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Oxidation Stress in PD Patients
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3 Bd9, ¢ 24, HYH 28 5o Sy B
o] A& Aoz g™ ATY. Reactive oxygen spe-
cies (ROS)E F& {3 47 g wts
22 45 #F94 YehiEs F% BdEx 4
B Ao A3l £& R AHE EAjsts
48t 2 (H:02), hypochlorous acid (HOCl) =
oln, superoxide (O:), hydroxyl radical (OH), g
A3t Ax (nitric oxide, NO)S+ & A& §a)7]
(free radica)= H|EHF HAE 713 Bdz FH9
At BAZRE ARE FHstels, Seuree @
ol g wie BT Bz, oy B2HE
A3 Bhgs ddHoz AJGAA AU =3F
4& dod £ Qg

715 AbA (Oylle 2719 b3S ARz Hy
B AE o)Fn Yo B3 HA gowd f7] B
€7 S Yoy HE FzE Ho Qo
(Fig. 1). A&7t 2 #95: JAHd44 R dx o
AZ 1708 AzE 2= 89U w8 (monovalent re-
duction)& %34 superoxide (0:7)7} A=z, A
LHE 17} €49 (monovalent reduction)o] <& =}
A8t 44 (hydrogen peroxide, H:02), hydroxyl
radical (OH)S AA HF A Eo] FAHHEY o
Hgell A F 4709 dzte) o)Fe] yehdt} (Fig. 2).
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(ground state) 100 Ce
Singlet Oxygen 0—-0:
Superoxide - 0-0: ¢/
Perhydroxyl Radical +0-0:H HO:
Hydrogen Peroxide H:0—0:H H20,
Hydroxyl Radical H:O- OH
Hydroxy! lon H:0O: OH
Water H:0O:H H20

Fig. 1. Nomenclature of the various forms of ox-
ygen
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Fig. 2. Process of O reduction and formation of
H-0; Activation states of oxygen. Non-ac-
tivated oxygen is a biradical. From this
triplet state it can be activated by either
reversing the spin on one of the unpaired
electrons to form singlet state or by reduc-
tion.
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partmentalization)&H= &3 wol 71He] Utk
Z2 AU A7)1#¢ vEF=dol lysosome, peroxi-
some ® AXANM Z7} el B AHAE T
A 2718 el At aiA 2 ulaaA s
Al 8] AALHEE o Utk (Table 1).

AAE (phagocyte)s HYA] et wWolg =3
o8 AAag olgste 434 (oxidants)E ATt
olg)gt A M Ee] respiratory burste 4708 &
(NADPH oxidase, superoxidase dismutase, nitric
oxide synthase, myeloperoxidase)& o©]&3te] z+zt
02 (superoxide anion), H20. (hydrogen peroxide),
NO (¥4katk A4 nitric oxide), HOC! (hypochlo-
rous acid)® & AFAE WE Az HYY
HAAE A3t

ol213t AAEBRE Fag AshAe
doxl FE uH, H29 AFEANA myeolper-
oxidaseol 98] Zvis= A8 43t wE (chlori-
nating oxidative reaction)&¢ F8Ae] RZHn
Atk Za4s z3oA 843ME myeloperoxidase
7} AZME (foam cellDst &4 EAlstes o] &<
592", myeloperoxidaseol 918 A= AtabaA|

2NEHE

Table 1. Endogenous Antioxidants

Agent

Comments

Enzymatic antioxidants
Cytochrome oxidase system
Superoxide dismutase (SOD)
Catalase
Glutathione peroxidase
Peroxidase

Nonenzymatic antioxidants

Lipid soluble antioxidants
o ~'Tocopherol
B -Carotene

Water soluble antioxidants
Glutathione
Ascorbic acid
Urate
Cysteine
Albumin
Bilirubin
Ceruloplasmin
Transferrin
Lactoferrin
Ferritin

Detoxifies 95-99% of O in cell
Detoxifies superoxide anion
Detoxifies hydrogen peroxide
Detoxifies hydrogen peroxide
Detoxifies hydrogen peroxide

Vitamin E
Vitamin A precursor

Vitamin C

Scavenges Oz, OH

Scavenges O, OH

Scavenges LOOH, HOCI

Scavenges 02 OH

Possible mechanism similar to SOD
Binds circulation iron

Binds circulation iron

Binds tissue iron
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W MREES SXiolMel Matd AEHA
1. A8ty AEHAQ MesH X|E

Ry ARAF WA, B §A FAL ¥R U
FAEL WY 93 492 BASE Aoz Yuld
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chlorotyrosine®]Y} 3-nitrotyrosine £ dityrosine
€ AAY = Jded, 7 e A8A9 HOC
NO, OHel 93 HF 41380 FAED FIYEH
gape] HgoA AN h2Fol Bl 3-nitrotyrosine
ol\} dityrosine® FEiE Atolrt Aoy, 3-tyro-
sine®] ¥E7t F7hE 2ol BAHQEYT, 3-
chlorotyrosine2 5ol3 22 myeloperoxidased =
ool o HA=E Edolr}h o|Ed 2PL aEz
gate] AbshA ~EF 2o M XY FEe XA}
3t ol Witko-Sarsat &< tyrosine® & o}
ulxibel Abshe] ofs dwlAe wal A BHo
doji} advanced oxidized protein products (AOPP)
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Table 2. In vivo Oxidative Stress Biomarkers
Useful in Evaluating Uremia

Lipids
Malondialdehyde and other aldehydes
Lipid hydroperoxides
Oxidized low-density lipoprotein (LDL)
Advanced lipoxidation end products (ALE)
Arachidonic acid derivatives
F2 isoprostanes
Isolevuglandins
Carbodydrates
Reactive aldehydes
Advanced glycosylation end products (AGE)
Amino acids
Cysteine/cystine
Homocysteine/homocystine
Isoasparate3-chlorotyrosine
Dityrosine
3 nitrotyrosine
Proteins
Thiol oxidation
Carbonyl formation
Advanced oxidation protein products (AQPP)
DNA
8 hydroxy 2’ deoxyguanine
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AAE X 247482¢ AYA7)=d g F
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z24% fEatf? A48 FEM nEl B9 Ze
gaslA 7t WA E 75 2Ade 34359 A3
& dwste adol BEAAYEHY, o F4AHF
o wHg gy 2Ed2e AL AAEE &

ZHelet stATh

[
Pt

w1yl
Ir

s

E AN o

o)

=~ ==

Hl

rie

].

Nt et

4o o
et

Hir
8

3. “carbonyl stress”®} “thiol stress”

estE, A2 2 oAty Atghirg oz ¥4
ot 3lo] = (reactive aldehyde)7} B4 # = A&
W ggstdo® carbonyl (C-0)71% FAFO 2N
dusiol=e] &4 4Eg A & 5 Aok 84 &
detol = v AX-AF Fxte] dPdA AY o
z7] A8 10w FE e 27T FHIHYNFY.
ehrstEel Abslel odl AAE g4 stz
lysine7}¢} 22 @el amine”|} BI7IH A W&
9 © A advanced glycosylation endproducts (AGEs)
g HAFoEd o FEFES 29 F Ao

AGEs® £4733%3 e g3 FAgdud fods
+ul, AGEsE Eo] #84 (RAGE)%}9 3go=z
Bagadel wHg F/MIIL, ¢F E¥Te duy
RAL 2ANPOEH FAAGFE o) RGP

Malondialdehyde®} 22 A2 Atsle] o& A4
d HgA goslel = w¥e amine’|9 ¥HE-& ¢
© 7 advanced lipoxidation end products (ALEs)&
ARHT Ay ARAZ fate] FAHEET W E
Ayt oz #astd, ALEs®t AGEsE 03
7%, "o ALEs$t AGEs9 s=v Aa@Aist
QAE Aol BAHAY.

o]y g 47AL g AFHFNA ALEs$t AGEs
& 7)Ad A8 dojutAl H1, H=3A F
&g @4 carbonyl7iel o& &4, & T AFAF
£ “carbonyl stress” HHIE E@ 9 & AP

7] ARHZNA B 2-microglobulinell 213 #3
% (amyloidosis)o] e WeiAded 7142
4dx FA%, B2-microglobulin®] A8ksty HMFo
Za% dde & oz A4HT Utk ¥ L
sfol=o] 2la] AGEsZ WH¥E A 2-microglobuline
AR 242 do7a® vy d¥Te AGEs ¥
24 (RAGE)S} A3ty a7 8458 f=8
g gelrel A8e g 2-microglobulin fH 5l
A 24 g Fag AEgE ¥ ReE AGHu
At

“thiol"& #7] #3FES] dF LR SH7IE 7HA
1 9eon 79 o disulfide 3FEES FAs,
e} SH/SS (disulfide)®] THAE 23} AE
9 AEelA FLAEE FAsked 54 98
#*. Disulfide] Zge F43 Rz FARH
o Absl-3gd Aeisl @AV A3, A Z4o ¥4
3} Edols HA BAIEZ, thiold] s @
o Fzst 75 288 4FS vAG A
g4 oyl #A-¥E thiol”] 9o aminothiol2 %#
2 Bagko]l 2 sulfur’]E 7HAiE opv| Akl ho-

Ag Aé] o

mocysteine, cysteine, cysteinylglycine, glutathione
5o A% ol#§ thiol2 AXUer HE 9
g3t olAe] F28 Jgg sted”, 53 g%
£ T3 A x| = superoxide dimutase, cata-
lase, glutathione® %<& 3rakslAEo] A9 ¢i7) o
ol Axodel addeE FAsEd Fag 7s
2 Y™ Soriani $& #F vl BHP free
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thiole] #2]71$ myeloperoxidases] 2|3 4A4®
sAE AHided Fad €L de Rez Bu
o, @y ARAZ BAsHE b Fate
F7t2 Ahs-#4 thiold] 8% ¥& H7l A o=
2ol v & Ao BRHAAGP, oG 2
thiol®] Atzte] F7ie} &7 B4 thiole] #HA2 A%
Aol 2% P -3 JeE g d solrh
A9 AFM 43} cysteined H# HYE AX
843t AA superoxidest Ze A 14 A4
F7H711, FFH s ¥EY &8 dodle
2ol @ E40] ZgEHe Lo #EHJUG
Co)EE 27E EdE U] ARAS #xA &
H@ A3} thiole £Eo02 FL4stE 4F9 “thiol
stress"& Z 3t @& EHEN o) AUl &4
< dod £ & Ao Y £ Yok

8 ot o e

4. Ay AERAQL HEME U JYAB
A

Fd5dde 47T I gAN e Ao
2 g48A A 435 s 2r]) A%AF Bxbel
A E3 #@F 8 £ de SFoim, 30-50%9 T4
AFAF FAENA 8458 95 & vehi:
gAY 27 BF T 5 AT, 48 F47) B
& @9 (acute phase response protein)s % C-
reactive protein (CRP)7} HE# ZAge Mg o
Z23E JUAAE M3 Bo] dEiA Ya®, By 2
2HF e F7ME ¥ CRP= 8% 8
AFES F7kek BAZE v AR HI U™
o AT YNF”.

Ty ARAE A= EFT (neutrophil) 7}
WEE 2Se) vlE] 7R e o] 84 Atis)
cytokine 4ol F7hHe] e AL R
w3 s f3 F71E A8t 3 ¥ AGEse 1
fr 4840 RAGES #Z&3o DT &7 in-
terleukin-6 (IL-6)¢] §4& F7HA711, HHA LR
X CRP ¥4& F7M1MA 9% dHE dodE
Aoz ged UGV, old 2AST WA AxA
FolM A3 2EH A A4FAEHE #¥ol glan,
AEHA A% e deHeR ALY 4 Us A
o2 28% + 3tk Nguyen-Khoa & HIYEA
gatolA " CRP T A #3E9 Ay3g

A A X % 31} thiobarbituric acid reaction sub-

stance (TBARS)7} <9 4# #AE

% o -tocopherol®] FESE &9 ABAAE

He 2732 #AAT?. o8 278L dZ9
333 Aget s 2Ef 2o AFEH AE A}
old Fod WHAYH TR UL JEhiE
AQY, FFeo] A7 AFHEe] W] ARAZAM o
534 ey 2Edse] fAAd diE 2o P
AEE dg Aoz Azdd,

Tt shabst B4 AgoR AIUE k9
FAYEHE FAFHATYL, AEHr = dakstA| vt
e e yee EARUY. PN Mg Fo@
FASAE thiol7|d &R Bzl 2 =3}
3 gtk Thiol”]9 83 =& 500 ymole/L BEo|
o, HOCl ¥ & 4342 34299, Ascorbate
T 8% AExed gaksha oA % thiol7]el <)%
AHvle] gaksl g GHOo= ascorbated] 104
o]gelti™. Thiolo] &% isiztg 9] dpme
o] AstAlel o8] MgHoz sslEo] xguo}
¥ A3t &42 #A8HE “suicide scavenger”
2 715du Y ay] Andz gxe] AYRn ¥
3 A¥H A AMTES ABHAV A8 wEy
ATENN BRAJYELHT, ol xhEL 2
2 ALY dF:A Asd 2Ed 2o gy F
AU A€ Age] Uy AuHAE FE ¥
4 9t} Stenvinkel & YAEl7} LB Fato A
e 2Edart o FUbEel de 27 BEE
Qe dFFPH GA AGET Fo] A= B
Aol 4 thiol719] ZA=Z A% ¥ 3t} 75 7
A2 A8 2EH2IE FUEta ol sty Ay
4 A do] oplHE Aoz 4ARY + Uk

A 2Ed 26 98 ¥@ &40 sHdE FU)
g dFvhed HEEw ¥Fe AN rEH2E
7 Al eEN, AT A $HYHd deHes
g & 5 vk Aol IFurg& AA ¥ 93
A BEE FATIL, AYRR "F] 93
Frstsel Tae AR 2EH LAY BIE FUHA
4 & ok 2] ARAFNA By JFdYgn A
2@ A Iy #d, a1 vk 954He
AT FEe] Ude BAE A 2EH 26 9
g shvel Ao d dwE 4 gld, I3 A7 2
HEE FEoF & ol
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HOEA BXI0IMS] ABHY AEHA

FAFENE 1 Qs #A5e] A4gY 2EF 2
3 AFEL dEE HAFEA ARES uyHoR
g At FAjute] A FHPPoR FAHTY
dol| ofFt AbatAle] ol HNRA Faex F
Jhe g 2EY 2 9902 Yzhsa i
FA BLEA B L A 2E#H 2 F3)
7 F7hEe] Qe gl Rudaa® . B ay
AN AlgE AFoA T Bt FA fxioA A o
Edxo Azey AH ¥
4 MDA %57} 3718 448 33 € & g™,
YAFA gxiel BetRA gixjo] ity 2EH
HEE A4 g d7e A9 g A0l B4
o] sfolrt Aghyg AE#H 26 wE d%S 1
A o BREAL FARN vla] A A4 W
AN a3 Hol UL Aoz Mz £ vk a1y
U} Cianciaruso 570l 9|3 %4 @ze Bopx
A Fate] AYAEE Hud THA AFA B
A4 oA FYARAHY WNETL B e
waEgon, ugs datsire Fag Ry
oAl HAFA gl nls) AfHor st
Edart & o2 874 d 4 vk Ceballos-Picot
509 AFelMq HARM @xte] ¥ glutathione
peroxidase$}t reductase?] EX=7t 254 gzl
vjg) e oz Faso] HAFA Fatol bshy
2Ed2 Fart o A3 AR MHAT. 28y
Ross 579 dAelse "4t HYT glutathione
TR A s 2Ed 29 FatdA FAFA
23 ButRAF] zfolrt gl Ao #AHA
Y YPAAE R FALY e Eok A
e Aty gz vud FFo dAFe Anrt

EAupge] o8 A AEds Pake] Hold o
¥ 2B 92 # 9 AoZ 4z

X2H AT

7] AEHFAAM B 2EHAL AEH A
o] we] FFE nA F & AHolgle 7S}
e 284 FA8AL e -tocopehrold] Fo &
ol gk JAH AN EEC] 9ol gtk

oA YA ATFENA L7 ARAF BHAA
@ -tocopehrolg ©]-&3 Xg= Aol ilsiel 2
< Astetr AxY] sHIH o WY o] x|
53 ge zgg Rudtn Ao (Table 3).
SPACE (Secondary Prevention with Antioxidants
of Cariovascular Disease in End-Stage Renal
Disease) A7¥E= FZ9 ol w7 YFrd yx
d72 1E%9 a-tocopehrol Foi7} ojw] Ay@
A olg Ho s HAKA @A A¥e 4
o] oo 224 el wRE Gl tidt Aol
Ak 671 FAME AN 40-75499) 196% 9] #FAE
@ —tocopehrol 800 IUE Fo3 + (97%)% H4 %
o7 (PH)eE TR HFE 51997 FH wH
s, MEL AT ANFe 3y 539 22 Ay
# A o)#H e BATAA KoAsHA FAdAIRL
Ad# Aol o AVTES XFE F Bz AW
ol dodME Ko 2kel7} gldth

@7} AFAFAA A 2Ed2e dsE A
FakshA R FF HAI &y 34 9 A
HEAE AN F e 2o AEe AsEE A8
o] Ad T3 2 BAEY ZFIE A A7 E0
daste|e 4ztet

Table 3. Summary of Recent Studies Directed at Correcting Oxidative Stress in ESRD Patients

Study n Modality Dose Oxidation stress marker Qutcome
Maccarone et al.** 13 HD 300 mg im qd Membrane peroxidation !
Islam et al.® 17/16 PD/HD 800 IU po gd LDL susceptibility to oxidation l
Mune et al® 50 HD Hemodialyzer LDL-MDA i
Oxidized LDL !
Aortic calcification !
Mivyazaki et al.®” 12 HD Hemodialyzer Oxidized LDL !
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Fig. 3. Potential mechanism for the role of oxidatively-modified low-den-
sity lipoprotein (LDL) in atherogenesis.
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