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Effect of Desferrioxamine on Silica-Induced
Cytotoxicity of A549 and Fibroblast Proliferation

Kyoung-Ah Kim, Eun-Kyung Kim, Ji-Hong Kim, Young Lim

Department of Occupational and Environmental Medicine, Institute of Industrial Medicine,

St. Mary’s Hospital, College of Medicine, The Catholic University of Korea

The inhalation of crystalline silica results in the production of reactive oxygen
species(ROS). Among these ROS, hydroxyl radical( " OH) is believed to be the most reac-
tive one. " OH is generated in reaction between superoxide and hydrogen peroxide cat-
alyzed by transition metal, especially iron. Therefore iron should be important in the
bioactivity of crystalline silica. Desferrioxamine, a iron chelator, may be protective in sili-

ca-induced pulmonary reaction.

To test this assumption we investigated the protective effect of desferrioxamine on lipid
peroxidation of cell membrane, cytotoxicity, production of proinflammatory and chemotac-

tic cytokine and fibroblast proliferation by crystalline silica in vitro model.
The results were as follows:

1. Fenton activity of silica and asbestos was significantly higher than that of control.
Fenton activity in crocidolite was higher than silica at the same dose. This result
correlated with iron content of dust. Fenton activity of silica and crocidolite was dec-

reased by preincubation of silica with desferrioxamine.

2. Silica induced a dose-dependent increase of MDA concentration in lung epithelial cell
lysate dose dependently. Marked decrease of MDA was observed in desferrioxamine-

treated silica group compared with untreated group.

3. As concentration of stimulated silica, silica-induced cytotoxicity was increased. There
was significant decrease of cytotoxicity in desferrioxamine-treated silica group com-

pared with untreated group.
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4. aquartz augmented the production of TNF-« and IL-8 from A549 cell. While desfer-
rioxa-mine suppressed the release of cytokines.

5. Supernatant of silica—cocultured A549 cell induced a significant proliferation of fibro-
blast, which desferrioxaime blocked this proliferation.

From these result, we concluded that desferrioxamine has a protective effect on silica

induced pulmonary reaction.
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0] sz FUEHAE ) AxEdTs dojy
] o]Ze] 4% 2 IR} k-5 d¥e 2ANE
< dogle ApdAe] "), ¥Rl 9@ AX g
= e g431d RNy BuEAY 21
ErozRy fE)sHe WA Aavd g3l o)F
o] A (Kamp¥, 1992: Vallyathan¥%, 1992:
Schapira®, 1994). 233 TS B2 A2
ZRE 2INgle) e Ayt dAF e &
HiEy 2FY aHERle] MEEARL olE 4Av]
Bl 40§ o] ukgd sl ojxiRor A
Aksl& hydroxyl radical( " OH)® 23 A<l A7t
Atz LelA Yk Burtlerst Halliwell, 1982). -
OH A4t 58o] £3ld we} o]zt lew] " OH
Aol 45 DNAEAY] aa dAse 2
tH(Halliwell®} Gutterrige, 1986). Z¥htslo] &3}
Fkelpae] wkgel 93le] " OHel A4dEw 2
Zg APF4(transition metal)e] Fenton cata-
lysts® 83l " OH AL Ao (Halliwell
3} Gutterrige, 1986: Schapiras 1995). wehA]
29 AEHHQ AEEe B4 FhEo AV
AAWANA Relsle Ax P BA7} dokn &
4 e}

Ao APFPNM Ahr)e] 8-S A F
7RE EF At AFAA 71ed AESHES
ojgld] TE WA AR gAZelt} itarle
cytokine®] A& st MZUY AzZALA
g3t ME2HEE PHHe nAEde] e
235t ¥R Q7 45 L AH3} wke-g AF
Ee fA Al7led @@ (&YF, 1998). wet
A Aa7] g BolAoz ‘OHY ¥FL JAA
AozA ZAAY FAERA 23 Ax L A5
Iz Gyelrt sjEgot Ao A fstel B2
e P vhg-& e UE Holvt

Desferrioxamine2 3 #spAz Azl B3NS
o]Fo] *OH AAtE A U Halliwelld}
Gutteridge, 1986). L8] B.&2 desferrioxamine<
ARE FAAER o3 AEsay HFatgon
BE] #3e Bidhe A o dopl ARAHES
7HF A& Aoz YUY,

A 2 4 7%E #A] fstde 49z
o] AL AT, EAAA ] AxE
A B3 g Eete] gl 23l felEle A
27189 gslo] A E A (epithelial barrier)
o] HHsn o]Ao] AvFo AP ¥ Fag
ZuQlatetn Qs ok, AAAEY] A% w1
ARz 9% 2 Ha3lel 2 vxusle 35
Tohe AAT #¥Ae] 959 A (Donaldson,
1998). AW A EE =3 B33 ukg-sied o) 71x]
AEES BYEt] g5 R 463} ve-S =43
o2 Ao 93 AREEA oy AX gAJ3ld] 97
WIAERS FHl5E ZARIA E o) A4 2R
A X (target cel) 2 JZt=E 1 Y}

wehr $7E desferrioxamine® @ Agjsl] &
22 A& AASNYS W £29] Fenton catalysts®
2 Zgshs FYo] oA WslsleA olHsitt,
3 AP@UoNA desferrioxaminee] 233 T4k
R0 A YN X AXEY R v7iEd
o] EHlEde oui YL v A AR
aga sPgolARe] v FEde] HRRARe] F
Ao vlAE 9L A4 Ho} desferrioxamineo] &
A T A7 H2ANE] Wolast e
A in vitro R9-g 0] golrgit],

ATy | U

Zl

[

1.

1) B2EY TMEE
BAY FAERNeR aquartz(Min-U-Sil, U.
S. Silicacompany, Towson, ML)& ©]-&3}gt},

AT
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2) Crocidolite

#3719 fenton activity 33A ¥4 dzTes
A9 §Fo] &2 crocidolited o] 434t} croci-
doliter BAVFEBEIEHENN EEIIFT AR
€ o] &3}

AR AHEEI1A BR6] gRH0 UE F Ue
WELE AAR] 8l ¢ E T (autoclave) 3t
Kon MEol whAlduole wjx|d] 4o} 243
B¢ 259 A F ARG

2. 27%19] desferrioxamine X2|
LN

44 e AE AAN] 3l £3& 25
mM¢9] desferrioxamine(Sigma, St. Louis, MO)
o] 37CoM T2AIRE Bt AT F AQikekE
22 38 283 Dulbecco’s Modified Eagle’s
Medium(DMEM, Sigma, St Louis, MO)2.& 3
W Al vixivtez DMEMeE E39] 5%
7} 10 mg/mi7} H =& 2Fv}, Desferrioxmined
FekA] @ FHpo 2L 2doE EXE A
3lo] Mg A|ASK] g2 gz o] 4319t

. 2%&l2| Fenton activity &3

Desferrioxamine2 2 AZ3H& o £39] 44
71 A T WzE Yol £719 fenton
catalyst22 Z8%E& deoxyribose® HEZER
(detector materia) 2 3} Z3tt. felddd
ol deoxyribose 1.0 mM, #3134 1.0 mM, as-
corbate 1.0 mM, 228l 500 ug®} a-quartz, cro-
cidolite 28] desferrioxamine2 2 A& ¥2&
WaL 37ColA 3083 w-AIR F 1,200 goll A 108
T 9AEE Y Q4R R F 233N 1 mwE F
2]73A A3 1.0 % thiobarbituric acid (TBA,
Sigma, St Louis, MO) 1 mi$} 2.8 % trichloro-
acetic acid(TCA, Sigma, St Louis, MO) 1 mlE
W 100N 1083 ARl ¥ Q8] o
3z} A|Zc}. Spectrophotometer 2 532 mme} w7+
qx FA=E PN, Alse isE Fuls
g3t

4. Mizulg
At s3vA el Eeld HATMESFA

AB49(ATCC CCL 185. Rockvill, MD)A| £& o
quartzell 2 AE=A, NAAI, ain X
Z2E cytokine BAHs &F 0| o] gL},

AAEAXREE B4 F(fischer)dld ¥eld A&
FAE AHEFQ Rat2(ATCC ARL-1764, Rock-
vill, MD)7} o] 8=}, FHEF 2% 10 % fetal
calf serum(FCS, Sigma. St. Louis, MO0O°] X%
¥ DMEM$ WA & o]&3t e daisict.

5. HaTAMZEe] X|Hojitst T

cytokines &4317] i3l 434L AL A &
ol MEE PBSZ A3t I welld] 33
4 400 ©E 713t AR Hole AL el
AZE 3 AR 38 AXYE AR F
Az malondialdehyde(MDA)& &33%o 2
A AR} A=E FFect AX &3 A3
o 300 4ol 1 % TBA 300 4 =28l 2.8 %
TCA 300 #Z 713l 100°colA 1083 wkgAR)
F FA 9S50 10 532 mollA FEHEE &3
star EETFA e 93l MDA F=& At

6. BIATMEZL MESAMEY

96 well plates] A549M¥E welld 1x1017}
HEg B3t 243 vl ¥ 23] AFsiqic
desferrioxamine22 AYAY HeA] g
3 o] XHE viA 2 ZolFa 243t B3 T
vjFsiict. oW £ ¥xx 1, 10, 8l 100
wg/er2 AT, 100 % MESA2] NE(A100)=
diAel 0.05 % triton-X7t ETRENEE sl 131
30 % AXEAJe] AE(A0)E WX TS HolA o)
U T2 3t ANEFAYS BAAT, kgl &
¢ ¥ phosphate buffered saline(PBS, Sigma,
St. Louis, MO)Z AH3x 0.006 % neutral
red7} X3E phenol red7} gle WA Z ZolE H
7583 wiFeisict. wigo] ¥ PBSE thA] Al
33l 30 % ethanoldl 0.01 N HCle] X3=%
EZ 3 8&9L 719F 550 molA microplate
reader2 FBEE YUY AEZEAL ol

2L Hog gitsic.
e A0 — As
Cytotoxicity = A0 — AL00 X 100
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7. HATMZ2] cytokine MAS

AB49X X & 6well plated] BF3tx ol sigra
W g7lel A wjeFslich. ME7 wellel 90 % Fx
A71E 71937t 1 % FCS7L X3 vjx) 2 2o}
T 4823 F o) WigBgT). 48N7 F A EE
HAZ MY F EAE gz B3
Desferrioxamineo] Ael@& 24 AgAl 1 mM
9l desferrioxamineg #o] Aedle a-quartz
& AT T vmelch, ¥ Melstn 244
" uFE F 39S AT 10,000 rpmol
1023 SHES} F £7¢ AAG A29e A
] cytokineZAAl 7R -70CoN R@aYT), W)
Fael dol Qe AEE AARNE 2Pe ey
o] &3}t

VANAEE BAHY FAEACE AFPL 1)
AN ERRE 93 € H83F 9o B
27bA] cytokined] BHIE AW Roz A
H3 At & APME cytokine networkelA]
HESNEA FH|=o] dMRe A2 HY S53
© chemokined 253l %S 3= proinfla-
mmatory cytokine 3 &3¢l TNFa¢} chemoki-
ne3 A IL-88 A8t RE cytokined
ELISA®¥Y o2 23sglen Ao cytokine ¥
TNEE o] 83l FETNG palglon] o] o4
8l ZFA R cytokine s =& $Hatalatt

8. MRZAME Z45Y

96-well platee] Rat2 cell& welld 1x 1047}
HES EF8a 24 g}, 24403 £ 0.1
% FCS7t X3He wix 2 Zola 48A1ZHESE wjok
dlo] el dszke glov 242 A" Ay
(noncycling fibroblast)2 SAIAZT}. 48A17H%
HEE DMEMOE 43¢ 3 AuAE wjgk 42
qo= ubte] Fm 24, 48, 183 72X I Ay
HES) MEZAY 244 AH2819E neutral red 4
Hon FoRle MEe 42 Fgyaigu}.

9. BAIEH AHY

REE AR YE+IEHRE A, & 2
Zte] Fol Wilcoxon rank sum test2 A48
i, A wE Wsh Ex ST whe wale

%L GLMY trend test® HA3u},

A7

1. Desferrioxamine0l £%i°] Fenton activity
off olxl= I%

a-quartz®} crocidolitet= PBSt)zio] H]3he]
fenton activity7l f2J8tAl %718t (p<0.05).
crocidolite”t a-quartzell H]3td fenton activity
7k BAA F71H0] U}, crocidoliter} e
o] & o7 Yo YA Rra
25 desferrioxamine®.2 He|g 79 e 5|
%3kE wo] sl fenton activityZ} ®-<sHA)
A28 01 (p<0.05) equartzE 20 % 28w
crocidolite 50%3 = #A89tH(Fig. 1).

2. a-quartzoll 2|3t BiAtm|MZe| X|= njAs}o
desferrioxamine0| o]x|= 2i&

HAAAE Ao DA MES LA
AF 2 gHAd] MDAYE 23goany g
st TRl TR oke wiAEF o]z
WZEEE] 234 0.91+0.11 nM/mloIQEY 5 g/ew
Ex 50 we/are] ZAY FARAoR NEE 22
¥ A% Zhzt 12.23+3.10 nM/mis} 20.92+6.71
nM/m2 fel8A Z718tHP<0.05). AZele

3r Control *
i +
[ Joue

~ ",‘ Desferrioxamine-treated dust

N

A532
*
*

la B4

Control Quartz Group Crocldolite
Fig. 1. Changes of fenton activity of dust by des-
ferrioxamine.
* : denoted a significant difference from control
at p<0.05

s+ ! denoted a significant difference from desfer-
rioxamine non-treated quart at p<0.05
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o1 @cm )
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20 @ Desferrioxamine-treated quartz
g *
15 bid
< T
= 10| =
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5 =
0 Fﬁ 1 1 / J
0 5 50

Conc. of quartz(ug/cd)

Fig. 2. Effect of desferrrioxamine on lipid perox-
idation of A549 cell by a-quartz
* . denoted a significant difference from control
at p<0.05
*+ . denoted a significant difference from desfer-
rioxamine non-treated e-quartz at p<0.05

TARZ L] sE7l 2% v desferrioxamine2 &
At AeleA P Fol Hlskd MDAS] %ol
frol3HAl s (Fig. 2, P<0.05).

3. a—quartzoll 2%t SdEAMEZe MESMHo]
desferrioxamineo| D|x|= A&

Fig. 39 B uis} o] NEE AST aquartz
9] &7l IUIEE AXBAE F7kke ke
FAE 2} aquartz®] F%=71 103 100 we/H
9, Desferrioxamine & Azlsh= 24 54y
AE] MEEAL M2k kE W vjsld
284 A FasHrHp<0.05). '

4. a-quartz2 XT38 SAu|MEe] cytokine 4§
M50l desferrioxaineo| O|x|= &t

4-1. TNFe

2FY TAEANY vt IHESE v
W TNFed] ¥5% J7Bte #3e 23en 23
Y FAERe] F=7F 50 wg/awrd W 498.77+
47.65 ng/mlo 2 WZT 254.07+34.74 ng/m]
Hjat foj3iAl F7VIATHP<0.05). 50 wg/ewre)
TER %Y TAEDE AFEAS W HlEo

100 ¢
[Joun

sl Q Quartz+deferrioxamine
3
S 60 -
)
2
E *
) o
g. *

20F

0 L (| ]

1 10 100
Concentration of quartz(ug/=!)

Fig. 8. Effect of desferrioxamine on cytotoxicity
of A549 cell by aquartz.
* : gignificant difference from the e¢-quartz
group at p<0.05

m o
|:| desferrioxamine non-treated .

500 @ desferrioxamine treated
5 wof
£
§
R

300 - .
E = *
B
c 20T
o
[&]

100 -

o i | 1 (]

0 5 50
Conc. of quartz(ug/cdt)

Fig. 4. Effect of desferrioxamine on production
of TNFa from A549 cell stimulated with
e-quartz

» ! denoted a significant difference from control

at p<0.05

=+ : denoted a significant difference from desfer—

rioxamine non-treated e—quartz at p<0.05

e 2714 A desferrioxamine® FAld] A2}
AL o) A32AY TNFes=7l 256.81+36.01
ng/mz fo3HAl A& (Fig. 4, p<0.05).
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160 -
Dduferrloxamlne non-treated .
140
Z desferrioxamine treated T
120 N
g T
£ T " *k
T T | T
S af
c
o
(&) F
20 -
1 1 ]

(-]

[} 5 50
Conc. of quartz(ug/cd)

Fig. 5. Effect of desferrioxamine on production
of IL-8 from Ab49 cell. stimulated with
a-quartz

* ! denoted a significant difference from control

at p<0.05

*+  denoted a significant difference from desfer-

rioxamine non-treated a-quartz at p<0.05

4-2. IL-8

ARY FAEAC] % HAAA Rz IL-8 44
¥9] #she 279 81.99+8.79 ng/micl Hl3lA
5 ug/em® A4=-Fo] 97.13+8.24 ng/ml, 28I 50
ug/ert AT 131.54+7.23 ng/mE Fel&A
7ttt AAY FAHERS] FEE BOHA des-
ferrioxamine & 71 A4 59 50 ug/arato]
21z} 69.89+4.94 ng/mis} 72.52+10.79 ng/ml =
23y FARAG A Fo Bsle] felsiA
239 cHp<0.05, Fig.5).

5. HMTAMIE b 4EW0| MFEZAMEZ S4of
o|xl= I

Fig. 6 39N EE 23y TAERNcz A5
St wgE Fof o owjeF AEgez H{RAZE
WS W ARARAEY FHYP=E RAE
ARRAEY 34 FxE dxvd dg g8e=
BAIGREH oA dRFL wHAuH X v
F 3F92 F7FA %3 noncycling media$l
0.5 % °] $Hjo} ¥Ho] X¥d DMEMT 2 Hj
FATh. HAAME] 5 wg/ere] BHY FAEA

150 - ==l Quartz
=@~ Quariz+desferrioxamine
100
e
€
o)
(5] *
]
2 sk
*
[ L J
0 24 48 72
Time(hours)

Fig. 6. Effect of desferrioxamine on fibroblast
proliferation by supernatant of A549 cell
stimulated with a-quartz

* : denoted a significant difference from desfer-

rioxamine non-treated a-quartz at p<0.05

22 RS UM YT 3Pz HAEA

g WS ol 24, 48, 283 72X MY
o] Z}z} 107.76+3.23 %, 111.03+8.25 %, 1
1 125.03+4.53 %28 AR F4e] F3luev
(p<0.05), #& =HdA desferrioxamine &
o] A Sul= 7241 HF sl A 24 A
et SAES BFIAUE W 4F 97.91+4.88
%, 76.82+3.16 %, 18]3 50.40+6.21 %= A
A F2&o] FAden ol desferrioxamine
< AR ¥ e ol Hlsle fojA
250 AR Fig. 6).

o #

ROSe| ti@ ATEL thi-E AXge] i =4
A3 2 DNA¥A) digt a7} d)Eo)ti(Doel-
mane, 1990: Simeonova$} Luster, 1995). ROS
7F AXEA #oshe v B 579 oxidative
stresse= A8l Ex ¥ ghgo] #od o
7K deldel §4e f=¥F Ud(Janssen T,
1993). <& E°] ROSy @wide] QA3 protein
phosphorylation) Z-& A3A94E 43} 3l
o] Bd¥H(Larsson, 1988). A o8 A7
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%3l ROS7F NF-+#B nuclear transcriptional
factorg& 43}tk Zo] YEzes 134 s
3} 2L ZFVIABAA 43E vifse A,
& E9] cytokine®} 22 A5 Hd} NF+B
7H 4R #¥4o] sidke BaEe] IANHCollart,
1990: Donaldson, 1998). 53] TNF-«9] 7¢- §4
Ze] promotor regionl oj2}7le] NF+B binding
site® 73 1€ Aoz A YrHCollartF,
1990). 2% AERoY Hua} o] JR3do]
A% BAEE WSAER RE take] ROSEHIE
fFEshe AR 4ejA et olF Xl <Ft ¥
A TN Y M= ROSE HMEEY 9.3 9%
£ o= 3 ATE A43) 3l A 71X wiiER
Eo] Bulse o] ddY Ao Aot

23 Y TAHEZL g A EEo] ROSE A4
YEE ASshed 2L AAE AFde A¥dIS
o2 Zgsle IakEgiel Zaabsle] 29 FYUS
Z£23le] wkgAdo] & ROSY ~OHE Aitslev)
Zuje} 2 9L it OHe AMEXEY 2 &
AR &40 AFAA 9L 3= ROSZ Dalal
5(1990) £ Il <atd & A3tA<Q desfer-
rioxamine®] B3 MFA EHAIZ] Mgzt ubg
o o3t ' OHZ} s A& ARt B
et ole MYd 24959 = Ee] fenton-
FARES 23l * OHS A4He F71 AES 9
& AN AF Aok & AFdM= APy
oA ZEY FAER] HilsleidN T OHE 4
ANG = U Y9 AR fenton activityd
239 w 2FYFAER- 2% fenton ac-
tivity7l B #3419 desferrioxamined]] 2]t
FrelaiA et

Simeonova$} Luster(1995)+ desferrioxamine
o] FEA HAe FW EAd e ferric iond &
HH oz AAA HHel ' OH AT HiAld)
I Al 9]¢ TNFae] 8= Ao 2 " OH
o] TNFed] £¥]€ A5k At " OHE H)
3 ROS7} thigo] W4 vole AXEAE Ve
YA v Ak ROSH k&= € A+ AlXd
I Hoe AE¥Y A3 #qT AolE olE&e
st

wEbd ROS7F 233 48R0 93t 23 sk
o AFAA &L AR TR AM L} A

E 283 AREAL oA JHe WHERAE
E3 7o Fe EAd 8% QAo]n ROS7} ©]
E B9 B4 Bt & ¢ Y& Ao
). olE #wNEAEFT TNF-e} IL-13 2
proinflammatory cytokine, Jd I3 X A
& olne IL-8°lv MIP-29} & chemokine
agla AHFEAEY F4& fz=ste PDGFS
TGFe Z& A3AAEe] 2R3Y HER %
AFA AR T SAV AE Ao s ygH
i YHCraighead, 1995). ¥ AFdxe 23
TR O] ot g misl2 A E FAo] E
ROSE°] AF3<QA AXEA ¥ ol proin-
flammatory cytokine°]t} chemokine2| #u}&
AZgAo|n olg} e AU HkgEo| L AA
e AFsA o 93l A Aolge HEE Al
Sa AT 2ddA dysigich

Ho] AP F4£22A fenton catalyst2 #-4-3}
o Exe] YPEIA PR 2§ 48L =
2 8 ozt e FAdl F87 cofactor ¢!
proline hydroxylase o] #A4xo| HH |},
Hunt(1979)5& MAHEAX wl¥A] desferriox-
amineE® 7181920 DNA #4o] A&z =
2l #§Ao]l AT FQ e ©]& hydrox-
yproline® &3 3t W3t glo] o8 7R 71A
oz B o3t Af3tge] Woladsg nd$y
AL Aoz Y=Y,

1o wpet Ao FFe] tEr Aoy Mg
A e BFAEL EAY AP 3 AHFe
Hlwa v, wEty 26 il e A £
Aol HEFA FAxGY WA F2 AL F3)
o d3se] glovt g M= e AL
nARe s ygdc. B34 T3do] e S
HE£F B/HA] F4E°] Fenton W3-8 3l 4
&718 ANTle AR 4 Fgsted aF Aol 7}
# Zasict, 53] 271 L A3 Fenton FujAl2
Z4-& sht B0 T3 ol n¥ YEIH &
AEE Ze AL oiyn. 371 AL AYdA
GSH, ascorbate, NADH, £+ 343} oj&a}
Ze YA 28t redox cycled AR of gr}.
weky #3o] Aol gle AN w7
ma} ERAEA drpg gL wkgAd dS Rl
A7t 23EA do). £ 47 A Iy
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o8 274 d¥Foz Yo w YA v
AFE B3 Wk dlR] B3l

25 mM 9} desferrioxaminecl] 3¥3t A 2]sld
B edd A& AANAUL. desferrioxamine
o] XA gu UrlR] 28L& Zoldly dETe
2 A" M9de Astgdt. desferrioxamined
A2 MgEHez MEE A% 3$ desfer-
rioxaminel & A23}A g Hgoz A3 u
o vl3te] MMM X HMEFHo] FadHct w
24 desferrioxamine 2 Astd Yo 2|3
AX=GL JA" = & Aoz A=

Axete] BEXHAA T AW A f8)7]
53 " OHel 93l 3313} =| A xdto] sas]
o] FitsHEo] F7MEch BRXIA Aoy A Wo]
Fazleld dxH o g hydroperoxide 7F A7)t
o]Aol E&5 o] aldehyde, keton, alcohol,
hydrocarbon, ester, furan 223 lactone 5°]
A7k, Malonaldehyde(MDA)¥ hydroperox~
ide?] 8% EHIES MDAS &30] A}t
sle] AxE FFS & e WA NER g8
Ak, mEpA] £ AFoME HFGERe] 27t #
YA Ee] AA3} Axg MDAS ¥ 3%
oz A ALY erl desferrioxaminee 2 X
23he A% AF 9 A Ans}e] wkg-o] A
HAacot.

TEHSe] FHH Aaske &48 23] 34
g AREAXY oM XA EuEx Fepdo
A&H e AHE ridied EJog A #HA
HAZERE BHE Edo] HREAMT nXe
FFES FolEozA ¥Rl vz 43l
HAe ¥ FFEF A AbE, 1996).
AT AHY FAENLZ HAMHEE ASH
] desferrioxamines o] Aelste 3% vy
gl 2 HREAXEY F2lo] AABA AH
¥e vl desferrioxaminec] ARFYFAHER ) 9o
T oM AEEAANG dFAH NERE
AAE & oz}t A3 HEE AATE 4+ 3
stk

Ao A Ee] oyl & fX3E o] FAAU ¥
71%€ fASeY a7 Zo] ). R4 %
250 ANFe] FEHE AN e &
& ZI|HgleldA WWE YL dusle Fo

% <A} @ci{Donaldson, 1998). 313 £3l0)
g F FOMEY] &3 ARl AE AL
ol9] ZE{ FAAL oln] &R nlo|}, ER
Qle] AuA R A4S 9A SHedde e
A A7 F8F FEE she Ao AydEm
ek, E=F AT EAG AHkgaied #Ay

Z 2 Afshged B‘AI}E o8 A
cytokine A= THE IR glo] S oy
714 He] A AR3l AP Rl EEME
24 AMgdln gltH(Nanneke %, 1992 Chao
%, 1996: Bayram %, 1998; Fiedler%, 1998;
Jyonouchi &, 1998). ¥ dFAE ojd A8}
o] HAYHE AEFE o] 83t NESA 2 vl
EA A Eo B3 AT7E A

Aol o AFLYRAH NN gX AFE v
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