
CLINICAL STUDY

Ghrelin administration affects circulating pituitary
and gastro-entero-pancreatic hormones in acromegaly
M Arosio1,4, C L Ronchi1, C Gebbia2, S Pizzinelli2, D Conte2, V Cappiello1, P Epaminonda1,4, B M Cesana3,
P Beck-Peccoz1 and M Peracchi2

1Institute of Endocrine Sciences, 2Department of Medical Sciences and 3Epidemiology Unit, University of Milan, Ospedale Maggiore IRCCS,
via F Sforza, 35, Milan, Italy and 4Operative Unit of Endocrinology, Ospedale S Giuseppe-Fatebenefratelli, AFaR, via S Vittore, 12, 20100 Milan, Italy

(Correspondence should be addressed to M Arosio, UO Endocrinologia, Ospedale S Giuseppe, Via S Vittore, 12, 20123 Milan, Italy;
Email: maura.arosio@unimi.it)

Abstract

Objective: Ghrelin, a gut–brain peptide involved in the control of energy homeostasis, affects antero-
pituitary and gastro-entero-pancreatic (GEP) hormone secretion in healthy subjects. We aimed to
verify whether such hormonal responses are retained in acromegaly, a disease characterized by
high GH, subnormal ghrelin and abnormal GEP hormone levels.
Design and methods: The effect of ghrelin (3.3mg/kg given after overnight fasting as an i.v. bolus) on
GH, prolactin (PRL), adrenocorticotropin (ACTH), cortisol, insulin, glucose, total somatostatin (SS)
and pancreatic polypeptide (PP) circulating levels were evaluated in seven non-diabetic patients
with newly diagnosed acromegaly and in nine healthy controls.
Results: Ghrelin elicited a prompt, marked increase of serum GH and PRL levels in all normal (from
1.6^0.6 to 52.9^7.8 and from 9.7^0.8 to 24.2^4.8mg/l (means^S.E.M.), respectively) and acrome-
galic subjects (from 11.2^4.9 to 91.6^21.0 and from 42.9^26.1 to 113.8^79.0mg/l, respectively).
Both plasma ACTH and serum cortisol levels rose significantly in the controls, whereas the cortisol
response was blunted in the acromegalic patients. Glucose levels rose earlier and insulin levels fell
later in all subjects, with a significantly greater net insulin decrease in acromegalic than in healthy
subjects (280^21 vs 217^4 pmol/l, P , 0.01). A prompt PP rise and a biphasic SS response
occurred in all controls, whereas in the acromegalic group the PP response (from 26.1^5.0 to
92.2^39.0 pmol/l) and the SS response (from 11.9^3.0 to 19.7^4.0 ng/l) were quite variable.
Conclusions: Ghrelin affects both pituitary and GEP hormones in acromegalic patients as in normal
subjects. These findings suggest that ghrelin actions on the energy balance are mediated by complex
interactive endocrine loops that involve also the gut and pancreas.
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Introduction

Ghrelin, the recently discovered gut –brain hormone
with well-known powerful growth hormone (GH)-
releasing activity (1, 2), regulates energy homeostasis
by increasing food intake and fat deposition (3, 4)
and modulates the endocrine system by stimulating
prolactin (PRL) and adrenocorticotropic hormone
(ACTH) secretion in healthy human subjects (5). Its
PRL-releasing activity seems to be due to a direct
effect on mammosomatotroph cells (6), whereas the
release of ACTH appears to be mediated by ghrelin at
the hypothalamic level (6). Moreover, in the rat, ghrelin
modulates gastric motility and acid secretion (7, 8),
inhibits gastric emptying (7) and increases insulin
and gastrin secretion (9). In healthy humans, ghrelin

reduces insulin secretion (10, 11) and increases both
somatostatin (SS) and pancreatic polypeptide (PP)
circulating levels but does not influence plasma gastrin
levels (11). All these findings suggest important links
between ghrelin and other gastro-entero-pancreatic
(GEP) hormones.

In acromegaly, a disease characterized by persistently
elevated GH concentrations, alterations in circulating
levels of some GEP hormones (12, 13) and subnormal
concentrations of ghrelin have been described (14,
15). It is still not known if this pathological condition
modifies the pituitary and/or GEP hormone responses
to pharmacological ghrelin administration. Therefore,
we evaluated the effects of ghrelin administration on
GH, PRL, ACTH, cortisol, insulin, glucose, SS and PP
levels in patients with active acromegaly.
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Patients and methods

Subjects

Seven consecutive patients with newly diagnosed acro-
megaly (one man and six women, aged 32–69 years,
median 47, mean^S.D. 50^11) and nine healthy sub-
jects (four men and five women, aged 24–52 years,
median 27, mean^S.D. 30^6) recruited among medical
staff volunteered for this study, which was approved by
the local ethics committee. The healthy subjects had
normal physical examinations and no history of gastro-
intestinal, endocrine or eating disorders, and were not
taking any medication. The acromegalic patients had
the characteristic clinical features of the disease, elev-
ated age-adjusted serum insulin-like growth factor I
(IGF-I) concentrations (ranging from 52 to
117 nmol/l, median 78.4, mean^S.D. 77.0^22.0),
and elevated serum GH levels (ranging from 2.3 to
35.8mg/l, median 5.0, mean^S.D. 11.2^13.0), not
suppressible to less than 1mg/l during a 75 g oral glu-
cose tolerance test. At pituitary imaging, two patients
had a pituitary microadenoma and five a macroade-
noma, intrasellar in three and with extrasellar exten-
sion in two. Two patients had elevated basal PRL
levels (32 and 198mg/l respectively). None had associ-
ated pituitary hormone deficiencies as assessed by
specific central and peripheral hormone assays. Two
patients showed impaired glucose tolerance, but no
patient had diabetes mellitus. None of the patients had
been treated previously for acromegaly. Five patients
were subsequently operated on, which revealed a
mixed GH–PRL adenoma in the two with hyperprolac-
tinaemia and a pure GH adenoma in the other three.

Procedures

After an overnight fast an i.v. catheter was inserted in a
forearm vein between 0800 and 0900 h and kept
patent by slow saline infusion. After 1 h of bed rest,
all the subjects received an i.v. bolus injection of
human ghrelin (Europeptides, Argenteuil, France) at
a dose of 3.3mg/kg. This pharmacological dose was
chosen because it has previously been shown to be
effective in eliciting GH release in humans (2), and in
our hands it induced serum ghrelin peaks ranging
from 2.0 to 4.9 nmol/l (11). Blood samples were
taken at 230, 0, 15, 30, 45, 60, 90, 120, 150 and
180 min. Plasma samples for SS and PP assays were
collected in ice-chilled polypropylene tubes containing
EDTA (1 mg/ml) and aprotinin (500 kIU/ml), separated
immediately by centrifugation at 4 8C, and stored at
280 8C until assayed. Samples for ACTH assay was col-
lected in ice-chilled tubes containing EDTA, separated
immediately at 4 8C and stored at 220 8C. Serum for
GH, IGF-I, PRL, cortisol, insulin and glucose determi-
nations was separated at room temperature and
stored at 220 8C.

Methods

Serum GH, PRL and cortisol levels were measured by
IFMA (AutoDelfia kit; Wallac, Inc. OY, Turku, Finland),
plasma ACTH by chemoluminescence immunometric
assay (Nichols Institute Diagnostics, San Juan Capis-
trano, CA, USA), serum insulin by ELISA (Medgenix-
Ins-EASIA; Biosource Technologies, Inc. Europe,
Nivelles, Belgium), serum IGF-I by RIA (Mediagnost,
Tübingen, Germany) and plasma glucose concen-
trations by a glucose autoanalyser with the hexokinase
method (Beckman, Milan, Italy). Plasma SS and PP
levels were measured after extraction on Sep-Pak C
18 cartridges by RIA kits (Peninsula Laboratories,
Inc., Belmont, CA, USA) as previously described (11).
The intra- and interassay coefficients of variation
were less than 10% for all methods.

Statistical analysis

The integrated areas of secretion (AUC) were calculated
with the trapezoidal method, incremental areas (D
AUC) were calculated when appropriate by subtracting
basal values. Statistical analyses of the peak/nadir and
area data (response rate and mass secretion phenom-
enon) were performed by non-parametric tests
(Mann–Whitney or Wilcoxon, as appropriate). The pat-
tern of the recorded values over the time has been
assessed, after natural logarithmic transformation, by
means of an ANOVA for repeated measurements
model; in the case of a statistical significance of the
interaction group by time term, multiple comparisons
have been carried out on the simple effect (difference
between the two groups keeping the time levels fixed)
adjusting the significance level by simulation with
SAS (Release 8.2) Proc Mixed. Relationships between
hormones have been analysed by Bravais –Pearson’s
correlation coefficient. Results are expressed as
means^S.E.M. A P value ,0.05 was considered statisti-
cally significant.

Results

The results are summarized in Table 1 and Figs 1 and
2. No age- or sex-related differences were observed in
any of the variables considered in either group of
subjects.

Fasting conditions

Basal serum GH and insulin and plasma glucose con-
centrations were significantly higher in the acromegalic
patients than in the healthy subjects whereas the levels
of the other hormones assayed were similar in both
groups (Table 1).
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Ghrelin injection

Pituitary hormones and cortisol As shown in Fig. 1,
ghrelin elicited a prompt and marked increase of serum
GH and PRL levels in both normal subjects and acrome-
galic patients, without significant differences between
the groups as regards peak values and AUC (Table 1).
In the acromegalic patients a significant positive corre-
lation was found between IGF-I serum levels and both
GH peak (r ¼ 0.76, P , 0.05) and net GH increase
(r ¼ 0.78, P , 0.05). The extent of PRL increase in
the two acromegalic patients with hyperprolactinemia
(from 31.8 to 91.4mg/l and from 198 to 552mg/l
respectively), was similar to that observed in those
with normal circulating PRL levels (from 14.1^3.7 to
30.6^5.5mg/l). Plasma ACTH and serum cortisol

levels rose significantly in the controls; their pattern
was more variable in the patients with acromegaly,
with a significant increase only in ACTH plasma
levels (Table 1). Indeed, in three patients, two with a
macro- and one with a microadenoma, cortisol
responses were blunted or even absent. As far as the
patterns of response are concerned (Fig. 1), a statisti-
cally significant difference (interaction groups by
times) was found only for GH (P ¼ 0.0146) due to
the faster and higher peak in acromegalic patients
(P , 0.01 vs controls).

Glucose and GEP hormones In all subjects of both
groups plasma glucose levels rose early (mean peak
time 29^4 min) and serum insulin levels fell later
(mean nadir time 48^8 min) (Table 1 and Fig. 2).

Table 1 Hormonal and metabolic responses to administration of ghrelin bolus 3.3mg/kg in nine healthy controls and seven acromegalic
patients. Data are given as means^S.E.M.

Controls Acromegalic patients

Baselinea Peak/nadirb AUC (180 min) Baselinea Peak/nadirb AUC (180 min)

GH (mg/l) 1.6^0.6 52.9^7.8d 3049^645 11.2^4.9f 91.6^21.0e 6427^2012
PRL (mg/l) 9.7^0.8 24.2^4.8d 4677^1258 42.9^26.1 114^79e 11826^7228
ACTH (pmol/l) 4.0^0.7 11.4^1.9d 694^87c 5.0^0.5 14.8^6.3e 1055^435c

Cortisol (nmol/l) 367^35.0 499^37d 61530^5424c 267^49.2 379^81 42390^3722c

Glucose (mmol/l) 4.7^0.07 5.1^0.09d 863^18 5.3^3.4f 5.8^5.7e,f 891^38
Insulin (pmol/l) 38.7^7.9 22.2^5.0d 6866^1332 162.9^49.4g 74.5^22.8e,g 25589^8599g

SS (ng/l) 12.3^1.9 27.7^4.0d 3646^405 11.9^2.9 19.7^3.7e 2659^640
PP (pmol/l) 16.3^2.0 49.5^6.6d 4719^628 26.1^5.0 92.2^39.0e 8028^2720

aMean of two fasting levels, bNadir only for insulin levels, cAUC 120 min.
dP , 0.01 vs basal and eP , 0.05 vs basal (Wilcoxon test), fP , 0.05 vs controls and gP , 0.01 vs controls (Mann–Whitney test).

Figure 1 GH, PRL, ACTH and cortisol responses to ghrelin administration (3.3mg/kg) in nine healthy subjects (W) and in seven acrome-
galic patients (X). Data are given as means^S.E.M. GH: interaction group by time (ANOVA) P¼0.0146.
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The highest glucose peak (7.7 mmol/l at 15 min)
occurred in an acromegalic patient, who also showed
an increase of insulin levels from 422 to 1167 pmol/l
at 15 min, followed by a progressive decrease, with a
nadir of 179 pmol/l at 90 min. Both glucose peak and
insulin nadir values were significantly higher in acro-
megalic than in healthy subjects (Table 1). Net insulin
decrease and D AUC were significantly greater in acro-
megalic than in healthy subjects (280^21 vs
217^4 pmol/l, P , 0.005, and 24625^1640 vs
93^353 pmol/l per 3 h, P , 0.01). A statistically sig-
nificant different pattern of response occurred in the
acromegalic patients only for glucose levels
(P ¼ 0.0086, Fig. 2) due to the higher levels in the
early phase (P , 0.01 vs controls) followed by a
sharp decrease until 90 min. All the healthy subjects
showed a prompt rise of plasma PP levels, with peak
values ranging from 26 to 80 pmol/l and a biphasic
plasma SS response, with a first smaller peak
(20.3^3.3 pg/ml, P , 0.005 vs basal) at 15–30 min
and a second higher peak (28.0^4.0 pg/ml,
P , 0.005 vs basal) at 90–150 min. Plasma PP and
SS levels rose significantly also in the acromegalic
patients. However, the PP response was blunted in
two and exaggerated in two others. On the other
hand, SS did not show a biphasic pattern, but peak
values occurred early in three patients and later in
the other four. Mean D AUC was significantly lower in
acromegalic than in healthy subjects (513^196 vs
1440^387 pg/ml per 3 h, P , 0.05). No statistically
different patterns of response was found for both SS

and PP between healthy and acromegalic subjects. No
significant correlations between changes in SS and
insulin levels were observed in the patients with acro-
megaly, whereas there was a significant correlation
between SS D first peak and insulin D nadir levels in
the healthy subjects (r ¼ 20.74, P , 0.05).

Discussion

In agreement with previous observations on healthy
subjects (5, 10, 11), the present results demonstrate
that the injection of ghrelin, the natural ligand for
the GH secretagog (GHS) receptor, stimulates GH,
PRL, ACTH, SS and PP secretion, and induces a signifi-
cant hyperglycaemia that is followed by a decrease in
insulin release in both acromegalic and control sub-
jects. This is the first report on the effects of ghrelin
in patients with acromegaly and it shows that chronic
GH hypersecretion does not markedly influence the
hormone responses per se. GHS receptor expression is
very high in GH-producing adenomas (16) and hexar-
elin, a synthetic GHS, possesses GH- and PRL-releasing
activity in acromegalic patients (17, 18). The positive
correlation between the extent of the ghrelin-elicited
GH increase and the basal IGF-I concentrations in
acromegalic patients suggests that GHSs are useful
tools in assessing GH secretory capacity in both
normal and pathological conditions, in agreement
with previous findings in healthy subjects after
hexarelin administration (19).

Figure 2 Insulin, glucose, SS and PP responses to ghrelin administration (3.3mg/kg) in nine healthy subjects (W), and in seven acrome-
galic patients (X). Data are given as means^S.E.M. Glucose: interaction groups by times (ANOVA) P¼0.0086.
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Both ghrelin and hexarelin are able to stimulate
ACTH and cortisol release in healthy subjects (6),
even if hexarelin is not a useful test of ACTH/cortisol
reserve in patients with pituitary diseases (19).
Although the ACTH response to ghrelin in acromegalic
patients was similar to control subjects, it is noteworthy
that the cortisol response did not reach statistical sig-
nificance. The ACTH/cortisol response to ghrelin, like
that of GH, requires functional integrity of the hypo-
thalamus–pituitary unit (5, 20), and two of our three
patients with impaired cortisol responses had a macro-
adenoma with extrasellar extension. However, urinary
free cortisol was normal in these patients, and no
other antero-pituitary deficiencies were present. The
interpretation of the lack of cortisol response is prob-
ably due to the abnormal cortisol metabolism and
accelerated cortisol clearance in acromegalic patients
(21, 22).

Although GHS receptors have been found also at the
GEP level, the mechanisms involved in the variation of
plasma glucose and insulin levels induced by pharma-
cological doses of ghrelin, are still unclear. Indeed,
acute hexarelin administration does not influence glu-
cose and insulin levels in healthy subjects (10), but evi-
dence exists that long-term treatment with GHS can
impair glucose tolerance in obese subjects (23). In
our acromegalic patients, fasting and ghrelin-stimu-
lated plasma glucose levels were higher than those of
healthy subjects, but mean D peaks were not different
in the two groups. Moreover, insulin levels were
higher in acromegalic than in healthy subjects both
in fasting conditions and after ghrelin administration,
although the net decrease induced by ghrelin was sig-
nificantly higher in the patients with acromegaly. In
both groups of subjects, hyperglycemia could result
from either direct hepatic glycogenolytic activity of
ghrelin (24, 25), or decreased peripheral glucose
uptake, or ghrelin-induced release of hyperglycemic
hormones such as epinephrine (26) and cortisol. The
inhibitory effect of ghrelin on insulin secretion could
be mediated by a direct effect on GHS receptors, present
on pancreatic islet cells, as suggested by Broglio et al.
(10). However, additional mechanisms, including epi-
nephrine release (26), could be activated. Finally, the
present findings confirm that in healthy subjects ghre-
lin induces a biphasic pattern of SS response with a sig-
nificant negative correlation between the first SS peak
and the subsequent insulin nadir, thus suggesting a
role for circulating SS in the inhibition of insulin release
(11). This mechanism, however, does not fully explain
the insulin pattern in patients with acromegaly, as
they did not show a significant correlation between
SS and insulin changes. On the other hand, in these
patients the sharp reduction of glucose levels could
favour the inhibition of insulin secretion.

The presence of GHS receptors in the gut and pan-
creas (5) could well account for the SS- and PP-releas-
ing activity of ghrelin in healthy subjects and in

acromegalic patients, although indirect effects
mediated by the cholinergic system cannot be excluded
(11). Indeed, vagal cholinergic mechanisms have a
major role in the control of PP release (27) and also cir-
culating SS levels are partly dependent on vagal tone
(28). The observed stimulatory effect of ghrelin on SS
and PP secretion suggests the existence of a feed-back
loop between ghrelin and SS and ghrelin and PP, as
SS has an inhibitory effect on ghrelin secretion (29,
30) and PP has been shown to reduce ghrelin gene
expression, at least in rat stomach (31).

In conclusion, the present study demonstrates that
ghrelin affects both pituitary and GEP hormones in
healthy subjects and in patients with acromegaly in a
qualitatively similar way, thus confirming that ghrelin
can play a role in linking the endocrine control of
energy balance and growth with the regulation of
gastrointestinal functions.
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