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Summary. LN 5330 is a new benzothiadiazine which is a struc-
tural analogue of diazoxide. Its effects in vivo were studied on
blood glucose levels and insulin, glucagon and somatostatin
secretion in normal dogs, and in vitro on glucagon and insulin
secretion from the isolated perfused rat pancreas. The results
were compared with those obtained with diazoxide at equi-
molar dose or concentration. In the normal anaesthetized dog
having a T-shaped catheter inserted in the pancreaticoduod-
enal vein, the infusion of LN 5330 (87.8 umol/kg for 20 min)
induced (1) a progressive increase in blood glucose levels, (2)
a rapid decrease in insulin and somatostatin output rate, (3)
an immediate increase in pancreatic glucagon secretion, and
(4) a delayed decrease of arterial blood pressure. The equimo-
lar dose of diazoxide provoked the same effects on blood glu-
cose levels, insulin and somatostatin output, but a marked de-

crease in glucagon output and in arterial blood pressure. In
the isolated rat pancreas perfused with 8.3 mmol/1 glucose,
the infusion of LN 5330 (440 umoi/1 for 30 min) induced a
drastic fall in insulin and a rapid and persistent increase in
glucagon output. This stimulatory effect on glucagon secre-
tion was not found with diazoxide at equimolar concentra-
tion. These findings show that LN 5330 is a substance which is
distinct from diazoxide and interesting because of its double
action: inhibition of insulin secretion and stimulation of glu-
cagon secretion.
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Chloro-7 trifluoromethyl-6 benzothiadiazine-1,2,4 diox-
ide-1,1 (LN 5330) is a new benzothiadiazine (Fig.1)
which is a structural analogue of diazoxide, a known in-
hibitor of insulin secretion. We have shown previously
that LN 5330, like diazoxide, strongly inhibits insulin
secretion from the isolated perfused pancreas of the rat.
However, after ceasing the LN 5330 infusion, we ob-
served a marked increase in insulin output, which was
not found with diazoxide [1].

The aim of the present study was to investigate the
effects of LN 5330 on pancreatic hormones in the dog
in vivo and to compare them with those obtained with
diazoxide. Since these revealed that LN 5330 and di-
azoxide had different effects on glucagon secretion, we
investigated whether this difference could be found also
in the isolated perfused rat pancreas.
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Fig.1. Structural formulae of diazoxide (chloro-7 methyl-3 benzo-
thiadiazine-1,2,4 dioxide-1,1) and LN 5330 (chloro-7 trifluoromethyl
-6 benzothiadiazine-1,2,4 dioxide-1,1)

Diazoxide

Materials and methods

Animals

Studies were carried out either in vivo in normal dogs or in vitro on
isolated perfused rat pancreas.

Experiments in vivo

Normal mongrel dogs were used, weighing 15-20kg. Before experi-
ments, the animals had free access to water and a standard balanced
diet (UAR 121, Villemoisson-sur-Orge, France). They were fasted
for 18 h before the experiment. The animals were anaesthetized intra-
venously with pentobarbital (30mg/kg body weight). After a
median laparotomy, a T-shaped catheter was inserted into the
pancreaticoduodenal vein. The animals were given heparin intra-
venously (5mg/ kg). Venous blood samples were taken from the T-
shaped catheter for measurement of insulin, glucagon and somato-
statin levels. Blood glucose was recorded continuously by an autoana-
lyzer (Technicon, Chauncey, New York, USA) and arterial pressure
with a Ludwig’s manometer (Boulitte, Paris, France). A by-pass, in-
serted in the femoral artery, allowed continuous recording of the arte-
rial pH (ISIS 4000 pH meter, Tacussel, Lyon, France). LN 5330 and
diazoxide were infused at an equimolar dose of 87.8 umol/kg over a
period of 20 min (25 mg/kg body weight for LN 5330 and 20 mg/kg
body weight for diazoxide).

Experiments in vitro

Pancreases were taken from Wistar rats weighing approximately 350 g
and fed ad libitum. The animals were anaesthetized intraperitoneally
with sodium pentobarbital (60 mg/kg body weight) and pancreases
were isolated and perfused as described previously [2]. The pan-
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Fig.2. A and B The effects of an in-
fusion on LN 5330 (@ —@) or di-
azoxide (O ------ Q) at equimolar
dose in normal anaesthetized dogs
(87.8 wmol/kg body weight over a
period of 20 min) on: A arterial pH,
blood pressure and blood glucose
and B insulin, glucagon and soma-
tostatin output. Basal values for

LN 5330 and diazoxide experiments

= were respectively: blood pressure:
119+ 10 and 112 £ 8 mmHg;
blood glucose level: 4.5+ 0.2 and
5.0+0.2 mmol/1; insulin output:
310+ 85 and 275+ 37 ng/min; glu-
cagon output: 8.5+ 1.1 and 8.5+
1.2 ng/min; somatostatin output:
44+14 and 4.3 +1.5ng/min. For
each set of experiments, the number
of animais is indicated in paren-
theses
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creases were isolated from all neighbouring tissues and organs, partic-
ularly from the spleen, stomach and duodenum. The perfusion medi-
um was a Krebs-Ringer bicarbonate buffer containing purified bovine
albumin (2 g/1). A mixture of oxygen (95%) and carbon dioxide (5%)
was bubbled through the medium at atmospheric pressure. The pH of
the solution was 7.35. In all experiments there was an equilibration
period of 30 min. At the end of this period, the first sample used for
glucagon and insulin assay was collected. Two more samples were
taken 10 and 15 min later for reference samples. In a first set of experi-
ments, the mean glicose concentration in the medium was 8.3 mmol/1
throughout the experiment and LN 5330 or diazoxide was infused for
30min at an equimolar concentration of 440 pmol/1 (125 mg/1 for
LN 5330 and 101 mg/1 for diazoxide). In a second set of experiments,
after 45 min perfusion with 8.3 mmol/1 glucose, the pancreases were
perfused with a physiological medium containing 5.6 mmol/I1 glu-
cose; LN 5330 was administered at 440 pmol/1. Control pancreases
were infused under the same conditions with NaCl (0.154 mol/1).

Methods

Blood glucose values were recorded with an autoanalyzer (Technicon,
Chauncey, New York, USA) by a potassium ferricyanide procedure
on haemolyzed blood [3]. Insulin was measured by the method of
Hales and Randle [4]. The standards used were pure dog insulin and
pure tat insulin whose biological potencies were 22pU/ng and
19 uU/ng, respectively. Glucagon was determined by the method of
Unger et al. [5), using the 30 K antiserum which is relatively specific
for pancreatic glucagon. Plasma somatostatin was evaluated by a
method using 80 C antiserum (a gift from Dr. R. Unger, Dallas, Texas),
and tracer (a gift from Clin-Midy Laboratories, Montpellier, France).
The procedure has been described previously [6]. Hormonal output
rate in experiments in vivo and in vitro was determined by multiplying
the concentration of hormone (ng/ml or pg/m}) by the liquid flow
(ml/min); in experiments in vivo the venous blood flow was corrected
using haematocrit values.

Drugs

LN 5330 (mol. wt. 284.6) was kindly supplied by Laroche-Navarron
Laboratories, Puteaux, France and diazoxide (mol. wt. 230.7) by
Schering, Bloomfield, New Jersey, USA. Both drugs were dissolved in
an equimolar amount of NaOH (1 mol/1) and the volumes adjusted
with NaCl (0.154 mol/1).

Statistical analysis

Results are expressed as a percentage of the reference value and as
mean + SEM. The results were submitted to analysis of variance using
the multiple comparison test [7).

Results

- Experiments in vivo

In anaesthetized dogs (Fig.2) the infusion of LN 5330
and diazoxide did not change the arterial pH. Only af-
ter 5min did LN 5330 induce a progressive decrease
in blood pressure (—32% at the end of infusion; p <
0.001). The infusion of diazoxide induced a drastic fall
in blood pressure from min 2 (p <0.005) to —67% at the
end of infusion. From min 10, blood glucose levels in-
creased progressively; at the end of the experiments the
values were respectively: +72% and +45% for
LN 5330 and diazoxide (p <0.001).

Insulin output decreased from 2 min of LN 5330 in-
fusion (at 20 min the fall was —85%; p <0.001). Di-
azoxide also caused a marked fall in insulin output
(—68% at 20 min; p <0.001). Reductions in insulin se-
cretion, induced by both substances, were not signifi-
cantly different from each other.

LN 5330 induced an immediate and marked in-
crease of glucagon output. This increase was signifi-
cant at min 2 (+92%, p <0.001) and at min 5 (+72%,
p <0.05) of the infusion, but disappeared by 10 min. In
contrast, with diazoxide the glucagon secretion fell im-
mediately (p <0.005 at 5 min); this decrease was —70%
from min 10 and persisted throughout the experiment.

Pancreaticoduodenal somatostatin output was con-
siderably reduced by both substances (p <0.001; 41%
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Fig.3. Changes in glucagon and insulin output rates from isolated rat
pancreas perfused with LN 5330 (@ —@) or diazoxide (O------ O)at
a concentration of 440umol/l versus control experiments
(A e A). Glucose concentration in the perfusion medium was
8.3 mmol/1. At 45min, the reference value of glucagon output for
LN 5330 experiments was 250+ 50 pg/min; diazoxide experiments
232 + 40 pg/min; control experiments 257 & 30 pg/min. The reference
value of insulin ouput rate for LN 5330 experiments was 37X8
ng/min; diazoxide experiments 52+ 12 ng/min; control experiments
44 + 6 ng/min. The number of experiments is indicated in parentheses

with LN 5330, 60% with diazoxide at min 20). These re-
ductions were not significantly different from each oth-
er.

Experiments in vitro

Effects of LN 5330 or diazoxide on glucagon and insulin
secretion in the presence of glucose (8.3 mmol). During
the LN 5330 infusion at 440 wmol/1, a significant in-
crease in glucagon output was observed (p <0.005)
(Fig.3). The increase in glucagon secretion occurred at
3min, and reached +111% at 15min, persisting
throughout the infusion. When ceasing the infusion,
glucagon output progressively regressed to starting val-
ues and was not significantly different from controls.
Diazoxide infused at equimolar concentration did not
significantly modify glucagon output compared with
control pancreas.

The infusion of LN 5330 or diazoxide at the equi-
molar dose of 440 pmol/1 considerably inhibited insulin
secretion (p <0.001). This inhibition persisted beyond
the infusion period of diazoxide, whereas it disap-
peared immediately after the infusion of LN 5330.
Moreover with LN 5330, insulin secretion markedly in-
creased (+275% of initial output).
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Fig.4. Changes in glucagon and insulin output rates from isolated
pancreas perfused with LN 5330 (@-—-@) at a concentration of
440 umol/l versus control experiments (A ------ A). Glucose concen-
tration in the perfusion medium was 8.3 mmol/1 from 0 to 45 min, and
5.6 mmol/1 from 45 to 110 min. At 45 min the reference value of glu-
cagon output for LN 5330 experiments was 184 £ 36 pg/min; control
experiments 202 14 pg/min. The reference value of insulin output
for LN 5330 experiments was 36+2ng/min; control experiments
47 +7 ng/min. The number of experiments is indicated in parentheses

Effect of LN 5330 on glucagon and insulin secretion in the
presence of glucose (5.6 mmol/1). Lowering glucose con-
centration from 83 to 5.6 mmol/l significantly in-
creased glucagon secretion (p <0.05) and inhibited in-
sulin secretion (p <0.001) (Fig.4). When LN 5330 was
added to the perfusion medium, a clear increase of glu-
cagon output, significant from min 10 compared with
secretion in control pancreas (p < 0.05) was observed.

LN 5330 did not significantly change the fall in insu-
lin secretion induced by the low glucose concentration.
After ceasing LN 5330 infusion, the inhibition of insulin
secretion disappeared, and at 20 min insulin reached
values comparable to those obtained in the presence of
glucose (8.3 mmol/1).

Discussion

Our experiments in vivo show that LN 5330, a new ben-
zothiadiazine derivative and structural analogue of di-
azoxide, evokes simultaneous inhibition of insulin and
stimulation of glucagon secretion. Both effects are ac-
companied by a progressive increase in circulating
blood glucose level. The insulin stimulatory effect pre-
viously observed in vitro after stopping LN 5330 [1] was
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not seen in vivo; a possible explanation is that LN 5330
persists in the dog after stopping the infusion.

In the anaesthetized dog, the infusion of LN 5330
causes a fall in arterial blood pressure. However, this ef-
fect, which occurred only after the first 5 min of infu-
sion, was progressive and clearly less important than the
hypotension due to diazoxide at an equimolar dose. It
has been shown that the hyperglycaemic effect of dia-
zoxide is due, not only to inhibition of insulin secretion,
but also to glycogenolysis secondary to adrenaline re-
lease [8]. LN 5330 did not modify the arterial blood
pressure for the first 5Smin, so it is suggested that the
early increase in glucagon secretion is not due to a re-
lease of catecholamines in response to hypotension.
The possibility of reflex adrenergic activation even pri-
or to manifest hypotension might be put forward. In
this case, a rapid increase in blood glucose level due to
glycogenolysis would occur, and an increase in gluca-
gon secretion should be observed aiso with diazoxide.
Furthermore, the increase in glucagon secretion ob-
served in vivo with LN 5330 is confirmed in vitro on the
isolated rat pancreas perfused in the presence of 8.3 or
5.6 mmol/1 glucose. These findings indicate that the en-
hancement of glucagon secretion is due to a direct ac-
tion of LN 5330 on the pancreas. The stimulating action
on glucagon secretion was not found in the experiments
with diazoxide. On the contrary, diazoxide produced in-
hibition of pancreatic glucagon in our experiments in
the dog. These results are in accordance with those also
obtained in dogs by Samols et al. [9] and Altszuler et al.
[10]. The action of diazoxide on glucagon secretion is
less clear in other species such as rat [11] or man [12].

It is now accepted that diazoxide reduces the ion-
ized calcium content of the cells of isolated Islets of
Langerhans. Recent studies have allowed us to observe
an identical phenomenon with LN 5330 [13]. As it has
been reported that calcium deprivation in the medium
induces an increase of glucagon secretion [14, 15],
diazoxide, like LN 5330, would be expected to provoke
an increase of glucagon secretion. The results reported
up until now show that diazoxide has never induced an
increase of glucagon secretion. It is therefore highly im-
probable that the glucagon stimulatory effect of
LN 5330 is directly related to a decrease in cytosolic
ionized calcium.

In dogs, the infusions of diazoxide or LN 5330 pro-
voked a marked decrease in the venous pancreatico-
duodenal somatostatin output. With respect to
LN 5330, this drop might be responsible, in part, for the
increase in glucagon secretion. This hypothesis seems
unlikely since diazoxide, which also inhibits pancreatic
somatostatin secretion, did not increase, but decreased
glucagon secretion.

Our present experiments show that LN 5330 has
dual effects on pancreatic hormones: inhibition of insu-
lin and stimulation of glucagon secretion. Furthermore,
upon withdrawal of LN 5330 from the perfusion medi-
um during in vitro expetriments, an increase in insulin
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release was observed, which was not the case after with-
drawal of diazoxide.

In conclusion, these findings indicate that LN 5330,
which is a structural analogue of diazoxide and also in-
duces inhibition of insulin secretion, has other distinct
and interesting properties.
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