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ABSTRACT

Cyclobuxine D, extracted from Buxus microphylla var. koreana Nakai, is a steroidal alkaloid.
Many pharmacological effects of cyclobuxine D were examined in our Lab. Cyclobuxine D showed
a significant bradycardic effect in the rat heart and an inhibitory action on acetylcholine and
Bat*-induced contraction of the longitudinal muscle isolated from the rabbit jejunum.

In this study, we investigated the effect of cyclobuxine D on the contractile response-elicited by
acetylcholine, oxytocin and Ba** in rat uterine. In order to analyse the inhibitory action of
cyclobuxine D on the smooth muscle, we examined the inhibitory action of cyclobuxine D against
the contractile response of the high potassium-depolarized rat ileum to calcium. Concentration-
dependent decrease in the peak tension and duration of the acetylcholine, oxytocin and Ba**-
induced contraction in the isolated rat uterus was observed when cyclobuxine D was added to the
organ bath.

The isolated longitudinal muscle from the rat ileum was immersed calcium-depleted potassium-
depolarizing solution. Ten minutes after, 1.8 mM CaCl, was added to muscle bath and elicited a
biphasic increase in muscle tension. Cyclobuxine D (6.2 X 10-° M) produced an appreciable inhibi-
tion of both components of the mechanical response. In addition, 3.1 X104 M cyclobuxine D,
introduced at a point when the tonic response had reached its maximum level, caused the muscle to
exhibit a rapid lose of tension. Based on these experimental results, we propose the possibility that
the inhibitory action of cyclobuxine D on the acetylcholine, oxytocin and Ba**-induced contraction

in the isolated rat uterus may be due to blocking potassium-activated calcium channels, voltage-
sensitive calcium channels.
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INTRODUCTION

Smooth muscle contraction is closely related to
levels of intracellular free calcium. Intracellular
free calcium levels are regulated by transport via
calcium-channel (Bulbrign & Tomita, 1970; Bur-
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gen, 1970; Bolton, 1979; Kostyuk, 1980), calcium
pump (Schatzmann, 1975), Na*-Cat+-exchange
site (Blaustein, 1974; Grover et al., 1983), uptake
and release from sarcoplasmic reticulum, release
from the binding site of celi membrane (Carafol &
Crompton, 1978) and phosphatidylinositol tur-
nover (Michell, 1975; Michell et al, 1976). It has
been shown that some drugs relaxed the smooth
muscle due 1o a reduction of intracellular calcium
concentration as a consequency of the inhibition of
calcium influx through voltage or receptor-
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dependent calcium channels of the cell menbrane.

Lee et al(1987) reported that cyclobuxine D,
extracted from Buxus microphylla var koreana
Nakai, inhibited the contractile responses-induced
by acetylcholine and barium chloride in the isolat-
ed smooth muscle from the rabbit intestine. In this
study, we investigated the effects of cyclobuxine D
on the contractile responses-elicited by acetyl-
choline, oxytocin and barium. In order to analyse
the inhibitory action of cyclobuxine D on the
smooth muscle, we examined the inhibitory action
of cyclobuxine D against the contractile responses
of the high potassium-depolarized rat ileum to
calcium.

MATERIALS AND METHODS
Uterine preparation

Female spraque-Dawley rats weighing 150-200
g were sacrificed by exsanguination and uterine
horns with the ovarians were removed and dissect-
ed free from adjacent tissues. Strips of 2cm in
length were immersed in a 5ml organ bath bub-
bled by air at 38+ 1°C and containing a nutrient
solution of the following composition (mM):
NaCl, 154; KCl, 5.6; CaCl,, 1.8; NaHCO,, 2.4 and
glucose 5.6, dissolved in distilled water. After 30
-60 minutes equilibration time, drug were injected
into the bathing solution. The components that
describe the contraction patterns were peak ten-
sion (P) and duration (D).

Ileum preparation

The longitudinal smooth muscle isolated from
the rat ileum was used in this study. In each
experiment, a segment of muscle approximately 3
cm long was suspended in a muscle bath that
contained Tyrode’s solution maintained 30+ 1C.
The Tyrode’s solution had following composition
(mM): NacCl, 137; KCl, 2.7; CaCl,, 1.8; MgCl,, 0.
5; NaH,Po,, 0.3; NaHCO,, 12 and glucose, 5.6,
and bubbled with air. Other bathing solutions that
were used in this investigation include: 1) a potas-
sium depolarizing solution in which all the NaCl
of the Tyrode’s solution replaced by an equal
molar concentration of KCl; 2) a calcium-
depleted solution in which 1.8 mM CaCl, was not
added to the Tyrode’s solution; 3) a calcium-
depleted potassium-depolarizing solution in which
1.8 mM CaCl, was not added to the potassium

depolarizing solution.

Isometric contraction of the longitudinal mus-
cle was measured by means of a Narco 7173
Myograph transducer and recorded on a-.Narco
physiograph. Initial tension on the muscle was set
at0.5¢g. '

Drugs used were acetylcholine chloride
(Sigma), oxytocin (Sigma), barium chloride

" (Santoku Chem. Co.) and cyclobuxine D (crystall-

ized in our Lab.). All drugs were dissolved in the
bathing solution. Drug concentrations described in
this paper are expressed as final concentration in
the organ bath.

The data obtained were expressed as mean+
SEM. Student’s t-test was used for statistical
evaluation of the data.

RESULTS

A dose-dependent relaxation was observed
when cyclobuxine D was added to the organ bath
(Tablel). Cyclobuxine D decreased significantly
peak tension more than duration of the normal
uterine contraction. Cyclobuxine D (6.2x 10~* M)
decreased peak tension by 54 to 70% and duration
by 12 to 44%, respectively.

The effect of cyclobuxine D on the peak tension
(P) and duration (D) of the ACH-induced
contraction

As the concentration of cyclobuxine D was
increased from 6.2 X 10~¢ to 6.2 104 M, the peak
tension(P) and duration (D) of the ACH-induced
contraction were significantly decreased (Fig. 1).
The increase in P and D induced by ACH were
completely inhibited in the presence of 6.2Xx10~*

Table 1. Effects of cyclobuxine D on the longitudinal
smooth muscle isolated from the rat uterine

Conc, Peak tension  Duration
t t * ;
Treatmen (x10*M) (cm) {cm)
Control — 2911032 0.68%0.11
Cyclobuxine D 0,77 2.85%0.25 0.690.05

2.25%£0.19* 0.65*0.08
1.61 £0.37** 0.56 *0.09
1,22 £0.34%% 0.49+0.11*

Cyclobuxine D 1.5
Cyclobuxine D 3.1
Cyclobuxine D 6.2

Each value indicates the mean £ SEM
Significant difference from control value (* P < 0.05,
*% P 0,01). In duration, 3 cm'is equal to 1 min,
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The effect of cyclobuxine D on the peak tension (left panel) and duration (right panet) of the uterine contra-
ction induced by oxytocin, Each point is the mean * SEM, The symbols correspond to the followings : a
control ; @. 1.5 x 107*M ; ®,3.1 x 10*M ; v, 6.2 x 107*M cyclobuxine D, Significant difference from control

)

value (* P < 0.05, ** P < 0.01). In duration, 30 mm is equal to 1 min.

M cyclobuxine D. Cyclobuxine D was more potent

to inhibit the P than the D of the ACH-induced

contraction (Fig. 1).

The effect of cyclobuxine D on the peak tension
(P) and duration (D) of the OXT-induced contra-
ction

As the concentration of cyclobuxine D was
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Table 2. Inhbitory action of cyclobuxine D on the co-
" ntractile response-induced by barium chloride
in the longitudinal smooth muscle isolated

from the rat uterine

Conc Peak tension Duration
Treatment
(x10™*M) (cm) (cm)
Control - 3.73+£0.35 0.85%0.13
BaCl, 0.41 4.2810.07* 1.3710.09%*
CyclobuxineD 1.5 4.0910.21 0.8310.09

Cyclobuxine D 6.2 3.62£0.19%* 0.67 £0.11%*

Each value indicates the mean = SEM
Significant difference from control value (* P <0.05,
** P < 0.01). Induration, 3 cm is equal to 1 min.

increased 1.5X 1074 to 6.2 10~ M, the P and D of
the OXT-induced contraction were gradually de-
creased (Fig. 2). The P and D of the high OXT(0.
21U/5 ml)-induced contraction was decreased by
about 44% and 48% in the presense of cyclobuxine
D (3,2X 10-* M), respectively. Cyclobuxine D was
more potent to inhibit ACH than OXT-induced
contractions.

The effect of cyclobuxine D on the peak tension
(P) and duration (D) of the BaCl,-induced con-
traction

Barium was more potent to increased the dura-
tion than peak tension of the rat uterine contrac-
tion (Table 2). Barium increased the peak tension
and duration of the rat uterine contraction by
about 15% and 61%, respectively. Cyclobuxine D
(6.2 10~* M) decreased significantly the increase
in P and D of the barium-induced contraction.

The effect of cyclobuxine D on potassium-
activated calcium channels in an isolated rat
ileum

Longitudinal muscles of the rat-ileum were
immersed in a calcium-depleted potassium-depo-
larizing solution for an additional 10 min preced-
ing addition of 1.8 mM CaCl, to the muscle bath.
The addition of the calcium immediately elicited
the rapid, highly transient phasic portion of the
tension response (Fig. 3, A). After some degree of
relaxation occurred, the muscle underwent a
second more gradual rise in tension, referred to as
the tonic response (Fig. 3, B). The gradual de-
crease in magnitude of component B was followed
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Fig. 3. lsometric contractions of the longitudinal mu-
scle. At a, the recording represents a control
contraction elicited by 1.8 mM CaCl, (Ca)
after the muscle had been suspended in a calci-
um-depleted Tyrode’s solution for 50 min
and in a calcium-depleted potassium-depolari-
zing solution (0O-Ca Depol) for an addition 10
min, At b, the recording shows the mechani-
cal response developed by the muscle after it
was subjected to the same treatment, but in
addition 6,2 x 107°M and 3.1 x 10™M cyclobu-
xine D (CD) were added to the bathing medi-
um 5 min before the 1.8 mM CaCl, was intro-
duced. At ¢, 3.1 x 10M cyclobuxine D (CD)
was added to the muscle bath at the point at
which the tonic response had reached its maxi-
mum tension, The term (O-Ca PSS) refers to
the point at which the muscle was washed and
reimmersed in a calcium-depleted Tyrode’s
solution for 50 min,

for 100-120 min. The development of these two
types of tension changes in the presence of a high
potassium ion concentration has been observed
previously by numerous investigators (Imai and
Takeda, 1967; Syson and Huddart, 1973; Triggle
and Triggle, 1976; Gabella, 1978; Hurwitz et al,
1980; Sally er al, 1985). Both components of
contractile response were found to be sensitive to
cyclobuxine D. In the presence of 6.2x10°M
cyclobuxine D (Fig 3, b), phasic response
(component A) was completely inhibited and tonic
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response (component B) was inhibited over 70%
(n=3). In the presence of 3.1 X 10~* M cyclobuxine
D (Fig 3, b), both components were completely
inhibited. Furthermore, in another set of experi-
ments, cyclobuxine D was added to the bathing
medium shortly after component B reached its
highest magnitude. Under these conditions, the
muscle exhibited a rapid loss of tension (Fig. 3, ).

DISCUSSION

These present findings show that in longitudinal
smooth muscle isolated from the rat uterine,
cyclobuxine D inhibits dose-dependently the
contractile response to acetylcholine, oxytocin and
Ba**. In ACH, OXT and Ba**-induced contrac-
tion, cyclobuxine D decreased peak tension and
duration dose-dependently. Cyclobuxine D was
more potent to inhibit Ba** and ACH than
OXY-induced contraction.

There may be as many as four different sources
of Ca** for contraction: (a) calcium entering
through the AP channel, (b) calcium entering
through ROCs, (c) calcium bound to the rece-
ptors, (d) release of cacium from endoplasmic
reticulum, inner surface of cell membrane, and
possibly also mitochondria (Bolton, 1979). The
muscarinic receptor activation increases the con-
ductance of the cell membrane, which presumably
indicates the opening of ROCs. In smooth muscle
not generating AP, the opening of ROCs in the
membrane may allow Ca** to enter the cell, and
the polarization that is produced probably
contributes to the increase in PCa by opening
more, potential-sensitive ion channels that admit
Ca*t (Bolton, 1971; Bolton, 1972). Oxytocin
produced contraction by inducing calcium influx
through voltage-dependent channel (Barnes and
Senior, 1985) and calcium release from cellular
storage site (Batra, 1986). However, while action
of acetylcholine depends mainly on the extracel-
lular calcium or on a calcium pool loosely bound
to the cellular membrane, the response to oxytocin
seems to be dependent on the release of both
tightly and loosely bound calcium (Calixto and
Antonio, 1986). The shift to the right of the
concentration-response curves to Ach and OXT in
the presence of cyclobuxine D could indicate that
in these conditions the compound is able to block
the Ca*+ channels couples to the respective rece-
ptors system for the agonist reducing the
availability of Ca** for contraction (Bolton, 1979;

Cauvin et al, 1983).

In another experiment, we investigated the
inhibitory action of cyclobuxine D against the
contractile responses of the high potassium-
depolarized rat ileum to calcium. The isolated
longitudinal muscle from the rat ileum was in-
cubated a calcium-depleted solution for 50 min. It
was then immersed in another calcium-depleted
bathing medium in which all the sodium ions
were replaced by potassium ions. Ten minutes
after 1.8 mM CaCl, was added to the muscle bath
and elicited a biphasic increase in muscle tension.
Cyclobuxine D (6.2x10®* M) produced an ap-
preciable inhibition of both components of the
mechanical response. In addition, 3.1X10*M
cyclobuxine D, introduced at a point when the
tonic response had reached its maximum level,
caused the muscle to exhibit a rapid loss of ten-
sion.

In previous studies, many investigators showed
that the isolated longitudinal muscle, when
exposed to a high potassium bathing medium, will
undergo a biphasic mechanical response (Harwitz
et al., 1980, 1982; Triggle and Triggle, 1976; Little
et al, 1985, Chang and Triggle, 1973). Little et
al, (1985) proposed that each of the two
components of the mechanical response is depen-
dent upon a different group of voltage-sensitive
calcium channels in the longitudinal muscle.

The observations made in this study raise the
possibility that the inhibitory action of cyclobux-
ine D on the acetylcholine, oxytocin and Bat*-
induced contraction in isolated longitudinal mus-
cle may be due to blocking voltage-dependent
calcium channels.
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