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Inhibitory effects of serotonin on transient outward potassium
current in rat ventricular myocytes’
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ABSTRACT

AIM: To smdy the effects of serotonin ( 5-hydroxy-
tryptamine, 5-HT) on transient outward potassium current
{I,) and elucidate its mechanism in rai ventricular myo-
cytes. METHODS: 7, was recorded vsing the conven-
tional whole cell paich-clamp techniques. RESULTS;
I\, density in normal myocytes was similar to that in
norepinephrine-induced hyperrophic myocytes.  5-HT
depressed I, in a concentration-dependent manner with
the half-maximal inhibifory concentration of (40 + 5)
umol/L and (38 +7) pmol/L in normal and hypertrophic
ventricular myocytes respectively. Mianserin { 5-HT;
receptor antagonist}, compound 48/80 (phospholipase C
amtagonist) , and chelerythrine chloride ( protein kinase C
antagonist} reversed the inhibitory effects of 5-HT on [,
while phorbol 12-myristate 13-acetate (protein kinase C
agonist) enhanced the inhibitory effect of 5-HT on 1, in
nomal myocytes, CONCLUSION: 5-HT markedly
inhibits 7, in rat ventricular myocytes. The putative
signal pathway is that 5-HT activates phospholipase C,
which causes inositol phospholipid hydrolysis. The
activation of downstream signal molecule, protein kinase
C. phosphorates substrate target proteins, which leads to
inhibition of I, in ventricular myocytes.

INTRODUCTION

It has been demonstrated that serotonin (5-hydroxy-
ryptamine, 5-HT ) causes positive chronotropic and
inotropic effects in human and pig atrium'*?’. The
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magnitide of transient outward potassium current (Jy,)
alters the time course of the imitial phase of the action
potential and determines the time course of other currents
during the remainder of the action potential® . Thus,
any effects of 5-HT on 1, would be expected to alter sub-
stantially the early phase of repolarization. Ketanserin,
a 5-HT, receptor antagonist, prolongs the action potential
duration and QT interval in rabbit ventricular myo-
cytest® . However, the property of 5-HT on 1, is not
known in ventricular myocytes. To explain 5-HT-related
changes in heat rate and contraction, the present
experiments were designed to investigate the effects of
5-HT on [, in isolated rat normal and hypertrophic left
ventricular cells using the conventional whole-cell patch-
clamp technique .

MATERIALS AND METHODS

Animals  Five-week-old male Sprague-Dawley
rats weighing 170 — 190 g (provided by the Experimental
Animal Center of Fourth Military Medical University,
Grade [, Cenificate No C98008) were treated with
norepinephrine (NE, Sigma) to produce left ventricular
hypertrophy as described previously'™ . In brief, NE was
injected ip twice daily at the dose of 1.5 mg/kg for 15 d.
The study was carried out in the followed week, when the
rats were 200—220 g.  Age-matched normal rats weigh-
ing 210 - 230 g served as control.

Cell iselation The single myocytes were isolated
from lefi ventricle of rats!® . In brief, the rats were
anesthetized with pentobarbital sodium (30 mg/kg, ip)
and anticoagulated with heparin sodium (300 U/kg, iv).
The heart was rapidly excised and mounted on a
Langendorff apparatus. It was perfused retrogradely via
the aorta for 5 min with a modified Tyrode’s solution
equilibrated with 100 % Oy at 37 C at a rate of 5 to 10
rol./min, followed by perfiision for 5 min with Ca®* -frec
Tyrode’s solution. The heart was then perfused with
0.1 % collagenase (type I , Sigma) dissolved in Ca?*-
free Tyrode’s solution until the solution flowed freely (15
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t0 30 min). Then the heart was washed with 30 mL of a
Kraftbriihe (KB) solution.  Afler removing the atria, the
left ventricular free wall was dissected and minced in a
beaker containing KB solution. The tissue pieces were
gently stirred, and isolated single cells were then filtered
through a nylon mesh (180 pm). Isolated left
ventricular cells were stored in the KB solution at 4 C
and studied within 12 h after isolation.

Solutions  The composition of the modified
Tyrode’s solution was {in mmol/L) NaCl 144, KCl 4,
CaCl, 1.8, MgCl, 0.5, NaH,PO, 0.33, glucose 5.5,
and hydroxyethyl piperazing ethanesulfonic  acid
(HEPES) 5.5 (pH 7.4 with NaOH). The Ca?*-free
Tyrode’s solution was prepared by omitting CaCl, from
the modified Tyrode’s solution. The composition of the
KB solution was (in mmol/L) KOH 70, KCl 40,
L-glutamic acid 50, taurine 20, KH,PO, 10, MgCl,
0.5, glucose 11, ethylene glycol-bis { f-aminoethyl
ether) egtazic acid (EGTA) 0.5, and HEPES 10 (pH 7.
4 with KOH). For the recording of I,,, the external
solution contained (in mmol/L); Choline chloride 137,
KCl 5.4, CaCl, 1.8, MgCly 1, HEPES 10, and glucose
10 (pH 7.4 with KOH). The pipette solution was
composed of (in mmol/L) KC1 150, MgCl, 1, Na,ATP
5, EGTA 10, and HEPES 5 (pH 7.2 with KOH).

Whole-cell patch clamp recording A small
aliquot (0.3 mL) of dissociated cells was placed in 2 0.5
mL chamber mounted on an inverted microscope
(Leica) . Cells were allowed to adhere to the cover slip
and perfused at room temperature (18 —22 C). Rod-
shape cells with clear cross-striations and resting potential
of at least ~ 75 mV were used. The currents were
recorded by patch-clamp techniques with a CEZ 2300
amplifier ( Nihon Kohden). The resistance of patch
pipette ranged from 2 to 5 M when filled with the
pipette solution. Pipette capacitance and series resistance
were compensated o minimize the duration of capacitive
currents. [, was recorded by applying 300-ms
depolarizing pulses to a test potential ranging from — 40
mV to +70 mV in 10 mV steps from a holding potential
of —60 mV at an interval of 5 s (0.2 Hz). The current
ampilitude of I, was measured as the difference between
the peak outward current and the current at the end of the
pulse. The current signal was sampled directly into a
computer and analyzed by pClamp software (version 7.0,
AXON Instruments Inc) .

Data analysis Data were expressed as & + 5 and
differences were estimated by Student’s #-test.

RESULTS

Animal and cell characteristics There was no
difference in body weight between normal and NE-treated
rats. However, the left heart weight was heavier
(P<0.05) and the ratio of left heart weight to body
weight ( LHW/BW ) was higher (P < 0. 05) in
NE-treated rats than those in comtrol rats (Tab 1). The
cell membrane capacitance was 134 pF+ 15 pF (n =36)
in normal cells and 182 pF + 18 pF (n = 24) in
hypertrophic cells ( P <0.01).

Tab 1. Characteristics of experimental animals. BW:
body weight; LHW: left ventricular weight. % < s.
P 20,05, P <0.01 vs normal.

Group n BW/g LHW/g LHW/BW
Normat 12 21811 0.41x0.1) 2.23+0.21
Hypertrophy 8  212+8 0.58+0.16" 2.92+0.27

Effects of 5-HT on I, in hypertrophic and
normal cells The current traces were obtained before
and after exposure to 5-HT 10 pmol/L (Fig 1A). In
both normal (7 =27 cells from 7 rats) and hypertrophic
cells (7 =25 cells from 5 rals), the threshold voltage for
the activation of I, was —30 mV, J, density in nonmal
myocytes was similar to that in hypertrophic myocytes.
1, was inhibited by 36.0 % [from (25+4) pA/pF to
(16£3) pA/pF] and 40.7 % [ from (27+4) pA/pF 1©
(16 £3) pA/pF] in normal and hypertrophic myocytes,
respectively ( Fig 1B), showing no distinct difference
between normal and hypernvophic myocytes. 5-HT
depressed I, in a concentration-dependent manner with
the half-maximal inhibitory concentration of (40 % 5)
pmol/L and (38 +7) pmol/L in normal and hypertrophic
ventricular myocytes respectively (Fig 2).

Roles of 5-HT, receptor, phospholipase C,
and protein kinase C in the effect of 5-HT on I,
Mianserin {10 gmol/L ), a selective 5-HT, receptor
antagonist, partially abolished the inhibitory effects of
5-HT on 1, increasing the peak current from (16.3 =
2.0) pA/pF to (19.3 +2.2) pA/pF at test potential of
+70 mV (P <0.05). The curmrent-voltage relations of
I, were obtained in 9 cells from 3 normal rats (Fig 3A).
Compound 48/80 (10 mg/L ), a phospholipase C
antagonist, reversed the inhibitory effect of 5-HT on [,
by 17.8 % (14.8 pA/pF 2.0 pA/pF vs 18.0 pA/pF
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Fig 1. Effects of 5-HT on I, in rat ventricular cells. A: representative traces of I, recorded in normal ventricular
myocytes of rats before (left) and after (right) perfusion of 5-HT 10 gmol/L. B: current-voltage relationships of I,

obtained in (left) normal and (right) hypertrophic cells before () and after (@) perfusion of 5-HT 10 pmol/L.
'P < 0.05 vs before perfusion of 5-HT. %z s.
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Fig 2. Dose-response curve for 5-HT inhibiting I, in normal { 7 = 7) and hypertrophic (72 = 6} myocytes. I, was
elicited at + 70 mV from holding potential of - 60 mV. %=+ s.

+£2.5 pA/pF) at test potential of + 70 mV, showing obtained in 6 cells (Fig 3B). Phorbol 12-myristate
that phospholipase C pathway is involved in 5-HT  13-acetate (PMA, 1 nmol/L), a potent protein kinase C
inhibiting I,,. The current-voltage relations of I, were  agonist, enhanced the inhibitory effect of 5-HT on /,,,
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Fig3. Effects of mianserin, compound 48/80, PMA, and CHE on 1,. Left columm shows representative trace of I,
elicited in normal myocytes. A: misnserin (10 pmol/L) and B: compound 48/80 (10 pg/L) reversed the inhibitory
effect of 5-HT on I,,. C: PMA enhsmoed while CHE (1 umol/L) reversed the inhibitory effect of S-HT. Right column
shows the current-voltage relationship of I,, before () and after treated with 5-HT (@}, A: 5-HT + mianserin ([1}:
B: 5-HT + compound 48/30 ((]); C: 5-HT + chelerythrine () and 5-HT + PMA (). 2% 5. "P<0.05 vs comtrol.

*P<0.05 us 5-HT.
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nearly increasing 31.2 % (from 16.0 pA/pF£2.6 pA/
pFto 11.0 pA/pF + 2. 2pA/pF) at the test potential of
+70 mV. On the other hand, chelerythrine chloride
{CHE, 1 nmol/L) reversed the inhibitory effect of 5-HT
approximately by 20.6 % (from 16.0 pA/pFx2.6 pA/
pF1019.3 pA/pF£2.7 pA/pF). Results indicated that
protein kinase C (PKC) played a key role in 5-HT
inhibitory action. The current-voltage relations of 7y,
were obtained in 13 cells from 5 normal rats (Fig 3C).

DISCUSSION

According the literatures /[y, density in hypertrophy
models was shown to be increased, decreased, or
unchanged in rats, cats, or guinea pigs’’~*), In present
study, I, density unchanged in hypertrophic ventricular
myocyles induced by NE compared with normal ones.
5-HT inhibited /,, in both hypertrophic and normal
ventricular myocytes in rats, showing no distinctly
difference in inhibition of [, density before and after
cardiac  hypertrophy . I, mainly contributes 1o
repolarization at a slow heart rate because of its slow
recovery from inactivation!® . Tt suggests a possible role
of 5-HT in regulating heart rate. I has been found
5-HT;, 5-HT., 5-HT;, and 5-HT, receptor subtypes
distributing in mammal heart, mainly on the membrane of
coronary vessel, heart sympathetic nerve terminal, or
atrial myocytest!1"¥)_ There is no direct evidence to
prove the existence of 5-HT receptor on the membrane of
ventricular myocytes. Our study illuminates indirectly
that there is 5-HT receptor distributing on the membrane
of ventricular myocytes. The subtype of recepior might
be 5-HT, for mianserin ( selective 5-HT, recepior
antagonist) partially abolishing the inhibitory effect of
3-HT on 1,,. The further study should be carried out to
find the direct proof of 5-HT, receptor distribution.

5-HT inhibited [, in similar degree in normal and
hypertrophic cells. This effect did not depend on the
degree of cardiac hypertrophy. It is well known that
5-HT receptors are G-protein coupled ones except for
5-HT; receptor being ion channel coupled. In this
study, we found that both selective 3-HT; recepior
antagonist and phospholipase C inhibitor reversed the
inhibitory effect of 5-HT on [7,. It suggests that
phospholipase C signal pathway is involved in 5-HT
inhibiting f,,. The putative signal pathway is that 5-HT
activates phospholipase C, which causes inositol
phospholipid hydrolysis. The activation of downstream

signal molecule, protein kinase C, phosphorates substrate
target proteins, which lead to inhibition of I, in
ventricular myocytes.
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Calling for papers

Acta Pharmacologica Sinica will publish a special issue about Traditional Chinese Medicine on the 12th issue this
year, Focal topic will be on “The phammacology of tetrandrine and related alkaloids” . In addition to invited reviews,
we will also accept submission of excellent original research papers subjected to peer review.

Please send all submissions to Prof KWAN Chiu-Yin before the end of August.
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