BLEeS

ELSE

E European Journal of Pharmacology 377 (1999) 81-87

v

www.elsevier.nl /locate /g phar

Effect of the new imidazoline derivative S-22068 (PMS 847) on insulin
secretion in vitro and glucose turnover in vivo in rats

Agneés Pelé-Tounian 2, Sue L.F. Chan °, Frédéric Rondu ¢, Gaélle Le Bihan ¢,
Marie-Héléne Giroix 2, Azzdine Lamouri ¢, Estera Touboul ¢, Bruno Pfeiffer ¢,
Dominicque Manechez ¢, Pierre Renard ¢, Béatrice Guardiola-Leméitre ¢,
Jean-Jacques Godfroid ¢, Luc Pénicaud ¢, Noél G. Morgan °, Alain Ktorza ®*

& Laboratoire de Physiopathol ogie de la Nutrition, Groupe Endocrinologie Métabolique, ESA 7059, Université Paris 7-Denis Diderot, 2 Place Jussieu,
Tour 23-33, ler étage, 75251 Paris Cedex 05, France
P Department of Biological Sciences, University of Keele, Staffs, UK
¢ Laboratoire de Pharmacochimie Moléculaire, Université Paris 7-Denis Diderot, Paris, France
9 Ingtitut de Recherches Internationales Servier, Courbevoie, France
¢ UPRESA 5018, Université Paul Sabatier, Toulouse, France

Received 28 April 1999; accepted 26 May 1999

Abstract

We have investigated the possible mechanisms underlying the antihyperglycaemic effect of the imidazoline derivative S-22068. In
vitro, in the presence of 5 mmol /I glucose, S-22068 (100 wmol /1) induced a significant and sustained increase in insulin secretion from
isolated, perifused, rat islets and a marked sensitization to a subsequent glucose challenge (10 mmol /1). S-22068 (100 p.mol /1 was able
to antagonize the stimulatory effect of diazoxide on %Rb efflux from preloaded islets incubated in the presence of 20 mmol /1 glucose.
Experiments were also performed to investigate whether S-22068 can ater glucose turnover and periphera insulin sensitivity in vivo in
mildly diabetic rats and obese, insulin resistant, Zucker rats. Neither glucose production nor individual tissue glucose utilization was
modified by S-22068 in either group of rats. Similar results were obtained whether the studies were performed under basal conditions or
during euglycaemic/hyperinsulinemic clamps. The results suggest that S-22068 exerts part of its antihyperglycaemic effect by promoting
insulin secretion without alteration of peripheral insulin sensitivity. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

There is now increasing evidence that certain imidazo-
line derivatives can act as potent insulinotropic agents and
that they can improve glucose homeostasis under condi-
tions of glucose intolerance in vivo (Wang et al., 1996;
Berdeu et al., 1997). The weight of evidence indicates that
this capacity is not attributable to « ,-adrenoceptor antago-
nism, athough it was originally proposed that this property
might be involved since many of the most active com-
pounds are also o ,-adrenoceptor antagonists. It emerged
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subsequently, however, that the ability to promote insulin
release and to lower plasma glucose is restricted to a
sub-family of «,-adrenoceptor antagonists which also pos-
sess an imidazoline ring (Schulz and Hasselblatt, 1988;
Ostensen et al., 1989; Chan, 1993). Moreover, insulin
release and glucose tolerance can be enhanced by several
imidazolines which are devoid of « ,-adrenoceptor antago-
nist activity (Schulz and Hasselblatt, 1989; Bertrand et al.,
1992; Berdeu et al., 1997). Thus, the chemical class of
imidazoline compounds represents an increasingly attrac-
tive source of potential new oral antidiabetic agents.

In this context, Institut de Recherches Internationales
Servier (IRIS) has recently synthesized a new imidazoline
compound, S-22068, as a prototype antidiabetic agent. In a
recent study, we have examined the effects of this agent in
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a rat model of non-insulin-dependent diabetes mellitus, in
which diabetes was induced by injection of a low dose of
streptozotocin (STZ). These rats exhibited mild fasting
hyperglycaemia, glucose intolerance, and impaired insulin
secretion, features very similar to those observed in pa-
tients with non-insulin-dependent diabetes mellitus,
(Thibault et al., 1992; Pele-Tounian et a., 1998). Acute as
well as chronic treatment of diabetic rats with S-22068
greatly improved glucose tolerance and dlightly stimulated
insulin secretion.

The present work was undertaken to study the mecha
nism responsible for the antihyperglycaemic effects of
S-22068. This has been done, on one hand, by examination
of the effects of S-22068 on the process of stimulus—secre-
tion coupling in isolated rat islets and on the other, by
monitoring its effects on glucose turnover and utilization,
in vivo, under basal or euglycaemic/hyperinsulinemic
conditions. The in vivo experiments were performed in
normal control rats, in diabetic rats and in obese, insulin
resistant, Zucker (fa/fa) rats (Terretaz et a., 1986).

2. Materials and methods
2.1. Animals and treatments

All experiments on animals were performed under ap-
proval of both institutions.

2.1.1. Control Wistar rats

Three-month old male Wistar rats (Iffa-Credo,
L'Arbresle, France) weighing about 250 g were used in
control experiments. They were housed in wire-bottomed
cages and maintained at 21 + 2°C in a room with a 12-h
fixed light—dark schedule. Water and standard laboratory
chow (UAR, Villemoisson-sur-Orge, France) were freely
available.

2.1.2. Streptozotocin-injected rats

To be rendered diabetic, control Wistar rats received an
i.v. injection of alow dose (35 mg kg™ 1) of STZ dissolved
in a citrate buffer under ketamine hydrochloride anaesthe-
sia (75 mg kg%, i.p.) (Mérieux, Lyon, France). This was
administered at 6 weeks of age. Glucose homeostasis and
insulin secretion were assessed as an index of diabetes by
performing a glucose tolerance test 2 weeks after STZ
injection.

2.1.3. Male obese Zucker rats

Three-month old genetically obese Zucker ( fa/fa) rats,
weighing around 350—450 g, were used. They were housed
in the same conditions as those described above.

2.1.4. Drug administration
In order to study the effects of S-22068 on glucose
turnover, animals (either STZ or obese Zucker rats) re-

ceived a single daily dose of the compound (24 mg kg1,
p.o.). Control rats received saline in place of S-22068.

2.2. Basal glucose turnover rate and clamp studies in
obese Zucker and diabetic rats

2.2.1. Measurement of glucose turnover rate

Endogenous glucose production in the basal state, as
well as during the glucose clamp studies, was assessed by
a primed continuous infusion of 3*H] glucose according
to the protocol previously described by Burnol et al.
(1983). In the basal state, the rate of glucose appearance
(Ra) is equa to the rate of glucose disappearance (Rd).
These two parameters were calculated from the isotopic
dilution equation: Ra= Rd = F /AS where F is the rate of
tracer infusion (dpm min~?1) and AS is the specific activity
of blood glucose at equilibrium (dpm mg~?). Blood glu-
cose and specific radioactivity among these four points
varied by less than 5%.

A second aliquot from each blood sample was used to
determine the blood glucose concentration on an auto-
mated blood glucose meter (Lifescan, Johnson and John-
son, Milpitas, USA). The remaining blood was centrifuged
and the plasma kept at —20°C for subsequent determina-
tion of insulin.

2.3. Euglycaemic / hyperinsulinemic clamps studies

Clamps studies were performed as described previously
(Ferre et d., 1985) in rats fasted for 6 h. Rats were
anaesthetized with pentobarbital sodium (75 mg kg™ i.p.,
Clin-Midy, France). After a 30-min rest period (which
alows blood glucose to return to basal values) S-22068
(24 mg kg™ 1) was injected i.p. The experiment was then
started 30 min after this injection. Before all infusions, a
150-ml blood sample was collected for determinations of
basal blood glucose and plasma insulin levels. A priming
dose of insulin (0.2 pmol /1) was given over a 30-s period
through a saphenous vein to rapidly increase the plasma
insulin concentration. Following this, insulin was infused
at a constant rate of 20 ml min~* (0.6 U kg™* h™1). The
infusion of exogenous glucose (10% solution) via a preci-
dor pump (Infors, Basel, Switzerland) was commenced 5
min after beginning the insulin infusion. Blood samples
(30 wl) were then collected from the arterial catheter at 5
min intervals for 45 min and the blood glucose concentra-
tion was immediately measured using an automated blood
glucose meter (Lifescan). The rate of glucose infusion was
constantly adjusted throughout the experiment to clamp
blood glucose at basal level.

2.4. 2-Deoxyglucose injection and blood and tissue sam-
pling

Either in the basal state or when a steady-state gly-
caemia was achieved in the glucose clamp experiments,
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2-deoxyglucose was injected as a 15-u.Ci bolus through
the arterial catheter. Thereafter, blood glucose samples (20
wl) were collected 1, 3, 5, 10, 20, 40 and 60 min after
2-deoxyglucose injection. Blood samples to be used for
determination of glucose concentration or 2-deoxyglucose
specific radioactivity were collected throughout the experi-
ment. At the end of the experiment (60 min after the
2-deoxyglucose administration) a blood sample was col-
lected and immediately centrifuged at 4°C and the plasma
was frozen a —20°C for subsequent determination of
insulin. Then the animal was killed by cervical dislocation.
The tissues were removed and their 2-deoxyglucose-6-
phosphate tissue content was determined according to the
method of Ferre et al. (1985).

Because the main purpose of the present study was to
compare glucose utilization between treated and untreated
rats (rather than to obtain an absolute estimation of glucose
utilization rate in each case) tissue glucose uptake was
evaluated by calculating the simplified index, Rg as previ-
ously described by James et al. (1985).

2.5. Islet perifusion studies and measurement of islet *°Rb*
efflux rates

Pancreatic islets were isolated by collagenase digestion
(Montague and Taylor, 1968) from normal Wistar rats
(180-230 g) alowed free access to food and water. Esti-
mation of islet cell ®Rb* efflux was performed as de-
scribed previoudy (Chan et a., 1991). Samples of the
perifusion medium were collected and analysed for ®Rb*
after addition of scintillant. ®*Rb* efflux rates were deter-

mined and expressed relative to the control rate (100%)
measured as the efflux over the 10 min preceding introduc-
tion of diazoxide. S-22068 was introduced 15 min before
diazoxide.

2.6. Chemicals

S-22068 was provided by the IRIS chemistry depart-
ment. 3-°H] glucose, and **Rb* were purchased from
Amersham Life Science (Buckinghamshire, UK) and 2-de-
oxy-1-[**C] glucose was from Dupont NEN (Boston, USA).
Collagenase from Clostridium histolyticum, specific activ-
ity 2.67 U/mg, from Boehringer Mannheim (Germany),
Ready-gel scintillant from Beckman (Fullerton, USA),
porcine monocomponent insulin Actrapid from Novo
(Copenhagen, Denmark).

2.7. Analytical methods

Plasma glucose was determined using a glucose ana-
lyzer (Beckman). Insulin concentrations in the plasma and
in the perifusate were measured with a radioimmunoassay
kit (Sorin, Biomedica, Antony, France). The lower limit of
the assay was 19.5 pmol /1 with a coefficient of variation
within and between assays of 6%.

2.8. Calculations and statistical analysis
Results are expressed as mean + S.E.M. Differences

between means obtained with treated and untreated dia
betic or Zucker rats were evauated by a one-way analysis
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Fig. 1. Effects of S-22068 on insulin secretion. Groups of 100 islets were perifused in a medium containing 4 mmol /I glucose for 30 min. After this time
(t=0) 5 mmol /1 glucose was introduced. The 100-pmol /1 S-22068 was then added during 15 min after a further 20 min. After S-22068 removal, insulin
secretion was stimulated with 10 mmol /I glucose through the end of the experiment. Data are presented as mean rates of insulin secretion + S.E.M. for

four different experiments.
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Fig. 2. Effects of S22068 (100 wmmol/l) on diazoxide (250
pmmol /1)-induced increase in ®Rb* efflux from preloaded islets. Islets
of Langerhans were preloaded with ®Rb* and perifused in the presence
of 4 mmol /I glucose for 30 min prior to the start of the experiment. At
t =0, 20 mmol /| glucose was introduced in test channels, S-22068 was
introduced at t =5 min (closed circles). Diazoxide was added at t = 20
min to al channels. Results are means of duplicate channels. The
experiment was reproduced four times.

of variance and results were considered significant from
P < 0.05.

3. Results
3.1. Effect of S-22068 on insulin secretion

S-22068 (100 wmol /1) provoked a significant increase
in insulin secretion from islets exposed to 5 mM glucose.
The increase in secretion followed rapidly after introduc-
tion of the imidazoline (Fig. 1) and could be sustained for
at least 30 min in the continued presence of S-22068 (not
shown). When the compound was removed from the
medium, insulin secretion declined to the basal level within
10 min, demonstrating that the secretory response to S
22068 was fully reversible. Treatment of islets with S
22068 did not cause any impairment of their glucose

response upon subsequent stimulation (Fig. 1). Indeed,
isets which were previously exposed to S-22068 re-
sponded to a glucose (10 mmol /1) challenge with an
enhanced secretory response compared to islets not treated
with the compound (Fig. 1). Thus, perifusion of islets with
S-22068 resulted in marked sensitization to glucose such
that their secretory response was enhanced significantly
when 10 mM glucose was subsequently introduced (Fig.
1).

3.2. Effect of 22068 on diazoxide-induced changes in islet
*Rb* efflux

One of the principal steps in the stimulus—secretion
coupling process for insulin secretion is the closure the
ATP-sensitive K™ channels (K z1p channel). This, in turn,
leads to plasma membrane depolarization and the entry of
calcium ions (Cook and Hales, 1984). In vitro, the perme-
ability of the membrane to potassium can be conveniently
evaluated by using ®Rb* as tracer. When islets were
preloaded with ®Rb*, and then perifused with 20 mmol /I
glucose, a progressive decrease in ®Rb* efflux was ob-
served (Fig. 2). In these experiments a 20-mmol /1 glucose
concentration was used for complete K5 channd clo-
sure, then alowing maximal diazoxide effect. Therefore,
the ability of the compound to reverse the effect of diazox-
ide could be investigated under the best conditions. Addi-
tion of S-22068 (100 wmol /1) to the perifusion medium
did not cause any measurable change in the rate of *Rb*
efflux. Treatment of islets with diazoxide (250 pwmol /1)
triggered an increase in ®Rb* efflux in control channels,
but this was prevented by the presence of $-22068 (Fig. 2).

3.3. Effect of chronic treatment with S-22068 (24 mg
kg~ 1) on glucose turnover in diabetic rats

As shown in Table 1, plasma glucose was significantly
higher in diabetic rats than in the other groups. Plasma
insulin levels were significantly decreased in diabetic rats,
whereas obese Zucker were highly hyperinsulinemic (Ta-
ble 1).

After chronic administration of S-22068 (over 15 days)
basal glucose turnover was not different between control
and treated diabetic rats (6.2 + 0.4 vs. 6.6 + 0.4 mg min~*
kg~1). Basal glucose uptake in tissues was also unaffected
by chronic S-22068 treatment (Table 2).

Table 1

Plasma glucose and insulin concentrations in the different groups of rats in the basa state (values are means + S.E.M. Number of cases in parenthesis)
Wister rats Diabetic rats Lean Zucker rats Obese Zucker rats

Glucose (mmol /1) 52+0.2(18) 8.9+ 0.3* (14) 49+ 0.2(18) 54+ 0.2(15)

Insulin (pmol /1) 210+ 20 (18) 145 + 21 (14) 180 + 15(18) 1190 £ 90* (15)

*P < 0.05. Significantly different from control Wistar or lean Zucker rats.
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3.4. Effect of S22068 on glucose turnover and utilization
by individual tissues during an euglycaemic/ hyperin-
sulinemic clamp

During euglycaemic/hyperinsulinemic clamp experi-
ments insulin was infused at a rate of 0.6 U kg™* h™! in
the first set of experiments and glucose turnover rates were
increased to similar values in normal, untreated diabetic
and S-22068-treated diabetic rats (Table 2). Indeed, no
differences were found in either of the parameters studied
between S-22068-treated and -untreated diabetic rats. In all
groups of rats, hepatic glucose production was abolished
by the insulin infusion and individual tissue glucose uti-
lization was not significantly affected by the administra-
tion of S22068 (Table 1).

In a second set of experiments, the rate of insulin
infusion was then reduced to 0.2 U kg~* h™*, to revea a
possible effect of the compound that could have been
masked by a maximal insulin concentration. However,
again, no differences were observed between the experi-
mental groups under these conditions (Table 2).

Table 2

Effect of S-22068 on whole body glucose utilization and hepatic glucose
production under basal conditions and during euglycaemic/hyperin-
sulinemic clamp in diabetic and obese Zucker rats

Rats received daily a single oral administration of S-22068 (24 mg kg™1)
or saline during 15 days before the day of experiment. Experiments were
performed in rats fasted from 6 h. Glucose turnover rate was assessed by
a primed followed by a continuous infusion of 3°H] glucose. Each value
represents the mean+ S.E.M. of four to six different experiments. All the
differences between treated and untreated rats were not significant.

Glucose utilization
(mgmin~t kg™Y

Hepatic glucose
production
(mgmin~t kg™1)

Basal conditions

Untreated normal rats 6.5+ 0.6 6.54+0.6
Untreated STZ rats 6.6+0.4 6.6+0.4
STZ rats treated 6.2+0.4 6.2+0.4
with S-22068
Untreated obese 46405 4.6+0.5
Zucker rats
Obese Zucker rats 51405 51405
treated with S-22068
Under insulin infusion
Flow rate: 0.6 U kg~ h=1
Untreated normal rats ~ 11.6+0.3 None
Untreated STZ rats 131+1.1 None
STZ rats treated 135+19 None
with S-22068
Untreated obese 79+0.8 0.7+0.1
Zucker rats
Obese Zucker rats 79412 1.0+0.1
treated with S-22068
Flow rate: 0.2 U kgt h™1
Untreated STZ rats 7.840.3 2.3+0.3
STZ rats treated 89+0.6 1.7+08
with S-22068

O Control obese Zucker rats (n=5)
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Fig. 3. Glucose utilization during an euglycaemic/hyperinsulinemic clamp
in various tissues of obese Zucker (fa/ fa) rats chronicaly treated with
S-22068 (24 mg kg~ ! day~ ') or sdline. Values are means+S.E.M. All
the differences were not significant.

Similar experiments were next performed in obese in-
sulin-resistant Zucker fa/fa rats. In these rats, infusion of
insulin at 0.6 U kg~! h™! did not completely abolish
hepatic glucose output (due to insulin resistance) but glu-
cose turnover rate was unaffected by S-22068 (Table 2).
Glucose uptake into individual tissues was dlightly de-
creased by S22068 but the difference did not reach statisti-
cal significance (Fig. 3).

4, Discussion

Recently, we have presented evidence that the new
imidazoline compound, S-22068, is very effective at low-
ering basal hyperglycaemia and promoting improved glu-
cose tolerance in diabetic rats (Pele-Tounian et al., 1998).
The basis of these effects were not fully defined but it was
suggested that they resulted, in part, from an insulinotropic
action on the pancreatic B-cell, since insulin levels under
basal conditions and after a glucose load were dightly
higher in treated than in untreated diabetic rats. To investi-
gate these issues further, we have now studied both insulin
secretion and glucose metabolism in response to S-22068,
in a variety of experimental models.

4.1. Effects of S-22068 on pancreatic B-cell function

In confirmation of our previous in vivo experiments, it
was observed that S-22068 caused a direct stimulation of
insulin secretion from isolated, perifused, rat islets. The
response was rapid and readily reversible on removal of
the drug (Fig. 1) but could be sustained if the infusion was
maintained.
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Initialy, it was suggested that the stimulation of insulin
secretion by imidazoline compounds may reflect the block-
ade of o ,-adrenoceptors since the majority of active com-
pounds are also o ,-adrenoceptors antagonists. However,
this view has now been superseded by a model in which
imidazolines are proposed to interact with a binding site
which controls the open state of Kj;p channels in the
B-cell membrane. Numerous experiments performed either
in isolated islets (Chan and Morgan, 1990; Chan et al.,
1991; Brown et a., 1993), pancreatic B-cells (Plant and
Henquin, 1990; Plant et a., 1991; Jonas et a., 1992
Ishida-Takahashi et a., 1996) and RINm5F or HIT-T15
insulin-secreting cells (Chan et a., 1991; Dunne, 1991,
Rustenbeck et al., 1995; Zaitsev et al., 1996) have demon-
strated that imidazolines (including phentolamine, cloni-
dine, dinidine, antazoline, tolazoline, cibenzoline) promote
insulin secretion by a mechanism involving closure of the
ATP-sensitive K* channel.

The present studies suggest that S-22068 may have a
similar action in the B-cell since, in common with other
imidazoline secretagogues, it was able to antagonize the
effects of diazoxide (an opener of K x5 channels) on both
®Rb* efflux (Fig. 2) and insulin secretion from rat islets.
Moreover, we observed that S-22068 was able to sensitize
the cells to a subsequent glucose challenge (Fig. 1). This
effect suggests that exposure of the cells to S-22068
induced a state of heightened responsiveness which re-
sulted in amplification of the secretory response when the
glucose concentration was subsequently raised. We have
not investigated the detailed time course of this phe-
nomenon but the present results show that remova of
S$-22068, as much as 20 min prior to the increase in the
glucose concentration, was associated with potentiation of
the response to the nutrient. This was not due to any
prolonged elevation of insulin secretion at the time of
glucose addition since removal of S-22068 was followed
by arapid decline in the secretion rate to the basal level. In
this respect, S-22068 differs from certain other imidazo-
lines (such as phentolamine or antazoline) or related com-
pounds (Dickinson et d., 1997) whose stimulatory actions
in vitro are only slowly reversible.

4.2. Effects of S-22068 on glucose turnover

Previously, we reported that administration of S-22068
to diabetic rats resulted in normalization of hypergly-
caemia (Pelé-Tounian et al., 1998). A key difference be-
tween diabetic and obese Zucker rats is the devel opment of
marked insulin resistance in the latter, as evidenced by the
failure of insulin infusion to completely block hepatic
glucose output in the obese animals. This contrasted
markedly with the situation in diabetic rats, where infusion
of insulin resulted in total blockade of hepatic glucose
output.

Therefore, the present results emphasize that the ability
of S-22068 to restore euglycaemia in vivo was indepen-

dent of the presence or absence of hepatic insulin resis-
tance.

The euglycaemic/hyperinsulinemic clamp experiments
confirmed that the diabetic rats were not insulin resistant at
either the hepatic or the peripheral (muscle, adipose tissue)
level. These observations are in keeping with those re-
ported by other workers who have demonstrated that in-
sulin resistance only develops in diabetic rats given higher
doses of the diabetogenic drug or when STZ is adminis-
tered later in life (Blondel et al., 1989; Portha et al., 1989).
After chronic treatment with S-22068, neither whole body
glucose turnover nor glucose utilization in a selection of
insulin-responsive tissues and in the brain were modified
at either of the insulin infusion rates used. Exactly equiva-
lent results were obtained in obese Zucker (fa/fa) rats.
Thus, we can conclude from these results that chronic oral
treatment with S-22068 is not effective in modifying pe-
ripheral tissue sensitivity to insulin. However, it cannot be
excluded that a more prolonged treatment could result in
significant changes in insulin sensitivity.

Taken as awhole, the present results reveal that S-22068
may exert an influence on whole body glucose homeosta-
Sis at least in part via its insulinotropic effect rather than
by increasing glucose metabolism.
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