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Withaferin A alleviates cerebral edema by inhibiting AQP4 expression in the brain tissue of
rats with traumatic brain injury
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(1. Department of Neurosurgery,Zhoukou Central Hospital ,Zhoukou 466000, China;2. Department of Neurosurgery, The Second Affiliated Hospital,

Hengyang Medical School , University of South China, Hengyang 421001, China)

Abstract Objective To investigate the effect of withaferin A on aquaporin 4 (AQP4) expression and brain edema in rats with traumatic
brain injury (TBI). Methods A TBI rat model was established using the modified free-fall Feeney method , following which the rats were
divided into model group and low-dose ,medium-dose and high-dose withaferin A groups. Another sham operation group was set up, with
15 rats in each group. Withaferin A was administered once a day by intraperitoneal injection for seven consecutive days. The neurological
function of the rats was evaluated using the neurological severity score (NSS), the brain water content was measured using the dry-wet spe-
cific gravity method, the blood brain barrier permeability was measured using the Evans Blue method, and the histopathological changes of
the cerebral cortex were observed by HE staining. Further,the apoptosis level of the hippocampal cells was observed by TUNEL staining
and the expression levels of AQP4 mRNA in the cerebral cortex was detected by real-time quantitative PCR. The expression levels of rhe
AQP4 protein in the cerebral cortex,and that of Bax,Bcl-2 and cleaved caspase-3 proteins in the hippocampus were detected by Western
blotting. Results Medium and high doses of disolanesin A significantly improved the histopathological changes in the cerebral cortex and
decreased the neurological impairment , brain water content and blood brain barrier permeability scores in TBI rats. Simultaneously , AQP4
mRNA and protein expression levels in the cerebral cortex,and Bax and cleaved caspase-3 protein expression and apoptosis levels in the
hippocampal tissues of TBI rats decreased; however,Bcl-2 protein expression levels increased. Conclusion Withaferin A can reduce
brain edema after TBI and improve neurological function. The mechanism may be related to the inhibition of AQP4 expression.
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A5 R4 (traumatic brain injury, TBI) J2&
ZHMRL R LI 2 A 2 —, B AN TR
T D G ) e A R A A 28 ZH 20, LAk R Y
i 7K Brb AT 51 % 5 P4 g R R AT e TBILEL A 4 v Y
SR ARBTG5 e rr e R 2 S BB g
iR 7K e % A ) T B R 22— LK I 1 (aqua-
porin, AQP) 441 Sy A 4 5538 3 2K 14 A E LR 2 —,
A G A ) 2K 280 40 i 5 1) 45 FE 38 1) P o F
FE PR R, AQPATE A ol 5 0 5 A I K e 4
TE LRI 50 & P DG B FH , 4278 TR AQPAFR I
A RE A IRYT TBL T 7E S A o T 28 A M g I
A BRI — B RN TR , AT RINFBIG 1, B
PR PUEAL B A UM AR I 2R
P BT S RGE B 2 A T B e PR A
BRAH 24T M DA 38 o R o LA A K ST o e
22T T AR, B 2 AJE: 75 X TBIS i 7K b A7 2l
AR B A A 4R 3E AR 5T $00 58 i ST TBIK R
B, 355 5 i R AXTTBIR B 2 ZLAQPAFE ik Bt
7K ek g 5

1 HR57®

L1 Bk

ZH-ZY QRS 7w P& VR i A R AL T o s (28
TEAER A AR B4 A BRZA 7)), GelDoe XR SystemiE
J5E A% 2 55 (26 FEIBIO-RAD/A 1), QS5 SE I 98 58 e
PCRAY \EVOS M5000%%5': i 13 5% (3¢ [l Thermo Fisher
ScientificZ2AH]) o

PRt 25 A (4l >99.0% , R B A YR 07y
AR A, 3B (32 [ Sigma/A 7]), AQP4  Bax
Bel-2 .cleaved caspase-3 M B-actini {4 (¥ [EabcamZ
A)), HEG: (3 0 & (b st REE R AR AR,
TRIzolif ] £ (3 EInvitrogen’ 7)), RIPAZL fift 2% wh
VR IPfA ) T ARG BR 2 R, TUNELAH fifd 7
TR £ (SR s, R = RAEYH AR
WA .

SPFZESDHEME R FRAE75 L, 68 , A EE200~220
g, N E RERL AR SL i sh Wy b it e sh i Ak
FAVEATIE S SCXK (1) 2018-0003 ., 5 56 Rij il S 7 M
U, B AR & AR AR p A 2= B
O RGBT ZE 51 23t ifE (2023032) o
12 hiE

1.2.1  shiAlfl & 55041 2% 3Cik [6], R A B
H 7% (AT o 12 ST TBIAR 78 4 B P 5 R BT o F
ZH-ZYQRY [t ¥5 (R I 45 i S AL AT i 4% b, Sk %
Bt SR B, T4 M STE A BARS mmi)
TR B, 25 gk 40 emi Ab YT 4 B i BAVE 13
i A R 7 R Ll i PR A A e
BRI AR T ARAARFATAT A, AUEE % )5
B 0 B P B AT A A 0 T K BRU7E Bl o ) B
7 I URZ 0 ) DO 400 Ay X A B ) o 85 s A 1S g 1 A B
BLAF I REERYA Bt 2 AR b R 2 ) iR
FARYL, AR5 Fi ZF AL P R AR By
45 725.50, 100 me/keBE i 25 ARG i 78 5, AL 41
FAB T A ZH R BB s 1 5 4t A R K, LIk, 3%
“27d.

122 HZEIIREHFIT S (neurological severity score,
NSS) : 259 T Fgs ol J5 , 275 SOk [7], PG & 4K
FRNSS, Pz 5y bt | S S F0-F- 55 22 5 T 2565 1F
Wi, e E 43 1843, VP43 18 ey W A 28 Ty e 46 4 ™
Gigs

123 WA EKENE : 259 T WA R 5, 4
B BIL 356 S B R RO 4 i 2 280, i AR W T 5 ik ik
MR HE, 185 CHHIR T RA hRr2iit 124 hEFRAK T
LA E K (%) = (MR E-T5) /A H x 100,
1.2.4 (LG J5F B 35 R 0 5 < 259 T 2 R R L 4
A FEHLLEH KR, LS mL/ kg7 5 28 8 ks S
2.5% 1 SR, VG I 7 B AR BE R RS Ak 4 4
Az R KPRV I, T 10% — S R U TE B
F1L INATEIK OB, SR ALFE 5y 210 I B O I T
RIS LIS F37 CKIERTTIKIR48 h, FREFRY
IR RE I K620 nmA N G2 (optical density, OD)
1L, AR A o il 2 1 o 2 2 rp BSOS 7 2
1.2.5  HEZG: O s 05 7R o R iz R E, T4%
LR [ 524 h, ALK G A, Lk
5 pm) AT HE HEGL (4, e T UL 2 21
1.2.6  TUNELZY &, B 45 3R o3 S EH 21, 4% %
HHE 2R [ 22 h, FVKR VIR B R 14 wm ]
-, Wi 4 FETUNE LA 9 16 D 3551 85 158 B 15 ik
AR SO TOhRIE, BLoOE KB il i s
DRI P g RGN RS AL G
CA1XTUNELYS (2 BH 14 40 i 5 i, B {EAE R i
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1.2.7  SEEFE S PCR « B 3R o i B SR 24
B 185 5 21 3%, SR FHTRIz0l 57 & $2 BUARNA, I 7%
SR X H AMDNARE & I 2 o B eDNA )2 ul.
SYBRFUR 16 pL. L TS #4511 pL, 795 CHiAE
P£90 s,60°CIiE k40 5,72 CHEAH30 s 5514 T #4752
B E SEPCRY™ Y, L4541 3R LiB-actin iy NS, R
A 278 AT R 2 2 121 A QP4 mRNAAH XF
Tkt SIWITHINERL,

F1 s1MF7F
Tab.1 Primer sequences
Gene Primer sequences
AQP4 Forward,5’-TGAATCCAGCTCGATCCTTTG-3’

Reverse, 5’ -TATCCAGTGGTTTTCCCAGTTTC-3’
Forward,5’-CATCTCTTGCTCGAAGTCCA-3’
Reverse, 5’ -ATCATGTTTGAGACCTTCAACA-3’

B-actin

1.2.8  Western blotting#5 I : 254 T 1 45 5 J , M
PR 43K Ik iz J2 2 48 R g E 2 40, fin G e A P
IR A BB 5 7853 519K, TRIPAZfR I 4
2 14,12 000 r/minf 0210 minf B E 3, xF
FIEAT 5 B 8520 pe il B 5 EAR S il 3 )R

4,100 CIKES min, B0 )5 L FE,10% SDS-PAGE
H UK O AT 5% I, % 0 B2 by In AAQP4 (1 -
1 000).Bax (1 : 1000).Bcl-2 (1 : 1000).cleaved
caspase-3 (1 : 1 000).B-actin (1 : 1000) —#T,4 C
PRI E GRS I 3t (1 : 10 000), % R0
A2 h, IMAECLE A, UB-actin i N2, HEAQP4
Bax ,Bel-2 M cleaved caspase-325 FIAHXT ik i .
1.3 Geitsord

K HISPSS 17.08 A A7 ge 1153 B, B8l Hx + s
PR o R AR 2 7 22 3T 6 K BRUNSS L i 25 7K 4t
PP SRR 5 2 AQP4 mRNAFIHE [ 338 7K - HEAT
L IA] HLAE, 45 7 2200 M 45 A G20 X, ok
— 2R HILSD-tI AT AH Rl PR LU 3, P < 0.05°0 2
SAGFE L

2 R

2.1 ALK FENSS R 215 K g

S RF AR i, AR 2 R BUNSS K i 2 23 5
K TR (P <0.01) ; S5HR 4 oA, B h &
A R i 2H K RUNSS A i 20 205 7K i I 2 BRI
(P <0.05), B mARA A TG 27257 (P>
0.05) ILFk2,

F2 HBHARNSSEMALRSKEILE
Tab.2 Comparison of the neurological severity score and brain water content of the rats in each group

Group NSS (n = 15) Brain water content (% ,n = 5)
Sham 1.13 +0.46 74.26 +2.85
Model 13.07 £0.61" 83.52+3.07"
Withaferin A-L 1227 £0.53 83.23 +4.24
Withaferin A-M 7.93 £0.54” 77.36 + 4.05”
Withaferin A-H 3.07 + 0.42” 75.54 2317

1) P < 0.05 vs. sham group;2) P < 0.05 vs. model group.

2.2 AL BRI i e 7 PR AR Ak

BT A AL A5 7Y 2 K i R A L R
2 R BRI 20 20 v B S TR A B 430 R 1.43 £ 0.18
5.26£0.34.5.04 £ 0.45 .4.11 + 0.26f12.87 + 0.21,
SR TF AL LA, AR 20 R B o o e 3 0 P
FhiE (P <0.01) s SRR a2 A e il it
2 R I i o 3 3 S 25 R AT (P < 0.05), 1T i
RAMLREA TSI 5% (P>0.05) .

2.3 LR BORNG B JZHL U =2 AL
BT AR R BRI 2 J2= A U 4 52 8, A
AT 25 1E 5 TR0 ZH 0 IR 2R ARG 2 R B R i
BEJZ AN AZ W] 2 181 4, m] WM oo W] R e UK
i, D AP AR PSR AL s Bt 2% A PR R RUR
i 12 V2 L AR A A R T 4, A K P e A o D
%, o O S BOAS R 2 F) J A 5 TR0 2% A v 79 2
PNEWN L8 A IR 2y 7208 < O R o S v R S
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Jih Je 2T AR RIS UL IET 1
2.4 KB LAL AN AT
BT AR 4 B 41 21K L P 4 2 6858
L 7Y 2 1 ah 28 AR £ 41 K UM S5 4 20 0] DL K
LRI, [ FR AR 2K B S ZH ] DL
B B B, IO 2R AR R AL R BRI 41 4
2y A] W g a5 R TR B AVZ | i R ALK
e A 2 R BRI D 2 2 4 SR TUNELY: €2 BH %
Y 4 R (3.03 + 1.25) > (34.41 £4.70) 4>,
(33.08 £4.19) ~.(15.54 +6.22) > F1(7.96 + 4.87)
A, ST ARG i, A2 K R TR ) 2 24 it
T B THE (P <0.01) s SR a2

AR TR 2K U T 2 2 A0 B R T KO 3
fik (P < 0.05), 1M B 2R ARl gt it 22 22 57
(P>0.05) ULE2.
2.5 B K EURIN K ZHAAQP4 mRNA K AR 146
kIR

SRFARGL A, IR A BRI Bz S22 4
AQP4 mRNA S 3 H & A KF- BT (P <0.01) 5
SR A LR, TR AR i 5 e ALK RO
JZ 4 41 P AQP4 mRNA K 2K [ 26 3k K 7 1 35 [ A%
(P<0.05), MAAMRAMMREHILS 222 5% P>
0.05) .ULKEI3,
2.6 ARG SAHLPHT AR AFREKT

A, sham group; B, model group;C,withaferin A-L group;D,withaferin A-M group; E, withaferin A-H group. Red arrow, karyopyknosis;black arrow, ede-

ma.

E1 HEXRMEREARHELE x 400
Fig.1 HE staining of the cerebral cortex of the rats in each group x 400

A, sham group; B, model group; C,withaferin A-L group; D, withaferin A-M group; E, withaferin A-H group.
E2 HEAXREDHHLATUNELEE x200
Fig.2 TUNEL staining of the hippocampal tissue of the rats in each group x 200

SRTFARA A AL K U S 20 2P Bax
cleaved caspase-3% [ 2 h /K- 2 & T+ (P < 0.01),
Bel-228 F1 R K KF 2 2 FEAR (P < 0.01) 5 S HEAIZH
e, Rt 2R A 7 e 20 K LI 4 2 i Bax
cleaved caspase-3% [1# 57K i FRAIK (P < 0.05),
Bel-22 R IAKF- 035 THE (P < 0.05), T A 3R A
ARA TG 225 (P>0.05) o HLEl4.

3 it

TR A4 1 B4 0 R P 3 A 227K
il A A 5 R 1 4k S P05 B9 R L, e

AT SR /NS J5 AR R A RN ) P B AR T
oA i A T, {E A B P R S PR 1 X TBLE A
i AN BB o AS B 5% R FH 1 #H 7% (R Feeney 2 £ 37 TBI
KEBARL, B RA T IS , KR E 2otk
5 NSSIE 2 AR, HLAk 2 2055 /K o 5 00 i o e 325
PR AR, 1d B onh 25 AL AT 1 52 TBIK BRI ki 5% e,
e K i S 22 D Re AR

AQPSEA FIK 73115 B A 12 1) G AR L AR
Ho AQPA S I L A B S R . AQPALERE
PN SRR Y it N e g =R
IK A B LR R
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A, protein expression gray value; B,AQP4 mRNA expression level ; C, AQP4 protein expression level. *P < 0.05 vs.sham group; #P < 0.05 vs.model group.
E3 FHEXMEERALHFAQPLmMRNARE BRI

Fig.3 AQP4 mRNA and protein expression in the cerebral cortex tissue of each group
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A, protein expression gray values;B,Bcl-2 protein expression levels; C, Bax protein expression levels; D, cleaved caspase-3 protein expression levels.

*#P < 0.05 vs.sham group; #P < 0.05 vs.model group.
El4 Western blotting#e il & AiE DAL FATHAERRIE

Fig.4 The expression of apoptosis-related proteins in the hippocampal tissues of each group as detected by Western blotting
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FHT, AR 22538 801 TARF X TBIS 4k &
PRI K b S AQP4ZEIA TR PEAE T, B 16T & AT 5B
U6 24 2 R 105 11 5% s BB S 4 Y RS R B, TR
AQPAZEIR AT i Z 0 TRUK BB A5 ) i K fieb . [T
TEMLAE S ST SR, v e 1 TR T TR ] S 4
HIAQPATE [ 223k , WARTBI BUIK 7K it I ke 36 < i
P, IR 45 AL FHE /R T 2B TBLS Mg 7K fi
5 REACAQPAFE Z (A7 E B VI Ik

20 L 98 TR TBLR 4k & 1 43 493 11 S ZE AL
TBUR AR 385 5008 B I sk % o 7K ok o o ke .
B4R, T B 2N R SR R A0 Stk b R A Ak b
P Mg TR G R L G, 5 1 R T B v
JEEeS MG RS, TBI, K 2 2 DL 351
Ji 7Kk R S A 475 Ry AR T VA DX 3 )
AT B RETE AR 2 Te B, 51 R A 28 I 48 i R Rk
25360 JOT G AT | R DRI T A 8 A A
RV AQPAE T UE T AT A 1, H H kG
T Ty REE AT F MK RO B AR S B K &
SiE , )3 6] 18 02 O TR B, ZETBILR K b 105 vh &
PSR T AR ARS8 R R, i EAT
T4 25 A T TBIK BRI K2 )2 14U P A QP4 mRNA
FEE ik KT, [R) B il v S 2 2 A T, O
FEEAR 8 1~ AH 5 25 FH Baxfllcleaved caspase-33215 7K,
[ IRBel-28R 1R IR , U WA ZR AV TBIK Uk 7K
Jip - A D) REBREG , AT RE ST AQPAFRIE A
P

25 TR, I R A TT REE 1L 410 1 AQPAZE TR UK
A AHRRLPR T, 18 TBIIK BRI A 7 5 Ui 42 i K i
S PR ARG I o AEL DR AR 35 BH P o B 4, L R
I8 1% TR B, J5 S AR AN KT IR AR ST B R
AVEFEAQPAMLE TR HAKHLHI

SHE 3k
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