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have been ascertained.
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Rate— and voltage—dependent effects of —nisoldipine on action potential
of partially depolarized guinea pig papillary muscle

AN Rui—Hai, HE Rui—Rong (Deparimen: of Physiology, Institute of Basic Medicine, Hebei

Medical College, Shijiazhuang 050017, China)

ABSTRACT The rate~ and voltage—dependent ef-
fects ‘of m—Nis were studied nsing standard micro—
electrode technique and real—time microcomputer ana-
Iyzing sysiem. The onset rate for rate—dependent in-
hibition (RDI) on action potentials of partially
depolarized papillary muscle of guinea pig was accel—
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erated as the concentration of m—Mis was increased
from 0.5 to 2 pumol + L™ or the driving frequency
decreased from 0.8 to 0.2 Hz, The steady—state values
of V.. and APA were markedly decreased by ele-
vating the concentration of m—Nis or increasing the
driving frequency. The recovery time constants of
Viar APA. and latency period from RDI were all

increased by #r—Nis {1 pmol - L™!). The inhibitory
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effects of m—Nis on V_,, and APA were more pro-
nounced as the resting membrane potential was de-
creased by elevating K~  concentration in the
perfusate.

KEY WORDS  mnisoldipine; papillary muscles:
action potentials; microelectrodes

m—Nisoldipine (m—Nis) is a new diby—
dropyridine calcium channel blocker!. Qur
previous paper reported that m—Nis exerted
significant inhibitory effects on action poten-
tials (AP) in normal and partially depofarized
papillary muscle®®. This study was under—
taken to further elucidate the characteristics of
its inhibitory effects.

MATERIALS AND METHODS

Guinea pigs weighing 0.41 £ 5 0.11 kg (&i-
ther sex) were used. The methods of prepara-
tion and perfusion of papillary muscle were
described previously’”. The preparation was
allowed to be equilibrated in the modified
K—H solution” containing KCl 18 mmol

- L™ for at least 30 min before the experi-
ment,

The papillary muscle preparations were
driven by pulses (duration 1 ms. 1.5 times the
threshold intensity) provided by electronic
stimulator (SEN--3201) through a bipolar eleg-
trode. The transmembrane potential was fed
to the mucroelectrode amplifier (MEZ-8201)
and monitored with a memory oscilloscope
(VC—-11). AP signal was collected from
VC—11 synchronously by microcomputer
{APPLE-TI) at a raie of 12 hits /60 ps. Us-
ing a program designed in our department,
parameters such as amplitude of action poten-
tial (APA) and slow component of maximal
rate of depolarization in phase 0 (V,,,,.) were
calculated automatically. Parameters of AP
were conveyed to a statistics program to be fit-
ted to different curves, and a best function
was selected.

Onset dynamics of rate—dependent effects
The papillary muscle was kept in resting state
for at least 2 min before each test, then it was
provided a 32—pulse train with the stimulator
controlled by the microcomputer. The
stimulation frequencies were 0.2, 0.5’, and
0.8 Hz, respectively. AP trains were collec-
ted and analyzed by the microcomputer.
Viax and APA were decreased in a single
exponential curve as the AP were repeatedly
induced. The onset rate was calculated by fit-
ting the standard values of ¥, and APA
with the number of the AP repeated'”.

Offset dynamics from the rate—dependeni
jnhibition  To test the offset course from
rate—dependent inhibition. the preparation
was driven by a 20—pulse train (cycle length
1800 ms) after 2 min of rest. A beat—to—beat
decrease in ¥ ,, and APA were produced and
the steady state reached. Then, a test
stimulus was applied at various coupling inter-
vals following a stimulation train. The first
AP signal of the train and the premature AP
induced by test stimulus were collected and
analyzed by microcomputer. The recovery
time constants of ¥,_,.. APA and latency pe-
riod of the AP were calculated by fitting the
standard values with the coupling interval to a
single exponential function'™.

Voltage—dependent effects of m—Nis
The preparations were stimulated with low—
frequency pulse (cycle length 2 s) to eliminate
the rate—dependent effects of m—Nis. The
control perfusate was replaced by K—H solu-
tion containing different concentrations of
K (from 4.7 to 35 umol - L") after 30 min
of equilibration. The resting membrane po-
tential varied in the range of -30 to —70 mV.
The AP signal was collected and analyzed by
microcomputer after the preparation was
equilibrated in the high K* perfusate for 15
min. The influence of resting potential level
upon the inhibitory action of m—Nis on AP
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was analyzed by linear regression.

Statistics Data were expressed as x + 5.
Differences among groups were tested using
test. The time courses of onset and offset of
rate—dependent effects were determined using
a least—square exponential fitting routine.

RESULTS

The guinea pig papillary muscles were
depolarized to —53% 4 mV after 30 min of
perfusion with high K* K—H solution. APA
was 87+ 5mV and V,, was 2523V /s,
These resuits are consistent with that of our
previous paper'®,

Onset dynamics of rate—dependent effects
of m—Nis Voex and APA in the control
group were only slightly reduced as the prepa-
ration was activated repetitively by a train of
stimuli at the rate of 0.5 and 0.8 H=z
(P>0.05 Figl). Inthem—Nis (0.5, 1. and
2 ymol © L7') treated groups. V., and APA
of the first AP were reduced vs those of the
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Figl. ¥, and APA induced by rate—dependent in-
hibition by ~z—visoldipine 1 ymol - L™ on partially
depolarized guinea pig papillary muscle.

Control
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02Hz

m—Nis
0.5Hz

m—Nis
08 Hz

control groups (—8.1%, —22%, and —36.2%
for ¥, —8.6%, —18.1%, and —27.6% for

max’ -
APA). These reductions in V, and APA

were considered asithe tonic inhibitory effects.

Rate—dependent inhibition of m—Nis was
seen while the preparation was driven by a
train of stimuli at a rate of 0.2, 0.5, or 08
Hz. V., and APA were gradually reduced
and finally reached a steady state as the AP
were induced repeatedly (Fig 1). The stand-
ard values of V,,, and APA were fitted to the
following function:

Y = B+ A -exp{-—n/1)

1/t was defined as the rate of onset.
The results indicated that the rate of onset for
rate—dependent inhibition was accelerated as
the concentration of m—Nis was increased
from 0.5 to 2 gmol - L™ or the driving fre-
quency decreased from 0.8 to 0.2 Hz. (Tab 1).

Effects of m—Nis on steady—state level of
Viex 30d APA The level of V,, and APA
reached a steady state after about 10 AP while
the preparation was driven by a train of
stimuli. The steady—state V., and APA
were significantly decreased wr those of the
first AP in the train, and decreased more
prominently as the concentration of #—Nis or
the rate of stimulation increased (n=10,
P<0.01. Fig2).

n> W3 [ W2 45 03

Frequency # 117

Fig 2. Effects of 7n—nisoldipine on steady—state V,,,

and APA of partially depolarized guinea pig papillary

muscle. #=10, X*s Contrel (2). m—Nis 0.5
(@}, 1 (x}. and 2 gmol- LT (1)
***P< (1,01 vs control.
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Tab 1. Effects of m—nisoMipine on onsct rate of rate—dependent inhibition for V_,, and APA induced by stimuli-of
different frequency on partially depolarized guinea pig papillary muscle. n=10,x*5 **"P<0.01 vs 0.5 ymol - L™

growp, "P>0.05, P <0.05 "P<0.01 vs 0.2 Hz group.

Frequency / m—nisoldipine / gmol - L™
Hz 0.5 1.0 2.0
v 0.2 0.049+ 0,011 0.016 0,023 0.17+0.03*"
ORF?‘“ 0.5 . 0021 0.01T 0.153 40,025 0.160% 0,03+
A 08 0,020+ 0,015~ 0.13% 0,03 0.111 = 0.021°***
02 0.060 + 0.021 0.16+0.03 " 0.1940.03" "
Ofpﬂ‘f"“ 0.5 0.016% 0,017 0.13£0.0% 015+ 0,035
0.8 0.010 + 0.014™ 0.13£0.04 % 0.14 003"

ORV,,, onset rate of rate—dependent inhibition of ¥,

QRAPA: onset rate of rate—dependent inhibition of APA

Offiset dynamics of rate—dependent effects
of m—Nis The recovery of solvent control
group from rate—dependent inhibition was
very fast, with time constants of 513, 473,
and 476 ms for V... APA, and latency peri-
od. respectively. m—Nis | pmol : L' pgreat-
ly depressed the recovery time course from
rate—dependent inhibition. Under the action
of m—Nis (1 ymol - L"), the time constants
of recovery of V.. APA, and latency peri-
od_ were prolonged to 33.86, 13.72, and 13.19
s. respectively (P<0.01),

Vaoltage—dependent inhibitory effects of
m—Nis on AP  While the resting membrane
potential of papillary muscle was lowered from
—70 to =30 mV by elevating the KCl concen-
tration in the perfusate. the inhiBitory effects
of m—Nis (1 ymol - L™y on V,,,. and APA
were progressively enhanced (from —16% to
—57% for V., from —7.8% to —15.7% for
APA) A good correlation existed between
Voaxs and resting potential as well as between
APA and RP (r=-093, P<00! for V, ..
r=-0.89, P<0.01 for APA).

DISCUSSION

Rate— and voltage—dependency are com—

mon characteristics of the electrophysiological
effects of calcium channpel blockers™. Both
verapamil and diltiazem are rate—depend—
ent'”, while dihydropyridines less rate—
dependent'®,

1n the m—Nis treated partially depolarized
papillary muscle, the steady— state values of
Foun and APA were more intensely depres—
sed, while the rate of stimulation and the
concentration of m—Nis increased. The re-
sults indicated that the inhibitory effects of
m—Nis on the AP of partially depolarized
papillary muscle were to a certain extent de-
pendent on the stimulation frequency. The
results of onset dynamics analysis revealed
that the rate of onset was accelerated as
stimulation frequency was decreased or the
concentration of m—Nis increased. It had
been reported that the affinity between calci-
um channel blocker and calcium channel was
modulated by the state of calcium channel and
/ or the membrane potential'”. Dijhydropyr—
idines have a higher affipity for the receptor of
an activated or inactivated calcium channel
than for that of a resting channel'™. This
property could result iri an increased binding
of m—Nis with the activated and inactivated
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calcium channel while the preparation was ac-
tivated repetitively. The high concentration of 6
m—Nis and high rate of stimulation could
greatly enhance the binding, thus resulting in
a slower reactivation or partial reactivation. 7
The present results also indicated the
voltage—dependent inhibitory effects of m—Nis
on AP of papillary muscle. This was consis-
tent with the concept that the affinity of the
calcium channel blockers with the channel was
modulated by the resting potential®. More—
aver, the slow recovery of calcium channel !
from previous activation at a lower resting po-
tential was also in accordance with the
voltage—dependent property.
Based on the characteristics of rate—de- g
pendency, m—Nis might have a stronger inhi-
bition on tachyarrhythmias. Furthermore.
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