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[# =)8 & . FF55 %R 5 H F o (Tumor necrosis fetor—alpha, TNF- o ) X /K i 8 & 4 4( Aquaporin4 , AQP4 ) 11 Jfil % B¢
(Blood-brain barrier, BBB )@ B MW , FT TNF- o HR /KM AIPLE . # .90 HA4E SD AR, Hd 45 AT &KE
FURZH 2 AQP4 mRNA Ik AWE K SLBEHL 2 R X B4 (A 4, n=>5) IR A (NS 4,7 =20) . TNF-o H(TNF-a
#H ,n=20),NS 4 HI TNF- o H3ESHEFERNNTETE4 4 1h 40 .6h 41 .24h 4 . 72h 4, B4HE& R 5 2 ;K4 45 LA F BBB#
B, M F R . RETBEETERS/KE, A RT-PCR Z WAL AQP4 mRNA Rikf7ZE4L, R A CE
2505 H BBB BB, 4% KRBANES TNF- o FRE/KEAKAS AQP4 mRNA RIATE 1h B W 2BH(P>0.05),
BT 6h BFEIE, 2 )5 BWIEIL, 72h &K BRESIE % /KF, {6 AQP4 mRNA RIMMABTFIEH (P<0.05); MAL EB T & 1h
FFEFE , 6h MEAB R B, 2 J5 F WAL, 72h 738 T IE % (P<0.05) ;BBB &1 5 AQP4 mRNA RiX 2B FEFFHAL(R=
0.839,P<0.01), Sk hAsfbia s —8, #  TNF-o it biE APQ4 FKik, 3N BBB EEt , S 5K B A ERE.
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The mechanism of brain edema induced by tumor necrosis factor—alpha
ZHANG Xin-yu,et d
(Department of Neurosurgery,the First Affiliatied Hospital,Chongging Medical University)

[ Abstract] Objective:To investigate aquaporind(AQP4) expression and blood—brain barrier(BBB) permeability after intracerebral
injection of tumor necrosis fctor-alpha(TNF-a ) so as to explore the mechanism of brain edema induced by TNF-a in the
rats. Methods:Forty—five adult SD rats,which were used to detected brain water contents and AQP4 expression were divided
randomly into groups:control group(Group A with 5 rats),normal sodium group(NS Group with 20 rats),tumor necrosis fctor-alpha
group(TNF-a Group with 20 rats). The NS groups and the TNF-a groups were studied after the microinjection at an interval
oflh,6h,24h and 72h,respectively (n=5 for each group). Other Forty—five adult SD rats were used detected BBB permeability.
The grouping approach was the same as the former.The brain edema models were established by microinjection of TNF—a into
the cortex. We detected brain water contents by dry—wet weight method, AQP4 mRNA expression by RT-PCR and BBB
permeability by EB method. Results:Brain water contents reached peak at 6 hours and gradually recovered normal level at 72h
after intracerebral injection of TNF—a . AQP4 mRNA expression wasn’t obvious at 1h(P>0.05),peaked at 6h and it was
higher than normal at 72h(P<<0.05). The level of EB contents rose at 1h,peaked at 6h,then descended gradually. There was
a significantly positive correlation between AQP4 mRNA expression and BBB permeability (R=0.839, P<0.01). Conclusions:
TNF-o may have a function in the development and deterioration of the brain edema via up-regulating AQP4 expression and
increasing BBB permeability.
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1 HRFNA*®

1.1 ZE¥sh A 45

BRI SD KB 90 R, BEMEA 43, R E 230 ~ 3508, H
HREMNKENWERR O, DR R RIR SRR 2
#K AR 20 ~ 25C, LW — .45 H SD KBTI M & K
B AL AQPAMRNA By RIAIE , ¥ HBEYL S 25 (5t
BAAH,n=5). L KH(NS H,2=20).TNF-a 4
(TNF-a #,7=20), NS #1F1 TNF- o H#HFSELTEHMA
[B}EE4 4 1h 41 .6h 4 \24h 41 72h 41, HAEZH S R, TH
—:45 R SD KBTI BBB @& M, 447 L [T,
12 AL EBNE

A : HY TNF a (sigma 22§, £ H ) .RNAiso Reagent
(TaKaRa 247], HA<) (cDNA 58 1 84 SRR & (UM H R
BAFRAF]) PCR MasterMix(AL R ARHAFIHE A RAR]) .
BB E (sigma 2AF] , £ EH )%, {38 : B F K F (Sartorrius
GMBH R200D, & ) . i $i8 R T 1486 (PHO30, E5™=) 5%k
4r 5k # 1H(% H RF-540, H A ) .PCR ¢ (Eppendorf AG
22331 Hamburg, #&E ) & # & LPL(TDZ5-WS, B ) B
B 53 HT ZR 4E (Bio-Rad, £ H ) ST ARE AL FRME S EE
$HERE.
1.3 AR H4E

KRE 4% K6 EBE RS RBE , B2 Far ke s
b, FREEEFTO, FRIXER 1.5mm, FLE0HFEF
2.0mm 28— EHAZHR Imm F/NL, 4 EE R 0.4mm, L5
20 AT S TR BLAF I TNF-a 2] (3 5pg B9 TNF-o I
A lml TEAEBE AT, HETFHEREA 10ng), A
TNF-a FRIBRESH Ca FUHEZER T MRATA 20l
TR = OHUR S, B5 RS 84 10min, BES
Bk,
14 MEHK
141 BWEKBMIE BE KAWL BREER &
MANRARASTHREGRBE), RAEEA 100CHEEBEEH
o, 24h JEBUHBERRE(TE), UGBE - TH)/BE x 100%
HEWE KR, DR K ERE,
142 MRZHZ1 AQP4 mRNA HIFRIE  BUG A s 2 5k 2 il
BUSTT AL 4T RT-PCR 4317 {8/ RNAiso Reagent i
SR B 4 2 88 RNA SR B8 % R0 &0 8 RNA i
mRNA 5% 3 % cDNA; ] PCR MasterMix &7 #4753 ,

AQP4 B|#): b 5°~GCTGTGATTCCAAACGGACT-3", T i
5’ -CTTTAGGCGACGTTTGAGCT-3" , ¥ # F Bt & 260bp;
B -actin 5147 i 5°~GACCCAGATCATGTTTGAGACC-3",
T 5°~GCCAGGATAGAGCCACCAAT-3", I BT K 684bp,
BX PCR ¥ #7= 43 FT e IK , B IK G55 LA Quantity One E{§453
W R G THRIKEWEHEE ST, IHE AQP4 =15 B -
actin PRI L% BB LB, 428 AQP4 mRNA Rk
K¥,
143 IMEFEEEY: 25 Baskaya®#k, SN
FEEE T, W R B 4 41 e A SRS (Evan’S blue EB) & &,
Z 4 S ALFERT 2h, 3% 2mUkg H RFRRKIEA 2%/ EB 35
W BUG IR ER A R, TR FRF LRBHES, X
MAGIFEBSR, AN 2ml K 50% =R ZBE(TCA), %
SR E BHEA S 15 000r/min B L 20min, B lml b
5 3ml TAKZEBER A, BN A ETHE Ex620nm,
Em680nm Ky &1+ T I OD {8, RFARAES N S0%TCA, #%
13 MATKZBE, 15 AL 4 o & B 3 A TR BE (100 ~
500mg/L) iy EB, i OD {&, 4% EB 536 MR HER
Lo MBS VLME RS RO R RRAR + EB 5,3t
% BBB #f EB FEER, UESREBERHAF NS EB MR
(pg)ER.
1.5 %itFam

RiFH SPSS11.0 AR g #7413 40 B0, & A B
FRABRRRHELT, BEERFEHIS . ZREEEY
Phx x5 ], P<005S HEBEHER.

2.1 B4 KE

5 A MK TNF-o A& KE 6h X2 H
W, 24h A BT T B, 72h R E B E % 7KF NS 4 8%
BKEE TNF-o AZMEFEA—Z, {H6h
24hTNF-o AME/KEL NS HBEW L, Z5F
Giit# B L (P<0.05),1h F1 72h AL EKER
AML, ZHEGEIT¥E X P>0.05)(HFE 1),
22 4% AQP4 mRNA &k

A ZF1 NS 450 ] R4 AQP4 mRNA &
B EFHHME(P>0.05); TNF-o 4 1h AR

F1 BXRAMEALANEKER(x+s)

A5 n 1h 6h 24h 72h
A 5 80.28 + 0.62

NS4 20 80.58 + 0.51 85.51 £ 0.48* 83.10 £ 0.26* 80.03 + 0.38
TNF-a 4 20 80.43 +0.25 88.84 £ 0.29*2 85.29 + 0.34*2 80.82 + 0.24

5 A HELE*P<0.05;5 NS #H HL8i 2P <0.05
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KEMNES TNF-« GRiE/KE . EBEES
AQP4 mRNA FikHAE{b A R A —B, A o7
¥R & KB S5 AQP4 mRNA Fik 2 IFHX
(R=0.820,P<0.01);EB & &5 AQP4 mRNA Fik
#8 BFIFAX(r=0.839,P<0.01),

3 it it

PO 7K s 4k & RS0 . AR o R s ekl 4
ETERTE EA S REE EEE,E B ars xhixk
i BIG YT AURR T = B K RS R F R BUE S, B
Z A SHIRK B FHLH BB B HES. B ATRFSIA
o, WK B & A R R R 2R R R AL RIVE R4
RAHFLZHSTIHS ST WK AIE R, K%
RE K RAE A FRAE IR K b P R Z 2012 E
W, G SN PR 2 R G R AR RX, B
PR M2 R G RAMEEE, R R 2 A REE
A PR, HL 52 i g 57 BE A PR A o R X FP RSS2 BN
TR, KEMREREW, MG JZE P 550R
i, BRIR R A, i 0 48 LA B i i afn 349 7T 51
F R T R M B A W, 3 R SR 4k R
R ES, TNF-o JB TRTREHMBE T, FEP X
253 B /N R4 B TR R A A B A
WLAT ZMAEYFEE, BRTAK TNF-o 7EBE
JAE IR SN R AEA% VR o Zhang LR J5 25081
7 S2 0 R IE S A A 7E oG H IS Ak 2% B4 ARG K fiek e
EEME, I i JE B TNF- o B B 3475, 48h
KB E U4, Vitarbo ZF0E S 3L B PR B i s J5
1h H51X B H A TNF- o B 5, — Hi5E 3
3h, B G R T M. EAEEHE LT INF-a 5
HMEPERK i 2 B E IF A . AR SCse TR RN A
HEEES TNF- « &, B80T BB K B, 6h 353
0, 720 YK 2 B IE H 7K, T —2BIESE TNF-
o ERKMHEEZRPEEEEN, TNF-a 5
RUIiK M oh BR ik B 504, 78 B A Al BER 7k
MEENHELEFRRZ— BR BRI E5] &Rk
HLHI B R0

AQPs B4k & B —4H 5 7K@ B A L4
MEH¥IEE R, BN 245 T Y &
YR AR L, 25 MK B I Az AN R 40 B P9 A
REPEREERED, ERALAPLL AQP4 H &
o AQP4 TEIE % idH b  F 43 1 T4 5 B4

& eER 2R R AR R R E RN EE
FELER L, SR K FE SR | I G 22 25 sh ) OB A 00,
Manley 2025 2 K Hr B k7K b SRR B IR
B, AQP4 FEZK FASERLfy i 20 4 R 23K B S 38 5 5 Y.
HAERFBBEARA G BR, BE AQP4 Tk KR L
B A B RRE B A2, K A B2 KB IE A
R 22 TV Jie R 400 /K b 1. B B 9852 o Nicchia SFI7E %
vh B Bk P 22 B B ol 1 K A A b A B, AR
AQP4 R A MK B 28 B2k iR BLEA T L BF 4= B R
U, H 24h WINE KA 3R IK B 8 L B A Y
1% 35%. ZRMIRZK P SCIRAR I, R AQP4 TEMKZK
M A B R KR EEAEA .

KT MWK E) ZA TS TNF-a 5 AQP4 &
BEHBYER, BASMRIATEIRIE . 3L 858t
KB RS TNF- o FiEERAM, F 1h.
6h.24h.72h R RT-PCR &l AQP4 mRNA #ik,
ZRER: 1h lZHE AQP4 mRNA FikoK LA g 14
Hn(p=0.05),6h ;XBIFEiE, 72h 135 T 1E# (P<0.05),
H i, TNF- o 5K Bl K Bk B 5 AQP4 b i %
YIME B TNF-a #5K& AQP4 L iHRIHLE M A
B, w2 HEAMR.

BBB 3= B b 40 (L5 P B 400 B RS A it
BRENEER RN R RER, 2P L RS
AR 09 53 T, B4 0 9% v S 8 4 SR s A o X A
ZRE , NMERF PR RENFERE. B
RS A AE I F T, BBB Z 45, ThRERS
T, 1l 2% K53 40 B AL AE s PR ) A il 4L 7
R T4fasraiBe, Fapsh B E R, K H
MAERES KIS L B E R KM, FBRE
8] TNF- a 25 BBB BIBEO FURK A RTE B4, A
B R BLTE K BRI A B VE ST TNF- o J5 i 41 47
EB&E Ih AR, .6h 2B EE, ZERHRE
%, 1872h 7375 F1IE# (P<0.05) , F—EH TNF-
o FHERBWKM S BBB B INA BVIEKER,
SCHRRAE , TNF- o 7] LA $24E H TRt 45 X S H
J BI04 i PN R AR B, R AT =2 T i R A,
I AT 330 2 40 B SR A A Th REZEL , 20 BBB
HE B M BUL B R K M. 1A, KEBHK
TNF- o ] B 42 85 8] 345 F T i 25 40 Ja 0 g J5 4
M, %S — LA R Fn . 1L-1.1L-6 IL-8 .GM-CSF
FUARRYEA B B, 5 AR 5 2 R R
JB S50 440 L £ i A RN AR, 0 i R e % A A e R 3
ERATA R T (W4 B B 2, NO %), s 1 figg
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R B R AT AR 50, BRI EF AR TNF- o 7]
IR BBB 75 & BRizK i,

AQP4 =477 7 B B 41 1 & JE BB TP B Jo 4l
M %L, 5 BBB X AW NH Y], Nicchia 6453
R MBI 35 2257 BBB kB M Sh A B R AR 0%
1008 P9 B 2 2 T M S 4 3 R B S 9 T B AR A
ST il B 5F AR R, UERH AQP4 7€ BBB HEH I
TR A EEAEH . Tomas—Camardiel 205 11
R BN S LPS W77 857 BBB FF A SC R
BiAY,IESE BBB H BT LA B 5T AQP4 Kk i,
AFFX AL EB & E5 AQP4 mRNA Kikif
TTHEEST . ERER " EERFEME A
BBB i 46 (] B R 35 AQP4 b VA R a] B, AT
WAL AQP 4mRNA 35 7 9 5 B8 7T gk
5 BBB A %,

R BT, A< S0 50 o 76 K R N TR v 5
TNF-o J5, RHREASERT Bk Bb , 31075 AQP4
W@ b8 .BBB &M B &N, H _FMEFIE
I B, AT TNF- o 55 IRK P pLE T
AR TNF-a it Z Mg %03 BBB, %S
AQP4 ik B, #H—FMERKM, EEUEHE
W EROK R E LR B REEEM,
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