52
0.75
0-52
0-64
0-56

6-9 0-73

236

194
897

200 202 203 196 193
921 913 885 912

924

196
867

Daily weight gain (g/d)
Milk intake (g/d)
FCE (g/g DM)

0-027
0-024
0-34
0-45
0-71

0-023
84.4

1.08

3664

1.06

3701

111

3681

111

3739
3082

110

3794
3113

1-08

3773
3109

113

3663
3031

0-083
0-22
0-24

3084 3009 52-6

3049

Carcass weight (g)

Final weight (g)
Dressing (g/g)

0-0067
13-25
22.0

0-821
59.2
185

0-833
67-0
190

0-828
67-8
189

0-824
86-5
180

0-821
86-8
202

0-824
98-2
202

0-827
99-8
217
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0 o’ Results
@ 0 O
ecee Expt 1

0-035 0-002
0-13 0-62 0-61
0-002 0-55 <0-001

0-90

5.4

4.3

4.4

0

Plasma IGF-I (ng/ml)
Plasma IGF-II (ng/ml)
Plasma LR3IGF-I (ng/ml)

1 Standard error of the difference for minimum number of replicates (6 v. 6). For 36 v. 6, 18 v. 18, 18 v. 6, 12 v. 12 and 12 v. 6 divide by 1-31, 1.73, 1.22, 1.41 and 1-15 respectively.

I, IGF; LR3, long arginine; G, growth factor; D, dose; FCE, feed conversion efficiency.

*For details of diets and procedures, see Table 1 and p. 588.

Growth data from Expt 1 are given in Table 2. While there
was no overall effect of growth factors on daily weight
gain or slaughter weight, pigs treated with IGF-I tended
to grow faster than those treated with LR3 as indicated
by the growth factor X IGF interaction for average daily
weight gain (201-3 v. 1943 g/d, P=0-085) and slaughter
weight (3769 v. 3682 g, P=0-083). Milk intake was greater
in pigs infused with growth factors (909 v. 867 g/d,
P=0-027), although this was primarily in the pigs infused
with IGF-I rather than LR3IGF-I (920 v. 898 g/d, P=0-12).
However, the milk consumed was used less efficiently in
pigs infused with growth factors (1-09 v. 1-13g gain/g
DM consumed, P=0-024). There were no effects of
either growth factor on carcass weight or dressing out pro-
portion. There was no effect of IGF-I on concentrations of
IGF-I or IGF-II in plasma obtained on day 8 (Table 2),
whereas LR3IGF-I infusion decreased plasma IGF-I con-
centrations but had no effect on plasma IGF-II concen-
trations (Table 2). There were relatively low levels of
LR3IGF-I detected in only the pigs that received
LR3IGF-I infusions (Table 2).

The effect of IGF-I and LR3IGF-I on organ weights is
given in Table 3. In general there was little effect of
growth factor upon organ weights. Pigs infused with the
highest dose of LR3IGF-I had significantly larger kidneys
than the other pigs as indicated by the growth factor X
IGF X dose interaction (P=0-042).

Expt 2

Growth data from Expt 2 are given in Table 4. Neither
IGF-I nor LR3IGF-I had any effect upon average daily
weight gain over the first 9d of the study. However, over
the second 9d of the study, average daily weight gain
was increased in LR3IGF-I-infused pigs but not signifi-
cantly in those pigs infused with IGF-I. As a result, pigs
infused with LR3IGF-I were heavier than the control pigs
at slaughter. Milk intake was not different during the first
9d of the study, but was significantly greater in pigs
infused with growth factors over the second half of the
study. Feed conversion efficiency was not altered by infu-
sion of growth factors nor was there any effect upon car-
cass weight or dressing-out proportion.

The effect of IGF-I and LR3IGF-I on organ weights is
given in Table 5. In general there was a trend towards
increased weight of organs with growth factor infusion
but few of these differences reached significance, particu-
larly when organ weights were expressed as a proportion
of live weight (results not shown). However, pigs treated
with LR3IGF-I did tend to have a larger liver (319 v.
286 g, P=0-078), small intestine (383 v. 329 g, P=0-10)
and combined small intestine and liver (701 v. 6l4g,
P=0-062) weight. In addition, there was a significant
increase in spleen size in pigs infused with LR3IGF-I
(27-5 v. 189 g, P<0-001).

Plasma IGFBP3 concentrations increased with time on
treatment, although there was a significant interaction
between time and growth factor such that the pigs infused
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Table 3. Effect of dose of insulin-like growth factor (IGF)-I and LR3IGF-1 on organ mass of limit-fed artificially-reared piglets (Expt 1)*

Growth factor

IGF... IGF-I1 LR3IGF-I Statistical significance of effect (P)
Dose (pg/h). .. 0 2 4 8 2 4 8 SEDT G GxD GxlI GxIxD
Liver (g) 141 135 141 137 129 132 145 9-3 058 044 0-69 0-45
Heart (g) 218 22-3 234 23-8 21.9 23-8 24.3 1-43 019 014 0-88 0-91
Kidney (g) 339 331 349 328 32-3 34.7 388 2.03 075 0098 016 0-042
Spleen (g) 7-51 7-45 858 7-56 872 7-52 10-2 1-46 046 065 0-27 0-20
Stomach (g) 17-8 19.7 186 20-1 184 194 17-3 1.29 024  0-89 0-15 0-16
Small intestine (g) 165 165 172 173 163 174 174 9-49 047  0-30 0-92 0-95
Large intestine (g) 38-5 339 377 377 319 36-4 36-1 4.82 057 0-86 0-24 0-64
Caecum (g) 391 371 3:92 3.94 3.97 3:66 371 0536 083 099 0-80 0-75

I, IGF; LR3, long arginine; G, growth factor; D, dose.

*For details of diets and procedures, see Table 1 and p. 588.

1 Standard error of the difference for minimum number of replicates (6 v. 6). For 36 v. 6, 18 v. 18, 18 v. 6, 12 v. 12 and 12 v. 6 divide by 1-31, 1.73, 1.22, 1.41
and 1-15 respectively.

Table 4. Effect of dose of insulin-like growth factor (IGF)-I and LR3IGF-I on growth performance and carcass characteristics of artificially-
reared piglets fed ad libitum (Expt 2)*

Statistical significance

Growth factor of effect (P)

IGF... Control IGF-I LR3IGF-I SEDT G IxG
Daily weight gain (g/d)

0-9d 371 381 367 12:4 0-85 0-34

9-18d 386 413 457 152 0-011 0-032

0-18d 378 399 413 12-6 0-071 0-33
Milk intake (g/d)

0-9d 2276 2314 2165 72-4 0-63 0-11

9-18d 2905 3342 3472 152.7 0-009 0-48

0-18d 2591 2828 2819 100-6 0-046 0-94
FCE (g/g DM)

0-9d 1.208 1.221 1.254 0-0245 0-26 0-28

9-18d 0-985 0-916 0-982 0-0445 0-44 0-23

0-18d 1-083 1.041 1.085 0-0336 0-56 0-28
Final weight (g) 8873 9227 9512 244.5 0-073 0-34
Carcass weight (g) 6806 7113 7303 1914 0-065 0-41
Dressing (g/g) 0-766 0-771 0-768 0-0060 0-57 0-59

G, growth factor; LR3, long arginine; |, IGF; FCE, feed conversion efficiency.
* For details of diets and procedures, see Table 1 and p. 588.
1 Standard error of the difference for minimum number of replicates (6 v. 6). For 12 v. 6 divide by 1-15.

Table 5. Effect of dose of insulin-like growth factor (IGF)-1 and LR3IGF-I on visceral organ weights of artificially-reared piglets fed ad libitum

(Expt 2)*
Statistical significance of
Growth factor effect (P)

IGF... Control IGF-I LR3IGF-I SEDT G IXG
Liver (g) 286 303 321 175 0-11 0-35
Heart (g) 53-4 53.2 57-2 417 0-63 0-37
Kidney (g) 68-8 65-8 71-8 6-21 0-99 0-36
Spleen (g) 189 16-2 275 211 0-14 <0-001
Thymus (g) 15-4 15-1 15-5 1.53 0-66 0-41
Stomach (g) 414 394 398 315 0-53 0-91
Small intestine (g) 329 349 380 333 0-25 0-37
Large intestine (g) 721 68-4 75-0 11.52 0.97 0-59
Caecum (g) 19-3 189 187 2.72 0-85 0-96

G, growth factor; LR3, long arginine; I, IGF.
* For details of diets and procedures, see Table 1 and p. 588.
1 Standard error of the difference for minimum number of replicates (6 v. 6). For 12 v. 6 divide by 1-15.
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IGFBP-3 {ug/ml)

9 18

Time (d)

Fig. 1. Effect of time on treatment with insulin-like growth factor
(IGF)-I or long arginine (LR3) IGF-I on plasma IGF binding protein
(BP)-3 in neonatal pigs in Expt 2. [J, Control; M, IGF-I; W, LR3IGF-I.
The infusion rates for the growth factors were 8 ng/h and 16 pg/h
from days 0—9 and 9-18 of treatment respectively. For details of
diets and procedures, see Table 1 and p. 588. Values are means
for six pigs with standard errors of the difference shown by vertical
bars. @PcMean values with unlike letters were significantly different
(P<0-05).

with LR3IGF-I had lower plasma IGFBP3 than the other
treatments after 9 d of infusion, but that there was no differ-
ence after 18 d (Fig. 1). Plasma IGFBP3 concentrations were
highly correlated (R=0-85) with average daily weight gain
over the 3 d preceding blood sampling (Fig. 2).

Discussion

IGF-I has been shown to acutely improve whole body and
hindlimb N balance in protein-restricted pigs (Malmlof
et al. 1994) and increase growth and N balance in rats
(Tomas et al. 1992, 1993). However, when IGF-I has
been administer for longer periods to finisher pigs fed pro-
tein-adequate diets they have had little effect upon growth
(Walton et al. 1995). Indeed, under these conditions the
potent analogues of IGF-I actually decrease performance

15~
£
5 1-0F
=
[32]
&
[T 05+
Q
0-0 L L I I 1 i
0 100 200 300 400 500 600

Previous growth rate (g/d)

Fig. 2. Relationship between plasma insulin-like growth factor (IGF)
binding protein (BP)-3 and growth rate over the 3d prior to blood
sampling in neonatal pigs infused with IGF-1 or long arginine (LR3)
IGF-I on plasma IGFBP-3 in Expt 2. <&, Control; &, IGF-I; [,
LR3IGF-I. The infusion rates for the growth factors were 8 ng/h and
16 pg/h from days 0-9 and 9—18 of treatment respectively. Data
are values for individual pigs bled on days 0, 9 and 18 of treatment.
For details of diets and procedures, see Table 1 and p. 588.
Regression equation: y = —0-0172 + 0-0024 x (R=0-85, P < 0-001,
n48).

and circulating levels of endogenous IGF-I and the major
binding proteins, possibly as a consequence of inhibition
of endogenous porcine ST release (Walton et al. 1995;
Dunaiski et al. 1997). Therefore, while it appears that
IGF-I can increase or improve lean tissue growth in rats
or protein-restricted finisher pigs, negative feedback mech-
anisms limit its usefulness in the finisher pigs fed adequate
dietary protein. So what is different between rats and the
finisher pig? The clue might lay in their relative sensitivity
and responsiveness to exogenous ST.

The rat is relatively insensitive and unresponsive to
exogenous ST but sensitive to the growth promoting prop-
erties of IGF-I and especially IGF-I analogues. On the
other hand, the finisher pig is highly sensitive and respon-
sive to porcine ST, relatively unresponsive to exogenous
IGF-I and responds negatively to potent analogues of
IGF-1. However, there is one class of pig that is unrespon-
sive to porcine ST but whose potential for growth is rela-
tively untapped, i.e. the neonate. The young pig is
unresponsive to moderate doses of exogenous porcine ST
up to at least 3—4 weeks of age (Harrell er al. 1994;
Dunshea et al. 1999) at a time when endogenous pro-
duction of porcine ST (Buonomo & Klindt, 1993; Matteri
& Carroll, 1997) and the number of tissue porcine ST
receptors are low (Holl et al. 1991; Duchamp et al. 1996;
Schnoelbelen-Combes et al. 1996). Therefore, given the
relative insensitivity to porcine ST of the neonatal pig it is
possible that exogenous IGF-I or analogue treatment of
baby pigs may not result in negative feedback inhibition
of endogenous hormone secretion, and thereby allow the
growth-promoting properties of IGF-I to be expressed.
With this in mind, the present studies were conducted to
determine the responses to IGF-I and LR3IGF-I in the
neonatal pig.

In Expt 1, neither IGF-I or LR3IGF-I infusion had any
effect upon growth in artificially-reared pigs that were
restrictively-fed to grow at similar rates to those observed
in pigs suckling the sow (about 200 g/d). On the other
hand, Schoknecht et al. (1997) found that IGF-I infusion
(4 pg/h) increased growth rate of suckling normal and
intra-uterine growth-retarded piglets. The doses of IGF-I
infused in the present study were 0-5-, 1-0- and 2-0-fold
that used by Schoknecht et al. (1997), so it is somewhat
surprising that a growth response was not observed. In
the present study, plasma IGF-I was not increased at 8d
after commencement of the infusion and so it is possible,
but unlikely, that the pumps had been exhausted. The
specifications of the pump indicate that these pumps
should deliver IGF-I for 8-7d and in vitro tests as well as
in vivo studies in older pigs have shown that the osmotic
pumps deliver for approximately 9d, with a delay of
approximately 4h before they commence delivering
material (FR Dunshea, unpublished results). In addition,
it appears obvious that the LR3IGF-I was delivered since
it was detectable in most samples from pigs infused with
LR3IGF-I, despite LR3IGF-I being rapidly cleared from
the circulation (Table 2). Using similar pumps, Schoknecht
et al. (1997) found that plasma IGF-I concentrations were
increased on days 1 and 4 in both normal and intra-uterine
growth-retarded pigs but only in normal pigs on day 7 of
infusion. Schoknecht et al. (1997) suggested that the
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infusion of IGF-I decreased endogenous IGF-I production
and/or increased IGF-I clearance in the intra-uterine
growth-retarded pigs, as was the case in protein-restricted
rats (Thissen et al. 1992) and perhaps mediated via a
decrease in IGFBP3. Certainly, infusion of LR3IGF-1
decreased plasma IGF-I concentrations in the restrict-
ively-fed pigs in Expt 1, as happens in older, well-fed
pigs (Dunaiski et al. 1997). Despite the lack of effect
upon growth rate there did appear to be some biological
effects of IGF in the restrictively-fed pigs in Expt 1. For
example, pigs infused with IGF consumed more feed but
used it less efficiently than the control pigs. Therefore,
Expt 2 was conducted to see whether IGF-I or LR3IGF-I
would increase feed intake and possibly growth in artifi-
cially-reared pigs allowed to consume milk ad libitum.

While neither IGF-I or LR3IGF-1 infusion (8 wg/h) had
any effect upon feed intake or growth rate over the first 9d
of Expt 2, when the infusion rates were doubled (16 pg/h)
there was an increase in feed intake and growth rate over
the second 9d, particularly in pigs infused with LR3IGF-I.
There was no effect of IGF on feed conversion. Although
there were few significant effects of IGF on visceral
organs, the liver and small intestinal weights tended to
be greater in pigs infused with LR3IGF-I. While the
delayed feed intake and growth response may be due to a
lag in IGF action, it may be that the visceral responses pre-
cede the increase in peripheral tissue growth, particularly
for LR3IGF-I. An increase in metabolic rate associated
with greater visceral organ size would necessitate an
increase in feed intake to provide sufficient energy and pro-
tein for growth. The restrictively-fed pigs that were infused
with IGF in Expt 1 appeared to have higher maintenance
requirements as indicated by the reduced feed efficiency
but an unchanged growth rate.

Another possible reason for the difference in responses
between Expts 1 and 2 is that different diets were used in
each experiment. An artificial diet based predominantly on
cows’ milk-derived ingredients (912 g/kg) was used in
Expt 1 whereas whole cows’ milk was used in Expt 2. The
protein and lysine content of the diet used in Expt 1 was for-
mulated to be sufficient to ensure that these macronutrients
would be similar to those in cows’ milk and not limit
growth performance in either experiment (Auldist et al.
1997). While it is possible that the two diets contained differ-
ent levels of IGF or other growth factors, given that the arti-
ficial diet used in Expt 1 was based on the milk-derived
fractions that are enriched in growth factors (skimmed-
milk powder and whey protein), it is unlikely that the differ-
ences in response between experiments were due to the type
of diet used. Rather, it is more likely that the method of feed-
ing (restricted feeding v. feeding ad libitum') contributed to
the greater response in Expt 2.

The increase in feed intake in neonatal pigs receiving
exogenous IGF has not been reported before. However,
endogenous IGF-I concentrations have been found to be
positively correlated with feed intake, P2 back fat and
daily weight gain and negatively related to feed conversion
efficiency in finisher pigs (Owens et al. 1999). Similarly,
we have shown that plasma IGFBP3 and IGF-I are
highly correlated with current growth rate (and presumably
milk intake) in nursing piglets (Dunshea et al. 1999). The

data from the pigs fed ad libitum in Expt 2 confirm the
relationship between previous growth and plasma
IGFBP3, regardless of whether they were infused with
IGF-I or LR3IGF-I (Fig. 2). Owens et al. (1994) reported
that IGF-I is a very good indicator of growth performance
in the grower—finisher pig. More recently, Owens et al.
(1997) showed that plasma IGF-I concentrations are more
highly correlated with current than with future growth
rate and suggested plasma IGF-I may be a reporter of,
rather than a mediator of, growth performance in the pig.
However, it appears that IGF-I and IGFBP3 production
and/or clearance are not as sensitive to exogenous
LR3IGF-I infusion in neonatal pigs, as compared with pre-
pubertal (Dunaiski et al. 1997) pigs, thereby allowing
growth and feed intake responses to be exhibited.

Another possible reason for the increase in feed intake
and growth in the nursing and artificially-reared pigs con-
suming liquid diets, is that increased kidney function in
IGF-infused pigs may stimulate milk intake and indirectly
increase growth through increasing the supply of nutrients.
In this context, IGF-I acutely increases glomerular fil-
tration rate in human subjects before any change in
kidney size could possibly occur (Giordano & DeFronzo,
1995) while chronically increasing renal function in rats
(Martin et al. 1991). However, kidney weight was rela-
tively unaffected in the present studies, except at the high-
est dose of LR3IGF-1 in Expt 1.

Conclusions

Exogenous IGF-I and particularly LR3IGF-I can increase
growth rate in artificially-reared neonatal pigs fed ad libi-
tum but not in limit-fed neonates. At least part of the
reason for this effect was an increase in milk consumption
of infused piglets. Feedback inhibition of IGF-I and
IGFBP3 production are not as great in the neonatal pig
as they are in the finisher pig which may explain the dif-
ferences in growth response. Plasma IGFBP3 was highly
correlated with the previous growth rate of artificially-
reared pigs.
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