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= Abstract=

Effects of K+ and H* on electromechanical properties of rabbit papillary muscle

Jun Kim and Ki Whan Kim

Department of Physiology, College of Medicine, Seoul National University, Seoul, Korea

Effects of external pH and potassium concentrations on the electrical and mechanical
properties were investigated on rabbit papillary muscle. Papillary muscles were perfused in
horizontal chamber with Tris Tyrode solutions and action potential along with isometric
tension was recorded simultaneously. Potassium concentrations were varied between 1 and 12
mM at low(6.9), normal(7.4) and high (7.9) external pH.

The following results were obtained:

1) On rasing the potassium concentration from 1 to 12 mM resting membrane potentials
decreased from —88.8+2.8 to —66.4+1.2mV at normal pH and the amplitude of action
potential decreased from 115.130.7 to 97.5+2.8 mV.

On lowering the potassium concentration, membrane hyperpolarized and at 1 mM potassium
concentration resting potentials were —107-2.2 mV. Duration of action potential especially
APDg,~APD,, increased (APDg,: 214+15.8ms at 1 mM K* to 287+18. 1 ms at 12mM K*).

2) During acidosis membranes hyperpolarized by more than 20 mV within 1 min. and then
slow recovery was observed during the following 10 min. During alkalosis membranes
depolarized about 10 mV, which were maintained until washing with normal Tyrode solutions.

3) On lowering the external pH(7.9—6.5), duration of action potential increased progres-
sively and it was most prominent at pH 6.5 and K* 1mM.

4) Magnitude of developed tension was 0.6+0.14 g/mm? at normal pH and potassium
concentration (stimulus frequency: 60/min). Relative isometric tension to normal value increased
along the increment of stimulus frequency (44.2+4.2% at 6/min to 271+86.7% at 180/min).

Force-frequency relations were altered quantitatively during the perfusion with different
external pH solutions.

5) Developed tension did not show marked variation within the range of 2~8 mM potassium
concentrations. Positive inotropism was observed at less than 2 mM K* and negative inotropism

beyond 12 mM K* concentrations.
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From the above results we concluded that the effects of potassium ion concentration on

electrical and mechanical properties of rabbit papillary muscle are related to the changes

in surface negative charge due to acid base disturbances.
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18831 Sidney Ringer 7} Kto] 429 4% oA
ey Bangk F ZE59 A2 ol g e d
F2E) A F Helgteh. ¥ K¥Y FHxs g8t
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Fo] glojAle}(Vassale, 1965). uke] 2 Kty ¥} o}
A Alzee FEFEH ZFAGY AL 3] A
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A8 54 AA—g71 73 g 98 9
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1959) 454 72 -$ B-FA 9 A1 7F A 2 = (Poole-
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a3 F- (slow inward current) 7} o} A5 ¢ pla-
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and Sperelakis, 1977) @¢Ze] Sl L Ko 9]3ko|
Zo] Ssk=ictm sl (Bogaert et al., 1978) i <}4]
Aol A A A AF—ARAgDA S} ekl 5
e HFAy 12 F/HIAGE F4E Y9
(Brown et al., 1978). =] Johannsson 3} Nilsson
(1975) & 45 wio] SFA A7 go] J3e wx) g
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(Spitzer and Hogan, 1979) 3% st glt}.
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Fig. 1, Effect of low K* concentration on action potential (upper trace) and isometric tension (lower
trace) in rabbit papillary muscle perfused with Tris Tyrode of normal pH.
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Fig. 2. Effect of high K* concentration on action potential (upper trace) and isometric tension (lower

trace) in rabbit perfused with Tris-Tyroid of normal pH.
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Fig. 3. Effect of low pH on action potential and isometric tension in rabbit papillary muscle.
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pannel shows continuous changes in action potential and isometric tension on lowering external
pH from 7.4 to 6.9. Right pannel shows individual recordings at 5 and 10 min. after lowering

of external pH.
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Fig. 4. Effect of low K* concentration on action potential (upper trace) and isometric tension (lower
trace) in rabbit papillary muscle perfused with Tris-Tyrode of pH 7.0.
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Fig. 5. Effect of high K* concentration on action potential (upper trace) and isometric tension (lower
trace) in rabbit papillary muscleperfused with Tris-Tyrode of pH 7.0.
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Fig. 6. Effect of low K* on action potential (upper trace) and isometric tension in rabbit papillary
muscle. External pH of Tyrode solution was lowered from pH 6.9 to 6.5,

2 FoEgith, BEAYY AL BHi& Rezov
Ak gl Reoke E o]k flodvth

pH 7,001 49 K*5E wizlel whaicte] d3E 29
4,50 pH 6.501 48] WsEe 29 6,74 Rolx glrh

a9 4ol BE] A4 Kald ~96mV 2 A5
oa) oln] FAH Ul kA& K 1mMel4
~113mV 72 F7kgk wbeol 2 vz 719 23mV
A 16mV 2 ztiste FFA4e 2o+ 2389 10
mV st Foratgel, #EAty AAge JAs] F4
3t APDge] 4 Kol 195 mseco]rl He] Z 30
% sb7tol Z7tstgeh. pH 6.5¢41 49 w3+ pH 6.9
A TEAo R FUdF WHE X kAl Zelnt
Xolm (Y 6).

pH 7.0¢14 K*g=7t F7bsbd ebd=taiehe g3
5ol K 4mMgael4 ~96mVolrl Ae] K 8,12

mMedl A 2z —80, —72mV & Jeh el A
AAZohe w3E Belxl ofgton niebd F-EAqHY
2E zZidgde(2d 5). FEAYY AL
gotz.ed pH 7.4 4 MY APDyS ZF4e iy
2 gskeh, pH 6540419 W3 (29 )& §3 K 12
mM ol A XA ARG 2715t 2okl n ZEA s
A&7 7T BAs gorgon 53 60%0]4 AL
71 7ko] Zrobzl el

29 8& pH 7.4614 pH 7.92 R F44 ¢ st
A& "o H3E Belx gle}d. pH 7.40] 4 —89mV
ol ek ubalohe HA &EFH ] 108 £ —80mV
7+ Hgon A gL FA 16mVolwd o] 28
mV 2 37 Frisld Ao IFTAGY 2
F7hetgd el AbSol A FEellidl =hastel 35
sl A sty ue] (28 3) wkste pH 79414 & 10



-

—_
500ms 1min

-7 A AAR: EA 4529 AAA B AAA Qe HAL FE Y Tl P

it it
o) 0

-100

Fig. 7. Effect of high K* concentriaton on action potential (upper trace) and isometric tension (lower
trace) in rabbit papillary muscle perfused with Tris-Tyrode of pH 6. 5.
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Fig. 8. Effect of pH on action potential. External pH of Tyrode solution was lowered from pH 7.4 t0 7.9
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Fig. 9. Effect of K* concentration on action potential (upper trace) and isometric tension (lower trace)
in rabbit papillary muscle perfused with Tris-Tyrode solution of pH 7.9,
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Fig. - 10. Effect of stimulus frequency upon isometric tension (upper trace) and maximum rate of temsion
development(lower trace). External pH of the Tyrode solution was varied from ptH 7.9
(left), 7.4 (middle two traces)and 6.9 (right trace). Note the different scales of
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Fig. 11. Force-frequency curves under steadys tate

at various external pH in rabbit papillary
muscle. Vertical bars mean 2 s.e.m.
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Fig. 12. Effect of K* concentration on isometric
tension at various external pH in rabbit
papillary muscle. Tension is expressed as
relavite strength to the values at normal
pH(7.4) and K*concentration (4 mM).

&) A 4 Ak B A2y A (KDesh 3
4 nrk e A% Pno/Prst AR Eme] Ex2AE
A58 Welvps = (Vaughan-Williams, 1959) °l
2% Z5+e Purkinje A$)A o § 928 et
[K*Je 7k 1mM o] 3o A= 238 @R o] deojnudct
(Weidman, 1956).

pH & wWast 429 etRdAgdel & 98¢ F4
ok} (Johannsson and Nilson, 1975)% X2 X% Q.0
W gubd ez sy AdHaA pHAE worA | Al 2w
Yol dejndrl. T Y2y Pxd 34 (Corabo-
euf et al, 1976), Na-K-pump$ 2}#}(Sperelakis
and Lee, 1971), A4 AG—AFIA) W&
(inward shift) (Brown et al., 1978), A Z 75 (inter-
cellular cleft)e] K*¢] & (Skinner and Kunze,
1976) 5% & =k

L A A 248 1~12mMe] (KA 1ol A (K e
A tawel @eh End Exz¥el A& el pH
o @ol Welxter. pH7 wobd A Af
18o) el shFe] vebygeist AR 355 10EF
ol 50%01 4 348 & RAsget. ole AASel A b
Ehubs & BFo) A zto] A& E3te Brown$(1978)
o] pH 7,201 A 6.9% 25 g &l Ao E 15804 At
of BR-To] vhebubm 2 ojR: 28# FHEFEct
o Ras Az $gsch. 28y Brown & ¢AEF
Q4 Ao AEAG 2o AG—AFFAY o}Fel
gich s s Aol A gel el ol A Al
o W3l Q& AL ALt 98 (Brown, 1973)el
Wt B ARAAE SBZAIAE A Adetel
gaaZow o fsiqrt. I 7L BAA dovt
AEeEds 2447 93 FIE el A
o, gaden Az Jrey Asd T A%
RAere] ke FAY A Tl (Sperelakis, 1980),
Purkinje 4%l A pH 7.44# —18mV 3§ E¢| A&
R3¢ 4= 9lrl= Bu(Brown and Noble, 1978)&
Aaatd A4 2el FAFE ATGIRY 4
RAE H ez 3425 7548 AAs, 48%
e} Az A Lgvhd S A% AETAN4
K+&, Na-K* pump 9] oA|5o2 gXTo| g
s gosle} 53¢

ZEA g uA e (K 5Es] G F2 AL
A 7¢] vebdel, Purkinje 4 f-ol A (K*)e 5~10 mM
el A g5 rlzke] gokx 2 (Weidmann,
1956; Brady and Woodbury, 1957) 3E%te] 5%
gl oy AL ek (Vassale, 1965). whol = (K*Je 7+ 43t &

7t xE
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FA9H szke] oAt olo] MFg AEE IF4A
B A F—A A 7k mA(cross over)d A B
K*o] Z713tal = B35tz K9 93 {71 So1adet
a2 »39 =} (Noble, 1966).

A2 B5AGE A—d/TY 9 Zako] GF& 4
A ¢l M (Vaughan-Williams, 1959)v} A%
el BFRCY Fztel wWEAl ¢rl(Johannsson
and Nilsson, 1975)A v =& I FAHAFTAO = &5
A gto] o8k Wz o) (Spitzer and Hogan, 1979)
E FAE oy dipdoze AFdde 59
9] Ae¢]7 A e}z e} (Poole-Wilson and Langer, 1975;
Coraboeuf et al., 1976). X AFo2 siahygAdF
7} A5 o] plateau 7} yrobx] m(Kohlhardt et al.,
1976; Vogel and Sperelakis, 1977) ¢zl o)A+ K*
9] 2lgko]l Fo| Srtxlviam shwu] (Bogaert et al., 1978)
A AES o) o8 A A A F—AfdA A W
o] T3l BEALY JE FAAAHE FAE Y
t}(Brown et al., 1978).

L AddAE (Kot wobad Z5x4H9 2145
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A9 24+
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g Na*-K* ATPase ¢] oAl 2 Q13 AT (N )FE
H3lo] =& Ena*d] ol dod ¢ gidgd s Aoz
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F mV FEo E3sht 246 i 54 mV 7
2 71 & 4 glc} Fc}h(Sperelakis, 1980).
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el d 3EFHn AU AAYGE-d 4T AL
AZEA g% FESH I pHS712 98 2d$
A 3742 wEIHE AP 42243} NatK*
ATPase 7} AL-Zo] &8 oA 2-&(Jarnefelt, 1961)F
e Flom Folxrl
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8 Z7be Boh 2 JlAe] Sasietn 451 gt
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1975) A2 29459 ATPase &4 E3+4(Schiad-
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g g g 53 44 Cattd R 243 A
o} ¥ ¢} ¥le] = 2 (Beeler and Reuter, 1970) %] 9}
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gL FUE Aoz 44
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