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ABSTRACT

This study was undertaken to search for a new antiarrhythmic agent in natural plants. Extracts of Buxus
Ymicrophy//a var. koreana Nakai have been used as folk remedies of several diseases, including malaria and
"venereal disease, but any study on the pharmacological actions of this plant has not y&t-been carried out and

*its active ingredients have not been identified. In our laboratory, we isolated buxuletin (nonalkaloid) and
cyclobuxine D (steroidal alkaloid) from Buxus microphylla var. koreana Nakai and reported their phar-
macological actions: diuretic effects of buxuletin in rabbits and hypotensive effect of cyclobuxine D in rats.

In the present study, we investigated the effect of cyclobuxine D on isolated frog heart and heart rate

in urethane anesthetized rats. In order to clarify the mechanism of bradycardic effect of cyclobuxine D, we
examined the changes of the ECG parameters (PR, QRS and R a T interval) produced by intravenous injec-
tion of cyclobuxine D in anesthetized rats.

Cyclobuxine D depressed the contractile force in isolated frog heart and exerted a dose-dependent bradycardic
“effect in anesthetized rats. Intracerebroventricular injection of cyclobuxine D caused a fall in blood pressure
and an increase in heart rate, but those effects were not significant. Cyclobuxine D prolonged the PR interval

and R a T interval (o T-indicates the apex of T), but was without significant effects on the duration of the
QRS complex and PRc in urethane anesthetized rats.

Key Words: Cyclobuxine D, Rat electrocardiogram, Heart rate, Antiarrhythmia, Frog heart contraction.

INTRODUCTION

The clinical management of cardiac arrhythmias
has undergone a great deal of change over the last
ten years. During this period coronary-care units in
many counteries have shown that, by early recogni-
tion and prompt treatment of arrhythmia, the mor-
tality rate in acute myocardial infarction can be
reduced significantly, the introduction of direct cur-
rent countershock revolutionized the acute manage-
ment of most types of paroxysmal arrhythmia. As
a method, however, cardioversion is of limited value

1. Author to whom correspondance should be addressed.

in the prophylaxis of recurrent arrhythmias and may

be hazardous in the control of arrhythmias due to
digitalis excess which is becoming an increasingly
recognized cause of disturbances of cardiac rhythm
and conduction. The emphasis is therefore once
again shifting to the use of antiarrhythmic drugs in
the elective and prophylactic management of cardiac
arrhythmias.

Advances have been made at both levels, basic
and clinical in our understanding on the origin of
cardiac arrhythmias during the last ten years. There
is now general agreement that arrhythmias occur
either as a result of disordered impulse formation
or disordered impulse conduction or combination of
both processes. The actions of antiarrhythmic drugs
may thus be interpreted in terms of their net effects
on these two fundamental abnormalities in relation
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to the changes in ionic permeabilities that occur
under the influence of the agents in known
therapeutic concentrations (Bleifeld W. 1971).

The electrocardiogram (ECG) has provided to be
an indispensable tool toward the characterization of
the cardiac action of compounds. In practice it can
not be replaced by other methods although the ECG
is not sufficient to give a complete picture of car-
diac function until now the dog has been the prefer-
red species in the pharmacological or toxicological
investigation of cardiovascular drug actions. As far
as the ECG is concerned, there are obvious
similarities between dog and man. The rat ECG,
however, differs considerably from the two other
species, particularly in heart rate and configuration.
On the other hand, the use of rats in pharmacological
and toxicological experiments undoubtedly has
adventages over the dog: rats are well standardized,
easily handled, and available in large numbers. But
the shortage of published data on drug effects on
the rat ECG warrants further investigation in order
to establish background data for the transferability
of rat ECG results to man (Budden ef al., 1980).

In screening of new antiarrhythmic compounds
it should be desirable to assess their effects on the
ECG intervals in small laboratory animals like ats
in order to select compounds not only on the basis
of their antiarrhythmic activity but also on the basis
of their effects on the conduction velocity.

Buxus microphylla var. koreana Nakai is
distributed widely in Korea as an ornamental plant.
Buxus microphylla var. koreana Nakai contained
several derivatives (from four to five) of steroidal
alkaloids whose structures were identified or not
identified.

The present study was undertaken to search for
a new antiarrhythmic compound. Cyclobuxine D,
steroidal alkaloid, was isolated from Buxus
microphylla var. koreana Nakai. We investigated the
effects of cyclobuxine D on the isolated frog heart,
the ECG and heart rate in urethane anesthetized rats.

MATERIALS AND METHODS

Effects on Isolated Frog Heart

Frog(25-30g) was collected in group of 6. Heart
of frog was perfused according to Yagi’s method
(Yakagi, K and Ozawa, H. 1969). Each of the com-
pounds was administered directly into the perfusion
cannula. Contractile force was recorded on poly-
graph (San-Ei) 8K21 recorder. Ringer’s solution was
used as normal medium.

Effects on Blood Pressure and Heart Rate in
Anesthetized Rats

Sprague-Dawley male rats were anesthetized by
intraperitoneal administration -of urethane (1.25
g/kg). The trachea was cannulated with a short
polyethylene tube. Intravenous injections were made
through a fine polyethylene tube tied into the left
femoral vein. A polyethylene tube, filled with 200
u./ml of heparin in saline (0.9% w/v sodium chloride
in distilled water) was tied into the right carotid artery
and connected to a Consolidated Electrodynamics
pressure transducer. The amplitude output and heart
rate were recorded with a San-Ei recorder. Drugs
were dissolved in saline. Care was taken to ensure
that the maximum volume of drug solution and
saline follower injected intravenously at one time was
0.2 ml.

Intracerebroventricular injections were performed
through a fine polyethylene tube (26 gage) tied into
the lateral ventricle. A polyethylene tube was inserted
into the lateral ventricle. A polyethylene tube was
inserted into a hole drilled in the skull such the tip
of the tube would be positioned at a desired area.
The coordinates of polyethylene tube were (for
lateral venticle) AP, — 1.0 mm; L, 1.5 mm; H, —3.5
mm from bregma. To determine the site of cannula
placement, 5 ul of 1% methylene blue was injected
into the polyethylene tube and the brain was remov-
ed, dissected and examined. Only data from rats with
correct placement were used.

Effects on the rats ECG

The experiments were performed in .male rats
(SD, 250-300 g), anesthetized with urethane (1.25
g/kgi.p.). The animals were fixed in the supine posi-
tion; ECG (lead II) and heart rate were recorded
simultaneously on a direct recorder (San-Ei). The
definition of the measured ECG interval are given
in Fig. 2.

After an equilibration period of at least 10 min,
predrug values were taken during a 5-min period im-
mediately before the start of the drug injection. The
drugs were administered by acute intravenous injec-
tion and continuous intravenous infusion into the
femoral vein. Infusion rate was increased x-fold
every 10 min, without changing the infusion volume
(0.1 ml/min). ‘

Statistics

Statistical analysis of the data was performed in
each case according to Student’s t-test. Significance
was.taken as p<0.05.

— 106 —



NHCHg

RR intervai

&TP interval
CH3N PR interval
QRS
CH2 RAT interval s}
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Fig. 3. Effects of cyclobuxine D on the contractile force of isolated frog heart. Each panel is contractile force ir
gm. A, 0.81 X 107°M; B, 1.62x 10°M; C, 3.23 X 107°M; D, 6.46 X 10*M; E, 8.07 x 10-°M of cyclobuxine C

Table 1. Effects of cyclobuxine D on the contractile force
of isolated frog heart

Treatment Dose n Contractile force
(X 10°M) (gm)

Ringer solution — 12 3.14+0.32

Cyclobuxine D 1.62 5 2.85+0.16
3.23 7 2.23+0.21¢
6.46 5 1.25+0.23*
8.07 5 two to one A-V

blocking

Mean + SD., n: Number of experiments in each group
Significance of difference (* p<0.05, * p<0.01) compared
with the corresponding control values.

RESULTS

Effects of cyclobuxine D on isolated frog heart

In control experiments, infusion of Ringer’s solu-
tion did not change contractile force. Effects of
cyclobuxine D are shown in Fig. 3 and Table 1. Per-
fusion of cyclobuxine D (final concentration
0.81-6.46x 107°M) resulted in a decreased in contrac-
tile force. A concentrtion of 8.07 x 107°M caused an
arrhythmia (a ratio of two to one A-V blocking),
which returned to normal state after the solution was
exchanged for drug-free Ringer’s solution.

Cyclobuxine D abolished significantly the positive
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Fig. 4. Effects of cyclobuxine D on the positive inotropic effects of isoproterenol and ouabain in isolated frog heart.
Each panel is contractile force in gram. A, isoproterenol (final concentration, 4.73.x 107°M); @, ouabain
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(final concentration, 3.56 X 10°M); @, 8.07 X 10°M of cyclobuxine D.

HR = ~—
3501 IS ==
\BP100l J
’V Bty eSS s =ss————————=
HR -
aso} =
BP —— = =t e = ——— :
100
HR == o
350l> N
8100} ||
— 1 T 1 1 T 1 1 1 1 1 T b 1 — i 1 | + ] e m—
S ES =] = =
HR 3 = EE BEE
aso} = —
BP
100} } ¥ 1 1 { 1 } + t 1 b b ; t T — t } H % %
j:ﬂﬁ' } T — 1 t T 1 t ¥ 1 — t T b 1 —+ = ——

2min

Fig. 5. Effects of cyclobuxine D on blood pressure and heart rate in urethane anesthetized rats. In each panel, the
upper recording is heart rate (HR) in beats/min and the lower panel is blood pressure (BP) in mmHg. Drug
was given by intravenous injection. A, Img/kg; @, 2mg/kg; ®, 4mg/kg; A, 8mg/kg of cyclobuxine D.

inotropic effects of isoproterenol and ouabain (Fig.

4).

Bradycardic effects of cyclobuxine D in anesthetized

rats

Effects of cyclobuxine D on blood pressure and
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heart rate in anesthetized rats were shown in Fig. 5.
Cyclobuxine D exerted a dose-dependent bradycar-
diac effects but did not affect significantly blood
pressure. The bradycardiac effect of cyclobuxine D
(8 mg/kg) was of long duration, a period of 50-70
min being reguired for the heart rate to return to
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Fig. 6. Effects of cyclobuxine D on the positive chronotropic effect of isoproterenol after intravenous injection and
on blood pressure and heart rate after intracerebroventricular (icv) injection in urethane anesthetized rats.
In each panel, the upper panel is heart rate (HR) in beats/min and the lower panel is blood pressure (BP)
in mmHg. A, 8ug/kg of isoproterenol (iv); ®, 4mg/kg of cyclobuxine D (iv); @, 25ug/ke of cyclobuxine

D (icv); 4. 50ug/kg of cyclobuxine D (icv)
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Fig. 7. ECG changes (lead 11) induced by intravenou: iniection of cyclobuxine D in urethane anesthetized rats.

normal. Cyclobuxine D failed to antagonized the
positive chronotropic effect of isoproterenol in rats
(Fig. 6).

In anesthetized rats, intracerebroventricular
injection of cyclobuxine D caused a prolonged fall
in arterial blood pressure and an increase in heart
rate, but those effects were 1ot significant (Fig. 6).

L

Effects on the ECG in anesthetized rats

Cyclobuxine D exerted a significant negative
chronotropic action, the fall in heart rate progressing
with increase doses. At the high dose cyclobuxine D
caused A-V blocking and ventricular bradycardia



Table 2. Effects of an intravenous injection of cyclobuxine D on heart rate and ECG parameters in anesthetized
male rats (1.25g urethane /kg intraperitoneally)

Concentratiog n Heart rate PR interval PRc interval QRS R o T interval
(mg/kg) . ) (ms) (ms) (ms) (ms)
0 8 439+ 51 43.1+4.3 43.1+4.3 23.2+2.3 34.3+3.6
2 4 391+23 47.0+3.2 43.2+3.2 254+2.1 38.3+4.1
4 4 359+ 11 48.7+2.8¢ 429+2.6 25.6+1.5 50.3+3.1°
6 4 333+ 16 54.0+£3.3% 41.8+£3.7 25.1+2.1 59.7+3.9
8 4 288 +28* 60.0+ 3.8 41.0+3.2 36.8£8.7 85.5+7.1°

Mean + SD. Injection rates were 0.1 m!/min.
ECG lead: lead II.
p<0.05 and “p<0.01 to predrug value (Student’s t-test for paired observations)

Table 3. Effects of a long intravenous infusion of cyclobuxine D on heart rate and ECG parameters in anesthetized
male rats (1.25g urethane /kg intraperitoneally).

Experimental Cumulated

Heart rate PR interval PRc interval QRS Ra T interval MBP

(Irlnr?:) (n?go/slfg) n (beats/min) (ms) (ms) (ms) (ms) (mmHg)
0 0 4 401x15 43.2+3.1 43.2+3.1  23.1+1.2 35.4=x1.6 92+9
10 0.059 4 392+ 11 45.5+3.1 453+3.1 234+09 36.5+1.5 91+12
20 0.649 4 377+17 48.0+3.0 46.4+2.7 24.1%1.2 36.8+1.7 92+9
24 3.000 4 340+ 29 47.7x2.1 425425 23.5+1.1 47.9+2.3 94+ 11
30 6.530 4 302+ 25¢ 54.0£2.9° 442429 25.1+14 69.7+2.9° 90 +7
34 11.232 4 27037 56.0+4.1* 41.8+4.1 25.1+1.9 80.0+7.1° 81+15

Mean + SD. Infusion rates were 0.0059, 0.059, 0.59, 1.18 mg/kg, min; they were increased at 10, 20 and 30 min
after the start of the lowest infusion rats.

ECG lead: lead 11

MBP: Mean Blood Pressure

“p<0.05 and *p<0.01 to predurg value (Student’s t-test for paired observations)

Table 4. Effects of an intravenous administration of quinidine sulfate on heart rate and ECG parameters in anesthetized

male rates.
Concentration n Heart rate PR interval ~ PRe interval QRS R a T interval
(mg/kg) (ms) (ms) (ms) (ms)
0 8 363 +30 50.7+1.6° 50.7x1.6 23.1+1.8 42.7+6.1
4 4 349+ 11 54.5+4.9 54.4+5.9 25.1+2.3 51.9+7.1°
8 4 338+21 59.6+3.2% 58.7+8.7¢ 36.2+2.4¢ 60.4+5.9
16 4 320+27¢ 65.8+7.1* 65.7+9.1° 36.4+2.5° 72.1£6.6°

The results are mean +SD, n: Number of experiments in each group.Injection rates were 0.1 ml/min. ECG lead:
lead II
“p<0.05 and *p<0.01 to predrug value (Student’s t-test for paired observations)

(Fig. 7). Cyclobuxine D produced a prolongation of
the PR interval and a marked prolongation of the
RaT interval. Cyclobuxine D was without
significant effect on the duration of the QRS complex
and PRc, which was a derived value supplying
information about the extent of a change in the

duration of the PR interval at a constant heart rate
(Table 2 and 3).

Quinidine sulfate produced a marked pro-
longation of A-V conduction (Table 4, Fig 8).
Quinidine sulfate exerted a dose-dependent
prolongation in R a T interval but did not affect
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Fig. 8. ECG changes (lead 11) induced by intravenous injection of quinidine sulfate in urethane anesthetized rats.

Table S.
Expected ECG Changes
Class* Mode of Action Drugs
RR RR QRS RaT
la membrane stabilization and quinidine, A A A A
reduced conduction velocity ajmaline
b membrane stablllzapon and ‘ lidocaine A 0 0 0
unchanged conduction velocity
2’ anti-sympathetic propranolol A 0 0 0
3 umform prolon_gatlon of action amiodarone 0 0 0 A
potential duration
4 calcium antagonistic verapamil A 0 0 0
A increase 0 unchanged
* classification according to Vaughan Williams 1970, 1979 and Singh and Hauswirth 1974
significantly the QRS duration. PRc (PR interval
corrected for intra-individual heart rate changes) was
£cs) DISCUSSION

lengthened by quinidine sulfate, this parameter was
not changed by cyclobuxine D (Table 2, Table 4).
As can be seen from Fig. 8, the decrease in heart rate
by quinidine sulfate was mainly due to an increase
in the PR intrerval and R o T interval.

Cyclobuxine D produced a significant negative
chronotropic effect in anesthetized rats but was
without significant effect on blood pressure. In
isolated -frog heart, which was used to give some
complementary result to the evidence for the
experiment in rats, cyclobuxine D caused a decrease
of contractile force. In high dose, cyclobuxine D
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produced partial A-V blocking (generally 2 or 3:1).
The positive inotropic effects of isoproterenol and
ouabain were significantly blocked by the pre-
treatment with cyclobuxine D in isolated frog heart.
Pretreatment with cyclobuxine D did not abolish the
positive chronotropic effect of isoproterenol in
anesthetized rats. Cyclobuxine D (25 and S0ug/kg
icv) exerted a fall in arterial blood pressure and an
increase in heart rate, but these e¢ffects weére not
significant. These results excluded apparently the
possibility of beta cardiovascular receptor and
mediation of central nervous systém participation in
the negative chronotropic effect of cyclobuxine D
in anesthetized rats.

In order to clearify in detail the mechanism of
negative chronotropic effect of cycloblixine D, we
examined the effects of cyclobuxine D on the rat
ECG parameters (PR interval, QRS complex and
RaT interval) and compared the results of
cyclobuxine D with those of existing antiarrhythmic
agents. k

The electrophysiologic properties of the rat heart
were contrasted with those of the dog and man. The
atrioventricular mode and specialized ventricular
conduction system of the rat transmitted the cardiac
impulse from atrium to ventricle more rapidly than
in.the dog heart and the effective refractory period
of the atrioventricular node was briefer than in the
dog. The total activation time of the ventricle in the
rat was about one-third that of the dog. This is ac-
counted for by the smaller heart of the rat and result
in a brief QRS duration. In the adult rat, the T wave
follows upon the QRS without an isoelectric segment.
This is due to the brief duration and lack of plateau
phase of the rat ventricular myocardial action
potential.

Osborne (1974) has stated that anesthetics are
precluded in ECG studies because of (a) possible
synergism between the anesthetics used and the com-
pound being tested, and (b) possible changes being
produced in the ECG by the anesthetic agent itself.
Aviado (1970) Driscoll (1979), Beinfield and Legr
(1980) have stated the problem of using anesthetics,
pentobarbital and ether. Although Heering (1970)
and Zbinden et al., (1980) have demonstrated a
urethane-induced bradycardia, mediated through a
lengthening of the PQ and QT interval, as well as
temporary deformation of the P wave caused by that
substance, the fewest problems have seemed to be
encountered with urethane.

With cyclobuxine. D, the negative chronotropic
effect was accompanied by a slowing of A-V con-
duction as evidence by the prolongation of the PR
interval. Cyclobuxine D caused a significant pro-

longation of the R a T interval suggesting some delay
in ventricular repolarization. The lack of a signifi-
cant effect of cyclobuxine D on the duration of the
QRS complex is in agreement with the well known
absence of a significant action on conduction in the
ventricular muscle. PR interval corrected for intra-
individual heart rate changes (PRc) were also con-
sidered in the assessment of a drug action (PRc=
PRi+ (RRO—RRi) x0.2; cf. Schumacher et al.,
1980). Cyclobuxine D was without a significant ef-
fect on PRec.

The refractory period reldtive to the duration of
the action potential is uniformly lengthened by all
antiarrhythmic drugs although the absolute changes
are different for the various substances (John Witting
er al., 1973; Graham HB er al., 1986). Most of the
drug achieve their main effect on the ventricular part
of the myocardium, only quinidine and the f-
blocking agents affect the atrium, ventricle and
specialized conduction system likewise (Edward C
et al.,-1982; Thomas Bigger Ir et al., 1970).
Antiarrhythmic drugs-quinidine, procainamide,
ajmarine, isoprenaline-exert their main effect on the
heart by lengthening the refractory period and
slowing down the diastolic slope of the membrane
potential. The decrease in automaticity and the
depression of electromechanical coupling resulting
in a negative inotropic effect produce the principal
cardiac side reactions. :

According to the classification of Vaughan
Williams (1970, 1979) and Singh and Hauswirth
(1974) four classes of antiarrhythmic action may be
defined (Table 5). Quinidine, a representive of class

"1 action, prolonged the PR interval, the Ra T

interval and the duration of QRS complex (Vaughon
Williams 1970, 1979, W. Bleifield). The effects of
quinidine suifate on the rat ECG in our laboratory
were in good agreement with published data.
Lidocaine, representing the group of membrane
stabilizing drugs without a marked effect on
conduction velocity, did not change any of the
measured ECG parameters except for a moderate
decrease in heart rate (Kiithl UG er al., 1980). But
Valle et al. (1975) found a significant increase in the
PR interval in rats, whereas QRS and QT remained
unchanged. Propranolol, representing the group of
anti-sympathetic drug, prolonged the PR interval and
did not affect significantly the duration of QRS
complex. The R a T interval was slightly shortened
by propranolol (Buschmann G et al., 1980). With
verapamil, a representative of class 4 action, no
changes in the measured ECG parameters weie
observed except for a marked reduction in heart rate
(Kiihl UG et al., 1980). Bleifield (1971) reported also
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the lack of an effect of verapamil on A-V
conduction.

With cyclobuxine D, the bradycardic effect in
urethane anesthetized rats was accompanied by a
slowing of A-V conduction. Cyclobuxine D after an
acute intravenous injection and a long intravenous
infusion produced a significant prolongation of the
Ra T interval which suggested slowing down the
diastolic slope of the membrane potential.
Cyclobuxine D except high dose was without a
significant effect on the duration of the QRS
complex. These ¢ffects of cyclobuxine D on the rat
ECG parameters is similar to those of quinidine. As
the investigated results in this study might not offer
the full information about the effects of cyclobuxine
D on cardiovascular system, more detailed
examination should be undertaken.
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