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Protective effect of cycloprotobuxine—A against cardiac arrhythmias

induced by ouabain

WANG Yong—Xiuo. TAN Yue—Hua. SHENG Bao—Heng
( Depurtment of Pharmacology, Fourth Military Medical University. Xi—an 710032, China)

ABSTRACT  Cyeluprotobuxine—A (CPB—AY 1—4
mg - kg™ v increased the dose of ouabain required
to mmduce ventneular arrhythmias in guinea pigs. At
the equitoxic doses 41 4 30 L), CPB—A was more
potent than cyclovirobuxme—D and amiodarcone

Prelreutment with reserpine (5 mg- kg™' ip). vugo—
tomy or pithing spinal vord did not prevent the agtion
of CPB—A. which indicate that the protective effect
ol CPB—A may be due to its direct action on
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myocardivm without the involvement of nervous sys-
tem In isolated pumea g ventrienlar muscles,
CPB-A 3 pumol' L7 consistently decreased the
amplitude of oscillatory afierpotentials {OAPY and
blocked triggered activity elicited by ouabain. At 30
pmol- L7, CPB—A abaolished the appearanee of
OAP. 1t seems that one of the mechamsme for the
anb—uarrhythmie aetion of CPB—A was u decrease m
the amphitude of DAP,

KEY WORDS  arrhythmia; electrophysiology, myo—
cardim; ouabain; cycloprotobuxine—A; amiodarone
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Both cycloprotobuxine—A {(CPB—A} and
cyclovirobuxine—D (CVB-D) are alkaloids ex-
tracted from Buxsus micropiylld". CVB-D
exerts anti—arrhythmic eftects in both animals
and human'>®. However, very little has been
known on the pharmacology of CPB—A. Re-
cently we have shown CPB—A produces the
therapeutic and prophylactic action on exper-
imental arrhythmias. [Its iherapentic index
(LD, ” EDy,} is much greater than that of
amiodarone {Ami} and CVB-D. The most
siginificant  effect  of CPB—A on the
electrophysiology of isoluted myocardium is
the lengthening of action petential duration
and effective refractory period. and the re-
duction in maximal up— stroke velocity of ac-
tion potential™.

The present study was undertaken to ob-
serve effect of CPB—A on cardiac arrhythmias
and OAP induced by ouabain and to examine
whether vagotomy. reserpine or spinal cord
pithing prevents the effect of CPB—A in order
to provide a further understanding of the
mechanisms of its anti—arrhythmic effect.

MATERIALS AND METHODS

Effects on cardiac arrhythmias induced by
ouabain in guinea pigs Seventy—two guinea
pigs of either sex. weighing 387+ 5+ 40 g,
were anesthetized with urethane 1.8 g+ kg™
ip. Since reserpine potentiates the depressing
action of anesthetics on the central nervous
system”’, the dose of urethane was decreased
to 1.2 g- kg™' for all guinea pigs given with
reserpine.  Lead II electrocardiogram was
continnously monitored and recorded every
minute to determine heart rate and detect
ventricular arrhythmia and cardiac arrest
{CA).

Following a bolus of 50 pg- kg™', ouaban
dissolved in normal saline (NS} was infused at
S g * min™' by an infusion pump via a steel
needle into a cervical vein, The times of the
first appearances of ventricular ectopia (VE},

ventricular i{achycardia {VT).  ventricular
fibrillation (VF), and CA were recoreded.
The amounts of ouabain required to elicit the
arrhvthmias and CA were calculated.

Guinea pigs were randomly and equally
assigned to 12 groups. Two groups were in-
jected ip with reserpile S mg - kg™' 24 h prior
to ouabain infusion. Another 2 groups went
through bilateral cervical vagotomy. Still an-
other 2 groups were pithed and ventilated with
room air at a rate of 30 strokes - min™' and a
stroke volume of 10 ml- kg™'. The afore—
mentioned 6 groups and the other 6 groups
without the above treatments were given the
drugs tested or the equivalent volume of NS
t.Sml- kg™ Smin before ouabain infusion.

Effects on OAP induced by ouabain in iso-
lated guinea pig ventricular myocardium The
experimental procedures were the same as
mentioned in the previons papers'*®.
Pupillary muscles of right ventricles were ob-
tatned from guinea pigs weighing 375+ 42 ¢
and pinned in a tissue bath that was
superfused with Tyrode solution aerated with
95% O, + 5% CO.. The muscles were stimu-
lated with pulses of 3 ms duration. 1.5 times
the threshold voltage at I Hz frequency. Af-
ter an equlibration period of | h, OAP was
indoeed by exposing the muscles to ouabain
0.9 gmol - L™'. The stimulus was switched 1o
% Hez frequency and interrupted periodically
for 30 s every 3 min to assess the emergence of
OAP and triggered activity. Once stable QAP
was obtained. effect of CPB—A was observed.

CPB-A and CVB-D were kindly sup-
plied by Mr TANG You—Yuan (Central La-
boratory of the 9542° Factory. the General
Logistic Department of PLA, China}. Amu,
reserpine, and ouabain were purchased from
Labaz Laboratory (France). Guangzhou
Qiaognang Pharmaceutical Factory (China)
and Chemical Sigma Company (Germany).

All results were presented as x + s

Statistically  significant  differences  were
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calculated by ¢ test ot rank sum test.
RESULTS

Effects on cardiac arrhythmias induced by
ouabain in guinea pigs

1 Dose to cardiac arrhythmias induced
by ouabain CPB—A 1-4 mg- kg™’ iv in-
creased the dose of ouabain required to induce
VE, ¥T. YF, and CA In a dose—dependent
manner. It has been demonstrated that ip
LD, of CPB-A. CVYB-D, and Ami in mice
are 98, 55, and 280 mg- kg'. respectively™.
At equitoxic dose (1/50 LDy,), CPB-A
raised the dose of ouabain necessary to evoke
VE and VT by 43% and 40%, respectively,
yet CVB~D did that by 33% and 23% only.
The action of Ami was less potent than that of
CPB—A (Tab 1).

Bilateral vagotomy decreased the dose of
ouabain needed to elicit cardiac arrhythmias
and CA, while reserpine and spinal cord pith-
ing increased the dose of ouabain needed.
These results are 1 accordance with the re-
ported papers”™ ®. Vagotomy. reserpine or
spinal cord pithing did not prevent CPB—-A
frem increasing the dose of cuabain required
to induce cardiac arthythmias and CA (Fig 1).

2 Heart rate and blood pressure
Compared with NS group, CPB—A exerted
no significant effects in heart rate and BP just
| min before cuabain infusion and the anset of
YE and VT in all the groups {Tab 2).
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Fig 1. Effect of vagotomy (V), reserpine (R), and pith-
ing (P) on the protective action cycloprotobuxine—A
(CPB-A) 2 mg - kg™ iv against owabain—induced
veniricular arrhythmias and cardiac arrest in guinea

pigs. n=6. a): NS: by CPB-A; ¢} R+NS; d)
R+CPB-A: €} V+NS; 1): V+CPB-A: g): P+NS;
b): P+CPB-A. x*+s5 “"'P<0.91 vs control.

Effects on QAP induced by ouabain in iso-
lated guinea pig ventricular myocardium OAP
developed in all the muscles superfused with
Tyrode solution containing ouabain 0.9
pmol- L. 1t could reach threshold and
thereby lead to triggered activity. Seven prep-
arations were then superfused with a
drug—free solution. after OAP was allowed to
last at least 30 min. OAP completely dis—

Tab 1. Effects of cycloprotobuxine— A (CPB--A}. cyclovirobuxine—D (C'YB-D), and amiodarone { Ami) on the dose

of ouabain required to induce ventricular arvhythmias and cardiac arrest in guinea pigs. n=6, 1+ s *“P<D.05,
*TTP<0.01 isNS. 'P>0.05. "P<D.051:sCPB-A2.0mg - kg™' (by rank sum test).
Drug / Drose of puabain {ug - kg ') required 1o induce
mg - kg™ VE vT VF CA

NS 130427 1614-29 182+32 233443
CPB-A 1.0 1624227 196+25 " 238+37° 299443

2.0 186426 231+31°°° 26049 " 3471048

4.0 200424 2474377 2B6+42°%° 378+5677
CVB-D 1.1 17320 198428+~ 2404337 34434
Ami 50 176+31°° 21434 251440° 7 3294567
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Tab 2. Effect of cycloprotobuxine—A {CPB—A). cyclovirobuxine—D {CVB-D), amd amiodarone (Ami) on Eontml
and ouabain—induced changes in the heart rate (bpm) and blood pressure (kPa} in guinea pigs. #=6. x *s.

* P> 005 v5 NS group unpretreated.

TP >08.05 vs NS group pretreated,

Dose / Heari rate | min before Blood pressure | min before
mg - kg™ Quabain VE VT Cuabain VE VT
NS 250+43 226~ 38 2401 39 14.0=25 18.0+ 2.4 16.1 +2.4
CPB-A 1.0 245+ 327 211 +27° 224+ 377 14127 189+29° |79=327
20 228+ 337 191 +33° 212+ 307 147537 175£24% 159=33"7
4.0 LAREX: 186+ 44" 01 =427 42+23° 171+x24°  152+27°
CVB-D .1 243+ 46° 208 477 225447 145+24° 155429 13.6+23°
Ami 5.6 227 55° 204+ 547 215+ 567 144+24°  13.8+33° 17.1+£29°
VNS 282+ 42 256+ 41 268+ 45 14.0x3.1 204+45 21.7+44
V+CPHR-A 20 246+ 36" M2+ 37 233+ 347 163+3.5%  199+31° 211+37"
R+NS 142+ 34 124 = 35% 132 +35 63+ 1.9 18.8+29 156+23
R+CPB-A 20 125+ 35 106+ 31" 116+ 367 735207 la7+24" (75427
P+NS 236+ 51 215+ 55 225156 6.7+25 19221 [75£27
P+CPB-A 29 199 + 33" 180+ 327 189+ 35+ 7117 174+28° 16129

V: vagotomy: R: reserpine 5mg - kg™ ip 24 b before ouabain iv: P: pithing.

appeared for about | h of washout period.
Another 14 preparations were superfused with
a solution containing CPB—A (in the presence
of ouabain) after stable QAP was obtained.
CPB—A 3 umol - L™ consistently decreased
the amplitude of QAP and blocked the trig-
gered activity. At 30 umol-L~'. CPB—A ful-
ly abolished the development of OAP (Fig 2).

" :

LLL -

Fig 2. Effect of cycloprotobuxine—A {CPB—A) on QAP
and triggered activity elicited by ouabain 0.9 ymot - L'
in isolated guinea pig ventricular muscle. A: OAP.
B: Triggered activity. C: Decrease of OAP amplitude
caused by CPB—-A 3 pmot - L™'; D: Disappearance of
OAP casued by CPB—A 30 ymot - L.

DISCUSSION

The present study showed that CPB-A
I-4 mg - kg™' iv produced the protective ef:
fect against cardiac arrhythmias induced by
ouabain in guinea pigs, which appeared to be
more potent than that of CVB-D and Ami.

Similar to the reported papers'’®., we
have shown that cardiac arrhythmias elicited
by ouabain were affected by the activity of
nervous system. Bilateral vagotomy pro-
moted the development of the cardiac
arrhythmias. On the contrary, reserpine or
spinal cord pithing delayed the appearnace of
the cardiac arrhythmias. However, the anti—
arthythmic action of CPB-~A was not pre-
vented by vagotomy, reserpine or spinal cord
pithing. [t seems probable that CPB—A pro-
duces the anti—archythmic effect by acting
directly on the heart without the involvement
of nervous system.

Within anti—arthythmic doses, CPB-A
caused no significant changes in heart rate and
blood pressure just 1 min before onabain infu-
sion and the onset of VE and VT compared
with the NS group. This appeared to indicate
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that anti—arrhythmic action of CPB—A might
not be associated with heart rate and blood
pressure.

QOuabain has a direct action on cardiac
muscles that results in electrophysiologic
changes consistent with the appearance of
cardiac arrhythmias. There is increasing evi-
dence that OAP is an important manifestation
of electrophysiologic changes evoked by
ouabain. which can reach threshold voltage
and lead to triggered activity''". CPB-A de-
pressed and even abolished OAP. which
might play a role in the anti—arrhythmic ac-
tion of CPB--A.

It has been shown that some agents capa-
ble of blocking the last entry of sodium ions
into cardiac myocytes. such as TTX. pro—
cainamide. quinidine and lidicaine. depress
and abolish the OAP'"'™'¥ At the concentra-
tion used in this study, CPB—A reduces the
maximal upstroke velocity of action potential
in cardiac myocytes, which implies that the
drug can block the entry of sodium ions into
myocytes. Thus, it is suggested that the de-
pression and abolition of OAP for CPB—A
might be dependent in part on a decrease in
the fast influx of sodium ions.
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