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Abstract--[3H] Nitrendipine binds specifically with high affinity and high capacity ( K A  = 0.20-+ 
0.01 nM, Bmax = 4.4-+ 0.3 pM/g tissue, means-+ S.E.M.; N = 4) to guinea-pig cerebral cortex mem- 
branes. Suloctidil fully inhibits [3H] nitrendipine binding with a Ki value of 0.45/~M. The interaction 
between suloctidil and the putative Ca 2+ channels is allosteric as shown by competition experiments 
performed in the presence of D 600 or diltiazem. Comparison of the activity of some close analogs of 
suloctidil provides evidence for the importance of the amino group and of the hydrophobic amino 
substituent in the interaction of suloctidil and the putative Ca 2. channel. It is suggested that part of the 
previously reported blockade of Ca 2+ entry induced by suloctidil is due to a blockade of the Ca x- 
channels. 

Recently putative Ca 2+ channels have been identified 
in various mammalian tissues using radiolabelled 
analogs of 1,4-dihydropyridines ([3H] nitrendipine, 
[3H] nimodipine) [1-8]. [3H] Nitrendipine binding is 
regulated by cations, including Ca2+; their effects 
correlate with their physiological actions on voltage- 
dependent Ca 2÷ channels [5, 6]. The different classes 
of Ca 2÷ antagonists interact with the putative Ca 2+ 
channels labelled by [3H] nitrendipine but in a com- 
plex manner suggesting allosteric interactions 
[4, 5, 7]. Furthermore,  there is a good relationship 
between the potencies of the Ca 2+ antagonists to 
alter binding and to depress contractions in different 
muscle preparations [7-9]. This observation leads to 
the conclusion that the binding site labelled by 
1,4-dihydropyridine analogs at least partly mediates 
the pharmacological effects of these compounds. 

Suloctidil has a complex pharmacological profile 
with two main properties, a vascular antispasmodic 
activity and an inhibitory action on platelet aggrega- 
tion [10-13]. Its effect on vascular smooth muscle 
suggests that blockade of membrane mechanism 
responsible for Ca 2+ entry regulation plays a central 
role [13, 14]. This conclusion was confirmed by the 
similarity of effects of suloctidil and verapamil on 
pancreatic islets functions [15] and on the transloca- 
tion of Ca 2÷ in artificial models [16]. These data 
prompted us to study the interaction of suloctidil 
with the putative Ca 2÷ channels, by means of [3H] 
nitrendipine binding. 

MATERIALS AND METHODS 

Membrane preparation. Isolated membranes were 
prepared essentially according to Ehlert et al. [4]. 

* Present address: S. A. Labaz, 1 Avenue de B6jaer, 
1120 Brussels, Belgium. 

¢ To whom correspondence should be sent. 

Briefly, male guinea-pigs (250-350 g) were killed by 
decapitation. All subsequent operations were con- 
ducted at 4 ° . The cerebral cortex was quickly 
removed and homogenized with a polytron in a 
50 mM Tris-HC1, pH 7.4 buffer to a final concentra- 
tion of 100 mg original weight/ml buffer. The hom- 
ogenate was filtered through four layers of cheese 
cloth and washed four times by centrifugation at 
46,000 g for 10 min followed by resuspension of the 
pellet in fresh 50 mM Tris-HC1, pH 7.4 buffer. The 
final pellet was resuspended to a concentration of 
50 mg original wet tissue weight/ml buffer. The hom- 
ogenate was stored in liquid nitrogen until use. 

Binding assay. Aliquots (200 ~ul) of tissue homog- 
enate were incubated in duplicate with the appropri- 
ate amount of [3H] nitrendipine and other drugs in 
a final volume of 2 ml containing 50 mM Tris-HC1, 
pH 7.4. Incubations were carried out in the dark for 
90 min at 25 °. Membrane bound [3H] nitrendipine 
was separated from free radioligand by rapid filtra- 
tion over glass fiber filter (GF/C, Whatman, 
Maidstone, England). The filters were rinsed with 
two aliquots (8 ml) of 50 ml Tris-HC1, pH 7.4 buffer. 
Trapped radioactivity was measured by liquid scin- 
tillation spectrophotometry with 50% efficiency. 
Binding in the presence of 1 gM nifedipine was 
defined as non-specific and represented 15-25% of 
total binding. Ki values for interaction of the dif- 
ferent drugs with the binding sites were calculated 
by the method of Cheng and Prusoff [17] using the 
equation: 

Ki If50 
1 + [A___] 

KA 
where ICso is the concentration of drug inhibiting 
[3H] nitrendipine specific binding by 50%, A is the 
concentration of [3H] nitrendipine and KA is the 
affinity constant value for [3H] nitrendipine deter- 
mined from Scatchard analysis [18]. 
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Fig. 1. Isotherm of absorption (left panel) and Scatchard plot of [3H] nitrendipine specific binding (right 
panel) to guinea-pig cortex membrane. In the left panel, the symbols (O, x, O) represent the total, 
non-specific and specific binding respectively; in the right panel, B represents the specific binding. 
Cortex homogenates were incubated with different concentrations of [3H] nitrendipine (0.02-0.5 nM) 
for 90 min at 25 °. T, B and F refer to total, bound and free [3H] nitdrendipine respectively. Each value 

is the mean of 4 experiments. Variation was less than 10%. 

Chemicals. [3H] Nitrendipine (specific activity 
85.4 Ci/mmole) was purchased by New England 
Nuclear (Dreieich, F .R .G . ) .  Suloctidil [1-(4- 
isopropyl thiophenyl)-2-n-octylamino-  1-propranol],  
CP 894 S [1-(4-isopropylthiophenyl)-2n-octylthio-1- 
propanol] ,  CP 555 S/B [1-(4-isopropylthiophenyl)- 
2-n-butylamino- l -propanol]  and CP 1136 S [1-(4- 
isopropylthiophenyl)-2-amino-l-propanol]  were syn- 
thetized by the Depar tment  of Organic Chemistry of 
Cont inenta l  Pharma.  The other compounds were 
from the following sources: Bayer A G  (nifedipine),  
Tanabe  Seiyaku (diltiazem) and Knoll  A G  (D 600). 

Suloctidil stock solution was a glucuronate salt. 
Stock solution of the other compounds were made 
in ethanol  at such a concentrat ion that the alcohol 
concentrat ion neither exceed 0.5% in the assay. 
Dilut ion was performed with distilled water. Neither 
glucuronate nor  ethanol interferred with the tracer 
binding in the range of concentrat ion used. 

RESULTS 

was maximal at 0.6--0.7 nM. Scatchard analysis of 
the binding isotherm indicated that the radioactive 
ligand binds to a single class of high affinity receptors 
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Fig. 2. Inhibition of [3H] nitrendipine specific binding by 
nifedipine (©), suloctidil (O), CP 555 S/B (El), CP 894 S 
(A) and CP 1136 S (x) in guinea-pig cortex membranes. 
Tissue homogenates were incubated with 0.2nM [3H] 
nitrendipine for 90min at 25 °. Values are expressed in 
percent of the control [3H] nitrendipine binding in absence 
of competing drug. Each value is the mean of 3--5 experi- 

ments. Variation was less than 10%. 

(a) Characteristics of [3H] nitrendipine binding to 
guinea-pig cortex membranes. Incubat ion of increas- 
ing amounts  of [3H] ni t rendipine with guinea-pig 
cortex membrane  in absence and in presence of 1/~M 
nifedipine resulted in a specific binding of 75-85% 
of the total binding (Fig. 1, left panel).  The binding 

Table 1. Chemical structure and constant of inhibition of specific binding (Ki) by suloctidil and related 
compounds to Ca 2+ channels in guinea-pig cerebral cortex membranes 

Name Structure Ki (#M)* 

Suloctidil CH3. ~ ~ ~ - " - ~  ~ F--NH--(CH2)7--CH3 0.45 -+ 0.04 
CP 894 S CH- -  S H--  H- -  I--S--(CH2)7--CH3 30 + 0.3 
CP 555 S/B CH3 / I---NH--(CHz)3---CH3 20 -+ 4 
CP 1136 S OH CH 3 L--NH2 40 -4- 4 

* Ki values were calculated using the equation [17] Kj Ic5,_.....~ where Ic5. is the concentration of 
1 + [Am] 

Ka 
drug inhibiting [3H] nitrendipine binding by 50% determined in Fig. 2; A is the concentration of [~H] 
nitrendipine (0.2 nM) and KA is the affinity constant value for PHI nitrendipine determined from 
Scatchard analysis (Fig. 1). Results are means _+ S.E.M. of 3-5 experiments. 
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(Fig. 1, right panel) with an average dissociation 
constant (KD) of 0.20 -- 0.01 nM (mean +- S.E.M., 
N = 4) and a capacity of 4.4-+ 0.5pM/g tissue 
(mean --+ S.E.M., N = 4). Specific binding is revers- 
ible (not shown). 

(b) Effects of suloctidil on [3H] nitrendipine bind- 
ing. As shown in Fig. 2, [3H] nitrendipine specific 
binding was fully inhibited by suloctidil with an tcs0 
value of 0.9/~M. Three compounds closely related 
to suloctidil (Table 1) interfered also with [3H] nitren- 
dipine specific binding but at a higher concentration. 
At  100/tM, the highest concentration tested, the [3H] 
nitrendipine specific binding is not fully displaced. 
ICs0 values can be tentatively determined and are of 
40, 60 and 80 ktM respectively for CP 555 S/B, CP 
894 S and CP 1136 S. Ki value for the three com- 
pounds are 44 to 89 times higher than the Ki value for 
suloctidil (Table 1). Inhibition of [3H] nitrendipine 
specific binding by nifedipine yielded an ICs0 of 
2.0 nM (Ki = 1.0 nM) in agreement with published 
data [2, 6, 7]. Hill coefficients for the competition 
curves of nifedipine and suloctidil are 1.10 and 1.08 
respectively. 

(c) Allosteric interaction of suloctidil with [3H] 
nitrendipine binding site. To test whether suloctidil 
interacted allosterically with [3H] nitrendipine 
binding, its effect was tested in the presence of 
D 600 or diltiazem. In a first series of experiments, 
competition curves of [3H] nitrendipine binding by 
suloctidil were performed in the presence of increas- 
ing concentrations of D 600 (Fig. 3). This compound, 
which maximally inhibited [3H] nitrendipine binding 
by 25% (Fig. 4, right panel) produced rightwards 
shifts in the concentration response curves of [3H] 
nitrendipine by suloctidil. Ics0 values of suloctidil 
were reduced by a factor of 2-60, this factor increas- 
ing with the concentration of D 600. These data 
indicate that suloctidil interacts allosterically with 
the [3H] nitrendipine binding sites at the level of the 
Ca 2÷ channels. 
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To ascertain the allosteric character of the 
interaction, competition curves were performed for 
diltiazem or D 600, alone and in the presence of 
increasing concentrations of suloctidil. As expected 
[6,7], diltiazem stimulated binding when tested 
alone (Fig. 4, left panel). The stimulation increased 
gradually from 0.1 to 10 #M where it was maximal 
and amounted to --=-30% of the [3H] nitrendipine 
binding in absence of drug. Co-incubation of diltia- 
zem and suloctidil reversed the inhibition of tracer 
binding by suloctidil. Contrasting with diltiazem, 
D 600 did inhibit the [3H] nitrendipine binding with 
an ICs0 value which can be estimated around 0.1/~M. 
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Fig. 3. Inhibition of [3H] nitrendipine specific binding by 
suloctidil alone (x) and in the presence of increasing con- 
centrations of D 600, respectively 0.03/~M (O), 0.3/~M 
([]), 3 ~M (111), 30~M (Q), in guinea-pig cortex mem- 
branes. Cortex homogenates were incubated with 0.2 nM 
[3H] nitrendipine for 90 min at 25 °. Values are expressed 
in percent of the corresponding control [3H] nitrendipine 
binding. Each value is the mean of 3 experiments. Variation 

was less than 10%. 
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Fig. 4. Effect of diltiazem (left panel), and D 600 (right panel) on the inhibition of [3H] nitrendipine 
specific binding by suloctidil. Suloctidil concentrations were 0.3 #M (O), 1.0 gM (11), 3.0/~M (0) and 
10.0 ~M (D). The effects of diltiazem (X) and D 600 ( A ) alone are also represented. Cortex homogenates 
were incubated with 0.2 nM [3H] nitrendipine. Each value is the mean of 3-5 experiments. Variation 

was less than 10%. 
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These properties were in agreement with published 
data [4, 6, 7]. Simultaneous incubation of suloctidil 
and D 600 overcame the inhibition of [3HI nitrendi- 
pine binding produced by suloctidil in a dose-depen- 
dent manner. Up to 3 gM suloctidil the tracer binding 
was restored to the level observed with the highest 
concentrations of D 600 alone. 

DISCUSSION 

The present data indicate that suloctidil interacts 
with the putative Ca 2+ channels labelled with [3H] 
nitrendipine. Compared to published data obtained 
in the same experimental conditions with various 
diphenylalkylamines and phenylalkylamines [7], 
suloctidil has a similar ICs0 value (0.9 uM). Indeed, 
it can be calculated from the concentration-response 
curves obtained in the same experimental conditions 
[7], that IC50 values for prenylamine, flunarizine, 
lidoflazine and tiapamil ranged between 0.3 and 
0.8 #M. Furthermore, based on the two following 
effects: (1) the rightward shift of the displacement 
curve of [3HI nitrendipine binding by suloctidil 
induced by D 600; (2) the reversal by D 600 and 
diltiazem of the inhibition of [3HI nitrendipine bind- 
ing by suloctidil, it is apparent that suloctidil interacts 
allosterically with the putative Ca 2+ channels. Based 
on the present binding data, suloctidil can thus be 
classified as a Ca 2+ channel antagonist. Whether the 
site of action of suloctidil is common to that of all 
the Ca 2+ channel antagonists [7] or can be subclas- 
sifted [6] remains to be determined. It should be 
noted that suloctidil completely displaces [3H] nitren- 
dipine from its binding site. However, this site is 
clearly different from the 1,4-dihydropyridines bind- 
ing site. 

Although limited, the comparison of the inhibition 
of [3H] nitrendipine binding by suloctidil and its three 
analogs leads to the following conclusions. The three 
analogs are able to displace [3H] nitrendipine. As 
the 1-(4-isopropylthiophenyl) propanol moiety is 
common to the four structures, it appears determin- 
ant in the interaction with the putative Ca 2+ channel. 
However they are 44-89 times less potent that suloc- 
tidil. Additional features thus ensure the lower IC50 
value of suloctidil. Substitutions of the amino group 
of suloctidil by a thio group (CP 894 S) increases 
drastically the ~c50 value, pointing out the importance 
of the amino group in the interaction with the binding 
site. Shortening or elimination of the alkyl chain 
substituting the amine (CP 555 S/B, CP 1136 S) 
increases also the Ics0 values. This suggests the 
importance of an alkyl substituent on the amino 
group with an adequate hydrophobic content. 

Suloctidil is a highly lipophilic compound with a 
measured partition coefficient (log P) between buffer 
and neutral phospholipids of 2 [19]. It might there- 
fore interfere with the 3H-nitrendipine binding indi- 
rectly via an interaction with the lipidic component 
of the membrane. Nevertheless, a non-specific dis- 
placement of [3H] nitrendipine must be excluded. 
Indeed as shown in Fig. 2, suloctidil displaces the 
same amount of radioactivity as nifedipine. At its 
ICs0 value (2  0.9/tM), suloctidil has only a marginal 
effect on membrane fluidity as measured by fluor- 
escence depolarization of diphenylhexatriene in arti- 

ficial [19] as well as natural membranes, synapto- 
somes [20] or platelets [21]. By contrast, at the same 
concentration, CP 894 S has an effect on membrane 
fluidity which is twice that of suloctidil [19, 20]. 
Although, CP 894 S fluidifies the lipid matrix to a 
greater extent than suloctidil, it has no effect on [3HI 
nitrendipine binding in the range of concentrations 
where suloctidil displaces the tracer. At its 1c50 value 
(= 60 #M), CP 894 S has a large effect on membrane 
fluidity. However, even in this case, a non-specific 
interaction of the compound with the lipid matrix 
may not be the cause of [3HI nitrendipine displace- 
ment since a compound like CP 1136 S which has 
no hydrophobic substituent and has no effect on 
membrane fluidity [19] inhibits [3H] nitrendipine with 
the same potency than CP 894 S. 

Suloctidil displays various activities in v i v o  [13] 
and in vi tro in pharmacological studies [14, 15] and 
in physico-chemical systems [16] which lead to the 
suggestion that the effect of the compound could be 
attributed to a blockade of the membrane mechanism 
of Ca 2+ intake. Reported ICs0 values are of 2 uM for 
the inhibition of the rat aorta contraction induced by 
Ca 2+ [14], and of 1.25/~M for the inhibition of insulin 
release in pancreatic islets [15]. They are close to the 
IC50 values of [3H] nitrendipine binding obtained in 
this study. It might thus be concluded that at least 
part of the blockade by suloctidil of the membrane 
mechanism for Ca 2+ intake is due to a specific inter- 
action with Ca 2* channels. 

Acknowledgement - -Th is  work was partly supported by a 
grant from I.R.S.I.A. 

REFERENCES 

1. P. Bellemann, D. Ferry, H. L/ibbecke and H. 
Glossmann, Arzneim.  Forsch. 31, 2064 (1981). 

2. P. Bellemann, D. Ferry, H. Lt~bbecke and H. 
Glossmann, Arzneim.  Forsch. 32, 361 (1982). 

3. K. M. M. Murphy and S. H. Snyder, Eur. J. Pharmac. 
77,201 (1982). 

4. F. J. Ehlert, W. R. Roeske, E. Itaga and H. I. 
Yamamura, Life Sci. 30, 2191 (1982). 

5. R. J. Gould, K. M. M. Murphy and S. H. Snyder, 
Proc. natn. Acad. Sci. U.S.A. 79, 3656 (1982). 

6. H. Glossmann, D. Ferry, F. Liibbecke, R. Mewes and 
F. Hofman, TIPS 3, 431 (1982). 

7. K. M. M. Murphy, R. J. Gould, B. L. Largent and S. 
H. Snyder, Proc. natn. Acad. Sci. U.S.A. 80, 860 
(1983). 

8. R. A. Janis, S. C. Mauer, J. G. Sarmiento, G. T. 
Bolger and D. J. Triggle, Eur. J. Pharmac. 85, 305 
(1982). 

9. M. Holck, S. Thorens and G. Haeusler, Eur. J. Phur- 
mac. 85, 305 (1982). 

10. J. Roba, R. Roncucci and G. Lambelin. Acta Clin. Bel. 
32, 3 (1977). 

11. J. Roba, M. Claeys and G. Lambelin, Eur. J. Pharmac. 
37, 265 (1976). 

12. J. Roba, S. Reuse-Blom and G. Lambelin. Archs int. 
Pharmacodyn. 221, 54 (1976). 

13. J. Roba, G. Defreyn and G. Biagi, Thrombos. Res.. 
Suppl. IV, 53 (1983). 

14. T. Godfraind, Archs int. Pharmacodyn. 221, 342 
(1976). 

15. W. J. Malaisse, Archs int. Pharmacodyn. 228. 339 
(1977). 

16. W. J. Malaisse, G. Somers, I. Valverde and E. 
Couturier, Arzneim.  Forsch. 31, 628 (1981). 



[3H] Nitrendipine binding 1103 

17. Y. Cheng and W. H. Prusoff, Biochem. Pharmac. 22, 20. P. Chatelain, N. Reckinger and R. Roncucci, Biochem. 
3099 (1973). Pharmac. 28, 3677 (1979). 

18. G. Scatchard. Ann. N.Y. Acad. Sci. 51, 660 (1949). 21. P. Chatelain, N. Reckinger and R. Roncucci, Thromb. 
19. P. Chatelain and J. M. Ruysschaert, Biochem. Phar- Haemos. 42, 213 (1979). 

mat. 30, 313 (1981). 


