high affinity -and low affinity a,-adrenoceptor
binding sites in rat vas deferens. Arch Int
Pharmacodyn Ther 1983; 284 : 28

¢ Timmermans PBMWM, Van Zwieten PA.
Postsynaptic a,— and a,-adrenoceptors in the
 circulatory system of the pithed rat: selective
stimulation of the a,~type by . B-HT 933.
Eur J Pharmacol 1980; 63 : 199

7 Yang C, Wang ZG. Preparation and applica-
tions of the pithed rat model in pharmaco-
logical experiments. Chin Pharmacol Bull
1987; 3 - 249

§ Zhang FL, Chen X. Effects of ginsenosides
" on sympathetic neurotransmitter release in

B 52 F IR

Acta Pharmacologica Sinica

389

pithed rats. Acte Pharmacol Sin 1987; 8 :
217

9 Medgett IC, Hicks PE, Langer SZ. Smooth
muscle alpha-2 adrenoceptors 'mediate vaso-
constrictor, responses. to exogenous norepi-
nephrine and to sympathetic stimulation to a
greater extent in spontaneously hypertensive
than in Wistar Kyoto rat tail arteries. J
Pharmacol Exp Ther 1984; 231 : 159

10 Gavero I, Go‘me‘ni‘R, Leféver~Borg F, Roach
AG. Eifects of mianserin “on noradrena-
line uptake, cardiac presynaptic and vascular
postsynaptic w«-adrenoceptors in rats. Br J
Pharmacol 1979; 66 : 132P

1989 Sep; 10 (5) : 389-393

Anti-arrhythmic action of cycloprotobuxine-A

WANG Yong-Xiao, LIU Jin-Wen', TAN Yue-Hua, SHENG Bao-Heng
(Department of Pharmacology, The Fourth Military Medical University, Xi-an 710033, China)

ABSTRACT Cycloprotobuxine-A (CPB-A) 1-4
mg/kg (1/100-1/25 LDg,) produced therapeutic
and prophylactic effects which were found to be
dose-dependent on experimental arrhythmias in-
duced by BaCl,, aconitine and chloroform. Given
at equitoxic doses, the anti-arrhythmic action of
CPB-A was as potent as cyclovirobuxine-D
(CVB-D) and amiodarone (Amio). However, its
therapeutic index (LDg,/ED,,) was 1,8 times
that of CVB-D and 1.2 times that of Amio.
The most pronounced effects of CPB-A (0.3-
30umol/L) on the electrophysiology of ventricu-
lar muscle of guinea pig were the lengthening
of APD,,, APD,, and ERP. This may contribute
to its anti-arrhythmic action and suggests that
CPB-A most likely belongs to class III anti-
-arthythmic drugs (prolongation of APD). Perfused
with the same concentration (3 pmol/L), CPB-A
brought about more significant . increases in
APD,,, APD,, and ERP than CVB-D and Amio
did.
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Both cycloprotobuxine-A (CPB-A)and
cyclovirobuxine-D (CVB-D) are alkaloids

" extracted from Buxus microphylla Sieb. et

Zuce. var. sinica Rehd. et Wils®, It has
been shown that CVB-D has anti-arrhyth-
mic effects in both animals and human %,
Electrophysiologic studies indicate that the
most noteworthy effect of CVB-D on car-
diac muscle is the lengthening of action
potential durations and effective refractory
period.

Very: little has been undertaken con-
cerning the pharmacology of CPB-A. In
this study we carried out an investigation
of the effects of CPB-A on eXperimental
arrhythmias and transmembrane action po-
tential. of myocardium, compared with
CVB-D and amiodarone (Amio).
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METHODS

Acute toxicity One hundred and fifty
@ and & albino mice weighing 21 + SD
2 g were randomly and equally divided into
15 groups. CPB—A, CVB-D and Amio were
administered ip. The ip LD,, and LD,
values were then calculated by log-dose
probit-response analysis.

Therapeutic action on BaCl,~-induced
arrhythmias Sprague-Dawley rats of ei-
ther sex weighing 181 + 17 g were anes-
thetized with chloral hydrate (300 mg/kg,
ip). The electrocardiogram (ECG) (Stand-
ard lead II) was recorded. Two minutes
after the appearance of arrhythmias induced
by iv BaCl, 4mg/kg, the rats were iv
with either a drug or an equivalent volume
of normal saline (NS, 1 ml/kg). The num-
ber of rats which recovered from estab-
lished arrhythmias was determined and the
time of restoration of normal sinus rhythm
(NSR) and the time of maintenance were
observed and recorded.

Protection against development of ven-
tricular fibrillation caused by chloroform
Male albino mice weighing 20 + 2 g were
immobilized on a specially designed iron
wire rack. Lead II ECG was recorded
through subcutareously placed needle elec-
trodes. The mice inhaled chloroform §min
after the drugs or an equivalent volume of
NS (10 ml/kg) was given iv. The inci-
dences of ventricular fibrillation (VF) were
observed and recorded. Anti-arrhythmic
ED;;, and ED,, values were calculated by
linear regression.

Antagonism of aconitine—évoked ven-
tricular arrhythmias Fifty mice weighing
31 + 3 g were assigned to 5 groups. The
animals were anesthetized with ip sodium
pentobarbital 60 mg/kg. The ECG (Stand-
ard lead IT) was recorded intermittently.
Aconitine (10 pg/kg) was infused by a
pump at a rate of 1ug/min via a steel
needle inserted into a tail vein. Drugs or

NS were iv 5 min before aconitine infusion,
The time of appearance of the first ventri-
cular ectopic (VE), VF and cardiac arrest
(CA) were recorded and the amount of
aconitine (ug/kg) required to elicit the
arrhythmias was calculated. All drugs and
NS were given at a volume of 5ml/kg.:

Electrophysiologic effects on ventricu-
lar muscle Papillary muscles obtained from
the right ventricles of guinea pigs of either
sex weighing 307 £ 71 g and pinned ina
tissue bath that was constantly perfused
with Tyrode’s solution (4 mi/min) aerated
with 95% O, and 5% CO, (35 £ 0.5C,
pH7.35 + 0.3). The composition of the
Tyrode’s solution in mmol/L was: NaCl
137.0, NaHCO, 12,0, NaH,PO, 1.8, MgCl,
0.5, KCl 4.0, CaCl, 2.7, glucose 5.5.
The muscles were stimulated with pulses
of 3 ms duration and 1.2 times threshold
voltage at 1.25 Hz frequency through a
pair of tefloncoated silver wire electrodes.
Transmembrape action  potentials  were
recorded through KCl 3 mol/L—filled glass
microelectrodes (resistance 10-30 MQ). The
maximal upstroke velocity of the action
potential was obtained from a differentiator.
The output signal, together with that from
the microelectrode amplifier, was displayed
on a dual beam oscilloscope and photo-
graphed with an camera. A computer pro-
gram‘® was used to analyse the data. Control
records were taken after an initial equili-
bration period of 1 h. A single impalement
was maintained throughout the control and
experimental periods.

RESULTS

Acute toxicity Tab 1 lists the LD,
and LD, values calculated from the log-
dose probit-response lines to CPB-A, CVB-
D and Amio. The order of the LD,, values
is as follows: CVB-D<CPB-A <Amio,

Therapeutic action on BaCl,-induced
arrhythmias As shown in Tab 2, CPB-A
1 and 2 mg/kg reestablished normal sinus
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Tab 1. LD,,. LD, and anti-arrhythmic ED,,
ED,, calculated from log-dose probit-response lines

to cycloprotobuxine-A (CPB-A), cyclovirobuxine-
D (CVB-D) and amiodarone (Amio) in mice.

respectively.

Antagonism of aconitine—evoked ventri-
cular arrhythmias The doses of aconitine
(ug/kg) required to bring about ventricular

Protection against deveicpment of ven-
tricular fibrillation caused by chicroform
Pretreatment of the mice with 1/100, 1/50
of 1/25 LD,, doses of CPB-A, CVB-D or
Amio reduced the incidence of VF. All of
the effects were dose—dependent.

Anti-arrhythmic ED,, and ED,, values
were calculated from the log-dose probit—
response lines to CPB-A, CVB-D or Amio.
The therapeutic index (LD,,/ED,) and
the ratio between LD, and ED,, are present-
ed in Tab 1. It may be noted that the
therapeutic index and LD,/ED,, of CPB-A
are 1.8 and 4,2 times as those of CVB-D,
and 1,2 and 1,3 times as those of Amio,

n  CPB-A CVB-D Amio arrhythmias and cardiac arrest for the con-
LD, (mg/kg) 50 08.4 55.0 279.7 trol and drug-treated groups of animals were
LD,(mg/kg) 50 48.7 18.4 82.3 depicted in Fig 1. All drugs tested were
EDy,(mg/kg) 30 1.0 1.0 3.5 effective at antagonizing elicited by aconi-
EDy(mg/kg) 30 12.9 21.3 28.7 tine.
LDy,/EDy, 98.4 55.0 79.9 I
WiEDy 3808 20 a0 gunire
thythm (NSR) in 7/10 and 9/10 rats, re- B CPB-A 1 mg/ky
spectively. At a dose of LD,,, the therapeutic = 3004 CPB-A 2 mg/kg
actions of CVB-D and Amio were less po- Ea CVB-D 0.55 mg/kg
tent than that of CPB-A, although there < Amio 28 mg/kg
was no statistical difference. In the control = 209]
group, no rat had reestablished NSR within é
30 min. < -
Tab 2. Effects of CPB-A, CVB-D and Amio
on recovery of normal sinus rhythm from arrhy-
thmias induced by BaCl, in rais, n=10, T+SD, 0 Ventrioular
‘P>0.05, **P<0.05, ***P< (.01 vs control, eetopic fibrillation arrest
Fig 1. Effects of iv CPB-A, CVB-D and Amio
Drug Dose Number of TR T'M on the doses of aconitine required to elicit ventri-
(mg/kg)  recovery (min) (min) cular arrhythmias and cardiac arrest in mice. n =
NS o 10, X£SD. **P<0.05, ***P<{0.01 vs control,
CPB-A 1.0 (A ERL 2216 Electrophysiologic effects on ventricu-
2.0 ot 1+2 2544 lar muscle The effects of CPB-A were
CVB-D 0.55 4* 10+7 207 ’
Amio 2.8 e 10410 15+10 observed for 1 h. They became apparent
- - - within 5 min and reached a steady state
Ty: time of recovery. Ty, time of maintenance,

within 30 min. The features of the frans-
membrane action potentials after 30 min
exposure to (,3-30 umol/L CPB-A were
shown in Tab 3, CPB~A (.3 umol/L length-
ened action potential durations at both
50% (APD,,) and 90% (APD,,) repolari-
zatior, however, no changes were observed
in the maximal rate of the upstroke (Vimux),
amplitude of the action potential (APA) or
the resting potential (RP). At higher con-
centration, CPB-A produced more marked
prolongation’ of APD,, and APD,,, and
caused reductions in V..., APA and RP.
CPB-A (.3-30 pmol/L also gave rise to a
progressive lengthening of the effcctive re-
fractory period (ERP) (n=6, P < 0.01).
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Tab 3,

Effects of cycloprotobuxine-A on trans-

membrane action potentials of guinea pig papil-
lary muscles, n=65, X+SD. *P>0.05, **P<0.01

***P<0.01 vs before,

Concn (umol/L) 0.3 3 30
RP Before ~86+3 —-88+3 -88+2
(mV) After —85:*‘_5*E - 86+2* — B3+ 4**
Washout -g86+2* —g874+2*% -87+2*
APA Before 122+3 125+3 123+4
(mV) After 12143%  1204+4**  115%+5***
Washout 122-+4* 12243* 123 +2*
APDg, Before 119+7 110+ 18 102+11
(ms) After 1254 9*** 126+28*** 129+21***
Washout 123+11* 111-+21* 107+13*
APD,, Before 177+13 175%16 178415
(ms) After 189 16***210 £ 18*** 284+ 24***
Washout 179+ 13* 175+10* 204+£31*
V..x Before 289+ 17 287165 280+64

(V/s) After 284 +29% 265£71** 262+59%*

Washout 287+25% 287-+66* 271+73%
ERP Before 165116 152417 156 + 15
(ms) After 167 £ 20%**185 - 16%** 236+ 9***

All of the effects described above were abol-

ished after a 30-60 min washout period
with drug-free Tyrode’s solution.

The effects of CPB-A, CVB-D and
Amio at 3 pmod/L were compared in Fig
2. CPB-A caused more obvious prolonga-
tion of APD,, and ERP and also produced
a decrease in V,,,. Both CPB-A and CVB-
D extended APD,,, while Amio did not.

100 Vmax APA RP
' .
2 »
1204 l;’? :
. -
El
= 9
Q
9
:ll[)— :
*
R
I J oPB-a
907 B cVs-D
100/ 7 4 B2 Amio,
ERP APDg, APDy,

Fig 2.

papillary muscles, n=g, X+SD,
*¢P<0.05, ***P<C0.01 vs CPB-A group,

Influence of CPB-A, CVB-D and Amio
at 3umol/L on transmembrane action potential of
*P>0.05,

DISCUSSION

CPB-A 1 and 2 mg/kg given to rats
suffering from BaCl,-induced arrhythmias
brought about a restoration of normal sinus
rhythm as well as increasing the doses of
aconitine required to elicit ventricular
ectopic, Vventricular fibrillation and cardiac
arrest. CPB-A 1-4 mg/kg reduced the inci-
dences of ventricular fibrillation evoked by
chloroform in a dose-dependent manner. It
is suggested that CPB-A possesses a definite
anti-arrhythmic action.

With equitoxic doses, the anti—arrhythm-
ic effects of CPB-A were as potent as
those of CVB-D and Amio. However, the
therapeutic index and LD,/ED,, values
were 1.8 and 4.2 times as those of CVB-D
and greater than those of Amio.

Similar to CVB-D and Amio, the prom-
inent electrophysiologic effects of CPB-A
on ventricular muscle were the prolonga-
tion of APD and ERP. This may play an
important role in its effectiveness on ar-
rhythmias and endow CPB-A with class III
drug characteristics according to Vaughan
Williams’s classification®’. Higher concen-
trations of CPB—A could reduce the V.
of the action potential, which may contrib-
ute to its anti—arrhythmic action.

When perfused at the same concentra-
tion (3 umol/L), CPB~A produced greater
lengthening of APD,, and ERP, and de-
creases in V... and APA. Both CPB-A
and CVB-D also caused prolongation of
APD,,, while Amio did not. These Tresults
suggest that CPB—A perhaps possesses more
potent cffects on the myocardium than
CVB-D dose,

The phase 2 of repolarization is depend-
ent on the slow inward current (I,)®,
An increase in I,; may enhance the contrac-
tion force of myocardium. Prolongation of
APD,, with*CPB-A may result from in-
crease in I,. In other studies, we observed
that CPB-A produced. a concentration=




dependent positive inotropic effect in isolated
cardiac muscles (to be published). Thus,
this action seems to be attributed to the
augmentation of I,; to a certain extent. The
combination of the anti-arrhythmic effects
and its positive inotropic property may be

" therapeutically very useful for arrhythmias
patients with heart failure.
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