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Lack of effect of exogenous insulin-like growth
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Summary — Direct evidence that IGF-I has any significant effect on embryo growth is lacking. We
therefore studied the effect of administration of IGF-1 on the chick embryo in ovo. Five hundred ng
pure IGF-| (purified from human plasma) were given to chick embryos on 2 occasions (7 and 14 d)
by injection directly into the allantoic sac. Treated and control (saline injected) chicks hatched on the
same day and were killed. IGF-I appeared to reach the tissues as the [35S]-sulphate uptake of treat-
ed sternal cartilage was significantly greater than that of control (P < 0.02). However, there were no
significant effects of treatment on total body weight, bone length measurements, organ (lung, liver,
heart) weights, muscle DNA, RNA or protein levels. From these results we conclude that administra-
tion of exogenous IGF-! to the chick embryo at 7 and 14 d does not stimulate further growth of the
chick embryo.
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Résumé — Absence d'effet de I'GF-I exogéne sur la croissance de I'embryon de poulet. //
n'existe aucune preuve expérimentale que I'lGF-I exerce un effet significatif sur la croissance pondé-
rale de I'embryon de poulet. Nous avons donc étudié l'effet de 'administration de 500 ng d'IGF-I pur
injecté in ovo a j7 et j14 dans le sac allantoidien. Tous les ceufs ont éclos le méme jour et les pous-
sins lraités et témoins (ayant regu le solvant) ont été sacrifiés. Nous avons observé une incorpora-
tion de sulfate marqué [35S] significativement plus importante dans le cartilage du sternum des ani-
maux traités que dans celui des témoins. Ceci indique que I''GF-l injecté a atteint les tissus
embryonnaires. Toutefois, nous n'avons mis en évidence aucun effet du traitement sur le poids des
poussins a la naissance, la longueur des os, le poids du foie, du caeur et des poumons, ni sur les te-
neurs des muscles en ADN, ARN et en protéines. Nous en concluons que 'administration in ovo de
IGF-1 exogéne a j7 et j14 ne stimule pas la croissance embryonnaire du poulet.

IGF-1/ poulet / embryon / croissance



516 GSG Spencer et al

INTRODUCTION

There is considerable evidence of an as-
sociation between somatomedins (insulin-
like growth factors) and growth. It has
been shown that administration of soma-
tomedins can restore growth in growth-
retarded animals: Snell dwarf mice (Van
Buul-Offers and Van den Brande, 1979)
and hypophysectomized rats (Schoenle et
al, 1982). However, there is little in the
way of direct evidence that somatomedins
stimulate growth of normal animals in vivo.
Recently, it has been reported that exo-
genous IGF-I can also stimulate growth in
normal rats (Hizuka et al, 1986), though
other experiments have been unable to
confirm this result. No such experiments
have been reported in the fetus although it
has been reported that IGF-I administra-
tion on d 2 stimulates organogenesis in
the early chick embryo (Girbau et al,
1987).

Although there have been no in vivo
studies on the effects of IGF-I in the fetus,
it is clear that somatomedins can stimulate
metabolic processes and mitosis in a num-
ber of embryonic tissues in vivo (Rechler
et al, 1976; Cynober et al, 1985). It is also
known that many fetal tissues can syn-
thesize somatomedins (d'Ercole et al,
1976, 1980). Despite these findings, the
association between somatomedins and
growth in the fetus is less compelling that
in the postnatal animal. Although growth
hormone levels and growth rates are high
in the fetus, somatomedin levels, with the
exception of IGF-1l in some species, are
generally low (d'Ercole et al, 1976; Brin-
smead and Liggins, 1979; Charrier, 1980).
Somatomedin levels in the fetus can be in-
creased by, for example, insulin adminis-
tration (Hill and Miiner, 1980; Spencer et
al, 1983), but such changes are not asso-
ciated with increased growth in utero
(Garssen et al, 1983; Cooke and Nicoll,
1984).

We have, therefore, attempted to direct-
ly investigate the effects of IGF-I on fetal
growth in vivo using the chick embryo as a
model.

MATERIALS AND METHODS

Eggs were collected on the day of laying and
placed in a standard egg incubator. After 7 d the
eggs were checked for viability and unfertilized
eggs were discarded. Twenty-five eggs were
selected at random and injected through the
shell into the allantoic sac with 50 pl saline and
the eggs resealed with paraffin wax. A further 25
eggs were injected with a similar volume of sa-
line containing 500 ng IGF-I purified from human
plasma (Spencer EM et al, 1983); the IGF
showed identical amino-acid composition and
sequence to that purified by Rinderknecht and
Humbel (1978). All eggs were replaced and the
incubation continued. The embryos were given
a similar second injection of either saline or IGF-
| as appropriate at d 14 and incubation contin-
ued through to hatching on d 21 when the
chicks were killed.

The chicks were anesthetized with CO, bled
by cardiac puncture, killed by cervical disloca-
tion and their sex determined. The blood was
rapidly centrifuged and the plasma frozen at
—20 °C for later determination of plasma IGF-I
levels (Spencer et al, 1987).

The chick carcasses were weighed and dis-
sected and the weights of heart, liver, lungs and
yolk sac were recorded. As an indication of
bone growth, the length of the lower leg was
measured (from the proximal end of the tarso-
metatarsus to the distal end of the third phalanx
of the third digit) and the tibiotarsus was dissect-
ed out as a marker bone for length, breadth and
weight measurements.

Thigh muscle was removed, weighed and fro-
zen in liquid nitrogen and stored at -20 °C for
later measurement of DNA, RNA and protein
content (Wannemacher et al, 1965; Munro and
Fleck, 1966; Abraham et al, 1972).

The sternae were removed, cleaned of mus-
cle, divided and placed in Ham's F-10 medium
containing antibiotics and 1 pCi/ml [358]-
Na,S0O, at 37 °C. The cartilage with 3550, was
incubated for 6 h. The cartilage was then
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washed well to remove unincorporated label,
weighed, digested in 3 mol.I-' NaOH and the up-
take of label counted.

RESULTS

No differences were found between the
egg weights for the IGF-| treated and con-
trol groups on both d 7 and 14, and there
were no significant differences (P > 0.05)
between IGF-| treated and control chicks
with regard to body weight, leg length,
tibiotarsus size or organ weight (table I).
There was, therefore, no effect on any
gross estimates of body growth. As there
were no difference between the sexes,
these data were pooled.

There were indications that there had
been an effect in increasing metabolism
and cell growth. There was an increase
(P < 0.02) in basal 35SO, uptake in the car-
tilage (2696 £ 11 dpm/mg and 2 173 + 171

Table I. The effect of administration of 500 ng
IGF-| to chick embryo, at 7 and 14 d of age, on
body weight, shank-toe length and various
organ weights at hatching. Values are means *
SE.

IGF-1 Control

(n =24) (n=25)
Weight (g) 45.66 + 0.53 46.55+0.66
Yolk sac (g) 6.25+0.33 5.87+0.27
Wi - Yolk (g) 39.76 £ 0.52 40.69+ 0.51
Length (cm)* 489+0.04 4.83+0.03
Lung (g) 0.47+0.02 0.46+0.02
Liver (g) 1.09+0.04 1.07+0.03
Heart (g) 0.28+0.02 0.31+£0.01
Bone length (cm)** 3.17+0.02 3.17 £0.01

* Proximal end of tarsometatarsus to the distal end of
the third phalanx of the third digit. ** Tibiotarsus
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dpm/mg cartilage for treated and control
chicks, respectively) tending to confirm the
fact that excess IGF-1 had been present in
the treated chicks. Serial dilutions of chick
plasma failed to give a dose-response
curve in the IGF radioimmunoassay and it
was not possible to determine whether
there were increased levels of IGF-l in the
plasma of the treated chicks by this meth-
od.

There was no statistically significant ef-
fect of treatment on DNA, RNA or protein
content of muscle (fig 1). Although there
was a numerically slightly higher level of
these parameters and a slightly greater
muscle mass in the treated group, the indi-
ces for hypertrophic growth (protein/DNA)
and biosynthetic activity (RNA/DNA) were
lower in the IGF-| treated group; (protein/
DNA:73.31 + 3.13 and 83.27 + 5.00, P >
0.05; RNA/DNA 2.25 + 0.05 and 2.66 +
0.20; P < 0.05 for treated and contro!
chicks, respectively).
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Fig 1. Content of DNA (mg/100 g muscle), RNA
(mg/50 g muscle) and protein (mg/g muscle) in
the thigh muscle from chick embryos treated
with 2 x 500 ng IGF-I (open bars) or saline (sha-
ded bars). Data are the mean + SE.



518 GSG Spencer et al

DISCUSSION

The lack of effect of IGF-I administration
on the weight gain of the chick embryo
suggests either that this hormone does not
have an important role in the growth of the
chick embryo or that endogenous IGF-I
production stimulates growth maximally. In
spite of the stimulatory activity of IGF-1 on
embryonic and fetal tissues in vitro (Rech-
ler et al, 1976; Ashton and Francis, 1978;
Weidman and Bala, 1980) and the ability
of tissues such as chick liver cells (Hasel-
bacher et al, 1980) and chick cartilage
(Burch et al, 1986), to synthesize IGF-I
(d'Ercole et al, 1976), it is widely believed
that IGF-ll may be the somatomedin in-
volved in growth promotion in the fetus
(Moses et al, 1980). IGF-I blood levels are
low in fetal life compared to postnatai val-
ues (Gluckman et al, 1983; Spencer GSG
et al, 1983); in contrast, IGF-ll levels were
found to be high in the fetus of some spe-
cies (Moses et al, 1980). However, a direct
study of the effect of IGF-Il on fetal growth
has failed to show any positive effect on
the growth of pig fetuses (Spencer, 1986).

Although the principal receptor for IGF-
I (the so-called type |l receptor) is absent
in chick embryo tissues (Bassas et al,
1988) and IGF-1i crossreacts more weakly
with the type-1 receptor than IGF-I (Rech-
ler et al, 1983), it has been suggested that
IGF-il may act through the type 1 receptor
in the chicken (Kasuga et al, 1982; Clair-
mont and Czech, 1989). Thus it may be in-
teresting to examine the effects of similar
administration of IGF-Il on chick embryo
growth.

The biochemical measurements in the
present study indicated that IGF-I in the
chick embryo increased sulphate uptake
into cartilage. This demonstrates that the
administered hormone was active at the
tissue level and had an effect on cell
metabolism. This would concur with the

stimulation of organogenesis by IGF-1 in
the chick embryos studied at an earlier
stage by Girbau et al (1987), but in our
study IGF-l did not stimulate growth. The
numerically higher DNA content of the
thigh muscle, coupled with a slightly higher
muscle mass, suggests that IGF-I in-
creased cellularity in the treated group.
However, the indices for hypertrophic
growth (protein/DNA} and biosynthetic ac-
tivity (RNA/DNA) were lower in this group.

There are a number of possible reasons
for the lack of a growth stimulating effect of
the IGF-| in this study:

— the use of human IGF in the chick em-
bryo may be a factor. Although chick cells
synthesize a somatomedin similar to IGF-I
(Haselbacher et al, 1980; Burch et al,
1986), on starting the study we were con-
cerned about the possible heterogeneity
between human and avian IGF-I. Recently,
however, it has been reported that chicken
and human IGF-l show almost complete
homogeneity in the first 30 residues at the
N-terminus (Dawe et al, 1988);

— the dose may have been inappropriate,
but there was no evident effect of a 10-fold
greater dose (5 ug per injection) given to 3
other embryos (data not shown);

— the method and timing of administration
may not have been suitable, but a similar
administration of IGF-l at an earlier stage
of development has been shown to affect
the chick embryos (Girbau et al, 1987);

— the lack of binding protein in the injection
medium may have allowed clearance of
the hormone to be too rapid for it to have
an appreciable effect, or the binding pro-
tein may have specific actions. Not much
is known regarding avian IGF binding pro-
teins. Recently Armstrong et al (1988)
have indicated that they are of similar size
to those found in the human, but of the
binding proteins in the chick embryo noth-
ing is known. In post-natal mammalian
plasma it is thought that native IGF is rap-
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idly “inactivated” by the large, inhibitory,
GH dependent binding protein. If a chick
embryo IGF-binding protein exists, it may
be similar to the recently purified amniotic
fluid binding protein (the non GH depen-
dent 33 kDa binding protein) which is
present in the fetus (Drop et al, 1979,
1984). In contrast to the larger, GH-
dependent binding protein, the 33 kDa pro-
tein found in early and mid-gestation hu-
man fetuses has been shown to potentiate,
rather than inhibit, the action of IGF-I (Ei-
gin et al, 1984);

— in the absence (or large reduction) of
150 kDa binding proteins, the half-life of
IGF-1 in the hypophysectomized rat is less
than 30 min (Zapf et al, 1986) and the ef-
fects of IGF-1 on growth in hypophysecto-
mized rats has only been observed with
continuous infusion or daily injections
(Schoenle et al, 1982). Thus weekly injec-
tions may have been inadequate to pro-
duce a response even in the “closed” sys-
tem of the egg;

— the other major reason for the lack of ef-
fect could be that endogenous IGF-I does
not stimulate growth of the chick embryo
through endocrine secretion of IGFs, but
rather via local action as autocrine/
paracrine factors. Local production could
be having a maximal effect; direct proof of
this may be tested by injecting blocking
IGF antiserum. Additionally, these chick
embryos are normal embryos with normal
IGF-I synthesis. Only one of a large num-
ber of studies has been able to show that
exogenous IGF-| could stimulate growth in
a normal animal (Hizuka et al, 1986) Thus
endogenous IGF-I production in the normal
chick embryo may be sufficient to allow
maximal growth.

From these results we conclude that ad-
ministration of exogenous IGF-1 to the
chick embryo at 7 and 14 d is not able to
stimulate further weight gain in the chick
embryo.
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