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Inhibitory effects of estradiol on inward rectifier and delayed
rectifier K* currents in guinea pig ventricular myocytes!
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ABSTRACT

ATM: To study the effects of estradiol (Est} on inward
rectifier K* ( fg, ? and delayed rectifier K* ( 1)
channels in isolated guinea pig venticular myocytes.
METHODS: Using whole cell patch-clamp recording
techniques., RESULTS: Est 10 gmol-L~! and 100
pmol + L=! decreased the action potential duration,
APDy,. from (474 + 71} ms to (330 + 75) ms and
(229 + 67) ms { n =7 cells of 7 guinea pigs, P <
0.05), respectively. Est 100 pmol «+ L™' also
decreased APDy, from (587 =60 ms to (418 £ 79) ms
(n=7, P<0.03). Est inhibited fy tail corrent { f5*
tail) concentration-dependently. fg *tail was depressed
33 % {(n=>5, P<0.05) at 10 pmol L~ and 80 %
(rn=53, P<0.01) at 100 umol- L~ compared with
control. Est =10 pmol - L™' blocked fy,. The
maximal inhibition of inward current of Iy, occurred at
—100 mV test potential was 49 % (n7=5, P <0.01)
and outward current of fi; at —40 mV was 72 % (n
=5. P <0,01). The reverse potential shifted
negatively, from —-70 o -76mV. CONCLU-
SION; Est possessed blocking effects on both £, and
fy; channels in guinea pig ventricular myocytes.

INTRODUCTION

Estrogens played a key role in sex difference of
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cardiovascular diseases''). It protected the heart
against coronary disease and ischemia in  some
conditions and acted as a coropary risk factor in another
condition® ¥ . Est inhibited contraction of isolated
rabbit heart, guinea pig papillary muscle and guinea pig
ventricular myocytes,  antagonized  experimensal
arthythmia and influenced action potentials ( AP) of
isolated guinea pig papillary muscle’®™ ™. The present
study was to observe the effects of Est on AP, inward
rectifier K* current ( Iy, ) and delayed rectifier K*

current { f¢) in cardiomyocytes.

MATERIALS AND METHODS

Preparation of ventricular myocytes Single
ventricular myocytes from guinea pigs (3. » =11,
weighing 261 g+ 5 47 g) were prepared by enzymatic
dissociation' ® .  Briefly, the heart was rinsed in an
oxygenated Ca’*-free Tyrode's solution. The aorta
was cannulated and the heart was retrogradely perfused
on a Langendorff apparatus at 37 . A perfusion with
Ca®*-free Tyrode's solution for 5 min was followed by
low Ca®* (50 umol*L~") Tyrode’s solution containing
0.03 % collagenase and 1 % bovine serum albumin
(BSA} for 5 min. The ventricles were cut, minced,
and gently triturated with a pipette in the low-Ca™*
Tyrode's solution containing BSA at 37 T for 10 min.
The cells were filtered through 200-;:m nylon mesh,
resuspended in the Tyrodz’s solution in which the Ca™*
concentration gradually increased to 1.0 ymol+ L1,
Only the cells with rod shaped and clear cross striation
were used for experiments.

Chemicals and solutions Est was purchased
from Sigma Co and dissolved in ethanol to make a 10
mmol-L ! stock solution. The maximal concentration
of ethanol in perfusate was 0.2 % . All of BSA,
collagenase type Il. tawrine, HEPES, egtazic acid.
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Na, ATP and K;ATP were products of Sigma, 3-( N-
morpholino )-propanesulfonic acid {( MOPS )  was
purchased from Shanghai Boao Biotech Co. The
composition of the Ca”*-free Tyrode’s solution was:
NaCl 100, KCl 10, NaH.PO, 1.2, MgSO, 5.0,
glucose 20, taurie 10, MOPS 10 mmol+L™'; pH was
adjusted with KOH to 7.2. Test solution for AP
recording was composed of; NaCl 137, KCl 5.4,
MgCl: 1.0, CaCl, 1.8, HEPES 10. glucose 20 mmol*
L™'; pH was adjusted with KOH to 7.4, Test
solution for K* currents recording: AChCL 137. KCl
5.4, MgCl, 1.0, HEPES 10, glucose 10 mmol-L™!;
pH was adjusted with KOH to 7.4. The electrode
internal solution for AP recording: KCl1 140, Mg(Cl,
2.0, egtazic acid 2.0, HEPES 5.0, Na,ATP 4.0
mmol-L~*; pH was adjusted with KOH to 7.4, The
electrode internel solution for Kt currents recording:
KCl 140, MgCl, 0.5, egtazic acid 10, HEPES 10,
K2 ATP 5.0 mmol-1.~!; pH was adjusted with KOH to
7.4,

Potential and currents recording Myocytes
were placed in a 500 pl. chamber on stage of inverted
microscope { Olympus CK2). The chamber was
continuously superfused with test solutions 2 ml.- min~*
at 25 T. Membrane cuments and AP were recorded
using the whole-cell patch-clamp techmiques with a
patch-clamp amplifier ( CEZ 2300. Nihon Kohden,
Japan}'®’. Patch electrodes were pulled with a vertical
puller ( PB-7, Narishige, Tokyo. Japan} and had a
resistance of 2 — 3 M} when filled with electrode
internal solution. After gigaseal produced and patch
ruptured, AP was recorded in current clamp mode and
currents were recorded in voltage clamp mode.
Experimental protocols, data acquisition and storage

were accomplished with Pclamp 5.6  Axon Instrument,
USA) running on a personal computer.

Statistics Data were expressed as ¥ + 5 and
compared with the paired ¢-test.

RESULTS

AP AP in guinea pig ventricular myocytes was
evoked by a step current pulse of 90 pA, 10 ms
duration at the frequency of 1 Hz. Est 10 umol-L™!
decreased APDy,, from (474 + 71} ms to (330 = 75)
ms (n =7 cells of seven guinea pigs. P <0.05). Est
100 pmol - L™ ! decreased APDy, to (2292 67) ms (
=7, P <0.01) and APDy, from (587 + 60} ms to
{418+ 79) ms { P < 0.05). The effects were not
canceled completely after Est was washed out. RP and
other parameters of AP had no significant change ( Tab
1}. Ethanol 0.2 % had no significant effect on AP,
RP as well as currents.

Iy - tail [y - tail in guinea pig ventricular
myocytes was obtained by a depolarizing step pulse
from the holding potential ( £} of —40 mV to 30 mV
at the frequency of 0.2 Hz. The step pulse duration
was 5 s. Est inhibited fg - tail concentration-
dependently, 53 % (from 247+ 51 to 117 £27 pA, n
=5 cells of 4 guinea pigs, P <0.05) at 10 ymol-L~*
and 80 % (from 248+ 5] to 5713 pA. P <0.01) at
100 gmol - L%, After washout of Est. the inhibition
of fy-tail was partly recovered ( from 57 +13 to 84 +
24 pA) (Fig 1).

Iy 1y was elicited by a number of step pulses
(300 ms) from the E, of - 40 mV to test potential
between — 100 and + 30 mV with step 10 mV.
Addition of Est 10 gamol+L ™! induced a remarkable

Tab 1. Effects of Est on AP. n=7 ventricular myocytes of 7 guinea pigs. x+s.
2P 5 0.05, PP <0.05, °P <0.01 vs control.
BP/mV APA/mV 08/my Vopn/ Vo™t APDsy/ms APDy,/1rs
Solvent -82+ 5 150 + 182 68+ 21° BT 439+ 56" 558 £ 62*
Control —B1 £6° 145 + 107 o+ 14¢ 3¥+5 474+ 71° 587 x o0
Est/pmoleL"!
1 —82+6° 14817 65+ 18° 32+8 407 + 32° 322+ 45"
10 - 83 +5° 145 + 18°* 62 + 19 0+8* 330+ 75 460 + 95°
100 —-82+7 140 + 28° 58 +23° 20+ 12° 229 + 67° 4182 79
Washout —85x2° 149+ 15* 61 + 157 21 +6° 294 + 65" 495 x 95°

)
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Fig 1. Block of Iy - til by Est in guinea pig

ventricular myocytes. A} Current tracings from a
representative cell. B} concentration.dependent
block of Iy -mil by Est. n»=5. "P<0.05, P<0.01
vs control.

depression of J;. The inward currents of /g, at E,
- 100 mV and - 90 mV, were depressed 36 % (from
-652 pA+ 34 pA to —420 pA £ 60 pA, P<0.01)
and 44 % (from - 321 pA+53 pA to - 178 pA +24
pA. P < 0.05) of the control, respectively and
outward currents, at E, of —40 mV, 29 % (from 126
PA+25pA to 90 pA+23 pA, P<0.05, n =5 cells
of 5 guinea pigs). Est 100 pmol*L~' had a more
remarkable blocking effect on fiz. The inward
currents of /i at £, of — 100 mV and — 90 mV were
depressed respectively 49 % (from - 632 pA + 54 pA
to —334 pA+78 pA, P<0.01) and 55 % ({from
-321 pA+53 pA to - 144 pA £ 27 pA, P <0.05)
and outward currents, at £, of — 60 mV, — 50 mV and
-40 mV, 43 % (from 150 pA + 39 pA to 91 pA =20
PA. P<0.05). 55 % (from 163 pA + 23 pA to 72
pA£20 pA. P<0.05) and 72 % (from 126 pA +25
pAto 38 pAx 11 pA, P <0.05) of control (n =35,
Fig 2).

DISCUSSION

Effects of estrogen on cardiovascular system are

Est 1 pmotL
Esr LU pmol L'

L]
|
F 9
o]

Est 100 pmai L’

Fig 2. Effects of Est on ;. n = 5 ventricular

myocytes of 5 guinea pigs. "P<0.05, ‘P<0.01 vs
control.

diverse, irregular and even contradictory with each
some condition"” . which means the
mechanism of estrogen is very complex.  Although
estrogen receptors were found in heart! ! and the direct
effects of Est on heart were observed, the mechanism of
the hormone is not clear yet. In the present study, we
firstly demonstrated the inhibitory effects of Est on fy,
and 7y in single ventricular myocytes of guinea pig in a
concentration-dependent manner. 1t suggested that the
inhibitory effects of Est on K* channels might play an
important role in the effects of Est on heart.

Iy and I chammels of myocardium are very
important in maintaining normal RP and APD in
electrophysiology of heart. Some reported that the
blockade of K* chammels could protect against
arrthythmial'? . The inhibitory effects of Est on fy
and fg may be another ionic basis of antagonizing
experimental  arthythmia, hesides [, channel
blocking"™*, In the experiment, APD decreasing and
K* channels blocking seems contradictory because
blockade of K* chamnels usvally cause the APD
shortening.  Some reported that Est has a Ca*
blocking effect'™™ and the results of study in our
laboratory definitely supported that. 1t suggested that
Est blocked Ca®* channel stronger than K * channels at
the same time. which might be the main cause of APD
shortening in myocytes. Interestingly, Est shortened
APD in single cardiomyocytes™ ¥ but in isolated
papillary muscle we previously used(™). Est prolonged
the APD significantly. Different effect of Est on APD

other 1n
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berween papillary muscles and myocyies has not been
understood yet and should be paid attention to.
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