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SUMMARY
In a two-phzse bulk systenm for the studv of ionophoresis,

the capacity of hypoglveemic sulfonylureas 1o traznsloncate Ca*’
Y b j; Y

o8

was enhanceéd in a synergistic manner by necatively charge
phospholipids. EHigh concentrations of Na® or K had reletively
little effect on sulfeonylurea-mediated ca®* tranelocation. The
acidity conestant of hypeglycemic sulfonylureas ranged Irom 1077
to 10°%. The conformation analysis of Ca®' -gliguidcne COmpiexes
with a 1:1 or 1:2 stocichiomeiry and of 2 hybrid complex between

Ca? and both gliguidone and phosphatidylserine revealed confi-

gurations suitable for Ca®” transport acrogs & hyvdrophebic do-
main. These findings raise the peossibility that the cationic

respense of the pancreatic B-cell to hypoglycemic sulfonylurcas
£

may be due primerily to an slteration ©

H

transport.
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* accumulation in the pancreatic B-cell (Mzlzisse

by ceusing Ca
et al., 1972; Lebrun et a&l., 1%82). This may be due to & de-
crezse in K* conductance lezding to plzemz membrane depolariza-
tion and the subseguent gating of voltage-sensitive Ca®* channels
(Meissner et a2l., 1980; Benguin, 1980; Benguin & Meissner, 19%82).
The molecular wmechanism of these ionic changes is not known
(Malaisse et al., 1983), Over recent years, consideration was
given to the binding of the hypoglycemic drugs to specific mem-
brane receptors (Kaubisch et a2l., 1982), their inssrtion in the
phospholipid domain of nembrarnes (Delesrs & Malaisse, 1983;,
their action as permeant anion {(Tarvin et al., 1981} and thelr
ionophoretic capacity {Fouturier & Mzlaisse, 1980a). The lztter
property was extensively investigated in artificial model mem-
branes (Couturier & Malaisse, 1980b; Anjaneyulu et al., 1850;
Deleers et al., 1880, 1%&la, 1982, 1983a), but its relevance to
the insuvlinctropic action of the hypoglycemic acents guesticned
by some cther investigators (Gylfe & Hellman, 1583). The pre-
sent report provides novel information on both the interaction
between hypoglycemic sulfenyluress and distinct cations anc the
ioncephoretic symergism between these agents and scid phospho-

lipids.
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sulfonylurea and/or & phospholipid, and initial zgueous phase,
which contained the radicactive cation, is given in the text,

The acidity constant (Ka) of hypoglycemic sulfonylureazs wa

mn

estimated from the measured pHE of soclutions of these drugs, at
concentrations () ranging from 10 to 200 pk, in bidistilled
vater, according to the eguation :

Ka = [E*?/{IC] - [E"]} (i)
The Fe values given in the text represent the mean of 4-6 de-
terminations, each of which was made in duplicate at increasing
concentrations of each drug.

The conforrmation analysis of Ca-gliguidone conplexes is
bzsed on a strategy described elsewhere (Brasseur et al., 19831,
1982, 1983; Deleers et al., 1%82, 1283b). Briefly, the total
internal energy {(i.e. the sum of Van der Wsals interaction,
torsicnal potential and electrostatic interaction) was calcula-
ted for each of the 6° conformastions obtained when the six tor-
sicnal angles (ecz, 23, G«, os, 2 &nd os) in the Ca-gliguidone
complex with a 1:1 stoichiometry (Fig. 1) were increzssd by 6
stepwise inpgrements of 60° each. For the Ca-gliguidone complex
with a 1:2 stoichicmetry, the totzl internal ensrgy was calcula-
ted in two successive systematic analysis, the first bearing on
angles o1, oz, @'z, 0e and o'e and leading to the selection of
a configuration vith a 66.2 % probability and the second beering

on angles 03, o'z, Do, @'y, e and a's of the selected con

s

mer. The hybrid sliguidone-Ca-phosphatidylserine conplex was
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ted wusing previous results of & systerastic con

snizlveic of diglzmitoylphosphaticdyliserine i-
ched date), so that only one grystéenstic
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Table 1
Slope (M of Ca’ /mM of sulfc nylurea} of the
characterizing the increment in Ca’* trensloc .
sing concentrations {u o 6.4 ™™ or more} of
fonylureas (EE) in the absence or presence of
tion (50 wg/ml) of phcsphatidic ascid {PA) or
(Ps)
HE zlone ES + FPA HS + PES
Tolbutamide 0.019 0.067 0.206
Glipizide 0.022 0.088 0.029
Glitenclamide 0.061 0.2C3 0,178
Gliclazide 0.086 0.328 0.334
Gliguidone C.564 3.8786 1.148
Ca
CHj S H
~o CH N\‘ &
A o G y O ; sf;}é\ ¢
! Gs 8 ﬁ Qg
O sz 0
Fig., 1. Mzlecular structure of gliguidone witn inéicatic:xof
+he torsiocnal ancles. This view refers to part oOi
a €&’ -gliguidone complex with a 1: 2 srcichicometry.
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rime (-Ca-0~-C0O-,-C0=CHE-, and -CH~CH:-}. In
T L]

1
e} KhE, KH,
ail cases, the €2’ =ztom was first fixed at 2.30 2 of a first

icnized site in the gliguidone rolecule, at the level of the N

e

stom in the -S50;-~NH~CO- sequence (Brasseur et al., 1%81, 1982,
1983;: Deleers et al., 1982, 1983b). The mcst probakle conformer

selected for each type of complex wae then submitted to & further

analyeis vsing a sirplex minimizstion procedure (Nelder & Mead,
1%65). The latter analvsis involved 211 torsiconal angles. The

two Ca-gliguidoneg complexes with a 1:1 and 1:2 steichiomecry,
respectively, were czlculated in a medium with a dielectric cons-
tant of 3, whereas thé hybrid complex was oriented &t a simula-
ted lipid-wster interface, using dielectric constants of 3 and

30 (BErasseur et =1., 1882; Deleers et al., 19:3b).

1. Svnergisnm with

Hypogliycemic sulfonylureas and negatively charged phospho-
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lipids, when located in an o¢rganic phes

g

from an azuoeous medium (0.2 ml) consistine of a Tris-
Ca ané a tracer amsunt of f*%ca’ (37 ¥Bg/ml) into the crganic
phase (0.2 ml), vhich cornegisted of & miwture of toluverne-butencl

fived concentration of acidé thospholipid (30
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refer to 7-15 individual observailiGhs.
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glops of the regrecssion lines cherscterizing the transiccation

of Ca’” at increasing concentrations of sulfonylursss was much

ble synergistic behaviour {data not shownj.

=

2. Interference of monovelent cations

When the asgueous phese consisted of a Tris-HI1l buffer (50
m¥, pH 8.0} and contained CaCl; (5 mM), a tracer amcunt of *°Ca®
{74 ¥Bg/ml) and variable amounts of Nall or KC1l, the transloca-
tion of Ca&’* medisted by distinct hvpoglycemic sulfconyluress (5

mM) was inhibited, to & modest extent, at high concentrstions of
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Na* or K* (Fig. 4). 28 a rule, the sulfonylurea-re
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location of Na’ and X' was also modest at physic
increzesed at higher pH values (Fig. 5). TIn these experiments,

he agueocus phese consisted of a Tris-HC1 buffer (30 mM, varia-

ri

+

.. — . - N s 77 e
) contzining 100 mM WaCl or KC1 and tracer amounts of “’‘Xa

o

le pt

hel

.

(296 FEBg/mil) or *°Rb* (159 XEg/ml), whereas the crganic phase
contzined the hypoglycemic sulfonylureas at 5.0 m¥ concentration.

The zcidity constant (Ka) of sulfonylureas, zg megsured at

. . . - .5.0
concentrations ranging from 10 tc 200 M, averagea 10 for
. -5.3 . s -5.4 . P
chlorpropamicde, 10 for giibenclemide, 10 for glipiziae,
~5.5 . . -5.7 . . - 5.0

10 for tolbutamide, 10 for gliclazide ana 10 for

3 . . 10 11
gliscxepié. Thue, in all ceses, the Ka was about 10 to 10
higher than that uvsually escribed (Rokerts & Cassric, 1967; to

- - -1¢€

amides {(Ka = 10 ).
3. Confcrmsticn znelvsie
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Fig. 5. Influence of pH upon the transl o ¥ (clo-
sed syrbols, dotited line) or K7 n s, sglid
line} as mediated by glibencland tri s poin-
ting upward), gliclazide (circl , tol ride )
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stoichicmetry (Delesrs et z1., 1983c). Moreover, the resulis

illustrated in Fig. 3 sucgoest the existence of hykrid complexes
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between Ca®', gliguidcne and phosphati

therefore,
plexes., In the most prchable conformer (21 ¥ of probablility) of

o
g. 6), & distance of 4.67 L sepsratec the

[l

the 1:1 complex (F
Ca’* dion from the second kinding site of gliguidons, nam
O atom situzted on the isoguinclyl cycle in pare ¢f the dimethyl
group. This conformer, like the most prokable conformer
of the 1:2 complex {Fig. 7), were characterized by & hydérophe-
bic externsl surface. In themost prokeble conformer (253.2 %) of
the hybrid phosphatidylserine-Ca®® —gliguideone complex (Fig. 8),
one of the two pslmitoyl chains interscted with the gliguidene
molecule, while the cther hyérophobic chein remazined perpendicu-

lar to the interface.

DISCUSEION

on on the

The present findings afford further inforrat
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they indicete, by comparison with previous findings (Couvturierx
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& Malaisse, 19BOb), that the inhibitory effect of Xa' and X
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reyeoscopic views along 3 perpendicular axes of the
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a pH close to their pka {Dilger & Mc Laughlin, 1978; Mc Laughlir
§ Dilger, 1980), it is conceivable that hyvpoglycemic sulfonylu-
reas transport H® from acidic to lese &cidic sites in the B-cell,
e.g. from secretory granules into the cytoplasm or from the cyto-
plasw inte the extracellular fivid. The latter movement could

be coupled to the entry of Ca’’ into the B-cell,

Last, our icnophoretic and conformational data indiceste thet
hypoglycemic sulfonylureas, e.9. gliguidone, and negative phos-
phelipids, e.9. phosphatidylserine, may act cooperatively in
redisting Ca'’ transport and may form a hybrid Ca=-complex. The
existence of hybrid complexes between distinct iconophoretic wo-
lecules, first demcnstrated in the case of the antibiotic iono-
phores A23187 and ¥537A (Couturier et al., 1880; Deleers et al.,
1981), was previously &lso documented in the cese of gliclazide

and R223187 (Deleers et al., 1882). The present findinds lend

h
o

support to the view that hypeoglycenic sulfonylurezs may sffec

it

Ca®* transport by a synergistic behaviour with native ioncphores
ir the isiet cells (Couturier & Malaisse, 1980a). The postulated
hybrid complex and the homologous Ca-gliguidone complexes dis=
play configurations suitable for the transport of Ca’* =zcross

the phospholipid domain of cell mexbranes. Im the homologous
complexes, the highly hydrophilic sites tended to be masked by

the hvdrophobic periphery of the cermpleX. In the hybrié compler,
3 P P P b L b

the zrea occupied by the hydrophobic reistive to hyérophilic

i
B
8]
et
m
t

part of the complex was higher than in phosphati@yiserin
cules. Such a situation could fzvour the formation of inverted

Ticelles znd, by & tunnéeling process, the delivery of Ce" at
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1980; Verkleilet al., 1%80; Mandersloct et 2l., 1881,

in conclusion, the present work draws attenticn to the
possible significance of icnophoretic events as determinants of
the cationic response in islet cells exposed to h
svifonyluress, with emphacsis on the synergistic behavicur bet-

ween these insulin secretagogues and endogenous phospholipids.
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