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Chloride Channels Participated in Cerebrovascular Smooth Muscle Cells Ca™

ated Ca”* Influx
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[ MeSH] Chloride Channel;
[ ABSTRACT] Aim
(CSMC) Ca™

Calcium;

store- operated Ca™ influx.

sured in Fura 2/ Am flueorescence probed by MetaFluor Fluorescence Ratio Imaging System.
inhibitors 4, 4’ - diisothiocyanostibene 2, 2’ - disulphhonate ( DIDS, 0. 75 Hmol/L) decreased Ca’"

Cerebral Arteries;
To study the effects of chloride channels on cultured bovine cerebrovascular smooth muscle cells
Method  Cell culture and single intracellular free Ca™

Smooth Muscle Cell;  Endothelin;  Adenosine Triphosphate

concentration was mea
Results Chloride channel
influx significantly induced by en-

dothelir 1 ( ET-1), adenosine triphosphate ( ATP), cyclopiazonic acid ( CPA) ; Subsequent addition 5 nitro-2-( 3- phenylpropyl

amino)- benzoate (NPPB, 10 Pmol/L) further produced the decrease effect.

@NPPB (10 Pmol/L) decreased Ca™ influx signift

cantly induced by ET-1, ATP, CPA; Subsequent addition DIDS (0. 75 Hmol/L) also further produced the effect of decreasing.

Conclusion Chloride channel inhibitors DIDS, NPPB inhibited Ca™*
DIDS, NPPB sensitive chloride channels participated in the signal transduction of Ca”

lar smooth muscle cells.
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ZHE B R K& =R IR B ( adenosine triphosphate,
ATP) 350 B0 ML T LZH P b AR L) 248, B0
WefHE C, SIALH P TP, 300, J5#H SERA Ca™ it
B, MLPY Ca™ HRPEEIEED T, 4k T2 Ca™ WU
1) ClI IBIETF L, CI AMAR, (8 M R4k, R i %
Ak Ca™ B, FEA ca™ W™ . C
WIEF W 4, 4- —RREEE N LM 2, 2- i
R ( 4, 4,'diisothiocyanostibene' 2, 2/'disulphhonate,
DIDS) - Bfii 2 4 A 1R T A4 5t oK BRIk 2 Joik -~ 8 AL, 4
HE A SR RN . O BiES 5 e Wi
R, (HE AL A Y . ARSI 5
R0 L6~ L B, SR T B 2 e X K R AR
ST B G0 5 BT Y B A B ([ Ca™ 1) B
A, BEFT CI 8 T8 BH W F) 6 N B2 &R 1L ATP K&
Ca”™ ZE3MHIFFRUC T JEBR( cyclopiazonic acid, CPA)
ARSI Ca™ NIRRT .

1 #MR5REE

L1 KA5%m

DMEM/F ), 5 75 # ( Gibco /A &) ; /N 4 M1 ¥ ( calf
serum, CS; Gibeo 2 8]) ; 4F L 7F & & B (Gibeo 2 #]) ;
Furar 2/Am( Sigma, USA), P % % 1(Sigma, USA), ATP
(Sigma, USA), BL_E 3 F4K 7 34 A & 18 /K 75 ##; DIDS
(BARRF), 5- ME-2- (3- XHEAE) KFR
[ 5 nitro-2-( 3 phenylpropylamino )-benzoate, NPPB ],
CPA, A E 3 M XA H W B Sigma A &, HH — F &
THEMR TREAO —FETRELKRENT
0.01%, *t 48 fL W[ Ca™ 11 T & .
L2 {8

CO, 3% 77 48 (Forma scientific, USA) , Bl EAH £ &
WME(ERAEFNET), & E KRB O HL(Heraeus) ,
BB % B % % (Nikon, Japan), 4 41 7% WK K &
% 2 #1 & % (MetaFluor Fluorescence Ratio Imaging Sys-
tem, Universal Imaging Co.,USA ) .
1.3 4

WA, T N HFF R TR,
1.4 FHEF S MEhbkTFR AL mARIET

FRAFHE LT E ", W44 T R B
A LA A R B0 Bk, RO\ BUA B A £ £ (100
ky/L FE %, 100 mg/L # % £) 1y PBS £ ¥ i ( NaCl
137 mmol/L, KCIl 2. 7 mmol/L, Na,HPO, 8. 1 mmol/L,
KH:PO, 1. 5 mmol/L, pH 7.4) #. £F A EHE T
T AEEHFARY T%, FHR Mm%, F& 1 mm
AR, AT R LE, 3T CHKE 4~ 6 h,

N IE & & 20% CS B DMEM/F, ¥ 5%, B T 5%
CO, EAAEFINCHER K. FAREKKEEE
Agha JE, FI (0. 05% & & 8+ 0.53 mmol/L
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KA E S5~ 10 RTFEANMME. 8w 4 ES
0.5% CS #] DMEM/F,, 5 # & & & # 24 h, £ 4 ji 7]
B, #ET G .
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B AP AR T % % /R (Fisher) 3 & L o040 M, 135 %
H,PBS % 1%, YA Fura2/Am( &% £ % 2 Pmol/L)
A, FEE N A 0. 1% 4 miE &% @G W BSS M| &
#(NaCl 145. 0 mmol/L, KCI 3. 0 mmol/L, HEPES 10. 0
mmol/L, & & #& 10. 0 mmol/L, MgCl, 1. 0 mmol/L, CaCl,
2.0 mmol/L, pH 7. 4), i# X = Ig 71 # 40 min, & L 7&
W, 37 CHURIM =0, R4 5~ 10 min, i1 A\ & &Y
MER. TERTREMKARBEKEGITR G
A5 e 2™ . BL 340 nm+380 nm A K K, B
g H 1 s, #4210 &, MetaFluor X 14 B 3 4 47 &
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FELM[Ca” 1)/( MG TEAM[C” 1i- #E
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0.002. I 10" "mol/L (1P fz 5 1 M3k 4m s, 51 #E4n
FEPI[ Ca™ 11 5 R0 T i OB, 2 2 B 0 8 - v
H, B WEAE, ARELIHN Ca™ M Ca™ B, BEJG B W
R RS R, T G A, AR AR A ca™
W, LLF SR S5 R Ca™ 11 IZEE R RN
&/ 0. 056 £0. 007. CI” i & BH Wr 57 DIDS (0. 75
Bmol/L) REFRART & M, SBAREIR/N Ca™ Wi, BT
SOV K I M, 2 e W 22 3] DIDS 1) & K 410 i) 2%
[ ; B8 J5 I\ NPPB( 10 Mmol/L, B A #0141 ¥K F&) fE 4k
SERRAR T G M (£ 1, Table 1; & 1, Figure 1) o i B
DIDS.NPPB UK CI BIES 5 T W& 1 flE 5
T Ca™ W

% 1. DIDS(0.75 Umol/L) \NPPB( 10 Pmo)/L) XN & 1 i
SHRKME LB Ca™ FREMm.

Table 1.  Effects of DIDS, NPPB on Ca™ influx of cerebro-
vascular smooth muscle cells induced by endothelinr 1 (107mol/1)

(A340 my350 > n= 80, x L)

Treatment [Ca* i
Resting 0. 684 0. 002
Transient 0. 877 £0. 015
Plateau 0. 740 %0. 015
Ca® of influx 0. 056 0. 007

DIDS (0. 75 Pmol/L) 0. 038 %0. 008*

NPPB ( 10 Hmol/L) 0. 029 £0. 006"
Inhibition of DIDS 29. 6% *3.9%

44.9% *8.7%"

Total inhibition

a: P< 0.01, compared with Ca®* of influx; b: P< 0.01, compared with

inhibition of DIDS.
1.0 1

o
©

o
@
.

DTS NPPB

A340 nm/380 nm

o
~

)
ET-1

*%5 100 200 300 400 50 800 700 800
Second

1. DIDS(0.75 Umol/L) \NPPB( 10 Umol/L) X R & 1 i

SHRMEFBIAM Ca™ PR,

Figure 1.  Effects of DIDS (0. 75 Pmol/L) , NPPB ( 10 Hmol/L)

on Ca™ influx of cerebrovascular smooth muscle cells induced

by endothelirr 1 (10”7 mol/L) ( A3 wmy350 ) -

2.2 CI” @& FE BT NPPB. DIDS JIfi A0 25 %t I BE
= 1 RSN RS Ca™ PIRAYFEET1ER

Cl™ 3835 LT 77 NPPB( 10 Hmol/L) BEBRAR Y L &
1 RS A Ca™ IR 45 Bl JE A0 DIDS( 0. 75
Umol/L) R& 4k 22 [ K °F & #H. NPPB.DIDS %2 # N2}
JGU A2 % H E]/‘”/E)EH( 2% 2, Table 2; & 2, Figure
2) . ULEAX NPPB.DIDS U A R R A K CI i iE
S5 7T NEE 1RSI Ca™ W

2. NPPB( 10 Hmol/L) . DIDS( 0. 75 Umol/L) X A & 1 1%
SN E TR Ca™ PSRRI,

Table 2. Effects of NPPB, DIDS on Ca™ influx of cerebrovas
cular smooth muscle cells induced by endothelin1 (107 mol/L)
(As40 wy3so i, n= 80, x *y).

Treatment [Ca* i
Resting 0. 669 £0. 004
Transient 0. 909 £0. 008
Plateau 0. 733 0. 002
Ca®* of influx 0. 064 0. 005
NPPB (10 Hmol/L) 0. 052 0. 003°
DIDS (0. 75 Hmol/L) 0. 033 0. 005

Inhibition of NPPB 18. 0% *4.9%

Total inhibition 47.6% £6.9%"

a: P< 0.01, compared with Ca®* of influx; b: P< 0.01, compared with
inhibition of NPPB.
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Figure 2.  Effects of NPPB ( 10 Fmol/L) , DIDS (0. 75 Hmol/L)
on Ca” influx of cerebrovascular smooth muscle cells induced

by endothelirr 1 (107 mol/L) ( A0 350 un ) -
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[Ca™ 11 XM T R, 4l 2 PR 4 T T A, ik
WAl BE J5 B W0 T BT R S 4k, R —F & A,
Ca™ IR E & 0.065 0. 011, 5 N & 1 1EH
FHALL. C1™ 31 PH K75 DIDS( 0. 75 Pmol/L) & F&ARK
EH, 18 Ca”™ PIIRFEAK; BEJE i\ NPPB( 10 Hmol/L)
RE 4k 21 [T 4 AH( 38 3, Table 3; & 3, Figure 3) o it
i DIDS.NPPB 8/ CI” JBiE S 5 7 ATP fIl 34 5
AL Ca™ .

3. DIDS(0.75 Umol/L) .NPPB( 10 Umol/L) %t = i % AR H
(10 Mmol/L) 5 S A X I & /B AL 4AE Ca™ MISRAYSNE.

Table 3.  Effects of DIDS, NPPB on Ca™
vascular smooth muscle cells induced by ATP ( 10 Hmol/L.)

(A0 my3s0mus n= 80, ;is).

influx of cerebro-

Treatment [ Ca® i
Resting 0. 638 0. 014
Transient 0. 876 £0. 015
Plateau 0. 726 £0. 005
Ca® of influx 0. 088 £0. 013
DIDS (0. 75 Hmol/L) 0. 065 £0. 0117
NPPB ( 10 Hmol/L) 0. 042 £0. 014*

Inhibition of DIDS 26. 7% £10. 5%

Total inhibition 54.3% 9. 6%"

a: P< 0.01, compared with Ca® of influx; b: P< 0.01, compared with

inhibition of DIDS.
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o
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Second

[E 3. DIDS(0.75 Hmol/L) \NPPB( 10 Mmol/L) X = B4EL AR

(10 Pmol/L) ¥ 550 ik M B S ia AL ZmAe Ca”* AR
Figure 3.  Effects of DIDS (0. 75 Pmol/L) , NPPB ( 10 Hmol/L)

2. . .
on Ca”' influx of cerebrovascular smooth muscle cells induced

by ATP (10 Pmol/L) ( A340 my380 um) -

2.4 CI” iB&EPFE 737 NPPB. DIDS I 7 hn 25 3t = 5
B B T SRS A I 25 S AILAA B Ca™ A3 B PR 4

H
CI™ 3 1% PELWr 771 NPPB( 10 Bmol/L) REF&AR ATP 4
WEIR I Cca™ AT & AR; B JS i DIDS (0. 75

Hmol/L) & 4k 42 [ MK~ & #H. NPPB.DIDS %2 # il 5
I FH AN % IE (3R 4, Table 4; B 4, Flgure
4) . TLEAXT NPPB.DIDS U A [FZE AL CI7
257 ATP JIP5I A Ca™ M.

4. NPPB( 10 Hmol/L) . DIDS( 0. 75 Umol/L) Xt = s B4 B
(10 Mmol/L) 5 S A i I & E /B AL 4R Ca™ MSRAYSNE.
Table 4.  Effects of NPPB, DIDS on Ca™

vascular smooth muscle cells induced by ATP ( 10 Hmol/L)

(Aso myzsom> n= 80, x Ls).

influx of cerebro-

Treatment [Ca* i
Resting 0. 634 £0. 006
Transient 0. 894 £0. 016
Plateau 0. 714 £0. 003
Ca®* of influx 0. 081 %£0. 005
NPPB (10 Hmol/L) 0. 059 0. 005°
DIDS (0. 75 Hmol/L) 0. 039 0. 004

Inhibition of NPPB 26.9% *4.9%

Total inhibition 51.6% *4.1%"

a: P< 0.01, compared with Ca®* of influx; b: P< 0.01, compared with

inhibition of NPPB.
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El 4. NPPB( 10 Hmol/L) . DIDS( 0. 75 Pmol/L) Xt = #5#4 Bg &

(10 Umol/ 1) 15 S H o 110 & /B AILZHBR Ca™ PSR AY RN,

Figure 4.  Effects of NPPB ( 10 Pmol/L) , DIDS (0. 75 Pmol/L)

on Ca™ influxof cerebrovascular smooth muscle cells induced

by ATP (10 Pmol/L) ( A340 uy380 ) -

2.5 H\IEBTEE&RVTHEM%’SF;’%HILQHH@iAfHE@W
TS E FRVE IR & C1 i iE PR BRI DIDS .NPPB Jifi
= 1in 24 ) PR B 1 A

YA AEE B[ Ca™ 114 0. 657 £0. 004, CPA( 10
Bmol/L) J 40 B 51 AU [ Ca™ 11 E XU T =
JS7, S R N R T T R A, IR W, B S B R 5
FRaLgE+E, ﬂ/)ﬁ*EFA*H Ca™ WA E A 0. 104

0. 006, C1™ i FH K7 DIDS(0. 75 Hmol/L) A P& A
G A, 18 Ca™ W/fﬁﬁ%ﬁ; B J& N\ NPPB( 10 Pmol/
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L) REAR L FEAR-F & 4H (3R 5, Table 5; B 5, Figure 5)
UtBIXT DIDS.NPPB U] CI” iHiES 5 | CPA H|
BB Ca™ Wift.

% 6. NPPB( 10 Pmol/L) . DIDS( 0. 75 Pmol/L) 37 UL b fE ER
(10 Hmol/L) 55 AR M1 & FEALLAAE Ca™ MIFRAYSZ M.

Table 6.  Effects of NPPB, DIDS on Ca* influx of cerebro-
vascular smooth muscle cells induced by CPA ( 10 Hmol/L)

#%5. DIDS(0.75 Umol/L) .NPPB( 10 Umol/L) % ER UL ji] 2 &
(10 Bmol/L) 5 SEY X I & /3B 4AAE Ca™ MISREISNE.

Table 5.

Effects of DIDS, NPPB on Ca™ influx of cerebro-

vascular smooth muscle cells induced by CPA ( 10 Hmol/L.)

(A3 nw3so >, 1= 80, ;is).

Treatment [Ca®™ i
Resting 0. 657 0. 004
Transient 0. 927 £0. 012
Plateau 0. 761 0. 005
Ca® of influx 0. 104 %0. 006

DIDS (0. 75 Hmol/L)
NPPB ( 10 Hmol/L)

Inhibition of DIDS

0. 076 £0. 008"
0. 056 %0. 006
26.5% 5. 0%

(As40 my3g0m, n= 80, x T

Treatment [Ca* i
Resting 0. 661 0. 004
Transient 0. 929 £0. 006
Plateau 0. 764 £0. 003
Ca®* of influx 0. 103 £0. 005
NPPB (10 Pmol/L) 0. 083 £0. 006
DIDS (0. 75 Hmol/L) 0. 054 £0. 005*
Inhibition of NPPB 19. 1% *5.1%

Total inhibition

47.7% £3.8%"

a: P< 0.01, compared with Ca®* of influx; b: P< 0.01, compared with

inhibition of NPPB.

Total inhibition 46. 1% t4.2%"

a: P< 0.01, compared with Ca> of influx; b: P< 0.01, compared with
inhibition of DIDS.

1.0 1
€ 09 a
3 / A\
% 0.8 / D:LDSNPPB
5 / i
3
<C 0.7/ U
[cPa
0.6

0 100 200 300 400 500 600

Second
5. DIDS(0.75 Umol/L) \NPPB( 10 Mmol/L) X} EF [T f] 2 &%
(10 Hmol/L) 155 A% B (&5 SE /B AN 4BAR Ca™ MIRADSLNE.
Figure 5.  Effects of DIDS (0. 75 Pmol/L) , NPPB ( 10 Hmol/L)
on Ca” influx of cerebrovascular smooth muscle cells induced
by CPA (10 Hmol/L) ( A340 380 ) -

2.6 ClI” @& PR NPPB. DIDS JIfi 5 in 25 %t ER T
AT FE B e 355 A It 5 S SR AL 4B AR Ca™ PSR B BRLEE 1
H

CI™ 38 i& BH 7 771 NPPB( 10 Hmol/L) g B&{ CPA
HIBGEIHER Ca™ T & A BEJS I DIDS( 0. 75
Umol/L) B 4k &2 F# Ik °F & #H. NPPB.DIDS 22 # il %
JIgi e FE AN % 5 (1 4E H (3% 6, Table 6; & 6, Figure
6) - UiHIX} NPPB.DIDS U AN RS A1) CI @18
2157 CPA HIBGIEH Ca™ Wil

1.01
£
£ 0.9 ;’/- Ay
0 AN NPPB
£ 08 / \ | © bips
o ",r \-ﬂ-%‘ﬁ———-\
307 UF —
< '
CPA
0.6 T v v v v \
o} 100 200 300 400 500 600
Second

6. NPPB( 10 Umol/L) - DIDS( 0. 75 Pmol/L) XF ¥f [T B fR ER
(10 Hmol/L) 1755 B i [ 25 S 78 BNL4BBR Ca™ MIRATSZME.
Figure 6.  Effects of NPPB ( 10 Hmol/L) , DIDS (0. 75 Hmol/L)
on Ca” influx of cerebrovascular smooth muscle cells induced
by CPA (10 Hmol/L) ( A340 uy380 ) -

3 118

i i 355 2 i S L i 2 Pk R S5 248 -5 4 i )
Ca™ BEIFHASC. PR E 1 AT 5] H W e 58 2k
g, (R s KRR TE UM K e . FEN R 1 3R
BN E LA 15 L0 Ca™ P9I I 8 o A Bl
FREPIRR DIDS BUR K ¢ @iEs 5, Asei
KRB Z 1 O I T Y LM ™ AR
X} DIDS.NPPB UK 4R Rl — 41 CI” BiEZ 5.
ATP S 40N RE =Y, 6 LA oK 2= A, 5]
MAEEZE, ATP 5IEW P, ZARLE &4 2 M.
Zhang %' 3R IEAE BT 53 B (1 K SR B A I 22 J6S B0 ik
L4 L, ATP 2 HE X SK&F96365 A~ HUEK ) 52
TREEINE Ca™ SIBIFHL, 51 #E Ca™ M. ATP g5
REFNBCFIEVIGM Cl Bt o AL F
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P DIDS.NPPB 8 ) CI” iBIiES 5 T ATP fit K i)
Ca™ WITR, 5N E 1 M4 BRI

ML I LA A A G ¥ EE N 150 mmol/L, #R
i Nemnst 2 2+ 5, M5 -F I LA ZE CI KE
N 15 mmol/L A HEIE B AL 25T . SR 5 H e Al
HAS R 2, I8P LA B B R Cl IRFE 21k
25 mmol/L. [Fl ik, Ifil 5 ~F 5 WLAH A -/ C1 @ 1 F
i, HIZE CI BE AL 2B TE RSN AR 30, 40 R 2
Wit CAIRIE Ca™ WIEHE Ca™ PR LE P I
BT LS Sk M ol B AR T . ARSEER R, CPA
(10 Hmol/L) Hl ¥ 1 1fiL 55 ~F ¥ L 40 B, 51 &S 40 i Y
[Ca™ 11 XM T RN, 4l R 18 3 4 8T T w4, ik
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