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AIM: To determine whether felodipine (Fel)} has
Ca’* channel blocking effect in  mammalian
myocardium in comparison with those of nifedipine
{Nif} and verapamil {Ver}). METHODS: The
action potentials ( AP}, the slow AP and the
inward slow Ca?* currents of guinea plg papillary
muscles were studied using intracellular
microelectrodes and voltage-clamp techniques.
RESULTS: Fel 1. 3, and 10 umol-L™ ' concentra-
tion-dependently shortened APD.;, APDy, and
APDg, of the AP, while V. and APA were not
affected. The effect of Fel was not reversible on
washout. At 0.1, 1, 3, and 10 pmel'L™', Fel
depressed V... APA, APDy,, APDs, and APDg,
of the slow AP in a dose-dependent manner. The
inward siow Ca?" currents were reduced by Fel 3
wmolL~™'.  APDig, APDsy, and APDg, of the first
AP after rest were still shortened by Fel. When
the stimulation frequency was elevated, the effect
of Fel on the AP and slow AP decreased. The
effect of Fel 3 pmol * L™ " on the slow AP was
abolished in preparation pretreated with
trifluoperazine. The threshold concentrations of
Nif and Ver for the inhibition of APD;; of the slow
AP (P < 0.05) were 0.1 and 1 pmo! - L™,
respectively. The effect of Ver 3 umol-L ™ 'on the
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fést AP was not reversible on washout, but that of
Nif 3 pmol * L™' was. When the stimulation
frequency was elevated from 0.5 to 2 Hz, the
effect of Nif 3 pmol * L' on the fast AP was
reduced, but that of Ver 3 umol - L™ was
increased. CONCLUSION: Fel inhibited mainly
the resting state of the cardiac Ca?* channel. The
potency of Fel was about the same as that of Nif
and about 10 times more potent than that of Ver.

Felodipine { Fel ) is a caldum antagonist in

vascular muscles!?-2' .

Unlike verapamil { Ver) and
nifedipine ( Nif}, Fel was an intracellular Ca®’
blocker rather than Ca®’ channel blocker®'. In
vascular muscle Fel was a Ca®* channel blocker' .
A WHO Committee proposed that demonstration
with electrophysiclogical techniques of its ability to
block Ca®*

considered mandatory for a Ca®" channel blocker'® .

entry into myoccardial cells was
However, we have not seen the reports about the
electrophysiclogical effect of Fel on cardiac tissues.
This paper was to determine whether Fel had Ca®*
blocking effect in mammalian myocardium in

comparison with those of Nif and Ver.
MATERIALS AND METHODS

Guinea pigs {weighing 250 £+ 5 31 g) of both sexes were
stunned, and the papillary muscle from right ventrnicle was
perfused with Tyrode solution 8 mL* min~? at 35 T gassed
with95 % O, + 5 % O0,. The muscle was stimulated ac 1
Hz by square pulse { duration’ 1 ms; intensity: 2 *
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threshold ).  Action potenrials { AP ) were recorded by
rucroelectrodes filled with KC1 3 mol'L ™ { resistance of 10 -
30 MO}, AP and the maxmal rate o upstroke ( Vo, } were
photographed from a storage oscilloscope.  Slow AP was
induced by 1soprenaline 0.2 mg L 'in K* 16 mmol- 1.7
Tyrode solution.

In voltage clamp experiment, papillary muscle less thano
0.5 mm in diameter was mounted n a 3J-compartment
chamber

compartment was limited to less than U.5 mm to obtain a

The length of the preparation in the test
homogeneous potential distribution.  The sucrose gap was
established by perfusing the middle compartment with the
sucrose solution {mmol-L "' sucrase 275; glucese 557 CaCl,
0.05). At the same time, the Tyrode solution perfusing the
K{) compartment was replaced by K* 137 mmol* L.~ Tyrode
solution § NaCl was replaced by KCl). Vohiages clamped by
ao amplifier ( CEZ-1100, Nihon Kohden) and membrane
currents were recorded by a storage oscilloscope.  When the
membrane porential of guinea pig papillary muscle was
clamped from the holding porential of — 40 o + 10 mV, an
imward current with low amplitude, slow activation, and slow
This inward current was seositive to
changes in Ca’’ cencentration and to verapamil. These
results indicated that the inward current was the slow Ca’”
current. In addition, we used the method"® to observe the
effect of Fel on the resting state of the Ca?* channel.

Drog Fel and Nif were provided by Prof ZHANG Di-
Qun., Division of Medicinal Chemistry, Hebei Medical
College. A stock solurion of Fel or Nif in ethaool and acetone

inactivarion was seen.

was used diluted in normal Tyrode solution to abtain the final

concentration. The sclvent (o the final test solution had no

direct effect on the parameters observed in this experiment.
Ver was purchased from Tianjing Ceontral Pharmaceutical
Factory and dissolved with disulled water.

Data analyses The analyses of dara for significance were
performed by ¢ test for paired data.

RESULTS

Effect of Fel on AP In 6 papillary muscles,
Fel 1, 3, 10 pmol- L' reduced APD3y. APDg,
and APDy; in a concentration-dependent manner,
but had no effect on V., and APA {Tab 1).

At 10 min after administration of Fel 3 pmol
L7, APDy/ms was shortened from 146 + 30
{control ) to 127 £ 26 (n = 4, P < 0.05).
Between 10 and 60 min, APDy, was reduced to {94
+27) ms (n=4, P<0.05).

In 4 muscles, the shortening effect of Fel 3

Tab 1. Effects of Fel on AP of guinea pig papillary

muscles. Resting polentials were about — 80 mV.
Tt s "P>0.05, "P<0.05, “P<0.0f vs control.

n==a,

pmol L1 veg7! mV ms ms ms
0 213+38 116+6 10516 142+16 173=16
1 210+ 42 115+ 4® 102 £17* 137+ 21 173 = 21°
3 197 + 24 114 +3° 85=13° 114+17° 157 =18°

10 218 +£41" 109+8' 68+ 14" 98*19° 136+ 20°

pemol - L™ ! on APDy/ms (from 130 £ 40 to 110
+30, P<0.05) was not reversed by washing out
for 45 min.

Effect of Fel on slow AP [n 6 muscles, Fel
0.1, 1, 3, and 10 pmol - L ™! concentration-
dependently inhibited V.. APA, APDy,, APDy,,
and APDy, of the slow AP (Tab 2). The threshold

concentration was 0.1 pmol* L1t
Tab 2. Effect of Fel on slow AP of papillary muscles.

Resting potentials were abont — 50 mV. a=6, ©ts.
P>0.05, "P<0.05, “P<0.0t vs control.

Fel/ Vo APAS  APDn/ APy APDg/
pmal- L' gl mV ms ms ms

0 12.5+2.7 99+10 195+24 149431 165+2%
0.01 12.4+2.4° 88+10° 125=26° 147+30° 166+ 26
0.1 9.4+2.9% 84+10% 118-23° 140+30" 155+ 29°

1 8.5+2. 7" 82+8" 10B=26" 127232 142340
3 74>  g1+11P g97+26% 113+40° 130:41°
10 614>  77+13% 84+30% 098+43% 116+ 45°

Effect of Fel on inward slow Ca’” cuorrents
Fel 3 pemol- L.7! decreased the slow Ca®" currents/
pA from 12 £ 4 (control) to 7.3+ 2.7 {(n = 6,
P<0.01).

Under control conditions, APDs;, APDsg, and
APDgy, of the first AP after 10 min of rest were
longer than those of the pre-rest AP during regular
stimulation. Fel 3 pmol * L™ ! shortened not only
APDy,, APDy,, and APDy of the pre-rest AP but
also those of the first AP after rest {Tab 3).

At a stimulation frequency of 0.5 Hz, Fel 3
l|.1mc:fl'Lkll'educed AP by (26 2 8) ms (n=4).
When stimulation frequency/Hz increased from 0.5
tol and 2, Fel 3 pmol- L™ reduced APDg/ms by
In the slow AP

experiment, at stimulation frequencies/ms 0.2,

199 and 17 £ 6 ms, respectively.
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Tab 3. Effect of Fel 3 pmol-L ™" on AP durations doring regular stimulation of 1 Hz and the first AP durations aftr 10 min of

rest. a=d, ¥ts. "P<0.05, “P<0.01 vs control.

- APD/ms
pmnl‘-eL" Regular stimulation 1 st beat after rest
APy, APy, APy, APDy, APDy, AP,
0 147 £ 31 13136 159 + 37 119+ 25 146 + 25 174 + 26
3 90 £ 27° 115 = 30° 144 + 34% 90 £ 14° 116 £ 14° 143 £ 12°

0.5, and 1, Fel 3 pmol-L ™! reduced APDg;/ms by
11t4, 8+4, and 5t 4 (2 =3), respectively.

In the slow AP experiment, the effect of Fel 3
pmol* 7! on Ve APA, APAg, APDs,, and
APDy, were abolished in preparation pretreated with
trifluoperazine 10 pmol-1.” !(Tab 4).

Comparison with Nif and Ver In the slow AP
experiments, the threshold concentrations of Fel,
Nif and Ver for the inhibition of APDgy(nr =3 - 6,
P<0.05) were 0.1, 0.1, and 1 pmol - L™,
respectively, The effect of Nif 3 pmol + L™! on
APDx, of the AP was reversed on washout, but Fel
When the
stimulation frequency/Hz was elevated from 0.5 to
1 and 2, Fel 3 pmol - L' reduced APDs;/ms by
26+8, 19+9, and 17 + 6, Nif 3 pmol- L~ 'reduced
ithy 27 £ 15, 25+ 15, and 18 + 11, and Ver 3
pmol: . 'reduced it by 9+ 4, 14 + 4, and 15.6
+0.8 {n =3~ 4), respectively.

and Ver 3 pmol + L7! was not.

DISCUSSION

Fel did nat affect V,, and APA of the AP,
but significantly shortened APDy,, APD;,., and
APDy,, suggesting that the effect of Fel was not

associated with the fast Na® channels, but with the

currents participating in the plateau phase and phase
3. In the slow AP and woltage studies, Fel had a
blocking effect on the cardiac Ca®* channels.

The cardiac caleium channel has three different
states: resting state, open state, and inactivated
state. The results showed that Fel had an apparent
effect on the resting state of the channel. In
frequency-dependent  experiment, when  the
stimulation frequency was elevated, the effect of Fel
on the AP and slow AP decreased. With regard to
the implication of the effect, this partialy explained
the reason of the high selectivity of Fel for the
vascular muscles. In vive, the frequency of the
pulse in the vasculer muscle was apparently lower
than that in myocardial muscle. The lower the
stimulation frequency was, the stronger the effect of
So Fel had a high selectivity for the
vascular muscle.

Calmodulin
regulating the inward slow Ca®' currents in heart

cells!™.

Fel was.

plays an important mole in
Trifluocperazine is one of the most potent
inhibitors of calmodulin. In this paper, the effect
of Fel was mediated by its inhibition of calmeodulin.
The binding of Fel to calmodulin with a binding
constant of 1 — 10 pmol - L™! has been demon-
strated®** . This provided a basis for Fel to inhibit

Tab 4. Effects of Fel 3 pmol-L ™" on slow AP in papillary muscles pretreated with trifluoperazine { TFP). Resting potentials

were about -~ 50 mV.

n=4, ¥t z. "P>0.05, "P<0.05 vs control or TFP group.

Paramerers Control 3 prf::{Lf 1 Control 10 :nfol:l,fl.'l TFP + Fel
APy, /ms 83+5 72 £ 3b 80+ 16 83+ 15* 84 t 20°
APDgp/ ms 100.8+2.9 83.2+1.9"% 102 £ 17 104 + 15° 106 + 22°
APDygy/ ms 1205 101+ 7 123+ 8 125 £ 5° 128 + 8°
APA/mV 81+8 75 + 8k 87t8 B4x5° S
Voend Vs 11.6+2.0 7+ 4" 12.0+2.4 12+ 3° 14 +5°
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calmodulin.

The very poor tecovery of the Fel effect
suggested that Fel had no effect on the slow Ca®*
channel at the outer surface of the membrane, but it
was more likely that Fel exerted its effect by
interacting with the Ca®’' channel at the inner
surface of the cell membrane.

The frequency-effect relationship of Fel and Nif
was contrary to that of Ver. In addition, the effect
of Nif was reversible, but Fel was not, suggesting
that although Fel and Nif were both belong to
dihvdropyridine derivative, there were some
differences in the site and mechanism of the effect of
both drugs. The above results showed that Fel had
an inhibitory effect on the cardiac Ca®"

mainly acted on the resting state of the chaunef.

channels,

The potency of Fel was about the same as that of Nif
and about 10 times more potent than that of Ver.
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