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Increase in insulin release from rat pancreatic islets by quinolone
antibiotics
N. Maeda, 1T. Tamagawa, I. Niki, H. Miura, K. Ozawa, G. Watanabe, K. Nonogaki, K. Uemura &
*A. Iguchi

Third Department of Internal Medicine, and *Department of Geriatrics, Nagoya University School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466, Japan

1 The present study was undertaken to elucidate the mechanism(s) of hypoglycaemia caused by
quinolone antibiotics. We investigated the effects of various quinolone antibiotics on insulin release in rat

pancreatic islets.
2 At a non-stimulatory concentration of 3 mM glucose, lomefloxacin (LFLX) or sparfloxacin at 1 mM

and pipemidic acid (0.1-1 mM) induced slight insulin release but tosufloxacin or enoxacin up to 100 gtM
did not.
3 At the stimulatory concentration of 10 mm glucose, all quinolones augmented insulin release in a

dose-dependent manner. LFLX (100 gM) shifted the dose-response curve of glucose-induced insulin
release to the left without altering the maximal response.

4 At 10 mM glucose, LFLX (100 gM) increased insulin release augmented by forskolin (5 ,M) or 12-0-
tetradecanoyl phorbol-13-acetate (100 nM) but not by raising the K' concentration from 6 to 25 mM.
5 Verapamil (50 gM) or diazoxide (50-400 gM) antagonized the insulinotropic effect of LFLX.
6 These data suggest that quinolone antibiotics may cause hypoglycaemia by increasing insulin release
via blockade of ATP-sensitive K' channels.
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Introduction

The older quinolone antibiotics, such as nalidixic acid, have
been used for the treatment of urinary tract infections for
many years. They are of relatively minor significance because
of the narrow spectrum of antibacterial activity and the rapid
development of bacterial resistance. These drawbacks were
overcome by the introduction of fluorinated quinolones such
as enoxacin (ENX) and lomefloxacin (LFLX), which are used
for the treatment of a wide variety of infectious diseases. Re-
cently these drugs were reported to induce hypoglycaemia in
geriatric patients (Toyoda et al., 1991; Ministry of Health and
Welfare of Japan, 1992). In one of those reports, the serum
level of immunoreactive insulin (IRI) was found to be higher
than the normal range. In addition, quinine with some struc-
tural resemblance to quinolones was reported to increase in-
sulin release by decreasing the K permeability (Henquin, 1982).
In the present study, we investigated the possible effects of
quinolone antibiotics (ENX, LFLX, pipemidic acid (PPA),
sparfloxacin (SPFX), and tosufloxacin (TFLX)) on insulin
release and adenosine 3': 5'-cyclic monophosphate (cyclic
AMP) production from rat pancreatic islets in order to eluci-
date the involvement of ATP-sensitive K+ channels (K+-ATP
channels) in their actions.

Methods

Islets were isolated from pancreata of fed male Wistar rats
(250-350 g) by collagenase digestion, followed by preincuba-
tion for 30 min in Krebs-Ringer bicarbonate buffer gassed
with 02/CO2 (19:1) supplemented with 3 mM glucose and
bovine serum albumin (BSA) 5 mg ml-'.

For the measurement of insulin release, groups of 3 islets
were incubated at 370C for 1 h in 0.5 ml of solutions gassed
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with O2/CO2 (19:1) containing (mM): NaCl 120, KCl 4.8,
CaCl2 2.0, KH2PO4 1.2, MgSO4 1.2, NaHCO3 20, HEPES 10
and 5 mg ml-' BSA under the indicated conditions. When K+
was raised to 25 mM, Na+ was reduced by an equivalent
amount in order to keep the osmolarity constant. The pH of
the solution was adjusted to 7.4 with NaOH. All media for
incubation of islets and enzyme immunoassay contained 0.2%
dimethyl sulphoxide. Insulin content in the medium was de-
termined by enzyme immunoassay using an EIA kit Mitsui II
(Mitsui pharmaceutical industry, Tokyo).

For the measurement of cyclic AMP, groups of 5 islets were
incubated at 37°C for 1 h in 0.2 ml of the same solutions as
those for insulin release experiments. Then HC1 and EDTA
were quickly added to the reaction mixture to make final
concentrations of 0.1 N and 5 mM, respectively, as described
by Katada & Ui (1979). The acidified mixture was then put in a
boiling water bath for 3 min to extract cyclic AMP. After
centrifugation, cyclic AMP in the supernatant was succiny-
lated and determined with a commercially available kit (Ya-
masa Syoyu Co., Ltd., Tokyo). Thus cyclic AMP
accumulation was expressed as the total amount of cyclic AMP
which was released in the medium and accumulated in the
islets.
ENX [l-ethyl-6-fluoro-1, 4-dihydro-4-oxo-7-(1-piper-

azinyl)-1,8-naphthyridine-3-carboxylic acid sesquihydrate],
pipemidic acid (PPA) {8-ethyl-5,8-dihydro-5-oxo-2-(1-piper-
azinyl) pyrido [2,3- d] pyrimidine-6-carboxylic acid trihydrate},
sparfloxacin (SPFX) [5-amino-1-cyclopropyl-7-(cis-3,5-di-
methyl - 1 - piperazinyl) - 6,8 -difluoro-1 ,4-dihydro-4-oxoquino-
line-3-carboxylic acid] were from Dainippon Pharmaceutical
Co., Ltd. (Osaka, Japan). LFLX [(+)-l-ethyl-6,8-difluoro-
1,4 - dihydro - 7 - (3 - methyl - I- piperazinyl)-4-oxo-3-quinoline-
carboxylic acid hydrochloride], and tosufloxacin (TFLX) [(± )-
7- (3 - amino - 1 - pyrrolidinyl) - 6-fluoro-1-(2,4-difluorophenyl)-
1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid p-to-
luenesulphonate hydrate] were from Shionogi & Co., Ltd.
(Osaka) and Toyama Chemical Industry Co., Ltd. (Tokyo),
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respectively. They were dissolved in 0.1 N NaOH to obtain
stock solutions of 25 mM. Verapamil hydrochloride was from
Eisai Co., Ltd. (Tokyo). Forskolin (Calbiochem, La Jolla, CA)
was dissolved in 95% ethanol, 12-0-tetradecanoyl phorbol-13-
acetate (TPA) (Sigma) in dimethyl sulphoxide, and diazoxide
(Sigma) in 0.1 N NaOH to obtain stock solutions of 20 mM,
100 gM and 40 mM, respectively. Data are given as means+
s.e. mean and statistical significance was assessed by ANOVA
with Duncan's multiple range test or Williams-Wilcoxon's test
(for data that were not normally distributed).

Results

Effects of various quinolones on insulin release at 3 and
10 mM glucose

In the presence of 3 mm glucose, basal insulin release from 3
islets for 1 h was below the minimum detectable limit
(0.04 ng h-' per islet) of the immunoassay used. When ENX,
LFLX, or TFLX at concentrations of 10 and 100 gM was
added, insulin release remained undetectable. However, LFLX
or SPFX at 1 mM and PPA at concentrations of 100 gM or
more induced insulin release (LFLX: 0.80+0.13, SPFX:
0.24+0.03, PPA (100 uM): 0.14+0.02, PPA (1 mM):
0.29 +0.04 ng h-1 per islet, n = 15-20). ENX or TFLX at a
concentration of 1 mm could not be dissolved and were not
tested. The amount of insulin release induced by 10 mm glu-
cose was 4.9 + 0.5 ng h'-l per islet. Addition of the quinolones
augmented the release in a dose-dependent manner (Figure 1).
The augmenting effects of LFLX and PPA were significant
(P<0.05) at 10 gM or more and at 100 gm or more, respec-
tively. Those of both quinolones were maximal at a con-
centration of 100 gUM and decreased at 1 mM (0.01 <P 0.05
between 100 guM and 1 mM LFLX; not significant for PPA).
TFLX produced a similar pattern but the dose-response curve
was shifted to the left by one order. The maximal insulin re-
lease was 159% of the control for LFLX, 135% for PPA, and

172% for TFLX. ENX at 10 and 100 gM or SPFX at con-
centrations between 10 gM and 1 mM continued to augment
glucose-induced insulin release significantly (PA 0.05); ENX at
100 gM induced insulin release to 154% of the control and
SPFX at 1 mm to 185%. Thus all the quinolones tested in the
present study had a stimulatory effect on insulin release. In the
following experiments, 100 gM LFLX was used to study the
mechanism underlying the insulinotropic effects.

Effect of LFLX on insulin release induced by various
concentrations of glucose
Addition of 100 gM LFLX shifted the dose-response curve of
glucose-induced insulin release to the left without affecting the
basal release in the absence or presence of 3 mm glucose and
the maximal release at 30 mM glucose (Figure 2). The incre-
ments in percentage change of insulin release augmented by
LFLX were 505%, 96% 26%, and 12% (not significant) of
that induced by glucose alone at concentrations of 8, 10, 20,
and 30 mM, respectively. The KM value was reduced from
10.0 mM to 8.2 mM by quinolone. Thus the augmenting effect
of LFLX was more marked near the threshold concentration
of glucose than at higher concentrations.

Effect of LFLX on insulin release induced by high K+,
forskolin or TPA in the presence of 10 mM glucose
Three experimental conditions were tested to investigate the
mechanisms by which the quinolone could exert its effect on
insulin release: the concentration of K+ was increased to
25 mm to depolarize the plasma membrane and fully open
Ca2" channels (Arkhammar et al., 1987); 5 gM forskolin
(Malaisse et al., 1984) and 100 nM TPA (Hughes & Ashcroft,
1988) were used to activate adenylate cyclase and protein ki-
nase C, respectively. In these conditions the selected con-
centrations were almost maximally effective. Figure 3 shows
that LFLX failed to affect glucose-induced insulin release
augmented by high K+ but increased the release augmented by
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Figure 1 Augmentation of insulin release by various quinolones
from rat pancreatic islets in the presence of 1Omm glucose. Groups of
3 islets were incubated for 1 h at 370C in a medium containing 1OmM
glucose and indicated concentrations of ENX (0), LFLX (0), PPA
(*), SPFX (EI) and TFLX (A). Insulin release is expressed as a %
of the value found in paired groups of islets incubated in the presence
of 10mm glucose alone. Values are means for 20 observations from 4
independent experiments; s.e.mean is not shown for clarity of
presentation. For abbreviations in this and subsequent figures, see
text.
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Figure 2 LFLX augmentation of glucose-induced insulin release
from rat pancreatic islets. Groups of 3 islets were incubated for 1 h at
370C in the medium containing the indicated concentrations of
glucose with (0) or without 100 AM LFLX (0). Values are
means+ s.e.mean for 20 observations from 4 independent experi-
ments. Significance levels: **P<0.01 vs the value with glucose alone;
NS, not significant.
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addition of forskolin or TPA. Thus LFLX seemed to exert its
effect on insulin release in a similar way to high K+ but not
activation of adenylate cyclase or protein kinase C.

Effect of LFLX on cyclic AMP accumulation

In the presence of 10 mM glucose, cyclic AMP accumulation
was 43 + 4 fmol h- l per islet (n = 20), which was not influenced
by addition of LFLX (48 + 3 fmol h-' per islet, n = 20). For-
skolin augmented glucose-induced cyclic AMP accumulation
by about 9 times (382 + 15 fmol h-' per islet, n = 20). This
effect was not augmented but rather reduced by further addi-
tion of LFLX (233+ 16 fmol h-1 per islet, n=20, P 0.01).

Effect of verapamil on LFLX-augmented insulin release

The results obtained in the above experiments suggested that
the insulinotropic action of LFLX was mediated via a calcium
signal. Therefore verapamil, a Ca21 channel blocker, was used
to clarify the action of LFLX. As shown in Figure 4, verapamil
(50 tM) abolished insulin release caused by glucose alone or by
the combination of glucose and LFLX, or glucose and high
K+. Since it was possible that verapamil affected only glucose-
induced insulin release and thereby influenced the release
augmented by LFLX indirectly, the effect of verapamil was
also tested in the presence of a non-stimulatory concentration
of glucose. In the presence of 3 mM glucose, 1 mM LFLX-
induced insulin release (1.3 + 0.07 ng h'- per islet, n = 20) was
markedly inhibited by 50 gM verapamil (0.28 + 0.03 ng h per
islet, n=20, Ps<0.01).

Effect of diazoxide on LFLX-induced insulin release

At 3 mM glucose, 400 gM diazoxide, which is known to open
K+-ATP channels (Trube et al., 1986), did not influence basal
insulin release. Over the range of 50-400 Mm, diazoxide in-
hibited insulin release caused by 1 mM LFLX in a dose-de-
pendent manner (IC50 = 70 gM) (Figure 5). At 10 mM glucose,
insulin release was stimulated and was inhibited in a dose-
dependent manner by diazoxide (IC50 = 15 gM) (Figure 6) as
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reported previously (Henquin et al., 1982). This dose-response
curve for diazoxide-inhibition of glucose-induced release was
shifted to the right by 100 pM LFLX (IC50 = 160 gM).

Discussion

The present data provide the first evidence that quinolone
antibiotics (PPA, ENX, LFLX, SPFX, and TFLX) at con-
centrations of 10-1000 gM increase insulin release from rat
pancreatic islets. The maximal serum levels of these antibiotics
found in healthy subjects are up to about 30 gM (Shimizu et
al., 1975; Soejima, 1990). In one case where the serum con-
centration of ENX was measured when hypoglycaemia oc-
curred, it was reported to be 48 gM and the serum
concentration of IRI 1.02 nM (Toyoda et al., 1991). After
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Figure 4 Verapamil inhibition of insulin release augmented by
LFLX or high K + in the presence of 10mM glucose. Groups of 3
islets were incubated for 1 h at 37°C in the medium containing
10mm glucose with or without the indicated test substance (100/Mm
LFLX, 25mM K+ or 5OMm verapamil (0)). Values are means+
s.e.mean for 20 observations from 4 independent experiments.
Significance levels: **P <0.01 vs each control without verapamil.
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Figure 3 Effects of LFLX on insulin release augmented by high K+,
forskolin and TPA in the presence of 10mm glucose. Groups of 3
islets were incubated for 1 h at 37°C in the medium containing 25 mM
K+ (high K+), SyM forskolin (Fors), or lOOnM TPA with (M) or

without (l) 100lM LFLX in the presence of 10mm glucose. Values
are means+ s.e.mean for 20 observations from 4 independent
experiments. Significance levels: **P,0.01 vs each control without
LFLX; NS, not significant.
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Figure 5 Diazoxide inhibition of insulin release induced by 1 mM
LFLX in the presence of 3mM glucose. Groups of 3 islets were
incubated for I h at 37°C in a medium containing 3 mm glucose and
1 mM LFLX in the presence of the indicated concentrations of
diazoxide. Values are means+s.e.mean for 20 observations from 4
independent experiments. Significance levels: **P 0.01 vs the control
without diazoxide.
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Figure 6 Diazoxide inhibition of insulin release augmented by
LFLX in the presence of 10mm glucose. Groups of 3 islets were
incubated for 1 h at 370C in a medium containing 1Omm glucose
alone (0) or with glucose and 100 gM LFLX (0) in the presence of
the indicated concentrations of diazoxide. Values are means+s.e.
mean for 20 observations from 4 independent experiments.
Significance levels: 0.01 <*P<0.05; **P<0.01 vs each control
without diazoxide.

haemodiafiltration treatment, hypoglycaemia disappeared and
the serum concentrations of ENX and IRI decreased to 35 giM
and 660 pm, respectively. Thus it is possible that a serum level
of the quinolone in patients whose renal function is impaired
may reach a level 10 times as high as the maximal serum level
(about 4 giM) in healthy subjects. It is known that in vivo there
are substances other than glucose which can stimulate insulin
release, e.g. other sugars like mannose and fructose, amino
acids, fatty acids, and some gastrointestinal hormones (Hen-
quin, 1994). Taken together, the present finding that ENX at
10 giM or more induced insulin release in the presence of a
stimulatory concentration of glucose may explain the ENX-
induced hyperinsulinaemia in man. Although 1 mM LFLX
induced insulin release in the presence of 3 mm glucose, this
would not happen in vivo because such a concentration is far
above the maximal serum level of LFLX in healthy subjects.
However, it is possible that PPA may cause hypoglycaemia in
man because PPA at a concentration of 100 gM induced in-
sulin release and the maximal serum level ofPPA is reported to
be 15-30 JgM.

The mechanism of stimulation of insulin release by quino-
lones was explored. Since LFLX shifted the dose-response
curve of glucose-induced insulin release to the left without
affecting the maximal release, the quinolone was considered to
act through mechanisms also involved in glucose-induced in-
sulin release. The sugar is known to activate three major sec-
ond messenger systems (Malaisse-Lagae & Malaisse, 1971; Fex
& Lernmark, 1972; Charles et al., 1973; Tanigawa et al., 1982;

Rorsman et al., 1984; Prentki & Matschinsky, 1987). Thus we
used three experimental conditions to determine by which
system LFLX influenced insulin release and found that Ca2"
influx was important for the action of the quinolone based on
the following lines of evidence: (1) the effects of LFLX and
high K+ on glucose-induced insulin release were not additive
in contrast to those of LFLX and forskolin or those of LFLX
and TPA; (2) verapamil, a Ca2+channel blocker, prevented the
insulinotropic action of the quinolone; (3) LFLX did not in-
crease cyclic AMP accumulation on augmenting insulin release
induced by glucose or by the combination of glucose and
forskolin. Unexpectedly it inhibited cyclic AMP accumulation
in the presence of glucose and forskolin. This may be due to
activation of cyclic AMP phosphodiesterase by an increase in
the cytosolic Ca2+ concentration (Sugden & Ashcroft, 1981;
Lipson & Oldham, 1983), which will be caused by LFLX.

It is known that many insulin secretagogues, e.g. glucose
and hypoglycaemic sulphonylureas, close K+-ATP channels
(Ashcroft et al., 1984; Trube et al., 1986) and decrease K+
efflux (Sehlin & Taljedal, 1975; Henquin, 1978; Henquin &
Meissner, 1982). The subsequent depolarization of the plasma
membrane results in opening of voltage-dependent Ca2+
channels and an increase in cytosolic Ca2 + concentration
(Arkhammar et al., 1987). Conversely, diazoxide inhibits in-
sulin release by opening K+-ATP channels. Since LFLX could
overcome the effect of diazoxide as shown in Figure 6, we
suggest that the quinolone increases Ca2+ influx by closing
K+-ATP channels. There are many other substances which
also act at the same level (Henquin, 1990). Quinolone anti-
biotics may be added to this list.

Quinine is considered to increase insulin release by blocking
K+-ATP channels (Henquin, 1990). Because both this drug
and quinolone antibiotics have quinoline in their structure,
quinoline may be important in the insulinotropic actions. Al-
though PPA augmented glucose-induced insulin release, the
maximal insulin release that it caused was considerably less
than any other quinolone tested in this study. Since only PPA
does not have fluorine attached to the 6-carbon of the quino-
lone ring, fluorine may augment the insulinotropic action of
quinolones. The most potent quinolone in the insulinotropic
action was TFLX, which differs from ENX by the presence of
the 2,4-difluorophenyl group substituted for the ethyl group
attached to the 1-nitrogen and the aminopyrrolidinyl moiety
substituted for the piperazinyl moiety attached to the 7-carbon
of the quinolone ring.

In conclusion, quinolone antibiotics may cause hypogly-
caemia by increasing insulin release via blockade of K+-ATP
channels.

We are grateful to Dainippon Pharmaceutical Co., Ltd. (Osaka,
Japan), Shionogi & Co., Ltd. (Osaka), Toyama Chemical Industry
Co., Ltd. (Tokyo) and Eisai Co., Ltd. (Tokyo) for generous gifts of
ENX, PPA, SPFX, LFLX, TFLX and verapamil hydrochloride.
These studies were supported in part by research grant from the
Aichi D.R.G. Foundation.

References

ARKHAMMAR, P., NILSSON, T., RORSMAN, P. & BERGGREN, P.-O.
(1987). Inhibition of ATP-regulated K+ channels precedes
depolarization-induced increase in cytoplasmic free Ca2 + con-
centration in pancreatic fl-cells. J. Biol. Chem., 262, 5448- 5454.

ASHCROFT, F.M., HARRISON, D.E. & ASHCROFT, S.J.H. (1984).
Glucose induces closure of single potassium channels in isolated
rat pancreatic fl-cells. Nature, 312, 446-448.

CHARLES, M.A., FANSKA, R., SCHMID, F.G., FORSHAM, P.H. &
GRODSKY, G.M. (1973). Adenosine 3',5'-monophosphate in
pancreatic islets: glucose-induced insulin release. Science, 179,
569- 571.

FEX, G. & LERNMARK, A. (1972). Effect of D-glucose on the
incorporation of 32p into phospholipids of mouse pancreatic
islets. FEBS Lett., 25, 287- 291.

HENQUIN, J.C. (1978). D-Glucose inhibits potassium efflux from
pancreatic islet cells. Nature, 271, 271-273.

HENQUIN, J.C. (1982). Quinine and the stimulus-secretion coupling
in pancreatic fl-cells: glucose-like effects of potassium perme-
ability and insulin release. Endocrinology, 110, 1325- 1332.



376 N. Maeda et al Quinolone antibiotics on insulin release

HENQUIN, J.C. (1990). Established, unsuspected and novel pharma-
cological insulin secretagogues. In New Antidiabetic Drugs. ed.
Bailey, C.J. & Flatt, P.R. pp.93-106. London: Smith-Gordon
and Co.

HENQUIN, J.C. (1994). Cell biology of insulin secretion. In Joslin's
Diabetes Mellitus, 13th. ed. Kahn, C.R. & Weir, G.C. pp. 56-80.
Philadelphia: Lea & Febiger.

HENQUIN, J.C., CHARLES, S., NENQUIN, M., MATHOT, F. &
TAMAGAWA, T. (1982). Diazoxide and D600 inhibition of
insulin release: distinct mechanisms explain the specificity for
different stimuli. Diabetes, 31, 776-783.

HENQUIN, J.C. & MEISSNER, H.P. (1982). Opposite effects of
tolbutamide and diazoxide on 86Rb + fluxes and membrane
potential in pancreatic B cells. Biochem. Pharmacol., 31, 1407-
1415.

HUGHES, S.J. & ASHCROFT, S.J.H. (1988). Effects of a phorbol ester
and clomiphene on protein phosphorylation and insulin secretion
in rat pancreatic islets. Biochem. J., 249, 825 - 830.

KATADA, T. & UI, M. (1979). Islet-activating protein: enhanced
insulin secretion and cyclic AMP accumulation in pancreatic
islets due to activation of native calcium ionophores. J. Biol.
Chem., 254, 469-479.

LIPSON, L.G. & OLDHAM, S.B. (1983). The role of calmodulin in
insulin secretion: the presence of a calmodulin-stimulatable
phosphodiesterase in pancreatic islets of normal and pregnant
rats. Life Sci., 32, 775-780.

MALAISSE, W.J., GARCIA-MORALES, P., DUFRANE, S.P., SENER, A.
& VALVERDE, I. (1984). Forskolin-induced activation of
adenylate cyclase, cyclic adenosine monophosphate production
and insulin release in rat pancreatic islets. Endocrinology, 115,
2015- 2020.

MALAISSE-LAGAE, F. & MALAISSE, W.J. (1971). Stimulus-secretion
coupling of glucose-induced insulin release. III. Uptake of
45Calcium by isolated islets of langerhans. Endocrinology, 88,
72-80.

MINISTRY OF HEALTH AND WELFARE OF JAPAN. (1992).
Information on Drug Adverse Reaction, Tokyo. No. 117, pp. 7-
10.

PRENTKI, M. & MATSCHINSKY, F.M. (1987). Ca2+, cAMP, and
phospholipid-derived messengers in coupling mechanisms of
insulin secretion. Physiol. Rev., 67, 1185-1248.

RORSMAN, P., ABRAHAMSSON, H., GYLFE, E. & HELLMAN, B.
(1984). Dual effects of glucose on the cytosolic Ca2+ activity of
mouse pancreatic fl-cells. FEBS Lett., 170, 196-200.

SEHLIN, J. & TALJEDAL, I.-B. (1975). Glucose-induced decrease in
Rb+ permeability in pancreatic Pi cells. Nature, 253, 635-636.

SHIMIZU, M., NAKAMURA, S., KUROBE, N. & TAKASE, Y. (1975).
Absorption, distribution and excretion of pipemidic acid.
Chemotherapy, 23, 2724-2729.

SOEJIMA, R. (1990). New quinolone antibacterial agents; clinical
pharmacokinetics and therapeutic schedule. Physiscians' Therapy
Manual, 4, 2(12).

SUGDEN, M.C. & ASHCROFT, S.J.H. (1981). Cyclic nucleotide
phosphodiesterase of rat pancreatic islets: effects of Ca2
calmodulin and trifluoperazine. Biochem. J., 197, 459 -464.

TANIGAWA, K., KUZUYA, H., IMURA, H., TANIGUCHI, H., BABA,
S., TAKAI, Y. & NISHIZUKA, Y. (1982). Calcium-activated,
phospholipid-dependent protein kinase in rat pancreatic islets
of langerhans. FEBS Lett., 138, 183- 186.

TOYODA, T., MURAMATSU, M., IKEDA, H., OKAMOTO, M. ISAMI,
Y., IKUMA, T. NAKAMURA, E. & FUJII, M. (1991). A case report
of convulsion associated with hypoglycemia induced by enoxacin
in hemodialyzed patient. J. Jpn. Soc. Dial. Ther., 24, 1311 - 1314.

TRUBE, G., RORSMAN, P. & OHNO-SHOSAKU, T. (1986). Opposite
effects of tolbutamide and diazoxide on the ATP-dependent K+
channel in mouse pancreatic fl-cells. Pflugers. Arch., 407, 493-
499.

(Received May 16, 1995
Revised July 17, 1995

Accepted September 27, 1995)


