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Electrophysiological effect of resveratrol on pacemaker cells in

sinoatrial node of rabbits
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Abstract: AIM In order to investigate whether resvera-
trol can be used as a kind of antiarrthythmic drug, the
electrophysiological effect of resveratrol on pacemaker
cells in sinoatrial node was studied. METHODS  Using
intracellular microelectrode technique to record the action
potential of pacemaker cells in sinoatrial node of rabbits.
RESULTS Resveratrol (30 — 120 pmol ¢ LY signifi-
cantly decreased amplitude of action potential, maximal
rate of depolarization ( V,,.), velocity of diastolic (phase
4) depolarization and rate of pacemaker firing, but did
not affect maximal diastolic potential and duration of 90 %
repolarization of action potential . Pretreatment with L-type
calcium channel agonist Bay-K-8644 (0.5 pmol * L™ 10
min antagonized the effect of resveratrol (60 pmol * L™ h.
While applying cesium chloride (2 mmol-L="), a hyper-
polarization-activated current blocker, adding tetraethy-
lammonium chloride (20 mmol-1."1), a potassium chan-
nel antagonist, or applying L-NAME (0.5 mmol-L~"),
a NO synthase inhibitor, had no significantly influence on
the electrophysiological effects of resveratrol. CONCLU-
SION  Resveratrol exerts inhibitory electrophysiological
effects on pacemaker cells in sinoatrial node of rabbits,
which may be due to reduction in calcium influx via a
NO-independent manner.
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Resveratrol ( trans-3, 4’, 5-trihydroxystil-
bene) is a phenolic phytoalexin present in grape
skins and wines, especially red wines. Resveratrol

exerts a wide variety of biological effects, includ-
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ing estrogenic, anti-inflammatory, antioxidant and

[1-4] Moreover, accumulat-

anticancer activities
ing evidence indicates that resveratrol may confer
protective action on the cardiovascular system.
The cardiovascular benefits of resveratrol may re-
late to protecting the heart cells from ischemia-
reperfusion injury, inhibiting platelet aggregation,
and decreasing plasma triglycerides and cholesterol

[5-71 Furthermore, it

accumulation in the aorta
can also relax the coronary arteries'® . Thus,
resveratrol may have a potential clinical value in
treatment of cardiovascular diseases. In our previ-
ous studies, we found that resveratrol shortened
the duration of action potential in papillary mus-
cles in normal guinea pig and also decreased the
maximal velocity of phase O depolarization in par-
tially depolarized papillary muscles. These effects
were likely due to a decrease in calcium influx®! .
Little is known, however, about the effects of
resveratrol on pacemaker cells of isolated sinoatrial
node. In the present study, we observed the elec-
trophysiological effects of resveratrol on sinoatrial
node cells of rabbits and investigated the mecha-

nism involved.

1 MATERIALS AND METHODS
1.1 Drugs

Drugs used in this study included resveratrol,
Bay-K-8644, tetraethylammonium chloride
(TEA), N G-nitro-L-atrginine methyl ester ( L-
NAME) and CsCl (Sigma Chemical Co, USA).
Resveratrol was prepared as stock solution in
DMSO and final concentration of DMSO was less
than 0. 1% . Bay-K-8644 was prepared as stock
solution in alcohol and the final concentration of

alcohol was 0.1% . CsCl, TEA and L-NAME
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were dissolved in distilled water.
1.2 Sinoatrial node preparations

Rabbit (3, n=24, weighing 2.2 - 2.8 kg,
Grade II, Certificate No. 04037, provided by Ex-
perimental Animal Center of Hebei Province) was
sacrificed with a single blow on head and the heart
was removed and placed in cold (0 — 4°C) oxy-
genated (95% 0, and 5% CO,) Krebs-Henseleit
(K-H) solution. The region of the right atrium
bounded by the crista terminalis and the superior
and inferior vena cava, and the interatrial septum
was dissected free from the adjacent tissue''®’ . The
preparation was fixed with fine pins to the silica gel
on the base of a perfusion chamber.
1.3 Superfusing solution

The K-H solution was prepared with deion-
ized, distilled water and had the following compo-
sitions (mmol + L™"): NaCl 118. 0, NaHCO;
25.0, KCl 4.7, MgSO4 1.6, CaCl, 2. 5,
KH,PO,4 1.2, and glucose 11.1. It was oxygenat-
ed with 95% O, and 5% CO, and maintained at
35.5-36.5 °C with pH 7.35-7.40.
1.4 Electrical recording

The transmembrane action potentials ( AP)
were recorded from pacemaker cells by means of 3
mol * L= KCl-filled microelectrode (a tip resis-
tance of 10 — 20 MQ), coupled to a high input
impedance amplifier ( MEZ 8201, Nihon Ko-
hden) . The amplified signals were fed to the A/D
converter and processed by a microcomputer.
Maximal diastolic potential (MDP), amplitude of
action potential (APA), maximal rate of depola-
rization ( V), velocity of diastolic ( phase 4)
depolarization (VDD ), rate of pacemaker firing
(RPF) and duration of 90% repolarization of ac-
tion potential (APDyy) were analyzed with a pro-
gram of sampling and processing cardiac trans-
membrane potential designed by our depart-

11 . .
[11] . Parameters were stored in the microcom-

ment
puter for later analysis.
1.5 Experimental protocols

The experiment started after the preparation
was equilibrated for 60 min in the K-H solution at
a perfusion rate of 4 mL*min~"'. The experiments

consisted of 2 parts: (D Electrophysiological

effects of resveratrol on sinoatrial node pacemaker
cells. After recording of 3 control AP, resveratrol
30, 60, 120 umol*L ™" were applied in turn, and
resveratrol was washed off before the next dose.
AP were then recorded at 1, 5, 10, 15 and 20
min after application of each concentration of
resveratrol. (@ Effects of Bay-K-8644, CsCl +
TEA or L-NAME on the response of pacemaker
cells to resveratrol. The effects of resveratrol (60
pmol - L") alone were observed firstly after appli-
cation for 15 min. Then, the preparation was
washed out with K-H solution until the parameters
restored to control level. At last, the preparations
were superfused with K-H solution containing 0.5
pmol* L' Bay-K-8644, 2 mmol - L™' CsCl + 20
mmol* L ™" TEA or 0.5 mmol*L™" L-NAME for 10
min, and final resveratrol (60 pmol - L™') was
added to the superfusate containing Bay-K-8644,
CsCl + TEA or L-NAME and AP were recorded.
1.6 Statistical analysis

All data were presented as x + s. The differ-
ences in the parameters between before and after
resveratrol perfusion were compared by paired ¢
test. Differences between groups were assessed by
unpaired ¢ test.

2 RESULTS

2.1 Effects of resveratrol on transmembrane
action potentials

Compared with control group, resveratrol
(30, 60 and 120 pmol ¢ ') decreased APA,
Vimax» VDD, and RPF in a concentration-depen-
dent manner (F ig 1, Tab 1). The changes in RPF
induced by resveratrol paralleled to those of VDD.
The above effects occurred after 5 min of superfu-
sion of resveratrol and reached the peak within
10 = 15 min. The vehicle of resveratrol (0. 1%
DMSO in superfusate) had no effect on parameters
of AP of pacemaker cells.
2.2 Effect of Bay-K-8644, CsCl + TEA or
L-NAME on resveratrol-induced changes in
action potential

L-type calcium channel agonist Bay-K-8644
(0.5 pmol*L™") significantly increased APA,
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Fig 1. Original recording showing effect of resveratrol on transmembrane action potentials (AP) of rabbit

sinoatrial node cells. AP were recorded at 15 min after application of resveratrol. A: control; B, C and D: resveratrol 30, 60 and 120
pmol - L1, respectively; E: wash out.

Tab 1. Effect of resveratrol on transmembrane action potentials( AP) of rabbit sinoatrial node cells

F;Znelﬁaf? } MDP/mV APA/mV Vina/ Vo571 VDD/mV-s~! RPF/min~"! APDyy/ms
0 (-54.2+6.7) (68.8+6.5) (8.1x0.8)  (61.2%6.5) (168.1+15.9) (156.3+12.7)

30 -1.2+0.4  -2.0+£0.8" -0.3%£0.5"  -3.843.9"" -12.3+4.1 -0.1%3.6

60 -0.5£0.4  -3.8+2.3"" -1.7+1.2"" -209+12.7""  -26.0+11.2"" 0.7+4.2

120 -1.3x0.3 -6.2+2.2"" -1.9+1.2"" -27.6+19.5""  -59.0%31.3"" 2.2£5.1

AP were recorded at 15 min after application of resveratrol 30, 60 and 120 pmol* L~ in turn, and resveratrol was washed off before the next
dose. The results given are differences between control and a given group, and those bracketed in control group are original readings. MDP:
maximal diastolic potential; APA: amplitude of action potential; V,,: maximal rate of depolarization; VDD: velocity of diastolic ( phase 4)
depolarization; RPF: rate of pacemaker firing; APDyy: duration of 90% repolarization of action potential. * + s, n=6. * P <0.05,
** P<0.01, compared with control group by paired ¢ test.

Tab 2. Influences of Bay-K-8644, CsCl + TEA and L-NAME on resveratrol-induced effects on transmembrane
action potentials(AP) of rabbit sinoatrial node cells

Group MDP/mV APA/mV Vi’ Ves™! VDD/mV-s~! RPF/min "' APDyy/ms
Control (-51.6+£5.2) (58.7+5.9) (6.1+0.8) (49.4+8.5) (165.8 +26.7) (166.2 +25.4)
Resveratrol -0.1x£0.2 -2.8+1.7"" -0.9+0.4"" -9.7+£5.5"" -30.3+10.4"" -1.3x£2.7
Bay-K-8644 0.0+£0.6 3.0+1.97 1.2£0.57 14.7+£4.2"" 29.6+13.3" " 1.2+£2.5
Bay-K-8644 + resveratrol -0.1+£0.2 -2.1+£2.0" 0.2+0.5% -0.4+2.0* -1.9+16.1* 1.3£1.5
Control (-56.0+6.6) (63.1+8.4) (4.9+2.1) (46.8+12.7) (187.7+18.8) (162.7+10.0)
Resveratrol 0.2+0.5 -2.4£22" -1.6£0.5"" -7.9+4.2"" -23.9+9.0"" -0.9+4.0
CsCl + TEA -1.8+0.7"" -0.2+0.3 -0.3+0.3 -15.5+8.8"" -34.1+11.0"" 22.8+15.6"
CsCl + TEA + resveratrol -1.8£0.74% -2.5+1.2"" -1.6+0.8"" -21.1+58,; -56.3+7.9; 25.7+17.84 4
Control (-48.4+x4.4) (64.1+2.3) (7.3+0.3) (57.2+7.9) (176.8 + 16.4) (143.9+18.8)
Resveratrol -0.2+£0.6 -3.5+0.8"" -1.3+£0.9" -11.9+5.6" -42.8+9.0" " 2.1+2.6
L-NAME -0.3z1.0 -0.1+£0.5 -0.1£0.3 -0.9z1.4 -3.2+3.7 1.8x2.4
L-NAME + resveratrol 0.1+0.5 -4.1+1.8"" -1.7+£0.5" -10.8+6.8" -38.6+12.7"" 4.3+£3.1

AP were recorded before (control) and after perfusing with resveratrol 60 pmol* L~ for 15 min. After washing out until parameters of the pace-
maker cells restored to control level, sinoatrial nodes were perfused with K-H solution containing 0.5 pmol+ L~ Bay-K-8644, 2 mmol - L™}
CsCl+ 20 mmol*L~! TEA or 0.5 mmol+L~! L-NAME for 10 min and AP were recorded respectively. Then 60 pmol«L™! resveratrol was
added in the presence of one of mentioned drugs, and AP were recorded 15 min later again. x +s, n=6. * P<0.05, ** P<0.01, com-
pared with corresponding control group; # P <0.05, *# P <0.01, compared with corresponding resveratrol group.

Viaxs VDD and RPF. Upon the application of After application of 2 mmol+L~" CsCI and 20
Bay-K-8644, the effect of resveratrol (60 pmol - mmol * ™! TEA into the superfusate, VDD and
L™!) was abolished (Tab 2). The vehicle of RPF of AP of sinoatrial node cells were signifi-
Bay-K-8644 (0. 1% alcohol in superfusate) had cantly decreased. Pretreatment with CsCl and
no effect on parameters of AP of pacemaker cells. TEA failed to block the effects of resveratrol (60
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pmol * L™ 1Y (Tab 2).

NO synthase inhibitor L-NAME (0.5 mmol*
L") per se had no effect on AP. Upon the ad-
ministration of L-NAME (0.5 mmol*L~") for 10
min, resveratrol (60 pmol * L=") still decreased

APA, V.., VDD and RPF (Tab 2).

3 DISCUSSION

The present study demonstrated that resvera-
trol exerted inhibitory actions on the automaticity
of pacemaker cells in sinoatrial node of rabbits,
and decreased APA, V, .., VDD and RPF in a
It has been

widely accepted that calcium currents play impor-

concentration-dependent manner.

tant roles in AP upstroke and pacemaker depola-

rization of sinoatrial node cells'213]

. Therefore,
the inhibitory effects of resveratrol on APA, V..,
VDD and RPF may be attributed to the reduction
of I¢,. Our presumption was substantiated by the
following findings that application of L-type Ca®*
channel agonist Bay-K-8644 abolished the in-
hibitory effects of resveratrol .

There is a question that why resveratrol could
reduce the APDy, of guinea pig papillary muscle
cells"®) while not reduce that of pacemaker cells in
sinoatrial node of rabbits. This may ascribe to dif-
ference of AP of the two kinds of cells. There is a
long plateau in the repolarization of the papillary
muscle cells AP, while not in the pacemaker cells
AP.

The duration of AP is determined by the du-
ration of repolarization. On the papillary muscle
cells, the duration of repolarization depends on
the duration of plateau which is mainly influenced
by calcium influx and potassium efflux. Resvera-
trol could inhibit the influx of the calcium current
and result in the short of the APDyy of papillary
muscle cells. While on the pacemaker cells in
sinoatrial node of rabbits, resveratrol mainly affect
the phase O of the AP and this may be the reason
why it could not significantly reduce the APDgy, of
pacemaker cells.

It is well known that three kinds of ion cur-
rents (I, Ir, Ic,) were involved in the diastolic

depolarization of the sinoatrial node cells: . 1i,
et all'™¥ reported that resveratrol directly stimulat-
ed Ca’*-activated K* current in vascular en-
dothelial cells. To investigate whether potassium
current and hyperpolarization-activated current
were involved in the effects of resveratrol on pace-
maker cells, potassium ion channel blocker TEA
and /I antagonist CsCl were employed. In our ex-
periments, administration of TEA and CsCl could
not affect the action of resveratrol, suggesting that
resveratrol do not influence potassium current and
hyperpolarization-activated current in pacemaker
cells. This result implies that the effects of resve-
ratrol on AP of sinoatrial node cells are probably
due to the reduction of I, .

A growing number of studies imply that the
role of NO production was involved in some effects
of resveratrol>) . From this point of view, resvera-
trol could induce an increase in the production of
NO, thereby resulting in a rise in intracellular
c¢GMP with a subsequent reduction in intrace-

5] On the contrary, Dobrydneva,

llular calcium
et alt'® reported that resveratrol has direct effect
on calcium channel through a NO-independent
pathway in human platelets. In order to elucidate
whether NO is involved in the inhibitory effects of
resveratrol on calcium influx in pacemaker cells,
L-NAME, a NO synthase inhibitor, was adminis-
tered in our study. We observed that L-NAME
failed to abolish the effects of resveratrol.
Therefore, we speculated that on pacemaker cells
in sinoatrial node, NO may not be involved
in the electrophysiological effects of resveratrol,
and the mechanism remains to be further estab-
lished.

However, we can not rule out whether
resveratrol exerts its effects through some other
unknown secondary messenger, and whether the
T-type calcium current was involved in the effects
of resveratrol and this issue merits further investi-
gation by patch-clamp technique.

In summary, resveratrol exhibited inhibitory
effects on pacemaker cells in sinoatrial node of rab-
bits. These effects are probably due to reduction in
calcium influx via a NO-independent mechanism.
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