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BE BB KEEPHMMLRBRESASAMBAGE XRIAAMPREBEEEZEG 4 (AQP-4) e kA E N
BEAERME . Fik RBORFEEFFR SD KR 175 X, 41 Allen's & S A M4 X SR, @&
BRI GRS A T A, SR ARBAE, BFGLE., BAMA, et LM R TE T H I LR AT & .
oA L (MARE P S, P KA BT ), AKX 252, RRREFLHNHF X, REC L, E
Fon F MR IEHIFAR (BBB) Hi 0474, #M@ 3 RAEFo ek, BHUKIS R, LR 74
MALA AL B SD KR 156 R, RSB AMAA, 2 A RANEIHR - REBER Y (RT-PCR). &a
Ji ek vpik (Western Blot ) & %92 22240 5 2 @460 AQP-4 & & B AW &k, SttiT%it o7, &R
B 20 K K BBB #F 4 &-BF 1A B 3K T 3 Ban A= B4 (P<0.05); % 3. 6. 9. 12, 15 X Tk =2
FA R &, P KK E40 BBB 4 & TAA 4 (P<0.05); % 6, 9, 12, 15 R F &/ 24
BBB it 4 & T-Lrt L3440 & B P A A 240 (P<0.05, P<0.01); A% 15 X % F4&#% =41 BBB +## 4
KTt 234048 (P<0.05); BB HA =45 9. 12, 15 X BBB#4&5 TR PP A &40 (P<0.01);
BRI 41 AQP-4 & &G % mRNA £k & T AL RBR B 48 (P<0.05); HALA4a b4k, Lrt L5404 %
PP &, P =4 AQP-4 & & % mRNA £k 254K (P<0.05); 5 ket 2dshs, dd. +.
&7 & 20 AQP-4 & & % mRNA £ A B4k (P<0.05); 5v Al Eamks, mP b, K75 24 AQP-4
& @ % mRNA £k 4% (P<0.05), Z5it T 4 APk Ja & 7 il i 4p ) AQP-4 £ A SE 2020 69 R ik
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ABSTRACT Objective To study the expression of aquaporin 4 (AQP-4 ) in spinal cord of rats after
spinal cord injury with Longzhong Xiaozhong Zhitong Mixture ( LXZM ) and its mechanism. Methods Totally 175
adult male SD rats of clean grade were selected to establish spinal cord injury model according to Allen's method.
After successful modeling, the rats were randomly divided into 7 groups: control group, sham-injury group, model
group, sodium aescinate saponin group, high, medium, and low dose LXZM groups, 25 rats in each group. The
drugs were administered by gastrogavage. According to Basso, Beatty, and Bresnahan Exercise Rating ( BBB )
criteria, the scores were observed and recorded every 3 days, with a total of 15 days. Fifteen SD rats were
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randomly selected from the above seven groups to extract injured spinal cord samples. AQP-4 protein and gene
expressions were detected by RT-PCR, Western Blot, and immunohistochemical staining, and statistical analyses
were conducted. Results BBB score of model group was lower than that of control group and sham-injury group
(P<0.05) . On the 3rd, 6th, 9th, 12th, and 15th day, BBB scores in sodium aescinate saponin group and each
dose LXZM groups were higher than those in model group ( P<0.05) . On the 6th, 9th, 12th, and 15th day,
BBB score in high dose LXZM group was higher than that of sodium aescinate saponin group and low dose LXZM
group ( P<0.05, P<0.01) . On the 15th day BBB score of low dose LXZM group was lower than that of sodium
aescinate saponin group ( P<0.05) . BBB score of high dose LXZM group was higher than that of middle dose
LXZM group on the 9th, 12th, and 15th day (P<0.01) . The expressions of AQP-4 protein and mRNA in model
group was higher than that in control group and sham-injury group ( P<0.05) . Compared with the model group,
the expressions of AQP-4 protein and mRNA in sodium aescinate saponin group and high and middle dose LXZM
groups decreased significantly ( P<0.05) . Compared with sodium aescinate saponin group, the expressions of
AQP-4 protein and mRNA in high, medium, and low dose LXZM groups decreased ( P<0.05) . Compared with
high dose LXZM group, the expressions of AQP-4 protein and mRNA in medium and low dose LXZM groups
decreased ( P<0.05) . Conclusion LXZM attenuated spinal edema and promoted the recovery of nerve function
by inhibiting the expression of AQP-4 in spinal cord tissue.
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4 BE 5 (spinal cord injury, SCI) & —
T EURR . BBOLR . RIA AR S ™ I A Y
PN, BRI R WL AR, B AR
SEXER Y SCI XXM RS R R T,
RN Ry R TG N TG a4, BT, 4Bk
SCI [/ g RKAFAELA S 93 TN 2, FF HECFAE |
Tto BRTIGEARUFBA R SCl EEIEY7 RN B ik F R
WUHIRIT s PRSFIRIT AR R G 25 M0a YT . Atk
FEBIT ST Y, BRI, XL A RESE
2B SCI, H Al BE S e KA IF & AE . T4
K, PELPHERIAIEIR YT SCL A A BRI
e, RIS © % 5 22 22 0y 8 B ] g 4o
il NOD #f3Z AR # i (1 25 i il A5G #2113 (NOD-like
receptor thermal protein domain associated protein
3, NLRP3) #RAE/IMARAR, WA B 11 /5 2AE I
I, A B B a0k RS s Dl pRpE S 7k
SETANE T i Al Tau SRR, BEREIR
P25 55T (brain-derived neurotrophic factor,
BDNF ). #& N # 44K K+ (nerve growth factor,
NGF ) fithz#E5%% 3 (neurotropin-3, NT-3)
ke SCIRFURATIRE, WA HEL Uk
it XLEH WAL T 25597 SCI YL
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B R AR A L A P K e ) AR
PeEdll 2 — " TR EUE SCI &k IR 5 AKAE
TEARRLEREAR, Sl o LR L b R A E B g i
iz 3 ¥ 9% (Basso, Beattie&Bresnahan locomotor
rating, BBB) 7% ( UjagtkiE HIsbs ), WELA T K
—E R P R G, S e R A
N AQP-4 ik g A E S, BRI IRIT 30 &%
YEHIBLEL

PR 5%

1 Zh¥  vE#E 175 H SPF Zilfitt SD KR, &
# 200~300 g, 8 JH#%, WA hEAL B BE 4 I 5
WG, LRSIV AT UEYS . SYXK (H ) 2021-
0005, #%MEbRME A MIRE, W 18~22 C, W
40%~70%, & W PEME SR 1 S ITF LR S0, Ak
ZH N B 25 KA LG S W) AR B2 51 S (No.
2021-045),

2 259 Berh i aks A AR 275 g
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3 FEIRA LNA  FEEIRKH . AQP-4 Fi K
( Cell Signaling, it5: 59678 ); H it -3- # ik i
i ( glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) #i & (ImmunoWay, 4t 5: YM3029 ) ;
W =Ehe B IgG Pik ( Bk Ci/RBHE P, it
A32723 ); RIPA % ( Biosharp, #t5 : BL509A );
W K 7 & (TaKaRa, 4t 5: AHG1528A);
Dulbecco ¥4 K Eagle #% ¥ 4t ( Dulbecco's modified
eagle medium, DMEM; GIBCO, it 5. 8121624 );
G- (AL RAUAE YR A IRA R, it
21100705 ) ; i (GIBCO, #t%5: 2322962 ); DAB
BAEKHE (AT ARABR AR, it
K225405E ) ; BSA £ ( iR TR A TR A
A, #t5 : PHYGENE ); BCA & 1 & #1771 & ( Boster
N, 5 AR1350 ) 3 HIR (E 254 Hk iR
HIRA A, 5. 10023418 ). 3% XA K (Hzoz,
254 B2 R A R A |, 4it5: 10011218 ) 5 4%
B2 (tris buffered saline tween, TBST; Jt 5t
FRFERHEABR AR, it : 20220804 ), #ifaihst
Mk (phosphate buffered saline, PBS; 7% 2t & it
JREHEHE, Y. 69010707 ),

FEALR : HEIR G R4 (BJPX-SG170 11,
MRETRBKE THEARATFEARAR ) EWH
4 I s (CX33, H 7 Olympus 28 # ); 8 &
TAES (SW-CJ-2F, N fbiEs) ) A F K
V- (FA2204B, H A H™ b )5 8 e Z8 VUK A a4
(BKQ-B50 T, J M i { B J7 #8080 ) 5 Wi Ik 37 2%
(DMT-2500, VL7540 ) 5 B0 16 i 7K 7
(HH-80, VLRG3 AAUART ) s MR IR B0l
(KH22R, JE[H Heraeus /2] ) ; 43664 (752N,
FEERCHRBHE T E ) 5 ¥R Y A HL (3000A, TR
RPN R A A RAT ) WAk (76454, IL
I M BT E AT PR A F o

4 ik

4.1 sh¥srdl ) SCIFERIH S, K SD KRR
BTG, FEMIECTIE S R IR L g .
BRI AT e B s b SR A R L L AR
FEA (AR, d. IR ), fdl 25 H.
Bkt FRZH AR B 40, AR KR 10% K&
7SR (0.2 mL/100g ) MEREE ST IRRIE S JRREE LTS
UM e e [ e 6 L, a3 40M s 2 67 T10 Hi
HE, FIETIHIRATIEHE B A G 3cmx3.cm),
RIS, WCE AR, SRR Allen's 32 ™
AR T10 BHE 2 EM D sh i, a2 E&E i

S R PR Tk B T8~10 58 B B W BR,
W F IR TGl , (IR 7 o5 T 28R
MERE L, BERT AR 5 2 A i (Rl 2k, O]
DMETATI N 5], e — S bz T, etk
PRUCRE B AT 2 A5 1T DU AR 1 i, SRS ik
10 g BIRERSHE 14 cm (IE B A &R (LIRS
) R B RN i A AR TS I AR B e A ) AR R B
SRAEME R ROV R BN A FAEskBksh, Lhifstm &
A B 2 1 B AR G R, IR R AR K IE R
FTAC bR e "o EBUE, kIO, BIZLEAAK .
WU RIER Kz, 473 1A i A S 7 by LA 35 7 447 11 J e
i il R RAFT B8, AT AREAERBIRILA
Wb FRAT Y SD K BUEEFIE BT, B HE T
B3 U LRI B[R] (A1 <30 min. AR5 ]
BEAT LIRS U . R R BRSE TS, AR
TGS, XK B T BBB ¥4y, #7PE4> 10 43LU
TURESEERR T " ARJG 5 RINBRIZIAET- 2 H,
Lo REsET 1 2, BEbE . PR RS ST
15, B s At T 2 B MRIESse b sh st
7 L P AN S 45 2L B

4.2 24 TETE B I kR A R R
1A e T BT A S R R H A T R LY
FHZh3E . IR, 45 60 kg M A%E H &k 60 mL,
W AR KEFE (mgkg) = Z2%0(6.25) x A
HIFIE (mglkg ) 1545 100 g K R4 H3E B &l
0.625 mL, PHASEEEH KR E 5474 200~300 g,
HORE 1.7 mL VE S B E N TSI, AR TS
g iige, DL 20 4 3, SOk e, .
AL . UK Bl i b 198 B R 25 )t R R K
Bebbik 2 mL, Berss . ARRI R AR R E 3.375.
1.70. 0.85 mL/kg; LM NI IR (RS RTr
W) O R T LR 2.7 mglkg (0455
K 2 mL B ) SHIRLL . BRI | R 4
THMEIK2 mL, BHEBER 2K, #LL 15K,
FARBAE LA TR A T i T, R KREFRT
St4: SPF AT (H h B 25 K2% SPF 3h# 5550
%), M 18~22C, WJF 40%~70%. A TIEH &
YRk, e KRG 56 2 R4 T B IEHER 1~
3K, HEWE M A FHER T IRl g
SETA 1 TR RAET WG, 1Lk 3 R TRk
At iE 0.02 grkg MR, R BT B HTAH AR
RS, QRSB or . AR TE TR RESD K
SYTFRCE , DAkEGR 5 S EOET - A 3 K R 1 Uik

5  WEHEbR KA I Ty
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5.1 trACRE FRELEE 15 X5, 7687 AhhE
BLA 51 HL SD KEL 15 H, $EBCEREREA, F KR
FH 10% /K-&5EF (0.2 mL/100g) MEERE S, TA
TINEFYIF 3 cm Y1 H, FHZHHEE S, 57 1
EWEETTE, BRI EEHEE /R e % - AT
HERW (RT-PCR). & A BTG g el (Western Blot ).
B Uk gL AT BEZH 2 AQP4 &5,

5.2 KEBBEHLF AQP-4 EHEKILKTF R
1 Western Blot 7&K . HUZARAE T -80C kA H L #E
HUR A BEZH 2, BREE 30 mg THFEkT, B )S
JA 300 L RIPA 24, & T vk & 20 min,
250> 30 min (4 °C, 12 000 r/min) B Fi%. AR
WP T A e A e, WYk BB, =R
#4 2 h, AQP-4 —Ji (1:1000) 4 CFHFH 12 h,
1x TBST PE% 3 ¥, 40k 1gG Hitfk (1:8 000)
FHME 1 h, 1xTBST PEik 3 Wn B, vE1T
BEt, DL GAPDH JNZ, FifsE F 2k H Image-Pro
Plus 6.0 #{4HE RT3 HTIE Ao

53 KEABELA L AQP-4 mRNA £ik X
FHSE 28 PCR YA Fr 7 K6 I 19 5 5% 41 21
M -80 C UK L. KPS BB 45, 32 H Trizol ¥ 42
IUE RNA, K4 RNA M BT H55 7 7550 RNA VR
[RNA #£ i # B (wg/mL) =ODygo x 40 . g/mL x Fis
BAGEL | 275 P W I 1) b 2 SR ) b A 7 3 e s
N, A RN cDNA, il H2¢ 5t i PCR ) &t
TPSEmt 9 PCR . NS MR A GAPDH, fif
A IPRAIRC g EH R A 3 Yk, [ 45 aA i I 2¢
JeiE s PCR (G T A AL B, B Hh A AL a1 4L
AQP-4 mRNA FHXT R iE . FEKRLAFR. T M
SIPHRERE 1,

54 KEBBEHLIP AQP-4 %35 RITGEd
FEAGIN . AR UG BUS S, FR A B S 2
T 10% HEEH, 24 h )G, B airrg s

RAOENAIR, FPHI G IYKE

L AR ¥l (5 —37) S (bp)
AQP-4 3% : GGAGACTATTCAGAAGCTAA 20

i : GAAGAGCCTGAAGACTGACT 20
GAPDH  [:ji#: GGAGACTATTCAGAAGCTAA 20

i : GAAGAGCCTGAAGACTGACT 20

HUNRREL) 4 wm, WHBEE K, 3% H,0, bk
PWIEMEL AR, M R TR O s TR AE &
JE A 5% BSA £ A 1 he i AQP-4 HTik
(FBEHB 1:200), JHE 4 CukFEm & 2%, PBS
VWP UE 3K, B 5 min, MAAEY EFRiCH L
PR IgG Pifk, 37 THFHE 30 min, f PBS it
3k, B 5 min, I IR 2 A AL W B AR IC R
R E MR - LW EE A/ Y (strept avidin-biotin
complex, SABC ), 37 CH##& 30 min J5 ] PBS ft
YE3 W, k5 min, JH DABRF B M, AR
S Fe P R R, O R AR (< 200)
AR A

6 SiiterJdivk B A SPSS 25.0 45t # kit
TGt hr, IHEFRHYIL x5 RoR, Z4lE L
BOR R R T 22500, 4Ll Bi LbBserk A LSD ¥ .
P<0.05 J2= 5 A G245 X

& R

1 7T R BBBArtbig (£2) ALY
K EL BBB 143 45 if [ B 49 41K % 1 4 AR 462 405 41
(P<0.05); % 3. 6. 9. 12, 15 K T L I B2 1 &
H BB, o, ARFIE 4] BBB PR TR A4
(P<0.05); %5 6. 9. 12. 15 K[ & 7 £ 41 BBB
WAy T A e Al K B R AR R 4] (P<0.05,
P<0.01); H5 15 K P ik 57 & 41 BBB 43Ik T
LA (P<0.05) ;5 Berb sl s 9, 12,
15 X BBB 1143 TR il (P<0.01),

FR2 THREBBBIT/ILE (4), X+s)

1) n BBB ¥/}

1d 3d 9d 12d 15d
payiist 15 21.40+0.05" 21.32+0.48" 21.36 + 0.49" 21.24 +0.44* 21.26 + 0.42" 21.12 £ 0.44*
fEdhi B 15 21.40+051" 21.36+0.51" 21.55 +0.52" 21.41+0.51" 21.55 + 0.60" 21.72 + 0.60"
TR 15 7.32+1.55 6.68 +1.86 6.44 +2.77 6.68 +3.17 7.20+3.75 7.76 +4.17
LR 15 8.16 +1.95 8.9242.47* 9.36+2.51" 10.84 + 2.30* 12.20:+2.12* 13.80 + 2.66™
[ Hh e ) i 15 7.88 +1.01 9.24 + 1.83" 11.20 + 1.897 13.36 +2.25%* 15.52 + 2.50%** 17.20 + 2.45%°%
Bfg ez 15 8.28 +1.90 8.48 +2.39%% 9.6042/55" 10.25+3.16" 44 11.48 + 3.28" 44 12.404 354% 44
Bl A AF) 15 8.58 + 1.96 8.88 +2.33" 9:46+2.61%4 9.52+2.90%4* 9.88+3.09%4* 10:16 + 3.39% ~44

. SRR R LA, P<0.05; S-Ln AN Rl A, 2 P<0.05, 22 P<0.01; Skt s, 4 P<0.05; 44 P<0.01
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2 7THKREBEHLF AQP-4 mRNA AL
(£ 3) B AQP-4 mRNA A5 R TR
IR 4] (P<0.05) 5 SR thgg, Bttt
WA B, 4 AQP-4 mRNA AN Kk
FFE (P<0.05); S-Lnafrandi b, e, 4.
5720 AQP-4 mRNA FIXT Rk iR FRE, 251
BEite L (P<0.05) ; it mileE i, e
. RFIEEZH AQP-4 mRNA fXT A BT, 25
IME G F L (P<0.05 ),

£33 7HRRBEREHL AQP-4 mRNA FEikKF-
He# (uglul, X+s)

415 n AQP-4 mRNA
it g 15 1.01+0.20"
[EEE] 15 0.93+0.21*
Rl 15 2.07 £0.51
ErFEAR 15 1.63 +0.39"
g e 7 15 1.18£0.19"*
Bl e 15 1.42+0.26%44
B AT ) e 15 147 +025°*

FE: HRONALAE, P<0.05, **P<0.01; Skl Rrangl i,
4 P<0.05; S el ks, 4 P<0.05

3 THKRRBHEHL b AQP-4 1Kk i
(%4, F1) HEIY PR AQP-4 2 I Rk &
T B2 MR 54 (P<0.05) 5 SERI4H o4,
Lot R KB, . R0 4 AQP-4 R
FIM R k8 3 R % (P<0.05) 5 S5-Er 2 el
e, Berber. . IR EAZE R A RIEE X
(P<0.05), B Esldd AQP-4 & AT X2k A%
T2, Pehd . R4l AQP-4 FE A
Xof FE ik T L RN S b ) e A
P fIGFIZH AQP-4 B A Rk R 22 R A 5
R L (P<0.05),

4 7 HRBAEBEA LT AQP-4 1) e 4 fb 45
B (E2) s B IS ) BE T IR s

K4 THREEHHLS AQP-4 HEOFLLE (pglul.X+s)

2151 n AQP-4

of R 15 0.36 + 0.04*
Tttt 15 0.33+0.04*
e 15 0.79 +0.05
LA 15 0.39+0.01*
AR RE= iRy 15 026+ 0.02*"
Bl e 15 0.50 + 0.04*~4
Bl A0 15 0.53+0.06%"*

A SRR A, *P<0.0525 T BAFANAL LR, © P<0.05;
50 rh w4 g, 4 P<0.05

AQP-4

v e —— e —

GAPDH ....m‘ 37kD

(ﬂf A: Xﬂ—ﬁgxgﬂy B: ﬂgxl‘}ﬁ(ﬁgﬂ, C: *fﬁ:ﬂgﬂy D: L”f%%%ﬁ]?ﬂ, E:
Werhis i 2l s Fe Bl ; G Bl ) il

B 1 7 4K AQP-4 S HTER BEAIZS A AR X2k L kA

AR A TS . AQP-4 3k i BRI X IR
B Berhmrmdl. R, bbb
IR 4 SRR, B2 AQP-4 192 2k ] B
1% T X BELH AR A 105 4 (P<0.05) 5 S0 4,
LR A R R, b AR A AQP-4 (2R
R IRYIRFL (P<0.05) ; S-Ert il tbie, b
IR AR . L R 41 AQP-4 1R H
FakHHm (P<0.05) ; Pl ¥ & 20 AQP-4 1) 25
FRB & TR IR, ZR A% E X
(P<0.05 ),

@ o .’ ik 22 @
I v, e \
,l : e ‘ =
; N 3 ARGy L

®) (E) i ®

e Rt al ;s Fe perh bRl ee; G B PRGNt s 20Ok o BITE
AN 5 PR S O BAEAN AN ; SARILL AR, "P<0.05; 5L 4
YL, ©P<0.05; HBErh Rl LEE, *P<0.05

2 7 HKRFEEHL AQP-4 FHHFIALE
(fy%difb, x400)

it #

SCI &K Ay, Mg 45 I 3R 3 BUF B 2 21
P2tz B R, I - 88 5F B (blood-spinal cord
barrier , BSCB ) il & MEREAT, A RE/K b J i 28 4 g
W17, BAFBAKRNES, BEETRE). SCl
R R A BB AR R MR, ATE R
ATESMI I 20 min R BUNE Z N, S BUNES Z .
517 0 N 72311 2 = S Y v e R 2w 1 )
JAT-LA J BSCB MjfE L. SCI EZE ARl fn
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BUNET S 48 h Z (0], S35 BSCB FEfd N, A6k
i, JREBER IS, MARMERTE, BIRALUER, 2
A Th e AL E AT, BENKMIhE L
19 HRTET A SCI AT AT R th S I R 1 2L 114
AR, SCI BB “IR1E” B S5ung, (R
X o JERG ) . “BAA P, I, EAREE, 1
AR A, 2 EARE” . HbH BRIk SCI YR
PURHLEZRE “BRkZ, s, APILAF], 2
JKiB 73200, SHWEME . 245 ThBEBE REEAT, WA 3
SRR PO AR AR R 2 RN . B bk, 3 I
e, #ATI” 2 B IRl s AR A
251 P M EIE e R A, PEAR O
RIBHNHIE T . SRS EEIRYT SCI I IAST
SCBAS IR L8, VISR iR 09 o FRUCIIESE,
HETFPEERT, HEEIRYT SCl HARKME S .

ARSI R A H R TP EBEBE N B 25— T iE
MR E R, ZOr A RS R ER SR T, BT
I PR EL ik 20 A%4F, Hg mAbss . Pk . 70
KT R . e LA 22 N 25, BOHE M Ak
FIKTERhZ 3%, BELASIE . IS Aes sy, 1 i
ez 2146 . Mo 3 AR 2 Ty 5 & FH /K I8 8%
Wi FARE R . KRE, REHATR. 1. sz
R XN BERG R L0E | B BEK s
AR, BAEMBEE . RATRUMLINES, WAHABH,
BRiPAK; W25 A, a2, g mAess . ik
L ATREE KT RAEAEI Y KRB, S
SFE IR R 224 U 2 A BT 90 TR 9 E RE A% (2 1F SCI R BLpp
ZTAMGsE . REMSME, MINTAES SCI 5 4 F
A P2 e A P s R, 1S R R A
28 R B R 2 B R A R AR BB VR, AL
Ml RES Bl y- FIE TR ( -y -amino-butylic acid,
GABA ) i i1 GABA . 7+ Bl B i 4 1 s F N
P8y - AR TR 1 EARBME. R,
B RIS PER S =B MR AN AT Ul 3R SCI S
S EE TR 1 R, ISR T, &
EMZRG Y, WA R SR — AL R A
Fl R R KA AR i 3 AR, R gni
B, g rET >,

K SCI G —AN T B I REFAE 2 B 51
kR, ZIUX IR A KT BB B , a2 X I AR
KA RN, T LUK . A i 1 R
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