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Modulation by muscarinic receptor antagonists on
negative chronotropic effects of tetrandrine!
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ABSTRACT

AIM. To investigate the influence of selective
antagonist for muscarinic { M} receptor subtype on
tetrandrine ( Tet » reducing heart rate, inhjbiting
sinoatrial node ( SAN ) function, and its ionic
mechanism. METHODS: Effects of reducing heart
rate of Tet were maintained in isolated right atrium and
pithed rats. Modification on action potentials ( AP) of
SAN cells and L-type calcium current ( e, } by Tet
were recorded by means of standard microelectrode and
patch-clamp  whole  cell recording  techniques.
RESULTS: Tet inhibited spontaneous beating rate of
isolated right atrium (BCs, 23.7 pmol - L™!} and
reduced heart rates in pithed rats in a concentration-
dependent manner ( ECy,. 18.6 mg-kg™'}.  Auto-
maticity of SAN was inhibited by Tet. AP upstroke
velocity ( Vi ). spontanecus depolarization rates in
phase 4 (SP;} were decreased and sinus cycle length
(SCL} was prolonged when treated with Tet. Tet (30
nmol+L "'} caused a reduction in peak value of o,y
from (1275 £ 190) pA © (498 £ 94) pA in isolated
single cardiomyocyte.  Atropine and AF-DX 116 (M,
subtype selective amtagonist ) could attenuate such
effects of Tet in a competitive mode. CONCLU-
SION: Negative chronotropic effects of Tet are due to
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its inhibition of 7, . Modification on 7, is the
major mechanism of M receptor modulating Tet effects.

INTRODUCTION

Tetrandrine ( Tet?, a calcium antagonist obtained
from Chinese herb ( Stephania tetrandra S Moore ),
can imteract with cardiovascular o-adrenergic and
muscarinic receptor’™ . In anesthetized cat, its hypo-
tensive effect was inhjbited by atropine and enhanced by
acetylcholine.  With radioligand binding assay in rat
brain. Tet had high affinity with muscarinic (M }
receptor 2. The present experiment was to observe the
modulation by cardiac selective M receptor antagonists
on chronotropic effects of Tet in vitro and in vive, and
to determine its possible ionic mechanism .

MATERIALS AND METHODS

Materials Tet obtained from Zhejiang Jinhua
Pharmaceutical Company. It was dissolved in HCI 1
mol-L~!, then its pH value was adjusted to 5 - 6 by
NaOH 1 mol-L~' Dr van Meel, Karacl Thomae
GmbH Pharmaceutical Company, provided AF-DX 116
and 4-DAMP. Atropine was purchased from Sigma.
All other reagents were of AR.

Guinea pigs (250 — 300 g, Grade [[ . Cenificate
No 19023 ), Wistar rats ( &, 300-350 g, Grade [,
Certificate No 19-050), and white rabbit {1.5~ 2 kg,
Certificate No 19-025) were purchased from Laboratory
Animal Center. Tongji Medical University.

Spontanecusly beating rate of isolated right
atrium [solated guinea pig right atrium with intact
sinus nodes were suspended in Tyrode's solution 10 mL
(NaCl 146.9, KCI 2.68, CaCl, 1.80, MgCl, 1.05,
NaH. PO, 0.62, NaHCOy 11.9, glucose 3.55 mmol *
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L~', pH 7.4, bubbled with 95 % O, + 3 % CO;).
The spontancously beating rate was measured with a
force mansducer connected with a double-pen recorder
(LMS-2A type, Chengdu Equipment Factory). The
resting potential (0.5 g) was kept constant throughout
the experiment. All preparations were allowed (o
equilibrate for 1 h before any intervention. Tet was
added in a cumulative concentration (0.1 — 300 pemol »
L~!) with or without atropine (0.03 pmol-L"!) or
AF-DX 116 (1 umol-L™'}.

Heart rates of pithed rats Rats were anesthe-
tized by sodium pentobarbital (45 mg-kg™',ip} and
subjected (o artificial respiration via tracheal canal with
positive pressure. The rats were pithed by introducing
a blunt needle into the spinal canal via orbit. Rectal
temperalure was maintained at abour 37 T. Right
femoral vein was canalized for administration of drugs.
Heart rate was measured from ECG-1, Nihon Kohden,
Pretreatment with selective mAchR subtype antagonists
or saline was camied out 15 min before administration
of Tet {5-25 mg-kg™').

Transmembrane action potential  Rabbit
sinus node preparations were made!?! . Transmembrane
action potentials of primary pacemaking cells were led
to microclectrode amplifier ( MEZ7101, Nihon
Kohden) by a standard intracellular electrode techni-
gque. The signal was displayed and fed to computer
{ IBM/PC 386} via A/D, D/A converter. Parameters
were analyzed by sofrware-AP6 (designed by Huazhong
Institute of Science and Technology). The prepara-
tions were superfused with saline or antagomists
{atropine 0.03 pmol-L-', AE-DX 116 1 pmol-L™1)
15 min before tetrandrine was used.

Patch clamp experiment Single ventricular
cells of guniea pigs were isolated by collagenase
digestion.  Transmembrane cuments were recorded
using the whole cell recording techniques. The
currents were measured with an Axo 200A amplifier via
a D/A converter { Digital 1200). Voltage clamping.
signal acquisition, and analysis of membrane currents
were achieved by computer program pCLAMP 6.01.
All experiments were carred out at room ilemperature
(25-28 T).

Extracellular solution; Choline C1 136, KC1 15.4.
MgCl. 1.0. HEPES 5.0, CaCl; 2.0, glucose 10,
TEACI 20 mmol - L™'. pH was adjusted to 7.2 by
CsOH.

Pipetie solution: CsCl 20, CsAsparte 110, HEPES
5.0, MgCl, 1.0, egtaeic acid 10, MgATP 5.0 mmol -
L™, pH was adjusted to 7.4 by CsOH.

Data analysis  All data were expressed as
X + 5. Stapstical significance was determined by ¢-
test, EC; values were calculated using computer
software “Sigmaplot 3.0",

RESULTS

Spontaneous heating rate Tet inhibited
spontaneously beating rate in a concentration-dependent
manner with BCy, of 23.7 (21.0 - 29.5) umol - L™!
(n=6. conrol) . Atropine and AF-DX 116 inhibited
the effects of Tet while the maximal effects of Tetr were
unchanged, The EC,, changed to 169 (126 — 198
umol* L™, atropine, n =6, P <0.01 vs control) and
115 (107 - 131 pmol-L-!, AF-DX 116, n=6, P <
0.01 vs control) {Fig 1).
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Fig 1. Effects of different antagonists on negative

chronotropic effects of Tet. n = 6 guinea pigs.
x5 "P<0.05, P<0.01 vs control.

Heart rates in pithed rats Tet (5~ 25 mg-
kg™!) caused a dose-dependent decrease in heart rates.
Heart rates were decreased from (300 x40, control) to
(205 +40), (263 +34), (198 +40). {130 =22},
{74 £ 15) beats/min by Tet 5, 10, 15, 20, 25 mg-
kg~!, respectively. Control EC5 was 18.6 (17.8 ~
19.4) mg-kg™'(n =7). The heart rates were
changed to {31 £3, n =6, P <0.05 vs control),
{19.8+ 0.6) beats/min, {»n =3), after pretreatment
with AF-DX 116 and 4-DAMP ( M, selective
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antagonist) . respectively (Fig 27,
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Fig 2. Influence of M receptor antagonists on

bradyrhythmic effects of Tet in pithed rats. n=7

rats. ¥+s. "P<0.05, P <0.01 vs control.

Action potental Ter decreased V. SP,.
and APA, also prolonged APDg,. APDy, and SCL in
rabbit sinus node primary pacemaking cells. In the
presence of atropine and AF-DX 116, such effects were
no longer significant except that of increasing APDy,
{Tab 1}.

L-type calcium current In voltage-clamp

mode for measurement of Je, . the holding porential
was kept at — 40 mV for 4 ms to inactivate fy, and
fear. The command potential was 0 mV and the
duration was 300 ms. The current was sieady m 30
min after forming whole cell state. so it avoided "run-
down" during this period. When the bath solution was
changed to Tet (30 pmol*L~!) | the Ca?* curremt was
inhibited. The peak current of /c,; was reduced from
(1275 190) pA to (9B M) pA (n =35, P<
0.01). While pretreatment with atropine (.03 »mol-
L'}, the inhibitory effects of Tet (30 pmol-L~!)
were antagonized. The peak current was reduced to
(79N +82) pA from (1318 + 206} pA. Increasing the
concentration of Tet to 100 ;mol-L~!, the antagonistic
maodification of atropine was reversed, and f-,, was
further reduced to (315+65) pA (Fig 3).

Keeping holding potential at - 40 mV, depolariz-
ing voltage pulses were applied from command potential
of ~30 mV to +60 mV, with duration of 300 ms in
10 mV increments. The -V relation of f-,; was
obtained. Similar results were found {Fig 4).

DISCUSSION

Negative chronotropic effects of Tet have been
well studied. and concentrated on its calcium channel

Tab 1. Effects of Tet on action potental of SAN primary pacemaker cells. %z s. "P<0,05, “P<0.01 vs control,
SP, = Sportaneous depolarization rates in phase 4; SCL = sinus cycle length.,

Tet/pmal-L™'  Veg/Ves™ APA/mY APDy)/ms APDy./ms SP/mVes™! SCL/ms

0 3.0£0.9 6710 100+0 192+ 26 U6 525+ 43

1.0 3.6x1.0 6l+8 102+0 195 + 278 4] + 4 533 + 15°

3.0 3.2+0.9 598" 105+ 7° 200 £ 27° 40+ 4° 535 = 55°

10 2.7+0.9 xa 107 x 6° 204 £ 26° M5 598 £ 7

30 2.1+0.7 50+8° 111 = 5¢ 212 + 26° 28+ 5° 634 + 38

100 1.3+0.4° 27 116 %5 296 + 27 23+ 3° 683 + 347
Tet + AF-DX 116 (1 pmiol-L-1)

0 4.0+£0.8 6l+5 93+ 0 200 £ 16 03 501 £ 62

L 3.7£0.8 66+ 5 ¥ +8 2028 41 £5 508 + 64

10 3.5£1.1° 63 £ 5" Wy 203 £ 19" 37.24+2.3° 516+ 66

100 2.60.7" 58+ 7 103 + 8° 219+ 19° 31 x5 373 263"

300 1.4%1.0° 41 £ & 105+ 4° 241 + NF 0 4 618+ 75°
Tet + atropine {0.03 pmol-L™")

0 3.0+0.4 38x6 99 %5 202+ 15 0+6 521+ 29

1 3.7+0.6 ITET 100+ 5 24 +16 38.4x2.2 523 £29

10 3.3+0.0 56%7 102 40 205 + 16" 7T 526 + 29

100 2.6+0.9° 4770 108 = 4° 218+ 19¢ 2T+ B 549 + 34

300 1.7+0.6 0 +8° 106+ 7° 235+ 18° 0+ 7 600 + 43°
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Fig 4. Effects of tetrandrine on I - V relation of
Jcor in isolated guinea pig single ventricle cell.

n =5 cells of 5 guinea pigs. ¥+ s.

blocking effects. But Tet is not a selective calcium
antagonist in vascular smooth muscle cells and could
interact with o-adrenergic receptor’’. Recently with
radio-ligand binding assay it was found that Tet acted as
an allosteric modulator for M receptor, and showed
high affinity with M;. M, subiype!®. Our results
showed that selective blockade of cardiac M, receptor

+Afropine 0.03 pmol-L

Tet 100 Lmol-L ' +atropine

Tet 30 pmol-L'+atropine
Control

Effects of Tet on Fc,r in single ventricle cell of guinea pig.

could antagonize mnegative chronotropic effects of Tet
both in vitro and in vive.

Among ionic mechanisms of pace making, Ic,L
plays an important role. It is the major current for
(-phase upstroke and 4-phase spontaneously depolariza-
tion in SA node primary pace-making cells. Stimula-
tion of vagal nerve or activation of M receptor in heart
contributes to regulation of normal cardiac rhythm and
SA node function'®. Though opening acetylcholine
activated potassium channel { fy(ap; ) is a main
mechanism for M receptor to modify the cardiac
electrophysiological properties, it is now believed that
inhibition of [ and hyperpolarization-activated
current ( I;) also play important roles in M receptor
modulating SAN pace-making'”®).  Brown reported
that low dose Ach reduces calcium current in isclated
sinoatrial node cells of rabbitt® . Moreover, without
the presence of agonists, atropine and AF-DX 116
showed stimulatory effects on calcium channell® . Our
results from action potential and whole cell patch-clamp
recording suggested- that atropine and AF-DX 116 could
counteract the inhibitory effects of Tet on fc, .. More
and more results show that vagal nerve and M receptor
play an important role in regulating cardiac function in
physiological and pathophysiological state, and Ach is
believed to be an endogenous cardiac protective
agent!'- . Besides Tet, classical calcium antagomist
verapamil interacts with cardiac muscarimic receptor as
an allosteric antagomist™™.  Though the signal
transduction of M receptor modulating calcium channel
has not been clearly defined. our results suggests that M
receptor antagonists could directly modify the effect of
Tet on Jc,p. and it may be the main ionic mechanism
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of M-receptor modulating negative chronotropic effects
of Tet.
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