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Deferoxamine preconditioning protects against hypoxia injury in astrocytes
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[ Abstract] Objective To investigate the protective effect of deferoxamine preconditioning against hypoxia injury in
astrocytes and the underlying mechanisms. Methods Astrocytes were cultured under ischemia stress, which was mimicked by
oxygen and glucose deprivation (OGD) with deferoxamine. Astrocytes were divided into three groups: normally cultured group;
Deferoxamine pretreated group: astrocytes were pretreated with Deferoxamine and then treated with Deferoxamine OGD; and
OGD group; astrocytes were treated with Deferoxamine OGD. The cell viability examination, the ratio of condensed nuclei, and
the morphological changes were used to assess the protective effect of deferoxamine. The expression of HIF-1¢ and EPO protein
and mRNA in astrocytes was examined by immunofluorescence staining and RT-PCR, respectively. Results The morphology of
AS in the deferoxamine pretreated group kept intact. AS viability in deferoxamine pretreated group was 58% of the normally
cultured group, and that in the OGD group was 25% of the normally cultured group (P<C0. 05). The ratio of condensed nuclei
in deferoxamine pretreated group was 38% and that in OGD group was 30 % (P<C0. 05). Immunofluorescence staining found that
expression HIF-1a, and EPO protein appeared in cultured astrocytes after deferoxamine pretreatment. RT-PCR confirmed that
mRNA of HIF-1¢ and EPO was up-regulated after deferoxamine pretreatment. Conclusion Deferoxamine preconditioning can
protect the astrocytes from hypoxia damage, which is related to deferoxamine-induced increase of HIF-1a and EPO expression.
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g 7 Ak 2E M E R 2 (oxygen-glucose depriva-
tion , OGD) J& 52 % . S W 1% 40 0 52 A LA ASE 480 A ik 1
FHAEVE” , WSS 2 R AL BEXT AS 19 1k 27 Bl S 35 15
F LRI L ] B 0 48 2 R il T b B S AS 1Y B4R
55 A F-1aChypoxia inducible factor 1¢s, HIF-1q)
FAR 21 40 M 4= i & (erythropoietin, EPO) & H 1
mRNA ik,
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1.1 S¥zH4h FHiEHHE 1~3 d Sprague-Dau-
ley(SD) KR, 28 4 B R 2= S0 g0 sh i o 4t
1.2 £%&XA  LHM8 Hoechst33342 (Sigma 2
w)) , CCK-8 7 & ( 11 [ A= L~ BF 5T ) , GFAP
HTLREPLAR  HIF-1o 230 K& EPO 240 (a1 118
N ) , TRIzol RNA # B (Invitrogen A #)) . RT-
PCR & & BER AW A FD .

1.3 AS #9334 a4 KR 2 B 5 S W7 sk B
O N AR B | R € 8 A o A S S 1
B TGS, P S BY Y R L A S ) TR R B
fit FES) G BT 3TCHFMNNE, BABLE S,
FHWEAEWAT . B0 35 25 b ) 5 40 M B A R A
MU FE R 2X10° /ml, K54 f 4 FhfE B e b . 35
FIFA STCH 5% CO K46, 8 3 d e 1 Ik,
A5 200 60 0 JRRL VS i e 35 IR 4 O L B D R
BEFEIR,37°C LA 260 r/min BB EERE L, AR
B 37CIIRE 5 min, MABRBERE L. FE L
RN R B AL 1. 5 10° /ml, A 75 em® Y
B A 3 d Hm 1k, diiifg 4~5 ARJE T
R NS i R 1 A R Sl A 1 B
TCAT A R R A B 5 SRR AT AL B4 L e 40 T 2 kT
SEFRCIA 300 pemol /L 25 8RB T W 48 B 35 572 WA
FH 12 h 5 RIEW R 12 b B4 T 285
OGDUIA 600 pmol/ L 2% 8RB TCHE 41 i 5 77 WA
JH 8 hJ& e IE W M A 57 12 b ;OGD 4, H#E%
TR OGD,

1.4 CCK-8 &M AS A/ F  HFh 100 1 4 &
(5 000 4N/ FL) T 96 FLA N, BT 5 R4 N 5
FE24 h, BAMME T AR, LA INA 10
pl B9 CCK-8 i, fEH FR A N HE 38 1~4 h, 7E 450
nm P AR I E G % E (D), 2 kK 600 nm,
1M A= A7 SRR D B/ % IR D B < 100 Y% 1154,
1.5 Hoechst33342 % & 4&m ta p A 6 % & F &
T KRR A EAY AS I PBS #EAT k. in 4%
22 B W1 25 Y [ € 30 min, 1 X PBS Y 5 min X 3
W.5% Triton X-100 FE iR /EH 20 min, 1 X PBS Pk
5 minX 3 ¥, ML7E MR = #AEH 30 min, B A5

1 pg/ml ) Hoechst 33342 % i /EH 10 min, 1 X
PBS Fe43 Uk ¥ J5 . 50 % H b B A, 28 0% B T W
ZE AR, SEIRVEH . 0 M A 0 P £ B [ 4 B4 A A%
S R R A R T MA

1.6 %% % kix#Amal AS ¥ HIF-1a &2 EPO &
® O MRETED R B AS FITEHE 300 pmol/L %k
WM WAL 12 h, R AR W 12 h ATk d
1 IE# IR IR, PBS wivk g, hn 4% 2 B
JEE % & [ %2 30 min, 1 X PBS PE¥% 5 minX 3 &K,
0. 5% Triton X-100 ZAEM 20 min, 1XPBS ¥
5 minX 3 ¥, L3R ERAEM 30 min, YA 4
B Pt GFAP(L = 100) +4T HIF-1a(1 = 50) 8t
GFAP(1 : 100) +#1 EPO(1 : 50), & T & 4°C
ZUFFWEE 24 h, 1 XPBS ¥E¥% 5 minX3 K, WA
Sy SN AE SR 1gG-FITC+EH B 1gG-CY3, 1X
PBS UE# 5 min X3 W, LA EYIR A1 pg/ml /Y
Hoechst33342 Z#AEM 10 min, 1XPBS &3 %
Je .50 % HmE R, POk BB T HER L.
1.7 ¥ % % RT-PCR % # HIF-1¢« & EPO # &
5 JOHE 300 pmol/L 58k U FR WAL B AS, 1E 4
24 J5 AS[A) B JE) 05, (3.6.8.12.,24 .48, 72 h) W B 410 i
IEH B 9% o0 % B, TRIzol 42 BU4H M B RNA, 17
RNA &M KGE G 2 pg 472 8 RT-PCR &
W LR R3S B-actin FE NN SR, 519 F
FIUNF BTk : B-actin cDNA J¥41 . ffi F Primer premi-
er 5. 0 EIH ST A . BIYIF S0 . HIF-1a
519 5'-GTA GTG CTG ACC CTG CAC TCA
A-3'", FiE5I#) 5'-TCC ATC GGA AGG ACT AGG
TGT C-3", ¥ 8= K B 520 bp; EPO #5149 5'-
TCT ATG CCT GGA AGA GGA TGG AGG TCG-
3, RS9 5'-TGC GGA AAG TGT CAG CAG
TGA TTG TTC-3". 9" H 7= ¥ K & 240 bp; p-actin
W54 5'-CCT GGC ACC CAG CAC AAT-3', F
519 5'-GGG CCG GAC TCG TCA TAC-3', 91
FE K 249 bp, %8 RT-PCR &7 & 305 2L g-
actin WINZ R, 5 HIF-1a K& EPO [A] B 17 336 % 5%
S PCR ¥ 3%, PCR J B &4 94°C i 28 ¥ 5 min,
94°C 78 1 min,55°C3iH K 1 min,72°C ZE{# 1 min, 3
30 MW I 72°C ZEAR 5 min, KK FN S
B RT-PCR /=% (10 x5 DNA Marker DL 2000
— R TE 1.5 Yo B NE R BE S b Uk o B L FL UK SR MO
I X TAE, 9K £ K 80 V HLUK 30 min, X HL Uk %5
T AT A% 53 B (FR-980A & W/ Uk 18114 43 B &
8t) il sk B ARG AT YOG % BEE L LU HIF-1a & EPO
55 B-actin [ WWABLJ3 B VE A & FE a9 HIF-1o A2 EPO
FEIE WA XA
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1.8 #itFam AN ERBIEE R x+s &
/R RH SPSS 11, 0 AL #1748 1127 b 3, AR A
) L 35 ok Y ¢ A 36, 22 21 B0 b AR O 22 A A
P<0.05 WERAGIFEX,

2 & R

2.1 ASHHFH OGD ZA# LEAEAGEL IF
W OAS N CERIE SRS, A AR R, T F
MR R B R A 1~2 M T e,
fh2f B4 8 h(F8RHL 600 pmol/L), AS # % [a]
i, 53 20 N (B 4 e B . B TSI TR A SE G, AS
2% 2 [1] 447 A8 410 B Ay Y S L 400 ] ) [ B 0 R, B4R
(FHH 600 pmol/1) 12 h J& AT L3 43 41 A fd 4 S
G0 R T 2L, B A K R ORI R 1 K A A R AR
() S0E K, 240 B 3% ) ATV 52 B0 ), AR A% 3 Uk Ny 5
a5 R BR300 pmol/L £ 4kH OGD 12 h, &4 12
b 0 A X AR AR 2 75 % 2 AT L A Ta] PR R

PUJG 52 56 1 AL BT i 25, 600 pmol/L 2 £k
OGD 8 h, &% 12 h, 4 Ml AH X 2B 77 2R 2 25 %0 /2
AN B ] 54 A DA S S 6 14 ffe S A 1 R B T
1, Hoechst33342 4 {0 & B B & 1k 2 Bl 5 1) 8] (1)
FEK: 20 A% 5 B S 0/, S 4 A ) 4 A e £
o [85] 247 kB A A Ry e, 5 A R T AR

2.2 FERHTALI T AS B BB A 09 4R AE R
Z3) 4~5 WAER G AS HMIE &5 ¥ 50, iR 5%
KA Z NI 10 £ A4 5 1) A i f iy 288, JE i
AL AS AR [R] 45 L 58 6 AR 2 L 41 i [a] 3 B G
(25 B, AR SR 2 25 00, A% [ 45 40 L 4 e
30% ., WARHLZ AS B A B AE 1k, 5 X R
A EE W N EOR S B, A0 M TS R R R
58% (P<C0.05) . A% [ 4 40 Jfd & 43 by 25% (P <
0.05) Z5 5 (1) $2 78 Tl 4k 3 H A BH S 9 O 47 40 i
TE 2 385 58 A0 X 453 49 0 38 ) T 32 L O EL A Bt A A%
GER A Es

--

1 ASAE4IEF GFAP # 8

Fig 1 Immunofluorescence staining of GFAP protein in rat primary astrocytes after different treatments

A: Normally cultured group; B: Deferoxamine pretreated group; C: OGD group. Original magnification: X 600

2.3 IR R A MAR kAN KM R )G HIF-1a A
EPO #9 %35 R4k 45 2R, 300 pmol/L (A

GFAP

2) M 600 pmol/L R HAT AS B LI&E
s HIF-1a X EPO.,

B 2 BEwEREREEN HIF-10.EPO T4 SME 3 AS IR IE

Fig 2 Detection of HIF-1a and EPO protein by immunocytochemistry in AS treated with deferoxamine

A :Normal control; B:Treated with 30 pmol/L deferoxamine OGD. Original magnification: X 600

2.4 300 pmol/L X & # A # G HIF-1¢ A EPO
mRNA # %% RT-PCR %% 75,300 pmol/L 2
BB 3 h AS FFiR Rk HIF-1a mRNA,24 h

K, 2 5 mRNA £k m R s F#%,72 h BT
B K. 300 pmol/L X #k AL B /5 8 h EPO
mRNA £EXE FTF,12 h 5\ . 2 )5 mRNA £k
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B3 ASEHHNUFREF HIF-1o K
EPO mRNA #J PCR ¥ & 7=4)
Fig 3 Expression of HIF-1o. and EPO mRNA

dectected in AS treated with deferoxamine
M: DL2000 marker

AS T il i 1l 5 58 0 BR . BE 4 i 2 R R T
-, 7 M S L S O A e B T 12 B U
S P2 o AR 28 AR RO R R R 4 0T
MRS SFVE Y . WFoE R BT AS 78 Bl ifn 39035 b &
EEAW EEMEH, AS L0 4 K ph 2 A2
TR TR T 2 —, RO — R R 2% A
Al BEL T 4815 5 10 e 5 L B UIR SEL M5 S 1L 4 A i, mT LA
T LR S 20 M S AT 9T e B 2% Ak i T Ak B
Je XA Y B AR A1 B 25 5T Y ke SECPE 0 A DR AR
FHS AR AS 2 AR L A0 25 4k ok 2 B4
JG R BEA S AS HIF-1o 1 EPO A9 £ A ¥ AW
i, ARBFFTIE LM #r AS KB OGD #E Y, B
O M B af PR O A R 0T AT AS BR AT i S 5K
Tt i 25 b T PR b, J R AL RS L AS X B S Y
U™ H A B A — AT RE T L 41 MR S R 5E
R AT, 200 L35 ) 2 5 AE 0 KO At e A [ 4 L 2R 4
TR, 25 4R R Z Bk i Ak B LA R 47 A KB
AS b 2F S B VE

A H R BRI T T A S B B R T d
bl b rT B HLA A A A BRI SN T
Fe HR i 5L /7 W) D) B KA FH A 9% © 48 R Y
A B HOSRTRT Y, AR 2058 & B HIF-1a 75 B4R
5T BE BT 22 P I AR 3 PR 11 36 3k R 8 R
PifE Y, EPO J& HIF-1 & 28 5 W 2 —,
HIF-1o7] LAY EPO B9 3RIAY . EPO By P &8 37
AR ER B &AL I RIEH . Freeman 2

AR AT LU HIF-1a 7 AR B 28 22 G0 B il 1 2 9
TS, AT LLE 5 R R N HIF-1a 13
IKLHEM EPO (43 38 i & #5 I R 3 E . 3RATT 8
T HRE DN AR 25 R & B FE R AN FE 0 AS, K8k
AL HS A LA S AS B HIF-1o 2 EPO A
Foik  HAR AT R 5 WAL B AS 2R B4R G s
B2 A1), $2 78 HIF-1a X EPO SR H £ K5 AS
Z B LY IR E A &, RT-PCR 4%
K LR E B A S AS B HIF-1o mRNA ik
BT EPO,HH R WBRF EPO, #7" HIF-1o 7] fEXT
EPO W) ZRBAH AEMER .

B2, AS RERBHE N 5 HIF-1a, EPO # 1
K mRNA iR RE A B A58 B B RR B AT
ORI, FRATIE T8 A& B0 K B A He At ik P9 40 At
ik HIF-1a & EPO, /R FE R W A7 724 22 F 41
LA 52 2 VE O =L T R AT AR 42 0T | I A PN B 4
S AL FVE R LA R E— 2 BRI . A B A X
HIF-1 058 (1 32— 2 B HIF-1 S H 5 (R 1 0
B8 B T S ot R AT B — B Il
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