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ABSTRACT. This study aimed to determine the association of maternal oxidative stress and
adverse pregnancy outcome with serum vitamin C concentration and a myeloperoxidase (MPO)
genetic polymorphism during pregnancy. We investigated 450 pregnant women who visited Ewha
Womans University Hospital for prenatal care during gestational weeks 24~28. During the second tri-
mester, we measured serum vitamin C levels and urinary 8-hydroxyde-2'-deoxyguanosine (8-OHdG)
and malondialdehyde (MDA) as an oxidative stress biomarker. We determined the presence of a
maternal MPO polymorphism (G-to-A substitution at nucleotide 463) using a PCR-RFLP assay. We
compared the level of oxidative stress and birth weight with the vitamin C concentration and the
presence of the MPO polymorphism. The mean level of maternal oxidative stress tended to be
higher and the birth weight lower for MPO type A/A than for types A/G and G/G. Vitamin C levels
above the 75 percentiles were associated with reduced concentrations of urinary MDA and 8-OHdG
but increased birth weight. Our data demonstrate that oxidative stress and neonatal birth weight are
associated with the MPO genetic polymorphism, with the association modified by the maternal vita-
min C levels.
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and Stein(2001}& DNAS] Atsleato] RAA AAE
Fob AFEL BRIt 53] YaHRolAe] ABIAE
e AAFTor A Fag 988% = A
B3 dckMatsubasa et a/, 2002; Scholl and
Stein, 2001; Wang et &/, 2001).

ol2] 3t AlglxEd 2ot ol FAsA ol F&
Al ZE X 9o, 53] el Co HFAE A3 &
Eg 2o o 2HEE DNAYS Edwe] A4S o
gth= B37} thDietrich et a/, 2003; Schneider et
al, 2001; Lee et al, 1998). HIE C= 32121, 2lo]
[0z B3Hoz wAe ASfiEHE AR YIS
A1, o) YalAFAeE FE = 5 Urk. ZA ] H]
g Ce JAF7d gluke st gjotoll A HEE o
ejojollrf 9] Al aEd 2ol thate] JHEAE HY AL
= A7k,

ArskA|9F Absl ~E A7) ABSFEA Hhg T4
B4 fAxe] gy Aol Aaakgste] A W ASkRE
g A x| e & 5 AUtk YA =F malondi-
aldehyde(MDA)$}  8-hydroxyde-2-deoxyguanosine(8-
OHdG)e] =& 4tsl ¥ F4 = AR 7zt
thaAde] 98] FPS e Aol HAHIUTHHong et
al, 2002). Myeloperoxidase(MPQO)= #Atslgiof o
3 ojg] 7|2 E9] Abshubge] FujeldZ s phase |
AR gh2A i, daAE, 357, 38717,
FAEe) 259 MpA| 2ol EA)FTHMatthew et al,
2000). MPO #4271 E438t=H 23 fei7ie] WA
2 PAg Fv) st Akst 2EHAE A HTrush
et al, 1991) aromatic amine, benzo(a)pyrene 5= i
ke A9 E@r|de] EAstErhMallet er al,
1991). MPO #4842 Austin et a/{1993)) I3}
2L BH3EYom, 463 promotor upstream F29] G
717t A G712 ANFEE Alu FAEL2 Br|=olx ]
ZA4714-¢ WP deA  UtHAustin et al,
1993). G E717F AGVIZ X3 AH MPO Eadd
of W37t A71A HH MPO f-34+2] ZREE<1 mRNA
X} @A Eo) o)A FrtPiedrafita er a/, 1996). &
3 MPO 4842 #e7]2 ¥k ofyet DNA 519
&4, Az Aty d#A JtHPero er al,
1996). 2 o|8g MPO #AXITHEA S AHE HgFgt
Agso] By Qvh Ao FAHTTTENE
H(Reynolds et al, 1997), FE4H-F5(Witko et al,
1996), thed73s=(Nagra et a/, 1997), A73A%S 2&
X MPO FAxT gzl faAo] A=A LH o]
#3 MPO #3de AA O o8 711 &4 adE+
s Agshs Zlo g AztEojxin

B AT Yakdie] MPO $ATEAT W%
HER) SFo] mAle] AsiEds XES MDA, &
OHdGsl PAE Ft 2AAZ FAE JFol het
o) Akl B3} ST

AR 2

017 CHat

20019 8YH-E 2003¥9 8¥7A AHA AEE H3) o]
stodairi sl HEHEY ARl ydgh gl 24~28
Z9] QJaty Z A ool Fo3t 4507 ] ARE 3
E oz st ) HE A AR Fg9dH, 29
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Aele] Az, Amel A, A4l F A e
A gz, Hejel ol 5 FAste] 71259 2 @
Folq QA 1T A 33990l o] F 4

8 ~E#2 2% MDA, 8-OHdGS} MPO $-3& 54
ol $u¥ 2258 ¥ AT WO AT

Mat AEY A K|FEo| MElEty 24

MDA B4, AR dAHEe] o BT Al 258 &
WMoz MDATBA adduct® &4ste 2 AXE A3 &
Eg2e] A U XEZ AIZ3S ). Thiobarbituric acid
(TBA)S} ¥rgsld EAH adductS isocratic HPLC(High
performance liquid chromatography) W82 5733}
%ct. Polypropylene stopperZ X2)® glass tubedl
QA EF o] A=z} phosphoric acid 0.5 mol//
Z H7kst TBA reagent® A3t 95°CollA 14]
7+ Gx8 & & 58 F¢ g2 WZAIZIAL methano
(500 uiye A7kt 5§ A48 sta UV detector® 532
nmellA S8ttt

8-OHdG M. ELISA(GAICA, Fukuroi, Japan) ¥
& ARESl] Q) WHE Al AFT AT e w
adduct& =33tk 9a A2 X2 LHE 8-
OHJGE ZH®E plate WollA 1A17KH37°C) €28 & &
PBS(250 pl) £42Z washingstdth. ©ojxt A= wt
SAFIL FYE =AM EXBE ¢ ¥ PBS §4o=
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washing3taich. 100 pl & ¥Hg-§Q oz xg] & 37Cq|
A Az EA481E 5 100 Wl & 1 N phosphoric acid
2 ¥kSA]F|3L spectrophotometer® adduct® 733}

A},

HIEIZI C S &3

U 245X 285 Atele] AT Ak HuiEo)A
AFe dAE A AR F EHE Eosld 2
A AR -70°CollA BEsiaTh. @3 100 wl ol 5%
metaphosphoric acidE 71k 3 3,000 x gollA 102
7F AAEET. 2 F ASds 045 pm A=
oJst 5 10 W & HPLCEA | AME-313

MPO /%X CHd 24

PCR-RFLP 7|¥& AM&3td MPO fHAtt@dde &
Aaidct. A AR Y BEA g AFE
QlAmp blood Kit{Qiagen, Hilden, Germany)g A}
sloj DNAE F&3 & -20°Cox nAFHL. 523
DNAZ 0.5 units?] Tag DNA polymerase(Takara Shuzo
co, Shiga, Japan}E AMg-3t PCR3}e DNAE F3FA|
71 & promotor region Well & G—AY ZAHo|E
AFas  aciliNew England Biolabs)Z g H
2.5% agarose geldl 7] HE3IATE Sense; 5-CGG
TAT AGG CAC ACA ATG GTC AG-3, antisense b5-
GCA ATG GTT CAA GCG ATT CTT-3'& PCR primer
2 Adsisllondon et al, 1997) 94°Colr 5%,
94°CellA 1, 64°CellAl 18, 72°CellA 1822 343)5
grEsldh 3 AEA S 4% GG typed 169, 120,
61 bpoll band7} Webston o|FHTFAY HAE GA
typed] bande 289, 169, 120 bpdl] zzb vebgdth.
Mutant 5338l A4 typeS 289, 61 bpolr Ti=
Aot

&4 84

B A= SAS A T2 1P (version 8.0} o]&
sle] ARE 48T 242 fst] HE C 5=
TEREATE 7FR 3 AL FE F3=8.97 ug/ml)
A FE <897 ug/ml) F +2Z BF39en, MPO
FAEE FA2 @A) R 23 GA == AA
T o2 o] EAsIGit SAEN S AdAlR o)F
oJA AA, MPO AR del me A W A3t 2E
2o Feve YR8 (Generalized linear modely-
olg3td AF, A9 vIWA|F, 7], AT T AT
o] 37+ EAsl viwsti o EA4AEHe] AEY LS
A, BAY HgkA]E, 7], A7 T AFY S

AAEe mdel TEAA 1)L
o2 weknl Col F= 2o ;
o) Wims} 2AAFe] B vl

9] 43S MPO F3%} thg Aol wa} B
RE 2AF5E BA d3ay 95% Ao zA AA|E
R},

=
o) BERAE He 3107 g, YAFF

L& H 2.14 umol/g creatinine, 8-OHJG= B+
0.12 ug/g creatinin® A= Jon Hgl C & ¥
o 7.72 ug/miAtt. MPO 38244 GRS 4
& 717 AEIF 183H o2 OF 81%A GA AA
AP L 7K AR 42902 A9 19%ATHTable 1).

Table 2014 o] F ZelM 23l xEf2x XxY
MDA, 8-OHdG F% e B48IdE W G/68 LollA
GA, AAZETE MDA} 8-OHAG F3]7} frelslAl= &
AR & AL HAFo] MPO GGHAA BA| Absh =
Eg vt o & 203 YT SRS o9 vt
dZ2 GGHAM GA Akt BT 64 g A= @A vEt
pr=g

Table 3oiX= AtRe] A W Wig C o &
TAe] AFEEH R0} FAATE BAFE Uk A
W HE] 0] £ oA e F3 HwEE W
8-OHAGE #tol& HolA] ggkort MDA H[EM! C7t
F2 oA @& 2ol s AA FolaE (p=0.06)2
2 9tH1.72 umol/g creatinine vs 2.26 umol/g
creatinine). T3 ZAASFE FsA= ¥%or) HlE}

Table 1. General characteristics of the pregnancy women
during 24~28 weeks of pregnancy and birth outcome

Content Means Standard deviation
Age (years) 31.00 3.75
MPO genotypest

G/G 183 81.3%

G/A, A/A 42 18.7%
Vitamin C (ug/ml) 7.72 2.30
MDA (umol/g creatinin)t 214 1.08
8-OHdG (ug/g creatinin}§ 0.12 0.05
Birth weight (q) 3107.56 690.27
Gestational age (weeks) 38.39 3.21

tData are presented as frequency and percent.
1MDA: Malondialdehyde.
§8-OHdG: 8-hydroxyguanosine.
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Table 2. Concentration of oxidative injury biomarker and birth outcome by MPO genetic polymorphism

. . Adjusted 8-OH-dGt§ Adjusted MDA . .
Genetic subtype Number of subjects (ug/g creatinin) (umolig creatinin) Birth weight (g}t
G/G 183 0.13(0.12-0.14) 2.06(1.83-2.29) 3155.3(3079.1-3231.4)
G/A, A/A 42 0.11(0.09-0.14) 1.93(1.40-2.46) 3219.1(3033.5-3404.9)
TAdjusted for age, ETS, BMI, weight gain, and height.
FAdjusted for age, ETS, BMI, weight gain, and height, GA.
§8-OHdG: 8-hydroxyguanosine.
TMDA: Malondialdehyde.
Table 3. Concentration of oxidative injury biomarker and birth outcome by vitiamin C level
L Adjusted 8-OH-dGt Adjusted MDAT* . )
Vitamin (ug/g creatinin) (umol/g creatinin) Birth weight (g)+
Low level of vitamin C (< 8.97 ug/ml) 0.13(0.11-0.14) 2.26(1.99-2.53) 3179.8(3089.6-3270.1)
High level of vitamin C (= 8.97 ug/ml) 0.12(010-0.14) 1.72(1.21-2.24) 3194.6(3014.1-3375.0)

TAdjusted for age, ETS, BMI, weight gain, and height.
}Adjusted for age, ETS, BMI, weight gain, and height, GA.
*p=0.06.

Table 4. Concentration of oxidative injury biomarker and birth outcome by vitamin C level on MPO genetic polymorphism

Content Low level of vitamin C (< 8.97 ug/ml)) High level of vitamin C (= 8.97 ug/ml)

MDA (umol/g creatinin)t

G/G 2.28(2.06-2.50) 1.84(1.43-2.25)

G/A, A/A 2.25(1.76-2.74) 1.61(0.67-2.55)
8-OHdG (ug/g creatinin)*

G/G 0.12(0.11-0.13) 0.14(0.12-0.16)

G/A, A/A 0.13(0.11-0.15) 0.10(0.05-0.14)
Birth weight (g)1*

G/G 3213.8(3139.7-3287.9) 3096.7(2960.7-3232.6)

G/A, A/A 3145.8(2979.4-3312.2) 3292.5(2957.9-3627.0)

*p<0.001 MPO genotypes * vitamin C group for 8-OHdG and body weight.
tAdjusted for age, ETS, BMI, weight gain, and height, MDA, 8-OHdG.
FAdjusted for age, ETS, BMI, weight gain, and height, GA, MDA, 8-OHdG.

U C7F 22 ZollM ERATO] i B2 S HAi
Table 4°)A1= HIEWIC &3 MPO 3tk Ao
tE BAe] ASAEY L SAATS vlasin v
B G MPO #242 T Adoll whg MDASK] #
@Aolxe MPO Rzt E‘rzﬂﬂ G/GZolv GA, A/A
F 2 2ol BlEll C =7 58 oA MDA <
o] W& Zg E 7 UATh 8-OHdGt Jﬂlﬁ/‘éoﬂ/ﬁ—‘:
B 4 g%l MDASH vPIRIE GA,
b Ee ol AFEYs S
Aom MPO fRATIR v
Bl FEAlolo] e AR-S B IATHp<0.05). 2AAF
GA, Ao BlEI C vt &8 oA g*@ﬂl—g
o] 7Ht & A& & F e EFd MPO #Fdztt
"6‘3/\-]54, HEH] FEAlole] w3ZE-E-S E_oi;} p<0 05).
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tHWisdom et &/, 1991). A7
B2 skshlol 7| el #o AxE
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g g 4 J2n(Scholl and Stein, 200
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ol mAS] FAATP Y] #AE < UrHHong et
[e}

al, 2002). ¥ AFtelde Uil 717 F9] AlstAEy 2

ZA A Foll tisk FitsihleiTle] B g AE Akt
ket AR MPO fAAE 8 st &
HE A} R ghatselvle] a3= % Bl C
2A gt gAsiER A ATEE 8-OHIG}
MDAZA ZA4 3t}

DNAE Abstel] Zpdo] QlaL, A&H o= ol g wal
T AR 7P 22 nucleoside AFBHHES 8-OHAG
24 A7 F Bt AAEY S FES HgEit
w3 A atksatEo) A9 MDA YAI71ZE Bt
7k, 53] A aEsde] SHEIE Al A

3 Z7s1e] QAZIZE Bk AShrE Y A ERA

HER C 557t 5855 AEEY S AR =T
MDAS] 52 WolxH,
s #FEE F ) Eg ASlREY et AT
of tig Hlekel Col B FFo] MPO f4A thagAdo]
Fojdhe A= AHE 4 3t

B AT #eddt 225w AEE hAeE MPO
AANEAS A 23 ¢GEY 3% 7 o4
o] 81.3%°|er WHo|gel GA AA FHEE 712 4k
8= 18.7%= AT Wl tide= 3 MPO #
W Al GGRE 7R AREY HIETE 75%ASFH
= §Akst Aty & 4 dvMlondon er al, 1997:
Marchand et a/, 2000; Cascorbi er af/., 2000). 71&<]
ATl sl MPO FHATEA F wHolYollA =<t
So] Ao Ay G/GEel Ble] dAgta B

=37 JtHMatthew et a/, 2000). #l¢+e] ¢ wiela}
59018 o2 3 AFoME A alleleE 7H1 Aol A|
A et Y3Ert BAFHSE fosAl wldAA
70% Faslal ERlgAME #ige] 8=t A4
FodLe UAAIT G allele BUh 39% AAFvhe By
7} AAtHLondon et g/, 1997). 3 AXoly} wol s
ooz gk AFoM = FoatA A alleledlir #H|tE
=7t G allele Bt} 50% #Astthe A+437F 230
H71% 3k tHMarchand et a/, 2000). ¥ A=
MPO thdAdel we& 2k} ~EHA AF8 MDA, 8-
OHdG =& #4% A3 GGEET woldd GA
AARAA st 2B 0] Tha A 24 A
Asol Z7tete A4S B BAZCE fost 2
ol WAl Zatdint.

AR AFolAe vEf CY A7 48t 2B 2
AL FFE wFvx B3 vk

o

(1998)
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J

Rehman
& 747he AlS tide 2 dlERl Cof RS

BZE B2odS ©) DNA &40 F7kskes 2& #as)
Rom Podmor(1998) 59 A-7olA= vlEl] CE 44
500 mg B& T 39S w YF2] 8-hydroxyguanine
FEE asl oy DNA 9] 97171 21859 adenine
o] guanine®Z &£ adenine®] cytosineLE A H =
E9olE 18] 8-hydroxyadenine?] FE& F718IA
t}. Halhwell(1999) & 214 ] wjelRl C 4=580] &
o) BIERR] C7F =2 WhSAS Ho] AR 28 Holgs
A9 pro-oxidant® Z-gsted FAZAQ AAE g &
7Ved-E A s

Ty B2 ATolA] dRkdez nigll Col d4tkst
el giste] Bista it HlERl Co HI3e Ak

T
EEAE GAAA WHoRE 2 £ BRI,
[}

Z 4 dti{Jacob et af/, 1996). Bolisetty(2002) 52
ZAA sRksiElEAIR] vER] EE EFAHE o
MDAZ} EA3] HojAl= A #&3R 2™ Fraga(1991)
=0 Alghe] Ao 8-OHAG &4 A ¥lghql C7f 4
e = 8-0HAGZF S7t8ted AtslAEd 27} F718)
L vjER Co] BEFEA| 9sl] 8-OHdG7F #4adHs B
BT E APeME QdalFr] EF vEEl C aEel
2o FolMe AAA FoleEo R MDA 5550] Yok,
FBAE AT SAAFTE T Peg AHE 3
ATt

olg]dk HIEl Co] AtstrEg 2o} 1o wE FYH
dNAF ] vIXE BEade FA4 T8 o8l 3
&S W= o] AT B ATl 8-OHdGe &
AR Sl gt MPO i@ A= vlell Csk 9
nEAgo] Folsh| #BAFJY. GA AATAA EF
HjE] Co] o] %8 73 EAY AsfEE 27t 7}
2 93 2AAZE 1 Eol GA AAEAA ¥IER]
Cel nugapt 7P 34 #EFAL BA9] MPO #4
Ago] G/GE TolME HER Col EFFAR QIg 4
slrEY 29 ATl MDAAME ROy 8-OHAG

EAAFAM & BEHA Bl

B A7 Ao zeE AstaEY 2 £EH vEw C
FES e A7)0 Ao g AwEol HEW Col B
FFAo) 98t AsAEY A TAEHE AR
o AZHARQl AFHA o] ofHrh=d ok 2
Aoz AHE FAAFTHY AN dalF719] 1)
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