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= Abstract=

Effects of Potassium Ion Concentrations on the Cardiac Performances in the
Turtle Heart Amyda japonica

Jun Kim, M.D. and Kee Yong Nam, M.D.

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

Changes in cardiac performances were observed under variations of the arterial and/or-

venous pressures with K-loading or K-depletion in turtle heart. Hearts were perfused with

turtle Ringer-Locke’s solutions containing various levels of potassium ion concentration.

When venous pressure increased from 4 to 12 ¢m H,0, cardiac output increased from 6.2
=+0.68 to 15.7+0.75 ml/min, concomittantly. On the contrary, cardiac output decreased
during the elevation of arterial pressure. Stroke work increased more prominently during-

the arterial pressure elevation than during the elevation of venous pressure.

During K-depletion(1~2mEq/L), cardiac output increased to two times that of normal K-
concentration (3~6 mEq/L) group. Heart rate increased also, but less markedly.
In K-loaded (7~8 mEq/L) group, both the cardiac output and heart rate decreased but

stroke volume rather increased, because heart rate decrement was disproportionate to that

of cardiac output.

We concluded that in perfused turtle heart, cardiac output variation was more sensitive

to K-depletion whereas heart rate to K-loading.
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Fig. 1. Effects of venous ‘pressure on cardiac out-

put and heart rate in normal turtl: hearts.
Vertical bar: S.E.
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“Table 1. Variations of ventricular performance in perfused turtle hearts subjected to various arterial
and venous pressures under a constant K concentration of 3 mEq/L

VP AP HR co Sv SW
~cm H,0 cm H,0 ml/min beats/min ml ml.cm H,0
4 0 8.3(1.5) 27(2.7) 0.32(0. 06) 0
2 6.6(1.5) 28(2.2) 0. 24(0. 06) 0.48(0. 12)
4 6.4(0.9) 28(2.5) 0. 23/(0. 05) 0.92(0. 20)
6 5.8(0.6) 24(2.6) 0.24(0. 01) 1.44(0. 06)
8 4.1(0. 8) 24(1.1) 0.17(0. 02) 1.36(0. 16)
6 0 12.3(1.7) 28(2.6) 0.47 (0. 08) 0
2 10.3(1.3) 28(2.3) 0.38(0. 05) 0.76(0. 10)
4 9.4(1.2) 27(2.1) 0.37(0. 06) 1.48(0. 24)
6 9.4(0.8) 27(2.4) 0.35(0. 02) 2.10(0. 12)
8 7.6(1.5) 25(1.8) 0.31(0. 04) 2.58(0.32)
8 0 15.3(1.9) 29(2.7) 0. 54(0. 08) 0
2 13.3(1.4) 30(2.3) 0.44(0. 04) 0.88(0. 08)
4 11.3(1,1) 27(2.6) 0. 44(0. 07) 1.76(0. 14)
6 10.9(1, 0) 27(3.8) 0.42(0. 03) 2.56(0. 18)
8 10.3(1,2) 26(2.7) 0.40(0. 03) 3.20(0. 24)
10 0 17.1(1.5) 30(2.5) 0. 58(0. 08) 0
2 15.6(0.7) 30(1.9) 0.55(0. 03) 1. 10(0. 06)
4 13.2(1.2) 28(2.4) 0.49{0. 07) 1.96(0.28)
6 12.8(0.5) 27(3.3) 0. 49(0. 05) 2.94(0. 30)
8 12.3(1.0) 25(2.1) 0.49(0. 04) 3.92(0. 28)
12 0 17.3(1.5) 31(3.2) 0.60(0. 12) 0
2 17.2(1.5) 28(3.3) 0. 64(0. 08) 1. 28 (0. 16)
4 15.2(1.2) 25(2.4) 0.63(0. 10) 2.52(0. 40)
6 15.8(1.0) 25(3.2) 0.68(0. 12) 4.08(0.72)
8 13.2(1.1) 24(1.7) 0.55(0. 03} 4.4G(0. 24)

VP, venous pressure; AP, arterial perssure;
CO, cardiac outout; HR, heart rate;

SV, stroke volume; SW, stroke work.

( ): standard error of ‘mean '
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maintained constantly at 4 ¢cm H,0. Ver-
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Table 2. Variations of ventricular performance in perfused turtle heart subjected to various K-concen-
trations and venous pressures at a constant arterial pressure(4 cmH,0)

K+ VO co HR sV SW
cm''H,0 mEq/L ml/min beats/min ml ml.cm H,0
1 2 7.7(0.8) 28(1.5) 0. 28(0. 03) 1.12(0. 12)
4 12.8(1.2) 28(1.5) 0. 45 (0. 08) 1.80(0.32)
6 17.3(1.0) 27(2.0) 0. 64 (0. 05) 2.56(0. 20)
8 19.0(0.5) 28(3.5) 0.68(0.12) 2.72(0.48)
10 23.9(1.5) 28(2.0) 0.85(0.07) 3.40(0. 28)
2 2 3.7(0.9) 27(4.5) 0. 14(0. 02) 0.56(0. 08)
9.7(1.3) 25(1.8) 0.40(0. 09) 1. 60(0. 36)
13.2(1.6) 25(1. 8) 0.53(0. 08) 2.12(0.32)
17.0(2.2) 26(2.6) 0. 65(0. 10) 2.60(0. 40)
10 20.2(2.8) 26(2.5) 0.78(0.11) 3.12(0. 44)
12 25.3(2.3) 27(2.0) 0.94(0. 14) 3.76(0.56)
3 4 6.4(0.9) 28(2.5) 0. 23(0. 05) 0. 92(0. 20)
6 9.4(1.2) 27(2.1) 0. 37(0. 06) 1.48(0. 24)
8 11.3(1.1) 27(2.6) 0. 44(0.07) 1. 76(0. 28)
10 13.2(1.2) 28(2.4) 0.49(0.07) 1.96(0. 28)
12 15.2(1.2) 25(2.4) 0.63(0. 10) 2.52(0.40)
4 4 6.0(1.6) 23(2.5) 0.34(0. 04) 1.36(0. 16)
9.5(2.2) 23(2.5) 0.52(0. 04) 2.08(0. 16)
12.5(2.8) 23(4.0) 0.67(0.01) 2.68(0.04)
10 15.0(3. 3) 24(3.5) 0.78(0.03) 3.12(0. 12)
12 17.3(4.0) 25(3.5) 0. 86(0. 04) 3.44(0. 16)
5 4 5.9(0.4) 24(1.1) 0.27(0.01) 1. 08(0. 04
9.7(0.8) 24(1.3) 0.41(0.04) 1. 64(0. 16)
13.5(1.2) 24(1.5) 0.52(0. 06) 2.08(0. 24)
10 16.1(1.3) 24(1.4) 0.68(0.12) 2.72(0.48)
12 18.0(1.2) 25(1.4) 0.73(0.09) 2.92(0. 36)
6 4 5.9(0.3) 24(1.8) 0.25(0. 02) 1. 00(0. 08}
10. 4(0.5) 24(1.6) 0.43(0.03) 1.72(0.12)
14.5(0.7) 22(1.9) 0.66(0. 02) 2. 64(0. 08)
10 17.1(0.7) 24(1.8) 0.71(0. 05) 2.84(0. 20)
12 19.1(0.8) 24(1.6) 0.80(0.07) 3.20(0. 28)
7 4 4.2(0.4) 23(0. 5) 0.19(0.02) 0.76(0.08)
6 7.6(1.1) 23(1.0) 0.34(0.07) 1. 36(0. 28)
8 11.8(1.5) 23(1.0) 0.51(0.09) 2.04(0. 36)
10 15.4(0.9) 24(2.0) 0. 65(0.09) 2.60(0. 36)
12 18.8(0.3) 25(2.5) 0.74(0. 12) 2.96(0.48)
8 4 2.000.2) 9(0.8) 0.22(0.01) 0.88(0.04)
6 5.3(0.8) 10(1.1) 0.53(0. 05) 2.12(0. 20)
8 8.0(0.7) 10(1. 1) 0.80(0. 07) 3.20(0. 28)
10 12.3(1.1) 12(1.3) 1. 03(0. 09) 4.12(0. 36)
12 15.3(1.3) 14(1.7) 1.09(0. 12) 4.36(0.48)
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“Table 3. Variations of ventricular performance in perfused turtle heart subjected to various K-concen-
trations and arterial pressures at a constant venous pressure(4 cm H,0)

K+ AP CcO HR SV sSw
mEq/L cm H,0 ml/min beats/min ml ml.cm H,0
1 0 17.8(5.0) 28(3.7) 0.47(0.11) 0
2 15.5(3.1) 30(6.5) 0.40(0.03) 0.80(0. 06)
4 12.8(1.2) 28(1.5) 0. 45(0. 08) 1.80(0. 32)
6 10.9(1.2) 29(4.5) 0.29(0. 02) 1.74(0.12)
8 7.7(1.0) 25(0. 5) 0. 30(0. 07) 2.40(0. 56)
2 0 13.9(3.6) 29(2.5) 0.48(0.07) 0
2 11.4(2.4) 28(3.0) 0.41(0. 06) 0.82(0.12)
4 9.7(1.3) 29(1.8) 0.40(0. 09) 1. 60(0. 36)
6 8.5(1.2) 28(2.8) 0.30(0. 04) 1.80(0. 24)
8 9.1(1.3) 28(2.6) 0.32(0. 05) 2.56(0. 40)
3 0 8.3(1.5) 27(2.7) 0. 32(0. 06) 0
2 6.6(1.5) 28(2.2) 0. 24(0. 06) 0.48(0.12)
4 6.4(0.9) 28(2.5) 0.23(0. 05) 0.92(0. 20)
6 5.8(0.6) 24(2.6) 0.24(0.01) 1. 44(0. 06)
8 4.1(0.8) 24(1.1) 0.17(0.02) 1.360.16)
4 -0 7.7(0.7) 23(3.5) 0.33(0.03) 0
2 6.5(0.7) 25(2.7) 0.26(0.02) 0.52(0.12)
4 6.0(1.6) 25(2.5) 0. 34 (0. 04) 1.36(0. 16)
6 4.8(0.4) 24(2.8) 0. 20(0. 02) 1.20(0. 12)
-8 3.0(0.2) 25(1.7) 0.12(0.01) 0.96(0. 08)
5 0 7.8(1.1) 23(1.8) 0.34(0.02) 0
2 6.2(1.2) 24(2.2) 0.26(0.03) 0.52(0. 06)
4 5.7(2.4) 24(1.1) - 0. 27(0. 20) 1. 08(0. 08)
6 5.4(0.7) 25(1.3) 0.22(0.03) 1.32(0.18)
8 3.4(0.3) 25(1.2) 0.14(0.02) 1.12(0. 16)
6 0 6.0(1.8) 26(1.4) 0.23(0.07) 0
2 6.5(0.8) C24(1 1) 0.27(0. 08) 0.54(0. 16)
4 5.9(0.3) 24(1.8) 0. 25(0. 02) 1. 00(0. 08)
6 4.8(0.4) 25(1.7) 0.19(0. 08) 1.14/(0. 48)
8 4.0(0. 5 25(1.6) 0. 16(0. 03) 1.44(0. 24)
7 0 4.8(0.4) 21(0.9) 0.23(0.04) 0
2 4.1(0.5) 21(1. 0) 0. 20(0. 03) 0.40(0. 06)
4 4.2(0.3) 23(0.5) 0.19(0. 02) 0. 76 (0. 80)
6 3.0(0. 4) 22(0.8) 0. 14(0. 03) 0.84(0. 18)
8 0 4.0(0.4) 12(0.7) 0. 33(0.03) 0
3.1(0.2) 12(0.7) 0. 33(0. 03) 0.52(0. 06)
2.0(0.2) 9(0. 8) 0. 22(0. 01) 0.88(0. 04)
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Fig. 6. Effects of K-depletion and/or K-loading on
cardiac output in intact turtle hearts.
Arterial pressure varied between 2 and
12 ¢cm H,0O whereas venous pressure was
maintained constant at 4 cm H,;0. Vertical
bar: S.E.

98 Ao wek AT (KIEY : 3~6 mEq/L),
23E (K14 : 7~8 mEq/L), ¥ ARFF (KM
1 1~2mEq/L),2 el ok § F gk Wkl
gt A& HEE 29 5 ¥ 29 6ol =A%
gt 28 5ellA] BRe] Hohd wishAAA Al A
% WaFAe ALETAA ALTRH A5
AR LZFTY A 4~6 cm HO0dA4 & JAE
B} dbEae] Aot g~12cm H,0HANAE B4
Tl A ok A 2L A=Y AZLEFE By 2
d 6ol e TYetE A3 o ARLEFY dstE
2yivh. 2REE, AT 2 AZETAA 2F Y
ste] Zuhatell whel wpEake] Zadd ebi o A
ZETAA FATEE T g2 AfFer az
T A E ok 2 A $A dge

J"'_ &

2 QT zAY AR AlF A AT AN
(preload), F2-3} (afterload), Al 29 454 ¥ A%
b2 g 2ol g 2o ¢a 4 245 vl (Braunwald and
1979). E4 APHEFe FEFs I35
8 Feoz mAFER dubEze Al A Ay
3 Fs R A $349 9% deda 9
Aok, AAdA AFstE o7 FTUR FL ¥4
(end -diastolic pressure or volume), Al u}otd F-o

= e 4 glod, FYaE Asddely ¥FA

Ross,

Feon vebd ¢ gk 2 AgddE Ptz
58, FHoheR FHIE Aoty

2% 1elA Zars Fobel wel AAtE) &
7baHg Starling o A4 A& F8o] & = glvh. 2
Bl ol Bl AAYERY] FVlAL oA E
o] 9lAl& ¢t} (Parmley and Talbot, 1979). o &3}
vfe] o4l YekN E7L FHEHE A=l wel Aol-Ad
A7 AALF G E $49 232 (Gordon et al, 1966;
Julian and Sollins, 1975)¢) =la] <4 ®lal wle] 24l
YA E Abolofl T3] g€ AEE Aolrl 4 R
AddlA sEHL FFHe] deld F YHtE LaE
& 9t} (Jewell, 1977; Nassar et al, 1974).

qerE Aol Tk Y A9l ANeE =
d "rel o gho] U1 £ 49 Ade FLIE
F7HAA Wk AREE FAAAD Huct 44 35
of & AAL npate] o] A fol AT Ak &8
o] v % AXdE 2uEs) S (Alella et al,
1956; Sarnoff et al, 1958).

(K1.7F A% 30 nz]: Tt 42 A2 =
At WA s &FAcke wstae AAAq Aol ¢
e F4E g2} (Hajdy, 1953; Littgau and Nie-
dergerke, 1958) | Zoll& Al To] &5 Jelte

Pl

CAHe] BEAYY AU R LT AR 9%

vl Bt 9lvk(Morad and Orkand, 1971). ¢]
L Sarcolemma 7} &4 [(Catt])e] Z=A o] odjH2-
3} n} 5k} (Morad and Gold man, 1973). == v Morad
2} Orkand(1971)e ¢ sl =hAgte] —60~—110mV
WA= 5499 2706 & FA XTI 5
=, o]Re] Apdelehad (K7t wobd # velie 4L
Z 5% 3 A3t g w1EE 5% Edebs]
2ot wE 7l g3 Aolgk & = o=k Kol Cast
AR ctd ol g AAeAdE wFAA F U (Fle-
ckenstein and Kaufmann, 1966; Morad and Gold-
man, 1973). 22} Reiter 5(1971)-& (K] 7F uto}
A Vel 5 FaE (Kl 242 9% Na 5%
ik Atz (Nalizh S742d Zldetxe 43
a2 glek. (Nalizl 7% &4 538 Ad-& 2 44
A gle}(Glitsch et al, 1970; Glynn, 1962; Page et
al, 1964).

(K17t HolAlw AT AEge gdTH" &34
9 A7 7t AolA L F5E ¢ 27 E Fopxlrt. Morad
9} Orkand o] &}8b whalgbe] —50~+80mV Aol
A wEFH e BFAGY 29 ALz ul#H Y
welA o] WA BFAY Il AR FopRlm
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2 FFEE radr

2 AddAE K135t 3~6mEq/LelA & A%
Hadd] JFE FA G2 A 3 YAEK)
< 2.4~6.7mEq/Le}& & ;q;q.'g_o,]_ XL (Spector,
1956) ShE SFmz o] WHE HaFow st ek
AZFE(1~2mEq/L) ol A uhgake] Fujol At Z7h
o vlal ZZEF(T~8mEq/L)elA RE HEde 2t
A mFFTol
A et BES -x_—’ﬂr lomVARe A4 &
S 279 st Fuw $399 FaE Foew
T 255 E0 e AREE e FAlake 93
7t %9 S $dalo] ohj2t(Morad and Orkand,
1971) Aotel WEE FkskA e e ARl H§
Pe ALz 2330

(Kool 7hebd 2GS A4kl gopay
(Brady and Woodbury, 1957; Weidmann, 1956), &
EAE 459 74 AFEFE 08y HoEn
Ko grashd dhalal e B 4 ov}(Katz, 1977).
FEAo] A XA L Pya/Puulst shE AT} A
A bl W Na 8 sAe=st degoz ad,
53 AR FEAelal FuF Axe A AT
ol A Eob 4] WA Fdwv & Pra/Pul &
b2 3 glel (Walker and Ladle, '1973). . &= 8 A}o]
9 ojghrl FEF A& Pust ol § zholx B E (Vass-
ale, 1965), [KJ,7} S7}sbd staigr-e abobx ) Pus
Folx2e GEIHE $E5b pastd dEde e
fg ALz Ak A2 (K17 gobdd =g

1 A=z A z4 © 2 Na 9 9] (leakage)e] o}

A o9 FEFY 4EE BT HEFE B4}
22k 4 zhel o

¥t BAdAE gt ol& 2

= 2

et AgE H-e TEE ¥A-F2gYo=
FahaA ARAL 2 e sHe~12em H0)3 54
(0~8cm H,0)% MaAA A% 2 arg 24
93, BFAY (K1¢ 9844 K 3336 93
A4 A Fgel ARE LA e e 2
& 449
AN g 4~12cm HO0P N A FoFAda 4]
A% L 6,240,684 4 15.7-0.75 ml/min 2 37}
e dEddE FHL A a3
2. F9g 0~8cm H,0 2 7447 & Agus
%e 141170014 9.5+1.66 ml/min 2 #2592

g

DA AR a3 K yE—

WEFE 29740, 791 4 2540.43] /min 2 3r4E 9l o}

3. Yok H Aol S Hek dE At
Fe R EF Fsgos B8 B 44
ol ¥ %tk et

4. AZEFTAA AdhEFEe AT 2wjol 4 &
sty ot AFLEFe S HERY F71% w9
2x 3

5. LFETA AuER Fauct ubgad
st vg Felate] dubEge osld P4FEd
Z71E B

6. ol Astz ¥ ek AR K 3ol
B3 FEHL AR ETAA, FEFE nIFFA
B wzaA EE ¢ 4 g0
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