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Expression of 8-hydroxydeoxyguanosine in Nephrolithiatic Renal Tissues
and Toxicity of Calcium Oxalate Monohydrate to Human Kidney Cell Line.

Uraiwan Waiwijit*, Chanchai Boonla*
Wipawee Kitikowit**, Supoj Ratchanon™**
Sombat Borwornpadungkitti****, Piyarattana Tosukhowong*

Abstract

Objective: To explore expression of 8-hydroxydeoxyguanosine (8-OHdG, a marker of oxidative DNA damage)
in renal tissues obtained from calcium oxalate nephrolithiasis patients, and to investigate the effects of
calcium oxalate monohydrate (COM) crystals on viability of human proximal renal tubular cells (HK-2) and

intracellular reactive oxygen species (ROS) production.
Design: Observational analytical study.

Methods: Expression of 8-OHdG in paraffin-embedded nephrolithiatic renal sections (n=10) was explored
by immunohistochemical staining. MTT assay was used to assess viability of HK-2 cells after exposed to
COM in both dose and time-dependent experiments. The effect of COM on intracellular ROS production in

HK-2 cells was determined using dichlorofluorescein method.

Results: In stone-containing renal tissues, 8-OHdG was strongly expressed in renal tubular cells. There was
no expression of 8-OHAG in normal renal tissues. COM decreased viability of HK-2 cells in both dose- and

time-dependent maners. Intracellular ROS generation was increased in HK-2 cells after treated with COM.

Conclusions: 8-OHdG was overexpressed in the kidneys of nephrolithiasis patients suggested that oxidative
stress involved in the progress of kidney stone disease. COM was injurous to renal tubular cells. A decreased
cell survival after treatment with COM may be mediated via ROS toxicity. Attenuation of oxidative damage by

antioxidants is recommended for medical management of stone patietns.
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il (kidney stone, nephrolithiasis) fulsad
wutesluszuumaiduil 1z giinisaizsdlsailale
fuunlifadin_stuiilanuazifulsediiilon (fus e
(highly recurrent condition) vnlaléitlasiunassnm
RPGITETIN ’«Jtﬁ’ﬂﬁlﬁﬂﬁ’)“g’]‘} faiilas auiiy 96
209N AALIALALEESIAINNN %ﬁﬁaqﬁuﬂizmv-ﬂwaﬁ
@’ﬂaﬂam‘lmL%a%’oﬁLﬁmmniiﬂﬁa\l,maﬁmumﬂIﬁmmmz
Tuqmumﬂmﬁ’uaanLammﬁauazmﬂmﬁa ylvine
Fyfevidutszanaduaumniumsguanss Snsdie
sl

’ﬁﬁmmﬁ'au,u'om'mLL‘imqﬁLﬁumﬁmgnauTu
Aoufia fiafiwunnnd Raah) fueaiBanoansan wu
Uszunuiosay 70-80 I09aNNAD LARLBENWD 1WA
(Gopaz 12) ﬁaniﬂg%n (Bovar 9) warduunidifan
wanladluane wn $oeas 2)[1] nalnmstiniaBuain
NIANWANTEY 13781l (stone promoters) Tuil 1
fBuFIINEN (supersaturated urine) 13nBTT AT
Ap uAalBsn panzAn Wo WA uaTnIALaN \fieiin
HANUSHIANNUAZLANDE9I3 05 '«J:Vi’ﬂﬁwﬁnswmju
U (crystal aggregation) w%nﬂwaﬁu (crystal growth)
uazfndoluriala (crystal retention) tAmwdu nidus
Feaznaedufioudnlufl a2.3] wanfl @i alu
nszvunafieda fe winuaaduseensan Hei 3
suuuy lfud waaBensansanlululainsn (calcium
oxalate monohydrate, COM) WARLEENRENTLANLA
lawnsm (calcium oxalate dihydrate, COD) uazilAaLdaa
panzanlaslainsm (calcium oxalate trihydrate) i
wuldivesluil 1zfewdn COM war COD[4] 588U
M3FnEWLINEN COM az COD fiany afRluns
JuiuimaaBeyRovielald uanfin COM fmnw wnsn
Tunsduunnin wazfevin lFiiansuIady (injury) 289
Lﬁaﬁtﬁaqﬁaﬁa\lmﬁnﬁaﬂ[S] M3ANEYDY Hackett WAy
A Tulsaa Madin-Darby canine kidney cells (MDCK)
wuidialésuwin COM wasgianuiuanas (decreased
cell viability) uwazwul3unn intracellular enzymes Tu
MNSRBILTRRNINTY 1L A9 COM vilmad MDCK
AENINTU[B7] MIANHIWEY Schepers LAYALY WU

B8 LLC-PK1 (porcine renal proximal tubular cell
line) war MDCK-Il 1iiald3u COM aziinmisuiaidy
waziinis 319 1seyiusveveandauiiias (reactive
oxygen species, ROS) mﬂumaﬁmnﬁu[&ﬂ frotiu
WAN COM  mnsonszdulfiizad 3 19ouyad 5:
Wiadu ldAnnnzesenneendindu uazizagny
Tuil Aol
mu:m%mmnaan‘ﬁwﬁ"u (oxidative stress) )
Azanl NARIEUIN 199YYad 3¢ (radical
species) WAz 136UBUYAD ¢ (antioxidants) §19d
138UYad srandunsedl 13IEUBYUYAD TTAARY
150U3RD sefiinTu Tagamne ROS avvhans Tusfiu
Tosiu ar3lulawnsn Aduie uazTuanadug lasUfisen
paNBLatu F9 Oxidative damage molecules fiingu
sl wnsnvheuld swaldimadgniaisuazaely
nIvssifiunizsieieaneandinduionly 8-lansan
FRpandnnludu (8-hydroxydeoxyguanosine, 8-OHdG)
Foifu Oxidative damage DNA LAin31n ROS ¥
Uﬁﬁ%maan%mﬁ"uﬁmu deoxyguanosine Uu DNA
[11,12]
mu%’aﬁ%’aﬁi’mqﬂﬁz JAfiafnEIn1sL ageen
289 8-OHdGTmffaL?ia‘lmm@ﬂ'sﬂmﬁﬂmﬁmLmaL%‘EJ;J
aanmLamLﬂ%ﬂmﬁﬂuﬁ’mﬁmﬁﬂmmuau LASANMING
299WAN COM sian1addIaLas Ysnuiunis 579 ROS
Tuadyfviole (HK-2 cells) 91NMaMUMUITIUNTIH

[ ' o

PO ITINL T folaifineaunsfnmuouiannou
nauAnuna:dsAIauUNIsAnYn

naugihelsatinlauaznsiiy 1sseting

dadanngusategiaelsaiale s1uau 10 3w
Algsumitadeiduiialawasidniunsidaeiiitesn
o TsewenuIaTeuLiy Serinvauliu HiennIe
Wufiweadsssansian (3a1ilaed3 Fourier
transform infrared spectroscopy) ARBUWNGTTULUN
Wutl  Mzifivshegaiiadiola (kidney biopsy) 7
sunisindiufeuds 1 asluraendisl 10% formalin
buffer 15 ml NTUIUNNTT paraffin-embedded tissues
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Msw Aepenues 8-OHAG Twilaidalawss
fihelsatiala

1 laddwiile a1 deparaffinize u&2 rehydrate
nturh antigen retrieval 1ag/ld citrate buffer pH
6.0 udnhlul Tu microwave lnalmasin g oy
a1 2 wiisua 6 A ﬁaﬁo‘l’iﬁqmwgﬁﬁauﬂunm
20 Uil ﬂﬁnﬁuﬁﬁaﬁﬂ endogenous peroxidase activity
Toe incubate ladlu 3% H,0, \uian 5 widl 4
QuUNYATEY U2 incubate fw 3% normal horse
serum tHutaan 20 w1l ﬁqmwgﬁﬁm INfunen anti-
8-OHdG dilution 1:200 (Clone N45.1, JalCA) aJuu
ladud incubate 1uiaan 24 Falaedl 4 °C 1anEne
%1 PBS 2 % asear 3 undl udmee secondary
antibody uaz incubate furian 30 wnil figungivins
udd19fs PBS 2 A% adear 3 wiil Fumeuns
fian™ vum 15azae DAB adluudn incubate Wuaan
10 U1l ﬁqmwgﬁﬁm Frodehszih 5 widt coun-
terstain 678 Mayer’s hematoxylin solution 4-5 U1
§r9deninszan 5wt aaniiu dehydrate waz mount
lad m3w aveenzes 8-0HAG Tuilaiisla s1e91u
wan1sfanlaewensunnd lasnasings grading e
Hufiidonldmauan 0-25% fu 1+ 25-50% 1Ty 2+,
50-75% Liu 3+ WAz 75-100% Liu 4+

MWZIABILTAS

LWﬂ:LgﬂoLﬁaﬁqvialm UfiuPBINYBE (Human
Taetin HK-2
cells snapalusmaiapaisadsila DMEM/high glu-

proximal tubular cell line, HK-2 cells)

cose N3 10% fetal bovine serum Way 0.1% strepto-
mycin/penicillin Tugiey 37°C, 5% CO, lnadpaiasu
gmanziasalvainn 2 Ju

JansidInvaasas (cell viability) 1agis
MTT assay
nannfunisanisvinauzadeulss] succinate
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dehydrogenase Tululnrauindy lasisadanidinasd
wulzdilvimiilunswasu MTT (3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) Fafu
157151 " \ndnslviiiu formazan salt Fadu 15749 33
Wlanto Ao WzIREY HK-2 cells Tuaumziae
[BaRTINA 96 N LnpusazguillsadLandud 10,000
wwad aslusvnTIABILBARIULTAALT S ULANMAN (90%
confluence) nfueden 19azan COM  “wsul
TuudazngulFlganudaduwingy 1,10, 50, 100 uaz
200 lulAsnsuABmI9BURLNAT (serum-free condition)
viguaz 300 lulasdns udnhlusulugeuii 37°C, 5%
CO, \fluian 24 F1lue ilpATULIA LAY MTT 05
lulasnsusiafiadang (azanelu serum-free DMEM) a9
lunawaz 100 lulas@nsuasilusulugeu 37°C, 5%
CO, wua 4 H7lug udfn 135araty Dimethyl
sulfoxide (DMSO) aoly 100 lalasans amiuen
5-10 wiiudnhldadnisganduu 971 550 Wl
N1Ineaeeti 3 asg (triplicate) U time-depen-
dent experiment \ABsLTasANTina 1 dedu 1hu
HAN COM fimnnidindu 1 uaz 10 lulasndusanisng
\BURLNAT WE7 incubate 1uLIan 24, 48 uaz 72 Falu
miurhantunsuingrndnedu

mMsiaYSunauniswan ROS Tu HK-2 cells
Taeis spectrofluorometric assay

YoUSanunanan ROS lapaduufizensand-
LA TUYB9 2,7-dichloro-dihydrofluorescin diacetate
(DCFH-DA) Tas ROS fign iuluizadaziasy
DCFH-DA \{lu DCF 915844 IWgenls LBuA 1 g
p015 uAniatuteiolia ROs Tuimad vhnis
INZIREN HK-2 cells Tuaumziasaisagaunn 96 nau
(96-well black plate) fifiisadi5udu 10,000 \ a8
1fUsenas 90% confluence WdiLAn DCFH-DA 0.1
findluans (azanelu serum-free DMEM) wawaz 100
Talasans amiul ‘win COM fimnsdindiu 1, 10, 50,
100 waz 200 lulAsNINABAITNITURLAT (serum-free
condition) vigaaz 300 lulasans udnhleulugey
37°C, 5% CO, \fuian 30 uaz 60 wit 9wy
4@ fluorescent intensity Tasriviun excitation i 485
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W lUUAT WAT emission 71 535 UILLLNAT AUIUAT
Arbitrary fluorescent unit (AFU) 21nn1341A" fluores-
cent intensity ﬁL’Jﬂ’ﬁﬂﬁ (t) IeILA fluorescent
intensity I 3NdY (t,)

n1salAs:idaya

WANITAELL mﬂ”agaLﬂuﬁWLaﬁﬂLLa:ﬁﬂLﬁﬂdmu
W93 (mean+SD uaz mean+SE) Lot uslu
JUNIN Ui uazld One-way ANOVA test “w3una aU
AINLANAINTBIANLRRETENIN93 n@uﬁulﬂ ANAE
Bonferroni’s multiple comparison test Tusunsune

iffilHAn SPSS 185t 16.0 (Chicago, IL) Anua

[

JeAuUy AN DN p<0.05 WUL two-tailed

wan1sJve

M3IANEINTL AIBBNEY 8-OHAG Anmlugie
TseihlaiduiziauaaiBaneansuaniiuim 10 518
mqmﬁﬂ 54.90+8.75 T \Huwanne suau 2 918 (3o
Ay 20) WAV WU 8 911 (Fapar 80) UTNIAT
2p9i] Mzl 1504050 Ansratu mIn1InTad
2avlaady 55.03+16.06 mi/min/1.73 m® wazy3anal
Tusaulull  Mziedy 545.94+329.85 fNaansusntu

(@157971 1)

wamsﬁnmwm’wLf‘IaLﬁalmﬂiﬁaﬁn@’ﬂaﬂisﬂﬁalm
{134 A9BBBNTEY 8-OHAG _J UATALMINL AYBBN
Aefilede vasmadyAaviela (U4 1B-D) filedlH
WA 1+ J97UU 1 978 WA 3+ TIUIU 2 998 LASHA 4+
U 7 918 (G599 1) °1w%u°[u|,f‘:a|,€‘ia1mmuqm7‘i
Iﬁmnﬁjﬂ’aﬂi‘muzL%\‘lﬁ\lfﬂ‘u%nm non-cancerouse region
Tdiwun9 AveaNTeY 8-OHAG 138l AYBBNIUTLHU
A (;mﬁ 1A) wansAnudin aliiiuininning
\A3EANEDNTIATY yo"ﬁu“[u diodiolavas fihelsaiila

Wan1Inaand cell viability 289 HK-2 cells e
1650 coM fimnudindiu 1, 10, 50, 100 waz 200
Tulasnsusamasisufinaduas 24 43l wud
Usunausasfidin (% cell viability)
"Wyne R (p < 0.001, ANOVA test) Tunnana
dinduieouiviwadaiuuilailisu CoOM (100%)
\{u 75.47+3.34% (p < 0.001), 69.02+2.27% (p < 0.001),
5400+0.86% (p < 0.001), 53.46+0.74% (p < 0.001)
WAy 47.31+1.48% (p < 0.001) fimnudiadu 1, 10, 50,
100 WaY 200 lNlATNSNABANTIIBURNAT ANETY

ANAIDEIINIY

(gﬂ‘i?'i 1) L AYI1 COM HWRFBN1INETBY HK-2 cells
WYY dose-dependent manner

\afnuHaz89 COM #ia HK-2 cell viability wuy
time-dependent manner WU U L3R 24, 48 LAY 72

A5 1w mﬁaymww 919 Yl 13z sasnansavitle Yswalusiulut!  1suasisuianisu avesnzay

8-OHdG Tugielsaialazidauaaifeuoansuan

Sex Age Urine volume eGFR Urine protein 8-OHdG

(years) (L) (ml/min/1.73 m? (mg/day) Grading
1 Female 48 22 739 217.58 1+
2 Female 63 12 56.7 646.95 3+
3 Male 72 15 69 802.42 3+
4 Male 52 22 72.8 1212.90 4+
5 Female 53 22 22.6 510.11 4+
6 Female 54 1.2 36.3 327.27 4+
7 Female 49 12 53.2 756.92 4+
8 Female 63 1.0 60.1 338.46 4+
9 Female 42 1.2 50.7 563.08 4+
10 Female 53 11 55 83.75 4+
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sUfi 1 n3u avesnuay 8-OHdG Twz‘faLﬁalmﬂmg\l’?ﬂ?zjfmz‘?ﬂmwﬁmmeﬁwaanmmm Lfﬂtﬁﬂlﬁﬂ?ﬂ@ﬂﬁlﬁ?7ﬂﬁﬂ?ﬂ
Tsanzi597 lmu5i904 non-cancerouse region l3wunisu Aveanzey 8-OHAG wiau aveanlussausi (A) fns
U avpenzey 8-OHAG yaffyu?utfatﬁalwwaagﬂvﬂfﬁﬂﬁbzﬁ (8-D) lneliimavaniiduedy vevvasyimiala (mw
A Uas B mavzene 20x, 1MW C uas D navzee 40x)

19 HK-2 cells Ald5u com 1 lulasnsusanisne
URNAT & % cell viability aaaiiiu 69.77+2.07%
(p < 0.001), 61.51+4.44% (p < 0.001) LAz 53.40+1.94%
(p < 0.001) MuEFD Feanasaeaiie dwlafiey
fuLad control (100%) waziianudindu 10 lalasnsu
FOANITNBUALNAT WU % cell viability anadiiu
61.09+2.67% (p < 0.001), 50.13+3.09% (p < 0.001)
WAL 49.96+3.38% (p < 0.001) MNEFU Feanadnting
fitfe “@Wunne BAiafisuiy control (gﬂﬁ 3)
HaMTAATIETSINUMINAR ROS Tu HK-2 cells
Walgsu coM Aimnuidiadu 1, 10, 50, 100 waz 200
lulasnsuramssipufiuns o 1981 30 WAz 60 U
WU HK-2 cells 1ialdsunin COM USiaumndu

9<% Fluorescence intensity (ﬂd%ﬂ’ﬁ %19 ROS) i
$u u avir COM fiwasaniswan ROS Tu HK-2 cells
WUU dose-dependent Lilawfisufiu control (lalgsu
COM) A1 AFU 789 COM-treated HK-2 cells i 1281
30 Wit iisBuann 1.12+0.02 (i 1.13+0.02, 1.13+0.02,
1.14+0.02, 1.21+0.02 Was 1.40+0.06 AFU sNa1AL
anadadiuzes COM uas o 13a 60 WAl WANTUIN
1.31+0.04 4 1.13+0.03, 1.33+0.02, 1.34+0.03,
1.50+0.03 way 1.81+0.07 AFU aNa16U AuLdintu
299 COM WRIINMITIATIEANI DANWLI o 1981 30
wdt Aanudindu 200 Tulasnsusdemasuiuns 8
13 379 ROS Lﬂ'ugoﬁuaﬂwﬁﬂfﬂ "Wne dade
WiBUAU control (p<0.001, Bonferoni’s test) WAy
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e 60 Wit Aewdindu 100 uaz 200 lalasndu
domIisuAnAT N3 519 ROS fin_sdusted
U AN DA (p<0.05, Bonferoni’s test) 3NWA
w aslifiuindinig 59 ROS ifin_siunuadudiy
Fuuaziaai HK-2 cells 16#5uuEN COM

nisanusigwa

N13ANEIENUNISL AveBNTDY 8-OHAG Tu
ila \elavasifihelseiilaviiaueaifonnonsuan g
Fulpslawziivsnnudieis vavimasdayfivinlaly
U proximal tubules, distal tubules Was collecting
duct tubules "IlﬂJtﬁIutﬁE]Lﬁﬂlﬁlﬂ?u@ﬂﬂﬁﬂ’ﬁu A9BaN
289 8-OHAG 1 AsininnzASEAINEanSaduTy
Tulmmﬁjﬂaﬂsﬂﬁﬂm wananil Sonuadifindonng
dhandausnandiole u ashiinsdne uifeduiivdion
thu B9 oardosiunIAnmTes Seki wazanzTugihe
Tsmduiilagannisuslng qﬁ‘fi‘iwumsu ANDDNTDY
8-OHdG Tuduedy vaawBaasufinigsny U[13] uay
fnsfnsUSanouves 8-OHAG Tuil Qe N IRE
Tsatalanudnfivsuno Jinaudnsiuas ‘WU S AU
msﬁwmmmﬁqvialmhﬂ foiu ausATad YA
iwﬁauﬁaLLazm%awﬁnﬁamzﬁums 39 ROS 4ulu

cell wiability

0

LR
i
[=)

conbroe

wasyriala uia wadsiAansuimiduuaznisne
ppaaiyriola AuzITeime eulunasanases (in
vitro model) figldwanila COM  ansanszdums
19 ROS Fuluimadyvislalavdol

INHANIINA BUT U HK-2 cells ARTIANE:
NlFSUNAN COM Annuidadusines Wuan 24 7l

WUINFDBRCIDITRANTIN (% cell viability) aaadInL1g
A0y dne DARNAMNENTUNIANTUI89 COM

=1

\WaLisuiy control (gﬂ'ﬁ 2) W agIwaAn COM Lilu
NHADITARLAY INAIKLAANIAEVRITRE  DAAFDY
Fun1939eTuirad LLC-PK1 uay MDCK ialilafes
DONTUNANLIN % cell viability anaInNANNidndu
LAZIATIANTU[15] LAZAINHANIINA BULUY time-
dependent WU3131UI HK-2 cells fisid3ndalssy
COM fianudindu 1 war 10 laulasnsusanisne
wwuANns 1Wwasn 24, 48 uar 72 Halae § % cell
viability aRaIAIRTIANTY Tasuansisagnedite
"WWnw dAleawdisuiu control (3‘1J17‘i 3) %9 anndav
AU U398289 Khaskhali wazanie 1% HK-2 cells 1
5y coM i 133 lalasnsudanaasufiwasiduna
1, 3, 6
YSanaudinsnndussafidisguie]  solu wanis

LAy 12 lue wdmuIsIuuIsaanied

¥
- ®
E "
-
) I I I
0

COM concentration {pgfcm?®)

U 2 Cell viability 789 HK-2 cells 1fiol#51 COM finarmigadu 1, 10, 50, 100 uaz 200 lulpsnsugamaroiouiiuns

ifuiaa 24 $3law (dose-dependent experiment) lag35 MTT assay idasiisuiy control 7lx 1§50 COM Wy
% cell viability anavaeelitly Agn 84 “p < 0.001 ilawiguiunguAILAN
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153

L3
3. B3 .
= . &
> By . L] [ AT
= .
o Bashr
- T

orihr
o
control i [

£ concentration [pg/fomt)

3U# 3 Cell viability 789 HK-2 cells fialésy COM finammdntu 1 uaz 10 Inlasnsusamsrosudiuns o 1aan 24,
48 uas 72 talwy (time-dependent experiment)fﬂf/?ﬁ MTT assay wfiauiisuny control (100%) wWu3a1 % cell
viability 789 COM-treated HK-2 cells AAAVAINIRT TN T LB AN 8A *p < 0.001 Lﬁmﬁﬂyn“yn@w
AILAN

2.00
1.ED
1.60
1.40
1.20 W 30 min
1.00
0.8
060
0.40
.20
0.00

B 60 min

e

old of inorease AFU
e e

:b\}
b\.&
B
5\;
-
a'%
EE

e

e
s

cellmo control 1 1 S0 106 200
DCFH-D

COM concentration (wefom? |

31/17'1' 4 wavay COM Aan1swéan ROS Tu HK-2 cells A1 fluorescence intensity (ﬁdﬁyﬁdﬂf?mmmi %19 ROS meluivas)
iy, 9BummLsI COM Uazam WA IiNgy 1 ay3In1swan ROS Tu COM-treated HK-2 cells iy
dose- WAs time-dependent manners lag au 1387 30 W AMMENTUTEY COM 71 200 IulAsnsusanisng
LDURNAT ANYSHIUNTIHEN ROS yd§u97ﬂ control a8 WY 1A (*p <0.001, Bonferoni’s test) Bausyl ad 1787
60 w1 AmIdNTuTEs COM 7 100 uax 200 lulasnsusamsnisuiuns ii5uanswdn ROS siuan
control BEfWFY AT (*p <0.05, Bonferoni ‘s test), Cell no DCFH-DA it mdn’lﬁ).‘:’ﬂ?l!@mﬁaz#f " fluorescent
substrate



SO

4] UROLOGY

e
S

Vol. 31 No. 2 December 2010 The Thai Journal of 145

Fnwniln aldiudiaUsanuanudndunasiiand
1#Sunin COM Awasian1smezee HK-2 cells lag
ANTURBLAZ MM BANYE LUSAUATIAINAIN
daduzasndnuaziiani lEsuwan
NHANTIATITHUTHUNSHAR ROS Tu HK-2
cells Lilpl#sunan COM wudfimnudindunazinand
WinTufingg $19 ROS Winsnntu Tasfiszduainada
#u 100 lulAsnsudam s BuANAg (LI81 30 W1
way 200 lulANSNABAIT I BURLNAT (1IAT 30 WAL
60 w1fl) §iUFanunawdn ROS induateiiy A
e Bfdiaifisuiu control (31J17‘i 4) widfanadndu
1, 10, uayr 50 lulasnsusamsnoisufiiuns audla

rvao oA

WUl MAIaIN1INER ROS gy UAKIYELED I
Fuinamniuay wsowuly dn1e GAlE an
M3ANEITDY Yao LA Zhong Tu human hepatoma
HepG2 cells Taen131¥ 15 Perfluorooctanoic acid
(PFOA) Faifiu 19iaNiSediu wudn HepG2 cells #
M3 $19 ROS i maﬁumumﬂmﬁuﬁumaa PFOA (0-

400 UM)[17]89  BaadpeiunsAnni Auedseds sU

19N 1S9109V

WAn COM  nansanszfuliiisadyiviole sy 31

’159‘%@5 i:mﬂ“ﬁu\lﬁ Fanazes COM i intracellular
ROS production ﬁLﬂuﬁdLLUU dose- LAy time-
dependent

suwan1sAnu
LfIaLﬁﬂlmmao@ﬂaﬂiiﬂﬁﬂmﬁmme"‘z"muaanm
LANNIIL ADBNTYDY 8-OHAG Tu”oﬁu i AeILNe
nn:Lﬂ%ﬂﬂmnaan‘ﬁLm'i'uﬁuiu\lmm@’ﬂuﬂiﬂﬁﬂm LR
win COM (Huinsaisaduiaviala lasnszdums 31w
ROS uavnliagmeniniu uazauduivudsm
mNANNdNuLas AT LESuREn ﬂ”agaﬁﬁ’ﬂﬁuuzﬁw
Jmdn COM ﬁLﬁm%uTulmmaa@ﬂaﬂIiﬂﬁalm 1150
nszdulitiinnnziedunaneandiaduld dofunuame
mssnmifielsailalausnainisihiieenudy sl
13fupyyad szn3eEnislag iieannazeduaan
aan*‘ﬁm%u’[ulmmoﬁﬂam F9p199e w1T08AlaN M3

et usunals

1. Coe FL, Evan A, Worcester E. Kidney stone disease. Journal of Clinical Investigation 2005; 115(10): 2598-608.

2. Khan SR. Calcium oxalate crystal interaction with renal tubular epithelium, mechanism of crystal adhesion and its impact on stone

development. Urological Research 1995; 23(2): 71-9.

3. Kohjimoto Y, Ebisuno S, Tamura M, Ohkawa T. Adhesion and endocytosis of calcium oxalate crystals on renal tubular cells.

Scanning Microscopy 1996; 10(2): 459-70.

4. Schubert G. Stone analysis. Urological Research 2006; 34(2): 146-50.

5. McMartin KE, Wallace KB. Calcium oxalate monohydrate, a metabolite of ethylene glycol, is toxic for rat renal mitochondrial

function. Toxicological Sciences 2005; 84(1): 195-200.

6. Hackett RL, Shevock PN, Khan SR. Madin-Darby canine kidney cells are injured by exposure to oxalate and to calcium oxalate

crystals. Urological Research 1994; 22(4): 197-204.

7. Lahme S, Feil G, Strohmaier WL, Bichler KH, Stenzl A. Renal tubular alteration by crystalluria in stone disease - An experimental
study by means of MDCK cells. Urologia Internationalis 2004; 72(3): 244-51.

8. Schepers MSJ, Van Ballegooijen ES, Bangma CH, Verkoelen CF. Crystals cause acute necrotic cell death in renal proximal tubule
cells, but not in collecting tubule cells. Kidney International 2005; 68(4): 1543-53.

9. Rashed T, Menon M, Thamilselvan S. Molecular mechanism of oxalate-induced free radical production and glutathione redox
imbalance in renal epithelial cells: Effect of antioxidants. American Journal of Nephrology 2004; 24(5): 557-68.

10. Habibzadegah-Tari P, Byer KG, Khan SR. Reactive oxygen species mediated calcium oxalate crystal-induced expression of MCP-

1 in HK-2 cells. Urological Research 2006; 34(1): 26-36.



146

11.

12.

13.

14.

15.

16.

17.

U7 31 wnfl 2 $udnaw 2553

Valavanidis A, Vlachogianni T, Fiotakis C. 8-hydroxy-2' -deoxyguanosine (8-OHdG): A critical biomarker of oxidative stress and
carcinogenesis. Journal of environmental science and health Part C, Environmental carcinogenesis & ecotoxicology reviews
2009; 27(2): 120-39.

Pilger A, Rdiger HW. 8-Hydroxy-2-deoxyguanosine as a marker of oxidative DNA damage related to occupational and environmental
exposures. International Archives of Occupational and Environmental Health 2006; 80(1): 1-15.

Seki S, Kitada T, Sakaguchi H, Nakatani K, Wakasa K. Pathological significance of oxidative cellular damage in human alcoholic
liver disease. Histopathology 2003; 42(4): 365-71.

Boonla C, Wunsuwan R, Tungsanga K, Tosukhowong P. Urinary 8-hydroxydeoxyguanosine is elevated in patients with nephrolithiasis.
Urological Research 2007; 35(4): 185-91.

Knoll T, Steidler A, Trojan L, Sagi S, Schaaf A, Yard B, et al. The influence of oxalate on renal epithelial and interstitial cells.
Urological Research 2004; 32(4): 304-9.

Verkoelen CF, Schepers MSJ, Van Ballegooijen ES, Bangma CH. Effects of luminal oxalate or calcium oxalate on renal tubular cells
in culture. Urological Research 2005; 33(5): 321-8.

Yao X, Zhong L. Genotoxic risk and oxidative DNA damage in HepG2 cells exposed to perfluorooctanoic acid. Mutation Research
- Genetic Toxicology and Environmental Mutagenesis 2005; 587(1-2): 38-44.



