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HZE . BW RZ MR E 55 K e P 3 bk B3 2 (MCAO/R) R K R wgar BN . ik
36 AR RIS ABF R, A Mo EFM, S121, HMAHEFARILH MCAO/R A H]
10 min BAHBRES 20 pg/kg BRI £ R EHTR, 1&%7&2&%@%&éﬂyzﬁa‘%@%ﬁxii%bko MG IR RF Raash, H
A PRI SRR IR MCAO/R AR, KA Longa iR AR 3746 K RAV 2708k, BRI )2 R X3 (ELISA ) #&
M LA LR AR EAL B ALER(SOD ) F i, A =B(MDA) &%, HAM—FL(HE) # & TUNEL $ &V i
JAPE T A e b LR T OL, Western blotting # M fi 2L 2% Caspase—3. Bcl—2. BaxZ%k Fawh gk, BR OBFRAEK
BAh 2 ik K TAEA 2 Fm BB 20 £ 20 P <0.05) 3 BB 2A £ 3R K RAY 2 AR K TAEA 28 ( P <0.05)
BRI HEREFASOD FAKRTRF KL (P <0.05), MDAAZ & THRF AL (P<0.05); HEAMLE,
HEMEFMSOD FAFH(P <0.05), MDASEREAK(P <0.05)., HEFEELR B+, BT RAMAIEEFWT,
HIVA R BAMmMISR, HERY, KERESE; BRAEFAMBIER S, WEFW, KEZER
Vo AR BN E A T S TBFARE(P <0.05); HERMEFAM TRy FARMA(P <0.05),
BRI HER Y ¥ IR Caspase—3. Bax G483t R L & TRFARL(P <0.05), B2k At f it S THEF
RL(P <0.05); SEEMLAARL, 024 £ 354 Caspase—3. Bax & G At & i T (P<0.05), Bd-2%& 970
stEIAEAF (P<0.05), i HIRMAEFTIABKMCAO/R X K IELLLRBA REOK-T, R A 22 20 LA
T, BA RAFAYZEPAER, HAERALR 5T Caspase—3/Bcl—1/Bax il B A % .
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Neuroprotective effect of nalmefene hydrochloride in rat models of
middle cerebral artery occlusion and reperfusion®

Jiang Zhu, Sen Guo, Zhi-jie Dou, Chi Zhang
(Department of Neurology, Affiliated Hospital of Chengde Medical University,
Chengde, Hebei 067000, China)

Abstract: Objective To investigate the neuroprotective effect of nalmefene hydrochloride in rat models of
middle cerebral artery occlusion and reperfusion. Methods Thirty-six rats were randomly divided into sham
operation group, model control group and nalmefene hydrochloride group, with twelve rats in each group. In the
nalmefene hydrochloride group, rats were administrated with 20 pg/kg of nalmefene hydrochloride via tail vein
injection 10 minutes before the establishment of the models. The rats in the sham operation group and the model

control group were injected with an equal volume of normal saline. Then the middle cerebral artery occlusion and
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reperfusion model was established by intraluminal suture method in the model control group and the nalmefene
hydrochloride group. The neurological function of rats was assessed via the Longa scores. The contents of
superoxide dismutase (SOD) and malondialdehyde (MDA) in brain tissues were measured by enzyme-linked
immunosorbent assay (ELISA). The pathological changes and cell apoptosis of the brain tissues were observed by
hematoxylin and eosin (HE) staining and TUNEL staining, respectively. The protein expressions of caspase-3, B cell
lymphoma 2 (Bcl-2) and Bax were detected by Western blotting. Results The neurological function scores of the
sham operation group were lower than those of the model control group and the nalmefene hydrochloride group (P <
0.05). Compared with the model control group, the neurological function scores in the nalmefene hydrochloride
group decreased (P < 0.05). The contents of SOD and MDA were higher in the model control group and the
nalmefene hydrochloride group than those in the sham operation group (P < 0.05). Compared with the model control
group, the content of SOD increased and the content of MDA decreased in the nalmefene hydrochloride group (P <
0.05). The HE staining showed that the cells in the sham operation group were well-defined and regularly-arranged.
In the model control group, the cells were destructed, the number of cells was reduced and the inflammatory
infiltration was severe. In contrast, the number of cells was relatively higher, the cells were well-defined and the
inflammatory infiltration was reduced in the nalmefene hydrochloride group. Compared with the sham operation
group, a larger number of apoptotic cells were observed in the model control group and the nalmefene hydrochloride
group (P < 0.05). Compared with the model control group, the number of apoptotic cells decreased in the nalmefene
hydrochloride group (P < 0.05). The protein expressions of caspase-3 and Bax were higher and the protein
expression of Bcl-2 was lower in the model control group and the nalmefene hydrochloride group relative to the
sham operation group (P < 0.05). Compared with the model control group, the protein expressions of caspase-3 and
Bax were decreased and the protein expression of Bel-2 was increased in the nalmefene hydrochloride group (P <
0.05). Conclusions Nalmefene hydrochloride can ameliorate the oxidative stress in brain tissues and reduce the
neuronal cell apoptosis in rats models of middle cerebral artery occlusion and reperfusion. Thus, nalmefene

hydrochloride plays a neuroprotective role, and the underlying mechanisms may be related to the regulation of
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caspase-3/Bcl-1/Bax pathway.
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i 2 T SRR M ML A0, S — i DL B 2 i
L AE I, — P Sy ol i M A eh A 2R, B
A Y A R AL AR B R T AT R ik 2
kR BT, BB R e, s IR E L
VA R AL ACBURE S iR A vh B 32 B5R T T B, U e
IR BV 2 I 20 2 it AR T (LR a3 R Y i
S EEBEE, NI ZHEETEAR, A
AN TR PR B 1Y B AR AR T BRI 45 R R L 7E
A RIEIT T, ARl 25T AT LAER AR G 2H 2
Py snr Wi, SRR N S TF e B i 2 R AE B R, B
UK SE I PR 4P A6 7 A B 00 S A o BRTEHIFSE
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1.2 FERFISMEE

121 EZRA R EIFEFTE (1 mgmL,
5] 25 ¥ 7 H20080652, 1L T i BRI 25 A BR A H] )
KR 4 Ak ) B 4K 1 (superoxide dismutase, SOD)
I G 88 W B 36 (enzyme linked immunosorbent assay,
ELISA) Bt 7 & (#t % : ml077379) . N — [
(Malondialdehyde, MDA) ELISA & #] & ( #t 5 .
ml077384) (- g g ik A= W P A FR A 7)) , TUNEL 48
Ji 98 T A AR ) & (S C1091, i A KA
BHE A BR A w20 208 1 2 B R & (it
ml077391, iR FgHc A= PR A FR A A ) |, Caspase=3
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Bax . Bel-2 . GAPDH % bt K B —41 . -5t 5 HRP 51
P (EE Abcam 2N H] ) o

122 EZBAE 64 B (B A Olympus 24
F) ), B br 53 A A (32 [E Thermo 28 7] ) , Sigma 3-18K
H R 7R 2 DML (18 [ Sigma 23 7] ) |, Tissuelyser 11
1o A e 2H AU RS (F8 1R Qiagen 23 F] ), Gel Doc 5%
W% Z 58 (35 Bio-Rad A ] ) .

1.3 FHik

131  MCAO/R R ¢y £ 4 RHEALBREEH
MCAO/R) SN R UG s 1 3 19 136 B BE 22 R
B, MENEE T FARG L, EIEA MK 2
2 em VIO, &l 5 R B ik (common carotid
artery, CCA) 5483 WL Fpp 28, 2 6% 3141 3 ik
HN Bl Bk (internal
carotid artery, ICA), %5%LCCA. ECA, zhlikdede'®
ICA, FHIRFEIBITE ECA 5 ICA 43 XA 1 mm VI 1T,
BB TR LI R NERE, HERiEF
B BH 7, TR B R 2R 2 21 3k K 3l ik i
A, R, B2 h)5, S84 e bk
2910 min ¥ BB M E R, B)REEGUIH .
A at R R BUE T 37°C HE IR AR T AR AR

132 Flphas 36 HR RN MR
FARA, BRA ., R Era, /5120, B
Yl 25 25 20 K B ) MCAO/R SR 10 min B2 8 Ik T
9520 pe/kg BRRRAN LTI, RT AR A FIAE R4
TSGR AE TR K . B S BRI T R4 (R iEAT
CCA. ECAZ54L) Ab, H AT 2H Rk F Zete vk 52
MCAO/R #5574

133 AvZ 43S MCAO/R AR A Hl 58 U ,
i ] R 24 h, 5 18 Longa V173 b 1 17 K B
M DREVESTT . IEH (oM & ae k) 11043 5
JE ($E R B ZE BTN TR ) 3 1 49 5 v BE (A7 B 1) 22 4%
JiE ) Tt 2 435 HRE (A7 WRUME, ) Z2 Rt ) 1 3 43 5 ™
HONEAKATE)IT457 .

1.3.4  ELISA#&MAHZE41 SOD & MDA 4% #f
SIS )E . AL 4 HORR, 7 RIAbE
SR S LB S B O o 3511 B = N W S A A
PNAGE A B ER K, 4C B4, 3 000 1/min
B0 10 min, BB, 2 MRG0 & U 45 A fr
MIREAS, feJ5 7F 450 nm P KT B HA FL OB % %
(optical density, OD) {E, MR OD{H 13 SoD i& 1 .

(external carotid artery, ECA) .

MDA & .

1.3.5 A4 (hematoxylin—eosin, HE) % &, %L
RImM LR T HAHMILER4 R RR, BE
ST 1% 186 LG 22 BRI, 4T 32 3 Dk A 48
FH 200 mL A= BEER K MR vh ok, Bl S A 4% 2 TR
M 400 mL [, WA EE, U R PLY R4 2
JEZ)5 pmo WY RET, IMZHIRBE, E5
LR, NGB, EE 1R, Y%l M HE
et 765U LN 2 2 B AR AL .

1.3.6 TUNEL# &ML mieA = H1.3.5 P
AR, A ZH IR 10 min, HE 1K, IA
Je/K & BES min, 90% £, I 2 min, 70% £ BE 2 min, 7%
WK w4 . A DNase 4925 1 K 20 pg/mL,
37°C .20 min, PBSYEW 3 W, BREEAM K. MAN
5 M 2o 48010 W i i T PRV, & R I 20 min,
KAGEY) b i R AL Y, PBS TR R 3 IR, £
MR TUNEL 257 & v B 45, e il A= W 3= b aC i, ]
PREC . V1A EWE N 50 WL 2B ¥ EFRIC U, 37°C #EE
JF 60 min, PBSPEU 1 UK, FHE AN 0.2 mL ARic 5
ZOEWE, E IR T E 10 min, 2 MG & Ui 0] e
il Streptavidin—HRP "I {f£ ¥fZ F1 DAB { {4, . PBS &
¥ 3 UK, 50 L Streptavidin—HRP T4 ¥ , = i b7
B 30 min, 7% /110.3 mL DAB % (4% , Z HEMFE 20 min™l,
PBS % 3 WK, 7 2 U T WS A1 R T O, BE L
RIS AW IEF | T 53 5 A 0 BT b 8 T 40 I ARO 1 SR
S CRESEF v o oy BRI R T 40 )

1.3.7  Western blotting # 7] Caspase—3.Bax,Bcl—2 %
Gy kil AARENLEE 4 KR, A SE R EGK T

v e e R A I NG A = o
ZH UL 2R A, 4°C 12 000 r/min &5 0> 5 min,
B 13, >R F BCA WA I B Pk B . IR 11 20 g,
i 32 SDS-PAGE 43 2 485 [ - 5% % 2 PVDF . 5% it
fig 4= W5 3 141 )5, F PVDF I 5 Caspase—3 | Bax | Bel-2
—PURTE 4CH B L. IR P 3 1K, PVDF i
HTPOME 1 YR 3, B AR A, SR H Image)
B 4 T R AR ek B, L GAPDH A N 2,
1.4 ZHiFFFHE

B 23 BT R FH SPSS 19.0 834k F o Rt
DARIEL + bRt 25 (x 2 s) FoR,  HOE T 2540 Hr sk ¢
Ko, oF— W LA LSD—1 K 5. P <0.05 Jy 2%
SAEGIFE X,
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2.1 3AXRHMEINEERGRR

TR, BRI ERFR YN 26 75 4K Rl & 1)
fiE PE 43 23 91 4 (0.00 £ 0.00) 43 . (3.14 +0.58) 43 FiI
(221 £041) 5. BFARASH SEIRIA | gL
SFHKBM AT L, K RE, 2565
THeEE X (1=18.754 F118.672, 4 P=0.000), f%F-A4
KE DI REIF /AR, BT SRR 40 35 2R 4l K
B 2R PFor LB, 2R A G #E L (1=
4.536, P =0.000) , £5 R 44 3¢ 75 2H K LA 48 T BE VY-
T HEAIA
2.2 3AKARMALSODEMN MDA S ELLE

BT AR B Fh FR 4N 55 25 4K B 4 2
SOD ¥ P \MDA & &t WAL, & T 25007, R A S
P X (F=9.211 F115.625, 1) P=0.000) . #—#
PO LE A 5 S A 2 | R R 4 55 JF 41 SOD T
RTFBRFARL(P<0.05), MDA & & THRF A4

BFARL

FERIEH

(P <0.05) ; 5HR A A L, 46 R 90 35 25 41 SOD i
P F+ B (P <0.05) , MDA & & F& ik (P <0.05) .
k1,

*®1 3EKXBRKALSODFEE.MDASELLE

(n=4,x%s)

BFARA 211.48 +47.21 256 +0.59
AL 107.88 +21.34"Y 6.79 + 1.587
RN TN 169.21 +29.17%% 3.87 +0.87"%
F1H 9211 15.625
PE 0.000 0.000

o OS5EFRAE, P<0.05; @ 5K H1# , P<0.05,

2.3 SHARMARREETN

BT AR AL 40 Mo 58 B o, HESA . BRI
MR, B, RAERIEVE ., SRR IETY
LU0 M KR B L, R RERTE b, R OAE R IE 9
(1),

E1 3EARMALKEDTY  (HEL(D x 400)

2.4 SHEKXRMALBATMEELE

i F ARG BRI R RN 25 2R A K B T4
MI% 4350k (4.12 £ 1.07)/HP . (52.87 + 10.54 ) ~/HP
M (30.76 + 8.57)AN/HP, &7 25001, 2 5 A Giit ¢

BFARYLL

pimikel
E2 SHEAAKRKNALMEATIER (TUNELYLA x 200)

B (F=38.508, P=0.000) . i#F—LPFWLEgsR.
BRG] ERMR AN LR A T 2 TR F A4
(P <0.05) ; $h B2 44 35 7% 41 U4 1 40 g 0/ T A AL 241
(P<0.05). WKE2,

AR LIS
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2.5 34HARINAEL Caspase-3.Bax.Bcl-2&EH
HExtRIZELRE

T AR BRI | R 94 3¢ 75 2H R BRIk 2H 21
Caspase-3 | Bax , Bel-2 & [ A X R ik & [L 5, &7
Zo b, 2SS A G B S (F =29.871,33.992 Al
14.459, 3] P =0.000) , E— 0PI L B 4 2L - A A
21 ERFR YN 36 5 4 Caspase—3 | Bax 25 [ AH Xt ik 1 15
TR F A4 (P <0.05) , Bel-2 & [ A 1k AL T
BT AR (P<0.05) ; SHIAIZH AR LE , $h T2 40 35 o 41
Caspase-3 , Bax & [ fH X 2 ik 4 FE AL (P <0.05) ,
Bel-2 4 H A XF & 3k & F+ & (P <0.05) o L3k 2
A3,

xR 2 3HAAXRMAL Caspase-3.Bax.Bcl2FH

X FAEILE (n=4, x5)
215 Caspase—3 Bax Bel-2
A4l 0.11£0.01 0.28 +0.04 0.87 +0.20
A 0540117 098+021Y  027£0.04"
HMRMFIFAL 034+008"%  038£0.07"F 0680157
Fg 29.871 33.992 14.459
P 0.000 0.000 0.002

o O5EFARAES, P<0.05; @5F8I4 [LH, P<0.05,

RN T

TR

FERIZH

32kD

Caspase-3
Bax 21 kD

Bel-2 26 kD

GAPDH 146 kD

3 3ZHARINZALE Caspase-3.Bax.Bcl-2 EAMIFRIE

3 iip

a5 I A M A e R A A 2 LR Y i 468405
T, R SR DA DR v Bt bk b B AE v i 2H 21
P o R 7 R i ) P A L o 2H 2 2 32 3
AN TR R JBE 0 4540, A P i 22 D RE A2 B, T IG OR
b E R A 2B 2R U B BTG W) (tissue—type
plasminogen activator, t—-PA ) R AT I A T AU H —PA
AT SO E) B H B AE (4.5 h ) O LK A2 1 Y
G Z WA A A oo LB R, I SR A A
P2 DR AP TG 25 W0 X506 7 0 2H 4Lk i, -9 U

M A EEE L, hRNEITE HA
BT Z RS BRI — R A P Bk PR S .
R TR 4N 25 25 0T LAz 2ok 1t 1 e B, 3 5 AT DA )
NI R s R, RA B ZHa
ZIuMERY . BEAEB ST 45 R BRI K _LiRIT 2
PE R AE FE I, 76 5 BLIE T A L £ R g 55 55 nT
DASE TR

A5 45 R R, BRI A K R AT E TR
I 1) 22 0k A0 R AR 358 B A 0 G 1 20 0 ) 5 R
F% 20 9% 25 21 K RUA T 8 s 8 ) 2 S L (BT A P i AN
B0, 16 BH A il b 2 D RE AR 23RBS o i 4 2L
I PR e P 2 A K AR R 3, S BUIR
SAUAK TR A0 B BB, 45 ok 22 0T MDA 2 il Jo ik
AAL A, AR BoR, SHRF R4
L, B4 K B MDA 5 1 &, 60 MCAO/R J5 , K
R 2L 2 e i Joi o AR Ak B 1 KT TR i 2 2 4 AE
Bt SRR b, W S Eh IR AN 35 R R K
BRI 2 20 MDA & 2 5K . SOD 2 5 & A th 3L i
B, X HUHLAAR S A B SR 0 ABIEgE S ALY
FH G, T3 5 6 2 49 55 25 19 K BRI 20 21 SOD {4 T
e, 10 B G 2H R T AR A K P R .l HE 3Lk
L, MCAO/R XF fisi 2H 23 1 B 3, 40 B g 4 ™ o, R
JiE V2V B 0, T S Eh R 4 95 5% e, R Ui 4 21
SORE R, 4 R 1 2 SRR Eh R g LY
A —E WAL ER .

ik 21 2 G L 1sF o 28 0 2 G /0N I T A A, R
TS PE 48 (reactive oxygen species, ROS) . ROS T 8%
2R BT R B AN 2 K C (eytochrome C, Cyt=C) , 54
T4 O T2 R &9, 0 A MR T 20K
% M Caspase-3, e #E I T2/ & 2 o Bel-2 &40 0 h
AP T FE B, L 0 40 A e R Cy=C
il Caspase—3 , 35 ZI 410 i 40 L 98 - 09 4E JH o Bax J& T
Bel-2 & R 8T, 3o R B 45910 Bel-2 JE i R Ak, 1
il Bel=2 (PRI PE T, ABFSE T, 518 F AR A
F , AR 20 K BRI £ 21 Caspase—3 . Bax 2 A 4 635
R, Bel-2 25 AR X 3k R, 300 MCAO/R
i i 20 20 % A= SR AR SR N i R A 2 0, R
AT, MR SEIY R SR A
Lo, ER R 40 36 25 4 K BN 21 21 Caspase—3 | Bax 25 [ A
X 3R 5B, Bel-2 4 A 3R Gk 5 I, s 3R
1% 499 55 25 ] LU ) A0 N 3 & 2E B W SR P AR
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