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[#ZE] HH:#F %R 42 & B (neuroglobin, Ngb) 7 A B &k fn 4 A b #y 35 &8 & 3k Kbkt bk B 5 Ngb W RIR P ER . 7k
¥ SD KR FNA 4 4, 8 AR 50 4k A 2 (middle cerebral artery occlusion, MCAO) 4L | M i ¥ & 4F 36 (HD 4, & b fn 21 &
(Hemin) T HAABF AL, ULZEHEE 36,1224 h ANE A MNEWAL S KE WEAERR HE LENEALREF KL
LR B Neb &k, 45 R : Hemin LB A4 24K E WAELAKRKE MCAO 4 fn HIZH B H % £ 7 (P<
0.0;HIAMAMAE 12 h BEAE; HEY A ALK, Hemin LB LK EZE R MW Z THER MCAO 440 HI AW H; &
B A6 A Hemin AL 41 Ngb [l 0 #h 2 R 8B 8 MCAO 40 HI 413 %, 4510 : HT 41 K B & W6 42 3 7T b 5 308 A
#ym &, A Hemin % % Neb #9535, 7 W 5 B kbt o B o B 0 20 8 80 5045 T 35 20 0% 7 1E L.
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Expression of neuroglobin after focal cerebral ischemia and its neuroprotective effect

YIN Jing, ZHANG Xiang-jian”™ , LI Li-tao, YANG Yi
Department of Neurology. Second Affiliated Hospital of Hebei Medical University, Shijiazhuang 050000, China

[ABSTRACT] Objective: To study the expression of neuroglobin (Ngbh) in rat cerebral ischemia model and the neuroprotective
effect of Ngb after ischemia and hypoxia. Methods: Totally 113 Sprague-Dawley rats were randomly divided into sham-operated
group. middle cerebral artery occlusion (MCAQ) group, hemorrhagic infarction (HI) group and hemin treatment group. The
brain water content, infarcted tissue volume, neuropathologic changes ( H-E staining) and expression of Ngb
(immunocytochemical staining) were examined 3, 6, 12, and 24 h after model establishment. Results: The brain water contents
and the infarcted tissue volumes in the hemin treatment group were significantly different from those of the MCAO group and HI
group (P<C0.01). The brain edema was obviously increased in HI group at 12 h. Neuropathologic examination showed that
there were fewer necrotic neurons, milder edema and stronger Ngb expression in the Hemin treatment group than in the MCAO
group and HI group. Immunocytochemical staining showed that the Ngb positive neurons in Hemin treatment group were more
than those in the MCAO and HI groups. Conclusion: Earlier peak of brain edema may lead to aggravation of disease. Hemin-
induced Ngb expression may relieve brain damage during focal cerebral ischemia.
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Jii 41 2 [ (neuroglobin, Ngb) & 2000 4E i Bur- Hemin X o 2H 28 453 13 14 52 i K 0 X o 53 40 41 4R
mester 5 SR RILI — RO AR E .2 Ngb K& WM, -1 Ngb M6 £r 37 11 0] Gg AL, LA
KIET A AR, S i o0 T Rk LA, 78 s 9 R Wi R R FH 75 5 i 200 2 1 30 1) 24 49 ¥ T ik .
(1) 38 N Pk AR A v e EEAE . WERT K L Ngb 78 SR e AR R AR B
mRNA Ha K 1) A S A i 210 3 (Hemin) Jr
75, I SN IR) R R AP L M I i RE A 2
PR R i A TR R L OE OIS DR B AE Bl 1.1 5232 9X A Hemin(Sigma 2w, B 0
T AN R, AT 7T 0L e W %52 K Bl i A A0 S 2 56 NaOH ¥ f# Hemin, T i B2 b 2% b % o 37
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pHEHZ 7.3~7. 4, EHR 12.5 g/L; &AL =5 )Y m
(TTC, bt =W HA R A ) 2% TTC Bl
Ji2::0.2 g TTCH0. 9% NaCl 5 ml; 9 Ngb £ 3t
13 (Sigma 24 ) 5 9% 41 2346 2 G4 638 771 i (b 5t
A AR A R FDD . AR Ok 0 R E e
GrHT Al

1.2 FRHshi Ao RAEMEREREN SD KR, &
JR it 250~300 g, B b BE A} K22 S M 52 56 b o0 32
i, BEML A 4 4. (1) K b 3h ik 1 %€ (middle
cerebral artery occlusion, MCAO) #E B 244 (n=136) ,
(2) H 1 P 4% 3 (hemorrhagic infarction, HI) £ 21
(n=136),(3)Hemin T M (n=236), (1) F KA
(n=5), Hi 3 AW FE )G 3.6.12.24 h 4
AN TR S BEAL A A 4 AL BEAS AL 9 LK
1.3 HAwEST (1HZH Longa HVNERILE
il MCAO 8L, SR F 28450 2904 2 Jik 43 S 9 O\ £k
B, CABH BB AT 00 A o b s ikt 9. (2) SR F AR S 6 =
(7 Pl 46 HI BEAR, MCAO BRI Zh 5, Bl Z14T A
PR ML (50 D A @ HI AL, (3) He-
min T 41T MCAO ARHJ 30 min I 5 H Hemin
(50 mg/kg), (4) T AR XS HE AL T T 20035 1 e,
I BB K S 5 3 AT B Ik S L Rk 2k

1.4 474 %345 S Longa V2 k5 78 45 A4 il
B 1 Th Ja AR R I R) B REAT AT 4 24V 48

1.5 BMHEA8mA4& H4A%5 LAREE
H5 S Ky i A . BT ) s W7 Sk A A, B HE 56 i 4 21,

A LBk B AR T 4 o (6 10 4 40, DA 0K g 2
BRI ST IR A el IR A7 U 0 i 4 23, B IR R 3 mm
i 2 28 SR I A K R S A U 4% 2 R

s e, T H-E Rl gib 22 g,

1.6 BB SR ZME B i 2 2357 B AR U
i (WW) Ja B TR (10045) CF 4 24 h J5FR
BT R (DW), i /KE (BW)=[ (WW —
DW)/WW]X100%,

1.7 ke FHA%4 HARTARES
AH L IS 18] R T S O 25 I 35k | /N i R AT A7 i
HARLL 2 mm MBEATES @R D) L N 2% TTC
WA, 37 CCoK TE I A N DG E 30 min, IEH
IWHRERD O, ML AL RS A, B H
# ,124T Photoshop 8. 0 %A, vF 5 i A5 28 44 K

1.8 Al [ E 54 R K R
F 35 ) & AT S B AT W R L R S
pm, Z AT H-E R G B 2 2% et s 4
G Rk M SP ¥, —$Hi A Ngb £ 5o BEHifk (1 ¢
400) , 0 Ky BRI A4 P I Bl 16 S BT AR 1eG.
)54 DAB B ALK EW LB R G BAEE T
oM, HIPEXT I 0. 01 mol/L MY & 22 vh i AX
Bbima.

1.9 %itF4® FHaEHEIEYH o+ R,k
AR R TT 220 BT 2 A RE AR I B TA) (R P P B BCR
g K5, Bl 73 i SAS BAF 58 B,

2 & B

2.1 BAKRERNZ M F Y MCAO 41, HI 4,
Hemin T 7415 Sham 41 ELH, KE K&K 2L &
FZEF(P>0.05) ;80 12 h I’ HI 4006 & 7K 2 &
F MCAO 41 (P<<0.01) , Hemin - 7 41 i % 7K & A
T HI . (P<C0.01) ; il 24 h B Hemin -+ 7 21 i
TKEALT MCAO 41 \HI 41 (P<<0.01.%& 1),

*1 BHXRFENESKERSKELLR

Tab 1 Brain water content at different time points in three groups

Time after MCAO

Group
3 h 6 h 12 h 24 h
Sham 79.1740. 50 79.1740. 50 79.1740. 50 79.1740. 50
MCAO 80.61+1.09 80.6140.59 82.724+1.02"* 85.36+£1.23" "
HI 80.78+1.23 81.67+1.58" " 85.28740. 64 * A4 85.19+1.00"
Hemin 80.3040.76 80.4640. 96 81.2741. 2544 82.18+1.06* *~ALAA

"7 P<C0. 01 vs sham group; 22 P<<0. 01 vs MCAO group; 44 P<<0. 01 vs HI group

2.2 MWAELARENZ  MCAO 4 .HI 4. Hemin
AR K BRI AL 2R 4T TTC Je a5, 3 I A O K i
PR RO R T EARX, 48 5N, Hemin 4 2

2H i A ZE R BB MCAO AR HI A A 22 75 B3
P (P<C0.01); MCAO 41 F HI AT B & £ 5
(£ 2,
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Tab 2 Cerebral infarction volumes at different time points in three groups

(n=4,745,V/mm®)

Time after MCAO

Group
3 h 6 h 12 h 24 h
MCAO 42.92+7.82 173.78429. 96 346.78+27.89 384.21429.77
HI 40.57+£8.09 178.92430. 72 357.88+18.25 394.23+24.08
Hemin 35.7945.66* *44 96.784+13.84* =LA 255.29+33.91* =448 313.69+25.51* 448

** P<C0.01 vs MCAO group; 22 P<C0. 01 vs HI group

2.3 MLHREFEE  MCAO F I AT W4 R S ifn
PESUAE 2 6 h AR o N B K Bl L 40 M i ok e T 4
0 H 5T 52V R P L R R AL 2 e O R e A U
0 F R (1A 5 BE A i B ) 7 2 K, 40 R A
SERTAN DR AN e A DN AR RN
Y JE 1 20 23 0 S5 K i B g 8 i 0 4R A IR AE R I 4
PEAH M 230 DL AN A% 40 i ok 32 9F AT L D s o R
A Ff Sk i J3 3 T L A 2R T K i AR SR BE L A A

BB 17) 852 385 K, 3 5 0] Bt 36 K, 5 g A IR 2 (& 1B),
HI 4 Bx bk R BLAE v WA E v DX ot Jifr, ) ] i 26
ZUIFAE K M IR FE, AT L 2 40 = e (B 1C) . He-
min Ab B 20 o Bl K b o AR, B i e B e )
Gt 0 W AR R 5 AT WD AR M R A0 2 T, Al i
Vi) 85T 358 DR AN Y 4, 1 5T ) Bt s 3K (1D

2.4 REARMFRELER FHARKEBWYN R
AL Qe &l 2 s,

B 1 BELHERE
Fig 1 H-E staining of the cerebral cortex
A:MCAO 6 h; B:MCAO 24 h; C.HI group 24 h after MCAO; D:Hemin group 24 h after MCAO. Original magnification: X 200

B2 ®REHANLME Neb 7 LH L P RIRIE
Fig 2 Immunohistochemistry staining of Ngb protein in the cortex
A:Hemin group 3 h after MCAO (Arrows showing Ngb™ cells) ; B: Hemin group 12 h after MCAO (Arrow showing Ngb™ celD) ; C: MCAO 3 h;
D:MCAO 12 h;E: HI group 3 h after MCAQO; F.HI group 12 h after MCAO;G: MCAO 24 h. Original magnification: X 400
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FH 2 7] L, Ngb %55 BH 1 40 fw 5 8% 3 ¢, BH 1
WYy Jot = HEE AL TR AS IE W 1A 28 0 R 4 5T, R
IR DR G, MCAO 41, HI 41 8 1fit [X Ngb
BHPE o 22 70 B0 %5 Hemin Ab B 41555 I X 18 0] 5 080
A HI 4131 Ngb BH 2 40 i %8 MCAO 4165 —
SR 3 o =TI 1 T 1 s o S S A )
IF 428 4 M 2>, 22 50 S 12 ol 0 o0 5 R B AR OK
W24 BHPED B BT M Ah . B M XS DT Aok W
t,

31 it

Ngb mRNA JE 7 T #1 & o 41 il 5T L IF )iz 4
FET KBRS X3, Ngb G838 SRR AU B0 B il
ZICINAE I e ), B W i AR R 2 T I D RE
OB R WL AE R B MCAO A58 5L w4 B8 17 R[]
Ngb #ik 2 FAH G, i F ik Ngb 15 B/ 10 UL
L A 200 ik SR BT R T B2 S L B
UESE T Ngb i (0 £ 47 15 -

P Hh Sz 56 O AIE S, E Bl B AR 4 1 R L Ngb 1)
Faknr LB, R SR R Al S SR N
HETS 3 Ngb RIL N, ALK Hemin T M
MCAO 8K BRI Gl L8405 Ngb B 40 i 25
Bpali MCAO A HT 41396 2, H 3% 3k i 1) 4 X 55
K, 5 ks — 20 UF 92 Hemin 6 55 RE 15 3 7F
A Ngb Rk, [N I, HI 41 K RS 3 h 1 Ngb
/IR U . v T | BT I 2 = 5 I 1 1 Ay R S
iR TR A 2 o e R R A I BT Ngb 1%
i BARBLENE AT 1 T RE— 2D 0EA

HI R o 88 28 J5 il P4 ¥ 4% Chemorrhagic
transformation, HT) , 22 8 75 Ik B 5€ 5, i 6k ifn [X
I8 R Pk 52 R R T B BE SR XA 4 R T
i, FE CT k7 8 i AT FR AR 3 B XN H I A A R
Jry B v 85 BE S . TEPTAE HI i 4 b, K o AN i
B8 F R I AR e SR A6 96 ~ 10 Do R R 2 DR Ot o
KR, FERIET,

i 21 £ ke M SR AR e AL | e 30D R I
8 P 7K B 71 TR o 7K S A R 22 G 1K) S K L AR
PEFIIRBE N 52 W0 P05 . A S g A B, HT K B 25 7K
HAE 6 h N T T R4 MCAO 41,12 h W] & 7+
L, HAFLE R 24 h, BF )M T MCAO KB i
Tk EAAL R IEIR E HT BE it E Ry
I 7K b R R AR AR R S AR B A 0%, HIT ALK M
3 MCAO 41T, v] e 5 il i He 38 J& Bl i 20 23 DA
NREAE I H o i 20 5 R HG a3 il 7 ) e R I 20 5 A
HE K 1) 25 Ao S A B N2 el S50 A0 e I, T i 4 P i

A AT O I PR b 3 SO A 0 1 RN B

ASLEG, Hemin T 105 i il 5 39) K BLA0 ik 25
KA BEAE AR B 2l MCAO 410 HI 216 2 3% %
.6 b JT 46 ik B SE AR B HY B R 25 R B L 12 h S
AP G KW A Y] G A, H B aE 5 Gl 3 h I
BEGEAR R M AN TG E L K I R IR AN B A6, 2021
95 B 2% WL %% Hemin T 4L 52 48 B2 6 ifin 7K i o A%, i
158 B/ s MCAO 415 HI 414 i 41 2UK i
B K it i S B G B S 25 0] . 4D Hemin W) fE
5 I A1 2 1 Ik, WS TR A 1 i i I I 2H 2R
05 1 2 fR B 4E . A F R K L Hemin ¢
Ngb 15 546 7T g8 2 il id SGC-PKG (solube gua-
nylate cyclase-protein kinase G) il B /- 5 1Y, FH BT
SGC-PKG {5 5 ¥ ‘& 12, i % W] @40 ] Hemin X
Ngb BRI ERIE WP, HZ R IEAFAAE LG 5%
o3 HRAT R R A TS W AT A R T RE R R
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