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ABSTRACT 

In the present study we examined the influence of calcium antagonist, nicardipine
HCl, on insulin binding and insulin action on glucose transport in isolated fat cells. 
The calcium antagonist did not influence the time course of 125I-insulin binding or the 
insulin concentration required for 50% displacement of 125I-insulin binding. Calcium 
antagonist prolonged the lag time of insulin action on glucose transport. Calcium 
antagonist, however, did not influence the insulin concentration required for half 
maximal response. The prolongation of the lag time was also seen with 2 different 
calcium antagonists (verapamil and diltiazem-HCl). Calcium antagonists might impair 
the transmission of signal from insulin receptor by other mechanism(s) rather than the 
inhibition of transmembrane transport of calcium, because calcium antagonist did not 
inhibit 45Ca uptake and efflux from preloaded fat cells, and because known calmodulin 
inhibitors (trifluoperazine and prochlorperazine) prolonged the lag time for insulin action 
without influence on insulin concentration for the half maximal response. 

In conclusion calcium antagonist might act to calmodulin, phospholipids or membrane 
proteins. 
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INTRODUCTION 
suiting in decreased cytosolic Ca2 + concentra
tion. 

Several drugs with similar pharmacological 
effects, despite the difference in chemical struc
ture are thought specifically to block Ca2+ 

influx, and grouped together as calcium antag
onists7>. They inhibit contraction of heart and 
smooth muscle9>, and the release of pancreatic 
hormones11 • 13>. 

Intracellular free calcium has been considered 
as a possible mediator of insulin action 6>. In 
isolated rat adipocytes insulin increases influx 
of Ca2+ 5> or decreases Ca + efflux10> resulting 
in increased cytosolic Ca2+ concentration. Oth
erwise, insulin increases Ca2+ binding to plasma 
membrane14> and endoplasmic reticulum3>, re-

Recently it became evident that calcium 
antagonist inhibits the contraction of smooth 
muscle of vessel, or of heart without influence 
on calcium influx2• 4> and might act directly on 
calcium binding proteins such as calmodulin2>. 

We studied the effects of newly developed 
calcium antagonist, nicardipine-HCI, on insulin 
binding and action on 3-0-methylglucose trans
port in rat isolated fat cells, and discussed the 
action mechanism(s) of calcium antagonist on 
insulin action. 

MATERIALS AND METHODS 

Reagents 
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3-0-methyl-D-[l-3H]glucose (4 Ci/mM) and 
45CaCl2 (4. 5 mCi/mg Ca) were obtained from 
Amersham Searle. 125I-insulin (194 µCi/ µg) 

was from Dinabot Lab. (Japan). Bovine 
serum albumin (Fraction V) was purchased 
from Sigma Chem. Co.. Collagenase type I 
was from Worthington Biochem. Co.. Porcine 
crystalline insulin (lot ~615-07J-256) was a 
generous gift from Eli Lilly Co.. Nicardipine
HCl, verapamil and diltiazem-HCl were ob
tained from Yamanouchi Pharm. Co., Eizai 
Pharm. Co., and Tanabe Pharm. Co., respec
tively. 

Fat Cell Preparation 
Rat isolated fat cells were prepared according 

to Rodbell7l using Wistar rat (200-220 g) fed 
ad libitum. All incubations were performed 
in Krebs-Ringer HEPES buffer (pH 7. 4) con
taining 3. 0 g/dl crystalline bovine serum albu
min. 
125 I-insulin Binding 

For the time course of insulin binding, 2 ml 
of isolated fat cell suspension (40% v /v) were 
incubated in ·a 4 ml polypropylene tube with 
125I-insulin (50 pmol/l). The cell susperision 
was incubated for the indicated periods at 
37° C. At given intervals, 100 µl aliquots 
were transferred into polyethylene centrifuge 
tube (0. 4 ml volume). Separation of cells from 
incubation medium was performed by centrifu
gation through dinonylphthalate. The tube was 
cut at the oil layer and the radioactivity of the 
cell layer was determined. To measure the 
non-specific binding an excess of unlabeled 
insulin (1, 000 ng/ml) was added together with 
the labeled insulin. 

For the steady state binding, tracer dosage 
of 125I-insulin (50 pmol;1) was incubated with 
fat cells in the presence of the indicated con
centrations 0£ cold porcine insulin. Incubation 
medium contained 50 mg/ dl bacitracin in order 
to prevent extracellular insulin degradation. 
After 30 minute incubation at 37° C, cells were 
separated by centrifugation as described above. 
3-0-methyl-D-[l-3H]glucose Transport 

The uptake of labeled 3-0-methylglucose was 
measured in round-bottom polypropylene cul
ture tube (11 x 40 mm) as described by Whitesell 
and Gliemann 19>. 35 pl albumin free buffer 
containing 0. 05 µCi labeled 3-0-methylglucose 
was placed in the bottom of tube. 80 µl of 
cell suspension (40 J'b' v /v) were squirted an cl 

the reaction was terminated by the addition of 
0. 4 ml of albumin free buffer containing 0. 3 
mM phloretin. Separation ot cells from medium 
by centrifugation was performed within 2 
minutes after the addition of phloretin, because 
0. 3 mM phloretin completely prevented the 
efflux of labeled 3-0-methylglucose from pre
loaded fat cells within 5 minutes after the 
addition of phloretin. 

For the study on. the effects of calcium 
antagonist on insulin binding and action, cal
cium antagonists were added 10 minutes before 
the addition of insulin. When the effects of 
calmodulin inhibitors on the kinetics of insulin 
action were examined, trifluoperazine (0. 01-10 
µM) or prochlorperazine (20-:-200 µM) was added 
10 minutes before the addition of 10 ng/ml 
insulin. 
45Ca Uptake and 45Ca Ejf!ux in the Fat Cells 

For the 45Ca uptake, 4 ml of 40 % fat cell 
suspeDsion were exposed to 45CaCl2 (0. 5 µCi/ml) 
and 10 ng/ml insulin simultaneously with or 
without 10 minute preincubation with 10 µM 

· nicardipine-HCI. · At the indicated time 100 µl 
aliquots were taken for the determination of 
45Ca radioactivity trapped in adipocytes. When 
the 45Ca efflux from preloaded adipocytes were 
studied, 4 ml fat cell suspension was in°cubated 
for 30 minutes with 45CaCl2 (0~ 5 µCi/ml). 
Then, cells were washed by 2 one~ininute 
centrifugations at 700 g, and resuspended at 40 
%. Immediately after resuspension, 10 ng/ml 
insulin with or without pretreatment by 10 µM 
nicardipine was added, and 100 µl aliquots were 
taken for the determination of 45Ca radioactivity 
remained in fat cells. 

Values are mean or mean±SEM. 

RESULTS 

In order to localize the action site of calcium 
antagonist the influence of the drug on the 
time course of 125I-insulin binding and the 
steady state binding was examined. As shown 
in Fig. 1, the time course of 125I-insulin binding 
in the presence or absence of nicardipine was 
quite similar; the half maximal binding in the 
presence or absence of calcium antagonist 
reached in 3 and 3. 2 minutes, respectively. 

Fig. 2 illustrates the influence of nicardipine 
on steady state binding as a function of insulin 
concentration in the medium. The maxi:r1:mm 
binding and the in~ulin concentration for 50 J~ 



Inhibition by Ca Antagonist of Insulin Action 75 

.15 

r::=-~-----------~ ~ 
(.) 

'"d • Q) I ..:.:: 1 
0 
(\j I 
0. I 

~ .10 /;( 0 
L() I 
.:: CJ' 
b / ...___ 

E9, 
'"d 
c 
;::l 
0 .05 c:Q 

l 
c 
~ 

(/) 

..s 
f 

0 I I I '· 0 10 20 30 45 
Incubation Time (min) 

Fig. 1. Time course of specific binding of 1251-
insulin in the presence or absence of nicardipine
HCI. 2 ml of 40% fat cell suspension with or 
without preincubation with 10 µM nicardipine-HCI 
were incubated with 1251-insulin at 37°C. At 
given intervals 100 µI aliquots were taken for 1251 
radioactivity determination. Non-specific bindings 
were obtained by incubating cells with 1251-insulin 
in the presence of 1, 000 ng/ml cold insulin at 
given intervals. 0--0; in the presence of lOµM 
nicardipine-HCI, ........ ; without nicardipine
HCI. Values are mean±SEM of 4 experiments. 

Insulin (ng/ml) 

Fig. 2. Effect of nicardipine-HCI on 12j;l-insulin 
binding to fat cells in the presence of varying 
concentrations of cold insulin. 1251-insulin (50 
pmol/l) was incubated for 30 min with fat cells 
with or without nicardipine-HCl (10 µM) pretreat
ment in the presence of 0.1-100 ng/ml insulin. 
Non-specific bindings were determined as described 
above. 0--0; in the presence of 10 µM ni
cardipine-HCl, ........ ; without nicardipine-HCI. 
Values are mean±SEM of 4 experiments. 

displacement of 1251-insulin binding were similar 
in the presence or absence of nicardipine. It is 
concluded that calcium antagonist does not act 
at the step of insulin binding to the receptor . 

Fig. 3 shows the influence of nicardipine-HCl 
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Fig. 3. Effects of varied concentrations of ni
cardipine-HCl on the time course of insulin 
action on 3-0-methylglucose uptake in fat cells. 
4 ml of fat cell suspension were pretreated for 10 
min with 0. 01-10 µM nicardipine-HCI. Then, 10 
ng/ml insulin was added and at indicated periods 
80 µl aliquots were taken out for the determina
tion of 3-0-methylglucose uptake. Non-specific 
uptake was estimated by the uptake of 3-0-me
thylglucose in the presence of 0. 3 mM phloretin. 
Results were presented as % occupancy of the 
equilibrium space of 3-0-methylglucose measured 
by 10 min pulse with 3-0-methylglucose. 
8· · · · · · 8; without nicardipine-HCl, A······ A; 
0.01 µM, D-0; 0.1 µM, •-·-·; 1 µM, 
0--0; 10 µM. Values are mean of 4 experi
ments, and SEM is less than 8% of Mean. 

on the kinetics of the activation of 3-0-methyl
glucose uptake by insulin. In the absence of 
nicardipine-HCl, insulin action reached the 
maximum level in 3 minutes, while varying 
concentrations of nicardipine-HCl delayed lag 
time for insulin action. In order to rule out 
the nonspecific pharmacological effect of this 
drug on insulin action the influence of two 
other calcium antagonists on the kinetics of 
insulin action was examined (Fig. 4). The 
submaximal concentration of verapamil and 
diltiazem-HCl delayed lag time for insulin 
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Fig. 4. Influence of verapamil and diltiazem-HCl 
on the time course of insulin action on 3-0-
methylglucose uptake in fat cells; After pretreat
ment of fat cells for 10 min with 10 pM of 
verapamil or diltiazem-HCl, the time course of 
insulin action on 3-0-methylglucose uptake was 
determined as described in the legend of Fig, 3 .. 
........ ; without calcium antagonist, •-·-·; 
10 pM verapamil, 0--D; 10 pM diltiazem-HCI. 
Values are mean of 4 experiments, and SEM is 
less than 7 % of mean. 
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Fig. 5. Reversal of nicardipine-HCl inhibition 
of insulin action on 3-0-methylglucose uptake in 
fat cells. 6 ml of 40% fat cell suspension were 
pretreated for 10 min with 10 µM nicardipine-HCl, 
and the time course of insulin action was deter
mined as described in Fig. 3. 15 min after the 
addition of insulin, 2 ml aliquot was taken out 
and washed by 2 centrifugations at 700 g. Then, 
cells were resuspended with buff er devoid of 
nicardipine-HCl at 40%, and 3-0-methylglucose 
uptake was determined at indicated periods. 
•- · -·; with wash, 0--0; without wash. 
Values are mean±SEM of 6 experiments. 

action without influence on the magnitude of 
insulin action. They did not affect insulin 
concentration for the half maximal response 
(data not shown). 

Fig. 5 illustrates the reversibility of inhibition 
by nicardipine-HCI. Ten minute wash by 2 
centrifugations reversed the inhibition by 
nicardipine-HCI. 

As shown in Fig. 6, varied concentrations 
of calcium antagonist did not affect the half 
maximal insulin concentration for insulin action 
(control; 0. 4 ng/ml vs 0. 35-0. 50 ng/ml in the 
presence of 0. 1-10 µM nicardipine-HCl). 

In order to investigate the action mechanism 
of nicardipine-HCl on insulin action, the effect 
of ·this drug on 45Ca flux was examined. Fig. 
7 reveals the effect of nicardipine-HCl on the 
kinetics of 45Ca uptake in the presence of 
insulin. Unexpectedly calcium antagonist did 
not impair 45Ca uptake in isolated fat cells. 
Nicardipine-HCl did not influence 45Ca efflux 
from preloaded fat cells in the presence of 
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Fig. 6. Effect of varied concentrations of ni
cardipine-HCl on the concentration dependence of 
insulin action qn 3-0-methylglucose uptake in 
fat cells. After 10 min pretreatment of fat cells 
with 0.1-10 µM nicardipine-HCl, fat cells were 
incubated for 30 min with 0.1-10 ng/ml insulin. 
Then, 3-0-methylglucose uptake was determined. 
........ ; without nicardipine-HCl, D--D; 0, l 

µM., •-• -·; 1 µM, 0-0; 10 µM. Values 
are mean of 4 experiments, and SEM is less than 
7% of mean. 
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Fig. 7. Influence of nicardipine-HCl on •sea 
uptake in fat cells. 4 ml of 40% fat cell suspension 
were exposed to •scaC12 (0. 5 µCi/ml) and 10 ng/ 
ml insulin simultaneously with or without 10 min 
preincubation with 10 µM nicardipine-HCI. At 
indicated periods, 100 µl aliquots were taken out 
for the determination of •sea radioactivity trapped 
in fat cells. • ....... ; without nicardipine-HCl, 
0--0; 10 µM nicardipine-HCI. Values are 
mean± SEM of 4 experiments. 

insulin (Fig. 8). These results suggest that 
calcium antagonist impairs insulin action by 
mechanism(s) other than the inhibition o{ 

transmembrane calcium flux. Because it was 
recently suggested that calcium antagonist might 
inhibit the contraction of vessel wall by directly 
acting on calmodulin or other Ca dependent 
proteins2>, the influence of known calmodulin 
inhibitors on the kinetics of insulin action was 
studied (Fig. 9). Trifluoperazine as well as 
prochlorperazine prolonged the lag time for 
the maximum insulin action (t 1/2: 9. 5-40 min 
and 3. 5-14. 5 min, respectively). They did not 
influence the insulin concentration for half 
maximal response (data not shown). 

DISCUSSION 
Although calcium antagonists have been used 

extensively for the treatment of ischemic heart 
disease and hypertension, little is known about 
its influence on insulin action. 

In the present study newly developed calcium 

100 

..!!? 
80 Qi 

tl 

] 
.::: I 

I 
be 60 

I 
c: ' ·2 ' \ ·ca ~ E 
<ll \ ... \ 

"' \f 
~ 40 \ 

' ' ~ ' ,,,, 
20 

~ .. 
' 

0 
0 5 10 15 20 30 

Time (min) 

Fig. 8. Effect of nicardipine-HCl on •sea efflux 
from preloaded fat cells. 4 ml of 40% fat cell 
suspension was incubated for 30 min with •scaCl2 
(0. 5 µCi/ml). Cells were washed by 2 one-minute 
centrifugations at 700 g and resuspended at 40%. 
Immediately after that 10 ng/ml insulin was added 
with or without pretreatment by 10 µM nicardi
pine-HCI. 100 µ1 aliquots were taken out for the 
determination of 45Ca radioactivity remained in 
fat cells. • ....... ; without nicardipine-HCl, 
0--0; with 10 µM nicardipine-HCl. Values 
are mean± SEM of 6 experiments. 

antagonist, nicardipine-HCl, delayed the lag time 
for insulin action on 3-0-methylglucose uptake 
beyond the level of insulin receptor. Other 
two different calcium antagonists also prolonged 
lag time for the maximum insulin action. 

Fleckenstein et al. 7> demonstrated that calcium 
antagonists inhibit selectively calcium influx into 
the cell. 

Calcium has been considered to be one of 
the mediators of insulin action. The precise 
movement of Ca 2 + in insulin sensitive tissues, 
however, remained to be clarified.. Insulin 
might act by increasing cytosolic Ca2+ concen
tration by increasing Ca2 + influx5>, inhibiting 
Ca2 + effiux10> or releasing membrane bound 
Ca2+ from mitochondria or microsome1>. Other
wise, insulin might act by decreasing cytosolic 
Ca2 + concentration by increasing Ca2 + uptake 
by endoplasmic reticulum18>. 

It has been believed that calcium antagonists 
dilate the vessels by inhibiting Ca2 + influx 
without affecting Ca2 + efflux and intracellular 
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Fig. 9. Influence of . varied . concentrations of 
trifluoperazine (A) and prochlorperazine (B) on 
the time course of insulin action on 3-0-me
thylglucose uptake. 4 ml of fat cell suspension 
were pretreated with trifluoperazine (5-50 µM) or 
prochlorperazine (50-200 µM). Then, the ···time 
course of insulin action on 3~0-methylglucose 

uptake w:as determined as stated in legend .of 
Fig. 3. (A). •--·; without trifluoperazine, 
.6 ...... .6; 5µM, •-· •; 20µM, 0-·-0; 50 
µM. (B ). • ....... ; without prochJorperazine, 

0-0; 50µM, 0-·-0; lOOµM, ·-·; 
200 µM. . Values are mean, and SEM of mean is 
less than 7 % of mean. . 

translocation. In the pancreatic isl~ts calcium 
antagonists inhibit glucose-inducecl ·insulin re
lease by interfering calcium. influx withou.t 

influencing calcium efflux15l. Recent investiga
tions, however, suggested that calcium antago
nists act by other mechanisms than the inhibi
tion of transmembrane calcium flux, because 
calcium antagonists did not inhibit La-resistant 
calcium uptake in strips of rat portal vein4>. 
More recently, Bostrom et aI. 2> suggested that 
various calcium antagonists interact directly 
with calcium binding protein such as calmod
ulin as evidenced by 14C-felodipine binding to 
calmodulin fraction and the alteration of calcium 
binding site of calmodulin by felodipine ... In 
the present study as shown in Fig. 8, both 
calmodulin inhibitors (trifluoperazine and pro
chlorperazine) delayed the lag time without 
influencing insulin binding and the half maximal 
insulin concentration for insulin action on 3-0-
methy lgl ucose uptake. Insulin increases phos
phodiesterase activity in fat cells12>, ard calmod
ulin, calcium . dependent phosphodiesterase, 
might involveq in the action m~chanism(s) of 
insulin8>. 

In · conclusion, the findings reported ··here 
suggest the possible direct interaction between 
calmodulin·. and calcium antagonists in instilin 
sensitive tissues.:· However, we can rtot rule 
out other action inech8:nisms of calcium .. antag
onists, because calcium ci.ntagonists and calmod
ulin inhibitors have . inhibitory effects . on 
membrane phospholipids16', which might be 
involved in mediating insulin action"'· 

REFERENCES 
1. Bonne, D~, Belhadj, O •. and .Cohen, P. 1977. 

Modulation by cal~ium of the insl,llin action and 
of the insulin-like effect of oxytoxin. on 'isolated 
rat adipocytes. Eur. J. Biochem, 75: 101-105: 

2. Bostrom, S-L, Ljing, B., Mardh, S., .Foren, S. 
and Thulin, E. 1981. Interaction of the antihy
pertensive drug f~lodipine with calmodulin. Nature 
292: 777-778. 

3. Bruns, D. E., McDo_nald, .J.M. and Jarett, .L. 
1976. Ch~ractedzation and .insulin control of 
calcium binding . to adipocyt~ microsomes (endo
plasmic _reticuh1m). Endocri:r;iology 98 (suppl.).: 
90. 

4. Church, J. and Zsoter, T. T. 19SO. · Calcium 
antagonistic drugs. Mechanism of action. Can. 
J. Pharmacol. 58 : 254-264. 

5. Clausen, T., Elbrink, · J. and Martin~ B. R. 
197 4. Insulin controlling calcium . distribution in 
mu.sde and fat cells. Act~ Endocrinol. 77 ·(suppl. 
191): 137-143. 

6, Czech, M. P. 1977., Molecular ha.sis 0,£ insulia 



Inhibition by Ca Antagonist of Insulin Action 79 

action. Ann. Rev. Biochem. 46 : 359-384. 
7. Fleckenstein, A. 1977. Specific pharmacology 

of calcium in myocardium, cardiac pacemakers 
and vascular smooth muscle. Annu. Rev. Phar
macol. Toxicol. 17 : 149-166. 

8. Goewert, R.R. and McDonald, J.M. 1981. 
Direct effect of insulin action on calmodulin 
binding to adipocyte plasma membrane. Diabetes 
30 (suppl. 1) : 27 A. 

9. Himori, N., Ono, H. and Taira, N. 1975. Dual 
effects of a new coronary vasodilator, Diltiazem, 
on the contractile force of the blood perfused 
papi{lary muscle of the dog. Jpn. J. Pharmacol. 
25 : 350-352. 

10. Hope-Grill, H.F., IUssebach, A.H., Tulloch, 
B. R., Clarke, P. V., Vydelingum, N. and 
Fraser, T. R. 1976. Effect of insulin and procaine 
hydrochloride on glycogen synthase activation and 
adipocyte calcium flux; Evidence for a role of 
calcium in insulin activation of glycogen synthase. 
Harm. Metab. Res. 8 : 184-190. 

11. Ishibashi, F., Sato, T., Onari, K. and Kawate, 
R. 1979. Effect of somatostatin on glucose
induced 45Ca uptake in the pancreatic islets. 
Endocrinol. Japan. 26: 585-590. 

12. Makino, H., deBuschizzo, P.M., Pointer, R. 
H., Jordan, J.E., and Kono, T. 1980. Charac-

terization of insulin sensitive phosphodiesterase 
in fat cells. 1. Effect of salts and oxydation
reduction agents. J. Biol. Chem. 255 : 7845-7849. 

13. Malaisse, W. J., Herchuelz, A. and Levy, J. 
1977. Calcium antagonists and islet function. III. 
The possible site of action of verapamil. Biochem. 
Pharmacol. 26 : 735-740. 

14. McDonald, J.M., Bruns, D. E. and Jarett, L. 
1976. Ability of insulin to increase calcium binding 
by adipocyte plasma membrane. Proc. Natl. Acad. 
Sci. USA 73 : 1542-1546. 

15. Mori, T., Takai, Y. and Minakuchi, R. 1980. 
Inhibitory action of chlorpromazine, dibucaine, 
and other phospholipid-dependent proteinkinase. 
J. Biol. Chem. 255 : 8378-8380. 

17. Rod bell, M. 1964. Metabolism of isolated fat 
cells. Effects of hormones on glucose metabolism 
and lipolysis. J. Biol. Chem. 239 : 375-380. 

18. Waltenbaugh, A. and Friedmann, N. 1978. 
Hormone sensitive calcium uptake by liver micro
somes. Biochem. Biophys. Res. Commun. 82 : 
603-608. 

19. Whitesell, R.R. and Gliemann, J. 1979. Ki
netic parameters of transport of 3-0-methylglu
cose and glucose in adipocytes. J. Biol. Chem. 
254 : 5276-5283. 




