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FECHHR B0 | R Y Ca?* AE DG . [R) AR ] Il 4T
JUL—HF i 178 8 UL i ( SMICs ) 77 Hi, Js AR
Ca?* 138 ( voltage-dependent Ca’* channels, VDCC) Fl
AEHL FEAK i P: Ca?* 38 3B (non-voltage-dependent Ca’*
channels, NVDCC), H Fiji# # NVDCC & HLIA by i
ZAREEYNE Ca®* 3 TH (receptor-operated Ca’* chan-
nels, ROCC) . {55 &Pl i A& F- 1 JULAH M AH 1L, 7 il
(-1 LA % Ca* I, ROCC H VDCC B
B AR A JE ST LA A, CL 3 T Y T
TP E Ca?* PR L 0L Y AL A Ca2 N
WAL IR CllIE S, POy —28 1 jd i B W
A APPB, 9-AC L5 IR (9K R, flufenamic
acid), ] U555 R BRI I 1 9 LA LY Ca®* FEL TR
BN FE 71536 i 4 B v 30 fEL L T X A
P WLAR ML Ca®* TR AIAR DG Ca® ¥ JEE FrbE, M
5O #IEZRR SRR, MARTE . AR
H Fura-2 9OGI5E [ Ca®* 1 FOARTE ST F7 19 4 i v 2
KOV LA AR b, WUEEANIR] Ca®* 3 38 BH T 77 B C1-
TIABHWTRIXT ATP fil & Ca* NI IO SZ I, AT R
R Ca’t L, Ca® BT K Cl I Z A

1 MR57FE

1.1 #RA&

LA AR E T T A A 5 T AR A (Al far S0y 4
4.
1.2 RF

Fura2/AM, 2 M. 38 F 2 H (bovine serum albu-
min, BSA) 4 F Boehringer Mannheim 23 F]; DMEM/
Fi,JF Gibeo BRL 237 ; JE ZHbF- (nimodipine ) 1 T
Bayer N s SK&F 96365 W4T Biomol Research Labs 2%
Al 5 WRBEK (furosemide), EJJP O B & (picrotoxin ) 14
F RBIAF]; ATP, B8 1 (trypsin) , HEPES, Tri-
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ton X-100, & R (2-28 2 L ik ) VY £ PR [ ethylene
glycol-( B-aminoethylether )-N, N, N, N-tetracetic acid,
EGTA], :Eﬁ%ﬂﬁﬁm(dimethyl sulfoxide, DMSO) 4+
Sigma 3 H ; B4 ML (fetal calf serum, FCS) I T4t
MU ZEE AEYOFFET . AR 34 o B 4 Hr k.
1.3 {488

CO, B 746 (3£ [# Napco6100 %) 5 {5] & 4 2= i
e (PR IE2#AUER ) 5 RF-5000 26436 6 B 1T
( H A Shimadzu A7) ) ; CG-817PH i1 (Schott Gerate 2%
Al).
1.4 FRmnEEENSBESMEMEESE

B 1 ~2 dERR/NE, WbFES , TOR A1 T HL
A, A7 sy B M Sk A, A A PR
H(EFHEZ 100 kU-L™", ##H R 100 mg-L°1), 1%
BSA 1) DMEM/F, 8 FR i, 76458 & W S5 1 5y 2
OYRE, /U BRI TR 6 25 2 dH R e AN, AR5 N
FIBTIFAS I, 25 BRI B AP B, P O A BT K 1
mm® 2247 KN, A 15 mL 53R, B al R 1
mm®, 5RO, A 37°CH 5% CO, Hi5:
b, TRALZUHGREERS, A E 20% BRI TE 1)
DMEM/F i 92, Eac AL R B 595 10 d &£
LA A0 N U 2R Bk i, RBRAIGIH, i,
7 20 d ZEA ARG B, WIS, JETTAE AR,
& A {8 25 5 3R W, PBS VR 1Y, I b W
(0.05% i E A +0.53 mmol - L™' EDTA)7E 37°C il
TRIGRELAL, BT WA MOl as A2 R, S RPE 2505 4k
T, nfr 10% B6 24F 175 1 DMEM/Fy, 8 F8 4 1
N, BT 22 08 A M2, LA(3 ~5) x 108
L VA o2 A B IR TR A TR ARG 3% . 2 ~
3 1K, T d A A IR, PR IR A A
RREEFE . A LR YIRS 2 ~ 4 AR5 V- L
.
1.5 [Ca** ], JE
1.5.1 EFMEZEH &R Fura-2/AM F1E

USRI 2 ~ 4 RS2 70% ~ 80% 1 HLJZ 1ML
SEYE LA M, HBSS 2% 0P (mmol - L™ ': KCI 5.0,
KH,PO, 0.3, NaCl 138.0, NaHCO; 4.0, Na,HPO,
0.3, #H%hE 5.6, pH 7.4)15UE2#, MIAE 0.05%
[ AR (AT 0.53 mmol+ L' EDTA 1) HBSS 22 ik 1
PRI EE AN IS , 5 IR A0 73 T 28 1k 5 N il 2
I, B0 (350 x g, 2 min), UREEANNL, &M EE
YO ST ST AN AE 90% LA b, B 1 Y EET
HBSS ZZ il (4% B 10° L1, fE 4 f &

M E, AR Fura-2/AM (LW E R 2 pmol -
L™ DB % (0.05% BSA + DMEM/F,, ) T L 2 it
RIGTIAN 37°C CO, R FE4E 112K 45 min, #P& 15
min 52580 11K

1.5.2 Fura-2/AM % XME[ Ca?* ]

HEAS S N7 (0 07 I AT, R AR« R
SEEESS, B (350 x g, 2 min), YKHEEANN, K540
TUHELLE 0.1% BSA #Y BSS il %E # (mmol * L™'; NaCl
130.0, KCI 5.0, HEPES 20.0, #%i%# 10.0, MgCl,
1.0, CaCl, 1.5, pH 7.4) MM, 2500080 2 i,
T 10° L' 4 AT BSS e, £/ T
WCE 10 min, 37°CIRE 2 min, ARG 1.5 mL &K
BT AAJEN AP, H RF-5000 28606 % 1T, 78
37°CHER, #ESHHET , FATIOEME

SR FH RF-5000 98364 Y66 BE TR Kl
340 nm 1 380 nm, KK N 510 nm, F &SN
5 nm, KEEHER 10 nm, RAERIFG K 1 s. 2865008
JEEETE A ST S8 0 B He A U B B Ca?* MR 5T
FTENHI R . 4R A B 9OGTE A T , it
BLCa ] B LA B B oot B ik &
WA TN
1.6 SitF4cE

A B s B 2k 8 = A2 25T Y
[Ca?* |; 22 AT BT ¢ 4555 (Sigma plot 3K ), 24
PIxt ATP fil & Ca?* PSR B4 4% T oA X THE

12 (%) = GBI Z /i F & A Ca* 15 - Jn

FHWT 2 5~ S A [ Ca?* ) /(BRI Z /i & 41

[Ca2* ], - FB[Ca2 ];) x 100%

2 #R

2.1 mEFBINMEBEERER

{30 A 22 0 G0 T W L AR i v sl ok - UL
Ui i BRI PAT A, HIRHES , 28 B A A
2~ 4 R AR A, B B LZZ, WU A W]
VFZRR, 2 Wi 2R 807 - T L A0 e ) S 7 2 B
HOASEGG U 2 ~ 4 AT 1 LAE MLARCH S 30 0 42
2.2 Fura2 REME[Ca* ] BRAIEUER
2.2.1 ATP ft % W9 4 X B 9 3 Rk F 78 AL 40 B
[C32+ ]i 'x_m

£ BSS W v, # A [ Ca?r ] A (108 = 23)
nmol L™, A 10 pmol - =" ATP 5, Al 5|2 [ Ca®* ]
T e B BUAH SR, 2 A PR R L R A R R
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(926 +37) nmol - L™, B J&5 [ Ca?* |, Sl B I 4 FF
—F-E 4, Al K3k 10 min, {E A (190 + 37) nmol *
L. HESHRAIC LML EHENTE
(P<0.01,n=45; n NEE, FI).
2.2.2 KCl3x#E[Ca®* ]; BT

1E BSS MERH, A KCI 30 ~ 120 mmol + L=,
[Ca®* ]; 7E(82 £ 10) ~ (83 £ 10) nmol L™ ' Z i) , 5
BLCa?* (79 £ 7) nmol - L™ "4 B & A B 8 1 7 5 .
MM 70 s JG A 10 pmol » L™ ATP 0] 5| 2 — 4~ H i
[ Ca* 1 8URH T e 1 B 1 (BT 1) . o 15 5% 1 5L 4
Jiki SMCs | L2 VDCC 9 %5 B 1 3% 4 AR 1K 5 T 2
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Fig 1. Effects of KCl and ATP on resting [ Ca’* J;
in cultured calf middle cerebral artery smooth muscle
cells(SMCs). An original record showing: during the resting
state at the time indicated, addition of 120 mmol*L ™! KCl failed to
increase resting [ Ca®* ]; and subsequent addition of 10 pmol - L.~ !
ATP after 70s induced a [ Ca®* 1; biphasic elevation response, a
transient peak phase and followed by a sustained plateau phase.

2.2.3 ATP & H Ca** HitER

BSS P&, 78 ATP fish 2 i9-F- 5 A0, A Y
S vDCC BH W57 2 5 S 1 A 10 pamol - L1
[Ca®* ], 233 (172 = 18) F1(173 + 18) nmol - L™, 5
A Je TR (172 + 19) nmol - L™ L #3% A B i1
AR . AR W NVDCC BH B 7 SK&F96365,
[Ca* ], 5 R I SK&F96365 Hij 4t % A W . ik 28
(#%1,P>0.05),1H 40 pmol- L~ SK&F96365 i &
L Ca?t 17 m (E2) . 2% ATP fih & () Ca2* N
JitH VDCC il SK&F96365 U= ) NVDCC Ji 43 #H 2%
PEA K, TR JE Y SK&F96365 1 fig2x 5l Ca®* B
ik

Tab 1. Effect of SK&F96365 on plateau [ Ca’* ], in-
duced by 10 pmol-L~! ATP

SK&F96365/gumol 1.~

Plateau [ Ca®>* ],/nmol+L~!

0 168 + 12
54 168 + 13
10 168 + 12
20 168 = 13
30 172 £ 14
40 196 £20" *
The resting [ Ca?* J;is (95+10.2)nmol*L™". x s, n=6("n
=3). ** P <0.01, compared with pre-SK&F96365 level by

paired ¢ test.
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Fig 2. Effects of nimodipine and SK&F96365 on
plateau [ Ca>* ], induced by 10 pmol- L~ ATP in cul-
tured calf middle cerebral artery SMCs. An original
record showing: during the plateau phase of [ Ca®>* J; elevation in-
duced by 10 pmol « L= ATP at the time indicated, addition of 1
pmol * L= ! nimodipine (a)and subsequent 20 pmol* L~ ! SK&F96365
(b) after 70 s failed to reduce the [ Ca>* 1 plateau level, whereas
addition of 40 pmol * L~! SK&F96365 ( cumulative concentration )
(¢)elevated [ Ca>* 1; plateau level.

2.2.4 BREERFENPFSHE R ATP i &K ) Ca®”
SpA=sEA

BSS & B, 72 ATP il & 195 45 A0 A ik 2
K, [Ca®* Iy HARINEEKET LA B FEAIC, I ik
A (3% 2,181 3) . B TR ZEK UK BE 3K 20 pmol - L1
DA B XSO A T, OR BE LS B Tk B 1Y
YER. AEMABIB SR, [Ca* |, SARMENEE & 3%
R A B (K3, P >0.05). ATP fil &1
Ca®* AL T 4 Wk ZE KR 4 BELIBT , 412 7% 1k 2K BURR 1)
ClJEIEMTFI S ATP fil &1 Ca** NTA K, S ENBT
O R R BUAY Cl s ok
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Tab 2. Effect of furosemide on plateau [Ca’* J;in- 3 i7if
duced by 10 pmol-L~! ATP
Furosemide/sumol - L~ Plateau [ Ca>* ],/nmol+L~" Inhibition/ % JEANAE A RE B T, A ATP e P
0 224 +723 0 ﬁﬂﬁ@ﬂ%%%ﬁ P, ﬂ%”?YJZIKjZ ATP {%ﬁ(ﬁﬁﬁ%%Lﬁ, T
2.5 22322 0 I Ca?* WRBE R AR, J7 AR 12 AR AR . 7
13 f;gifgjﬁ ;giz G LA PP PO LR D77 Py RSS2 (KT e Bk
15 179£21% * S1sol AR R L, T i ATP 3 5

The resting [Ca?* ], is (141 +22)nmol-L™'. =5, n=35.
" P<0.01, compared with pre-furosemide level by paired ¢ test.
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Fig 3. Effect of furosemide on plateau [ Ca’* ]; in-

duced by 10 pmol - L~! ATP in cultured calf middle
cerebral artery SMCs. A: An original record showing: during
the plateau phase of [ Ca®* ]; elevation induced by 10 pumol « L-!
ATP at the time indicated, addition of 2.5, 5, 10, 15 pumol- !
furosemide( cumulative concentration) produced a concentration-de-
pendent reduction of plateau level. B: concentration response curve
of furosemide to inhibit plateau [ Ca>* ]; induced by 10 pmol - L™!
ATP.

Tab 3. Effect of picrotoxin on plateau [ Ca’* ]; in-
duced by 10 pmol-L~! ATP

Picrotoxin/pmol * L™ ! Plateau [ Ca®* ] /nmol - L1

0 197 + 17
10 197+ 19
20 197 £ 20
40 196 + 18
80 196 £ 22

160 195 £24

The resting [ Ca?* ; is (101 + 18)nmol*L™'. % + s, n=3.

P, B 2R, SRR AR | ARSI Fura-2
PG E FE A, EEF ATP W] 515E A4 K Sl ki
LA L[ Ca®* 15 BURH 15 19 S5 7 « PR3k 0 A (g i P
Ca®* BT [ ) B ke 1 A0 (el Ak Ca? W
WMo . FERFL N TRACa®Y ], AN BERUEE Sk
A VDCC BHIET I JE 5 P, Ui BH ATP K%‘@ﬁ
W& L7 VDCC JF R BOUIAk Ca®* . X5 X F
oG i AP LA A Ca?* 1 3 AN J& i 4 -7 VDCC
AR 28— AT 0 v LA b Ay T 7
VDCC ATE P AR . 58 A IR 157 i L4
JH P A B 5 A1 1 45T LA LA A — 2 25 57
F3hb, ATP il &1 Ca®* NTRHEASRER IR MR B2 1 ( < 40
pmol+ L™ ") SK&KF96365 /1>, #&/R ATP I i) ROCC
J2 SK&F96365 ANGURRIY . 455 Zhang 2512 U ff
A3 B R A I S S K- LA AR, ) Ca® 5
BAARAR MG RN G —F. SK&F96365 54 1B
%UE’J ROCC BHWT I AT, fH A A&, BR T X
SIS RSN, BRI M?t 5 Bt B TR
KJJ, X PR 240, IR B PR A A DS A A
Y, SK&F96365 7E — & e B2 i [ PV (5 ~ 30 pamol -
L1, X ROCC AHAF MW, (AR &2
Gl Ca?* B O MiABESE BoR, fERWE T
SK&KF96365 1] ffi[ Ca** |; Thimr, SHAEHFREAH—2;
FRIEZ b, P X AT PR, SK&F96365 it
A[FHWT VDCC, H. SK&F96365 HIZUN I ARG 50157
AL, (BJU AR, TERN PCrdi i, FEfA GH;
AR N G - Bl kT LA B R IR 55 SK&F96365
Xt ATP ] 45 1 Ca?* 3 38 35 AS R0 5 % ik
NMDA Z{A& Ca®* il AU, 4546 AT 25045
B, BORAFBCAR SN Z AR5 Ca** PTRAH Y
ROCC I T 2R [R—M:RY . 1] ROCC 15 7% .
H RT7ESNE M1 LM, EafiA S e
%?ﬁﬂﬂt&%%ﬁﬁ&m%ﬂ?iﬁﬂﬂéﬁiﬂ@i@%ﬂ*ﬁ%ﬁ@
A I Ca®* P C1 T B 2 LR Y 1
cl- ﬁfa‘ XFF Ca?* 6 Cl-alaE, AN 2R
WY R, MERHREL, EHE R
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F S ATP) S5 AT S 10T L2 A AF R A 32 A

PEFEMIN Ca®* BER, MW Ca® " YR EEWRED TH 7, 4k
S C T PIE CL B TR, MR AL, fR A
VDCC TPk, SEAM Ca2* ™ . HHGE, 4R
M Ca?* TS C1- 3 18 BH W 57 JE 3R (niflumic acid,
NFA) A 3 1 BHL 7 26 €1 38 30 428 b i, 225 S 9 LAY
W SN . TR F B L dlE, fol e
Bl B3 ok - e LA A % B0, 25 BRI P CL 38
B R H CIC-3 FEH S, MUt TGS AR,
MR Cl @B F Ak, dkmi 51K S Cl- itz 1 i
Gb, AR PR . WA RES S g T

JLsk PRk 2E ok & Na* /K* /201 SL[Rl % 5E
PG, R CL- 38 38 0 ) BH W50, & Al L RH. B

Ca?* JHIH C17 3@ aE S 100 ) A szl & B, & Al i
ATP il & 1) Ca®* PR3, $78 DK SEK MUY C1- 3l iE
Z 57 ATP fill & B ROCC () Ca®* N . (HX el T
ATP 512 Ca?* 1; TH 8 i S i C1- 368 388 FF Ji5c i 1F
— A HE Ca® Ij\]/fri e A & C1 - 3 TS|
i Ca* IR 04 5 0 — 25 ORI . I P AR e 2 40 e
c1-‘ﬁ;‘faiﬁﬂttfr UEﬂlﬁ)ﬁaa%$ BN ATP fil % 11

ast N e T O AL AT
Cl'i_iﬁIVjF” @KIEJEI’J C1~ 38 18 BH W7 770 4 55 AN
[ ; @CI MWIBFEZFRH L Z RN TR Ca2* IR H

FAERTRNIVE ; @AM Ca®* 12 3l i 4 ] PR 240 g
e NENITZNER

AWFFELE RN « ATP fith & 09 4= i v 3l ik SF- 5
LA Ca®* N, 2 SK&F9636 AU NVDCC
£Y, H-5wWkIEREURA 1 18 T .
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Effects of Cl~

and Ca2* channels blockers on ATP-induced Ca2* influx

in cultured calf middle cerebral artery smooth muscle cells

YI Quan?, GUAN Yong-Yuan', HE Hua'
(1. Department of Pharmacology , Sun Yat-Sen University of Medical Sciences, Guangzhou 510089, China;

2. Department of Pharmacology, Guangzhou Medical College , Guangzhou 510182, China)

Abstract: In order to understand the ATP-in-
duced Ca’>* influx characterization, we studied
the effects of Ca®* channel blockers ( nimodipine
and SK&F96365) and Cl-

(furosemide and picrotoxin) on ATP-induced in-

channel blockers

flux in cultured calf middle cerbral artery smooth
muscle cells, with Fura-2 fluorescence technique.
ATP evoked the increase in cytoplasmic Ca’*

([Ca®* 1)) level.

biphasic, a transient peak followed by a sustained

The response to ATP was

plateau. This sustained plateau was not signifi-
cantly reduced by (1) voltage-dependent Ca®*
channel(VDCC) blocker nimodipine; (2) recep-
tor-operated Ca’* channel ( ROCC ) blocker
SK&F96365; (3) C1-

in. However, it was significantly inhibited by

channel blocker picrotox-

furosemide in a concentration-dependent manner.
These data suggest that ATP-induced Ca®* influx
be related to NVDCC, which is not sensitive to
SK&F96365, instead of the VDCC, and
furosemide-sensitive Cl~ channel is related to this
Ca** influx.
Key words:

vascular; cerebral arteries; calcium, cytosolic;

cells, cultured; muscle, smooth,

chloride channels; adenosine triphosphate; ni-
modipine; furosemide
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