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SUMMARY

The pharmacologic and radioligand-binding properties of 1,4-
dihydropyridines in an activator (Bay K 8644) and an antagonist
(nifedipine) series were studied in rat tail artery, heart membrane,
and neonatal rat ventricular myocytes. The S-enantiomers of the
activator series contracted rat tail artery in the presence of 15
mm K* (ECyo values of 1078 to 1075 m). (S)-Bay K 8644 (I) and its
o-difluoromethoxy analog (lll) were the most potent members of
the activator series examined. The abilities of the activators to
stimulate maximum tension response of the artery differed with
structure; thus, the efficacy of (S)-Bay K 8644 was 70% that of
the analog lacking the 3-carbomethoxy group. The R-enantio-
mers of the activator series and a series of achiral nifedipine
analogs were inhibitory in the same tissue. The intact-cell binding
assay revealed the binding affinities of 1,4-dihydropyridine antag-
onists in depolarized cells (50 mm K*) to be higher than those in

polarized cells (5 mm K*). The ratio K, (polarized)/K, (depolarized)
was 77 for nifedipine (ICs, = 5.4 X 10~® m) but was only 2.9 for
the weak 3-methoxy nifedipine analog (ICso = 4.8 X 107 m); an
approximately linear relationship exists between this ratio and
the antagonist potency. In marked contrast, and in confirmation
of previous work [Mol. Pharmacol. 35:541-552 (1989)], the
binding affinities of activators were not significantly affected by
membrane potential, regardless of potency. We conclude that
the S-enantiomers of Bay K 8644 analogs are activators with
different potency and efficacy and that the R-enantiomers are
antagonists, that the binding of 1,4-dihydropyridine antagonists
is voltage dependent, whereas binding of the activators is not,
and that the voltage-dependence of binding of the antagonists
is correlated with the potency of the antagonist.

Compounds with the 1,4-dihydropyridine nucleus include
both potent antagonists and activators for the L class of volt-
age-gated Ca®* channels. Only small structural differences dis-
tinguish activators and antagonists (1, 2); in particular, the
presence of a Cs nitro group, the major structural distinction
between nifedipine and Bay K 8644, confers potent activator
properties (3). Several studies suggest that antagonists and
activators in the 1,4-dihydropyridine series may interact at a
common receptor site (reviewed in Refs. 2, 4, and 5).

The binding properties of this site have been characterized
by several structure-activity studies (6-9), but these refer to
antagonists, and corresponding studies for activators are rare
(10). Interpretation of the structure-activity relationships of
1,4-dihydropyridine activities at Ca?* channels is complicated
by the voltage dependence of action of both antagonists and
activators (11-17), in which the expression of antagonist or
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activator activity is quantitatively or qualitatively dependent,
respectively, upon membrane potential. Additionally, the en-
antiomeric selectivity, whereby for a number of agents, includ-
ing Bay K 8644, activator and antagonist activity is associated
with S- and R-enantiomers, respectively (5, 18, 19), adds an
additional complicating factor. Such complexities underlie a
number of suggestions that 1,4-dihydropyridine activators may
interact at discrete activator and antagonist sites (5).

Our previous structure-activity study of 1,4-dihydropyridine
activators was confined to the available racemic forms (10). It
appeared of interest to examine the pharmacologic and radioli-
gand binding properties, including voltage-dependent interac-
tions, of a series of 1,4-dihydropyridine enantiomers, to permit
further elucidation of structural factors controlling activator
and antagonist activities in the 1,4-dihydropyridines.

Experimental Procedures

Tissue preparation and recording of mechanical response.
Rat tail artery strips were prepared as described by Su et al. (20). Male

ABBREVIATION: HEPES, 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid.
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Holtzman rats of age 15-17 weeks (weight, 250-290 g; Hilltop Farms,
Scottdale, PA) were killed by decapitation, and the median tail artery
was removed and placed in a physiologic salt solution (aerated with
96% 02/5% CO, at 37°) of the following composition (in mM): NaCl,
118; KCl, 4.7; CaCl,, 2.5; MgCl, 1.18; KH.PO,, 1.18; NaHCO;, 2.5;
dextrose, 5.5. Arterial strips of 1-cm length, cut at an angle of 45°, were
suspended in glass organ baths containing 10 ml of aerated physiologic
salt solution at 37°, connected to a force-displacement transducer
(Grass FT03), and equilibrated for 2 hr under a resting tension of 600
mg, with a solution change every 15 min. Isometric contractions were
recorded on a Grass polygraph (model 7D). Before determination of
responses, tissues were stimulated three times with 80 mMm KCl, to
initiate a steady level of response (20). The tissue was then pretreated
with phentolamine (1 X 107 M) to block the effect of any norepineph-
rine released from sympathetic nerve terminals. After an additional
30-min equilibrium period, two additional responses to 80 mm KCl
depolarization were recorded and the second, measured after 30 min of
re-equilibration, was taken as a control response. To determine antag-
onist activity, the contractile response to 80 mM KCl depolarization
was recorded again after the tissue was incubated with the antagonist
for 30 min. Only one concentration of antagonist was used in each
individual tissue. Cumulative dose-response curves for calcium channel
activators in rat tail artery were constructed by stepwise addition of
the drugs in the presence of 15 mM KClI, because at that K* concentra-
tion the activator produced maximum response (20). The concentration
of activator was increased only after the response to the previous
addition had attained a maximum steady level.

Radioligand binding assay in rat heart membrane prepara-
tion. A microsomal membrane preparation (21) was suspended in cold
buffer of the following composition (in mM): NaCl, 127; KCl, 5.36;
CaCl,, 1.26; MgCl,, 0.98; KH,PO,, 0.44; NaHCO,, 4.16; Na,HPO,, 0.63;
glucose, 5.56; HEPES, 20; pH 7.4. Protein concentration was deter-
mined by the method of Bradford (22), using bovine serum albumin as
standard.

The competition binding assay of calcium activators and antagonists
with (+)-[*H]PN 200-110 was carried out by using the methods estab-
lished previously in our laboratory (10, 21, 23). Membrane protein (70-
100 ug) was incubated with (+)-[*H]PN 200-110 (4.5 X 10™*! M) and
various concentrations of the drugs for 2 hr, in a 5-ml incubation
volume. After incubation, the samples were filtered over Whatman
GF/B filters and washed twice with 5 ml of ice-cold buffer, using a cell

harvester (model M-24R; Brandel Instruments, Gaithersburg, MD).
Nonspecific binding was defined by addition of 10 M unlabeled PN
200-110. Binding experiments were carried out in glass tubes and in
subdued light. The radioactivity trapped on the filter was measured by
liquid scintillation counting, at an efficiency of approximately 50%.

Radioligand binding assay in cultured neonatal rat ventricle
myocytes. Cells were cultured by the methods described by Wei et al.
(17). The whole-cell binding assay was performed with the cells at-
tached to the culture dishes under polarized (resting) and depolarized
conditions (17). Our previous work indicated that the conditions of 5.8
mM KCl and 50 mM KCI represented polarized and depolarized con-
ditions, respectively, as determined by lipophilic cation (tetraphenyl-
phosphonium) distribution (17). The dishes were washed once with a
buffer containing 5.8 mM K*, of the following composition (in mm):
NaCl, 127; KCl, 5.36; CaCl,, 1.26; MgCl., 0.98; KH,PO,, 0.44; NaHCOj,
4.16; Na;HPO,, 0.63; glucose, 5.56; HEPES, 20; pH 7.4. Buffer contain-
ing 5.8 mM K* (resting) or 50 mM K* (depolarized) was then added
(17). The cells were then incubated with (+)-[*H]200-110 (0.45 nM in
resting cells and 0.15 nM in depolarized cells) and various concentra-
tions of 1,4-dihydropyridines at 37° for 90 min. After incubation, the
binding buffer was aspired under vacuum and the dish was rapidly
washed three times in 15 sec with ice-cold buffer. Cells were extracted
overnight with 1 ml of 0.5 M NaOH, and the radioactivity was deter-
mined by liquid scintillation counting. Nonspecific binding was rou-
tinely determined in the presence of 10~ M unlabeled PN 200-110.

Materials. (+)-[*H]PN 200-110 (71.5 Ci/mmol) was purchased from
DuPont-New England Nuclear (Boston, MA). Tissue culture medium,
L-glutamine, serum, and antibiotics were obtained from GIBCO (Grand
Island, NY). The 1,4-dihydropyridines (Fig. 1) were prepared as 102
M stock solutions in ethanol and were stored refrigerated and protected
from light.

Data analysis and statistics. All data were processed using an
IBM personal computer. Pharmacologic data were analyzed using a
standard set of pharmacologic programs (24). Significance of difference
was accepted at the 0.05 level. Radioligand binding data were analyzed
with the program LIGAND (25).

Results

Contractile responses of 1,4-dihydropyridine activa-
tors and antagonists. The contractile activities of 1,4-dihy-

TABLE 1

Pharmacologic effects of and inhibition of [*H]PN 200-110 binding by nifedipine and (S)-Bay K 8644 analogs in rat tail artery and heart

preparations

Drugs ECso ICso K My
M M M
Nifedipine series
—2NO; (nifedipine) 5.41 + 0.30 x 10~° 1.30 £ 0.14 x 107° 1.01 £ 0.05
-3CN 1.74 £ 0.33x 10°° 4.06 +0.42 x 10°° 0.91 +£0.03
-H 150+ 0.11 x 1077 222+0.19x 107 1.02 + 0.06
—4C| 1.30 £ 0.21 x 10°° 1.08 + 0.03 x 1077 1.05 + 0.02
—-3MeO 481 +0.79x10°® 1.80 + 0.26 x 107° 1.02 + 0.06
Bay K 8644 series

] 1.38 +0.15 x 107® 3.03+0.28 x 107° 1.14 £ 0.05
] 3.35+0.26 x 10°° 9.41 +£1.18 X 10° 0.99 + 0.05
v 3.72+0.50 x 10°* 2.03 +0.48 x 10°* 1.28 + 0.23
Vi No activity at 10~ 3.64 +0.36 x 10°° 1.45 + 0.06
X 3.24 +0.29 x 107 494 +064x10°° 1.17 £ 0.01
IX 1.04 £ 0.11 x 1075 2.69 + 0.52 x 107° 1.05 + 0.09
m 1.37 £0.17 x 10°° 9.22 + 0.56 x 10~° 0.93 + 0.04
v 5.03 + 0.48 x 107° 5.60 + 0.90 x 187° 0.84 + 0.06
Vil 271 +0.32x10°% No displacement at 10~
il 474+ 0.35x 1075 6.35 + 0.36 < 107° 1.53 £ 0.10
b (/] 2.90 +0.62 x 107 2.86 +0.52 x 10~ 1.01 £ 048
X 424 +0.38x 1075 6.58 + 0.30 x 10~° 1.02 + 0.07
xm 1.76 £ 0.28 x 1077 2.63+0.38x 107 1.08 £ 0.10
Xiv 1.40+0.27 x 107 2.94 +0.24 x 1077 0.98 + 0.07
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TABLE 2

Maximum tension responses of 1,4-dihydropyridine activators

relative to 80 mm K* response (as 100% control) in rat tail artery

Activator Maximal response” Efficacy®
% of 80 muK* response

| [(S)-Bay K 8644) 770+ 121 0.68
v 148 + 0.8 0.13
X 112779 1.00
n 36.5+5.6 0.32
il 121+ 56 0.10
(] 1040+ 7.2 0.92
p (] 202 +5.7 0.25
Xiv 183+ 3.8 0.16

* % maximum response = maximum response/80 mm K* response.
® Efficacy = maximum response of a drug/maximum response of X.

dropyridine Ca®* channel activators were measured in rat tail
artery strips in the presence of 15 mM KCIl, which was optimum
for the responses to the activators, as previously reported by
Su et al. (20). These activators contracted the tissue dose
dependently and at higher concentrations produced inhibitory
effects, with ICy, values approximately 50-100-fold higher than
the ECs, values (data not shown). The ECs values are sum-
marized in Table 1. Among the activators, (—)-(S)-Bay K 8644
(I) and the ortho-difluoromethoxy-substituted derivative (III)
were the most potent. The presence of the free 5-carboxy group
in V and VII, substituted for the 5-carbomethoxy group of I
and III, respectively, decreased the potency by some 200-fold.
A dramatic decrease of activity (some 2000-fold) was observed
with the replacement of the 5-carbomethoxy group by hydrogen
(X and XII).

The maximum contractile responses to these activators in
rat tail artery are summarized in Table 2. (S)-Bay K 8644 (I)
induced a maximum response (tension = 472 + 27 mg) that
was 77% of the response to 80 mM K* depolarization, consistent
with a previous report (20). Both ECs values and maximum
tension responses were dependent upon structure, but the same
sequence was not followed. Thus, X and XII were less potent
than (S)-Bay K 8644 (I), but their maximum tension responses
were 20-30% higher than that of (S)-Bay K 8644. However, in
V and VII potency and efficacy were both decreased relative

Voltage-Dependent Binding of 1,4-Dihydropyridines 537

to (S)-Bay K 8644 (Table 2), and XIII and XIV, which are
nonchiral 1,4-dihydropyridines, showed intermediate activator
potency with very weak efficacy.

The inhibitory activities of calcium channel antagonists were
determined against the single response to a maximally effective
concentration of K* (80 mM) in rat tail arterial strips. The
antagonism reached equilibrium after preincubation of the
drugs with the arterial strips for 30 min. The ICs values for
the 1,4-dihydropyridine series studied are listed in Table 1. The
results for the nifedipine series are in good accord with those
previously published by us for smooth muscle and cardiac
membrane preparations (21, 22), with activity reduced by
phenyl ring substituents in the 4-position or by substituents
with electron-releasing characteristics (9).

Competition binding of (+)-[*H]JPN 200-110 in rat
heart membrane preparation. Specific binding of (+)-[*H]
PN 200-110 in rat heart membrane preparations was inhibited
competitively by 1,4-dihydropyridine activators and antago-
nists. The K; values and pseudo-Hill coefficients are presented
in Table 1. The affinities of the nifedipine series decreased with
phenyl ring substitutions, paralleling the results in the tail
artery preparation (Table 1).

The binding affinities of Bay-K 8644 analogs exhibited ster-
eoselectivity, and the activator S-enantiomers were generally
more potent than the antagonist R-enantiomers. These binding
affinities correlated well with the pharmacologic activities
(ECso and ICs values) of these compounds (see Discussion).

Competition binding of (+)-[*HJPN 200-110 in resting
and depolarized heart cells. Competition binding in cultured
cardiac cells was carried out in 5.8 and 50 mM K* buffer, in an
effort to determine binding properties of 1,4-dihydropyridines
under polarized and depolarized conditions, respectively (17).
Concentration-dependent inhibition of (+)-[*H]JPN-200 110
binding was observed under polarized and depolarized condi-
tions, and the data are summarized in Table 3. The extent to
which binding affinity shifted between polarized and depolar-
ized media varied according to 1,4-dihydropyridine structure
and function. In general, activator 1,4-dihydropyridines showed
little shift, whereas antagonist 1,4-dihydropyridines showed

TABLE 3

Inhibition of [*H]PN-200-110 binding by nifedipine and Bay K 8644 series in polarized (5.8 mm K*) and depolarized (50 mm K*) neonatal rat

heart cells

K Ratio
e Cells in 50 mm K* Collsin 5 mu K*
M
Nifedipine series
-2NO, 5121 1.05 % 107" 3.97 + 0.46 x 10°° 775
—-3CN 293+ 043 x 107 1.44 £ 0.37 x 1077 49.1
-H 479 +157 x107° 9.05+ 1.85 x 1077 18.9
—4C| 4.82+1.05x 1077 1.64 £ 0.55 x 107 3.4
-3MeO 1.09+0.22 x 107 3.09+1.21x10° 28
Bay K 8644 series

| 3.17 £ 0.87 x 10°° 1.45+1.32 x 107 45
n 554 +1.14x 107 6.26 + 1.40 x 1077 11.2
X 351 +1.37x10° 6.46 +1.03 x 10 1.8
IX 417 £1.71 x10°° 1.23+0.38 x 1078 29
mn 416+1.32x107° 1.80 + 0.06 x 1077 43
v 3.59 +1.07 x 107 2.96 + 0.86 x 1077 8.2
Xi 327 +£1.72x10°° 5.88 + 222 x 107 1.8
b (] 1.47 £ 0.07 x 10°° 2.89 + 0.65 x 1078 20
X 3.80 +0.36 x 1077 1.52 + 1.59 x 10°° 4.0
Xiv 7.89 £ 0.19 x 1077 3.10+0.64 x 10 39
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increased affinity in depolarizing medium, approximately ac-
cording to their affinity. These observations parallel, in more
extended fashion, those made previously by us (17).

Discussion

There were two principal objectives to our work. We wished
to know whether the activator/antagonist discrimination re-
vealed for the S- and R-enantiomers of Bay K 8644 extended
to analogs in this 1,4-dihydropyridine series. Additionally, we
wished to know whether the voltage-dependent and voltage-
independent binding of antagonists and activators, respectively,
previously reported by us for potent 1,4-dihydropyridines in
cardiac cells extended to a larger series containing both chiral
and nonchiral members (12, 17).

Bay K 8644 and nifedipine served as standard 1,4-dihydro-
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Fig. 1. Structural formulae of 1,4-dihydropyridines series that serve as
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text for detalils) that differential hydrogen bonding occurs with
the substituents and that activator properties are associated with the
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depolarized (50 mm K*) neonatal rat heart cells and the pharmacologic
potencies (ECso or ICs) in rat tail artery.

pyridines in this investigation. Their properties are well estab-
lished and, in particular, the pharmacologic and radioligand-
binding characteristics of the enantiomers of Bay K 8644 are
well described (10, 17, 18, 26). The pharmacologic and radioli-
gand binding data for nifedipine and Bay K 8644 in rat tail
artery and cardiac microsomes are in good accord with those
previously published by us (17, 20, 22, 26). (S)- and (R)-Bay K
8644 (I and II; Fig. 1) behaved as activator and antagonist,
respectively, in the tail artery exposed to 15 mM KCl. In
confirmation of previous reports (20, 26), a moderate elevation
of KCI concentration was necessary to demonstrate activator
properties, and this was found also for other members of this
activator series. Additionally, (S)-Bay K 8644 yielded a bell-
shaped dose-response curve in the tail artery preparation, con-
sistent with Ca®* channel antagonism at higher concentrations
(20, 26). This was also observed with ITI but was not observed
with the other, and less potent, activators in this series, pre-
sumably because limitations of solubility prevented attainment
of the high concentrations necessary.

Replacement of the 2-trifluoromethyl group in I and II by
the 2-difluoromethoxy group, to give III and IV, respectively,
did not affect enantiomeric selectivity or agonist or antagonist
potency. However, the efficacy of III, measured by the maxi-
mum tension response in rat tail artery, was <50% of that of
I, and the significantly less potent X generated a larger tension
response than did I. We also observed the absence of any
obvious relationship between potency and efficacy of these
compounds. This confirms a conclusion previously drawn by
us for a series of racemic 1,4-dihydropyridine activators (10).

The presence of the 3-carbomethoxy group is necessary for
both activator and antagonist potency, because its replacement
by the carboxy group (V/VI and VII/VIII) or its replacement
by hydrogen (IX/X and XI/XII) reduced these activities dra-
matically. Of interest are the findings that replacement of the
C-3 ester group by a second nitro substituent (XIII and XIV)
also reduced activity, although these agents still demonstrated
activator affinity. These changes in pharmacologic activities
were accompanied by similar changes in radioligand binding
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significantly different (p > 0.05).

affinities in cardiac membrane preparations (see Fig. 4, B and
D). The significance of these correlations is discussed below.

Of particular interest in the structure-activity data are the
inversions in enantiomeric selectivity, whereby the replacement
of the 3-carbomethoxy or the 3-carboxy group by hydrogen
results in chiral switching of activator/antagonist properties.
Chirality is an important property of drug-receptor interac-
tions, and chiral inversions contain, in principle, data impor-
tant to the definition of the drug binding site (27, 28). It should
be noted, however, that such replacement of the 3-carbome-
thoxy substituent results in substantial decreases in both acti-
vator and antagonist activities (Table 1).

One interpretation of these observations, which retains a
single 1,4-dihydropyridine binding site, Is that there are differ-
entlal requirements for electron-withdrawing, hydrogen-bond-
ing groups at the C-3 and C-6 positions of the 1,4-dihydropyr-
idine ring; optimum binding requires both interactions, These
sites have different steric and electronic characteristics, aceom-
modating observations that the steroselectivity of 1,4-dihydro-
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between radioligand binding affinities (K)) in depolarized (50 mm K*) and polarized (5 mm K*) neonatal rat heart cells. A, Activators
Bay K 8644 analogs; C, antagonists in a series of nifedipine and Bay K 8644 analogs. B and D, cormrelations between
(K,)ofactivatasnaseriesofBayKBBManalogs(B)andantagonistshnifedipheandBayK86443erles(D)mratheart

linear regression; ——, actual knear regression. The slope of

thsigiﬁmﬂydﬁumtmm11ﬂmhmew<005),mmeshA B, and D are not

pyridine interactions increases with progressive difference be-
tween the C-3 and C-5 substituents (2). If we assume that the
smaller substituent (or hydrogen) is always preferentially ori-
ented as shown in Fig. 2 for activator interactions, with the
requisite hydrogen bonding occurring at the opposite face, then
the inversion in stereoselectivity of activator/antagonist prop-
erties becomes clear. The model also predicts similar inversions
in activator/antagonist stereoselectivity for other mono-substi-
tuted 1,4-dihydropyridines, including H 160/61 (2-methyl-6-
amino-3-carboethoxy 4-(2-chlorophenyl)-1,4-dihydropyridine)
(29), and for lactone activators such as CGP 28393 (30). Con-
firmation of this, or of other models that may involve two or
more binding sites (31), must await studies on the sequence
loealization of 1,4-dihydropyridine binding sites. Such studies
are under way (32).

Our second objective was to extend to a larger series our
previous work on the voltage-dependent binding behavier of
activator and antagonist 1,4-dihydropyridines (17). To achieve
this, we have compared binding ratios in polarised and depo-
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larized cardiac cells with functional measurements of activity
in vascular smooth muscle. Clear confirmation is provided of
our previous conclusion, drawn from direct and competition
radioligand binding studies (12, 17), that the affinities of acti-
vator 1,4-dihydropyridines are little affected by membrane
potential in this cardiac cell preparation. The ratios of binding
affinity constants in 5.8 and 50 mM KCI for the activator
structures vary only from 1.8 to 4.5, and these ratios are
essentially structure independent. In marked contrast, the
binding behavior of 1,4-dihydropyridine antagonists is voltage
dependent and the extent of this is structure dependent, in-
creasing with the increase of antagonist activity, with ratios of
binding constants in 5 and 50 mM KCl varying from 2 to 77
(Table 3; Fig. 3). Because cardiac and vascular smooth muscle
tissues are being compared, these conclusions need further and
direct validation by electrophysiologic techniques.

We have previously suggested that the voltage-dependent
binding of 1,4-dihydropyridine antagonists was, consistent with
many electrophysiologic data (11, 14, 15, 33), attributable to a
selective interaction with inactivated channel states favored or
promoted by depolarization. The new data are consistent with
the thesis that the structure-activity relationship for 1,4-dihy-
dropyridine antagonists differs quantitatively between channel
states and that those structural features that enhance activity
do so by increasing interactions with the cardiac Ca®>* channel
state favored by depolarization. This is revealed in the corre-
lations of binding affinities for the nifedipine series of antago-
nists depicted in Fig. 4. A 1:1 correlation of binding affinities
is seen with cardiac membranes and depolarized cardiac cells
(Fig. 4D) and, although the same rank orders of activities are
seen when comparisons are made between polarized and depo-
larized cells (Fig. 4C), these correlations differ significantly
from the 1:1 relationship. The antagonist enantiomers of the
Bay K 8644 series behave in fundamentally similar fashion.
These findings are consistent with previous observations of
nonlinear correlations between cardiac pharmacologic and
membrane binding affinities for a 1,4-dihydropyridine antago-
nist series, in which the difference in affinities decreases with
decreasing 1,4-dihydropyridine activity and, with the least po-
tent agents, there is essentially 1:1 agreement between the two
affinity values (1, 10, 22). Similar observations have been made
by us in smooth muscle preparations (21). In contrast, the new
data for 1,4-dihydropyridine activator affinities, showing little
dependence upon membrane potential (Fig. 4, A and B), are
consistent with our previous observations and the interpreta-
tion that 1,4-dihydropyridine activator interactions are only
modestly voltage dependent and that activators may, accord-
ingly, promote or block channel function according to the
dominant channel population (13, 26, 34). Such data are also
consistent with the lack of activator selectivity between smooth
and cardiac muscle (10).

These data are important to the interpretation of structure-
activity relationships of 1,4-dihydropyridines. For the antago-
nist agents investigated, the increases of activity are associated
with structural changes that enhance the affinity for the de-
polarized state, relative to the polarized state. For the activator
series, changes in activities are not associated with major
changes in selectivity. In principle, 1,4-dihydropyridines should
exist for which different dependencies of activity upon mem-
brane potential generate different spectra of pharmacologic
activities.
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