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Abstract Objective: To observe the expressions and serum levels of neuron—specific enolase (NSE) and S-100
after middle cerebral artery occlusion and reperfusion (MCAO/R) in rabbits. Method: Fifty—eight successful MCAO/
R rabbit models were randomly divided into permanent ischemic group 30 cases and ischemic reperfusion group 28
cases. Another 10 rabbits were regarded as sham operation group, which ischemic control 5 cases and reperfusion
control 5 cases. The expressions of NSE and S-100 in brain tissue were determined with immunochemical assay,
and the serum levels of NSE and S-100 were measured with enzyme linked immunosorbent assay (ELISA). Result:
There were weak expressions and low serum levels of NSE and S-100 in sham group. The expressions of NSE and
S-100 increased/decreased synchronically and changed basically identically following permanent ischemic 3h and
ischemic reperfusion 2h. But the expressions of NSE and S—100 after reperfusion 47h elevated significantly than
that in permanent ischemic 48h. The serum levels of NSE and S-100 elevated synchronically at ischemic 5h and
reperfusion 5h, and delayed 3h than that in brain tissue expression. Conclusion: Neurons and glia are much
sensitive to ischemic reperfusion. The reperfusion might enhance brain tissue injury and destroy blood brain barrier
to cause the NSE and S-100 entering into blood from cerebral spinal fluid, so that the serum levels of NSE and
S—100 might serve as early indexes evaluating brain injury and outcome.

Author’s address Institute of Cerebrovascular Diseases, Affiliated Hospital of Qingdao University Medical College,
Qingdao,266003

Key words cerebral ischemia; reperfusion injury; neuron—specific enolase; S-100 protein

i e i AR R 2 i R AR & AR AR AL, Horp S-100 A E—Km I EEE AR, FTEA T
EF j':tfl‘%%‘ rihﬁ@?'ﬂ:ﬁﬁ (neuron SpelelC enolase *%ﬁ;\ﬂﬁﬁ m;ﬁﬁﬂﬁiﬁ”ﬁ%%rﬁ*¢?ﬁ%%i\’§fﬁj}1ﬂ7ﬁ (04—2—
NSE) 1 S-100 2 2 G il PERG5 01 U BB 224y _ue)
AR AR NSE S it 77 7E T2 P00 4 B p s A AR 15 R B 2 e BT B i 65 956 BF 9 7, 266003
A, T e ) R s T A TR R R 1 A 2T B A B A W R e AT R
NSE 2 —Fh 20 g 4 76 115, % 5 b 77 7 T 22 4 Jf 3 GEIRVEH FEIR L 38 (5 & KEE B 2 e R B B ik i 7575 F
B2 4 4 S A ffﬂ?'éé)?i!ﬁ?ﬂiﬂ@%ﬂﬁﬁﬁﬂmﬁ% e

N 2 i e e 2 5 B




o E R PR A AR, 2007 4F 5 22 4558 11

Chinese Journal of Rehabilitation Medicine, Nov. 2007, Vol. 22, No.l1 965

XA 2 R 2T I T A0, 72 ¢ Joi 4 i A % J&]
PP 28 1 25 FEE 200 0L PN 2 o 28 M I A0 TR P B i B
T NSE F1 S-100 7E s 2021 rh 43 A AN [a) | — 35 AH 4G
A T Iz IR fii £H 25 r o 25 50 R R 28 15 I 440 R 46 S 1)
JE . B, K e i 7 o NSE T S-100 2 ) 7 &
K KR A [\ i X, NSE 1 S—100 F4 2 ik 7] Fz e figi 45
15 ) R B ASHIE 5% 107 FH B 3 A T 3k DN 5 e i ke
VPR A [ B ] i 2 21 b NSE Fil S-100 #9335,
K FH T B B0 3 W 2 (ELISA ) I 5 fe 1fiL 35 NSE Al
S-100 #y & f , WL 2 41 NSE Fi1 S-100 Kik 5
Mg h &R ER,

1 #RS5H®
1.1 SCEesh s AL Sy g2

FOE =4 103 H R BR K& 1.8—3.3kg,
R HERI R AT o | L AR Al B2 B 5256 2l ) v B2
fib o N 2Rk ar K 3l Ik sk i O
(MCAO/R)#L 8 | i A BB 4 Tk 1l 1h J5 17 MR £
£, DWIAZR b B 5 3 & A5 5 DXVE S A AL i 2 1) b
HER, K 58 H i 2 My A B B 43 Ay A P Bt
A 430 H A T B4 28 K, AN
A1—A6 4, BIStifl 1h . 3h.6h.12h 24h 48h 4 , &
45 H,B 4N B1—B6 41, BN FE#EE Oh 5 H |
2h 5 H . 5h 53 11h 4 H . 23h 5 2 47h 4 K, %
10 HAE BT AR, L am A G Bk AN i
b Kb B i B 53 by i M Bt ot Xt B ZH (A0)S LRI ik
I PV 1 X B (BO)S H,
1.2 135 NSE Fl S=100 A K

5 41BN W AE I B RD S, 280 I 2 ) B I
5ml,4000r/min &> 10min B F 3%, -20°C 7K 46 14 77
R SR F WAL e 0 ELISA #5 K 1 7 H i NSE il
S-100 F i, B E th R EH R A BR 5T AR A
AL BUBAHA P NSE 57 S-100 $55 Bk 6 B b
i, LA 100p] 5 7 & FRE I 58 S 1 3, 37°CHl
A 60min, PR BEM 3 U, WK AL, i A 100l
AW R AL BT K e NSE 3 S-100 Hi & ,37CHR &
60min , PEFR IR PENR 3 UK, K 4540 T, A 100l 3
R AT Sk W i A T2 ) B A ) R R LB B &R L 37°CIR
H 30min, YEERWVEM 3 &K, oKL T BALINA
100pITMP & 43 ,37°CHE AL E 15min, AEfLINA
100 pl £ 1E ¥ ,30min N 7E 450nm 420 i 451X 332 OD
1B, L OD B YN AL B, LAAR R 3 0 B A b, 22 1l
PRk, ARAEFESD OD (A 7E bR fh 2R 12 th Hk
B
1.3 NSE 1 S-100 Z& ik K

1.3.1 WA ZIbRAS R E AL B . &4 sh WA i E 1)
(B8] s A0, SE X B, B T A B AR K Smin, YE 2K
AR M, SRIG N 4% 2 B H B FE 24h,
FRIBIKIZ L 24h, VIBUIAE UG I 44 Tem JRE 1 ik 41
SUE T 0% WK PR AF . IS8 BLBK . B 2
W, AR R G SRR Y R (R
Sum) 0T 2 BE A R F A B A F SRR
T e ARG,
1.3.2 NSE H1 S-100 %% 4l ALk . et % NSE
S—100 5 BEHU AR dy B -7 A4 4 TR A BRA W)
PEAL ) HERE PR Y R - S A O Bk
(SABC) 2 20 Ak 1050 & by b 5 v L A= ) R A BR
ANEREE S ARARY) R LB KA 4 R S AR 4t
) SEEG AL IR BEATERAE  DAB {6 OB e g
B €0 0T A B PE 2 (i, BG4 U0 R — P L
0.1M PBS 1t &, AHIHMEAE, A58 T (400
5 ) HE B It BOIRAAR DX B ATL 25 B 4 A 400 B 115 BH 1 4
Ji, AR B bR 22 450R
1.4 Sttt

F Excel k%5 AEHE ,SPSS 11.5 Geit2#ab 2
BAF AT ¢ K5,

2 #5
2.1 il R R R R S [) Mk 2H 40 NSE Fi S-100
FiEM Ak

Gl 20 2L I 3h S B 5 ORISR AR X S-100
1) 2R I8 FBOIRIR X NSE 2k B B A, S I AR
HHEESH B ENE (P<0.05—0.01), ZEHti 12h
IKE U240 FRIR MR, 2 48h I TR TF AR A
(P<0.05), W32 1, I PR 2h J5 B2 ot X RN S0tk
R IX NSE Fl S-100 9235 3 TH &, 2T 11h
K, S5 F AR EEE Oh LR EF A B
F 1 (P<0.05), W% 2, K 1—6,
2.2 e i HEE S TR ED 0V NSE # S-100 F
AL

Gl Bk 1 6h J5 LML NSE #l S-100 #Y 7 &
W 5 T, i 24h 35 B w06 L 48h S5 R R (EAT
o TBRF AR (P<0.05), W3R 3, Bkl F-#E 1 5hjs
L% NSE 1 S—100 FY & 2 B 8 7 5, 0 23h
IR W PR 47h R A TR TR (P<
0.05), W5 4,
2.3 AJEK X NSE Fl S—100 % ik 5 1fiL 3 & & 19 4
Ko Hr

ACAHE R e it 3h R I PR T 2h JE, Bk A4
NSE F1 S=100 2 ik [7] 25 Tt i Rl AR 22 e I A



966 rpE B A R A 2 R, 2007 A L5 22 % 55 1L Chinese Journal of Rehabilitation Medicine,

Nov. 2007, Vol. 22, No.ll

— ({0 NSE F1 S-100 2% ik 75 Bl i 753 1 47h 4132
ACANEGI I 48h 2 SR B Th U B R 2 A0 i A R
5 A0 e e i P A 4 A R RO, T LR T
RERMERAHL BN EZ — (% 1,2),
ACANE R S it 3h AR it PR T 2h S, MRS
NSE F1 S-100 ik [F 265 . {HIlLH NSE A1 S-100

ACE B BB Sh P Sho A TR T, —3& [
AR (% 3,4) . 156 Bt 25 S i P R A B
I — i B 5 A7 B SR 4 M N 1Y NSE it S-100
BRI MR VRGP E AT IV 3A
I 3 3 A I 1L NSE F S—100 f4 /K S, BT LA
S I P A A0 1 R R LA A

R 1 kMDA fkH 22 NSE #a R2 BRmBEEFHAMAL NSE 1
S—100 PHMEZRAE ST (xxs /l\f{%i%ﬁ) S—100 PR HABEL (was A/ B G L)
T J X SURIR X R Je S X SRR X
arE s NSE S-100 NSE S-100 anl s NSE S-100 NSE S-100

BERM 5 12752591 13.00£3.16  14.75+2.50 11.25+2.99 BPEARH 5 13.65+6.03 18.23x8.36 18.34x3.04 20.25+5.12
Bet Th 5 14.50£3.42 24.50+£5.92  32.50+3.11 20.75+5.56 P Oh 5 16.50£2.38 21.50+3.51 26.50+3.11 19.50+4.20
Geifl 3h 5 28.25+4.652 44.50+6.862  40.50+5.74% 19.50+5.807 T 2h 5 37.75+8.10% 29.50+6.45% 27.50+6.24725.00+4.76"
B 6h 5 27.50+6.76% 68.25+5.85% 40.25+12.5 20.75+3.86% FHETE Sh 5 33.75+13.7%43.25+6.18% 76.75+20.25234.50+5.92%
B 12k 5 76.25+9.60279.00+£24.04% 42.50+6.45% 33.25+3.86% BEE 11h 4 32.25£5.68%37.2546.85% 26.00+3.16752.75+6.95%
Beil 24h 5 63.25+8.182 35.75+4.35%2  25.75+4.35% 28.00+7.79% BHEW 23h 5 27.00£4.40% 29.00£5.35% 28.75+5.62721.75+3.307
Bl 48h 5 57.27+7.34% 18.50+5.327  14.75+3.592 20.50+3.117 B 47h 4 25.00+7.537 38.50+7.94% 33.00+8.98%55.75+12.32

HEF AL . DP<0.05,2P<0.01

*F3 HLMmAME NSE #1 S-100 7K FZ L (xts,pg/ml)
215 BBILk NSE S-100
BFAR4L 5 9.69+3.60 5.93+1.70
Bl 1h 5 10.13+4.75 6.53+2.47
B 101 3h 5 13.53+3.93 8.63+3.44
Brifi 6h 5 17.28+4.54% 10.03+3.62%
Beif. 12h 5 17.06+5.29% 18.41+7.00%
B 24h 5 23.95+9.11% 23.17+10.87%
Bif. 48h 5 14.81+3.577 14.54+5.907

5T AR . DP<0.05,2P<0.01

E1 &R 12h X S-100 B3R ix

B 4 WH#E 5h 50K NSE #5R3% B 5

3 g

IEHEOR AR H NSE B9 & AR AR, 24 ik 41
2 B i e 48 v B BT I 400 B A S B 2 B IR
NSE f# i 28 0 i 38 2o i — i 6 V5% B a0E A
i 988 0BG 69, 5 NSE 1) 75 125 ] B2 B 28 ST FE T 1Y
R A5 BT J5 A 0 L Pl ) 2 0 B A R i 22
JCIRASPESRFE A 2 Y 1 7 e, I — 5 Y o s 1
T 5K NSE A 200 it A 88 J30 3 3 1 5 A s . — i 5
S5 B 0k A R LT, 2% NSE ] 5 523 1l — i 6 75
HEAARPERR, PR A] A A1 JE i oA I 5] NSE i B2 11

B2 H#ESh ERE S-100 B95%i%

fRIM 12h UK & S-100 B9 R IE 6

5 oh 41 H 8 . DP<0.05,2P<0.01

X4 BLBEFAMFZ NSE F1 S-100 7k F T4,
(x£s.pg/ml)
205 YA NSE S-100

s F A4 5 8.92+3.33 6.44+2.12

T HEVE Oh 5 10.95+3.83 7.33£3.03
HRHEE 2h 5 20.84+10.82 16.00£9.44
T Sh 5 24.46+11.39%2 13.73+5.2812
FHETE 11h 4 21.16+£7.919? 13.86+5.341%
PR 23h 5 23.37+7.047% 19.65+9.78V%
T 47h 4 16.28+4.7412 14.23+6.4612

D58 F A4l i ,1=2.57—3.47,P<0.05; @5 F-i# A Oh H 5 1=
2.57—3.47,P<0.05

B 3§k 12h SUK 4 NSE B R

B#EE Sh gURE S-100 By 3R3E

9‘-[- =] [8]

ARSI AR R, TR T AR L A K BT X RS
ARAAR DX 25 240 M A7 SE Ak /K SF- 1) NSE &3k, I v b
NSE £ s 41K o 1 78 i S 1l 3h s 12 5 X RSO AR X
A2 AN Py NSE Fak 35 , Ghifl 12h B i, 7¢
B 6h J5 I3 o NSE & i F i 7t , 2k 24h
IR U PR B 1515 5 NSE ik 1, &
FPAE I NSE 7 o 40 MO R6E 85 0ok 1 — o 5 V5 e E A
MEAGIR . PR, W I & J& i 1) NSE A8 4k, BT 7 fif dih
25 UM MR BE I 15 Dl B ™ E A O AT LR 2 T



o A R A Ak 2007 AR 22 458 11 W Chinese Journal of Rehabilitation Medicine, Nov. 2007, Vol.22, No.l1l 967

P 458 43 1 R

BRI P9 7 2h 41 41 NSE (59 E Ik F iR T
FRUE T 230 J Bl 403 D93 0 I = A R R A R A
AR Ak W2 AN P NSE B 26 318 15 51 i 0, 11 5 B 8
B 5 T L3R T NSE /9 & k76 FE T Sh W IF i 7
FEHETE 23h 1A B 0 47h WS W ITEE TR, HIE
—J7 W2 BT A2 45 240 BB 9 i) NSE AN Wil 1,5
— 7 THI AT g TR R R A T A0 M 1 it 37 g
F1, 50 T A AR R, S B0 NSE Rk FEIG, Ul
W i 2H 2L 00 A O S 25 ke TAR U8, © BRI IRFE 1Yy
it 2 40 B AR 52 11 NSE 4 2 38 T F I P9 0 T
A5% 1k L Y AR WK IR SOk I 4
*H_ﬁ[‘)flo]o

S—100 & H &M 2 i A M B bRic B 1, Yk
A LU A0 45 5 40 T AR TR AN, K A A
B IR A0 A A R, RT PR R S-100 &
1 368 AT 4 ) 9 A OV, 2 3 B R 1% i — i Y
Ji B i A IR B, DRI i VR I Y b RS-
100 F F1RE A% S Wt v A b 28 22 495 ol 248 g T 200 e 1Y)
POIRAET, IM13E S—1008 2 A U 5 i 20 4L 1Y
P A B A 5%, I 22 4N A e

ARG, ERT AL S K 5T X R £
ARAAR DX A 25 48 A7 BE Al 7K SF- 19 S—-100 3k, i
S—100 A AK, 7EMGBR I 1h iR 5T X AT SCR AR X
MR ZE LN S-100 kg, 5EF R ik %
SRR PR A0 Y 2k T 12h 5 B
J& BT bR TR

S—100 235 14 38 Z2 L H 7 2 0 T i ml g2
A A543 5 ) — b B FRARAHL 4 i 4 2 o
U, A2 AR PR 2R U A0 R 23 B 1 S—100 1 i
AN i = i TR B 0 11 R < 5 v NG 11 R -1
FHE I S-100 & F AR D I i 4845, B+
S-100 XJ & RGE AT A F, P 28 15 5T 240 i A
2 250 % 55 B S-100 7] fig 216 8 w4t —
FIEC, (B S-100 ¥ B 2o & W) S B & oo T, B
PL S—100 f4 F Jift BV A2 1o 453 473 1 AL i) S g 453 45 1)
Je S0 H o RT O i P iR 45 S—-100 TGS A
P2 200 G 17 28 3K 38 2 1LV i R S B T
L, BRI A

AN, A S i R A X ) B T A AT L

45 R AL o NSE R S—100 B9 7 75 H A
AH X R B (8] A 22 18] G S 3 M 22 R, BRI 12h 24h
A8h i ZH 4L Kz o1 IX AN SRR X NSE 1) 2638 4 P 12
11h 23h 47h B 38 % | il 6h  12h SURA X S-
100 A £ R B HEMETE Sh 11h Bl B3 L | Xl RS K
B R %) Ao 2L 2B I, 4t L PR 7K o o i fom D R ol
PR 7K it A

&5 Uk

[1] Butterworth RJ, Wassif WS, Sherwood RA, et al. Serum neu-
ron—specific enolase, carnosinase, and their ratio in acute
stroke[J]. Stroke, 1996,27(11):2064—2068.

[2] Abrah HD, Butterworth RJ, Bath PM, et al. Serum S-100 pro-
tein: relationship to clinical outcome in acute stroke [J]. Ann
Clin Biochem, 1997,34(4):366—370.

[3] %5, Judkek, JH/AME, AF. RN B & 1 B E LT S-100
TRV 26 T S5 P T A T 180 00 7 R s PR 368 (D). ST IR 2 A s,
2005,21(1):37—38.

[4] EmEM, skEST, VPR, . WGEEFE B L P2 TR S A
LR S—100@ # 11 A B PE 8 1o B i 2 4[]]I e E
SBEEE, 2005, 17(9):572—573.

[5] FLAHy, IR, e e, 3 Lok vk R b 3 ik P 2E T e
e M ASE TR AR R R T A MR A S (D). h R E AR R,
2004, 20(2):209—212.

[6] Lafon—-Cazal M, Bougauh I, Steinberg G, et al. Measurement of
gamma enolase, a new method for selective quantification of
neurotoxicity independently from gliallysis [J]. Brain Res,
1992,593(1):63—68.

[7] Pleines UE, Morganti-Kossmann MC, Rancan M, et al. S-100
beta reflects the extent of injury and outcome, whereas
neuronal  specific  enolase is a  better indicator  of
neuroinflammation in patients with severe traumatic brain injury
[J]. J Neurotrauma, 2001,18(5):491—498.

[8] #AEH, TR, B, &5 SUMEIKAE SR 2 TR S M I Al
it A 1 R B8 [T, ARSI BE 2, 2004,6(4):16—18.

[9] Wunderlich MT, Ebert AD, Kratz T, et al. Early neurobehav-
ioral outcome after stroke is release of neurobiochemical mark-
ers of brain damage[J]. Stroke, 1999.30(6):1190—1995.

[10] E®, skar, FEpak, 4%, Ji Bk 49 & #5145 )5 NSE A S-

1008 M FRik[]]. FFE E¥LRE, 2004,19(1):1—3.

[11] Rustandi RR, Baldisseri DM, Weber DJ. Structure of the
negative regulatory domain of p53 bound to S-100B (beta)[J].
Nat Struct Biol, 2000,7(7):570—574.

[12] skiefh. S-100 & FIAFFEHE )], 9900 BS 2 Be 2= 4, 2005,28(3):
270—273.



