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Induction of delayed afterdepolarizations and triggered arrhythmias

in isolated Purkinje fibers;

comparison of resibufogenin and acetylstrophanthidin'’
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ABSTRACT
compare the electrotoxicological effects of resi-
hufogenin {RBG) (»n = 14) with acetylstro-
phanthidin (AS) {#=14) tc induce delayed af-
terdepolarization {DAD) and triggered activity

The purpose of this study was to

{TA), and their alteration of the electrophysi-
ological properties in sheep cardiac Purkinje
fibers using the extracellular electrograms,
signal averaging . and standard microelectrode
The results indi-
1) Lower toxic doze of RBG (0.52
pmol = L7') and AS (0.25 pmol « L77) in-
duced intracellelar and extracellular DAD
(DAD-1 and DAD-E) at pacing cycle length of
990 and 690 ms. 2) Higher toxic dose of RBG
(2.6 pmol » .7") and AS (5.0 pmol - T.7Y) in-
dured DAD and TA.
tained premature action potential and oscillato-
ry potentials; 3) At the beginning period of
superfusing the drugs, both RBG and AS
caused changes of the

technigues simultaneously.
cated ;

nonsustained or sus-

electrophy=iclogical
characteristics. This study demonstrates that
the electro-toxicological characteristics and
electrophysiclogical properties of RBG  are
similar to that of AS and suggests that RBG

belongs to the family of digitalis-like drugs.
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Triggered activity are used to describe im-
pulse initiation in cardiac fihers that is depend-
ent on a previous depolarization. Afterdepolar-
izations are oscillations in membrane potential
that follow the upstroke of an action potential.
Afterdepolarizations may occur early, ie, prior
repolarization of the action potential (early af-
terdepolarization), or they may be delayed un-
til afrer repolarization is complete (delayed af-
terdepolarization, DAD)Y. When afterdepo-
larizations ave large enough to reach the volt-
age threshold for activation of a regenerative
inward current. they induce arrhythmias that
are referred to as *triggered” ¥ . The proto-

typical experimental model used to induce
DAD and triggered arrhythmias is to expose
cardiac tissue o toxic concentrations of cardiac
glvcosides,  such  as  acetylstrophanthidin
(AS}. ouvabain, strophanthidin., digoxin, and
resibufogenin (RBGY'¥ 75 .

Resibufogenin iz an extract from a tradi-
tional Chinese medicine, Venenum Bufonis.
obtained from the skin gland venom of toads.
RBG, one of important components, is similar
1o digitoxigenin in chemical structure. RBG is
a positive inotropic agent, a respiratory stimu-
lant. and a drug raising arterial blood pres-
sure'>"' . (In the other hand. the toxicity of
RBG and other cardiac glycosides that were
obtained from Venenum Bufonis have been re-
ported experimentally and clinically'’™™ .  The
toxic concentrations of RB(: and AS inhibited
the Na-K pump. The purpose of this

study was to compare the RBG with AS for
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their toxicity or ability to induce DAD record-

ed intracellularly and to test whether extracel-. .

lular electrograms could be used to record
DAD-E and triggered activity in the isolated
sheep cardiac Purkinje fibers.

Resibufogenin

Digltoxlgenin

MATERIALS AND METHODS

Solotinns Tyrode’s solunion containing NaCl
127. KCl 5.4, CaCl; 1.8, NaH,PO, 2.4, MgCl.
1. 05, and dextrose 5.5 mmol « L™?, was gassed with
95% 0 +5%C0Oar37x£1 C. RBG* ™[ mono-
hydroxy-14.15-epoxy-20. 22-dienvlide glycoside ] was
supplied by The First Chinese Medicine Facrory of
REG was diluted with Tyrode's solu-
tion w 0.52 pmol + L™ and 2.6 pmel « L™ when
used-  Acerylstrophanthidin  { AS. Sigma Chemical
Co ) was dissolved in distilled warer and dilured with
Tyrodessolutione 0. 25 umol « L.”'and 5. 0 pmol
* L.~! when used.

Preparation Sheep hearts were pbiained ar a lo-
cal abartoir.

Tianjin. China-

The hearts were immediately placed in
cooled Tyrode’s solution. The single free-running
Purkinje fibers of left ventricle {15. 6+ 3.2 mm long
and 1. 14 0. 5 mm wide) were used.

Recnrding and stimulating The imracellular ac-
tion potenrial was recorced with glass microelectrode
(WFI. 1BI50F-4 glass) filled with KCl 3 mol - L77.
and having resistances of 10~20 {IM and small tip po-
tentials.  Purkinje fibers were placed in a 2-ml rissue
barh and superfused with normal Tyrode solution 1 ml
+min~'. The glass micreelectrode was impaled mid-
lengrth of a Purkinje fiber as the voltage-recording elec-
rrode and was connecred via an Ag/ApCl half—cell 1o
the input of a high-impedance amplifier. To record
the extracellular elecirogram of a Purkinje fiber. two
glass pipertes filled wuh KCI-3 mol + L™ 2 % agar

were placed in the bath at opposite ends of the fiber.

+

Each piperte was connected via an Ag/AgC!l half-cell ru
one inpur of high-impedance differenrial amplifier, thus
permitting 2 bipolar recording.  The amplifier outpurs
were displayed on an oscilloscope ( Tektromx 5111).
In most experiments data were digirized {band width>>
1 kHz)

P-Clamp {versicn 5.5. 1. Axon Instrumenis} for later

and recorded on a laburarory computer using
measurement and analysis. Some of recordings also
were recorded directly on a sirip chart recorder
{Goald).
randem neise using the P-Clamp software ro sample

Data were signal averaged on-line 10 reduce

and average 25 sequential acricn potential and electro-
grams. The preparativn was stimulated by bipolar ex-
tracellular silver electrodes placed close ro one end of
the prepararion (Werld Precision Instrument).  Stim-
alating current pulses uswally were 2 ms in durarion
with amplitudes of 2 rimes the threshold.
Experimental protocnl  Each Purkinje fiber was
equilibraied at basic cycle length of 990 ms stumulacdon
Berause DAD

can accur in Ireshly isolared fibers, our experimenrt re-

for a minimum of 1 h prior 1o study.

quired that each fiber first exhibired a normal resring
potential , @ normal action potential in the intracellular
recordings . and a reasonable T-wave in the extracellu-
lar elecrrogram. and be free both spontaneous activiey
At the end of the equilibra-

tion period, eontrul measurements were made of the

and afterdepolarizations.

action potential amplitude {APaur?. resring porential
(RPY. maximum diasiolic purential (MDP 1. action Jwo-
tential duration at 50% repolarization { APDs, ). T-
wave amplitude (TampY. and Q-T inrerval.

trol measurements were cbtained. the preparation was

After con-

superfused with Tyrede's soluton contsining RBG
{0.520c2. 6umel « L' )or AS(0. 250r5. Opmol
« L™ for 60 min, and then washour for 60 min.
During superfusing the drug. DAD in che intracellular
recordings and DAD-E in the exiracellular recordings
and/or triggered arrhyrthmias appeared. Transmem-
brane action potenuials and elecirograms were recorded
every 30 mun boch the periods of superfusing and wash-
ing cut.  Besides p;‘eceding parameters of control.
DAD and DAD-E amplitudes and their coupling inter-
vals were also measured. Most of the darn were ob-
tained a1 the stimulation cycle lengrhs of 990 and 690
ms.

Thirty-one were divided inw 3

groups; Group RBG (0.52 pmel « L7, p=5: 2.6

preparations
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pmol « L7', #=9); Group AS (0. 25 pmol » L™%, =
9; 5-0 pmol » L', a=5); MNontreatment Group {(n=
1) . superfused with Tyrode's solution.

Datn analysis
potentials and exrracellular electrograms were mea-
sured (Fig 1).

All data are expressed as F+s.

Parameters pf tnrracellular action

Signals were analyzed by computer.
Standard devistions
wirhin groups and between groups were analyzed by

paitred and nonpaired ¢ tests. respectively.

RESULTS
DAD and DAD-E induced by lower toxic
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concentrations of RBG and AS Both lower
toxic concentrations of RBG ( 0. 5 2 pmol
« L7') and AS (0.25 pmol « L) induced
DAD and DAD-E at the stimulation cycle
lengths of 990 and 690 ms in all Purkinje
fibers. For control condition (Fig 2, top
panel ), no DAD and DAD-E were bresent in
the intra- and extracellular recordings. After
exposure to RBG for 60 min (Fig 2, middle
panel), DAD on transmembrane action poten-

tial recordings and DAD - E on electrograms

25 o

p s -
repolarization

ADP,

DAO,,
- — = —

DAD E4

0 Time/ ms 1000

Fig 1. Transmembrane action potentials (A &. B) and extracellular electrograms (C %. D) before (A &.C) and af-

ter (B £.D) delnyed afterdepolarizations induced by aetylstrophenthidin (AS. 0. 25 pmol - 1.7').

APuqr: action

potentlal amplitude. RP: resting potentinl. APD,,: action potential duration at 50% repolarization. DAD,ur:
intracellular delayed afterdeopolarization amplitude. DADc, ; coupling interval of intracellular delayed afterdepo-
Inrization. DAD-E.ur: extracellular delayed afterdepolarization amplitude. DAD-Eg : coupling interval of extra-

cellular delayed afterdepolarization.

Tamr: T-wave amplitude.
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developed cbviously and simultaneously. The
onset time of DAD and DAD-E were 49415
min at the pacing cycle lengths of 950 and 650
ms. For AS, DADuge and DAD,. depend on
Both the
and extracellular recordings show that
at the shorter pacing cycle length DADgye and

the stimulation cycle length.-

intra-

25 - BCL=990 ms .5 _ 690 ms
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Fig 2. Effects of resibufogenin { RBG . 0. 5 2 pmwol

= L7') on the transmembrane action potentiais (upper
tracings ) and extraceiluiar electrograms (lower trac-
ings) in jsolated sheep Purkinje fiber and mduction of
imtracellular and extracellular delayed afterdepolar-
izations (DAD and DAD-E).

DAD-E sur were greater and the coupling inter-
val decreased. The intra- and extracellular

recordings recovered to control condition after
washing out of the drug for 60 min. Similar
results were obtained using AS to induced
DAD. In 2 of 5 preparations {40.0 %) 2
DADs were present at stimulation cycle length
of 5 9 0 ms after RBG administration .
larly, the AS group 5 of § preparations devel-
oped 2 DADs. Two DAD were not seen at cy-
cle length of 69¢ ms both in RBG and AS

Groups in these experiments.

Simi -

Effects of lower toxic concentrations of
RBG and AS on transmembrane action poten-
tial and electrograms APaue. RP. MDP. and
APD., of in action potentials and Tamr. and
QT interval in electrogram did not change {7
>0. 05} in nontreatment group during the pe-
riod of observation, but changed after admin-
istration of RBG and AS.

After exposure to RBG, APuur, absolute
values of RP and MDP decreased progressively
at the pacing cyele lengths of 950 and 690 ms.
The APaupr. RP, and MDP at 990 ms were
from1194+7Tt0998+6mV ,.from — 93+ 210

—81+4 mV {P<I0.01) and from —93+2 to
— 8413 mV {P<0.01). respectively. APD,,
and Q-T interval at 990 ms were shortened
{from 272444 ms to 129330 ms and from 443
£+ 75 ms to 305 & 67 ms. respectively. P <C
0. 0L).
ing out for &0 min (P>>0. 05) similar changes
in the electrophysiclogical characteristics and

All parameters recovered after wash-

time couse occurred in Group AS {Fig 3)- )

DAD and triggered arrhythmias induced
by higher toxic concentrations of RBG and AS
Following exposure to RBG for 10— 20 min.
APunup+ RP. and MDP decreased. APD... and
Q-T interval shortened, and DAD in action
potentiala  and DAD-Es in
developed markedly. DAD coupling interval
{520 ms) was the same with DAD-E coupling
interval {520 ms). When DADuue were
large threshaold

electrograms

enough to reach their
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Fig 3. Effects of RBG {(0.52 umol + L™ and AS
(0.25 pmol + L™') on aclion polential amplitude
(APwr Y, resting potential (RP A ). and maximum
diastolic potentiai (MDP /) at the pacing basic cycle
lengths of 990 ms and 690 ms. Following exposure to
RBLG or AS, AP.wr. RP, and MDP decreased progres-
sively apd minial peak vaives were at 60 min (P <<
0.01). After washing oul for 60 min. the parameiers
recovered (P>>0.05). BCL: basic cycle length; C;
control condition: D30°, D60’ following drug admin-
istration for 30, 60 mip.

potential
duced. Premature action potentials in intra-
cellular recordings and

triggered arrhythmias were in-
ocsilla-
in extracellular recordings appeared.
With washout for 60 min, the oscillatory po-
tential {2 or 3 DAD) after action potential ap-
perared and no recovery was seen (panel F).
The toxic effects of RBG on induced triggered
arrhythmias resembled those of AS (Fig 4).
DAT) and complex arrhythmias were in-
duced by higher toxic concentrations of both
RBG and AS. DAD were seen in all prepara-
tions in Group RBG ( 9/ 9 ) and Group AS

sustained
tions

E
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Fig 4. RBG (2. 6 umol * L'} induced DAD. DAD-E.
and triggered activity in a Purkinje fiber at cycle
lepgth of 1000 ms. DAD {arrows’ in action potentiais
{¥w) and DAD-E (arrows) in elecirograms {V¥pgr)
were induced simultapeonsiyv. The premature action
polentials were induced from ihe peak of DAD. No
recovery was seen in this experiment.

{5/5), There were various kinds of arrhyth-
mias induced by RBG and AS at higher toxic
concentrations. premature action
poten-tials {979 in Group RBG and 5/5 in
Group AS). spontaneous action potentials (47
9 in Group RBG and 2/5 in Group AS). and
tachyarrhythmias (2/9 in Group RBG and 1/5
in Group AS).

such as

DISCUSSION

These effects of RBG and AS were consis-
tent with the previous reports™-'-'"~4,

This study demonstrates that there are
similar electro-toxicological and electrophysi-
ological actions between RBG and AS; 13 Both
RBG and AS. can induce DAD in the traps-
membrane action potential and DAD-E in the

electrogram and triggered activity in isolared
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cardiac Purkinje fiber at the cycle length of 990
and 690 ms. 2} The effects of RBG on all of
parameters of transmembrane action potential
and electrogram were similar to that of AS.

It is concluded that RBG belongs to the
family of digitalislike cardiotonics.
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