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Introduction
Summary
Objective There is limited information regarding the effects of
IGF-I and/or IGFBP-3 on circulating ghrelin concentrations. To
determine the effects of IGF-I on GH and ghrelin concentrations,
we examined the GH and ghrelin nocturnal profiles before and after
the administration of the IGF-I/–IGFBP-3 complex (Iplex™) to low
birth weight children.
Design The children were studied on two separate occasions, the
first under basal conditions, and the second time after the sc administration of 1 mg/kg of Iplex™ at 2100 h. Blood samples for determination of GH and ghrelin were obtained every 20 min between
2300 h and 0700 h, while the children were sleeping. In each patient,
we calculated the mean GH and ghrelin area under the curve (GH
AUC and GHR AUC), both under basal conditions and after the
administration of the IGF-I/IGFBP-3 complex.
Setting The study was performed at a University Research Centre
located at a General Hospital in Santiago, Chile.
Patients Twenty prepubertal children (11 boys and 9 girls), born
after a full-term pregnancy with a birth weight below 2·8 kg were
studied at a mean ± SEM age of 7·3 ± 0·5 years (range 4–11 years).
Their mean height was −1·8 ± 0·3 standard deviation score (SDS)
and their mean BMI was 0·1 ± 0·2 SDS at the time of the study.
Main outcome and results Mean nocturnal GH AUC exhibited
a significant decrease (2903 ± 185 vs 1860 ± 122 ng/ml min,
P < 0·01), whereas mean GHR AUC showed a significant increase
after administration of the IGF-I/IGFBP-3 complex (68 ± 16 vs
288 ± 36 ng/ml min, P < 0·01).
Conclusions These findings indicate that the IGF-I/IGFBP-3
complex appears to have opposite effects on circulating GH and
ghrelin concentrations in low birth weight children, suggesting that,
in addition to its known negative feed-back effect on GH, IGF-I and/
or IGFBP-3 may have a positive feed-back effect on ghrelin.
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Ghrelin is the endogenous ligand for the growth hormone (GH)
secretagogue receptor and stimulates GH release from the pituitary.1
Ghrelin and the synthetic GH secretagogues (GHRPs) act through
a G-protein coupled receptor that is expressed in the hypothalamus,
pituitary and pancreas.2 Ghrelin was first isolated from the stomach,
which seems to be its main source,3 although it has been isolated
from the hypothalamus, pituitary, kidney, placenta, bowel and pancreas.4–7 The purified ghrelin peptide comprises 28 amino acids and
has a molecular weight of 3·3 kD. Structurally, it is characterized by
a unique post-translational addition of a straight chain octanoyl
group linked to the third serine, which is essential for the activity of
the peptide.3
Whether ghrelin secretion is regulated by GH under physiological
conditions has not been clearly established. In addition, there is scant
information regarding the possible effects of IGF-I on circulating
ghrelin levels. In humans with active acromegaly, circulating systemic ghrelin levels are not affected by ambient GH concentrations.8
In addition, systemic ghrelin levels are not modified by 1 year of GH
replacement therapy in subjects with GH deficiency, suggesting that
GH does not modulate circulating ghrelin levels.9
In humans, circulating ghrelin levels are decreased in chronic
obesity or after acute oral food intake, and are increased in cachexia
and fasting.10,11 Girls with anorexia nervosa have higher GH concentrations, as a consequence of increased basal GH secretion and
secretory burst frequency.12 Similarly, elevated ghrelin13,14 and GH
concentrations15,16 have been reported in adult women with anorexia
nervosa. Negative feedback from low IGF-I levels in these patients
has been postulated to cause increased GH secretion, but it is unclear
whether IGF-I also regulates circulating ghrelin concentrations.
Infants born small for gestational age may experience intrauterine
growth retardation due to fetal, maternal or environmental adverse
events, and in response to prenatal nutritional deprivation they often
show postnatal GH hypersecretion and low IGF-I levels.17 Relatively
little information is available, however, regarding serum ghrelin
concentrations in low birth weight children. We recently described
similar fasting ghrelin levels at 1 year between small for gestational
age and adequate for gestational age infants.18
To determine the effects of IGF-I on GH and ghrelin concentrations in low birth weight children, we examined the GH and ghrelin
nocturnal profiles before and after the administration of a sc bolus
the IGF-I/IGFBP-3 complex (Iplex™). This protocol was performed
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in a cohort of short, low birth weight children who were undergoing
a study of IGF-I sensitivity.19 We studied nocturnal GH and ghrelin
concentrations in view of the fact that both GH and ghrelin are
actively secreted during the night, and appear to be regulated by
sleep.20 We hypothesized that the increase in serum IGF-I levels
which is observed after the administration of the IGF-I/IGFBP-3
complex, would induce changes in the nocturnal profile of GH and
ghrelin that would provide information regarding the potential
effects of IGF-I on ghrelin.

Patients and methods
The children participating in this study were recruited from the
paediatric endocrinology clinic and from a follow-up clinic for low
birth weight children at the San Borja Arriarán Hospital in Santiago,
Chile. The study protocol was approved by the San Borja Arriaran
Hospital Institutional Review Board, and the parents gave written
informed consent.
Twenty children (11 boys and 9 girls) with low birth weight,
defined as a birth weight < 10th percentile for gestational age using
local birth weight standards, participated in this study.21 This cohort
is part of a group of low birth weight children who are being studied
for markers of IGF-1 sensitivity at our Institute. The children were
born after a full term pregnancy, and at the time of the study they
were 4 –11 years old. All subjects were prepubertal, and had a normal
body mass index for age. The children’s clinical characteristics are
shown in Table 1. We were careful to exclude children who were overweight, in order to limit the potential metabolic effects of excess
weight in our patient sample. Ethnically, the Chilean population is
considered to be an admixture of 30% Amerindian and 70% European, mainly Spanish.22 Children with any identifiable chronic or
genetic illness were excluded. Specifically, the children had normal
body proportions, determined by measuring their arm span and
upper to lower segment ratio, normal blood cell count, blood chemistry, plasma electrolytes, renal and liver function tests, urinalysis,
thyroid function, and karyotype (girls).
The clinical and anthropometric evaluation of all children was
performed by a paediatric endocrinologist and by a genetics specialist. One nurse (A.A.) determined the children’s height with a
Harpenden stadiometer, and the weight with a manual scale (Seca,
Germany).
Study protocol
The children were admitted to our clinical research unit at approximately 1700 h to become acclimatized to the hospital environment.
The ghrelin and GH nocturnal profiles were determined twice, separated by an interval of 2–4 weeks. On the first night, nocturnal
serum GH and ghrelin concentrations were measured under basal
conditions, and on the second night, they were determined after
IGF-I/IGFBP-3 (Iplex™) administration, which was kindly donated
by Insmed Inc. (Glen Allen, VA, USA). After admission, a short iv
catheter was placed in a forearm vein, and at 1900 h the children received
a standard meal which provided 600 calories (10% protein, 25% fat
and 65% carbohydrate), and they were allowed to play and watch
TV. At 2100 h the children were placed in bed, and they fell asleep

Table 1. Clinical characteristics and growth factor concentrations in low
birth weight children

Gestational age (weeks)
Birth weight (SDS)
Birth length (SDS)
Age at study (years)
Weight at study (SDS)
Height at study (SDS)
BMI at study (SDS)
IGF-I (basal) (ng/ml)
IGF-I (post IP) (ng/ml)
IGFBP-3 (basal) (mg/l)
IGFBP-3 (post IP) (mg/l)

All (n = 20)

Girls (n = 9)

Boys (n = 11)

38·8 ± 0·3
−2·19 ± 0·18
−2·05 ± 0·32
7·3 ± 0·5
−1·16 ± 0·30
−1·84 ± 0·31
0·03 ± 0·19
213·8 ± 17·9
461·9 ± 27·1*
2·7 ± 0·2
3·4 ± 0·2*

38·4 ± 0·3
−2·23 ± 0·18
−2·20 ± 0·46
6·6 ± 0·5
−0·56 ± 0·35
−1·51 ± 0·54
0·33 ± 0·27
251·2 ± 30·0
508·2 ± 41·4*
2·9 ± 0·3
3·6 ± 0·4*

39·1 ± 0·3
−2·08 ± 0·24
−1·93 ± 0·46
7·8 ± 0·5
−1·65 ± 0·42
−2·12 ± 0·36
−0·21 ± 0·26
183·1 ± 18·0
423·9 ± 33·2*
2·5 ± 0·3
3·2 ± 0·3

*P < 0·05 (Basal vs. Iplex™).

shortly thereafter. Blood samples (0·8 cc) were obtained from the
catheter every 20 min from 2300 h to 0700 h, while the children were
asleep. On the second night, the same procedure was followed, except
for the fact that we administered Iplex™ at a dose of 1 mg/kg of body
weight as a sc. bolus at 2100 h. In addition, serum IGF-1 and IGFBP3 levels were determined basally at 2100 h, and after Iplex™ administration at 2400 h on the second night. Blood glucose was measured
with an Accu Sensor device manufactured by Roche at hourly intervals
between 2100 and 2400 h.
In each patient, we calculated the mean hormone concentration,
mean number of peaks, mean peak amplitude, and mean hormone
area under the curve (AUC) for both GH and ghrelin under basal
conditions, and after administration of the IGF-I/IGFBP-3 complex.
Assays
Serum GH was measured by a double antibody RIA with a sensitivity
of 0·8 ng/ml and an intra-assay and interassay coefficient of variation
(CV) of 10% and 6·5%, respectively. All reagents for the GH RIA
were donated by the National Hormone and Pituitary Program
(human GH-I-3, antihuman GH-2 antisera, human GH-RP).
Serum IGF-I levels were determined using a locally developed
RIA23 requiring sample extraction as a first step. The sensitivity of
this assay is 5 ng/ml. Intra- and interassay CVs were 8·6% and 10·2%,
respectively.
Serum IGFBP-3 concentrations were determined using a commercial IRMA (Diagnostic System Laboratories, Webster, TX, USA).
The sensitivity of the assay is 0·1 mg/l, intra-assay CV was 1·1%, and
the interassay CV was 1·8%.
Serum ghrelin was measured using a commercial RIA (LINCO
Research, St. Charles, MO, USA) that uses 125I-labelled ghrelin as a
tracer, and a rabbit polyclonal antibody against full-length octanoylated human ghrelin. The sensitivity of the assay is 93 pg/ml, and its
intra-assay CV 6·5%, and the interassay CV 12·1%.
Statistical analysis
The standard deviation score (SDS) for BMI, weight and height were
based on the National Centre for Health Statistics (NCHS). Results
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Fig. 1 Individual and mean basal and post Iplex™
serum GH and ghrelin nocturnal levels in low
birth weight children. (a) mean GH and (b) mean
ghrelin nocturnal concentrations. After Iplex™
administration, there is a significant decrease in
mean GH levels, but there is no significant change
in mean nocturnal ghrelin levels. Individual
patients are shown by the grey lines and the mean
by the dark line. *P < 0·01.

Fig. 2 Individual and mean basal and post Iplex™
serum GH and ghrelin AUC in low birth weight
children. (a) mean GH AUC and (b) mean ghrelin
AUC. After Iplex™ administration, there is a
significant decrease in mean GH AUC, and an
increase in mean ghrelin AUC. Individual patients
are shown by the grey lines and the mean by the
dark line. *P < 0·01.

are shown as mean ± SEM. Differences between groups were
assessed by the Student t-test for parametric variables, and by the
Mann–Whitney test for nonparametric variables. To compare the
nocturnal GH and ghrelin nocturnal profiles for each patient before
and after Iplex™ administration, differences were assessed by the
Wilcoxon test. Analysis of the pulsatile characteristics of the nocturnal
GH and ghrelin profiles was performed using the computer program
Pulsar.24 Calculations for GH and ghrelin AUC were performed
with the trapezoidal method. Statistical analysis was performed with
the SPSS program v11·5.

Results
The clinical characteristics and the growth factor concentrations
of the children are shown in Table 1. As expected, the children had
a low birth weight and birth length, and a low height and weight
at the time of the study. Their BMI, however, was normal for age.
As shown in Table 1, serum IGF-I and IGFBP-3 levels were within
the normal range basally, and increased significantly after the administration of Iplex™. The magnitude of the increase in circulating
concentrations, however, was greater for IGF-I than for IGFBP-3.
The haematocrit did not change significantly after nocturnal blood
sampling in any patient. In addition, serum glucose did not change
significantly between 2100 h and 2400 h after the administration of
the IGF-1/IGFBP-3 complex.
Mean nocturnal GH concentrations in low birth weight children
before and after Iplex™ administration are shown in Fig. 1a. The
Figure shows that the low birth weight children exhibited significant
decrease in mean GH from 6·1 ± 0·4 to 3·8 ± 0·3 ng/ml after administration of the IGF-I/IGFBP-3 complex (P < 0·001). However, no

differences were observed in mean ghrelin concentrations after
administration of the complex (Fig. 1b).
No difference in mean hormone peak number was observed after
the administration of the complex (4·3 ± 0·2 peaks/8 h vs 4·5 ± 0·2
peaks/8 h for GH, and 6·3 ± 0·3 peaks/8 h and 5·8 ± 0·4 peaks/8 h for
ghrelin). Mean GH peak amplitude, however, showed a significant
decrease after Iplex™ administration (10·0 ± 0·8 vs 6·9 ± 0·7 ng/ml,
P < 0·05), whereas mean ghrelin peak amplitude did not show any
difference following administration of the complex (0·29 ± 0·03 vs
0·31 ± 0·05 ng/ml).
Mean GH AUC decreased significantly after the administration of
the IGF-I/IGFBP-3 complex (2903 ± 185 vs 1860 ± 122 ng/ml/8 h,
P < 0·01, Wilcoxon), as shown in Fig. 2a. In contrast, mean ghrelin
AUC increased significantly after Iplex™ administration (68·4 ± 15·6
vs 288·2 ± 35·6 ng/ml/8 h, P < 0·01, Wilcoxon), as shown in Fig. 2b. In
addition, a very similar proportion of patients classified by sex (eight
of nine girls and nine of 11 boys), increased their nocturnal ghrelin
concentrations in response to Iplex™. We did not document any consistent temporal pattern for the changes in GH and ghrelin following
the administration of IGF-I/IGFBP-3 complex to these children.
We did not observe any correlation between birth weight SDS and
the GH or ghrelin responses to the administration of Iplex™. We did
observe, however, a direct correlation between birth weight SDS and
baseline nocturnal ghrelin concentrations (r = 0·457, P = 0·043).

Discussion
The release of GH from the pituitary is mainly regulated by two
hypothalamic hormones: growth hormone-releasing hormone
(GHRH) and somatostatin.25 In addition, an endogenous peptide
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ligand for the growth hormone secretagogue receptor (GHS-R),
which has been named ghrelin, has been purified from rat stomach
and subsequently cloned.3 Ghrelin can stimulate GH release from the
pituitary, but the physiological role of ghrelin in the regulation of
GH secretion has not been clearly established. Evidence in adolescents and adults indicates that ghrelin is secreted in a pulsatile fashion in humans, suggesting either that ghrelin participates in the
pulsatile secretion of GH, or that the two hormones may be cosecreted.26,27 However, there is scant information regarding the possible regulation of circulating ghrelin levels by IGF-I.
In order to determine the effects of IGF-I on ghrelin concentrations, we examined the GH and ghrelin nocturnal profiles before and
after the administration of the IGF-I/IGFBP-3 complex to healthy,
low birth weight children. Our results demonstrate an increase in
mean ghrelin AUC after Iplex™ administration, which suggests that
IGF-I and/or IGFBP-3 may regulate systemic ghrelin concentrations.
We should note that we achieved a very significant increase in mean
IGF-I concentrations after the administration of 1 mg/kg of Iplex,
which indicates that we may have achieved supraphysiological levels
of IGF-I for prepubertal children with this dose of the IGF-I/IGFBP3 complex. It is unclear whether we would have achieved a similar
effect on the GH and ghrelin nocturnal profiles in these children if
we had administered a lower dose of the drug. We should also mention that we observed a less marked increase in serum IGFBP-3
concentrations compared to IGF-I after the administration of the
IGF-I/IGFBP-3 complex. Similar results were observed by CamachoHubner et al.28 after administering this drug to children with GH
insensitivity. This suggests that the effects observed in these low birth
weight children were mainly caused by the administration of IGF-I,
rather than by IGFBP-3.
An alternative explanation for our findings is that the increase in
mean nocturnal ghrelin AUC observed in these patients after the
administration of the IGF-I/IGFBP-3 complex, was caused by the
decrease in mean nocturnal GH AUC. However, we did not document that the temporal pattern of GH and ghrelin release was
compatible with this model. In addition, in patients with acromegaly,
circulating ghrelin concentrations are not affected by ambient
GH concentrations8 and systemic ghrelin concentrations are not
modified by 1 year of GH replacement therapy in patients with GH
deficiency.9 These observations suggest that GH does not appear to
regulate circulating ghrelin levels. Likewise, we did not observe any
significant changes in serum glucose levels after the administration
of Iplex™, suggesting that the increase in ghrelin levels was not
caused by a reduction in serum glucose levels.
In support for an effect of IGF-I on ghrelin, studies in women with
severe undernutrition caused by anorexia nervosa have demonstrated that circulating concentrations of ghrelin increase after treatment with IGF-I, oestrogen or the combination of both hormones.29
In addition, studies in mice have indicated that ghrelin gene expression is age-dependent, and influenced by gender and the level of
circulating IGF-I.30 In this study, IGF-I was not administered to the
animals, but the authors documented that ghrelin gene expression
is increased during the periods when higher concentrations of IGFI are observed in this species. These studies are consistent with the
findings of our study, and suggest that IGF-I may have a positive
feed-back effect on ghrelin.

Recently, a clinical study of peripubertal boys indicated that shortterm testosterone priming for GH testing induced an increase in
IGF-I levels, which led to a significant decline in ghrelin serum
levels,31 suggesting that sex steroids may also modulate ghrelin secretion. This effect was not observed in peripubertal girls treated with
oestrogen. These authors suggest that the decline in serum ghrelin
levels may not be attributable solely to the administration of testosterone, but that concomitant changes in IGF-I may have influenced
ghrelin levels. The effects of IGF-I on ghrelin, however, were not
investigated directly in this study.
It is known that IGF-I exerts a negative feedback effect on GH
secretion. IGF-I suppresses GH secretion in vivo32 and reduces basal
and GH-releasing hormone-stimulated GH release in vitro in rat
pituitary cells.33,34 In addition to its effect on GH release, IGF-I has
been shown to inhibit GH synthesis.35 IGF-I pretreatment may
decrease the GH response to synthetic GHS by inhibiting GHS-R
gene expression in the rat pituitary.36 These effects were achieved
using IGF-I concentrations within the physiological range, suggesting that endogenous IGF-I may play an important role in the regulation of GH secretion by regulating GHS-R expression.
In summary, our study shows that the administration of the IGFI/IGFBP-3 complex to low birth weight children decreased mean
nocturnal GH AUC concentrations, confirming that IGF-I has a negative feed-back effect on the circulating concentrations of GH. In
addition, we documented that the administration of the complex led
to an increase in mean nocturnal ghrelin AUC, suggesting that IGFI and/or IGFBP-3 may regulate systemic ghrelin levels in healthy,
low birth weight children. The effects of Iplex™ on nocturnal ghrelin
levels may be due to either direct effects of IGF-I and/or IGFBP-3
on ghrelin, or to indirect effects of the lower GH concentrations
observed after administration the IGF-I/IGFBP-3 complex.
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