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Abstract

Oxidative stress is a cascade reaction characterized by a significant increase in the amount
of oxidized components. Free radicals produced by oxidative stress are one of the common
features in several experimental models of disease, and contribute to wide range of
neurodegenerative diseases, including Alzheimer’s disease. Iron (II) species can participate
in the Fenton, and Fenton-like reactions, to react with hydrogen peroxide and generate
hydroxyl radical. As iron accumulation and oxidative stress are associated with the
pathological progression of neurodegenerative diseases, iron chelation and antioxidant
therapies have become strategies to combat these diseases. Due to the complexity of the
redox system in vivo, a multifaceted approach may be an attractive therapeutic strategy.
Further investigations are highly expected for the prevention and treatment of neurode-
generative diseases in future.
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M2

ABIAE | A(oxidative stress)= ABFE A8 49§94 3712 EX=E oA §Rgoltt
ARPAEZ A= SHAEA I 2 442 4o & Q= 3} I A 7ol AR, 417
AlEs =& Ak Q19 W2 ASH]| 208 ABIAER A QIFo] =oH1-3]. AAARI A4
ZAsMNA A=t free radical)olut 84944 F(reactive oxygen species, ROS)°|2t E&=
EQPgstal A Alz=/d B4 &5 o, A AAL AlEA 7k, T8 22 T9E Alx
Ar8(apoptosis)©l] B3 HTS FHH4]. AFFC] ROSE &4 o717 BT AskEx1A19} &
ARHA Atol9] e EIRE IS RISk AAI itet AlARE 2. AR
superoxide dismutase(SOD), catalase(CAT), glutathione peroxidase¥} glutathione-S-
transferase@} -2 Akt G40 HZtEY, 7I12E|kolt, 87 P n)Eds 22 Blg 4 At
3} 821E50] Qitt. o]2fgt 2RI ROSE (Igh &4 Wofstr] flof A= =gt} SOD 22
BAE BHE BRI E819= 11, ok, 191 Y1k Etols HlaAd aket 9l @
ool 7153t BRQIARR} 2t SOD+= Cu-SOD, Zn-SOD, 183l Mn-SOD 22 84 E3H
= ‘é’%}‘ﬂr 51. AAI7F Abdso] lezd wf AAAF 0 Patels duk QI CAT= 4719 Tad
T} 47)9] F o]0 IH). F 5H A AR o]t B |IEe] AR ES
FIA712 IS BESIESE gt I7 ), ROS7F AI22S] A 240 Yot ARBAE
gl A7t EAste] A/ 4o FAEo] ©id 3, ad 17}, 183 A w3 [0]ENE ofy
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gt tFE9] dopamine(DA)-neuronal tissue®} TFE FEQ] F& miH]E Ao 7It}7]. AIAE
g A7 B1SH(PD) g=oto|HH(AD)S2 15H= SERol|lA A1 &4, SUABAIARY A
v, ol 183 DNA9] ARl 7]ofgith= 22 9419 ofx|7} girh8-10].

A, 9] 9 ofdS wslste] dzsto]H o]t WAHE < FolA A7t =Y B = s
< 8l 7Fg SR AL Hook. ¥ii=, Ho| F43} Ale} AEH A= d=slo|HHoA 279
vreh b, ARRRR-EMY F9] Hk 7= 9] obdEo|E-p(AR) HAT A8t &S S5k
A 7hs/go] ARKEATH11]. Aok, 2ol 917gH A-oj&/d Z= 1318} Al APEQI ferroptosis
£ A4 7|5k ROSY] A o= WA¥d Hat ofyg}, ADF PD 22 AgloflA] 417 Ml APEe] =8
Qo2 ARFETH12-16). wkA, & J1ojA= ROS Aol Ho] ddat Akgatr]zo] olsf Uofut
© ARH &4 71ettal, ADe ABIAERAS] IHA d A A A& Aol et == afst
A} Rtk

=2

[

rhT

1. Fenton/Fenton-like HFS0i| 25t ~At3t2tC|zio] A

SgAof A Ale) Bt 84 A9 EAsll FAkelrao] o3t EfZEr2ALY] Sl
Atsto] BHAR} o]Eo] oiZ Fenton ¥HH(HHS 1 ZFx)of| o5 442 4= SicH17]. &3t Fenton
FARESERS 2, 3 FR) o= Bid FRIED)9} AFe (1) EHE 9 o2 A% F4% BE9E
(M-LM T2 A3 g, ol nAlshle)at datslead] vhgolAn e 4= SlcH18l.

8k 1) Fe(l)+H,0;, — Fe(llD+OH+OH
(¥ 2) Fe(l)-L+H,0, — Fe(llD)-L+OH+OH"
({3 3) M*-L+H,0; — M™!-L+OH+OH

A-goA A Ee= o2 A G437 A-LIABHEROOH)S] Fenton FARRSS BHE
1-348 A4 alkoxyl FIZRO’; ¥ 4-6 ) A 5= itk

(BFS 4) Fe(ID+ROOH — Fe(II)+RO+OH
(8RS 5) Fe(I)-L+ROOH — Fe(Il)-L+RO+OH
8+ 6) M*-L+ROOH — M™'-L+RO+OH

Slo|=2A] 2iZ i} H(IV)2 FentonO|u Fenton FARES-C2 AJE &= IH18,19]. 17|,
Fenton §FgolA] ol2iet £49] FA42 Lol ~8&AoAlet SRI=U1[20], FEeH HALL
AZER] Yk} Ast F(oxidizing species)S YHAIA)7]= Fenton} Fenton ARESO H<:9]
Zoj= e AeH &2 dod 4= Sk IREE g4 55 () FHe ABAE AL}
ey IS Fovl= A E4go] QrH19,21-27]. AAJollA AlEe] Zeo|E gAdolu Alsket
A ARl Qg E 3F9 whldolyt Ak 22 A A Ej7teet At Aol 19].
YA ALl B4 Fah date] sk Z4E 15-50 pmol/LI19, 2813 0.1 mol /L2912 %7}
o}, F-FA4 BEFES Fo| it Held AdH Se] el FrEEA wEd Sel #E
Aol A = HAFTH29,30]. AA| FAESReEAE xanthine oxidase®} superoxide dismutaseS X
k= ofei7kA] o] Qfsf A4akd 4= Qlar, B ARleA FEE 155 pmol/LY Yol At
(31]. 22122, AW Fenton FARES-S] BREES] A(ID)-7A4E E3EI I4BkeAE= ojn] &
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stk H(D-7t HIIA0] Fenton SARESS AR Helabe Qorlt At
fl 8 Flaom Aeks v 9IeH19,24,26], PlAEg0R ShibEl FASAL Fentonolth
Fenton 4t ¥3S 5o 43t Aslo] 413 el HHFITHIOL

2. Ast 2ICIZ0 oSt MHISEO| MelA &4

ROSE= U5 4kay, THite} e, dpikdlepa, T8]al 418} SrjZhg Z9lsle o274 2t
Zr g v Yo TS de %“?Pﬂ %0101‘4[23] U5 At FEOA TAEHA] or=[23],
A=Y At A B-o 248K superoxide) 2z ARt SHlAo] 1, IElGA=
diEo g Qg ZoltH19, 3] —r*}ﬂ oz i HioflA w2 B4 9RgS 4= Q7] i
of AR} et ol 3t 34 v Aol PAEE] Fa F9lol @ wh]Zolg} A= Qi
194, ol=Rt HIEo1d 342 UL HHE S5 HIEA AT 5 U, Akt AfE ‘?_%Oi
T4} 2 gAdoto] Tlde] TSR E A 4o SoldoR AR &4
W FEfoF 23] ATkt X A= Fenton §H3Ol ofs A8H 4} F—}Eﬁ’z ] g
DNAC] H-54 34 4oz 4= 3= HTH32l. webA, 4kt grjzo] A4 E40) Ak
S 4ovle 2L 5E2 AEANE HE.

AR} e BE F719} deoxyribose 125 E35= DNAS] RLE AFEo AlSHs &4k
doz 4= QItH19]. ol2fet &4=2 DNAY J+4 HFS doZ 4= QL Yoyt EdHo], ek
T2 315 YOoFIHH33]. Fenton §HOA] fefigt 4~4k2} ehfzo] 9fgh &4+ 3 DNAC] =3t
Ho] He%ltt. oleigt 4 9 542 3§ DNAY ofd|icAl] 484 ghA o]F-23to] 4415} 2l
Zo] 7leA F2 dojdt}(32]. 4keE 2ol 93t DNASF RNAQ] ARsk= 8-hydroxy-2-
deoxyguanosine(SOHdG)ﬂ- 8-hydroxyguanosine(SOHG)E FAIEAZE AREsIo] A&E 4= 9l
TH34]. BOHGY| $7k= AlAIZA o] Al AWolA WAL, o= ADS] £ Wl 4444+
53t Aol QUi 35] AR} B 4 253 48 H71E Bl A AT wREste] At
4 FA} BRESte] BpAke} B dg AT 4 Qe UE SHd2 AT 4 itk ol T4kt
o2 Alzete] 214 wAtelet ehild wAets R o loH23). A1 Il IR 24
9 thiobarbituric acid ¥+& &34, malonaldehydes, 4-hydroxy-2-transnonenal, 18]3
isoprostane 2= of2{7}] upA ¥t Ad 4 Qlom, Alzute] 2344 HolE UeRHTH34].
Creatine kinase BB, cytochrome c oxidase, Z12]1 ketoglutarate dehydrogenase E3AS
I35t AL A o] Akekd WSl 7tE W d71E ook T tyrosine 2719] YEZDS}
o] & V1= S, ol=et Ay WY Tl o] tiat S SA40S doXITH34l. of=gt
o] IAst 9 Ak W2 ADolA S7HETH36)

rlo

4>

3. M3 AEH AN A F AM3S(Oxidizing species)dt AD

d 5} ASIAEHAE AD 2710 WAk A0 IEil7] wiEo] ARty 84 F9] #&
=7l Ag SAh Alsl 2418 Yoyl @lAlgolo] © 4 9lri11]. 1, oftlgolT =@k
BAlo] Adlele AR S Ho| AHolet YA YRR 9 QJck. Ferritin, transferrin, 18]
1 EQPYEH A AgE 22 TRt RS Eo] ADojA ofdRol=-F Ajte] Hofd 4 UrH11l
|2 mEZ=gol7} heme, cytochrome, 1811 aconitase 22 34 38 7154 AAEA=
TEo] AUAEE, 22 DNA 4k} mFA(B0OHAG)= PIEZE ool HAETH35]. RHE, 2452
At BAReL Ho] FHt A2y 7|13 7k 9] 'Iﬂfoﬂ Alzol] A3H &4 4o 4 Sle
H| A Fgol & 4= tH19). 2E ol AHMJ(pH 4-5)011 $dd e500A A7taslo]
ofsff Rl S+ A1) FHClAL, Fentont Fenton FARKSE &0l THtalaaet 24 vhg

jn s
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S S ATHERS 13} 2 FX). A7l gagolls BiBlea s Fofeh 53 Ak Hilsls 84
FrEA7) Qik. 13EE, 2l4aFo g SRk FAkSlAE Fenton/Fenton GARESO] oj5f &
(D= Aot Ak} oS ALkt 4= QltH19]. 488} g2 Alaute] 214 3skE do
A 41eiRh] 84 Ho] A ZAE WEH TS 2ATHIT]. o= BT 29| 5=E =0l A2 &=
Ao, AFEPT} WA AlEAACIY IAE IS 4 Qi

Ferroptosiss= &0l ¢=id A 924 AlZAME @442& A 79ke] ROSY| o] 2sff I43
EItH12,14]. Ferroptosis?t ¥2A7] Moz ] N 50| A|ZARL Al fiZo 2 dTA
et I3, ferroptosiss MEAMY, AL E= 2AEASH AAEA0] 95 AAE 4 FTHAS].
A 5k T712F AD AL HollA A& TpAISE F7F Afol9] -0 gt SA S2 0=, ferroptosisi
ADOJJA] A7 A3z APEQ] Q2107 AIRTEATH12,13,15]. HIE ferroptosisollA] 2] &3t &

ke BisksiR|ut, 51t9] 7153t 7|2k o] Fenton ¥ Fenton AR o2 XA TASHET}
Hk3sto] ARk grjzE AAHERS 4-6 FX)ok= Zolth39]. o] 72 ferroptosis7} BIE

E 22 28/ AEA9t deferoxamines E3tok= d AA 0l s Azt 4= k= SAel
oJaf| Z|XJHTH38]. Ferroptosis= 53] (1) S| 4218t S A F7ie] 711 /9] =t
9} #lo] rH12]. AlZoJA vEZEorE AIASE ferroptosisE T 4+ Qtks FHE A
+ ferroptosis7} PIEZERoRE Q2 54| k= AL 7HZITH12].

4. AD O3 et

AR B4 Ao £F SR AR AT X ARH &4 dor|e ASE ARFEQICHLLL
oehA, A RS BZleE A AYolEA XmHo| /iEE I olE 501, & ZECIEAY defe-
riprone @-| AHE Fafolo] X HIPYH O R =2 beW Fo| FE FErH40]. I,
7] A Aol EA O] 2Rt A=Y Agke] et A Bk BojR[A] &AL QleH4O). o]
A5 1A £ e SoldT A A3 fAl0l 288 tE I4E g50] B3 g
ZoltH11l.

F19] A ROSY &4 ayo] 9= wEd FARACITH38]. dE =01, 2,2,0,6-
tetramethyl-piperidine-1-oxyl(Tempo)2} T|EZEEolE EMIC 25k HElo]=(X]B-5-131)
£ nEZEeopoflA ROSO] of7t 418HA £ £017] 95l =UtH41]. XJB-5-1312
A A=A A3 Huntington’s disease) FF-A REojA nEZT 2o} DNAS] A5 &AFS &
olx, 7 A& FA, 171 n|EZEeo} 7|5 /A B2 FHE 83 ErH42]. Nitroxide
Tempo= A2} F-x A4S S04 4= Qlrh s=29 BA AN nitroxideZt A &8&
FASIA| 2 A 9] 71543S HolFQit43]. 13, nitroxides?] TS 227122 & A A|A] o
okt AFAA ALoA AEE Aule Qlrh44]. 2] Nitroxide TempoZt Z(D)-TAA
IS4 Fenton FARESOIA H(D)-7F41S Z(IMD)-AAEO R ASIA7|HA] BAYE]= S=4F
3} gojze] BAkE JAst] Fenton FARES(ERS: 2 JX)S AAlok= 23k& BEtH45]. 8314
Q1 A= Fenton 1= Fenton RAF §ESOlA LQ4= =418} gtjdo] o3t ASHy &4
thel o g A & Qltk (a) AFA B - ROS A4 W82 At E= Al = (b)
934 B - ROS &A Ex= Fosh o2 waH46). A HRg-S A E= Aok ARE
S 4k} 2 o] B2 AT v 4= 917 di2e] Sods sk AXT 81HAo]
o}, 4k} Bl At Al et o] et wEshr |4l ¥k3sfof 5, o=
FASAPE 2z ZA] g B8 ofde}, ol BEdEY w2 WY 7 Hasith
FerroptosisE AAI517] sl o274 A7 /=i dlE S°1, ferrostatin-1 fe-
rroptosis®] AR AL, ratollA glutamate Z4S AABIATH31]. ALkt vlER B
A2 49 AAAZ A=Y, ferroptosisE JAISIATH12]. 284 FAEIAIQ] CoQ102
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ROSO] ofg T, A, 13 DNA®) Aksh] &4 AANIZITHATL Ferroprosis® Eol
CoQ109] ol disiA= o A7t Basitt

48

A2 FFikslerAet HR6= Fenton ¥ Fenton -fAF BESf Fofsto] 7F g2 ROS U4
As Sojzhe AR 5= Qi Sts) Bz AEAT S4] Bhgoto] DNA, T, I3 Al
of ket Fefe] Alshy SRS FREE 4 Qlek AAUolA ROSS IHARS AJE|2 FAISIAIAIS
Awsto] Alst AEHAS fHEIRICE H E&3} As) AEH A= ADS} PDE E3SH A4 ERE A
39 2Kt TAE gloH, A deo|Est 9 FAISHA| 2=} of2fgt gkt A= Kol FQltt.
T3], olfst A F= AT A G3kE HolA] Reict. E ZeolES) AR A 7sat A%
< Aok 2835 HY 14 7hagth 1B, BES F, 5] A() EFETS BHles
oh= A ZEo|EAIE 1kok= Alo] Yaaolt), AR} ghrjzof] gt Alshy &4 Eol= At
3} 259] 3ol A Fenton/Fenton FARESE 34 E= Aok Zo] ¥heAdo] w2 S413t
2 AAck= ARt Gxtdolct. AAUollA Akl AlA2] 34 wiiel A deo|Esiet
FABHAIE Zeels thHA FLo] xgto] A& HekoA aatdd 4 ek Ao AA=EHA 2
o] offgat Agof thgh o W2 A7t o|FoX| 1, AL A A 52 B P4
o] SX1E A g fAEY HEE 7] et
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