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GH-releasing Peptide-2 does not Stimulate Arginine 
Vasopressin Secretion in Healthy Men
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Yasuyuki UEMURA and Junpei TSUCHIYA 

The Center of Diabetes and Endocrine & Metabolism Disease, Nagaoka Red Cross Hospital, Niigata 940-2085, Japan

Abstract.  Ghrelin has a stimulating effect on arginine vasopressin (AVP).  However, it is not known whether GHRP-2, a 
synthetic ghrelin receptor agonist, also has a stimulating effect on AVP release in men.  To determine whether the GHRP-2 
test is useful for assessing AVP secretion, blood ACTH, GH, FSH, LH, PRL, TSH and AVP levels, as well as glucose, 
osmolality, sodium and hematocrit, were measured before and 15, 30, 45 and 60 min after an intravenous bolus of 100 µg 
GHRP-2 in 10 healthy men with and without fasting.  Blood pressure was measured at 15-min intervals.  AVP secretion was 
not stimulated by the GHRP-2 test with and without fasting.  There were no significant differences in hematocrit, blood 
pressure and plasma osmolality before and after GFRP-2 injection, although significant (p<0.001) peak blood GH, and 
ACTH and PRL levels were observed 30 and 15 min after GHRP-2 injection with and without fasting, respectively, and the 
maximal peaks were significantly (p<0.05) higher with fasting than without fasting.  These results suggest that AVP 
secretion is not stimulated by the GHRP-2 test both with and without fasting, though GH, ACTH and PRL levels were 
higher with than without fasting. 
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GH-releasing peptide-2 (GHRP-2) consists of 
six amino acids with the following structure: D-alanyl-
3-(2-naphthyl)-D-alanyl-L-alanyl-L-tryptophyl-
D-phenylalanyl-L-lysinamide dihydrochloride; it 
was synthesized by Bowers et al. [1].  The effect of 
GHRP-2 is similar to that of ghrelin, and it is one of 
the exogenous ligands that bind the growth hormone 
secretagogue (GHS) receptor, while ghrelin is an en-
dogenous ligand that binds the GHS receptor [2]. 

Recently, a diagnostic test for GHRP-2 to stimu-
late GH in humans [3] has been developed as a sim-
ple, safe, and effective alternative to the insulin tol-
erance test (ITT).  This diagnostic test may also be 
useful to stimulate ACTH secretion in humans [4] and 
is currently available clinically in Japan.  Ghrelin is 

secreted from the stomach and circulates in the blood-
stream under fasting conditions [5], and the GHSs 
have a stimulating effect not only on ACTH via CRH 
in animals [6, 7] and humans [4, 8-10], but also on 
arginine vasopressin (AVP) in animals [6, 11, 12] and 
humans [9, 10].  Interestingly, ghrelin plays a stimu-
latory role in AVP release mediated by neuropeptide 
Y (NPY) neurons in rat [11, 12].  GHRP-2 is known 
to increase food intake in humans [13] via many neu-
rotransmitters, such as ghrelin [5] and NPY [14, 15].  
Accordingly, GHRP-2’s stimulatory effect on pituitary 
hormones may be influenced by feeding via the regu-
latory factors, which may affect its usefulness as a di-
agnostic test. 

Furthermore, the ITT has a number of disadvantag-
es, such as the potential for hypoglycemia-related ad-
verse reactions [16].  Moreover, the ITT requires close 
monitoring of patients for several hours in a special-
ized investigation unit [16]. 

Thus, the GHRP-2 test could provide a non-osmot-
ic stimulus for AVP secretion as a simple, safe, and 
effective alternative to the ITT [17-19], because the 

NOTE



176 KAMOI et al.

BM 6050, CA-ELA 04, JEOL Co., Tokyo, Japan).
Serum FSH, GH, LH, PRL and TSH levels were 

measured by immunoenzymetric assay methods (ST 
AIA-PACKs, Tosho Co., Tokyo, Japan).  Remaining 
plasma was stored at -20°C for 2 days to 1 week be-
fore being assayed for AVP by RIA [19, 21] and 
ACTH by RIA [19], as previously described.  Briefly, 
the intra- and inter-assay coefficients of variation for 
ST AIA-PACks were <3.0 % and <5.0 %, respectively, 
and the intra- and inter-assay coefficients of variation 
for ACTH-RIA were 8.4% and 10.8 %, respective-
ly.  For AVP, the lower limit of sensitivity of the assay 
was 0.06 fmol/tube.  The intra- and inter-assay coeffi-
cients of variation were 7.4 % and 7.8 %, respectively.  
The hormones were measured in duplicate samples. 

The results are expressed as means ± SEM.  
Differences between the means were evaluated statis-
tically by paired or unpaired t-tests.  To compare ev-
ery pair of means, Tukey’s multiple comparison test 
was used following one-way ANOVA with repeated 
measures.  The change in each value after GHRP-2 in-
jection was expressed as the percentage of its differ-
ence from the baseline value.  To determine how the 
response was affected by changes in two factors (with 
and without fasting), two-way ANOVA was used.  
Following two-way ANOVA, Bonferroni’s test was 
used as a post hoc test to compare the variables in the 
two groups.  Analysis was performed using GraphPad 
Prism version 5.02 software (GraphPad Software, La 
Jolla, CA, USA).  Two-tailed values of p<0.05 were 
defined as statistically significant. 

Results

In the 10 healthy men, the means of urinary volume 
per day, osmolality and AVP concentration were 1544 
± 156 mL/day, 690 ± 56 mOsm/kg and 29.1 ± 4.5 pg/
mgCr, respectively.  The means of basal and simulta-
neously measured blood GH, ACTH, PRL,TSH, FSH, 
LH and AVP levels at each time point after GHRP-2 
injection in the subjects with or without fasting are 
shown in Table 1.  Significant peak blood GH, and 
ACTH and PRL levels were observed 30 min and 15 
min after GHRP-2 injection in the two groups with and 
without fasting, respectively.  The peak GH and ACTH 
levels were significantly higher in the fasting group 
than in the non-fasting group.  The significant (p<0.05) 
maxima in the ACTH and PRL levels in the fasting and 
non-fasting groups were 4.2 ± 0.9- and 1.9 ± 0.2-fold, 

ITT for AVP secretion is useful in patients who have 
lost the capacity to respond selectively to osmotic, he-
modynamic, or emetic stimuli [20].  However, it is 
unclear whether AVP secretion is stimulated by the 
GHRP-2 test in men. 

In this study, we evaluated the usefulness of GHRP-2 
test for assessing AVP secretion in healthy men. 

Materials and Methods

Ten healthy men, aged 24 to 34 years (mean age, 
30 ± 0.9 years), with BMIs ranging from 20.0 to 26.7 
(mean, 22.0 ± 0.7) kg/m2, were studied based on the 
method of Coiro et al. [10].  They had received no 
drugs.  Written informed consent was obtained from 
all subjects.  This study was performed in accordance 
with the Declaration of Helsinki and with the approval 
of relevant ethics committee. 

On two different occasions in a random order with 
and without more than 8 h of overnight fasting with in-
tervals of more than 1 week, a single dose (100 µg) 
of GHRP-2 (KP-102, Kaken Pharmaceuticals, Tokyo, 
Japan) from a diagnostic test using a GHRP-2 stimulus 
to GH [3] was administered to each of the subjects as 
an intravenous bolus injection at 0900 h.  The subjects 
remained supine for more than 30 min before the injec-
tion of GHRP-2 and throughout the study period. 

Blood samples were collected into tubes from a 
catheter inserted into an antecubital vein immediate-
ly before and 15, 30, 45 and 60 min after the injection 
of GHRP-2 [3, 4], and then the samples were sepa-
rated by centrifugation at 4°C for later determination 
of ACTH, AVP, FSH, GH, LH, PRL and TSH levels 
based on the study by Kageyama et al. [4], as well as 
glucose and sodium concentrations, osmolality and 
hematocrit (Hct).  Blood pressure was measured at 15-
min intervals throughout the study. 

Blood samples for ACTH, AVP and Hct were col-
lected in vacutainers containing EDTA, and blood 
samples for glucose were collected in vacutainers con-
taining NaF.  A portion of the freshly separated plas-
ma was taken immediately for determination of glu-
cose by an oxidase method (N-assay Glu-UL, Nittobo 
Medical Co., Tokyo, Japan), Hct by an electrical im-
pedance method (Automat hematology analyzer XT-
2000i, Tokyo, Japan), and osmolality by a freezing 
point depression method (OSM STATION OM-6050, 
ARKRAY Inc. Kyoto, Japan).  Serum sodium was 
measured by an ion selective electrode method (JCA-
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in plasma AVP was found to be directly proportion-
al to the level of plasma osmolality (data not shown).  
There were also no significant differences in Hct and 
mean blood pressure measured simultaneously before 
and after GHRP-2 injection between the two groups. 

There were no serious adverse effects (including 
nausea) of GHRP-2 injection throughout the study, 
while transient hot flushes and/or borborygmi were the 
major adverse reactions within 15 min after GHRP-2 
injection, as previously described [3]. 

Discussion

AVP secretion is primarily regulated by plasma os-
molality [18].  In this study, basal plasma AVP lev-
els in healthy subjects who had normal renal concen-
tration ability with AVP secretion as demonstrated by 
Kondo et al. [22] were slightly lower in the fasting 
than in the non-fasting, while plasma osmolality was 
more decreased in the fasting than in the non-fasting.  
Generally, blood osmolality is estimated from serum 
sodium, serum BUN, and blood glucose by the equa-

and 3.2 ± 0.4- and 2.0 ± 0.2-fold, respectively.  The 
values were approximately two-fold higher in the fast-
ing group than in the non-fasting group.  Basal plas-
ma AVP levels were slightly lower in the fasting group 
than in the non-fasting group; however, there were no 
significant differences in the AVP levels before and af-
ter GHRP2 injection between the two groups. 

Figure 1 shows the change in AVP secretion after 
GHRP-2 injection, as well as osmotic- and hemody-
namic-related factors.  For plasma osmolality, the lev-
els measured simultaneously before and after GHRP-2 
injection were significantly lower in the fasting group 
(basal level, 282 ± 1 mOsm/kg) than in the non-fast-
ing group (basal level, 288 ± 1 mOsm/kg), and they 
were accompanied by decreased plasma glucose levels 
(basal level, 4.87 ± 0.10 mmol/L) in the fasting group 
compared to the non-fasting group (basal level, 6.33 
± 0.39 mmol/L).  Serum sodium levels before and af-
ter GHRP-2 injection tended to be lower in the fasting 
group than in the non-fasting group, although there 
was no significant difference between the two groups.  
With respect to the basal levels, the resultant increase 

Table 1. Changes in pituitary hormones levels after GHRP-2 injection in 10 healthy men
Time (min)

0 15 30 45 60
GH (µg/L)

Without fasting 0.1 ± 0.0  23.3 ± 3.0***   40.0 ± 4.9***   27.6 ± 4.3***   25.0 ± 3.4***

With fasting 0.1 ± 0.0  39.1 ± 5.0***      64.7 ± 9.4***, ##    47.8 ±6.4***, #   40.6 ± 5.5***

ACTH (pmol/L)
Without fasting 6.3 ± 0.6  11.3 ± 1.5*** 8.5 ± 1.2 6.0 ± 0.9           5.9 ± 0.9
With fasting 6.5 ± 1.1       25.0 ± 5.0***, ###       19.5 ± 2.9***, ###  14.1 ± 2.4*, #        12.1 ± 2.0,

PRL (µg/L)
Without fasting 8.3 ± 1.1  17.3 ± 3.3***   15.3 ± 2.7***        12.7 ± 2.3        10.2 ± 1.6
With fasting 7.6 ± 1.0  26.2 ± 6.3***   23.8 ± 6.0*** 19.9 ± 4.9**        16.9 ± 4.6*

TSH (mU/L)
Without fasting 1.18 ± 0.12 1.21 ± 0.12 1.14 ± 0.11 1.07 ± 0.10 1.07 ± 0.12
With fasting 1.29 ± 0.18 1.32 ± 0.19 1.24 ± 0.21 1.15 ± 0.17 1.11 ± 0.18

FSH (IU/L)
Without fasting 4.30 ± 0.68 4.34 ± 0.70 4.14 ± 0.67 4.02 ± 0.68 4.06 ± 0.67
With fasting 4.34 ± 0.71 4.40 ± 0.71 4.19 ± 0.69 4.18 ± 0.67 4.14 ± 0.64

LH (IU/L)
Without fasting 2.21 ± 0.24 2.07 ± 0.19 1.80 ± 0.15 1.65 ± 0.15 1.60 ± 0.12
With fasting 2.81 ± 0.42 2.71 ± 0.46 2.44 ± 0.38 2.23 ± 0.35 2.12 ± 0.27

AVP (pmol/L)
Without fasting 3.77 ± 0.69 4.16 ± 0.79 3.46 ± 0.69 3.76 ± 0.71 3.64 ± 0.66
With fasting 3.57 ± 0.87 4.01 ± 0.64 3.92 ± 0.69 4.19 ± 0.85 3.76 ± 0.69

The results are expressed as means ± SEM. Differences between the means in each group were evaluated by Tukey’s 
multiple comparison test following one-way ANOVA with repeated measures (***p<0.001, **p<0.01 and *p<0.05 vs. basal 
level). To compare the difference in the two groups with and without fasting, Bonferroni’s test was used as a post hoc test 
after two-way ANOVA (###p<0.001, ##p<0.01 and #p<0.05 vs. group without fasting).
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level: 287 ± 2 mmol/L), while the differences of plas-
ma glucose values (1.5 ± 0.3 mg/dL) by glucose (mg/
dl)/18 between the two groups (basal level: 4.9 ± 0.1 
mg/dL vs. 6.3 ± 0.4 mg/dL) were significant but small 
for blood osmolality.  Accordingly, the different values 
of osmolality may be mainly due to the different values 

tion 2Na (mmol/L) + BUN (mg/dL)/3 + glucose (mg/
dL)/18.  Although serum sodium levels before and af-
ter GHRP–2 injection between the two groups were not 
statistically significant, the values by 2 x Na (mmol/L) 
in the fasting (basal level: 283 ± 1 mmol/L) were sig-
nificantly lower (p<0.03) than in the non-fasting (basal 

Fig. 1. Percent change from basal level in plasma arginine vasopressin (AVP), blood concentrations of glucose and sodium, plasma 
osmolality, hematocrit, and mean blood pressure before and 15, 30, 45, and 60 min after an injection of a single dose (100 µg) 
of GH-releasing peptide-2 (GHRP-2) in two groups with (○     ○) and without (●    ●) overnight fasting (n = 10 healthy men). 
The data are expressed as means ± SEM. Differences between the means of each group were evaluated by Tukey’s multiple 
comparison tests following one-way ANOVA with repeated measures. There were no significant differences in the variables. To 
compare the difference in the two groups, Bonferroni’s test was used as a post hoc test after two-way ANOVA (###p<0.01 and 
##p<0.01 vs. group without fasting).
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ghrelin.  In fact, fasting enhanced the increase in GH, 
ACTH and PRL levels following GHRP-2 injection, 
although we did not measure plasma NPY levels be-
cause of the difficulty in doing so.  Nevertheless, there 
was no significant AVP secretion following GHRP-2 
administration both with and without fasting.  The rea-
son for this may be that GHRP-2 might have a differ-
ent effect on AVP secretion independent of osmolal-
ity and hemodynamic factors, unlike ghrelin, probably 
because GHRP-2 is an exogenous ligand that binds 
the GHS receptor, while ghrelin is an endogenous li-
gand that binds the GHS receptor [2].  This difference 
supports the notion that, for ACTH secretion, GHRP-2 
acts via CRF [7], while ghrelin acts via AVP [12], and 
ghrelin stimulates secretion of gastric juice with gas-
trin, whereas GHRP-2 has no such effects [23]. 

Moreover, AVP levels increase significantly with 
the ITT [17-19].  However, there was no significant 
change in AVP secretion after a GHRP-2 injection.  
This differs from the diagnostic test by GHRP-2 to 
stimulate GH [3] and ACTH [4], which is an alterna-
tive to the ITT.  Although the exact reason for this dis-
crepancy is unclear, the GHRP-2 test cannot be an al-
ternative for the ITT, probably because of different 
mechanisms of action. 
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by the sodium owing to fasting and non-fasting [18].  
The resultant increase in plasma AVP was found to be 
directly proportional to the level of plasma osmolali-
ty.  Basal hemodynamic factors that affect plasma AVP 
secretion [18] were not significantly changed, because 
there were no significant differences in Hct and blood 
pressure between the two groups.  Therefore, plasma 
AVP secretion in healthy men is normally regulated by 
plasma osmolality. 

In such subjects, one must consider why there is no 
significant difference in AVP secretion before and after 
GHRP-2 injection between the fasting and non-fasting 
states.  Since GHRP-2 has a role as a ghrelin receptor 
agonist, the GHRP-2 test could provide a non-osmotic 
stimulus for AVP secretion.  Coiro et al. demonstrated 
that ghrelin stimulated AVP secretion in healthy men 
with fasting [10].  There were no significant differ-
ences in sex, age, and BMI between the two studies.  
However, the doses of GHRP-2 appear to have been 
larger than those of ghrelin, although they used ghre-
lin 1 µg/kg [10].  Furthermore, the time and the maxi-
mum increment of the peak blood ACTH level after an 
injection of GHRP-2 were shorter and higher, respec-
tively, than after an injection of ghrelin [10], show-
ing that an injection of GHRP-2 100 µg may stimu-
late ACTH secretion more than an injection of ghrelin 
1 µg/kg.  In vivo, ghrelin plays a stimulatory role not 
only for GH and ACTH, but also for AVP release me-
diated by NPY neurons [5, 11, 12].  NPY neurons are 
increased in fasting [14, 15], indicating that fasting 
may amplify the effect of GHRP-2 injection via NPY 
neurons action on pituitary hormone secretion, as for 
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