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The growth hormone (GH) response to GH-releasing hormone (GHRH) in patients wi th  non-insul in-dependent diabetes 
mell i tus (NIDDM) was found to be either decreased or normal, The recent introduct ion of a new and potent  GH stimulus, 
GH-releasing peptide-6 (GHRP-6), a l lowed further investigation of the functional properties of somatotropes in a var iety of 
metabolic diseases. The aim of the present study was to investigate the response of GH to GHRP-6, GHRH, and GHRP-6 + 
GHRH in N IDDM patients. Twenty-one patients wi th  NIDDM were divided into t w o  groups: group A, normal weight  (body mass 
index [BMI], 23.31 4- 0.62 kg/m2); and group B, overweight  (BMI, 27.62 -+ 0.72 kg/m2). Eight normal-weight  control subjects 
(group C) were studied, Each subject received GHRP-6 (90 I~g intravenously [IV]), GHRH (100 I~g IV), and GHRP-6 + GHRH on 
three separate occasions. There was no difference between the GH response after GHRP-6 in groups A, B, and C in terms of the 
GH peak (50.95-+ 11.55, 51.96 4- 7.71, and 70.07-+ 15.59 mUlL,  P >  .05) and the area under the curve (AUC) for GH 
(2,340.06 4- 617.36, 2,684.54 -+ 560.57, 3,462.78 -+ 1,223.53 mU/L/120 min, P > .05). A decreased GH response to GHRH was 
found in group B in comparison to group A (B v A: peak GH response, 8.25 _+ 1.90 v 22.19 4- 8.81, P < .05; AUC GH, 
479.62 -+ 84.0 v 1,443.21 4- 743.76, P < .05}. There was no difference in the GH response between group A and group C (peak 
GH response, 22.19 4- 8.81 v 26.42 4- 6.71, P > .05; AUC, 1,443.21 4- 743.76 v 1,476.51 _+ 386.56, P > .05). There was a 
significant difference between the same parameters in group B versus group C (8.25 -+ 1.90 v 26.42 4- 6.71, P < .05; AUC, 
479.62 4- 84.0 v 1,476.51 4- 386.56, P < .05). The combined administrat ion of GHRP-6 + GHRH elicited a synergistic GH 
response in NIDDM patients and controls. There was a significant difference between groups A and B for the GH peak 
(96.49 4- 9.80 v 68.38 ± 8.25, P < .05), whereas there was no difference for the AUC (5,111.13 4- 703.77 v 3,425.95 4- 459.67, 
P > .05). There was no difference in the peak GH after the combined test between group A and group C (96.49 _+ 9.80 v 
139.82 -+ 24.16, P > .05), whereas the peak GH in the same test was signif icantly decreased in group B in comparison to group 
C (68.38 + 8.25 v 139.82 -+ 24.16, P < .05). The AUC for GH after combined GHRP-6 + GHRH in group A versus group C was not 
signif icantly different (5,111.13 4- 703.77 v 9,274.71 4- 1,541.46, P > .05), whereas there was a significant difference for the 
same test between group B and group C (3,425.95 4- 459.67 v 9,274,71 _+ 1,541.46, P < .05). Our results demonstrate that  
normal-weight  NiDDM patients have a preserved GH response to GHRP-6, GHRH, and GHRP-6 + GHRH, and overweight  
NIDDM patients have a blunted response to GHRH and GHRP-6 + GHRH. The preserved GH response to GHRP-6 in both 
diabetic groups suggests that  the secretory potent ial  of somatetropes is preserved in NIDDM patients. The impairment  of the 
GH response to GHRH in overweight  NIDDM patients could be a functional defect due to the obesity, since it could be 
overr idden by administrat ion of GHRP-6. 
Copyright © 1999 by W.B. Saunders Company 

I NCREASED SPONTANEOUS and stimulated growth hor- 
mone (GH) secretion is well documented in insulin- 

dependent diabetes mellitus. ~ It was suggested that increased 
plasma concentrations of GH in diabetes may be important for 
the development of complications? On the contrary, m non-  
insulin-dependent diabetes mellitus (NIDDM), conflicting re- 
sults are found in the literature. 3 The GH response to GH- 
releasing hormone (GHRH) was lower in normal-weight and 
obese diabetics in comparison to control subjects. 3 In other 
studies, there was no difference between the GH response to 
GHRH in normal-weight NIDDM patients and matched con- 
trols, whereas the GH response to the same stimuli was lower in 
obese diabetics and obese controls? The GH response to GHRH 
in poorly controlled NIDDM patients was not significantly 
Impaired. 4 Cai et al 5 found a decreased GH peak after GHRH in 
NIDDM patients in comparison to a control group, concluding 
that the pituitary GH reserve is reduced due to a defect in central 
GH control in diabetics. Administration of pyridostigmine and 
acetylcholinesterase inhibitors significantly enhanced the GH 
response to GHRH in obese diabetics, obese controls, and 
non-obese controls, but not in non-obese type 2 diabetics. 6 
Combined administration of arginine plus GHRH elicited a 
significant increase of GHRH-induced GH release in lean and 
obese NIDDM subjects. 3 A nonspecific GH response to other 
hypothalamic releasing hormones in diabetics was also re- 
ported, such as thyrotropin-releasing hormone 7 or luteinizing 

hormone-releasing hormone. 8 The effect of diabetes on the 
hypothalarrfic control of GH release appears to be determined 
by the quality of long-term glycemic control. 9 

GH-releasing peptides (GHRPs) were developed before the 
isolation and identification of GHRH in 1982, yet the clinical 
era of the GHRPs began in 1988. GHRPs and their analogs have 
no structural homology with GHRH and act via specific 
receptors present at either the pituitary or hypothalaroJc level. 
The GHRP receptor has recently been cloned, and it does not 
show sequence homology with other G-protein-coupled recep- 
tors known thus far. ~° An endogenous receptor implies the 
existence of an endogenous ligand, but its site of production, 
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relationship to xenobiotic pharmacological agents, and underly- 
ing physiological relevance remain unclear. 11 However, this 
evidence strongly suggests that these compounds could be the 
synthetic counterpart of an endogenous GH secretagogue 
involved in the neuroendocrine control of GH secretion, which 
has not yet been found, lz Although the exact mechanism of the 
action of GHRPs has not been fully established, there is 
probably a dual site of action on both the pituitary and the 
hypothalamus, possibly involving regulatory factors in addition 
to GHRH and somatostatin. Several data favor the hypothesis 
that GHRPs could act by counteracting somatostatinergic 
activity at both the pituitary and hypothalamic level and/or, at 
least partially, via a GHRH-mediated mechanism. 13 Moreover, 
the possibility that GHRPs act via an unknown hypothalamic 
factor (U factor) is still open. 1° GHRP-6, hexarelin, and other 
nonclassic synthetic GHRPs appear to be promising new tools 
for exploring the GH secretory mechanism in patients with 
suspected GH deficiency. 14 Furthermore, the combined adminis- 
tration of saturating doses of GHRH + GHRP-6 is currently the 
most effective GH-releasing stimulus tested in a variety of 
settings related to altered somatotrophic function, is There is 
large variability in the stimulatory action of GHRH, in contrast 
to the reproducibility of the action of GHRPs. In different 
metabolic states, the GH response is impaired more after GHRH 
versus GHRP-6. On the other hand, in different neuroendocrine 
pathologies, the GH response is more impaired after GHRP-6 
versus GHRH. Each secretagogue provides separate informa- 
tion on GH secretion, necessary not only for linear growth but 
also for general metabolism.16 

Therefore, the aim of this study was to investigate the GH 
response to GHRP-6 alone, GI-IRH alone, and combined 
administration of GHRP-6 + GHRH in NIDDM patients and 
control subjects. 

SUBJECTS A N D  METHODS 

Subjects 

Twenty-one patients (12 men and nine women) with NIDDM 
diagnosed by established criteria 17 were studied. The NIDDM patients 
were divided into two groups according to the body mass index (BMI): 
group A, normal-weight (n = 8; four men and four women; age, 
52.37 _+ 2.91 years; BMI. 23.31 + 0.62 kg/m2), and group B, grade I 
overweight 18 (n = 13: eight men and five women; age, 49.15 +_ 1.76 
years; BMI, 27.62 + 0.72 kg/mZ). The duration of diabetes was 87.25 _+ 
29.46 months for group A and 79.61 + 27.31 months for group B. The 
mean hemoglobin Alo (HbAlc) level (HPLC Variant System; Bio-Rad 
Laboratories, Vienna, Austria) at the time of evaluation was 8.85 _+ 
0.99% for group A and 8.30% _+ 0.33% for group B (normal HbAlc, 
<6.0%). The patients had normal creatinine levels and no evidence of 
dmbetic retinopathy and polyneuropathy. No medications other than 
oral hypoglycemics (glibenclamide 2.5 to 7.5 rag/d) were used by the 
patients before and during the study period. 

The control group (group C) consisted of eight healthy subjects (three 
men and five women; mean age, 48.5 _+ 2.51 years; mean BMI, 
23.78 _+ 0.70 kg/mZ). 

Approval for the study was obtained from the Hospital Ethics 
Committee, and all subjects provided written informed consent. 

Study Protocol 

Each subject underwent three tests in random order separated by at 
least 3 days. The tests were performed after an overnight fast. and 

subjects remained recumbent throughout each test. The patients re- 
ceived no sulfonylurea on the morning of the study. At 8 AM, an 
indwelling catheter was placed m a forearm vein and kept patent by a 
slow 0.9% saline infusion. Thirty minutes later, the test was started. 
After three blood samples (-30,  -15,  and 0 minutes), each subject 
received GHRP-6 (Peninsula Laboratories, Madrid. Spain) at a dose of 
1 gg/kg intravenously (IV), GHRH(1-29)NH2 (Geref: Serono, Madrid, 
Spain) at a dose of 100 ~tg IV, or a combination of 1 pg/kg GHRP-6 + 
100 pg GHRH IV. Blood samples were taken for GH determinations at 
-30,  - 15, 0, 15, 30, 45, 60, 90, and 120 minutes. 

Assays and Statistical Analysis 

The serum GH concentration (milliunits per liter) was determined 
using a time-resolved fluoroimmunoassay (Delfia; Wallac, Turku, 
Finland) with a GH sensitivity of 0.052 mU/L and a coefficient of 
variation of 6.3% (1.04 mU/L), 5.3% (26.52 mU/L), and 4.2% (112.84 
mU/L). Hormone levels are presented and analyzed as the absolute 
level, as the mean absolute GH peak, or as the maximal increase over 
the baseline GH concentration. The area under the secretory curve 
([AUC] milliunits per liter per 120 minutes) was calculated by the 
trapezoidal method and compared between groups by the Wilcoxon 
rank test. Kruskal-Wallis one-way ANOVA was used for comparison of 
the fold-increase among the groups. The statistical level of significance 
was set at P less than .05. 

RESULTS 

The mean basal glucose value at the beginning of the tests 
was 8.67 + 0.28 mmol/L for group A and 8.95 + 0.43 for group 
B. There were no significant changes in glucose levels either 
during or at the end of the tests. 

The GH response to GHRP-6 in N1DDM subjects and 
controls is presented in Fig 1. There was no significant 
difference between the GH peak in groups A, B, and C 
(50.95 _+ 11.55, 51.96 -- 7.71, and 70.07 -- 15.59, P > .05; 
Table 1). The slight delay in the peak GH response in the control 
is not significant (P > .05). Also, no significant difference was 
found for the AUC after GHRP-6 in groups A, B, and C 
(2,340.06 + 617.36, 2,684.54 + 560.57, and 3,462.78 + 
1,223.53, P > .05; Fig 2). 

The GH response to GHRH in NIDDM patients and controls 
is presented in Fig 3. There was a significantly decreased GH 
response to GHRH in group B in comparison to group A in 
terms of the peak GH response (8.25 +- 1.90 v 22.19 +_ 8.81, 
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Fig 1. GH response to GHRP-6 in N|DDM patients and controls. 
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Group A Group B Group C 

Patient No. GHRP-6 GHRH GHRP-6 + GHRH GHRP-6 GHRH GHRP-6 + GHRH GHRP-6 GHRH GHRP-6 + GHRH 

1 44.3 3.53 113.8 83.58 7.7 127.9 

2 9.73 2.27 70.42 29.39 2,73 69.52 

3 38.46 21.18 82,79 33.97 2.66 79.23 

4 40.03 9.56 52.71 79.98 16.14 78,16 

5 109.1 30.48 139.6 23.2 8.41 36.43 

6 50.48 14.5 102.6 72.55 22.52 103.9 

7 26.32 16.55 116.5 27.44 3.17 60.68 

8 89.22 79.51 93.55 28,89 4.3 32.63 

9 55.27 5.84 34.15 

10 105.9 19.98 59.58 

11 50.48 4.48 102.2 

12 66.78 1.92 63.0 

13 18,13 7.45 48.8t 

54,2 20,9 90.5 

52.7 10.5 74.3 

86.3 9.2 260,7 

171.9 41.0 215.t 

55.0 10.0 152.2 

34.9 22.3 71,0 

39.0 33.8 111.8 

66.56 63.7 143.0 

Mean 50.95* 22.19~§ 96.49¶# 51,96T 8.2511 68.38** 70.07 26.42 139.82 

SEM 11.55 8.81 9.8 7.71 1.9 8.25 15.59 6.71 24,16 

*P> .05 ,  g roupA vgroup B and vgroup C after GHRP-6. 

t P >  .05, group B vgroup C after GHRP-6, 

SP< .05, g roupA vgroup B after GHRH. 

§P>.05,  g roupA vg roupC after GHRH. 

lIP< .05, group B vgroup C after GHRH. 

¶P<.05 ,  g roupA vgroup B after GHRP-8 + GHRH. 

#P>.05 ,  g roupA vgroup C after GHRP-6 + GHRH. 

* * P < . 0 5 ,  group B vgroup Cafter GHRP-6 + GHRH. 

P < . 0 5 )  and the AUC for GH (479.62-+ 84.0 v 
1,443.21 -+ 743.76, P < .05; Table 1 and Fig 2). There was no 
difference between group A and group C for the peak GH 
response and AUC for GH after GHRH (peak, 22.19 _+ 8.81 v 
26.42 -+ 6.71, P > .05; AUC, 1,443.21 +- 743.76 v 1,476.51 __ 
386.56, P > .05). There was a significant difference in the same 
parameters in group B versus group C (peak, 8.25 _+ 1.90 v 
26.42 -+ 6.71, P < .05; AUC, 479.62 -- 84.0 ~' 1,476.51 + 
386.56, P < .05) (Table 1 and Fig 2). 

Simultaneous administration of GHRP-6 + GHRH elicited a 
synergistic GH response in both NIDDM patients and controls 
(Fig 4). There was a significant difference between group A and 
group B for the GH peak (96.49 _+ 9.8 ~, 68.38 _+ 8.25, P < .05), 
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Fig 2, AUC for GH after GHRP-6, GHRH, and GHRP-6 + GHRH in 
non-obese NIDDM (group A), obese NIDDN1 (group B), and controls 
(group C). ns, not significant (P > .05), 

whereas there was no difference for the GH AUC 
(5,111.13 + 703.77 ~, 3,425.95 +_ 459.67, P > .05) (Table 1 and 
Fig 2). There was no difference in the peak GH after the 
combined test between group A and group C (96.49 + 9.80 v 
139.82 -+ 24.16, P > .05), whereas the peak GH in the same 
test in group B versus group C was significantly different 
(68.38 + 8.25 v 139.82 _+ 24.16, P < .05; Table 1). The AUC 
for GH after combined GHRH + GHRP-6 for group A versus 
group C was not significantly different (5,111.!3 -+ 703.77 v 
9,274.71 _+ 1,541.46, P > .05), whereas there was a significant 
difference for the same test between group B and group C 
(3,425.95 + 459.67 v 9,274.71 _+ 1,541.46, P < .05: Fig 2). 
The fold-increase in the GH peak and AUC in all groups with 
GHRP-6 or GHRH and the combination of the two agents is 
presented in Figs 5 and 6. It is clear that a synergistic effect of 
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both secretagogues was preserved in all tested groups, although 
it is much less pronounced in group B (Fig 6). 

postulated in NIDDM, since pyridostigmine did not increase the 
GH response to GHRH in lean NIDDM patients. 6 On the other 
hand, increased somatostatinergic tone was suggested in obe- 
sity, since pyridostigmine administration has a stimulatory 
effect on GHRP-6-induced GH secretion in obese subjects, z° 
Although arginine, in addition to GH-releasing substances, 
presumably acts by inhibiting hypothalamic somatostatinergic 
tone, it was shown that patients with NIDDM, irrespective of 
body weight, had an impairment of the GH response to GHRH 
alone or combined with arginine. 3 It was also suggested that 

24 221 UJ 
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DISCUSSION 

Investigations of GH secretion in patients with NIDDM have 
produced conflicting results. A specific increase in GH burst 
frequency was recently reported in NIDDM patients. 9 However, 
GH hypersecretion does not occur, because the GH burst mass 
is reduced in proportion to the degree of obesity. It was 
suggested that the effect of diabetes on the hypothalamic control 
of GH release appears to be determined by the quality of 
long-term glycemic control. 9 Our patients had a relatively long ,,< 36 

34 
O- 32 duration of NIDDM, and at the time of testing they had ~ ~o 

moderately elevated HbAlc. ~_ 28 
The somatotrope responsiveness to GHRH alone or corn- ~z 2264 

bined with arginine, which is able to enhance the GH response ~ 222° 
to GHRH, probably through inhibition of somatostatin release "<' 1~18 
from the hypothalamus, was previously investigated in normal- ~ 14 

z 12 
- -  r o  weight and obese patients with NIDDM. 3 The GH response to ~ 

GHRH in normal-weight diabetics and obese diabetics was q 4 
similar to the response in obese control subjects, and all 0 02 
responses were lower than in normal-weight control subjects. 
Arginine caused a significant increase of GHRH-induced GH 
release in all groups. Our overweight NIDDM patients have a 
similarly blunted GH response to GHRH. On the other hand, 
assessments of the GH response to GHRH in lean NIDDM ,, 
subjects have produced conflicting data. 4J9 Similar to our study ,,<, 14 
protocol, the GH response to GHRH was investigated in five ~ 42 
age-matched groups: normal-weight controls, obese controls, ~- 
insulin-dependent diabetics, normal-weight NIDDM patients, ~ 40 
and obese NIDDM patients. -~ The peak GH response to GHRH ~ 8 
was similar in the controls, insulin-dependent diabetics, and '<" 

r ¢  6 

normal-weight NIDDM patients, but was significantly reduced 7° 4 
in the two obese groups. These previous results do not confirm ~- 

O 
the previous reports of abnormal GH secretion in diabetes, but q 2 
do demonstrate a markedly impaired GH response to GHRH as o 0 
a feature of obesity. These findings are in agreement with the 
fact that GH secretion in response to all provocative stimuli is 
decreased in patients with obesity, z° 

An alteration in hypothalamic somatostatinergic tone was 

[ ~ NON-OBESE NIDDM (GroupA) ] 

GHRH GHRP-6 GHRP~ + GHRH 

[ m O B E S E  N I D D M  ( G r o u p B )  ] 

GHRH GHRP-6 GHRP-6 + GHRH 

I m C O N T R O L S  ( G r o u p C )  I 

GHRH GHRP-6 GHRP-6 + GHRH 

Fig 5. Fold-increase of the GH peak value in groups A, B, and C for 
GHRP-6, GHRH, and GHRP-6 + GHRH. GHRP-6 and GHRH vcombined 
administration: group A, P < .05; group B, P > .05; group C, P < .05. 
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Fig 6. Fold-increase of the AUC for GH in groups A, B, and C for 
GHRP-6, GHRH, and GHRP-6 + GHRH. GHRP-6 and GHRH vcombined 
administration: group A, P < .05; group B, P > .05; group C, P < .05. 

N1DDM patients have decreased endogenous GHRH tone. 
since they exhibited an impaired GH response to L-dopa, an 
agent that presumably acts by increasing hypothalamic GHRH 
release. 2~ Our data showing a normal GH response to GHRP-6 
in NIDDM patients contradict this hypothesis, since it is known 
that GHRP-6 requires the presence of GHRH in order to elicit 
GH secretion. 22 The GHRP acts at two anatomical sites--the 
hypothalamus and the pituitary--to release GH. Using a 
coupled in vitro-in vivo approach, it has been possible to 
demonstrate that the scope of the relation between GHRP and 

GHRH in eliciting GH release can be independent and depen- 
dent, additive and synergistic, as well as permissive, a3 The 
GH-releasing activity of GHRPs is synergistic with that of 
GHRH and is not affected by opioid receptor antagonist, while 
it is only blunted by inhibitory influences that are known to 
nearly abolish the effect of GHRH, such as neurotransmitters, 
glucose, free fatty acids, glucocorticoids, recombinant human 
GH, and even exogenous somatostatin, m It is possible that the 
GHRP-6 + GHRH synergistic release of GH in humans is the 
primary result of the hypothalamic action of GHRP-6, with 
pituitary action being secondary. 23 Furthermore, our data show- 
ing a marked increase in plasma GH levels following GHRP-6 + 
GHRH administration in all tested groups suggest that the 
somatrope secretory capacity is not severely compromised in 
patients with NIDDM as suggested by some investigators. 5 
However, the decreased synergistic effect of GHRP-6 + GHRH 
in our obese NIDDM patients could theoretically be due to 
increased somatostatin tone in obesity. A similar conclusion was 
reported in normal individuals by testing the GH response with 
a maximal dose of GHRH + 0. l pg/kg GHRP-2, suggesting that 
if somatostatin had been increased, the low dose of GHRP-2 
would not have induced synergism. 23 It was concluded by the 
same investigator that GHRP does not induce synergism by 
releasing endogenous GHRH, except at high dose, or by 
inhibiting somatostatin release. However, pyridostigmine pre- 
treatment did not significantly change the GH response to 
combined administration of GHRP-6 + GHRH in obese 
subjects, leading to the conclusion that GHRP-6 can behave as a 
functional somatostatin antagonist, and that somatotrope respon- 
siveness to the combined administration of GHRP-6 + GHRH 
is largely independent of somatostatiuergic tone. 24 The presence 
of GHRP receptors in hypothalamJc structures and the evidence 
that GHRP-elicited GH secretion is not mediated by changes in 
endogenous GHRH or somatostatin, but requires an operational 
hypothalamus, suggest that exogenous GHRP may induce the 
release of another hypothalamic factor with GH-releasing 
capabilities (U factor, or unknown factor). ~5 The synergistic 
release of GH, in turn, is mediated by the dual complementary 
pituitary action of U factor plus GHRH. To what degree U 
factor may play a physiological role versus only a pharmacologi- 
cal role is presently unknown. 23 In any case, the most interesting 
quality of GHRP-6 is that its GH-releasing capabilities are not 
altered by metabohc signals. This property may well explain the 
preserved effectivity of GHRP-6 in the diabetic patients de- 
scribed in this report, and may be a tool to further understand 
the contribution of the somatotrope axis to the complications of 
diabetes mellitus. 

In conclusion, our results demonstrate that normal-weight 
NIDDM patients have a preserved response of GH to GHRP-6, 
GHRH, and GHRP-6 + GHRH. Overweight NIDDM patients 
have a blunted response to GHRH and GHRP-6 + GHRH. The 
preserved GH response to GHRP-6 in both diabetic groups 
suggests that the secretory potential of somatotropes is pre- 
served in N[DDM patients. The impairment of the GH response 
to GHRH in overweight NIDDM patients could be a functional 
defect possibly due to the obesity, since it could be overridden 
with administration of GHRP-6. 
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