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[#=Z] HNY RN B 8 #5818 ( methylprednisolone, MP) 54t 4: & C (vitamin C, Ve ) B¢ X 9 201 5 46 ik
ML AT B IR VE T ik BUAERTT = H e 144 5 SR80 6 4 BA XS BREH (A 2H) (il #3140 (B
) VINAE MP AH(C4) Ve ZH(D 1) K505 MP 20 (E 4) MP + Ve 2 (F 1) , &40 24 2 FMAIE F 30k 25 min J5,
FEBRBNIKIE , o5 R I PR AT | B R 45T AL A AR 3 . TP 30 min (6,12 24 48 h B HL4 K a3y, i — 1
(malondialdehyde , MDA ) i %8 fk. & ifi ( catalase, CAT) | i# % fk. 4 1 fk. 1l ( superoxide dismutase, SOD) | 24 bt H ik i3 &0 W) it
(glutathione peroxidase , GSH-Px) F2ik /K F-; AL 4 Ry T RREE RE RN 2], FRUE T 24 .48 h 3% Tarlov 1140 R 40475 hid
BTIHEITSY, I F 48 h PFor e i 5 Bk 47 HE Yefa [ TUNEL JH1-44 0, 450 A E.F 4] MDA (CAT ,SOD ,GSH-Px T
730 min 6,12 24 h FiAKFEH LT B.C.D 41(P<0.05), H A E.F 3 4RI T Z2% % (P>0.05) ; i1 48 h Tarlov
P25 R E R E (3.25£0.43) \F (3.50 £0.50) ZHH AT B (2.00 £0.71) ,C(2.50 £0.50) \D(2.50 £0.50) £4 ; HE %t
4 J% TUNEL JRT- 44 0058 E 20 (29. 68 £4.57) % 5 F 2H(30. 50 =4.40) % Fi 43 12 12 K 24 B 08 T8 500 225, 3370 A1 2
gl . &5 /NFE MP 5 Ve BGPTSR i i PR A B OR3P AT, LSR5 K5 o MP A 2, k£ 5
HEIE N R AR I R 1 KU
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Protective effect of methylprednisolone combined with ascorbic acid on acute spinal

cord I/R injury in rabbits
Liu Zhiheng, Yu Xiaodong, Wang Haiqiang, Wang Zhe, Luo Zhuojing (Institute of Orthopaedics, Xijing Hospital, Fourth Mili-
tary Medical University, Xi’ an, Shaanxi Province, 710032, China)

[Abstract ] Objective To investigate the protection of combined application of low dose methylpred-
nisolone (MP) and ascorbic acid in ischemia-reperfusion (1/R) injury of spinal cord model. Methods Spinal
cord ischemia model was induced by clamping the infrarenal aortic for 25 min. A total of 144 New Zealand
white rabbits were randomized as follows: group A ( negative control group), group B (I/R group), group C
(low-dose MP treatment group, 5.4 mg/kg, i.v. ), group D (Ve treatment group, 200 mg/kg, i.v. ), group
E (high-dose MP treatment group, 30 mg/kg, i.v. ), and group F (MP + Vc treatment group, MP 5.4 mg/kg +
Ve 200 mg/kg, i.v. ). Then the animals of every group were reperfused for O and 30 min, and 6, 12, 24 and
48 h respectively (n =4 for each time point). Neurological function was assessed at 24 and 48-hour reperfusion
was evaluated with Tarlov scoring system. The contents of MDA, SOD, CAT and GDH-Px in the spinal cord
were detected at different time point. H&E and TUNEL staining were used to observe the spinal cord section in
48 h after reperfusion for pathological changes and cell apoptosis. Results MDA, SOD, CAT and GDH-Px
levels in group A, E and F at different time were significantly decreased. but there was no significant difference
among them. Tarlov scores of group E and F showed a significant increase compared with those of group C and
D. H&E and TUNEL staining indicated that group E and F had similar injury degree during I/R compared with
group B, C and D. Conclusion The co-application of low dose MP and ascorbic acid exerts similar therapeu-
tic effect on spinal cord ischemia-reperfusion injury compared with large dose MP.
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AR R SR LT T RN R
UESE, 2 R M O ik R v, 52 405 0 Ry 30 o A0 o -8 1
(ischemia/reperfusion, I/R) 7| %& B9 G I 1t &AL 2 7 B9
SREE , ATV Rk S VR4 00 2 B A E B P e b
Zz—to,

FH 3L 58 8 8 T ( methylprednisolone , MP) & Iz N
HIF SCI (3R77 , HAE 46 £ 07 0 2 2R HLE
A& C(vitamin C, Vo) VE R MATHT ALY, IT4EAE
SCI BIRYTH H 4532 B EE A . A S0 I HH A 6 i 2tk
I/R i A0, 5 H o i b e 5 e AR 2R C I X
I/R 5 B sk 8 Ak 5 i 52 ), 83 Hoxt SCI Ji5 4 &
PR DR ]

1 HEE5H®

1.1 B H54

FRAEHTVE 2 H b 144 (i S8 4B RAF 5280 sl oD 1
B MEMEABR R & 2.5 ~3.5 kg 45 F350 T 6 4 BTk
XTREZH (A ZH) e FRETELL (B A1) /INRlE MP 41(C 41) Ve
H(DA) K& MP 4 (E 41) MP + Ve 2 (F 41), &40 24
H,
1.2 BRI R 4E
12,1 pRERSM SEE 20 mg/kg WKW ZEE 0. 4 me/kg.,
FATHE 5 0. 06 mg/kg WL AT HL At R T, e 0 v, 11 L 48040 0
B, T B ko i i S F DK T, PRIk T, LT
SR, 8 AR P . H v g B Jik 25 o W T 35 B
KR o WRIEZETE S5 JE | 2 T 50 B 2 o R I i YA 356 e 3
10 ml/ (kg = h) , LA FRER K BOF AR 0 32, AR 4 EL A4 1 0 1
MR RGE R R A R RRE
1.2.2 FAREME" LM B X A B, W L R . T
RSN s RS E TR 4 em IGTYI O, VITT 2 Tk R R T
ML, BBIFE 1 em MIRESIIK et singh+L , 3o 27 i BELIT, LA
IRRLBTF TR —/ O BAK 25 om B9S2, B 28 30k
MRS 1.5 om &b, 15158 G4, BRI RS .

BERY O, AGI%ET 3 com BEFFBG E 6 em, B2 YITT
N REAS R K M T R 4 1) A I, 9T AR B R KR 1Y TR
YR, REIFE AT T 1.5 em KIWIE F3)
ik, Bk 257 1 mg/kg JFE 5 min J5, FAE KT O T 1.0 cm
AN S BHITIE S Bk 25 min, e B AN T Ly HEARIK AL,
Je S ARG AR S Tk Je , IR vl 0L 4SS B KA i B
I, TR 10 ml KR 8 1 U vkl e, B2
1.2.3 ey hE BAESINKIBRG, LRI T 20 ml 4
PRERIK I 5 C HAE S Bk Ie B B I, o7 B 42 R MIP ( 3 [ W i A
F])5.4 mg/kg, JINA 20 ml A FEER K % D 21 78 8 Bk e B B
Jii , ST BRI IR Ve 200 mg/kg, il A 20 ml A= 33k #if  E 4HAE
BIIKIEREBR G , 37 R IR MP 30 mg/kg fill A 20 ml Az 2 57K
s F LHLEBNIKIEALBR S , 37 BRI I8 MP 5.4 mg/kg + Ve 200 mg/kg,
JIA 20 ml AEBEER KR . A IR IR Fah kot # ks 7T
HW, I T sk, 25 25 min J5 57 BIZS T 20 ml A= B4R K
il . FIRZAZIIFE 15 min PR ST EE

S RIS Ak SR SR, B B UE R, (R ET T R T B 21 | F
HETE 24 48 h ## Tarlov PE4y R G047 )5 s shIh RE RS o

1.3 AR AR Foife &

VIRATT Bk Je it 8] S FEHE 1 O by 4351 F P 7 30 min,
6.12.24 48 h, £ W 4 Ry, HE KN EAZE S 10 ml
Wb, 37 B A BRER K S A O AR TE VE , R L, ~ S, T BH
&, 558 4 0y, S5 K P % ( malondialdehyde , MDA ) i3
Ak A B (catalase, CAT) | #8 & 1k ¥y I k. B ( superoxide dis-
mutase, SOD ) . 4 Bt H K 3 & W [i§ ( glutathione peroxidase,
GSH-Px) ik KT,

THHEVE 48 h 5 G2 B DIRETTE A5 , B s B G ik e
AZR 10 ml £bFE, FF 57 RN A BRER K 8 20 D ARE T, s BT
L, ~S, T BA B, 17 HE J TUNEL JHT- 444,

1.4 MRIEARLE 7 &

LAl JRHMZINREIES SR Tarlov iP5p5iE ' 43 4m
T:0 43, G BRI B, NRE U ;1 43, J5 AT LI S E AN BE
B2 47, R OGS B s 1 AR ;3 43, SR AT SR T
LA 1 ~2 2554 41, AIATE  AUE RERS ;5 70 ATEIER
1.4.2 MDA SOD CAT K GSH-Px fj#& MDA (STA-332)
iR & H 3£ [E Cell Biolabs 2y ], SOD ( #K335-100) 251 & 1ty
[ 3% [# Biovision /A7), CAT( STA-341) 37 & H 35 [ Cell Bio-
labs /2w, GSH-Px( GMS70044 ) 37 & B 1 ¥ 785 36 KL H = 24
BHEARAR . BEOR B84 55 s i B R, R
JHBRACE LY 2212 ( thiobarbituric acid, TBA ) 3= 58 MDA &1 ; i
WS S AL i 2 SOD % it 5 SR Luck (1963 ) BT 4 3 9 7 ¥
WE CAT 3% 4 ; I MR % Lawrence H1 Burk (1976) 1) J7 i I %
GSH-Px {4

1.4.3 HE 34t TR 48 h BT 0S80, BURBA B
LURULTE 4% 2R FEE 14 d, B )5 A W5EIEY) A, 47 HE
Yt J5 s AR ™R .

1.4.4 TUNEL J{T-34 TUNEL {57 & W B 2 -1
Nl BURIEREAZURHITE 4 % ZR PR EE 14 d, Ak
AIRY) R 4R W AR AR, B 5 20 WU T g, e PR T
$5 %1 (apoptosis index, AT) o BHPE 0 % AR v < 40 i 9 7m S (56
PR T-ANM . A5k TUNEL Yo y) J BEHLIESE 5 4> 200 £5 00
P T SCEAH B A ORI PR 4 e 4, SR T B P 40 R 5 o 4 i
B 53 LA A PR TR 2

1.5 %itsam

FIRDL x x5 FIR R SPSS 12. 0 Gt AT Z AR ]
J5 22537

2 HR

2.1 BREAYZI TS

P TEIS 24 48 h )G A TIReiF/r W 5 A AL,
HARF A AETIRETE 3 W R FAIG E L F 4 e 2 ThRE T4 I
mTB.CDA(P<0.05), A E.F AR HETLHE2ZER(P>
0.05), W#E1,
2.2 MDA .SOD CAT & GSH-Px % ik /&k-F

5 B #AH,A.C.D.E.F % MDA SOD .CAT & GSH-Px %
KO AEFE T 30 min 6,12 .24 h ¥R G F#AG, H A \E\F 3
T B G425 (P >0.05) ;A EF 413 C.D 24 t,
HEiH2#25 53 (P <0.05) , 176 FHE T 48 h A, %41 MDA |
SOD ,CAT & GSH-Px #iA/KFTMH B 5T #Z7 (P >0.05),
W2,
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*1 HBARFBWAINEE Tarlov iIFSLER (2 £5)

205 IS 24 h 48 h
(oI P4 (B) 2.50 +0.50 1.50 +0.50% 2.00 £0.71*
JNFIEE MP 41(C) 2.50 +0.50 2.00+0.71% 2.50 0. 50°
Ve 41(D) 2.75+0.43 1.50 +0.50° 2.50 £0.50%
KK MP 41 (E) 2.75+0.43 3.25 £0.43 3.25 £0.43%
MP + Ve 41 (F) 2.50 +0.50 3.00 +0.00%" 3.50 £0. 50"

PA st BB 20 (A) Tarlov 35 & 0548539 A4 5 4 a:P<0.05,5 M
Mt A LE ;D P <0.05, 5 5 5 e B4 A MP 4
Ve 4k 4
2.3 HE #¢&
A 2 HE Qe ] B ml DL IE# B HEZH 4, B 4 n] DL HAE i
kb B REL LIRS, 25 BN R LT A0S AT O 2s AR AR B

EERERAE MO AN A B B R B 4 L, /IR B I, €D
AMGERENT BAS EFHzZN, EFHBRYAEDRE I
bk B 7S HOREAR R 2 e AN MOAZ T I R Al 4 2L (B AR B A
B4 B (E 1),
2.4 TUNEL AT % &

A ¢ TUNEL 813 8 J5 0] UL 246 K 22 0 15 5 4 fid, A i) 20>
2 TUNEL FHYEZIAE . HAYS AL T 4600 2] TUNEL FH: 40 i,
FVE A TR SRR P, {H C(41.33 £5.14) % D(39.82 +
4.62)% FE(29.68 +4.57)% .F(30.50 +4.40)% 4 FT-#5 %k
WIRART B2 (47.79 +4.95)% ; H E.F 415 C.D A AH I, M
TR BRE (P <0.05),1 E.F RIS it%2R
(P>0.05), WK 2,

®2 HHTFAE SR MDA SOD CAT & GSH-Px #fll45R (x £5)

MDA (nmol/g) SOD (pmol/mg)
205
30 min 6h 12h 2% h 48 h 30 min 6h 12h 24 h 48 h
BIVEXTIRAL(A)  169.52 £19.26% 172.43 +13.58%" 170.93 £ 11.15" 174.58 £9.36%> 175.70 £10.15 11.84 +2.54%> 10.22 +1.45°> 11.70 £1.37*> 11.19+1.68* 12.06+1.77
BUFREEAL(B) 331,61 £17.39  617.2931.19  549.88 +33.83  368.79 £20.53 174.08 +7.64  19.62+2.65 24.86+4.73 19.09 +4.52 17.95+3.47 11.74 +2.38
/NI MP 2H(C)  236.27 £23.74° 325.82 £21.08 288.57 +28.60° 227.31 £25.58* 180.45+9.59  14.27 +2.89* 15.93 £3.65 13.76 +2.46" 11.74£2.67* 11.52+2.03
Ve 41(D) 219.31 £18.52% 310.73 £23.48% 246.20 £21.28% 195.02+17.79% 178.35+8.76  14.40 £3.55% 15.25 +4.63% 13.62 +£3.84% 12.48 +2.518 11.07 +2.83
FFHE MP ZH(E)  177.39 £24.65% 190.57 +22.44°> 182,60 £15.37% 180.43 £16.46°> 176.32 £7.92  12.11 +£3.72% 13.98 +4.57%> 10.21 +2.44%" 11.62 +2.53%> 10.96 +3.14
MP + Ve 2H(F) 175.37 £14.73%> 192.63 £13.012> 187.66 +13.19%> 169.48 +25.3220 172.85+9.52  11.96 £3.55% 12.56 +5.32 12.15 +3.74%> 10.24 +3.36*> 11.33 +2.97%
CAT (wmol/mg) GSH-Px (umol/mg)
25
30 min 6h 12h 2% h 48 h 30 min 6h 12h 2% h 48 h
BAMEXTIRAI(A)  80.84 £7.54%> 81.03 £5.172> 86.32+5.29> 83.49 +4.69%> 82.65+5.11 1.47+0.21% 1.3920.18% 1.3220.10"> 1.35+0.33®> 1.3320.45
BUMFEREEAL(B) 111.27 £13.07 120.60 £17.46  109.58 £15.38 115.70 £20.01  80.03 £11.23 2.9020.53  3.34+1.07  3.32+0.9%4  2.05+0.90 1.3720.71
/N MP ZH(C)  103.56 £7.37% 110.74 £11.20°  96.32 £10.45% 90.40 £9.63*  82.81 £6.79  2.370.28"  2.66+0.41* 2.19+0.35* 1.76£0.24*  1.43=0.36
Ve 41(D) 100.45 £9. 64" 112.77 £8.39  94.26 £6.57* 87.91 +8.33* 81.63=10.66 2.14£0.21* 2.35x0.16° 1.97£0.32* 1.63+0.20°  1.38+0.23
K MP 4H(E)  86.94 +4.92°P 90,15 +10.23%> 81.81 +7.76°> 82.05 +11.18%" 83.39£7.55 1.57£0.43%> 1.89+0.53%" 1.22+0.66* 1.44+0.09% 1.40+0.79
MP + Ve ZH(F) 79.60 +13.15% 94.94 +11.35% 88.72+9.97°P 85.62 +11.78*> 81.71 £10.03 1.44 +0.19®> 2.07 £0.882> 1.16£0.40°> 1.51£0.29®>  1.35+0.62

a:P<0.05, 5% fn Fi 2204 b. P <0.05, 53 5% MP 41, Ve 44

A TAMEAT LA ;B S dn B 220 ;C. )2 MP 283D Ve 20;E: K 5% MP 28;F.MP + Ve 41
E1l SHEERREH{FENE

Sl

(HE x100)
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A TAPERT LR ;B . S fe B 220 ;C. N A E MP 483D Ve 20 E. K78 MP 28;F. MP + Ve 41
E2 KASHEATMWE (TUNEL x100)

3 it

SCI — B & R It I 2 18— KM At i IR i L %)
SCI 7E i) _b AR 5E R W, ot IEAS ™ 5, IR S5 e
RGP, (BAEG G 2 ~48 h N & R “ IR
g RSB, SCI S B W WU B H B UOHE BE
S SRR MR S A O TR T
BEAAAEE VR i B SEI 0 B2 T 50 & B, 4t
Bl 30 min HHEL LU E A B A B AR, U BH Bk
Ik AR A B it ] s A D & P 8403 5 T AR R A2 I Ak
B 25T FE T, L B R S TN R SE TR
VR 360D L 86 VR 0055 , T 40 10045 18] 2
b L EZS v 2 e ] N 1 018 o a1/ |
RIS PN B 0 a2 P 34 ey, 2 BOR 28 T0 B Ao 8 e Jo 44
KEWTS . RELEK G B2 shIIREPEMIESE T H &8
T 1 0T 1 A BE R B IR
MP YE Rz iadT SCI A9 259, 38 1o 3 il g Jo ek 4
Ak 5 PR AT BT 28 1 ok 8 21 X6 i 2 R S R B AR
RIS ER R R MP 08 2 5 30 5 R 1 XL
i"'ﬁ[l MR RWFFEUESE >R H K F & MP w3697 1
% SRR 22 G505 FITH Ak 28 GE 950 A R R K o
SR ML F8g DG 338 e ™) Al 6 [ B AT 5
PO MP {5, R B M | — 1 IR B
T LS B DRSS 18 om0 T LT 8 3 e 4 B R 4 v
INERENALTE A, 4K C R -MEENIA
A, B RENETH R A 3L, BT AL e b i T
BIVERIY o DIERRFSE R IR, 450 B4 005 2 W e A 4
A2 C AT AR A BB L AU 2k g ! 5 K g

e Z C XA RE A R R E HROR AN an k5|
BRI E

NS ?ﬂl]f E 23 AL H 2 S
it MP 5] & (30 mg/kg) s Ve [l S % B4 K
SRR, Tl Sh S e 2 ThBETE Sy K B
B 2l (Bl P JE 4L (K5RE MP 41) F 41(MP +
Ve 41) it g A 21 (BT IR 34945 AT
FEEE TR EF 2 At LY iPor 2 BT B.C.D
o EULHICIE K i MP 52 /N i MP + Ve 25%F
/R s —E R ER T EF 405 C.D Z4iAH 1
W2, Uil E F A3 aliffi ] Ve s/l MP 2%
RZT R EF 2 41 (B AH L, FEXT il 22 D R B AR 0
YERJCH .25 57 .

BHREHLSUPIRRFEE , A REAEFIG TR , X
AAbIC IR, B oIS il 2 AN AR 7 R 7= A=

it A AL . Basu %57 R B, TEig R At LS

SRR AL B A T 0 A AR T, AR i i s B 2 % A
Peasley % 52 M, 4 A1 rh ZE A Bt 4 Ak 78 SCI
o7 | RS P 200 L B R RN g e DR vl B ZEAE H . MDA Ry
g i SR AL =), A R A1 AT 52 M 2R R I I 4 A A
W R RRE AR PN S B TG, MDA ZKSF- 14 T 3 vl B g
8 /R 005 09 2 B, 35 2202 fh B 45 ) T 1 i A 5
P SOD AL [ AL R R AR SRS BE
HRAR B HH 550 41 A R Bl 3R %T#%H@Eﬁﬂ’]%%f " CAT
AT AEBR A R = A 8 H, 0, R R e Zrp
TE MR 5 T SOD 14 ; GSH-Px %}iv)\jjmﬂm
ZH AP Bt S AR ) B = B, AT U0 RO R
LR R, FRATTAEAS 26 rp SR BN E 41 4UR
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#B MDA 23K 7K - L4 3 W7 )=y &8 g I 1o 4804k B iy A 3
M E SOD (CAT , GSH-Px 33k 7K V- W AJ fiz B 4 )
FLIEBREE SRk

AT EE R R, FRE TS 30 min J5,B 41 MDA
FIZIAK RN B, EHEEE 6 h k8 Kke
U IS 2R T R, B FREVE ST 48 h FEANK B IE K
o X ULEH SCI 5 B NE e A Ak S I 8 22 & A T
WA 48 h N, 1 SOD ,CAT ,GSH-Px %547 48 1L i it 3¢
IKAKOF[RIE B9, A CNS Ja 8l A S B EPLE . E.
F 2 41 MDA 33K 7K -1 45 I 1] 5 15 Gl ot 7 3 20 A
LU X8I S RRAG, SRR PEXT BR A AR L JC I B 22 5%, %% €D
ZHALH SRR, HEF 2 4110 Fb iR Jo I B X 5.
W JC 18 B il ) 2 MP &30 /N i MP + Ve 1
AT LA R g S AR RN, L 2 R AR Y

HE Y&t} TUNEL 7 %% €0 [R] £ 75 2 2005 P 2%
FIER T BEAE /N MP + Ve 7] Lk 3 5k F &
MP i FH J5 AR TR B PR3P R, HL H B4l i F /N7 i MP
5y, Ve SR

22 bR B A E /N MP + Ve 7] LGk F) 5
FFE MP AT A9 O 37 850, I AT 3k e 5] MP i
HJE & — R0 B AE W KU, B Ve M dgfIRRE , A
SHATIN R U A, X O SCT I RGP $2 4t T
G g teZ i prze

SE k-
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