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Summary. Cartesian divers were used to evaluate the
effects on vitro of some hypoglycaemic sulphonylureas on
the oxygen consumption of isolated pancreatic islets.
The islet specimens were obtained from obese-hyper-
glycaemic mice, and consisted of over 90%, B-cells. When
incubated with Krebs-Ringer phosphate medium, the
islet cells displayed an increased rate of respiration upon
addition to the incubation medium of either tolbutamide
(D860; 0.1 mg/ml) or glibenclamide (HB419; 0.1 pg/
ml). The respiratory rate increased with the concentra-
tion of HB 419 in the range 0.001—0.1 pg/ml, but did
not exceed 1209% of the respiration in pure phosphate
medium. Whereas the physiological excretion produet of
D 860 did not affect the respiratory rate, the corresponding
derivative of HB 419 was still effective in stimulating the
oxygen uptake of the islets. When islets were incubated
with glucose at a high concentration (3 mg/ml), the oxygen
uptake was inhibited by addition of D860, or its metabo-
lite, or HB419. The last drug slightly increased the
respiration of islets incubated with glucose at a concen-
tration of 1 mg/ml, and a marked stimulation was noted
at a still lower glucose concentration, 0.5 mg/ml. Attempts
to evaluate the effect of mannoheptulose on the respira-
tory response of the islets to hypoglycaemic sulphony-
lureas produced inconclusive results. It is suggested that
sulphonylureas effect an increased rate of endogenous
substrate oxidation in the B-cells of the pancreatic islets.

Action de certains sulforylurées hypoglycémiants sur la
consommation d’oxygéne d’ilots pancréatiques isolés de
souris

Résumé. L’action des sulfonylurées hypoglycémiants
sur la consommation d’oxygéne des ilots pancréatiques
isolés a été déterminée in vitro & 'aide d’un microrespiro-
métre cartésien. Les flots provenaient du pancréas de
gouris obéses hyperglycémiques et contenaient plus de
909, de cellules B. L’addition de tolbutamide (D860;
0.1 mg/ml) ou de glibenclamide (HB 419; 0.1 pg/ml)
au milieu d’incubation Krebs-Ringer-phosphate provo-
quait une augmentation de la consommation d’oxygéne.
La respiration augmentait avec la concentration de
HB419 entre 0.001 et 0.1 pg/ml, mais ne dépassait pas
1209, de la respiration dans le milieu phosphaté pur. Tan-
dis que le métabolite d’excrétion physiologique du D 860
n’influencait pas la respiration, le dérivé correspondant
du HB419 stimulait encore la captation d’oxygéne des
ilots. Quand les flots étaient incubés avee une forte con-
centration de glucose (3 mg/ml) la captation d’oxygéne
était inhibée par ’addition de D860, de son métabolite
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ou de HB419. Cette derniére drogue augmentait légére-
ment la respiration des ilots incubés avee du glucose & la
concentration de 1 mg/ml, tandis que l'on notait une
stimulation trés marquée pour une concentration de
glucose encore plus faible (0.5 mg/ml). Les tentatives
pour évaluer l'effet du mannoheptulose sur la réponse
respiratoire des ilots aux sulfonylurées hypgloycémiants
n’ont pas donné des résultats concluants. Il semble que les
sulfonylurées produisent une augmentation de ’oxydation
des substrats endogénes dans les cellules B des ilots pan-
créatiques.

Wirkung einiger blutzuckersenkender Sulfonylharn-
stoff-Verbindungen auf den Sauerstoffverbrauch isolierter
Pankreas-Inseln bet Mdusen

Zusammenfassung. Der Einflul blutzuckersenkender
Sulfonylharnstoffe auf den O,-Verbrauch isolierter Pan-
kreas-Inseln wurde ¢n wvitro mit dem cartesianischen
Taucher bestimmt. Die Inseln entstammten den Pan-
kreas von Méusen mit dem obese-hyperglycemic-Syn-
drom und bestanden zu iiber 909%, aus B-Zellen. Zusiitze
von Tolbutamid (D860, 0.1 mg/ml) oder Glibenclamid
(HB419, 0.1 pg/ml) zu den in Krebs-Ringer-Phosphat-
Pufferlésung inkubierten Inseln fithrten zu Steigerungen
des Sauerstoffverbrauchs. Fir HB419 wurde im Bereich
von 0.001 bis 0.1 pg/ml ein konzentrationsabhéingiger
Effekt von maximal 1209, der Kontrollwerte nachgewie-
sen. Das Hauptausscheidungsprodukt von D860 hatte
auf die Respirationsrate keine Wirkung. Der Metabolit
von HB419 steigerte dagegen signifikant den Sauerstoff-
verbrauch. Wenn Inseln in Gegenwart hoher Glucose-
konzentrationen (3 mg/ml) vorinkubiert wurden, dann
wurde der Sauerstoffverbrauch durch Zusatz von D 860,
seinem Metaboliten und auch von HB419 gehemmt. Bei
geringerer Glucosekonzentration von 0.5 und 1.0 mg/ml
verursachte HB419 jedoch eine Steigerung des Sauer-
stoffverbrauchs. Der Stimulationseffekt von HB419
konnte einerseits durch nachfolgenden Zusatz von
Mannoheptulose nicht unterdriickt werden, andererseits
aber bei Vorinkubation der Inseln zusammen mit Man-
noheptulose nicht mehr ausgelost werden. Aus den Resul-
taten wird geschlossen, dal Sulfonylharnstoffe zu einer
gesteigerten endogenen Substratoxydation in den B-Zel-
len der Langerhans’schen Inseln fithren.

Key-words: Sulphonylureas, tolbutamide, gliben-
clamide, cartesian divers, pancreatic islets, metabolism
of pancreatic B-cells, respiration of isolated islets, sul-
phonylurea effects on islets.

Introduction

Already in his classical papers Loubatiéres [16, 17]
suggested that the hypoglycaemic effect of certain
sulphonamides is mediated principally through stimu-
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Iation of ingulin release from the B-cells of the pan-
creatic islets. Numerous subsequent studies with both
sulphonamides and the closely related sulphonylureas
have confirmed and extended this view, although it
cannot be excluded that extra-pancreatic effects also
contribute to the antidiabetic properties of these drugs
[7, 8, 23]. The detailed mechanism by which they
stimulate the B-cells to secrete insulin is, however,
poorly understood. At least in part this may be at-
tributed to difficulties inherent in metabolic studies of
mammalian B-cells, which are collected in numerous
minute islets dispersed throughout the exocrine pan-
creatic parenchyma. Recent techniques for isolation
of surviving pancreatic islets and for metabolic micro-
analyses of these small preparations seem to offer new
possibilities of evaluating the action of drugs on the
B-cells. The experiments reported here were carried
out to determine, in terms of oxygen consumption, the
metabolic effects of sulphonylureas on the mammalian
B-cells. For this purpose the respiration of isolated
pancreatic islets of mice was measured in vitro in the
presence of either tolbutamide or a new, highly potent,
sulphonylurea compound designated as glibenclamide.

Material and Methods

Chemicals. D-mannoheptulose was generously giv-
en by Professor E. Smvmox of the Weizmann Institute
of Science, Rehovoth, Israel. D-glucose was obtained
from Baker Chemical Co., Phillipsburg, New Jersey,
U.8.A. Tolbutamide (D 860), glibenclamide (HB
419)* and their metabolic excretion products? were
supplied as sodium salts by Boehringer Mannheim
GmbH, Germany. HB 419 is a recently synthesized ben-
zamido-alkyl-benzolsulphonylurea derivative, which
has a significant blood sugar lowering effect in several
species including man, when given orally in doses of
only 15—100 pg/kg body weight [1]. The therapeutic
plasma concentration is of the order of 0.01—0.1 pg/ml,
as calculated from the relation between dose and space
of distribution [2, 20]; and that of tolbutamide is
about 0.1 mg/ml [6].

The urinary excretion product of tolbutamide
(D 860-COOH) in man, has a carboxyl group substi-
tuted for a methyl group in the molecule and lacks
blood sugar lowering properties [24]. The main excretion
product of HB 419, which is a 4-hydroxy-cyclohexyl
derivative (HB 419-OH) of the original substance, has
a capacity for lowering the blood sugar that is consi-
stently weaker than that of the original substance [13].

In the present experiments, the different sulphonyl-
ureas were solubilized by being dissolved first in
equimolar amounts of 1 N sodium hydroxide and then
diluted to the desired concentration with Krebs-
Ringer phosphate medium [22]. The pH-values of the
solution were adjusted to 7.4 at + 37°C immediately
before each experiment.

1.2 Jointly developed by Boehringer Mannheim GmbH
and Farbwerke Hoechst AG. Frankfurt/M.-Hoechst.
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Preparation of isolated islets. Altogether 33 female
mice, 5 months old, with the obese-hyperglycaemic
syndrome were used. The mouse strain originated from
the Roscoe B. Jackson Memorial Laboratory, Bar
Harbor, Maine, U.S.A., and has been bred at the Histo-
logical Department, University of Uppsala, since 1959.
The animals had free access to water and a uniform
diet (caloric composition; Meal/kg: N-free extractable
substances 1.98, raw fat 0.20, raw protein 0.70, fibres
0.15) until 18 h before decapitation, when they were
deprived of food. After exsanguination, the pancreas
was quickly removed and suspended in Krebs-Ringer
phosphate buffer [22] maintained at -+ 2°C. The
subsequent procedure for isolation of fresh pancreatic
islets by microdissection has been described in detail
previously [10].

Determination of the oxygen consumption. Isolated
islets were incubated at 4 37°C in the Cartesian diver
micro-respirometer originally developed by HorTEr
and LINDERSTROM-LANG [14]. After being filled, each
diver had a gas space of about 5 pl, which made the
system sensitive to a change in the gas volume of
about 5 x 10-* yl. The amount of incubated tissue
required for an individual experiment could therefore
be limited to 1 —2 islets with a total dry weight of
1—10 pg. The technique for the filling of the divers.
as well as the volumes and compositions of the various,
neck seals, have been reported in detail elsewhere [12].
The diver gas space contained ambient air, and the
incubation medium consisted of Krebs-Ringer phos-
phate buffer, which was placed as a small seal in the
middle part of the diver neck. During the incubation
period the islet rested on the lower meniscus of this
seal. Just below was placed a side drop containing a
test substance dissolved in phosphate medium. By
application of a suitable positive pressure the seal with
the islet could be made to move downward until it
mixed with the side drop [12). Each islet therefore
served as its own control; the respiratory rate was
determined first in & control medium for about 1 h, and
subsequently in a medium containing the test sub-
stance during the following hour. At the end of the
experiments, the dry weights of incubated islets were
determined in order to caleulate the QO,-values (=
oxygen uptake in pl/hour.mg dry tissue weight). The
change of the islet respiratory rate upon addition of the
test substance was also expressed. in per cent of the
control value. Statistical treatment of the data was
performed as described by SNEDECOR [21].

Three series of experiments were carried out as
follows: (A) To evaluate the effect of sulphonylureas
on the endogenous respiratory rate, the oxygen uptake
of islets incubated in a pure phosphate medium was
compared with that recorded in the presence of one of
the sulphonylurea compounds. (B) The effect of sul-
phonylureas on the respiration of the islet cells in the
presence of glucose was studied by determinations of
the oxygen uptake of islets, which had been incubated
with glucose during the initial control period and sub-
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sequently with both glucose and sulphonylurea. (C)
The influence of mannoheptulose on the oxygen uptake
of islets in the presence of a sulphonylurea was deter-
mined by pre-incubation of islets with one of the latter
compounds, followed by addition of mannoheptulose.
In other experiments, islets were pre-incubated with
mannoheptulose, and a sulphonylurea was subsequently
added.

Results
The effects of different sulphonylureas on the en-
dogenous respiratory rates of islet cells are summarized
in Table 1, which also shows a statistical evaluation of
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tion decreased to 929, of the control value. Analyses
of data obtained with HB 419, added at a concentra-
tion of 0.1 pg/ml to islets pre-incubated in a phosphate
medium with various glucose eoncentrations, indicated
a decrease to 919 with 3 mg/ml of glucose; with 1 mg
of glucose/ml there was a slightly increased respiratory
rate. At a low glucose concentration, 0.5 mg/ml,
HB 419 stimulated the oxygen uptake to the same ex-
tent as when no glucose was added.

Previous studies have shown that the diabetogenic
sugar mannoheptulose strongly inhibits the glucose-
stimulated oxygen uptake of the islet B-cells [12]. In
the present study some tests were performed to deter-

Table 1. Effects of different sulphonylureas on the endogenous respiratory rates of isolated pancreatic islets. The omygen
uptake (—QO,) has been expressed as yllh.mg dry weight. P is probability of a chance difference from the initiol respiratory
rate. Means + S.E.M.

I II
No. of No. of Endogenous Respiration after addition of sulphonylurea
animals determi- respiration
nations —QO0, Sulphonylurea Concn. —QO, Oxygen uptake P
mg/ml as percentage
of I
2 8 4.5 + 0.3 D860 10t 5.2 4- 0.2 118.0 -- 2.9 < 0.001
2 8 4.2 - 0.2 D860—COOH 101 4.3 4+ 0.2 101.6 - 0.5 > 0.05
2 5 4.5 L 0.2 HB419 10-¢ 4.6 - 0.2 102.7 - 0.8 > 0.05
3 8 3.9+ 0.6 HB419 10-3 4.6 4- 0.7 115.2 4 2.6 < 0.01
6 12 4.4 L 0.3 HB419 104 5.4 4 0.4 1204 4 2.0 < 0.001
2 7 4,0 - 0.1 HB419 10-3 4.7 L 0.2 119.4 1+ 1.6 < 0.001
2 6 4.3 1+ 0.2 HB419—-O0H 104 4.9 4+ 0.2 114.7 4+ 1.7 < 0.001

the data. Tolbutamide in a concentration of 0.1 mg/ml
increased the mean oxygen uptake to 1189, of the
control value, whereas the islet respiration was not
affected by addition of its metabolite, D 860-COOH.
When HB 419 was added, the endogenous respiration
also increased considerably, and this effect appeared
at a much lower concentration than with tolbutamide.
In fact, maximal stimulation was found with only
0.1 pg of HB 419/ml; the respiration of the islet cells
being 1209, of the control rate. The corresponding
value with HB 419 at a concentration of 1 pg/ml was
1199%,. Even when the concentration was decreased to
0.01 pg/ml, a marked respiratory stimulation was re-
corded, but no effect was observed with 0.001 pg/ml.
When the metabolite, HB 419-OH, was substituted for
HB419 at a concentration of 0.1 ug/ml, the respiration
of the incubated islet cells increased to 1159, of thatin
the control medium. As shown in Fig. 1, addition of sul-
phonylures to the incubation medium rapidly enhanced
the endogenous oxygen uptake, which proceeded at the
elevated rate for the remaining period of observation.

The action of sulphonylureas after pre-incubation
of islets with glucose was studied in a series of ex-
periments (Table 2). When tolbutamide (0.1 mg/ml)
was added to islets respiring in a medium containing
3 mg/ml of glucose, the respiratory rate decreased
slightly to 969, of that with glucose alone. In corre-
sponding experiments with D 860-COOH the respira-
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TIME (HOURS)

Fig. 1. Effect of HB 419 on the oxygen uptake of a single
pancreatic islet incubated in Krebs-Ringer phosphate

medium. The first part of the line (@ — — — — @) repre-
sents the endogenous respiratory rate, and the second
part (0———-—0) the respiration after addition of

HB 419 (0.1 pg/ml). The arrow indicates mixing of the
buffer seal, including the islet, with the side drop. The
broken line shows the extrapolated respiratory rate if
HB419 had not been added. The oxygen uptake in-
creased by 219, after the addition of HB419

mine whether the respiratory response to sulphonylurea
was modified by mannoheptulose. A first series of
experiments included islets pre-incubated with HB 419
(0.1 pg/ml) and subsequently exposed to mannoheptu-
lose at a concentration of 3 mg/ml. As can be seen in
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Table 2, there was no evidence to indicate an inhibitory
action of mannoheptulose; the respiratory rate of the
islets remaining approximately constant throughout
these experiments. Further tests showed, however, that
pre-incubation of islets with mannoheptulose blocked
the respiratory stimulation of HB 419 on the islet cells.
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cose oxidation of these cells was not potentiated by
sulphonylureas; on the contrary, the oxygen consump-
tion at a high glucose concentration was slightly de-
pressed. This agrees with a recent finding of JARRETT
[15], who observed no stimulation of #¥CO,-production
from *C-labelled glucose when tolbutamide was added

Table 2. Effects of different sulphonylureas on the respiratory rates of isolated pancreatic islets, which had been pre-incubated
with various concentrations of glucose. The results of corresponding experiments with mannoheptulose are also shown. The
owygen uptake is expressed as in Table 1. Means + S.E.M.

I 1T
No. of No. of Respiration during initial Respiration after mixing with side drop
animals  determi- period of measurements

- nations
Addition Concn. -—QO, Addition Conen. —QO, Oxygen uptake P
‘mg/ml mg/ml as percentage
of 1
2 8 Glucose 3.0 9.34+0.5 D860 10—t 9.0--0.6 95.841.3 <0.05
2 6 Glucose 3.0 9.2-4-0.9 D860—-COOH 101 8.54-0.8 92,1411 <0.01
1 5 Glucose 0.5 3.84-0.2 HB419 10-¢ 45403  119.044.3 <0.01
2 8 Glucose 1.0 4.440.3 HB419 104 46403  105.74-2.5 <0.05
2 6 Glucose 3.0 8.64-0.6 HB419 10-¢ 7.840.4 90.6+1.3 <0.01
3 10 HB419 10+ 5.64-0.3 Manno- 3.0 5.64-0.3 99.841.5 >0.05
heptulose

2 7 Manno- 3.0 4.61+0.3 HB419 10~ 46403 101.4-41.1 >0.05

heptulose

Discussion to isolated islets. These observations naturally do not

The present results clearly demonstrate both mark-
ed and highly reproducible effects of sulphonylureas
on the respiratory metabolism of isolated islet cells.
Moreover, the observations can be regarded as repre-
sentative of the B-cells, since this cell type comprises
over 909, of the total number of islet cells in obese-
hyperglycaemic mice. A marked stimulation of the
oxygen uptake was recorded only in the absence of
glucose or at a glucose concentration below 1 mg/ml.
These results suggest that addition of sulphonylureas
brought about an increased rate of endogenous sub-
strate oxidation, since sulphonylureas themselves
probably do not serve as substrates in B-cell metab-
olism. The nature of endogenous substrates in the
B-cells is so far unknown, but the supply appears
sufficient to maintain a constant respiratory rate for
hours [12]. In contrast to tolbutamide and HB 419,
the pharmacologically inactive carboxylic acid of tol-
butamide lacked a stimulating action on the respira-
tion. This obviously did not depend on differences in
cellular penetration, for the carboxylic acid derivative
was effective in depressing the oxygen uptake of the
islets in the presence of glucose. Whether the conformi-
ty between hypoglycaemic action and ability to stim-
ulate endogenous respiration should be interpreted as
signifying a close interaction between the endogenous
rate of substrate oxidation and the insulin release,
cannot be decided until more detailed data on the
B-cell metabolism are available.

Glucose has previously been shown to stimulate
strongly the oxygen consumption of the pancreatic
B-cells [11, 12]. The present findings indicate that glu-

exclude that sulphonylureas may still facilitate insulin
secretion by modifications of the glucose break-down
not reflected in the oxidative rate. In fact, CoorE and
RaNDLE [5] showed that addition of tolbutamide to
pancreatic slices incubated in a bicarbonate medium
was relatively more effective in promoting insulin
release at a glucose concentration of 0.5 mg/ml than
in the absence of the sugar. It was noteworthy, how-
ever, that tolbutamide affected the rate of hormone
secretion to a relatively small extent when the glucose
concentration was raised to 1.5 mg/ml or above.

In evaluating the present results, the question
arises whether the particular action of sulphonylureas
on the respiratory metabolism of the B-cells is confined
to this cell type or shared also with other kinds of
mammalian cells. Previous studies in vitro of kidney
indicate that addition of sulphonylureas inhibits
rather than stimulates the endogenous oxygen uptake
of this tissue, whereas the results with liver are less
uniform. With carbutamide, CLARKE et al. [4] observed
a marked inhibition of respiration in liver slices of
rabbits; and with chlorpropamide CrARKE [3] reported
a moderate inhibition in kidney slices of rats. On the
other hand, DE ScHEPPER [7] recently demonstrated a
stimulation of the endogenous oxygen uptake of rat
liver slices with both tolbutamide and chlorpropamide,
whereas the respiratory rate was inhibited in kidney
slices. With tolbutamide in a concentration far above
the therapeutic range, FREINKEL and IxgBAR [9] found
up to 509, inhibition of the respiratory rate in kidney
slices of rabbits. In the rat diaphragm, the oxygen
consumption inereased upon addition of tolbutamide
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either in the absence of exogenous substrates [7] or in
the presence of glucose [18, 19]. It appears from these
data that there are marked variations in the respira-
tory response of various tissues to sulphonylureas.
These drugs seem, however, to increase the endogenous
respiratory rate not only in the B-cells but also in the
diaphragm, and possibly in the liver.

The observation that tolbutamide and HB 419
displayed very similar effects on the B-cell respiration
in vitro, despite their concentrations in the medium
being different by a stoichiometric factor of about 1000,
agrees well with previous findings on the blood sugar
lowering effects in vivo of these drugs. When given
orally to rabbits in a single dose of 25 mg/kg body
weight, tolbutamide consistently decreased the blood
sugar level by at least 109, whereas a corresponding
effect with HB 419 was noted after administration of
only 10 pg/kg body weight [1]. In man, the blood sugar
level was similarly lowered by HB 419 with an oral
dosage of only 15 pg/kg body weight. These observa-
tions, as well as those in the present study, support the
view that HB 419 affects metabolic receptors in the
B-cell at remarkably low concentrations. This holds
true even when the B-cells were able in some, as yet
unknown, way to coneentrate sulphonylurea, since the
present results in vitro indicate that the oxygen con-
sumption was already significantly stimulated at a
concentration in the incubation medium of 0.01 pg of
HB 419 ml. In these experiments the total amount of
the drug in the medium was not more than 10-% pgin
each individual diver experiment. Further studies to
elucidate the metabolic action on the B-cells of this
interesting substance are in progress.
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