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Abstract-The effects of KB-2796, a new diphenylpiperazine analogue, on ['Hlnitrendipine (['HINTD) 
binding, KCI-induced contraction and 4SCa influx has been examined in dog vascular smooth muscle, and 
compared with those of other diphenylpiperazines. In the binding study, ['HINTD was found to bind with a 
high affinity to a single class of sites on aortic membranes (Kd = 0.41 nM and BmaX = 3 1 fmol (mg protein)-'). 
KB-2796 inhibited specific ['HINTD binding in a concentration-dependent manner, with a Ki value of 0.34 
PM. The other diphenylpiperazine derivatives such as flunarizine and cinnarizine also inhibited binding in 
the same manner. Also, in the contraction study, all the diphenylpiperazines antag0nize.d the 50 mM KCI- 
induced contraction of isolated mesenteric arteries concentration-dependently. The IC50 values of the 
compounds for KCI-induced contraction correlated strongly with the respective K, values obtained in the 
[IHINTD binding study. In the 4SCa influx study, KB-2796 also effectively inhibited KCI-induced 4sCa influx 
in mesenteric arteries, with an IC50 value of 0.14 p ~ .  This was close to the IC50 value found in the KCI- 
induced contraction study. These findings suggest that calcium antagonism by KB-2796 is responsible for 
its vasorelaxing action in vascular smooth muscle. 

Voltage-dependent calcium channels regulate a variety of 
biological processes including muscle contraction, hormone 
secretion and neurotransmitter release and are inhibited by 
calcium antagonists which are important both as therapeutic 
drugs and as experimental tools (Godfraind et al 1986; 
Vanhoutte 1987; Nayler 1988). Currently-used calcium 
antagonists are structurally heterogeneous organic com- 
pounds, and are generally classified into four major groups: 
(1) 1,4-dihydropyridines, (2) phenylalkylamines, (3) ben- 
zothiazepines and (4) diphenylpiperazines (Godfraind et al 
1986). 

KB-2796, I-[bis(4-fluorophenyl)methyl]-4-(2,3,4-trimeth- 
0xybenzyl)piperazine dihydrochloride (Fig. l), is a newly- 
synthesized, diphenylpiperazine-type calcium antagonist 
(Ohtaka et al 1987). It has been reported that KB-2796 
inhibits the contraction of dog isolated arteries induced by 
K+ and by prostaglandin FZ* (Kanazawa & Toda 1987), and 
electively increases cerebral blood flow in anaesthetized 
dogs (Kanazawa et al 1990). In addition, we showed that 
KB-2796 inhibits [3H]nitrendipine ([3H]NTD) binding to 
guinea-pig cerebral cortex membranes (Iwamoto et a1 
1988b). 

The existence of high affinity binding sites of ['HINTD to 
vascular smooth muscle membranes has been demonstrated 
by several investigators (Triggle et a1 1982; Williams & 
Tremble 1982; Pinquier et al 1988). The functional signifi- 
mnce of this site is indicated by the fact that there is a 
quantitative correlation between vasorelaxation and dihyd- 
ropyridine-induced inhibition of ['HINTD binding (Bolger 
et a1 1983; Janis et al 1984; Goll et a1 1986). 

The purpose of this study was to determine the interaction 
of KB-2796 with ['HINTD binding in vascular smooth 
muscle and to clarify whether its inhibitory binding activity is 
responsible for its vasorelaxing action. We also evaluated the 
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KB-2796 4- F 4- F 2,3,4-OCHl 
Compound A 3-OH 4-CI 3-CH3 
Compound B 4-OCHj 4-OCH3 2,3,4-OCH3 

X Y Z 

Flunarizine 4- F 4-F 

Compound C 4- F 4-F 2,3,4-OCH3 
Cinnarizine 

FIG. 1. The structures of KB-2796 and other diphenylpiperazines. 

effects of KB-2796 on binding of [IHINTD to dog aortic 
membranes, and on high KCI-induced contraction and 4sCa 
influx in dog arteries. Furthermore, we investigated the 
effects of some newly synthesized diphenylpiperazine deriva- 
tives, whose chemical structures are shown in Fig. 1. A 
preliminary report of these findings has been made in 
abstract form (Iwamoto et al 1988a). 

Materials and Methods 

Drugs 
KB-2796 and diphenylpiperazine derivatives (compounds A, 
B and C) were synthesized by Dr H. Ohtaka of the New 
Drug Research Laboratories, Kanebo Ltd, Flunarizine, 
cinnarizine, nifedipine and nicardipine were purchased from 
Sigma (St. Louis, MO, USA). [S-Methyl--'H]NTD (3.0 TBq 
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mmol-2) and 45CaC12 (0.4-1.5 GBq mg-') were obtained 
from New England Nuclear and Amersham, Japan, respect- 
ively. 

For  binding studies, diphenylpiperazines were dissolved in 
a 0.1 M HCI solution containing 50% (v/v) ethanol, and 
nifedipine and nicardipine were dissolved in 99.5% (v/v) 
ethanol. All drugs for contraction and 45Ca influx studies 
were dissolved in 99% (v/v) dimethyl sulphoxide (DMSO) 
and 99.5% (v/v) ethanol, respectively. These stock solutions 
were diluted with distilled water to  the desired concentra- 
tions. The final concentrations of ethanol and DMSO in the 
incubation solution were 0.5% (v/v) and 0.1 Yo (v/v), respect- 
ively, a t  maximum. 

Membrane preparation 
Mongrel dogs of either sex (10-20 kg) were anaesthetized 
with sodium pentobarbitone (30 mg kg-I, i.v.) and killed by 
bleeding from the common carotid arteries. The thoracic 
aorta was removed and the intima and adventitia were 
carefully dissected away from the blood vessels. The cleaned 
tissues were cut into small cubes and then homogenized with 
a Physcotron homogenizer in 7 vol of ice-cold 50 mM Tris- 
HCl buffer containing 0.25 M sucrose and 10 mM MgC12 (pH 
7.4). The homogenate was centrifuged a t  500 g for 10 rnin at 
4°C. The pellets were discarded and the supernatant was 
filtered through three layers of cheesecloth and centrifuged at 
10000 g for 10 rnin at  4°C. The resulting supernatant was 
further centrifuged at  105 000 g for 30 rnin at  4°C. The final 
pellet was resuspended in ice-cold 50 mM Tris-HCI buffer. 
The membrane fraction was stored at - 70°C for up to one 
week. The concentration of protein was determined by the 
method of Lowry et al(195 I )  using bovine serum albumin as 
the standard. 

[ 'HJNTD binding assay 
Vascular membranes (500 pg protein) were incubated for 60 
rnin at  25°C in a total volume of 2 mL of 50 mM Tris-HC1 
buffer (pH 7.4) with various concentrations of [3H]NTD 
(0.05-5 nM) and drugs. After incubation in a dark tube, 
membranes with bound ['HINTD were trapped over What- 
man glass filters (GF/C) and the precipitates were washed 
three times with 5 mL amounts of ice-cold buffer. The filters 
were placed in scintillation vials with 10 mL of scintillant for 
a t  least 6 h and the radioactivity was counted with a Packard 
liquid scintillation counter a t  an efficiency of about 50%. 
[3H]NTD binding in the presence of 5 PM nifedipine was 
defined as non-specific binding and was subtracted from the 
total binding to  obtain specific binding. Non-specific binding 
accounted for 50-70% of the total binding. 

Preparation of arterial strips 
Mongrel dogs were killed as described above. The mesenteric 
arteries (0.5-1.0 mm outer diameter) and cerebral arteries 
(basilar and middle cerebral arteries, 0.5-1.0 mm in outer 
diameter) were excised, cleaned of connective tissue and cut 
into spiral strips approximately 20 mm long. These strips 
were attached to stainless holders in organ baths containing 
physiological salt solution of the following composition 
(mM): NaCl 120, KCl5.4, NaHC03 25, CaCI2 2.2, MgC12 1 .O 
and glucose 5.6 (pH 7.3-7.4). This solution was aerated 
continuously with a mixture of 95Yo 02-5% C02 and kept at 

37 f 0.5"C. For the measurement of tension, a stainless steel 
holder anchoring the upper end of the strip was connected to 
a lever of a force-displacement transducer (Nihon Kohden, 
Tokyo, Japan) under resting tension of 1.5 g, which is 
optimal for inducing maximum contractions (Toda et a1 
1978). Before the start of the experiments, each strip was 
allowed to  equilibrate in the physiological salt solution for 60 
to 90 min. 

Contraction measurements 
Isometric contractions and relaxations were recorded. 
Mesenteric arteries were contracted with 50 mM KCI in the 
physiological salt solution. After the contraction had 
reached a plateau, drugs were added directly to  the bath 
cumulatively at  20-30 rnin intervals. At the end of each series 
of experiments, papaverine (100 PM) was added to  the bath t o  
obtain the maximum relaxation. 

4'Ca influx measurements 
4SCa influx was determined by a 'lanthanum method' (Karaki 
& Weiss 1979) with some modifications. Arterial strips 
weighing about 15 mg were incubated for 5 min in a 4SCa- 
containing normal physiological salt solution (19 MBq 
mL-I) to  allow exchange of extracellular calcium with the 
tracer. The strips were incubated for another 5 min in the 
45Ca-containing physiological salt solution in the presence or 
absence of 50 mM KCI. In parallel strips, KB-2796 (0.01,O.l 
or 1 PM) was given for 30 min before the addition of 50 mM 
KCI. In another group of experiments, some strips were 
incubated for 30 min in the 4SCa-containing physiological 
salt solution to determine the non-stimulated 4sCa influx. 
Thereafter, the strips were soaked for 60 rnin in an ice-cold 
lanthanum solution of the following composition (mM): 
Lac13 80.8, glucose 1 I and Tris (hydroxymethy1)aminometh- 
ane 6.0 (pH 6.8 with maleic acid). The strips were then 
weighed, placed in scintillation vials and digested with a 
tissue solubilizer (Soluene-350, Packard) at 50°C for 3 h. 
Radioactivity remaining in the tissue was counted using a 
Packard liquid scintillation counter. 45Ca influx (nmol (g wet 
wt tissue)-') was calculated as the product of the 4sCa tissue/ 
medium ratio and the total Ca2+ concentration in the 
bathing solution. The 45Ca influx induced by the stimulant 
was computed as the difference between the influx in the 
presence of the stimulant and the corresponding control. 

Data analysis 
Concentrations producing 50% inhibition (IC50) of 
[3H]NTD binding and KC1-induced contraction were deter- 
mined using linear regression analysis on a personal com- 
puter (PC-9801, NEC). Inhibition constants (K,) were 
calculated from the equation of Cheng & Prusoff (1973): 
K, = IC50/( 1 + L/K& where L is the concentration of ligand. 

Results 

('HINTD binding to dog aortic membranes 
The binding of [3H]NTD to dog aortic membranes at 25°C 
was saturable and specific. Scatchard analysis of the satur- 
ation isotherms was consistent with an interaction a t  a single 
population of binding sites with a dissociation constant (Kd) 
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FIG. 2. Inhibition of specific [3H]NTD binding to dog aortic 
membranes by diphenylpiperazines and nicardipine. Membranes 
(500 pg protein/tube) from dog aorta were incubated with 0.5 nM 
[ HINTD in the presence of various concentrations of drugs for 60 
min at 25°C. The data are the means of three or four experiments, 
each performed in duplicate. KB-2796 0, flunarizine 0, cinnarizine 
A, compound A A, compound B 0, compound C ., nicardipine X. 

of 0.41 f0.17 nM, and a maximal number of binding sites 
(BmJ of 31 f 9  fmol (mg protein)-' (n=3). 

Eflects of KB-2796 and other diphenylpiperazines on 
['HINTD binding 
The specific binding of [3H]NTD to dog aortic membranes 
was inhibited in a concentration-dependent manner by all 
the diphenylpiperazine derivatives tested (Fig. 2). The K, 
values of all the diphenylpiperazines are summarized in 
Table 1 .  The inhibitory activity of KB-2796 equalled that of 
compound C, and was more potent than those of flunarizine, 
cinnarizine, compound A and compound B. Nicardipine, a 
1,4-dihydropyridine-type calcium antagonist, was the most 
potent inhibitor of [3H]NTD binding among the calcium 
antagonists tested. 

Vasorelaxing effects of KB-2796 and other diphenylpipera- 
zines 
To evaluate the functional significance of drug interactions 
with [)H]NTD binding, we determined the ability of KB- 
2796 and other diphenylpiperazines to inhibit 50 mM KCI- 
induced contraction in dog mesenteric arteries. All the drugs 
produced concentration-dependent inhibition of the 50 mM 
KCI-induced contraction (Fig. 3). The IC50 values calcu- 
lated from inhibition curves are listed in Table 1. The rank 
order of relaxing potency was as follows: KB-2796 > com- 

Table I ,  Effects of diphenylpiperazines and nicardipine on [3H]NTD 
binding in dog aorta and on KCI-induced contraction in dog 
mesenteric arteries. 

Compound 

Flunarizine 
Cinnarizine 
Compound A 
Compound B 
Compound C 
Nicardipine 

KB-2796 

[3H]NTD binding Contraction 
Ki IC50 

OLM) (PM) 
0.34 f 0.1 0.12 k0.02 
0.68 f 0.05 0.43 *0.2 

I .3 f 0.2 0.45k0.08 
19k 12 2.0 k 0.8 
1 6 k 6  7.6f4 

0.26 k 0.1 
0.003 & 0.00 I 

0.1 3 k0.04 
0.0005 k 0.00006 

The data are the means+s.e.m. of either three or four experi- 
ments. 
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FIG. 3. Inhibition of KCI-induced contraction in dog mesenteric 
arteries by diphenylpiperazines and nicardipine. Relaxations 
induced by 100 p~ papaverine were taken as 100?4. The data are the 
means of three or four experiments. KB-2796 0, flunarizine 0, 
cinnarizine A, compound A A, compound B 0, compound C ., 
nicardipine X. 
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FIG. 4. Relationship between the inhibition (K,) of [3H]NTD binding 
in dog aorta by diphenylpiperazines and their pharmacological 
activities (IC50 values for the inhibition of 50 mM KCI-induced 
contraction) in dog mesenteric arteries (Table 1). The correlation 
coefficient is r=0.95 (P<O.OI). 

pound C > flunarizine > cinnarizine > compound A > com- 
pound B. The K, values of the diphenylpiperazines for 
inhibition of [3H]NTD binding were strongly correlated with 
the IC50 values for inhibition of 50 mM KCI-induced 
contraction (r=0.95, Fig. 4). 

Effects of KB-2796 on 45Ca influx 
The effect of KB-2796 on the activity of voltage-dependent 
calcium channels was investigated by 45Ca influx experiments 
on dog cerebral and mesenteric arteries. KB-2796 (0.01-1 
PM) inhibited the 45Ca influx component elicited by 50 mM 
KCI in dog cerebral and mesenteric arteries, and this effect 
was concentration-dependent (Fig. 5). The calculated IC50 
value of KB-2796 in dog cerebral arteries (0.06f0.01 PM; 
n = 10) was smaller than that in mesenteric arteries 
(0.14 f 0.02 PM; n = 6). In mesenteric arteries, the IC50 value 
of KB-2796 for 45Ca influx was similar to that for 50 mM KCI- 
induced contraction (0.12 p ~ ) .  In a physiological salt 
solution containing 5.4 mM KCI, however, KB-2796 (1  PM) 
produced no significant effect on the resting 45Ca influx in 
both arteries (data not shown). 
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FIG. 5. Effect of KB-2796 on 50 mM KCI-induced 45Ca influx in dog 
mesenteric (0) and cerebral (0) arteries. The residual 45Ca influx in 
mesenteric and cerebral arteries were 161 + 28 (n = 6) and 153 k 13 
(n = lo), respectively, in physiological salt solution; 307 f 55 (n = 6) 
and 280+ 18 nmol Ca2+ (g tissue)-' (n = lo), respectively, in 50 mM 
KCI solution. KCI-induced 45Ca influx was calculated by subtracting 
the residual 45Ca influx in normal solution from that in 50 mM KCI 
solution. KB-2796 was added 30 min before applying 50 mM KCI. 
The data are meansks.e.m. Numbers beside the concentration- 
response curves indicate the number of preparations. 

Discussion 

The present results show that KB-2796 is a more potent 
inhibitor of both [)H]NTD binding and KCI-induced con- 
traction in dog vascular smooth muscle than either flunari- 
zine or cinnarizine. KB-2796 also inhibits 45Ca influx elicited 
by high KCI at the same concentration as that producing 
vasorelaxation. These observations demonstrate that KB- 
2796 is a potent L-type calcium channel antagonist in 
vascular smooth muscle. 

High affinity binding sites for [3H]NTD, which may be 
associated with voltage-dependent calcium channels, have 
been shown to exist in membrane preparations from several 
tissues (Glossmann & Ferry 1985; Vaghy et al 1987). In our 
study, [)H]NTD was also found to bind to a single class of 
sites in dog aortic membranes, with a Kd of 0.41 nM and a 
Bmax of 31 fmol (mg protein)-'. These Kd and B,,, values 
were nearly identical to those of a high affinity binding site 
reported by Triggle et al(1982) in dog aortic and mesenteric 
membranes. KB-2796 and other diphenylpiperazines inhi- 
bited [)H]NTD binding to dog aortic membranes, apparently 
in the same manner as nicardipine. This result is comparable 
with our previous data obtained in guinea-pig cerebral cortex 
membranes (Iwamoto et al 1988b). In that study, we 
suggested that KB-2796 might inhibit the 1,4-dihydropyri- 
dine binding through a negative allosteric mechanism, since 
KB-2796 increased the rate of dissociation of [)H]NTD from 
the binding site. 

As noted above, there is a correlation between the potency 
of 1,4-dihydropyridines as vasorelaxants and their ability to 
inhibit ['HINTD binding (Bolger et al 1983; Janis et al 1984; 
Goll et al 1986). Similar investigations have also been done 
with phenylalkylamine derivatives (Goll et al 1986; Zobrist et 
al 1986) and benzothiazepine derivatives (Schoemaker et al 
1987). We examined whethe; the interaction of KB-2796 and 
other diphenylpiperazines with calcium channels leads to 
vasorelaxation. In the present study, dog isolated mesenteric 

arteries, which have been shown to have binding properties 
similar to the aorta (Triggle et al 1982), were used to measure 
vasorelaxation. In dog arterial smooth muscle, KCI-induced 
contraction is particularly sensitive to voltage-dependent 
calcium entry and is easily inhibited by calcium channel 
antagonists (Shimizu et al 1980; Yamamoto et al 1983). As 
summarized in Fig. 4, a good correlation was obtained 
between inhibitory potencies for [)H]NTD binding and high 
KCI-induced contraction among the 6 compounds of diphe- 
nylpiperazine derivatives. Thus, according to the present 
results the inhibition of ['HINTD binding by these deriva- 
tives is probably responsible for their vasorelaxing activity, 
and KB-2796 is one of the most potent inhibitors among 
them. 

Calcium antagonists such as nifedipine (Godfraind 1983) 
and flunarizine (Godfraind & Dieu 198 1) have been found to 
inhibit 45Ca influx induced by KCI. KB-2796 also inhibited 
KCI-induced 45Ca influx in both dog mesenteric and cerebral 
arteries, indicating that KB-2796 inhibits calcium entry 
through voltage-dependent calcium channels. Furthermore, 
in mesenteric arteries, the concentration of KB-2796 
required to inhibit high KCI-induced 45Ca influx was similar 
to the concentration required to inhibit KCI-induced con- 
traction. In contrast, KB-2796 did not inhibit 45Ca influx 
through passive leak channels in resting arteries. These 
findings suggest that KB-2796 is a specific voltage-dependent 
calcium antagonist in vascular smooth muscle. 

KB-2796 has been reported to increase selectively ver- 
tebral blood flow in anaesthetized dogs (Kanazawa et al 
1990) and to inhibit K+-  and prostaglandin F&nduced 
contraction of cerebral arteries more strongly than those of 
peripheral arteries (Kanazawa & Toda 1987). In this study, 
KB-2796 was also found to inhibit KCI-induced 45Ca influx 
in cerebral arteries more potently than in mesenteric arteries. 

It  has been established (Triggle & Janis 1984; Miller & 
Freedman 1984) that [)H]NTD binds in a similar way to 
smooth muscle, cardiac muscle and neuronal tissue of several 
species. Diphenylpiperidine derivatives such as fluspirilene 
and pimozide, possessing a calcium antagonistic action 
(Could et al 1983; King et al 1989), were also found to inhibit 

4 5 6 7 

-Log Ki (dog aorta) 
FIG. 6. Relationship between the inhibition (K,) of [3H]NTD binding 
in dog aorta and in guinea-pig cerebral cortex (Iwamoto et al 1988b). 
The correlation coefficient (r) is 0.97 (Pt0.01). 



CALCIUM ANTAGONISTIC EFFECT OF KB-2796 539 

['HINTD binding more strongly in cerebral cortex mem- 
branes than in cardiac membranes (Quirion et a1 1985). 
Therefore, using the present results in combination with our 
previously published data (Iwamoto et a1 1988b), we com- 
pared the inhibition of ['HINTD binding in the dog aorta to 
that in the guinea-pig cerebral cortex, and found a strong 
correlation (Fig. 6) for the six diphenylpiperazine com- 
pounds. However, Ki values of these compounds obtained in 
the cerebral cortex were 4-9 times greater than those in the 
aorta. This indicates that the binding affinities of KB-2796 
and other diphenylpiperazines are greater in the cerebral 
cortex than in the aorta. In contrast, nicardipine had similar 
affinities in the aorta and cerebral cortex. Thus, KB-2796 and 
diphenylpiperazines, in contrast to I ,4-dihydropyridines, 
may act preferentially on calcium channels in the cerebral 
cortex. The relative selectivity of the diphenyl-piperazines for 
neuronal tissue might be related to the effectiveness of KB- 
2796 in treating neuronal impairment following ischaemia 
(Harada et a1 1988, 1989; Yoshidomi et a1 1989). 

References 
Bolger, G. T., Gengo, P., Klockowski, R., Luchowski, E., Siegel, H., 

Janis, R. A,, Triggle, A. M., Triggle, D. J. (1983) Characterization 
of binding of the Ca+ + channel antagonist, [)H]nitrendipine, to 
guinea-pig ileal smooth muscle. J. Pharmacol. Exp. Ther. 225: 
291 -309 

Cheng, Y. C., Prusoff, N. H. (1973) Relationship between the 
inhibition constant (K) and the concentration of inhibitor which 
causes 50 per cent inhibition (150) of an enzymatic reaction. 
Biochem. Pharmacol. 22: 3099-3 108 

Glossmann, H., Ferry, D. R. (1985) Assay for calcium channels. 
Methods Enzymol. 109: 513-550 

Godfraind, T. (1983) Actions of nifedipine on calcium fluxes and 
contraction in isolated rat arteries. J. Pharmacol. Exp. Ther. 224: 

Godfraind, T., Dieu, D. (1981) The inhibition by flunarizine of the 
norepinephrine-evoked contraction and calcium influx in rat 
aorta and mesenteric arteries. Ibid. 217: 510-515 

Godfraind, T., Miller, R., Wibo, M. (1986) Calcium antagonism and 
calcium entry blockade. Pharmacol. Rev. 38: 321416 

Goll, A,, Glossmann, H., Mannhold, R. (1986) Correlation between 
the negative inotropic potency and binding parameters of 1,4- 
dihydropyridine and phenylal kylamine calcium channel blockers 
in cat heart. Naunyn Schmiederbergs Arch. Pharmacol. 334: 303- 
312 

Gould, R. J., Murphy, K. M. M., Reynolds, I. J., Snyder, S. H. 
(1983) Antischizophrenic drugs of the diphenylbutylpiperidine 
type act as calcium channel antagonists. Proc. Natl. Acad. Sci. 

Harada, K., Nakasu, Y., Matsuda, M., Handa, J. ( I  988) Effects of a 
new Ca2+ antagonist, KB-2796, on the regional cerebral blood 
flow and somatosensory evoked potentials in the ischemic brain in 
cats. Surg. Neurol. 30: 89-96 

Harada, K., Shiino, A,, Matsuda, M., Handa, J. (1989) Effects of a 
novel calcium antagonist, KB-2796, on neurologic outcome and 
size of experimental cerebral infarction in rats. Ibid. 32: 16-20 

Iwamoto, T., Morita, T., Ito, K., Sukamoto, T. (1988a) Calcium 
antagonistic action of KB-2796. a new cerebral vasodilator. 
Japan. J. Pharmacol. 46: 188P 

Iwamoto, T., Morita, T., Kanazawa, T., Ohtaka, H., Ito, K. (1988b) 
Effects of KB-2796, a new calcium antagonist, and other diphenyl- 
piperazines on ['Hlnitrendipine binding. Ibid. 48: 241-247 

Janis, R. A,, Sarmiento, J. G., Naurer, S. C., Bolger, G.  T., Triggle, 
D. J. (1984) Characteristics of the binding of ['Hlnitrendipine to 
rabbit ventricular membranes: modification by other Ca + + 

channel antagonists and by the C a + +  channel agonist Bay K 
8644. J. Pharmacol. Exp. Ther. 231: 8-15 

Kanazawa, T., Toda, N. (1987) Inhibition by KB-2796, a new Ca2+ 

443-450 

USA 80: 5122-5125 

entry blocker, of the contractile response of isolated dog cerebral 
and peripheral arteries. Folia Pharmacol. Japon. 89: 365-373 
(Abs in English) 

Kanazawa, T., Morita, T., Harada, K., Iwamoto, T., Ohtaka, H., 
Sukamoto, T., Ito, K., Nurimoto, S. (1990) Selective effect of KB- 
2796, a new calcium entry blocker, on cerebral circulation: a 
comparative study of the effects of calcium entry blockers on 
cerebral and peripheral arterial blood flows. J. Cardiovasc. 
Pharmacol. 16: 430437 

Karaki, H., Weiss, G. B. (1979) Alterations in high and low affinity 
binding of 45Ca in rabbit aortic smooth muscle by norepinephrine 
and potassium after exposure to lanthanum and low temperature. 
J. Pharmacol. Exp. Ther. 21 1: 86-92 

King, V. F., Garcia, M. L., Shevell, J. L., Slaughter, R. S., 
Kaczorowski, G. J. (1989) Substituted diphenylbutylpiperidines 
bind to a unique high affinity site on the L-type calcium channel. J. 
Biol. Chem. 264: 5633-5641 

Lowry, 0. H., Rosebrough, N. J., Farr, A. L., Randall, R. J. (1951) 
Protein measurements with the Fohn phenol reagent. Ibid. 193: 

Miller, R. J., Freedman, S. B. (1984) Are dihydropyridine binding 
sites voltage sensitive calcium channels? Life Sci. 3 4  1205-1221 

Nayler, W. G.  (1988) Calcium Antagonists. Academic Press Ltd, 
London 

Ohtaka, H., Kanazawa, T., Ito, K., Tsukamoto, G. (1987) Benzylpi- 
perazine derivatives. IV. Syntheses and cerebral vasodilating 
activities of I-benzyl-4-diphenylmethylpiperazine derivatives. 
Chem. Pharm. Bull. (Tokyo) 35: 3270-3275 

Pinquier, J. L., Urien, S., Chaumet-Riffaud, P., Comte, A,, Tille- 
ment, J. P. (1988) Binding of ['Hlisradipine (PN200-110) on 
smooth muscle cell membranes from different bovine arteries. J. 
Cardiovasc. Pharmacol. I 1 : 402-406 

Quirion, R., Lafaille, F., Nair, N. P. V. (1985) Comparative 
potencies of calcium channel antagonists and antischizophrenic 
drugs on central and peripheral calcium channel binding sites. J. 
Pharm. Pharmacol. 37: 437-440 

Schoemaker, H., Hicks, P. E., Langer, S. Z. (1987) Calcium channel 
receptor binding studies for diltiazem and its major metabolites: 
functional correlation to inhibition of portal vein myogenic 
activity. J. Cardiovasc. Pharmacol. 9: 173-180 

Shimizu, K., Ohta. T.. Toda, N. (1980) Evidence for greater 
susceptibility of isolated dog cerebral arteries to Ca antagonists 
than peripheral arteries. Stroke 11: 261-266 

Toda, N., Hatano, Y., Hayashi, S. (1978) Modifications by stretches 
of mechanical response of isolated cerebral and extracerebral 
arteries to vasoactive agents. Pflugers Arch. 374: 73-77 

Triggle, C. R., Agrdwal, D. K., Bolger, G. T., Daniel, E. E., Kwan, 
C. Y., Luchowski, E. M., Triggle, D. J. (1982) Calcium-channel 
antagonist binding to isolated vascular smooth muscle mem- 
branes. Can. J. Physiol. Pharmacol. 60: 1738-1741 

Triggle, D. J., Janis, R. A. (1984) Calcium channel antagonists: new 
perspectives from the radioligand binding assay. In: Spector, S. 
(ed.) Modern Methods in Pharmacology. Alan R. Liss, Inc., New 
York, pp 1-28 

Vaghy, P. L., Williams, J. S., Schwartz, A. (1987) Receptor 
pharmacology of calcium entry blocking agents. Am. J. Cardiol. 
59: 9A- 17A 

Vanhoutte, P. M. (1987) The expert committee of the World Health 
Organization on classification of calcium antagonists: the view- 
point of the raporteur. Ibid. 59: 3A-8A 

Williams, L. T., Tremble, P. (1982) Binding ofa  calcium antagonist, 
['Hlnitrendipine, to high affinity sites in bovine aortic smooth 
muscle and caninecardiac membranes. J .  Clin. Invest. 70: 209-212 

Yamamoto, M., Ohta, T., Toda, N. (1983) Mechanisms of relaxant 
action of nicardipine, a new Ca++-antagonist, on isolated dog 
cerebral and mesenteric arteries. Stroke 14: 270-275 

Yoshidomi, M., Hayashi, T., Abe. K., Kogure, K. (1989) Effects of a 
new calcium channel blocker, KB-2796, on protein synthesis of 
the CAI pyramidal cell and delayed neuronal death following 
transient forebrain ischemia. J. Neurochem. 53: 1589-1594 

Zobrist. R. H., Giacomini, K. M., Nelson, W. L., Giacomini, J. C. 
(1986) The interaction of phenylalkylamine calcium channel 
blockers with the 1.4-dihydropyridine binding site. J. Mol. Cell 
Cardiol. 18: 963-974 

265-275 


