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A7t ARE ol superoxide &ol&o] HW o=
superoxide dismutaseo} o] }atsl AR H3E
¥ 5labe}l 44 glutathione peroxidaselt cat-
alased] o3 Aol Fag 2w wA =5
olwl glutathione peroxidaset™ #4938 glutathione$
FAE A% catalaser HE2 7]Feo] WR §lo]

Hitst £2E vk Eegth E£@ oMb sas
myeloperoxidase®] #4073 HoldiitoR H3hE
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P’-VP EAste et «ds el
0*1*1 &7 2o A4

o];a_ 'é:.g] WHELS m@ o_[r_/yq
7] AEH Bzt 7“5 gl 3 Aol w&
o) fre] dvtg urE|mAl &Sk
CHat 9 B
1. O} &
Ao a2 (A 152 A7% 2 A4 JA 4
4 AdE B 40%'°E ol&9] T Yol 42£16

, AA7F 1650 A4de o

AEHN AEE %%ﬂ = 4] AEH gz 509 S DH
dom stk "t deol: 5211140490 Eab
7t 287, AXrE 229t AR, BY) AR
A A5 BUN &3 80.9%24.0 mg/dL, 83 cre-
950+ 1.82 mg/dL, WEF X 534+
147 (X100/uL, FEF & 296+042 (<10°)/uL,
A4 A= 976+132 mg/dl, 38T £3HE Ae
2887+3.89%012t}t (Table 1). BAFEAH AL A 2
T, AR B2 A 37 g @ AHA
2T BFoA &4 Akl HFg%E viARE vER
Cet EE < U149 oWl AREd Aol AV F
2 171E olge] £8& ¥ Aol v A%E o
Aol Al Astd). HA e AgE FoE Qe F
A AAe JAY dizde] 129, ARE gxlde] 14
o] H%E 2392, myeloperoxidase? 4
2 A UERT 409, AFH #@xlt 4270 HEE

atinine #}+=

Table 1. Characteristics of Patients with End-
Stage Renal Disease

Parameters Levels
Number of patients 50
Age (years) 52.1%114.0
Male : Female 28:22
BUN (mg/dL) 89.9+24.0
Creatinine (mg/dL) 950+1.82
WBC counts (x10%uL) 534%147
RBC counts (x10%uL) 296%0.42
Hemoglobin levels (mg/dL) 9.76+1.32

BUN : blood urea nitrogen.
Blood was obtained from patient with end-stage
renal disease before hemodialysis

stk AFEA Al polymethyl methacrylate (Fil-
tryzer, Toray, Tokyo, Japan) &% FA w8 ALE
sl k.

2. ENXE W S472 22

@] ARH @xA FAHFY FEle Clarkd
Nauseef' Vo] #hgel olelgict. %, HAFA Afo|
598 #lo e G A2 o] TR
Agee] g3 # Egstdrt 3% dextran T-5008
gk AdeAded 9 Edeta 2083 A2
A ogRe & de AEdE Hte 2B0x gl 108
7 AAEYEY HHEE AUt o] AHE 02%
NaCl &< 20 mL& A4 8¥& A#H 30z F
E%Feo] 1.8% NaCl 84& 713t T4 &do] HE
g atqrh o] #AE fHEEg H¥TE 48] AA
g &, AT 2xE AvAsedA A os AF
Age] Aaz AMEsIArh T B BE 3}
L 4TAAN F8sH .

9 WM

Superoxide Lol & Yeni)r Guernsey'” €]
e Myste 2489k & 1 mLel 6x10°719
%‘“7191- phorbol muyristate acetate 0.2 pg, 0.2%
nitroblue tetrazolium (NBT)e] &8 o4& 37C°ﬂ
Al 3087 Wit AFE FE7F 1 mol/L7t HE
it AE tetd WS FUARATE A EH17L
(blank test)< 304 wWieF §lo] w2 Gt & 7}sle
HES-& oA 98-S SFEAIZ & 1A 59
Aol 83x3a 2500 rpmeollA 2087 94 E ke
AHES Aot 9e FAAES 1 mLe dimethyl-
sulfoxided] *¥¢] 560 nmoiM FHXEE ZAHsAct
Superoxide &ol& AA L Auclair$t Voisin'™¢l
whol mel BAEFAS 15000 M lem'& ALgst
o ArstArt

3. Superoxide 0|2

4. DS s &

HAks Ao HAHLE ferrous ©]0] A ZAd
2 A3} Ao ferric o]°1¥® ¥ xylenol orange
ot At AAstE FjHE-E 560 nmelx] EH 3
= xylenol orange hydrogen peroxide Z#39'"g

AHgste] EHA sk
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5. gite Z4E0| WA

Superoxide dismutase A% &% L xanthine
oxidase® superoxide anion 4 system©.E A&
3] NBTE #9471& ¥& 48k Sun 579
e AlgslEen o] HA 1 units Bk HE ¥
A g ke Fof NBTY #4948 50% AAshe
a0 g2 Hardrh

Catalase @4kxe &4 I8 +4E 7F=2
ARE8e] 25T oA 30% ¥H& ]71{‘ el 240 nm
Al A whatal Favt BUE Hadte FHER
AN Bk FHEE A Nelsoni} Kiesow'"'e]
Hg At en, 4 45 ©He 1830 1
mg® wHFe] whgste] AL FMst FAE
umol 2 JERATH

Glutathione peroxidased] #4x= &H2 #9¥
glutathione, #2t3t 4 % NADPHE 7|d & A&
3l glutathione reductase® FvE st F47 Al
Foa g 25CANA SR wgAl7le EQtol 84
& glutathioneo] #Hitst el o) 4H8d gluta-
thione®. & €t} o]Zo] glutathione reductases}
NADPHl ¢}l #9% glutathione2® #eld o
NADPHE #tglslw o) NADPH7} NADP 2 4tgl
HE ARE 340 nm HFdA] time scang &
NADPH®| EAEZA4 (Eao =622 mM ‘cm )
& ol &8l 4o BAHEE 4E8E Pagliash Val-
entine”’?] W& AHgEATh ©o Ea BHYES ©
= 1¥3tel 1 mge] @¥do] wrgate AHgH
NADP™ %% nmolZ “eRAT

6. Myeloperoxidase? &x

Myeloperoxidasegl ¥%+ sandwich ELISA %
HE& ARE3} Bioxytech MPO-EIA kit (OXIS in-
ternational Inc., Portland, OR, USA)E A3l &
A&ttt &, biotin-labeled goat polyclonal anti-
myeloperoxidase, avidin alkaline phosphatase con-
jugate 2 p-nitrophenyl phosphate® A}&3ke] A
)& p-nitrophenol® 405 nmolA A&atdt ¢4
A% 54& A4
g & A& mLE ¥F¥ myeloperoxidase

o2 Yephich

+ myeloperoxidased) 3 EF

O%Hg

7. T2t olH 0|2 Bk

T2 ol&# old o]&9 FTEE electrothermal
atomic absorption®]& Al&-8ted Varian GTA-97%
SpectrAA-250 Plus (Varian, Melbourne, Australia)
2 ZAsrh

8. Malondialdehyde S&

Malondialdehyde %Xx9 F*& thiobarbituric
acid assay W& ALl &, ARE 025 N
gatell 0375%9] thiobarbituric acid$} 15% trich-
loroacetic acid& §F3F Alofx E§sta, whgdE
100C &9 FoA 1587 Wx1gk §F 3,000X% golA
587 f4REstd de 43 dE 535 nmilA EFA
sttt Al# F malondialdehyde ®%F #2EF47
4 156%10° M 'em '& AHg3te) Ao

SHAuHS

&g F470A RNAZOL-B £<9 (Bioteck
Laboratory, Houston, TX, USA)& ©¢]&3] RNA
& FEHgch Aa RNAC] oligo d(T)16, 10X
buffer II, MgCly,, 10 mM dNTPs, 20 U/ul. RNase
inhibitor, 50 U/ul. A A} T8 &4 (Roche Molec-
ular System, Basel, Swiss)& 78t 2% 20 uL
b (A B T, 42TolA 1 A7 E¢ ukgAF)
3 99CelA 543 & WHAstd cDNA W&
Zamskarh

Abghel Cu/Zn superoxide dismutase®
mRNAel 3 97] AM4E& &g F superoxide
dismutase® sense Al&AE 5'-TAGCGAGTTA-
TGGCGACGAA-3'3} antisense AlYAZ+= 5'-AC-
GACTTCCAGCGTTTCCTG-3' (F43A} Hlole
ol 28 AHYAFE, IIE o)EIdrt dRFoE
A28 glyceraldehyde 3-phosphate dehydrogenase
(GAPDH)®| sense Al 5'-CGTCTTCACCA-
CCATGGAGA-3"3 antisense Al¥AE 5-CGGC-
CATCACGCCACAGTTT-3" (52434} ulo] o},
5 AU, IE o] L34

ZHEs ANNSES FHE DNA 13 uLol 10%
buffer II, MgCl,, 10 mM dNTPs, A2, 5 U/ulL
BE Fristed HE 20
& 94CeA 5%, MT

9. RNAQ| @ ¥ HTA SgiEsa

EREES

Taq polymerase, ¥ AAF dF8-
uL7t A st DNA %
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ol 18, 60CAHA 18, 72CelA 1837+&
Ag F T2CAHA 580 A% weE FUEdn
1.5% agarose geloll*] 71938t 2}zl 441, 300
base pair®] W& <l

Superoxide dismutaseo] thd mRNAS| @& #
¥ Gel Doc 1000 Video Gel Documentation Sys-
tem (Bio-RadAl, Hercules, CA, USA)lA ¢l&

superoxide dismutaseo] I AEF 749
GAPDH ZE% W] relative index® T3t A
Abs3ITY,

10. &5 2

X]—Ej’,{‘ 33.?+L‘,.9_;‘z].§’._ E}\]S}'J—l, Eﬂ:’xl_'\:‘ll:"]' é—lfﬂ
T Abole] HliE Student’s t-test® slomn A3
% dol¥A HF 9] vl paired t-test® &%

ot FASE FAFEE 005 o132 &)

28

g a}
1. E2MT0M superoxide A2t

A9l Al 1AM superoxide &0l WA E
€ 1.72+045 nmol NBT/min/10" cells® o, &
FA 2del Qe A 2FoM+E 8.10%1.89 nmol
NBT/min/10" cells® # 1itel wlaf ojstA 27}
AT (p<0.01). FARA 2 Fofl R 2 oA
= 7.73%0.77 nmol NBT/min/10 cells® | 179
vl fFeolshAl Frtstgou (p<0.0D), Al 23
vl M= folg HskE JehlA] sk (Fig, 1),

2. EMTO0IM superoxide dismutase®| &N

A9 Al 1ol A superoxide dismutase® %
A& 2401046 unit/min/107 cellsfom, HeHFA
AAo AHE A 27 E 1.22£0.21 unit/min/107
cells® A 1o vla] fFolstAl #astdrt (p<0.05).

PHEA 2o A A 3FEAME 1.17£021
unit/min/107 cells® A 130 wlaiM = F9skA 7+
28w (p<0.05), A 27 s fo 3 Hal
& A gt (Fig. 2).

3. BY4T0M Dot a2

BT Al 1Al Haksl Fae BRI 193¢
0.25 nmol Ha0w/10° cells@.om, Foisad Hxo) s

12

<
*

o}

min/107 cells
[e>]

F

nmol nitroblue tetrazolium/

no

o [

Group 1

Group 2 Group 3

Fig. 1. Superoxide anion production in neutrophils.
Group 1 healthy control group, Group 2:
blood was drawn just before hemodialysts;
Group 3! blood was drawn just after hemo-
dialysis. "‘p<0.01 vs. group 1.

3
"

2]
©
S 2
2
K= *
E T T
£ .

O R,

Group 1 Group 2 Group 3

Fig. 2. Superoxide dismutase activity in neutro-
phils.  Group 1: healthy control group,
Group 2. blood was drawn just before he-
modialysis; Group 3 blood was drawn just
after hemodialysis. unit :50% inhibition of
nitroblue tetrazolium reduction. “p<0.05 vs.
group 1.

el A 2ol Al 1151022 nmol Ha0x/10° cells 2

Al 1) vla] folEAl BASAT (p<0.05). AE
4 AFo A™FP A 3PAAE 1.05£0.18 nmol
Ho0o/10° cells® | 1320l Hls|E 984 748
Aok (p<00l), A 27 HEHAE fojg wale
Yebd A gkl (Fig. 3).

4. HAOAM myeloperoxidase? &

is

Al A 17l A myeloperoxidase® %
3.04%0.06 ng/mLeldem, FAEA de Ay
&l

|

o
i

Al 2T MM E 4431042 ng/mLE A 170 B3
elat %

k]
L4
o)

T

3]

S7F AT (p<0.01). iR Fo ¥

%
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Group 1 Group 2 Group 3

Fig. 3. Hydrogen peroxide levels in neutrophils.
Group 1: healthy control group, Group 2:
blood was drawn just before hemodialysiss

Group 3.‘*blood was drawn just dafter hemo-
dialysis. "p<0.05 vs. group 1, "p<0.0l vs.
group 1.
5 *
y .
E 4
2
3]
hel I
% 3
2
o
2 21
£
2
1 -
0 ] AR
Group 1 Group 2 Group 3
Fig. 4. Myeloperoxidase levels in neutrophils.

Group 1: healthy control group, Group 2:
blood was drawn just before hemodialysiss
Group 3 blood was drawn just gfter hemo-
dialysis. "‘p<0.01 vs. group 1, p<0.001 vs.
group 1.

A 37l E 3971023 ng/mLE Al 17l B
= g9 Z7stgd et (p<0.001), Al 2wel Wl
ME Hog dEe Jelyx gatt (Fig. 4).

5, ZMT0IM catalase?| &AM

el A 1) A catalased] BAL 49.75%
790 pmol HeOz/min/107 cells@om, dAFA 24
o] AMEE A 2@olAE 11846%17.75 pmol Ha0y/
min/10° cells® A 1iel W& fdstA Erhstan
(p<0.01). FAFEM HFo| AYFE A 3TdM=
105.56%13.70 umol HoO»/min/107 cells® A 13l
wEl M= felstA Erketd ey (p<0.01), Al 23l

2 ® O N A
S o o & o o
; . : ; s

!
i

umol H,0,/min/107 cefls

N2
(=)

Group 1

Group 2 Group 3

Fig. 5. Catalase activity in neutrophils. Group 1:
healthy control group; Group 2:blood was
drawn just before hemodialysis; Group 3:

?lood was drawn just after hemodialysis.
p<0.01 vs. group 1.

70

60
50 A F
40 1
30 4

20

nmol NADP*/min/107 ceils

Group 1 Group 2 Group 3

Fig. 6. Glurathione peroxidase activity in neutroph
ils. Group 1: healthy control group; Group
2 blood was drawn just before hemodialy-
sis, Group 3:blood was drawn just dfter
hemodialysis. 1 and text.

s fro s wske veA gyt (Fig. 5).

6. SMPOM glutathione peroxidase2|
iiNT

Aol A 1:4o|A4] glutathione peroxidase®] &
e 4992+ 11.23 nmol NADP+/min/107 cells®.>
w, HAEA AAHo] AP A 2TlAE 4097+
996 nmol NADP+/min/107 cellso] 91, dR5A
A% AP A 3FAE 45821631 nmol
NADP+/min/107 cells® 7+ 23] ol Wss
vheb Al Zdvt (Fig. 6).

- 433 -



— The Korean Journal of Nephrology : Vol. 23, No. 3, 2004 —

7. S470M 72| 0129 ==

A A 1FelA T o9 FEE 013+
0.02 nmol/10” cellsel g8, BFA 2o A&
Al 22 AE 010£0.01 nmol/107 cellsel@dom, &
AEA HFo] AW A 3FAAE 0.10£0.03 nmol/
107 cells® z} el fefg WskE vehdA] st
o} (Fig. 7).

8. SYTOAM oH 0|22 =

AAEA A 1704 ofd o9 FEE 151+
021 nmol/10” cellsolgom, FAFA Ao NP
A 22l E 1.0720.11 nmol/10” cells® | 10l
Hl&] F2latAl Zasict (p<0.05). AF4 2 Fd
AYF A 3FAME 1222016 nmol/107 cells2 A

0.18 ]
0.15

2 |

S 0.2

2 i

& 0.09

2

2 0.06 1 NN

c R .\A. \
0.03 §\§
0.00 @\

Group 1 Group 2 Group 3

Fig. 7. Copper levels in neutrophils. Group 1:
healthy control group, Group 2: blood was
drawn just before hemodialysis; Group 3:
blood was drawn just after hemodialysis.

i

0.9 1

nmol Zn2*/107 cells

0.6 -

0.3 1

0.0

Group 1 Group 2 Group 3

Fig. 8. Zinc levels in neutrophils. Group 1: healthy
control group; Group Z2:blood was drawn
just before hemodialysis; Group 3: blood
was drawn just after hemodialysis.

1 2 Al 220 vis) frel@ WshE dehiA s
o} (Fig. 8).

9. Superoxide dismutase/GAPDHZ2]
mRNA 28 JH:T

Superoxide dismutase®] % relative index®
A EE o AAFEQA Al 1A E 19240270198
o, HFE4 Hde AP A 27NAE 1.22+0.05
2 A 12 vl FolF Faskalc (p<0.05). FHey
T4 AL HEF A 374 superoxide dismu-
tases] o] A 2¢3 WS Wi glse=
olel tigk ZAh= F3AqskA kvt (Fig. 9).

10. EMTF0M malondialdehyde =&

4479 A 17l malondialdehyde?] ¥=+&
46.23+899 nmol malondialdehyde/107 cellso] ..
H, oA DA AP A 27 78.00+7.25
nmol malondialdehyde/10" cells® A 1ol Hl&)

M 1 2 3 4 5 6 7 8 9% 10 B

GAPDH 300 bp

25

20

Relative index

05 4

0.0

Group 1 Group 2

Fig. 9. mRNA expression for superoxide dismu-
tase in neutrophils. Relative index was de-
fined as the ratio between SOD and
GAPDH. M : size marker; 1 to 5:blood
was drawn just before hemodialysis (Group
2); 6 to 10: neutrophils from healthy hu-
man beings (Group 1); B:blank; SOD:
superoxide dismutase; GAPDH : glyceral-
dehyde 3-phosphate dehydrogenase. "p<0.05
vs. group 1.
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Fig. 10. Malondialdehyde levels in neutrophils.
Group 1: healthy control group, Group 2:
blood was drawn just before hemodialysis/
Group 3. blood was drawn just dfter he-
modialysis. p<0.05 vs. group 1.

o8l A ZFvhatdrh (p<0.05). BAFA 2Fo HHF
A 37AlE 7066+11.66 nmol malondialdehyde/
107 celis2 A 13 2 A 2] wg) FI& WshE
vERHA gkt (Fig. 10).
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e FAT 1"1 AxAe superoxidei= su-
peroxide dismutase, catalase % glutathione per-
oxidased <3 tiAbEH, 1 #HAH F AP A4
2243 myeloperoxidaseo] ¢s] A 2Hgo Fa4g
qeg s Aotdaon AVHE A deiA
S aEm FyTe AN Awel Faw
Agg e BA AAE FATE BY A8 8
Hu o 44ladn gk W) AR gl

= e el FATFY AHL Adeld 7F
Aozt glE Aoz gEA Ue B, 75 Feld
233’—5}3} 71Ae & duA gA Frh wEkA o] A

B gate] HAptor A A9 tialel] o]ito]
qe Aoy FAHFC

B oApas wr] ARd g@ae] FATA su-
peroxide £0]&& %7} (Fig. 18924 superoxide
go]2% superoxide dismutases] BA4-E FAEA
t} (Fig. 2). Superoxide dismutase?] &4 749
A8 delrz] 984 superoxide dismutase®] %
42 e Fele) ofd o2 Fxel oM, 7
2 o]&9 FEy Fo% Wast Yoy okd o2
o By AT Aol %}*El‘ii\ﬂr (Fig. 7, 8). L
Ay FAF4A Foli o o]29] FE7}F superox-
ide dismutase?] AT i dFE HERAUT
(Fig. 8). o]% &% o]2%9°] superoxide dismutase
o] Ao & 9L nAAE AL I FAME
ol o]&& zre] WS WA E AL vEhie A
olg} ZAHErh m12lm PR fxje| Hgelx F
st ot ol wErh FAYEM, W] AnA @2
o] AEq uhe g o]&el olFel Wid ojde] U
&% wer olel FAF U gF o2 olFd o
g 7% olde] Qe AMem F¥A Yk aHERE
B Ao FA7e Faet ol o]&e] Fx Wz}
7t 8 Fo| W s g AL U ARH &R
oA olE ]9 olBe] o)ite] U] wiEolet A
Hh, 3 superoxide dismutaseo] Wigr AzAL F
[ e ?ﬂéﬂ ahe-8 318 A3}, superoxide dismu-
%’81} Ay e st (Fig. 9). A
o}alH superoxide dismutase®] &4
2 ;mow feElg AlRkadel ols] o &Aoo had
o a#Ad Yok g FATlA superoxide
dismutase®] &4 A&+ superoxide dismutase®]

A% FA WA Yas 229 Y o QEES

7o zEAC AFE Mol 1 o] Fad AoE
Az}t
Ichikawa S0 WZwW superoxide dismutase2|

st 7AE superoxided %A F7ME fUste @
A Az QF £ake Z7AAZITL Tk B AT
A % superoxide dismutase®] 4 A8}, superoxide
goleol vl ® @A Ao 9 &4 AR

malondialdehyde®] Z77} AT ©]+ superoxide
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dismutase® &4 A3} 2 superoxide £o]29 A
4 72 F4771 £49° malondialdehydert =
7 Aser Y

a8 st 48 AHosts b FAM glu-
tathione peroxidase #49] f9/3 Wt gaorh
catalase ¥ myeloperoxidasey> %7] AR# Fxjol
Al Fotstgon, E3) myeloperoxidases #4jo] =
7HitHs Drueke 59 A7 ZAzel: dxEYct
EE W] AR @A st i) A F
HaE B, ZatE F2e 44 A super-
oxide dismutase®] 84 A3}¢} catalased] A =
7 2 myeloperoxidase® Z7lo} 7)9lgt Aoz A
ZHen) F, Atsl £ FF 2L 24 AEE A
ol Azt delelA Hats) s Ba) 529 84
F7he 4N Hate fae ARE 2 A

olzh Aztet @) ARH fxjeld Zgo] st
w BT AL A NEFelrt e e

2 49A gled 7% Aol slHe & gaA g
A @), aeld Murray'Ve] 9shd ZA )M &
e F A Uiz A7 Zgel A Foe o
& e Aol TitE i Aotd Ay, B o7
A3 Adst e G gadol gldlen EE
% myeloperoxidase?t F71Ho] oisiejals o] &
a0 71EHA At i APoR Aotd il
Yol #2E Aoz FEHT kA ol A o
& T4 7% FNE 2YsE Ay Yol B
ALR AbRHET.

olakel HE AME Bol @yl NEA Bxle 4
TAME FH2 BE A @ 2aad ¥ A
ol 71¥ superoxide dismutase® 4 A s}7}
RN superoxide §ol&, A3E &4 catalase?)
24 9 myeloperoxidases] %717 o™ FHats
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Metabolism of Reactive Oxygen Species
in Neutrophils from Patients with
End-Stage Renal Disease

Hye-Jung Choi, M.S., Jin-Kyung Kwon, M.D.
Kyo-Cheol Mun, M.D., Eun-Ju Chang, Ph.D.
Chun-Sik Kwak, Ph.D., Seung-Yeup Han, M.D.
Eun-Ah Hwang, M.D., Sung-Bae Park, M.D.
and Hyun-Chul Kim, M.D.

Dong San Kidney Institute and CDR Center
Keimyung University School of Medicine,
Taegu, Korea

Background : The present study was aimed to
know the cause of impaired bactericidal activity, es-
pecially the metabolism of oxygen free radicals in
neutrophils from patients with end-stage renal dis-
ease (ESRD).

Methods : We measured the amount of superox-
ide anion, the activity of three antioxidant enzymes,
myeloperoxidase, copper ion level, zinc ion level and
the amount of malondialdehyde in neutrophils from
patients with ESRD before and after hemodialysis.
Reverse transcription-polymerase chain reaction (RT-
PCR) for superoxide dismutase (SOD) was also
done.

Results : The malondialdehyde level, the amount
of superoxide anion, catalase, and myeloperoxidase
levels in the neutrophils from the patients with
ESRD were higher than those from healthy controls.
SOD activity, hydrogen peroxide level and zinc level
were lower in ESRD patients. On the RT-PCR, the
relative index, which is defined the ratio of the band
densities for SOD to glyceraldehyde 3-phosphate de-
hydrogenase, was decreased in neutrophils from pa-
tients with ESRD. Glutathione peroxidase activity in
the neutrophils from ESRD patients did not show
any significant change.

Conclusion : These results indicate that there are
some alterations in metabolism of oxygen free rad-
icals including lower levels of hydrogen peroxide
which exerting a direct germicidal ability, due to de-
creased gene expression and mineral levels. And
these alterations might be one of the major mech-
anisms of impaired microbicidal activity in patients
with ESRD. (Korean ] Nephrol 2004;23(3):429-
438)
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