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Electrophysiologic effects of berberine on isolated sinoatrial
and atrioventricular nodes of rabbit!

WANG Yu, LTU Lie—Ju 2, FANG Da—Chao (Departments of Pharmacology and
Biomedical Engineering, T ongji Medical University, Hankou 430030, China)

ABSTRACT Berberine (Ber) 0.1-30 umol/L de-
creased the APA, V_,,, maximal depolarization poten-
tials (MDP) and rate of spontaneous impulse initi-
ation in sinoatrial node (SAN) and atrioventricular
node (AVN) cells with prolongation of APD,,
"APDy; and ERP in a dose—dependent manner. The
depression of SAN function was shown by increasing
sinus cycle length (SCL), sinus recovery time (SRT) as
well as corrected sinug recovery time (CSRT). In
atria (crista terminalis, CT) higher concentrations of
Ber were needed to prolong APD,,, APDy,, and ERP
as compared with SAN and AVN. The effects of Ber
on SAN were not antagonized or reversed by atropine
(1 pmol/L), a,-receptor agonist BHT-920 (10
umol/ L) or a—receptor agonsit phenylephrine (10
umol / L); but those effects of Ber on SCL, APA and
Vesx could be reversed by norepinephrine (0.1
umol / L). In calcium free Tyrode’s solution, the
inhibitory effects of Ber still revealed on SAN but on
atria only prolongations of APDg, and APDys were
observed.
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Berberine (Ber) has been used clinically
for many years as a bacteriostatic agent in
China. Animal experiments revealed that
Ber also possessed anti—arrhythmic effect™.
It has been recently introduced in clinical prac-
tice for the management of supraventricular
tachycardia(z'”.

Experimentally, Ber has been shown both
positive inotropic and negative chronotropic
activities in the superfused atrial prep—
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arations®™®. It prolonged the action poten-

tial duration (APD) and effective refractory-
period (EPR) in guinea pig papillary
muscles”.  But its effects on SAN and AVN
have not been reported. The present work
was undertaken to evaluate the effects of Ber
on pacemaker cells in these nodular tissues.

MATERIALS AND METHODS

Rabbits were killed by a blow on the
head. The heart was excised and immersed
in oxygenated Tyrode’s solution. Two kinds
of preparations containing either SAN or
AVN  tissues were made®. The
spontancously beating preparation pinned on
the base or a tisse bath with its endocardial
surface upward was superfused with normal or
Ca—free Thyrode’s solution (pH 7.4+ 0.5, 37
*0.5C), bubbled with 95% O, + 5% CO,.
The tissue was superfused at a rate of 8
m) / min and equilibrated for 1 h before exper-
iment. The normal Tyrode’s solution con;
tained (mmol, L): NaCl 136.9, KCl 54 ,
MgCl, 1.05, NaH,PO, 0.42, CaCl, 13,
NaHCO, 119, glucose 5.6. Two glass
micorelectrodes filled with KCI 3 moil / L, re-
sistance 20—40 MQ, were conneted with a
microelectrode amplifier (MEZ—-7101). In
the SAN preparation, one microelectrode was
inserted into a dominant pacemaker cell (P
cell), the other was in a crista terminalis (CT)
cell. In the AVN preparation, one
microelectrode was implanted into N cell, the
other in CT cell®.  Signals were amplified
and displayed on oscilloscope. The action
potential amplitude (APA), maximal rate of
rise of phase 0 depolarization (Vy,,), action



potential duration at 50% and 95%

repolarization (APD, , APD,,) spontaneous
depolarization rate of phase 4 (SDRP,) of
SAN and AVN action potentials, sinus cycle

length (SCL) and AVN cycle lenth (ACL) were

sampled and measured with a multi—purposes
electrophysiologic processing system automat-
icaﬂy(w). kPart of the results were read
directly from oscilloscope photographs. Only
thosc results obtained from a single cell
thoughoilt the whole experimental period were
subjected to analysis. . '
Measurement of the effective refractory
periods (ERP) Measurement of ERP was
conducted by the above mentioned pro-
grammer automatically.  The stimulation
impluse was delivered . through a stimulus
isolator.  After 8 basic drive pulses (S, ) (300
ms duration,  double threshold voltage), one
premature stimulus (S,) was interpolated.
The duration and valtage of S,was the same as
S, The interval between trains was 6 s.
The delay between S,—S, was started from 40
ms and then lengthened progressively at an in-
terval of 5 ms. The premature response was
sampled. When the amplitude of the prema-
ture response reached 20 % of the basic re-

sponse amplitude, the results were determined
and printed as ERP. In each experiment this
process was repeated twice and the mean val_u.e‘
of the two readings was taken as the result!?, -

Measurement of SRT and CSRT In the
isolated rabbit SAN preparations, the
measurement of CSRT was conducted by the
Rame system. Rectangular pulses of 2—ms
duration at 200% threshold voltage were used
as stimuli.  After a stimulation period of 30 s,
the following parameters were sampled and
printed: SCL, SRT, CSRT (CSRT = SRT -
scL)",

Statistic treattment The results were ex-
pressed as x * SD values, the significance of
the difference between two means within the
same experimental groups was analyzed by ¢
test for paried data.

RESULTS

Effects of Ber on SAN and AVN action po-
tentisls Ber had significant dose—dependent
suppressive effects on SAN as shown in Tab
1. The paralle] increment of APD, and
APDy; indicated that the whole course of
repolarization was prolonged. Among all
indices, the change in V,,, APDg and

Tab 1. Effects of berberine on sinoatrial and atrioventricular nodal action potentials in 7 rabbits. x + SD. P> 0.05,

**P<0.05, "*"P<0.01

Berberine APA APDg, APD,, Ve SDRP, SCL/ ACL
(umol / L) (mV) (ms) (rns) (V/38) (mV/s) . (ms)
Control SAN 321£20 7414 8716 168+ 13 1614 5747
AVN 430+ 43 834 8416 147+ 16 25+2 3746
0.01 SAN 326+£20° 73+4° 88+8* 171+ 13° 14+3% 55t 6"
AVN 438+43” 79+2° 85+6° 148+ 17" 25+2° 34157
0.1 SAN 333+ 19" 73+4° 9216 177£11°° 1n+2 5116°
AVN 452146 78+2"° 89+6° 155+ 16°"° 20+2°"" 3315
1 SAN 349+ 17" T2+4° 96+ 5" 186 11°°° 812" 46+ 6""
AVN 466146  78+2° 90+2" 162+ 17" 19+3"° 12+5"
10 SAN 354+ 1T 6914 101+6"" 198 15" 6+0.8"" 215"
’ AVN  498%51"*"  76%2" 97+ 5" 177£19°° 15£1.2°"  29+5°""
30 SAN  390%19"  65t5°" 10S£5°  203+10"° 41057 375"
AVN 598+ 63" 2+4" 1087"° 195£17"" 12£0.6°°  25+5°°

SAN: sinoatrial node, AVN: atriovcr{tricular node; SCL: sinus cycle tength;ACL : atrioventricular node length

SDRP, : spontaneous  depolarization rate of phase 4 of action potentials.
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Tab 2. Electrophyslologic effects of berberine on isolated superfused rabbit sinoatrial node and crista terminals. n=6,
x £SD. "P>0.08, "“P<0.05, *°"P<0.01.

SCL

Berberine APA APD;, APDy Ve ERP SDRP, CSRT

(umol / L) (mV) (ms) .. (ms) V/s) (ms) (mV/3s) (ms) (ms)

Control SAN 73+9 102+£13 177117 145 8914 24+7 - 44082 53+19
CT 97+9 653 132+24 172136 617

1 SAN 712117 1161£21°° 209+23°° 12+4° 995" 21%7 505+81°" 127+28°

CT 969" 71£10° 160+26° 170123 73+6""°

10 SAN 621 12°°  139133°°° 285132 92" 110£T°" 174£8°° 651+115°7 163145
CT 91+8""°  7719""" 18127 168+£32° 98+6""

ERP : effective refractory periods, CSRT : corrected sinus recovery time,CT :crist?/tcrminalis.

e

Tab 3. Electrophysiologic effects of berberine in calctum free/-Tyrode solution on the isolated superfused rabbit
sinoatria) node and crista terminals. n=6, x + SD. "P>0.05, *°P<0.05, """P<0.01 vs calclum free Tyrode
solutoln; ‘P> 0.05, P <0.05, *'P<0.01.

APA APDy, APDy Vax SDRP, SCL  CSRT
(mV) (ms) (ms) (V/s) (mV /s) (ms) (ms)
Control SAN 68+16 110£27 17219 1+7 2418 455+48 102143
CT 1036 5011  107+16 182128 )
Calcium free SAN  S3+11°° 121£27° 187+28° 5.6+29™° 164" 493134 164135°"
Tyrode solution CT 72+9°°°  47111° 95+ 14° 188127 -
Berberine 0.1  SAN  S51+11%  129+25™ 195+29" 48+24" 16x5" 518+ 37" 191+ 587
(umol / L) CT 72112°  46x13t 95+ 12*  184+28*
1 SAN 50 10" 141£20" 212138™ 4.1+16™ 155" 5431 43" 218+ 63"
CT 64+12"  47x13"  96+11" 170+30*
10 SAN- 371x6" 154131™ 2461117 33114" 13247 559+ 47" 253+ 79"
CT 59+ 16 4911t 96+ 11*  159+28%
Tyrode solution SAN 63 15% 124+27" 185+27" 6.6+25° 25+7™ 4611 45"
washout CT 90+ 13"  50t12* 101 11Y  94136%

Effects of Ber on ERP and CSRT In

SDRP, were the most pronounced.

Similar to SAN, AVN action potentials
was also strikingly suppressed by Ber.  Signif-
icant depression of ¥V, , APA, SDRP, and
prolongation of ACL occurred in ¢oncentra-
tions of 0.1 =30 umol/ L in a dose—dependent
manner (Tab 1). ;

Effects of Ber on fast response and slow re-
sponse cells The effects of Ber on the SAN
and CT cells were compared on SAN—-CT

preparation (Tab 2). Ber again demon-

strated its inhibitory effects in dose—dependent

on all phases of CT action potentials but high-
er threshold concentrations (10 umol / L) were
needed and the decrease of V,,, and APA
was not significant,

SAN—CT preparations, the ERP‘Q{;’SAN and
CT cells were prolonged by 24%. and 60%
respectively with Ber 10 umol /L. The
CSRT prolonged from 53+ 19 to 163+ 45 ms -
by Ber 10 umol / L (P <0.01) (Tab 2).
Superfusion with Ca—free solution  The
action potentials were recorded first on
SAN-CT preparations in normal Tyrode’s so-
lution (Tab 3). After 20-min, Ca—free solu-
tion was used to substituted. The prepara-
tions again equilibrated for another 20 min,
the tissue was superfused with solutions con-
taining Ber (0.1, 1 to 10 umol/ L). 1In both
solutions, the APDg, ADPy, V..., SDRP,,
SCL, CSRT were suppressed by Ber |1
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Tab 4. Effects of berberine on the isolated superfused rabbit sinoatrial node and crista terminalis exposed to atropine

before and during addidon of berberine. n=5, x + SD.
*P<0.08, *'P<0.01.

*P>0.05, **P<0.08, **"P<0.01 vs atropine; *P>0.0S,

APA APD,, APD,, Vo SDRP, CSRT S-H SCL
{(mV) (ms) (ms) (V/5s) (mV/s) (ms) {ms) (ms)
Contro! SAN 62+13 1046 176111  10+1  28+1 92+42 202 440t 42
CT 9912 4819 99+ 14 17812
Atropine SAN 62+12° 96+6°°° 165+13°"" 11+£1° 28+1°  83+21° 20x1° 411£32°°
lgmot /L CT 98%4° 50+9°°  97+14° 178:10°"
Berberine 1 SAN  61+£12° 1047 177+ 14™ 9+ 1™ 26+ 1™ 86146™ 151 2% 436+ 36
(@mol/L) _CT 97+4" 51+ 10" 1071177 176+ 13*
10 SAN 58+ 157 112+5™ 18915 711™ 23+2% 891477 121 1™ 460+ 417
cCT 97+3* 54+10° 1201177 173+12°
100 SAN 531 11918 212+ 14" 6£0.7 152 3™ 126+ 53™ 16+ 2™ 491+ 51
CT 912" 66+ 14* 133127 169t 14*

§-H : interval of sinus nodel cell to His bm;dlc cell.

umol / L. But in Ca—free solution, the
suppresive effects of Ber on the APD,, and
APDgy in CT cells were almost completely ob-
literated.

Interaction of Ber and other drugs On
the disolated SAN preparations, after
superfusion with Ber 30 umol / L, the addition
on BHT—920 10 umol / L or phenylephrine 10
umol / L did not block the suppressive effects
- of Ber, but norepinephrine (NE) 0.1 ymol/ L
significantly blocked the effects of Ber on
SCL, APA, and V,,, (Figtl).

In SAN—CT preparations superfused with
Tyrode’s solution containing -atropine 1
pmol /L, Ber 1 pmol/L still showed
inhibitory effects on all the action potential
parameters except APA in both SAN and CT
cells (Tab 4).

DISCUSSION

Similar to the results obtained from
papillary muscle preparations’?, Ber has
marked suppressive effects on the action po-
tentials of SAN and CT.  The only difference
lies in that, in CT preparation the reduction of
Ve Was not significant in concentrations
used in the present expcrmgents It is demon-
strated that Ber also has marked inhibitory ef-
fect on the action potent1a1 of SAN and AVN,
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' Fig 1. Interactions of berberine withk phenylephrine

(Phen) 10 pmol /L (O), BHT-920 10 umol /L (@),

and norepinephrire (NE) on action potentials in isolated

superfused rabbit ginus node. n=6, x £ SD. "P>0.08,
"*P<0.05, ""*P<0.01vs control (C).

such as reduction of V, SDRP,, APA,
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prolongation of SCL, ACL, APD and ERP;
among which the reduction of V_ ,, and
SDRP, were most obvious while APA was
the least sensitive. The above results suggest
that the suppressive effects of Ber might be re-
lated to its blocking action on Ca®** and Na*
influx and K* outward current in these nodul
cells, comparable to the actions of a membrane
stabilizer.

The effects of Ber on the SAN and AVN
were similar, and both were concentration de-
pendent. Under the same experimental con-
dition, the slow response cells (SAN cells) were
more sensitive to the inhibitory effects of Ber
than fast response cells (CT cells). Both in
vitro and in vivo experiments have demon-
strated by many authors that Ber has negative
chronotropic action on different animal
preparitions®™®, It was noted that the pro-
longation of SCL was always accompanied by
the decrease of SDRP,, ¥V, and increase of
‘MDP. While the atrial excitability
unaltered®'?,  So it seems that the negative

_chronotropic effect of Ber might be related to
its actions upon SDRP,, MDP as well as V,,

It can be seen from Tab 4 that Ber still ex-
erted its suppressive effects on SAN in the ab-
sence of calcium ions, suggesting that Ca® is
not the sole ionic mechanism by which Ber
cause negative chronotropic effect; although
Ca—free solution significantly diminished the
effect of Ber on APDy, and APDy  of
CT®*  Yc-170, a calcium modulator, has
similar positive inotropic and negative
chronotropic effects to Ber.  As to its mech-
anism of action, it has been suggested that
Yc—170 might facilitate Ca®>* inward current
on hight membrane potential tissues and
suppresse it on low membrane potentials®'?.
Whether Ber behaves in a similar manner is
worth of notice.

From the receptor point of view, since
atropine couldn’t block "the effects of Ber
showing its action is unrelated to
M-receptor.  In addition, BHT—920 and

phenylephrine had also no effects on Ber ac-
tion, while NE could almost- completely an-
tagonize them by virtue of its actions on
p—receptor and calcium influx.

According to above results, it seemed rea-

.sonable to suggest that the anti—arrhythmic ef-

fects of Ber may be relevant to its actions on
slow response cells of myocardium, which play
an important role in the genesis and propaga-
tion of arrhythmias.
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Protective effects of gypenosides on experimlen-
tal myocardial infarction

XIONG Wei—Sheng, YAN Xiang—Dong, SHEN Nai,
QIU Fang-Long', CHEN Xiu (Department of
Pharmacology, Hu—nan Medical University, Changsha
410078, China)

ABSTRACT In the model of myocardial infarction
produced by occlusion of left anterior decending
coronary artery (LAD) in rabbit, gypenosides (GP 100
but not 50 mg / kg, ip) reduced myocardical infarct
size and decreased serum free fatty acid (FFA). In
rat model of myocardial infarction, GP and the frac-
tions of GP of non ginsenosides (FGNG) both in dose
of 100 mg / kg, ip, protected significantly myocardiat
superoxide dismutase (SOD) activity and decreased
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the myocardial malondialdehyde (MDA). The re-
sults indicate that the protective effect of GP on
myocardial infarction may be correlated with its pre-
vention of myocardial lipid peroxidation, and attri-
buted to the amelioration of FFA metabolic deterio-
ration.

KEY WORDS gypenosides; ginseng;
myocardial infarction; lipid peroxidation
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