FPEGRFEAERFRE 2005 4E 2 H ; 19(1):13-17
Chin J Pharmacol Toxicol 2005 Feb; 19(1):13-17

- 13 -

Electrophysiological effects of capsaicin on human atrial fibers
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Abstract: AIM To study the electrophysiological effects
of capsaicin on human atrial fibers. METHODS Pa-
rameters of action potential in human atrial specialized
fibers were recorded using standard intracellular micro-
electrode technique. RESULTS  Capsaicin (1 - 30
pmol* L~ ') decreased the amplitude of action potential ,
maximal rate of depolarization, velocity of diastolic
(phase 4) depolarization and rate of pacemaker firing,
and shortened the 90% action potential duration in a con-
centration-dependent manner. L-type Ca’* channel ago-
nist Bay K8644 (0.5 pmol LY antagonized the in-
hibitory effects of capsaicin on human atrial fibers. Pre-
treatment of the fibers with capsazepine (10 pmol+L™"),
a competitive capsaicin antagonist, failed to influence the
electrophysiological effects of capsaicin. CONCLUSION
Capsaicin exerted a negative chronotropic action and ac-
celerated the repolarization of human atrial specialized
fibers which may be due to reduction in calcium influx
and not mediated by capsaicin receptors.
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Capsaicin, the main pungent component of
chili peppers, has long been known to influence
cardiovascular functions. These actions on heart
are mediated by its interaction with a specific
vanilloid receptor 1(VR;) on sensory nerve end-
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ings in cardiac muscles, including the liberation of
neuropeptides from the vanilloid-sensitive innerva-
tion of the heart "2, Capsaicin also inhibited K*
and Na* currents in cardiac cells*). Recently,
we have found that capsaicin shortened the dura-
tion of action potential in normal guinea pig papil-
lary muscles and also decreased maximal velocity
of phase 0 depolarization in partially depolarized
papillary muscles”®’ . Furthermore, capsaicin also
exerted a negative chronotropic action and induced
a delayed repolarization of pacemaker cells in
sinoatrial node and atrioventricular node of rab-
bits'®
man atrial fibers have not yet been elucidated so

1, However, the effects of capsaicin on hu-

far. It is established that there are two types of
fibers in human atrium: the first shows electrical
characteristics typical of atrial contractile cells and
the second shows those of atrial specialized fibers.
Automaticity developed only in the latter type of

8.9 The present study was undertaken to in-

cells
vestigate the electrophysiological effects of cap-
saicin on human atrial specialized fibers and its

action mechanisms.

1 MATERIALS AND METHODS

1.1 Preparation

Small pieces (<1 em?) of atrial myocardium
from the anterior free wall of the right atrium were
excised from the hearts of 18 patients undergoing
corrective open heart surgery as part of the cannu-
lation technique for cardiopulmonary bypass. Prior
to surgery, approvement of hospital ethics commit-
tee and informed consent were obtained. All pa-

tients were under 16 years old and suffered from
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congenital heart diseases including ventricular sep-
tal defects, 13; atrial septal defects, 3; and te-
tralogy of Fallot, 2. To ensure that the prepara-
tions of atrial tissue were physiologically normal,
the following criteria were employed. No patient
had been in congestive heart failure and none had
received any cardiotonic, antiarrhythmic, or di-
uretic medication. Preoperative electrocardiograms
in all patients revealed normal values for P-R in-
terval, P-wave amplitude, and P-wave duration.
No patient had a history or electrocardiographic
evidence of cardiac arrhythmia.

Immediately after excision, the tissue was
immersed in cold Tyrode’s solution and taken to
the laboratory. Then the preparation was fixed
with fine pins to the silica gel on the base of a per-
fusion chamber and equilibrated for 1 h. The
preparation was superfused (4 mL*min~"') with
Tyrode's solution (35.5 —36.5°C) of the follow-
ing composition (mmol *+ L™'): NaCl 137,
NaHCO; 12, NaH,PO, 1.8, MgCl, 0.5, CaCl,
2.7, KCl 4, and dextrose 5.5. The Tyrode's so-
lution was saturated by a mixture of 95% O, and
5% CO, and the pH was 7.30 - 7.40.

1.2 Electrophysiological measurements

Transmembrane action potentials were record-
ed from human atrial fibers with a glass microelec-
trode filled with 3 mol*L.~! KCl (a tip resistance
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
convertor and processed by a microcomputer.
Maximal diastolic potential (MDP), amplitude of
action potential (APA), maximal rate of depolar-
ization ( V,..), velocity of diastolic (phase 4) de-
polarization ( VDD ), rate of pacemaker firing
(RPF) and 90%
(APDyy) were analyzed with the system of sam-

action potential duration

pling and progressing cardiac transmembrane po-
tential by microcomputer designed by our depart-

10 . .
[10] . Parameters were stored in the microcom-

ment
puter for later analysis.
1.3 Experimental protocols

After 60 min of equilibration, the prepara-

tions were explored with glass microelectrodes to
find those cells with spontaneous electric activity .
Cells were accepted as atrial specialized fibers if
their intracellular potentials showed the character-
istics of “pacemaker” cells, a transition from slow
depolarization of phase 4 to the more rapid depo-
larization of phase 0.

Action potentials ( AP) were recorded after
an equilibration time of 60 min. The experiments
consisted of 3 groups: (D Effects of capsaicin on
the electrophysiology of human atrial fibers. After
recording of 3 control AP, capsaicin 1, 10 and 30
pmol L™ ! were applied in turn. AP were recorded
at 1, 3, 5, 10, 15 min after application of each
concentration, and capsaicin was washed off be-
fore the next dose. ) Effects of Bay K8644 on
capsaicin-induced changes in AP of pacemaker
cells. The effects of capsaicin (10 pmol - L1
alone were observed. Then after pretreatment with
Bay K8644 (0.5 pmol - L") for 10 min, cap-
saicin (10 pmol L™") was added and AP were
recorded at 15 min after application of capsaicin.
@ Effects of capsazepine on the action of cap-
saicin. The effects of capsaicin (10 pmol - L1
alone were observed. Then after pretreatment with
capsazepine (10 pmol*L™") for 10 min, capsaicin
(10 pmol - L™!) was added and AP were recorded
at 15 min after application of capsaicin. In each
experiment, the preparation was washed with Ty-
rode’s solution after application of drugs to observe
the recovery of AP.

1.4 Drugs

Drugs used in this study included capsaicin,
Bay K8644 and capsazepine ( Sigma Chemical
Co., USA). Capsaicin was dissolved in distilled
water containing 10% ethanol and 1% Tween-80
and then diluted to final concentration with saline .
Bay K8644 and capsazepine were prepared as
stock solutions in alcohol and dimethyl sulfoxide
(DMSO), respectively. Final concentration of al-
cohol and DMSO was 0.1% and 0.05% , respec-
tively .

1.5 Statistical analysis

All data were presented as x + s. Statistical

differences were evaluated by paired ¢ test.
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2 RESULTS

2.1 Effects of capsaicin on transmembrane
action potential

Compared with control group, capsaicin
(1-30 ;LHlOl'L_l ) decreased APA, V.,
VDD, RPF and APDy, in a concentration-depen-
dent manner (Tab 1, Fig 1). The changes in RPF
induced by capsaicin paralleled to those of VDD.
The above effects occurred after 3 min of superfu-
sion of capsaicin and reached the peak within 5 —
10 min. The vehicle of capsaicin showed no effect
on parameters of AP of atrial fibers
2.2 Effects of Bay K8644 or capsazepine on
capsaicin-induced changes on action potentials

L-type calcium channel agonist Bay K8644
0.5 pmol- L.~ Vax»
VDD and RPF. Pretreatment of the fibers with Bay
K8644 abolished the effects of capsaicin 10 pmol*
L='(Tab 2). The vehicle of Bay K8644 (0.1%
alcohol in superfusate) had no effect on parame-
ters of AP of atrial fibers.

Competitive capsaicin antagonist capsazepine
10 pmol * ™! had no effect on AP. Pretreatment

!significantly increased APA,

with capsazepine 10 pmol+ L™ failed to affect the
above mentioned effects induced by capsaicin 10
pmol* L™ (Tab 2). The vehicle of capsazepine
(0.05% DMSO in superfusate) had no effect on

parameters of AP of atrial fibers.

3 DISCUSSION

It has been widely accepted that calcium cur-

. 15 .
C I
D
e A \ f\
// U 4‘ 2
300 msa
Fig 1. Original recording showing the effects of

capsaicin on transmembrane action potentials of hu-
man atrial fiber. A: control; B, C, D: capsaicin 1, 10, 30
pmol* L=, respectively; E: wash out. The pictures of B, C and D
were recorded at 15 min after application of capsaicin, respectively.

rent plays an important role in pacemaker depolar-
play: P p P

121 and - action potential upstroke of hu-

1zation
man atrial special fibers was generated to a great

extent by / ). The present study showed that

Tab 1. Effects of capsaicin on transmembrane action potential of human atrial fibers
Capsaicin/pmol + ! MDP/mV APA/mV Via/Ves™  VDD/mV-s~! RPF/min ! APDyy/ms
0 (-54.9+6.1) (67.6+4.6) (19.0+2.3) (16.0+4.7) (53.8+10.0) (270 + 60)
1 -1.5+3.5 -1.1+£1.5 0.1+0.6 -1.7+3.2 -5.7+4.2" 0+7
10 -2.6+4.3 -6.9+2.0"" -4.4+24"" -6.1+3.3"" -20.1+£9.9"" -18+11"
30 -0.9+3.2 -9.9+3.2"" -8.6£3.4"" -89x4.4"" -30.3+11.8"" -31x16™"

Capsaicin 1, 10 and 30 pmol* L~ " were applied in turn. AP were recorded at 15 min after application of each concentration, and capsaicin 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: 90% of duration of action potential. ¥ £ s, n=6. “ P<

0.05, " P<0.01, compared with control group.
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Tab 2.
in human atrial fibers

Effects of Bay K8644 and capsazepine on capsaicin-induced changes in transmembrane action potential

Group MDP/mV APA/mV Viw/Ves™  VDD/mV-s™'  RPF/min~! APDyy/ms
Control (-58.7+9.6) (64.2£7.0) (12.6+3.8)  (16.0£5.7)  (52.4+10.0) (254£31)
Capsaicin -2.1+2.6 -3.8+2.3" -2.3x0.8"" -5.1x2.4"" -13.9£10.0" -20+9""
Bay K8644 -2.0£2.2 5.7+3.5" 8.7+7.0" 9.9+3.7"" 14.5£5.9"" -3zx6
Bay K8644 + capsaicin -1.6+4.1 -0.5+3.7 -1.0+2.9 -2.3+3.8 -6.712.1 -11=14
Control (-55.8£4.3)  (60.4+3.3) (14.7£3.6) (13.7x4.2) (4.5:7.5) (239x34)
Capsaicin -1.24.5 ~4.8+1.2"" —4.8+2.2"" -6.0+4.2" -17.0£7.4"" -2410""
Capsazepine -0.2x1.3 0.5+1.4 -0.0£1.3 -0.5£0.6 -2.4x4.0 0+8
Capsazepine + capsaicin 0.7+1.3 -5.2+3.8"" -3.6+£2.3"  -7.9x3.6"" -15.4x59"" -27+18""

Action potentials were recorded before (control) and 15 min after capsaicin 10 pmol*L™! was applied; when washing off capsaicin, the atrial

fibers were treated with Bay K8644 0.5 pamol+L~! or capsazepine 10 pmol+L~! for 10 min and AP were recorded; then capsaicin 10 pmol - L~ !

were added again and AP were recorded 15 min later. x + s, n=6.

test.

capsaicin could exert inhibitory actions on the au-
tomaticity of human atrial special fibers and a con-
centration-dependent decrease in APA, V.,
VDD and RPF. The change in RPF was accompa-
nied by a decrease in the VDD, which indicated
that the inhibitory effects of capsaicin were mainly
attributed to the reduction in VDD. Thus we pre-
sumed that the above effects of capsaicin might be
attributed to the reduction of /¢, . Our presumption
was substantiated by the finding that application of
L-type Ca’* channel agonist Bay K8644 antago-
nized the inhibitory effects of capsaicin. We also
found that APD was shortened by capsaicin. Li,
et alt' reported that /¢, contributed importantly
to APD of human atrial special fibers. The above
action on APD might result from the reduction in
I, and deserved further investigation.

It has been reported that capsaicin receptor
(i.e. VRy), a distant relative of the transient re-
lease potential family of stored-operated calcium
channels, is expressed almost exclusively in pri-
mary sensory neurons, but there are also non-neu-
ronal VR3] " Recently evidence has been pre-
sented that VR is expressed by non-neuronal cells
of rat cardiomyocytes during development[m . Hu-

man VR; is expressed in dorsal root ganglion as an

“P<0.05, " P<0.01, compared with control group by paired ¢

approximately 4.2 kilobase RNA, and is also ex-
pressed in the central nervous system and in the
kidneym]. We think it is possible that capsaicin
can act directly on the heart via a cardiac VR.
Capsazepine, a competitive capsaicin antagonist,
is able to block the VR and inhibits capsaicin-in-

18 . .
(18] . However, in our experiment,

duced responses
capsazepine failed to abolish the electrophysi-
ological effects of capsaicin on human atrial fibers,
suggesting that VR; not mediate the inhibitory
effects of capsaicin.

In conclusion, this study for the first time
established that capsaicin exerted a negative
chronotropic action and accelerated the repolariza-
tion of human atrial specialized fibers. These
effects are likely due to reduction in calcium influx

and not mediated by VR; .
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