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HE. B ArRMEEE AL BE ERGRPERGIE . FiE  BENEEF Fie R FaH G
ZREORSHA~E SU,FHI R, T THEENK20min kI FHH#EE;B 4,355 A LR A6 B Ao
FREE AR TAT e [ B AT ;C L, B R T4 AR B 09 e S 200 wg/kg Mk E ;D 4w, B
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Protective effect of estrogen on spinal cord ischemia-reperfusion
injury in rabbits

Hong-guang Liu*, Chao Zhang', Yu-cheng Zeng', Fang Liu*, Ying Kang?
(1. Department of Breast and Thyroid Surgery, the First Affiliated Hospital, University of South
China, Hengyang, Hunan 421001, China; 2. Department of Surgery, School of Medicine, University
of South China, Hengyang, Hunan 421001, China)

Abstract: Objective To evaluate the protective effect of estrogen on spinal cord ischemia-reperfusion injury in
rabbits and its mechanism. Methods According to a random number table method, adult New Zealand rabbits were
divided into A-E five groups with 9 in each group. In the rabbits of group A, infrarenal aorta was clamped for 20
min and then blood circulation was restored (reperfusion). The rabbits of group B received the same anesthesia and
surgery as group A, but no ischemia-reperfusion injury. The rabbits of groups C, D and E had injection of estrogen
200, 400 and 800 wg/kg respectively through ear veins when reperfusion started. The neurological function of the
lower extremities was scored according to Tarlov law 48 h after reperfusion. Then hematoxylin-eosin staining was used
for pathological analysis of spinal cord. Results The neurological function scores of the groups C, D and E were
significantly higher than those of the group A (P < 0.05). Histopathological study showed apoptosis and marked
necrosis of the motor neurons in the anterior horn of the spinal cord. The number of anterior horn motor neurons in the
group A was significantly smaller than that of the estrogen groups (P < 0.05). Conclusions Estrogen can significantly
improve the neurological function of the lower limbs of rabbits with spinal cord ischemia and reperfusion, increase the
number of normal motor neurons in the anterior horn of the spinal cord, and reduce ischemia-reperfusion injury.
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e PR R 7R A7 TR el R T sl KR 25 T R
I, 5 BN B kA T RELIBT , DRI, 2 2 1SR A 7] A
JE R L, B A LR R D RE ) — i PR R, B
Y R I R Sl R R MEAEREA, Rl
BERIAREGTT, BiG LFRE Ik e sy B
I AT PR M A o MR R IF < B i XU
Ja A BB IR Geitg R S VR, EG A Bt 7
FEERO RV E RO BLRHGEAR D EA, AR TR
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1 #MHEERE

1.1 FELEINF SNF

MBI VE 2= KA e[S VF AT IES : SCXK (i)
2010-0004, 1A 2.0 ~ 2.5 kg]45 H, I [ B K75
sy . WEMER R R IR AE Y 25 A BR OE
AT, O LGZ A B 25 A FR A
A, F R A sOUEEAR R e T A BRA R, 75K
Z - 1Y (% (hematoxylineosin staining, HE )i &x
W | R E IS EYRH A RAE . RESELE AL
SRR A IR R, iR A sk
FEAE R A R R TR : TR IT FARBY
R R MR R A SO A L A
12 HERNEH KRSHE

e BEMLERCR T LA T 7Y == R 50
A~E 54,549 H. A gl i £ sk
20 min, FHENE 2 d;B 41532 R R AT A 1R
2 ABATTER N / PRI C~E 34 BHMAE T
& E Bk 20 min, PRI GRE 2 00 S B 2 i
JikiE 5 200,400 K 800 . g/kg M2 .
1.3 KREFHE

A RO HT PG =2 O 1 A S5 5 1 I I AL 45 77K
K OK AR W AR SERTHT4G T 40 mo/kg TR
UL LU 22 (VR B2 - 3% wilv ) DA i) B 5 5 Ik 3 SRR
A 4 ml/(kg-h) Y T FLIRENZG T 4E4E . 1T
SKEER, el kR MR R i 8, ke
(pulse rate,PR) A EEHUR I A FE ST o WEE ) 1
TR P L S I L , AR P (s AT IR R 7 38 ~
39°C . A HCs i {5 B i 10 min A FRE A 10 min Y
Bk L FE X 1l 4843 JE - (partial pressure of oxygen,
Pa0,). sl kil — 4 fkfx /3 & (partial pressure of
carbon dioxide in artery,PaCO,) .pH ZEEA T %E .

1.4 SHleEFEHRMmAES

B i E FP 0 0, B IF G B k- S5 S
HAr B HBN TR, IR 3k L2 2%
#E ke, 8 =Sk r BB 22 B Bk 53 3R
0.8 cm ZAb , Pk 52 FEHEE A B[R] A BHIATJS 20 ming 18
FBIKBH TR 5 min H-Zk ik 253 150 ulkg HFZ 44
TR AR TG B, KA B s T i, 2 4E A IR
0.25%f Lt DR B0 , B BR A &8 4, LN T
PP KF K 40 000 u LAFHBT &G . RIGshPaEia T
IR A IR 1B 3R T A% = FE T JE 48 h ARG sh
A KK, ARG 8 h kG A R X T ARG #RER)
Y, BB T SN T 40 BhHE DR o BELPA B2l 1)
oW lienil i GRS A1=  B T iN Ei) i SASWAR (]
SE-34 3 ik . (mean artery pressure, MAP) <10 mmHg.
TR Aot SR IR sl ik ) 1 R TR A2
1.5 ERIEzEIIEEITES

FARGHREME RAKE A . FHEERS 2d,
XA G 38 shit AT T REVEy, PEA R TE Tarlov A
HEHEAT 4 0 3R Ja I DI REIK & 58 4, AT LLIE R AT
A 53 AP FRRBENS U LA RN RERE T TE 52 R T
Pauk SRR IS BCRE RS B G 25 1 4 R REAE LR
FCT I H FE ;0 R KRB E R T B
TGP,
1.6 JRIBFYE

GIEFRETE 2 d SERMI I RERIIE S, 4T
40 mo/kg S EL L 2R R ST A TR BRI, SRS A
i Ah B B s 00 U R R VSRR A
BN A 3 SRR ERIE T 1 000 mi A BRER K 207 1
T, F 10%11) 500 mi HY VA VR0 T e 414 VT
[P S8 M AT ONfel 5 2 5 L0 R, DRI
K (Ls ~ L) #AL 1 BELL L, TR 10069 HH S 15 T
R - 24 h 5 CEEKAS TS , A S AL . Uy
FEARVIE IR 6w m SRR BELH L, JUBS RERR L),
HEATH AL IR ARG BT e 0, o 2 B U2 7E 200
R SR T A TR A 1 [ 400 2 T A 461
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FCAARTE A rpyi % 3003 40 e A I o A [ i 21 e
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VORI + AR UELE (X )R F7, LI op R 2
J7 25 B el B B I U T 5 22938, P<0.05 2%
SAGIFE L
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2.1 GRERMATEAEIEFIERILE

XF A ~E 5 410 BES L A 1 B A 4L MAP
Pa0,.PaCO,.pH AT S b , R F 8 &2 i 1511
T 255301, Z5 A : (OAS [RIRs [i) 4n 3 Bk BT L BELIAT DA
FEHEYE 10 min A9 MAP . Pa0,.PaCO,.pH IR %45 b
HIKTAE LB, 22 R G824 L (F=3.236.,2.874,
2.998.1.092 F1 4.367,P =0.092.0.104.0.101.0.145
1 0.078); @A ~ E 5 4[] ) MAP .Pa0, .PaCO,.pH .
AT AEFE bR KB LU, 22 R A St B L (F =
9.127.6.238.8.945.5.376 #l 7.921,P =0.000.0.024
0.005.0.031 A1 0.007); A ~E 5 #[a] iy MAP,
Pa0,.PaCO,.pH . ATl 546 b 1 7K -1 1) 22 Ak 3
Feie, 22 5 A it 2# & X (F =11.147 9.538 .8.905
8.376 #1 10.921, P=0.000.0.000.,0.003.0.006 # 0.000),

WL 1,
22 HIEBIEZhMINEEITS bk

A~E 5407F 4.8.12.24 F1 48 h (1935 8 I RETT
Ay HeEe, R EE W R 00, RO
AN ) B[] 8 B D RE 40 Lh A 22 A i L
(F=11.379,P=0.000); @A ~E 5 #[a] iz sk
PEor e 2 A geit 27 L (F=12.098, P=0.000 ) ;
BA ~E 5 41113z sh Dy e 77 4 19 K -l A2 fb s
P G5 X (F=19.013, P=0.000), .35 2,
23 RIEBFER

FRET: 48 h )5, A 1B BT A B SR e
WA TR, PR AN & A P TR Y Rl AR
PEIRFE , Bt v n] DL i FE Y o =), A0 A% &
a o 2 7% = 7 e UNan B e e o P = el
K FTHE ML, o] WIE A IE &, A% iR,
WAL, T C 4HME A i TR i & A E Y
S AR IR AE, i Sk g iR & A B4 A2 TH
I, 25 U AR AR PR ORI ) o A AIE B PR 22
JEECEAR T E 41(1=6.475,P=0.000)( .3 3), E 4

®1 RRMATEHEEZIEIRLER

w3 S KFHLIETET 20 min

MAP/mmHg PaO,/mmHg PaCO,/mmHg pH AL /°C
Al 82.97 +9.10 106.27 + 7.08 36.27 + 2.48 7.38 £0.05 38.71+0.14
B4l 76.13 + 7.86 109.37 + 9.87 40.10 +4.61 7.38 £0.04 38.69 +0.28
C#4 79.57 +8.34 107.94 +7.18 38.34 +4.67 7.41+0.03 38.57 £0.17
D4 81.27 +7.15 105.99 + 5.10 37.01+2.81 7.38 £0.04 38.72+0.16
E 4 75.81 +6.28 105.97 £ 5.92 37.27+3.14 7.40£0.04 38.62 +0.19
4151 R, -

MAP/mmHg PaO,/mmHg PaCO/mmHg pH AT /°C
Al 79.57 +9.27 101.27 + 10.96 41.04 +2.84 7.34£0.06 38.37 £0.27
B 4 76.67 + 6.84 102.07 + 8.64 36.87 + 2.67 7.35+0.05 37.38 £0.19
C#4 77.94 +7.68 107.24 + 7.86 25.20 + 1.67 7.37£0.04 38.40 + 0.09
DA 78.29 +5.89 101.07 £ 5.10 27.21 +4.67 7.36 £ 0.06 38.47 +£0.26
E 4 79.10 +5.37 107.67 + 9.67 34.93 +2.83 7.35+0.05 38.43 +£1.05
w3 FRETE 10 min :

MAP/mmHg PaO,/mmHg PaCO,/mmHg pH AL /°C
Al 74.67 +8.67 105.13 + 4.55 34.21 +1.67 7.36 £0.03 38.57+0.18
B4l 75.69 +5.67 105.23 +7.93 34.31 + 2.67 7.21+£0.05 38.50 +0.16
C#4 79.18 +9.27 100.05 + 4.93 39.05 + 2.54 7.15+0.06 38.65 +0.15
D4 78.97 +8.12 104.15+6.75 4512 +1.64 7.39+£0.03 38.56 +0.09
E 4 74.59 + 8.06 99.14 + 6.05 24.98 + 2.69 7.38£0.04 37.58 £ 0.15
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ARZHE Rt EIT, WHRRIEREZ T A
BT AIAZA ", A TS SR e A

*®2 ®REEEIHNINEETS (n=9,4r,xx9)

5

4h

8h

12h

24 h

48 h

A
B4
CH
DA
EAH

1.18 + 0.56
4.00+0.00
1.83+£0.44
1.97+0.43
2.67+0.55

1.05+0.21
4.00+0.00
1.63+£0.23
1.89+0.36
2.90 +0.68

0.99+0.13
4.00+0.00
1.78 £ 0.23
1.88+0.34
3.09+0.71

0.76 + 0.09
4.00 +0.00
1.70 £ 0.23
1.98 +0.37
3.12+0.59

0.88 £0.12
4.00+0.00
1.73+0.23
2.00+0.34
2.88 £ 0.64

{ 1 i ’
7 ¥

2 |
TR AN,
A B
A:E 41;B:C 41; A Hhi kT by o8 B S 5 i AN AA% , A3
BT TT UL 5 B rb 7 Sk T4 Ay A% A 1 A L AT O 2 v B AE 40
JE
WE BT 48 h REGEMAETAESEE  (x200)

*3 HEFShNEERWAWEFEIEHHET
TEEIEE . (n=9,x5)

217 IEH 2o
A4l 13.65 +4.37
B4 89.37 £19.37
C 32.48 +8.34
D24 35.19 + 9.37

E 4 42.18 +10.14
FIE 76.298

PiE 0.000

3 itig

VAESR T MR R ok £ AR A
PR 17B- M T AE A% A S0k AR A I %) SR s T
fifg DL K 2L R &g AN Y — [ (malondialdehyde,
MDA ) &1, I BEIAIL MDA 1T P D 4% ke ot P94 0
(500, S 2% X dfe o P Y B A A AR B S
PER.

ARSI RIS 45 A R, E PR NI TR AR I, 28
IR H-Z 25T 200,400 A1 800 w g/kg Wik & F ik i
St R RGN BB BN G BB I R IS SR
ZorRCH , XSG R T ) e R A A B

MR ROR AT AR i O B R 0015 P 3 1 1
e,

MR M PEE VUG | A R miisn, T
FEE X A R 2 R AR R, IRZ AN+ LA
RARIEA LA HERET, PN Bz 40 i 4 A i e 3 T
FHAMAEIN K A B A5 ,NO L S I Bz 25 i b il 4% 3
NF-KkB 144 FH LA S H: At PR 38 4\ Ay J2 e 1 -8
Ja RS BUG I EER o MM ER 0T DA RE
b S A )5 PR R AR MR A 2 A L SR AR R R
J&E o TS SO AR 1 i P T A AR
M.

ABFSE R BT SR 45 R A, A A BETT A
L YL e T B IR K, MEEIRIT S
WD TIRSERZ TG, C 45 D 4UABERT M MY IE R 12
st E AR ERA GRS AT
FIPF o325 ATt — B 2538 . Ui 800 . g/kg 14
WA BERIE T LSRN A AE,, HC S %
SCHR A, 27 B9, 27 P I R A o8 FH 2 790 o P O 33 35 0
AR RIVER &A= L, B o] DE R T —2
HEA T HERCR A FIBLTIR ARG A7) 1

B RELH LB 2 FE B AR A B DR
B SR I PV R R A LA ) TR AR, A R 1Y
BRI R R AR R, AR R A T B
B, A B R A 2 T B R A 1 2%
PRSI IR, 5 B T R i A
2, Z PRSP ROE , T IR 0 B i SRR,
T A A P2 B S E SN, i 20 B 2 20 4 BK b
TR S 1M P RE 2R 28, 2H 20 Y Bl i P 3 5445 P
I 8o R G SCHR A, 2R RE A% T JRy ¥ A T S
N A TR A BTIRT 1Y R G 20

SHE IR 3R T o 22 ) R 4 AT Rl ok Bk A i A
S5 SRR R AH I AL IR b = 2 P, R4
MR T, ET-IRAL A A0 BT R 0k 11 i
R B R B, KO A R S e kA
PR X £ R P T A i A TR £ AT PR
T FEGET . AFSE KB HME 2R I6 7 1Y S Bl
MAEBEAESTR Gk AT, 8 A s ALl A T J
LT, BRGNS AR ARG DL A B SR
TR, K I RRAR, SR U i (R332 55
PR A B AR AL R RE AR, T MR X
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