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[ Abstract ]
cytes and their relationship. Methods
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Objective To study the property of the IP,. sensitive and non-IP,_ sensitive calcium stores in rat astro-
By using the microfluorescent technique, the intracellular calcium signals of the
astrocytes were detected and observed dynamically. By different combination of calcium store activators (MCh, CAF) and
a decoupling agent (FCCP), the astrocytes were stimulated and its effects on the intracellular calcium signals were ana-
lysed. Results In most cells, when one kind of calcium store was attenuated or exhausted, the magnitude of elevation of
[Ca®* ],, induced by the calcium store activator, was not significantly affected or only slightly inhibited; but in some
cells, this magnitude of elevation of [ Ca** ], was markedly reduced. Conclusion There are two types of calcium stores

existing in the astrocytic endoplasmic reticulum, one is IP,- sensitive and the other is non-IP;- sensitive. They have inti-

TR

mate or relatively independent relationship.

[Key words] Astrocyte; IP,- sensitive calcium stores;

HRR R 2 R Ge v B o A M i Bl LR S 90%
X i 28 R G0 A 0 2 S I o A RIS S A4 i 3
ZIRHIE . T AFE R A5 07 e 5T 40 A A E AR 3L B
IR T HEAER I S AT Z R ERVICR , CfH
SRS UEHE b 7R P 28 TR J5T 4 M ) 204 7 3 A 2 ) 15 8
LBt PR T0 2 o oA vty TR R 1) o 22 366 I T A
B TRUE JOT 40 B, 175 & FG I PR B vk B ([ Ca® " 1)) T
i, R [ Ca®* ], XOAT I K B TR I o A4 L 5 o
WEFEEY), IR 2R 55 B 4t

P9 —FhE 220 AR i, Ca® fEAI 20 AN Y
JEE T 240 B A DG ZR kS TR SRR AR N T S
5 T B AEAE N B (endoplasmic reticulum, ER) PV,
— B TA R P JBT I A R S 2 43— F 2 inositol (1,
4,5) -trisphosphate (1P, ) -BURAYES %, T #E Acetyl-B-

FLTH . R A RBEEE A BB H (NO. 30040037)

YR 8431430022 B0, AR R RLE R 25 R B2 2 e A s 1 1 22 e
PRAR AN PNER HFoTE B A Y S A A A F o BT
(757 %64)

Non-IP; - sensitive calcium stores;

[Ca™ ],

Methylchline Chloride( MCh) i3, % —FhJ& 1P, A
JEIYES AT 9k Caffeine (CAF) 307

AT TR BE R A R B R ST 240 L o B IR 1Y)
PRI 2 AR SORH B OGRS 12 240 S v 7 o 0 2
BIFEAE  FE 2B B AR b ST T /D B B o
YIKA

MRLF T %

— IR A2 il

B 4 Il %, DMEM/F12 H1 Gibeo 2% W & fit,
HEPES, arbamylcholine chloride ( carbachol) , caffeine ,
poly — lysine, trypsin, EGTA, thapsigargin, carbonyl cy-
anide p — trifluomethoxphenylhydrazone ( FCCP) , 4t
Sigma 2y A #E it Fura-2/AM H Molecular Probe 7\ Fl
feftt,

= Ml

¥ 18 McCarthy I Devellis ()7 k) AT AR R
IR RAREE TR . AEJS 1 ~3 d 194 Sprague-Daw-
ley KB A th R 2% R T B2 2 e S 3 2l o0 4



rhAe B S SR 24 2002 4E 5 145 24 5455 ] Chin J Phys Med Rehabil, May 2002, Vol. 24, No.5 « 273 -

it F BRI, 70% (9 2 B 75, UK, 45 2 I
BEI R 500 ~ 800 pm JE i Fr, FH 0. 25% 1 Ik 25 1
fitf, BT 37°C . 5% CO, 546 MIHAL 30 min, 3575
N RS AP A B B TR N . B SR R O T8 %
DMEM/F12, 10% /N4 13T, 1% )2 P4 Ak 5k 5 &R
(100 pg. ml" ), 7E£ 10% CO, ,pH =7.2 ~7.3 H137°C
MIEFRANEE TR 7 ~9 d JS A 180 #4/min (Y 1H IR 1%
JRHE 15 h, FRE AL MTE SR B0 R b R 25 5 5
x10° A~/ml,3 ~7 d J 40 o] JH 50, Sl
BUN R I T S AR T 3 SR 00 A0 G o 4 A 1R 1 2R
1 (glial fibrilary acidic protein, GFAP) 2 FHP: FA 4 Bt Ky
SR BTN, Ak RS SR B A0 ML GFAP FHE 48 i
98% |

= R

Fura-2 92500 4% 2 Ge A0 4% . 315 BB Axiovert
100 ( Zeiss , Germany ) . H. €4 %] Y& I 75X-0 ( Ushio, Ja-
pan) FEiill .50 (T. 1. L. L Photonics, Germany) )¢S
A FPE S F A, A AL S Pulse + Pulsefit8. 0
(HEKA , Germany) INGE Y Fura ?ﬁfﬁF( HEKA , Germany )
Xl BT AT R . F340/F380 AU LA 1 FH ok
W[ Ca*" ], ARfE

Y Fura-2 2 IS ) SEAS [ 3L

Fura-2 J&—FPE5 255 9GR8 % A Fu-
ra-2 A FIE, —F 2 BRIE XA Fura-2/AM ; 55 —Ff
B RREIE A, 10 A8 o 4 MR (DA RE 5 5 25
THEE A HE AN IS R 4 3 K TR it K e s i 2 R
B 5 B AR & o 40 RS, 0 n] 545 8 745 A Fu-
ra2 SEE GG MR K R AW RSG5
B P 380 nm 5% 340 nm, K, 435190 & 340 nm
1380 nm I KB} Fura-2-Ca®* Fil Fura-2 Fo¢ o J&
RAAR: [ Ca®* ], = KdX (R-R,, )/(R,, -R) (Sf,/
Sh, ) A AT DAT5AC H 4 0 pA it 25 405 B8 VR B

1 Fura-2 AYN#

ARSI 4% ] Fura2/AM B & 35 1%k Fura-2 .
Fura-2/AM 50 pg i T 50 pl ) Pluronic B, IR &1
21, 1 mmol/L Y fura-2/AM ¥, #RJEH 10 ml
B 20 AN RFR BRI L) 250 pl KRB 92%% T eppendorf 4
Hh TBCE B -20°C DRAE T ORAF o K 5 A T 5 A L ) 5
P FRGZ v P gk — i | ICE AR S g L A B A
WOTERA 0.5 ml, SRIGTERDEHAM T H Fura-2/AM
BRI VR 8 250 wl AFR A SER Lz v, 8 S 56 1L
A AR A T 10 ~ 30 min 5 BT, 22 i vhisk
Wik B MM 2 4% Fura2/AM &, BRI AT FF LR 525

N HATTE

B CAF, MCh, TG S5 S5 BeIC B W Y
SEAFIR, 2 Tl P P B 100 F5 B A5 4, Horpoki

P25 H Krebs-HEPHS W BCH , BE 7124 i H — 3
MEAR AL

L B

4 g b & % 43 M ( mmol/L ) ; 150 NaCl, 10
HEPES, 10 D-Glucose ,1 MgCl,,2 CaCl,;pH =7.3;%
B = (320 £5) mOsm/L , FEAME N A Tetrodotox-
in (TTX: 1mM) BHW &8 3. JC 55 40k 4 Bk LA
BaCl, 10 CaCl, A 1 mM B EGTA 4b, HAYARAS

# R

— AU AN N 1P, BURRANAR TP, U4 1Y
FEIE

FE0Ca”* AN, MCh AT 5132 89% B 4 it ™= A [
N(n=110), H 18 MMM AREM [ Ca’" ], T+
L T HAY A A B0 [ Ca®* ], ThE ., FAARE ¥
() MCh B CAF 43 51| 50 84 [m] — 1> 4 A, 300 93 i) oy A 2>
T 5 min( LLREGRAZARIAE) | v] DLBE MR B T &, RN
SR . 1 mM B9 MCh #115 mM f) CAF 5 & 89 SO e
54 ; FH MCh B CAF e | 52 &2 1l ol i [7] — 40 L, gk
(BB 100 s, % HEARL A4 T oo A 3 20 W s 5351 , e o8 4
T2, 2 1] b I AE Ko 20 min BF, 0030775 R Y
[Ca®" ], FHE XA AG 43 i (n=23), IXKRIUE
RIS o 20 M A AE TP, FNIE TP, SRR A A 22, Pk i)
AT HES B . ISR 2A T 7T R RO B[R], RO £
FER[ 158 ek

= RRE R AN TP, SUBCAIAR TP, SRS
FRIAR H. 6 2

1 67% WIRFSE 40 b | TP, SR ANE TP, s
FpEE 2 2 B0 M AR Ak S, FH 1 mM 9 MCh 2 &2 3 3%
[ —I 4 30 38 ] B 7 100 %) 140 s 22 Ja] | P, #5k
HIAE e 52 A HEZS 5, 5 mM 9 CAF {7 AT ZEiZ 40 I
Sl Ca®* ], MBI BT, 2 CAF YLk | & %
M, T UL Ca® " ], T IR T R RE(E1A) (n
=21), 4 MCh S5 1205 ] 551 A ZFEME I ,5 mM
) CAF 3fE51 & [ Ca** ], W& THE , F CAF Al MCh
TRRNANNE, —F B LRI Ca®* ], FHE#hE A AR
(I 1B) (n=27), X$% 1P, HUZANAE 1P, SUR A
TR 2 Dy REAF XS A 57, — 3 e 25 18] b B A A AR 20 5

FE—F0 50 4 v, W RD S A A OG,
1 mM MCh 24 5l 3 [5] — 4~ 40 Mg, 50 3% 18] B 2>+ 100
s, fif 1P3 HURESFEFEE I, F CAF HIBOZ 40 i 51k
[Ca* |, W2 EEFE , B CAF SRS FEHE 25 B 5 fin e
(KI2A) (n=13), %4/ 1 mM MCh #l 5 mM CAF %¢
AN B, WS 2 ) S o R T DR (] 2B) (n
=15), XEEHGAE 23% WA ERIR R
XA 2 R A B, nT B 25 (Rl AR Y



- 274 - Ay P BE 22 5 25 2002 4E 5 %5 24 #4555 ] Chin J Phys Med Rehabil, May 2002, Vol. 24, No.5

HiE,
= TR PSS 4 R R e A T A
YERANEN Ca®* MG h R G0, SRR TE B B Jie T
AR A AP Ca® g nprile 1 BRI, 7E
0Ca>* SN, LRAR IR 7] FCCP n] % & S8 11 |
BEMCa ], FHE, IRl nsE MCh i9FEH , ZEK T
BlCa® ], PRI (n=8),

SmMCAF SmMCAF

1 mMMCh SmMCAF

1 mMMch ! mMMCh 1 mMMCh

CTTTTHAT

0.1 (Fluorescence) |1_0_(E

MCh 1 mM SmMCAF  SuMCAF  SmMCAF

1 mMMCh Snﬂulﬂmcu\ 1 mMMCh \lnM_MCh |
0.1 (Fluorescence)| _
7508

B1 RSN 1P, SUSFIAE 1P, SURES 2R A A X h s 4k

MCh I mM CAF 5mM

0.1 (Fluorescence) %

CAF SmM MChlmM CAFSmM  MchimM  CAFSmM  MChimM

EEEEE L

0.1 (Fluorescence)%
B2 ERRRAMEN 1P, Bl 1P, SRS e r A e

|

i

DAFER ST 22 B 40 I D93 25 Ca® " R E A AEAE N
TR K BB E S AL A 5 S5 240 R 1% 1A 5 )
1P, SURCFNAE TP, BRI A5 2 143, B4 A &2
IP, S G Hl Ryaodine &2 & R G5 Musca-
rinic acetylcholine AR EhF] MCh 1 CAF &8 A B
BEh

MZEFEA] I, MCh #1 CAF 76 JC 45 13 v 35 ] ffi
[Ca® ], BCHLAS B B T, HH 51 1 S 2 20
AP EARAE PR F1 A2 A0 I AT S U R AR v
M R A ] B Bsf 1) P (55 2 1) Ca®* At 47245 2 AS [
PR R, Tk Ah B G AT B 9 T B | Ca®* ZEIAS
A A ) BRI 3 — ek R AT i P R
FEE - Ca® " ZEANSZ AR B UR R FH R 58 B, P 5 J2 3%
Al BRI 3R WK 26 45 B F 1Y B £F . Golovina Al
Blaustein ffF57 & B, &2 AU 5 J5 410 i A Jo IR0 i) 5t 86 X
AT MCh (I 25 B H RS R SE R IR | i
F—H XA HES AT S CAF I | X 53],
s R —3%,

TERFFS ) Z 50 AL, MCh-F1 CAF-H0s A 415 122
SEARRI AN ST Y, — S 12 B 1) 55 Tl RE i A 25 R
— PP R HERS I B A IH R L A RRAE . UG
ARAN G2 AU 2= 55 K I 1P, Al ryanodine 32 A& f 43
T NI W N=i-P 8 = A =g (N DS VAl 5D N S IS
I, ZEZDE A M 35 2400 S 7 s R B ) 2% 1) %
R, — P0G JE () ) 55 FIRE v 2 1 O — s 2 1) B ik
1) 55 AR FEM . Golovina F1 Blaustein® %& 30 7E N Ji
IR ) e DI R A PR T S ) S | S RD oA e
BEHI . Seymour-Laurent %1% &3 TP, 145 A45 R 5
B R WS BRI 23 A A ST ) {0 SCE ARSI I 7RSS
2 T WA T J8 RIS I8 A LA R Bl 2 ] 1) 4% 486 v 1 2
B, BAR TEANLHIIANTE R (0 AT 4055 22 A 2R 51 0
HZHREIES 5T Ca®' BIsCiiad e,

ML NS A5 5 PR A BIL R o S % Y N Ui S
Ca” " ¥R W 25 Th i, S 1Y Ca’* -ATPase J& B %
(28 AL 22— 2 BEL DI P J5 19X 1 17 465 22, D T 4o
il A R0 i PN B B Ca® A BR IR, BH R 5 MCh
I CAF XPESEAGHEZS AR, Na/Ca SEHBLEI(XAE
JIHE N Ca® " R RTHEI, A S 5 ML A5 PERY 1T, S
PEH AT B | X P 38 453 2 DA ARIE 285
A B R I S A A e T 0 BT A o A
FEML N A B2 T R BUR RS T A S 5855 1
P AR RBETE A I - SR AR TE AR BRAR TR AT HR IR
JRUHE N A B -, RS E T RS ST Ak A i
7 carbonyl cyanide p - trifluomethoxphenylhydrazone
(FCCP) RIS LR I I 55 | /> ATP B85 B, I
AL AT IR P Ca®* IR, 400 1) SR AR 11 5 2% e
iEJT.

FATHIBIFGE 573 B TR J5T 40 PN P 855 AT 22 i
g3 ALFE 1P, BUSHIEE 1P, BUS R PR P BT A5, &
TR OC R AELE PRI AT B, BIVAF XS 2 37 5l 28 DDA OC ; T4k
KRS E N 2 58N Ca®* Zrh R G0, = R4S e
2 I 2 L 55 15 5 R 45 S - %o G Jo 4 L S



rhAe B S SR 24K 2002 4E 5 145 24 8455 ] Chin J Phys Med Rehabil, May 2002, Vol. 24, No.5 <275 -

JE BT FE ] R BAN Tt — 2P H i A BT AR AR
i

2 % x #t

Berridge MJ. Inositol triphosphate and calcium signaling. Nature, 1993,
361:315-325.

Galione. Cyclic ADP — ribose: a new way to control calcium. Science,
1993, 259 325-326.

Golovina VA, Blaustein MP. Unloading and refilling of two classes of
spatially resolved endoplasmic reticulum Ca(2 + ) stores in astrocytes.
Glia, 2000, 31:15-28.

Mooren FC, Kinne RK. Cellular calcium in health and disease. Biochem

Seymour-Laurent KJ, Barish ME. Inositol 1,4,5 — trisphosphate and ry-
anodine receptor distributions and patterns of acetylcholine — and caffe-
ine-induced calcium release in cultured mouse hippocampal neurons. J
Neurosci, 1995, 15:2592-2608.
Ichas F, Jouaville LS, Sidash SS, et al. Mitochondrial calcium spiking
a transduction mechanism based on calcium-induced permeability transi-
tion involved in cell calcium signaling. FEBS Lett,1994, 348 .211-215.
Pozzan NT, Rizzuto R. High tide of calcium in mitochondria( news com-
ment ) . Nat Cell Bio,2000,2 . E25-E27.
Simpson PB, Russell JT. Role of sarcoplasmic/endoplasmic-reticulum
Ca’* -ATPases in mediating Ca’>* waves and local Ca’* -release mi-
crodomains in cultured glia. Biochem J,1997,325.239-247.

( Wk H 497:2001- 11-22)

Biophys Acta, 1998, 1406.127-151.
5 Rizzuto R,Pinton P, Brini M, et al. Mitochondria as biosensors of mi-

crodomains. Cell Calcium, 1999, 26.193-199.

(ARl B2 %)

W e N TE
FHE I 3 H E 70 B AL A4 A A

EF X A B kA vh i AR AR EL AR O, AT (e N RN B VE R T B ) A e N R LA B v 1 A
FiE), LA GB3100 ~3102 - 93 F ¢ H M S HLE RIL BTN, S5 iR S0 E RS R e R E B b
R FTY 5 3 MR (N RZEEE th bkt 2001 4E Hi b , XS RHG 8 S i ey i i AR AN T 3805 .

- R BT BRAE TG B A S v R o SRS A, 359 I 08 P R A ) L PR A S, AW B ) B (B A
WM NG A SRR . BT8R B R T R 80 I B B AR RHA B ] (pH #5855 5 A INAE S 55 (RIS .
TR BE W AF S AE T ARl A RHA TR

L. RS B RS TREBOE R S G AINAES S (&) o SRIET AL BB (FI Pa Gy %) M F KT, < T+ —
BHAKRE“L” , HA¥ AN,

2. 1L A S N IE R T, B S5 RN S Z AR BB, RS54 5 5 SR A B0 5 B A — A B B 455, 10° DL L
PR S A5 (B MG\ T %) KE /NG | WS ARBEER A (B0« pm” ANREB fE“ w”) , W ABEE S M (H40. “nm” A
MEAEmpum™) .

3. FR AR, BTSN B TEUEZ G BUE S B 555 Z B B 14 IUFas, W— 5 A A B (°) 4 () Fgb
(") BB N5 Z BN B 25 B

4. —EASBEXT B AR S HEA TR, AN 4E S AL AR BEOE A SEA A A RS PR AFE TR T, (0 mm Hg( ZKK
) cem H,O(JEKAKHE) ZEHIA1 , P55 B A 75 50240 R 455 Z AR B 1 AN FR 2B, MR B R0 R W Ry AR R
B BAR O I - B A T D TR ) , AR F S 4 P e D0 R DA ) 31t B 5 K 2 A mm Hg.em H, 0 45 {HAE SC
A 1 O I R B S kPa( TR R ) M R 5%

5. NS R — NI RBIRIFE ST, 25 EATARHE mmol/, FATHE L, W FATRA mmol/ B E 17,5 LiEH—47,

6. e R FRRBUEM E A AN X 255 I e, n R HE NS5 RS L IE R, 140 m kg, t/min,
Y B AT AT AR 22 A S bR AR S (R A5 AT 8K mT LAV ) s 3 R ) e 3k =, BRIV R s I 48 6 44 Bk, FE G 5 N S Y B
PEFFS BN . H il =58 (mmol/L) ,

7. —BAEM T, Gi—H L) VE R AR 364 vk B B 19 4088 NS ml (ZF) dI(3F) omm? (325 ZK) SRS
B AE Y P5 KRR RS I i ) 8 S R S o B 22 AR, AT LA ml(Z ) (W () SEE5 5

8. AT T DL AR A Sy (U N BAE) BT R AL AR AR B . A d (R

9. 78 | AN SR REAR L T 1 4, #HlU . mg/ke/d N5 W mg/ (kg - d) ,8{ mg - kg - d”,

10. BRI AR e . R(CB) R “d” /N R <0 28k “min™ , LA 3 i AN A5 S ¥ B SONE | FERGIREE x K 2R
x /INEF B x AR R AT 56 < d” V88 xh™ (8 x min” s BER BRI RSP BOR PR AT B hT B min”

11 PR ET R IR 7N BB« ~F  FRom 102 R B~ A, J2 AR A AR L B 8 A s A g T 8 1 B o7, PR T 52
AEFIETHHC B AL  AREI ST UK TR, 2 i 1 8645 3 ¢ 31,1 e 30 ¢ 1T,

12. FoR B O INEAE R, N AR MR B (o) RSB TE 23Rk, 5140 .6 000 x g #2500 10 min; B 7845 H 290 WL 3 1) [ B
5B BN B 02F4E 8 em, 12 000 t/min B0 10 min,

13. NREH ppm ,pphm ,ppb 55455 FAE Ry S



	272.pdf
	273.pdf
	274.pdf
	275.pdf

