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in a two—phasé bulk system for the study of Ca icno-
phoresis, certain hypoglycemie sulfonvlureas, when zdded to
the organic phase, were translocated into the sguecus medium.
Neverthelesg, the stoichiometry of Ca binding by these
ggents could be zssessed by repsated mixing of the zgueous
medium with organic phases. Bt saturation, the binding cf
Ca ranged from 0.5 to 1.0 mcle/mele of sulfonylurea. A
1:1 molar ratic was observed with glibenclamide, and this
was found to be ccmpatible with the conformational znzliveis
of the Ca-glibenclamide complex. There was & tight ccrre-
lation between the stoichiometry of the Ca-sulfonylurea
complex and the biclogicel petency of easch drvg. This sug-
cests that such a ¢tdichiometry may be respeonsible, in part
at leazst, for differences in the insulinctropic cepzcity of

distinct hypoglycemic sulfonvlureas.

Introduction
Distinct Lypoglycemic sulfonylureas, when vsed 2t op-

timazl concentration, increzse to the same extent irsulin
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relezse from incubzted pieces of rat pancreatic tissue
(Malaisse, 1974). Bowever, the concentration of sulfonylurea
reguired to achieve a given secretory response is vastly dif-
ferent from one sulifonylures to another. Thus, between the
most and least potent agent, the ED;, for stimulaticn of
insulin release spans a range of three orders of magnitude
(Mzlaisse, 1974). We have recently identified a fector
which may account, in part at least, for such differences
in bioclogical potency. Thus, the relative capacity of dis-

tinet hypoglycemic sulfonylureas to inhibit the specific

binding of [*®]glibenclamide or [*H]lgliguidene to multi-
tamellar liposomes formed of egg yolk phosphatidylicholine
was found to parzilel their biclogical potency (Deleers and
‘Malaisse, 1983). This sitvation, which is reminiscent of
that found in intact islets (Sehlin, 1973; Hellman, 1974;

m
L

fu:

ljedal, 1974) led us to propose that the potency of dis=-
tinet sulfeonylureas, s insulinotropic agents, may depend on
their ability to penetrate into the phospholipid dormain of
the cell membrane.

in the present work, we wish to propose that a second

factor may account for the wvastly different kiclogical po-

tencies of distinct hypoglycemic sulfonylureas. Our work is

-

bazsed on the view that the insulinctropic effect of these
agents is somehow related to their ionophoretic capacity
{Couturier and Mzlaisce, 1980az). Although the latter view

-
1

was disputed by several investigators (Hellman, 1281;
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retic hypothesis (Malaisse et al., 1983). The present work

reveals that the stoichiometry of Ca binding by distinct
hypoglycemic sulfcnylureas correlates with their biclogical

potency.

faterials and Methods

["Elglibenclamide (31 Ci/mole) and ['Blgliguidone (5
Ci/mole} were kindly provided by H. Mertens (Boechst,

Eel

V8]

ium, Brucssels, Belgium) and E. Rupprecht (Thomae,
Biberach, FRG), respectively. Ecoth sulfonyluress were tri-
tiated in the cyclohexyl ring and their purity, as assecssed
by chromatography, greater than 26 ¥. Unlabelled sulfony-
lureas were all provided in the acid form, except gligquidone
which was obtained as the Na salt.

To study Cs ionophoresis, an aguecus medium containing
*fCaCl; was mixed for 1 min at room temperature with an or=
ganic phase focrmed of tolusne znd butanol (7/3, v/v) and
containing a hypoglycemic sulfonylureaz, zs described in de-
tail elsewhere (Mzlaisse et al., 1379). The precise ccmpo-

sition ©f the agueous medium iz civen in the text. 1In the

n

bsence of sulfonylurea, the transiccation of Ce from an al-
kaline medium (0.2 ml; pH 10.5-11.0) containing Ca{0B): & or
10 m¥ into the crcanic phase (0.6 ml) did not exceed.0.74 =+
0.0% nmol and 0.8% + 0.16 nmol {n = 5 in each case), respsc-

tively. This represents, in terms of totzl Ca translocstion

{as illustrated in Tig. 3}, less than 1 %. ¥hen the sulfc-
nylurea~-mediated Ca tranzlocaticn wes zsseszsed by repezied
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extractions, the reproducibility of the method, as judced

from the diff

m

rence between results collected in separate

m

.6 % of the final result. The
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5. 2 and 3 are representative of two
Or more comparable experiments. In the experinents illus-
trated in Fig. 2, an exponential curve (v = ae ) fitting
the experimental dzta was calculated by 2id cof & desktop
calculator, so thzt the integrated area under the curve
{a/b) couvld be established.

The method used for the conformational analvsis of the
Ca-glibenclamide complex is based on a strategy described
in detail elsewhere (Ralston and DeCoen, 1%74; Ralsion et
al., 1974; EBrasseur et al., 1861, 15%82; 1983; Delecrs et al.
1883b) . The confeormational energy is empirically calculated
as the sum of the Van dSer Waals interaction, the torsiocnal
potential &nd the elecitrostatic interaction, the latter
being calculated for a dielectric constant of 3 {(Delecars et
al., 1982). The fen torsional angles were defined in =ze-
guential crder from the cyclohexyl ring to the 5-chloro-2-

3
methoxy-phenyl group (see bslow Fig, 4, from right tc left;.
The Ca’” ion was fixed at 2.65 ; {Smith and Duvax, 1976) of
the icnized N ator located between the carkbonyl and sulfenyl

functions (bstween ancles ol and cd) . The N ztom located
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and ll were fixed at 1B0°. OQur of the 67 or 279,936 con-
F

formers derived from this first study, the two configura-

ticns with a probability of existence of more than 8 % were
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then suhritted to a minimizati
1965) bearing on all ten torsicnazl angles, in order to fur-
ther reduce the interrnal ernergy. The probability of exis-
tence of conformers was calculated from the internal energy
according to a Bcltzmann distribution (Deleers et al., 19E3b),
Sterecscopic views of the Ca-glibenclamide complex were es-
teblished with aid of the PLUTO program (Motherwell and

Clegg, 1978).

Results

1. PFertition of sulfonylureas between scueocus and oraanic
hases

Hyposlycemic sulfonylureas are able to translocate Ca

from an agusous medium into an organic phase [Couturier and

h

Mzlaisse, 1950b). 1In order to establish the stcichiometry of
Ca binding in such a two-phase bulk system, it i necessary

that the ionophoretic agent remains located in the organic
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Fig. 1. Recvcvery of gliguidone {circles), glibencleamide
{sguares), gliclazide {open triancles) znd clipi-
zide (clcse trizngles) in an organic phzse Er
mixing with an asguecus medium contelning e r 5
mM CalCls &t variskle pH {upper pznel) or ¥ ble
CaCl: concentrations at pH 10.5 {lower car The
initial concentration ¢©f sulfconyluerea i= roe-

ic phase amcunted to 5 mM in. all ces dzta
ained by a redioisctopic {upp or
notometric procedure {lover p i
SEM; refer to 3-4 individuel .
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In a first gevies of experiments, an agueocus medium
(0.2 ml} conesisting of a Tris-HCl buffer (30 mM: pH 7.1~

10.4) and containing 5 mM CaCl: was mixed with an organic

1o
'l

w

phase (0.2 ml) ccnsisting of a mixture of toluens and bu-
tanol (7/3, v/v) and centaining an unlabelled sulfonylures
(5 mM) together with a tracer amount of tritisted sulfo-
nylurea. Under these conditions, virtually all the gligui-
done remzined loczted in the crganic phase. However, about
16 % of the amount of glibenclamide initially added tco the
organic phase passed into the agueous medium, as the initial
pHE of the latter medium was raised from 7.1 to 8.4 or more
(Fig. 1, upper panel).

In a second series of experiments, the sgame organic
rhase (1.0 ml}) ccntaining an unlabelled sulfonylurea (5 mM)
was mixed with an aguecus mediur (1.0 ml) containing non-
buffered Tris (2C mM, pH close to 10.5) and increasing con-
centrations of Call; (5 to 500 mM), the conceniraticn of
sulfonylurea in the final crganic phese being monitecred by
spectrophotometry. In addition to glibenclamide, two other
sulfonylureas f{glipizide and gliclazide), which were not

h

i

r+

available in radicactive form, were used in this se-

cond series of experiments. The spectrophotometric readings

]

were perfcrmed at 305 nm |

and 342 nm (gliliclzzide}.

tion a&nd in the range of ultraviolet wave lencths under con-
sicderstion., &s shown in Filg. 1 {(lower penel), meijor frac-
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CaCl, concentration of the sgueocus medium was raised from

5 to 50 and 300 ©M, as if the Ca-glipizide complex were to

ke

mere lipophilic than glipizide itself. The escape of

glibenclamide from the corganic phase was alsc somewhat more

mencn was much less marked, however, in the ¢

rxed at low than at high Ca®" concentraticon. This pheno-

[

se of gli-

benclamide than ¢lipizide, the latter druc being therefore

excluded from further experimsnts.
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Ca treanslocation

In order to overcome the preblems imposed by the esca-

fu

¢of the sulfonylureas from the crganic phase, the study
Ca translocation was performed by mixing & smaell volume
.2 ml) of an aguecus medium containing only Ca{0E}: (2.5-

mM; pH 10.5-1:1.0} z2nd a tracer amount of

ge volume {0.€& ml} of the usual crganic phese containing

sulfonylurea (1.0 mM). After mixin 1 aliguotr (0.5 ml)
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the organic phzse was removed and repleced by an egual

lume 0.5 ml} 0f the toluene/butancl mixture devoid of

lfonylurea. The aguecus medium and organic phases ware

ain mixed together. This procedure was then repeated
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content. As illusirated in Fig. 2, <he recovery of **cCa in
the successive sarples decressed in an exponential manner
and, in mest but not all cases, reached negligible values
in the fifth sample. The total recovery of *‘Ca could be
Jjudged, therefore, either by summaticn of the readings col-

lected in each sarvple or by integration of the logerithmic
curve fitted on such readings. As shown in Pig. 3, the
total amount of Ce translocated into the orgenic phases in-

creased as the Ca®’ concentration of the initizl 2CUEDUS me-

dium was raised from 2.5 mM to higher vaiues. Fairly sta-

.2t

ble recoveries were usually reached at the highest Ca

concentrations. These saturation values differed from one
sulfenylurea to ancther, being close to 0.5-0.6 mole of Ca/
mole of sulfonvlurea in the case of chlorpropamide and tol-
butemide &nd close to 1.0 mole of Ca/mole of sulfonylurea

of gli

8

3. Relzticnship between stoichiometry, conformation

biclogical potency

The data illustrated in Fig.

o

Tation, the Ca-binding capacity of distinct =ul

racterized by distinct stoichicometries.

that certain sulfcnvlureas, such as cli

ite common to all
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Fig, 2. Transiccztion of Ca afier repeated mixing of an z-
queous medium (0.2 ml: pH 10.5-11.¢C) iritiszslly con-
taining either 5 mM (lower curves) or 10 mM {upper
curves} Ce(0OH): and & tracer amount of ‘' Call: with
&n orgenic phase (0.6 ml) initislly contziring glie-
benclamide (upper left panel), gliguidone (upper
right panel}, gliclazide (lower left pernel) or tol-
butaride {lower right pznel} zt & 1.0 =¥ concertre-
tion. ¢ emount of Ca recovered after each extrac—
tion is expressed relative to the initial concentra-
tion ¢ vifonylurea in the oroanic phzse. Note the
differerves in scale of the criirasee EWES .,
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lysis of data such as those illustrated in Fig
and expressed in percent of the Cz/sulfonylure

molar ratio.

ted in the vicinity of an ionization site and susceptilble
Frovide a coordinative electren-donor link.
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Exceeding & % (Tabls 1). In these two corfcrrers, the
tance between the Ca®' ion and the second lcrizaticn site
T the glikenclaride mClecule smounted 4o nc more than
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Takle 1
Most probable confcrmers of the Ca-clibenclamide complex.
The probability cf existence and the vealuves for torsional

angles (°) are given for each conformer

Probability 64.5 % 16.1 %

ingle ol 153.1 155.2
a2 96.8 107.8
o3 77,3 23.8
ad 188.7 175.8
ab 236.0 273.8
ab 58.7 267.6
a7 13,2 0.6
a8 181.3 197.8
] 133.8 21.7
ol0 180.3 244, 6

the transport of Ca'" by glibenclamide across the phospho-
lipid domsin of cell membranes.

Fig. & 3illustrates the tight correlation (r = 0.574

P < 0.01) found between the Ca-binding capacity of five
lvecemic svlfonylureas and their respsctive bio-

logical potency {lcgarithmic scale).
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Fig. 6. Relstionship between the apparent stoichiometry
for Ca binding by distinct hypoglycemic sulfony-
lureas {diamond : chicrpropamide; open trizngle
toelbutemide; closed friangle : gliclszide; circle :
gliguidone; sguare : glibenclamide) andé their bio-
logical potency (logarithmic scale; see Fig. 4).
Mean values (+ SEM) for binding cepacity refer to
the meassurements performed at high Ca’' concentre-
tions (12 =nd 15 md; sce Fig. 3) and were czlcula-
ted by boith surmation of the primary Cats (ses
Fig. 2} &nd their exponential extrapolztion.

The precent study illustrates some of the di
gncountered in investigating the stoichicmetry of Ca kinding

b

4

icnophores in the two-phase bulk system.

T+

studies, we had proposed that each Ca ion
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molecules of sulfcnylursa. This view was besed on the fol-

loewing chbservaticns, First, at non-saturating Ca** concen-

tretions, the translocztion of Ca represenits a power funce
tion of the concentration of such sulfornylurezs as tolbute-
mide and gliclazide (Covturier and Mslaisse, 19¢30b). This

behaviocur is similar to that found with the icrophores
A231B7 or X537A, which indeed form a Ca-ioncplicre complex

with a 1:2 stoichiometry (Malaisse et al., 1978; Couturier

n
[

and Malazisse, 1980c). Seccnd, the procezs of sulfonvlurca-
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[
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H

mediated Ca translocesticn is characterized by 1 mo
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et

v

ratio for the competition between H® and Ca?’
P '

"

SEDEC
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{Deleers et &l., 19B1). Last, the conformation ana

bt

o
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-
]

ces

of & Ca~gliclazide complex with a 1:2 stoichiometry prov
results in agreement with those derived from the study of
the Ca-gliclazide complex by nuclear magnetic resonance
(Deleers et al., 1962),

The present work reveals that certazins hyposglyveceric sul-

fonylureas (e.g. gliguidone a

)

¢ glibenclamide) ray bind Ca
in a 1:1 molar restio. This finding was found compatible
with the chemical structure of these sulfonyluress. MNore=

cver, the conformatioral &nalysis of the Ca-glikenclanide

of
@
h
m
0
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o
0y
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corplex with such a 1:1 stoichiocmetry provi
tion well suited for the transport of Ca®’ across the hydro-
phokic domain.

two different stcichicmetries for Cz-

0
hy

The existence
sulionylurea interaction (1:1 and 1:2 molar ratic) cou

count for a number of prior ckservetions. Firet, it inplies

184
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irnding of a 2:1 molar ratio for B':Ca’” competi-
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tion in the process of sulfenylurse-mediasted Ca transloca-
tion is not sufficient to postulate a 1:2 melar ratio for

the Ca-sulfonylurea complex. Second, our data do not ex-

0

lude that certain sulfonylureas may form two types of com-

lexes with, reszpectively, a 1:2 and 1:1 molar ratio for Ca-

go!]

binding ty the drug. & mixed population of Ca-sulfonylurea
complexes could account for the existence of intermediate
values, between the extremes of 0.5 and 1.0, for the Ca/
sulfonylures molar ratio (Fig. 3). Third, the stoichiome-

r4

try of the Ca-sulfonylurea complex may affect the pattern

H
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cf the dose-action relastionship for Ca trans
transport at increasing concentretions of the drug. Such a

relationship would be expected to be ruled by & law cf pro-

ot
Q
n
(0

ortionality when the Cae/sulfonylures molar ratic ig ¢
Y 3

to unity. However, when the Ca/sulfonylurea rstio is close

to 0.5, the translocetion of Ca at non-saturating Ca' con-

centrations woulé be expected to represent & power function

of the sulfonylurea concentration {(Malasisse et &l., 1%75}).
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The two types of relaticnship were indeed cbserved in a re-

cent study of prasecdymium transport by hypoglycemic st
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ryluress acrose liposomal menbrenes (Deleers et al., 1}

Last, the existence of a second iconized site in the gliben-
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stimulate Ca upteke &nd insulin relesse in isclated rat is-

It couvla be argued that our icnophoretic da
concentraticons end high pB and, hence,
may not be relevant to the situstion found in the immediaxte
vicinity ©f cell membranes. However, the data illusitrated
in Fig. 3 indicate that the differences in Ca-binding capa-
city of distinct sulfonylurses were even more marked, in
relztive terms, at low (2.5 mM) than high (10-15 mM} Ca*"
concentrations. It ig conceivable, thersfore, that diffe-
rences in Ca binding by distinct agents zlso occur under
physiclogical conditicns.

It is well established that the efficiency of icnophcre-
mediated Ca transport across artificial rembranes depends,
inter alie, on both the concentration of icnephore im the
phosphelipid bilayer (Deleers and Malaisse, 15%680) and the
stoichiometry of the Ca-icnophore complex (Deleers et zl.,

1481; Deleers end Mzlaisse, 1982). When =ach C&"" ion is

h

bound tc two molecules of ioncphore, the the

complex is affected by the lateral mokility of the ionophore

in the plane of the bilayer, whereas such is not the case

for complexes characterized by 2 1:1 stoichiometry. There-

U]

fore, the present finding
recent Sata on the binding of sulfonylureas to artificial

bilayers {Delzers and Malzisse, 1%£3), point to both the
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possible determinants of the relative insulinotropic poten-

cy of distinct hypeglycemic sulfecnvluress.

This work wzs supported by & grant frem the Belgian
Ministry ©f Scientific Policy. We thank M, Mahy for techni-

cal assistarnce an

o2}
9
lw)
]
9
o
1]
=
o
m
=
m
H
H
o}
5]
in
n
9]
-
1]
r+
o
I8
[
m
(]
jog
M
3

References

Ergsseur, R., Gocrmaghtich, E., zna Ruysschaert, J.M.
(1981). Theoretical conformqtional anzlvesis of pheosphcolipid
bilayers. EBdcchen. bicphys. Rea. Cemmun. 103, 301.

Brasseur, R., Deleers, M., Malsisse, W. J., and Ruysschaert,
J.M. (1982), Conformational znalysis of the calcium-AZ3187
complex at a lipid-water interface. Proce. Nazf. Acad. Sci.
USA 79, 2895.

Erzeseur, R., Deleers, M., and Mzlazisse, W.J. (1583), Con-
forrational analysis of the caleium transport antagonist
¢allopamil. Biechem. Phaxmacol, 32, 437.

Couturier, E., &nd Malaisse, W.J. (10802). Insulinctropic
effects of “;po_lxcemlc and hyperglycemic sulphoramides :
the ionophoretic hypothesis. Tiabetofogia 19, 335,

Couvturier, E., and Mzlzisse, W.J. (1580b). Tono
activity of hypoglvcemic sulfonylureas, Axch. InZ,
Phaxmacodyn., Therap., 245, 323.

Couturier, E., and Malaisse, W.J. {1580
ted cation transloccation in artificizl
mediated caleiun 2nd sodium translocetl
177,
beleers, M., znd Malaisse, W.J. (1980). Icnephore-nediated
calcium exchange Giffusicon in liposomes. EBicchkem. EBiophus.
Fes. Commun, g5, £530.
Deleers, M., Couvruri
Melaisse, W.J, (1381
ceric sulfonylureas,
Erdocndnol, 42, 297,

190




VOL.o42 NO.Z Research Communicstions in
NOVEMELER 1983 Chemicat Pathelogy and Phermacology

Deleers, M., Coutuvrier, E., and Malaisse, ¥.J. (1%81h).
Ionomyvein mediated calc1um transport in rigid and fluid
llposomes. Cefd Cofcdlum 2, 1589.

Deleers, M., Brasseur, R., Gelbcke, M., znd Malsisse, W.J.
(1882). Bomologous and hybrid calcium complexes of A23157
and hypoeglycemic sulfonylureas : nuclear magnetic resonance
and conforrational anal;szs. J. Incag. Bie . 16, 215,
Deleers, M., and Mzlaisse, W.J. (1982). Influence of mem-

breane viscosity on the laterzl and transverse mobility of
carboxylic ionophores. Chem, Phys. Lipids 31, 227.

Deleers, M., and Malaisse,'W.J. (1983}. Bindinc of hyvpo-
giycaemic sulphonyluress to an artificial pheospholipid bi-
layer., Diabetofcgdia in press.

beleers, M., Gelbcke, H., and Mazlaisse, W.J. (1983a).
Transpert of Pr®* by hvpoglycemic sulfonylureas across 1i-
posomal menbranes. FTEBS lefiens 151, 269.

Deleers, M., Brasseur, R., Ruysschaert, J.M., and Mzlazisse,
W.J3. (1%&3b). Ccrfchatlonal analveis of phorbol esters a
a simulated menbrane/weter interface. EBilcphys. Cher. 17,
313.

Fussginger, R.D., and Wojcikowski, C. (1977). Stimulatien
of insulin secretion of the isclated perfused rat pancreazs
by a new hypoglycemic sgent, an acyl-amino-alcyl benzoig
acid cderivative. Diabeicfogia 13, 394,

Gylife, E,, and Bellman, B. (1983). Lack of Ca*’' ionophore-
tic activity of hypoglycemic sulphonyluress in excitable
cells and isoclated secretory granules. Molce. Praamacof.

£2, 715.

Bellman, B. (1974). Factors affecting the uptaks of cliben-
clamide in microdigsected pancreatic iclets rich in f-cells.
Pharmacelfegy 11, 257.

Hellman, B. (1981). Tolbutamide-stimulation of **Ca?®’ fluxes
in microdissected pancreatic islets rich in B-cell
Phasmoceof, 20, 83,

Henguin, J.C., and Meissner, H.P. {1882). Oppesite eifects
cf tolbutamide and diazoxide on *®Rb fluxe: and nembrane
potentials in pancreatic B-cells, Bicchem. Fhairzcodl. 31,
1407,

Malzisse, W.J. {(131%74). Insulinotropic action of different
sulfenylureas in vitro : & corparative study. In EB. Glasson
and A. Zenakis (eds.,). Cuycfic AMP, New anii-dd{atoidic dauge,
Farasdicédls ChemoZhesapy, Médecine et Hygiéne, néve. FPp.

67-79.




VOL. 42 NG 2 Ressarch Communications in
Pzt

;
NOVEMBER 1983 Chemical selogy and Pharmacology

Malaissze, W.J., Valverde, 1., Devis, G., Scmers, G., and
Couturier, E. (1878). Ionophcre-medisted cation translocca-
tion in artificisl systems. I. RZ231&7-medizted calecium
trznsliocation. Bilochimie 61, 1185,

Mazlaisse, W.J., Hubinont, C., Le*ru“, P., Herchuelz, 2.,
Couturzer, E., Deleers, M., Mzlzisse-Lagae, T., and Esner,
A. (1983). Mode of action of hypoglyvcsemic sulfonylureas in
the pancreatic [-cell : ceinciding end conflicting views,
In M. Serranc Rios and L.P. Krall {eds.). (Lindcal and
Fhasmaccfogicad Activities of Sulfcnylurea Drugs. Excerpta
Medica, Amsterdam. Pp. 24-39.

Motherwell, S., and Clegg, W. (1978). PLUTC program.
University of Cermbridge, England.

Neider, J.A., and Mead, R. ({(1%€5). 2 simplex method for
function minimization., Cemputea I, 7, 308.

Puech, R., Manteghetti, M., Ribes, G., Wcllheim, C.B., and
Lounbatiéres-Mariani, M.-M. (1%83). Enhancesment of insulin
release and islet cell calciurn content by an yl-amino-

&C &
acyl benzoic acid derivative, HEGSS, Hokwme Metak, Res,
in press,

Ezlston, E., and DeCcen, J.L. (1974). Fcolcéing of polypeptide
chains induced by the amino-acid side chains. J. Mol. Biof,
63, 393.

Ralston, E., DeCoen, J.L., and Walter, R. {1%74), Tertiary
structure cf E-FPro-Leu-Gly-NH., the factor that inhibizts
releese of melancoyte stimulating hormone, derived by cornfor-
metional energy calculations. Proce. Kaifd. Acad. Scd. USA

71, 1142,

S5ehlin, J. (1973). Evidence fOT spe
nide to the plesma membr

=
diabezof., faxt. 5, 1052,

@ '

cif binding of toibuta-
pan01e ztic B-cells. Acia
Smith, €.D., and Duax, W.L. {(1876). Crystal znd mol

Eiructure of the calcium ion complex of 223187, J.
Sec. 98, 1578, :

POl
3N
- c‘
et
™ m
o
=
=

T&liedal, I.B. {1574}. Uptake of glibormuride by micro=~
Clesected pancreatic islets. form. Res, 5, 211,

Copyright & 1983 By
FID Publications L1d., Box 966, Wesibary, MY, 11590




