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1. Introduction

Studies on the volume distribution of sulfonyl-
ureas in pancreatic islets have indicated that these
drugs do not readily enter the $-cells but more likely
exeri a direct action on their plasma membranes
[1,2]. 1t seems moreover possible that the secretagog-
ic capacity of sulfonylureas depends on their affinity
for the §-cell membrane, since a much greater uptake
was observed for glibenclamide than for tolbutamide,
of which two drugs tolbutamide is the least active.
However, this correlation may be co-incidental, and
we decided 1o look for more direct evidence suppori-
ing a caesal relationship between the islet uptake and
the insulin-releasing activity of sulfonylureas. Since
according to the hypothesis these drugs act on the 5~
cell plasma membrane, we have investigated the ef-
fects of 4—acetamido»é’-imthimyanate—siﬂbenre»—?. 2
disulfonic acid (S1TS), a compound considereqd 1o re-
act specifically with the plasma membranes of other
ceils [3—5]. It will be shown that SITS markedly in-
hibits the uptake as well as the insulin-releasing activi-
ty of glibenclamide in the 3-cell-rich pancreatic islets
of objob-mice.

Expenmen&a]
SITS was obimned from British Druj g Houses Lid

Poole, England. N-4-[24{5-Chloro-2-methoxy-benz-
amido)-ethyl}-phenyl-sulfonyl-N -cyclohexy]-

¥ Part V1 b:i‘ a series.
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[1-3Hjurea {glibenclamide) as well as non-radivactive
glibenclamide were donated by Farbwerke Hoechst
AG., Frankfurt/Main, W. Germany. Aduli obfol-
mice were taken from the Ume2 colony. Fresh pun-
creatic islets were microdissected freehand [6] and
subsequenily incubated at 37°C, using Krebs—Ringer
bicarbonate buffer equilibrated with 0, +CO, {95:5)
as the basal medium. In siudies of glibenclamide up-
iake the islets were incubated with 3H-labelled gliben-
clamide plus sither {14Curea or 3-O-methyl-D-{U-
M 1glucoss. Details of the incubations including the

- concenirations of these compounds as well as of

SITS are given in the legend to table 1. Since urea

and 3-O-methyl-D-glucose distribute in the total islet
water {7}, upiake of glibenclamids in excess of the
urea or 3-O-methyi-D-glucose space indicatas that the
sulfonylurea derivative is concentrated in the islets.
Previons studies suggest that this excess reflects bind-
ing of glibenclamide to the B-cell plasma membranes
[2]. The employed double-label procedure makes it
possible to obtain a meaningful parameter of gliben-
clamide vpiake without washing the islets after incu-
bation in order to remove contaminating incubation
fluid. However, the total content of glibenclamide in
the islet samples will also be given 25 a check that the
effects of SITS weré not due to altered vrea or 3-0-
methyl-D-glucose spaces. In siudies of insulin release
the islets were incubated for 60 min with glibenclam- -
ide and SITS as described in the legend *o table 2. _
Glibenclamide was added to the media froma 50mM. -
stock solution in dimethylformamide, Tesnltingina

- medium concentration of 0.2% (v/v) dimethylform-

amide. The same concentration of dimethylformamide
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Table 1

Effect of SITS on the islet uptake of glibenclamide.

mmol Glibenclamide/kg dry wt. of islets

Incubation No of )
tirng experiments D mM SITS 1 mM 8ITS Effeet of SITS
Experiments with urea as space marksr
3 min B 0.246 = 0.021 0.209 = 0.018 ~0.037 = @.@m:
{0.331 = 0.022) {0.296 = 0.019) {-D.036 2 0.010 )
8D min 8 D.541 = 0.0386 0.322 = 0.030 ~0.219 = 0.0297 -

{0.657 = D.038)

{0.443 = 6.032) (—0.213 > 0.82877)

Experiments with 3-0-methyl-D-glncose as space marker

3 min 4 0.305 + D.021 0.256 = 0.DDY —0.050 = 0.023
{0.381 = 0.024) {D.337 = 0.010) {—D.044 2 0.024)
60 min 4 0.681 = D.D65 0.385 = 0.040 —0.296 = 0.0497

{0.773 = D.OBT)

{D.483 = 0.03%) (—0.291 = 8.0557)
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After preliminary incubation for 30 min in basal medivm containing or lacking 1.0 mM S8ITS, the islets were incubated for the in-
dicated penaﬁs of time in basal medinm supplemented with 0.0 'D2 mM 3H1Iabelled 4 glibenclamide (346 mU¥mmol) as well as zither

0.5mM |’ C]me;a {20 mCiymmol) or 0.5 mM S-G-meihy]-ID-[[U-

C] givepse {20 mCifmmol). In addition the radioactive media

contained or lacked SITS, as during preliminary incubation. The islet uptake of glibenclamide in excess of the vrea or 3-O-methyl-
D-glucose spaces is given as mean valnes = S.E.M, for the indicated numbers of experiments. The corresponding values for total is-
let nptake of glibenclamide are stated in parentheses. Effects of SI'TS were judged from the differences between paired incuba-

tions in the presence and absence of SITS.
P 0.02; P < 0.01; 77 P < 0.001

Table 2
Effects of SITS and glibenclamide on insulin release.

Rate of insulin release
{ngfpg dry wifphr)

Conen. of O mMGL- 0.1 =M Gli- Effeci of

SITS benclamide benclamide glibenclamide

0 mM 0.482 0.07 2.6920.36 2.21:0.35
i mM 3.022 6.55 3.0520.49  0.032 0.47
Effectof  2.5420.53™% 0.3620.44 —2.18=0.69™
SITS {interaciion)

Idets were subjected 1o preliminary ineubation for 40 min in
basal medivm containing 1 mg of serum albumin/ml as well as
0 oz 1.0 mM BITS. They were then incubated for 60 min in
fresh media containing the follewing combinations of 0.1 mM
giibenclamide and 1.0 mdL SITS: glibenclamide plus SITS, ghi-
benelamide alone, SITS alone, neither glhibenclamide nor SITS
Islets exposed to SITS weze incubated with this compound
during the preliminary incubation also. Thirteen different ex-
periments wers performed. In gach of these, parallel 0-min
incvubations were carried cut with the 4 different media.
Amounts of insulin releascd during the $0-min period are giv-
€N a3 mean values S,E.M. for each medium. In addition, the
effects of glibenclamide and SITS have been Icalculaied from
’fhr differences between p";u'a]le] mcubaimns "P<O. ‘01,

P < 0,601 B
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was also present in the glibenclamide-free media. In
sulin was assayed radicimmunologically using crystal-
line mouse insulin a3 a reference. It was ascertained
that SITS did not affect the insulin assay. After the
incubations, the islets were freeze-dried, weighed and,
in studies of glibenclamide uptake, analyzed for 3H
and 14C as previously deseribed [1,2].

Control experiments were performed io check for
strong interactions between SITS and glibenclamide
in the absence of islets. Krebs—Ringer bicarbonate
medinm containing 1 mM SITS and 0.2 mM gliben-
clamide was incubated at 37°C for 60 min. Samples
of medium were then subjected to one dimensional
thin-layer chromatography on silica gel (Kieselgel F

- 254, E. Merck A.G., Darmstadt, W. Germany) using

two different solvent systems: 1) chloroform—acetic
acid—methanol{95:1:5 by vol.) or 2) butyl acetate—
isopmopam@l4wa'=bex—_25% ammonia in water
{30:530:15:5 by vol.). Each sample consisted of 70 ul
of medium placed in the starting position as 7 succes-
sive 10 pd loads. After chromatography the locations
of SITS and ghlbenciannde were visualized in UV
hgh t.o
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3. Results and discussion

Previous studies have shown that the islet uptake
of glibenclamide reaches steady-state after about 45
min §2]. To revesl the effects of SITS on the initial
as well as on the sieady-state uptake of glibenclamide,
the islets were incubated for 3 and 60 min. Table 1
shows that 1 mM SITS significantly inhibited the islet
upiake of glibenclamide at both incubation times.
After 60 min SITS kad depressed the uptake of gliben-
clamide in excess of the vrea space by 40%, suggest-
ing 2 considerable reduction o the binding to plasma
membranes.

Table 2 shows that 1 mM SITS alone stimulates in-
sulin release. This effect of SITS will be described in
detail elsewhere [8]. As is also shown in table 2,
SITS interacted negatively with the secretagogic ac-
tion of glibenclamide; the combination of SITS and
glibenclamide resulted in a secretory rate that was sig-
nificantly lower than the sum of rates induced by ei-
ther SITS or glibenclamide alone (P < 0.01). In con-
tradistinction, SITS 4id not inhibit the insulin-releas-
ing action of glucose 8] . While 10 mM glucose made
the islets release insulin at a rate of 3.54 + 0.63 ngfpg
dry wit.fhr {nean = S.EM. for 8 cxperiments) the
1ate recorded after incubation with 10 mM glucose
plus 1 mM SITS was 7.39 2 0.96 ng/ug dry wi.fhr
{mean * 8. EM. for 8 experiments).

The 1esulis suggest that the insulin-releasing action
of glibenclamide depends on the S-cell uptake of this
drug as measured by the present technigue. Since fur-
thermore SiTS is a specific probe of the plasma mem-
brane in other cells [3,4], it is reasonable to assume
that by reacting with the S-cell plasma membrane
BITS prevenied the secretagogic recognition of gliben-
clamide. There seems to be no previous evidence for
an inhibition of sulfonylurea-induced insulin release
at the site of drug recognition.

The alternative explanation that SITS reacted di-
rectly with the glibenclamide molecule resulting in a
compound with low affinity for S-cells and Jacking in-
sulin-releasing capacity ssems unlikely in view of the
chromatographic control experiments. Both chroma-
tographic procedures resolved the mixture of SITS
and glibenclamide into two distinct spots which
moved like free SITS and free glibenclamide. In sys-
tem I SITS remained in the starting position while
glibenclamide had a Ry value of 0.28. In system I
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the Ry of SITS was 0.06 and that of glibenclamide
was 0.41. No other spois were observed.

Besides reinforcing the hypothesis that suifonyl-
ureas act on the f-cell plasma membrane, the resulis
reported here indicate that SITS may be nsefn] for
elucidating the molecular nature of this action. The
probability that SITS reacis with amino {5} and
thiol [4] groups in the membranes of other cells
draws attention to the possible involvement of such
grouyps in the secretagogic recognition of sulfonyl-
wreas. Sulfhydry! reagents, including slowly permeat-
ing organic mercurials and iodoaceiamide, are known
to stimulate insulin release promptly [9,10]. SITS
markedly inhibits the islet uptake and the insulin-re-
leasing capacity of chloromercuribenzene-p-sulphonic
acid, a strongly secretagogic thiol reagent {11}. An-
other chazacteristic property of SITS is its ability to
block diffusion into distinct anion chanpels in the
ery throcyte plasma membrane [12]. It seems natural
to ask whether the site of aciion of sulfonylureas is
related to a similar channel in the S-cells. Studies are
in progress to help answer these questions.
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