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Whole-cell patch clamp measurements and berberine inhibition of hy-
perpolarization-activated inward current in rabbit sinodtrial node cells’
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ABSTRACT Single rabbit sinoatrial node {SAN} cells
were isolated by means of an enzymatic dispersion pro-
cedure and used for the whole-cell patch clamp experi-
At a holding potential of —40 mV ., a time- and
voltage-dependent inward current, I;» was activated at

ment.

different hyperpolarization potentials from —60 m¥ to
— 110 mV.
showed that I; was activated at potential more negative
than — 40 mY. Five min after treatment by CsCl 2
mmol * L™ '-contgining Tyrode solutions I was almost
completely blocked. At a hyperpolarization potential
of —110 mV , J; was reduced from 1. 71 0. 2 nA of the
control to 1. 24+ 0. 4 nA after superfusing with Tyrode

The current-voltage relation <urve

solution containing berberine (Ber) 1 pmol+L~"! for 5
min. And it was difficult to wash out this action.
Ber aiso bad inhibitory effects on other currents to &
certain extent. The results indicate that Jyis a2 Cs*-
sensitive current and that the negative chronotropic ef-
fect of Ber may be due to the inhibition of I, that func-
tions &s an imporiani pacemaking moduletor for the

spontaneous depolarization of SAN tissue.
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Normally the heart rate is originated from
the sincatrial node (SAN) tissue in which a
spontaneous electric activity is enabled to oc-

cur®™’,

The hyperpolarization-activated in-
ward current, f;, a5 a modulator of heart rate,
plays an important role in the spontaneous de-
polarization of maximum diastolic potential
(MDP) in SAN cells“’.

dictable that most of anti-arrhythmic agents

It would be pre-
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against fast supraventricular arrhythmia will
bring about their negative chronotropic effect
on myocardium through affecting the I of
SAN cells. Effects of berberine (Ber) on the
cardiovascular system in the human and exper-
imental animals have been characterized by in-
creasing the contractile force and slowing the

3,43
.

heart rate Under the voltage clamp <¢on-

dition, Ber had a dose-dependent biphase ef-
fect on the slow inward ionic current (7,) in

1, However.

guinea pDig papillary muscle
there are no more electrophysiological data to
show the influence of Ber on the pacemaking
activity and the ionic currents of sing-atrial
node cells. In order to search for the mecha-
nism of the negative chronotropic effect of
Ber, in this study. we established the method
of determining I; under patch-clamp condition

and investigated the basic effects of Ber on J,.
MATERIALS AND METHODS

1solation of single SAN cells Rabbits {3 or £,
weighing 1. 5+ 0.3 kg, were anesthetized with iv pen-
tobarbital sodium 100 mg*kg™". The SAN was dis-
sected out In oxygenated Tyrode solution at room tem-
perature 20C. The single rabbit SAN cells were iso-

[&p]

lated according to the enzymatic procedures with

some modifications. In brief, the SAN tissue strips
were incubzated in a Ca®t -free Tyrode solution contain-
ing collagenase (151 U +mg~', Worthington Blochemi-
cal Co} 3 g+L ™" and elastase (Type N, Sigma) 0. 25 g
L™ 'at 37C for 1 h.

these strips were kept in 8 “KB” (Kraftbrihe, power

After the enzymatic dispersion,

soup)™ recovery solution which was refrigerated at 0
—A4T for at least 1 h.
The SAN cells suspending in KB solution were al-

before use.

lowed to settle down at the bottom of the recording
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chamber mounted on the stage of an inverted mlero-
scope (CK2, Olympus ) for 5—10 min. and then su-
perfused with Tyrode selutien at 37°C until drugs wers
given. Those cells nearest to the central area of SAN
were used for the whele-cell patch clamp experiment.
Superfusion solutions and drugs Tyrode sclution
was composed of NaCl 143, KC1 4. MgCl;+6H.,0 [ 5;
CaCl: 1.B, HEPES 5.0, NaH PO, 0.3, glucose 5.5
The pH was adjusted te 7. 4 by NaOH 1
mel-L™'. Calcium-free solution contained NaCl 143,
KCl 5 4, MgCl: 1.8, HEPES 5.0, NaH:PO, 0.33
The pH was adjusted to

mmol+*L~".

and glucese 5.5 mmolsL %
7.4 by NaOH 1 mol-L "
tained glutamic scld 70, taurine 15, KC1 30, KH,PO,
18, HEPES 10, MgCi,»fH:0 0.5, EGTA & 5, and
glucese 11 mmol*L~™'. The pH was sdjusted 10 7. 3—
7.4 by KOH 1 mol-L ™. Internal solution contained
K<Cl 130; HEPES 5, MgCl: *6H:0 1, ATPK: 5,
CPK 5; and EGTA 1 mmol+L™'. The pH was adjust-
ed to 7.2 by KOH 1 mol*L™"'. CsCl was purchased
from Sigma Co and berberine hydrochleride (Ber) was
purchased from the Dong Bei Pharmaceutical Co.
Whole cell paich clamp procedures

KB recovery solution con-

Membrane
potentials and currents of single SAN cells were elicit-
ed by whole-cell pstch clamp technique™. Electrode
tip was allowed to be sbout 1 pm in diameter with re-
sistances of 5-—10 ML and positioned near to the sur-
face of the cell by controlling 2 3-dimentional hydraulic
microdrive manipulator (MO-303, Narishige). After
a GQ seal was formed by a gentle suction using an 1-ml
syringe, 21l the junction potentials were compensated
and the electrode current became zero. As the mem-
brane patch within the electrode tip was ruptured by a
further suction step. the whole cell recording mode
was formed.

A stimulator (SEN-7103, Nihon Kohden Co) was
used to provide the command pulses for the single SAN
cell through s patch clamp amplifier (CEZ-2200, Ni-
hon Kohden Co). The currents were filtered st 1 kHz
and recorded through a data processor together with
potentlel signals in 2 FM tape recorder (RMG-5304,
Mihon Kohden Co)} for later analysis.
current records were simultaneously monltored using &
digital storage oscilloscope (VC-10A, Niron Kohden
Co}. All data were transfeffed through sn AD/DA
converter to an IBM personal computer (PC/AT ) and

Veltsge and

analyzed using & software ( pClamp Ver 5.5y Axon In-

struments Inc). Voltage and current tracings were
played back and displayed on the storage osciloscope
and photographed wlith a continuous recording camera
(RLG-6201, Nillon Kohden Cal.

pressed ss ¥ =

The data were ex-

RESULTS

Spontaneous action potentlal Sponta-
necus action potentigl of single SAN cell was
recorded in current clamp mode (I=0) imme-
diately after the cell membrane was ruptured
b¥ a suction step. Fig 1 illustrated a typical
record of spontaneous activity of a SAN cell
that was most likely to be one adjacent 1o the
central area of the SAN, since its MDP was
about — 55 mV . followed by a rapid sponta-
neous depolarization. Those cells near to the
central region of the SAN had MDP of about
—650 to —60 mV with a spontaneous beating
rate of 200169 beats -min~'(s=5), but those
in the periphery of the SAN had the MDP of
about — 65 to — 75 mV with a slow beating
rate of 185+ 70 beats*min~'(zr =4). The pat-
terns of the action potentials of the central re-
gion cells were quite similar to those reported

elsewhere 14,

IV

s s

Fig 1. Spontaneous action potentisls of an isolated
sinoatrisl node (SAND cell of rabbit.

Hyperpolarizatlon-actlvated current I, I,
was elicited and determined under voltaged-
clamp condition. Fig 2A showed typical ‘cur-
tent records of 7, from a SAN cell held at — 40
mV¥ and given successive 2-s voltage—clamp hy-
perpolarizations in 10 mV steps down to —110

m¥. The threshold of 7, for activation was
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about — 60 mV, which corresponded to the
MDP of this cell (Fig 2A). The amplitude of
it increased in a° voltage- and time-dependent
manner. Fig 2B illustrated the current-volt-
age (I—V ) relation of 7, showing that the ac-
tivation of this current required a more nega-
tive membrane potential than the holding po-
tential. These features of 7; were identified
with those of the voltage- and time-dependent

7. reported in the literatures "2~ 19,

A B
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Fig 2. Actlvation of hyperpoiarization-activated in-
ward current, J;(A) and the | —V curve of 1,{B).

Effects of Cs* on I; Fig 3A showed the
effect of CsCl on J;after a 5—min superfusion
with T yrode solution containing CsCl 2 nimol
«L ™', CsCl inhibited most part of this current
at different hyperpolarization potentials.
Washing for 10 min easily reversed this in-
hibitory effect. This indicated 7, was a Cs™-
sensitive current. The current-voltage curve
of 1. in the presence of CsCl 2 mmol-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 cell. However,
Cs* 2 mmol L' did not impede the activity
(Fig 3D).

Other ionlc currents and effects of Cs™

When the membrane potential was depolarized

from a holding potential of —40 mV to -+ 30
mV in 10 mV steps., an inward Ca*t current
(fca)+ and an outward K current (Jy., ) were
recorded in different potential levels at the be-
ginning and the endof each 2-s depolarization
pusle (Fig 3C).
current, called “tail current” (7.,) with a pat-

A time-inactivated outward

tern of 2-exponential, was also observed after
the depolarization step finished. CsClslightly
decreased 7y, and {.is but had no effect on 7,
after a 5-min superfusion with a Tyrode solu-
tion containing CsCl 2 mmol-L .

A , B c
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Flg 3. Effects of CsCl 2 mmol*L "' on I, other ionle
currents, and sSpontaneeus action potentials. A)
HeldIng potential : — 40 mV; Hyperpeolarlzaiion proto-
col: from —40m¥ t0o — 110 mV In 10 mV steps. B} 1
— ¥ curve of ¢ in the sbsence {{)) and presence ()
of CsCl1 2 mmoi-L™'. <€) Holding potentlal: — 40
mY¥ ; Depolarizatlon protocel: from — 40 mV 1o + 30
m¥ In 10 mV steps. D) a: Controls b: 5 min after
CsCl 2 mmol *L 7.

Effects of Ber on action potential, I, and
Under curerent clamping
! significantly de-

other lonic currents
condition, Ber 1 umol « L™
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-
(230 beats
*min~ ') in the presence of Ber 1 umol-L~%.

imately 50% of the control

it was also observed that amplitude of action
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potential (APA) was diminished after a 5-min
superfusion with Tyrode soiution containing
Ber 1 umol*L~"(Fig 4).

B —Qmv
] 20 mw
[ ST} L —
s 1s
Fig 4. Effect of berberine (Ber) 1 ymoi-L ' on spon-

taneous action potentinl of a typical SAN cell.

A. Controi) B. After 5 min.

Under voltage clamping condition, Ber 1
umol * L ™! brought about a partial inhibitory
effect on [,(Fig BA Y. At the end of a 2-s hy-
perpolarization pulse of —110 mv from a hold-
ing-potential of — 40 mv, the amplitude of 7,
was reduced from 1.7+ 0. 2 nA of control to
1.240.4 nA (s =4) after exposing SAN cells
to Tyrode solution containing Ber 1 nmol+L ™’
for 5 min. The inhibitory effect of Ber on [,

LYY
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Fig 5. Effect of berberine {Ber) on I, and other lonic

currents . A) Holding potential; —40 mV; Hyperpo-
Iarlzatlon protocol: from — 40 mV 10 — 110 m¥V In 10
mV steps. ~ BY 1 —Ve-eurve ol ‘Trim ¢Bewbsence ()
and presence () of Ber L pmol-L ‘. <€) Holding po-
tential: — 40 mV; Depolarization protocol: from
—40 m¥Y to +-50 mV In 10 mV steps.

was recognized clearly in the I1—V curve
(Fig 5B).

Fig 5C showed a typical record the effects
After SAN cells

were exposed to Tyrode solution containig Ber

of Ber on Tyous few» and fca.

I pmol*L ™. Frows Fian+ and 7o, were reduced to
71.9+6.7% (=14, 65.01+2.0% (a=3),
and 99.7313.7% (n=14) of control. respec-
tively. Ber at this concentration inhibited Ty
and f,, partially. but did not significantly

affect /..
DISCUSSION

In the present study, the cells isolated
from SAN tissue were of different features.
Those cells with high beating rate and M DP of
— 50 to — 60 mV were selected for our use.
This kind of cells were adjacent to, but not in
the central region of SAN'™. The leading
pacemaker cells in the center of SAN were
guite small and rapidly rounded up as soon as
And these cells

sometimes seemed intolerant to calcium ions in

patch pipette touched them.

Therefore. they were not
Other cells without
spontaneous activity or with low beating rate

Tyrode solution.
used for experiment.

and more negative MDP were atrial cells or pe-
ripherial cells. so they were also not used.

£2,7.9,12.132 Strongly in-

Cumulative evidences
dicate that 7,in SAN cells was a CsT-sensitive
current with a activation threshold of — 55 to
—80 mV and play a very important role in the
SAN pacemaker. The basic electric proper-
ties of I; we observed in the persent experi-
ment were correspondent with those described
in the literatures ™ *~1%2,

In this study, we found that the partial
depression of 7; by Ber is parallel to the de-
crease of the slope of SDD and the reduction of
firing rate of SAN cell. This indicates that
the negative chronotropic effect of Ber was

performed probably mainly through the inhibi-


http://www.cqvip.com

¢

£ UM~

Fl

BIBLID : ISSN (253-9756 <+ E ¥ K

Acte Phermacolageca Sinseg

18983 Novy L4 (6) + 513 +

tion of I;. In addition. the partial depressions
of Ber on fy.. and I, were alsc observed ., in‘di—
cating Ber was likely to perform a blocking ef-
The influ-

ence of this agent on [, seemed to be more

fect on K -channels in SAN cells.

complicated since Ber 1 pmol+*L ™" did not re-
sult in an obvious alternation of o, while APA
in current ¢clamp mode was reduced markedly.
and we had not found a biphase effect of Ber 1
pmel*L~! on 7 in single SAN cells.

In conclusion. the 7, we obtained in 'the
present experiment is 2 Cs ' -sensitive current
activated within the range of MDP. Ber 1
pmol+L~! partially inhibited 7, as well as Jyou
and 7 ,q.

REFERENCES

1 Brown HF. Electrophysiology of the sinestrial node.
Physiot Rer 1982, 62 ; 5050—30,
2 DIFrancesco D.

rent {i;} to generation of spontaneous actlvity in rabbi

The contributlon of the ‘pacemaker’ cur-

sino-gtrial node myocyies.
J Phgmo! (Lond) 1991, 434 , 23—40.

% DiFrancesco D. Ferroni A, Mazzanti M. Tromba C.
Properties of the hyperpolarization-activated current (1)
in cells lsolated from the rabbit sino-atrial node.

J Physo! {Land) 1986, 377 , 61—BS.

I0 Hagiwarg N, irisawa H, Kameyama M. <Contribution of
two types of calcium currents to the pacemaker potentials
of rabblt stno-atrial node cells.

J Phymol {Lond) [19BB, 2R3 ; 233—53.

11 Oel H1, Yan Gianeken ACG, Jongsma HJ. Bouman LN.
Mechanisms of impulse generption in isolated cells From
the rebbit sinoatrial node-

J Mol Ceft Cardiet 1889, 201 | 1137—49.

12 Yatani A, Brown AM. Regulation of cardiac pacemaker

current Iy in excised membranes from sinoatrial node

Am J Phgme! 1990, 268 . HIS4T—3l.

I3 Denyer JC, Brown HF. FPacemaking in rabbit isolated

cells.

sinoatriel node cells during Cs* block of the byperpolar-
izatjon-activated current i,
J Phgso!l (Lond> 1980, 428 ; 401 —9.
I4 DiFranc¢esco D, Porciatti F. Cohen IS. The effects of
manganese gand barlum on the cardlac pacemaker current »
Iy in rabbit sino-atrial node myocytes.
Expertertza 1991 47 ; 449—52.
IS5 DiFrancesco D.
channels in cardiac 3lno-atrial nede cells.

1986, 324 , 470—3.

Cheracterization of single pacemaker

Natare

3  Shaffer LE. Inotropic and chronotropic activity of sﬁ - ;'7)

berberine on isolated guinea-pig atria,
J Cardwvear Pharmacot 1985y 7 , 307—15.

4 Marcko PR, Ruzyilo W. Hemodynemic effects of berber-
ine, a new inotropic drug. in patients with congestive
heart failure. 1983, a8 (3 Suppl) : 374

5 Sun XD, LiJM, Tian LJ, Wang YP. Yu YF, Zhang KY.

Carculation

Effect of berberine on siow inward lonic current in guinea
pig ventriculgr papillary muscie-
Acts Pharmaco! S 1989, 1D . 130—4. A
6 Isenberg G. Klockner U.
myocytes prepared by preincubation ih a *KB Medium ",
Pfleegers Arch 1982, 20§ , 6— 1B.
T Denyer XC. Brown HF,
and electrophysiclogical properties.
J Pigmol {Lond> 19904 428 , 405—24.
8 Hamill OPF. Many A, Neher E, Sakmann B, Sigworth
FJ. Emproved patch-clamp techniques for bigh-resoiu-

Calcium tolerant ventricular

Rabbit sino-atrial cells ; isolation

tlen current recording from cells and cell-free membrane

patches. Pfluwegers Arck 19814 301 . B5—100.

AEBSLERBEALHEAREXNLSER
MU T B/ Bl M £E A

;Lg.f..,ahtﬁ%‘f#&vs.#i#.iiﬁ,
FTRA LN (TEEHKEERMESS
HEFERPIE, LA 110001, FE)D

45C. 2

ME AMISENEAEFSARESTT2HARMA

L, EEREMEL—10mnv RET, H—60

mV E—110 mv @B HRIEBL. T 7, FHERAKT

29k CsCl 2 mmol-L ' B, ELAEBEEE-
B P, DR (Ber) 1 pmol-L™'# 7, A ZBIIMM.

SR, ALRIHE T R CsCL BEER, Ber

HEYRESEHAEKREY I TTREEE AANE

feEH W —.

ES 3L | E_ﬂigj SRR, WSS BAah BT EN



http://www.cqvip.com

