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INTRODUCTION

Acute hyperglycemia suppresses basal growth hor-
mone(GH) secretion[l~3] and GH response to
growth hormone-releasing hormone(GHRH)[4~6] in
normal subjects. The latter effect is reverted by the
administration of pyridostigmine[7], a cholinesterase
inhibitor, which is known to suppress the hypothala-
mic somatostatin(SRIH) release[8~13]. Those studies
suggest that acute hyperglycemia stimulates the SRIH
release from the hypothalamus, and the SRIH release
may be mediated by cholinergic pathway. However,
the SRIH-containing nerve fibers, which are located
mainly in the anterior hypothalamic periventricular
system, receives a variety of neural inputs from the
principal ascending monoaminergic systems[14,15].
Thus, the possibility remains to be excluded that the
other monoaminergic pathways are involved in the
glucose-induced SRIH release

Among the monoaminergic pathways, beta-adrener-
gic pathway deserves to be considered as a candidate.
Propranonol, a beta-adrenergic receptor antagonist,
exaggerates GH release induced by hypoglycemic
stress[16], exercise[17], glucagon{18], and GHRH[19,
20] in humans. It inhibits the SRIH release from the
hypothalamus in conscious rabbits[21] and in the dis-
persed rat hypothalamic cells[22]. These studies sug-
gest that beta-adrenergic pathway stimulates the
hypothalamic SRIH release. Therefore, we investi-
gated whether the glucose-induced SRIH release is

mediated by the stimulation of central beta-adrenergic

system.

MATERIALS AND METHODS
1. Subjects

Ten healthy young men, aged 20 to 24 years, were
enrolled after getting informed consents from the
subjects and an approval from an ethical committee at
Kyung Hee University Hospital. All the subjects had
not been on any medication at least two weeks prior
ot the study and were not obese. Their mean body
weight was 63.5+3.5 kg and their mean body mass
index was 21.3+0.5 kg/m’. None of them had a
family history of diabetes mellitus or cbesity.

2. Endocrine tests

Four tests were carried out as below in random
order on four separate occasions at least one week
apart. The subjects were fasted from midnight until
completion of each test. The tests commenced at
0900 h. An indwelling venous cannula was placed
into a forearm vein an hour prior to the first
collection of blood sample at - 90 min and kept open
with a slow infusion of 0.9% NaCl for sampling.
Each subject remained sitting in a chair comfortably
throughout the tests. They were allowed to read news
papers or magazines during the tests. No one was
allowed to sleep during the tests. Blood was collected
every 10min during each test(Test 1). GHRH
(Bachem, CA, U.S.A), 100pg bolus, was given
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Fig. 1. Changes of the plasma glucose concentration.
The open and closed squares denote the plasma
glucose concentrations in Test 1 and Test 2,
respectively. The open and closed circles depict
those in Test 3 and Test 4, respectively. The
data represent mean+S.E.

intravenously at O min(Test 2). Glucose, 75 gm
dissolved in cold water, was given orally at -30 min
and GHRH was administered as Test 1(Test 3).
Propranonol(Inderal, ICI, UK.), 0.2mg/kg, was
continuously infused between -60 min and 120 min,
and GHRH was administered as Test 1(Test 4).
Propranolol(inderal), 0.2 mg/kg, was continuously
infused between -60 min and 120 min, and glucose
and GHRH were administered as Test 2.

3. Assays and Statistics

Plasma was separated immediately and frozen at
-20°C until assays. Plasma glucose was measured by
a glucose autoanalyzer using glucose oxidase method.
The plasma GH concentration was determined by a
commercial immunoradiometric assay kit(Nichols
Institute Diagnostics, California, U.S.A.). The sensi-
tivity was 0.02 yg/L, the intraassay variation 3.3%
and the interassay variation 5.1%. Data were
expressed as mean = SE. Statistical comparisons
were made by one-way repeated measures analysis of
variance. All statistical analyses were performed by

using a statistical software(GraphPad Prism,
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Fig. 2. Changes of the plasma GH concentration.
The open and closed squares denote the plasma
GH concentrations in Test 1 and Test 2,
respectively. The open and closed circles depict
those in Test 3 and Test 4, respectively. The
data represent mean=+S.E.

GraphPad Software, Inc, CA, USA). Significance was
defined as p<0.05.

RESULTS

No significant change in the plasma glucose con-
centration was noted after GHRH administration(Fig.
1). Administration of GHRH induced a significant
increment in the GH level with a peak of 7.83+2.97
ug/L at 50 min in Test 1(Fig. 2).

In Test 2, the oral glucose administration induced a
peak plasma glucose concentration of 142-+7 mg/dl at
20 min, which was significantly higher than that (87
+3mg/dL) in Test 1(Fig. 1). The acute hypergly-
cemia significantly suppressed the peak of GHRH-
induced GH secretion(4.98 £1.07 ug/L vs. 7.83+2.97



— RRRHER SRR Al 11 A4 X 1996 —

ug/L, p<0.05)(Fig. 2).

In Test 3, the propranolol pretreatment did not
affect the plasma glucose concentration(Fig. 1). In
contrast, it significantly increased the GHRH-induced
GH levels between 30 and 120 min(p <0.05), with a
peak of 18.87+4.13 ug/L at 50 min, compared to
those in Test 1(Fig. 2).

However, the propranolol pretreatment did not
revert the suppression of GHRH-induced GH secre-
tion by glucose in Test 4. The mean of GH peak did
not differ significantly from that in Test 1(5.4111.05
ug/L vs. 498 £1.07 ug/L)(Fig. 2).

DISCUSSION

Although it is well known that acute hyperglycemia
not only suppresses basal GH secretion but sup-
presses the GHRH-stimulated GH release, the mech-
anism how acute hyperglycemia suppresses the GH
secretion is not clear. Penalva et al.[{7] demonstrated
that pyridostigmine, a cholinesterase inhibitor, reverts
the suppression by glucose of GHRH-induced GH
secretion and hyperglycemia is unable to reduce the
potentiating effect of pyridostigmine on the GHRH-
induced GH release. The study suggests that acute
hyperglycemia suppresses the GH release from the
anterior pituitary gland by inducing the hypothalamic
SRIH release.

Since the hypothalamic SRIH release is under the
controls of various inputs from other parts of the
central nervous system, other monoaminergic path-
ways may involve in the regulation of SRIH release.
In fact, Richardson and Twente[22] demonstrated that
propranolol, a beta-adrenergic antagonist, augments
GH response by inhibiting the hypothalamic SRIH
release from the dispersed hypothalamic cells of rats.
Although the study suggests that the beta-adrenergic
pathway can stimulate the hypothalamic SRIH
release, it has not yet been investigated whether the

glucose-induced SRIH release is mediated by the the
beta-adrenergic pathway.

The remarkable increase of GH level after propra-
nolol pretreatment indicated that propranolol success-
fully blocked beta-adrenergic receptors of the hypo-
thalamus, which in turn inhibited the somatostatin
release. The present study demonstrates that the
pretreatment  with propranolol can not revert the
suppressive effect of glucose on the GHRH-induced
GH secretion. It suggests that the glucose-induced
SRIH release is not mediated by the beta-adrenergic
pathway. This conclusion needs to be proved further
by demonstrating that a beta-adrenergic agonist has
an additive effect on the suppressive effect of glucose
on the GHRH-induced GH secretion.

If it is the case, the combined treatment with pro-
pranolol and glucose can be used as a potent stimu-
lation test for the evaluation of the hypothalamic
somatostatin release. This study also suggests that the
pathway that mediates the glucose-induced somato-
statin release palys more important role in the regula-
tion of the hypothalamic somatostatin release than
beta-adrenergic pathway. It remains to be determined
which pathway mediates the glucose-induced hypo-
thalamic SRIH release. Pulsatile GH secretion is
regulated by the interaction between GHRH and
SRIH. Both of them are under the controls of a
variety of neurotransmitters.

The alpha-adrenergic system is known to stimulate
GH secretion by enhancing the release of GHRH
[23,24]. No evidence is reported that the alpha-
adrenergic pathway stimulates the hypothalamic SRIH
release. On the contrary, it has been demonstrated
that central alpha 2-adrenergic blockade causes
suppression of the release of hypothalamic GHRH
and enhanced release of endogenous somatostatin,
and hypothalamic GHRH neurons may show a more
sensitive response to alpha 2-adrenergic blockade

than somatostatin neurons[25). Other studies reported
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that an alpha 2-adrenergic agonist enhances the GH
response to GHRH through an inhibition of hypotha-
lamic somatostatin release in men{26,27]. Therefore,
alpha 2-adrenergic pathway is less likely to mediate
the glucose-induced somatostatin release.

Dopamine is known to stimulate the SRIH release
in vitro from the rat hypothalamus[28,29], dispersed
hypothalamic cells[30], median eminencef31], or
mediobasal hypothalamus[32,33].

administration of dopamine also enhances somatosta-

Intraventricular

tin release into the rat hypophyseal portal blood[34].
Although there is no evidence that glucose induces
the hypothalamic dopamine release, the possibility
can not be excluded by this study.

A large body of both direct and circumstantial evi-
dence has established that acetyicholine regulates the
GH secretion by tonically inhibiting the hypothalamic
SRIH release in vitro{35] and in vivo[36~38].

Earlier studies[7,39] demonstrated that pyridostig-
mine completely counteracted the inhibitory action of
glucose on GH release and hyperglycemia was unable
to reduce GH secretion elicited by pyridostigmine.
Those studies suggest that the glucose-induced hypo-
thalamic SRIH release may be mediated by cholin-
ergic pathway. One might speculate that acute hyper-
glycemia suppresses cholinergic inhibition of the
hypothalamic SRIH release. The hypothesis needs to
be tested in future.

The link between the hypothalamic glucose sensor
and the SRIH containing neurons is unknown, as is
the precise location of the cholinergic interneuron
with respect to these two structures. Investigation also
need to be done in future to clarify the neuronal
connection between the cholinergic regulatory system

and the somatostatin neuron.

CONCLUSION

The present study demonstrates that the pretreat-

ment with propranolol can not revert the suppressive
effect of glucose oh the GHRH-induced GH secre-
tion. It suggests that the glucose-induced SRIH
release is not mediated by the beta-adrenergic path-
way. This conclusion needs to be proved further by
demonstrating that a beta-adrenergic agonist has a
synergistic effect on the suppression by glucose of
GHRH-induced GH secretion.

CONDENSATION

Background and Objectives: Acute hyperglyce-
mia stimulates somatostatin(SRIH) release from the
hypothalamus, and which in turn suppresses growth
hormone(GH) secretion from the anterior pituitary
gland. However, the mechanism by which glucose
increases the hypothalamic SRIH secretion is
unknown. Beta-adrenergic pathway is known to
stimulate the hypothalamic SRIH release. We,
therefore, hypothesized that the glucose-induced
SRIH release may be mediated by the stimulation of
central beta-adrenergic system, and investigated to
determine whether the beta-adrenergic antagonist,
propranolol, can rtevert the suppressive effect of
glucose on the GHRH-induced GH secretion.

Subjects: Ten healthy young men, aged 20 to 24
years, were studied. None of them was obese.

Design: Test 1: GHRH, 100 ug bolus, was admini-
stered intravenously at O min. Test 2: Glucose, 75 g,
was given orally ‘at -30 min and GHRH was admini-
stered as Test 1. Test 3: Propranolol(Inderal), 0.2 mg/
kg, was continuously infused between -60 min and
120 min, and GHRH was administered as Test 1. Test
4: Propranoloi(Inderal), 0.2 mg/kg, was continuously
infused as test 3, and glucose and GHRH were
administered as Test 2.

Measurement: 3lood was collected every 10 min
for the determinazion of plasma glucose and GH

concentration. Plasma GH level was measured by
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radioimmunometric assay using monoclonal antibody,
and plasma glucose level was measured by glucose
oxidase method.

Results: Oral glucose ingestion significantly sup-
pressed the GHRH-induced GH secretion. The
pretreatment with' propranolol significantly increased
the GH levels between 20 and 100 min compared to
those in Test 1. The pretreatment with propranolol
could not revert the glucose-induced GH suppression
in Test 4.

Conclusion: These data suggest that the increased
hypothalamic somatostatinergic activity ‘induced by
oral glucose administration is not mediated the

beta-adrenergic pathway in normal men.

Key Words: Hyperglycemia, SRIH, Beta-antagonist,

Glucose-induced SRIH release
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