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A )52 57 £ B 18 PEL i 5T BaCl, 5 | 2 X BR e IR s Bk S 48 I AL 1

MEX, WEF, LW, MR, FERK, X F, KA
W PR R IR B 22 e 25 B 22 20 =5, RKJR 030001

B OE: 7RIS A IE (inward rectifier K channels, K;,) R 7IBaCl, 5| i K B & IR Bl ik (rat coronary artery, RCA)UH
FIFE AL, A 70R A BRI Rk 7 iE 5082 BaCl, 5 R AR C AU X 4 P Ca™ ([Ca™ 1) BRI A4 Ca™ ([Ca™],)
PR A, Rl 0 ) SR AR AL . S5 R ER, #ERATR, BaCly (0.1~1.0 mmol/LyiK FE At 1 i i 476 25 14
RCA, o KIL4EMEREN(5.69 = 1.07) mN, S5KCI (60 mmol/L)SZE I FEAHIT s BaCl /e L5 AT 51 i 4i o5 3o 24 11
(35.44 £ 6.72)%, B —D 5 H2(64.56 + 5.94)% MU Ai ;45 18 T8 P A 2R - (0.3 pmol/LY.  F1 5 A g 0 ] 77 g I 55
(100 umol/L). ZHfid#MZ 5 A 17 i AEERK 1/24#17]PD98059 (10 umol/L )5t 1 PH i 71 J& % KB (100 pmol/L) %) 5l fiBaCl, 31
IR CA 5 K US4 I B 41K (87.82 £ 5.43)% (P < 0.01). (73.23 £ 5.47)% (P < 0.01). (75.69 £ 7.94)% (P < 0.01)F1(83.24
7.69)% (P < 0.01). FRSLIGLEREY], BaCl 5| RCAIL M T [Ca® LR [Ca® 1, P, I HE/m %I 72538 i i 1) ik 2
WA A 5 I I AN U TE G L ERK /28 B 6.
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Mechanisms underlying rat coronary arterial vasoconstriction induced by

blockade of inward rectifier potassium channels with BaCl,
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Abstract: In order to explore the mechanisms underlying the vasoconstriction induced by blockade of inward rectifier K channels
(K;,) with BaCl,, myogenic tone of isolated rat coronary artery (RCA) was recorded with wire myograph. The dependence of BaCl,-
induced contraction on intracellular Ca’ ([Ca’"])) release and extracellular Ca” ([Ca’"],) influx was studied by Ca’" deprivation and
restoration. The mechanisms underlying BaCl,-induced RCA contraction were investigated with specific inhibitors. BaCl, (0.1-1.0
mmol/L) contracted isolated RCA in a concentration-dependent manner and the maximal contraction was (5.69 + 1.07) mN, nearly
equal to contraction induced by 60 mmol/L KCI. The contractions induced by BaCl, in Ca>'-free solution and by followed restoration
of 2.5 mmol/L Ca’" accounted for (35.44 + 6.72)% and (64.56 = 5.94)%, respectively. Calcium channel blocker nifedipine (0.3 pmol/L),
cyclooxygenase inhibitor indomethacin (100 pmol/L), ERK1/2 inhibitor PD98059 (10 pmol/L) and chloride channel blocker niflumic
acid (100 pmol/L) pretreatment depressed the BaCl,-induced maximal contraction by (87.82 + 5.43)% (P < 0.01), (73.23 + 5.47)%
(P <0.01), (75.69 = 7.94)% (P < 0.01) and (83.24 £ 7.69)% (P < 0.01), respectively. These results demonstrate that BaCl, induces
vasoconstriction in RCA by enhancing both [Ca™"]; release and [Ca’"], influx, and suggest that increase of prostanoids synthesis, acti-
vation of calcium channels and chloride channels, as well as ERK1/2 pathway may be involved in this process.
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P A1) B A 2 F- B I (inward rectifier K chan-
nels, K,,) & H-E MK (K, 1.x~K,,7.x) 5 51
Y, T T AR R A,
FAFAE T B UL B E A mE R A —,
FH RS LG RAEAE A M B RS 4 . K,
JHE Y M T ST AT ) 4 DL B AR LA B AR
5 mEEER P, YK, e, & 7
WU FL AL FEAIS,  WL5K /738 . BaCl, dl i ik 5 1 4
1 SO N = o= 1211 - Sy P i A TIT - R
L- 7 H 5 4 i 1% 475 38 38 (L-type voltage-gated Ca®*
channels, LVGCs), f#f Ca® PRI, 23]k
g Y. BT T I X BaCl, 1 N 155
K, 75 4 R 1 ~F- 1 LR & WLk 23 F1 s SR N 2
A T A R I I AN T R AR Y. R
FrATSEEG SRR, A R B A 2R S AR N 4 i
W) Jo 36 sk A0 1) e PR 2 K I A S T VLA AR K, R T
38 = e IR BB B A B R [ I B R
HPERAE, ARSI HARRR 7, B R S ik
(A=) SRR R R R VR 7 O I B B L A V3 1) i
P IME-FH U 4e 2 — MR E R RE, A
ZINEFEE. GREMNEORESS. H2HE
Hik, K, SZAPECC P & anf 5] AR g R Ll . 3
S B T VPR R AR U A AR Y s, A
g R B ke s ? HP R 2 30 WA e
R R, AR B ARSI B0 5k 20 E HOR,
TSI B A 1) 7R XS BaCl, B 8IE R eIk
B ik (rat coronary artery, RCA) & 4 If] 52 1,  $R )
K, 323051 R ke e I pLEL, A TR K R
RSNk I8 5K 77 BT B PR B3R 97 A %
TR RS,

1 #RERE

1.1 Sz 1E 5 B 5 1 P Sprague-Dawley
(SD) KB, MKHE 200~250 g, Ml PG EER} K292
PR, SV RTIES « SCXK () 2015-
0001. Zh#¥0 =T 1L it = B K 2% SPF 4ah¥ )
TR R IR IR T 22~25 °C, 1B 40%~60%, It
12h, HBEREUK. 2R3 E W8 E &R 2
FATS280 . WS #4308 HE 1L P R R K 2 SE 56 5)
VI RN EEAT, JF it PH R R K 2 SE 36 sh P fi
PG BRZE 3 it FF 6 B R CSERR s BE 26451 o
1.2 Bm518%&  BaCl, A A (cyclooxygenase,
COX) $iI1 i 71 W3] Wt 3& > (indomethacin, Indo). 4 ity
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HIME 5 H T (ERK1/2) 41 7] PD98059. LVGC
BELYHE 797l A HbF (nifedipine, Nife). S0 FH 71 &
J5 KR (niflumic acid, NFA). ZBEAHH, (acetylcholine,
ACh) iy H 3 [H Sigma 2~ 7). — H 5L LAH (DMSO)
Je AR AT pral (A RET LR 7 IE
ZERFT ).
2R I 2R K 7792 5% 4X Multi Myography

System ( J}Z DMT ‘A &) ) ; PowerLab ZE #1155 K
LN R G R 5K J1HfE R G0 (KR Y 12 1A 3% ]
brA B HRAT ) 5 S8 ( HA Nikon 2] );
PHS-3C #% pH it ( ¥ 8 4 ) ; Sartorius BS124S
R 2 R (AE I ZE 2 F ) s HW-1000 8 24 15 I 7K
B (AR ERHA R AR ).
1.3 FAMREH 1 H A H AR VAW (PSS) BT N
(mmol/L) : NaCl 118, KCI14.7, MgCl, 1.2, KH,PO,
1.2, NaHCO, 10, 7%j%j## 11, CaCl, 2.5, Hepes 10
60 mmol/L & #f PSS Ji% 7 A (mmol/L) : NaCl 62.7,
KCl 60, MgCl, 1.2, KH,PO, 1.2, NaHCO, 10, #j%j
B 11, CaCl,2.5, Hepes 10. 4% PSS ¥ A IEH PSS
WA, HAbR S5 IR PSS WiAH . Nife.
Indo. PD98059. NFA ¥J/f] DMSO ¥fi#t, DMSO 7&
AR IR T < 0.1%. HARTEWHE Y IER
PSS Vifi# . ANSCHTIRIR 150 9 15 18 P9 [ 240K 5
1.4 E{& RCA FHI&E SD KBRS RS I EL b
2N (40 mg/kg), Wik, BUMALZE, BPZIHHOHE,
BT 4°C 1A HHH 95% 0, + 5% CO, 18 & AR Al
[ PSS . B ME R BB IR LA, 76 RN B
TWALESTIFOR, DNOFEERES . B
PLICRT RS o K43 BT 1) RCA ( B4R 150~260 pm)
B )2 2 mm AL IR, (6 PIAR ELAE A 40
um (740 22 [ 5 T R b, gt i A e A 4B e
WO, HREESRE IR . BLAR 7 v DA K IS B 1T 67 A 152
B,
1.5 BaCl, &2 RSEAF RCA IMEKAHIF N

F5 LB HRAE A8 (5 mL PSS, 37 °C {Ei, pH 7.40)
R E 1 h fE, KR R R AR e [ AR AR 60
mmol/L KCI, &I RIZIR AW 4s OB, 14l
A5, H ACh (0.01 mmol/L) % Hgk 47877k, %
SRR IR =k, 4 =R iTR B3> 2 mN HLUR
Y7 Bl AT 5K R R 25 5 < 10% I, A% I 303 1 A
RN RAE, AT P BECRE T, M
AR NN B AR FE BaCl, (0.1, 0.3 A1 1.0 mmol/L).
FERIINET, Rl — MR EEA B SE T & 5 T



5 3

—ANKIE, ek RCA 5k 1724k, 5 LA 60 mmol/L
KCI1 51 & S 4EE £ 100%, 2241 BaCl, IV -
N 2R

1.6 BaCl, ii4F RCA XH4ARASME (|Ca™,) RFEFNLE
FaAEE ((Ca™]) Bigek#tE 1 60 mmol/L KCI
Kl RCA RBLME, 1% s o R, W% RCA
X} 0.3 mmol/L BaCl, FJWL 4 Je S, fiF RCA Tk & &
BiK77, 30 min J5, H&H 1.0 mmol/L EGTA )
5 PSS VR 3 ¥, FHHAEH EGTA KJC4s PSS
TREE 3 Y%, FFIEE 20 min. ZkiML%E RCA %t 0.3
mmol/L BaCl, U 4E [ B, ¢ 12 048 A X Fee
¥ PSS A Ca®' W JE K E F 2.5 mmol/L, id 3%k E 85
A J& BaCl, MU 4EmE % . LA 60 mmol/L KCI 5] & i)
AL 45 8 55 O 100%, 43 30l TF 55 52 495 1T J& BaCl, 51 2
R UAT A 0 5

1.7 #MFIFI* BaCl, WAERI RN 7\ RCA X
BaCl, R ATES 5, Fr 7l WEg LR #6714 BaCl,
W48 (52« LVGC FH ¥ 77 Nife (0.3 pmol/L ). 4
I 3 L7 NFA (10, 30, 100 umol/L). COX |5

wash

BaCl, (mmol/L)

K, 38 LI 77U BaCl, 51 A SRR Bl ke 4 rp L

B D
1201
:\5 904
5 S
"g 60 5
15 @
8 30- £
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Indo (10, 30, 100 pmol/L). ERK1/2 #fi#l|7] PD98059
(1, 3, 10 pmol/L). 437 I ¥ 30 min, WM%E
iU A7 5 RCA %t BaCl, (0.1, 0.3 Al 1.0 mmol/L) [
W 4ii [ . LA 60 mmol/L KC1 5] 2 1 U 4 i i R
100%, 43 5l F 570097 AN [F)9R JE f 4 il 5 BT f5 BaCl,
51 S U A R

1.8 it SEIGH 5 DL mean £ SD #oR,
KH SPSS 19.0 #7481t 73 #r. KH Graph Prism
6 BTG 2 E R . A SCEE RN A — AN I 3
BB SR IR T, HR G  bR BN R
A, P<0.05 BN ZERBEARITE L.

2 &R

2.1 BaCLXIRCAE:E 3K HHR00

F EARE R, BaCl, (0.1~1.0 mmol/L) ¥ 5 4 #i
PEHL ]2 RCA Y4, B RIARIREEE (B A (5.69 £
1.07) mN (n = 10), #1247 60 mmol/L KCI IS4
[(5.48 £ 1.21) mN] 1] (104.56 = 10.15)%, +L ECs, N
0.34 mmol/L ( & 14 A1 1B).

, 0.3 mmol/L

[Ca*'], 0 mmol/L
-«— wash

<—
<— BaCl

-— Restore [Ca?*]_2.5 mmol/L

=z
S
T 10 min

=3 BaCl, 0.3 mmol/L,[Ca**] 2.5 mmol/L

83 BaCl, 0.3 mmol/L,[Ca*] 0 mmol/L
=2 Restore [Ca?] 2.5 mmol/L

T T

7

T

/

1. BaClLJ &5 1A K B IR 3 Mk (4 Sc 4 1 PR B 3T 400 P9 AR Ca™ TR A P

Fig. 1. Vasoconstrictive effect of BaCl,and its dependence on intra/extracellular Ca® in isolated rat coronary artery (RCA). 4: Origi-
nal tension trace of BaCl,-induced contraction in isolated RCA. B: Concentration-contraction curve of BaCl, in isolated RCA. C: Original
recording of BaCl,-induced contraction in [Ca’*],-deprived solution followed by restoration of 2.5 mmol/L [Ca*"],. D: Collective data

of C. Tension changes were expressed as percentages of the contraction induced by 60 mmol/L KCI. Data are presented as mean + SD,

n=10-12.
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2.2 BaCLYZZERCA X AP PSS B4k it

78 IEH PSS i, BaCl, (0.3 mmol/L) 5|2 RCA
(RIS 45 IR 2 (3.06 £ 0.98) mN, 24T 60 mmol/L
KCI1 512 4ala 1) (49.32 + 6.46)%. TELESRT,
HREIEE Sy (1.02 £ 0.26) mN, 5 BaCl, 5] #2 () 5
W4 1) (35.44 £ 6.72)%, 45 2.5 mmol/L J5, RCA

120 —e~ Control

-m Nife 0.3 ymol/L

(o]
o
1

Contraction (%)
S

Kk

01 0.3 10
BaCl, (mmol/L)
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AkELUCHE, 5K I (2.04 £ 0.54) mN, 5 BaCl, 5l

RS AEI (64.56 £5.94)% (B 1C AT 1D).

2.3 NifeFINFAX}BaCl,5|#2RCAYZERI 00
NERVE BaCl, 5| k2 RCA W46 5 85 118 18 (1) %

Z, BATHE T LVGC PH 771 Nife A1 & i i BH

71 NFA X} BaCl, 5 #2 RCA Y 4 ¥ 52 1. Nife (0.3

B 120 7—e— Control

- NFA 10 ymol/L
—— NFA 30 pmol/L
90 4 —= NFA 100 pmol/L

60+

Contraction (%)

30+

I )
0.1 0.3 1.0
BaCl, (mmol/L)

2. NifeMINFAXFBaCl, 7| 2 B 44K bl AR 3l ik Wc 4 14 400 1) 4%

Fig. 2. Inhibitory effect of Nife (4) and NFA (B) on BaCl,-induced contraction in isolated rat coronary artery (RCA). Nife (0.3 pmol/L)
or NFA (10, 30 or 100 pmol/L) was added to the bath 30 min before BaCl, (0.1-1.0 mmol/L) addition. Contractions were expressed as
percentages of the contraction induced by 60 mmol/L KCI. Data are presented as mean + SD, n =10, 'P < 0.05, "P < 0.01 vs control.

pmol/L) ¥ 2 ikl BaCl, 51 #2 RCA W4, *} BaCl,
51 D Y B KU I 1) 20 (87.82 + 5.43)% (n =
10, P < 0.01) ( K 24). NFA (10, 30, 100 umol/L) ¥
JEE A I b BaCl, W< & - SN i 26 4 8%, 4
ft R 28 . NFA (100 pmol/L) %t BaCl, 5| 2 ] i K
W45 PRI Jy (83.24 + 7.69)% (n = 10, P < 0.01),
IC,, ¥ 56.34 umol/L ( & 2B). 0.1% DMSO %} BaCl,
717 RCA Y4 o . 3 1t R Wil
2.4 IndoFAPDI8059%FBaCl,5|FERCAYLLEHIZ NN
N7 HE— 5T BaCl, 5l #2 RCA US4 I ML,
BATHEE T COX #1ifi 5 Indo A1 ERK1/2 38 i 1 il
71 PD98059 % BaCl, 5/t RCA Y4 I 52 - Indo (10,
30, 100 pmol/L) ¥4 F& 4 i M i 48 BaCl, W B - R
M4 ke, FEANH| R KRS . Indo (100 pmol/L) %
BaCl, 51 i & KUSCAi 30 %4 (73.23 + 5.47)%
(n=10,P<0.01), ICs, 7 93.42 pmol/L ( & 3).
PD98059 (1, 3, 10 umol/L) ¥ & # i 1k: b fd BaCl,
WRE - 26 4 %%, FHA BaCl, 51 & B 4 i
KA. 3 1 10 pmol/L PD98059 43 5l 4 5 Kt 4 [

1204 -e-Control
-=Indo 10 ymol/L
—+—|ndo 30 pmol/L
904 —+Indo 100 umol/L

kk

Contraction (%)
(2]
o
1

N /
sk
0 T T T
0.1 0.3 1.0

BaCl, (mmol/L)

B 3. M5 X BaCl, 51 2 B A K B et bR 20 Mk i 44 1) 440 1)
TEH

Fig. 3. Inhibitory effect of indomethacin on BaCl,-induced con-
traction in isolated rat coronary artery (RCA). Indo (10, 30 or
100 umol/L) was added to the bath 30 min before BaCl, (0.1-1.0
mmol/L) addition. Contractions were expressed as percentages
of the contraction induced by 60 mmol/L KCI. Data are presented
as mean + SD, n=10. “"P < 0.01 vs control.
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120 7-e— Control

—#- PD98059 1 pmol/L
—— PD98059 3 ymol/L

90--¥ PD98059 10 umol/L

60

Contraction (%)

301

0.1 0.3 1.0
BaCl, (mmol/L)

4. PDI8059XFBaCl, 51 e 25 1A K Bl el IR 5 ik Wi 24 14 411 il
TEH

Fig. 4. Inhibitory effect of PD98059 on the contraction induced
by BaCl, in isolated rat coronary artery (RCA). PD98059 (1, 3 or
10 umol/L) was added to the bath 30 min before BaCl, (0.1-1.0
mmol/L) addition. Contractions were expressed as percentages
of the contraction induced by 60 mmol/L KCl. Data are presented
as mean + SD, n=10. 'P < 0.05, "P < 0.01 vs control.

1% (40.62 = 5.29)% (n = 10, P < 0.05) Fil (75.69 + 7.94)%
(n=10,P<0.01), H ICs, 7y 4.58 pmol/L ( [& 4).

3 T

K, JBIE A2 oA T I L S @ e 2k
M7 —, FEZ 5w Y0l b A M s i & A
K, SHMMMEEEDIMEG, K, BiE24E
FrbRshk Mishik. B shik e B AR 9,
TE ML ~F 3 L 4 &7 sk s s PR AR A . i
Ah K E— 5 0 Bl 3 5 (5~15 mmol/L) A JE i s
K, 1M 5162 i &7 5k s wi U 5 i — 2 P 95k 4 1
YN Py R 2 -1 B RTi  ak E  RT DLE k0
K, 107 A M AR N 7E— IR FEVE Y, Ba™
e PV P K, T g U, SR B AR
ML i AN B o

BTN EENE (Gl —, 2
S5 AR SR A5 S, [Ca™ ], TH & 2 i i
R R TR ME -4 L ISR . RIS
BHW, #EARE T, BaCl, o] LK FE K1 3 5
i RCA W45, BaCl, 5] 2 RCA W 4ii BT 75 i1 [Ca™"];
W BB WAHUR], BIGRHE [Ca® ], BEBORIIE I
[Ca™], 54N A Py I /£ 45 PSS ', BaCl, Y4
RCA, it # BaCl, A] LLZh 5 [Ca™ ], {H A4 &
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— i Hl4a R FE R/, BA45 5 RCA 4k 8HF4RIR
Ui o 1K A I T LA A7 Ca™* RE 1A TR,
TSNS LA [Ca™ ], WILIIFFSEAN e A
BE— BRI BaCl, XF Ca®* B0 AALH], A SCIER 5
T LVGCs [ 7 Nife % BaCl, 5]#2 RCA W4 115
Wi, Nife X BaCl, 5 1) RCA US4 40 4E F 1R 58,
£ Nife /7 7ERF, BaCl, W4 58 5 2 3% 55 T BaCl, 1£
TERG W BT SR s . X — J7 TH $E78 BaCl, Y4
FEAR T [Ca™], WL, 75— 5 TR $E7R Nife 1
R LAt P 200 B P 1 FH s, a0 200 e P Tl R T
@ﬁ [13]o

e VUM IR e N AR R —FhE R R, G
FRATHIIR RS AR R R UL S A =W K55 A s
VIR W E R U TEAE TR ERTE COX IITER T
FEAERT AR R R . WIRVERT IR =R AR %
AT RN 2 AL G B EE R TER. A
W Jt 4 B 7R, Indo T BL#P ] BaCl, 5] #2 ) RCA
W4ifE R, UEHRTSIR R K25 T BaCl, 5l
) RCA W4

SURIE AL TR L — R EE S 78
E, 2254902 MIae iR g g, A
HTESIR . AL BN pH ST ISP
LS 4 55 L F2 . NFA Ay 45 508K ) 5008 1 (calcium-
activated C1 channel, CaCC) BH #5751 ", ki1,
CaCC Ha it 38 5 w] LA 5|2 ifn 5 P 3 L4 it i 4 U,
PN I T8 7E 4 FF P LK b Ok 8 B AR
Hi . B2 %1 CaCC A K, lIE )2 515K 711 1%,
(X P FEE 2 (B R RIEANIG R . ARG R
7N, NFA {i BaCl, 52 1 RCA Y 45 (1) 1 £ B A% 1
83.24%. HHULHEM, K, #i&F] CaCC Z [H] A REAFTE
MEAERH, HEFEZ5 AR 4Ry .

ERK1/2 ¥ 2 22 24 J5 3 10 25 1 3 (mitogen-
activated protein kinase, MAPK) K& i 2 —, &
Y55 MR HZ AL S Bz i) o<st ", ERK1/2
BRI 5, AT DUJR b R e B IR () e SR FN R
S TE . A SE 2 Bl A S R TR O
SCHRIRIE, TS TR RO S s kAN [R5k A
fifef i, PD98059 A LLE I AE F T LVGC 1 521 K
BRI th Bk e 4 Y. A ST 45 R B R, PD98059
(10 pmol/L) 1l BaCl, 5| &7 RCA WL ZF1EH, %
7~ ERK1/2 18 #% 7] e 18 i 52 W LVGC 11 2 5 BaCl,
512 A RCA Y4 .

g LT, AWFFEHER, BaCl, B K, 1 5] #2
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() RCA WK 4 5 AT S AR R . &EE. [Ca’T,
LA [Ca™ ), B LA B ERK1/2 3B A5 %, £ TIX
SRR R 2 B A B R R H R AE R, MR
BT, B2, ARSCH TR K, X RCA WUEME
N7 (R T B R TT K, A 2 R IR B0 Bk Th i B A 1k R
WEH —EMSHEME.

BOA « UL PR R S UM KA 3 . 20 BRI
EIRRIEREA LR R T s T IIBORTR S 5 B
PHEERL R AR T A2 T SR8 RAr# SO L
T H . EAVRAE DMT ACERAEH]. s b 2Ll K
STV L PRI B
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