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GRrH X W WEE KA

(B EERFEBERMBESHEHIE, L 200433)

BE A TEIRRER0E R MR FAER, R R ZH 0K g i R
Ry B Ao B ARIE G R RATH A FIIR. KA 2~3 Aty SD X &, MAFRRBER, #
REEH B dn i G & G R R RAEA Percoll # /2 B SR B bt i & B G, B TIRA AR
8935 R AT RARIE R, ARG oK R AN £ RMENH S FER. EH BEIRRVNE -F48 £ 4
B A M T, LERA I, AR 12 h BP T R Am RO ML AR 6 o B R B B K i, tm At 243
B, RBMEEAK, 5~7 RAK miorks, NAMILLEE L 90% vA L; A A ol e s A fa k.
RA M T FriRAGRTR, FiE%E NMVARERRLTRARAR VI EF48X4RER %L/
MR e kAR, EH QBT ABAR A R e id) A S B AN, BRTigF kfemst
AT AR & 0 K R A R e RIS S, TR TRt g MR A R, AR EFHE,

IRV F M K S s B AR A
XA

P0G A L A P 2 490 L A2 ) RS2 AL J5 B (blood-brain
barrier, BBB)ME 5y, SAMNEIMLE N AN
[, ©HF EE4 A 5 B Hi(transendothelial electrical
resistance, TER). 40Hula)' 8% ERE. DMK
AN R R LA R DA R A IR B XL ) % 4 i
B R G CEMAT (IAFAE, AN T ASF i fisg 7 R 7 e —
FR 1K 22 B A o AV A s sh i B R B IE
PR BERED bl A A b 55 37 1) B I 5 PN R 40 R
BT Z M H AR E A fds a0, B B R i
BN R A0 AR S SRR A Tz I o o
WIRF 5T B XL 35 0 1 s B AR 3 K 4 F AR W
FU~ BTPTELE . M LA P9 R A0 A A R 2 B
ST e L TNE 2L NS 52 3 N W PIE /)
R, T H KR EAR S MY T
PLiATT A, RO R T K BRIk L %8 P B 40 i e 3 7
HAEFEERNE . HMPanula 25 RIS FE K
bR ok 1L 7 A R A B DAk, ] P A R K IR A I
EHNEAME S SMEFRITECAE RS MIE, &
MIRIMEAM TEZ AR K. BIRJE M T
JE AT B A B R P4, R, B
B &0 K e e M L gE S, (40 MBS R B, 1
1 SO Sk [ A1 K 2 307 1R A LAOK R B2 SR A A R
BV A B B RE 00 43 2 P I B AT IR AR RS
FrO10 T R A RS IR TG R e 1 TR 2 AT 4 A
R, Fanpe. FIalige . 2R R 540 M 2 HiAth

KW Bes AR, RS

MR, WHTAERER. SREEBHRM &Y,
BEAT A R K BRI L P B A S A R — L
[ P M T X

AL ZHICERI6]1- (7] [81RIT7ik, )
B ORI L B P B R D 23 B R R AR SR B
%, JFIRAS 20 LB e 4 R T4 AL P 2 4 M

1 #MRlER*
1.1 Lz

FRHRSEER A 10 H 2~3 JE#g SD K, Mk
A, fAE 40~60 g, W E L HT3E T SLI s R
TATLA A .
1.2 iRKF

% E B (fibronectin), IVAIKIE, HEWRK,
W JEHE(dextran, 4 F & 100~200 kDa), DNA I
(DNasel)J H Sigma 2 #]; D-Hanks i, PBS,
10xPBS # A B #l; 11 B A B B Worthington
AF: WK, 4iEAEHE(BSA), HEPES IWH
Amresco 22 H); Percoll ' H Pharmacia 2\ ; DMEM
(F¥) B Gibco BRL A#]; AF&EH, NaHCO, ¥
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H [E B 254 ] Lt R_ A A F s F. R
H Ll T T REARAR 4 iE(FBS) W
H PAA Laboratories; B a4l 4 40 f £ KR
(bFGF), WM / 5 B (collagenase/dispase) I H
Roche A .
1.3 RFIEH

1 mg/ml UK 0.2% LFRERH]), 1% B
(H] D-Hanks #c 6y, 1%11 B[R B F] DMEM fi
Hil, FHNRER0.1% K, 1% BIREE/ 5 HL
At (FH DMEM Riiil, RIS FRERL 0.1%), 15% 5K
¥ (H PBS fitihil), 20% BSA(H DMEM ficil, i pH
5% 7.4 J5H 0.45 um EMIE JERR ), DNasel(H¥%
PBS Ll p% 2 uw/pul), LA EiRFIZE 0.22 um JEMEE T
JERR B i 0 BEARAE T 20 'C; 50%Percoll(Fi2 12 ml,
7 6 ml Percoll Ji2¥&, 0.67 ml 10xPBS, 0.4 ml FBS,
4.93 ml PBS); DMEM 357 4000 mg/L D- #i%j
B, 4 mmol/L L- A2 Mth%, ¥ 3.7 g/L NaHCO;,
20 mmol/L HEPES, A% 100 mg/L, 100 u/ml #
&, 100 pg/ml %K), pHHWE 7.4, TIE
BRI R /A7 4 °C, FBF A 20% FBS, 1 ng/ml
bFGF.
1.4 1EFMALE

WA 3 AMANE I FE T B FERT— RN 1 ml 1%
W T 35 mm WG IR, BT 37 CEFERMIER,
HeFP AT D-Hanks W06 2 K #%MET4 h, InA
6~10 pg/cm? WER, 7% A28 M E &< E
5~10 min J&i, BT =& 1~2 hi#{ T /5, F D-Hanks
WEEE 2 I 50 ul 0.1% £FiEE A 50 ul 1 mg/ml
IV RUKJEORT 400 pl AUZEAKIR S T, IIABIREANEE 57
ML R A 5] Ja et , wldRAn 10 AN 3EFRIL, & T
37 CHR:FM 1~2 h 5T J5, H D-Hanks #5052 IR
1.5 B & ES BY 50 55 5 AR B A B 4R A JR 4K
&3

KR RIAE B AP SRR T 75% SBEHiE
3~5 min o Bk B T IREE SR Mg, FT Al J5 B
AT B AT YA D-Hankes Y& 1) 3 58 45 5% L A £ 31
BRI e CELRE D), B RS R K BRAE T
TEAR L 2215 4 1)y IR I3 2 o 6% % i oK i 7 5 T
BT 2 D-Hanks W SEHEE TR I, FH 40 At 6 2
B B 115 B A K I A R R B B, R PR R i B2
Jit, FJ D-Hanks 729 3 X5, A 1 ml DMEM
Frgew, FIATHE B BT 8 1 mm?® K/, IO
0.1% 11 BB 30 u/ml DNasel, 1 ml/ Kiw)7R
AlfG 37 C/KW AL 1.5 h, #L(1000 r/min,
8 min, i), X LIEW, MMA20%BSA &iFiR
AJJ5 #0:(1000 g, 20 min, 4 C)EIIA 15% %

PRI IRA) G B0 (4000 r/min, 20 min, 4 C),
B EEMAEHS R KIE, (R EHIE,
A2 ml 0.1% IR EE / 43 BB (7% 20 u/ml DNasel) &
RS G 37 C/KMY AL 1 h, 2001000 r/min, 8
min, i), 22 LiEW®, A2 ml DMEM k5%
WV A T4 &0 Y BOE LSRR 12 ml 50%
Percoll(25 000 g, 60 min, 4 C), 2.Lx(1000 g,
10 min, 4 C), FEEKIHMILHMMEZ L) EH
6 11 2 1 B R Slidb s & B, W S Ff DMEM i
PEPI IR (0 1000 r/min, 5 min, %), % L&
7, I\ DMEM 5 25 5 (# 20%FBS, 100 pg/
ml I ) BVF G B T IR AT AL U1 35 mm — I ME 3
BHEFRIL(1.S ml/ 59810, AEEM 1 ANEEFRIL/ K
i), BEF 37°C. 5%CO, BEFFHNFER IR, 12~24
h JG ¥, FFIMA 1 ng/ml bFGF, Fifi J& B K45 o
1.6 fFIEHEERREUNEMA

TR 4. 6 hy 12 h 5 M 2 58 RAEME
B ZE BB T WS M RE . A KA L LR
1.7 VIR FHEXRE RZER LN

REFRE 6 R K U i & A B2 4l iR A 0.01
mol/L PBS fAiFAIE¥ESS, 4% % 5 W EE[E € 30 min.
%8 DakoCytomation 2\ @] EnVisionyZ it B 15 347 VI
RFA PRI . PSRBT VI 40K
HiLJR % 5a fE fifk (DakoCytomation 2 &) 7= dh ) (1 -
200), *THE414 PBS; —#Hi X EnVision+System-
HRP Labelled Polymer Anti-Rabbit(DakoCytomation 2y
D) R Y. DAB B05H 90% HmdE A,
N2 BB T W% N R Al i B s DL .
1.8 ESTHREVEMA

REFR 5 6 RN 7 40 M FH 4 B ) )81 1 I 20
WX LERGEH 4% 2 RPBEIBEE 4 h, 1%
BB A4CHFEREE2 h, HEEPIKREITREBK,
EPON-812 031, £ 1 (¥ 41 fa S F LKB3 A7 U] A
BLUIR, D) 8T 345 78 H 57 H-800 BIE ST
BF Mg A

2 %R
2.1 HHRARSWER

P Tl 224 B T AL (T D P R 0 P ) 5 A
PR B AR P P L BB, T DAL P B 4 i %
HARE (B 1-1); 1595 12~24 h J5 0] W IR 40 10
MG EE i 3 BRI K Y, i R AR TE, XI5
PERREAK, SIS R B TR AR F 70 AN Wk
A, RRETHEMM . AR Al i B Bl
EREFEN R MR, WM, AW “E
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WIR” A, K&5~7T RAMIEEIEG, HRE
FI P 480 &7 90% LA L, {Hn] /> 8 R 40 g 5 A 41
J A= P 41 A 2 R T B 4T A TR B (a1 R CR7R) -
M E KR A 1, REM T EEA / IVER
JE VR AT B 7 L .
2.2 BRHARERMMMEEKRER

HH 5 Bz R R v A A % % T A i A BB U B s i)
B, 6 h Al WL/ R i B B BEE T N R 4l A K
H, 12~24 h AW —2epy A, 24 h 5
I B SE SR R BN A K H, HHE
THEERE2-1, E2-2); FiEEA/ VEREFER
A B IR RS 57 5 6 h BN AT LA i 4 B BE A — 4%
WK, 12~24 h HEAREEMEFFTKS
FI A () 2-3, B 2-4)
2.3 fReigdk

VIR 1A S 8 e 938 2EL ARG I ] DR 355 7% D ik
MENRARMERRZBEREFREOERA, BEE
TR EE (B 2-5); XRG4 B
2.4 EHTHENE

AT LA R A A SE R A B S, SR RIAR. R
PSS A, AE AR 20 g [a) o D0 ek 7 L B s ik
B “CEEIEE(E2-6).

3 it

AR W IREEHE AL . B0 55020 2579 2 id
MR, HWREMARMEEFRLAML, RII#HTT
i P R R A PR L A P R A R SR AR RS 7R, I A
Mo fE vk 900% LL L, T HAMWAERKE, 10 X
AR 8~10 D 35 mm — RV RHE SR, B
FEMFR KLY 80~100 cm?, 5 [EH A Ky — L85 i3:0-514
th, MM REH 2N,

B34 B 5 TR B 2 10 240 i H oK st/
DL LA B Tl 1 AR RRS, AR
FH 2~3 JEE W FLEIR SD K BAE MR FEM Rl Itk
178 P B 40 Ff LA B 35 1 R B A 1 5T 4 B SR B Al
e BV b R L B . o FR AT 2
734 NN K= N TSV E: SN )8 S
DA A RSP LA R A K, ST TR A
s B EEE . BT RIREXT A 5 40
IR, AR 0.1% 11 85 5 B i 40 B F%
S R B2 oy B ZR, RIS 3Rk 1 24 L,
il VR AL 1 T B A A SR AT SE R A B AR A AT
AR TR EMMANE 1. SRR G A 20%
BSA 8} 15% 7] 58 b 85000 73 & B Ui s BY S 21
LR KIE, FRRKEMMMIILEBR, XML
Iz N A T R B A B, BRATTR IR 20%

BSA 3 15% HISRHETI 5, Fo70 B3RAF B A f i i B
BT L, i H i BORAS TE i 5E 5  EE A
Koo F T JE 20 B A Al ol A P9 7 40 B S AR B R b B
WK, E e BN E R g A K
1, kR SFE T NS BRI EE, R’
A1 FH 5 VB R Ak T V7Y, g ) S Ok B Y Ak e
B, FH0.1% RRIRREE / THALBE 2> B0 P9 B2 4t e 4
JAMME, BJa R 2R E 1% LR 1 Percoll 43
B9 LA 2 Bk JE) 400 B R 4T 40 P A5 381 5 4 6 o i a0 B
TEREH AT FE P in A\ JE & 1Y) DNA B ] 43 B 1h it 2
HORE ) DNA B [ B & B gt 4 s, AR T4
I B33 . Xt T Percoll &0y, FHATZ:R
T 3MKEGB3% 45% J 50%) )5 KR, WEBK,
i 4 10 2 B 8 5 AT 0 S M) 40 40 M R ) 4
T, B RELT, KR A 50%Percoll BUR
BAf, HHBIFRAK SRRSO LR &
BLORER . B A S i S At T TR MUME B
5. R FRVE. FACS 43287k13), Thyl.1 fuj&
R ZRARIET 4, SR A I 3R SR YR I BG 2F i .
BREEBELE, (ERBATR IS BR LR BB
FRVEFFATE A R RIS o B A i eidk, R
JRAR P B 4N A& AR TS RS A EE B 55 45 2% 40 R B #o61)
), TG LR T E R S A TR MR KRR
G4 35 A& PDGF, NMEdZdirE«, H
REBES, WIEERFLEHTRAEEFE.

o T8 I 3 PR R 4 L ) R AR5 5 7R VR AT B AR
BB £ 3% B 1 55 5 0 LUR T Pl 1l 65 B A e A
W AR AR . FRATT 2R [F) 28 5 5 R T 5 i
T B MG EERN 9 B2 A B AR AR AR, 41k
EE/NV BKREAT RER, 2R b8 R,
mHEMEERNERITE L ERE TR, FHER
BUEB|— B EAF A T R B EE . AR
TIRMAEABRAGEK TR L, MEHEKT
WRLEFRIL b, X5 CERIRIE A R, R
A B A T SN PN B 40 B AR K DR T DA 3R P 2
MR 3G ) 2 g L AR K, AR A bFGF vl 5
BARBEN A ALK, FRSIN 100 pg/ml T &
315 bFGF BI/ER FE nl s P VLA B A KO, A
A T RAE N B MR E 5F, 2 BRI AL B I
WARTEF, AR 20%FBS [ L5 5 3E R K 4
o
AV TR N B 4 R AR T, X
PR ALK, BEAE IR A E K S N R 40 L ) 5
B, AT CCHEWRCRT A, A95~7 R, HIX
Wz A EEEE, HESMERKEESSKEBHC
BRI AR ARAS~1  FRE P9 R A0 B 1) R AR TR T
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VI 26 H e 38 1A BH M X N 7 2 B ) 2% 2% IR AMGILR 20T W B AT R MA R H K E KT
TR A5 R TT S s BRATT AT B 7 1R A0 A Ay P I A B E B AT E ST AR,
JZ 4 3581,
PRATT 0 R Bl M 5 A P B A AR b B SR R Y ) S ik (References)
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Isolation and Primary Culture of Rat Cerebral
Microvascular Endothelial Cells

Xiong-Fei Xu, Run-Ping Li*, Quan Li, Wen-Wu Liu, Qing-Lin Lian, Yun Liu, Xue-Jun Sun, Chun-Lei Jiang
( Department of Nautical Medicine, Faculty of Naval Medicine, Second Military Medical University, Shanghai 200433, China )

Abstract To establish rat cerebral microvascular endothelial cells (RCMEC) culture model, we developed
a method for isolation and primary culture of RCMEC and observed the morphology of endothelial cells. After
relatively pure cerebral microvessel fragments were obtained from 2-3 weeks old SD rats by careful dissection, two
steps of enzyme digestions and gradient centrifugation with BSA or dextran and Percoll, they were seeded on dishes
coated with the substrata. RCMEC were identified according to the morphology of the cultured cells, immunocy-
tochemistry of factor VIII-associated antigen and transmission electron microscopy. We found that the cultured
cells began to migrate from microvessel fragments after 12 hours, showed the spindle-shaped morphology and
reached the monolayer confluence after 5-7 days. Attachment and growth of the cultured cells depended on the
substrata provided and fibronectin/type IV collagen was superior to collagen from rat tail and gelatin. The cultured
cells had factor VIII-associated antigen and showed tight junction-like cell-cell appositions at the electron micro-
scopic level. The results indicated that relatively pure primary culture of RCMEC was successfully established using
this method and the model system could be applicable to the studies of physiology, biochemistry and pharmacology
of the brain endothelium and could also be used to develop an in vitro model of the rat blood-brain barrier
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