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W E. Hi BFISOKEREE 4 RNA TR (aquaporind RNA interference, AQP4 RNAG ) X KE 47 J5 M7k i ) 5
Jitk Wistar BAFA R 150 H,F2HENUECT Fe35 5r AIEO 4L B XE U3 i RNAL 21 X35 RNAL 41, 4l RNAL 4 T
AR (n=30) , HEFERHEME] AQP4 FIK MBI K IR FTRIEA AQP4 RNAI pGenSil-2, S35l 7EMifT 7 d A5 1 h R4
G 2 265 25 10 75 B A ) AQP4 (YRR, AT MBS T B2 1 em BF %15 ] 80 mg TNT i FR A AE 5 om T FLIE B 45
KE, o0 T35 412 h,1.2.5.7 d X0 IXANZHZ 00 | f B B 25 AQP4 mRNA FIE [ 35 7K1 LS il 3 7K B AT L
B R BEOIRT RNALZL RO RNAT 2L BURTE IR B4R i R 220K i 64 96 BRI JBE 34 I T M 1 201 s 7
Vi) 4 h G HiTT RNAL ZH 1055 RNAL ZHAH LE , B0 DK 15 7K 22 53 R B3 (P >0..05) 512 h 227 d, [a]— e i i A
KEDIRT 5 24T AQP4 RNAT 41K el il 5 7K B 3 W1 WA T RAT B MR B0 i ok #E 47 AQP4 RNAT 41K B (P <0.01) o il
RNAi 4154475 DI & K AR5 12 h kim0, 455 RNAG L5005 DX S K BTG5 1 d ks 0 g L ik B T f5 2 d
IR PHT A IS RNAG ZE 5 e 5 7K i B S AR T A0 4 e o il 35 7K B (P <0..01) o 5 il RNAG 2 i s i 75 /K B
THiJa RNAL A iRm i & kB (P <0.01) o 8518 SRHA] AQP4 RNAi ()71 n] B S sl F X A0 5 i K i - AQPA ] BE X 43¢
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Effect of aquaporind RNAi on brain edema following brain explosive injury

CHU Yan-fei'”, LI Bing-cang', CHEN Jing', WANG Jian-min' , GAO Chun-fang®, ZHENG Lu’ ('State Key Laboratory of
Trauma, Burns and Combined Injury, Department 6, Institute of Surgery Research, Third Military Medical University, Chongqing 400042,
*Department of Neurosurgery, No. 150 Hospital of PLA, Luoyang 471031, Henan, China)

Abstract; Objective To investigate the effect of aquaporind ( AQP4) RNAi on brain edema resulting
from brain explosive injury. Methods Totally 150 Wistar adult rats were randomly divided into explosive inju-
ry group, AQP4 RNAI group before explosive injury, AQP4 RNAI after explosive injury, AQP4 RNAi group and
sham operation group (n =30 in each group). We reconstructed a short hairpin plasmid vector pGenSil that can
specifically suppress AQP4 expression, then injected this plasmid into right lateral ventricle 7 days before explo-
sive injury and 1 h after explosive injury. Detonators (80 mg) were exploded at 5-cm distance after skull about
1 em in diameter was removed on right temporal bone and parietal bone. Expression of AQP4, water content
and pathological changes of injured brain were observed on 4 h, 12 h, 1 d, 2 d, 5 d, and 7 d after injury.
Results Area and degree of brain edema in AQP4 RNAi group before explosive injury and AQP4 RNAi after
explosive injury were less than those in explosive group. Water content of injuried brain showed no difference
among AQP4 RNAI group before explosive injury, AQP4 RNAI after explosive injury and explosive injury group
(P>0.05). Water content of AQP4 RNAi group was less than that of explosive group at the same time point
during 12 h =7 d after injury (P <0.01). Water content of injuried brain in AQP4 RNAi group before explo-
sive injury reached its peak on 12 h after injury, that in AQP4 RNAi group after explosive injury on day 1 after

injury, and that in explosive injury group on day 2 after injury. The peak value of water content of injuried
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brain in AQP4 RNAi group was lower than that in explosive injury group, that in AQP4 RNAi group before ex-
plosive injury lower than that in AQP4 RNAI after explosive injury. Conclusion AQP4 RNAi reduces brain e-

dema following brain explosive injury. AQP4 may have no influence on brain edema formation at early stage af-

ter brain explosive injury, but it possibly takes part in aggravation of brain edema at later stage.

Key words: aquaporin4; RNA interference; explosive injury; brain edema

AT ST A K B R AT 5 X AQP4 B
L mRNA BRI TH i, 5 ELRIIR /K i iy 7 e 3
ARG, B AQP4 2 5 1 h M 4 i /K Jib BT 1
R IS R ATIE FH AQP4 RNAQ pGenSil-2
Bk A B Ge AN IR 0 BB I B4, i AQP4 )3
WD T 80% 2 FE TS B rh R FA AT i 2 4 2 vk 42
42 fil AQP4 (Y FRIKI D T 62% o X AQP4 AT
T T BRI AR N )5 I K i i) e A |k i A H
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1 #R5FZE

At

80 mg TNT 44 B EH45 (FE R KITH T ) , Lipofectamine™
2000 ( Invitrogen, USA) , %udi AQP4 £ 7% [ 414« ( CHEMICON
USA) ,SABC-Cy3 ffig 21 fh i) & (DU A8 A ) TREA [R
2] AQPA JEA 2252 3R G (U 1) o
1.2 SR EW o

SPF % Wistar KK 150 H, MEAEARBR , 4 B £ 220 ~250 ¢,
P 5 = R e K KPR B BT R ANRHIF 5T BTS2 38 sl v oL 44
FHREHLECE L BEML A R KE i 4 B KE (i RNAT 41 0I5
RNAi #1340 RNAi 20 [ FARH (n=30), LI L&A XA
MBFREAFAI20 1257 dH(n=5),
1.3 BER )4

RIEGA R BT A& R BN 1 om WEE, T
TR AN AE , AR Ak IS F 1 h PUCE A HERKESE T ,80 mg TNT 24
BHEE TS om WIEEIEEBE BIER 1 hI7E% 5K,
PRIEGIRT RNAL R T30 7 d FAMB TR EA R 1 em
B, B I 1) o 0 G 22 451 FR 1 A AQP4 RNAipGenSil-2
KL A 10 g A 2 28 S TR AESS 1 mm SR AE fR
1.5 mm , GHFEHREE 1.5 mm, 88505 0 o SR IEHTFRRBRIE S 4T
F 1,80 mg TNT M EHEE T 5 em IR IE B ELE, R AE
Ja 1 h Al tlae AR . BYEDT S RNAL 41K BUBREE S T 45 14
TESFF EARN 1 om W-E %, FTF MR, 80 mg TNT 445 i F
BHF 5 em WIEEE B EE, X0 O 3T Q1S R e RS
[l A7 AR 25 7 A AQP4 RNAipGenSil-2 ikl A 10 pg, SR 44
BiE . RFAREK BRAREE TAMETERIT RN 1 em 1
BT, FTFERE A AT, A5 JC 1k i, i A A R S R Y A B
K ATTERIESGT . 2040 RNAI 20 [ 45 AR 25 142 A AQP4 RNAi
pGenSil-2 FUkL A 10 pg.

1.1

1.4 AQP4 AR BRI MER Y IZ

LS Wk 2]

1.5 A KENZE

FHija 4.2 h,1.2.5.7 d B0 0.5 em i NG 2H
212 Yo, ST RV FRPFRIB R, 285 T 80 CIE4E M tks
24 ~48 h BIEFTR, KM = QRBTR - T o) /B E
x 100%

1.6 hipit A B

BRI il 5 K AR A IS S, K RAM ML, & 580
Ao U IR S 8 G O H PR HE 1 AR B R K 200 ml, fE I B
WS =G HET: 4% 2 R P E/0. 1 mol/L PBS(pH 7. 3) [ &
W% 200 ml, 25 5R 5 I A , AR PEAS [R) 5 243l A T Ab 3
1.7 HE A& AH4E R LK

SRR DB 5 0 BT U5 4% 0.5 em LY, BT 4%
ZRPWNEE 4 h 5,500 8EE YR HE 4444, Olympus
WA W
1.8 E4 w AR S0 H) & R AR LE M)

A3 TR G BT U545 0.5 em fZHZY, PRI SE T 3%
PR E W 6 h, 1% 4KIR 4 °C 815 2 h, 0k I 79 TR i
KBS 4 CHeft 4 h, ARG 618 Wi, 7MY R,
IR AL YL s, JEM-2000EX % 5 F 55 5% .

1.9 K&k K AR AR & BRI

RSG50 R B A oo BT S 45 0.5 em i
P BT 4% ZREREFEE 1 h, T 30% E8E/0. 1 mol/L PBS %
TR EEHALIGUL . REITERKERY R, R 20 pum,
1.10  AQP4 & & %, 9% 3 R4 LA F ALK

VKD B 2 R0 B % 0 1 200 G Bl AQP4 £ 5 e it
A, ) BRZE bR AR i A S5 S B R A BRIV, 37 °C RO 2 hy, N
1: 100/PBS LM Z k14,37 °CJZ )% 30 min, 1: 100/PBS SABC-
Cy3,37 “C R 30 min, Olympus DP71 5t i fWURCR™ B AH 2 452
TR B A AR BE R 10 AN AS [E] B 0T 14T REAH s MIG2000
FEMGAT TR A 08 4 i 2R, T AR ) AQPA g BB 3 o
1.11  AQP4 mRNA s 2 R M

FEXF A B AQP4 $EJEPR mRNA Hb &5 E 470 1 2 AH AL TR R
B4 91 8 D5'-CATGGTGGCTTTCAAAGGCGTCTGGACTCA-3' 5
@ 5'-CATGGAAACCTCACTGCTGGCCATGDDCTC-3" 5 3)5'- TG-
CATTTATCATGGGAAACTGGGAAAACAA-3', AQP4 JEi fif 2% %8
&% E AQPA mRNA )ik, DAB &, & B F s,
Il it MIG2000 MG BT (158 4 0 543 i AL AQP4 mRNA
SRR MR
1.12 %tz o

BABLL x +5 2R, FH SPSS 10.0 Geb oM 4 367 41 A1
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2.1 mAEKEEA
PB4 S8 TP AR A B, IR K B B (P <
0.01) ; Bzl RNAi 4145 B 8] 45 0 & 7K i b 22 R R 38 (P >
0.05) ;7EERKEMT 4 h, SR FEG AL AHT RNAL 41 F1473 )5 RNAL 4
A B3 X K TE I W22 5% (P >0.05) ;12 h &7 d, [7]—
i ) AR KA T RINAG 4 R A5 5 RINAG 21 R BUG 2 7K it 3
B AR TR FEO AT R BL(P <0.01) o JRKEMT AT RNAL 21451475 1X.
i 5 K AR5 4 h RN, 12 h Bk g, 5 2 d FFER R
K, 30655 7 d B BIIEH ACE R KEGI R RNAL 4135 453 X i
FKEIRTE 4 h BRI BT 5 1 d ikmE,2 d R F
K, 0055 7 d R BNIEH KT B IEG T /5 RNAL 21 B
e I 2 0 A ARG TR 0 4 e v M S 7K B (P <0..01) . 43T
RNAQ 20 e i & K B AR T 15 J5 RNAL 4 5% 8 T & K i (P <
0.01), ZHRMEI,
2.2 REFTI
2.2.1 e REGAALE R R R, g2
39 P A 2 LA I 31 Mg 3 A i o ik , 203 43 30 0 7 i
it i hy 2 BRI TR A ek B SUT HH BRTR E A  K l 5 J ii ak
i S PR A, I B2 1 B A A B LA e, M 4
JiL A 28 T e B, 0 6 S R A0 A e € AR IR 400 A ) B 65 455
Ji 48 h, 45145 Hh e T U I A e I 4 3 2 2 e R H I
A HiJE S ~T d, WK R 2 B F BRI S5 400 it 44 A= B i
B, M ocE B G BAKE

HEVEGITT RNAT 21 VR0 5 RNAG 4 K R0 I i I 400 il
TR 22 5K e 1) 90 PR 0 AR B BT K 5 A A1 - AR 4 e e 4
it i 2 0 A DL B S A A B
2.2.2 WL KRGS AILE R B R AE R G
AT LA B R, 2T AN AN , T A0 0L P 40 A Al Bk L A
TR/NIELIG 22, 240 TR) B 344 B, S8 Ao 420 240 i AR 5 I 40 L 4 6 I
SRHL, ANARLJTE A 755 2R A et P 4™ 5, KL TET PR S R R
LR A K 2 AL, VA A 22 ) A0 |20 M RV A L BT 2k

BERSAHLAN BUZ SRR B RE AR | B N 2R 7 A, T 28
ik s Ak 48O TR AR 5 Th O TS 45 0.5 em BEES 1Y
il 20 2R 5 D, B S 1) =6 240 10 A A 22 R 20 0 A R R i A Y
D) 55 2 RIN/K b 22 3000 A 35, it 26 4 6 R0 JE I 240 L, A% I
YRR AT R LIS 2, F B R Y 0 5T, A0 A P ARk
Jif B S, MBS Bk, AR K/ N IR 22, B0 A P B 400 i 3 A B
0, EHERRSE , B% IR, A R AR K, 1M 4 A1 K i B
Mo 55 ~7 KBTI B, iRk i 2R s iz

FEKEOTET RNAI 41 R KEDT IS RNAG 41k BRUEL TR i o 40 i
A 28 70K i ) 7 R RN AR B AR T M 5 2 5 I AR 4 I o 4
JiloR Sk ke SN RTA O @
2.3 AQP4 E G K-8 AL

AQPA ZR [ 7 I A8 T B 14 S T2 Jg S5 200 A B I P ) 2% 4
W [ Feik . Bali RNAL 241 AQP4 B 3R3A AT HEREAL . 4R JE
it AQP4 R FALERIG X I LA 2 ek A b TH iy, HFF43)52 d
WA, 2Z 5 BT R R R B 7 d Rk AT e T
FARH(P <0.05) , RNAi 2 AQP4 [ Ik B AT PEREAR . 1
FEVTHT RNAL 20 AQP4 11y 2 15 W] 1 A% F 18 T R 4, (R 2 HAE B
13 X 235 I 1% AT Bl R 1) A8 Ak 1T & 2 A2 4k (P > 0..05) 5 R4k
fiJ5 RNAL HAES 3 0 AQPA (123K T35 4 h i BE] & 7
5,12 hik 0,24 h IR TR, 2035 7 d, AQP4 [ RiA B
TR FAL H 5 6577 RNAL ZHAH L TE B B 25 5, 45 50 WL &
1.%2,
2.4  AQP4 mRNA &k K-F 85 T 4L

AQP4 mRNA FZLAE I A0 MO 41 it o 9 3238, 4R B 1
WAL EFIK, AQP4 mRNA AYFIEHI AQPA FE 3R iA—BL,
gl RNAL 21 AQP4 mRNA Rk AT IR, BIEDA AQP4
mRNA 7E8 45 X I 4L 25k R E T, OF F0505 2 d B
WEE, Z 5 A R BEEG)E 7 d KRR aEm FIRFAR
Z(P<0.05), RNAi 20 AQP4 mRNA YKL 2 IEATHERRT, 1
YEGAT RNAL 41 AQP4 mRNA {2658 @ AR TR F AL, (H 2K
B UiJa s ] A 4 K, H e B3 405 XA % 5k 0F T e AR 1k (P >
0.05) s E1EDS 5 RNAL HAERIA; .0 AQP4 mRNA 83k T3
J& 4 h I, 015 24 h JFGE TR, B5)E 7 d, AQP4 mR-
NA (A AR TR T AL, 450 ILE 2.5&3,

F1 RNAI EFRELBARGEMESKENENL =5, (2£5)%]

415 4h 12 h 1d 2d 54d 74d
BFAA 79.48 +0.55 79.89 £0.74 79.51 £0.92 79.76 £0.79 79.67 £0.63 79.54 £0.61
Bzl RNAI 4] 78.98 +£0.58 79.14 £0.54 80.15 +0.25 78.89 £0.58 79.86 £0.21 79.87 £0.74
Y RVEN 81.91 £1.27 83.03 +0.77 84.02 £1.54 85.28 +0. 14 82.86 +0.62 81.21+1.11%
FEYEATT RNAIL 21 81.49 £0.80 82.72 +0.66" 82.32 £0.50° 82.23 £0.56° 81.64 0. 87 79.69 +0.82
FEKEYiJE RNAG 4 81.62 +0.98 82.88 +0.78 83.26 +0.49" 83.31 +0.62 82.21 +0.42 79.84 +0.51

a:P<0.05, 5 F R4 ;b P <0.01, H5HRIEAG 2048 5¢: P <0. 05, 5 45 /5 RNAI 281045

&2 AQP4 RNAi M EBFBFHEGIRGEX AQP4 EEHKFEEWL (n =5, x£5)

25 4h 12 h 1d 2d 5d 7d
BFALR 100.2 +6.36 99.6 +7.12 100.0 £5.79 99.2 +5.61 99.9 +5.76 100.8 +7.64
i RNAL 20 100.3 +1.50 92.5+2.84 82.1+2.26 65.5+4.23 57.3%5.19 37.3 +3.61
FRIEIH 107.3 +7.60 156.6 +10.94# 297.9 £9.06 317.9 +£9.212 245.1 +7.65 147.0 +8.81"
PEKEGRT RNAI 21 43.9 £5.19¢ 41.4£3.97 40.0 £5.28 40.6 +5.21 39.4 +6.00 40.0 +£6.48
JEMEA S RNAI 41 106.2 £7.65 116.9 +6.66 107.9 £6.57° 93.7 +4.83 68.6 +6.29 43.5+4.84

a; P<0.01,545 /5 RNAi 481t4e; b: P<0.05, c: P<0.01, 5 F R4t d: P<0.05,54 5 RNAi 284 h )ik ; e: P <0.05, 5455 RNAL

4012 h b
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ARIEGGALE 2 RGBS R;Co 456 RNAI 4R ME45 )5 % 2 X ;D45 )5 RNAI 4R X455 % 5 R E: 4537 RNAL 4R 45 6 % 2 X
F: 4 aTRNAi 2R 5 % 5 &
2 BIEGARELEARGX AQP4 mRNA HFRIETH  (ISH x200)

&3 AQP4 RNAi LB /FREMIR{TEX AQP4 mRNA RIAT (n=5, 3 +5)

ZH5 4 h 12 h 1d 2d 5d 7d
e N 123.5 £5.96 122.3 £5.25 121.9 £3.79 123.1 £6.68 121.7 £7.86 122.2 £3.25
RNAi 41 122.0 +2.53 109.5 +2.74 99.8 +2.92 94.8 +4.28 82.3+4.29 46.8 £4.74
FEKEIE 200.4 +7. 14 249.3 +£5.75% 219.3 +6.16 377.8 +7.412 180.9 +6.88 141.0 +5. 88>
iR RNA 21 45.3 £6.71¢ 43.4 £6.02 44.3 +4.16 44.2 +3.44 45.3 £6.23 44.2 +£3.08
5 )5 RNAi 4 202.5 £6.39 217.0 +5.124 201.2 +4.79°¢ 150.3 +5.02 70.4 +5.1 44.1£2.74

a:P <0.01, 5455 RNAi 4138 ;b.P <0.05, c¢:P<0.01, 585 Raiksk;d. P <0.05, 545 )5 RNAi 214 h ABrb#k ;e P <0.05, 545 /6 RNAi 41 12 h 1eik



5 8 1] FEMER, A K E 4 RNA 00 BRKE 5 k7K i )52 i F 5 713

3 iFig

A JE K b2 s a1 TS I B E R R 2 —,
SR HTATY A4 i = BH LB 5 1 Wi 7K b A R SR A
S . BRI RATS LAB 3 1 AR (o e e
fl i B PR ARG IT R H R BEXT T
I AR i 7K Ao A A I A8 4/ T B o i K A ) T
A, B AT RZHON B 3 Tk e 20PN R T 0 1
LT H B ENA T . BRI IR)T
AP R K b2 A 2k i ER T AR AT ik
B BRIl 22 17T 2206 1 200 i 7 o A7 i o
P R 2A 1 B 22 36 07 0 43 1 i K ok - AS i 2k 21 B
WRCR . AQPs By & B R A 5E — FhEIE /N Had T
SRR K b (RTT 25 AR L T AT R BB O
AKIEREME I, PR ZE H A At N T TR
gt ASSZES SR RNAL By 5 B %t AQP4 1323k
AT, REE X i i KE 473 I i 7K i 2 A LR R 2
M, 25 RARREEKERT G E1T AQP4 RNAI 1] B i f%
RCHB 193 DX 75 7K B, Y FRL B R A AR A BB T I 4 e
IR 28 0K i 7 B R A I TR K O 4, U B
1T AQP4 RNAi 1 BH i ok ik 7 i 1y 7™ AR

T K BRI IS 43 00 32E AT i N AQP4
RNAi, 7K b i % A=t B0 T HA A7 A LA . (R AR
P (4 b ) N SR AR 0 A A R 0 A SR
RANi 4 458 £ X figi & 7K 2 0F I A W I 25 5%, 13 )
AQPA ot R 5 KE 403 i i 7K Jiebe 19 2 1l ok 2 B M 58 /N o
FEOITTHEAT AQP4 RNAL, 8 K5 475 B i - oo ot b il 7
VAT RGEREIR , 45 2 A M 0 A 7S A AN i — i R R A
P4 IR AR L RNE 3 T TR B 0L A R B AR
PSR A A B 7, | B S R 2 5 405 i
1T AQP4 RNAI i il 45 52 Al VR 1 A B 5 9 X 43 2L A L
oW R ZER ., [FIR T AQP4 BYFRIK D, JK 1) 4i i
Pl /D, PR I 40k 2% 1 A4 i 2 1 g 7K i B S 0 %
XAHE/R R RNAI B 77 75406 AQP4 7y 33k AT LAY,
% P 8 KO A0 i 200 P 2 A K e X a5 0 A2 A 7K
J S A B AN o A T HEAT AQPA FIK IR, 4
JE 12 h 2 2 d Bk K PR e T — A 8 K Tt s
AQP4 ik 31545 B B AR Ak, 3% 3 BH W BB A A7 78 HoAth
DR 255 5 0 M 0 i I A b B B e A0 L 4 O
17 AQP4 JERUTER AL Sy, o T8 K 43 )5 1o 7K ek i 3k
KA T R Je R TR v R A% AQPA kI 7E R, A

TEDIIG P30 (4 ~ 12 h) 588 XEA5 2EA L 3% 7K i
ARk, (HEEE AQP4 YRk /b, 7E A4 A 7K
LR IRl R P i LR SR e R AT R 2

AQPA (7T EE B E T HURR 57 197K G a2 1 A
R EXKES IRs iy A7 11, e IR HE R A N oK
-1, T S ORI A L 3 15 B0 ARG B 20 T AL AN
THAE . THIEXT AQPA K R I 54 14 73 A 33k Al
PELHIETIRASRD, K A W P X 2 R 2
PRI AR AL AR B iR 7 257 i SR AR R
W, ARG KA RAND 1977 1458 1 1 ] AQP4
3K T Y S Dol e R K )5 IR K i, (B L AQPA Dy
U SRR B BB IR IH A IR R B E5E . HBRR
THED A e 4P (R) s, 2 e PR pGenSil JURL 2 (A U
SRR BN, 23 A8 2 0038 N PR I P ) 5 TR 45 4 5
L AT R ST A 2 06T 200 A O BRI |
AR FH B 5 e B A i 9 RNAT BRI A
MELU R B 28 — R AR QR AR i e HE , AR SRR
M2 25 25 97 12 , T AE I PR , BR AR —SE4EER 1 0L, 1
Jigi 2 PN I, AR A SR PR = 2 A T 25 0067, 1
PR b5 PR 25 24 i A4 O 32 2 10 R s i K A0, 3 Ak
L G A ML B T T R GE N AN 2 figp L T A k]
ISHLE B g A
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