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Abstract—In guinea-pig trachealis, depolarized by a K*-rich medium, Ca?* (0-01-10 mm) caused
concentration-related spasm. Verapamil (0-5-5 uM), cinnarizine (10-100 uM) and trifluoperazine (16-160
uM) each produced concentration-dependent antagonism of Ca’* characterized by a rightward and
downward displacement of the log concentration-effect curve for Ca?+. The rank order of potencies of these
antagonists, measured as the IC75 against Ca2* (10 mM)-induced contraction of depolarized trachea, was
verapamil (5:6 uM)>cinnarizine (59 um)> trifluoperazine (91 um). In skinned trachea, verapamil in
concentrations up to 100 uM did not modify the concentration-effect curve for Ca+. In contrast, cinnarizine
(59-177 um) diminished the sensitivity and trifluoperazine (273 um) decreased the responsiveness of the
tissue to Ca’*. In skinned trachea, trifluoperazine (91 um) produced greater inhibition of Ca?* (10 um)-
induced contraction after 120 min than after 30 min of incubation. Verapamil (100 M) and cinnarizine (177
um) were devoid of inhibitory effect against the 10 um Ca®* standard. In skinned trachea, changes in the
Ca?* concentration-effect curve produced by cinnarizine (177 uM) were reversed after washout whilst those
induced by trifluoperazine (273 um) persisted. It is concluded that distinct differences exist between the three
calcium antagonists examined. The action of verapamil is restricted to the plasmalemma. That of
cinnarizine and trifluoperazine is exerted both on the plasma membrane and upon the intracellular
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contractile machinery.

The term *‘calcium antagonist™ was originally introduced by
Fleckenstein et al (1969) as a group name for specific
inhibitors of Ca?* influx into cardiac and smooth muscle.
Drugs embraced by this term now comprise a very large
group of agents which do not constitute a homogeneous class
since substantial differences in structural/functional proper-
ties and clinical profiles exist among them (Spedding 1981,
1982, 1985; Snyder & Reynolds 1985). Hence, *‘calcium
antagonist” has become a broader term for drugs which (i)
lower cytosolic Ca?* concentration by inhibiting Ca’* entry
into the cell and/or (ii) block the effect of Ca?* by acting on
Ca’* binding cytosolic proteins. It is clear that a calcium
antagonist may have various mechanisms and sites of action
(Janis & Scriabine 1983; Triggle & Swamy 1983; Rampe et al
1985).

A subgroup of calcium antagonists is thought to inhibit
smooth muscle contraction by selective blockade of plasma-
lemmal Ca?* channels and the term “‘calcium-entry channel
blockers™ probably is a more precise description for these
drugs. Thus, substances such as verapamil, diltiazem and the
dihydropyridines have a major site of action according to
ligand binding studies (Ferry & Glossmann 1982), analysis of
Ca fluxes (Weston 1978; Thorens & Haeusler 1979) and
electrophysiological studies (Foster et al 1984; Ahmed et al
1985), at the plasmalemmal Ca2* channels. Cytosolic sites of
action may contribute to their effects but probably only at
higher than therapeutic concentrations (Janis & Scriabine
1983).

In contrast, another subgroup of calcium antagonists
consists of highly lipophilic weakly basic drugs such as

Correspondence to: R. W, Foster, Department of Physiological
Sciences, University of Manchester, Manchester M13 9PT, UK.

cinnarizine and flunarizine. The inhibitory effects of these
drugs are time and Ca’* concentration-dependent and not
readily reversible (Spedding 1982). This clearly distinguishes
them from the established calcium-entry channel blockers
and suggests a predominantly intracellular site for their
action.

A third subgroup of calcium antagonists comprises phe-
nothiazine antipsychotic agents like trifluoperazine (Sped-
ding 1982). Trifluoperazine binds calmodulin in a calcium-
dependent fashion (Levin & Weiss 1979; Sparrow et al 1981)
thus preventing activation of the calmodulin-dependent
myosin light chain kinase (Cassidy et al 1980) which
represents again an intracellular site of action.

Since the early work of Filo et al (1965), skinning smooth
muscle of its plasmalemma has been used to examine the
complex relationship between cytosolic Ca2* and contrac-
tion (Gordon 1978; Cassidy et al 1981; lino 1981; Walsh et al
1982). The study of the effects of calcium antagonists in
skinned smooth muscle preparations may help to ascertain
the relative relevance of their plasmalemmal versus intracel-
lular sites of action (Cassidy et al 1980; Spedding 1983).

In the present study, the effects of verapamil, cinnarizine
and trifluoperazine on Ca?*-induced contractions of normal
and skinned guinea-pig trachealis have been compared to
determine the relative contribution of extra- (plasmalemma)
versus intra-cellular targets to the action of each calcium
antagonist.

Materials and Methods

Guinea-pigs of either sex (350-450 g) were killed by stunning
and bleeding. Tracheae were excised, cleaned of adhering fat
and connective tissue and opened by cutting longitudinally
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through the cartilage rings diametrically opposite the tra-
chealis.

Membrane intact tracheal preparations

Small segments of trachea were set up for the isometric
recording of tension changes, as previously described (Foster
et al 1983). The tissues were subjected initially to an imposed
tension of 1 g and were bathed by a MOPS-buffered
physiological salt solution (MOPS-PSS) (Jetley & Weston
1980). After equilibration the bath fluid was changed to a
K*-rich, Ca?*-free MOPS-PSS as previously described
(Foster et al 1984). This produced a spasm which was
dissipated by regular changes of the K *-rich, Ca’*-free bath
fluid. The spasmogenic response to CaCl, was studied by
constructing cumulative concentration-effect curves. The
contact time for each concentration of CaCl, was sufficient to
allow the development of the full tension rise attainable by
that concentration (15 min).

An initial concentration-effect curve for CaCl, was con-
structed, succeeded by two further cumulative curves. In test
tissues calcium antagonists were present for 30 min before
and throughout the second and the third concentration-
effect curves for CaCl, but a calcium antagonist concentra-
tion increment was made 30 min before the third curve.
Control tissues were treated similarly, except that they were
not exposed to calcium antagonist. The inhibitory effect of
each concentration of each calcium antagonist was measured
as the reduction (%) in the initial spasmogenic effect of CaCl,
10 mM. The concentration of calcium antagonist causing
75% reduction in the spasm evoked by CaCl, 10 mm (IC75)
was derived by interpolation.

Skinned tracheal preparations

Segments of trachea were prepared as described above and
then skinned of their plasmalemmal membranes as pre-
viously reported (Cortijo et al 1987b). Tissue segments were
incubated (4 h at 4°C) in a 1% (v/v) Triton X-100 solution
which contained (mM): KCl 50, sucrose 150, EGTA 5,
imidazole 20 and dithioerythritol 0-5 (pH 7-4). After rinsing
for 15 min in a solution of the same composition but without
Triton X-100, tissues were stored in a solution of (mm):
EGTA 4, MgCl; 10, ATP 7-5, NaN; 1, imidazole 20 and
dithioerythritol 0-5 (pH 6-7), with 50% glycerol at — 20°C for
up to 10 days.

Under an imposed tension of 1 g, segments of skinned
trachea were set up at 20°C for isometric recording of tension
changesin 5 mL of relaxing solution containing (mm). EGTA
4, MgCl, 10, ATP 7-5, KH,PO4 6, NaN; 1 and imidazole 20,
adjusted to pH 6-7 with KOH. The relaxing solution did not
contain added calmodulin. All tissues were allowed to
equilibrate in this medium for 20 min before commencing the
construction of cumulative concentration-response curves
for Ca?*. For the relaxing solution used in these experiments,
a temperature of 20°C and pH 6-7, the apparent stability
constant for Ca?*-EGTA solutions was 12 um, a value
calculated from the stability constant of EGTA-metal ion
complexes (Martell 1971), using the equations described by
Portzhel et al (1964). This value of the binding constant was
used to calculate the amount of CaCl, to be added to the
relaxing solution to achieve the required bath concentration
of free Ca?*. The Ca?* threshold for initiation of tension was

detected by increasing the free Ca®* concentration at 5 min
intervals beginning at 0-2 uM and ascending cumulatively
until an increase of contractile force of 10 mg was observed.
Further tension development was induced by addition of
increasing Ca?* concentrations and tension was allowed to
plateau (20 min) before incrementing Ca?* concentration.
When the tension became maximal it was dispelled by
repeatedly washing with Ca?*-free relaxing solution and the
tension was allowed to dissipate for 90 min before construct-
ing a second concentration-response curve. At the end of
each experiment the preparation was challenged with acetyl-
choline 100 um.

Assessment of antagonism of Ca’*

In test tissues a single concentration of the antagonist was
examined on each tissue after an initial control concentra-
tion-response curve was constructed for Ca?*. The antago-
nist was present for 30 min before and throughout the second
concentration-effect curve to Ca?*. Control tissues were
treated similarly except that they were not exposed to the
antagonist. For each antagonist, two concentrations were
examined, its IC75 as determined in unskinned tissues (see
above) and a concentration which was either 100 um for
verapamil or three times its IC7S for cinnarizine and
trifluoperazine. The inhibitory effect of each treatment was
measured as the reduction (%) in the initial spasmogenic
effect of Ca2+ (10 um).

Assessment of the influence of the incubation time of the
antagonist

In test tissues three successive Ca2* (10 uM) challenges were
performed. Verapamil (100 uM), cinnarizine (177 uMm) or
trifluoperazine (91 um) was present for 30 min or 120 min
before and throughout the second and third challenge
respectively. Acetylcholine (100 uM) was added to the tissue
once full relaxation was achieved after the third Ca’*
challenge. Control tissues were treated in a similar way
except that they were not exposed to calcium antagonists.
The response to the second and third Ca?* challenge was
expressed as a proportion (%) of that in the first challenge.

Assessment of reversibility of the antispasmogenic action of
cinnarizine and trifluoperazine

In test tissues three consecutive concentration-effect curves
to Ca?* (0-2-0-8 um) were constructed. Cinnarizine (177 um)
or trifluoperazine (273 um) was present for 30 min before and
throughout the second concentration-response curve to
Ca?*. These agents were then removed from the bathing
medium so that the third concentration-effect curve for Ca’*
was obtained in the absence of antagonist. Control tissues
were treated identically but were not exposed to the antago-
nists. The maximal effect in the second and the third Ca’+*
concentration-effect curves was expressed as a proportion
(%) of that in the first curve.

Drugs and solutions/statistical analysis of results

The substances used were: acetylcholine chloride (Sigma),
adenosine-S-triphosphate (ATP disodium salt, Sigma), cin-
narizine (Janssen), dithioerythritol (Sigma), ethyleneglycol-
bis(f-amino-ethylether)-N,N-tetraacetic  acid (EGTA,
Sigma), glycerol (Merck), imidazole (Sigma), trifluoperazine
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(Sigma), Triton X-100 (Merck), sucrose (Merck), verapamil
hydrochloride (Biosedra-Knoll, Paris, France). Concentra-
tion of drugs is expressed in terms of the molar concentration
of the active species.

The significance of differences between means was
assessed by two-tailed paired or unpaired -test as appro-
priate. A difference between means was assumed to be
significant when P <0-05.

Results

Studies with membrane intact trachea preparations

In K+-depolarized tissues, CaCl, caused concentration-
dependent contraction which became maximal at 10 mm.
Further concentration increments evoked some relaxation.
In contro! experiments (Fig. la) it was observed that
repetition of the concentration-effect curve to CaCl; caused a
small rightward and downward shift of the log concentra-
tion-response curve for CaCl,-induced increase in tension.
Verapamil (0-5 and 5 uM), cinnarizine (10 and 100 M) and
trifluoperazine (16 and 160 um) each antagonized CaCl,in a
concentration-dependent manner. Fig. 1 (b-d) shows that
this antagonism comprised both a shift to the right of the log
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FiG. 1. The effect of verapamil, cinnarizine and trifluoperazine on the
response of guinea-pig trachea in K * -rich, Ca®*-free, MOPS-PSS to
CaCl,. The abscissae indicate the concentration of CaCl, (mM) on a
log scale. The ordinates indicate spasm as a % of the response to
CaCl; 10 mM in the absence of antagonists. Points represent the
means and vertical lines the s.e. mean, (n=7) (®) initial log
concentration-effect curve for CaCly; (¥) second log concentration-
effect for CaCl, obtained after tissue equilibration for 80 min in (a)
depolarizing Ca’*-free, MOPS-PSS, control, (b) verapamil 0-5 puM,
(c) cinnarizine 10 pM, (d) trifluoperazine 16 uM; (B) third log
concentration-effect curve for CaCl; obtained after an additional 80
min period of equilibration in the (a) same solution, control, (b)
verapamil 5 uM, (¢) cinnarizine 100 uM, (d) trifluoperazine 160 uM.
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F1G. 2. The inhibitory effect of verapamil (®), cinnarizine (¥) and
trifluoperazine (W) on the responses of the guinea-pig tracheain K *-
rich, Ca2* -free, MOPS-PSS to CaZ* 10 mM. The abscissa indicates
concentration of the antagonists (uM) on a log scale. The ordinate
represents inhibition expressed as % reduction in the initial response
to Ca?* (10 mM). Points represent the means and bars the s.e. mean
(n=7).

concentration-effect curve for CaCl, and depression of the
maximal response. The log concentration-effect curves of the
three calcium antagonists as inhibitors of the contraction
produced by CaCl, (10 mm) are shown in Fig. 2. A significant
difference existed between the position and slope of the
verapami} log concentration-effect curve and those of cinnar-
izine and trifluoperazine. The mean (mean—s.e. mean,
mean+s.e. mean) [C75 values against CaCl, 10 mM were 5-6
(3-2,9:3) um for verapamil, 59 (45, 78) um for cinnarizine and
91 (66, 133) um for trifluoperazine.

Studies with skinned tracheal preparations

Segments of skinned trachea developed tension in response
to low concentrations of Ca’*. The log concentration-effect
curve for Ca?* obtained in these experiments always had a
steep slope, the threshold concentration of Ca’* was within

Table 1. Effect of verapamil, cinnarizine and trifluoperazine on —log
threshold concentration, pD; values and maximal effect of Ca®* in
skinned trachea.

% decrease of

—log threshold free maximal effect of

Ca’* concentration pD» B relative to A

Control A 6361004 6351004

B 641+£005 641+0-05% 14894980
Verapamil A 6361009 6331015
5:6 um B 6461004 6481007 12:70+14-30
Cinnarizine A 6411005 6424002
59 um B 620+£007* 6-21+006* 19901920
Trifluoperazine A 642+002 6431002
91 uMm B 642+002 6424004 3840+13-81
Control A 644+004 6-361+0-04

B 6:49+005 6-4640-06* 19-40+8-20
Verapamil A 6421005 6:36+0-07
100 um B 6441005 6464007 32701772
Cinnarizine A 649+005 6381007
177 um B  6:38+0-04* 6-21£0-04* 3517+10-00
Trifluoperazine A  6:32+005 6-234+0-07
273 um B NR NR 97-30 +1-20*

A, B=first and second concentration-response curve for Ca*,
respectively. The second curve was generated in the absence
(control) or presence of the stated concentration of the antagonisl.
NR = values not obtained because of lack of response to Ca“*.

Values =mean +s.e. mean (n=6). * P <0-05 with respect to A.
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the range 0-2-0-4 uM and maximal response was attained at
10 um. Hence the threshold concentration and EC50 were
very close (Table 1). The second concentration-effect curve
for Ca?* obtained in the same preparation was slightly
displaced to the left with a small depression of its maximum
compared to the initial concentration-effect curve. The value
of the pD, of the second curve was increased (P <0-05)
compared with the corresponding values in the first curve. A
similar trend of change was observed for the threshold
concentration but differences between the first and second
curves did not achieve statistical significance. The acetylcho-
line 100 um challenge terminating each experiment did not

produce any tension increment.
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F1G. 3. Effects of verapamil, cinnarizine and trifluoperazine on
cumulative Ca’* concentration effect curves in skinned trachea. The
abscissae indicate concentration of Ca?* (uM) on a log scale. The
ordinates represent spasmogenic effect (% of the initial maximal
effect of Ca’"). Points represent the means and bars the s.e. mean
(n=6). Upper panels (®) initial log concentration-effect curves for
Ca?*; (0) second log concentration-effect curves for Ca2* in the
absence (a) or presence of verapamil 5-6 uMm (b), cinnarizine 59 uMm (c)
or trifluoperazine 91 uM (d). Lower panels: (¥) initial log concentra-
tion-effect curves for Ca**; (v) second log concentration-effect
curves for Ca®* in the absence (e) or presence of verapamil 100 um
(f), cinnarizine 177 um (g) or trifluoperazine 273 uM (h).
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F1G. 4. The inhibitory effect of verapamil (®), cinnarizine. (v) and
trifluoperazine (M) on the responses of the guinea-pig skinned
trachea to Ca?* 10 uM. The abscissa indicates concentration of
antagonist (uM) on a log scale. The ordinate represents inhibition as
a % of the initial response to Ca?*. Points represent the means and
bars the s.e. mean (n=26).

Antagonism of Ca**

The effects of the calcium antagonists on Ca’*-induced
activation of the contractile machinery are shown in Fig. 3
and Table 1. When changes occurring in the time-matched
control tissues were taken into account, it was observed that
30 min incubation with verapamil (5-6 and 100 uM) produced
no inhibition (Fig. 3b, f; Table 1). Cinnarizine (59 and 177
uMm) decreased the sensitivity but not the responsiveness of
the preparation to Ca?* (Fig. 3¢, g; Table 1). Trifluoperazine
(273 um) diminished the responsiveness of skinned trachea to
Ca’* (Fig. 3d, h; Table 1).

The log concentration-effect curves of the three calcium
antagonists as inhibitors of the spasm produced by Ca?* (10
uM) in skinned trachealis are shown in Fig. 4. A significant
difference existed between the position and slope of the
verapamil and cinnarizine log concentration-effect curves
and that of trifluoperazine.

100 f_.’l .-b-._[ il

50}

ot
1 2 3 12 3 1 2 3 1 2 3

F1G. 5. The influence of the time of incubation with the antagonist on
its antagonism of Ca®* in skinned trachea. The abscissae indicate the
first, second and third (1, 2, 3) challenge with Ca?* 10 um. The
ordinate indicates the magnitude of the response as a % of the first
Ca?* challenge (shaded columns). Open columns indicate the
response to the second and third challenge with Ca* in the absence
(a) or presence of verapamil 100 uM (b), cinnarizine 177 uM (c) or
triffuoperazine 91 uM (d). The time of incubation with the antagonist
was 30 min before the second Ca?* and 120 min before the third
Ca?* challenge. Column heights represent the mean values of 6
experiments and vertical lines indicate the s.e. mean. * =significant
difference (P < 0-05) from time-matched controls.
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Influence of incubation time of the antagonist

To study the influence of the incubation time on the
inhibitory effect of these calcium antagonists, three succes-
sive challenges with Ca?* 10 um were carried out. Control
experiments showed that only for the third challenge, was the
contractile response slightly depressed (Fig. 5). Acetylcho-
line (100 uMm) never produced contraction of the skinned
preparations. When test tissues were compared with their
appropriate time-matched controls, it was observed that
only trifluoperazine (91 uM) depressed the maximal tension
evoked by Ca’*, whereas verapamil (100 uM) and cinnarizine
(177 um) were ineffective. The longer incubation time (120
min) also resulted in a greater inhibition of the Ca?*-induced
response (Fig. 5d).
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F1G. 6. The reversibility of the antagonism produced by cinnarizine
and trifluoperazine of the responses to Ca** in skinned trachea. The
abscissae indicate concentration of Ca?* (uM) on a log scale. The
ordinates represent spasmogenic effect (% of the initial maximal
effect of Ca™*). Points represent the means and bars the s.e. mean of
at least 6 experiments. (@) Initial log concentration-effect curve for
Ca’*; (0) second log concentration-effect curve for Ca2* in control
tissues (a) or tissues treated with 177 uM cinnarizine (b) or 273 um
triftuoperazine (c); () third log concentration-effect curve for Ca’*
obtained in the absence of antagonists (a, b, ¢).

Reversibility of the antispasmogenic action of cinnarizine and
trifluoperazine

To study the reversibility of the calcium antagonism pro-
duced by cinnarizine and trifluoperazine, three successive
concentration-response curves to Ca?* were obtained in
skinned trachealis with the second curve generated in the
presence and the third curve in the absence of the antagonist.
Fig. 6a shows the three successive concentration-effect
curves for Ca?* in control preparations. The antagonism
elicited by cinnarizine (177 um) was reversed by washing as
shown by a third curve to Ca?* not significantly different
from its time-matched control (Fig. 6b). In contrast, the
inhibition produced by trifluoperazine was still present when
the third curve to Ca’?* was generated indicating that its
antagonism of Ca’* had not been reversed by washout.

Discussion

The first part of this study shows that three calcium
antagonists, verapamil, cinnarizine and trifluoperazine, are
able to inhibit Ca’*-induced contractions of guinea-pig
trachea bathed in a K*-rich, Ca?*-free, MOPS-PSS. The
antagonism produced by these calcium antagonists appeared
to be qualitatively similar in this test and was characterized
by a rightward and downward displacement of the log
concentration-effect curve for CaCl, when compared to
appropriate time-matched controls. These results confirm
and extend those previously published for these and other
calcium antagonists in trachealis (Foster et al 1984; Ahmed
et al 1985).

Although verapamil, cinnarizine and trifluoperazine had
similar effect as calcium antagonists under these conditions
there were large differences in their potencies. The rank order
of potencies measured by their IC75 against CaCl, (10 mMm)-
induced contraction in depolarized trachea was verapamil
(5-6 uM)>cinnarizine (59 um)> trifluoperazine (91 um).
These differences could be accounted for by differences in
their chemical structure and physicochemical properties
which govern accessibility to and affinity for a common site
of action or could arise from their having different mecha-
nisms or sites of action. The procedure of skinning the
plasmalemmal membrane from guinea-pig trachealis muscle
by using the detergent Triton X-100 method (Sparrow et al
1984; Allen et al 1986a, b; Cortijo et al 1987b) was used in the
second part of this study, to further analyse the effects of the
three calcium antagonists.

The failure of acetylcholine to evoke spasm has been used
(Ito & Itoh 1984; Sparrow et al 1984; Allen et al 1986a, b;
Cortijo et al 1987b) as an index of the functional complete-
ness of the skinning process in trachealis muscle. Since
acetylcholine (100 uM) never evoked spasm from our prep-
arations of skinned trachea, we assume that our skinning of
this tissue was functionally complete. A leftward shift of the
second log concentration-effect curve for Ca?* relative to the
initial curve was a constant feature in the present and
previously reported (Cortijo et al 1987b) experiments. What-
ever its underlying mechanism, which is beyond the scope of
the present work, this leftward shift must be controlled for in
experiments designed to investigate the effects of antagonists
on the Ca**-induced responses.

In the skinned trachealis, verapamil 5-6 and 100 um was
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without effect. This is in contrast with the effects of
cinnarizine and trifluoperazine which displaced to the right
the log concentration-effect curve for Ca?* (cinnarizine 59
and 177 um, trifluoperazine 273 um) and depressed the
maximal effect attainable with Ca?+ (trifluoperazine 273 uM).

~ This finding allows us to extend to the trachea the conclu-
sions of Spedding (1983) and Cortijo et al (1987a) that
cinnarizine and trifluoperazine interfere with Ca’+ activation
of the intracellular contractile machinery whilst verapamil
does not share this property. Thus, verapamil is able
completely to suppress Ca?*-induced contraction of
unskinned depolarized trachea at about 10 uM but it is
without effect, at 100 uM, in skinned trachea. Hence, the
action of verapamil is mediated within the cell membrane
and does not involve direct inhibition of Ca?* activation of
the contractile proteins. In contrast, cinnarizine and trifluo-
perazine need a one order of magnitude higher concentration
(about 100 pM) than verapamil to abolish CaCl,-induced
contraction of unskinned trachea. At this concentration,
cinnarizine and trifluoperazine produce some inhibition of
the Ca?*-induced contraction of skinned trachea.

It is interesting to note that, although skinned trachea
preparations are sensitive to lower concentrations of Ca?*
than intact tissues, greater concentrations of calcium antago-
nists (cinnarizine and trifluoperazine) are needed to obtain
the same degree of inhibition of the Ca*-induced responses
in skinned smooth muscle preparations than in intact tissues
(Cassidy et al 1980; Mrwa et al 1980; Sparrow et al 1981;
Spedding 1983; Cortijo et al 1987a). This does not necessarily
mean that the inhibition of the Ca?*-induced activation of
the contractile proteins produced by these antagonists could
not operate at lower concentrations in intact preparations
(Spedding 1983).

Additional experiments show that the same concentration
of trifluoperazine (91 uM) produced greater inhibition of
Ca?+*-induced contraction in skinned trachea after 120 min
of incubation than after 30 min. On the other hand, the
generation of a concentration-response curve to Ca’* in
skinned trachea in the presence of trifluoperazine (273 um)
resulted in inhibition which persisted, after washout, during
a successive curve to Ca?*. This was not observed after
cinnarizine 177 um. These experiments indicate that the
calcium antagonistic action of trifluoperazine, but not that of
cinnarizine, was time-dependent and not readily reversible
by washing.

In conclusion, the findings of the present study demon-
strate that cinnarizine and trifluoperazine, although exhibit-
ing certain differences, may inhibit Ca?*-induced tracheal
spasm by two mechanisms: one seen at low concentrations in
unskinned tissues involving the plasmalemma and the other
detectable at higher concentrations in skinned tissues repre-
senting a direct interference with Ca?* activation of contrac-
tile proteins. Therefore, distinct differences exist between the
three calcium antagonists used. Verapamil appears to have
an action restricted to the plasma membrane, while cinnari-
zine and trifluoperazine may have actions both at the level of
plasmalemma and at the intracellular contractile machinery.
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