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The Role of Na-K Pump in the Modulation of Vascular Tone in the Rabbit

Ki Whan Kim and Jun Kim

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

Force development of smooth muscle cells is directly regulated by the concentration of
free calcium ions in the sarcoplasm, and the sarcoplasmic concentration of calcium ion
can be modulated by electrogenic Na-K pump. The role of Na-K pump on vascular tone was
studied in isolated rabbit renal artery.

Helical strips of arterial muscle were prepared from left renal arteries. All experiments
were performed in HCOj;-buffered Tyrode solution which was aerated with 3%C0.-97% O,
mixed gas and kept at 35°C. In some experiments, rabbit was injected intraperitoneally 18~
24 hours prior to the experiments, with a large dose(5 mg/kg body wt) of reserpine, in order
to eliminate the catecholamines present in intrinsic adrenergic nerve terminals. Treatment
used in this experiment that inhibits Na-K pump was the exposure of strips to K-free
Tyrode solution,

Contractile response to K-free Tyrode solution developed slowly and the time required for
maximum contracture was 20~30 minutes. This K-free contracture was i'apidly relaxed by
the addition of potassium to the bathing solution.

No K-free contracture occurred in a Ca-free Tyrode solution. But contraction developed
rapidly when calcium ion was added to the bathing solution after 30 minute exposure of the
strip to Ca-free Tyrode solution. This contracture was completely inhibited by Ca-antagonist,
verapamil.

The K-free contracture was abolished by a-adrenergic blocker, phentolamine, as well as
by the catecholamine depletion from adrenergic nerve terminals.

Even in reserpinized strip, the exogenous norepinephrine-induced contraction in K-free
Tyrode solution was rapidly suppressed by the addition of potassium ion.

The results of this experiment suggest that K-free contracture develops by norepinephrine
release from adrenergic nerve terminals, while the relaxation of K-free contracture is

induced by the activation of electrogenic Na-K pump.
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& A9 Catt, Az vide] Eelde A A%
W Gz (2A2E, "EEEet 5)¢ A2 Catt
o] glo] qAFFA T2 FFYozA FgIdot
(Prosser, 1974; Kuriyama et al., 1977).
Cat*gFdezfe TANER Car'gs T3t <
8 LA E Al w, TEASke] devix olm
At FFo] dojrti 7 (electrical activation;
EC-coupling)e} &3 <5A] (agonists;
histamine -E)¢] & s}led &
Zx]ato] glo] 3] & ofhi(nonelectrical activa-
tion; pharmaco-mechanical coupling) 57} uhy o]
o) o} (Haeusler, 1972; Mekata and Niu, 1972; Bohr,
1973; Fleckenstein, 1977). F&Z A Xl F F
3o Cat*%arst gy Aoz duge. F ey
W %o wlel 27 delx @38 &= A (potential-sensi-
tive calcium channel) 3} A Zubd] &A1= 43 9
ZAgoa MAsk zAHE E=(receptor-operated
calcium channel)7} ¢lw], Ca*t*z A ¢l verapa-
mil & F2 wAgtel] a$HE F2E Aoz 3
el HNow oA ¢ch(Kim and Kim, 1978;
Bolton, 1979; Kim et al., 1979; Hong, 1980).
NaK pump & 7% A ] &g oA 9=
(Stekheven and Bonting, 1981), &3 32 429}
AAE @ FelAsh e FEe sn god, Bt
¥ 4] (electrogenic pump)oll & 713t gl-&o] g =
5 o] ¢lr}(Anderson, 1976; Bonaccorsi et al., 1977;
Blaustein, 1977; Lang and Blaustein, 1980; Lockette
et al., 1980; Skaug and Detar, 1981). &3 I
Al Zehg F3 Cattol Fe] Al ZW8Y Natgpxysl
s} A 29 K*E ol ¢ vhoFsbAl g3 wAn gl
(Leonard, 1957; Hirke and Wilson, 1962;
and Bohr, 1971; Reuter et al., 1973; Blausfein,
1977; Bonaccorsi et al., 1977). o] &kzte] Al Xl 94

norepine-

phrine, angiotensin [,

Sitrin

Na*, K*5x=u3te] &7k Na-K pump71i& E3

o dolnd shsAL A 44F = o, 53 o
Adow QuaAst nyatste] QA ZA &
AN geme g AFEst Nate)] oshed 23
g 4 e myg w4sRY kA dHe=4
29415 2 gl=}(Blaustein, 1977; Van Breemen et
al.,, 1979).

¥ Age g3 332 A2 EA5E NaK
pump 7} 3t 72X (vascular tone)d] oA <3
%+ A E JHE RFEsl flEd A B 4
THAdHE 443 Na-K pump g oA 52
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A:d AAE 24 vA & Na-K Pumpoll ¢ o7—

AZ = FA4 g Zoleh

Z2A4& sheted vehd A5

i

M Yy Y

AF 2.5~3.0kgH = EAE o THH 44
TERZ ALsyc. B9 ey
catecholamine ¥ 5 & #H 4 E R Fol7 9t F5F
B8 Zetgr F 4 WA Axkstd 484
AZE AFYE A& d2o4 100% 0.2 3sps
tris-9+% Tyrode g (NaCl 158, KCl 4.0, CaCl,
2.0, MgCl, 1.0, glucose 5.5, tris 10 mM, pH 7.35)
o] By Ful g Ml A g F4 A& 7 Ro)
whel shglel, dak AAS fElEd AEd4y oF
24 vlo] 2P 2 WA 45°uger abel
A% 2 A& =bEgivh(helical strip). of A&
7o) 5~8mm, vhu] 0.8~1.5mmHEE thFAA
S sle FZE FL okl AHE 2T H AL
ol A A ALE FEA 1AL A 5
285 35°Cell A 3% CO-97% 0.4 E¢~1A=2 3y
& o] & HCOy8+3 Tyrode § (NaCl 148, KCl 4.0,
CaCl, 2.0, MgCl, 1.0, NaHCO; 13, NaH,PO, 0.42,
glucose 5.5 mM pH 7.35) o2 AP EL 4887 (&
2 100 mDel &A Kz 255U (Grass
FT-03) % @RAA7 1 7157 (Device l)ell o2 e
=14 4% (isometric contraction) T4 & 71§
JEF AR5

AP L7 WA ¥ o] Azsy] Ao 208utet A
2g gaoe FohFu A AR AR FLd 3 EA
7 E Ao A Aol g v4A 51549 (pa-
ssive tension)e] 0.3~0.5gHA AolFa w4 20%
nhep A2g g0z FekFAA 1A% AT %A
A A93Ee AT 4+ AEE sy (Furchgott
and Bhadrakom, 1953; Kim et al., 1979).

K-free Tyrode 8.8 & ah-gollell 4 22 4mM K
whg W w2 Agstg oy KAf 4ozt ga-ga
Nat4 K*o] Feialabd 44 534 $4°o2 1%
o] Ahgatgsh. g3 P A7 Twk 44 norepine-
phrine & St m2AA7 Last d& Aol 4HA
2} 19~244 7k Aol M F kg & 5mg ¢ reserpine &
By Fastn Q6 443k o (De Gubareff and
Sleator, 1965). M FAl& Aje] B 5 3l
Adolgr XEakg Axtald & T AL T
(wet weight) 2 &4 3}glct.

Aol AHER oke BEst 2ok
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Norepineprine HC1 (Arterenol, Hoechst)

Phentolamine (Regitin, CIBA)
Verapamil (Isoptin, Knoll AG)
Reserpine (APC, o}F9E)

M4 44 H

1) K-free Tyrode 240l st f£=ytg (K-free
contracture)

Ao KT BEE 15mMejatoz ol ALA 4
29l K-7 % (K-contrature) & .27 ¥ o] AL &
Sz Catr st AXd Catrfrelst 78 +35
o] dojdrtm ¢# = v (Bohr, 1973; Kim et al,
1979). 100 mM K-.Tyrode &<fel] AW AH L »&
A7 2 FA 5ol dojutA 108 ool UL =
A9 K-A&5Z40-¢ Bolz Yedl J4 Tyrode g
L2 FolFA T FATHoR o5 a Yeb(2y 1).

Rabbit renal helical strip

Tem 35°C
pH T 7335
Wet wt. 3.5 mg
Isometric
tension N

:Al169 A 1.3 1982—

K-7%¢ 371+ 100mM K-Tyrode £36]4 3]
£ polnz gozd B A wA" AHY
AL oA} wlmsted Jebds ALEH Aol
KAZozde ds 4oz Fob2 5 Nak
pump & A A7 B4 oz K-free Tyrode-§-Hd] 3
EARE A wbEE 29 1o Rolx gl

K*e] 9 fdol mFA5 2 AAS 5] deirt
A 3 zzld Egstedeli 20~3080] AFn gle
o ALY EFo| ) Hauxd 9T FelE it
Aol 4P Ayl ALHA Xdtn LA Y&
2 #eFx ek (K-free contracture). o 7lo] K*-&
st 5mMol HESaA FANA BSR4l F
A JAEF o 2 o] %5 ok, K-free contracture
8 A K459 0% A=g L ¢ F 4

2) M|Z2| Ca**1} K-free contracture

A X.8] Ca*to] K-free contractured]| m]A & 9

K

—

SInM

10 min

. A]lg

Tyrode —s- o +f—— Tyrode ————— K-free Tyrode

K-Tyrode{100 mM )

Fig. 1. Contractile response of rabbit renal artery to K-free Tyrode solution. K-free contracture is deve-
loped relatively slowly and its peak amplitude is about 70% as great as maximum K-contracture.
Time required for maximum contraction in K-free contracture is about 20~30 minutes.

Rabbit renal helical strip

Temp, 35°C
pH 7.35
Wet wt. 3.5mg
Ca conc.(mM) K
02 05 1 24 8 5mM
lmin, N N ) (¢
Isometric
tension ]19

K-free, Ca-free Tyrode —————}-Tyrode

+ EGTA (0.1 mM)

Fig. 2, Effect of external Ca on K-free contracture of rabbit renal artery. K-free contracture did not
occur in the absence of Ca ion. A rapid contraction occurred when Ca was added to the bathing

solution.
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4+ HAA4se Catrs SARAAR Lol YFAA 2
E3E 938n Cav*yEE dAH oz ¥ AAE
29 24 e}, K-free contracture & Ca*t*e] =
Lol A A goivtxl ket 0.2mM Ca*t &
T3t F4 FE4gol Yoz, CattyEE ¥
doll A2} +59 271 % Frhskgl o 2mM o] 4HE
£ 23y FH U] R4 E YA4AE 2952 g
(29 3). 2mM o] 48] Cattpxeld +54 =77}
ZHAHE AL Catty) stabilizing effects) Fol A 2
2 4 25l o} (Bohr, 1963).

o] ¢} 7to] K-free contracture o] =4 W I5jel 4
X9 Ca*to] & Fu gomz Agddes Catt
#4& = (Ca*tt.channel blocker) verapamil(Ko-
hlhardt et al.,, 1972) 8] K-free contracture o )3 &

(“/o)

100: /.\E
s ] \I
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P t
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0.2 05 1 2 4 8
gExternal Ca conc.(mM )

Fig. 3. Dose-dependent effect of external Ca on
K-free contracture (mean+SEM, n=7),
The contraction increased dose-dependently
up to ImM Ca ion, but above that the
amplitude was decreased.

Rabbit renal helical strip

Temp 35°C

pH 7.38

Wet wt. 3.2 mg
Isametric

tension

Tyrode —p- t +—Tyrode ~————K-free Tyrode

K-Tyrode(100mM)

& B 20 29 40 Rairh 30%3 K-free Tyrode
Lollof] =547 K-free contracture & 4253w <7
o) 1 mg/] verapamil & B & A3} FA ol AH = A
27 Hol o] 5oL FrAR Cattfrlatgel A
AR Aoz sigRe)

3) Kr=do 2{3t K-free contracture 2] 0|gt
Btg

K-free contracture 7} 565 & K 54 3o} 7 vk
Sopare] o®A JelEAE Helx Aol 2% 59
golv}. 9 5014 R K-free contracture 7} 3 ol gk
& Helm 9w 0.1mMEL 1mMK*E 2432}
ZA2 )9S By, 49 K'yxst 8
4% o945} BEL BAFD Y5 (2 5). K*¥

Rabbit renal helical strip

Temp, 35°C
pH 7.3%
Wet wt. 2.7 mg K
10 min 1‘mM

Isometric
tension

U

Tyrode ~fo——K-free Tyrode ———

Wet wt. 3.3 m K
10 min 9.1 1m
1 14
fsometric
tension ]"

Tyrode <«p—————K-free Tyrode

Fig. 5. Relaxing effect of potassium ion on K-free
contracture. K-free cont racture was suppre-
ssed rapidly by the addition of K ions to
bath. This figure demonstrates that the
rate and magnitude of relaxation are de-
pendent an the potassium concentration.

Verapamil K
1 mg/l 5 mM

I T

Fig. 4. The effect of Ca-antagonist, verapamil, on the K-free contracure. The contracture was comple-

tely inhibited by verapamil.
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EE 0.1mM 2 245 Ags) wE £52 70%3
E o)tH g ImMalAE AY FA4 502 o|g)
Hu 944 vebl g (29 6).

4) @#AZA XICo| K-free contracture 0o n|x|
= Y

K-free contracture o] 24w mxtalzd 2=k
o ko] YEXY H¥s 2 JIEE ¢l Yl F
7tx] & o] g3tglel. & K-free contracture 7+
a-receptor blocker ) phentolamines] o] %A 423}
e 2gtm, Ed AyAd FES reserpine o2
X2l ste] mztA7 2=te]l 4 norepinephrine & =zt
A7 A JAY dA-& Ee] Kfree Tyrode £
2EAA & Fasiglel. Kofree contracture &
4o ¥ orle]l 5mg/l phentolamine & 5o 5}=}
FA AAFEeR oISl m(2Y 7), reserpine o

Rabbit renal helical strip

Temp, 35°C
pH 7.35
Wet wt. 2.7 mg

10 min
| e

lsometric
tension

Fig.

o
—a ]~
[ ]

Relaxation
"
o
1

~

100 J 1_,;1 L 1 ;"!_9

0 01 02 04 1 2 5
External K conc.(mM)

. Dose-dependent effect of external K on the

relaxation of K-free contracture in rabbit
renal artery (mean+SEM, n=8). Relaxa-
tion was expressed as percent of maximum
contraction caused by 30 minute exposure
to K-free Tyrode solution.

Phentolamine
Slmg/l

Tyrode —sp——— K-free Tyrode ————

Fig. 7. The effect of a-blocker, phentolamine, on the K-free contracture. Addition of this blocker to
bath resulted in rapid and complete relaxation of K-free contracture,

Rabbit renal helical strip
Tem 35°C
pH P 738
Wet wt. 3.0 mg

10 min
—

Isometric
tension

Norepinephrine K
0.1 mg/l 5 mM

]u

Tyrode —p- & <h—Tyrode —sp——— K-free Tyrode
K-Tyrode (100 mM)

Fig. 8. The effect of deprivation and addition of catecholamine on K-free contracture of the renal
artery. Rabbit was injected intraperitoneally with a large dose (5 mg/kg body wt.) of reserpine
18~24 hours prior to the experiment, in order to eliminate most catecholamine present in the
sympathetic nerve terminals. By adding norepinephrine the contracture was brought promptly.
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2 a4 2ol A norepinephrine & 3L 2A 7
$ol4 L 100mM K-Tyrode $ oz K-73 534
wiglol dejutm 9ot K-free contracture
3 el gdn gled, T fell4

>, o ot

i
.
i

%ol

S

3 Control
Phentolamine, 5 mg/t

(1101} Reserfainization, 5 mg/Kg body wt.
1000
;"] 1
=
Ll
£ 800 1
®
3 600
(=
£
> 400
€
§ 200 1
&
0
Epinephrine K-Tyrode K-free Tyrode
{0.1mg/L) (100 mM)

Fig. 9. Effects of adrenergic intervention on res-
ponses of rabbit renal helical strips to nor-
epinephrine, to K-Tyrode,and to K-free
Tyrode solution (mean+SEM, n=5). Phen-
tolamine abolished the reponses to nor-
epinephrine and K-free Tyrode. Elimination
of neuronal norepinephrine by reserpiniza-
tion has no effects on the responses to
exogenous norepinephrine and K-Tyrode

A 4% AAE 246 vA%E NaK Pumpel] B3 o F—

norepinephrine ol &= 4] F4tA gl 55§ Bol

i glen orled 5mMKrFed 2 Z4] wlE SEX 2 o]
S-S 2o (29 8). oleld 4¥Ase Kiree
contracture 4o sbF FA4T V12> (A 24
W] mzhAl7 orkel 4 felH & norepinephrine of
ARAQ 4¢3 Aoz Ay

olopzhe A4S 2y 9l FHA L2 ZAFgr
& el 4 Fe 3k norepinephrinec] 93k FHu-S
& a-AtAle] g3t Ak AAH L gloew K73 F
o] §}oJ = a-A}ukA) Y reserpinization &) E3l Wwk
JElR] egko v K-free contracture ol & 53 34|
a-3}elkA) 2} .ndrepinephrine a7 E37F Vel

=N
il
AT

n} &

Y FHZNA AZTU Y AF ol FEAAE
Fr2 e vl AU A7t ash, &5
E 3&3AY 4k dAA Feodol sl AlEN K4
A3t NatZAo] Yojur, A LEF ¥4 AT
g AAE FAAQ ol A FAAE Ao
Z e A g =g d3k HFZ A NaK
ATPase 7} &A% 3, ouabaine]| 9% Natf&
5 K+frg] Ydo] glon o 3o ol ix7t Yag
o] 2w 5ol gri(Joner, 1980). o] & elstx 4
FA4A e g3 HLZ A EYdlE Na-K pump st &

solution, but abolishes that to K-free A& ATeE Aeleh
stimulation. ¥ A3z A xntd] £A45+= Na-K pump+ %
NE , 5 HT EPI, A
Vessel lumen 7_ ————-/\
PARL VAR
SM /(3? SM
o, + +
ACh\ e V\\
_ ® @ %\ 5
Adrenergic nerve ® OO @¢ . terminal 3
e e® S Fo =
- o/ E
@
>
Voo
SM Contraction SM
L Ag;nosine
A
H, K
Osmolarity

Fig. 10. Local modulation of adrenergic transmitter release in vascular smooth muscle.

6



—d) g 2 s %] : Al16E A 1 Z 1982—

Intracellular

_Cont_raTc_til_e—pr_Steir-i_; -

: Ca* release from C

Lacoocw

: Mitochondrion
SV: Surface Vesicle

Extracellular

: Potential-sensitive ion channel

: Receptor operated i&nbchagntel (ROC)t
ound to receptor

: Cd*-induced release of Ca"from SR, M, SV

SR - Sarcoplasmic Reticulum
PM Plasma Membrane

Fig. 11. Schematic representation of postulated Ca ion sources involved in contraction of smooth muscle

(From Bolton, 1979).

Aty 4 3 = (electrogenic pump)d] »)5& RF-35)
2 9o} EAAEUANA AQ4D Na*48/K*49 o
£ 3:2 JEYe) BuH 3w 9 v} (Heidlage and Joner,
1978). ol =3 rAlshal4l M =sb whAskg A sl
Se AEE FE R TR =k o3 ohest
th. o & So] rat aortao} A& o] 3 =2 potency &
w9 A A ouabain 22 Na-K pump 7] 5L oA 45|
Ha ANk ExjellA Myl 10008 A5 FESF BE
@ Aoleh

Na-K pump & qAAA Fxoays &3 2EE W
271} K-free solution ¢] 1} ouabain £ & 3lAl5 =
Wl ol YA A sk FA walgrel pasiAl HAeh o
o] rat tail artery & K-free solutione] 234
7l 10mVAES] FAF Ad B4t deojrvie,
o8] g & A& Nernst equation &2t o ZEr7l535
Apdolel, 1l ¥ Eq K-free solutioneo] F9irt
7} ©tA] A 4 Krebs solution 2. & v}Fe] Fx} T 3
-5 (hyperpolarization) 5 & R -& 3t} o} (Hendr-
ickx and Casteels, 1974). K-free solution ¢ 2 Na-
K pump 7 205t 4AH st K'Fel2 o B
7 A3 W jon fluxd] 93¢ FE AA2ZE A

X9} K*gx9) Al Natypxst Fasieh, ol#fsl
Ap4 2 K-free solution o) €3¢ xEA71+ A9
23 Lol ulzl KtEeo 12 electrogenic potential
g zrzh gl - AEE dFE = Ak (Jones,
1976; Heidlage and Jones, 1978).

2 4% A Na-K pump g4 Faoz 483 K-
free Tyrode Solution 22 7 Zo] geolytiu] o] 3}
K-free contracture A 7| Aol FAsted e DrtA AW
o] gl=t.

1) g3 2409 W4 wzkal7 wxkel 4 norepi-
nephrine (NE) 2] 7} 215 ¢} 2 slvi: A3 (Bon-
accorsi et al., 1977; Suzuki and Kuriyama, 1980),

2) K-free Tyrode £94¢]] 4] = Na-K pump 7} <A
ol 4 X Nate] Za5o] 449 Na*Fis}
FolEd Na-K3gsiqe Aslz slgydes sz
Cattu] o] #4so Aoz AT Catte] F7t
o] “4=Ze] doldrlE A (Reuter et al, 1973;
Blaustein, 1976, 1977),

3) o1¥l % Na-K 2fAAad 9@ %ol dsted A
Ty Na*sE AAgiz 55 Carrgqol
Z2 5 o] 50| dojyte}(Droogmans and Casteels,
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1979) & $AE ek

4) Na-K pump &= BE whaiol §49 A5s 24

stz g vk oY sFel AAIHe giFe] degut
A &0l Qo £ ¢lrh{Casteels et al, 1971; Tomita
and Yamamoto, 1971) = 4,

5) &%t K-free Tyrode £ A = K-2 514 0] o3
Heol Alcke] Na-®3 RZ0 2 J3te g g8
YA} F50) Qo) ddE 53 (Wahlstrom, 1971)
= gt

3 Add4 K-free contracture 7} d#AHqa,
reserpine 2l & AW w47 RN NES 3
ZFA7 A%, K-free contracture 7} A3 v}elx] o
L AL Ay KireeZd & wdls WA
2747 T A 28 NEo ot dofrget
2 a4

Ca**e ¥ab HHTH $44o 24 S ARA
q ez Fg2 vAa sld S Ptz e w)
EHeol % apAR TRAA NE feldl 338 »)
A pHder 544 EFE  Jebd o (Boullin,
1972; Kirpekar et al., 1972: Reuter et al., 1973)
=g NEolil angiotensin T} zre. dx $Za7
Zgg veh el Catt ool swlelol sluz 42
8 Ca*g H5Zd Ay oam Agsn v
(Hinke, 1965; Somlyo and Somlyo, 1968).

2 A4 2l Kfree Tyrodeof4 Cattg 2l
AA R fNo) 4= K-free Contracture 7} =s] 2+
A=A gkskond Catr g A tha Feodla}
FA ZAZol wsgrh. FAAL CartpEd 4
K.free contracture 8| WA LE 74 sbakatw) w)shed,
Cat*Rolol gl AR E 5457 e Bl
SN A FA NEof ot 308 59 A9 v
Z% A2 NE) CattAl A Sle) ) AR T4 &
HE Hygov FHEe 5348 7 gdeg 9A
MFn gt

AR T S o143 AN N guinea pig &) B
2 B A A4 YA —-68.6mVelnl el
K-free Tyrode go§ ¢ = Zo}Fn 10~15% Fol: 15
AmVAE &8F gyt A Krel Selgle 3
A oz zZolFal —80mV AR HEFHE A4
& Bgeh ojHst a2 10°M ouabaine] 4 st
qANE Aoz vy FAYBY W= slAle] 2y
e BT Ao m M4 ool (Suzuki and Kuri-
yama, 1980).

ol o] wisdl 4§ A sty rat tail artery AnlalAE

A 83 A% 2Ad v)lale Na-K Pumpel b3 45—

BaE s gt 2 KfreefgHel A —52mV oA
—24mV = ¥hAigte] F3IEgost 3gmM K¢ 5
st —51mV 2 oA 3EFS g vk A28
Kfs22 A YRk —45mV o) st 2
g 25 Aoz nFe) halgl P4 W =ixe]
238 Axz N4y (Bonaccorsi et al, 1977).

2 AP A% Kfree contracture ¥ KA sz =
A axged, 3604 4% NEd 4% 5%
K*% A frtetat wha a-AdAlal 2lg ol dEE
's+ Al wsa w2sle olsiE el ol e WA

€ 94 YA WA PEARALY BARE Yol
Fo2 Prigtel AFAA cl4HE ALR A4
%4.

Axe] K*¥Es 34 4294 $adA F7hsa
3 FHTL o] A EH o] HlT AR WIYF
&) (reactive hyperemia)el 8% A4 § HAew
#2399 o) A& K534 7k ST AWt o
o] vi# v} (Anderson et al., 1972; Norton and Detar,
1972; Wahlstrom, 1971), =AYRA W =rizle] &
455 FpTPezq Ag9dnn A¥Hw Q9
(Anderson, 1976; Bonaccorsi et al., 1977; Lockette
et al., 1980; Detar, 1980).

A28 K22 15mMojatee woig J&54 +
Zq A& L Q27 v (K-contracture), o} R & Na-K
pump 7} A E8 Kte] 15~20mMell A 235} 4
29 K*3% &7 K'Y o954 #E%LE A&
A # Nernst equation o nje}l &©¥F8 HYosi4 3
o 24 potential-sensitve Ca** channel & %3514
Ca*tg-9i5t A2 Cat*alzgaztse Catte) F2l5
o KAZel delue A0z ¥ugich(Kim et al,
1979).

NE &= A 2ehg S35 Aok gl gle] w59 &
F2AZ e A3t Su5(1964)] sl BaH gl
3, 78 s EFHalA Esd norepinephrine FE7t
107M &) el B = A o) WEkglelE $5 4 42
v 2x 10 M oj Al 8 & 2A5 FAaA. o4 A
FENAY 52 Fdol &t TEEA A & Catt
~ﬁ-°g3\}. A Catt4-Elsb 2% Esbibel(Casteels et

L, 1977). & AP A 5% ¥d K-free contracture 2]
%"4 44 @A Cartell 2A #ASHn glom Eit
Cattfol apwialal verapamilel st oAAH = A
A 9l s 4 2 E Az 439
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A B2 7542 T4 Catrell #pE m o]
2 B AEd fYsd AeEam gloy 259
A% d2A P4 S 444 kA NaK
pump 7] 5ol &3l zgPol <A gk 2
Na-K pump 8] 7]%5¢ He]: Na-K ATPase &4 =
t 5%, 2FH wel e Aol gg Rolm gl
FHUE P AolHe] nu¥ T ek,

+ AL g AF e B AFHY YA
Y AdE 48AM 82 3l Na-K pump 7} o] 54 5=
FAe oA 9L 7)Aot E AFe v 7
< A3E A9l

1) Na-K pump oA 54 2 2 23t K-free Tyrode
solution el 4] X 4x 43¢ A ES50EL ek
(K-free contracture).

2) K-free contracture &) =7] % 100 mM K-Tyrode
2 gex K43 qug o 622858 2,8
eha gl e}

3) K-free contracture = Aj 28] Ca**t-g AAA
SAN A= BAHA gz, Cat*Astz FEe uld
ste] F4 5ol Z3hE g

4) 1AL a-AutA 2 %A AAHY @,
22 W44 norepinephrine & A7 A= A
3 T E A gkl

5) K-free contracture = KAl %oz =2 o] 4y
9l.em, 944 norepinephrine 2 ¢ oy 4=Zuylo
= Krfofol 9ste] 54 o gk gt

o]}zr-2 AP AL AFYa A2 K-free contrac-
ture & W4 A7 @dell A 4215 &= norepinephrine
ol st} AEa o] Wt Aoz A5, Y
gz A Ee Na-K pump ¢ HA3z HZe =
Hle AoE Az,

off M

reserpine
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