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Effects of Manganese Ion on the Action Potential and
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Contractility of Frog Atrial Muscle
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Zo} 2gA oz AL A2 A7A v (Forzard and
Gibbons, 1973). 42 ¥FILY 447 F 53 =4
(BIR, plateaw) A7 e = A7 Asz vad Az,
Ca*e] Az 29 o 57 FHrle] Y&e] WA Ut
(Rougier et al., 1969; Vitek and Trautwein, 19713
“Tarr, 1971). A9 T34 215 ¢¥5& & F&—
422 474 FAql Ca*e Az F=2 248 &9
249dE FdA 2z A7 e 4d3A4Ed F
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Mn*e 3 $tubdt W & A F(slow inward current}
£ Heted 2 Ade e Fz A F5H
g gg v Actm gedA Ak 2 F oA A4 A
3 3w ol vt & Mn*e Nate 245 (leak current)
£ oA 3= (Hogan and Spitzer, 1975), K9 5348
7t 4 A 7] 2{Rougier et al., 1969), &9 (threshold)-&
22 37 (Yanaga and Holland, 1969), <& = o=
g e 5 AT A5H 429 Aol AA
B8 AF L vaAdE st gloy oS v Fe
= Mntol A A E £deE 444 33T A
e ohie z AAFE AL ofAE wa AR gy

ol BEL AT AwE oA FE Mn*E 2
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AW =z 24z 2 § BLE FH4 FY
% 7] (isometric tension transducer FT .03C, Grass)&
M A &4 2~ Z(Tektronix, Type 564B} ¢} Zelzgt=
(Grass, Model 7 PCP B)eol %A 7] F3lgct. A A—
E g9 242 :NaCl, 110 mM; KCI, 2.38 mM; Na
HCOs, 2.56 mM; KH.PO,, 0.34 mM; CaCl,, 2.20 mM;
Dextrose, 5.8 mM,ol5iot. 43 wgFe AdA ¢35
2 vpgtz Agd FHol Q& #oie AF7](Grass,
Model S4C) & A28l ATH = 12~18/min2 £H
ol 49 Asl AFE Fstdct. &AW = FH2E
AN AL F7E 8 Aart FEHA G5 &y
2, ¥ 18°C~20°CE fAsdst A2 4L A
A% 147 F¢ AAEA Yol AR,
BAGE 3 M KCl2 ¢ {4 LA F5E 5
(float) A #A 71 Fstslen A5 Ak AL 5~10 M@
o] A% gz, £4a AT 3 Abole AgAIL
5mV o] 817} 5 & AFa A&ty vk At dEe
& Ay walel A 2AZAF(LHE 0.5c0m/sec)
I Zelagz(&E 25 =& 50 mm/sec)el 7} & A Tt
GA FAHAGLE AEFe H F 2AHYFLE A E
RS Astgdes =Y AL FEFF ALl 30%,
60%, 90% AYEHAE AAAS Azge dsladgd 3

e, AFERE AL $Ee) gt A% A
2o 27 (V)8 A7 R (msec) & A2 vhA 2 W 5HA
A AR5

Mn*e] o8& fFsr] 8 A4 PA—
¢ o8 Fxe MnCLE T¥sE IA—F Ed2=2
B F] 2 (MnClhFE : 1 mM, 2mM, 4 mM, 8 mM) o
AF 18, 5%, 158, 25% =19 ¥slE vz,
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Table 1. Steady-state effects of Mn-Ringer (1, 2, 4 and 8 mM/L) on the electrical properties of
frog atrial muscle

Resting Action ’ Overshoot ’Action potential duration, msec% Latent time,
Solution !
potential, mV | potential, mV | potential, mV F 30% 60% 0% | msec
Control 60.8 68.8 8.0 238 384 475 | 6.0
S.E. 1.45 3.12 12.6 14.2 13.0
1 mM Mn 64.2 67.2 3.0 222 357 461
S.E. 4.45 4.82 35.5 47.3 54.3
2 mM Mn 67.2 70.6 3.4 166 366 422 7.8
S.E. 6.50 5.51 13.8 37.1 41.0
4 mM Mn 66.2 68.9 2.9 118 348 436 9.9
S.E. 3.25 3.50 8.7 17.6 16.7 !
8 mM Mn 65.0 65. 0 0 92 276 408 14.1
S.E. 2.51 9.0 5.7 21.4 18.9 l

¢ FgA oz BAGG. o ARAEL G FEY
Mnte 233 7 S9oz 208 o4 AFAA F
A e (steady state) & o] 2 Fo] A& FEold.
A A A4 HA L9414 60.841.45 mV
(Mean-+S.E.)el9lz 1,2,4,8 mM9 Mn*& 3=
g A L9 AE A7} 6424445, 97.2+6.50, 66.2+
3.25, 65.012.51 mV2 o Fse A %e 2ol

o} FEAGS Zrle A4 68.813. 12 mVel A& 1,
2, 4, 8 mM Mn* 37 S84 67.244 82, 70.6+5.51,
68.94:3.50, 65.019.01 mVE 2 W glde. A
A 7] (overshoot) AstL A4 8. omVicdEs 2% o}
Foerd 8§mM Mnt &g A E A & 4 ¢l
vt BFAG A% 717H00% AL & AAAY
Ay e AAEdo] A 475+13.0 msec o] 2 1, 2, 4, &

50

50

mg

I mM MnCl
Fig. 1. Effect of Mn(1 mM) on the membrane potential (upper tracings) and tension of frog atrial
muscle (lower tracings), 10 and 20 min after immersion.
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.5 sec ) 2 mM MnCI2

Fig. 2. Effect of Mn (2 mM) on the membrane potential (upper tracings) and tension of frog atrial muscle.

qAE Held] Ye qde & ¢ Ax, AT HFAG
9] A 17] {rapid repolarization)7} & H W& v & &}
gF5dte A% 72 Fad AL & F g AL
2 Ad=Ee A7 4 mM, 8 mMe| A& Aol zgdL
HE welAa Adnd e 283 258 mge o
el =z glet, %%ﬂ%-—] A% AZE getAs A
A7) AGE A W& Fasts AL E ¢ Uk
ZE AFoA Mn'e] ZFAHGY A% e 4
A Aoz vetva gerd 8 AN 2w 2F
0.5 soc 4 mM MaCl, A A A3 wske MatdA 4de] =247
Fig. 3. Effect of Mn (4 mM) on the membrane po- A7rAE A7 928 FHE 4 9. 4 mM Mn*
tential of frog atrial muscle. ] £RNez BEHYL 4 A7ke] GE WHHS A
mM Mn*8 A S A& 77 4614543, 4224:41.0, 284 Rolch 5 Fo Ay ¥EHALY Aol A
436116.7, 408£18.9 msecZ thi Zolme AL 2 4 444 msecol A 756 msecE FUbEl ot 15, 208
Aot AT GEAESY AGIidel AF Motd Foll & A7 534, 436 mseco] ok 158 o] o] A HE
FHE AW Alzel whet A ek AL $£5E 0 At A% Aol BoldE AL Fz A -Hr%e] 3

HE Afel AFFY AEFZ F FE A= FEE A3 (30% AL AR A7) Aad Aeld A
A4 6.0 msece] R3] 2, 4, 8 mMi A4 7.8, 9.9, 14.1 o2 AA 224 msecy} 530l 484 msecE Z 7} 91:};}
mseco T 715 ¢t} 15%, 25%0o] 2 176, 118 msecs A3 Fi 9

A1Zo] 1 mMMn*e A L4 o2 208 o] 4 FFAA th o] AJA L A5 Y AEEAH B 4 o Asm=
de AEL 2k, ng FF0] da gl Rad 4 mMe] Mn*3A g0 A4 FEA e wakd 1
HgAE g AZEE 2 mMo A9 AFAZ 240 A 4L 5, 15, 2580 22 754 Aol YL 5
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“Table 3. Effects of Mn-Ringer (1, 2, 4 and 8 mM/L)
on the contraction of frog atrial muscle as a fun-
ction of time. Relative tension is presented

Relative tension, %
Solution
5 min 15 min 25 min
1 mM Mn 79.8 64.7 1 44.8
S.E. 1.97 2.19; 1.42
2 mM Mn 73.3| 5.0 10.0
S.E. 8. 82 8. 07{ 0.71
4 mMM 71.0 47.0 18.0
S.E. 7.72 1. 53 1.36
8 mM Mn 28.1 15.5 ‘ 12.0
S.E. 2.53 2. 87\ 5.20
= 100 -~
oo o
1 al Yr-tirrer
L 40 -
20 4 T L o
S A R
B, otn

Fig. 7. Effect of Mn on atrial contraction expressed
as % of the normal control.
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Fig. 8. Effect of Mn on the threshold of atrial muscle.

oA AvA7] Agte] FepAz A 27|z A1 Lo
Eold AxE zmge] AH BTALS AL 7)o
Aoz o} 15, 25480 HuA4 ALz FRAHAAH =
o] AARAE AL & 4 Y. AexE o AAE T
d 5H3A =3 el

A3Eel Mnto] A F5d i g 44
s& Ao g 4dy FHdez zAREdG. 1 mM
2R A BA 29 44.8%5 09 2, 4, 8A #
7+ 10,0, 18.0, 12.02= YA eA Za=He] & ¥
% qle, o] Al A7meA 8 4 gh 1, 2, 4mM
o A& Azte] Az wep A8 FHHoz 4
glorl 8 mMel A X g 5% oF] 30%AEE FH
o] ZAEm g &4 AUk 2% ¥ FHo] 2,
4, 8 mMell 4 10~20%A =2 & Ho|E 2 4 dv
Az AFFH

ey A o AAH ALl AwE FFH
A7171 A8 AFE AT 27 AT F7ke] Mnte
g¥ og FFL westE ¥ FE ot Mn'F
=7t ZolRe) wa} A3 Fx—7] 7 (strength-dura-
tion)FHol 9= o FFE & F glom Mn o9
A7 3248 P20 ¢ F U

i S

2 A¥e AR Mot (1~8 mM) AT A ET
9 @A FHGE FAAA=, ARAs AgGE FAe
AZed, z9 Aol A= o] 94 (bimodad &
L2 Vepio] =3 424 FE4E #F2x FE A
HEEE Badged 2E AXAA F£HHo] A%
Ho| et gieh ol HF G4 AAFE v Fof Mn*
9 AT AuTd g F47He 294 dedtA
e oty ¥ < 9ol Hodgkin® Huxley® 474 ¥
£ o] 24 (1952)4] W& MYl e HFEZAA
£ Nat&zh4 (Paa™)9) S48 S7h2 2854 Fol
€ Pwtrl widl2 FA5 Zadtd ddeoz sHhA
FAo) Kt F34o] A A2Fe] goldrhs FA
siek. zEy AFTdAdE 279 Pnt &7 Fo
Pvatel F4% A2 dolviAul 443 d42ze
EoleA ot A4rd e FHYE duFSL &
=] 5 (Deck and Trautwein, 1964; Dudel et al., 1967),
Peut7t b8k Cato] Az 2 ©] F3i= (Beeler and
Reuter, 1970; Vitek and Trautwein, 1971; Rougier et
al., 1969), FAel Px*st At A4 =4 (ano-
malous rectification) £ 2 3.8 o} v}ebud o} (Noble, 1965).
o] mE Ca'sl Al zjze olFo] Az FA =




— 593 olgel AT A¢T FAG L FEYo

Holl 4 H3A 243 & K'AE T2 Fiyo
Frste] K9 Alxoze eo]Fo] FrH7] AFsw
e 274 (delayed rectification, Noble and Tsien, 19
69)-& A Aqof T4} = ch(Fozzard and Gibbons, 19
73) = A7+

Mn*o] 29l 3 &¢ Foie ALY 2R Mn¥e] Ca¥
o Mz o] Folvt Kie] gt WA 24, &2
Ad 274, Nate] gl 534 59 ot 3t %
& £ o] FEAz FEHEYE F Uk LHTH
Mn*2 Ca™e] Al x2hg 3 o5& A¥A oz o4
otz <# A ge(Fatt and Ginsborg, 1958; Hagiwara
and Nakajima, 1966; Rougier et al., 1969). wlwldl
Rougier§ & 7} 2 4w 2ol A Mn*o] Px*E A
A ASHE AASHAD FH 2o AT FEZAA
ole} vl A¥rsF 23z (Chiarandini and Stefani,
1973) # 3l

24 A7 BE Pwtd F7bE Cavsl e #4F
2% 5% Na*e] o] F¢] %A oo (Trautwein,
1973) o] Na*9] o] E % Mn'*ed 24 a4} (Rougier
et al., 1999; Trautwein, 1973)5 4 <}

4 mM Mn* &g &e] A A& 58l T4 ALT7] s}
2 Abeld Fu%e] FyAAS nd Age)t 73
o] Frtslel AAR A E A=Ax AR F4
AEFol At ol JAH] EF At A
& 71zke] Frotzich. ALl vEd FUE] FolA
£ A2 Mrfo] gatgt W AFY AL R
(Ochi, 1970), $.2 % Na*@Fo St g A
Fob gelE e Ad® A e, zie] AdAe
A Mn¥o] o3 WA i7d°] AEFHAG A4 =3
9 #4375 =R £ £ (Rougier et al., 1969; Hogan
and Spitzer, 1975)7} S=1& W& AF9 zZr]el viF
E 9¥es 3A ved RAez 44 Mn* ¥R
7t 838 gorAw dwd WF AF AT g4t
A9 A3 dojrt HEALGe Aolst FotA 1h(Hogan
and Spitzer, 1975), Ad ZAH L dF5} Jolgle] 8
mM Mn'el A ¥ ulg} o] 232 “2E¢” =Y A
2 A58 = U+t

Mn*2 A =td el GHE uAA Feokz e
7} 8t (Vitek and Trautwein, 1971), #¥3-8 4271
b= B3 x 9 vh(Hogan and Spitzer, 1975). & ¥
dAE g AETe] AGE 2elr oy ALFL
olul= Na*e]l ¥2 AFF JAze ¢ f4de =
A #vh(Hogan and Spitzer, 1975). | 7819 JE=
AE Ze A o8 Mn*e] HEFE fiFel =

MAE ¥

7% ¥} ¢l (Chiarandini and Stefani, 1973).

At Al ol AYAL AYL F& Nat
ARl A% 4P (L) ol o] A7 #4A] 4%
e S AF ARt FAFA AR E e
(Rougier et al., 1969). Mn*o] Satdt ¥ AFEF o
st VA7l Aol ekl A Fed, Yy
=A & Nat -n—i“]- Ho] g & 3 (Chiarandink
and Stefani, 1973}¢]1}, oF¢] Purkinje 4 - (Vitek and
Trautwein, 1971), %7 4% (Yanaga and Holland,.
1969), =9%°] Purkinje 4-%(Hogan and Spitzer, 19
)l A AU A E G A ggo] o F
et

Mao*e] 3] AT FHAol Fepdzm F£ Aswt
£z7t Fetd e b2 AAEY nas) YA &0 (Yana-
ga and Holland, 1969; Tarr, 1971; Hogan and Spitzer,.
1975) FEARE dA%e A¥dA #A=HE Alg

2 Ao FUEY Yot T2 FeE e
A]—’;J_ (Hoshiko and Sperelakis, 1962)-& 8 mM Mn*<] 3+
5 oclel A #AAE 4 g,

2 =

Mn o].2o! A F& AubZd AZA 42 4 AAH
T2 vAE G FAS b 2L AEL G
2=t

1 &3 dAage 44 49AY S 9 60.8mV 2
e ga Erbetd 1, 2, 4, 8 mMe] Mo*Fz oA A
7+ 64.2, 67.2, 66.2, 65.0mVg . BEAGL A4
68.8 mVe] W& 67.2, 70.6, 68.9, 65.0 mVz & ®
Fe gddert AA7 AL Mnt Fx9 Zote 6k
) Z4E9d.

2. Mn*g A4l FEAG A& gEHA
Fla ngd AgE dASGSt. 2 REAgY A
& A7re A7re B2 A el 238 FlE
.=

3. Mo*g AT 3444 FAaAger Fagd
Mn* Fxof wasgch 28 2558 mM)d =
A48 10~20%8 &2 FAHHAA.

4. Mn*2 Awd £&9 LTHE E
&z f a3

ol 49 Aze Mn oo AT BFHsts =4
st ol 2 AZd FHUSEHA g% AN =
55 AddE ¥ 2 A2z A48 ¢+ AU+

= $¢ A%
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ABSTRACT

Effects of Manganese lon on the Action
Potential and Contractility of
Frog Atrial Muscle

Yung E Earm, Jun Kim, Dae Yong Uhm,
Ki Whan Kim and Kee Yong Nam

Department of Physiology, College of Medicine
Seoul National University

The effect of manganese ion on transmembrane
potential and tension of the atrial strip was studied in
the frog. Manganese (1~8 mM) suppressed the pla-
teau resulting in a shortening of action potential
duration. The change was a function of time and
during the first 5 minutes the action potential duration
increased, then it gradually shortened. Although
resting membrane was more or less hyperpolarized,
there was no significant changes in the amplitude of
action potential and resulted in an increased overshoot
potential. In all the experiments the contractile ten-
sion of atrial muscle superfused with Mn-Ringer dec-
reased consistently as the concentration of manganese
increased. But 10 to 209 of relative tension to that
of control persisted even at 8 mM Mn-Ringer for more
than half an hour. Manganese elevated the thresheld
of atrial contraction and reduced the conduction velo-
city.

The above results suggested that manganese not
only altered the transmembrane potential but also
acted on the excitation-contraction coupling to produce

a decrease in tension.
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