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1 In a recent in vivo study, liriodenine, an aporphine alkaloid, has been identified as a prominent
anti-arrhythmic agent that can prevent rats’ sudden deaths, even at the dose as low as 1077 g kg™
The aim of this study was to determine whether liriodenine at its effective anti-arrhythmic dose of
10~7 g kg~' had effects on the left ventricular (LV)-arterial coupling in Wistar rats.

2 LV pressure and ascending aortic flow signals were recorded to construct the ventricular and
arterial end-systolic pressure-stroke volume relationships to calculate LV end-systolic elastance (E,;)
and effective arterial volume elastance (E,), respectively. The optimal afterload (Q,.s) determined by
the ratio of E, to E,; was used to measure the optimality of energy transmission from the left
ventricle to the arterial system.

3 Liriodenine at the dose of 1077 g kg~' showed no significant changes in basal heart rate (HR),
cardiac output (CO), LV end-systolic pressure (P,,), E,, E.; and Qjyuqa

4 By contrast, liriodenine at the dose of 107° g kg~' produced a significant fall of 2.0% in HR and
a significant rise of 5.8% in CO, but no significant change in P,. Moreover, liriodenine
administration of 107¢ g kg™' to rats significantly decreased E,, by 8.5% and E, by 10.6%, but did
not change Qjuu-

5 We conclude that liriodenine at the dose of 1077 g kg~' has no effects on the mechanical
properties of the heart and the vasculature and the matching condition for the left ventricle coupled
to its vasculature in rats. Even at 10 times the effective anti-arrhythmic dose, liriodenine shows no

effects on the efficiency of energy transferred from the left ventricle to the arterial system.
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APD, action potential duration; BA, basal state; CO, cardiac output (ml s™'); DMSO, dimethylsulphoxide; E,,

effective arterial volume elastance (mmHg ml™"); E,, left ventricular end-systolic elastance (mmHg ml~"); HR,
basal heart rate (beats min—'); P, end-systolic pressure of the left ventricle (mmHg); Pisomax, Peak isovolumic
pressure of the left ventricle (mmHg); P.x, peak pressure of the left ventricle (mmHg); Q.4 optimal afterload;
R, total peripheral resistance (mmHg s ml~'); SV, stroke volume (ml beat™"); V,,, end-diastolic volume of the
left ventricle (ml); V.4, effective end-diastolic volume of the left ventricle (ml); V), the zero-pressure volume (ml)

Introduction

As is generally recognized, myocardial ischaemia and/or
reperfusion frequently contribute to malignant ventricular
arrhythmia, including ventricular tachycardia and ventricular
fibrillation (Penkoske et al., 1978; Janse & Kléber, 1981;
Ferrier et al., 1985). Much evidence has suggested that
liriodenine, an aporphine derivative isolated from the plant
Fissistigma glaucescens (Lu et al., 1985), may be a prominent
anti-arrhythmic agent that can enhance the force of
contraction in the isolated rat cardiac muscles (Lin et al.,
1994; Chang et al., 1996). It has been shown that, through
the inhibition of Na® and transient outward K* (I,)
channels, liriodenine can suppress ventricular arrhythmia
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induced by myocardial ischaemia and/or reperfusion. By
inhibiting the 7, channel, liriodenine has the potential to
prolong the duration of action potential to enhance Ca**
entry that can induce more free Ca®* released from the
sarcoplasmic reticulum (Chang et al., 1996). This is the
possible mechanism that liriodenine can enhance the force of
contraction in the isolated rat cardiac strips. These results
suggest that liriodenine may be a promising drug for the
treatment of cardiac arrhythmia combined with heart failure.
However, cautions should be made that agents with positive
inotropic action may be harmful to patients with heart
failure, especially after chronic treatment.

Optimal therapy of cardiac arrhythmia requires not only
knowledge of drug action on the electromechanical properties
of the isolated cardiac muscle, but also information of their
effects on the matching conditions for the integrative
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ventricular-arterial coupling. In view of the ventricular-
arterial coupling, both the left ventricle and the arterial
system are considered elastic chambers with left ventricular
(LV) end-systolic elastance (E,,) and effective arterial volume
elastance (E,), respectively (Sunagawa et al., 1983; 1984;
1985). LV pressure and ascending aortic flow signals can be
recorded to construct the ventricular and arterial end-systolic
pressure-stroke volume (P,.-SV) relationships to calculate E,;
and FE,, respectively. The parameter E,, can be used to
describe the intrinsic contractile status of the left ventricle
because of its independence of preload, afterload, and heart
rate in a given constant contractile state of the ventricle (Suga
et al., 1973; Sagawa 1978; 1981). In the steady state, E, is
independent of E,; and can be approximated by the ratio of
physical arterial resistance to cardiac cycle length (Sunagawa
et al., 1984). In this framework, stroke work represents the
energy transferred from the left ventricle to the arterial
system and the energy transferred reaches maximal when E,
equals E,, (Sunagawa et al., 1985).

In a recent in vivo study, it was observed that liriodenine
could reduce the incidence of arrhythmia and then prevent
rats’ sudden deaths, even at the dose as low as 10~7 g kg™!
(Chang et al., 2000). The aim of this study was to determine
whether liriodenine at its effective anti-arrhythmic dose of
10~7 g kg~' produces effects on the matching conditions for
the left ventricle coupled to the arterial system in Wistar rats.
The acute effects of liriodenine on the mechanical properties
of the heart and the vasculature were also evaluated at ten
times the effective dose for the anti-arrhythmic activity. The
ventricular-arterial coupling with special reference to the
energy transmission from the left ventricle to the arterial
system was studied by making use of the LV pressure-ejected
volume analysis.

Methods

Animals and catheterization

Male Wistar-Kyoto rats (n=10) weighing 300—-350 g were
used to determine the acute effects of liriodenine on the
matching conditions when the left ventricle is coupled to its
arterial system. Animals used in this study were obtained
from the colony at the Animal Center of the Medical
College, National Taiwan University. All rats were
maintained on Purina chow and water and were housed
two to three per cage in a 12-h light-dark cycle animal
room. The animal experiments were conducted according to
the ‘Guide for the Care and Use of Laboratory Animals’
(published by National Academy Press, Washington, D.C.,
U.S.A., 1996) and were approved by the ‘Laboratory
Animal Care and Use Committee’ of the National Taiwan
University.

Each rat was anaesthetized with sodium pentobarbitone
(35 mg kg~', i.p.). The femoral vein was cannulated for the
administration of supplemental pentobarbitone (30 mg kg~'
every 2 h) and for the administration of liriodenine at the
dose of 1077 or 107° g kg~!'. Liriodenine was dissolved in
dimethylsulphoxide (DMSO) and the final volume of the
infusing solution did not exceed 0.1 ml kg=' (Chang et al.,
1996). Tracheotomy was performed to provide artificial
ventilation with a tidal volume of 5-6mlkg™' and

respiratory rate of 50—70 breaths min~'. The chest was

opened through the right second intercostal space. An
electromagnetic flow probe (model 100 series, internal
circumference 8 mm, Carolina Medical Electronics, King,
NC, U.S.A.) was positioned around the ascending aorta to
measure the pulsatile aortic flow. A Millar catheter with a
high-fidelity pressure sensor (model SPC 320, size 2F, Millar
Instruments, Houston, TX, U.S.A.) was used to measure the
pulsatile LV pressure. Before inserting catheter, the pressure
sensor was prewarmed in 37°C saline for at least 1 h. The
catheter was inserted via the isolated right carotid artery into
the left ventricle. After withdrawing the catheter from each
rat, the catheter was reimmersed in the bath to check for
baseline drift. At the end of the experiment, the pressure
reading from the sensor submerged in the saline of less than
10 mm in depth was used as the zero pressure reference
(Zuckerman & Yin, 1989). The electrocardiogram (ECG) of
lead II was recorded with a Gould ECG/Biotach amplifier
(Cleveland, OH, U.S.A.).

After the surgical procedure, each rat was allowed to
stabilize for 20—30 min to obtain haemodynamic data at
basal state (BA). Thereafter, the animal was subjected to
DMSO in a volume of 0.1 ml kg~! intravenously. The acute
effects of liriodenine on the mechanical properties of the
heart and the vasculature were evaluated at the dose of 10~7
or 107®gkg" in a volume of 0.1 ml kg='. Animals were
injected with a bolus of liriodenine at the dose of 10~7 or
10~° g kg~', and were maintained for 5-10 min to obtain
steady-state parameters after each injection.

The analogue waveforms were sampled at 500 Hz using a
12-bit simultaneously sampling analogue-to-digital (A/D)
converter interfaced to a personal computer. Selection of
signals of 5—10 beats at steady state was made on the basis
of the following criteria: (i) recorded beats with optimal
velocity profile that was characterized by a steady diastolic
level, maximal systolic amplitude, and minimal late systolic
negative flow; (ii) beats with a cardiac cycle length less than
5% different from the average value for all recorded beats;
(iii) exclusion of ectopic and postectopic beats. The selective
beats were averaged in the time domain, using the R wave
(the peak wave of QRS complex) of the ECG as a fiducial
point. A single-beat estimation technique was used to
evaluate the ventricular-arterial coupling without altering
LV loads (Takeuchi et al., 1991; Chang & Kuo, 1997; Chang,
1998).

End-systolic pressure-stroke volume relationships

The LV end-systolic elastance and the effective arterial
volume elastance can be calculated from the ventricular
and arterial end-systolic pressure-stroke volume relation-
ships, respectively (Sunagawa et al., 1984; Chang & Kuo,
1997). Briefly, the pressure-cjected volume loop (dotted line
in Figure 1C) can be obtained by the time integration of
aortic flow (Figure 1A) and the measured LV pressure
(solid line in Figure 1B). The peak isovolumic pressure of
the left ventricle at the end-diastolic volume (Pjomax) 18
estimated by the equation described in Appendix and is
shown as dashed line in Figure 1B. In Figure 1C, drawing
a tangential line from the estimated peak isovolumic
pressure to the right corner of the pressure-ejected volume
loop yields a point referred to as the end-systolic
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Figure 1

Ascending aortic flow (A), LV pressure (B), and ventricular as well as arterial end-systolic pressure-stroke volume (P,

SV) relationships (C). (B) The dashed line represents the isovolumic pressure curve at an end-diastolic volume, which is estimated by
fitting a sinusoidal function (shown in Appendix) to the isovolumic portions of the measured LV pressure. (C) Drawing a tangential
line from P ,max to the right corner of the pressure-ejected volume loop yields a point referred to as the end-systolic equilibrium
point. The solid line connecting Pj;,max to the end-systolic equilibrium point constructs the ventricular P.-SV relationship that has
the slope of E, and the volume intercept of V,.;. On the other hand, the arterial P,-SV relationship is the dashed line connecting
the end-diastolic point to the end-systolic equilibrium point, with the slope of E,.

equilibrium point (Barnea & Jaron, 1990; Kubota et al.,
1992). The line connected the estimated peak isovolumic
pressure to the end-systolic equilibrium point is the
ventricular P,-SV relationship, which is denoted as the
solid line in Figure 1C. The slope of this solid line
represents the LV end-systolic elastance, FE,, and the
volume axis intercept of this line is the effective LV end-
diastolic volume (V,.;). Ve..q is the difference between the
LV end-diastolic volume (V,;) and the zero-pressure
volume axis intercept (V). On the other hand, the arterial
P.-SV relationship is the line connecting the end-diastolic
point to the end-systolic equilibrium point, which is
denoted as the dashed line in Figure 1C. The slope of
this dashed line represents the effective arterial end-systolic
elastance, FE,,.

Coupling of the left ventricle and the arterial system

The matching condition for the left ventricle coupled to its
arterial system can be described using the ratio of E, to E,
(Burkhoff & Sagawa, 1986). In this type of analysis, the
arterial system is treated as if it were an elastic chamber with
a volume elastance, E,, just as the ventricle is represented as
an elastic chamber with an end-systolic volume elastance, E,,.
When the ventricular elastance is connected to the arterial
elastance, part of the energy stored in the ventricular
elastance is transferred to the arterial elastance. Thus, the
optimality of energy transmission from the left ventricle to
the arterial system, i.e. the optimal afterload (Q},.q), can be
determined from the ratio of stroke work to its theoretical
maximal value and can be expressed using the ratio of E, to
E,, as follows (Burkhoff & Sagawa, 1986; Kubota et al.,
1992):

4-EG/E€S
(1+ E,/E..)* M

Note that Q.. is independent of preload. Once the ratio of
E, to E, is known, Q.. can be determined from equation 1
When E, equals E., Q. becomes unity and the arterial
system extracts maximal energy from a given E,; and V...

Qlou,d =

Statistics

All data are expressed as means+s.e.m. A one way analysis
of variance (ANOVA) was employed to determine the acute
effects of liriodenine on the left ventricular-arterial coupling
in Wistar rats. The randomized block design (repeated factor)
was performed for the administration of liriodenine to
experimental animals. If ANOVA for a haemodynamic
variable reached the significant level, then the Tukey’s
honestly significant difference (HSD) method was used to
determine differences among means within BA, DMSO, and
effects of liriodenine at the dose of 10~7 or 10~ ¢ gkg "
Significant differences were assumed to be at the level of
P<0.05.

Results

Before liriodenine challenge, we determined the acute effects
of DMSO on the mechanical properties of the heart and the
vasculature, which were shown in Figures 2—5. In compar-
ison with basal state, BA, the administration of DMSO in a
volume of 0.1 ml kg=' to rats showed no effects on basal
heart rate (HR in Figure 2A), peak LV pressure (Ppax In
Figure 2B), as well as cardiac output (CO in Figure 2C).
Neither LV end-systolic pressure (P, in Figure 3A) nor
stroke volume (SV in Figure 3B) was affected by DMSO
challenge, which accounted for no alteration in effective
arterial volume elastance E, (Figure 3C). The DMSO
intervention produced no effects on either estimated peak
isovolumic pressure (Pjomax in Figure 4A) or effective LV
end-diastolic volume (V... in Figure 4B), causing no change
in LV end-systolic elastance E,, (Figure 4C). Moreover, no
significant alteration in the ratio of E, to E,; was detected
(Figure 5A), suggesting that the optimal afterload (Qjy.y in
Figure 5B) may not be influenced by the action of DMSO.
These data demonstrated that the acute administration of
DMSO in a volume of 0.1 ml kg™' to rats had no effects on
the chamber properties of the heart and the vasculature and
the matching condition for the ventricular-arterial coupling.
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Figure 2 Effects of liriodenine on basal heart rate HR (A), peak LV pressure Py.x (B), and cardiac output CO (C). Liriodenine at

its effective anti-arrhythmic dose of 10~7 g kg ™!

showed no significant changes in HR, CO, and P.,,,. By contrast, at 10 times the

effective anti-arrhythmic dose 107° g kg™, liriodenine produced a significant fall of 2.0% in HR and a significant rise of 5.8% in
CO, but no significant change in P,,x. BA, basal state; DMSO, dimethylsulphoxide.
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Figure 3 Effects of liriodenine on end-systolic pressure P, (A), stroke volume SV (B), and effective arterial volume elastance E,
(C). E, could be determined by the ratio of P,, to SV. Neither P,, nor SV was affected by liriodenine at the dose of 10~7 g kg™,
causing no significant change in E,. However, liriodenine at the dose of 10~° g kg~! produced a rise of 7.1% in SV and a fall of
10.6% in E, . The increased SV in the absence of any significant change in P, accounted for the reduction in E,. BA, basal state;

DMSO, dimethylsulphoxide.

Compared with either BA or DMSO, the acute adminis-
tration of liriodenine at the dose of 1077 g kg~' showed no
significant changes in HR (Figure 2A) as well as CO (Figure
2C). However, rats treated with liriodenine at the dose of
10~° g kg~ ' had lower HR (414.9+ 8.6 beats min~"') than did
rats at BA (426.2+10.4 beats min~') and rats treated with
DMSO (423.2+4 8.4 beats min~"). The ECG intervals (cardiac

cycle length) for BA, DMSO, liriodenine at 10~7, and
107 g kg~ were 141.843.0, 142.14+2.9, 143.5+3.6, and
145.0+3.0 ms, respectively. In contrast, CO was enhanced
from  1.3954+0.100 mls~' in rats at BA and
1.38740.093 ml s=! in rats treated with DMSO to
1.4704+0.089 ml s~! in rats treated with liriodenine at the
dose of 107¢ g kg~!. Pnax was unaffected by the action of
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Figure 4 Effects of liriodenine on estimated peak isovolumic pressure P ,max (A), effective LV end-diastolic volume V.4 (B), and

LV end-systolic elastance E,; (C). E,, could be determined by the ratio of Piomax t0 Veeq. Liriodenine at the dose of 1077 g kg

showed no effects on either Pisomax O Veeq, causing no significant change in E,, that is indicative of the intrinsic contractility of the
left ventricle. By contrast, liriodenine administration of 107¢ g kg ™' to rats decreased E,, by 8.5%. In the absence of any significant

change in Pjmayx, liriodenine at the dose of 107¢ g kg™!

state; DMSO, dimethylsulphoxide.

liriodenine at the dose of either 107 or 10 ¢ g kg~' (Figure
2B).

Neither P, (Figure 3A) nor SV (Figure 3B) was affected
by the action of liriodenine at the dose of 1077 g kg,
suggesting that liriodenine at this effective anti-arrhythmic
dose may not modify the chamber property of the arterial
system (E, in Figure 3C). However, rats treated with
liriodenine at the dose of 107°gkg™' had smaller E,
(525.8+36.8 mmHg ml~') than did rats at BA
(611.5+40.8 mmHg ml~') and rats treated with DMSO
(589.6 +44.5 mmHg ml~"). As for the chamber properties of
the left ventricle, liriodenine at the dose of 1077 g kg™'
exerted no effects on either P,n.x (Figure 4A), or V.,
(Figure 4B), producing no alteration in the physical property
of the heart (E,, in Figure 4C). By contrast, the mechanical
property of the left ventricle was depressed by the action of
liriodenine at the dose of 107° g kg~', as evidenced by the
reduction in E,. The quantity in E, was decreased from
586.94+47.7 mmHg ml~! in rats at BA and
575.84+53.2 mmHg ml~! in rats treated with DMSO to
526.9442.2 mmHg ml~' in rats treated with liriodenine at
the dose of 107¢ g kg~'. The increased V., in the absence of
any significant change in P;y,max accounted for the diminished
E,,, when liriodenine at 10 times its effective anti-arrhythmic
dose was administered to rats.

Liriodenine at the dose of 1077 gkg~! showed no
significant change in the ratio of E, to E, (Figure 5A),
causing no effects on the matching condition for the left
ventricular-arterial coupling in rats (Q,. in Figure 5B).
Although contributing to a fall in E, and E,,, liriodenine at
the dose of 10~ ¢ g kg~ ' produced no significant change in E,/
E,.. This suggests that even at 10 times the effective anti-
arrhythmic dose, liriodenine may have little influence on the

contributed to a decline in E, via its positive effect on V., BA, basal

optimality of energy transferred from the left ventricle to the
arterial system.

Discussion

The major findings of this study are that liriodenine at the
dose of 1077 g kg~' produces no effects on the mechanical
properties of the heart and the vasculature and the matching
condition for the ventricular-arterial coupling in rats.
However, at 10 times its effective anti-arrhythmic dose,
liriodenine may alter the chamber properties of the heart and
the vasculature, but not the optimality of energy transferred
from the left ventricle to the arterial system.

Acute effects of liriodenine on the systolic mechanical
property of the left ventricle

Our data did not show any significant changes in myocardial
contractility in rats after the acute administration of
liriodenine at the dose of 10~7 g kg~'. However, liriodenine
at the dose of 107° g kg~' contributed to a decline in the
contractile state of the left ventricle, as evidenced by the
reduction in E,. These results could not meet the conclusion
that liriodenine possessed the positive inotropic effects on the
rat isolated ventricular myocyte (Lin et al., 1994; Chang et
al., 1996). With an electrophysiological study, the anti-
arrhythmic action of liriodenine, at a concentration of 1—
10 uM, may be mediated through blockade mainly of the
Na™* and 7,, channels (Chang et al., 1996). Through the I,,
inhibition, liriodenine could prolong the action potential
duration (APD) of the cardiomyocyte to diminish its
spontaneous rate. The subsequent prolongation of APD
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Figure 5 Effects of liriodenine on the ratio of E, to E, (A) and
optimal afterload Q. (B). The optimal afterload can be determined
by the ratio of E, to E,,. The ratio of E, to E,; was unaffected by the
acute administration of liriodenine to rats, at either 10’ or
10% g kg~'. No significant change in E,/E,, suggests that even at
10 times the effective anti-arrhythmic dose, liriodenine shows no
effect on the efficiency of energy transferred from the left ventricle to
the arterial system. BA, basal state; DMSO, dimethylsulphoxide.

may be responsible for the increased sarcoplasmic reticulum
Ca’" loading and release, accounting for the force enhance-
ment of this anti-arrhythmic agent. Force itself, however,
may not necessarily be the best index of a change in
contractile state, even at a given muscle length. In this study,
we used the system parameter E,; to describe the intrinsic
contractility of the left ventricle because of its independence
of preload, afterload, and heart rate in a given constant
contractile state (Sunagawa et al, 1983; 1984; 1985). In

addition, the dose of 107°gkg™' for liriodenine approx-
imates the concentration of 0.03 uM in the intact rat; the
concentration used in this study is far smaller than those used
in the in vitro studies. Being an aporphine alkaloid,
liriodenine at this low dose is supposed to exert another
mechanism of the action to reduce the intrinsic contractile
state of the left ventricle in the intact animal. Further cellular
studies are needed to delineate the negative inotropic effect of
liriodenine at the dose of 107° g kg=' on the intact heart.

Acute effects of liriodenine on the chamber property of the
arterial system

No significant change in effective arterial volume elastance
was observed in rats after the acute administration of
liriodenine at the dose of 10~7 g kg~'. However, liriodenine
at the dose of 107° g kg~!' caused a fall in arterial chamber
stiffness, as evidenced by the reduction in E, If a small
difference between LV end-systolic pressure and mean aortic
pressure is ignored, then LV end-systolic pressure can
approximate mean aortic pressure (Sunagawa et al., 1984).
Total peripheral resistance of the systemic circulation (R,)
can be calculated as LV end-systolic pressure divided by
mean aortic flow. In this study, R, was unaffected by the
action of liriodenine at the dose of 1077 g kg~'. However,
rats treated with liriodenine at the dose of 107¢ g kg~! had
lower R, (1.265+0.082 mmHg s ml~') than did rats at BA
(1.376 £0.108 mmHg s ml~') and rats treated with DMSO
(1.393+0.103 mmHg s ml~"). These data suggest that the
diminished tension of the vascular smooth muscle cells may
occur in the resistance arterioles by the action of liriodenine
at the dose of 107° g kg~' but not at the dose of 10~7 g kg~ ".
It has been shown that E, can be reasonably approximated
by the ratio of physical arterial resistance to cardiac cycle
length (Sunagawa et al., 1984). Thus, the decreased total
peripheral resistance and basal heart rate by the action of
liriodenine at the dose of 107° g kg~' may account for the
reduction in effective arterial volume elastance.

Acute effects of liriodenine on the matching condition for
the ventricular-arterial coupling

Equilibrium stroke volume can be determined as the
interaction between the ventricular and arterial end-systolic
pressure-stroke volume relationships (Figure 1C). It has been
shown that the equilibrium stroke volume is directly
proportional to the effective LV end-diastolic volume V.,
and is inversely related to the ratio of E, to E,, (Burkhoff &
Sagawa, 1986). Our data did not show any significant
changes in E,/E,; in rats after the acute administration of
liriodenine at the dose of either 1077 or 107 gkg™'. As
mentioned earlier, liriodenine at the dose of 107°¢ g kg~! gave
rise to a decline in either E, or E,. Unchanged E,/E,
indicated that liriodenine at the dose of 107° g kg™" altered
the chamber properties of the left ventricle and the arterial
system to the same extent. Thus, liriodenine at the dose of
107° g kg™! had increased equilibrium stroke volume due to
a rise in V,., in the absence of any significant change in E,/
E.. Despite lower heart rate and depressed cardiac
contractility, rats treated with liriodenine at the dose of
10-% g kg~! are able to enhance stroke volume, causing an
increase in blood flow and maintaining LV end-systolic
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pressure as seen in rats before liriodenine administration.
This is due to changes in the peripheral circulation by the
action of liriodenine at the dose of 107° g kg~' and reserves
in Frank-Starling operation of the rat heart.

The tissue perfusion of vital organs, such as brain, heart,
and kidney, depends not only on adequacy of cardiac output
or stroke volume, but also on a sufficient level of arterial
blood pressure. As a result, the stroke work should measure
the performance of the left ventricle, accounting for both the
blood flow and the arterial pressure (Sunagawa et al., 1985).
The optimality of the afterload, Q.4 has been defined as the
ratio of stroke work to its maximal value and used as a
measure for the matching condition, when the left ventricle is
coupled to the arterial system. Since no significant changes in
E,/E,, were observed in rats after the acute administration of
liriodenine at the dose of either 1077 or 10-°gkg™',
liriodenine produced little influence on the matching
condition for the left ventricular-arterial coupling. Unaltered
optimal afterload suggests that even at 10 times the effective
dose for the anti-arrhythmic activity, liriodenine may
maintain the optimality of energy transferred from the left
ventricle to the arterial system as seen in rats before
liriodenine challenge.

Differences in cardiovascular dynamics between
liriodenine and quinidine

Quinidine, an optical isomer of quinine, has been considered
the prototypical anti-arrhythmic drug for the patients with
atrial fibrillation. Herein, we also studied the effects of
quinidine on the left ventricular-arterial coupling in another
seven rats. Animals with NaCl infusion served as controls. As
mentioned earlier, liriodenine at its effective anti-arrhythmic
dose of 1077 g kg~' produces no effects on the mechanical
properties of the heart and the vasculature and the matching
condition for the ventricular-arterial coupling. On the
contrary, after infusion of quinidine at its effective anti-
arrhythmic dose of 3 mg kg=', we observed a significant
reduction (P<0.01) in HR from 417.0+12.9 to 385.14+14.8
beats min~', and in P, from 117.44+5.4 to 73.743.7 mmHg.
Although there was a trend toward decreasing CO after
quinidine, the difference was not significant (1.485+0.113 vs
1.29840.133 ml s~', P>0.05). These data were in accor-
dance with other reports in the literature (Nwangwu et al.,
1982; Hoftmeister et al., 1988; 1989; Mariano et al., 1992). It
is evident that hypotension due to quinidine is caused by
vasodilatation via a-adrenergic blocking effect of the drug.
Quinidine reduces cardiac rate by increasing threshold via
blocking fast Na™ channels (Lee et al., 1981) and increasing
action potential duration via blocking I, or I,, channels
(Wang et al., 1990; 1995). The vasodilatation and the
bradycardia caused by quinidine may account for the
decrease (P<0.01) in E, from 561.3+32.1 to
309.3423.6 mmHg ml~'. By contrast, the vasodilatation
caused by quinidine may be associated with baroreflex-
mediated increases in sympathetic nerve activity to maintain
contractile state of the myocardium (E,, at 638.3+55.6 of
quinidine vs 665.34+43.8 mmHg ml~! of controls, P>0.05).

Thus, the discrepancy between E, and E,, was augmented by
quinidine to worsen the matching condition for the left
ventricle coupled to the arterial system, leading to a reduction
(P<0.01) in Qyyuq from 0.990+0.003 to 0.872+0.004. This
suggests that the energy transferred from the left ventricle to
the vasculature may be deteriorated in rats after infusion of
quinidine. In this study, we suggest that liriodenine but not
quinidine at its effective anti-arrhythmic dose may be useful
in the therapy of cardiac arrhythmia.

Limitations

There is a concern regarding the estimation of the isovolumic
pressure from an ejection contraction. The duration of the
isovolumic contraction by occluding the ascending aorta in
diastole is significantly longer than that of the ejecting
contraction, and the cardiac cycle length of the estimated
isovolumic pressure is therefore shorter than that of the
measured isovolumic pressure. Despite this observation, the
predicted peak isovolumic pressure has good correlation with
that obtained by actual aortic occlusion at the end of diastole
(Sunagawa et al., 1980). The advantage of this single-beat
estimation technique is that the specific drug effects on the
integrative nature of the left ventricular-arterial coupling can
be measured without altering ventricular loads.

Another concern is the cumulative effect of DMSO on the
mechanical properties of the heart and the vasculature. In
this study, the four measurements (i.e., basal, vehicle,
liriodenine at 10~7 and 107° g kg~') have been taken in
temporal sequence. Since the body weight of the rat used was
between 300 and 350 g, the cumulative dose of DMSO given
three times did not exceed 0.1 ml. Although we did not show
data on a series of control animals in which DMSO has been
administered at the same dose, there is evidence that DMSO
has little influence on arterial blood pressure and blood
gasses, even at the higher dose of 1.0 ml (Shimizu ez al.,
1997).

In summary, we determined the acute effects of liriodenine
on the matching condition for the left ventricular-arterial
coupling in Wistar rats. Our data suggest that liriodenine at
its effective anti-arrhythmic dose of 10~7 g kg~! may produce
no effects on the mechanical properties of the left ventricle
and the arterial system and the optimality of afterload. By
contrast, liriodenine at the dose of 107° g kg~ ' diminishes the
LV end-systolic elastance E, and the effective arterial
elastance E,, but not the ratio of E, to E,. Unaltered E,/
E,; and then the optimal afterload suggest that even at 10
times the effective anti-arrhythmic dose, liriodenine may
maintain the optimality of energy transferred from the left
ventricle to the arterial system as seen in rats before
liriodenine challenge. Further studies are needed to delineate
the negative inotropic and chronotropic effects of liriodenine
at the dose of 107 % g kg~! on animals.
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and P, P;,(t) is obtained by fitting the measured LV pressure
curve segments from the end-diastolic pressure point to the peak
positive dP/dT and from the pressure point of the peak negative
dP/dT to the same level as the end-diastolic pressure of the
preceding beat (Takeuchi et al., 1991). The peak R wave of the
ECG is used to identify the LV end-diastolic point. Figure 1B
schematically represents the relationship between the ejection
contraction and the estimated isovolumic contraction in the
pressure-time diagram.
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