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Effects of rn—nisoldipine on delayed afterdepolarization of canine Purkinje

fibers

AN Rui—Hai. FAN.Zhen—Zhong, HE Rui—Rong (Department of Physiology. Institute of Ba-
sie Medicine, Hebei Medical College, Shijiachuang 050017, China)

ABSTRACT  Effects -of m—nisoldipine (m—Nis) on
delayed afterdepolarization (DAD) and triggered ac-
tivity { TA ) were studied using standard microelectrode
technique. The development of DAD and TA were
markedly inhibited by pre—treatment with m—Nis (14
ol - L7 as well as m—Nis treatment atier DAD
and TA had been elicited. The amplitude of DAD
was reduced from 15,31 2.7 te 23120 mV. and the
duration from 280+ 45 to 130% 27 ms. The occur
rence of TA was also reduced or prevented by mr—Nis.
These effects of m—Nis might be attributed to its
blocking effects on voltage—dependent calcium chan-
nel and the resultant alleviation of intracelluar calcium
overload.
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Triggered activity (TA) induced by de-
layed afterdepolarization (DAD} has been im-
plicated as a possible cellular mechanism for
arrhythmias in some experimental models and
in human heart diseases''”. DAD is transient
or oscillatory depolarization occurring after
full repolarization. The ionic mechanism
undeslying DAD may be related to the in-
crease in myoplasmic Ca’" concentration'”.
In this paper, the effects of mi—nisoldipine
{m—Nis), a new dihydropyridine calcium
channel blocker, on DAD and TA induced by
ouabain and high Ca®* were investigated us-
ing standard microelectrode and on—line
microcomputer analyzing system.

MATERIALS AND METHODS

Tissue preparation Hearts were rapidly
removed from dogs of either sex anesthetized
with sodium pentobarbital (30—35 mg - kg™'.
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iv) and immersed in oxygenated Tyrode's solu-
tion. Several subendocardial Purkinje fibers
(0.3-0.5 mm in diameter. 3~10 mm long)
were excised. The isolated fibers were pinned
to the silicon rubber on the floor of the tissue
chamber and perfused with Tyrode’s solution
at a flow rate of S ml - min~'. The perfusate
was equilibrated with .. The temperature of
perfusate was maintained at 35+ 1T and was
monitored with a thermistor. The prepara-
tion was driven by the rectangular pulse (1 Hz)
from the stimulator (SEN—3201} controlled by
a microcomputer (APPLE-II). through a
hipolar electrode. Transmembrane potentials
were led to the microelectrode amplifier
(MEZ—82(1) by a standard intracellular glass
microelectrode. The amplified signal was fed
to the microcomputer and monitored with a
storage oscilloscope (VC—11). Microcomput-
er collected the transmembrane potential sig-
nals at a rate of 1000 byte / s and analyzed the
parameters of DAD and action potentials.
Induction of DAD  Ouabain and high
Ca™ were used in the experiment to induce
DAD and TA. The concentration of ouabain
was carefully chosen to induce a stable and
reproducible DAD and TA in the pilot exper-
iment. After equilibration in the oxvgenated
Tyrode's solution for 1 h. the prepaiation was
superfused with Tyrode’s solution containing
ovabain 0.8 pumol- L' and CaCl 5.4
mmol ©+ L™'. The DAD was elicited and its
amplitude graduvally increased within 30—40
min while the external stimulation to the prep-
aration continued. Once the amplitude of
DAD reached the threshold. the TA would be
evoked after the full repolarization from
the previous activation (Fig 1). In most
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preparations, DAD remained stable for at
least 1 h. ‘
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Fig 1. Effects of m—Nis 2 gmol * L' on DAD and
triggered activity (TA)} induwced by ouabain, high
Ca’ and overdriving (BCL=600 ms). A) control,
DAD evoked: B) control, DAD. and TA were
evoked; C) #r—Nis treatment for 30 min. amplitude
and duration of DAD were reduced and TA
disappcared. D) washout for 30 min.

Experimental protocol  In the first part
of the experiment. the effects of ouabain and
high Ca™ on the transmembrane potentials
were examined. The characteristics of DAD
induced by the ouabain and high Ca® were
also studied.

The second part was undertaken to assess
the prophylactic effects of m—Nis on the de-
velopment of DAD and TA. After equilibri-
um in the oxygenated Tyrode’s solution for 1
h. the Purkinje fiber exposed to ouabain and
high Ca® was treated with m—Nis or its sol-
vent. The preparations in this part of the ex-

periment were divided into 3 groups at ran-
dom: 1) control group: perfused with
Tyrode’s solution containing ouabain 0.8
pmol - L™ and Ca*™ 5.4 mmol - L% 2) sol-
vent control group: perfused with Tyrode's
solution containing ouabain 0.8 gmol « L7,
Ca*" 5.4 mmol - L' and solvent; 3) m—Nis
treated groups: perfused with Tyrode’s solu-
tion containing ouabain 0.8 pmol- L7,
Ca*™ 54 mmol- L', and m—Nis 0.5—4
umol - L7, This group was to observe
whether m—Nis might prevent the occurrence
of DAD and TA while the preparation was
exposed Lo ouabain and high Ca™".

The last part was designed to evaluate the
inhibitory effects of m—Nis on DAD and
TA. induced by ouabain and high Ca®".
Purkinje fibers were first exposed to ouabain
and high Ca®. Afier stable DAD and TA
had been induced. m—Nis was then applied to
the perfusate. '

Parameters of DAD were measured from
the first DAD after the cessation of a train of
driven activity at a specific basic cycle length
(BCL). Using a program designed by our de-
partment, the following parameters of DAD
were defined automatically- by a on—line
microcomputer  analyzing  system: 1)
amplitude of DAD, 2) duration of DAD. 3)
coupling interval (CI): the time from the
upstroke of the last action potential to the
peak of DAD, 4) reduction in maximal
diastolic potential (/A MDP) during over—
driving. Parameters of transmembrane action
potential were also analyzed by the
microcomputer: amplitude of action potential
(APA). maximal diastolic potential (MDP).
maximmal rate of depolarization (¥,,,), dura-
tion of 50% and 90% tepolarization (APD,,.
APD,,) and plateau phase duration (PPD).

Solutions and drugs Modified Tyrode’s
solution was prepared just before the experi-
ment by mixing the stock solutions (NaCl
147, CaCl, 1.8, MgCl, 1.05, KCl54. Tris
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10 mmol - L7, glucose 1.5 g- L™"). The
composition of solvent and resources of
m—Nis were described elsewhere'®. m—Nis so-
lution was prepared before each experiment
from stock solution and kept away from in--

tense light.
RESULTS

Effects of ouabain and high Ca’* on the
transmembrane potentials of canine Purkinje fi-
ber Exposure to ouabain and high Ca> for
5, 10, and 15 min caused a prolongation in
APD,. APD,,. and PPD; MDP, APA.
and ¥_,, showed no significant change in the
first 15 min, and greatly reduced at 20. 30.
and 40 min (Tab 1). The durations of action
potential measured at 30 and 40 min were
shortened, in contrary to the prolongation in
the first 15 min of exposure to cuabain and
high Ca'. Following reperfusion with
oxygenated Tyrode’s solution for 60 min. a
partial recovery of ihe iransmembrane poten-
iial was seen.

Stability and characteristics of DAD
model In the pilot experiment. ouabain
0.4, 0.8, and 1.5 ymol - L™ were used to in-
duce DAD. Quabain was unable to induce
DAD at 04 ymol - L7 within 2 h, whereas
DAD induced by ouabain (1.5 gmol - L") was
likely to develop into sustained TA associated
with an irreversible reduction in MDP and loss

of excitability. An intermediate concentration
of ouabain (0.8 gmol - L") was chosen to de-
velop stable DAD and TA. The amplitude of
DAD reached its peak magnitude within
30—40 min, and lasted at least 1 h. Elevation
of Ca** concentration increased the amplitude
of DAD, making the model more suitable to
assess the effect of the drugs.
The steady amplitude of DAD was 103 ¢
.2 mV, The magnitude of DAD and the oc-
currence of TA were directly related to the fre-
quency and the number of the driven activity.
The amplitude of DAD was correlated
negatively with the driving BCL, and posi-
tively with the number of driven activity (Fig
2). The amplitude of DAD was inereased
from 6.2 to 11.7 mV as the BCL decreased
from 1000 to 300 ms (the number of driven
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Fig 2. Effects of BCL and number of driven activity
and on the amplitmde of DAD induced by oaabain (.8
umol - L") and high Ca® {S4mmol - L"), rn=35,

Tab 1. Effects of ouabain (0.8 umol - L™') and high Ca*™ (5.4 mmol - L") on transmembrane potentials of canine

Purkinje fibers. n=6. xts. “P>005, "P<0.05,

"**P < 0.01 vs control.

MDP / mV APA, mV Voo 7 ¥ 57 APD,, / ms PPD 4 ms APD,, / ms
Control ~78.2+2.4 119+ 3. 472+ 18 28119 273+%5 399+ 7
Ouabain+high Ca**
5min -80.4+3.2° 12442 467+ 8" 9+ §° 01447 449+ 477"
10 min -718.5+2.1° 123237 475+ 4" KX B 3k 2 EFL ot 465+ T
15 min ~76.9+25" 121127 46718" Jl5x6"" fnxre 445+ 2"
20 min ~73.0+3.2° 117+ 3" 390+ 12" 9" g+ 4 439+ 4"
30 min —669+48°° (103" e2+6"" 2418 250+ 9777 J46E 8"
40 min —62.3274°° 102267 298+ 6" 155+ 4" bl NN " 233+9"
Washout =703+ 104" 10818 " 367+ 187 A3 10 287+12° 285+ 17"
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Tab 2. Effects of pre—treatment with #—Nis and »—Nis after DAD had been elicited on DAIY and triggered activity

induced by ousbain anmd Ca™_ 54 mmol - L™ in canine Purkinje fibers. x * s

" P <0.01 vs control.

TP <0.05,

TP>0.05,

DAD Couple Reduction Prevalence of

Group /- _ #  Amplitude / Duration / interval / in MDP / triggered activity
pmol - L m¥Y ms 5 mV %o
Control 24 153+27 980 45 1.1x0.11 g1+1.8 19(79%)
p—Nis treatment before ouabain

0.5 6 164+24° 987+ 44" 1.1+£0.12° go+167 5(829%)°7

1.0 o 10,1221 96161 lox011°" 1914 (1

2.0 o 31+26" 341 +52°°° 1.1+0.14° 1.0+1.2°7" o

4.0 6 23x20"" 13027 100137 1.0+18"° o
m—Nis treatment after ouabain

1.0 g 40+ 1.4 468+ 57" 1.1x0.12°7 7.0+2.1° 1¢12.5%)5""

20 8 26x18"" 338+ 1.1+x0.127 63+21° {1 i

4.0 8 273277 27T 1.ox0. 117 1.4+1.8"° {1 i

activity was 10). For DAD occurring at a
specific pace rate (BCL=600 ms). the

amplitude of DAD was increased from 1.5 to -

32.9 mV as the number of driven activily was
increased from 1 to 11.

Prophylactic effects of m—Nis on DAD and
TA  Exposure to ouabain and high Ca™ in-
duced DADs in all 24 preparations. out of
which 19 (79%) were accompanied by TA
(Tab 2). The amplitude of DAD was 15.3+
2.7 mV with a duration of 980t 45 ms.
Gradual reduction of MDP (/~MDP) was
also noted during the course of overdriving
(Fig 1A, B). The solvent had no effects on
DAD and TA. In the m—Nis treated group.
the amplitude of DAD was greatly
decreased, and the TA failed to occur. The
amplitude and duration of DAD were
significantly decreased in a concentration—de-
pendent manner as compared with those of the
control group. The decrease in MDP was neg-
ligible under the action of m—Nis. Overdriv-
ing failed to evoke TA in m—Nis concentra-
tions from 1—4 gmol - L™', mainly as a result

of decrease in the amplitude of DAD.

' Inhibitory effects of m—Nis on induced
DAD and TA DAD induced by 30 min ex-

posure lo ouabain and high Ca** remained
stable for at least 1 h in the conirol group.
After recording several control DAD. m—Nis
was added to the perfusate to reach a concen-
tration of 1, 2 or 4 umol- L' The
inhibitory effects of m—Nis on DAD reached
its peak level in about 30 min. The amplitude
and duration of DAD as well as AMDP were
decreased to 17.6%, 32.8%. and 17.3% of
those before medication, respectively. Owing
to the decrease in amplitude of DAD, the TA
failed to appear. The results were summa-
rized in Tab 2.

DISCUSSION

DAD is oscillatory pblent:ial related to
abnormal rise in intracellular Ca** concentra-
tion during various interventions. In this
study. ouabain combined with high Ca®" and
overdriving was used successfully to produce a
stable and reproducible DAD model. Cardiac
glycosides are known to inhibit Na*-K*
pump, causing an increase in intracellular
Naz* level. This could resuli in a rise of in—
tracellular Ca** concentration via Na™Ca®
exchange mechanism. Elevation of Ca®' in
the perfusate and overdriving might potentiate
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the effect of onabain.

Our results showed that the amplitude
and duration of DAD as well as the occur-
rence of TA were evidently dependent on the
BCL and the number of driven activity. In-
creasing the number of driven activity or
shortening the BCL might enhance the action
of ouabain and high Ca®". resulting in an in-
creased amplitude and duration of DAD. re-
duced MDP, and enhanced susceptibility of
TA. Either increasing the number of driving
or shortening the BCL was likely to favor the
accumulation of intracellular Ca™", since the
sequestration of -Ca® by the sarcoplasmic
reticulum had lapged behind the Ca™  influx
during repeated activations. The results were
consistent  with the  hypothesis that
intracellular calcium overload plays an impor-
tant role in the development of DAD and
TAY,

" m—Nis (1-4 pmol - L") markedly pre-
vented or reduced the development of DAD
and TA induced by ouabain. high Ca™. and
overdriving. The amplitude and duration of
DAD, as well as AMDP were all greatly re-
duced by pretreatment with m—Nis as well as
n~Nis treatment after DAD and TA had been
elicited. TA was completely prevented by
m—Nis (1—4 umo] - LY.

Intracellular calcium overload had been
postulated as a responsible mechanism in sev-
eral DAD models'™. Calcium overload in-
duced by several interventions would lead to a
damped osciliatory release of calcium from
intracellular stores (mainly the sarcoplasmic
reticulum) and an underlying transient inward
depolarising current (7,). The initiation of 7
(nonselective  cation channel  activated
by Ca’*'® and electrogenic Na*—Ca®* ex.
change mechanism'™) is dependent on a pro-
cess sensitive to intracellular Ca®" concentra-
tion. though the charge—carrier mechanism
of I, has remained controversial'®'. Factors
that favor the intracellulat calcium accumula-

tion, such as adrenoceptor stimulation, high
Ca®™ perfusion. digitalis intoxication and
overdriving might elicit or enhance DAD and
TA. On the contrary. high K. acetyl—
choline, Mn?* as well as calcium channel
blockers, which decrease the intracellular cal-
cium concentration. could depress or prevent
DAD and TA.

Calcium channel blockers (nifedipine,
nisoldipine. verapamil) have been reported to
reduce the Ca®™ influx by blocking the
voltage—dependent calcium channel®. Ac—
cordingly. it is reasonable to propose that
m~Nis could possess the same effect. thereby
resulting in a reduction of calcium influx dur
ing activation and  an alleviation of
intracellular calcium overload. Although the
marked prophylactic and inhibitory actions of
m~Nis on DAD and TA were demonstrated in
our experiment. more persuasive evidence for
the mechamisms underlying the action of
m—Nis will require further studies using volt-
age clamp technique and intracellnlar Ca*™
concentration measurement.
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Antithrombotic activity of verapamil
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ABSTRACT The antithrombotic activity of

verapamil { Ver) was assessed in an arterial thrombosis™

model and an ex vive thrombosis model. Ver 2 and 4
mg- keg' ip markedly prolonged the time of
thrombotic acclusion in rat carotid artery induced by
electric stimulation. The weight of thrombus formed
ex vive was reduced by Ver 0.2 mg - kg™' iv. Howev-
er, Ver showed no effects on blood wiscosity.

KEY WORDS
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verapamil. thrombosis;  blood

The incidence of reccclusion following
successful reperfusion in acute myocardial
infarction (AMI) by thrombolytic therapy was
reported of 15-30% or more'”’, A subsequent
adjunctive treatment to intervene thrombosis
and to prevent the reocclusion remains a req-
uisite'”. Thromboxane A, (TXA,) and/ or
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epoprostenol (Epo} play an important role in
thrombosis, and calcium channel blockers
show antiplatelet effects'and beneficial ac-
tions on TXA, and/or Epo formation
But their action on reocclusion after AMI is
not vet identified. nor have the data of the
agents on thrombosis been found. Here we
report the effects of verapamil (Ver), a calci-
um channel blocker on thrombosis and the in-
fluence of Ver on blood viscosity.

MATERIALS AND METHODS

Arterial thrombosis Lewis rats (% and
Y, wt271t s 24 g) were anesthetized by so-
dium pentobarbital 1 h after saline or Ver ip.
The right carotid artery was isolated up to 15
mm long. Thrombosis was induced by electric
stimulation of 1.6 mA. which lasted 7 min**.
The thrombosis was indicated by occlusion
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