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The Action and Pacemaker Potential in the Frog Truncus Arteriosus

Yung E Earm and Ho Kyung Sung

Depariment of Physiology, College of Medicine Seoul National University

The frog truncus arterious were studied with conventional glass microelectrode technique in
order to elucidate the underlying mechanism of spontaneous pacemaker activity. The analyses
were focussed on the ionic nature of pacemaker current by changing the concentrations of
extracellular K* and Na*, or by using blockers of K- and Ca-current and chronotropic
transmitters. ‘ )

1) The action potential of the spontaneously active truncus arteriosus has some characteristic
feature of maximal distolic potential ranged from —65 to —75 mV, resting potential from
—45 to —50 mV and overshoot voltage about +30 mV, respectively.

Duration of the action potential taken from rapid upstroke to maximal diastolic potential
was about 600 msec. Usual discharge rate was 25~30/min at room temperature (18~20°C).

2) The sensitivity of the resting membrane potential to change extracellular potassium
concentrations (0~12 mM) was relatively low. Transient hyperpolarization was appeared in
the 12 mM K Ringer after 10 min exposure to 0 mM K and it could be related to Na-pump
reactivation by high potassium. :

3) Reduction of extracellular sodium concetrations diminished the amplitude and frequency
of the action potential. In Ringer solution containing 30% Na (substituted by equimolar Tris),
spontaneous activity stopped but reappeared as very slow and small action potential. There
was no spotaneous activity in zero Na Ringer solution.

4) Caesium (10 mM), K-current blocker decreased the frequency of the action potential and
also pacemaker depolarization. Manganese (2 mM) known to be Ca-current antagonist, blocked
spontaneous activity completely.

5) Adrenaline and acetylcholine had no chronotropic effect. But adrenaline increased the
duratijon of plateau phase and the magnitude of the action potential in the follower cell.

It is concluded that K-, Na-and Ca-current components are involved in the genesis of spon-
taneous activity of the frog truncus arteriosus like cardiac pacemaker tissues. But the insensi-
tivity of truncus arteriosus to adrenaline and acetylcholine indicates that there are some
different control mechanisms of spontaneous rhythm in two tissues.

4 A Adejrh olH I AT E €= TEAA

A = o] whaf 4 Ao T gk gy (Voltage-clamp tec-

hnique) (Deck, Kern and Trautwein, 1964)-2 A A

Aol 2AFFE AT Yt AL 2Ry & o]- &% dAl Hel vl ol S 2 77 Faix g
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thoolEE AFEE dosE A AN THL
FE ol o] Fpo o) 2EY AETg B ole A
2 472384 5o Purkinje4]-$o] 4 pacemaker =]
F2 A743HE K-AF, ik;(Noble and Tsien, 1968)
7t #8A slqdeh. 28y J A4 4l pacemaker £
8l A9 E(sinus venosus)e]v} EulAA (sinoatrial
node)d] A 8] pacemaker &
sk ek 3t SwAAa A T wAAT
o} 9% =halgtmg o] L5 o] (Noma and Irisawa,
1976) o 7149 pacemaker A Fo] AL o)A HF
2Ax Na-, K-zx184 i (Brown, DiFrancesco and
Noble, 1979a) &-& 7n(Yanagihara and Irisawa,
1980) ¢} Ca-21§+, ica(Noma, Kotake and Irisawa,
1980)¢l o= A,

]9} okl o] AFEL vlmA AYo s A TS
AE EEF0] ¢HAA Hy o (Reuter, 1973; Isen-
berg, 1976). AAY ZAFFd FAAL H19 2ol

@A FHFoy Te AEEs Holk YN Y@ o

el A gkt gk .

I o] f2e EHAY FFTA X FY AR
22 #d gold {EAFE AYstsl ¥z = 5§
BZ AxY ZAs AAZe ¢lske Ar A-EU A
{Prosser, 1974) 2.2 A Z- v},

olell A aHE 55L& Holk A T2 o5 (truncus
arteriosus) o] 4] pacemaker 7] ¢] F-olQlFLE B3] 2
313ted A =z9 pacemaker TA oA gHA AAL
E | & pacemakerx¢} ¥ FFAGE JE3tn o) F
<f A3 Na, K& 93, KaAl®, Ca-gdRdalae o
3F 8 x}-§-A7AA Ad2E3 Q) adrenaline 5} acetylcho-
line & $35ld 2 A& & EA4slax} sty

0y

iz
g

7172 (Rana temporaria)o] 4 F51744 & =13 &
& g} E9) (truncus arteriosus)-& A4 2 X AHrsle
(AAZe] #Holx HEEF) 72weoz Ay o
SU¢ QB FEEE Lok A4l AREE 9
2w g 2 A (0.3X0.5mm) & »kEo] stainless
steel 02 nAste Fol A 30E~14 25
] HEAZAT oW dAAoE wEe] Fusge
v A 2E A 59T 3R 492 2%
% Bl AL AAdA dlgey @ A$ed e 1.0
x2.0mmHE SAANAE A}

AE5e Bolk ARE AY 8o FA g o

Fol ANAL AY gHR

£ Hor 3Fdd AAAH AL E HEE &5
g =t A€ 471 & A 7o) Ringergofos 42(18~
20°C)ell A A% (1 ml/min) Ringer o9} =4
£ NaCl, 110; KCI, 2.0; CaCl;, 1.1; MgCl,, 1.0;
Tris, 5 (pH 7.557]) : Glucose, 10 mM ¢] g} = Na oj
AAYE-L 2o F4Y Tris2 A4

ebA gl e wlel 4 Eel|4] w424 7] (micromanipu-
lator)elj o3 A¥ frelnl A& A2 input imedance,
10?2 ¢} FET-input Operational Amplifier o} 2
718 E3+e Oscilloscope(Tektronix)y Pen Recora-

~der (Grass, Device)el] 21539 et

Feel el A A e et 35~50 MO 4R L g3
om RE APAe FUT YA /159 BF
Aot eink matgich. FeluAATE B A
2 BEAG WHEEE @) Y5t =] 2] (Diffe-
rentiator) & A-&3tg on A Ee] W2 2L Ste-
reomicroscope (Prior) 4] '01: (14X ~40X )| A s+ =k

WEo 2 43¢ Adse Aol 945 L 3¢ 2

CRobe gl (g tEoRE AY 4F X398,

2 AFez) AME o4 dEx A2 =7
b Zom eSS Helnz 29 AdEd #E
oS PEAT. 4840 24 ¢ o0.2mlEH &
d 3FA A7 SAE dHgElE F 0.2F &8
)

ME YN

1) il HA St
AEY-E AAA $5) Dozl A AL 3

W} E-(sinus venosus)d] 2] 5o wu} 531 I A4
=AY, 44959 £42 35T dEYESE
& 449 +34F 5, gouhg w2 bl oo A
Qi ytet

BE A5 Rele FRAAY FEALGE AL
Aol A E $9lol Web okzke Aelsk g el
= 22 3 o] 2] gt (maximal diastolic potential)
31 pacemaker R oFe] Reke] v B Zojglrl. o] Fel
A Ao elgsl Agte] 7B da pacemaker A gl
A FE8 2ET HE Y A dud BFE
Role AR % Jotd 71 Fsigie

29 1ol HEAA #AFeE Hele AFAA AAF
B FEAGE 2gsh Ad elsis] Ak ~70mV
o3 et Aelst glelA —65~—75mV 9 W
£ 24l Aol eltrl AflA v FEA Gz upE
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Fig. 1. Typical action potential recorded in the
spontaneous beating area of the frog tru-
ncus arteriosus. It clearly shows gradual
pacemaker depolarization and slow rise of
rapid upstroke phase.

pacemaker B8 Bolg 3z oF —~45~—-50mV (k3
g Aol A w4 gESe] dojgten] Ay A
<} (overshoot voltage)-2 +30mV spgkej gz 5A
<t Azke B9 TAAE T go 5 gE
T4 AARE A o AGE Role AAAE F
2o ¢F 600 msec ¢},

AEEE Bolk HEY RIE A AL S
A wpEe] Axbshe FolA & Wl 39 (follower
cellol 4 AEF FFAAGE 29 2] 2avl AXF
Fol weh 2 bR Eokel FEALGE Hold
a28¢ AdEY #ZEAskd Fastn ofde] e

:A]164 Al 2 & 1982—

AL

Fig. 2. Two types of action potential recorded in
distal part of the frog truncus arteriosus
(follower cell). Upper figure resembles
ventricular action potential and lower one

~ resembles Purkinje fibre action potential.

Purkinje fibre &] -5 5 FA}sbet. F F9 25
-4 ukA oF (resting membrane potential)-& —80~ —
90mV & W gl AR A +30~+40
mV, &5 717k 0% AES He AL 3ok
<% 600~700 msec 3o 3l lek

2E 3 o5 A AB4ES UES4E LEd o
2 gebglon) 42 (18~20°C)ell 4] BE ) 25~30
8 wtgg mgirh

2) Hizd Kszo| gg
AHEeg Hol& WY Ao FFAg ¥ pace

K

I,
=1

| S
1 see

Fig. 3. Transient effect of zero potassium on the action potential. In zero K medium maximal distolic
potential and the rate of pacemaker depolarization increased. (Lower trace is fast pen record).
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Fig. 4. Transient hyperpolarization in 12 K Ringer
solution after 10 min exposure to zero K
medium. This hyperpolarization could be
related to Na-pump reactivation.

maker Al gtol] & K*o 93k s st 2yt
BFYo] K*8 ETPA71A ¢ OmMK g0z 2
o} 9y Azl wal wstokste] Bebzch,

29 34| OmMK & u}e & A 5o 35 Halvh,
o o] 7] Aske] ozt Zrbalw, pacemaker 3 4he)
W3} £551 wely oo (3 WE4s) Zobstgn) A
A7) AYE B Zrbekg ek 2 ol Ede
Zolo] YA Aol gt AGe AEFHDL A
A7 AYE #F&HH AE55Y UEE A6 Fas
o BF 83 o

28 49 ML V¥l OmMKE 1027 S8
o Wale B, o)e) 2K 2 S8 Fa Ao 4=
HEolert 2% 4= 0mMKE $34 28 559
K+(12K) 2% @590 QA" 32T Heivgs

130

|

Na

o] (

-60

.

1 min

Fig. 5. Abolition of spontaneous activity by Na-
free Ringer in the pacemaker region.
Initially frequency and ampliude of action
potential were reduced and finally sponta-
neous discharge stopped at the resting pote-
ntial (Lower trace is fast pen record).

1o e w159 5 ¥ Pacemaker &l gFell aldt o F—

110

AT

[
1 min
Fig. 6. Abolition of action potential by zero sodium
in the follower cells(same as Fig. 5).

A A AEFE T BRG] 277 A4S Bl
o] 9AH F}EFE OmMKw dAH9 " Na-pump
7F 12K el 9ete FAFE A4 A 258 Nag gl
W7 wEd A7 FEF AL (Noma and

Irisawa, 1974; Gadsby and Cranefield, 1979).

3) Mzt NaskZo| ggf

Al 28 Nasl &549 2 pacemaker g} zelm
4559 NEF] WAL 9L 1 ek A7
e FEAA wAsGH

A 25 Na-g A glol 2 & FE9 Tris 2 o
Asgew o A3 29 5, 29 6o B, 29
5% pacemaker R 4F-& Holl= R2d A FE 2
Aelx 2% 62 pacemaker g gte] ¢ = follower cell

1 min

Fig. 7. The effect of low Na Ringer(33 Na) solu-
tion on the spontaneous action potential.
This record was taken from pacemaker
region of the frog truncus arteriosus.
Remaining of spontaneous activity in 30%
Na-Ringer suggest that it is true pacema-
ker.
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dlA & Holvh

EF 1A E RS 53] glolF 2 pace-
maker A ZA A (2 5) & ool %%%}oﬂxi L
x| @3 pacemaker A ol A FHHgEIFI R oY)

ZJ(WJ‘#H"JM A7t dAHes RS

=il BM A HEdu Aoz HEopsrh 2
follower cell(:.%} B)ll A= A Aot A Akt
A A St FE BAF oA AR HEo} gt

Nax%E& A4(110Na)e] 30%¢ 33Na-goloz
FFAL AY AT 279 7, 1Y 8ol Rt pace-
maker & Holl L HE 33Nad & YA
o2 AFgo] &4 et of 2~3EF ks =
dx 375 e FFAge] =4totyel. FxEEL
ub ohe Al FAE(H(ET) s Y

iy 29 8ot 4 Y follower celle| A= &7t
AET Ha4 2y E BF a4l BEAgE B
olthrt A HEFY L A zbe] AR ofA] HAohd
A opstgdel clEld Aole AY BE AHdANA 3
259k 50%Nae] FdE 2Y 9% 23leh 9
o8 AL AR E4E 50%Na 2 RFARR
AdFE FEE Rl Fe® Azke]l Xyl = =2
7, 9Esb Z4x BEAGL Holvhrb 100%Naz
abrd 2ol E S EH T ESE Y 20/ming =
2 38Egc) w2y FEAG vigeR

28

"¢control

A

N

Fig. 9.
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Fig. 8. Disappearance of action potential by 30%
Na Ringer in the follower cells,

ol Vmax,(g) max &, v giF
Vmax o] |3 3gole B2 grist bl d48
3 100% Nao &3l ul8 325 3¢ vqr}
ole]l 28L& 100% Na = o) 23 A9 50% Na T
ol A2 FEAqhe] Bokg w2 L£EZ &S o))

ol

4) Ca 2! Mno{29

ATe) o F e

| g8

pacemaker A gr& YogE o]

o A

A5 FHE wsao& d7) gehel K5 oA
A Csal Ca-zRF oA Mng #HA4 o]F BF
Agpell dlgt dgF-S sty et

‘5—100% Na

-jJ fofb e L.u

BT

]T\ +4- HH

Low Na(55 Na) effect on the action potential. Magnitude and frequency of action potential decre-

ased significantly, but it reversed by normal Na Ringer solution (Lower trace is fast pen record).
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Fig. 10. Effect of 10 mM Cs on the action poten-
tial. It reduced the rate of pacemaker
depolarization and shifted the resting
potential to depolarizing direction. After
washing out with normal Ringer solution
spontaneous rhythm became faster and
showed more prominent pacemaker depo-
larization than initial control level.’

wx] 10mM ¢ Cse elgt §3-& 27 106 2l
o oy Agke] AR JHTE A SHA pace
maker A g}e] F) B Ao BEAGY ES} @

;—miz tn il ‘Nn

2 Cs¢ Esh: A4 Ringer £

A5 Rastg ot 4 HEE g 283 oo

o2 o3 3o
6|71 Aol AA 2 pacemaker A kel ZrI7k o3
Aged MEE F4LE YL AT Hol A
A wselgeh CamfelaAg 2mMe Mng 5
5 B WEA P dAFAL A
Hell 4 ARG (TY 1), ele Azel Al =
oA e A AETHE AE 2gow
2 §3te opgied A F4 Ringer 2 Fopdnd
sl Hael ok AE5e] 2487 449 B
FALY EFE ¥ 119 F0e] WE FER A
st} wlmalgieh, AESs} Badgdn Hojelsl A
e oald EFHA oA BEAYe A% £
2 e,

5) Adrenaline(Adr) & Acetylcholine(Ach)g}
g
AFE 5N AFsd A mak ¥ Fm4AA
8 A %8-& B $3e adrenaline 3} acetylcholine
+ Fo3ld 2 IAE sty

-tk

Fig. 11. Abolition of spontaneous activity by Mn. Action potential stopped at resting potential level and.
resting potential tended to be depolarized gradually. It was reversible in normal Ringer solution.
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29 126] pacemakeraldhg 3 vehlE Asel o
10-°M ] adrenaline-& FoJ gt %o B-Fxote] uist
€ 2k

obel whg SE9 S FAA Be] FRo] FHLF

sladte] & Aole dgloh WESAE W
7F A9 L BEALE 27 58 AVAA Ak
o] Frtshe Aelgdwkh Adcldr AYE F T+
sglovt AAA = gt

7 sk

9 2¥e 1 A4

=2

AR Aoz Adrd &

she whE ehont AR WEHFAL RelA Qg

a

2) b)

1 NN S

\

1 sec

Fig. 12. The effect of adrenaline(10-¢ M) in the pacemaker region. Noticeble change is slightly increased
amplitude(overshoot) of action potential (Lower trace is fast pen record).

v 10°/M Adr

Adr

™ - N -
NN AL

3

b e,
i Seo
Fig. 18. Effect of adrenaline in the follower cells. Magnitude of action potential (overshoot and resting

potential) increased and plateau was greatly lengthened by adrenaline (Lower trace is fast pen
record). :
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Fig. 14. Effect of 10-®* M acetylcholine.
trace is fast pen record).

2.8 1394 follower cell o] 3k Adre] 938 B
ol @A E AdrY Fast Ed St 3 ulel

Aokl ek ZobSh A vha] 2] A kel wA skl
Addn Ad FRFEE(Vmax) =% $rhstgrh
w2 42 JEg otul aHdlA Baleh e
o zr7 W4 A4 = plateau st Aojx . FEFE
= 2 Fef] notch 7} TR A vEMgEL HoAE AE
sl oyl st ggdvh

Ach ¢ EdE 29 1ol Mol 74 E Adr=
v &slgieh MESOE obfd W3l g 2
=R =Zolsb 47 Azlch ok wE $E24 AF
S Bl Hujelsty] Adke] 4z Frhstg ot A
Aoke H3boh gl gdsth

Adre]vt Ach 9] HlES
tropic effect 7} £ ¢] =}5 59l
& skeh.

off de 32

49,

Z71% o .27]% chrono-
+ A debuA

i 35

g3 -z AAATH T WA
k}"éﬂ}%ﬂl A oA Akt glem o]l A4
o} 2 Aol AHAE oS 2edsteh vimA o
Fob g AL AFEE Lol & 24 (portal vein)
o] A} 32 o] 2o] 3 v} (Kuriyama, Ohshima and Saka-
moto, 1971; Golenhofen, 1972).

g A5Ed AfAdE TRFAAE A 2a

s WY ¥EA ¥ Pacemaker Rlgte} @3 AF—

Almost same effect as adrenaline (Fig. 12 & Fig. 13) (Lower

Heb gz ARol EqelA S8 WES Lz 3
(5sec) BgAlohs Holx Aol Eugul gl (Rod-
die, 1962). =g o] FellA wiFHst A4Z 4]
o] g B-o1] 4] (bulboventricular junction) 2} EF%< 7}
3 9)-&e) & & e} (Saito, 1969).

B A4 ATFE WlE (trucus arteriosus)2)
AQFNA AE5E 2Gdl FHAl g1 Yt}

25~30/20 2 (18~20°C) =% wLE Aol glwl.

HETYL 2y U 0|2=2 ¥

ATE dlFWe] FFAghe Eoke Al pace-
maker ql N5 FHFAtst wLshgleh Aol
530197 Mool AWFY ~50~~55mV el wla)
—65~—75mV 2 v|-2 3 pacemaker Aol 4 &

$2EFAE JPaE 295 0 RS 5 F4

eI A s, (Go)paet 295 5
V/sec i X (Brown, DiFrancesco and Noble, 1979b)
Bl 4 2 20~30V/seco] gt}

o] 7 Aol ANFY FELEEFIAE FRE =
gl CaAxl®r+ Fosh)(Irisawa, 1978) <714+ Ca
AF ol Naglf{e ] & HA2E A 3Le} A
¥yt Napx wist 4¥el4 of=ld 715 & Anvk3l 4
el NayEd zael =eh ZEAde Es 2
ohteh el 27 R (S0 ) ey o AAE A
&t
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dubd o2 Al el 4 pacemaker HEF-E Holw ¥
ol ZHE pacemaker 12| o {5 THsE o
2 30%Na gd el 4 2AF5c] AEtertE AFTH
(Irisawa, 1978). 2 AH 4 30%< Nad4 444
L8 zlEXo] FurE g o) vl ez 2 FEA
gto] HAbolil Ao Mol 347 pacemaker o] 7|
FE S & 4

Al ol FyAAFL Y4 KFE ydld ol
A o eks) E7+50k (Noma and Irisawa, 1975). o5
AAE ¥4 235 Q92 OmMKe] £ ohg 2%
=9 Koz AFHA & A A el L3¢ Purkinje
A f-(Gadsby and Cranefield, 1979) v} 5-4}4 A4 (Noma
and Irisawa, 1974) | A8 Ao} Y8l A2 B
o} AT wlEe| 4% Na-pump 7} & 5ln FE-2
ERA5E 24 (5 FE KF) ol AL elect-
rogenic $+-& Mo S},

g pacemaker A Foll qod sl o] o] A zH
AAQ g ew SwAMe Y Purkinje 4ol 4 1
b} pacemaker ] Fof #m3}l~] 935} pacemaker
FEo #sMAsle K-"AF(Noble and Tsien, 1968;
Brown, DiFrancesco and Noble, 1979; Yanagihara
and Irisawa, 1980)2} Ca-zﬂ_%(Noma Kotake and
Irisawa, 1980) 3 o A&l Cs(Isenberg, 1976)2} Mn
(Reuter, 1973)¢] &2 Iasigel.

10 mM Cs cﬂ oA FEAote] ¥R 2mM Mn
g4 9As £ANE AoR Heb F AFA BT
FHod e % = oo FFe] oEgA B LYY=
Bdsbol AdAE ¢ 4 A e Ay
24 ¢ Aok 5T A 7o

XNEMAA HYBEO Ig

adrenaline o] 1} acetylcholine & 4 &6 4] 558
Hole FwtAAde]} Purkinje 44 -f (Brown, DiFran-
cesco and Noble, 1979b)ll Aol o} el AT
AEHAAe AFre WSt obFH JPE B
1A gkt

27 FFAYY =2719h plateaud] ¥z 3718
Beov 2 slgd WA Napumpel A3
(Noble 1979) . Ca-x%¢ Z-}(Noma, Kotake
and Irisawa, 1980) 2 A FE & o 213l =
sl ZExishe] A E°ﬂ it AEAAAY o Fel
A ge AR Mol o] 2] AAAME A
=) o}-\—'= 15}_1;}

e FuE A Al el

stretch of] o] 1l 3}¢d

:Al164 A 2 = 1982—

(Irisawa, 1978) = ¥5 A2 Ro} A4 4&
At Qg e T Yol g B T =
stretch 7} A55¢ 74 F& HrAE AR A7
Aok A5y 455 WES 2Ae AAFIA %
e} A= o FHq AAYE Aol e A
Arsel Eoh.
=} 2
AN Fel o %9 (truncus arteriosus)$] #}F 53 Mol

E ARAA fuAdTezr EALGE 7538,
AEed dose oA R desA dae wEl
22} Na*, K*o} 99aF, K-daedala] (Cs) @ Ca-qdi
A A A (Mn) 222 2§41 734 A12EE3 ¢ adrenaline
=L acetylcholine 8] &3% 7 & EA sl vigsl 7
< ZEE gk
1) AH55E Rol& o HEAGE —65~-75
mV ¢} el A k
—50mV g o A sk o +30mV shgke]
ga FEEES ARy Hdeldy] AR
A& BEA] 717k oF 600msec vt WESFE
25~30/% ¢l 4i+h
P K= #3 (0, 12mM K)o d&l 4=
g5 XH:—. T FE7 vlaA fghes OmM K

2 JFANF 12Ki§453u1 DR 54-‘3_ £ He
A2 Na-pump # Froff o] gk g afakadbat vl ssbgict.

3) AEAglke] =7, HlESE BEF xﬂEHL Na %=

&o wek WA FLEF Gk 30% Na ko)A
21 gl fAFEs G al FEAgte] oAl

bebgdel, 28u O mM Nao| g 255 ka3

=459
4) K-AFAAA ¢ 10mM Csel] ¢4 B
NESE DA5kA] Fol ‘;gig:q pacemaker 7 gF9] =
7l B3 z4sgd. CaAF JAAg 2mM Mné)
dHAE AFFol A iaﬂ gieh.
5) adrenaline B acetylcholine & ZHFAqle] W=
Foll obFERl Gl figla Adelds] Aghd: BT

m

2742 7 o E3] adrenaline & follower cell o] 4 X
A7) Aok SR BEd o plateau & AA
3l

o] 4] A2 o AFel WEWS HEHL Nat,
K*o] o] @sbala K-4-F JA1A14l Cs cwr Canl 3
oA A ol Mnel 2sle] dAEE o ® Heol Az
4] pacemaker A-F3 ¥ Na,K, Cax Fr7} e st A
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