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W hole—cell patch clam p m easurements and berberine inhibition of hy_ 

perpolarization—activated inward current in rabbit sinoatrial node cells 

su N Xiao—Dong． H AO Li—Ying，LI Jin·M ing． CH ANG Tian·Hui，W AN G Yu·Ping，YU Yan 

Fen，ZHANG Ke·Yi (D ep d ment of P harmacotogy，Institute Basic Mudicat Sciences，China 

M edicatⅣniversitg， ê d j 10001，C îna) 

ABSTRACT Single rabbit sinoatriai node(SAN)cells 

were isolated by m eans of an enzymatic dispersion pro- 

ce dure and used for the whole cell patch clam p experi- 

ment． At a holding potential of——40 mV ，a time—and 

volt~tge—dependent inward current，f『'wg．s activated at． 

different hyperpolarization potentials from 一 60 m V to 

— l10 m V． The current—voltage reMtion curve 

shewed that JJ was activated at potential more negatire 

than 一 4口 mV ． Five min after treatmerit by CsCI 2 

mmol L一 -containing Tyrode solution， Jf was alm ost 

compiately blocked· At a hyperpolsrization potential 

0f— l1 0mV ，Ifwas reducedfrom 1．7士 0．2 nA ofthe 

control to 1．2-4-0．4 nA after superfusing with Tyrode 

solution containing berberme (Bet)1 mol·L for 5 

rclin． And it was difficult to wash out th扭 action． 

Ber also bad inhibitory effects on other currents to a 

certain extent． The results indicate that ，t扭 a Cs 一 

sunsitive current an d that the negative chronotropic el- 

feet of Ber may be due to the jnhibition of If that func— 

tions as all im portan t paeemaking m o6uinto~ f0t the 

spontaneous depolarization of SA N tissue． 

against fast supraventricular arrhythm ia will 

bring about their negative chrOnOtr0pjc effect 

on myocardium through affecting the If of 

SAN cells． Effects of berberine(Ber)on the 

cardiovascular system in the hum an and exper- 

im ental animsis have been characterized by in· 

creasing the contractile force and slowing the 

heart rate ． U nder the voltage clam p con— 

dition， Ber had a dose-dependent biphase el- 

fect on the slow inward ionic current (，lI)in 

guinea pig papillary m uscle‘ ． However· 

there are no more electrophysiological data to 

show the influence of Ber on the pacemaking 

activltY and the ionic currunts of sino-atrial 

node cells． In order to search for the mecha— 

nism of the negative chrOnOtrOpic effect of 

Ber，in this study，we established the m ethod 

of determ ining If under patch-elam p condition 

and investigated the basic effects of Ber on If· 

KEY w oRDs 。1。ctrophysiology b。rb。血 。{ sin。- 
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atrial nodeI patch clamPI ion channels 

Norm ally the heart rate is originated from 

the sinoatrial node (SAN )tissue in which 

spontaneous electric activity is enabled to oc— 

cur ． The hyperpolarization-activated in— 

ward current．It，as a m odulator of heart rate， 

plays an im portant role in the spOntane0us de- 

polarization of m aximum diastelic potential 

(M DP in SAN cells∞ ． It would be pre． 

dictable that most of anti-arrhythmic agents 
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Isolation single SAN cells Rabbits(0 or早)， 

weighing 1．5士 0．3 kg，were an esthetized with iv pen— 

toba~bital sodium l00 mg·kg～ ． The SAN w宣3 dis- 

sected out in oxygenated Tyrod e solution at room tem - 

perature 2O℃． The single rabbit SAN cells were iso— 

latad  according to the enzymatic procedures with 

some modifications． In brief， the SAN tissue strips 

were incuha tad  in a Ca抖 一free Tyrod e solution contain— 

ins collagenase (151 U ·mg～ ．W orthington Biochemi- 

eal Co)3 g·L an d eiastase (Type N ，Sigma)0．25 g 

·L一 at 37℃ for 1 h． After the enzymatic dispersion， 

these strips were kept in a“KB (Kraftbrflhe．power 

soup)： recovery solution which was refrigerated at 0 

— 4℃ for atlea．st 1 h． before use． 

The SAN Cells suspendin g in KB solution were al- 

lowed to settle down at the bottom of the recordin g 
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ch8m ber mounted on the stage of an inverted miero— 

scope (CK2．Olympus)for 5一 l0 mln． " d then su— 

perfused with Tyrode sointion at 37℃ until drugs were 

given— Those cells nearest to the central area of SAN 

were used for the whole-call patch clamp experim ent． 

Superfu*lon solutions and drugs Tyrode solution 

was composed of NaC1 l d3．KCI 4，MgCh·6H 2O 0．5l 

CaCl2 l_5，HEPES 5．0，NaH2P01 0．3．glucose 5．5 

mmol·Lwt· The pH was adjusted to 7·4 by NaOH i 

to ol·L一‘． Caicium ·矗'ee solution co ntalned NaqtCl 143． 

KCt 5．4，MgCl2 1．8．HEPES 5．0，NaH 2,PO· 0．33 

and glucose 5．5 mmol·L-2 p The pH was adjusted to 

7．4 by NaOH 1 to ol·L～ ． KB recovery solution COn— 

tained  glmamic acid 70，taurine 15．KCI 30，KH ：PoI 

15，H EPES 10，M gCI：z·6H 2O O．5．ECJTA 5．5，and 

glucose 11 mmol·L～ 一 The pH was edtjusted to 7．3— 

7．4 by KOH 1 mol·L～． Internal solution contained 

KC1 130I HEPES 5， M gCli·6H ：0 1． ATP ·K z 5， 

CPK 5，an d EGTA 1 mmol·L一 ． The pH was adjust．． 

ed  to 7．2 by KOH 1 mol·L～ ． CsC1 was purchased 

from SjBma Co and berberine hydrochloride(Bet)was 

purchas ed  from the Dons BCI Pharmace utical Co． 

W hole cell patch clamp procedures M embrahe 

potentials and currents of single 3AN cells were elicit- 

ed by whole-cell patch clamp techniquem ． Electrode 

tip was aE[1ow ed to be about l um in diameter with re— 

sis~tance s of 5— 10 M O and positioned neat"to the sur 

‰ e of the cell by controlling a 3-dim entinnsl h raul|c 

microd rive manipulator (M O-303，Narishige)． After 

a GQ seal wagfo)rmed by a gentle suction using an 1一ml 

syringe，all the
，

iunctinn potentials were compensated 

and the electrode current became zero． As the mem — 

bran e patch within the electrode tip wag ruptured  by a 

further Suction step， the whole ce ll recording mode 

was formed． 

A stimulator(SEN一7103，Nihon Kohden Co)was 

used to provide the tom mand pulses for the single SAN 

cell through a patch clamp amplifier (CEZ-2200．Ni— 

hon Kohden Co)． The currents were fillered at 1 kHz 

and reco rded  through a data processor together with 

potentlat&培naJs in FM t&pe reco rder (RMG一5304， 

Nin on Kohden Co) for later analysis． V oltage and 

current records were simultaneously m onitored using a 

digital storage oscillosco pe (VC-IOA ，Ninon Kohden 

Co)· AII data were trarlsferred through an AD／DA 

converter to an IBM personal computer(Pc／AT)an d 

anadyzed using a software(pClamp Vet 5．5'Axon In· 

struments Inc)· Voltag e and current tracings were 

played back and displayed on the storage oscillo*cope 

and photographed  with a continuous recording cam era 

(RLG．6201，Nihon Kohden Co)． The data were ex． 

pressed as 士＆ 

RESULTS 

Spontaneous action potential Sponta-- 

neous action potenti l of single SAN cell was I 

recorded in current clamp raode(I= O)imme-． 

diately after the cell mere brane was ruptured 

by a suction stbp． Fig 1 illustrated a typical 。 

record of spontaneous activity of a SA N cell 

that WaS IT~OSt likely to be one adjacent to the l 

central area of the SA N ，since its M DP was 

about 一 55 mV ．followed by a rapid sponta— 

neOUS depolarization． Those cells near to the 。 

central region of the SAN had M DP of about 

一 50 to 一 60 mV with a spontaneous beating ‘ 

rate of 200士 69 beats·min = 5)，but those 

in the periphery of the SA N had the M DP of 

about 一 65 t0 — 75 mV with a SlOW beating ‘ 

rate ofl85士 70beats·min (n=4)． The pat— 

terns of the action potentjfds of the central re． 

gion cells w ere quite sim ilar to those reported 

elsewhere~ · ～m ． 

FI| 1． Spontsneottt action potentials of sn isolated 

alnoatrlal node(SAN)cell of rabbit． 

Hyperpolarizatloa-actlvated current I| Ir 

was eU[tcited and determ ined under voltaged— 

clamp condition． Fig 2A showed typical'cur— 

rent records of from a SAN cell held at一 40 

mV and given successive 2．s voltage-clamp hy- 

perpolarizations in 10 mV steps down to — Il0 

mV ． T he threshold of Lf for activatiion was 
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about 一 60 mV 。which corresponded to the 

MDP of this cell(Fig 2A)． The amplitude of 

it increased in a。voltage— and tim e—dependent 

manner． Fig 2B illustrated the current—volt． 

age (I—V )relation of If，showing that the ac- 

tivation of this current required a m ore nega- 

tire m em brane potential than the holding po- 

tentia 1． These features of If were identified 

with those of the voltage-and tim e-dependent 

，，reported in the literatures ’。。 一 ． 

from n holding potential of— 0 mV to + 30 

mV in 10 mV steps I an inward Ca current 

(，c自)，and an outward K current(，Kou1)were 

recorded in different potential levels at the be- 

ginning and the endof each 2一s depolarization 

pusle (Fig 3c)． A time-inactivated outward 

cur rent，called。tail current”(， )with a pat- 

tern of 2-exponential，was also observed after 

the depolarization step finished． CsCl slightly 

decreased IxⅫ and II I，but had no effect on Ic自 

after a 5-rain superfusion with a Tyrode solu一 

。 堕——．； { “A。。“ 。 ”． “ 。B 。 。 ‘ 一c 

： ／【 
． 

Fig 2． Activation of hyper 

ward currentI 1f(A)and the I—V curve of (B) 

Effects of Cs on Jf Fig 3A showed the 

effect of CsCl on ，-after a 5一 min superfusion 

with Tyrode solution containing CsCl 2 rtlm o1 

．L一1． CsCl inhibited most part of this current 

at different hyperpolariza tion potentia ls． 

W ashing for 10 rain easily reversed this in— 

hibitory effect． This indicated f was a Cs’一 

sensitive current． The current—voltage curve 

Of，-in the presence of CsCl 2 m m ol·L was 

shown in Fig 3B． Cs 2 mmol·L～ also de— 

creased the slope of SlOW diastolic depolariza — 

tion (SDD)resulting in a reduction of sponta- 

neous electric activity of SAN cel1． However， 

Cs 2 m m ol·L一 did not impede the activity 

(Fig 3D)． 

Other~[onle currents and effects of Cs 

W hen the m em hrane potentja1 w as depolarized 

Fig 3- Effects of CsCl 2 mmol·L。。on Jl，other ionIc 

curren臼 · and spontaneous actton potentIIls． A ) 

Holding potential 一 ●0 mV E Hyperpotartzation proto- 

eel：Irom 一 ●0m V to — llamV Jn 10mv steps． B )1 

一 V curve of“in the absence(0)and pretence(●) 
of CsCl 2 amot·L一 ． C) Holding po~enthil：一 ‘a 

mVl Depelarizatlon protocol：from 一 ●0 mV to + l0 

mV In 10 mV steps． D)a：Control E b；g min after 

ClCI 2 a m el·L一 ． 

Effects of Ber on action potential，Jf and 

other ionic currents U nder current clam ping 

condition， Ber l umol·L-。signffieantly de- 

creased the firing rate of spontaneous action 

potential through reducing the slope of SDD． 

Fig 4 is a typical record of this action。show— 

ing that the firing rate was reduced by approx— 

imately 50 of the control (230 beats 

·min一 ) in the presence of Ber 1 pmo1·L一 ． 

It was also observed that am ptitude of action 
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potential(APA )was diminished after a 5-min 

superfusion with Tyrode solution containing 

Ber 1 amol·L一 (Fig 4)． 

／＼ 

。 八 
1 s 

一 0 

I 20 mV 

Fig l- Effect of berberlne(Bet、I~Jmol·L一‘on spon． 

taneom action potential of n typical SAN cel1． 

A． Control l B． After 5 m ln． 

U nder voltage clam ping condition，Bet 1 

um ol‘L brought about a partial inhibitory 

effect on 1f(Fig 5A)． At the end of a 2-s hy． 

perpolarjzation pulse of— l10 mv from a hold— 

ing potential of 一 40 mv．the amplitude of I 

was reduced from 1．7士 0．2 nA of centrel to 

1．2士 0．4 nA (n= 4)after exposing SAN cells 

to Tyrode solution containing Bet 1 nm ol·L一 

f0r 5 min．The jnhibitory effect of Ber on I． 

- - I 

■ l 耋 

Fig 5． Effect of berberlne (Ber)on Jl and other tonic 

currents· A)Holding polentiat：一 40 mV l Hyperpc- 

larIzatton protoeoli from — lO m V to — I10 mV In 10 

mV steps． B，1一V—eurivc 1n tBe"ab~encC(0 ) 

and p resence(●)of Bet‘l-IIoI-L ． c)HoLding pc- 
tenttal： 一 l0 mV } Depohtrizatton protocol： from 

— l0mV to + 50mV ln 10mV steps． 

was recognized clearly in the I— V curve 

(Fig 5B)． 

F 5C showed a typical record the effects 

of Ber on IK l，It J，and Io． A fter SAN cells 

were exposed to Tyrode solution containig Bet 

l mol·L一 ，，K 0ul I lI，and ，“ were reduced to 

71．9士 6．7 ( = 4)，65．0士 2．0 (n= 3)． 

and 99．7士 1 3．7 = 4)of control，respec． 

tively． Bet at this concentration inhibited Ix t 

and ，l partially， but did not significantly 

affect Ic自． 

DlSCUS譬IoN 

In the present study， the cells isolated 

from SAN tisstie were of different features． 

Those cells with h h beating rate and M DP of 

一 50 to 一 60 mV were selected for our use． 

This kind of cells were adjacent to，but not in 

the central region of SAN ． T he leading 

pacemaker cells jn the center of SA N w ere 

quite sm all and rapidly rounded up as soon as 

patch pipette touched them ． A nd these cells 

som etim es seem ed intolerant 2o calcium jons in 

Tyrode solution． Therefore，they were not 

used for experiment． Other cells without 

spontaneous activity or with low beating rate 

and m ore negative M DP were atrial cells or pe— 

ripherial cells，so they w ere also not used． 

Cum ulative evidences。’ ’。’ ’ ”strongly in． 

dicate that I jn SA N cells was a Cs+一sensitive 

current with a activation threshold of 一 55 to 

一 60 mV and play a very important role in the 

SA N pacem aker． The basic electric proper— 

ties of ， we observed in the persent experi— 

ment were correspondent with those described 

in the literatures ’。一 

In this study， we found that the partial 

depression of I by Ber is parallel to the de— 

crease of the slope of SDD and the reduction of 

firing rate of SA N cel1． This indicates that 

the negative chronotropic effect of Bet was 

performed P robably m ainly through the inhibi- 
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tion of In addition·the partial depressions 

of Ber on 1K。 t and It。jj were also observed，indi— 

eating Ber was likely to perform a block ing ef_ 

fect on K 一thanneia in SA N cells． The inf1u— 

ence of this agent on Ic。seem ed to be more 

com plicated since Bet 1 ureel·L一‘did not re— 

sult in an obvious alternation of 1c。while APA 

in current clam p mode was reduced markedly， 

and we had not found a biphase effeet of Ber 1 

mol·L一 on 1c。in single SA N cells． 

In Co~clusion， the 1f we obtained in the 

present experiment is a Cs -sensitive current 

activated within the range of M DP． Bet 1 

pm ol·L一 partially inhibited 1j as well as Ix l 

and 1I-Ⅱ． 
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药理学教研室，沈阳 110001．中国) 一 

只 ．2-- 
摘要 用酶分离的家兔窦房结细胞进行了全细胞膜片 

钳制实验，在保持膜电位一40 mV条件下．用一60 

mV至一110 mV的超极化 电位，引出 ， ．该电流大部 

分被 CsC1 2 mmol·L_。所抑翻． 在上述超极化电位范 

围内，小檗碱(Ber)1~rnol·L_。使 ，，部分受到抑翻． 

结果表明t本实验 引出的 ，r为 CsCl敏感 电流，Bet抑 

制调节窦房结组织白发除极的I 可能是该药负性频率 

作用机翻之一． 

关麓调 兰 尘呈啦 ! 一旦 ： 离子通道 
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