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Abstract-Hypoglycemic sulfonylureas (gliclazide, tolbutamide) were able to mediate Li-Ca or Na-Ca 
countertransport in an artificial system, and enhanced A23187-mediated Ca countertransport. Diazoxide 
failed to cause Ca countertransport and inhibited A23187-mediated countertransport. The inhibitory 
effect of diazoxide was abolished by gliclazide. Comparable results were obtained when an extract of 
pancreatic islets was used instead of A23187 as the reference ionophoretic material. The response to 
hypoglycemic and/or hyperglycemic sulfonamides in the present system was qualitatively identical to 
their effect upon 45Ca net uptake and insulin release in intact islets. This analogy suggests that these 
drugs may act in the islet cells primarily by interfering with the transport of cations by native ionophores. 

Hypoglycemic sulfonylureas (e.g. tolbutamide and 
gliclazide) stimulate insulin release [l], and are 
widely used in the treatment of non-insulin-depen- 
dent diabetic patients. The intimate mode of action 
of these drugs in the pancreatic B cell is poorly 
understood [2]. We have exposed elsewhere our 
reasons for believing that the insulinotropic action 
of hypoglycemic sulfonylureas cannot be attributed 
to a primary effect on either the metabolism of 
nutrients or the synthesis and breakdown of cyclic 
AMP in islet cells [3]. As an alternative explanation, 
it was proposed that the primary effect of hypogly- 
cemic sulfonylureas consists in a stimulation of Na 
and Ca transport across the B cell plasma membrane 
[3,4]. This view is based, inter alia, on the findings 
that hypoglycemic sulfonylureas are able to trans- 
locate Na and Ca into or across a hydrophobic 
domain, and that the latter process is suppressed by 
organic calcium antagonists (e.g. suloctidil) which 
are potent inhibitors of sulfonylurea-stimulated 4SCa 
net uptake and insulin release in isolated pancreatic 
islets [3-81. 

We now wish to report on the effect of gliclazide 
and diazoxide upon the uphill transport of calcium 
as mediated by either the antibiotic ionophore 
A23187 or native ionophoretic material extracted 
from pancreatic islets. In such a system, we were 
able to disclose for the first time opposite effects of 
hypoglycemic and hyperglycemic sulfonamides, 
respectively, upon the ionophore-mediated transport 
of calcium. 

MATERIAL AND METHODS 

In all experiments, 0.15 ml of an organic mixture 
(toluene : butanol, 713, v/v) was transferred back and 
forth between two tubes each containing 0.30 ml of 
aqueous medium and 0.05 ml of the same organic 

mixture. The two aqueous media consisted of a tri- 
ethanolamine-HCl buffer (20mM, pH 7) with 
initially the same concentration of CaCl* (‘@Ca and 
4SCa) but different concentrations (2 and 200 mM, 
respectively) of either LiCl or NaCl. The organic 
phase contained, as required, gliclazide, tolbutam- 
ide, diazoxide, A23187 and an extract of pancreatic 
islets prepared as described elsewhere [9]. After each 
transfer, the aqueous medium and organic mixture 
were vigorously mixed for 1 min to ensure equilib- 
rium partition of cations between these two phases 
[lo]. After each two or three back-and-forth transfers 
of the organic mixture, paired samples (10 ~1) were 
removed from the aqueous media with a micro- 
syringe, and examined for their radioactive content. 
The present system for the study of ionophore- 
mediated cation transport was selected [ll] instead 
of the Pressman cell because, in the latter model, 
several months would be required to complete a 
single experiment at the low concentration of ion- 
ophoretic material here used. In control experiments 
performed in the absence of any drug, no translo- 
cation of 45Ca could be detected whether in the 
absence or presence of a Na+ or Li+ gradient (data 
not shown). The results are presented as the differ- 
ence in 45Ca content (A) of paired samples and 
expressed as a percentage of the total radioactivity 
found in the first two samples. 

RESULTS 

When the two aqueous media contained initially 
the same concentration of Ca and when gliclazide 
(5 mg/ml) was added to the organic mixture, Ca was 
progressively transported (Fig. 1) from the medium 
containing little Li’ (2 mM) to that containing Li+ 
in high concentration (200 mM). The magnitude of 
this phenomenon of uphill Ca translocation was 
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Fig. 1. The translocation of “Ca was mediated by an organic 
phase containing, as required, gliclazide (G) and diazoxide 
(D) at the stated concentration (mg/ml), and occurred 
between aqueous media intially containing 45CaC12 
(0.2 mM; 1 &i/ml) and either 2 (0 closed circles) or 200 
(0 open circles) mM LiCI. The 45Ca content of the aqueous 
media was measured in paired samples removed after each 
two back-and-forth transfers of the organic phase, and is 
expressed as percentage of the total radioactive content of 

the first samples. 

related to the concentration of gliclazide (Fig. 1, 
Table 1). Diazoxide (5 or 10 mg/ml) failed both to 
cause Ca translocation and to affect significantly 
gliclazide- or tolbutamide-mediated Ca counter- 
transport (Table 1). When used at the same con- 
centration (10 mg/ml), tolbutamide was less active 
than gliclazide . 

In the second series of experiments, the ionophore 
A23187 was added to the organic mixture. A23187 

Table 1. Li-Ca countertransport in the presence of tol- 
butamide (T), gliclazide (G) and diazoxide (D)* 

Drug (mg/ml) b 2 sb 

T (10) + 1.651 f 0.213t 
T (10) + D (10) + 1.488 t 0.114t 
G (5) + 1.090 2 0.151t 
G (10) + 2.868 ” 0.189t 
G (10) + D (5) + 2.701 ? 0.189t 

D (5) - 0.040 -+ 0.034$ 
D (10) + 0.043 2 0.040f 

* All drugs wePe added to the organic phase at the stated 
concentration. The translocation of “Ca between media of 
low and high LiCl concentration (see Fig. 1) was calculated 
from the difference in radioactive content of paired samples 
(A) and expressed as a percentage of the total radioactivity 
of the first samples. The regression coefficients (A per 
sample) and its sample standard error (b 2 sb) are shown 
together with the significance of the correlation coefficient. 

t P<O.OOl. 
$ Not significant. 
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Fig. 2. The translocation of 45Ca was mediated by an organic 
phase containing A23187 (0.1 mM) either alone (0 closed 
circles; middle curve) or in combination with diazoxide 
(5 mg/ml, 4 diamonds, lower curve), gliclazide (5 mgiml; 
0, open circles) or both sulfonamides (* stars). The dif- 
ference in 45Ca content of paired samples (mean ? S.E.M.; 
N = 3 in each case) is expressed as in Fig. 1. Other experi- 
mental conditions were the same as those given in the 

legend to Fig. 1. 

alone caused Li-Ca countertransport (Fig. 2), con- 
firming a recent report [ll]. Gliclazide facilitated 
and diazoxide inhibited the phenomenon of A23187- 
mediated Ca countertransport (P < 0.005). In the 
concomitant presence of A23187, gliclazide and dia- 
zoxide, the results were not significantly different 
from those found with A23187 in the sole presence 
of gliclazide. Thus, in the presence of A23187, the 
slope of the regression line characterizing the 
increasing difference in 4SCa concentration (A) as a 
function of the sample number (samples l-15 inclu- 
sive) ranged as follows: diazoxide (2.28 2 0.06) < 
control (3.65 k 0.14) < gliclazide (6.30 -t 
k 0.15) - gliclazide + diazoxide (6.41 * 0.15), each 
mean value (k sample S. E.) being derived from 3 
separate experiments. 

In the last series of experiments, we investigated 
the effects of gliclazide and diazoxide upon Ca coun- 
tertransport as mediated, in the presence of a Na+ 
gradient, by ionophoretic material extracted from 
pancreatic islets (Fig. 3, Table 2). In the absence of 
the islet extract, gliclazide caused a modest uphill 
translocation of Ca, whereas diazoxide failed to do 
so and failed to significantly affect gliclazide- 
mediated Ca countertransport. The islet extract itself 
caused an obvious uphill translocation of Ca. This 
phenomenon was augmented by gliclazide and 
inhibited by diazoxide, both changes being sig- 
nificant. When both drugs were used in combination 
with the islet extract, the results were essentially the 
same as those found with the extract in the sole 
presence of gliclazide. Thus, no significant difference 
between the two latter experimental conditions could 
be detected, whether the translocation of 45Ca was 
analysed by regression analysis or by comparison 
with the appropriate control values found when the 
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Fig. 3. The translocation of 45Ca was mediated by an organic 
phase containing, as required, d&oxide (D; 4mg/ml), 
gliclazide (G; 4 mg/ml) and an islet extract (E; each 0.4 ml 
of the organic phase contained material extracted from 125 
islets), and occurred between aqueous media initially con- 
taining “CaClz (0.1 mM; 2 &ii/ml) and either 2 or 200 mM 
NaCl. The difference in 45Ca content of the aqueous media 
(high minus low Na+ concentration) was measured in paired 
samples obtained after each three back-and-forth transfers 
of the organic phase. Mean values are expressed as in Fig. 
1 and refer to two to four individual experiments, the 
S.E.M. being shown only for the points most distant from 

the calculated regression line. 

same islet extract had been used alone (Table 2, last 
column). 

DISCUSSION 

The present results clearly indicate that gliclazide 
and d&oxide exert opposite effects upon Ca coun- 
tertransport in our artificial system. This finding 
should be considered in the light of the following 
observations. 

First, the present system represents a useful model 
for the study of such processes as Na-Ca counter- 
transport [12] and Ca-Ca exchange [13] and the 
influence thereupon of pharmacological agents such 
as organic calcium antagonists [13-151. We had 
observed previously that hypoglycemic sulfonylureas 
are able to translocate Ca into [5] or across [16] the 
organic mixture in the absence of any gradient of 
monovalent cations. Diazoxide exerts no obvious 
effect upon calcium transport in the absence of a 
gradient of monovalent cations [16]. In the present 
study, the effect of hypoglycemic sulfonylureas and 
diazoxide alone or in combination with either the 
antibiotic ionophore A23187 or native ionophores 
extracted from pancreatic islets was tested in the 
presence of a Li+ or Na+ gradient because such a 
situation made it possible to reveal the opposite 
effects of gliclazide (or tolbutamide) and diazoxide, 
respectively. 

Second, in pancreatic islet cells, like in other tis- 
sues [17], a process of Na-Ca countertransport is 
thought to participate in the uphill extrusion of Ca 
from the cell against the prevalent electrochemical 
gradient (181. It could be argued, therefore, that the 
stimulation by gliclazide or such a process cannot 
account for the stimulatory effect of gliclazide upon 
45Ca net uptake by islet cells. However, other aspects 
of the ionophoretic effects of gliclazide should be 
taken into account. On one hand, the modulatory 
effect of this drug upon Ca transport may also con- 
cern the downhill influx of Ca into the islet cells; and 
indeed, hypoglycemic sulfonylureas stimulate both 
the downhill transport of Ca in the present system 

Table 2. Na-Ca countertransport in the presence of diazoxide (D), gliclazide (G) and an islet 
extract (E)* 

Line Agent(s) 

1 D 
2 G 
3 G+D 
4 E+D 
5 E 
6 E+G 
7 E+G+D 

b fSb 

-0.241 r 0.123$ 
+0.522 5 0.0877 
+0.889 + 0.108t 
+1.324 r 0.113t 
+1.907 2 0.083t 
+2.351 rt 0.121.t 
+2.882 2 0.127-F 

N P A (% of control) 

37 
37 
37 vs 2:NS 
48 vs 5 : < 0.01 74.1 c 3.8t (10) 
75 100.0 (20) 
48 vs 5 : < 0.03 141.6 -+ 5.4t (15) 
38 vs6:NS 133.8 2 7.51- (10) 

* The regression coefficients and their sample standard errors (b -+ sb). as derived from the data 
illustrated in Fig. 3, are given together with the significance of the correlation coefficient and the 
number of individual measurements (N). Also shown is the significance (P) of differences between 
mean slopes, takin into account the number of individual experiments in each group. In the last 
column, the A in 4! Ca content of the aqueous media (samples 12-16 inclusive) are expressed as 
percentage of the paired control value found when the same islet extract was used alone; mean 
values (? S.E.M.) are shown together with the significance of differences between experimental 
and control values and the number of individual measurements (in parentheses). 

t P < 0.001. 
$ Not significant. 
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[16] and the entry of Ca into the islet cells [3]. On 
the other hand, a stimulation of Na influx may lead 
to an increase in the cytosolic concentration of Na 
and, by doing so, cause both mobilization of Ca from 
intracellular stores [19] and secondary inhibition of 
Ca outwards transport; and indeed, hypoglycemic 
sulfonylureas stimulate Na translocation in the 
organic phase [16] and cause both increased net 
uptake of Z2Na [4] and inhibition of Ca outward 
transport [20] in the islet cells. 

lnstitute for Scientific Research in Industry and 
Agriculture. 
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