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ABSTR4CT. The nitric oxide (NO) d onor SIN-1 (3.morpholinosydnonimine) induced a concentration- 
dependent inhibition of the secretory response to glucose. The negative insulinotropic action of SIN-1 was 
attenuated by the hypoglycemic sulfonylurea gl~benclam~de. Moreover, the NO donor enhanced 86Rb outflow 
from perfused islets and reduced the glucose-induced increase in 45Ca outflow. The present data provide further 
evidence that NO donors impair the secretory response Ko glucose, at least in part, by activating the ATP- 
sensitive K’ channels. RIOCHEM PHARMACOL 53;8:1211-1213, 1997. 0 1997 Elsevier Science Inc. 

KEY WORDS. SIN-I; glibenclamide; insulin release; pancreatic islets 

NO is an important biological messenger responsible for 
regulating a wide range of cellular functions, and has been 
recognized as the endogenous stimulator of the soluble gua- 
nylate cyclase [I]. Recent findings have indicated that ex- 
posure of insulin-secreting cells to SIN-l, a NO generator, 
increased cGMP concentrations, but impeded the secretory 
capacity of glucose [2-4]. Because modifications in both K’ 
and Ca’+ permeabilities are known to represent critical 
events in glucose-induced insulin release, we determined 
whether or not the secretory response to SIN-1 involves 
interference with transmembrane cationic movements. 

MATERIALS AND METHODS 

All experiments were performed with islets isolated from 
the pancreas of fed Wistar rats. The methods used to mea- 
sure insulin release from incubated islets as well as 86Rb 
(42K substitute) efflux, 45Ca efflux, and insulin release from 
perifused pancreatic islets have been previously described 
[5-71. For measurement of insulin secretion from incubated 
islets, the experiments were repeated 3 times on different 
days with the values corresponding to the number of 
samples pooled. The outflow of 86Rb or 45Ca (counts/min/ 
min) was expressed as a FOR (percentage of instantaneous 
islet content per min). Results are expressed as mean values 
(+ SEM) together with the number of individual experi- 
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ments. The statistical significance of differences between 
mean values was assessed by use of Student’s t-test or analyp 
sis of variance. SIN-1 was obtained from Therabel Research 
(Brussels, Belgium), SNAP from Wellcome (Erembodegem, 
Belgium) and glibenclamide from tioechst Roussel (Brus- 
sels, Belgium). The experiments were conducted with mini- 
mal light to prevent photodegradation of the compounds. 

RESULTS AND DISCUSSION 

Addition of SIN-1 to islets exposed to 16.7 mM glucose 
provoked a concentration-dependent reduction in insulin 
output (R = 0.972; P < 0.05) (Fig. 1). Under the same 
experimental conditions, high concentrations of the NO 
donor SNAP also reduced glucose-induced insulin release. 
After addition of 1 mM and 5 mM SNAP, the residual 
insulin release averaged 91.5 i 2.8% (NS) and 67.4 + 3.3% 
of the control experiments (P < 0.05), respectively (data 
not shown). Figure 1 further reveals that the presence of 
glibenclamide in the incubation medium attenuated the 
negative insulinotropic action of SIN- 1. Thus, the residual 
insulin release averaged 21.8 f 2.1% after the addition of 1 
mM SIN-1 whereas, in the simultaneous presence of 1 mM 
SIN-l and 10 or 50 p,M glibenclamide, the insulin output 
represented 61.3 + 2.3% and 53.6 * 2.5% of the control 
values (no added drug) (P < 0.05). 

The present data further provide evidence that nitric 
oxide donors impede the insulinotropic action of D-glucose 
[3, 4, 71. Moreover, the presence of the hypoglycemic sul- 
fonylurea glibenclamide in the incubation medium was 
shown to reduce the inhibitory effecr of SIN-1 on the in- 
sulin-releasing process. Because glibenclamide is known to 



1212 M.-H. Antoine et al. 

125 

25 

0 

GLUCOSE (mM) 16.7 16.7 16.7 16.7 16.7 16.7 

SIN - 1 (M) 0 10-S 10-4 10-3 10-a 10-S 

GLIBENCLAMIDE (M) 0 0 0 0 10-e 10-S 

f 
8 

FIG. 1. Effect of increasing concentrations of SIN-l on in- 
sulin release from islets incubated in the presence of 16.7 
mM glucose and in the presence or absence of gliben- 
Amide. Insulin release was expressed in percent of the 
value recorded in control experiments (lOO%, no added 
drug and presence of 16.7 mM glucose). Mean values (+ 
SEM) refer to 16-35 samples. 

block the ATP-sensitive K’ channels of pancreatic B-cells 
[8], such findings suggest that the negative secretory action 
of SIN-1 may be attributable to an increase in membrane 
K’ permeability. ATP-sensitive K’-channel activation may 
be expected to restrict the opening of voltage-sensitive 
Ca2’ channels, decrease Ca2+ entry and, in turn, to inhibit 
insulin output. Radioisotopic and dynamic measurements 
conducted on perfused rat pancreatic islets substantiated, 
although indirectly, this hypothesis. First, SIN-l (500 FM) 
increased the rate of 86Rb outflow from pancreatic islets 
perifused in the presence of 5.6 mM glucose (data not 
shown). Moreover, in islets exposed to SIN-1 (500 p,M) 
throughout, the inhibitory effect of glucose (16.7 mM) on 
the 86Rb oufflow rate was less marked than in control ex- 
periments (Fig. 2, upper panel.) The mean value of 86Rb 
FOR recorded after 16 to 25 min of exposure to glucose 
averaged 1.98 f O.OS%/min in the presence and 1.5 1 + 
O.O5%/min in the absence of SIN-1 in the per&sate (P < 
0.001). These changes in 86Rb FOR can be interpreted as 
being due to an increase in membrane K’ permeability, 
itself resulting from a weaker inhibitory effect of glucose on 
the ATP-sensitive K’ channels. Second, when the peri- 
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FIG. 2. Effect of glucose (16.7 mM) on “Rb FOR (top 
panel), 45Ca FOR (middle panel), and insulin release (bot- 
tom panel) from islets perifused throughout in the absence 
(0) or presence (0) of SIN.1 (500 pM). Basal media cone 
tained Ca*+ (2.56 mM). Mean values (2 SEM) refer to 7-10 
individual experiments. 

fusate was enriched with SIN-l (500 PM), the increment 
in 45Ca outflow induced by glucose (16.7 mM) was reduced, 
only representing 42.3 + 3.9% of that evoked by the sugar 
in the absence of the NO donor (P < 0.005) (Fig. 2, middle 
panel). This inhibitory effect of SIN-l on the increase in 
45Ca FOR reflects a reduction in glucose-induced Ca2+ en- 
try into the islet cells. Indeed, the stimulatory effect of 
glucose on 45Ca FOR has been ascribed to a process of 
sustained exchange between influent 40Ca and effluent 
45Ca [5, 91. Incidentally, the basal (min 31-44) 45Ca out- 
flow was higher in the presence than in the absence of 
SIN-1 in the physiological medium (P < 0.05). Such a 
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feature can reflect an intracellular redistribution of Ca2+ 
ions [6], a phenomenon that is substantiated by the recent 
finding that aqueous NO can provoke Ca2+ mobilization in 
insulin-secreting cells [lo]. Finally, the simultaneous mea- 
surement of 45Ca FOR and insulin release indicates that the 
presence of SIN-1 (500 FM) in the perfusing medium im- 
paired the secretory response to glucose (Fig. 2, lower 
panel). The integrated output of insulin measured during 
exposure to 16.7 mM glucose averaged 48.4 f 6.5% of that 
recorded in control experiments (P < 0.005). 
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