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Summary. A new hypogyleaemic sulphonylurea
HB 419 (Glybenzeyclamide) was injected intravenously
into normal dogs (0.25 mg/kg). The drug produced within
30 min a fall in the concentration of plasma glucose and
a rise in the concentration of immunoreactive insulin
(IRT). When the alpha-adrenergic blocking agent phen-
tolamine (5 mg per dog) was imjected prior to the ad-
ministration of HB 419, the rise in the concentration of
plasma IRI was markedly potentiated. Insulin secretion
was not appreciably stimulated by HB 419 when animals
were treated with the beta-adrenergic blocking agent
Ko 592, 1-(3-methylphenoxy)-3-isopropylaminopropanol-
2-hydrochloride (0.1 mg/kg). The results of these experi-
ments suggest that the mechanism of action of HB 419
on the pancreatic islets involves beta-adrenergic stimu-
lation.

Stimulation béta-adrénergique et Libération dinsuline
aprés administration de HB 419 chez le chien

Résumé. Un nouveau sulfonylurée hypoglycémiant, le
HB 419 (glybenzcyclamide) a été injecté par voie intra-
veineuse a des chiens normaux (0.25 mg/kg). Dans les
30 min, la drogue provoquait une chute de la concen-
tration de glucose plasmatique et une augmentation de la
concentration d’insuline immunoréactive (IRI). Lorsque
Pon injectait de la phentolamine (5 mg par chien), agent
blogquant alpha-adrénergique, avant I'administration de
HB 419, I’élévation de la concentration ’TRI plasmati-
que était potentialisée de fagon prononcée. La séerétion

In humans direct stimulation of beta-adrenergic
receptors by isoproterenol was shown to lead to an
-increase in the concentration of immunoreactive insu-
lin [5], whereas stimulation of alpha-adrenergic recep-
tors by epinephrine caused inhibition of insulin re-
lease [6, 7]. Glucagon exerted its insulin releasing effect
in spite of beta-adrenergic blockade [5], and alpha-
adrenergic stimulation by epinephrine caused partial
inhibition of the insulinogenic effect of tolbutamide [7].
Although the latter could not be interpreted in terms
of direct participation of adrenergic receptors in the
mechanism of action of tolbutamide, we have, never-
theless, considered the possible involvement of alpha-
and/or beta-adrenergic receptors in the mechanism of
action of the newly introduced oral hypoglycaemic
sulphonylurea Glybenzeyclamide, better known as
HB 419 [10].

Methods
Four normal mongrel dogs, each weighing about
10 kg, were fasted overnight and used for experimen-

tation without anaesthesia. The sodium salt of HB 419,
a gift of Hoechst Pharmaceuticals of Canada, was in-
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d’insuline n’était pas stimulée de fagon appréciable
par le HB 419 quand les animaux étaient traités avec
un agent bloquant béta-adrénergique, le K6 592, chlor-
hydrate de 1-(3-méthylphenoxy)-3-isopropylaminopro-
panol-2 (0.1 mg/kg). Les résultats de ces expériences sug-
gerent que le mécanisme d’action du HB 419 sur les ilots
pancréatiques implique la stimulation béta-adrénergique.

Beta-adrenerge Stimulation und Insulinausschiittung bes
Hunden unter HB 419

Zusammenfassung. Normale Hunde erhielten 0.25
mg/kg des neuen blutzuckersenkenden Sulfonylharnstoffs
HB 419 (Glybenzeyclamid) intravends. Das Mittel rief in-
nerhalb einer halben Stunde einen Abfall des Blutzuckers
und einen Anstieg der Serumspiegel des immunoreaktiven
Insuling (IRT) hervor. Die Erhéhung der Seruminsulin-
spiegel lieB sich wesentlich verstérken, wenn vor der
HB 419-Gabe der alpha-Rezeptorenblocker Phentolan
(5 mg/Hund) verabreicht wurde. Die Zufuhr des g-Rezep-
torenblockers K6 592, 1-(3-methylphenoxy)-3-isopropyl-
aminopropanol-2-hydrochlorid (0.1 mg/kg) hob den
HB 419-Effekt auf die Insulinsekretion weitgehend auf.
Die Untersuchungsergebnisse deuten darauf hin, daB die
Wirkung von HB 419 auf die Pankreasinseln iiber eine
B-adrenerge Stimulation erfolgt.

Key-words: Plasma insulin, alpha-adrenergic blockade,
beta-adrenergic blockade.

jected intravenously either alone (0.25 mg/kg, repre-
senting 10 times the minimum effective dose), or fol-
lowing pre-treatment with one of the adrenergic block-
ing agents. Phentolamine (Rogitine, 5 mg per dog) was
used to block the alpha-adrenergic receptors; the drug
was a gift of the Ciba Co. To block the beta-adrenergic
receptors, we used Ké 592, 1-(3-methylphenoxy)-3-
isopropylaminopropanol-2-hydrochloride (0.1 mg/kg),
which was a gift of the firm C.H. Boehringer & Sohn.
In control experiments, phentolamine and K6 592 were
each injected alone. The arrangement of the experi-
ments was such that each dog was its own control.
Samples of blood were withdrawn from a vein of the
foreleg into heparinized syringes at 15 or 30 min inter-
vals. Plasma sugar was determined by the ferricyanide
method of HorFmaN [2], using a Technicon Auto-
Analyzer. Plasma immunoreactive insulin (IRI) was
agsayed according to YaLow and Brrsox [12].

Results

Although each of the adrenergic blocking agents
was injected in relatively large amounts, none of them
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per se affected blood sugar levels or IRI concentrations
of normal dogs (Figs. 1, 2, 3).
HB 419 alone decreased the blood sugar level by
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Fig. 1. Plasma glucose response to a single i.v. injection of

a) the hypoglycaemic sulphonylurea HB 419 (0.25 mg/kg);

b) the beta-adrenergic blocking compound Koé 592
(0.1 mg/kg); and ¢) the combination of the two agents
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Fig. 2. Plasma glucose response to a single i.v. injection of
a) the hypoglycaemic sulphonylurea HB 419 (0.25 mg/kg);
b) the alpha-adrenergic blocking compound phentolamine
(5 mg per dog); and c¢) the combination of the two agents
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some 359%, within thirty minutes. Pre-treatment with
either phentolamine or K6 592 did not influence the
hypoglycaemic effect of HB 419 (Figs. 1 and 2).
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Fig. 3. Plasma insulin levels following a single i.v. injec-
tion of the alpha-receptor blocking agent phentolamine
(5 mg per dog) and the beta-receptor blocking agent
Ko 592 (0.1 mg/kg)

As far as insulin is concerned, administration of
HB 419 alone caused within thirty minutes a two-to
sixfold increase in the concentration of plasma IRI
(Figs. 4 and 5). When phentolamine was injected prior
to the administration of HB 419, the increase in the
concentration of plasma IRI became very marked in
each dog, reaching within the first thirty minutes
values that were approximately twice as high as the
maximal concentrations obtained with HB 419 alone
(Fig. 4). No such potentiated insulin release was seen
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Fig. 4. Plasma insulin concentrations rose in (three) nor-
mal dogs following a single i.v. injection of HB 419
(0.25 mg/kg). Note the augmented response when the
animals were pretreated with phentolamine (5 mg per dog)
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when the animals were pre-treated with K6 592 in-
stead of phentolamine; HB 419 stimulated no peak
ingulin secretion in 2 out of 3 dogs (Fig. 5).
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Fig. 5. Plasma insulin levels were not augmented in re-

sponse to HB 419 (0.25 mg/kg) when the animals were

pretreated with K6 592 (0.1 mg/kg); the sulphonylurea
failed to raise insulin concentrations in 2 out of 3 dogs

Discussion

The results of our experiments indicate that HB 419
releases insulin from the pancreatic islet cells by a
mechanism which involves beta-adrenergic receptors.

SuTHERLAND and collaborators [8] have forwarded
the hypothesis that the beta-adrenergic receptor is
likely to be identical with a part of the adenyl cyclase,
the enzyme which catalyzes the conversion of ATP
(adenosine triphosphate) to cyclic AMP (adenosine
3’, 5’-monophosphate). A possible role for the adenyl
cyclase system in insulin secretion was investigated
by MarAtsse, MALATSSE-LAGAR and MAYHEW [3]; exo-
genous cyclic AMP was shown to have an insulin
releasing effect by Sussmax and Vavemax [11]. Re-
cently, it has also been suggested that tolbutamide may
release insulin from the islets through cyclic AMP: The
effect of tolbutamide was potentiated by caffeine [4],
which is known to inhibit phosphodiesterase, the en-
zyme which inactivates cyclic AMP [9].

Thus even though we have not studied the levels
of cyclic AMP in the pancreatic beta cells of our dogs,
the evidence derived from our experimental results
and from the recent literature favours the hypothesis
that HB 419 stimulated the release of insulin, at least
in part, by activating the synthesis of cyclic AMP
through the adenyl cyclase system.

Although a reduction in plasma glucose concentra-
tion at high plasma insulin levels is to be expected, the
reduction which we bave noticed in the presence of
relatively low insulin levels after injecting HB 419 in
combination with K& 592 requires comment. Since
hepatic glycogenolysis is mediated by cyclic AMP [8, 9],
a beta-adrenergic blockade of the adenyl cyclase may
result in the dog in an inhibition of the glycolytic
mechanism [8], and hypoglycaemia will follow. An
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observation similar to ours was made by Byers and
FrrepvaN [1]. Administration of the beta-adrenergic

.blocker propranolol in combination with small amounts

of insulin to rats resulted in hypoglycaemic convul-
sions. It was suggested that the beta-blocker inhibited
the glycolytic reactions normally induced by epine-
phrine when the blood sugar level was low.

Augmentation of the IRI response, as observed
after the combined administration of phentolamine
and HB 419, also requires comment. Stimulation of
alpha-receptors inhibits the secretion of insulin [6, 7],
and presumably this is achieved by a decrease in the
level of cyclic AMP [8, 9]. Pharmacological blockade
of these receptors enhances the effectiveness of the
beta-receptors [6], which may explain in part the aug-
mented IRI response as demonstrated in Fig. 4. Also,
in the case of HB 419 it is likely that the hypo-
glycaemia remained ““‘unopposed”, in that epinephrine
was unable to act on the blocked alpha-receptors, and
consequently the IRI concentrations were permitted
to rise to levels almost twice as high as those observed
when the alpha-receptors were in operation. Whether
or not sufficient amounts of endogenous epinephrine
were released, which could account for a direct stimu-
lation of the islet cells when under alpha-adrenergic
blockade [5, 6, 9], remains to be studied. The possi-
bility cannot be excluded, since comparable reductions
in plasma glucose concentrations (Fig. 2) were observed
at insulin concentrations as far apart as 50 pU/ml and
200 wU/ml (Fig. 4). This would indeed suggest that
more epinephrine was released for compensatory
glycogenolysis in response to the combined adminis-
tration of phentolamine and HB 419, than following
HB 419 alone.
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