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Contractile Action of Barium in the Rabbit Renal Artery

Byeong Hwa Jeon, Sahng Seop Kim, Se Hoon Kim and Seok Jong Chang

Department of Physiology, School of Medicine, Chungnam National University, Taejeon, Korea

The contractile action of barium (Ba?*) was investigated in the arterial strip of rabbit renal artery.
The helical strip of isolated renal artery was immersed in the Tris-buffered Tyrode’s solution equilibrat-
ed with 100% O, at 37°C and its isometric tension was measured.

Ba?*-induced contraction of arterial strip was dose-dependent and its maximal tension corresponded
10 92 .1 +4.5% of tension by K* (100 mM). Ba?*-induced contraction did not show the tachyphylactic
phenomenon in the normal Tyrode’s solution.

Ba?* induced the tonic contraction in the Ca?*-free tyrode’s solution and that was increased by the
extracellular addition of Ca?*. During the repeated exposure of the same dose of Ba?* (10 mM) in the
Ca?*-free Tyrode’s solution, Ba?*-induced contraction was progressively decreased. Even though the
intracellular NE-and caffeine-sensitive Ca?* was depleted, Ba** induced the tonic contraction. After the
pretreatment of lanthnum or verapamil, Ba?* did not induce contraction. Ba?*-induced contraction
was suppressed by extracellular K* in the normal Tyrode’s solution and that was dependent on K+
concentration. Suppressive effect of K* (14 mM) on the Ba**-induced contraction was also dependent
on the intracellular Ca®* concentration.

From the above resuts, it is suggested that Ba?* activate indirecrtly the contractile process by
promoting the mobilization of intracellular Ca?* and the influx of extracellular Ca?*. It is also suggested
that action of Ba®** on the Ca?*-activated K+ channel can result in the depolarization of cell membrane

in the rabbit renal artery.
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£ 2% Kol 9% 433 oha e tate
WA (AR Yo eA ALelzie Catt £
& Z7}4) 739 (Northover, 1968; Karaki et al, 1967,
1969; Antonio et al, 1973; Nasu & Urakawa, 1973)
=3 A Zu9 Ca* AALZNE Ca**d 347
(Uvelius et al, 1974; Hai & Murphy, 1987; Ebeigbe &
Aloamaka, 1987) 4o} I &3 Ca**g FH3hc}
280} Batro] 437178 A4 BATeNe] 452
e & Qlertel thsted = A A F o=
¥ 315 (Daniel, 1963; Hansen et al, 1984) 3} glch=
Al ®] 8 37 5 (Chao et al, 1984; Hai & Murphy,
1987) o] Qo= Bar*o] L% Kol &3 45014
o} olabrlR 2 3 PTol| BE 3 Al Ewkel 28
Sl AAADEAE FEA71E Aol ek 2
3Z (Ambache, 1946; Feldberg, 1951) o] gl.or} Al
AAY 229 e WA gige waE
(Hansen et al, 1984; Mishra et al, 1988) = it}

43 P Y24 K+ 271 SA &= nhAghol
Z71s]o] (FHEF) agFo] JA = K+ 3271
ebs]ed whAgre] Ftasle) &5 Frbdo
(Hara et al, 1980; Hamilton et al, 1986; Hof et al,
1988), o] =l gl 2|&A4 Ca? F E(Voltage-
dependent Ca?* channel) ¢ £3 Ca®*2] §<j¢] 2t
z kel Zhiol sty Frbslm ubA ko] Frto) 9
st dA5]7] wjFolr}, K+ 525 B3 M2
K+ §29 £7h2 Axotel] SAshe JFF4
K+ $2o] osje] ZAHe], B3 Cat*ol &3ho]
M35 Kt B2 Z Ca’t-activated K+ 2+
A FZZoA K+ §5& 2t R =
Aol £98 4§ drhe AHdEol L3 (Benham
et al, 1986; McCann & Welsh, 1986; Cecchi et al,
1986) =] 31 o},

Bar*¢] %780 F2 DAt 2 (HEF)
of 71k A 2@ AYE g gow
(Suzuki et al, 1964; Hotta & Tsukui, 1968; Bulbr-
ing & Tomita, 1969) Ba?*2] o]z{§t =tA gt 7H47]
AL Ba*to] AlX%e] Kt §5& 441717 o
o] g} & ¥ 3 5 (Hermsmeyer, 1976; Walsh &
Singer, 1980; Inomata & Kao, 1985) o] gl o} of&
K* 5328 %319 dojuberlE &=A A 4ok

ols} o] AE B P2oA Barre) £35S
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AFAEe] oot chekabl Bnsin glosd =@
Ba?oll o)} Al Zute) 2371 Aol A e % &
94 9 ek webd ARk A% FFTAA
Yr3g o] 3¢ Yoslt Aoz FHA 2
%5 K+ golo] 3 £33} Bat'oll 9| 454 ol
w24 Battol &8 £30] oW 714 & ot
of QolipeA & s sgich

4 " 9 ¥

A% 2.0Kg Hele] Tz Ak WA 7] (New
Zealand white) & ot 74 310] }%—a} o}, E7
o] FHoz olg of=aldaly EulE e @

Zo17) $iste] FFLE £AH R 7& Elsle] 4}
A F FA] FHTUE ’é"&%}ml A A A
2aled AL A2 F 100% 422 B L of
Z tris-913& Tyrode £olo] 5o § —‘C— el 87] W
oA 39 22& AM%o| wte|sta Aol 1

Nl

A7 Bok A4S TEHEA HEAZ 9 2
A% el Bol W) 9% BE AR £
24 455 Yoz vl 2mm, Aol 10mm 5|

=2
A ¥t 444 b2 Be AAE BEAE 2%

27 A S ol A2 1AL +
37°Col| A 100% A4 = 3333—% o] =
Tyrode §flo] So{ql&
3k 2% 13719 +
Narco Biosystem) of] 373}l 20
& ol g 7o} Fald 1A% B2 HEAZA, ol
o) A2l B F A7 24 SRR Aol
10%4 RAM o2 SoluA Aol-H AAE B
Behn A47ol % ARk 4EIE FeE
#7124 & £JAA 3°CE KA e
W, A 71%e AHHEs] o AH ez
(MK-IV, Narco Biosystem) & o} 43} ¢ t}(Chang
et al, 1990),
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o 1¥E K-43gdo2t SH4E A%
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5}93t}, Norepinephrine (NE)3#} Caffeineol] =l7}+&k

AZW Ca? & 274 A APE ASolE 0. 1mM
EGTA>} 283 Ca?*-free Tyrode -g-2}oi] 10-°M2]
NE3} 20 mM9] caffeine$- o3l o] 5ol 9
stod FFol ez &g wiztA] dbEsield
(Deth & van Breemen, 1977; Karaki et al, 1979;
Leijten & van Breemen, 1984),
2E AL FEF7 Erd F 33] o] A A5}
of 7| EAHo] o)A Agezre 4SS &
g F og AL AYspgleny Ca’-free
Tyrode §-o8-¢- #E& Ca’*g A|A37] HH3te] 0.1
mM EGTAE #7}3le] AR8-3t3d et
Aol AME-3F ofE2 o3 3,

Calcium chloride (Sigma)

Barium chloride (Mallinckrodt)

Potassium chloride (Sigma)

Arterenol hydrochloride (Sigma)

Phentolamine (Sigma)

Verapamil (Sigma)

Caffeine (Sigma)

Ethylene glycol bis (3-aminoethyl ether)-N,N,

N’,N’-tetracetic acid (Sigma)

48y o

e A BT K 55 Ash] BE -
2-& K*oll 93 H¢Fo] WEg2 aksied Kt
o] ggulsH A Fig. lo] =4]3}3c}, Fig. lof
EAE npe}h 7o) AlE™ B K* 15 mMof 4
F5-g A#sle] 100 mMoil A} H & e =
3 Ba?* Fx H3lol| mpZ 55 Kol 2 Al
Z (100 mM K*) o] 1§32 Fakste] Ba*re) &%
$$34E Fig. 2 £A%Y Fig. 20 2415
upo} Zro] Ba?*2 0.3 mMoi| A 45 A]2}3}e] 30
mMej| A 2 )& el om Battol o3 Ao +5
2 K*ol] 93} Ho} 4% (100mM K+) 2] 92.1+4.5
%ol Ak, =3 A A Tyrode & o] A} Ba2t+ 10
mM EE K* 40 mMe] dbE-Fojo] o 3led
Zra= 2] gkoket(Fig. 3).
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Fig. 1. Dose-response curve of K* in the strips of rabbit

renal arteries. Ordinate : Percentage of maximal
tension by K+ itself. Each point shows the means
(n=>35) and vertical lines are S.E..
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Fig. 2. Dose-response curve of Ba?* in the strips of
rabbit renal arteries. Ordinate : Percentage of
maximal tension by 100 mM K*. Each point

shows the means (n=1>5) and vertical lines are S.
E.

mM Ba**g Foidln %o wists AAg & A
Z 9] lo]] Ca?* (2 mM)S- Fof 519l v} (Fig. 4), Fig. 4
o] A] ¥t ule}l 3ro] Ca?*-free Tyrode &Y of 4]
Ba?*ol| o]3 4% (X)& Al +%(X+Y) 825
+24%0°]R 1 F7FHQ] Ca*t Folol &3] 5
£ o& FrhEigied oW $4e B2 AA F5
2] 17.6+4.2%0] 3\ c}(Fig. 4B),

Ba?*ol] 98 43l A Al Ca** 9 W5
g #Asinz}l Cat-free Tyrode S0l 4] Ba*
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Normal TS
Fig. 3. Typical tracing which showed reproducible contractile responses to repeated high K* (40 mM) or 10 mM Ba**
in the normal Tyrode’s solution in the strip of rabbit renal artery
W : Washing

o2 438 $2A7 A (Fig. 5) 439 el
ate} 452 27)= FHA ZF4Lskgich

Ba**o]) &3 Foll4 FUHE HEW Ca*r ¥
F494 dolr 37} Ca?*-free Tyrode £4oi|2] NE
(10-5M) 3} caffeine(20 mM)-g& 4l& Fosled NE
9} caffeineo]] 217131 Al 2} Ca?*3 744171 ¥ 10
mM Ba?*& Foigt A3} (Fig. 6) T3] Fus
t}, 22} o] 428 NE9} caffeineo)} w1 7}3F AL
W Ca**& 7A]7]7] Aol v|3te] Zgkzn Hoh4
Soll 23l A17kE 29l

22 5 9olA) Barte] AT - 9l of Tl
Fgeted 43458 YehieAE FHnA
Ca?*-free Tyrode £lof| 4] == La**-& AA =3}
A4 Tyrode £-Holl4] 5% K+*(Fig. 7A), NE
(Fig. 7B) =23 Ba*(Fig. 70)< 27t Zoisiqd
t}, 77} Ca?*-free Tyrode &Ml 4 = K+ (40
mM) ko] S 3hod 43 Dofubx) Bekos $7b
Hol Ca?*(2mM) Fo 2 45L& F =, o
23 155 K+*(40mM)ERe] &3 452 La**
(10*M) A= o) o3}y etz ch(Fig. 7A),
NE(10-%) 2] 739 Ca?*-free Tyrode g-loj|4] 4=

SESEPESECEEEERETT RS

ql Ca** Foio] o8] +5& Frlstg o FAlof
AHE FAHA, o]2)d NE(10°*M)o]] 2|3 &
& La** (10'M) ¢ AARA G Fol= dojytont
Ca?*-free Tyrode &loj| 4] Udojvt =3} wpils}
72 B#HE& 232 3+ ck(Fig. 7B), Ba®*(10
mM)o] &% %3] 79 Ca**-free Tyrode §ol
A 43| Sasislodd BH5 §A5I9lT 50}
A9l Ca?*(2mM)F-odof sl 52 S F7}
ek, oleldt Ba’tol| o§ 22 1FE Krol
9% 433 vhabsA| 2 La®* (107M) HA X ol 9
3}od 2peh= oi o (Fig. 7C),

Y3 P F2ol| A Battel 2g 50| verapamil
o 93le Atd 4 JeAE dotrnz A4
Tyrode £-o)ol|4] Ca** ¥ AiglA|Ql verapamil
(10-*M) & AAA T F Ba**(10mM)& Fo 3}
c}(Fig. 8), 73} Ba’*efl 2]§ %2 verapamil A
A &)l &) 3ted A 3] A= QAek,

Ba**o] ¥ Moo L X3 A7 ddell
Hg3to NES §2i412 4 AEAE Yohuns
TFE Kt §43) Bar o B 3472 o583
AHA<) phentolamine$ 27+ Soisiaieh, 1 2
7} 40 mM K+of 2|3t 422 phentlamine(10-3 M)
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Fig. 4. Effect of Ca** on the Ba?*-induced contraction
in the strips of rabbit renal arteries. Upper trac-
ing showed the contractile response to Ba?+ in
the Ca?*-free Tyrode’s solution and the effect of
Ca?* on that contraction. Lower bar chart
showed the quantitative analysis of figure 4A.
Each bars show mean values and vertical lines
are S.E.(n=9).

X+Y : The maximal contraction induced by 10
mM Ba?*
X : The percentage of contraction induced by
Ba?* in the Ca?*-free Tyrode’s solution.
Y : The percentage of contraction increased by
the extracellular addition of Ca?*

Relative Isometric Tension(X)

o sl ¥phoz oR|=iglorh(Fig. 9A) 10
mM Bat*o] 9]¢ 4% o453 gokc}(Fig.
9B),

A Ee] K+ 5= Wzt7} Ba*toll o3 Rid<rZo)
S 9E Yobiug Koo 328 A7 4(3
A} Tyrode -§-<8), 6,10,14, 25 mM 3. #3173z 7}
7o) Fxold 32 WHE F4 Tyrode Lo
Aol 430l hE WEEE BArehed Fig. 100] £
3}, Fig. 100 B+= ule} Zho] Ba?tol] 3} 42

o 3 g-Zol 4] Bariume] 4

228

2 K* 6, 10, 14, 25 mMof|A] 7472+ A A Tyrode &
Mol A 9] 429 946+ 1.0%, 82.3+5.7%, 25.1
+12.6%, 14.5+99%24 Az K+ 57} &=
4ol whe} FEEH 02 g0,

Ba?ol] o|& W3k 40| AL Ae) Kro] o3}
o A== 71AHe] AZHe Ca**z} ojuldlt dat
o] YEAE FYHLA B4 Tyrode §ol, Car*
-free Tyrode 4-, =22]31 NE3} caffeineol =l7}3}
A EW Ca?*g 174A]7] /-8 Ca?*-free Tyrode
L-Holl A 7z}7} 10mMe] Ba?*o @ 4-3A]7|3 A|Z
Sjele] K* 527} 14mMo] 5A K+g F48 %
AR s BE £5205HE K+ 5o o4 77k
429 Wy =A89cHFg 1), Fig 1o
HE 2 e} o] A4 Tyrode Saloll A Bar*
(10mM)of| o3 %2 K*(14mM) Foiof 2]}
3749 AAslo] 12 Rl E K* Foi o]71e] £29]
38.4111.7%0131 25 108 HHE 2o 18.0%
13.7%0l81e}, o] % £2& Zohsls] Aee o
30F Foll= HYol =l 79.7+5.1%% el
W}, Ca**-free Tyrode £} i} NE#} caffeineo] =1
74g A2 Ca**-g 117b4]13] ¥ Ca?t-free Tyrode
Solol 4] Bat*o] &)@ 432 K+(14mM)o] o3
o AAsg e A Tyrode §AolA JA ==
Az v} o] 10830 Zt7} 78.5+2.6%, 95,9+
23%015em oleldt +2& 308 Fo| 384+

TR T
74%, 81.9+4.1% % el £28 oldox
A4 7 skg] o},

| &t

Barium(Ba?*) & % &Zol| 4 F2 ztAghe 4
AlA 55 dodle A2 g8 $io}(Suzuki
et al, 1964; Hotta & Tsukui, 1968; Biilbring &
Tomita, 1969). 82| 433} o9& AL uje)
Ca?* %o 93] =45 ui (Bohr, 1963, 1973; Eba-
shi & Endo, 1968) 4-Zoj] £315]: Ca’*e] F3&
Shske) 2 (AEF) ' ATl AT ¢
gAlol 4224 Aol sted ALfale] Carr
F2olit AT Car* A gz ie s Felo o
3}ed o} F-0] A} (Godfraind & Kaba, 1972; Keatin-
ge, 1972; Bohr 1973),
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10 uM BaZ2+

Normal TS

Ca2*—free TS + O.1aM EGTA

10 aM Ba2+

Ca2*-free TS + O.1aM EGTA

Fig. 5. Effect of repeated exposure of the same dose of Ba?* (10 mM) in the Ca?*-free Tyrode’s solution. The

amplitude of contractions were progressively decreased by repeated exposure of Ba?*

10 aM Ba2+ ' -10-5M NE

N
10m1d0
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/!:‘

“Normal TS

Fig. 6. Contractile response of arterial strips by Ba?* after depletion of NE-and caffeine-sensitive intracellular Ca®*.

CCa?*-free TS + O.1aM EGTA

Ba?* induced the contraction of arterial strip, even though NE- and caffeine-sensitive intracellular Ca?* was

depleted.

2 AgolA Ba’to] 23 +FL Ktol o3}
o} el A 2 T oo o 2 Zrllglow
Tyrode -£Noj) 4} 2ekz} 2% Tachyphylaxis &
AT, ol s} o] Bartol o8 43o] FE-9)
o g %_7}.—5-},3_ o ul-z-]c;:}."] %H:L ;(.]t;
-o)ZAo]7) WjEq) o Aztzs] AA Tyrode
£ollol) 4] Tachyphylaxis #Alo] ¢l AL Ba?to)
I +2dgo] spddols Azute YA
(desensitization) A] 7) 2] %= RS o)u)Fi}

Karaki5 (1986) ¢ %718 & % 32o] 4
Bar2 A 298] Ca** %1% Z7H417 % oh)

off N ox o ~|>
X o ox Ay

g} Al Lol 4] Ca?* A2 F-¥ Ca**g FE A7
t}3 193] ¢ w] Mishras-(1988)-& o] Aa) g2
o) Battol] &5 944 53& AZH Catt $2)
o AZols) Cat ol SJake] ol Foinm 1%
A FEe Aoz AL Ca?* §-9ol 93}
o) %ol ek waHGT, £ AHelH Barrg A
ZojRof] Ca**o] gl Aol E HETE 554
Z) =] (Fig. 4A) o]+ Ba?+ol| 9]t Al £ W] Ca?* §-7]
o] 711% Ao g A7sw AZde) Cat*tg F
Aehl 430] % Fohshaler ol Azeale
Ca** frgjo] 71=%17] sl Fol o] & AgHoR
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+ 0.1mM EGTA

w
2uM Ca2+ |
10 oM Baz*+ |

N\

10-‘H L&:" lo .M 8820

T
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Normal TS Ca2+-free TS Normal TS

+ 0.1aM EGTA
Fig. 7. Effects of pretreatment of La®* on the High K+, NE or Ba®*-induced contractions

A : High K* did not induced the contraction after the pretreatment of La®*.
B : NE induced the contraction after the pretreatment of La®*.

C : Ba?* did not induce the contraction after the pretreatment of La®*.

. i o l :....: 10 mM Ba'“’ lg
_;_; 10"°M verapanil / l :l

. . i . IOTnin
' v a—

Normal TS

Fig. 8. Effect of the pretreatment of verapamil on the Ba’-induced contraction. By the pretreatment of verapamil (10-8
M), Ba?* (10 mM) did not induce the contraction.

%4347l (Fig. 4B) Ba**ol| &gk 4ol 4] 4 Lo
Car* f2lol €13 43 AA +39) 82,52 4%
olglon] AL Car* §9lo] & +52 AA 4

29] 17.614.2% 24 A2 Ca** frejof g F
F-o) o} FFoll 2A 71AEE & F ek

Battol o1& 4ol AlZUls] Ca*s ojelgt B
A7t de=RE °é'°]—.5'_7] 2 3le] Ca?*-free Tyrode
Lol A FFo] Yorhe g AT F F5&
18271 7 7} Ba“oﬂ g +HL AAH o2 s
e A vEblTh o8 %—94 AxAal 7
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10~5M Phentolanine

vt . + vt
40 uM K* TS Normal TS 40 aM K* TS Normal TS

lg

0
10min
—

10~5M Phentolamine

10 aM Ba2*

Norsal TS

40 mM K* TS
Fig. 9. Effects of phentolamine, g-receptor blocker, on
the high K* or Ba?*-induced contraction.
Phentolamine (10-5M) suppressed partially high
K+ (40 mM)-induced contraction but did not
suppress Ba?* (10 mM)-induced contraction.
‘W : Washout

100

@
S

o
o

&
(=]

20

Relative Isometric Tension(Z)

Concentration of K*(mM)
Fig. 10. Effects of extracellular K* on the Ba?+-induced
contraction in the normal Tyrode’s solution.
Each bars show the means (n=5) and vertical
lines are S.E..

A% Barro] AZWS Cat*g F2)4)7)0] 230
3ol weh ABslo] Yl Carvol AAHoE
517} (Hai & Murphy, 1987) 5| 7] o £q] Ho2 Al
Zhelch,

100
&
s 80
w
]
= s0 f
o
Mol
o
W
&
:
v
M 20
o
=
é’ A I W - A 1 L
1 35 10 20 30

Time(minutes)

Fig. 11. Effects of extracellular K* (14 mM) on the Ba®*
-induced contraction in the normal Tyrode’s
solution (@ — @), Ca?*-free Tyrode’s solution
(O — 0) and Ca?*-free Tyrode’s solution after
depletion of NE- and caffeine-sensitive intracel-
lular Ca®* (0 — o). Each point shows the means
(n=6) and vertical lines are S.E..

AZW A= Ca?*& NEof| 93le] §-2]5]o] 4
3¢ H0A71E0 1 ool Ho] Yo 458
doy|u] W& $5A]7 7$ NEoj| 2173t Ca*re-
27}e] ¥ v (Deth & van Breemen, 1977; Karaki et
al, 1979) caffeinex. ©u}il7}x] Z caffeineo]] =l7}3}
Ca?*g& 3174} 7]t} (Deth & Lynch, 1981; Leijten &
van Breemen, 1984), ¢|& ZA 2 2 AgoAE&
Ca?*-free Tyrode €-lo]| 4] NE(10-5M) 3} caffeine
(20mM) e 2 A Zwe] NE3} caffeineo] 91743k
Ca?*g 37ZA|1Z e}, olof Ba’*g Foid Z3 Ba**
o 18} 4%o] Qojstisl ot Barro] AZulel
NE3} caffeineol] o]#] 77b5 x| 9= Ca?*x 29
2 F AT ouigteh Karaki (1986) 0 o 3hd
Ba?*o] NEz3} caffeineol] 7] 7}3} Ca?t ##31 o] 9] 9]
Car*x $2)3t} 3¢ Hai®} Murphy(1987) &
Ba?*o] w]7+8t Ca** A1+ histamineo]|t} caf-
feine 712] 7 EGTA®]| ul-23d}A] ok Ca?t A1
oha shgict,

2 A4 8] EolH o2 Ca**e] 9ol $5
£ oA EH= Aoz odadA Lad(Weiss, 1974)2 A
HA G 7AS Baro] 97 5L doubx w3keh,
ol9} 2 A3He Bat+e] o] AlLgtol 4 o] Fo]
A AZokel W3HE Sl 452 AoslE AL
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ohsi Batro] A4 AZbe 2 Sof7} AL ol A
e vehd S ouidicl, Ba’to| o3 4%
Ca?* a}pwhA|Ql verapamil A X|of] o]3led ot
A %3kt ol& verapamile] Ca?* +4% 25 &3
Ba**9] o]5g AAAA F UFE AAskE A el7]
£ st ololl tHgt AL o ATk T A2 42
gt

A3 Yol Barrol @ 28 ARV
shsl s AV A7 ADAE DA sk 43o] o
A" 2350 lti(Ambache, 1946; Feldberg,
1951), z.2]v} Hansen%-(1984)-& 9] o 5ol A
Mishras-(1988)-2 # 2] A3} =zl &4 prazosin
¢ A2 @ A9} reserpinec 2 Al Weke] NEE
2247 Fol Bartoll g 430 Wkt Yo
332 Battol 9| 422 A7 Fehe) norepine-
phrine®] F-v]ob= BAIQIcty Wi & AY
ol 4] Ba**ell 23 50| m3A17 wrte] NE -2
o} FAaio] QA E Yolr.7] $35}ked phentolamine
2 219 A7 40mM K*ol 9] 238 R0
2 ofasiglent Barrol o £3.& A )
Rakeh, o1& 7hE ALEH HPzol A Barrel o
432 A7 ¢eke] norepinephrine -u] o= A 7}
2 slnlae,

A 29 K* 5% W3}7} Ba?tol 93 Fo4-Fo]
o] A& JBE Fobi A3t Axsole K- BE 3
Aol &)3ho] Barol o4 £3L FEoEA 0L 7
£5g0u] ol A Z2jal] K*o] Bar*ol &3 K+
E29 oA zLE oA (Vergara & Latorre,
1983; Benham et al, 1985) © 24 K*2] &0} =
75} Aoiit Azhela Aeeh, Barol & ¥
B £30] AZYRe) Krol oo} A= E A
o AT Car*} oW o] YEAE T
shaa} Bartol 3t 4-2o] K* 14mME $oidt 7
3 AZWe Catt 557} §24% AL K*
(14mM) o} g 534 =+ A (Fig. 11), o
23 459 4R Bol K 529 F4L A2
9 Ca** ¥% Zbol ek oz Yrus @
BY G2 AZolE Cartol 9ol 25
K+ % 2 (Walsh & Singer, 1980; Aaronson & Jones,
1985: Inoue et al, 1985; Benham et al, 1986;
McCann & Welsh, 1986; Cecchi et al, 1986; Breges-

0
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tovski et al, 1989) 7} ¢J-2-o] &&=z U}, weli]
Ba’*of] 23 7tE AlFH4Fol A= Ca**
-activated K+ &2 7} Ba?to]l &3} =txgte] 744
(A2 7140l F23 ATL 2 Y5E AAG
.

ool A3z Bol shE A5 B Yol Bat+
& AZHOIH A Carg §242 2 ope} Al
292 e Ca* §49L F7HIA 758 4o+
Ca?*-activated K* 2328 S A|3ld wtA S 7h4
AR F e Aoz Atadn,
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K* 100 mMe]| ]} 32 92.1
+4.5%°]133ct,

2) 344 Tyrode §-Yoj| A Ba**o|i} 155 K+g
41% 504 4] Tachyphylaxiss vFEbLER] Shsket,

3) Ca?*-free Tyrode §-Yoj|4] 2% Ktol 23}
428 QolubA] ggkor) Barel @ 432 Yol
shon] ¥r}H0l Car* Bol2 438 Z7bshedeh,

4) Ca?*-free Tyrode £-ofof|4] Ba?*o & &8
A7 A 2 428 ARz paasd,

5) Ba?*o]] 9]3} 422 A X Ca?+g norepine-
phrine(10-°M) 7} caffeine(20mM) o 2 3.7+4] 7]
Fol= dojtch
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8) 74 Tyrode &0l % Ba®*ol 2|3t 5% 2] K+
o] 93 42JAATE K+ Fxo vla sl F7}
akdoh

9) Ba’o) 23 459 K+(14mM)ol] &3t %
AH A= MEHE Ca?* g7} 45 F7H8)
ek,
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