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(FE] HOY A B 50 ek I I % S 1L ( subarachnoid hemorrhage , SAH) J5 it 2H 21
W R 12 251 1 (ferroportin 1, Fpnl ) X4 i & 1 ( ceruloplasmin, CP) & A AH JC 2 1 38, I 4k
RIHZEELZ S SAH J5 R0 (early brain injury , EBL) BY#LHI . Jii 96 HAF MErE K B4R S50
Pk R R s I 2EL (SAH 2H) A TF AR 20 (sham £H) o 2R FH A0 32 SR80 0 7 1 6 4 73 K Bl SAH A
A SAH #iRY 24 h J5 AT UM o SR %411k . Western blot 3l Fpnl }z CP 33k ; i F A SC R 5 HE v
0 5 11 % 57 B ( blood-brain barrier , BBB) i 375 P4 2042 s A7 72 h 00 Jo o 2 00 o i /K e LA, &
W 5 sham 4IAH I, SAH 2 K FUIN ZH S 7K B & BBB 3@ i PE 3445 2 il (P <0.05) ; 5 4 1k
Western blot A6l 45 5 i/~ Fpnl J CP 78 K UK 7 J2 X 5 5 X 14 Rk 5488 sham 41 R80T 14
(P<0.05), g5 KESZEME SAH JF2ACAHSCE H (Fpnl & CP) Feik B i Z 90l
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Cerebral expression of Fpnl and CP in rats after experimental subarachnoid

hemorrhage
Tan Guanping, Liu Liu, He Zhaohui ( Department of Neurosurgery, the First Affiliated Hospital of Chongqing Medical
University, Chongging, 400016, China)

[ Abstract | Objective  To detect the brain expression levels of ferroportin 1 ( Fpnl) and
ceruloplasmin ( CP) in rats at early period after experimental subarachnoid hemorrhage (SAH) and discuss
the mechanisms of iron metabolism disorder in early brain injury (EBI). Methods A total of 96 male adult
Sprague-Dawley rats were randomly divided into 2 groups: the SAH group and sham operation group. The
SAH rat model was established by injecting fresh arterial, non-heparinized blood into the prechiasmatic cistern
to induce subarachnoid hemorrhage. Thirty-six animals were sacrificed in 24 h after SAH or sham operation,
and the left 12 were killed in 24 for brain water content. Western blotting and immunohistochemical assay were
used to examine the expression of Fpnl and CP. Evans Blue perfusion was used to detect the permeability of
blood-brain barrier (BBB). Wet and dry weight method was used to determine the ratio of brain water content
in 72 h after SAH. Results Compared with the sham group, the brain water content of the rat brain tissue
and the BBB permeability were significantly increased (P <0.05). Western blotting and immunohistochemical
assay showed that the expression levels of Fpnl and CP in the cerebral cortex and hippocampus were
significantly down-regulated in the SAH group than the sham group (P <0.05). Conclusion The expression
of iron metabolism-related proteins Fpnl and CP is obviously inhibited in SAH rat model.

[ Key words ] subarachnoid hemorrhage; iron metabolism; brain edema; blood-brain barrier

permeability

Supported by the General Program of National Natural Science Foundation of China ( 81371309 ), the Natural Science Foundation of Chongqing
(cstc2012jjA0472) , and the National Clinical Key-discipline Construction Program (2011-170). Corresponding author: He Zhaohui, E-mail: geno_he@ 163. com

[E£WmE] EEARREAER FWE (81371309) ; HKHTENZE AARIARE S (estc2012jjA0472 ) ; [ 511 K 5 LRI H (W04 2011]170 5)
[#EE1EE]  {TWI%, E-mail ; geno_he@ 163. com
[fEFEHAR]  http://www. cnki. net/kems/detail/51. 1095. R. 20150617. 0848. 003. html (2015-06-17)



537 B 18 Y
1838 2015 4£9 J1 30 H

£ = FE KB K ¥ ¥ R
J Third Mil Med Univ

Vol. 37, No. 18
Sep. 30 2015

Ik ) BT i H 1L ( subarachnoid hemorrhage, SAH)
AAEREIESEEGE R BIESE, SAH 1 1K B
LS R S S Y B TR) B, B A A0 4 (early
brain injury , EBT) (1) — Z 15 B A= B R, B4 55 o kg
o 3 3 A A | A I 9 2 R 7 e A e S 3K
B AR T R EE RN WA SR T
FUIA 51 45 iA Bl iA SAH 1 2 H bR, (H AR YT AL ]
i ANTEAE

FATEATAIBIFTUESS ", KR SAH J5 gk 5 09
THE 588 R (hepeidin, Hepe ) 1Y IA1 & A ¢, {H )2
Hepe 5140 A A ZE AL HLEN A BIBR . WF5%
P VR A0 MO Bk e im i G B R 1, IR R s i 1
(ferroportin 1, Fpnl) K 4fil ¥ 5 (1 ( ceruloplasmin, CP) A
AEN Hepe IR MY CHE T EH 7. Fpnl HATHOIA N2
M0 5 P 1 A L R B ) A R oD e s (R e i 1A B
PSS FFEAESE Fpnl (9 3R IK BRI 23 5 R BR7E M 22 2
P AT AR, S DR HE A L R 5 R ) 2 A A, 3R
Fpnl 7E0 28508k 5 S i i ¢ b 2k i iz 2o 2 v ml g
RIFHEEAEM ., CP FEAAL MRS =8k, —
PrekaE o il 1 57 B S B CP Ak S A e 5 Bk EE 1 45
GIFHINA S, CP (1% 3% 3K R I 2= 3 304 it 4 e
B knat FEERR R AT 2 B A2 B AR AR Y B A
Fo P, Fpnl F1 CP (135 U8 AT BEZ 5 | B2 40 AL Y
BRACHH ZE LAY B2 i R JF FT REAE SAH J %5 5 0 ik 45
Phile B EEAEH . SR H AT SAH J5 ik 4y 13RI M
AT BL NG R A L, AR DE S 3E 2 EE 37 K B SAH
AL, R B 2822 03 7 5 45 F R W) 2 R, W 4%
Fpnl #1 CP 75 SAH J5 8RR 25 &L 1y 23k DL Sk
FEIRXF SAH A v ki 7K i 55 1 3 3 4 72 Ak 1Y R fE
S, LU Ryt — 25 W] Fpnl 1 CP R385 W 512 1Y
BRACHIZETELAE SAH J5 EBT rp i 5 B4R ] S AL £2
PSR o

1 #REIE

1.1 SEBshh R oH

TS (SPF) Bl 52 56 5 bR v 25 A ) 35 1 fde
A HEPE Sprague-Dawley KL 96 HI -5 PREEBL K
LY G BT (300 £50) g, BTG ¥ XY
FAE SCHERAE K s A B8 7 VA5 31 8 PR R R 2=
SR BRI B I E . SEI B 3 o Wk I R
H I (SAH) ZH Al TR (sham) XJRZH , #5648 H, FFAR
e SAH Ji5 (1 4b B E] 432 24 h 4R 72 h 41 (B % X
HRLS — 6], BBB 387 (1 5028 B ik b 7 vy 0eg B ] 43~
WA 24 h #1772 h) o 24 h 2H 24 H T Western blot &
.24 HH T Rged e 24 2 H T BBB @A

572 h 21 24 R F R K PRI A3 12 B
SAH +12 H sham,
1.2 kKR SAH £ A ¢ 4] &

K FH R B 22 SURI It 7 1 75 A8 K Bl SAH A
I 3.5% KA 100 g/mL 5 S R A
B, PR PAC 7 T J BRI RIMOE , o] TV E AR S BT A
WG YA Ak o 320 )20 85 B R B B R 4L 4, 25 53 A i st
Sk, Lk B B AL, Ry O . BUR R
I 18158 K BTNl Sr AR e AL, T 35 3k 38 B ik
B E K R L 0 B, DN B R 2 1 em B2 R, 705
B RS, B B Bl oy B B, R . R
AT, FERE AT XI AT 0. 5 em, FHZE55HF 0.3 em AbFRiE,
FHEL B R EG L, FLARZY 0.1 em /N T R i J5%
AT UL S A O BRI BN LAY . HAR Y
0.5 mm YRR VRS 7 1) SEE R, 1 R L
HE, R IRA BB, HEATREZ 1 em, 055 95— i
51 mL 23 51 A I 2812 il 24 Sl o2 i 5 YR E 2 31k
PR HLAS @, R L 1 mL 28 4047 K BRUAS I % 30 ik
ZERIA SR B sh ik ifiL 29 0. 3 mL, B {4 IfiL 7% A Bk
7 5 18 v Ak ISR J , Bf ) A 30 s A2 A, OF
NREE BV S A A IARAE o TR A SEHE R SRR L MLV
T IO A4S P /NFL A S P et st ke 7 6 Sk
TR, 2 A AT IR VA Bz JR 1) 1 WL A /N FL oA
WL, B2 G SK K o R FRL KA 30 min, sham 27
PR ] b, X FALEAT JF A SR 0.9% 4
HERK
1.3 BBB @& Hagn 2

P SCRHRL S 1 HR3E ik T KR SAH B i
24 h B HLRRER, 4% 7 S0 B ¥ W (evans blue, EB) L)
2.5 mL/kg (R K BUR &Ik A B TA 08 A 25
RYJSIEHZ 1 h, J5LA PBS Bl 22 vhifk 3= 30 ki
T B R T A L, WS U, BRI e
1810 mL/g Ji i3 A FH BRIV T, 76 60 °CH IR /K VA4S
Hh 4R 24 b, BRI T S B A TR) A £, A ZH 41
PGBV Lol B BERE R O A R, e
I VEICEE RO R 620 nm, 1 52 40 Y Pk v W Y 1L
ARG 5E & A EB (1) F I e v i %) ' 28 BE (1, T
EB (# , NI EH BBB 38 15 228 (1) K/

1.4 FusKpragm <

TR R M EE SAH B S 72 h W7 Sk BURG, LA S ks
J3E FEL T T 2 i 2H 4L T ik (wet weight, WW) K57
BTz —5, REFKHSET 100 CrEHET
24 h, ERE EE HL T RS AR T (dry weight, DW) |
K2 T4y 22— WK bl a2 2 B8 LR A 20 Ik
Bl = [ (WW-DW)/WW ] x100% "',
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1.5 Sygaz43ix4m Fpnl o CP 89 & ik

FIFE R B SAH A5 24 h J5 RRIE A B, 3T 7 o 3
H 280 % 2 E B ik Ab LITEEET UEA 4% 25 H R E
T T I WSk BB, 3 15 KM e J22 5 18 B 4 A e A 3
YIF B 4 wm, % 28 2 K28 Al 1) 4 158 41 AR 57
& TR RUL A LL S-P T gu DL PBS 22 i AU
—HUES XTI, R TRUT < B RS
JH 7K Z K 5 3 S AL EAE FE 10 min, MR 2% i s 5
30 min, (13 1007E = i 20 min, SR 5 A —$T R Pt
Fpnl(1:200; Abcam, USA) F1—Hifa$Hr CP (1:200;
Abcam,USA)4 CIFHE K., —Pi TAERMHEY R
pricl it TgG (418, i) ,37 CHFE 15 min;
el FHBRAR il A 10 88 75 9 (1 & T/EW (S-A/HRP) 5 —
PLAEAWEE 15 min, BAFIZEH DAB W, #MIFAKS
YRR Ak CBEBUK S PR IR S . DR
B HCS AEY, AR T 400 FEEK , ZEAR R B0
B s e, 8 & LA R i 3406 % B AL,
UL 200 6 i K 200 1 i 7 A £ £ R TR E Sk B
P o Al L B 2 B 84 (Image-Pro plus 6.0 EI4&
ST ERGE ) M A [R) X 48 S 20 531 2 1 3% 58 1 O 2%
{8, 22 0T B 0 R RO B2 2 20 A
1.6 Western blot #:-] Fpnl #= CP #4 & ik

KELSAH BEAUA EE 24 h Ji5 Wy Sk BRI I PR 4%
TABEKEBDALS - 80 CHEALE VK BAE& .
WL GUVE T A4, I A SR () B 38 R
o)) S IRG IR AT, I F koK i 2468 30 min, 5] 2K
EEHREE R A LR bR RS E T
100 CABFEH#E 3 ~5 min, 7E F i E0HLLE 4 °C
ST B 2530k 12 000 o/ min $354E 15 min, 4R
J& 32 B OUITE, MO 52 L2 8 R R
FH BCA 75, brifESE (A AR M ik e B 0 s 58, BRE,
Foe HE A FH 156 B 10 1) FR K R S, PYDE B 65, 5 P R
FH 5% NG5 . BT W A, W% 1: 100 Ht H 9 &
FHLAR (4T Fpnl F1 CP $iif4k, Abcam, USA) , N2 557
{40 1:2 000 $it GAPDH $i{& ( Az 44, hE) |, 58 1%
JFET 4 COKMME. Ik hEpim (b2t
Y, 9 E L 1:2 000) NG BT 37 CHEERATEE A
1 h, FRAETTELBCH] AB IG5 WO %k FH 6 I
BAGAN, 557 45 3 43 7 Quantity One #7144, LA

GAPDH fE RN S B 5 TR 4 R 5 H A
1.7 %o

PIZFORTTRBORE, R SETH 4 SPSS 18. 0 i1 74:
B9. MIZHZ AL T ¢ flsr, Rk IR E N « =0.05,

2 HR

2.1 SAH )= BBB i@ Hay& %

I 98 A B S Y 1R PE A BBB G 7 1 2
AR 25, SAH 211 sham 206255 BE(E 5354 (0. 450 +
0.010) .(0.404 +0.010) , ~FH G2 L 5 (P <
0.01) , UESEH 1Y K Bl SAH AL 1 1 /™ H 1¥) BBB
I R
2.2 SAH ERRMNE T

FEAE E SAH BEAL S 72 h R RUAG 7K i 3k 31 e K
{8, IR 2023 35 7K H SAH F-34J35 % 78. 01% , sham 4 F-
YIENIN 75. 74% , WI2H Wl oK b 22 (635 3 2. 27% . E
SEGEE SAH IR B K i Fig 28 215 K AR
A G225 (P <0.05) , 1] WL SAH #E8f5 ifi i 57
P 375 Pk R A 2% 7K R 343 sham 21 B I R, GiE 5
g AR e ™ A A o
2.3 SRR FEERENKRAKRBEEELEDL Fpnl f=

CP &9 £ ik

g ALY 25 S R, Fpnl A1 CP WAl 2R (4 75
R B J2 it Eh ¥ F23k . Ak sham 4 ] I 5] 1
ML Fpnl F1 CP By BHMEZRIR , MAE SAH 204 L3
S5 PHPEZRIE (1) o BHPE S 23R A 40 M 5T P9 1) 24
o R A IR 55 . SRR s , AT — 20
ZZ3 Fpnl F1 CP AL BB R 1, DA T
5T S B B A] BT, SAH A% 24 h 5 Fpnl A1 CP 7
KK R RIS HZERWE (K1),
2.4  Western blot #M X g & & =i & A Fpnl F= CP

K= ROE &3

Western blot JIESZ#%8 SAH #8541 24 h Ji7, KK
i Kz S5 AN S 2H 2 Fpnl Fl CP ) G888 sham 2
W R (P <0.05) , Tk S ik B BT 1 1 i fs B R
H k4323 . & 2 4 SAH 411 sham 21K fR Y
JFUFIEE Eh 241 Fpnl 1 CP 23k, il W SAH J5 W Fhkd%
B AHOCHE IR Y B Az 3

®1 FAXRKAREESHESD Fpnl 1 CP BIRIE (n=12, v +s)

451 i B )2 2R Fpnl

G fiz JREH 2R CP

i By ZHZH Fpnl i Sy ZH 2L CP

sham 2 0.014 5 £0.001 8
SAH 41 0.004 5 £0.000 9*

0.011 6 £0.001 9
0.001 5 £0.000 2*

0.072 9 £0.001 7
0.0163 0 £0.002 0*

0.088 2 £0.002 3
0.018 0£0.002 6"

a:P<0.01,%5 sham 20rb%&
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sham 24 SAH 4 she SAH 41
TR T3 Ry s e
g ‘( -.". "K: '(\ 3 " o :.,‘a ‘i' .:-“' & r"" 7
T PRSI Ty . RS R
s Snie X 3 S Nis g
— [ 2 R AR g ; 3
£ B - ~?«., ; R0 S R L Y
= - oL A - 459 g Ao
: SR TR ey & T s
4 o T ey AR T~ AN 2 - %0 P
’T t - TS g - X » ‘-.- al '~
, i3 o :"* | 3 S e % - 8 % a8 o8 :
e S T T iR w00 ¢ T
W e SRR e ol O A AR
L B . w200 SRS L e
% X e L S L U A .
y y, ¥ : oot Od O 2 3
b v, '.Z{ ! | s o 2P D o n‘):'~‘n. Gl : : &
- . IS L ieat o r 0 G o 3 72
\r‘: A > b -\*'\‘ (, 3 H . % b A . ' s
" 2B L] 1 .

1 :7% Fpnl #= CP et & i&

Bl SRERANRNESEAXRAMEZEMESD Fpnl 71 CP HAMRRE (R =40 pm)

1 2 3 4 5 6 7 8 910
Fonl I—....-....*‘-,“ |<—70><10‘
pnl— 5 4 s

CP - | S — - |5 ('

. _J “36x10° ()

O SAH 4] M sham 4

07f
0.6
05t
04
03F .
02f
01 ﬂ
0

Fpnl

Fpnl

a a
1 ’L‘ 1 ﬂ 1 IL‘ @
cp cp
HJZ s

1-5:%%;6-10; k& A:Western blot 4% 2 X ;B ¥
EENSMER a: P<0.05,5 sham 28 b4z
B2 |BAXBRKEEZEED Fpnl #1 CP HEBERIRIX

3 it

AV RTIOF T IESS " KR SAH R Ik & &
OB NERST/S L ENIE SIS IS SPSRIEPREI/S 1L E NG k] i)
ARG TLROBLERIAT A TR . AW B0 e 55
L3R ST A W S Y A SE A AS AR BT A2 ST ) 3
RERLZ N o it ey L5 Western blot 15 45
7R, SAH Ji5 Fpnl Fl CP 323k B0 IRZH W] AR, 271
THFHRI TR RER SAH JE4k G RLAY EEEA

Fpnl ZERACH MFL 12 1) HHEMAT# Z—. Hepe
J& Fpnl F1 CP /Y _BiFEE H, 5 P R BRACH A% 12 19
HAEHATE o Hepe 52 th JIFIE& BT 730 1) 2 IS W)
Jit, Je 4% Fpnl FI CP kg bBfir & A, i B 425
W 20 60 PR 1 A 1 AR R G 32 . Pigeon 45 1 5l S B
Hepe X kAR R S AEAE R AT M AT Frazer 51 (19

9T & IR AR R EHAEH /N B g B 4, 9/
FPnl (335, o728 4k 1915 11 %, Nemeth 251 JF 52
FPN1 /& Hepc 37 {4, Hepe AJ LU fpnl 1 323K FEAIX
AR LR AR . CP ol 358 (430 Bk 8 AL i, T LA
W HEE RN =M, B SRS EAS S,
HE=MEA e SR ERLSE, KNI, CP X HLIA R
E P Al H A T B Y SOk R E TIE 52 K R
SAH B J5 | Hepe 253k 35 b8, H K BIG 2414
Hepe AR A B 5 S EF B R IEMC, MAEAR
W &30 SAH B Fpnl FiA &AL, #275 Fpnl
7E SAH W] g % T B0 T, T3 FiAE T BE 52 3
THiE 9 Hepe N Fpnl (9335107728

CP B MLz o — 1 HEPITH . IEW
LT, CP AN RE i 1 i B ™ o Klomp 251 B 5¢
KB CP AT IAE AR R Pt 2 R b 238, 0 46
KM Bz 2 FENCT T RS /N DR S B
WA CP B4 K. JC CP IMLAE AW 5T & P40 45 rh A b
KARABENNEZFHAL S E P AL RS RE, R
T CP BRI ] AR S HRL AT il SAH 5 Y
UGG W BFSE A& B0, 40 PN B B OO &
B EATRE TS5 THURLECG AR (35 4 4R
BN (ROS) , A ROS 2 I PR3, 7 A 33 [ 3t
FEEY T AT o AE B AR Y R A oY R B
ROS il Z FhHLH S B T s Tl ]
DGE s 2 Ak P Ca® AR 35 L B S oA e A
T A RFSEIESE O AR Y R AR L s 2
IRATHEBR R 2 oe I T T RERL A o [ER A Ik I B
i R IO P 30 P 453 43 75 P PN DR 7 355 JOT 850 1 200 i 7
TR AEAEA L AL B FE R AR

PR S5 I 70 T L7 S R e A AR DG 35 1 L3
I Hepe Fik b . HHLHIE Hepe HEH A B
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F£1F CCAAT B85 7 45 & 2 1 ( CCAAT enhancer
binding proteins, C/EBP) &5/ i, C/EBP 1] 5%/ 55
45015 Hepe 223k, i C/EBPa 7] 5 C/EBP H:
SRR T S U5 — R AR, i C/EBP 3 1, k1w
i Hepe (92635 . CHOP J& C/EBP #5511 1K
B, T TE 25 & B, CHOP AT L) #£3 C/EBPa
Xt C/EBP HoAth 5 5% A% B3 (440 IV T, %% ihi i 1 Hepe
HE 235, $&78 CHOP J& Hepe ik 9 L K+, 1M
CHOP U] J2: PR S5 190 17 38 %) S B A7 A%, 26 B e IO T Js
HE L FT PSS ) 7 3 R i A R AR B A AR B &R o 1T Hepe
SE AT R P B AR Y, AR 5 B AR U ) L, AR
WF7E [ % PR SAH AR5 CP 38 3k 8 PR AIR , 42 % i
Hepc 451 CP 335 7E SAH [l HELMFEH

AHIFSE B 2 FT B S 25 D) R, SAH 5 N
J5 Rz 38 2 Hepe () 238 T, ki 51 R UiF k1t
HAHSEHEE A Fpnl A1 CP (9335 R, 1 i 20 N iy
S R DN T 2 i 7 ek 0 16 e 5 o 308 5 1 O IR 2
IR AJA AR DG B 1 R 3 P9 o X 7 38 1 A o s T
filE 2 Xob e PR ok I S s ) ot BB AR T 7 A R
FH, T8 S SAH (IR RIAYY . F—2 0o TAER
Xif 13531 DA S A AR AR A 6 Y T 28R 1 A ek it
790, N IKF- 20 FEUE B AR QAR DG B T A e ik
SRR R, W T4 RNA 7EERKSE E+
il Hepe 61555, I3 1 AR H 6 180842 SAH J5
SR 457 %) S b R R, i — 2B B SAH [ R R AL
il , H A R SAH (3677 A58 1Y L%

SE Lk

[1] Kaptain G J, Lanzino G, Kassell N F. Subarachnoid haemor-
rhage : epidemiology, risk factors, and treatment options[ J].
Drugs Aging, 2000, 17(3) . 183 —199.

[2] Cahill J, Zhang J H. Subarachnoid hemorrhage; is it time for a
new direction? [J]. Stroke, 2009, 40(3 Suppl) : S86 —S87.

(3] XU, ESCF, BRmeRe, 5. Stk i BT 0 a5 R
W R R B AR [T ] [ B 0K #0528
2013, 39(12) : 710 - 714.

[4] LiL, iYW, Zhao J Y, et al. Quantitative analysis of iron
concentration and expression of ferroportin 1 in the cortex and
hippocampus of rats induced by cerebral ischemial J]. J Clin
Neurosci, 2009, 16(11) ;. 1466 —1472.

(5] Zesl. WRIIRTR ISt o ot Aol 5 s 30 375 14 78 £ K G
FEOLRIDIFELD]. LB P EBERR, 2010.

(6] R, BRI PIRE T Jis il LSS 1 e I8 AR 30 A 43 45 174 B
FE[D]. BUM . WITLR"%, 2011.

[7] Wang Z, Zuo G, Shi X Y, et al. Progesterone administration
modulates cortical TLR4/NF-kappaB signaling pathway after
subarachnoid hemorrhage in male rats [ J]. Mediators In-

flamm, 2011, 2011 848309.

[8] Hockel K, Trabold R, Scholler K, et al. Tmpact of anesthesia
on pathophysiology and mortality following subarachnoid hem-
orrhage in rats[ J]. Exp Transl Stroke Med, 2012, 4(1): 5.

[9] Wang S M, Fu L. J, Duan X L, et al. Role of Hepcidin in
murine brain iron metabolism|[ J]. Cell Mol Life Sci, 2010,
67(1) . 123 - 133.

[10] Pigeon C, Ilyin G, Courselaud B, et al. A new mouse liver-
specific gene, encoding a protein homologous to human anti-
microbial peptide hepcidin, is overexpressed during iron o-
verload[ J]. J Biol Chem, 2001, 276(11) . 7811 —7819.

[11] Frazer D M, Anderson G J. The orchestration of body iron
intake: how and where do enterocytes receive their cues?
[J]. Blood Cells Mol Dis, 2003, 30(3) : 288 —297.

[12] Nemeth E, Tuttle M S, Powelson J, et al. Hepcidin regulates
cellular iron efflux by binding to ferroportin and inducing its in-
ternalization| J|. Science, 2004, 306(5704) : 2090 —2093.

[13] Gitlin J D. Aceruloplasminemia[ J]. Pediatr Res, 1998, 44
(3):271 -276.

[14] Qian Z M, Wang Q. Expression of iron transport proteins
and excessive iron accumulation in the brain in neurodegen-
erative disorders[ J]. Brain Res Brain Res Rev, 1998, 27
(3): 257 -267.

[15] Klomp L. W, Farhangrazi Z S, Dugan L L, et al. Cerulo-
plasmin gene expression in the murine central nervous system
[J]. J Clin Invest, 1996, 98(1) : 207 -215.

[16] Jomova K, Vondrakova D, Lawson M, et al. Metals, oxida-
tive stress and neurodegenerative disorders [ J ]. Mol Cell
Biochem, 2010, 345(1/2): 91 —104.

[17] Ghribi O, Golovko MY, Larsen B, et al. Deposition of iron
and beta-amyloid plaques is associated with cortical cellular
damage in rabbits fed with long-term cholesterol-enriched di-
ets[ J]. J Neurochem, 2006, 99(2) . 438 —449.

[18] Ong WY, Halliwell B. Tron, atherosclerosis, and neurodegenera-
tion; a key role for cholesterol in promoting iron-dependent oxida-
tive damage? [J]. Ann N'Y Acad Sci, 204, 1012 51 -64.

[19] YeoJ E, Kang S K. Selenium effectively inhibits ROS-medi-
ated apoptotic neural precursor cell death in vitro and in vivo
in traumatic brain injury[ J]. Biochim Biophys Acta, 2007,
1772(11/12) ; 1199 - 1210.

[20] Ke Y, Qian Z M. Iron misregulation in the brain: a primary
cause of neurodegenerative disorders [ J]. Lancet Neurol,
2003, 2(4); 246 —253.

[21] Oliveira S J, Pinto J P, Picarote G, et al. ER stress-inducible
factor CHOP affects the expression of hepcidin by modulating
C/EBPalpha activity[ J]. PLoS One, 2009, 4(8) : e6618.

[22] Vecchi C, Montosi G, Zhang K, et al. ER stress controls i-
ron metabolism through induction of hepcidin[ J]. Science,
2009, 325(5942) . 877 - 880.

[23] He Z, Ostrowski RP, Sun X, et al. CHOP silencing reduces
acute brain injury in the rat model of subarachnoid hemor-
rhage[ J]. Stroke, 2012, 43(2) . 484 —490.

(Y275 :2015-01-21; §£[2] :2015-03-05)
(4# EAR)



