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Abstract 

A random izedラ double-blind，placebo controlled clinical trial was conducted in arsenic exposed 

population in Inner Mongolia to know the e旺icacyof folic acid supplementation on arsenic-inducted 

DN A d oxidative damage. 

Methods: In this randomized c1inical trial (RCT)， a total of 450 pa此lcipantswere enrol1ed and 

randomly assigned to 3 groups to receive folic acid (FA) O.4mg/day (Low FA)， 0.8 mg/day 

(High-FA) or placebo (Control) for 8 weeks. The urine ふhydroxy之ラ-deoxyguanosine(8・OHdG)and 

creatinine (Cr) concentration at pre- and post-FAS were measured with enzyme-linked 

immunosorbent assay (ELISA) kit and high-performance liquid chromatography (HPLC)， 

respectively. A multivariate generallinear model (GLM) was applied to assess the individual effects 

of FA and the joint effects between FA and hypercholesterolemia on oxidative damage improvements. 

This clinical trial was registered with ClinicalTrials.gov， number NCT02235948. 

Results: Compared with placebo， after adjusted for some potential confounding factors， the urinary 

8-0HdG/Cr concentration significantly decreased after 56 days FAS in a dose-response 

fashion(P<O.OO 1). A joint effect between hypercholesterolemia and FAS on urinary 8-0HdG/Cr 

reduction was also observed (P=O.OO 1). 

Conclusions: The present study demonstrates that FAS is beneficial for DNA oxidative darnage 

repair. People with hypercholesterolemia might have better effects on the improvement of DNA 

lesion. 
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1. INTRODUCTION 

Oxidat1ve damage 1S a m司α・contributo1'to many health 

problems such as diabetes， atheroscIerosis andωncers 

(Valavanidis et alラ 2009).Ifle立unrepairedヲ由isdamage can 

result in severely adverse cellular outcomes， inc1uding 

mα'easingly risk of mutagenesis and cell apoptosis (Sampa出

et al， 2014). Compelling evidences suppαi that oxidative 

damage is mainly induced bY1'eactive oxygen species (ROS)ラ

such as hydrogen peroxide今 superoxideanion， sing1et 

oxygen and hydroxyl 1叫 ical、whichωn be produced 

through normal cellular metabolism or induced by a wide 

r組 geof enviromnental factors (Wu et al， 2004; Cool∞et al， 

2003， Madamanchi et al， 2005; Cheng et aI2012). 

Over血epast several decades， it has been recognized血at

ROS can directly 01' indirectly damage cellular DNA and 

protein (Flo1'a et alラ 2007).判官 hyd1'oxylradicalラ am勾ω・
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component of ROS， is g釦 erallyassumed to be the critical 

r白 ctivespecies由atclirectly attacks DNA. The interaction of 

the hydroxyl radical wi血血enucleases of由eDNAs仕組dラ

such as guanineラl伺 dsto the fonnation of 8-hydroxyguanine 

01' 8-hydroxy-2'-deoxyguanosine (8-0HdG) (Kasai et alラ

1997). Because 8・OHdGis血ePI吋 om血antfOlm of ROS 

induced DNA oxidative lesions， mainly released in urine and 

very stableラ thedetennination釦 dquanti阻.tiveana1ysis of 

urinary 8-0HdG has become a pivotal marker for measuring 

the e自己ctof oxidative damage to DN A and widely been 

considered as an independent risk factor for many diseases 

including cancers (Qin et al， 2008; Ock et al， 2012; Fu et al， 

2010). 

Oxidative DNA damage， if not been reversed白血neラmay

r岱 ultin mutations generated during replicationラ ce11death or 

senescenceヲ oralte1'ed transcription of genes important to 

cellular function (Sampath et alラ2014).百1US，it is important 

to seek effective interventions to unregulate血erepair 

mechanisms that 1'everse ROS mediated damages. Although 

specific improvement for DNA oxidative damage is limited， 

experimental studies suggested that some vitamins， cysteine 

and me血ioninemay have ameliorative e伍ωcyon血c

reversal of oxidative s仕蹴(Nandiet aI， 2005). Among themラ

folic acid (FA) is組出sentialwater-soluble vitamin租 da

key co也ctorin one-carbon metabolism that can regulate 

manydi能r叩 tpathways such as cell growth， di能rentiation，

DNA-repair， apoptosis and carcinogenesis prevention 

(Tmjillo et a1ラ 2006).Although oxidative s住岱sand血erole 

of FA in preventing oxidative stress-mediated damage have 

been extensively s加diedin animals (Lee et al， 2011)， limited 

studies 出.eavailable for 血e influence of folic acid 

forti自cationon the oxidative su・ess-induceddamage in 

human beings. Tn the p1'esent study， we use the data fi.om a 

randomized clinical仕ial“E伍ωcyand Safety of Folic Acid 

Supplementation Lowering Arsenic in a Chronic， Low-level 

Exposed Arsenic Population: a Randomized， Double-blindラ

Placebo Conu.olled Clinical T1'ial (NCT02235948)" to assess 

血ee伍cacyof orally administered folic acid for 56 days on 

DNA oxidative damage repair. 

2. MATERIALS AND METHODS 

2.1 Study Subjec臼

The pr岱 entstudy was canied out between Septembe1' 

2010 and De∞m be1' 2011 in a populatton of 3 arsenic 

exposed vi11ages stratified and randomly selected， based on 

出eresults of average arsenic concen佐ationtests血血epast 

two decades in Wuyuan county of Hetao Plainラ Tnner

Mongolia， China. Of 653 total residents in the above three 

villagesラ 450(male 169; female 281) residents， at age of 

18羽 y回 rs， were recmited for 也is 白lic acid 

supplementation s印dy，203 were excluded because of not 

meeting由einclusion criteria (n=196) or re白singto 

participate (n=7). In addition， subjec臼 whowere planning to 

become p1'egnant during the study 01' planned to move out of 

the訂eawithin the study period were also excluded.百le

protocol was approved by the ethics committee of Wenzhou 

Medical Unive1'sityラ Wenzhouラ ChinaThe pu1'pose and 

procedure of血estudy were carefully expl泊nedto all 

participants. We got written infonned consent企oma11 of吐le

pa1'ticipants before we began studY-1'elated procedur出 .
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2.2 Study design 

百1e study is des取leda randomized， double-blindラ

placebo-controlled， paralleトgroup，clinical tria1. 

Randomization， Masking and intervention 
A食er infOlmed consent， we randomly assigned血c

eligible subjects in a 1 : 1 : 1 ratio according to the 

I加 domization schedule generated by an unmasked 

statistician to one of出reegroups: 0.4 mg (Low-FA)， 0.8 mg 

(High-FA) folic acid per day or placebo. To achieve a good 

balance 剖nong the three groups， permuted block 

randomization with a block size randomly selected as six 

was perfonned using R version 3.1.0 (Copyright 2011由eR

Foundation fo1' Statistical Computing). This statistician came 

fi.om Wenオ10UM吋iω1University and was independent of 

study conduct and data analysis， and supplied to an 

independent GMP-certified Chang-Zhou Pharma，∞utical 

Company. Supplements were given as 2 pi11s to be orally 

回kenonce daily for 8 w∞ks and were provided企∞ of

cha1'ge. AII pi1ls including di能:rentdoses of folic acid or 

placebo were made indistinguishable by extemal color and 

appe出..an∞， labe11ed the identification number of each 

subject and disttibuted to the自eldstudy site by the 

phannacy. The allocation of patticipants was encrypted， sent 

to the field study site and accessible only to the staff in 

charge of the企ugdist:ribution. Participants and the study 

sta能 weremasked to the assignment all through t:he study 

duration.白1the 1st: day of由eFAS periodラ u.aineds加g

a11∞at:ed the pills to血esubject:s to eat according to血C

identification number. No request was ever made to br伺 k

the blind during the study. 

Data collection 

All of the eligible subjects were followed for a total of 8 

weeks. Face-tか白ceinterviews were conduct:ed at baseline， 

and in the 4th and 8th week ofthe st:udy. The subjects were 

asked not: to change their daily dietat.y habits and not to take 

any B vitamins or any other medications 叶lichmight a能 ct

血esemm folat:e level during血efollowing 8 weeks. 

Physical examination for all subjects at baseline and again at 

the end of the study (the 56由 day of folic acid 

supplementation) was conduct:ed by physicians fi.om 

Wenzhou Medical University and Wuyuan CDC. All 



subjects were askedωfast ovemight for 10-12 hours before 

血eexamination. A well-organized epidemiological slU"vey 

was conducted by凶 inedres回 rchstaff according to the 

standard operating procedure (SOP) on the自rstmoming of 

the study. Each subject was interviewed with a standardized 

questionnaire designed sp∞i宣ωllyfor仕1estudy.αlronic 

arsenic exposure infonnation was obtained from the subjects' 

self-reporting including history and type of dri出 ingwater. 

Body mass index (BMI) was calculated a泊s weigl偵1t

(1作似kilogt

(BP町)in a11 su止h刈l~埼1サje∞ct臼s wa伯sme伺asu凶lredwith the same旬pμeof 

01臼'cu凹Iγcolumns叩phygtηomanomete町rbetween 8:沿00ι-1凶0:沿00

a.01. All of the examinations such as weight， height， seated 

BP were measured出reetimes by吐lesame research staff at 

each time point and the m伺 nvalues were used in the data 

analysis. Measures were taken to perform qua1ity assurance 

(QA) and quality conti'ol (QC) dming the study. All 

investigators and physicians had been trained f01" two weeks 

before the study commenced. All data col1ected from自eld

studies， physical examinations and laboratory assessments 

had to su・ictlyfollow the project SOP. 

Tl首位lentcompliance evaluation (the percentage of 

participants following the study pr∞edure) was pertenmed 

in week 4 and 8.“Lost to follow-up" was defined as subjects 

who had not completed the entire study procedure. Finally， 

we exc1uded 12 participants with O1issing values on any of 

the ∞，variates and， thusヲobtaineda final study sa01ple of 438 

subjects (96.9%)，祖dwe analyzed a11 available data on 

baseline and 56 days later. 

Covariates 

After 10-12 hours of fasting今 8ml venous blood sample 

was obtained 骨om each subject with tubes containing 

ethylene-diaminetetra-acetic acid (EDTA) for plasmaラ or

tubes without EDTA for serum at baseline and on the 56th 

day of the study. They were separated wi血出 30minutes and 

analyzed or stored at・860Cin a fi'eezer. Blood samples were 

collected for the assessment of serum lipids including total 

cholesterol (TC)， high-d∞sity lipoprotein 仔IDL) and 

u'iacylglycerols (TG)， creatinine (Cr)， serum町 eamむ・ogen

(BUN)， alanine aminotransferase (ALT)， aspartate 

ammo凶 nsferase(AST)ヲ plasmatotal homocysteine (t-Hcy) 

and selum fo1ic acid (FA) concentration. Fastlng plasma 

glucose (FPG) was measured wi白血 30minutes. Alloぱf仕血lese

tests we白repe印rfor01edin the laboα~.沼割a叫toαry ofW町L

1山Lお凶弓引叩i訂ingstandard r伺 gent白sand an au団I政toma抗ticb刷ioch児悶e剖mη1is舘t廿ry

analy戸ze加e白町r.Low-d化ens討i匂旬Tlipoprotein (LDL) was ca1culated by 

Friedewald's equation (LDL=TC-HDL-TG/2.2). 

2.3 Urine 8-0HdG/Cr analyses 

A total of 20 ml urine samples 企omeach subject were 

also collected twice， at baseline (pre醐 supplementation)and 

on仕lemoming of the 56血day(post -supplementation) at由c

same time-point as blood sample col1ection. These were put 

in a OOC ice box promptly， separated wi血in30 minutes and 

stored at・86
0

C 血 a企eezeruntil也eywere sent to血c

centrallaboratory ofWenzhou Mediω1 Un iversity packed in 

dry ice. An enzyme-linked immunosorbent assay (ELISA) 

k抗wasused (ImmunかBiologicalLaboratories Co.， Ltd.ラ

Gelmanny) for the deter01ination of 8・OHdGin Uline by 

well-trained technicians白血ecen仕allaboratory. Urine 

creatinine was detennined wi由 high-performanceliquid 

chromatography (HPLC) by the same technician in the same 

lab. Each sample was paral1el measured three times at the 

same time point. Urine creatinine was applied to adjust for 

the bias induced by other factors in the urine. The level of 

8-0HdG in mine was expressed as nanograms per milligram 

creatinine and as 血e:fina1 outcome. 百le inu-a・ and

inter-assay coefficients of variation were 3.4% and 4.1 %， 

1'espectively. 

2.4 Statistical analysi~ 

Epidata (version 3.1， Denmark) was used to set up a 

dataset and conduct the douhle data entry. A 

Kolmogorov-Smirnov test was applied to ass邸 sthe 

nonnality of data distr曲目ionbefore statistical analysis. 

Because urine 8・OHdG/Crlevel at baseline and the end of 

the study were positively skewedラnatura110g-transformation

was selected to increase the n01malization ofthe disu均ution.

One-wayanalysis ofvat泊ncefo1' continuous variables and a 

chi-square test fo1' categorical variables were applied to 

compare the subjec臼 charactelistics血 thesethree groups. 

Generalized linear mixed models we1'e applied to compare 

changes in 8-0HdG/Cr in response to folic acid 

supplementation， wi血血eadjustment of con'esponding 

baseline levelsラ ageラ gender，B恥11ラ dUl-atlon of arsenic 

exposureラanddietary habits. AI1 tests were two-sided and P 

ミ0.05was set as血esigni:ficant level. Data management 

and a11 statistica1 analyses were perfOlmed using R version 

3.10 (Copyright 2014 the R Foundation fo1' Statistical 

Computing) and自gureswas drawn by Sigt11aplot 12.5 for 

Wmdows (SYSTAT Software Inc.ラRichmondラ CA，USA). 

We calculated the sample size of 132 participants per 

group with the assumption of a mean change of Urinary 

8-0HdG/Cr among the three groups fo1' 0.00ラ1.00and 2.50 

ng/mg after 8 weeks intervention wIth placebo α・placeboラ

Low-FA 01' 回出回FA祖 dstandard deviation (SD) 3.00 

ng/mg， which provided 90% power to detect the differences 

with one-way analysis of vm;ance wIth a two-sided type T 

erro1' ofO.05. We added additional10% more participants fo1' 

each group in view ofthe possible 10st dlll'ing也efo11ow-up. 

Finally， we 1'ecruited 450 subjects (150 pe1' group) to conduct 

this study.百1istrial was registered with ClinicalTrials.gov， 

nmnbe1' NCT02235948. 
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3. RESULTS 

Characteristics of the study subjec白

A total of 438 of 450 participants completed the follow-up 

(Table 1)， 12 people lost because of not s仕ictlyfollowing the 

protocol (n=4)ぽ lostto follow up (n=8).百lemean (士SD)

age was 49.71土12.36ye紅 s，and men c∞stituted 37.56% 

(169/450) of也esample. More血組 halfof仕lemhad no 

histぽyof smoking or alcohol con叩 mptionand 80% of也e

subjects normally cooked using animal oil which is a quite 

common戸acticein白rming白m出esin Inn町Mongolia， and 

p∞ple wi也 highblood cholest町01levels were also 

identi宣ed.

Table 1.αlaracteristics of study subjects 

Characteristics ~~a~e~ ~".:-~~回gh-FA
-~・ N=150 N=145 N=143 

51.58土11.53 48.90土12.48 48.66士12.90 0.075 
。具576

Age inyears 
Gender 

Male 5兜8(38.η58吹(4判0.0的) 4相9(σ34.3
Fe巴mal阻凶鴎凶le 9見2(仰6“1.3勾) 8幻7(仰6ωO.ω州.β.0)的) 9舛4(仰6白5.フ7η) 

B勘0<1)骨rma邸s岱s血凶de既又 2お3.8剖O(ω22.0ω0，24.50(22.30，26 24.60(22.30， 
kglm2 26.20) .40) 26.90) 
Smoking 

Never 
Yes 
Missing 

Alcohol 
consumptIon 

Never 
Yes 
Missing 

Oc叩伊iion

0.207 

0.142 
85(56.7) 
62(41.3) 
3ρ.0) 

95(65.5) 
49(33.8) 
1(0.η 

95(66.4) 
43(30.1) 
5(3.5 

0.169 

93(62.0) 
54(36.0) 
3(2.0) 

101(69.7) 
42(29.0) 
2(1.4) 

101(70.6) 
36(25.2) 
6(4.2) 

0.559 
Far宜lers
O也巴:rs
Missing 

Edu伺 tionlevel
I血tera句r

P血nruy
school 
Middle 
school or 
above 
Missing 

Race/e白血city
Han 
O也ers
Missing 

Marriage 

140(93.3) 
7(4.7) 
3(2.0) 

30(20.0) 
53(35.3) 

63(42.0) 

35(24.5) 
37(25.9) 

66(46.2) 

130(89.7) 
11σ6) 
4ο.8) 

125(87.4) 
13(9.1) 
5(3.5) 

0.368 
31(21.4) 
52(35.9) 

61(42.1) 

4(2.7) 

147(98.0) 
1(0.7) 
2(1.3) 

1(0.7) 

139(95.9) 
5(3.4) 
1(0.7) 

5(3.5) 

133(93.0) 
5(3.5) 
5(3.5) 

0.153 

0.596 
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μmol止 44) 3η 
Triglycerides， 1.44(1.04，2. 1.48(1.05，2.13) 1.45(1.09，2. 0.765 
μmo此 22) 12) 
High-density 1.17(0.97，1. 1.08(0.90，1.25) 1.14(0.95，1. 0.055 
lipoproteinヲ

μmo此
Low-density 3.08ρ.64，3. 3.02(2.60，3.46) 3.02(2.49，3. 0.772 
lipoprotein， 54) 59) 
μmo此
Blood Url伺 6.47(5.02，7.5.98(4.90，7.50) 6.42(4.96，8. 0.321 
血位ogen，μmollL 91) 10) 
Cr，伺出ine， 90.14(77.00， 90.76(79.77，10 89.38(79.40， 0.970 
μmollL 107.48) 4.82) 102.20) 
Hypercholesterole 0.135 
rma 

No 121(80.η 129(89.0) 118(82.5) 
Yes 19(12.7) 9(6.2) 11σ.η 
Missing 10(6.7) 7(4.8) 14(9.8) 

Skindamage 0.252 
No 62(41.3) 63(43.4) 55(38.5) 
Yes 86(57.3) 81(55.9) 82(57.3) 
Missing 2(1.3) 1(0}) 6(4.2) 

Drinaη'8心HdG/Crlevel in three groups 

Table 2 show也emedian and geome仕icmean value of 

ぽ血ぽy8・OHdGlevels of血eはudypop叫ati∞beforeand 

after吐lefolic acid supplement.百leconω:n回世onofurinぽy

払OHdG/Crat baseline w町enot significant diffi町entamong

3 groups (p-value = 0.190)， but after 56 days血eur恒ary

8・OHdG/Crwas decreased白血e由reegroups. 百le

geome仕icm伺 n(胡nιlogSD) at baseline for the above 

由r閃 groupsw町e60.89士1.62ng/mg， 55.48士1.74ng/mg and 

55.81:1:1.72 ng/mg， respectively. While at也e56血 day，百le

geom位 icm回 n(士姐ti-logSD) were 60.82:1:1.63 ng/mg for 

the placebo group， 54.27:1:1.77 ng/mg for the Low-FA group 

and 52.40士1.78ng/mg for the 四位-FAgroup， resp配 tively.

There is a si伊国ωnt di自己:rence of吐le change of 

8・OHdG/Cramong the placebo， low-FA and high-FA groups， 

which wぽe0.00土3.28ng/mg，・1.01:1:2.96ng/mg and 

・2.80士3.10ng/mg， r凶:pectively(p-value <0.001). 

The change面 urinaη，8・OHdGlevels with folic acid 

supplemen臼tion

A multivariate genぽalizedline訂 regressionmodel is 

underg∞e toぉS白 S血erelationship between the change of 

urinary 8・OHdG/Cr姐 dあlicacid. A食eradjus位19也e

confounding factors including the baseline urinary 

8・OHdG/Cr，ei也ぽ supplemen旬tionwi血 0.4ぽ 0.8mg/day 

folic acid produced a si，伊ifiωntdeぽ伺sein 8・OHdGlevels 

(p-value = 0.020 for O.4mg and p-value < 0.001 for 0.8mg 

group)， compar吋 withplacebo group (Table 3). Moreoveζa 

dose-response relationship between the dose of folic acid 

and也edecr伺 seof urinary 8・OHdG/Crwas shown by 

multivariate generalized lin伺 rregression model (仕留ldtest 

p-value < 0.001). fu addition，血eaverage reduction of 

urinary 8・OHdG/Cr血 subjectswi血 hypercholesterolemia

forti宣edwi也 folicacid indicate 0.96ng/mg也atismore也m

those wi血normalblood cholesterol， but smal1 sample size 

induced a low power to identify也edifference (p-value = 
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0.175). 

Table 2. Comparison of8・OHdG/Cr組 d血echange during folic acid supplementation among血e血ree

仕ea凶 e凶 groups

Low-FA 
P 

臥

3

・
伊
川
廿

回

持

Plωebo 
8・OHdG/Cr(nglmg) 

N=145 

Baseline 

Median(Ql・Q3)

Geometric mean ~ 56也 day

Median(Ql・Q3)

Geometric mean ~ 

8・OHdG/Crchange 

0.237 

0.190 

0.041 

54.73(39.58，76.63) 

55.81土1.72

50.65(37.64，76.17)牢

52.40土1.78*

-2.80士3.10料“

53.51(38.97，72.74) 

55.48土1.74

51.73(38.20，71.30)申

54.27土1.77*

-1.01士2.96**

N=150 

58.19(43.90，82.2め

60.89土1.62

57.77(44.35，81.33) 

60.82土1.63 0.049 

<0.001 -0.00土3.28

Table 3.百lechange of urinary 8・OHdG/Crwi血folicacid supplementation and blood cholesterollevels 
8-0HdG/Cr Crude Adiusted 
Change三宮θ5%CI) SE P /31θ5%CI) SE P 

0.020 
く0.001
<0.001 

Ref 
0.38 

0.38 

Ref 
・0.88(・1.62，-0.14)
・2.68(・3.42，-1.94)

0.006 
<0.001 
<0.001 

Ref 
0.36 
0.36 

Ref 
・1.00←1.71，-0.29)
・2.80(・3.51，・2.09)

0.00土3.28
-1.01土2.96
-2.80土3.10

N 

150 
145 
143 

<0.001 
Ref 
0.34 

Ref 
・1.76(・2.43，-1.09)<0.001 

Ref 
0.32 

Ref 
・1.90(-2.53，-1.2η

0.00士3.28
-1.90土3.16

150 
288 

Ref Ref ---- Ref Ref 
・0.83(・2.26，0.60) 0.73 0.258 ・0.96(・2.35，0.43) 0.71 0.175 

Furthermore， compared to the subjects wi也nofolic acid 

supplementation and wi血 normalblood cholesterol levels， 

也ereduction in urinary 8・OHdG/Crlevels was 0.14土0.79，

1.67土0.36and 2.66土0.77ng/mg in subjects who did not take 

folic acid but had Hyp町cholesterolemia， and subjects who 

took folic acid but had nαmal cholesterol levels， as well as 

subjects wi也 hypercholesterolemia and folic acid 

supplementation， respectively (Table 4).百leinterest曲lding

白血at也町eis jointly e飴 ctωreductionof田inary

8・OHdG/Crbetween folic acid supplement杭ionand blood 

cholesterol in the pr出回tstudyσigure 4). 

-1.71土3.14
-2.54:!:3.36 

247 
20 

Group 
Placebo 
Low FA 
High_FA 
Trend test 

Group 
Pla∞bo 
Folic acid 
supplementation 

Hypercholesterolemia c 

No 
Yes 

Variable 

J oint effect between folic acid and blood cholesterol 

level on the reduc姐onof町 inaη8・OHdG/Cr

To clear血eimpact of blood cholesterol level on也e

e血ωcy of FAS in urin:紅y 8・OHdG/Cr reduction， 

sub-analysis was conducted stratified by subjects' blood 

cholesterol level. Subjects wi血 eith町 normal blood 

cholesterol level or hyper-cholesterol bo血 showed

signi宣cant reduction of 品OHdG/Cr a:fter folic acid 

supplementation and a dose-response relationship between 

intake folic acid and urinary 8・OHdG/Crhas been shown 

σigure 1). 
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Figure 4. Joint effect of folic acid supplementation and 

Hypercholesterolemia on reduction of国主lary8・OHdG/Cr.
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Figure 1. Comparison of 8・OHdG/Crreduction among也e

three groups s仕atifiedby blood cholesterollevel. 
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Table 4.官官effectoffolic acid an_g_blood ch()_lesterollevels on the reduction ofurinary 8-0HdG/Cr. 
Intake Hyper- 8・OHdG/Cr o官!de :MI2凶 ted

Folic acid cholestα・0]
n 

ChangeC 
旦

No No 121 0.03土3.30 Ref 
No Yes 19 同0.02土3.03 -0.06(-1.59，1.4 7) 
Yes No 247 -1.71土3.14 -1. 75(・2.44，-1.06)
Yes Yes 20 -2.54土3.36 -2.57(-4.08，-1.06) 

4. DISCUSSION 

The present study demonstrates血atfolic acid is 

efficacious for decreased urinary 8・・OHdG/Cr in 

population with long圃termexposure to low levels of 

arsenicラ組dhigh cholesterol might also inf1uence血c

efficacy ofFAS. 

8・OHdG is excreted throuσh urine without 。
metabolizing any further and its urinary appearance 

retlects oxidative DNA leslon and its repair (Wu et al， 

2004; Loft et al今 1998).Due to easy to be detected， 

8・OHdG has been widely accepted as由especific 

biomarker of the "whole body" oxidative DNA damage 

and the cel1ular oxidative stress (Rebelo et al， 2004). 

As an antioxidant and a key cofactor in one-carbon 

metabolism， folate is the major conu曲utor of 

S同 adenosylmethionine (SAM)， which is the primary 

intracellular methyl donor (Hal1 et al， 2009). Folate 

binding protein mediated intracellular folate uptake is one 

possible route by which cells harvest folate cofactors and 

supplementation wi白色licacidう thesynthetic fonn of 

folateラ asa major source of methyl groups fol' SAM 

synthesis (Rogers et al， 2007).恥feanwhileヲ accordingto 

extensive studies in animal models， DNA methylation 

also plays a key role in repairing oxidative stress 

mediated DNA lesions. As the m勾ormethyl donor， SAM 

is critical in DNA methylation. It is well known that 

homocysteine (Hcy) and 子Methyltetrahydrofolateare 

two major substrates to produce SAM， and folate can 

maintain its nomlal concentration because of its role in 

methionine metabolism (Kolling et al， 2011). Increasing 

evidences suggests that folate deficiency will lead to 

hyper-homocysteinemia (HHcy) and largely intluence 

DNA synthesis and repair (Rogers et al， 2007; Devi et al， 

2012; Kolling et alラ 2011).It may decrease DNA stability 

and increase the risk of malimant transformation. either 
Q 

by disrupting DNA methylation or petturbing the 

nucleotide poolラ negativelyaltering DN A synthesis and 

repairラ leading to altered gene transcription and 

proto-oncogene expression (Bae et al， 2014). FurthenTIore， 

independent of Hcy lowering effects， other studies find 

that folate may have protective effeds through 

:fi'ee-radical scavenging activity (Nakano et al， 2001)組 d

endothelial dysfunction improving (Verhaar et al， 1998). 

Lee (Lee et alラ 2011)日rstlyreports that exogenous 
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SE P E SE P 
Ref Ref Ref 
0.78 0.943 -O.l4(ー1.69，1.41) 0.79 0.863 
0.35 <0.001 同 1.67(・2.38，-0.96) 0.36 く0.001
0.77 0.001 .._~.(j~-4 .17，-1.15) 0.77 0.001 

administration of folic acid is beneficial to reduce 

oxidative stress in ethanol-fed rats， an animal model of 

alcoholic liver disease. 

Arsenic is a well-known potent enviromnental 

oxidative stressor in a number of countries (Fu et al， 2010; 

Rodriguez et al， 2013). Inner Mongolia is one ofthe most 

serious water-caused arsenic exposure regions in China， 

with approx白nately 400ラ000 people obtaining their 

drinking water仕omprivate wells exposed to arsenic 

levels above 50μglL， and suffering various adverse health 

effects (Guo et al， 2007). Arsenic is metabolized in human 

beings mainly via methylation reactions， associated with 

one-carbon metabolism and SA恥1as the methyl donor 

(Brauner et al， 2014). Methylation of inorganic arsenic 

consumes a large amount of SAM， leads to HHcy， folate 

deficiency and oxidative sむ'essinduced DNA lesion. 

Long-tenn exposure to arsenlc associated with a lot of 

major chronic diseases such as diabetes and cancers. Our 

previous studies have also demonsu'ated that urinary 

8-0HdG concentration significantly positively correlates 

with chronic arsenic exposure in Inner Mongolia (F吋泊o

et al， 2005; Mao et al， 2010). DNA oxidative damage may 

be one of the most impOliant mechanisms in the 

pathogenesis of arsenic induced diseases. 

High cholesterol levels and oxidative stress play an 

important role in the pathologies of atherosclerosis. 

Dimitrova repOlis that high fat high cholesterol 

atherogenic (HFHC) diet leads to increased oxidative 

stress白血eliver and aαta (Dimiu'ova et al， 2010). 

Another study finds that high intake of saturated fatty 

acids (SFAs) is associated with high plasma 

concentrations of total Hcy (Berstad et al， 2007). In our 

study， there is high fat diet habit in subjects in Inner 

Mongolia雪 and9.51% ofthem have been found with high 

blood cholesterol by medical check. Base on 血c

cholesterol levels on homeostatic responses to folate 

perturbation (Kitam i et alラ 2008)we consider that 

cholesterol metabolism might intluence urinary 

8-0HdG/Cr levels by the effects of folate on cholesterol 

metabolism， and find the effect between folic acid and 

higher blood cholesterol fo1' reduced ur白血'y8・OHdG/Cr

levels in the s印dy.The findings imply that cholesterol 

metabolism might join an impact of folic acid on DNA 

oxidative damage repair. 


