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Single prolonging stress induces changes of brain ferritin expression in rats

Zhao Ming' , Huang Xueling’, Luo Wei', Hou Jingming’, Li Haitao' ('Department of Radiology, *Department of
Rehabilitation Medicine, Southwest Hospital, Third Military Medical University, Chongqing, 400038; *Chongqing
Three Gorges Medical College, Chongqing, 402120, China )

[ Abstract | Objective To determine the changes over time of ferritin (Fn) content in the different
brain regions of rats after single prolonging stress ( SPS), and investigate its role in the pathogenesis of
posttraumatic stress disorder ( PTSD). Methods PTSD model was established by SPS, and the model
establishment was verified by behavioral test. A total of 60 healthy male SD rats were assigned into the model
group (n =35) and normal control group (n =25). Fn expression was detected in the prefrontal cortex,
striatum, hippocampus and cerebellum of rats by immunohistochemistry ( IHC) and qRT-PCR. Western
blotting was applied to observe the expression profile of Fn over time after SPS. Results The SPS group
showed higher anxiety and fear levels (P < 0. 05). Fn expression was significantly decreased in the
hippocampus of the SPS rats but remarkably increased in the striatum (P <0.05). The mRNA level of Fn was
reduced in the hippocampus (P <0.05). In 1 and 3 d after stress, the protein level of Fn was obviously down-
regulated in the hippocampal region (P <0.05). Conclusion Fn expression is changed in the brain of the SPS
rats, which indicating that iron metabolism abnormalities may be involved in the pathogenesis of PTSD.

[ Key words | post traumatic stress disorder; rats; ferritin; brain; animal model

Supported by the General Program of National Natural Science Foundation of China (81171283). Corresponding author: Li Haitao, E-mail; lithait@ 163. com

[E€TH] HExALARFREEW F5H (81171283)
[BEMEE] BGY, E-mail; lihait@ 163. com
[fR5EHAR]  hitp://www. enki. net/kems/detail/51. 1095. R. 20151124, 0826. 002. html (2015-11-24)



22 B SRR ,2016,38 (1)

http : //aammt. tmmu. edu. cn

FEEIN K E G S RS (posttraumatic
stress disorder, PTSD) & — & HA R P Il PR 1% [n] B3, 3
B PR BB 5 F 1 1 = APE B2 2Bl 53¢
Eh el O R R RO R SRR X
TR IR 5% ~14% , JoHACVE w3 20 0 1%
(9 2 i, SR HESAS 4 B S RS S o el T ik
DHE AR TC RNV R B 58 T B, — B LR X PTSD ik .=
AT . S S p o4 R R0, PTSD (IE A W
T ) o B2 Bl 0 KA v T T A AR SN X
LERRIINRERY S o WSS & BUE SO HER M 2 o0 A
ZARILE , B RTEETA T 5 I 81 LI B I 32
IO I3 i) e TS Y O ERS ALAS) 22— , U B B IR 3R T
Y EEHR X A BT I R T 0 A T
LA TR R LR A 2 BEE LS 20 i PN 8 5 2
7o (H RS BN REAR I R PTSD s Hifh
G X S5 AL RO D REATTE Y S8

X RE BRI AERF T AR Z &8 B 12
5, RGBS TR E O R o O T RIL
SELRLRIE I A AN TT S BRI . 2RSS N TF
ZHBENARE R, 4245 DNA RNA FE H BT
G, BERENR B A B Rl SRR ) R AR VR DL R
Rz A A Y o SRR R L B T
BB TN BA & AL R AR T, A0 2 2ot
BRAR TS50 200 PN A B e AT RS A0, RAIERR
BREAE—E B A . kAR [ (ferritin, Fn) JE 41
BRI EZIC IR (1, A0 173 ~3/4 (k™ H
LB A 20 P9 T B LSRR IR Y (B
PTSD $J Y Kt e Hh Bk 2 11 35 i s R ARk
ARMIANTE 2 . BLIR ZE K fiI 34 ( single prolonging stress,
SPS) KB 2 H FirfIF5E PTSD % i FH fie ) 12 iR B 2
—, SCHRL12 — 14 ] R B  SX M BUE S W4T O R
I IX. 52 A e 3t o 46 5 T A RS, P4 RE A 5 B4, PTSD
B RPIIR . AT I SPS H T R BUBEAY LWL
ZERTAT BORIR T8 /NG DXk 28 1 0 3 AT O
W2 B WA 7E PTSD P o F2 vb il 2k 2 B ) 4 P e
R NE— 2B PTSD By AR AL 4 A S B f4fs

1 M5

L1 SEBshh A4

T TSR AF AR FEMENE SD R R 40 L, (R (200 =
20) g (3 = F R B AP0 3R o SRVBURL
T3 R Bl ) ek PR 3R, RO K R, sl (20 =
2)CENPERRTE 1R, 700 2 4L, RIVRETRY 4 AR iR

A, 20 H, BV HESZ SPS 5 ML SR 3 d, % IR
ZH ICAE BRH LR 55

TEE SRR R AENE SD KB 20 H, MKt (200 +
20) g (B =FBE RSP O 3R AL | 18 PR SR
UG, o3 4 4,20 5 Ho RHIRA R R FR 7 d 42
W B U 1 B 3 ) F i SPS J5 1.3.7 d
3 ANIAH SRR S A AR A S R
1.2 SPS 427 gy by % 5

K 2005 4% H A SCHEAS T #Y PTSD B2z 25 il
A R B R LA 3 - DR AT 98 I K BRUSR
f R SD R BURAT 2 h; QsiialiEk 2 h(UKii 25 C,
KRB0 em) ; ARG 15 min; @ £ i FREE 25 B ko
BT I KT R AL Ry FLTR AR S R L
1.3 474 F4m
1.3.1 WS 78 SPS WUE 4 4 K M HBAIAH
FIXF B B9 T3 (A% 100 em, £2445 5 :40 em)
Hge  BRRIC % 15 min PR B S0, 1500153 A
B X2 3 AR A5 DX (8] 1z Bl ] [A) S35 3 280
1.3.2 @Rtarsisy BRI IR s e
TR TR E P I FK 50 cm, B9 10 cm, B &
40 cm, B4 1.5 m) , A ) HA 1 ASIRHOE, 8450 %
5 min N K BT S0, 1AL B T PR IS S B%
T, 15 Bl ) 552500
1.4 @y Enn 54

AT 2R R 5 B S B R A R0 X R 2 Bl W 3
10% 7K & FBERREE 5 Wk , T oK EIBCSUM Rip s Bz Jo
XUMBCRAA U /NG ZH 2L, BRI ZH SPS I 1
3.7 d &R IR BB , B DR B XA 7 1
LA TR, 4T Western blot [ SEI 285 €
PCR(qRT-PCR) K 437 o BEAYZH FOXE B 19 K Bl 22
4% 25 5 W I E T O UG, B H R & 2 R R
48 h, T 30% FEREPK S d, KRG DI 30 wm 1Y
P Bk 6 Il R IRAF T 4% Z R W h AT %)
MU # (THC) 7347
1.5 Western blot #-]

it FS R 1 R B SR R 1 (P0027 , 3 =
KA o R EIRZLLURAS I 5 A7 W8 R 41 1) 751 S
AR Y RIPA ZLRI, 7E0K EA1HK IRB IR E
4 CE.LHL12 000 v /min B0 30 min, F2H F VR,
BCA 12807 & I 25 1 FE A9 B (PO010, 38 = KAEY)) o
EFEAEUKGE 50 g B EAEAS ;SDS-PAGE HLIK (5% ¥
e, 10% 73 B, 70 V,80 min) HEHH D E, VI
JBE,H S A H I R EE % 2 PVDF JEE, 100 mA Hy



http ://aammt. tmmu. edu. cn

9= TR RAE2EH),2016,38(1) 23

¥ 120 min, 5% AWk HA] 2 b, btk B 2 e BETIA
(ab75973, Abcam ) 4 C §# 7 48 h. TBST 5245 Ut
3k, B 10 min, JT A ) AR 10 AE B R TG
(ZB2010, hAZ g 7 HE W) , 37 CHEIREF 90 min,
TBST 52F2I5PE 3 RN ik w60 R ik 7 &
IR, BE I AR AL B 5, B 5E BE ST B-actin HTAK
(A2228 ,Sigma) T N2, A Quantity One 737 4Kk 4
S MR FE A
1.6 fyzateuss

HAYI T NZ R PRI S, PBS ¥ UE,S min x
3 W BRIGIRA 3% H,0, 15 min, 111°F M35 &P S A
Rk HE 1 £ SO UA (ab75973 , Abcam ) 4 CHiF & 1
o PBSIEE,S min x 3 K, YR Aric il FE iR
IgG(ZB2301, izt A 4)) 37 CWEE 1 h, BAREGHR
ICHER AR (ZB2404, P AZ B M AEY)) EilIFE 1 h,
DAB 444 5 min, PBS 2 R Je o 4k b SR TR G, —
W], SRR 35 1 Olympus PM20( DX60,
Olympus, H A% ) A 2l 3058 F o BE 27 R R4 R 458
(DP70,1eica, f5[E ) RERE ., )i Image Pro Plus 6.0
BRA AR5 DT v it DX A e BH P 4 %) ' 2 FE
BT E BT
1.7 qRT-PCR #|

HEREAS 0 501 PR I By 146, AL 1 mIL TRIzol
(Invitrogen) , ¢ HX#) 1.5 mL EP 4+, il A 500 WL %
A5 IR A), HrE S ming B TEONF T4 CE
0 10 min /NG IR EJZ BVE TR RO E R, IA
700 pL RNEE, RS, T4 C 12 000 t/min 5.0
10 min, 2 B35, H 75% S BEWRG 1K, BT, BT
50 wL DEPC 43K e, By o S 2 S ol FH S e o
187 (superscript Il , Invitrogen ) , $4 LA R & 37 5 i A&
Z(RNA BUE] 200 ng, ¥k 10 L) ¥ RNA 10 L,
Oligo-dT(MDL) 1 wL, Random (MDL) 1 uL J&%], &
Lo MAJZ R NTP 1wl (MDL),0. 1 mol/L DTT
2 uL.5 x Buffer 4 pL,RT {1 pL(ABI) J&47, 5.0,
Kty 60 min, #HA7 Y HEIK ZR . cDNA 2 pl, qPCRmix
10 wL,primerF 1 pL,primerR 1 pL,ddH,0 6 pL, F
PCR f¥ (7900fast, Applied biosystems) b #4175 i, 4k
EAGIWIF B B 5'-GTGAATGCAATGGAGT-
GTGC-3'; T i 5'-TCTTGCGTAAGTAAGTTGGTCACG-
3', GAPDH 5955 iT: EiiF 5'-GTTACCAGGGCT-
GCCTTCTC-3"; T i 5'-GGGTTTCCCGTTGATGACC-3',
qRT-PCR gt id 222 05 ikalb AT omir

1.8 “HitFoH

JVL ] SPSS 13. 0 Gt B A e 22 0 i , K LA
x x5 e, AR B ZH FUO0E IR 2H 41 JA) bE AT P ST RE AR
¢ R, AL SPS J5 1.3.7 d 3 AN AR R Z 18] HE A
FHNZE T 00 LLP<0.05 MEFELHFE X,

2 H#R

2.1 SPS x[3hpitheg3a

TER AR F5LI0 T, 5 X FRALAH L, SRS 0 AT
IR 43 LI B/ 2 49% i A TFFRE AR I B TR A
I3 s b 30. 2% |, it AR IRERCA 41 L b 36. 5%
(P<0.05,3% 1), Wi g5 RN, BRI 5 %) #]
S S A AN R v R T O 1 I i = R
61.3% , B FE H o HL s 2> 24 66. 1% , Wi 4 2 55 B B
(P<0.05,%2),

F1 BETFZRNKEBAFRBANWITAREL
[n=20,(x+s)% ]

- FFRE 7E A ] TSR FFEEARE
ZH A
"ok Btk HAakt
X e 20 14.324 £2.100  19.002 +1.911  17.184 +1.480
TR 7.257 +1.833%  13.247 +£1.635* 10.926 +1.615*
a:P<0.05,5 x84 bix
T2 AIpLIgMiRAE R A FnIT BB AT AT
(n=20, xxs)

215 g IR Sl s [E] (s )
X HEZH 20.716 +5.061
FERI L 8.036 +2.741"

a:P<0.05,5 s B4 rb 4z

Hh g X I B e (em)
227.460 £41. 698
77.417 £25.652 °

2.2  Western blot #] SPS $ 54 & &G £ R F Ia X 4

=4

Western blot A5 AN [] fig X 2k 35 1 5 45 R K W,
FE Ry DI, AT 0 R, BRI 40 Bk 8 1 3Rk b 4
43.5% , W& Z A 22 55 HA et 73 L (P <0.05) ;78
ORI, B 20 2 35 1 3R 38 N 24 29. 4% (P <
0.05) . FEFTAHFIIMN XL, 2 HEk P RIAZE R T
Gt X (P>0.05,E 1),
2.3 fpmamAiim SPS AL RiRsE G T AL

AL il S IR E R, 4R
Western blot #1—%(, 1 5 X A8k 0 R E 014 T
T S MEAR AL Z . 20 M Bk R 1 32 A T A
LT AR . 5 IR AR b, AR 2 i S X
FAPERURL I /24 18. 5% , 22 S HA Gt # i L (P <
0.05,K2,33),



24 B SRR ,2016,38 (1)

http : //aammt. tmmu. edu. cn

R SCRIR i3 N

1 2 1 2 1 2 1 2
I - - .-
B-actin(42x10°)— S—

077 wxtmag
0.6 | ORI

H

0.5

B a
2 04}
p 03} a
B 02+
=
0.1F
0 ; . ;

HIgiH geikik e NI
KM AL
l.xbpsn;2 . A 4M;B. ¥ 2%
a:P<0.05, 5 2t s pb i

/B-actin [l

A :Western blot #&im| 25 %
SR

1 Western blot J Z=RIFAM . SUIRME D /MNEX i
HEATH

#
PR
- \
L

& 4 g
50 pm 50 wm
— — D
AC:xp4;B D BEAMEABS4EOLEELRRAY

%4 ;C. DR A E MmN 5 A

B2 SEAUNBEESXEBHRELTL (IHC)

2.4 qRT-PCR # ] SPS %% 4 & X $4k % @ mRNA
8 T
qRT-PCR #5451 R , AU ZH 2K 25 11 mRNA &
KW AZ AN (P <0.05) . 55X R AH L, BEALZ
TS XS 2k 2 ) mRNA 3R 35 B S 0 2> 2 90. 3%
(%3).

£33 BIXEHKEARE mRNA W (2 =20, x =)

20 531 T Th A% TR 1% I (e 18 TR 1 mRNA
Sof B4 0.284 +0.012 2.000 +0.690
Rt 0.231 £0.021* 0.194 £0.044*

a:P<0.05,5 st B n b4z

2.5 Western blot 4% SPS 5 1 3.7 d L4 &G
T

o R 20 K R = bR LR B R S AT SR
FA 1@ Western blot £ 1~ SPS J5 1.3.7 d B H
PR A L, e BRI REZ LA, SPS 5 1 d Bk
BIDZ29.8% ,3 d B2 24.6% (P <0.05),7 d
B ER AR o A, MO R A b A 22 S 4 i 22 B X
(P>0.05,K3),

1 2 3 4
-

B-actin(42x10°)— — — — S— ()

0.45 -
040}
g 035}
£ 030}
3 a o
2 0251
=
< 020}
®
0.15}
0.10 - 5 - 3 - .
5 ®

T3P RB4R ;2 A28 1 d;3 . 48R4 3 ;4. 48847 d
A:Western blot ¥ 2 X;B. ¥ 2 oM &L R
0.05, 5 2t B 40 rb iz

El 3 Western blot %122 SPS [/ #{/5 15 5 X g ¢k & B ha At ]

a;P<

3 iFig

FEASZ g o, FoATT 2L i 3. PTSD K R 7Y
WRERPEAMRIBNE I SRR 5, AT LM
OBLILAAT R KA B I A8 Ak @RI 21 v ik B (1 76 g
X SR W 0, FESCRAAR DX Sl ) S 38, 7 i
/IR X35 TE B o A2 Ak s RS R 2 Vg T X sk 2 1
mRNA Fik7K P B i B BT 24 g B I Bk 2 1
TENIE 1.3 d BIRFEAR,7 d KA . XUk kX
SHATRES 5T PTSD S i H 0 & i /2

BREE FURAERE I N AR S S B -, E 22
TS5 B I AEAE R 22 % 1R R B 1, kO 4 i kA A
PR o KR S0 e W 7 — S 2B AT P
o, FC TIOR8 BR L Bi] 2K 2 ThE S8R v, 2k B 1 i U
DREORERZTET Y BB B, R A
N L AR A RS ) MG TFR AT LR B R SRR



http ://aammt. tmmu. edu. cn

9= TR RAE2EH),2016,38(1) 25

EEAL'Y o B FE P AMIT 5T K B0 B RLIR A 9
AT LS EOR RUA [5G XA 4k 2 1 e s 1 ARBIE g
JE 1L Western blot 11 THC #&3IFE BH , #E SPS Ji5 L [X.
SRR 1 S, B A AR — 5 Sk 1]
i D KA PTSD SR YO K 2z — , T Tk
B R0 T BE S SN A P AR, e R
A AL FEEE R B RS A T BR T
T B DI, R A T SOOI 88 B Bk A 1 3 b 1,
SCHR[ 24 ] #008 IF A 58 4 — B, A B 90 45 R U B TR
PTSD Jfpgad B b, B8R 2E ) BELEAS W] ) il X 4 HAT —
FEVEM o BURM DI 88 B R A, W RE S 2 T
SURIR XIS FI DI RE A 52 o AR EH T, BOIR
{2 IR 40 L L, X BB T 32 X 3
BRAR 1 B RIS N RE G 2 AR R BRAF I AR A0 i P, AT
B ST 1 3 2 Xl i 25 240 7 il 2 O AR S i AR A AL
il FATH It qRT-PCR A3, ¥ B DI i) 2k A | ik P
FEIRH WD SR LA T BE M R 2 TR 7K SF- 52 i)
PR, HETTEMAS AR B E I F o0 h L gk
FU D A P Bl 2 1 S TR R I A kR
FIFE R A Bk N e, AT LSRR B 4 S I
BUBBRE E R . B E R A AT AR R Y
T B — D SR I IE

N T WS DX A A B ) 2 A6 1
P, FeA At SPS 5 1.3.7 d FEATRIN A B, e S
1 d BB & E B ,3 d B E S & b R
LdRRLTET d SRR SRV RKE . XU ERE N
PR T — DAl i IR TE R E TG &
A AFACEETT AL E B T A0 Bk TR E R
BEVEVET, 2 R A 38 AL 2 1 R s & A i
s —MMEREI S, B AT A, (HIRAT A T 7E
PTSD S R R P AF R R LR B 5 R T8k
FGHTE PTSD St R P A

BN ARSI AR SPS HE R R ) vy i Bt E R B
Bk 2 TR TR B SO R AP e i 38, U I A
TR A T R A A [] il X 45 ) 1 2 B S
W HEE N, A S5 A PTSD 1 & i AL il 32 it
TR . (EARS B AAEAR Z A, BB A I
AMFFESCIR A B 25 1 0 208 1, B0 EA T T S ik
B ST R Z 8 B AR DG PEWT I, 764 ) 1 S5
Frrh A — L5838 . AR GERIE R P RETE
1% PTSD ARSEHE #2850 vh & $5VE T, LS A Al e
BCAAR AP S A 52 B o)

Sk

[1] Pitman R K, Rasmusson A M, Koenen K C, et al. Biological
studies of post-traumatic stress disorder[ J]. Nat Rev Neuros-
ci, 2012, 13(11); 769 —787.

[2] Yehuda R. Post-traumatic stress disorder[ J]. N Engl J Med,
2002, 346(2): 108 —114. DOI;10. 1056/NEJMra012941

[3] Ponomarev I, Rau V, Eger E I, et al. Amygdala transcrip-
tome and cellular mechanisms underlying stress-enhanced fear
learning in a rat model of posttraumatic stress disorder|[ ] ].
Neuropsychopharmacology, 2010, 35(6) ; 1402 — 1411.

[4] Yamamoto S, Morinobu S, Iwamoto Y, et al. Alterations in
the hippocampal glycinergic system in an animal model of
posttraumatic stress disorder[ J]. J Psychiatr Res, 2010, 44
(15): 1069 — 1074. DOI.10. 1016/]. jpsychires. 2010. 03.
013

[5] Koenigs M, Grafman J. Posttraumatic stress disorder; the role
of medial prefrontal cortex and amygdala[ J]. Neuroscientist,
2009, 15(5); 540 —548. DOI:10. 1177/1073858409333072

[6] Arabadzisz D, Diaz-Heijtz R, Knuesel 1, et al. Primate early
life stress leads to long-term mild hippocampal decreases in
corticosteroid receptor expression| J]. Biol Psychiatry, 2010,
67(11): 1106 — 1109. DOI; 10. 1016/]. biopsych. 2009. 12.
016

[7] GaoJ, Wang H, Liu Y, et al. Glutamate and GABA imbal-
ance promotes neuronal apoptosis in hippocampus after stress
[J]. Med Sci Monit, 2014, 20; 499 -512.

[8] Aisen P, Enns C, Wessling-Resnick M. Chemistry and biolo-
gy of eukaryotic iron metabolism[ J]. Int J Biochem Cell Bi-
ol, 2001, 33(10) : 940 -959.

[9] Hare D, Ayton S, Bush A, et al. A delicate balance: Iron
metabolism and diseases of the brain[ J]. Front Aging Neu-
rosci, 2013, 5. 34.

[10] Morris C M, Candy J M, Keith A B, et al. Brain iron home-

ostasis[ J]. J Inorg Biochem, 1992, 47(3/4) . 257 - 265.

[11] Harrison P M, Arosio P. The ferritins; molecular proper-
ties, iron storage function and cellular regulation[ J]. Bio-
chim Biophys Acta, 1996, 1275(3) . 161 —203.

[12] Liberzon I, Krstov M, Young E A. Stress-restress: effects
on ACTH and fast feedback[ J]. Psychoneuroendocrinology,
1997, 22(6) : 443 —453.

[13] Yamamoto S, Morinobu S, Takei S, et al. Single prolonged
stress: toward an animal model of posttraumatic stress disor-
der[J]. Depress Anxiety, 2009, 26 (12). 1110 - 1117.
DOI:10. 1002/ da. 20629

[14] Li X, Han F, Liu D, et al. Changes of Bax, Bcl-2 and ap-



26

B SRR ,2016,38 (1)

http : //aammt. tmmu. edu. cn

[16]

[17]

(18]

[19]

[20]

[21]

optosis in hippocampus in the rat model of post-traumatic
stress disorder[ J]. Neurol Res, 2010, 32(6) : 579 - 586.
DOI;10. 1179/016164110X12556180206194

Livak K J, Schmittgen T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2 (-Delia
Delta C(T)) Method[ J]. Methods, 2001, 25(4) . 402 —
408.

Arosio P, Ingrassia R, Cavadini P. Ferritins: a family of
molecules for iron storage, antioxidation and more[ J]. Bio-
chim Biophys Acta, 2009, 1790(7) : 589 —599.

Connor J R, Snyder B S, Beard J L, et al. Regional distri-
bution of iron and iron-regulatory proteins in the brain in ag-
ing and Alzheimer’ s disease[ J]. J Neurosci Res, 1992, 31
(2): 327 -335. DOI;10. 1002/jnr. 490310214

Grunblatt E, Bartl J, Riederer P. The link between iron,
metabolic syndrome, and Alzheimer’s disease[ J]. J Neural
Transm ( Vienna) , 2011, 118(3): 371 -379.

Konig D, Weinstock C, Keul J, et al. Zinc, iron, and mag-
nesium status in athletes--influence on the regulation of exer-

cise-induced stress and immune function[ J]. Exerc Immu-

nol Rev, 1998, 4. 2 -21.

Lukaski H C, Hoverson B S, Gallagher S K, et al. Physical
training and copper, iron, and zinc status of swimmers[ J].
Am J Clin Nutr, 1990, 51(6) . 1093 —1099.
Nikolova-Todorova Z, Troic T. Effect of surgical trauma on

patient nutritional status[ J]. Med Arh, 2003, 57 (4 Suppl

[22]

(23]

[24]

[25]

[26]

1).:29-31.
Lyle R M, Weaver C M, Sedlock D A, et al. Iron status in
exercising women: the effect of oral iron therapy vs increased
consumption of muscle foods[ J]. Am J Clin Nutr, 1992, 56
(6): 1049 —1055.
An LN, Yue Y, Guo W Z, et al. Surgical trauma induces
iron accumulation and oxidative stress in a rodent model of
postoperative cognitive dysfunction [ J]. Biol Trace Elem
Res, 2013, 151(2). 277 - 283. DOI. 10. 1007/s12011-
012-9564-9
Wang L, Wang W, Zhao M, et al. Psychological stress in-
duces dysregulation of iron metabolism in rat brain[ J]. Neu-
roscience, 2008, 155(1) : 24 —30. DOI.10. 1016/j. neuro-
science. 2008. 03. 091
Erikson K M, Pinero D J, Connor J R, et al. Regional brain
iron, ferritin and transferrin concentrations during iron defi-
ciency and iron repletion in developing rats [ J]. J Nutr,
1997, 127(10) : 2030 -2038.
Faucheux B A, Martin M E, Beaumont C, et al. Lack of
up-regulation of ferritin is associated with sustained iron reg-
ulatory protein-1 binding activity in the substantia nigra of
patients with Parkinson’ s disease[ J]. J Neurochem, 2002,
83(2): 320 -330.

(%5 :2015-07-23 ;48 [F :2015-09-21)

(%4 ZE)



