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Abstract-The organic calcium channel blocking drugs darodipine, nicardipine, diltiazem and verapamil 
inhibited glucose-induced (8.3 mmol L-1) insulin secretion by rat isolated islets in a concentration- 
dependent manner. The IC50 values (pmol L-1) for nicardipine, diltiazem and verapamil were 0.0025, 
1.94 and 3-6, respectively. There were no significant differences between the potencies of any one drug 
when compared at two different glucose concentrations (27.8 and 8.3 mmol L-1). Isolated islets were 
also responsive to the calcium channel activating drugs BAY K 8644 and CGP 28392, which enhanced 
glucose-induced insulin secretion and prevented the inhibitory effect of verapamil. BAY K 8644 was 
more potent than CGP 28392. In the anaesthetized rat, neither verapamil(1 mg kg-1 i.v. 10 min before 
glucose) nor nicardipine (0.2 mg kg-1 i.v.) modified the glucose or insulin response to intravenous 
glucose whilst producing marked cardiovascular effects. The plasma concentrations of nicardipine (3.9 X 
10-8 M at 10 min post injection) were similar to those producing effects in-vitro whereas the plasma 
concentrations of verapamil(5 x 10-7 M) were lower. It thus appears that the islet B cell calcium channel 
is less sensitive to calcium channel blocking drugs in-vivo than in-vitro. Moreover, in-vivo, the 
cardiovascular system is more sensitive to these drugs than are the islet B cells, although the potencies of 
the calcium channel blocking drug in isolated islets are similar to those reported for cardiac muscle and 
vascular smooth muscle in-vitro. 

The initiation of insulin secretion is thought to be due to the 
accumulation of Ca2+ in the B cell (Malaise 1973; 
Herchuelz et a1 1980). Ca2+ enters the B cell, at least in 
part, via voltage-operated Ca2+ channels (Lebrun et al 
1982), which are opened following depolarization of the B 
cell membrane secondary to a reduction in potassium 
permeability (Henquin 1978; Atwater et al 1979). Drugs 
which block voltage-sensitive Ca2+ channels potently 
inhibit glucose-induced insulin secretion in-vitro (Malaise 
et a1 1976; Lebrun et a1 1982) and are used widely in the 
treatment of angina and hypertension. Although some 
studies suggest that these drugs may reduce the insulin 
response to a glucose load and impair glucose tolerance 
(Giugliano et al 1980; Charles et al 1981; De Marinis & 
Barbarino 1980) the balance of published work suggests 
that oral administration of calcium antagonists, in haemo- 
dynamically active doses, does not interfere with insulin 
release or impair glucose tolerance (Donnelly & Harrower 
1980; Semple et all983; Segrestaa et a1 1984; Kanatsuna et 
a1 1985; Marre et a1 1985; Shamoon et all985). Lebrun et a1 
(1982) suggested that at low stimulatory glucose concentra- 
tions Ca2+ may enter the B cell through non-voltage 
sensitive mechanisms, since insulin secretion and CaZ+ 
efflux induced by 8.3 mmol L-1 glucose were relatively 
insensitive to inhibition by verapamil. As 8.3 mmol L-1 is a 
physiological (albeit high) glucose concentration, this 
could explain discrepancies between clinical findings and 
experimental observations made in-vitro. Most in-vitro 
studies have used higher glucose concentrations 
(16.7-27 mmol L-1) to stimulate insulin secretion. 

Thus, the present work was undertaken primarily to test 
the hypothesis that insulin secretion induced by low 
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concentrations of glucose is relatively insensitive to calcium 
channel blocking drugs in-vitro. Four different agents were 
examined which represented two of the three different 
classes of Ca2+ channel blocking drugs proposed by 
Spedding (1985): darodipine and nicardipine (class I) and 
verapamil and diltiazem (class 11). The sensitivity of 
glucose induced insulin secretion to the dihydropyridine 
Ca2+ channel activating drugs BAY K 8644 and CGP 28392 
was also examined. In-vivo studies were performed to 
demonstrate whether calcium antagonists, when given to 
rats in sufficient doses to exert a hypotensive effect, had 
any effect on glucose induced insulin secretion. A prelimi- 
nary account of some of these results was presented at the 
1986 spring meeting of the Medical and Scientific Section of 
the British Diabetic Association (Semple & Furman 1986). 

Materials and Methods 

In- vitro 
Pancreatic islets were isolated from freely fed, male 
Sprague-Dawley rats (250-350 g) (Lacy & Kostianovsky 
1967). Groups of five islets were preincubated with shaking 
(64 oscillations min-') for 30 min in Krebs-bicarbonate 
buffer (37 "C, pH 7.4, 95% 0#% COz, 3 mmol L-1 
glucose, 3 mg mL-1 bovine serum albumin). The preincu- 
bation medium was removed and replaced by 1.0mL of 
fresh medium containing glucose in various concentrations 
with various concentrations of drug or appropriate vehicle. 
After 1 h incubation 25 pL of medium was removed, 
diluted 1 in 6 with phosphate assay buffer and an aliquot 
frozen for later assay of immunoreactive insulin. 

In-vivo 
Male Sprague-Dawley rats (250-300 g) were fasted for 18 h 
and then anaesthetized with pentobarbitone sodium 
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(60mgkg-1 i.p.). The trachea was cannulated and the 
animal ventilated on pure oxygen (53 strokes min-1; 
1 mL/100 g). A cannula was placed in the aortic arch via the 
right common carotid artery for blood pressure recording 
via a Statham pressure transducer connected to the strain 
gauge coupler of a Washington Chart Recorder. Cannulae 
were also placed in the left femoral artery for blood 
sampling and the left femoral vein for intravenous injec- 
tion. Temperature was monitored via a rectal thermometer 
and maintained at 37 k 0.5"C, using a lamp over the 
animal. After 30 min stabilization drug or appropriate 
vehicle was injected i.v. A blood sample was removed 
10 min later and glucose injected (0.25 g kg-1 i.v.). Further 
blood samples (0.1 mL) were removed 5 ,  10,20 and 25 min 
later. Before removing a blood sample, 0.2 mL blood was 
removed to allow for the cannula dead space and this blood 
was re-injected to minimize blood loss. The net blood loss 
across the whole experiment was 0.5 mL. Blood samples 
were centrifuged immediately (Beckman microfuge) and 
25 FL plasma frozen for subsequent insulin (Immunoreac- 
tive insulin) assay. The remaining plasma was used for 
glucose estimation. 

Biochemical determinations 
Glucose was determined using a Beckman glucose 
analyzer 2. Immunoreactive insulin was determined (Hales 
& Randle 1963) with materials obtained in a kit (Amer- 
sham International), membrane filters (N25 45 UP) 
obtained from Oxoid and a rat insulin standard (Novo). 

In some experiments plasma concentrations of verapamil 
or nicardipine were determined at 1 and 10min after 
injection. For these experiments plasma was separated and 
frozen immediately after removal of the blood. The tubes 
containing frozen plasma were packed in dry ice and sent to 
Dr D. Holt, Poisons Unit, New Cross Hospital, London for 
verapamil estimation and to Syntex Research Centre, 
Research Park, Heriot-Watt University, Riccarton, Edin- 
burgh for determination of nicardipine by HPLC methods. 

Calculations and statistical treatment of results 
Insulin secretion from isolated islets was expressed as ng 
insulin per islet secreted in an hour. The molar concentra- 
tions of Ca*+ channel blocking drugs required to produce 
50% maximum inhibition of insulin secretion (IC50), were 
determined from the pooled data for each drug and 
compared using linear regression analysis on a Ferranti PC 
micro-computer. The YO maximum inhibition was calcu- 
lated for each dose of each drug as follows: YO maximum 
inhibition of insulin secretion produced by a given dose of 
drug = (IA - I,)/& - Ilm) x 100. Where IA = mean 
insulin secretion in the absence of drug; 1, = insulin 
secretion in the presence of a given dose of drug; Ilm = 
insulin secretion in the presence of a maximal inhibitory 
concentration of drug. All insulin secretion values were 
corrected by subtracting the basal insulin secretion value 
obtained in 3 mmol L-1 glucose. 

Glucose disappearance constants after i.v. glucose were 
determined from the regression line relating the logarithm 
of the glucose excess above fasting and time after glucose 
(Amatuzio et al 1953). The total plasma insulin response to 
glucose administration was determined by calculating the 

area under the plot of plasma insulin versus time and 
expressed as arbitrary units. (This was done using a 
program devised by Dr I. J. Zeitlin.) 

Data were examined for deviation from normality using 
Rankit Analysis (Wardlaw 1985). Clear deviation from 
normality was found for plasma insulin concentrations 
which were, however, found to approximate to a log 
normal distribution as noted previously (Furman et al 
1981) for serum insulin concentrations in the mouse. 
Accordingly, plasma insulin concentrations were expressed 
as geometric means with 95% confidence limits. These data 
were analysed after conversion to logarithms to the base 
10. All other data were expressed as arithmetic means k 
s.e.m. Differences among groups were detected using one 
way analysis of variance and specific group comparisons 
made using Student's t-test for unpaired data. Statistical 
significance was accepted where P < 0.05. 

Drugs used 
Verapamil was obtained from Sigma Chemical Co., 
nicardipine, darodipine, diltiazem, BAY K 8644 (methyl 
1,4-dihydro-2,6-dimethyl-3-nitro-4-(2-trifluoromethyl- 
phenyl)-pyridine-5-carboxylate) and CGP 28392 (4-[2- 
difluoromethoxyphenyl]-1,4,5,7-tetrahydro-2-methyl-5- 
oxofuro[3,4-b]pyridine-3-carboxylic acid ethyl ester) were 
gifts, respectively, from Syntex Research, Sandoz (Bade), 
Dr R. M. Wadsworth (Dept of Physiology and Pharmacol- 
ogy, Strathclyde University), Dr K. Schramm (Bayer) and 
Ciba-Geigy. Verapamil and diltiazem were obtained as the 
hydrochlorides and dissolved in saline. The other drugs 
were water-insoluble and were dissolved in polyethylene 
glycol 400 (PEG 400) and then diluted with Krebs 
bicarbonate buffer. BAY K 8644 was dissolved in 
dimethylsulphoxide (DMSO). The appropriate concentra- 
tions of DMSO (10-5-10-2 M) or PEG 400 ( 10-5-10-2 M) 
were used as control solutions. In these concentrations 
neither solvent modified basal or glucose-induced insulin 
secretion. 

Results 

In-vitro 
Darodipine, nicardipine, diltiazem and verapamil each 
inhibited glucose-induced insulin secretion in a con- 
centration-dependent manner (Fig. 1). In the cases of 
darodipine, nicardipine and verapamil, maximal inhibitory 
concentrations produced a complete suppression of glucose- 
induced insulin secretion in either concentration of 
glucose. Diltiazem, however, produced only an 80% 
inhibition. The IC50 concentrations of each of the drugs 
were, in 8.3 mmol L-1 glucose 0-025, 1.94 and 3.6 for 
nicardipine, diltiazem and verapamil, respectively, and in 
274 mmol L-1 glucose 0.01, 2.04 and 3.1, respectively. 
The unusual shape of the darodipine dose-response curves 
did not allow calculation of IC50 values but the drug is 
clearly equipotent with or, probably, more potent than 
nicardipine. Thus, the rank order of potency in each 
concentration of glucose (8-3 or 27.8 mmol L-1) was 
darodipine > nicardipine >> diltiazem > verapamil. The 
IC50 values for each drug when determined in 
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FIG. 1. Effect of various concentration of darodipine (PY), 
nicardipine (NI), diltiazem (DI) or verapamil (VE) on the 
secretion of insulin, from rat isolated islets, induced by glucose in a 
concentration of 8.3 mmol L-I (upper panel) or 2 7 4  mmol L-' 
(lower panel). The results are expressed in terms of the % 
maximum response to each drug. Each value is the mean k s.e.m. 
of 8-12 observations. 

8.3 mmol L-1 glucose were not significantly different from 
the corresponding IC50 values determined in 
27.8 mmol L-1 glucose. 

BAY K 8644 (10-7-10-5 M) augmented glucose-induced 
insulin secretion but this was only pronounced and 
statistically significant at glucose concentrations of 5 and 
16.7 mmol L-1. The absence of significant effect in 
8 mmol L-1 glucose was found in several different experi- 
ments (Fig. 2). CGP 28392 also augmented glucose- 
induced insulin release but a significant effect of the drug 
could be observed only using 10-5 M in the presence of 
16.7 mmol L-1 glucose. In 8 mmol L-* glucose each drug 
prevented the inhibitory effect of verapamil (2 X 10-5 M) 
with BAY K 8644 being more potent than CGP 28392. 
(Insulin secretion, ng islet-1h-1, control 7-8 f 0.9; 
verapamil3.4 f 0-4; verapamil + BAY K8644,lO-7 M, 5.2 
f 1.3 (P < 0.05); verapamil + BAY K8644, 10-6 M, 7.6 f 
1-7 (P < 0.01); verapamil + CGP 28392, 10-5 M, 5.8 f 0.6 
( P  < 0*05).) 

In-vivo 
Neither nicardipine (0.2 mg kg-1 i.v.), nor verapamil 
(1 mg kg-1 i.v.), significantly modified fasting plasma 
concentrations of glucose and insulin, the peak plasma 
glucose concentrations after glucose injection or the rate of 
glucose disappearance (Kg) (Table 1). Moreover, the 
increase in plasma insulin produced by glucose injection 
was not modified by either drug. This was true both for the 
peak plasma insulin concentrations and the area under the 
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FIG. 2. Effect of BAY K 8644 (u per panel) or CGP 28392 (lower 
panel) on insulin secretion in&ced by 5, 8 or 16.7 mmol L-l  
glucose. Shaded columns refer to islets incubated with drugs and 
open columns refer to islets incubated in the resence of the 
appropriate concentration of the vehicle. Each coyumn represents 
the mean f s.e.m. of 9-12 observations. * Denotes a statistically 
significant difference from appropriate control value, * P < 0.05. 

curve relating plasma insulin to time after glucose injec- 
tion. 

At these doses each drug produced a marked decrease in 
mean arterial blood pressure measured at 10min after 
injection (blood pressure mm Hg; control 151 k 5; before 
nicardipine 150 f 3; after nicardipine 69.6 f 9 (P < 0.001); 
before verapamil 137 f 6; after verapamil 107 f 6 (P < 
0.01)). Decreases occurred within seconds of injection and 
the blood pressure remained reduced for the duration of 
the experiment (25 min after glucose injection). Neither 
drug significantly changed the heart rate from the control 
of 401 f 15 beats min-1. 

Plasma concentrations of verapamil in two separate rats 
were 4 X 10-6 and 3.3 X 10-6 M at 1 min post injection and 
5.5 x 10-7 and 5.2 x 10-7 M at 10 min post injection. 

Plasma concentrations of nicardipine in pooled plasma 
from two rats were 0.14 X 10-6 and 3.9 X 10-8 M at 1 and 
10 min, respectively, post-injection. 

Discussion 

The present work shows that glucose-induced insulin 
secretion from isolated islets of Langerhans is sensitive to 
inhibition by a range of organic calcium channel blocking 
drugs. This is in agreement with previous findings using 
verapamil (Malaise et a1 1977), gallopamil (D-600, 
Malaise et a1 1976) and a number of dihydropyridine 
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Table 1 .  Plasma concentrations of glucose (mmol L-I, mean 2 s .e .m.)  and insulin (ng mL-l ,  geometric means, 95% confidence limits) at 
various times after injection of glucose (0.25 g kg-1 i.v.), which was injected 10 min after control solution, nicardipine (0.2 mg kg-1 i.v.) 
or verapamil (1 mg kg-l i.v.). Also shown are the glucose disappearance constants (K,) and the areas under the curves relating plasma 
insulin concentration and time after glucose. The values in parentheses are the numbers of observations. 

Plasma glucose (mmol L-1) 
K, 

Fasting* 5 min 10 min 20 min 25 min (Yo min-1) 
Control (8) 5.6 2 0.25 16.1 f 0.4 13.3 f 0.28 9.9 f 0.3 8.6 f 0.4 6.2 f 0.73 
Nicardipine (8) 5.5 f 0.26 16.8 f 0.8 14.4 f 0.4 11.4 & 0.7 10.3 f 0.8 4.4 f 0.7 
Verapamil(7) 5.9 f 0.5 16.9 f 1.3 14.2 2 0.6 1 1 . 1  f 0 . 4  8.7 f 1.3 5.3 f 0.6 

Plasma insulin (ng mL- 1) Area under curve 
(arbitrary units) 

Control (8) 1.6 11.5 7.5 4.5 3.5 164 
(1.1,1.9) (7.9,16.5) (5.5, 10.4) (3.9.53) (2.8.4.4) (130,207) 

(0.9.1.9) (5.2, 13.2) (5.5, 14.3) (3.2,9.1) (3.6,9.5) (122,251) 

(1.0,1.9) (7.1,16.9) (4.9,14.1) (4.1,9.2) (3 .2 , l l . l )  (129,281) 

Nicardipine (8) 1.3 8.3 8.9 5.4 6.0 175 

Verapamil(7) 1.4 11.0 8.3 6.2 6.0 191 

* Measured just before drug injection. 

calcium channel blocking drugs (ALMahmood et al 1986). 
Moreover, the absolute potencies, and rank order of 
potencies, of the individual agents in isolated islets in 
the present study corresponded closely to  their potencies 
in blocking voltage-sensitive CaZ+ channels in certain 
vascular beds and in cardiac tissue in-vitro (Cauvin et  al 
1983; Clarke et  a1 1983). The similarity between isolated 
islets and cardiac and smooth muscle tissue in-vitro is 
further indicated by the effect of the two dihydropyridine 
Ca2+ channel activating drugs, which are known to 
contract smooth muscle and exert positive inotropic effects 
(Ishii e t  al 1985; Allen et  al 1985). These drugs were found 
to stimulate insulin secretion, with BAY K 8644 being 
more potent than CGP 28392. Others have also reported 
similar stimulatory effects of these drugs on insulin 
secretion in isolated islets (Henquin et a1 1985; Malaisse & 
Mathias 1985; Panten et al 1985). Each drug was found to 
prevent the inhibitory effect of verapamil on insulin 
secretion, a finding noted previously for CGP 28392 
(Malaisse & Mathias 1985). This antagonism of verapamil 
has been attributed in other tissues to  allosteric modifica- 
tion of the verapamil binding site (Ishii et a1 1985), or to  the 
production of the opposite effect by activation of the 
dihydropyridine receptor (Allen et  a1 1985). 

Despite the high sensitivity in-vitro, we were unable to 
demonstrate inhibition of glucose-induced hyperinsulinae- 
mia in-vivo. This agrees with some, but not all, findings in 
patients (see introduction). Few in-vivo studies have been 
carried out in experimental animals. One study using 
nifedipine showed a marked impairment of glucose- 
induced hyperinsulinaemia in the rat (Kanatsuna et  al 
1985). Verapamil has been shown to inhibit glucose- 
induced elevations in plasma insulin in the dog (Dominic et 
al 1980). However, neither of these studies attempted to  
relate the doses producing these effects to  doses producing 
cardiovascular changes. The difference between the in-vivo 
and in-vitro findings cannot be explained readily; The 
present work, using four different agents, does not support 
the hypothesis that insulin secretion induced by low 
(physiological) concentrations of glucose is relatively 

insensitive to  organic CaZ+ channel blocking drugs, as 
there was no significant difference between the potencies 
of the drugs when different concentrations of glucose were 
used (8.3 and 16.7 mmol L-I). Thus, it can be speculated 
that Ca2+ is entering the beta cell using the same 
mechanisms at  both glucose concentrations. This contrasts 
with the work of Lebrun et a1’(1982), who showed 
verapamil to be much more potent in inhibiting insulin 
secretion induced by high potassium or by 27.8 mmol L-1 
glucose than that induced by 8.3 mmol L-1 glucose. The 
difference between our findings and those of Lebrun et al 
(1982) may depend on their use of perifused, rather than 
incubated, islets and the pre-perifusion of their islets 
in zero glucose, compared with our pre-incubation in 
3.0 mmol L-1 glucose. 

Another possible explanation for the discrepancy 
between the in-vitro and in-vivo findings is that the two 
drugs failed to reach the concentrations in-vivo corre- 
sponding to the in-vitro concentrations. However, after 
their i.v. injection in our experiments, verapamil and 
nicardipine were clearly present in pharmacologically 
active concentrations, as evidenced by the profound and 
sustained decrease in blood pressure produced by each 
drug. In the case of verapamil, this concentration may have 
been too low to influence insulin secretion as evidenced by 
the plasma verapamil concentration of about 5 x 10-7 M, at 
the time of the glucose injection. On the other hand, the 
plasma nicardipine concentration was actually higher than 
its in-vitro IC50 concentration. Thus, assuming that plasma 
concentrations of the drugs reflect the concentration of 
drugs in contact with the islet B cell, it appears that the rat 
cardiovascular system in-vivo, may be more sensitive to 
Ca2+ channel blocking drugs than is the pancreatic islet B 
cell. This difference in sensitivity does not appear to be 
predictable from in-vitro studies (comparing the present 
work on isolated islets with that of others using cardio- 
vascular tissues in-vitro). If the rat is a reasonable model 
for the human in this respect, this could explain the general 
absence of deleterious metabolic effects in patients receiv- 
ing those compounds in usual therapeutic doses. 



26 C. G .  SEMPLE ET AL 

Acknowledgements 
We are grateful to Dr K. Schramm (Bayer), Ciba-Geigy. 
Brendan Clarke (Syntex Research) and Sandoz for gifts of 
drugs, to Dr D. Holt, Poisons Unit, New Cross Hospital 
London, for the determination of the plasma verapamil 
concentrations, to Janet Finlayson (Syntex Research) for 
the determination of the plasma nicardipine concentrations 
and to James A. McDonald for technical assistance. 
Maureen Smith was in receipt of an SERC studentship. 

References 

Allen, S. L., Foster, R. W., Small, R. C., Towart, R. (1985) Br. J .  

Al-Mahmood, M. A., El-Khatim, S. ,  Gumnaa, K., Thulesius, 0. 

Amatuzio, D. S., Stutzman, F. L., Vanderbilt, M. J., Nesbit, S. 

Atwater, I., Ribalet, B., Rojas, E.  (1979) J. Physiol. 288: 561-574 
Cauvin, C., Loutzenhiser, R., Van Breemen,C. (1983) Ann. Rev. 

Charles, S., Ketelslegers, J .  M., J. Buysschaert, M., Lambert, 

Clarke, B., Grant D., Patmore, L., Whiting, R. L. (1983) Br. J. 

De Marinis, L. D., Barbarino, A. (1980) Metabolism 29: 599-604 
Dominic, J .  A.,  Miller, R. E., Anderson, J. ,  McAllister, R. G., Jr. 

(1980) Pharmacology 20: 196202 
Donnelly, T., Harrower, A. D. B. (1980) Curr. Med. Res. Opin. 

6: 690-693 
Furman, B. L., Wardlaw, A. C., Stevenson, L. 0. (1981) Br. J .  

Exp. Pathol. 62: 504-511 
Giugliano, D., Torella, R., Cacciapuoti, F., Gentile, S., Verza, 

M., Varricchio, M. (1980) Eur. J .  Clin. Pharmacol. 18: 395-398 

Pharmacol. 86: 171-180 

(1986) Acta Physiol. Scand., 126: 295-298 

(1953) J. Clin. Invest. 32: 428-435 

Pharmacol. Toxicol. 23: 373-396 

A. E. (1981) Br. Med. J .  283: 19-20 

Pharmacol. 79: 333P 

Hales, C. N., Randle, P. J. (1963) Biochem. J .  88: 137-146 
Henquin, J. C. (1978) Nature, Lond. 271: 271-273 
Henquin, J. C., Schmeer, W., Nenquin, M., Meissner, H. P. 

(1985) Biophys. Res. Commun. 131: 980-986 
Herchuelz, A., Couturier, E., Malaise, W. J .  (1980) Am. J .  

Physiol. 238: E96E103 
Ishii, K., Taira, N., Yanagisawa, T. (1985) Br. J .  Pharmacol. 84: 

Kanatsuna, T.,  Nakano, K., Mori, M., Kano, Y., Nishioka, M., 
Kajiyama, S., Kitagawa, Y., Yoshida, T., Kondo, M., Nakam- 
ura, N. & Aochi, 0. (1985) Arzneimittel-Forsch. 35: 514-517 

Lacy, P. E., Kostianovsky, M. (1967) Diabetes 16: 35-39 
Lebrun, P. Malaisse, W. J., Herchuelz, A. (1982) Am. J. Physiol. 

Malaisse, W. J. (1973) Diabetologia 9: 167-173 
Malaisse, W. J., Devis, G. Pipeleers, D. G.,  Somers, G.  (1976) 

Malaisse, W. J., Herchuelz, A.,  Levy, J. ,  Sener, A. (1977) 

Malaisse, W. J . ,  Mathias, P. C. F. (1985) Diabetologia 28: 153-156 
Marre, M., Gauville, C., Passa, Ph. (1985) Arch. Mal. Coeur 78: 

1661-1666 
Panten, U., Zielmann, S., Schrader, M. T., Lenzen, S. (1985) 

Naunyn-Schmiedeberg’s Arch. Pharmacol. 328: 351-353 
Segrestaa, J .  M., Caulin, C., Dahan, R., Houlbert, D., Thiercelin, 

J .  F., Herman, P., Sauvanet, J .  P., Larnibaud, J .  (1984) Eur. J. 
Clin. Pharmacol. 26: 481483 

Semple, C. G., Thomson, J. A., Beastall, G. H., Levimer, A. R. 
(1983) Br. J. Clin. Pharmacol. 15: 570-571 

Semple, C. G., Furman, B. L. (1986) Diabet. Med. 3: 372A 
Shamoon, H., Baylor, P., Kambosos, D., Charlap, S . ,  Plawes, S . ,  

Frishman, W. H. (1985) J. Clin. Endocrinol. Metab. 60: 
536541 

577-584 

242: E59-E66 

Ibid. 12: 77-81 

Biochem. Pharmacol. 26: 735-740 

Spedding, M. (1985) Trends Pharmacol. Sci. 6: 109-114 
Wardlaw, A. C. (1985) in: Practical Statistics for Experimental 

Biologists. John Wiley & Sons, pp 69-78 


