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Abstract

Objective: To investigate the effects of 2-methoxyestradiol(2ME2) on the movement function and nerve cells
apoptosis in rats with spinal cord injury(SCI).

Method: A total of 72 adult male SD rats were randomly divided into 3 groups:sham group(n=24), SCI group
(SCI,n=24) and SCI+2ME2 treated group (SCI+2ME2,n=24). The rats of SCI group and SCI+2ME2 group
were sacrificed after perfusion. Models of SCI were created by modified Allen's method. At 1,3,7,14,21,28
days after modeling, rats' movement function were evaluated with Basso, Beatti, Bresnahan(BBB) score. After
modeling, 2ME2(24 mg/kg) were injected peritoneally for 7 days consecutively and at the 7th day were ob-
served for expression of caspase-3 with mmunofluorescence staining. The nerve cells apoptosis was counted
with TUNEL staining.
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Result: After SCI and 2ME2 treatment in SCI group and SCI+2ME2 group the BBB scores were elevated grad-

ually compared with sham group(P<0.05). BBB score in SCI+2ME2 group were higher obviously compared
with SCI group(P<0.05) on the 14th, 21th, 28th days (P<0.05). After 2ME2 treatment the expression of cas-

pase-3 and the amount of nerve cells apoptosis reduced(P<0.05).

Conclusion: 2ME2 can offer protection for movement function in rats with SCI and maybe inhibit the expres-

sion of caspase-3,and finally reduce apoptosis of nerve cells.

Author's address Dept. of Neurosurgery, Zhujiang Hospital, Southern Medical University, Guangzhou, 510282

Key word 2-methoxyestradiol;spinal cord injury;apoptosis;motor function

61473 (spinal cord injury, SCI)J2 I R & UL
PRI, 25 507 A T LY JR BUIE L A FINAYT AT LTS R
UFERBORY . H TR A R i 2
—JEER v, AT LAY A MK I 45 {H AT fig
PRIH A IE H I O S I E . 2- A AR —
[ (2-methoxyestradiol , 2ME2) & #ff 18 2% A% 1E % /it
PR AELE T ORI U PRV P, A 7 4 i
St it R SRR SRy b G ke ot SR g X TS e ot
R RS K7 P o4 4 R BB e, 2- F AU e — e
YT D ol 4 i pe 2 8 Tk B pp 2 R R TS H
X R E (VR H TR AR D HGE . AR S 5
TEPR T 2ME2 X 61495 K iz sh Zh g L U8 T M 14
AL A 52

1 #MRl5H®
1.1 S Eh) s an

ft e B AR MEE SPF 2% SD R R 72 Hahyy, it
FAEE AR AR AL AR E 305+20g, FEHL A BT
R (n=24) HHEHI L (n=24) F1 2ME2 1557 2H (n=
2434,
1.2 SR S BRI

SR FH B R 1) Allen 32 il 4 5 R0 473 R BB AL
FH 3% 7K A G I s R e, BCES 30 1 Hh K 2 3em V)
O, 8% CO—11 W28 FMEAR . BRI 58 B A AR,
FE AR omm. I 10g FT 4%, S 12.5em, it T o7
B, d IR TR A BE AL S o, i
i, AR A3 R KR IR NSl SR, S FRCiE e
JRRIE 5 L e BRI PO, PRI B o B H 43 T K
FFIR 2—3 Uk A A AF 7 I [) U URE 3761 T BBB
T4 A & TUNEL Yefa, . J S 50me/kg
B 2R BRI B, BT M , O A ATE 1 T
S, B A OB, A 2 AR A BEER /K BRI

762  www.rehabi.com.cn

JEZR 11, A O FE A H 0 T, PR T 4% 2 R R
PBS WK The FTHFHES B 7% 88 M B S BE UM , A
4% 2 5 R h 4°CUKAF [ 5E 24h.
1.3 TR T A A Ao

BB BB J5 55 | KIFIR , 2ME2YR
7 41K B ¥ 24mg/kg 25T 2ME2 (I F Sigma /A w] )
JE IS T 5, ST AN 7d . B REI G 2H R B4 T A
A BRI I G AR TR AN T T T it

)% FH Basso, Beatti, Bresnahan(BBB) -3 % 4
a5 s e BN RESEA T 3 o B R BUE T Tem &
EAR 90cm HY PN A SRR |, TR SIS
1.3.7.14 .21 28d #1704l

ARG 55 7 R A& LR B TR BE UM, AR
VKD Ao A 3% TritonX-100 % 2 i A5, 2 35 %
# 30min, LA 10%/N4= L3 = Th, A S bt il
caspase-3 —PL (4 F abcam Invitrogen /A ] )4°CHF &
B, R H IS EERIC I B 4T (14 T ab-
cam Invitrogen /A Hl) . FUIFE T2 R N i
AT BATEAN T

BV S5 5 7 R A LR B A T8 SRR, TU-
NEL S 5t hRiC g A o 40 U8 T4 >k A
TUNEL {7 J5U7 A6 370 4, #4 M TUNEL 127 &
LB HERAE, WA T UL 2T BRI 5
14 GEitsatr

K SPSS17.0 A A T 5e 143 Hr , THEBORL
KB bR 22 T8 L3RR | caspase-3 & 1R 5 [H
PR 20 R E5 8 T PR 20 BT BORE y 2 5%, 1
B0 B BE 1 2ME2 ¥R T A AT AR 4H 22 18] A
K H B &R 5 22 /9 M7 (one-way  analysis of vari-
ance) , BBB P43 4 Jy 258 55 T AL (B 1E ) F A
5 Welch 1434 o #E—25 41 [F] W5 1 EL AR I LSD 1y
Ik, O Z2ANF5 0 R Dunnetfs T3 35, R RS



PHAAE 542

20154F, %530 45, 55 8 11

OUT, RIR R ER A R R i, SR S A i
TR T 2001, PAP<0.05 n 22 5 HA B R
X

2 #ZR
2.1 BBBi¥t4

A5 2H A 2ME2 VA YT 4 SR 0 )5 B 4 I
[ 2E BBB ¥4 I , P4 B BAR PR F R4, 2=
S B EIEE L (P<0.05), B 55 14,21,28 K
2ME2IRYT AV BB TE BRI 4], 2 A B
FEE L (P<0.05), W1,

2.2 PESO LTI caspase-3 Fik

SR T AR 4H (4.583+2.234) L4, B 86155 41
(33.417+4.274) K& #0145 2ME2 1497 41 (22.250+
4.048 ) G e YL, caspase-3 £ [k PH 41 i 5k
BN, 255 HA B MR L (P<0.05) , B a5
2ME2 J5¥7 4 caspase-3 £ [ 3¢ 15 BH M 40 o 55 5 5
PR B, 25 R B B PR L (P<0.05) .
LT,

2.3 TUNEL %if5,

ST AR (12.25+2.67) 4 H , 4 86 45145 40
(49.17+4.75) M A BEH I 2ME2 59741 (38.67+4.44)
T s R E 2, 25 HA S E L (P<
0.05) , H BEH 1 2ME2 67 20 4 1 40 i B0 i
AL AR, 22 5 AT B PR L (P<0.05), 1L
K2,

3 itig

B REB R H WP | 40 BRE M R i R
M SRR TR A RE R G R T 0 —Fh
T Bz — R E R I6 YT ol o el
TARER IR R4 A B 5L, B ARV E T S BE 5 A
LA o 22 2 R R S 40 L R T AT D 2 T B
RAE AL BB BEA L DI RE IR . (HBE AN

FHA AT A H B ™ B (4 9 RE o

2ME2 & M & () IE H A= AAAE T K
(A I 5 PRI, H RTIE5E 26 BH 2ME2 78 — 635 i
P Rgc i B rh A s 2 R E R, Yan T
LU K B, 2ME2 3 2 4l HIF-10 8 T iR SE R
VEGF ik, #fil 4 Jz A, il BNIP3 38 % i) 7
T2, U0 A S A DT B ok T S s 18 L5 48h
SN MR ZE . Wu CEERFSE i8R, HIF-1008 13
R R W SR JE  BNIP3 . VEGF 235 , 78 It /¥ JiE
T L A ) U A5 , AL 20 B R T ot i
BRI R A i Al R 70 A, 2ME2 1
HIF-1o#35 , NIFRAE T _FiR$if5 . Yeh SHEEC'E
I Ry e i e i R FRUBE AR 2o A % B, HIF- 104
R S AN T, I AT S AR AT, R
FA 3k A G 4 ) HIF- 1o 2 A M 2459 .
Chen CZ5“HF9Y 3 B 2ME2 78 J5 k1 i il 1 A e
AU BT B A S R A VR SEPL 2 e o
HIF-102%3% , I8/ VEGF (3 B Fe ik Firs |2 i 1.
i 5 B S0 4 1] BNIP3 38 B A 2 48 1=, Li Y
SEOVEI A 4 Ao e 1 A FRUBE AR | 2% B 2ME2 8 1 417 1l
HIF-10#%3k, | survivin 23k, #11i| caspase-3, 445
PUET-AEA

H AT, 2ME2 78 8 8 16145 o 19 4 F = 9 SoF 5
i /b FRATTFERI 5 B a0 K RURBEAL H % B, 2ME2
MR BEIS (32 shohgE , B sh 229 e, HnT
AE B AL 18 1o A E BE 10153 5 caspase-3 25 1 %
K P 2 AN B R TR SE B . Wang YF S50
52 W] 2ME2 ] LLid 3 ] HIF-1a6 35 , AT 224K
T VEGF i % K61 T VEGF i #4101 ] aqua-
porin-4(AQP4)Fil aquaporin-1(AQP 1) ik , # i ik
BB G K, B ER . X5
ML S HIAF o (H 2ME2 [0 28 R 9 L s 1% R B
iy, PRI , 2ME2 (8 il 22 B4/ FBIL A 1 7 10E— 25 1F
TR .

R1 BFEARA.EBERGNEERG 2ME2 877 A L 5505 F A E R @ BBB i£45 (x+s,1=12)
ERNEPN
215 ES 3% TR 145 21K 28K FE i
BFARA 21.00£0.00 21.00+0.0 21.0040.0 21.0040.0 21.0040.0 21.00+0.0 0.00 1.000
BT 1.00+0.60 1.67+0.49 2.67+0.65 4.00£0.95 4.9240.90 6.00£1.04 70.60 <0.001
2ME2AI7 4 1.00+0.60 2.00+0.60 3.75+0.75 5.67+0.89 9.08+0.67 12.83+0.83 15.153 0.014
Fli 6666.67 7346.35 3866.30 1865.21 1992.02 1146.79
Pl <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

www.rehabi.com.cn 763



Chinese Journal of Rehabilitation Medicine,

Aug.2015, Vol. 30,

No.8

E1

£ 4H caspase-3 EH BB RN E

(x40)

RTFAL

eyt

2ME2RIT 4

E2

£ TUNEL BERLEE

RTFARL

57 Uk

(1]

764

Wilson JR, Cadotte DW, Fehlings MG. Clinical predictors
of neurological outcome, functional status, and survival after
traumatic spinal cord injury: A systematic review[J]. Neuro-
surg Spine,2012,17(1): 11—26.

Ricker JL, Chen Z, Yang XP, et al. 2-Methoxyestradiol in-
hibits hypoxia-inducible factor lalpha, tumor growth, and an-
in head and

giogenesis and augments paclitaxel efficacy

neck squamous cell Clin Cancer, 2013, 15:
525—530.

Wu C, Hu Q, Chen Jet al. Inhibiting HIF-lo by 2ME2

carcinomalJ].

ameliorates early brain injury after experimental subarach-
noid hemorrhage in rats[J].Biochem Biophys Res Commun,
2013,437(3):469—474.

Chen C, Hu Q, Yan Jet al. Multiple effects of 2ME2 and
D609 on the cortical expression of HIF-lalpha and apoptot-
ic genes in a middle cerebral artery occlusion-induced focal
ischemia rat model[J].J Neurochem,2007,102(6):1831—1841.
Li Y, Xia ZL, Chen LB. HIF-1-a and survivin involved in

www.rehabi.com.cn

B2

[10]

2ME2R¥7

the anti-apoptotic effect of 2ME2 after global ischemia in
rats[J].Neurol Res,2011,33(6):583—592.

Young W. Spinal cord contusion models[J]. Prog Brain Res,
2002,137:231—255.

Schaible EV, Windschiigl J, Bobkiewicz W, et al. 2-Me-
thoxyestradiol confers neuroprotection and inhibits a maladap-
tive HIF-la response after traumatic brain injury in mice[J].
J Neurochem, 2014, 129(6): 940—954.

Yan J, Chen C, Lei Jet al. 2-methoxyestradiol reduces cere-
bral vasospasm after 48 hours of experimental subarachnoid
hemorrhage in rats[J].Exp Neurol,2006,202(2):348—356.

Yeh SH, Ou LC, Gean PWet al. Selective inhibition of ear-
ly--but not late--expressed HIF-1la is neuroprotective in rats
after focal ischemic brain damage[J].Brain Pathol, 2011, 21
(3):249—262.

Wang YF, Fan ZK, Cao Y,et al. 2-Methoxyestradiol inhib-
its the up-regulation of AQP4 and AQPI1 expression after
spinal cord injury[J]. Brain Res,2011,25(1370):220—226.





