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1999.—The aim of our study was to define the dose-response
effect of a shor t -term trea tment with differen t recombinant
human growth hormone (rhGH) doses (1.25, 2.5, 5.0, 10.0,
and 20.0 µg · kg!1 · day!1 for 4 days) on insu lin-like growth
factor I (IGF-I) and insu lin-like growth factor-binding protein
(IGFBP)-3 levels in 21 normal young adult s of both sexes. The
dose of 1.25 µg/kg rhGH did not modify IGF-I levels. The dose
of 2.5 µg/kg rhGH significant ly increased IGF-I levels in men
(P " 0.05) but not in women, whereas the higher doses
increased IGF-I levels in both sexes (P " 0.002). IGFBP-3
levels were not modified by 1.25 or 2.5 µg/kg rhGH in either
sex. On the other hand, 5.0 µg/kg increased IGFBP-3 levels in
men (P " 0.05) but not in women, whereas the higher doses
increased IGFBP-3 levels simila r ly in both sexes (P " 0.02).
In conclusion , our resu lt s demonst ra te tha t IGF-I and IG-
FBP-3 responses to rhGH are dose and sex dependent .
However, IGFBP-3 is less sensit ive than IGF-I to rhGH
st imula t ion .
recombinant human growth hormone; insu lin-like growth
factor I; insu lin-like growth factor-binding protein-3; insu lin-
like growth factor I genera t ion test

GROWTH HORMONE (GH) is the major hormonal regula tor
of insu lin-like growth factor I (IGF-I; see Ref. 10). In
fact , serum IGF-I levels reflect the GH secretory sta tus,
being low in GH deficiency and eleva ted in acromegalic
pa t ien ts (4, 28). However, nu t r it iona l impairment leads
to per iphera l GH resistance, with low IGF-I levels in
spite of eleva ted GH levels (10).
The eva lua t ion of the IGF-I response to exogenous

GH administ ra t ion was proposed in the invest iga t ion of
shor t sta ture (5, 8, 13, 25). However, the IGF-I genera-
t ion test has never been defined in terms of GH dose,
length of t rea tment , and t iming in IGF-I assay as well
as of normat ive va lues. Par t icu la r ly, it is st ill unknown
what is the lowest GH dose able to increase IGF-I levels
in normal young subjects. As in GH-deficien t adult s,
the increase in IGF-I levels dur ing GH replacement
was repor ted to be higher in males than in females (21),
and whether the st imula tory effect of recombinant
human GH (rhGH) on IGF-I levels is dependent on

gender has to be ver ified in normal subjects. In terest -
ingly, a lthough basa l IGF-I levels a re simila r in both
sexes, spontaneous GH secret ion over 24 h is clear ly
h igher in young women than in men (20).
The assessment of the normat ive IGF-I responses to

rhGH is fundamenta l to ver ify the possible changes in
GH sensit ivity dur ing life span and in var ious pa tho-
physiologica l condit ions such as GH deficiency, obesity,
malnut r it ion , ca tabolic sta tes, Cushing’s syndrome,
and dila ted cardiomyopathy. To th is purpose, aging in
male and ora l est rogens therapy in postmenopausa l
women has been repor ted, accompanied by a reduced
sensit ivity to GH (24).
Hence, the a im of our study was to define the

dose-response effect of a shor t -term trea tment with
differen t rhGH doses on IGF-I and insu lin-like growth
factor-binding protein (IGFBP)-3 levels in normal young
adult s of both sexes. Specifica lly, we a imed to define the
lowest rhGH dose able to increase IGF-I and IGFBP-3
levels. The effect s of rhGH administ ra t ion on GH,
insu lin , glucose, free-t r iiodothyronine (fT3), and free-
thyoxine (fT4) levels were a lso studied.

SUBJECTS AND METHODS

Twenty-one Caucasian normal hea lthy young adult volun-
teers 512 males [age # SE: 30.5 # 2.7 yr ; body mass index
(BMI): 22.7 # 0.5 kg/m2] and 9 female (age: 30.5 # 1.3 yr ;
BMI: 21.0 # 0.5 kg/m2)6 were studied. In females, the study
was per formed only in the ear ly follicu la r phase. All subjects
gave informed consent to enter the study, which had been
approved by the Eth ica l Commit tee of the University of
Tur in .
All subjects underwent six test s with differen t rhGH doses

(Genot ropin via ls, 4 IU $ 1.33 mg in 1 ml, 1.25, 2.5, 5.0, 10.0,
and 20.0 µg/kg; Pharmacia , Stockholm, Sweden) or placebo
(0.9% saline solu t ion) given subcutaneously every evening a t
2100 for 4 days. Each test was per formed in random order a t
least 1 mo apar t . Blood samples for hormonal and biochemi-
ca l assays were drawn after an overn ight fast , basa lly, and 12
h after each rhGH administ ra t ion . A blood sample was a lso
taken 24 h after the last rhGH administ ra t ion . IGF-I, IG-
FBP-3, GH, insu lin , and glucose were assayed a t each t ime
poin t . fT3 and fT4 were assayed basa lly and 12 h after the last
administ ra t ion .
Serum IGF-I was measured by RIA (Nicholls Inst itu te)

a fter acid-ethanol ext ract ion to avoid in ter ference by binding
proteins. The sensit ivity of the assay was 0.013 nmol/l. The
in ter- and in t ra -assay coefficien ts of var ia t ion were 5.2–8.4%
and 2.4–3.0%, respect ively. Serum IGFBP-3 was measured
by RIA (Nicholls Inst itu te). The sensit ivity of the assay was
0.008 nmol/l. The in ter- and in t ra -assay coefficien ts of var ia -
t ion were 5.3–6.3% and 3.4–8.0%, respect ively. Serum GH

The costs of publica t ion of th is a r t icle were defrayed in par t by the
payment of page charges. The ar t icle must therefore be hereby
marked ‘‘advertisem ent’’ in accordance with 18 U.S.C. Sect ion 1734
solely to indica te th is fact .
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and insu lin were measured in duplica te by immunoradiomet -
r ic assay (HGH-CTK IRMA and INSIK-5; Sor in , Sa luggia ,
Ita ly). The sensit ivity of the assay was 0.15 µg/l for GH and
2.5 µU/l for insu lin . The in ter- and in t ra -assay coefficien ts of
var ia t ion were 4.9–6.5% and 1.5–2.9% for GH and 6.5–15.0%
and 4.5–13.4% for insu lin , respect ively. Serum fT3 and fT4
were measured by RIA (Amer lex-MAB; J ohnson & J ohnson
Clin ica l Diagnost ic). The sensit ivity of the assay was 0.5
pmol/l for fT3 and 0.6 pmol/l for fT4. The in ter- and in t ra -
assay coefficien ts of var ia t ion were 6.5–9.8% and 3.5–5.8%
for fT3 and 5.0–15.0% and 3.7–6.5% for fT4, respectively. Plasma
glucose was determined by the glucose oxidase colorimetric
method (GLUCOFIX;Menarini Diagnostics, Firenze, Italy).
Data are expressed, either in absolu te va lues or in incre-

menta l a rea under the curve, as means # SE. The sta t ist ica l
ana lysis of the da ta was car r ied out by ANOVA and paired
and unpaired Student ’s t-test when appropr ia te.

RESULTS

Mean basa l GH, IGF-I, and IGFBP-3 levels were
4.0 # 0.8 µg/l, 27.7 # 0.7 nmol/l, and 101.5 # 3.5 nmol/l,
respect ively, and did not sign ificant ly differ among
var ious test ing sessions. GH levels were higher in
women than in men (6.6 # 2.1 vs. 0.5 # 0.3 µg/l, P "
0.001), whereas no sex difference was shown in IGF-I
and IGFBP-3 levels.
P lacebo and the dose of 1.25 µg/kg rhGH failed to

modify IGF-I levels a t any t ime. On the other hand, the
va lues significant ly increased 12 h after the first admin-
ist ra t ion of 2.5, 5.0, 10.0, and 20.0 µg/kg rhGH (IGF-I
level a t 12 h vs. basa l: 28.9 # 1.7 vs. 26.8 # 1.9, 35.6 #
2.1 vs. 30.1 # 2.1, 35.5 # 2.0 vs. 28.9 # 1.6, and 36.1 #
2.1 vs. 28.8 # 1.8 nmol/l, respect ively, P " 0.001).
However, the increases in IGF-I levels observed after
5.0, 10.0, and 20.0 µg/kg rhGH were higher (P " 0.001)
than tha t recorded after the 2.5 µg/kg rhGH dose
(Fig. 1).
After the second, th ird, and four th administ ra t ion of

2.5, 5.0, 10.0, and 20.0 µg/kg rhGH, IGF-I levels fur ther
increased, showing a clear dose-response rela t ionsh ip
(P " 0.001). Twenty-four hours after the last adminis-
t ra t ion of each rhGH dose, IGF-I levels were decreased
but st ill h igher than basa l levels (P " 0.007).
The dose of 1.25, 2.5, and 5.0 µg/kg rhGH failed to

change IGFBP-3 levels a t any t ime. IGFBP-3 levels
were increased after the first administ ra t ion of 20.0
µg/kg (112.0 # 7.0 vs. 101.5 # 7.0 nmol/l, P " 0.02) but
not a fter 10.0 µg/kg rhGH. On the other hand, IGFBP-3
levels increased after the second, th ird, and four th
administ ra t ion of both 10.0 (P " 0.01) and 20.0 µg/kg
rhGH (P " 0.02-P " 0.001; Fig. 1).

Fig. 1. Dose-rela ted effect of 4-day t rea tment with recombinant
human growth hormone (rhGH) on insu lin-like growth factor I
(IGF-I) and insu lin-like growth factor-binding protein (IGFBP)-3
levels in 21 normal young subjects (*P " 0.001 vs. baseline). 7 rhGH
administ ra t ion .

F ig. 2. Changes in IGF-I-to-IGFBP-3 ra t io after 4-day t rea tment
with var ious rhGH doses in 21 normal young subjects (*P " 0.01 vs.
placebo).
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Fig. 3. Dose-rela ted effect of 4-day t rea tment with
rhGH on IGF-I levels in 12 normal men (A ) and 9
normal women (B ; *P " 0.001 vs. placebo;!P " 0.05
and %P " 0.004, males vs. females). &AUC, change
in area under the curve.

F ig. 4. Dose-rela ted effect of 4-day t rea tment with
rhGH on IGFBP-3 levels in 12 normal men (A) and 9
normal women (B ; *P " 0.05 vs. placebo; 'P " 0.05,
males vs. females).

Table 1. Insu lin , glucose, f T 3 , and f T 4 levels before and 84 h after
the first adm inistration of d ifferen t rhGH doses

Insu lin , µU/l Glucose, mg/dl fT3, ng/dl fT4, ng/dl

Basa l 84 h Basa l 84 h Basa l 84 h Basa l 84 h

Sa line 10.6#1.3 11.3#1.5 80.6#2.0 81.4#1.8 2.8#0.3 3.1#0.2 12.8#1.5 14.1#1.3
rhGH doses, µg · kg!1 · day!1

1.25 9.5#1.1 11.5#1.5 82.3#1.5 81.7#2.5 2.6#0.3 3.3#0.2 13.9#1.2 13.6#1.2
2.5 10.5#1.2 12.6#1.8 83.5#1.7 83.8#2.1 2.9#0.3 3.2#0.2 14.0#3.4 14.1#3.2
5.0 13.0#1.3 11.6#0.8 82.6#2.5 83.6#2.1 3.4#0.3 3.0#0.5 14.4#2.4 14.1#1.5
10.0 11.5#1.4 13.6#2.5 79.5#1.5 82.1#2.1 2.7#0.3 2.9#0.5 12.3#1.1 13.6#1.2
20.0 13.1#2.0 16.5#2.4 82.5#2.9 86.2#2.5 2.6#0.4 3.1#0.6 13.1#1.2 12.9#1.3

Data are means # SE. rhGH, recombinant human growth hormone; fT3 and fT4, free-3,5,3"-t r iiodothyronine and -thyroxine, respect ively.
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The ra t io of IGF-I over IGFBP-3 (Fig. 2) was sign ifi-
cant ly increased dur ing GH trea tment with the dose of
5.0, 10.0, and 20.0 µg · kg!1 · day!1.
When the da ta , eva lua ted as changes in area under

the curve (nmol · l!1 · 24 h!1) from baseline to 84 h, a re
examined dividing subjects by sex, the dose of 2.5 µg/kg
rhGH significant ly st imula ted IGF-I levels in men (P "
0.05) but not in women. The higher doses increased
IGF-I levels in both sexes (P " 0.001), bu t the IGF-I
responses to the administ ra t ion of 5.0, 10.0, and 20.0
µg/kg rhGH were lower in women than in men. How-
ever, th is difference a t ta ined sta t ist ica l sign ificance
only after the 5.0 and 20.0 µg/kg rhGH doses (P " 0.05
and 0.0004, respect ively; F ig. 3). IGFBP-3 levels were
not modified by 1.25 and 2.5 µg/kg rhGH in either sex.
On the other hand, 5.0 µg/kg rhGH increased IGFBP-3
levels in men (P " 0.05) but not in women, whereas the
higher rhGH doses simila r ly increased IGFBP-3 levels
in both sexes (P " 0.01; Fig. 4).
All rhGH doses did not sign ificant ly modify fast ing

GH (data not repor ted), glucose, insu lin , fT3, and fT4
levels (Table 1).

DISCUSSION

The resu lt s of our study in normal humans demon-
st ra te first tha t the lowest rhGH doses effect ive to
induce an increase in IGF-I and IGFBP-3 levels a re 2.5
and 5.0 µg/kg, r espect ively. Moreover, t he IGF-I-
releasing effect of var ious rhGH doses shows a clear
dose-response rela t ionsh ip.
The st imula tory effect s of rhGH on IGF-I and IG-

FBP-3 levels in normal subjects have been assessed
before by Skjaerbaek and co-workers (26), who, how-
ever, used two rhGH doses markedly higher than those
employed in our study.
Indeed, the minimal rhGH dose tha t we found able to

increase IGF-I levels in normal subjects is much lower
than tha t usua lly proposed for IGF-I genera t ion test s
(5, 8, 13). Moreover, the lowest effect ive dose of rhGH
administered in our study is very close to the da ily GH
product ion ra te est imated in normal young adult s (29).
Thus test ing with th is dose is fundamenta l to ver ify

the possible changes in hepa t ic GH sensit ivity dur ing
life span and in var ious pa thophysiologica l condit ions,
such as GH deficiency, obesity, malnut r it ion , ca tabolic
sta tes, Cushing’s syndrome, and dila ted cardiomyopa-
thy.
On the other hand, the GH dose needed for replace-

ment in severe GH-deficien t adult s st ill seems rea lly
low (3, 14, 15, 21).
In terest ingly, our da ta demonst ra te tha t the IGF-I

and IGFBP-3 response to rhGH is dependent on gen-
der ; in fact , the lowest effect ive rhGH dose is h igher in
women than in men.
This evidence indica tes tha t the per iphera l GH sensi-

t ivity in men is h igher than tha t in women. In agree-
ment with our findings, it has been recent ly repor ted
tha t , in GH-deficien t adult s, the IGF-I increase dur ing
GH chronic t rea tment was higher in men than in
women (9, 14, 15, 21). The existence of a sex-dependent

effect of rhGH on IGF-I synthesis and release is not
surpr ising. In fact , a lthough basa l IGF-I levels a re
genera lly repor ted to be simila r in both sexes (18, 23),
spontaneous GH secret ion over 24 h is h igher in young
women than in men (17, 20).
The GH-receptor number is probably gender indepen-

dent , as indica ted by evidence tha t GH-binding protein
levels, a marker of GH-receptor sta tus, in men and
women are simila r (2). On the other hand, there is
evidence indica t ing tha t est radiol is able to reduce
IGF-I levels, likely impair ing the post receptor mecha-
n isms under lying the st imula tory effect of GH on IGF-I
synthesis and release (22, 30).
Our findings a lso demonst ra te tha t IGFBP-3 is less

sensit ive than IGF-I to rhGH st imula t ion , in agree-
ment with previous resu lt s in GH-deficien t adult s (14,
15). Actua lly, IGFBP-3 synthesis and release depend on
GH but probably a lso on IGF-I (4, 11, 12, 27). This could
a lso expla in why the t iming of the IGFBP-3 response is
delayed with respect to tha t of IGF-I.
The evidence tha t IGFBP-3 is less sensit ive than

IGF-I to the st imula t ion by rhGH implies tha t the
assay of IGF-I is more reliable than tha t of IGFBP-3 for
invest iga t ing the GH secretory sta tus and monitor ing
the adequacy of GH therapy in GH-deficien t pa t ien ts
(19); not ice a lso tha t IGF-I more than IGFBP-3 reflects
the GH sta tus in acromegalic pa t ien ts (10, 28).
Indeed IGFBP-3 is a lso less sensit ive than IGF-I to

the physiologica l increase and decrease in GH secret ion
tha t occurs dur ing puber ty and aging, respect ively (6,
7, 10).
In terest ingly, an rhGH dose able to increase IGF-I

but not IGFBP-3 levels a lso resu lt s in an increase in the
IGF-I-to-IGFBP-3 ra t io, which reflects an increase in
the free, biologica lly act ive IGF-I (14, 16).
F ina lly, in spite of evidence tha t chronic rhGH trea t -

ment influences insu lin and glucose levels as well as
the thyroxine-to-3,5,3"-t r iiodothyronine conversion ra-
t io both in normal and GH-deficien t subjects (1, 15), we
did not find any effect on these parameters. This could
be due to the shor t -term trea tment per formed in our
study. Alterna t ively, th is evidence suggests tha t the
previously repor ted effect s were due to high rhGH
doses.
In conclusion , the resu lt s of the present study in

normal young adult s demonst ra te tha t the IGF-I and
IGFBP-3 responses to rhGH are dose and gender
dependent . Moreover, the minimum rhGH dose able to
increase IGF-I and IGFBP-3 levels is unexpectedly low,
and IGFBP-3 is less sensit ive than IGF-I to rhGH
st imula t ion .

We thank Dr. J . Bellone, G. Corneli, and J . Ramunni for coopera-
t ion .
This study was per formed under the auspices of the Ita lian Society

of Endocr inology, Study Group for Growth Hormone Secret ion Dur-
ing Life Span , and was suppor ted (40%) by Grant 9706151106 from
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