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Abstract This paper investigates the damage mechanism of rat hippocampal neurons induced by the ischemia reperfusion and the
intervention of the Edaravone. An ischemia reperfusion model is built by the middle cerebral artery occlusion (MACO)-reperfusion
method. The reperfusion is performed 2 hours after the ischemia and persists for 22 hours (24 h since surgery). According to the Zea
Longa’s 5 level evaluation method, the neurobehavioral score of rats is graded; The rats” tissue pathological morphological changes are
observed by the HE staining; the expressions of amyloid B (AB) and its precursor (APP) in the hippocampus of rats are detected with
the immunohistochemistry, the image analysis and the Western Blot. It is shown that the model group rats show obvious symptoms of
the nerve function defect; By contrast, the Edaravone of 6 and 10 mg/kg could improve model rats” symptoms of the nerve defect in

varying degrees; And the difference is more significant in 10 mg/kg group (P<0.01). The HE staining shows that the depigmentation of
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the model group rat hippocampal neurons is obvious, and the two treatment groups could reduce this kind of morphology change;

The immunohistochemistry and Western Blot analysis results suggest that both levels of AB and APP in the model group are

significantly higher than those in the sham group (P <0.01), however, in different concentrations of Edaravone groups, their

expression is significantly reduced (P <0.05). It is concluded that the ischemia reperfusion could cause neuron cells” damage by

increasing AP and APP, and the Edaravone might suppress their toxic effects and protect the neuron cells by decreasing their

expression.

Keywords cerebral ischemia reperfusion; B amyloid; amyloid precursor protein; Edaravone
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DI 0.4 g/kg 1 8% 7K A S X R BREA 7 1 s 1 5
JRIE e A BN R , 74 1 Zea Longa 2R HE , B 20K A BlAT M 25
SNSRI NS SRS FL , S8 5 B R Sk B4 0.265 mm Y
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F e e (Haematoxylin— eosin staining, HE) , 7€ ‘2. 4
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50 AB42 —41 50 WL—Z5077 40 h 4CHEH , 1 h 37CHEF 4>
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HH o FIH Olympus Y24 i R ER A Leica 207 0 fURARAL,
SRAEBELH BB a0 A 00D ¥ 55 DX 5 ST A R, SR
i NIS-Elements Basic Research EZRENT R GITH AU
BFN APP Bz AB42 BH 3k 1 BL43 5% B (integrated optical
density, 10D ) , FJ LA S AR e e (a5 10
1.7 Western Blot#&ill APP . AR42 E H

BRI Sy« 1) B2 T B i - 9E 13 24 h FEHLEL3 2K
B, W7 Sk AR BE J BOHCA A Cofe i A ) DR il ¥ EH ZH 2, LA 1= 9 Y
B AT HE 2 100 mmol/L 4 H B A 5 98 (PMSF ) fiff -1
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A I R & (b s Rt 22 AR M R A BR A
CWO014) I 72 BT A REAR S5 FH 1 iR B2 5 3) il T J 5x - —
Joe FE B R M SR TR O Ik e 5 S HL YK (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, 5XSDS-PAGE) 28 ik
N 2L, K B BT i U R TR R 3 3 g/ L I TR I
TSRS, 75 10%53 B IR 5% WAk e rh ik A THLTK 5 4)
VKEE T P BE RS F 1 B FRE it i L B0 31 5 s — i & M
(polyvinylidene fluoride, PVDF) i I F-7E %15 T LA S% M N5 05
AP 60 min, SRS FEREICA APP(1:20000) ,AR42(1:
1000) .B-actin(1:2000) FLAepLiA, BT 4CTHFTER . &
13 3UCTBST L2 mAEE = , AL S A bR LA —dt
WP 1eG (1:20000) , 7E 5 I T 4RZE0H 2 h, 55 LA TBST
BEJE3 U 5) (£ PVDF 5 i ECL A6, T & 8547 30~
120 s B, FIIIE R I U Image J 8RR S 4647 00 b, 3R
PP EE R, L HEAE S NS E A EA L iR 22
WEIE e A A5 R AT AR A FEA T H A A &5 6
1.8 FitZEHHR

T s (BIRARIERE ) 75 T AT 2UME, M SPSS 1.5 %k
PEFEAT BT A i 0 b7, R B 207 22 93#1, P < 0.05 A 58
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(ZE M) A AN 4, A7 AEANARE a0 it i X (USRS, 7™ 2
TEASIATAE o 4T 1 AR 3 B s 4 28 23 Y R R
IR ENG R T —ERIEEE (R 1),
R RGARENNERNE#E 24 h KE#MEERITS
EA)

Table 1 Influnce of Edaravone on rats” nerve
symptom scores after cerebral ischemia reperfusion
for 24 h
bkl ) .
Z0 /IR S 7 W
(mg-kg™)

EIARIZ 0 6  307.67+10.61 2.67+0.52
Wik Zs 6 7 308.717.52 2.29+0.49
ik Zs 10 7 311.14+11.71  1.86x0.38"

BRI, M P<0.01,

2.2 fRiEHEXT TR MK RARRERSFH TN

HE 348 R, 5T AR K BRI SRR WL 7, i 42TT
HEZ B2 55, PN 110 R e 538 AT 5 1007 PN B 4 22 () %
BRI B SEEE  E RHSUR DL S5 4S5 15 CA L IX AT DL
e A T A B T e 28 e A e P A R [ A7 5 e
P g AT UL L~ 2 AN BT A% AL AR 2 R BRIl
M o R FEA% A R AN AT 21 225 R IR B I, K e
TN & AR AR PEIRAE , SR R SR HE SR IR, PN 1 4
TV SR | LA S 487 , 0 L[] ST i 405, S o 240 3 A D S
V5 CAT DX HERAH MR FRAE /N 3o H B T — RS T
IE - 280 M AR B A0 700 /N 5 A e €0 IO [ 400 28 R A R s R e Al
IR R IR B RN, S AR A AR R TR 4L
FEIR(P<0.01) ., &iRYT 41 SRR AR L, PSR SE L S0 1
G/ FREER T CAT DXHER AR MHES RN , i 28 e 2k
AN HGGRHIZE 10 me/kg ZH AR A1 50 A 150 20 B S 48 i
(P<0.05)(F%2,&1),

F2 R EXMNENEET24 hKREBS
CA1 XHERAREEH R ( & +5)
Table 2 Influence of Edaravone on the number of
pyramidal cells in CA1 area of rat Hippocampus after
cerebral ischemia reperfusion for 24 h ( +5)

BT 24 h
415 A (mg-ke ') :
e AR E/mm’
BFARLL 0 46.50+8.69"

FA 4 0 32.13+5.79
RikhiZ 6 39.19+5.15
RikhiZ 10 41.79+6.03

E G E Y P<0.01,"4 P<0.05,
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(a) {3 CA1(400%) (b) #EI2H CA1(400x)

E1 REREXT I EEE 24 h KRGS CA1 KRERGH

(c) 4Rz ZE 6 mg/kg(400x%) (d) #&ixHIZ= 10 mg/kg(400x)
I (HE$f&)

Fig. 1 Influence of Edaravone on the degree of pathological damage in CA1 area of rat
Hippocampus after cerebral ischemia reperfusion for 24 h (HE staining)

2.3 ﬂzitﬁ%xﬂ&'ﬁkmjcﬁAPP&Amzi%iziﬁ’ﬂ%éﬂﬁﬂ
231 GEAKENLE

GafiE éﬂﬂa*"{ﬂuﬂﬁ‘eﬁﬁ TERR 2 TOAZ SR R 2 ] Bl )l 2
HRAL, APP F Ik LB AE h o TGl i PE R 24 W, T LY 6
TR B4 A B €0 AR A S L 000 4 2 PN B S0 22 | A AT R
IR EE A G BHVE AN, X R ER G2 1560 APP 4338 5 7 S 3
SRIY . B R AT 45 SR s AR R £ i e I P VR 24 b
KB CAL X APP Rk B I 5 TR FAR 4L (P <0.01) ;1M
SRR AR, HETE % 6 mg/kg 7] B iR i APP ()£ 1k
(P<0.05)(%3,K2),

TAE R 2R AR, th ] D S A (0 IR 114 AB42
PHPEZAY) , AR e L IE W IEAS AR . X Uil A
42 7 Gl i 00 g £ 2 v BEPE R AR A . B ER A BTl
SRR R R 2 ffe 1L PR VE 24 h R BRUAE D CALL X AB42
FERBEF ARG (P <0.01) 5 MIAKIARIZE 10 mg/kg 21K R

T CALIX AR42 FIA T, AR AU 2 22 7 . 3% (P < 0.01)
(F£3,K3),

*3 ﬁ‘cit?ﬁ%ﬁﬂﬁﬁ%ﬂuﬁ%& 24 hXRi85 CA1 X APP
R AR42 RIEBISME ( % +8)

Table 3 Influence of Edaravone on the expression of

APP and Ap42 in CA1 area of rat Hippocampus after

cerebral ischemia reperfusion for 24 h (x +s)

Fiilke=d] APP AB42 7Y
ZH 5] N

(mg-kg™) Y FE(10D) e (10D)
BFARA 0 8962.43+1619.52"  3530.67+1056.36™
FERIZH 0 25097.16+3042.97 15178.08+1420.15
fiikhiZs 6 16542.14+1444.07"  11538.50+1975.75
fiikhiZs 10 22943.58+2389.93 8671.87+1890.52%

i HEAAE M P<0.01," % P<0.05.

B2 fRiFFExTREmEi#EE 24 h KRIED CA1 X APPRIZMZM(REHANLSEE)

Fig. 2

Influence of Edaravone on the expression of APP in CA1 area of rat Hippocampus after

cerebral ischemia reperfusion for 24 h (immumohistochemical staining)

(b) #2A

(a) BRFRA

B3 fRisfEs kM BEEE 24 h ARiED CA1 X AR42 RiLHIS
Influence of Edaravone on the expression of AB42 in CA1 area of rat Hippocampus after
cerebral ischemia reperfusion for 24 h (immumohistochemical staining)

Fig. 3

(c) fkixhizs 6 mg/kg

(d) fkixhiZ= 10 mg/kg
S (SRR B R E)
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2.3.2 Western Blot #:il| 45 8

Western Blot Kzl 25 5 g7~ , R ZH K BRAR-5 X APP 25
J ABA2 FE I RIA F W & TR FARA (P <0.01) ;1M
FEMGEHIZE 6 mg/kg 4 BARIKEFLZE 10 mg/kg 41H, KR
X APPEH M AR B H M KRBT mIA —E BT
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Apa2 [N ———— |
p o
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E 06
arr e S
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2 02
. =2
p-actin [ N -
<
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(P<0.05) (Bl 4) . BBl 0, #E R BN e i P 1 ok
W, APP 2R 1 S AB42 BRI Ry IR T, R RES A ifg = DX of
ZTCAN A= A4 E A T TR [R5 A B R A i
T3 1000 R BRI e 0 R — 2 AKOTRAIR , B BHARGA R 2 T Ll
TEXF APP 2R 11 A AB42 2 1 RV FH 8L D p 22 e 4 A 47

W AR B B KGR $i 726 me/kgBMKIA R %2 10 mg/kg

Ap42

HRRGFERBEER(P<0.05), # R AEEREEER(P<0.01)
4 {RIFRIEINGRMEET 24 h ARIED X APP K AR42 RiZHI 20

Fig. 4 Influence of Edaravone on the expression of APP and APB42 in rat Hippocampus after

cerebral ischemia reperfusion for 24 h
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FE R A 230 2600 B 5T B S A0 B v ) 2308 B B e s 5 1T APP
SeIa Gt B By s WA G 7= A — R X o T i 2 R
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PAT, MRTTA BRI T A B A RS AR
ISR I, WSR2 5 AR 28 TC AN AR A 347 , T A B IE S
1T B 577 5936 P4 (ROS, reactive oxygen species), Pl ) 2
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Caspase o 3 (S L R A | FADD(Fas—associating protein
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2R R 0, R AR5 8 DG BT R i B AB Y
DURVRIEEMEAE T, AR YR S 50 K A ok e 1 -8 3 4 2o
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PRRETE 5 28 e A M 53 A, TR 7 (0 b 28 O £
FHALAE AT 3 T REE, & 0T LAREAIR AR J2 APP B ZRIA/KF- 0
S X RE I BAARBL G0 5 A TR S S ik — DR

4 i

A DR B P S R AR R IR 7 73 ) ol 28 ST 20 L TT RE Y
PRYHLE . S50 25 F UL, 76 A e o P E v 0 A R, APP R
F &% AR42 T I Z T RS RS T R & oo 40 iy 483493 , AT
SR EI M ATIREMIBIL o HGEFIZ AT LU i 5 2 0
5576 5 X APP 8 [ S AR42 235 1 R, 0 il HO6H w28 T 4
MR TEVE T, B K R L I e B IR . A PIZARAE A
—F A W ETE BRI, BB IRIT I A0 AD S 2R AT R Y
TELETTfiE o (HJRAROA P ZE 3 i B AR YR A VEFH T APP 2R
F M AB42 B 1, AT T Z [ AEAE R e AR I 1555 7 5, X 2L
il A . AN IR BRI ZE T APP 2R 1 % AB42 R AU
VR F A5 R 30 e O R AL 75 B — A%
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