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Positive inotropic effect of cycloprotobuxine-A

on isolated guinea pig myocardium
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ABSTRACT Cycloprotobuxine-A (CPB-A) 0.1-
100 pmol/L produced positive inotropic effects
in left and right atria in a concentratjon-depend-
ent manner. CPB-A 30 umol/L enhanced post-
rest contraction, augmented the response of left
atrium to increase in stimulating frequency, and
increased the developing tension evoked by pair-
ed pulse stimulation. By taking simultaneous
recordings of action potentials and contractile
force of papillary muscles, it was found that
CPB-A 30 pmol/L increased the contractile force
and prolonged the action potential duration at 5094
of depolarization. It is concluded that the posi-
tive inotropic effect of CPB-A on myocardium
may be associated with an increase in transsarco-
lemmal influx of calcium as well as an augmen-
tation of the amount of calcium rcleased from
intracellular stores.
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Cycloprotobuxine-A (CPB-A) is an
alkaloid extracted from Buxsus microphyl-
la¢V, Very little has been studied on the
pharmacology of this compound. We have
demonstrated that CPB-A produced anti-
arthythmic action in animal models and
that the prominent ecffect of CPB-A on
the electrophysiology of myocardium was
the prolongation of action potential dura-
tion and effective refractory period (to be
published).

It has long been recognized that the
patterns of stimulation, such as post-rest
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contraction, positive staircase effect and
paired pulse stimulation, have profound
effects on the force developed by cardiac
muscle. These effects are thought to be at-
tributed to an increase in the concentration
of activator calcium ion by using intracel-
lular or extracellular sources of calcium‘®,
The present study is ixtended to observe
the inotropic effect of CPB-A on isolated
guinea pig myocardium and to examine
whether the inotropic effect of CPB-A is
associated with intracellular and/or extra-
cellular sources of calcium by taking the
patterns of stimulation described above as
well as simultaneous recordings of contrac
tile force and action potentials of myocar-
dium.
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METHODS

Guinea pigs of either sex weighing
348+SD 51 g were stunned by a blow to
the head, the papillary muscles of the right
ventricle and/or the left and right atria
were removed and placed in a tissue bath
containing Tyrode’s solution (mmo]/L:
NaCl 137.0, MgCl, 0.5, NaHCO, 12.0,
NaH,PO, 1.8, KCIl 4,90, CaCl, 2.7, glucose
5.5). The solution was continuously aer-

ated with 959; O, and 5% CO, and warmed
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at 33°C for left atria and  papillary 5001

muscles and at 37¢C for right atria with

pH 7.35+0.3. The preparation was con- _ 48

nected to a force displacement transducer ;“

with a resting tension of 0.5 g for left 5400-

and (0,3 g for right atria and papillary '5350

muscles. Right atria with intact sirus node f

produced spontaneous beat. Left atria and %:__300,

papillary muscle were stimulated by a T:

stimulator (model SEN-7103, Nihon Koh- 2259

den, Japan)through a pair of teflon-coat-~ 200

ed silver wire electrodes. The parameters 6 " os 6 56 5 45 &
of stimulation were 3 ms pulse duration Cycloprotobuxine-A (-log mol/1)

and 1.5 Hz frequency and 1.2-1.5 times Fig 1. Effects of cycloprotobuxine~-A (CPB-A)
threshold voltage. The developed force on contraction of left atrium( e) and right atri-
signal was recorded on a recorder (model  um (o). n=g, X+SD. *P>(.05, **P<0.05,
XWT-264, Da-Hua, China) after an equi- ***P<0.01 vs control.

libration period for about 1 h.

All data are expressed as mean+SD ulating frequency Wwas switched from 0.5

values, Statistical difference were determined to 2 Hz through 1.0 and 1.5 Hz each for
using t test for paired or grouped data. 3 min intervals, the contractile force of
left atrium was increased gradually. Thig
RESULTS phenomenon is referred to as the positive
' staircase effect. As can be seen in Fig 3,
Positive inotropic effects The concen- CPB-A 39 umol/L enhanced the contractile
tration of CPB-A in the bath was increased force at each stimulating frequency during
cumulatively at 5 min intervals by a fac- the positive staircase effect.
tor of 1/2 log mol/L. The measured con- Paired puise stimulaticn After 60 min
tractile force was recorded 4 min after med— equilibration under 1.5 Hz stimulation,
ication. As shown in Fig 1, CPB-A 0.1- left atrial preparations were stimulated with

100 umol /L. exerted positive inotropic effects-
concentration—dependently in the left and
right atria. \ 18 BsioreCPB A

Post-rest contraction Left atria were ’
stimulated at 0.5 Hz until steady-state

2

. . . . 516
contractile force attained, then stimulation 2 %
‘ o
was interrupted for 3, 5, 10 and 208S 3
respectively and resumed at (.5 Hz subse- < 140
®

quently. The first contraction occurred af-
ter the brief rest was potentiated markedly,
which was described as the post-rest con-
traction. Fig 2 illustrates the effects of roo! d L -
CPB-A 30 umol/L on the post—rest contrac- Quiescent periad (s)
tion. In the presence of CPB-A, the post—
rest contraction was augmented significant~

o
3

Fig 2. Effect of CPB-A 30 pmol/L on post-

rest contraction in left atrium. n=¢, X+SD,

ly. **P<0.05, ***P<0.01 vs values before medica-
Positive staircase effect When the stim- tion.
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Fig 3. Influence of CPB-A 30 pmol/L (@) on

positive staircase effect in left atrium, n=¢, X+
SD. *P>(0.05, **P<{0.05 vs control (o).

paired pulse for a 3 min period. In this
procedure, the ftirst pulse with 1.5 Hz was
followed 150 ms latter by the second of
equal intensity. The preparations respond
to the paired pulse stimulus with two
action potentials and a single, augmenied
contraction. When left atrial muscles were
exposed to 30 umol/L CPB-A, the contrac-
tion was markedly increased from 670 -+ 56
to 746+52 mg (n=6, P<0.01).
Simuitaneous recordings of action poten-
tials and contractile force of myocardium
Papillary muscies of the right ventricle
from guinea pigs were placed in 1 ml cham-—
ber and superfused with Tyrode’s solution
at 5 ml/min. One end of the preparation
was pinned with a fine stainless steel
needle, the other end was connected to a
force transducer. Signals of action potentials
and contraction of myocardium were dis-
played on an oscilloscope and photographed.
The apparatus and general experimental
procedure have been thoroughly described
in the preceding paper®. The effects of
CPB-A were observed for 1 h. They became
apparent within 5 min and reached to the
peak at 30 min. The action potential du-
ration at 50% of repolarization was leng-
thened from 123423 to 146427 ms and
the developed tension was enhanced from
241451 to 314142 mg (n=6, P<0,01)

after 30 min exposured to CPB-A 30 pmol/
L. CPB-A also prolonged action potential
duration at 90% of rcpolarization, and
slightly reduced maximal rate of the upstro-
ke, amplitude of the action potentials and
the resting potentials (Fig 4).
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Fig 4, Effect of CPB-A 30 umol/L on contrac-
tile force and action potential of papillary mus-
cle of right ventricle from guinea pig. A) Con-
trol, B) 30 min after cycloprotobuxine-A.

DISCUSSION

In the left atrium and right atrium,
CPB-A (.1-100 umol/L produced a positive
inotropic action in a concentration—depend-
ent manner. We have demonstrated that
CPB-A displayed anti-arrhythmic effects in
another study. The anti-arrhythmic effects
of CPB-A with a positive inotropic pro-
perty might be a very helpful therapy to
some cardiac diseases.

The positive staircase effect is sup-
posed to be due to an increase of calcium
ion influx through the cell membrane of
heart¢+%>, The plateau of the action poten-
tials of myocardium is mainly dependent
on slow inward current, which is carried
by calcium ion‘®’., Thus, the plateau is
shortened by a decrease of the slow inward
current, while it is prolonged by an in-
crease of the slow inward current¢*®), CPB-
A enhanced the positive staircase effect
and lengthened the plateau of the action
potentials. These results suggest that the
positive inotropic action of CPB-A might
be related to an increase in transsarcolem-
mal influx of calcium ion.

The post-rest contraction and the ‘pair-
ed pulse stimulation.might be attributed to



an augmgntation in the amount of calcium
ion released from intracellular stores®+'®,
CPB-A potentiated  both of them.
Therefore, the increased contraction caused
by CPB~A may also be associated with an
enhancement in the concentration of activa-
tor calcium ion via its release from intra-
celiular sources.
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