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0202£2EORECT | °0AnE-C YHEBOT fura-2 0«1a2a7 20
%B0Ca2* £Y+a» VHESEBUAANGUAAED+Y ABAUART , °OET
1021 ATP 00u¥pA C1- pcA+pATgpdye £a08 Ca2+ AUA+
PAL T £4CA: ATP %o»TO» TATOUCA+£AE -~ x2pucT»
T2 £729 + 8E@WVESE C1~ pAERCANC T»HOBUESPT T, 0
1a cl- A EEL. " xaucTr»+a» £60A+EC C1- ucA+. ATP
Yoa»TPA C1- ucA+%R0D%I C¢ uA TATO 00 A+ TODOEHR 0D
Ca?* OAAUPOEZE+» C1- 1 pAxeOTYAR»EQAXCT  AAD Y,
68-0+0xT 0000E 88 + 8£@ °E 93 + 4£0£" + 100
mVEQ ATP 00 EO0M:AUERT, °0Ta Ca2+ AUA+ER»EQAX
of  iAD+%8470 Ca?* AUA=-0+5xT"6000£ 36 + 14£Q%
of "44 + 12£@% £2¢COTPOBAD DA Ca2* AUA=T0D02»
-, %A10EpA+ C1- T7pAg2-A0Uu+UAUERT  °0 Ca?* AU
A+0DE30D02x+0A .
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AUET  °GECO»00 - CDE - UT, °0£56A; NDY, 0A=+AU
ol °0A0ET2» " 20UpcN2O0AAUDO Ca?* T A voltage de-
pendent Ca®* channelsE-VDCEEAUERT °0 Ca?* 17pAO+
02EC Ca?* 302U xY pA Ca®* T WK™ store - operated Ca®*
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%0¢ END»UBOXEOA 9838 1£6
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E'ESPOAOE 1946 — EBADELET«E | DA»AEEEST EUESD1U00ATNE»4
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channelESOCEBEUPA 2 -AEU Ca?* 39340 A3 JEu+
YUEGA>* 3POAURPYOA SOC ¢2-ATe ¥-¢ Ca?* ET-AOYES
HA Ca?* AU A<E” Ca®*  release-activated Ca®*
CRACE®EEY AUEaT_°0AcucT»N0 Ca?* AUA+pAp=40ED
Tap+0002pAx+0AEu T, °0An Ca>* T7pA2 - ACOLEUT
°0ARAUTAA " TE2TOTUCT»2TUACY T £€a2 * E3uc» N&TY
TE£» x@0ELARS-Yi» ¢ET1y007 6 Ca?* AUAPACY T
AV Uthg Ca?+ AUA+ERoACEW» 00¢ET " 1y¥6D Ca+ AU
A+pAGYT A O00F Ca2* AUAELEY

OUBPE -UPOT, °G£Y, °0An Ca?* T pA¢2-AEx°0TA
Ca?* RUA+EY0AT | °0A0E¥ ic» To¥a»T VDCEHE0» 2%
“Ukg Ca2* (TEUCT” 6A¢ AUA+£483EY:j EAEOEGOTERY-38
1. 100UAUERT °0£6EOU2»" 20U VDCEGA? * AUA-OYAD
AT, °GARE¥ic» -~ o0D%upl Ca?* AUA+PAC+EEEHEYD
T-30AapcT» pA3-Yic» ™ x” 1-ECOY£dAULRT  °030PgD0
Ca®* AUA+pA+@0216Yp . AUERT, °0AopucT»0+020E K+
of 1~ u+HUEB0TUY0 K+ T pApAND ¢ %I Ta£]2 0 Cl1-

influxE-

%ilABA™ 1~ T pAOUp=H%UAUERT  °0AaugT»%° Ca?+ AUA+
0D pA x+ OA ON EU s EE AC pA O EO£u« £4»U AT 0D "y ND
Y, £U4£5£Y'
AUERT | °0AET0+02"20UA%00 C1- 1" PAERY »yYia
»TUA C1- T7pA"Cl,,£01 Ca?* OAAUDO C1- T p& " Cl, £8-
¥2T¢x"1-TA Cl,, " pAZ; - 0%a»TESO T-30AUART , °0¥%2
TeAapcT>ERUTAYaT E+ C1- T pA+»Yia»TEIC2TO0E U
AUERT °0 Ca?+ ROAZOERY |1 EC2T0BU+10 Ca? * AUA+pA
Cl- T"pApA-OPTEREPOEU® C1- T uA¢2-AGE Ca?+ AUA+
OBY%APATZTU»12»Ca3p .
+YEUNE2EOA+EXYECT , °OAnk-C YHEOEHCAY: ATP
OOpvspAAURT | °0 C1~ peA+£3¢%A°T fura-2 0«182aT T,
°0A0 ,EA& xO A" TEEEU Ca? * £YE@: EGE2A T AUERT, °0
£0C22* £Y xa» £D % C1- T pA xé Of %A RB» EQ Ax
£"furosemide£@|,,ﬁADi%éﬁ"glibenclamideEQIO ATP 00 1Y
A C1- pucA+°T Ca2+ AUA+PAG°TI£S0T2T0 ATP OOp¥ipA
Ca2* AUA=°T 1~ T pAO®YAPALIET poDDNDY, .
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1 2AATO&-%-~

1.1 EpNe2AAT

Fura-2/AME- A£ N2 C& °x p° °x 190U Bochringer
Mannheim 1« B Germany £8» RPMI 1640 00U Gibco
BRL 1«E& " USAEE»ATPE-R»EQAXE~, AAD+%E4E-OE U° °x
AL trypsinEE~HEPESE-EGTAE-11 - °+E& " aspartate£E-
CsCIE-CsOHEAPYXNG T ¢ ME1O0U Sigma 1«EE USALO £4
0aE0vA%IT21(20-0T6 ¢ .

1.2 A£0+ A6AUECT  °0-O0Ae£AaNgoTvigl

-t~ T-TATRUSEY EpuNEOApU 3 ~5 “UT, 0.
1.3 AoE-C E«T, °0%CAY

Ei « 099 1 ~2 d AUERT °GEBAT, °0Ta0°30ba1a
A+EA+EU 1 ~ 2 mljtmin~". pGY«OAZEASACT 18 0+%]
1.6 mmEBD L0 ENSOCETOLENATND Y EUSOE - £&-TCpC
Yi«A-OFOE " NarishigeEJapan£8p2%A-OEg3EL3ALapGYi«
AU0POOxe;1T2 1 ~ 3 MQ. E«T, °0UCAY1y310DES 1Y
As2apA20EG°TPACAZEY, %U2EOA pCLAMP 7.6 Axon
InstrumentsE-USA£@1D0 183E£AEXOUCA+T " 1yAnf-C -A
“OF£ Axopatch-200BEAxon InstrumentsE-USAEGA”6°T
AE2"£8U%- AD/DA x@»»°&lh«AEAADACAX@»» TAEYXODA
oA£3¢EAEE IBM-PC »U02AT10PEXOEUNECS - OT6OT ™ JAT .
1.4 Ack-C EuNeEU0e

T,°0TA02" mmoli .~ '£8NaCl 150E-CsCl 6E-MgCl,
1£-CaCl, 1.5£-#£TINIC 10£-HEPES 10£-00 1 mmoljaL. ™!
NaOH p+ pH 0A 7.3, pul €1~ T, °0T40%" mmolj oL~ ' £8°
NaCl 30£Na- 11 1-°£E4120£€sCl 6EMeCl, 1£€aCl,
1.5£#TINIC 10£-HEPES 10£-00 1 mmolia.~! NaOH p+
pH 0A 7.3. 00p¥%006Aex0119-°+E4" al2 C1- ToAa0k
3Epl €1~ T, °0Ta0°£00 2021 pupl 1, °01a c1- A" qE
£E0C1 £Y£§0 ATP %a»TuA €1~ ugA+pA0°Ti .

e AUOE " mmolj o1, ' £8sCl 40£-Cs-11 [~°+E4
100£-MgCl, 1£-Na, ATP 4E€GTA 0. 1£-HEPES 10£-00 1
mmoli®L~! CsOH p+ pH OA 7.2. Tb Ca?* pg¥«AU0°
£ 'mmolial.~ ' E8¥sCl 40£-Cs-111-°+E4 100E-MgCl, 1£-
Na, ATP 4E-£GTA 5£-HEPES 10£-00 1 mmofid.~! CsOH
u+ pH 0A 7.2. OUOY3£pcY«AUOCODYOEE 5 mmolidL. ™"
EGTA£-AEOA3ETP Ca?* uctiAUOCEBD2AT ™ ATP Yia»TpA
Cl- ucA+08T, °80Ca2* £YpALPTy. EUOPAACAY- 0.22
pm AEALYAE" 1 ATE-Ox 3" 2EAUOAC®Y0 Na, ATP.

1.5 T,°80Ca**£y2aT"

- T-TATRUSEY

1.6 Ey%y lAide-0To
EuNEEy%Y00 x + s +TE%EBOTTCoC0+ELTOAAATO ¢
Y%iNéoPDI3YANS - OT6 .

2 %atd

2.1 ATP Vo»TpAREO+T ASAUECT  °0 C1™ pucA+

EuNedp00 cs* ~ale K+ £60AA3y K+ pcA+uA  EEA.
Cl~ pcA+pAYCAY2EOANCNLC OF - WEHEBUC OFucT»T2 0
mV E+£20080»70 - 100 mV OA + 100 mVE#x0%12 20
mVERE3T | s PAEW» ™ - %2 " A638” T4aERCALIA»O” j UG
A=£40 ATE 100 pmoli A~ 'EQOYC A 0» Vo » TUGAE T
1A£0 , AucA+¥%R0P%ICe LATATO00A=-18DOEBUOYHCNLES
»OAYYa»T2¢00%¥ TULTE I-E£HCA+Y:, O02»ERE+/AEYYD .
002» [-22E0pcNL TApAANGAE " 7, £6U+%EUNEODTAT  °0
Aa 1~ pcA+£062aE0uCNE " VER+ T%ERA3G -V 10 TuCa
TR 1Y 1 BEBHEEE30 " EUcA+pA -~ x2ucT» T2 -£729 + 3£0
m¥ n = 3E8%0%U 1~ PAEKCAPGT» — 36 mV .
2.2 WuplT,°001a C17 A" JET0 ATP Ye»TuA C1- pcA+
LAO°Ti

OA Na-117-°+E4" (122 -0 NaCIE#EUCI~ £Y 70 160
mmolj .~ "AuOA 40 mmof .~ '£80,EEL ATP %a»T Cl~ ¢
A+pAXT” OpCA=Y0D | £ xApgT»  A+4£450 £729 + 3£V
x2+A187°4 + 3E0E n = 3£8680CI~ £ T2 40 mmoljd. ™!
E+ C1- pAERCAUGTHE 0412 0 mVECHOKUESA+ENYCAY:
WAUAPCA+EC ATP Ya»TuA C1- HCAE T 1£0
2.3 ATP %a»TpA C1- pgA+pA Ca®* 0AAUDO

0A°- 5 mmoli AL~ ! EGTA pApGY«AUOCEu+T | QL
An2¢  g0eE¥«» A634 1426 EGTA N, EUAGOTT, °GAU
Ca* £%03y ATP Ey,BUCa> * £YuAx+0A£60 ATP 2»AUYa
»T C1~ UGAE " n = 3£8EPA+ A C1~ ucA+OE ATP O0pvipA

£0Ca2* EYEY  Ba»TEHAOT ApcA+000yucR1EL»OAyia

»TEARODYI Co UATATOO0A= TEPOE-GOT Ca?* %o»T Cl~ G
AL 1166, ERATIDEUEELEOOETTAO-02EC [y, 3E - 0.
2.4 C1” T"pAxe0T%A0 ATP Y%e»TpA C1- pgA+uA00
0 x=+0A

OY3£T, °0T40°£5008 ATE 100 pmolial.”'£6a»T
Cl~ uGA+£8U-0+8%0Ee C1- T puAxeOTYAEHCAUAU»YA ™
TER»EQAxCT , AR +%6810AaucA+pAO° Ti£A;, " T1000°6
1027 2 ~ 3 minfayucA++a» TEY COUCAYHA102¢Y:1 Do
%000. R»EGAXOT  AAD+Ye&%U3EA " TEOAAUPOOOOE ATP
Yo»TA C1 - peA+Ep«@»0°TIE4 -~ xucT8 " 1% 261 1£0
002aE0ugNIT2 + 100 mVE+ER»EQAXOT  AAD+3E4 90
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Fig1. A. Effect of lowering extracellular Cl1~ concentration on whole cell recording of ATP-activated mem-
brane Cl~ currents I,,£Cin cultured bovine aortic endothelial cells. B. Current-voltage curves of ATP-activat-
ed],, before and after extracellular C1~ concentration was lowered. Cells were clamped from a holding potential of 0 mV to
a series of test potentials from — 100 to + 100 mV for 1000 ms in + 20 mV increments. af£%ontrolEXbEATEE 100 pmofd. ™ '£8-in normal ex-
tracellular C1E160 mmojj A~ 'EB»cE%xtracellular C1~ was reduced from 160 to 40 mmo§ .~ ! by equimolar replacement of C1~ with aspartate.
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Fig 2. Effects of camulative concentration of furosemide and glibenclamide on whole cell recordings of ATP-ac-
tivated C1~ current in cultured bovine aortic endothelial cells. af°pre-ATPE-bECATP 100 pmolj oL~ '£-cE~dE-eECATP +

furosemide SE-10E-20 pmoli A~ 'ErespectivelyEXEGre- ATPEECATP 100 pimojj .~ 'E-hE-SEFECATP + glibenclamide 25£-50£-100 pumof A~ '£-
respectively.

Cl~ UGA+00 0 x+ OAPAICs, -043TE 6.2 + 2. 6£OT
£729.6+12.3E0moA. "'
2.5 C1- I"pAxe01%AT0 ATP OOp/pAAUERT , °0 Ca?*
AUA=pAG°TH
T2AENDY%, C1- T"pA0& ATP 00 Ca®* AUA+0®YA

LALGTuE%E0»2%102TAE C1- T pAxe0T%AT0 ATP O0pY:
Ca2* AUA+pAO°TT . EcCOTA+ pAYEEATP (EOON%°GAU
Ca?* ET-A°T°0Ta Ca2* AUA+. +%EuNEOU ca?* AUA=TA
TET E+V0EEAU»y A TEUAR»EQAXCT  AAD+%84£A;, " THO
062610211 ~ 3 minE~gUCa?* £¥+a» TET E+4%1Dg¥0
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Tab 1. Effects of cumulative concentration of
furosemidef” Fur£0and glibenclamidef ™ Gli£Oon ATP

£7°100 pmolioL~'£Cinduced membrane Cl~ currents
at +100 mV and + 60 mV in cultured bovine aortic
endothelial cells

Drug I/pA

/pmof ™! L 4100 my at +60 mV
Pre-ATP 4 180+54" " 78+16" "

ATP 480 + 90 232 + 88

ATP + Fur 5 382+ 8033+ 12£0 156 + 48744 + 20£0
ATP + Fur 10 272+ 66767+ 17£60 * 114 + 287771 + 7TEO
ATP + Fur 20 214 + 68788 + 8£0 ~ 88 + 287791 + 3£0
Pre-ATP 5 128+53" " 62+£33" "

ATP 482 + 55 218 + 66

ATP+ Gli 25 342+ 62739+ 11£0 * 144 + 6747 + 22£0
ATP + Gli 50 234+ 68770+ 12£0 102 + 56°773 + 22£0
ATP + Gli 100 154 + 58793 + 4£0 ~ T2+38°92+7£C "

Inhibition of 7§~ %£€is shown in parenthesis. x = s. * P <0.05£~

** P <0.01£~compared with ATP.

00. R»EQAxCT  iAD+¥64%03EA " TEOAAUDOUBOOOE Ca2*
AUA+ . 10 pmoli o~ 'R»E0AX ¢ EOOOE 36 + 14£@, . OEOU
.R0U 20 pmolfjd.~ 'B»E0AXT00«2a0D, EEAE4%EUNET AU
1027 20 pmoli oL~ '00ETR»EGAXTO Ca?*+ AUA-PAOOOE X+
OA. 100 pmofd, ™", AADLYE&ET0 Ca2* AUA=XT 000K
£°44 + 12£6% ££0 70 Ca®* AU A+ 00 OF x+ OA pA 15, T2
£°1.1+0.8E0mof a2 +i 2£0
00 10 pmolid,~ 'B»EQAXY0 ATP 00t Ca* AUA=00
OFpA»T ™ FETEF00 pmolidl =", AAD %88 ¢ E%e0»2%000&
£710 + 4£0,£9000 100 pmolidl.~ ", IAD+%6410 Ca®* AUA+
xT70000£UA»U” {ETEHO pmolid.~ ' B»EQAX ¢ EYa0» 2400
OF '8 + 4£0£ 1% 3£0 EpA+R»EQAXAD  DUA Ca?+ AUA=CT
,iAD+Y%68A0 . PPA Ca2* AUA+"&0U -CT-0»DOE%™ A0
Ca?* AUA+pATED02» T-£HAE%UR»EOAXCT | AD+368000F
Ca2* AUA=PA»OAT2» T+,

3 10AU

AUECT , *0ET0-02 20U Cl,,
EUAGOUp+0°0AU pHEF-30T, °0AcpcT»E3TOET, °006
03°1 -0» £+ 40T, *OEYAg£4° OUp=HUEUTAZUXY »0
Ca?* 300AAUDOUA Ca?* AUA=0DEB0P02x+ORYEEY ()

vol

I"uA°T Cl, T pATa£ERT 000D 25 T-pAucEGATNE T0DO£E-

Tab 2. Effects of cumulative concentration of
furosemide and glibenclamide onfUCa’* £) plateau
induced by 100 umoli®L.~' ATP in cultured bovine
aortic endothelial cells

of Cl., A%00 C1- T "pAE~

Drug/pumof 4.~ ! £0Ca>* £Y/nmof .~ !
Pre-ATP 48+22" "
ATP 164 + 34
ATP + Fur 1.25 156 + 3877 + 6£©
ATP + Fur 5 149+ 36713 + 7£6
ATP + Fur 10 137+ 38723 + 1260
ATP + Fur 20 124+ 28736 + 14£0
Pre-ATP 31+£13""
ATP 126 + 40
ATP+Gli 0.1 117+ 3879 + 3£6 ~
ATP + Gli 1 107 + 28719 + 2£6 *
ATP + Gli 10 94+ 28734 + 8£6
ATP + Gli 100 85+ 28744 + 12£0 *
ATP + Gli 1000 102 + 36725 + 1680 *

Inhibition of Ca?* influk ™ %£Cis shown in parenthesis. % + sE-n =
8. "P<0.05£~" " P <0.01£~compared with ATP.

Ec Cl.,000yugN1»CAyYa»TESe Cl,,,000yugN1»°AYES
»TEE] OE0Ca2* £YEY , RYa»TESD C1, OET, °0TaEal N2
Y T%e»TEEI, +E C1,,00, 0G¢ pATATOO0A= 19DOPEVEY
AUERT , °0%2T¢ Anpg T» +E%T - OECEp« A%00u0E C1- pA
ERCAuG T HOREFERN00 C1- T pAOU2» T-AapgT»¢2-A
E+ Cl- peA-pA - 110 EAU2» T-£61 - TaA+E+OyASPAAUTO
UCA+¢ EptiOAT | °GAaE¥ic» £€1- AUA+E+Oy ASPATATO
UCA= ¢ EpviOAT , °0ARS3-Yue»™ |

+YND¥¢ 2EOA+8 xViE«T | °0ARE-C Y%CAVYHESESUAE
0+ AGAUERT | °0%CAYh ATP ¢E%a»TO» IATOUGA+£SA
+41,°00a 1~ A" E¢E, A+a AucA+pA -~ x@ugT»£60A+
EC 1™ pgA+. ATP Y%e»TpA Cl- ugA+0p%IC, pATaTo0n
A=1PPOEHROD Ca?* OAAUDOEEUA+0+02EC [ 46, 3E-0.
Cl- T pAx@OTVAR»EOAXCT AP +%843EA " TEOAAUDO LD
000K ATP Ya»TpA C1- ugA+£6U + 100 mV E£EUAC -0+
xT70000£ 88 + 8£0, °£ 93 + 4£0, . ATTAER»EGAXCT
L AD+Y8470 ATP 00WpA Ca2+ AUA+023EATEOAAUDO
UPOOOEERPA+ ATP Y»TuA C1- T pAs2-A2TOSAEAU£a
T,°0 Ca®* AUA+pAp+4U .

R»EQAXEC0»00 Na* £-K* /2C1~ %»»» 00 OEYALHY
+ UAEOOOK Cl, T pAYEY  AAD+%ERECO»00 K* A
ofcl- 1" pAxeOTYAERTA TEEE "1 pmolinl,~ ' OO TAEGO
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Fig 3.

Inhibitory effects of furosemidé 10 pmoka.~'£Cand glibenclamide 100 pmok 4.~ '£Ccombination on ATP

£°100 pmok 9.~ '£Cinduced Ca’* entry in cultured bovine aortic endothelial cells.

K* 1"pAOPN; 0fiDO000Ex+0AL S RATE ™10 pumoliaL !
OOETEGO 1~ " pAODOOOEx+ORIEREY 4y TA. ¢TOER»EQ
Ax0&  nAD+%8&T0 ATP O0ptpA Ca2*+ AUA+pAOOOKOD P
Y0x+0A£RUA+R»EOAXAG  DPA C1- T pAdE , iAD+YE8A0
_PUA €1~ T7pAZT08 Ca2* AUA+PA»UAT2» T+, OupAxc0a
HAECE-AAD %870 ATP 00 C1- pgA+pAOOOEx+0AE
Et 70 Ca?* AUA+ 00 OF x+ OApA Gy, TE “G21Cy, -03 T2
£729.6+12.30E71.1 + 0. 8£Qmolia.,~ ! i BRUA+  AADY,
68A0 DA C1- T"uA2TOBAE ATP O0YipA Ca?+ AUA+E«
LA Ca? AUA=0D00° 110, NADY&8A , PUA-C 1~ T7pA
»UATEGYLACUUTAE , AAD+%E8 90 K+ T pAdDpxe T x+
ORERAEY K+ T pA022TOBAE ATP O0pHipA Ca2* AUA+UA
25 -OushU.
xUETEUESE®] ™ 1 pAxeOTHAR»EQAXCT  AAD+%&4
3EAEOAAUDOOOOE ATP 00pA Cl- pgA+oT Ca2* AU
A+£BpA+ €1~ T7pA 2 -A0Up=HUAUERT , °0 Ca2+ AUA=OP
E30902x+0A£F2N° 00PADTPAG° TTAUART  °G2 ! AUpAO®
TT420AEEUNEEQOAYYE2¢ T2DAAONRLY,22 A -AOT T4
1EDAPAEYA - |
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ATP-induced chlorine current in vascular endothelial cells

and its relationship with Ca

2+ movement

WEI Wen-Li'E-GUAN Yong-Yuan'£-HE Hua'£-DENG Chun-Yu?£-
QIAN Wei-Min’£-RUAN Hong-Mei'£-SUN Jia-Jun'
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AbstractE®The combination of whole-cell patch
clamp and fura-2 fluorescence techniques had
been used to investigate the ATP-activated Cl~
current and Ca>* entry in bovine aortic endothelial
cell£€ BAECE® Application of ATP activated an

outward current. The -V curve showed

pronounced outward rectification and the current
reversed at -£729 + 3E@hVE-which was close to
the equilibrium potential for CI £ - 36 mVE£Q
Reducing th€UC1~ £Y caused a shift in the reversal
potential towards more positive potentials. It
indicated that the ATP-activated current was
ATP-activated Cl~
current wa£UCa®* EinependentE‘it was maximally
inhibited by Cl~ channel blockers furosemide and
glibenclamide witt£"88 + 8£00 anE 93 + 4£Q, at
+ 100 mV. Application of ATP activated Ca®*

mainly carried by Cl™.

510089£-China£0

influx from the extracellular space. ATP-induced
Ca>* entry was inhibited by furosemide and
glibenclamide with£36 + 14£0p and£ 44 +
12£Q% £vespectively. The Ca>* influx sensitive to
furosemide is not the same as that to
glibenclamide. These observations suggest that
opening of Cl~ channel plays an important role in
the regulation of Ca>* entry in BAEC.

Key words£®endotheliumE-vascularE»cellsE-cul -
turedE» chlorine channelsE» calcium channelsE»
adenosine triphosphateE»patch clamp technique
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