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Summary. The s tudy was aimed at  testing the hypo- 
thesis tha t  sulfonylureas do not  readily penetrate  the 
pancreatic E-cells but  more probably  st imulate insulin 
release by  a direct action on the #-cell plasma membrane.  
Uptake  of radioactively labelled to lbutamide and gliben- 
clamide by  microdissected pancreatic islets of obese- 
hyperglycemic mice was compared with the uptake of 
3-0-methyl-D-glucose, to which the #-cells are permeable. 
In  contrast  to tolbutamide,  glibenclamide was taken up in 
amounts exceeding the 3-O-methyl-D-glucose space of 
islets incubated in the absence of serum albumin. Uptake  
of the sulfonylureas was easily reversible. I t  was depressed 

by  serum albumin, whereas glucose, leucine or diazoxide 
had no effects. Ant imycin A, p-chloromercuriphenyl- 
sulfonie acid and chlorpromazine, all of which increase the 
uptake of extracellular space markers,  strongly s t imulated 
the islet uptake  of to lbutamide and glibenclamide but  had 
no effect on the uptake of glibenelamide by  subcellular 
particles of homogenized islets. The results suggest tha t  
sulfonylureas bind reversibly to islet tissue but  are 
normal ly  restricted to the outside of the/~-eells. 

Key words: Glibenclamide, insulin release, pancreatic 
islets, sulfonylurea, tolbutamide.  

Sul fonylurea  compounds  are widely  used in the  
t r e a t m e n t  of d iabe tes  mell i tus .  These drugs m a y  have  
di rec t  effects on severa l  t issues,  b u t  i t  is genera l ly  
assumed t h a t  the i r  t he rapeu t i c  va lue  is ma in ly  due to 
s t imula t ion  of insul in release (Loubati6res,  1968; 
Grodsky ,  1971). The sens i t iv i ty  of the  panc rea t i c  fl- 
cells to  sulfonylureas  is poor ly  unders tood .  I t  seems 
reasonable  to  expec t  t h a t  ins ight  in to  the i r  mode  of 
ac t ion  would  p romote  the  unde r s t and ing  of physiologi-  
cal insul in release as well. I n  a previous  communica t ion  
we r epor t ed  t h a t  microdissec ted  pancrea t i c  islets  have  
a t o l b u t a m i d e  space which is equal  to  the i r  sucrose and  
mann i to l  spaces and  s ignif icant ly smal ler  t h a n  the i r  
3-O-methyl -D-glucose  space (Hel lman et al., 1971a). 
These observa t ions  ind ica t ed  t h a t  t o l b u t a m i d e  does 
no t  r ead i ly  pene t r a t e  in to  fi-cells. Consequent ly  i t  was 
suggested t h a t  the  fl-eell p lasma  m e m b r a n e  conta ins  a 
t o l b u t a m i d e  receptor ,  which is responsible  for the  re- 
cognit ion of sul fonylureas  as insul in  seeretagogues.  
These resul ts  are p r o b a b l y  r ep resen ta t ive  of the  in  rive 
s i tua t ion ,  since the  incuba t ions  were pe r fo rmed  wi th  
a lbumin  presen t  in the  media .  The fact  t h a t  sulfonyl-  
ureas  have  a g rea t  aff ini ty  for a lbumin  (Judis ,  1972) 
makes  i t  also in te res t ing  to s t u d y  the  effect of a lbumin  
on the  is let  u p t a k e  of sulfonylureas .  This  seems par t ic -  
u la r ly  i m p o r t a n t  in view of conflicting repor t s  t h a t  
the  fl-cells m a y  be pe rmeab le  to  g l ibenelamide  (Howell  
and  Lacy,  1969), ano ther  sul fonylurea  wi th  p ronounced  
insul in-releasing abi l i ty .  I n  the  presen t  pape r  we re- 
po r t  d a t a  on the  up t ake  of g l ibenclamide  and  to lbu t -  
amide  by  microdissee ted  islets  f rom obese-hyperg ly-  
cemic mice. The  effects of a lbumin  and  o ther  com- 
pounds  on the  u p t a k e  of these drugs  have  been s tud ied  
wi th  pa r t i cu l a r  reference to the  quest ion whether  or 
no t  sulfonylureas  r ead i ly  enter  the  pancrea t ic /? -ce l l s .  

Materials and Methods 

Chemicals. 1-Butyl-3-[p-tolyl-(85S)sulfonylJurea (tol- 
butamide)  and 3-O-methyl-D-(1-3H)glucose were obtained 
from the Radiochemical  Centre, Amersham, England. N- 
4- [2- (5-chloro-2-methoxy- benzamido)- ethyl]- phenyl- sul- 
fonyl-N'-eyclohexyl-Q~C)urea (glibenclamide) as well as 
non-radioactive glibenelamide were donated by  Farb-  
werke t-Ioechst, F rank fu r t /M,  Germany. 7-Chloro-3- 
methyl-  1,2,4-benzothiadiazine- 1,1-dioxide (diazoxide) was 
a gift from Schering Corp., Bloomfield, N.J . ,  U.S.A. 
p-Chloromercuriphenylsulfonic acid (PCMBS) and anti- 
mycin A were from Sigma Chemical, Co., St. Louis, Me., 
U.S.A., and chlorpromazine chloride from AB Leo, 
Helsingborg, Sweden. Human serum albumin (grade A, 
less than  2% other proteins) was from Kab i  AB, Stock- 
holm, Sweden. 

Preparation of islets. Adult  male obese-hyperglycemic 
mice (gene symbol:  ob/ob) from the Umes colony were 
s tarved overnight. Fresh pancreatic islets were isolated 
by  free hand microdissection (I-IellerstrSm, 1964) in gassed 
(03 + COs, 95 : 5) Krebs-Ringer  bicarbonate buffer (Um- 
brei t  et al., 1964). No collagenase was used in the isolation 
procedure. 

Incubations. All incubations were performed at  37 ~ C, 
using Krebs-Ringer bicarbonate buffer equi l ibrated with 
O2~-CO 2 (95:5) as the basal medium. Addit ions to the 
media are described in the legends to figures and tables. 
Uptake  of radioact ively labelled sulfonylureas by  in- 
cubated islets was studied in relation to the simultaneous 
uptake  of 3-O-methyl-D-(1-att)glucose, to which the 
fl-cells are permeable ( t Iel lman et al., 1971 b). This design 
made it possible to est imate the cellular uptake  of 
sulfonylureas without  washing the islets after incubation. 
In  view of the pharmacological potency of glibenclamide, 
it  was of interest to s tudy the islet uptake  of this drug at  
concentrations as low as 10 ~M. To reduce the risk of an 
interference between the drug and the space marker,  
3-O-methyl-D-glucose was used at  a concentration of only 
1.3 ~M in these experiments.  This concentration is several 
orders of magni tude lower than  those previously used 
(Hellman et al., 1971b), which introduces a source of 
uncer ta inty  as to the physical  counterpar t  of the apparent  
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3-O-me~hyl-D-glucose space. A series of control experi- 
ments  revealed, however, t ha t  islets incubated in a 
medium containing both  1.3 t~SI 3-O-methyl-D-(1-3H)- 
glucose and 0.5 mM (laC)urea had  an apparent  3-0- 
methyl-D-glucose space tha t  was not  smMler than  the 
urea space. Uptake  of glibenelamide in excess of the 
3-O.methyl-D-glucose space therefore means a greater 
uptake  of the drug than  would be expected as the result  
of passive distr ibution in the to ta l  tissue water.  

One series of experiments was performed to s tudy the 
uptake of glibenclamide by  subeeltular islet particles. In  
each experiment  25 to 30 islets were homogenized in 75 ~I 
basal  medium, using a mieroseMe pestle homogenizer made 
of perspex. After  eentrifugation at  about  400 g for 10 min, 
10 ~l samples of the supernatant  were assayed for protein 
(Lowry et al., 1951) or were incubated for 90 rain with 
90 ~l medium containing glibenelamide, 3-O-methyl-D- 
glucose, and test  substances as described in the  legend to 
Table 2. The mixtures  of homogenate and medium were 
then filtered on membrane filters with a pore size of 0.5 
micron (Oxoid Ltd., England). After drying, the filters 
were analyzed for sH and IaC. 

Weighing of islets and counting of radioactivity. After 
incubat ion the islets were placed on pieces of a luminum 
foil and with the  a id  of a micropipet te  they  were freed of 
as much contaminat ing fluid as possible. This procedure 
was s tandardized to t ake  only a few seconds, after which 
the islets were plunged into isopentane cooled to i ts 
melt ing-point  (--160 ~ C). The islets were then freeze-dried 
(--40~ 0.001 m m  Hg) overnight and were weighed on a 
quartz-fiber balance. The weighed islets were dissolved in 
hyamine  and analyzed for sH, 14C, and asS in a l iquid 
scinti l lation spectrometer  as previously described (Hell- 
man  et at., 1971a, b). 

Calculation of results. Results are expressed as mmol  
sulfonylurea taken  up per uni t  d ry  weight of islets. I n  
addition to the total uptake, data on the uptake in 
excess of the 3-O-methyl-D-glucose space will be given. 

(mmol sulfonylurea in islet) - -  (concentration of sulfonyl- 
urea in medium) • (3-O-methyl-D-glucose space). This 
expression wilt be negative when the  amount  of sulfonyl- 
urea taken  up is less than  tha t  which corresponds to a 
passive dis tr ibut ion of the  drug in the 3-0-methyl-D-glu-  
cose space. 

Results 

Time-course of sulJbnylurea uptake and release 
Fig.  1 shows the  t ime  course of is le t  u p t a k e  of sul- 
fonylurea  in the  absence of se rum Mbnmin.  Tolbut -  
amide  d id  no t  exceed the  3-O-methyl - I ) -g ineose  space,  
whereas  g l ibenc lamide  a c c u m u l a t e d  to  high levels.  The  
u p t a k e  of g l ibenc lamide  was a p p a r e n t l y  a l inear  func- 
t ion  of i ts  concen t ra t ion  in  t he  range  l 0  to  100 ~?r 
(Fig. 2). As shown in Fig .  3, is lets  p re loaded  wi th  radio-  
ac t ive  g l ibene lamide  r a p i d l y  lost  the i r  label  upon  
t rans fe r  to  a m e d i u m  free f rom gl ibenelamide .  Tol- 
b u t a m i d e  was even more  r a p i d l y  washed  ou t  f rom 
islets  p re loaded  wi th  th is  d rug  (Fig. 3). 

Effect of albumin on the uptake of sulfonylurea 
The d e m o n s t r a t i o n  of a m a r k e d  accumula t ion  of 

g l ibenc lamide  in is lets  i ncuba ted  in the  absence of 
se rum a lbumin  does no t  mean  t h a t  t he  d rug  is t a k e n  
up  in large amoun t s  in rive as well. To t e s t  whe the r  the  

presence of a lbumin  would  affect  t he  u p t a k e  of th is  
drug,  is lets  were i ncuba t ed  for 60 rain wi th  20 ~M ~dC- 
labe l led  g l ibene lamide  (52 mCi/mmot)  a n d  1.3 ~M 3~ 
O-methyl-D-(1-aH)glueose  (3 Ci/mmol)  in basa l  medi-  
u m  conta in ing  or lacking 0 .3% (w/v) serum a lbumin.  
The mean  v a l u e ~  S.E. ( n =  8) for u p t a k e  of gliben- 
c lamide  in excess of the  3~O-methyl-D-glucose space 
was 0.52 & 0.04 m m o l / k g  d r y  is le t  for  incuba t ions  in  
a lbumin-f ree  med ium,  and  - -  0.06 4- 0.003 m m o l / k g  
d r y  is le t  for  incuba t ions  in the  presence of a lbumin .  
This  effect of a lbumin  was s ignif icant  a t  the  0 . 1 % -  
level. 
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Fig. 1. Time-course of suIfonylurea uptake in  the absence 
of serum albumin. After preincubation for 30 min in 
basal medium, islets were incubated for different periods 
of time in media containing either 20 ~M 1~C-labclled 
glibenelamide (52 mCi/mmol) or 0.3 mM asS-labelled tol- 
butamide (17 mCi/mmol). In addition to sulfonyinrea, the 
media contained 3-O-methyl-D-(l -all)glucose at a concen- 
tration of i.3 IzM (3 Ci/mmol) in the case of glibenclamide 
and 0.i toni (150 mCi/mmol) in the case of tolbutainide. 
The points show islet uptake (mmel/kg dry islet) of gliben- 
clamide (0) and tolbutamide (�9 corrected for label in the 
3-O-methyl-D-glucose space. Bars denote S.E. for 6 

experiments 

The effect of a lbumin  on the  is le t  u p t a k e  of gl iben-  
c lamide  is also d e m o n s t r a t e d  in Fig .  4. W h e n  is lets  
were p re loaded  and  b rough t  to  equ i l ib r ium wi th  ltC- 
label led  g l ibene lamide  in  an  a lbumin- f ree  med ium,  the  
add i t i on  of se rum a lbumin  to  the  r ad ioac t ive  m e d i u m  
resu l ted  in a r a p i d  loss of 14C f rom the  islets.  The new 
equ i l ib r ium was a p p a r e n t l y  the  same as t h a t  observed  
when is lets  were exposed  to  l~C-labelted g l ibene lamide  
a n d  a lbumin  t h roughou t  the  whole incuba t ion .  
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Effect of collagenase on the uptake of glibenclamide 
Islets microdissected free-hand are surrounded by 

a delicate connective-tissue capsule, whereas this cap- 
sule is lost in the preparation of isolated islets by 

collagenase digestion (Lernmark, 1971). To test whether 
the presence of the capsule affects the uptake of sul- 
fonylurea, we compared the uptake of glibenclamide 
in ordinarily microdissected islets with that in islets 
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Fig. 2. Concentration dependence of glibenclamide uptake 
in the absence of serum albumin. After preincubation for 
30 rain in basal medium, islets were incubated for 60 rain 
with different concentrations of 14C-labelled glibenclamide 
(11 to 52 mCi/mmol) and 1.3 ~M 3-O-methyl-D-(1-~I-I) - 
glucose (3 Ci/mmol). The points show islet uptake of 
glibenelamide (mmol/kg dry islet) corrected for label in 
the 3-O-methyl-D-glucose space. Bars denote S.E. for 

5 to 8 experiments 
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Fig. 3. Loss of radioactivity from islets preloaded with 
laC-labelled glibenclamide (a) or ~sS-labelled tolbutamide 
(b). Islets were preineubated for 45 min in basal medium 
supplemented with either 20 ~M laC-labelled glibenclamide 
(52 mCi/mmol) or 0.3 mM 35S-labelled tolbutamide (17 
mCi/mmol). They were then incubated for various periods 
of time in media not containing sulfonylureas or 3-0- 
methyl-D-glucose. The islet contents of sulfonylurea 
(mmol/kg dry islet) are given as mean values for 2 to 7 

experiments. Bars denote S.E. for 4 to 7 experiments 

Table 1. Effects of various compounds on the islet uptake of sulfonylureas in the absence of serum albumin 

Test substance No. of 
expts. Uncorrected 

Sulfonylurea uptake (mmol/kg dry islet) 
Corrected for 30MG space 

Test value Test minus Test value Test minus 
control control 

Uptake of glibenclamide 
D-glucose, 20 mM 7 0.73 -4- 0.05 -- 0.02 -4- 0.05 0.64 ~ 0.05 0.02 -4- 0.03 
L-leucine, 20 mM 7 0.71-4.0.03 --0.04-4-0.05 0.61:~0.03 0.00-4-0.04 
Diazoxide, 125 ~zg/ml 7 0.74• 0.024-0.06 0.63• 0.02~:0.06 
PCMBS, 0.5 mM 7 1.98-4,0.08 1.24-4-0.06 a 1.81-t-0.08 1.194-0.07 a 
Antimyein A, 10 ~M 7 1.61• 0.90q-0.12 a 1.46-4.0.14 0.85• a 
Chlorpromazine, 0.5 mM 8 3.92 =j= 0.20 2.92 -4- 0.22a 3.55 -4- 0.21 2.78 -4- 0.24 a 

Uptake of tolbutamide 
PCMBS, 0.5 mM 8 3.75-4--0.23 2.504-0.23 a 1.054-0.11 1.3110.12 a 
Antimycin A, 10 ~M 8 3.41-4,0.11 2.13-t-0.11 a 0.87-4-0.03 1.13• a 

After preincubation for 30 min in basal medium supplemented with one of the listed test substances, islets were 
incubated for 60 rain with radioactive sulfonylurea as well as test substance as indicated. In  each experiment parallel 
control incubations were also performed in the absence of test substance. The incubation media contained 20 ~M 
14C-labelled glibenclamide (52 mCi/mmol) and 1.3 ~M 3-O-methyl-D-(1-aI-I) glucose (3 Ci/mmol) in studies of gliben- 
elamide uptake, and 0.3 mM asS-labelled tolbutamide (17 mCi/mmol) and 0.1 mM 3-O-methyl-D.(1-aH) glucose (150 
mCi/mmol) in studies of tolbutamide uptake, l~esults are expressed both as the total islet content of sulfonylurea and 
as the content of sulfonylurea in excess of the 3-O-methyl-D-glucose (30MG) space. Mean values -4- S.E. are given for 
each test condition as well as for the differences between parallel test and control incubations. 

ap < 0.001. 
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which had also been treated with collagenase to re- 
move the peri-insular connective tissue. The incuba- 
tions, which were performed for 45 min with 20 `aN 
glibenclamide in the presence of 0.3 % (w/v) serum al- 

mmol) and 0.1 mM 3-0-methyl-D(1-aH)glucose (150 
mCi/mmol). When 10 aM antimycin A was also present 
in the medium, there was a significant (P < 0.005) in- 
crease of the sucrose space corresponding to 0 .21•  
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Fig. 4. Removal of islet-bound glibenclamide with serum 
albumin. Islets were preincubated for 45 rain in basal 
medium free from albumin but supplemented with 20 izM 
14C-labelled glibenelamide (52 mCi/mmol) and 1.3 I~M 
3-O-methyl-D-(1-~H)glueose (3 Ci/mmol). They were then 
incubated for different periods of time in a medium con- 
raining 14C-glibenelamide and 3-O-methyl-D-(1-att)glu- 
eose as during preincubation and, in addition, 0.3% (w/v) 
serum albumin. The points represent mean values • S.E. 
for 6 experiments and denote islet content of gliben- 
clamide (mmol/kg dry islet) with (�9 and without (O) 
correction for label in the 3-O-methyl-D-glucose space 

bumin, revealed no difference between the two groups 
of islets; in neither group was the apparent gliben- 
elamide space greater than that  of 3-O-methyl-D-glu- 
cose. 

Effects of various compounds on the uptake of sulfonyl- 
u r e a  

The insulin-releasing action of sulfonylureas can be 
potentiated by glucose or leucine (Grodsky, 1971) and 
counteracted by diazoxide (Loubatigres, 1968). Table 1 
shows that  none of these substances had any significant 
effect on the islet uptake of tolbutamide and gliben- 
clamide. However, the uptake of these drugs was 
greatly increased by 0.5 mM p-ehloromercuriphenyl- 
sulfonie acid (PCMBS), 10 `aM antimyein A or 0.5 mM 
chlorpromazine. Previous results had indicated that  
treatment with PCMBS for 1 h results in an increased 
permeability of the fl-eell plasma membrane to small 
organic solutes which are normally restricted to the 
extracellular space (Bloom et al., 1972). To test wheth- 
er antimycin A and ehlorpromazine have a similar 
effect, islets were incubated for 60 rain in albumin-free 
media containing 0.3 m ~  (U-laC) sucrose (50 mCi/ 

Table 2. Effects of PCMBS,  antimycin A and chlorpro- 
mazine on the uptake of glibenclamide by homogenized islets 

Test substance No. of 
expts. 

Glibenclamide uptake 
(mmol/kg protein) 
Test value Test minus 

control 

PCMBS, 6 0.48~=0.04 --0.06i0.02 a 
0.5 mM 
Antimycin A, 6 0.58~0.08 0.06=~ 0.06 
10 ~M 
Chlorpromazine, 5 0.57• --0.11• 
0.5 mlV[ 

Samples of islet homogenates were assayed for protein 
or were incubated for 90 min with basal medium contain- 
ing 20 ~M l~C-labelled glibenelamide (52 mCi/mmol) and 
1.3 ~lVi 3-O-methyl-D-(1-att)glucose (3 Ci/mmol). Control 
incubations were performed without further additives, 
whereas test incubations were carried out in media also 
containing 0.5 mM PCMBS, 10 tzlV[ antimycin A or 0.5 
mM ehlorpromazine. The mixtures of homogenate and 
medium were then filtered and the retained particles 
analyzed for 3I-I and 1~C. After correction for label in the 
3-O-methyl-D-glucose space, the amounts of particle- 
bound glibenelamide were calculated per unit protein of 
the incubated homogenate. Results are given as mean 
values ~ S.E. for test incubations as well as for the dif- 
ferences between paired test and control incubations. 

ap < 0.05. 

0.03 mmol sucrose/kg dry islet (mean value-~ S.E. for 
6 experiments). Similarly, 0.5 mM ehlorpromazine 
caused an increase of the sucrose space corresponding 
to 0 .56•  mmol sucrose/kg islet (mean value:j: 
S.E. for 4 experiments; P < 0 . 0 2 ) .  After incubation 
with this compound there was no difference between 
the sucrose and 3-O-methyl-D-glucose spaces. 

The above results suggest that  PCMBS, antimycin 
A and ehlorpromazine increased the islet uptake of 
tolbutamide and glibenclamide by increasing the fi-eell 
permeability to snlfonylnreas. If  this interpretation is 
correct, PCMBS, antimycin A and chlorpromazine 
would not be expected to enhance the uptake of sul- 
fonylureas by fragments of homogenized islets. To 
test this prediction, homogenized islets were incubated 
with ~4C-labelled glibenelamide, and the uptake by 
subcellular particles was measured after filtration on 
oxoid filters. Table 2 shows that  PCMBS, antimycin A 
or ehlorpromazine did not stimulate the uptake of 
glibenelamide by the particles retained by the filters. 
On the contrary, PCMBS significantly inhibited the 
uptake of glibenclamide by subeellular particles, 
which suggests that  part of the uptake may involve 
binding to thiol groups. I t  should be pointed out that  
the particles retained by oxoid filters are not re- 
presentative of the whole islet homogenate, which 
probably explains the lower values obtained in this 
type of experiments as compared with the data of 
Table 1. 



214 B. Hellman et al.: The Pancreatic fl-Cell Recognition of Insulin Secre~agogues. IV Diabetologia 

Discussion 

The concentrations of sulfonylnreas used in the 
present study were chosen with a view to the pharma- 
cological potency of these drugs. Studies on the release 
of insulin from isolated rat islets showed that  the 
threshold dose for stimulation with glibenelamide 
(1.2 ~M) was only 1/t00 of that  required for stimula- 
tion with tolbutamide (Lhffler et al., 1969). Although 
a similar and systematic comparison has not been per- 
formed with the kind of islets used here, graded re- 
sponses of insulin release were observed with gliben- 
elamide concentrations varying between 0.2 and 200 
pa~[ (I-Iellman et al., 1969). The lowest intravenous dose 
capable of lowering the blood sugar in mice has been 
reported to be &00 times higher for tolbutamide than 
for glibenelamide (Bander et al., 1969). 

In discussing the present results, we shall assume 
that  the degradation of sulfonyhireas was neglible in 
comparison with the amounts of these drugs that  were 
taken up by the islets. There are no data available to 
prove the validity of this assumption. Control experi- 
ments revealed, however, that  the radioactive carbon 
atom of glibenelanlide was not significantly lost by 
oxidation to 14CO~. This observation is in accordance 
with wevious reports that  8 h after administration of 
~4C-labelled glibenelamide to rabbits, dogs, and rats, 
less than 1 ~o of the radioactivity, had been lost 
through respiration (Heptner et al., 1969). 

The molecular weight of ionized drugs is often too 
large to permit diffusion through the pores of plasma 
membranes (t{ogben, 1971). An exception may be 
observed in hepatoeytes, which permit the passage of 
ions with relatively high molecular weights. I t  is there- 
fore not surprising that  significant amounts of toI- 
butamide have been observed in bile (B/inder and 
Seholz, 1956), whereas the drug was reported to be 
restricted to the ex~raeellular space in eviscerated and 
nephrectomized rabbits (%Vick et al., 1956) as well as in 
man (Stowers et al., 1958). We have previously re- 
ported that  pancreatic islets incubated in the presence 
of albumin did not take up more tolbutamide than was 
explicable in terms of a passive distribution of the 
compound in the extraeellular space (Hellman et al., 
1971 a). TMs result indicated that  tolbutamide did not 
penetrate the B-cells, although it could not be ruled out 
that  the drug entered in amounts below the detection 
limit of our technique. I t  was consequently suggested 
that  sulfonylureas act on a receptor in the fl-ccll plas- 
ma membrane. The same arguments cannot be applied 
to the remflts obtained with glibenelamide, since in the 
absence of albumin the uptake of this drug was greater 
than what corresponded to the 3-O-methyl-D-glucose 
space. These observations are in agreement with those 
of Howell and Lacy (1969), who reported that  gliben- 
elamide did not behave as an extracellular space 
marker in rat islets. F rom these data alone, no con- 
clusion can be drawn concerning the ability of gliben- 
elamide to penetrate the B-cells, since it is not known 

how much of the drug was bound to plasma mem- 
branes. However, some indirect information may be 
extracted from the observed effects of PCMBS, anti- 
myein A and ehlorpromazine. These compounds in- 
creased the islet uptake of sucrose, which suggests that  
they make the fi-cells more permeable. Millimolar con- 
centrations of chlorpromazine have previously been 
reported to exert a lyric effect on rat  islet cells (Orei 
et al., 1972). If  the sulfonylureas are normally re- 
stricted to the outside of the fl-cells, an increased mem- 
brane permeability could well result in an increased 
uptake of the drugs. The stimulatory effects of PCMBS, 
antimyein A and ehlorpromazine on tile islet uptake 
of glibenelamide and tolbutamide are therefore in 
agreement with the hypothesis that  under normal con- 
ditions the suffonylureas do not readily penetrate the 
B-cell plasma membrane. This interpretation is sup- 
ported by the failure of PCMBS, antimyein A and 
ehlorpromazine to stimulate the uptake of glibenelam- 
ide by subeellular particles of disintegrated islets. 

The time-curves for loss of label from islets pre- 
loaded with radioactive sulfonylureas indicate that  
most of the uptake is easily reversible. This is in line 
with the observation that  the islet uptake of sulfonyL 
ureas was markedly reduced when albmnin was wesent 
in the incubation medium; it is welI known that  sul- 
fonylureas bind strongly to serum proteins (Judis, 
1972). The concentration of albumin used in the pres- 
ent study, 3 mg/ml, is not higher than that  thought 
to be present in the interstitial tissue fluid and con- 
siderably lower than that  in serum. Insofar as the islet 
uptake of sulfonylnreas is related to their hypoglyee- 
mie action, our results ~re compatible with the idea 
that  the therapeutic effect may be potentiated by com- 
pounds which are able to displace the drugs from. 
serum albumin (Judis, 1972). The distribution of 
glibenclamide in the mouse has previously been 
studied with whole body autoradiography, Which did 
not reveal any concentration of the drug in the pan- 
creatie islets as compared with blood (I-Iellman et al., 
1969). This result agrees well with the present observa- 
tion that  the glibenclamide space did not exceed that  
of 3-O-methyl-D-glucose in islets incubated in the 
presence of serum albumin. 

In view of the non-specific affinity of sulfonyl- 
ureas for proteins, the marked uptake of glibenelamide 
by islets incubated in albumin-free media should not 
necessarily be understood as specific binding to the 
hypothetical snl~onylurea receptor in the B-cells. 
Nevertheless, we may of course ask whether the much 
greater uptake of glibenclamide than of toIbutamide is 
related to the greater potency of glibenelamide as an 
insulin seeretagogue (Lhffler et al., t969). Studying the 
perfused rat pancreas, Loubatigres (t968) observed a 
difference between tolbutamide and glibenelamide 
with regard to the "turla-off" kinetics of insulin re- 
lease; the stimulatory action of glibenclamide per- 
sisted for a longer time after withdrawal of the drug. 
As pointed out by Grodsky (1968), this difference does 
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not prove that the fl-eells have a better "memory" for 
glibenclamide than for tolbutamide, since it was not 
known how rapidly the two drugs disappeared from the 
perfused pancreas. In the present study there was a 
slower washout of glibenclamide than of tolbutamide 
from islets preloaded with the sulfonylureas. 

There  are previous  reports that sulfonylurcas affect 
glucose metabolism, oxygen consumption, and cyclic 
nucleotide phosphodiesterase activity in the pancreatic 
islets (Hellman et al., 1969; Stork et al., 1969 ; Montague 
and Taylor, 1969; Ashcroft et al., 1970; Ashcroft et al., 
1972). It has also been suggested that the insulin-re- 
leasing effect of sulfonylureas may be related to their 
ability to uncouple oxidative phosphorylation and 
alter the "phosphate potential" in the/?-cells (I-lellman 
et al., 1969; Ilellman, 1970). The latter idea was an 
attempt to explain the action of sulfonylureas in a 
manner that would be theoretically economical in not 
requiring the assumption of regulatory mechanisms 
for insulin release other than glucose metabolism. Al- 
though subsequent studies have indicated that such 
attempts may be unduly monolithic (I-Iellman et al., 
1971c), further experiments appear necessary in order 
to assess the importance of the metabolic alterations 
observed in islets exposed to sulfonylureas. It should 
be pointed out that the hypothesis that these drugs act 
primarily on the/?-cell plasma membrane has no impli- 
cations as to the number and nature of effects that 
may arise from binding to the hypothetical receptor. 
I t  seems possible t h a t  such b ind ing  could resul t  in 
in t race l lu la r  me tabo l i c  effects which are  signif icant  
for, or consequences of, the  s t imu la t ed  insul in  release. 
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