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ABSTRACT

Tetrandrine, dauricine, daurisoline and neferine are bisbenzylisoquinoline akaoid derivativesisolated from
Chinese traditiona medicineand herbs. The cardiovascular pharmacological effects and the mechanism of actions
of these compounds were reviewed. Tetrandrine isol ated from Stephania tetrandra S Moore possesses antihyper-
tensve and antiarrhythmic effects. The antihypertensive effects of tetrandrine have been demonstrated in experi-
mental hypertensive animals and in hypertensive patients. Recent studies showed that in addition to its cal cium
antagonigtic effect, tetrandrine interacted with M receptors. Modulation by M receptor is oneof the pharmacol ogi-
ca mechanismsof cardiovascular efects of tetrandrine. Dauricine and daurisol oine wereisolated from Menispermum
dauricum DC. The antiarrhythmic effects of dauricine have been verified in diff erent experimenta arrhythmic
modelsand in cardiac arrhythmic patients. Daurici ne bl ocked the cardiac transmembrane Na',K* and Ca* ion
currents. Differing from quinidine and sotalol, which exhibited reverse use-dependent effect, dauricine prolonged
APD in a normal use-dependent manner in experimental studies. The antiarrhythmic effect of daurisoline and
neferine which is an akaoid isolated from Nelumbo nucifera Gaertn, and their mechanisms of actions have also
been studied. Theantiarrhythmic effect of daurisoline is more potent than that of dauricine.

INTRODUCTION . S :
the treatment of hypertenson and slicosis in China.

Tetrandrine, dauricine, daurisoline, and neferineare Dauricine (Dau) and daurisoline (DS) were il ated from
bisbenzylisoquinoline alkaloid derivativesisolated from rhi zome of Menispermum dauricum DC. T he antiar-
Chinese traditional medicine and herbs. Tetrandrine rhythmic eff ects of Dau have been verified in experi-
(Tet) wasisolated from therootsof Stephania tetrandra menta animal studies and in patients with cardiac
SMoore. Asearly asin themiddleof twentieth certury, arrhythmias. Neferine (Nef) wasisolated from the seed
Tet has aready been the target of the pharmacological embryo of Nelumbo nuciferaGaertn. 1t has aso been
research work in our university. Tet has been used for demonstrated that Nef possesses antiarrhythmic action.

In the past few decades, tremendous amount of work

Lo L ) . have been done to explore the pharmacological effects
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these studies cited here were mainly conducted in the
Faculty of Pharmacology of our University.
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TETRANDRINE(TET)

It has been demonstrated that Tet possesses anti-
arrhythmic action in severa experimenta arrhythmic
models*?, antihypertensive effect in spontaneously
hypertensve rats, rena hypertensve ratsand Doca-salt
hypertensive rats?. 1t also has been demongtrated that
Tet is acacium antagonist of Chinese medicine ori-
gin*?; is not a sdlective cal cium channe blocker invas-
cular smooth musclé®. The mechanism of actions of
Tet has been extensvely explored. Tet could inhibit
both T and L type ca cium channels currents in ven-
tricular cells$™; block voltage-dependent Ca* and Cat*
activated K* channels®. In radioligand binding study
of rat brain membranes preparation, Tet displayed high

affinity for M receptors®. Tet acted as an allosteric
modulator for M receptor, and showed high affinity
with m,, m, receptor subtype expressed in bacul ovirus
infected insect cels (Spodoptera frugiperda, Sf9)!".
The mAChR subtypes expressed in Sf9 cells had es-
sentialy thesame specificity for subtype-specific ligands
as MAChR subtypein mammalian tissues™. By using
electrophysologica methods and selective antagonists
for M receptor subtypes (M,: pirenzepine; M,: AF-DX
116; M,: 4-DAMP), recently the influence of selective
antagonigs for M receptor subtypes on the cardiovas
cular effects of Tet was investigated.

Modulation by muscarinic receptor antagonists
on negative chronotropic effects of tetrandrine To
investigate the influence of s&l ective antagonist for M
receptor subtype on Tet’ s effect of reducing heart rate
and inhibiting snoatrial node (SAN) function and its
ionic mechanism, the effects of reducing heart rate of
Tet weremaintained inisolated right atrium and pithed
rats modification on action potentials (AP) of SAN cells
and L -typecalcium current (/,,) by Tet were recorded
by means of standard microdectrode and patch-clamp
whole cell recording techniques. The results showed
that Tet inhibited spontaneous beating rate of isol ated
right atrium (EC,, vdue=23.7 mmol/L) and reduced heart
rates in pithed ratsin aconcentration dependent man-
ner (EC,, value=18.6 mg/kg).

Automaticity of SAN was inhibited by Tet. AP
upgiroke velocity (V,..), pontaneous depolarization
ratesin phase 4 (SP,) were decreased and snus cycle
length (SCL) was prolonged when treated with Tet. Tet
(30 nmol/L) caused a reduction in peak vaue of I,
from (1275£190) pA to (498+94) pA inisolated sngle
cardiomyocyte. Atropineand AF-DX 116 (M,subtype
selective antagonist) could attenuate such effectsof Tet
in acompetitive mode. The results suggest that nega-
tive chronotropic effects of Tet are due toitsinhibition
of I,.. Modification on /., isthe maor mechanism
of M receptor modulating Tet effectd™.

Modulation by muscarinic receptor antagonists
on negative inotropic effect of tetrandrine The in-
fluence of M receptor antagonists on negative inotropic
effects of tetrandrine has a so been studied. In isolated
guinea pig left atrium, atropine (0.03 nmol/L) and AF-
DX 116 (1 nmol/L) markedly inhibited Tet’ s effect of
decreasng contracting force, EC,, value (mmol/L)
changed from (28.9+0.9) to (125+21) and (127+13)
respectively. Atropine (0.03 nmol/L) partidly antago-
nized shortening effects of Tet on actionpotentia dura-
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tion at 20 % (APD,,) and action potential duration at
50 % (APD,,) inrabbit right atrium, but did not affect
prolongation of action potential duration at 90 %
(APDg,) in high concentration of Tet. Insingle isolated
guinea pig ventricular cells, Tet could inhibit 7, ; in-
hibit inwardly rectifier potassum current (/,,), but the
inhibitory effect of Tet (30 mmol/L) on I, wasnot af -
fected by aropine (1 mmol/L), while reversed by acetyl-
choline (1 mmol/L). Theresults dso suggest that modu-
lation of M receptor antagonist on calcium channd
blocking effects of Tet is itsmain ionic mechanism in
attenuating negativeinotropic effects of Tet!*?,

Modulation by atropine on relaxant effects of
Tet in isolated rabbit aorta Therelaxant effect of Tet
wasdeermined inrabbit aortic preparations. Tet caused
concentrati on-dependent relaxation in phenylephrine or
K Cl induced contractionwith similar maximal responses.
Therdaxant effect was nat endothelium-dependent and
pretreatment with atropine (0.1 nmol/L) had no influ-
ence on it!*,

Beneficial effects of tetrandrine on functional
recovery after ischemia and reperfusion in
isolarted-working hearts of guinea pigs™ It has
been suggested that acetylcholineisan endogenousmyo-
cardia protective agent'™. The protective effect in-
vol ves the mechanism of muscarinic gimulation. By
using the model of i schemia-reperfusion injury in iso-
lated working heart of guinea pig, the change of car-
diac function after treatment with Tet was investigated.
It was found that both methacholine and Tet were able
to andiorae theischemia-reperfuson injury of the heart
and promote the recovery of cardiac functions. Mus
carinic antagonist atropine could almogt abolish such
protective effects. It issuggesed that the protective
effect of tetrandrine isnot only dueto itscacium chan-
nel bl ockade, but aso involves the mechanism of M
receptor stimulation.

Influence of tetrandrine on cardiovascular re-
sponse modulated by muscarinic receptor subtypes
To get more information of the action mode of interac-
tion between Tet and cardiovascular M receptor
subtypes, the influence of Tet on different responses
induced by stimulation of distinct M receptor subtypes
was sudied in anesthetized and pithed rats and com-
pared with classical calcium channel blodker verapamil.
Methacholine caused hypotensive and bradyrhythmic
effects in both normotensive rats (NTR) and rena hy-
pertensverats (RHR) by activating M, and M, receptor,
while activation of M, receptor in the sympathic gan-
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glia caused pressor response in pithed rats. Tet could
srengthen the effects of methacholine in anesthetized
rats (NTR and RHR). In pithed rats, Tet shifted the
dose-response curve of hypotensve activity of metha
choline toward left in low concentration of methacho-
line, whilein high concentration of methacoline the curve
was shifted toright. Tet acted like a partial agonist.
But Tet antagonized the pressor effect mediated by the
gimulation of M, receptor in pithed rats. The pKj; vdue
for Tet was 8.69 (M,), 8.63 (M,) and14.45 (M,). Tet
shows diff erent selectivity for M receptor subtypes. It
ismore selective for M, and M, subtypes. Verapamil
could antagonizethe effects induced by the stimulation
of M,, M,, and M, receptors. Verapamil has anticholin-
ergic effects™,

The results mentioned above confirm the hypoth-
essthat Tet interactswith cardiovascul ar muscarinic
receptor. Tet shows theproperty of a partial agonist of
M receptor and modulation by M receptor is one of the
pharmacol ogical mechanisms of cardiovascular effects
of tetrandrine, also it is more selective to M, and M,
receptors but not M, subtype.

DAURICINE (DAU) AND DAURISOLINE (DS)

We have aso devoted to sudy the antiarrhythmic
effects and to explain the mechanism of actions of Dau
and DS.

Antiarrhythmic effects of daurcine The anti-
arr hythmi c eff ects of Dau have been demonstrated in
several experimentd arrhythmic models and in
cinid®® | nisolated guinea pig atria and papil lary
muscle, Dau (0.1 mmol/L) reduced the force of con-
traction and decreased the amplitude and 7, of action
potential. Dau (1-300 mmol/L) increased the duration
of action potential (APD) and thefunctiona refractory
period. Theeffect of acetylcholine (30 mmol/L) in short-
ening the APD of theleft ariawas antagonized by Dau
(30 mmol/L)™. Dau (20 nmol/L) prolonged APDg, ina
use-dependent manner in guinea pig papil lary muscles.
Dau became more effedivein lengthening at short cycle
length, whereas quinidine (1 nmol/L) and sotalol (10
mmol/L) were lesseffectivein lengthening APD & short
cycle lengths. T he effects of quinidine and sotalol on
APD exhibited reverse use-dependence. Thereaults
indicate that Dau may become the ‘ idea’ antiarrhyth-
mic drugs™®. The effects of Dau (40 nmol/L) on the
dow action potential s induced by high K* (24 mmol/L)
in guinea pig papil lary muscles and in sinoatrial node
cells of rabbit were sudied. Dau decreased the maxi-
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mal upstroke velocity (7,,.,) of dow action potentials
and prolonged the APD,,. Bay K8644 (50 nmol/L) (a
calcium channel activator) increased the amplitude and
V.ax Of dOW action potentia s, which were antagonized
by Dau. An inhibitory influence of Dau on the action
potential amplitude (APA) was aso observed in papil-
lary muscles superfused with Tyrode' s solution con-
taining high K* andin rabbit sinoatrial node cells. The
results suggest that Dau possesses cal ci um-antagonis
tic ef fect!®

In human atrial fibers and rabbit atrioventri cular
node cells, Dau a so produced concentration-dependent
depression on the APA, Vmax and spontaneous action
potential. Dau markedly increased sinoatrial node con-
duction time (SACT) of the anesthetized rabbits. The
results suggest that Dau significantly depressed the s-
noatrial node conduction function, and the action po-
tentid of theatrial fibers and atrioventricular nodecells,
which might bereated to its antagonizing effect on
supraventricular arrhythmias®.

In theisolated canine cardiac Purkinjefibers, Dau
(1-30 mmol/L) inhibited APA, V,,,, maxima diastolic
potentials (MDP) in concentration-dependent manner,
and prolongationsof APD.,, APD,, aswell assERP. The
automaticity and excitation were significantly reduced
at concentration of Dau 30 mmol/L. Dau prolonged
APD at fadt rate and a dow rateto asmilar extent in
canine Purkinj e fibers, the eff ect of Dau on APD like
aminodaroné®,

By using intracellular microelectrode method to
record action potential, the effects of Dau on early
afterdepdarizations (EADs) and triggered activity (TA)
induced by quinidinein guineapig papillary musdeswere
studied. Dau (20 mmol/L) couldinhibit EADsand TA
induced by quinidiné®. Dau aso exerted an antago-
nisic action to delay afterdepolarizations (DADs) in-
duced by many inducers such as phenylephrine,
isoprenaline, ouabain and caffeinein guinea pig papil-
lary musclé®!. The resultsindicate that Dau could in-
hibit EADs and DADs-induced arrhythmiasin vitro. To
sudy the effect of Dau on CsCl-induced EADs and
ventricular arrhythmiasin rabbits (in vivo), monopha-
sic action potentias (MAP) of the left ventricle of the
rabbit heart in situ wererecorded with MAP recording
technique. CsCl was used to induce EAD and ven-
tricular arrhythmias. Dau could also suppress CsCl-
induced EADs and TA in rabbit heart in vivo®..

Ionic mechanisms of antiarrhythmic effects of
dauricine By meansof intracellular microe ectrode and
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single sucrose gap voltage clamp technique, the effect
of Dau on the action potentiad, the dow action potentia
(SAP), and dow inward currents (/) of guinea pigven-
tricular papillary muscleswere observed. Dau prolonged
APD, effective refractory period (ERP), sgnificantly
decreased APA, V., and overshot (OS), gresatly di-
minished APA and OS of SAP induced by isoprenaline,
and remarkably inhibited IS. The results suggest that
Dau exerted an inhibitory effect on Na', Ca*, and K*
channel§%°,

The effect of Dau on L-typecalcium current (/)
in guinea pig ventricular myocytes was studied by us-
ing whole-cell patch clamp recording method in single
ventricular cell of guineapig. Dau 1, 10, and 100 nma/
L markedly reduced /,. Dau inhibited I, a 3Hz and 1
Hz to a smilar extent. Theresults indicate that Dau
possesses calcium channel blocking effect and its ef -
fect on I, appearsto be not f requency-dependent®”.

By using voltage clamp technique, it was demon-
drated thet Dau could inhibit sodiumion currentin car-
diac Purkinje fiberd®®. Quantitative studies on kinetics
of cardiac sodium channel s blocked by Dau based on
the model of gate-related receptor hypothesiswere per-
formed by using computer smulation. Theresults sug-
gest that binding ste of Dau in cardiac sodium channel
is activati on gate-rel ated receptor sité.

By using thewholecell configuration of thepatch-
clamp technique, the inhibitory ef fects of Dau on po-
tassum currents were investigated in guinea pig ven-
tricular myocytes. Dau (1-100 nmol/L) blocked the
rapidly activating component (Z,,) and the dowly acti-
vating component (/) of the delayed rectifier potas-
sum current, aswell asreducing /,, and [, tail currents
in concentration-dependent manner. Dau (20 mmol/L)
asoinhibited theinward rectifier potassum current (Z,,).
Dau had different characterigticsin blocking 7,, and I,
from thoseof quinidineand dofetilide. It didnot affect
the process of /,, and /,, deactivation. Dau prolonged
APD in ause-dependent manner. The effects of Dau
on I, and I, were smilar to that of amiodarone,
propafenone, and azimilidé™®. These characterigtics of
Dau, dong with its blockage on L-type calcium current,
rai ses the possibility that this compound will provide
effecti ve antiarhythmic therapy, while minimizing the
risk of Torsades de pointes.

Effects of dauricine on acute myocardial inf-
arction In four kinds of isolated vascular smooth
muscle preparations, Dau relaxed the vascular smooth
muscles. In isolated rat hearts, Dau increased coro-
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nary arteria flow, inhibited myocardia contraction force
and d owed down the heart rate. By using the ®*RbCl-
extraction method Dau increased the myocardia blood
flow of mice. Dau reduced the myocardial infarct sze
a 24 h after acute coronary occlusonin rats, inhibited
the thromboxane A, (TXA,) formation and platelet ag-
gregation’**!, In anesthetizd dogs Dau exerted pro-
tective and anti-arrhythmic effects on acute myocar-
dial infarction. Dau depressed the elevated coronary
venous blood lactate dehydrogenase (L DH) and creat-
ine phosphate kinase (CPK) after left anterior descend-
ing coronary artery (LAD) occluson. Dau produced
antagonistic ef fects on acute myocardia ischemiain-
duced ventricular ectopic activities (VE) and ventricu-
lar tachycardia (VT). Ventricular fibrillation (VF) is
tended to descend™®!.

It ispossble that Dau exerted its protective effect
on acute myocardia ischemia by inhibiting calcium in-
flux across the myocardial membrane and by limiting
the intracellular calcium overload, decreasng the myo-
cardia O, consumption, increasing the coronary blood
flow, i mproving the myocardia blood supply, and in-
hibiting the TXA, formation and platelet aggregation.

Antiarrhythmic effect of daurisoline (DS) DS
isa samekind of phenolic dkdoid as Dauisdated from
Menispermum dauricum DC. The antiarrhythmic ef-
fect of DS hasalso been demonstrated in several ex-
perimental arrhythmic models. DS had similar antiar-
rhythmic effects with Dau, but its antiarrhythmic ef-
fects were more potent than that of Daut®"!,

It prolonged APD with a normal use-dependent
manner in guinea pig papillary muscles in vitro™. The
effect of DS on monophasic action potential (MAP) of
rabbit hearts in vivo has been sudied with MAP re-
cording technique. The results showed that DS de-
creased monophasic action potential amplitude (MAPA)
and prolonged monophasic action potential duration at
50 % and 90 % (MAPD,,, MAPD), and ERP. DShad
no reverse frequency-dependent eff ect’®. It suggests
that DS may be a potentia antiarrhythmic drug in fur-
ther clinica use.

By using Ca* senditive microe ectrode technique
to record intracellular Ca?* activity (a,) and triggered
activity (TA) arigng from delayed afterdepolari zation
(DAD) in myocardium, the effect and the mechanism
of DS on DAD was invesigated. Strophantin G (3
mmol/L) yielded an inarease inrestingmyocardial d..and
trangent elevations of d, during the development of
DAD and TA. By treatment with DS or verapamil,
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drophantin G-caused e evations of the &, in resting
and provoked myocardium were eliminated and TA
disappeared. DS (50 nmol/L) reduced Na'-free me-
dium-induced eevation of dog Purkinje fibers d., and
abolished caffeine-induced increase of dog myocardia
d.,. Itisconcluded that DS inhibited DAD and TA by
preventing an increase of &, via transmembrane Ca’*
entry and Ca?* release from the reticulum(*®.

NEFERINE (NEF) Theantiarrhythmic effects of
Nef have also been demongrated in severd different
experimenta studies*”. Theeffects of Nef on the elec-
trical and mechanica activity wereinvestigated in guinea
pig papillary muscles and aria. Nef 0.1 mmol/L re-
duced the force of contraction, decreased the ampli-
tude and V., of action potentia (AP), prolonged the
APD,,, APDy, and ERP. Theeffect of acetylcholine 10
nmmol/L which shortened the APD of the left atriawas
partly antagonized by Nef 30 mmol/L"“3. Nef 30 nmd/
L decreased the automaticity-inducing effect of adrena-
lineinguineapig atria. Nef 30 nmol/L suppressed and
shifted the isoprendine dose-effect curveto the right
non-pardld, an action different from the action of
propranolol. The effect of Nef on the dose-response
curves of Ca®* was studied in left atria of guinea pigs.
Nef, as verapamil, showed dualigtic action in Ca**-an-
tagonism(®.

Nef aso suppressed the contractility of the rabbit
papillary muscles, prolonged functiona refractory pe-
riod (FRP), inhibited automaticity, podtive darcaseand
post restpotentiation. The resultsof Nef can be ex-
plained by a non-specific inhibition of the current of
Na', Ca* and K*. Its antagonistic efficiency to
arrhythmias may be rel ated to these effectd™.

By using turbidimetry and Fura-2 fluorescence
technique, the effect of Nef on platel et aggregation and
concentration of cytoplasmic free calcium ([Ca*],) were
studied in human and rats. Nef could dose-dependently
inhibit human or rat plael & aggregaioninduced by ADP,
collagen and epi nephrine both in vitro and ex vivo. In
the presence or absence of external Ca*, Nef inhibited
ADP-gimul ated i ncrease of [Ca**],, but had no eff ect
on reging [Ca®],. The results suggest that Nef not
only decreased Ca* influx but alsoinhibited internal Ca®
discharge®!.
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