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Local Difference of Na-Pamp Activity in the Rabbit Sinoatrial Node

Jong Jin Seo**, Hyung Ro Moon** and Yung E Earm

Department of Physiology and Paediatrics**, College of Medicine Seoul National University

Electrophysiological difference of the central and peripheral area of the sinoatrial node
in the rabbit was studied by glass microelectrode technique. Effects of K*, Na*, Cs*, adre-
naline and ouabain on the action potential of the two areas were investigated, and transient
hyperpolarization (K*~induced hypsrpolarization) which developed following readmission of
potassium after having pre-treated with Kt-free Tyrode solution for 10 minutes was
analyzed.

The results obtained were as follows;

1) The frequency of the spontaneous action potential recorded in the pariphery of the
SA node was faster than the central area. Reduction by Cs* and increase by O mM K+,
10~°M adrenaline and 107°M ouabain in the frequency of action potential were noticed more
prominently in the p=ripheral than the central area. On the contrary, the frequency in the
central arsa was more decreased than the pasripheral area by 13mM K* and 1 mM Co?*,

2) The amplitude of the K*-induced hyperpolarization was very small in the central area
but large in the peripheral area. Transient hyperpolarization was abolished by ouabain and
low sodium, and decreased by cooling the tissue (17°C).

3) By changing the concentration of Ca?* in the psrfusate, the amplitude and the rate of
transient hyperpolarization were increased in the high Ca?' concentration.

It could be concluded that the central area of the SA node is less susceptible to the inhi-
bition of Na-Pump and more susceptible to Ca-blocker and high concentration of K*, The

Na-Pump activity of the central area measured by means of transient hyperpolarization is
found to be much less active than that of the peripheral area.
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Fig. 1, A diagram of the rabbit SA node. Prepa-
rations were usually taken within a bro-
ken line.

CT: Crista Terminalis,
IVC: Inferior Vena Cava,
RA: Right Atrium,

SVC: Superior Vena Cava
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¥ig. 2. Effect of 2mM Cs* on the action potential of the central(a) and the peripheral(b) area of
the SA node. Cs* decreased frequency of action potential in Loth area but more prominently in

the peripheral area. (CL: Cycle Length)
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Fig. 3. Effect of 13mM K* on the action potential of the central (a) and the peripheral (b) area. The-
frequency decreased verymuch in the central area.
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Fig. 4. Effect of 0 mM K* on the action potential of the central (a) and the peripheral (b) area. Exp-
osing in K*-free solution, the amplitude of action potential decreased and the frequency incre-

ased, especially in the peripheral area.
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Fig, 5. Effect of 107°M adrenaline on the action potential of the central (a) and the peripheral (b)
area. Adrenaline increased the rate of depolarization and frequency of action potential. Its
effect was more prominent in the peripheral area than the central area. In both area the amp-

litude of action potential increased.
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Fig. 6. Effect of 107°M ouabain on the action potential of the central (a) and the peripheral (b) area.
Ouabain, known to be a Na-Pump blocker, increased the frequency of the action potential but

decreased its amplitude especially in the peripheral area.
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Fig. 7. Effect of 1 mM Co** on the action potential of the
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central (a) and the peripheral (b) area.

Co?*, an inorganic Ca-blocker, reduced the frequency of action potential in both area. Reduction
effect was more prominent in the central area.
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Fig. 8. Example of K*-induced hyperpolarization
after the pretreament of K*-free solution.
During K*-free perfusion, spontaneous
action potential in the central (a) area
was stopped but continuous firing was
noticed in the peripheral (b) area. Tran-
sient hyperpolarization in both area was
found but small in the central area.
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Fig. 9. Effect of ouabain on the transient hyper-
polarization. No hyperpolarization was
found after readmission of 13mM K* in
either area. This finding indicates that
transient hyperpolarization is the result
of reactivation of electrogenic Na-Pump.
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Fig. 10. Effect of 13mM K* on the action poten-
tial of the central (a) and the periphe-
ral (b) area. High concentration of pota-
ssium shifts the resting poetntial level
to depolarizing directicr.
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Fig. 11. Effect of substituting Rb* for K+ in K*-
free treatment solution on the K*-indu-

ced hyperpolarization of SA node. No
hyperpolarization was found in either
area and Rb* could be a substitute for
potassium.
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Feplaced by cauimelar L, In both are TV TAE ZFAN A3 42T 44 20
transient hyperpolarization was abolish- A4 v AFY 2EE 42 17°C 2 WH
ed. Hokeh. Fig. 134 viebd A 4LdlA 4344 3t
' 5K Room temp, 17°C 3K

-40

{b}

1min
Fig. 13. Effect of low temperature (17°C) on the K*-induced hyperpolarization in the central (a) and
the peripheral (b) area of the SA node. The magnitude of transient hyperpolarization in both
area was diminished.
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Fig. 14. Effect of various concentration of calcium(A: 0.5mM, B: 2mM, C: 8 mM) on the transient

hyperpolarization of the central (a) and the peripheral (b) area.

The magnitude of hyperpo-

larization was largest in the 8mM Ca?" solution. Hyperpolarization in the central area was
not evident or very small, and spontaneous activity was stopped in 8mM Ca?* solution.
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Fig. 15. Effect of Ca?" concertration on the K*- AE AL PJA SARLE} wEotE AL
induced hyperpolarization. Same protocol A Agal FAE Ta ofulE Fuwisl =4
as Fig. 14, but exposure to various Ca* “ “
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g 52 A2 QARETY A2 Y4dgE ATP
£ A43tel. 0mM Ktelu ouabain 10-M = Fuk
AAL w739 Na-Pump ¢] 5ol JAlg Ho=
dl &xivk. Na-Pump 9] 7% JdAsal 2232 4
Ey Nat®Esl Zsbstm, Nat®s Zr71: 42
Cat*32 % Zr}a5) Rom 425w o b (Marban
and Tsien, 1982). ©|#| & ouabain ¥ omM K+zA
o] &3] Na-Pump7l5¢ odA45-¢ = FA4uc]

Tey-e] Wt dS FAgYc ol: F4EEY
FuBol A Na-Pumpe] &%o] stz o o] &A
& FAse AeR AR o) FEA4 Mito-

chondria & A ZW s[34) wgto) -gxg_,_q | A& =] ok
st e el FRI A A AL 4 Y2 AR
ok o]} X JFH-& 0mM Ktell 1037w g vt
< 10~13mM K*2 2 Na-Pump 2] 715 chi &4
A€ o Jelde g4 32T A5t FAY-
R} ﬁi—*’i ol A "/‘1‘—'1‘ Felis A4 E ol g 4
aek 53 Ay S FAFAAE R A
A 7]%3‘} 7lﬂ é-?’]ﬂ%oﬂ/‘i 34 FEFol A A&
o] g+® AEE skr}, o]l Noma 9} Irisawa e 2
(1974, 1975)7F FAFlA o] Fola Aolzidd &
A A sole Aga Aol & Bl Aolx, mheF Ful
ol A5 Aolgdeddl w3 Astsjx & 4 gl
Ark. 2 E AP AXY TR SARE Q)
Ao ® A F P *»J_’@ﬂ 0}147 HEd X}
ol7F & 4 Sk HEsAE = 9 Az
302 Na*e] 9]#A Na- Pump °ﬂ °I?JP A3 2
9 4242 ¥ NarsEdd= 95 0mM Kto) ¢
o] Na-Pump 7} A= g} sl %, AEZW 2 Na* &
Aol 28 ZA @3 Na-Cam3trlxo] s} 239
Na*e] A2 FE7F FEs AV 28] S746ix @t
% 1 A8 AAEt A48 o3 Na-Cam

71&el Na-Pump 715 dAAe] drh} & g3ke
71X E7E Brl 13k, Ca¥FEE HyAA & 4
Poll A -2 Ca?*FX (0. 5mM)eil 4] o]-& ue Nato)
AZRE o] Fste] Na-Pumpe| #43 =7 & o
4 HEFY assk 2mM, smM ¢ Catexe) vt
qd 2 Aoz gasgdey AsnE w gt 239
8§mM Ca**FEo4 454 LT 27/ 22
kel Eete AZEE wEvh. o9 g o4k ube
A3 Na-CamzgrlA o]&e] thE 7ide] ALst:
A F2 B v & QT ok & AA g AR,

ﬁL__,rlfLu[o

#$l6] @& Na-Pump Fx9 olef 3t & F—

= g

E7] AR A $94 545 47 Hatd T A
o mAASFE FHel F4l Rl 7"% Asteted 2%
Aok 715, EAstdeh ol 2R AolHE U7l
9lste] Nat, K*E 2% wsla]7] Cs*, adrenaline,
ouabain ¢ Fo sl F-FAgte] w2 gaslgon
Na-Pump &) @F=e) 13k Fel & 27 3 omM
K*oll 1087 28470 & 10~13mM K*oe 35g
A w4 AEE s Na-Pump 9] 8535 = A4
FESE E48d st Ze A RS A9
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