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~~'Utl~tllj tltlflfl1 ~~ tllm~ 'WJJ j~~l ~~~~tllj D~ 1f1f1tll'l11j ~tlj~iDtllj~l'W 

tl'WlmVffj~ H~~m1:lJ~~IJ~~tlhfll11'1~H~~'l1 ~tl~~~tl~ '1 'W~ff~tlllJ 
q <u qJ CU q 

tljjj;'lm JJ1~~'11jjW, mruf11f ffd'WfI~llJ, ~~WljjW '1'Uff:lJ, 

~d~~ld 'I1''W'VI1f):lJ~, '1'V'ljjW '1'Utl1W 

1 jfl111 '1 ~H~~'l1 ~tl~~~tl~ ~d:lJ nD f11j i~f1 j 1~11~~ ~1 flf11jD~1f1f1 tll'l11j H~~ f11jtltlflf\'1~~ f111J 1~ IJftfl1:n '1 'W 

f)~ml1tl~1~UDDfI1f1~~'UdN !~un ~~~tll~~hJljn~mj:lJtltlflfh~~f11t'mJ1~ff:lJtl (SE, 17 f1'W) u~~~ 

tltlflfh~~f11t'Jtl~1~ffJ1~ff:lJtl (!lilYmJfl11 3 ';11:lJ~~tl~JJ~111) :lJ1U~d~~'Wnm !lilYtlt'Jfl11 1 11 (EE, 26 

f1'W) !!~~DflfI~11J'Yl1~1'W~ !liljn~mj:lJ tltlf)tl1~~f11lJffJ1m:lJtl (SY, 37 f1'W) !!~~~tltlf)tl1~~f11t'Jtl~1~
q 

ffJ1~ff:lJtl (EY, 12 f1'W) tllff1fflJfIj~~'lf'Wlifltllmj~i'DJJj~'VI1'W~~'Wnm 41'W ~1f)J'W'Yl1f11j~~1~~~tl~'1'W 
1'W ~ 5 'Yl1f11j1~flj1~11ff~~f1d1:lJ!!JJ jJJ j l'W!!DD'l1m 1J'VI1~1~IJ.w~ljW1'l1~ ,j1J~1'W f111:lJ'b'j1U~~~1'W f11j 

tltlf)tl1~~f111J f11ji,jIJ'V'lD11fi1m:lJ1W n:lJ'Utl~ff1j~1'Wtl'll1ql~Vffj~ '1 'W'V'lmff:lJ1 (TAS) !!~~'V'lmff:lJ11~1:lJ 

" ~" ;m~fl'W (tHey: i'b'i1jj~9f1 jmf"J'1 ~U~~'l1~tl~!~tl~) 'U'WtlQnmr~'l1'il,jt'Jfll1:lJ'b'jl!!~~f11jtltlf)tl1~~f111J 

'V'lD11fl~:lJ~~~tll~'il~ljfi1 TAS !!~~ tHey ~~fl11'1'Wfl~:lJ1t'J'Yl1~1'W u~~'1'Wfl~:lJ~~~m~~tltlf)tll~~f11lJlj 
<V " "" <V '" II] 0' ~ II] 'l .1 0' "" 'I '" 

j~~D TAS ~~m1fl'Q:lJ SE, EY !!~~ SY (p<0.001) !!~~m~~DW'W !9f:lJf)~~1!1i !tl'W~lJtljtltlf)9f!~ff !'W!:lJ~ 

!~tl~~~fl11fl~:lJ SY U~~ EY (p<0.05) '1'W'Uw~~~n~tll~~'U1~f11jtltlfltl1~~f11lJih~iD tHey ~~fl11fl~:lJ 
Q,Q.I ~ " .d.,1 ,::t QI Q.I ~Q.I Q.I ,::t 

EE, EY !!~~ SY (p<0.0l) ~1'Wl'ilIJ'W'V'lD1WI1 TAS 'VI~~'U'W:lJm1:lJff:lJ'V'l'W1if)D~'b''W:lJd~f111J (r = 0.337, P = 

0.002) ~tlt'J~~'Utl~:lJl~!'UlJ'W'1'W~l~tllt'J (r = 0.402, p= <0.0001) m:lJ1Wi~liJW~ViD~1f1f1 (r =0.231, p = 

" 0.026) U~~fi1 tHey ljm1:lJ~:lJ'l'f'WlrUDD~f)~'W'Utl~nDj~iD!~!~'W;~1~ 1JJ1JJj~'W'1'W'V'lmff:lJ1 (r = 

. ". 
0.269, P = 0.015) !li'V'lDtllj!JJ~IJ'WuJJ~~tl~1~ljtTt'J"hft1!'Utl~i'b'i19f1~f11j !n~tltlf);!~i'W'Utl~ !'UlJ'W 

<V "" "" "" 'I <V II] 0' ~ "" • 1 • 1 0' II] 0'"" "" 'I
(TBARS) j~~Dl~l:lJ'W9f !'W'V'l~lff:lJ1 !!~~j~~DW'W !9f:lJ~l'Wtl'll1ql~tlffj~~lJ!lJtljtltlfl !9f~~ff:lJl!'VIff!'W 

!~tl~ ~1'W i,jIJffjt1 !~11tlljtltlfltl1~~ tlllJtl~l~ ffJ1! ff:lJtllj ril'WGjhm~:lJj ~iD tllj'fflj ~1'W tl'W:lJ~Vffj~ !!~~ 
q q OJ 
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Project title Effects of regular physical exercise and dietary intake on antioxidant 

status and cardiovascular risk in elderly 

Name of investigators Attakorn Palasuwan, Kornnika Suanklay, Daroonwan Suksom, 

Duangdao Nantakomol, Suphan Soogarun 

Year July 2011 

Abstract 

The decline metabolic function in elderly increases risk of oxidative stress, leading to 

cardiovascular diseases. Adequate physical activity and well-balance diet would help to 

reduce the risks. This study aimed to compare antioxidant status and risk of cardiovascular 

diseases associate with dietary intake and regular exercise effects. A cross-sectional study was 

conducted in sedentary elderly (SE, n=17), exercising elderly (EE, n=26) who had exercise 

activity at least 3 hours/week for a year, sedentary young (SY, n=37) and exercising young 

(EY, n=12). All participants completed 4-day dietary intake records. Blood was collected on 

day 5. Factorial ANOV A tests were done regarding to aging and exercising factors. We found 

that total antioxidant status (TAS) and homocysteine (tHcy) in plasma were significantly and 

independently depended on elderly and exercise status. Elderly group had higher TAS and 

tHcy, compared to young group (p<0.01). EE had higher TAS compared to SE, EY and SY 

(p<0.001), and higher erythrocyte glutathione peroxidase activity compared to SY UCl~ EY 

(p<0.05). SE had higher tHcy compared to EE, EY and SY (p<0.0l). We evidenced that TAS 

was related to body mass index (r = 0.337, p = 0.002), % body fat mass (r = 0.402, p= 

<0.0001), vitamin C intake (r =0.231, p = 0.026), while tHcy was related to the decrease of 

plasma HDL concentration (r = -0.269, P = 0.015). No differences were shown on lipid 

peroxidation marker (TBARS), plasma ascobate, erythrocyte superoxide dismutase activity. 

We suggest that regular exercise would help to increase antioxidant protection status and 

decrease the risk of cardiovascular diseases in elderly. 

Keywords: physical exercise, dietary intake, elderly, antioxidant, homocysteine 
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'" 0fll'W'Vl 1 fll'.i'Vll'll'W'Utl'l Antioxidant 5 

fll'W~ 2 im'lbY~l'l hm'H:J"'Utl'l Malondialdehyde 6 

'" "" fll'W'Vl 3 UbYf'l'lfll'.iAfWl Lipid peroxidation 6 

fll'W~ 4 im'lbY~l'l ill mfJ ,,'Utl'l Malondialdehyde 6 

fll'W~ 5 iJBmVl'Utl'l Superoxide dismutase 6 

fll'W~ 6 fll'.i'l'11'l1'W ~ l11n'W 'U tl'lAtl'W i 9f11'1 'Wfll'.irll,)f'l tl'4lqJ"U bY'.i::: '1 'W ~ l'lfllV 7 

fll'W~ 7 iflHbY~l'l'Utl'l L-ascorbic acid 8 

"j i ~ 
fll'W'Vl 8 flHbY'.il'l'Utl'l Homocysteine 8 

'" "" fll'W'Vl 9 UbYf'l'lAlll'll'Utl"bYll'Utl'l Homocysteine 9 

.Q oGj9J Q I 

fll'W'Vl 10 UbYf'l'lflll::: oxidative stress 'Vll !mflf'lfll'.iUfl 10 

fll'W~ 11 mlTIubYf'l'l'.i:::i'U'Utl'lmmW'.il11'Utl'lbYl'.i~l'Wtl'4lqJ"UbY'.i:::l'W'WmbYm 28 

fll'W~ 12 mlTIubYf'l'l'.i:::i'UbYl'.i iBill9fml'l~'W'1'W'WmbYm 28 

'" <VA'YW'Ufl'U % Body fat mass 

fll'W~ 15 Scattergram UbYf'l'l'.i~i'UmmW'.il11'Utl'lbY1'.i~l'Wtl'4lqJ"UbY'.i::: 

A'l1v'Un'Ummw11'l1lJ'W ~ ~'U~ iflflA.ul iiJ 

29 

30 

fll'W~ 16 Scattergram UbYf'l'l'.i:::i'UbYl'.i iB ill9fbYAl'lfl'W (tHey) 

Al1v'Un'U'.i:::i'U HDL i'W'WmbYm 30 
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o 

1Jfl'Wl 

g/ g/ '1'1'" 
fl11lJf11TI1'Wl'V11'lI'VIfl !'W !M 

'Vi\l~m'jlJf11'HltJf1f11~'lf11t1'IJ~'l ~mrYtl1 'Wliifl'l111tY 1'lf'W f11 'l1'VI'VilJ'I11'Wf1'j (Dajpratham and 

Chadchavalpanichaya 2007) 1~w'VilrhiJ ~~mrYtl1 'W f11 'l1'VI'Vi"lltJ'W \11'W 1'WlJ1f1'UWI f11'j flflf1f11~'lf11t1mi1'l 
~ 3J.d.C!.Q 0 (V ~ 0 d.:::t ~ 0 Q.I .:::t 

b1'lJ1lfflJfl U(l!::~'VIlJf1 'i1m 'j lJfl~f1f11~Nf11t1fflJ1lfflJfl'i11'W 1'WlJ1f1f1lJ'Vi\l~ m 'j lJf11'j flflf1f11 (l'lf11t1l'Vitl'l 1-2 

flf'l~ ~ ffU~ 1111 'Vi 1J'W ~1 til11 ~.N(l ~11 iliiJl1f:lll!(l!::'U 1~ fl11lJ rl~ tl1f1tJ f11 'j fl flf1 f11 ~'l f1 lt1~ t;) f1~~'l 
~ ~ 

(Dajpratham and Chadchavalpanichaya 2007; TNSO 2008) ItJ'W~'VI'jltJf1'W~1iU11f11'j'U1~f11'jfl~f1f11~'l 

f11t1 (Physical inactivity) iJfl11lJ~mr'W~f1tJfll1!::fl11lJl~tJtbtl f11'jlfi~ hflllf:l!::fll1:::~1'l"l 1'lf'W fll1!::fl11lJ 

fl'Wl~fl~~'l fll1!::i'Ul1''W1'WI~fl~~'l llf:l!:: hm111'i1llf:l:::11(l~~I~~~ (American College of Sports Medicine 

1998) 'j1lJ~'liJmllJl~fllJ1 'W 'j !::fltJlC)f(lrl'11~flllJl(l f1f:l~'lI~tl1.,j~'lf1tJfl11lJ ilifflJ~f:l1 'W f11'j f11;i~~'WlJf:lflff'j!::
q q q 'U 

~1'l"l (reactive free radicals) ~1.,jllJ1~~ 1'l f11t1~'lff1t.i1'1'11'If)~f11'jiJmJlJ(l flff'j :::lJ1f1lf)'W f111~~ 1'lf11t1'i1:::f11;i~
~ .~ 

i~ -ff'lN(l '1 'I1'1f)~fl'WlJf:l flff'j!::If)'W fflJ~f:l11~ ~i1t1f1111f)~fll1!::~~f1;I~.yjvl b1'l~ 'j ff (oxidative stress) (Hannan . .~ 

1956) 'VitJ11~~'Ul~f11'j flflf1f11~'lf11t1iJfl11lJl~'tI'l~~f11'j If)~flflf1;I~.yjvlb1'l~ 'j ffllf:l!:: 1 'jm-I11 'i1llf:l:::11(lfl~ 

l~fl~lJ1f1f1111Jflflf:l ''Witll~tl1f1'W~~flf1f11~'lf11f.mlll'lffJllfflJfl (Leung, et al. 2008) llf:l!::f11'jlf)~fll1!:: 
I ~ ~ ~ ~~ IGJ Q.I 

mm'W'i1!::tI'l~'l'U'W'I11f1~'Wtm~ !'W1t1~'lm~ (Nied and Franklin 2002) 

.... g/"':o ~i1 '1 '" ... .d"':~11'i1~tJ'Wf1':llJu'j:::'1nm ~~ 'l m~I'VilJ 'i11'W 1'WlJ1f1'U'W1'W ~'l 'i11f1U'j!::'lflm ! f:lf1lJm~'U tJm (ltll'VilJ'U'Wl!(l::: 

5~'jlf11'jlf)~~1 hf1(l~f:l'l .,jm.!(l'i11f1~'lf1'f11'j~'Wll1'tll(lf1 i~m~U1!::lJ1udl 1'WtJ fl.fl' . 2025 l(lf1'i1:::iJ 

u'j~'lflm~iJmtllJ1f1f1 "<h 60 tJ \11'W1tJ 800 ~l'WfltJ ll(l~ 2 1tJ 3 ItJ'WU'j~'lflm~flll'1'WU'j~I'VIfl'f11~'l..rWJ'W1. ~ 

" . 
(WHO 2002) 'i11f1N(lf11'jrll'j1'i1'U~..:jrll'Uml'Wff~~U'l1..:j'lfl~1'Wu'j~I'VIfl'i'VIti \11tJ1tJ 3 flf'l.yj~ltJlJ1 'VitJ11 

",.::to Q.I' 'j) .d. ~ I d ,~ 0 ... 1 
U'j:::I'VIfl' !'VItllJ'i11tJ 1'Wllf:l~ff~ ff1tJ'U~'l ~~ 'l m~I'VilJ'IJ'W ~tll'l'j 1~1'j111(l~~mtJ fl'l 'i11tJ 1tJlJ'j~'lflm~..:jm~ 
~ .d", ~ • 'O'I~ lit"': g/ 'I '0'1 ?I _I g/ 'I '0'1

11'j~U'j!::'lflm'VIlJm~~'ll!~ 60 lJ'UtJ !U IYllJ'illf1 1.5 m'Wf1tJ ItJlJ Yl.fl'. 2503 IlJtJlJ'j~lJ1m 7.4 m'Wfl'W l'WlJ 

'Vi .fl'. 2550 1l(l!::m~11'il!::llilJ~'l 17.7 ~l'Wfl'W'1'WtJ Yl .fl'. 2573 1~tIlrlm.yjtltJ~~-ff1tJ'Ufl'lU'j!::'lflmitlff'lmti.~ 

" 1tJiJ Yl.fl'. 2550 iJu'j~lJ1m 1 1'W 10 'U~..:ju'j!::'lflmi'VItl'Yi..:j11lJ~Il(l~m~U'j~lJ1mf1tJ11~~-ff1'Wfl'lf1~11'il!:: 

llilJltJtJ~'l 1 1tJ 4 flltl1tJiJ 'Vi.fl'. 2573 Uff~'li'l1'lli'W11 5~'jlf11'jllilJ'U~'lU'j~'lflm1'Witl~..:jm~i~llilJ~tJ 
itJ 5~ 'j 1~1~ 1f1 115~ 'j lf11 'j lli lJ 'U ~ 'l u1!::'lflm 1 ~ tJ'j 1lJ ~lINlJ lf1 'ill f1 f11 'j ~~~ -ff1tJ 'U fl'l ~ff 

~ 
'lmtl~llilJ~'W ~1I1'l 

~ . 
d 'Gt 'j,IQ.I & Q ~ Q.I I ... 1 Q.I , 

'j 1~ l'j 1 ff'l Nf:l !11 (l f11:l m!::f11 'jYl 'l'Vi 1'VI 1'llfl''j1:l~ f1'ill! f:l!:: f11 'j I f1 fl11~ 'W 'VI N ff'l fllJ 'j ~1111'llJ'j ~'lflm 1tJI'll 'l"l 

d lit e:j lit g/ ... • 11 g/ '" '1 g/ •• iI ~I '" 
IUM'Wl!U(l'lIU mtJ 1~'i11f1~~'jlff1'Wlf1~11~tJ~~'lm~ lJlltJ1 !'WlJf:l~f:l'l~tJl..:j~~ltJ~'l 'i11f1lJ Yl.fl'. 2537 lJ 

... • 11 g/ .... '0'1 ?I '0' 1 ~ 
~mlff1tJlf1~11t.JtJNff'lmtll'VI1f1tJ 9.3 lJ Yl.fl'. 2545 (l~(l'llJ1llJtJ 7.0 l!(l!::lJ 'Vi.fl' . 2550 (l~(l'llJ1m(lfl 6.3 

q 'U IU q 

- 1 



• • 

ff1rlJ~11h1~\1 'Hn~~WHl ~ 'lhi tl1h1 ~~~~\1~1m~~n~U~m1~!~mJf:l~vvf~'Yl1~:i l~f11VU"~~\Pl 'l'O!m~t~~m~ 
'" .% ~ ~ "" .%?I 0 "" '1 '" "" c:l ,'I ' ''' VhI V11lJ lfl~hI \'l11lH"" ~lJ f:l ~ tI tI~ lJ lJ lfl ~hI!LI hi"WllJ ! ~fll~flTJ !N'lfUJ 

u 
fllJ fl11~ f11 'j! 'OlJ Ll1 mm~ fll'J'lf1 m'Vi"~ 

"" 11] ~~ "" .% ,,,,,.,j dl """ '1' ~ 'l 
\Pl1W~ !~hI ~V"~lJlJlfl~hlml1t1~hI"l C)f~'Olfl{fl!'YI~~~flm1'O~{f~N"fl'j~'YllJ !~tI\Pl'j ~\Pl~fj\1~m~ hI~hll\'l\Pl 

flhl 'lm~)tl~N"~~mllJl1'hI\'l~~~~~~\'llJ 1~ tI'j 1lJ fl~11;;~ ~~'I'lhl1ml1~lhl 'O~~~~SlJfll'J~~{f~1m~lJlJlfl~hI 
<u )G ~ 1\1 

~ "" ''l ~, 'l 3J IV ~ ~ 'l d ~ 'j)d ''l IV 3J I0 QI'O~\Pl~~!{ftlm 'If'01V hlf11'j ~U" fj\1~1m'WlJ~hlU"~ hi 'Yl~~'Yl~~'Yl~~ hi 1t1'Yl NlhlU"~~\1~1t1'O~~~hJ~m'W 

v~hlu~vf~ 2 ~htlilJ{fllJl'jf:l!~~'Vihlhltihli~ (TNSO 2008; TNSO 2009) ~~\'llJi'Yltl~~~fll'J~hli1lJ~'ll1' 
" mllJrllrityUri~~~m~!'YI ~ TW 1~V~f11'jfi'l'Vi hI~!ilhlhl ltl1Jl m!"~lJl\Pl 'jf11'j~1~ "1 'Vi lUhl1'Yll~ 'lhi f11'jtl~!{f~lJ 

" . 
\'ltum'W9f1\Pl 'll1'lh~'lflfl'jfl~lJi1 t'W~{fllJl'jf:l~l'j ~9f1\Pl i ~mh~lJ\'l11lJ {f~.. . 
~{fm'W~\Pl 'l 'O~!1Ih1L.1~ U"~{fllJl'jf:l'YiTlh~ ltl'lftfuri~~\'llJ i~\PlllJfl\Plm'W 

'W lJ ";h~~~ ~ ltl~ \'l11lJ!*tI~ ~ ~ fl11~ ~~fl ~!~ViyJm\Pl 'j {f~! f1 ~ 'Olfll1'0 ~tI~ ~ ~1t1'1f'j1 (age-induced
<oJ <oJ • 

oxidative stress) 'O~tl~N" 'l,r!f1~~11l,J"fl{f'j~ ilhllJtilJ llJ!mJ"~~~fl'j~ij1\'l~fl\'l hh~hI U,,~ i~lYhi 'lhl!C)f"rl' 

l!rl'1tl~N" 'll1'!C)fml!~V{fm'W U"~\PllV,,~rimJ1t1flmn'j (Finkel and Holbrook 2000) 'Vilmf1~fl'j~lJ1h1f11~ 

!'YI~l~!ilhi ~lhl1h1lJlflnm'O'O~GJ5flt11 'll1'!f1~ h\'l~l~"l i~uri h\'l111'l'OU"~'Vi"~~!i'{~~ h\'lfl" iC)f!lJ~~ 
h\'l!lJl'Vi11hl u,,~ h\'llJ~!~ ~ !lIh1~hI (Jenner 1994; Knight 1995) 

'Wq~fl'j 'jlJf11'j lJ~ lfl\'lm'Vi l'j~ ilJ!'YIlJl~ ~lJn{fllJl'jf:lGJ5flt11 'll1'!f1~\'l11lJ ilJ~lJ~"~~~~11l,J"fl~'j~ 

!m~t~lJmllJt~tI~~~hm1'1 'l 'OU"~'Vi,,~~!i'{~~ i~!'lfhl tihl 'lhi 11 '0 ~'l1'hlJtlu'U'Um'Vil'j\Pl~1h1\Plmt"~1WJhI 'jj'j'jlJ 

f11'j 'l~9f1\Pl~{f~~1fl{f1JltllJlfl~hI i ~t'li'llJl~fl'Yl i'W,,~ ~tl'j ~'lflfl'j i'Yl V 'Wq~ fl'j 'jlJf11'j'U~ lfl\'l~fltls'U!tl~tlhI 
'0 lflm'Vil'j i'Yltl~fJ~lJ i tl~1t1~fl N"ilf U"~t\'li ~~t'Ylf( i tltllhlm'Vi 1'j 'lhit!hi 1\Pl~1h1 \Pl fl~fJ~lJ itl~1t1i~lYhi 

.! "" 0' , ~ ~ 11] 11] ~"" 'l • F- ,,;
!m~!hI~{f\Pl1 (Kosulwat 2002) Pongpaew et al. 'j1t1~1h111UlJ~~~m~ !'Yltl'O~ !~'j'Um'Vil'j hlLI'jlJltu'YllJlfl 

t'WV~'Wtl U~m1~f11'j~1~1\PlliJhl5~'W'Ui~hI~{f~mtl~ffmJ1 1~V~{f~mm'Wf("lf1V~~tI"~ 35 tm~!'Wf(mlJ~
I\J <u q IV 1\1 q u 

3J I d~ .ct ~ 'l ~ ~ I 'jJ

'j~tI"~ 13 ~~~fl'JlJ'YlMfl'I:J1lJm1~!"~~'01~ anemia (Pongpaew, et al. 1991) U,,~ hlf11'jf(fl'I:J1~hI'W'U11UlJ 

~ "" '1 ,,;"", ~ ~ 11] "" c:l ,'I '" .1 ~ "" 11] ~ 
N{f~mtl'O~lJm1~ !fI"lfhllf11'j'Yl~ U\Pl'j~tI"~ 71 ~~~N{f~mtl !'YltllJmf11'j!'O'ULl1t1 m'Yl Ll1~\PlllJ~tl lJ!~ cu cu q cu cu q 

i'li''Vi1~ ~m1lJ!\'l1t1~ U"~~'j~i'UJ1\Pll"U,,~i~lYhI'lhlti'{~~\1~ (Siriboon 1996) ~~mf11'jm~l~'W'Ui~ 
~1itll~~!'li'ltl1V{f~ mm~~~lJl'illflN"~~~f11'j !f1~m1~\'l11lJ ilJ{flJ~"~m f11'j !lJ\Pl1'U~~{flJ 'lhl :i1~f11t1 'Olfl 

<u <u q q 

mllJt~~lJ'Yl1~~1'j1'Yltil ~~'O~tl~N"1h1m~~hI'Olflf11'j'U~ lfl\'lm'Vil'J~ ilJt'VilJl~{flJ (Finkel and Holbrook 

2000) m1lJ!\'l1t1~ U"~~l~f11'j~~flfi'l~~f11V (Nied and Franklin 2002) 

o QI ~I cs ~ ~.d , 'l3l3l... IQ~..::::s ~.ct~ 

f11'j~~flf11"~f11mLlhi ~fl1'jj'Vi hI~'Yl 'O~"lf1V 'Vi ~LI{J'U\PllJ {fm 'jf:lm'W'Yl1~ f11t1'Yl~~hI 


.ctQ 0 IV lI( 31' ~.di 0 QI d QI Ij/ 'jJ 'l 'jI <V it
'lf1\Pltl'j~'011h1 1~~V1~'j1'U 'jhl C)f ~f11'j ~~flf11"~f11V'Ylt'Vi lJl~{flJfl'UN'ff~mv'O~\Pl~~ 'Vi\'l11lJ'Vihl fl m1lJ!'YIhI ~V 

<oJ <oJ • 

~tYltl~'W~'l~nmmh~,r~tI 30 hi 1Vi ~tl~ll1"~ 3 \'lf~ !m~~~~!1Jhlf11'j~~flfi'l~~f11t1~ ilJ~\'l11lJ!~tI~~~f11'j 
tf1~mf11'j1Jl~!~'U U,,~ ilJ\'l1'jl1fll'VilJ (American College of Sports Medicine 1998) f11'j~~flfi'l~~f11t1 . . 

I 0 I .ct I QI .cS .cSQ .ct' I d I Q 

~tl1~'fflJl!'fflJ~'W'U11lJ 'ff1h1"~ ~\Pl'j 1f11'j!'fftl"lf1\Pl (Blair, et al. 1989) U"~lJ~1h1 "lf1t1"~\'l11lJ!'fftl~\Pl~f11'j lfl~ 
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hfll111 'lJU":::lH'ltl~!~tl~ 'lf1IJflTlJfJm:::~'U emn11'U!m:::tli''Ufl11:::'Yn'l~911 'il (American College of Sports 

Medicine 1998; Belardinelli, et at. 1999; Coumeya and Friedenreich 2007) U~'il1mYm'Um'Hlhn'lm':i 

!ljtl 'I1'YlIJ~ ~h'U1J1 U":::ffilTVHfl':iEl,in 'il~ii'U i'~ ri'1~mm:::'Yl'IJ~tlfJWfl1'W;191'Utl'ltl':i:::911m 1'Yw 1~1J':i111 'Vl1 

1,rljml11!fl11J~~tr'1~'U ~ '1tll'il'il::: ri 'I ~mm:::'Yl'U~e>'Wt)~m ':i11m':i'U~ lilfl!m::: fll':i tltlf1fl1~'1 flllJ ~'1~ 'I 

mrl1~!~ '11,r!n~fl1111!~IJ'I~ tlfll':i !n~ ill1:::tltlfl~!~YivJ ff!91':i 91!~11~'U ~'1e>1'iJ 'il::: ri 'I ~m':i'Uu ':i '1~'U1'U ~ff'l mlJ 
q <u cu q 

(Finkel and Holbrook 2000) 

fl w::: rfJ'IllJ~'1~tl 'I fll ':i ffflEl1 ~ 'I ~m 'U tl 'I fll':i tl tlf1fl1~'1 flllJtl V1'I ffJ1!ff11 tl U,,::: 'W t)~m ':i 11 fll':i 'U~ lf1fl 

mm':i ~tl':i:::~'Ufll':i~l'Utl'4\!"flff':i::: fll':i !n~fl11:::tltlfl~!~YivJm91':iff !m:::fl1111!~IJ'I~tlm':i !n~ 1 ':ifll1 11'il 

u":::'Ymtlm~tl~l'U~ff'lmlJ l~milllJ'U!YiIJ'Un'U 1) 'l1'IJ'IlIJ'Utl'lfl111191':i1 U,,::: 2) 'l1'iJ'IllJfi'l'Ufll':itltlf1f11~'1fl1lJ
'" '" . 

(Cross

sectional study) 

'" '" fll':i !fl~f111:::tltlfl9H~ 

YivJmm ff U":::fl1111!~IJ'I~tlfll':i !n~ hfll111'ilU":::l1"tl~!~tl~ u,,:::'l1'il 'Ilmi tl'l'Utl'lfl111191':i l'il:::lj ~m~tl':i:::~'U 

fll':i~l'U tl'U11"flff':i::: 1 'U!~tl~l1~ tlllJ 11"::: ffl':i ml11':i 'il1fltlll11':i~i''Utl ':i:::'Yll'U 'il::: ljfl 1111 ff11~'U i'n'IJ':i:::~'Ufll':i.'" 

1. 	 !~e>ffmm-m'Utl'lfll':i tle>flfh~'1flllJ~tl':i:::~'Ufll':i ~l'Ue>'4\!"flff':i::: U":::fl1111!~1J'I1 'Ufll':i !n~ 

1 ':ifll111 'iJU":::l1"tl~!~tl~1'U ~ff'lmlJ'" '" . 

'Uflflilr£ltJ,:Jf)UJ 't'i~f)~tJ-3f)l£l l11J1IJ~'1 'Uflfl"YiiimlJ':i:::l11H 60 tJ~'U ltl 91111'W':i:::':i191'IJUlUl91 
q cu q tUtU q q q 

~ff'lmlJ 'W.fl. 2546 1J191':il~ 3 'Ue>'1m:::'Yl':i1'1fll':i~WJ'Ulff'lfl11!m:::fl1111J'Ufl'l'Utl'l11'UEHJll'W'Yl1H~'ml912547 
<u <u q 	 q q 

'Uflm,.rmhHl-A l11J1IJ~'1 1Iflfl,,~iitlllJ 21-60 tJ lrltl~1'U':i:::IJ:::~WJ'Ulfll':i'Ue>'111J~'U 'Uflfl"'IJ:::l<ti'lri"7;l 	 cu 

':i:::IJ:::1'mjimy (Adulthood) (Hogan and Astone 1986) tTfl~911'Yl1J1'lJl'l'Yh'Ulfi'u,j'lm11<ti'e>,j'l;fli'1'l"l Yi':i:::\j 

q q q q 

" . 

- 3 



I I" I 

il'lJflflm.ul ~1EJ~''I1tY~fJfll 'H'tJ~EJ'U!!'tJ~':)iJ'Yl'lJ1'Yl (role transition) !i'1 fJ.:) 'illfl i 'U 1EJi'HJmhYi!!~~mllJ 

~iJ ti~'lffJiJlJ1fl~'U !!~~Uflff.:)fllJ i'YlEJ1 i 11'.umY'':)!fl~~!! 'ff~':)~':)fll'j !~lJ~'U fll 'j'tJfiJ!'tJ~EJ'U 'illfl1EJi'U~1EJrrt 'I1tY 

~fJ flw~hhfll'j~mJ1 ijfJl;'Vi'tJ'j~~l fll'jU~':)':)l'U !!~~fll'j!~'UiJ~llJ1'j~l (Hogan and Astone 1986) l~EJ 
" I I "1 I 

':)1'U i1iEJlj 'il~!~ fJfliJflfl ~ 1EJ'¥l1':)1'U 'YiijfllEJ 25-45 TI !i'1 fJ.:) 'illfl'l1-«':)fll EJ 45 TIt!'U ~l':)fll m~lJijfl11lJ!ilfJlJ'I1~fJ. . . 
., 

rl~fll'j'Yl~'fffJiJ i'U ':)1'U i1iEJlj if1' 

mnJ'lf'il 'I1lJ1EJ~':) fn1~~!C]$ml'1JfJ':) ~.:)ij;i~ijfl11lJ!~fJlJ~':) '¥l1 i 11'fJ1EJ1~~W'l i 'U ~l':)fllm~fJlJ 

~llJ i 'tJf1'1EJm~iJ1'U fll'j'lf'jlJ'U!~lJijlJ1i.:)u~mmfl~ !!~~~m~ fJ.:) i 'tJ~~fJ~;i~ fJV1.:) i 'j~~llJ i 'U 'j~EJ~~'U~ 

'1JfJ.:);i~!!~~'j~EJ~1m'il~ty~'Ui ~ 1,:) fllEJij m~iJ1'U fll'j !'il~ty!~'\J l~!!~~CJffJlJ!!C]$mh'U ~fffl'l1 'jfJfJV1.:)~m~ fJ.:) 

l~fJ'tJ~iJ'tJ'j
q 
':)'fflJ~~6'1JfJ.:);i~ 111'~1!iJ'U i 'tJfJVWUfl~ !!~'Vim~lJ!.ulff1EJ'ff':)cu fllEJ 

q 
m~iJ1'U fll'j'lf'j1'il~ijlJ1fl~'U

q cu 

I ~ ~ <t I d 31 & ~ ~ tI OJ I ~ 
'ff1'U m~iJ1'U fll'j I'il'jtyl~iJ 1~!!~~C]$fJlJ!!C]$lJlJ'U fJEJ~':) 'il':)!fl~fl11lJl'fffJlJ'1JfJ':)IC]$~ ~ !!~~fJ1EJ1~~1':)~ '1J'U 

m'itltlf)fh~~mf.ltl~l~il'~mnJtl 'I1lJ1EJ~':) fll'jfJfJflnl-«':)fllEJ!!'\JiJi~fJfJfl9fI'il'U (aerobic exercise) ~ 

ijmllJ'I1t!fl m1lJl'I1~fJEJ~!,V;EJ':)'VifJ !'If'U fll'j!~'U!~1 fll'j~':)I'I1EJ1~ fll'j~1imEJ1'U fll'jI~'Ul1fJhiJfl fll'ji1 

lJ1EJ~'U 'I1~fJfll'ji1EJJ1 !~'U~'U 1~EJijfl11lJ~1'Ufll'jfJfJflnl-«':)fllEJ1'U 1 ff'tJ~ll1' (Frequency) fJ~h':)UfJEJ 3 

flf.:) !!~il.J!fl'U 6 1'U ijfl11lJ'I1Ufl (Intensity) 1'Ufll'jfJfJflnl-«':)fllEJ l~EJi~fl~'jlfll'jI~'U'1JfJ':);'Vi'il'jltJ'Ulmuct1 
'l ~ 'Ii, I I 'Ii '" 'Ii '" 'l.9 0 lit 'Ii 0 lit, I
I'll !~lJ'j~lJ1tu'j~'I111.:)'jfJEJ~~ 70-90 '1JfJ':)fJ~'jl!~'U~.:)"1~'1JfJ':)'I11 l'il C]$':)'ffllJ1'.itlf11'U1'U 1~'il1flfll'j'U1fll~ IlJ . ., 
~iJfJfJfl'illm~'1J 220 u~~ij'lf1.:)nmi'Ufll'jfJfJflnl-«':)fllEJ (Time) 1'U!!~~~1'U fJV1.:)UfJEJ 1 ';11lJ':)~fJfI~':) !!~~ 

1'U fll'jfJfJfln1-«':)fllEJfl1'j !!'l.h!~'U 3 ~'U~fJ'U ~fJ fll'j fJiJ fl'U ~ l':)fllEJ'I1~ fJ~~EJfli1fll'j1fJ !lJfl'Vi fll'jfJfJfln1-«':) • 
fllEJ!! iJiJ!!fJ 1 'jiJfl!!~~t1~~lEJf1'1EJfll'j1fJ!lJ~ 1111 ~':)!~'Ufll'jfJfJfln1-«':)fllEJ!!iJiJ!'lJ1~ !~fJ~fJEJ~ 'tJ~iJ~l':)fllEJ 

!.ul ff'ff fil'Vi 'tJ fl~.. 

tl~'lJ1:I6il''i~ (free radicals) 'I1~fJ reactive oxygen species (ROS) ~fJ llJ!~fJ~'I1~fJVfJfJ'U~ij 

V!~fl~'jfJ'U 1~~I~EJ1fJ~'jfJiJ'UfJfl ('1Jl~VI~fl~'jfJ'Ui'l.J 1 ~1) fll-YlI'lf'U O2 (Superoxide anion), OH 

(Hydroxyl radical), ROO' (Peroxide radical) !!~~ HP2(Hydrogen Peroxide) ~.:)1i~ill~'U llJmfJ~~i,j 

1'ff(1EJ'jlmdfJ.:) i1~fJfll'j!fl~'tJ~m EJllflij ~':)'il~flfJEJi'l.J1i'\Jti11C]$~~'I1~fJfJ1EJ1~~1':) ~ i'U~l':)fllEJ !~fJ111'~1 

fJ'U lJ~V'ff'j~ijfl11lJl 'ff(1EJ'j fll'j ~'\Jti'U ff.:) rl~'¥l1111'!C]$~~'I1~ fJfJ1EJ1~J'UI~fJlJ 'ffmEJ IffEJ'fffn'Vi fll'j'¥ll':)l<W tlfJ'U .'" 
nmfl'Ufl1'j i'Ul1'il'il'l1''UliI'U~EJfJlJ~iJti'U 1~EJ~1 i 'tJil 

q q 
~ 

q 
fJ'UlJ~V'ff'j~ 1~'U9i''UI'I1~~hrlUJ'1JfJ':)fil1~u hfl~l':)cu 

flil 100 'lfiJ~ l~EJm'Vil~ hfliffJ~':)'I1~fJ hfl~tlfJ111'lfl~fll'jl~fJlJ'¥llmEJ fl'Uif1'utl hfl1'U'j~iJiJ111i'il!!~~ 
'I1~fJ~l~fJ~ hfllJ~I~':) fl11lJ!~fJlJ~llJ1EJ fll'jflm'ffiJ'1JfJ':)fJ1EJ1~~1':) ~ !!~1 'U ~l':)fllEJ~ij'j~iJiJtlfJ.:)ti'UfJ'4l,!~ 
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y ~ ~ ~.d iI 

tTl'iVlllH)'),!'J.JinHY'i~ (Antioxidant) fltl LlJt~ f1. ~'lJtl-:J fflj'Vl ffllJl jfl ')'lJn'IJili''lJtt~~ ffllJ ljmJ'lJO'l 
q", 

tJOmVltltlf19ft~i''W'lJtl-:J llJUHl"fflj ~'W"l 1~ tJOm Vltltlf19ft~i''Wt1l'WtJBm Vl1flii~t~Vd1~ tl'ln'IJmj 

tt"f1ttJ~V'W~ ~~ f1~j tl'W 'illf1fflj'\1~ -:J 1 tJO-:Jidtl tlf19f 1~ctl tJOm Vl~-:J f1cil1ffllJ lj fll 'I1'~i1~.fitu~t1l'W tl'lllJ" 

~ffj~ ~'ltl'WlJ"~ffj~m cil~'il~1 fl~tJ rim Vl" f1 h;tt"~'¥ll"lm91ml'IJtl-:J~l-:Jmv fflj~l'Wtl'WlJ"flffj~ 'il~toUVI~ 
q cu ~ cu q <u ~ 

" " 
tJOm Vl~f119im cil-W ~dVmj toUl,)'IJ n'IJ fflj tl~ lJ" flffj~tt"~O'IJO-:JtJom Vltltlf19ft~i''W 1~ v~ f1tltlf19f 1~ctl 

~'lJ'Wfflj~l'W tl'WlJ"flffj~~'l~tlt1l'Wid1~hctl (Sies 1993) idmh'l'IJtl'lfflj~l'Wtlt.JlJ"flffj~ t'li'W 
q cu q cu 

Glutathione peroxidase (GPx), Superoxide dismutase (SOD), i~liJt.J~tl, i~liJ'W; tt"~ i~liJ'W~ t1l'W~t.J 

~'ll t.J fI1d~tJ f1~ ~l-:Jmv'il~ii fflJ~" j~'\111'ltl'W lJ "flffj~ tt"~fflj~l'W tl'W lJ" flffj~ tt~trltltfl~fldllJ 1~fflJ~~ 
q q qJ q cu q 

ci'-:J~"1'WUH~'W'illf1mj'IJ11flfltl1'\11j~1~mlJl~fflJ mllJ!fl1v~ tt"~mj'lll~mjtltlf1nl«'lmV (Fagiolini 

and Goracci 2009) '¥l11'lftfl~fI1d~tltlf19f~~-nyJff1mff (Oxidative stress) 

ANTIOXIDANT 

Antioxidant 
Behavior 

fl1'n~ 1: mnl1'l1'W'Iltl-:J Antioxidant 


(flWl'illf1 http://www.healthfruit.com/images/antioxidant03.jpg) 


fflj~l'W tl'WlJ~ flffj~ l~v-vtd1tJffllJlj flttU'ltltl f1 1~t1l'W 2 f1cilJ 1~tJtl1fftJfll1lJffllJ1jfll'Wmj
• <u • 

"~mvl~mh (hydrophilic) '\1~tl"~mvl~t.J 1'1llT'W (hydrophobic) ~-:Jfflj~l'Wtl~lJ"flffj~~~~mvl~'U 

'il~iimj'l~tJtl-:Jn'U ~U'l~91" tl~l 'If~ f1'¥llmV'illf1tJOm Vlmjtltlf19ft~i'W'Iltl-:J1 'IllT'U (Lipid Peroxidation) 

fflj m cil~'IJ1-:J'Jj'U ~~ffllJ1j flff-:Jtfl jl~'\11~ttl'lfl1Vl 'W ~ 1-:J mv 'IJ1-:J'Jj'U~ ,)lt1l 'U~tl-:J 1~i''lJlJ1 'ill f1tl1'111 j 

(Vertuani, et al. 2004) 

1rltltfl~m~'lJd'Umj lipid peroxidation 'il~1~~,,~i1~t1l'UlJ1"tl'Ul~5,,~1~~ (Malondialdehyde; 

"~ .d '" ~,~ '" .dI , 'I ~ '" '" 
MDA) lJjlJ1tu MDA 'Vlm~'Il'W'IJ-:J'lJtlf1f1-:Jfffl1d~mj!f1~ lipid peroxidation 91'lf1tl !'I1tf1~tl'4lJ~tlffj~ 

, " 
(Marnett 1999) TI-nUVlJl"lfit.Jmj'Vl~fftl'IJtJBmVl-W 11Vf111 Thiobarbituric acid reactive substance assay 

(TBARS) ~-:Jt1l'Umj'¥lltJomVlj~'\111-:J lJl"tl'Wl~5,,~1~~ n'IJm~ Thiobarbituric u~tJBmVll~l~ 

'illtl'n~n'IJm'Hfl~ Lipid Peroxidation mh-:Jt~Vd (Trevisan, et al. 200I) 
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SyNyOH ... HOyNySH 
NTCH-CH=CH~N 

OH OH 

fIl'Vt~ 2: if1'j~tl~l~ i:lJmfJCl'tltl~ Malondialdehyde 

Oxygen radicals 

Lipid moleculelLipid membrane Lipid Peroxidation __----.~ MDA 

fIl'Vtn 3: Utlfl~f11~i1flfl Lipid peroxidation 

O~OH 

•t . 
O~O 

. 
fIl'Vtn 4: if1'j~tl~l~ i:lJ!ClfJCl'tltl~ Malondialdehyde 

• • 'j/ 

i:lJlClflCl'tl'U lfl!~ flC]f~'Vl1l'nfl'ViU tldl~!'l1'U i~lil'UCJ1 !!Cl~ i~lil'U~ 
q 

.. \/I ~ _1_1 ~ \/I ~"" "" '" 11]"'" 3J "'90

lij'U 1C)f~'1J!lIij~ijijfllC)fVlVl~~1!'mJ (Superoxide dismutase, SOD) fltl !tl'U ICJ1:lJ'VI'VI1l'i'U 1'VI I'U f11)" 
'j/ • • 

m1JfJ:lJtl~1q!Cl~tl)"~ 'l1";ltIeiuei~m~ud'Uf11)"tltlnC)1!fl'l1'Ui'U'<h~f11lJ 'Vll~l'U iflmll1ilJ'U Superoxide anion (02

.Ji d "" '" II] 3J '" II] _I d <V _I """""" • II] ,J..,; _I 2-'1
) CJ1~!ll'Utl~1q!Cltltl)"~'VI'V'1U Ifl:lJ1n'VItJ'flllJ!ll'U Hydrogen Peroxide (HP2) fl~lJ!lmlJl~tllll'U!'V'ItllJnlJtl~ 

!CJ1Cl~1Jln f11)"'VllCl1lJ imJtltlnC)1!1J'U UCl~tl~ NCli~'l1~Cltlf11)" rll!lJ fl'tltl~ hfl~!~tJd!~tl~1Jl ntl'UlJCl~tl)"~ 
q '" 

Superoxide dismutase 

. 
.r:::i ... IQ~ 

fIl'Vt't1 5: lJ!lmtJ1't1tl~ Superoxide dismutase 
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Is] " "''I '" "..; ='1 -9 ''IW'U !9flJ SOD 'lJ &'U!fHl'lJ'YIfH9HH'l'YHLJ'U aerobic cells 9f'l'il::::tltl &'U extracellular fluids (Johnson and 
q ... 

Giulivi 2005) f)1';ivll'11'U'Utl'l Superoxide dismutase l'i'tl'ltllfftll fU!'rJfHl91tl1~'1~;;tl'YItl'lU\91'1U~::::tl'lf)::::~ 
4 d 9 tI ~ OJ tlef 31 dt d l1 rI liI ~ 

'I1';itlU'lJ'If)1'U'ff &'U'JJ'lf\>W'l1';itl'ff1911mtl'l~f)\911t1'U'lJtl'U"1 W'U !9f'lJ SOD ijtl~ 3 ~tJU'lJ'lJ (Isoform) !\91Ufl 

SODI tl~'l'U cytoplasm, SOD2 tl~'l'U mitochondria U~:::: SOD3 tl~'l'U extracellular U'lJ'lJ!!';if)'ildj 

i 31 ='1 ' ..; '" '" i 31 d ,x
&f1H'ff';il'1ILJ'W dimmer 'ff1'U!!'lJ'lJ'YII'I1~tl'il::::'lJ &m'l'ff';il'1ll1'U tetramers 'Utlf)'illf)'W SODI U~:::: SOD3 'il::::ij 

'1" o'c:' QJ d I ~ 9~ d d rI
&f1u'VlfHl91tJjl1J'U'YItl'lU\91'1!!~::::'ff'lf)::::'ff 'ff1'W SOD2 'U'U'il:::: &"lHl'lJ'If)1'W'ff!ll'U lf1u'VlfHl91tJj 

iii C v iii '\ _I C "" ='1 d Is] "..; '" 'I
u)'u !9f~fl\1V11 nH~lHLJ~'HH)fl9f!V1~ (glutathione peroxidase, GPx) ILJ'UW'U !9f'lJ'YI'lJ'lJ'YI'lJ1'Y1 &'U 

f)1';i~l'1W'\>J'I1~tlvllmtllm'l'ff~l'1'Utl'l hydrogen peroxide (H20) ~'~'illf)tJ~mtl1'Utl'l SOD l~tltJ~mtl1 
ef lSJ yd ~ ~ 0

'ff'U~\91'il:::: !\91lll'Utltlf)9fI'il'W!!~::::'Ul 'l'Wf)1';i'YIlmti hydrogen peroxide 

f1~lt1tl'W;;tl W'W 19f1l Catalase ~'1'il::::vlltJ~m til '1 'WJl fi'lflli"l~ 6 

ONOOH 
" 

02··T\ O2 

HO~
! 

~ .c:I.c!:I. d 'jJ C\ -=t QJ .& ~ 'jJ QJ QJ do 9 I ild QJ

1V1lij~9f 'I1';itl L-ascorbic acid 11l'U'ff1';il91l'Wtl'U'lJ~tl'ff';i:::: tlf)1911'11'W'I'YI';i'ilf)f)'U\91 &'U'I1'lJH'YI';if)'ff'Uflli"l
q <u cu cu cu q 

il91llJ'WtM'ffl'lJ1';it'rtltl'ltl'W f)1';i In\91tl tlf)9fI\91Vi'Vl'ff!191 ';i 'ff (Padayatty, et al. 2003) U~::::~\91 H~f)j::::'YI'lJ~~ltl!!';i 'I 

i .., 'I '" .., i "" i'" ,l.., i
'illf) &';if1'111 &'ilU~::::'I1~tl\91mtl\91 f11l'lJ\91'U &~'I1I91t1''1 (Mayne 2003) &';if1tlfH'ff'lJI';itl';i'l U~:::: &';im'lJ1'111l'W (Tak, 

et al. 2000) l\91mQi"Il::::tleiN~'1 'l'U~t1' '1tllq ~'1!!~1l'il::::ij';i ltl'll'U 1l~t1''1tllq''YIt1'il:::: '~~'lJtll'\11';i'l'Wm'JJ1tu 
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· .., 
lim!oWV\l'YHl !!~f)~lJ~~\lfllvlil'i'lf11l~f)£llUnV\lI'i'~\l!~~hlJflUml~'Ul~i~liilJmj l~V~~\lfllm'Wfl''lflV~~V 

~ qJCU III U cu cucu q 

~ 9J ,.d,dl I!:l ~ ~ ~ 
~~ 35 !!~~!'Wfl''I1t1J\l'j~V~~ 13 'U~\lf)'tJlJ'Ylfl'f)£lllJml~m~~'Ol\l'lflJ~ anemia (Pongpaew, et al. 1991) G)f\l 

i~liilJlJl\lil !<MlJi~liilJij6 !!~~i~liilJij 12 'I11f)'Ul~ i U'O~ri\l~~~\lm~'UllJf11l!lJ~l'U~~~lJ l'i'l i-H11r.J 

f11r.Jlh~i'U'U~\ll~llJ~m~fjlJ~\l~lJ ~\l'O~ri \l~~l'i'l i -H!n~ml~!~V\l~~f11l!n~1lm11i 'O!!~~'I1~~~!~5~.. 
.j 

mf)'UlJ (Ntaios, et al. 2009) 

m~~ 7: lm\l~~1\l'tlfl\l L-ascorbic acid 

~n'alEJ1'JJ;lJ!\1l~hA (Homocysteine, tHey) !~lJ~n~\lilf)m\l (intermediate) 'U5\lm~'UllJf11l 

!lJ~l'U~~~lJ'U~\lm~~~iillJ!lJ'Yl in l~iJlJ (Methionine) iU!~lJm~~~iilufjf)'lfiJ~'I1~\lfl~ ~m~fjlJ 

(Cysteine) 'W'U11l~~'U'U~\l1~llJ~m~fjlJ~!'vilJtJ\l~lJ1l1lJl1'O~m~r.J\l i -H!n~hm11i'O!!~~'I1~~~!~~~ (Ford, 

et al. 2002) !!~~hfl Alzheimer (Seshadri, et al. 2002) f11l'U11.flflfll'l11l f11l~~f)nl"\lf11r.J !~lJl1'O~r.J~ 

ri\l~~m~'Yl'U~~m~'UllJf11l!lJ~l'U~~~lJ'U~\ll~ llJ~m~fjlJ (Broekmans, et al. 2000; Nurk, et al. 2004) 

l~m~'Wl~mh\l~\l imlJlJij 6 !!~~ l-wm~ (folate) ~\lihnrl~!~lJ lf1!!-wm~~i'ilJm~'UllJf11l!lJ~l'U~~~lJ 

'U~\l 1~llJ~~!~fjlJ !~lJ~'Ylll'UfllJ11f)n'U11.f)fli~liilJij 12 ilJmmw~hhoWr.J\l'W~!!~~h)1'Um~~~lJllJ 
11) 'I '" '" 11).1 "'. 'JJ 'JJ ... 'I 'I '" '" i .j!lJ'Yl ~1i ~~lJlJmmf)lJ t1J'O~lJ~~~~fll1lJ!'UlJ'UlJ'U~\ll~~'U ~~ ~lJG)fm~~lJ lJ'Wm~mtJ\l'UlJ (Fukagawa and 

Galbraith 2004; Mennen, et al. 2002) 

m~~ 8: lm\l~~l\l'U~\l Homocysteine 
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m::;'lJ1'Ufll'HlJ~ l'tHl~ fflJ'tI~~1~1lJ9fm~u'U lilJ~ln Methionine ~~ffllJ1';jf:lItJ~V'UlltJ"~I~'U ffl';j 

~~ S-adenosylmethionine (SAM) l~ww'Ui9fl1 methionyl adenosyi transferase ffl';j SAM 1~'Uffl';j::;~h~t1J 
ffl'\1~'lJfl1';jI91lJl1~llJ.y;" '1 ll'n'IJffl';j~ ffl~t1J'\1mV~~1 '1 'U ~ l~ fllV Irl~~t1J1ffV'\1~llJ.y;" i tJffl';j SAM ~::; 

~I .!2 I'" 'ilL 1 <l .!2 <l '" ~IAn"lVllJ'Uffl';j S-Sdenosyihomocysteine (SAH) 9f~~ ::; llJ"V'U~~ !lJIU'U homocysteine 9f~lll'Uffl';i'VlIlJ'U 1'Vl'lol 

~~~l~fllV i~J'Uhomocysteine ~::;\lf1ltJ~V'UlltJ,,~~~ itJl'~~"~-W'lol~ln~~'U Homocysteine \lf1llJ'V11'IJ~ i,,~ 
i¢i 2 1O'Vll~ ~~fll';jl91lJ'\1~I:IJ.y;" '1 ll'ml'IJ itJl~'U methionine l1~~fll';j rrlV'\1~CJ7"lyJ~I~t)'l11 itJff~l~I~'U 

~ ~ 

m~~dn'U cysteine 

THF Methionine 

~M Phosphatidyly ethanolamine 

Methylene Folate 
THF Cycle SA~ Phosphatidyl

. ~ /} choline
tUUlI:. Methyl

THF Homocyste'ne "'/ !
<m!_ 

Choline
CystathionIne 

~ 
Cysteine Acetyylcholine 

MTHFR • methylenetherah)CIrofolate 

reductase 


MS • methionine synthase 


CBS - ,:ys1athione ~syn~hase 


ChAT - choline scetyltransferase 


, 
ct .,.

m'rrt1 9: IIff~~ llJ~l'IJt)"fflJ'tIt)~ Homocysteine 

(flWl'illn http://www_cerefoiinnac.com/tempiate/img/chart_ hcycycie.gi t) 

iifl1';j1~vn'U mh~f)'rl~'lJ11~~'V'I'lJ11fll';jii1~llJ9fm~u'U '1 'U1~t)~ ff ~ ii ~·m'Vl'1 '1ll'ln~U~';jll~V~~~fll';j
~ 

In~ hfm"t)~I~~~lf1 '1 ~1~lJ~'U l~VffllJ1';it1 '1'l1,j~~fl11lJ~~tJn91 Im::;fl11lJlffV'\11V'lJt)~'\1"~~I~~~ i¢i 

.a at".ci '4 ~ 91 ~ d GJ ~ ,d ~ ~0 I 

'\1 ';jt) !'l11'V'1t)mmfll';j l'V'IlJ~l'U 1'U 'lJt)~nmlJL'U ~I';jV'IJ !'U'\1"t)~"W~ fll';j Lfll::;mJlJ'lJt)~Lf1"~L"t)~ fl1';jff~Lff';jlJ 

91 d ~ ~ 1 i 11 rI ~.!t ~1 1 ~ Q.I ~Il!:t'1mlJ~mt)~'lJl1'l1'U~ lJ 'U !9f911fll::;~~'\1"~~m~~ 'U~n~ln'U ~ lJ9fm~~'UV~I1J'Uffll'\1\iiJ'lJt)~fl11::;'\1"~~ 

I~~~II~~II~~ (Artherosclerosis) L'V'I';jl::;'Vil '1 ll'iifll';jff~l~ 1~l~';jI~'UltJ~ft)~n 19f<f1 (hydrogen peroxide) 

" 11]" II] .,: .I 'I "'1 1 '" '" .:,mH!"c.!fLtJfl';j~~n !9f~IW'U !~~~'U (superoxide anion radicles) L'V'IlJ'IJ'U !'U'lJU!::; 'Vl ~ lJ9fm~~'U "~fl1';j'\1"~ 
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----

m~"h..!l'1~mn)f1i9f~ (nitric oxide, NO) (~-!l NO 'Yl1'l1U1~tlf)t1tl-!lfll:i'YhCl1t1YrU-!l~l'uh"!'IJtl-!l'l1~H)~!~tl~) 
'" 0" 31 "'II] 0' & 0 31 0' '1 '" '" II] 31 II] '''' &

!!Cl~t1-!l'YI1 m LDL ~f)tltlf)9f t~Cl' 'il-!lCl'1111:it1\jf)'U1!'IJ1!9fClClltl'U t~'YI!CltlCl t~!!'IJ'IJ UJlJ negative feedback 9f-!l 

" {1'il~tI!l'I ~lil ~1'U!~'UCl'l!l'I \91'11 tl-!lfll:i'WroJ'U 11 ~!n~'W t11nCl'fll'W i 'U 'l1Cltl~!~tl~1'11lJlll• 

Lipids Proteins DNA 

Neutralization by 
antioxidants 

.'i•... .. .. . ... .. ., . ..... .~ .. 
e' 

B-'J--t" r--
I Impaired ~ ... _1 

n 

~_I 
: function i ------ : Aging I 
.... . _ _ . __ • • . ' I ~ 

I - I 
1 I
L ..... _ ..... __ .... .- -. ..... 

. 
..::t 0 q '" ~ I

ill'W't110: !!Cl'~-!lflll~ oxidative stress 'YI1 t'l1!f)~fll:i!!f) (Buffenstein, et al. 2008) 

II I I I 

'U tlf)'il1f)il rJ-!lJjfll :i'W'lJl1N'Vimii 'Ultl'YlN1'U'ViJjn'ilf)nlJUtl tI tT-!lmJti'IJ 1~~'Yl1-!l1'U !~'U!1Cl11..!1'U 'IJl~ 
'" '" '" 

fll:itltlf)f)lri-!lflltl i 'U mllltu ~ll'Illl~Cl':JJlf'U !~'U f)~lJl'I~-!l~Jjfll1lJ!~t1-!ltlEll-!lt-!l~tlfll:i !n~ 1 :ifl111 i 'il!!Cl~ 
" " l'ICltl~!~tl~ (Prasad and Das 2009) ~ml-!lfll:i'Yl1-!l1'UtlElNl'ItTf)tT'U tJl'il'Yl1i~fll1lJ i ~i'il~tlfltufll'W'lJtl-!l• 

tlll'll:i f)nn'U i'U;l\9ltll~~ ll'U Cl~Cl-!l N~tlEli 'U ltl'Yl1-!l1'U tll'il'IJ l~f)n!~tJf)~'il~'IJ~ lf1fltJ1l'I n~m'IJ~1'U\9I1lJ 
'" '" 

Q.I ~ y.d.::t d d Q.I , J' d II) 'j) 'j) \J') Q.I d 

l'IClf) tfl'll''Ulfll:i !!Cl~!l..!'Utlll'l1:i'YIlJfl11ml~!:i1!tl'Ul'IClf) tlll'lnll'lCll'U!\9IlJ ttl~lt1!!,h t'tllJl..! !!Cl~lJtlll'l1:i 

~l'Wlf)fllf)itl!'lf'UHf)!!Cl~ylCl ilJ''U,Bllltu~Utltl ~-!l~1'IJ~ lflfl i 'U :itl!!'IJ'lJd!~l..!tll~~l il..!mllltu~lllf) 'il~ 
'" 

. " 
!~tl~l~ (Berg, et al. 2008) !!Cl~ i l..!'IJ1-!l:i 1t1-!l1'U'W'lJl1fll:i!~m~~'IJ'tItl-!lfll:i tltlf1fhri-!l flltltT'U Jjril'U'lflt1il..! 

~I '" '" 'i '" 'I ... 'I ~ 31 .d II] 31 ''I !Ii
fll:iutl-!lf)'Ufll:i!f1~ t:ifll'll !'il!!Cl~l'ICltJ~!Cltl~ !'U:i~t1~!:ilJ\9I'U!!Cl~:i~t1~'YICl'tJ-!l t~ (Lavie, et al. 2009) !!1'1 t'U~ 
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, , 
o "'" ","cv-=t-=t ~ 

fll'H,n~1'\lU'W1fl1UJfl~U~~~1'W1'\l£J'YUfl£J1"UeH 

f)l 'HnJ fHl1~.:J f) lt1 1 'U 1JfIfi ,rftil 11~ ty-W'U ill"d'tI'Vll.:J 1 'U fflm 'j () 'lf1t1 f)'j ~~'U 'j~ 1J 1J m 'j ~1'W tJ'\.HI" 

flff'j~ 1'W ~1.:Jmtl111''VlNl'W 1~~~'W lrl tI'W1J';hm'jtJtJf)nl~.:JmtltJdl.:J ff~l!ff:JJtJII"~~m~ tJ.:J i 'W 'j~i1Jfl11:JJ 
1'WII'j .:JtJl'W f)1:l1.:Jl1~'Vll i 11'~l.:Jmtll~i'1J~:JJ ~fftJ~ 1J~flff'j~mh.:JcitJ'W"ll1lf)m'j ~'W rlltJ lrltlii'tJ tJ f);! 11'W ~.:J~~ 

, " 0 '" 0.. a'd Ii] a'~", 4" '" " 0 ""'~ 'lJ'1t1f)'j~~'W m Hl1.:J 1'W 'UtJ.:J tI'W II" ~ 'j ~1J1Jm'j ff .:J!m 1~'I1 !tJ'W !91':JJ'Vl:JJtl'Vl1i m'W tJ~ lJ" tJ ff'j ~ i 'I1m.:J 1'W lrlrl'U'W 

(Ji 2002) lI~tJdl.:JI 'jn\9l1:JJri.:J hi'W1J'I1 ~f)~1'W ~!!tJirl i'W ~~.:JtIl~ i 'W1J1.:J'jlt1.:Jl'W'W1Jilf111:JJ!~tI.:J~tJm·Htlrl 
",.:, Ii] 0.. ~ ?I ' , 1 0...I" a' ~ ?I 0.. '" ~ 

tJtJ f)91'!rl'lJ''W 'U tJ.:J !'U:JJ 'W 91'.:J!lJ 'W ff1'W lJ 'j ~ f) tJ1J '11" f) 'U tJ.:J WtJ 1:!:JJ!91''''' (lipid peroxidation) 91'.:J!lJ 'W rl 'lJ''W '11 'W.:J 'U tJ.:J 

1rlf)1'j !tlrltJtJf);!rlllvJ m\9l'j ff!! ,,~f)l'j !tlrll'jfll11 i l1U"~'I1" tJrl!~tJ\91l1~"rl ".:J1 'W f)ri:JJ ~ff.:J tJ1t1~fltJf)nl~.:Jf)lV
q 'U cu q 

mh.:Jff~lm:JJtJ (Karolkiewicz, et al. 2003) i'W'Uru~~iir.l,,'iirluV'.:J1'W1J1.:J'jlt1.:Jl'W lrltli'W1Jl.:J.:Jl'W1,JV'jlt1.:Jl'W 

il lliYi1Jf)1'j !tJ~tI'WUtJ M'UtJ.:J fI11~ lipid peroxidation i 'W f)~:JJ ~~.:J tJl~fI1 tI'I1 ei.:J 111f)f)1'j tJtJf)n lei.:J f)1m~'W 
n"l 12 ~tJm11' (Meijer, et al. 2002) tJdl.:Jl'jnm:JJ'WtJf)!'I1i'1tJ~lf)f)1'jtJtJf)nlei.:Jmtlmh.:Jff~l!ff:JJtJJ'W 
."t 0.. "'''i d",,,, '" 0 0.. 1 ," " '" i ~I " 
u~ ~tlf)1'j1J'j !flfltIl'l11 'jf):JJ tJ'Vl1i'W "fflf1 ty 'W f)1'j 'j 1:JJf)'j~~'W 'j~1J1J f)1'j\9l1'W tJ~1J" tJ ff'j~ 'W'Uru~f)1'j Hf)91'tJ:JJ 

. .. 
0.. '" 1 QI do dd ~I" ' d QI ~ " ~ 

'UtJ.:J'Wf)f)Wl (Palazzetti, et al. 2004) 'W 'W f)f)Wl'Vl:JJ f)1 'j Hf)91'tJ:JJtJtll.:J\91'W 'W f)'j ~~'W 'j ~1J1J f)1'j \9Il'W tJ~1J"tJff'j~ 

~~()f)i'f)m111'fI.:Jmjl~~1t1f)1'j1J~ lf1f1t1l'l11'j~ii ffl'j~l'W tJ'W:JJ"fl ff'j~~!-Wtl.:J'WtJ (Rousseau, et al. 2004) !!~ 
<u cy III <u 

'lfJd ~I" ~ ~d dol Qloi"I QI

tJtll.:J !'jf)\9Il:JJm'jHf)91'tJ:JJtJtJ1.:J'I1'Wf)fI11~ overload training 'I1'jtJ overreaching state 'W'Wf)11~:JJff1'W'lJ'f)'Wl '11 

Q 0.. ".I '" '" '" "I ~ " !f)rlf)1'jtJf1!ff1J'UtJ.:Jf)1:l1:JJ!'WtJ !!,,~!f)\91f111~tJtJf)91'!rl'VlTIm\9l'jff (Palazzetti, el al. 2003) 1I"~'l11f)f)1'jHf)91'tJ:JJ 

J'W llil~i'1Jf)1'j11.:J!!r.I'W~~ u,,~ 1~i'1J tJ 1'111'j~ llim:JJ 1~ ff:JJ nl1 ~ri.:J r.I" "1J ~ tJff:lJ'j 'j ()'W~'Vll.:J f)1 'j tlWll1,,~d.:J 
'" "'"I Ii] " ~ fI11~tJtJf)91'!rl'VlTIm\9l'jff !\91mf)'U'W (Palasuwan, el al. 2011b) 

.. . . 
i'W ~~.:J til ~tT'W fl11:JJ!trtJ:JJ'U tJ.:J 'j ~1J1J f)1'j dtJ till" ~~rlCti:JJ fll'111 'j 1I"~fl11:JJ!trtJ:JJf)1'j !:JJ\9Il1JtJi'lff:JJi 'W 

~ l.:Jf)1t1t1ll1iir.l"~flf)l'j l~i'1J ffl'j~l'W tJ'W:JJ" flff'j~ ~1f)ffl'jtJ1'111 'j ~ i'1JtJ 'j ~'Vll'W !.ij'1 I tJ ~.:J1 'W i1~~,j'WtJ'j~! 'Vlr1 
• OJ • 

I 'Vltlri.:J lliii f)1'j nl'11 'W rlm:JJ1ru ffl'j til '11 n 1 'W f)~:JJ~iitl'Vli~l 'W tJ~lJ" flff'j~ i 'W ~~.:J tJl~~ii tl ~f)'j 'j:JJ f)1'j tJtJf) 

nlei.:Jf)1t1tJdl.:J:JJ1f) 'I1~tJ1'W tTf)f1Wl~.:JtIl~ !rltJ.:J:JJ1111f)ri.:J'U 1\91.ij'tJ1J "!~tl1ti1J'j~i1J f)1'j~1'W tJ~ 1J"Uff'j~ i 'W ~~ 
iitl~f)'j'j:JJf)1'j ii''Wei.:J.:Jl'W:JJ1f):JJ1'j tJ.:Ji'1J 1'W'Uru~!~tl1ti'W f)1'j 1 i'r.li'l\9ltlru C)Uff~:JJ tIl'l11'j 1'W f)ri:JJ ffl'j~l'W tJ'W:JJ" 

• • OJ 

fl ff'j~n!~'WI tJ tJ d NilYi~ '11" 1 tlU" ~ 'U lrl f) l'j fl11JfI:JJ G.:J r.I" m ~ 'Vl1J ~ tJ 111 ~~! tl\91 ~'W i'W f) 1 'j f1f)fll 'U fl.:J w.i,JtI~ ~1'W 
• OJ 

1 'W tJ'W'Vl1iffm 1'lJ' 2550-2551 :IJ1'W 1J il ~ tJ V" ~ 28 'UtJ.:J f)rimi1tJdl.:J'I1 tU.:J I 'Vltl1t1'11 :JJ\91tJ'j ~ ~l!~tJ'Wii f)1'j ii'
• • u 

r.I~\9Itlru ct1! ff~ 11 tIl'l11 'j i 'W f) ~:JJ ~ ii tl'Vli~1'W tJ~ 1J "flff'j ~ U~ lli'W1Jfl11:JJ U\9I f)~1.:J'U tJ.:J 'j ~i1Jm:JJ lru 'j 1:JJ 'U tJ.:J 

ffl 'j ~1'W tJ~1J" fl ff'j ~1 'W 'W" 1ff:lJ1'U tJ.:J f) ~:JJ i 1 tJ d N ~1 i'r.li'l \9Itlru ct1! ff~:JJ til '111 'j 1 'W f)~ :JJ~ii tl 'Vli~1'W tJ~1J" 

'" 0.. '~Ii] 'Ii] ~ " 1 ~ ~ ~ 0.. • ~ 
tJff'j~f)1Jf)":JJ'Vl !:JJ lrl!'lJ' (Palasuwan, el al. 2011a) 'W'Uru~'Vl'W1Jf)1'j!'W:JJ'U'W'Ufl.:J'j~\911JlJ'j:JJ1ru'j1:JJ'UtJ.:Jffl'j• 
~1'W tJ'W:JJ" flff'j ~1 'W 'W "1 ff:lJ1 i 'W f)ri:JJi1mh.:J 1t1! 11~ tu-W'W £~ 1~i'1J1\911lJ'W VtJdH ff~l! ff:JJ m~ 'Wn"l 12 

q 'U III v q 

~tJ\91111' (Pa1asuwan, el al. 2006; Palasuwan, el al. 2008) f)1'jf1f)fll1'W'I1tY.:J1V'I1:JJ\91tJ'j~~1!~tJ'W'W1Jil1'W 

'I1tU.:J1t1'VltJ.:J~iif)1'j tJtJf)nlei.:J f)l tI1'W 'jtJu1J1J'U tJ.:J f)l'j Nf) 1'Vl~ ~~ ffl:JJ 1'j ()'lf1m~:JJ 'j ~i1J'U fl.:J!g'W 191'l1'f)"~1I1i 
u OJ OJ 
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," , 
~lJl'~hj\l;fr:mJt~tJ\I~tlf11'Hf1~ hr1l11 i'il!!~:::'I1~tl~t~tl~ I~tl~l\1ihr{nhfiUJ (Palasuwan, et al. 2011c)

" 
& 'I 1 '" '" '" 11] 'Ii", • 1 'I '" " '" & 11] 'Ii..i 1

'ill om 'i ffO'hll L'\..I 0 ~ lJ '\..I OOWl'~ \I til ~ 'Vl !~ 'i tJ u'i::: 'Vll'\..l tl1'l11 'i L'\..IJ tI!!tJ tJ 'tI tl\l tlJ~t\91 tl 'i t'i t'\..l tJ'\.JClf \I !~ 'lftl11~~lJ 
1Jt'j) f'j) Q,I ~ Q.I ~ td , 'j) gJd1t)" gJ 

LtI~1tJ~1'i'lf1tJtltl\lO'\..l f11'i tf1~1'ifl'l11 i 'il!!~:::'11 ~tl~mtl~'\..I '\..I 0~llJl'itI'lf1tJf1'i:::\9I'\..I f11'i ~'i l\1W'\..I !GlflJO~\9Il I Ii. '" 
'1 .1" '" 'I 'Ii ~ 11] 'Ii 1 '" 
!tl'\..ltumtltlOGlft~~ L'I1t}\I'tI'\..I L~t'lf'\..lO'\..l (Rousseau, et al. 2006a) 

mil \I 1 'i n\9l1lJ f11'i ii'YOll 1 i '\..I ~t} \I tIl~~tltlf)fhrl'\lf11tJtl~l\1~J1t~lJtlU~::: i'tJ tI 'i :::'Vll'\..l tIl'l11'i I 'VltJ~\ln 

1~i'tJf11'i tJtllJ i'tJ tl~l\1 0-r1\1 'tI 11 \I i'\..l f11'i t~ '\..I tl1'111'i ~ ~~lJ 1 tI~1tJYi'lf~0~11'\..11 'V'I 'i ~ ii ~'i 'i 'V'IfJ 1U i'\..l f11'i<Jf1 tJ 

gJ .Q ~ <11 lq Id 'j),dl J'
\9I1'\..1tl'4lqj~tl~'i::: (Jiwajinda, et al. 2002; Palasuwan, et al. 2005) '\..I'\..ItJ\I !lJlJ~ffOll1U~:::'i1tJ\l1'\..1i'\..l'tl1U:::'\..I 

" Palasuwan, et al. 2011a; Palazzetti, et al. 2004; Rousseau, et al. 2006a; Rousseau, et al. 2005) f1\1tT'\..Ii'\..l 

",,,,,x"1 0 .1 '" '1 111].1'" '" "'" ",,N 0,11].1
\11'\..1 1'il tJ'\..I 'il\l'Vl101'i u 'i::: tlJ '\..I fl1 1::: !fl'lf'\..llf11'i fI 1tJt] ! u OtJ f11 'i 1tm 1:::'I1~1'i 'lf1t f1lJ 'V'I '\..I ~ 1'\..1 'Vl 1 ! U (routine 

j.J .Q .at. Q,I' d" CIt. .at. Q.I' .:::!" ~,
biochemical analysis) ~l'i\9ll'\..l tl'4lqj~tl~'i::: tl'4lqj~tl~'i::: \9I1tJ\I'lff11'i tf1~tl'4lqj~ tl~'i::: \91 1tJ \I 'lffl 11lJtfftllJ 'tItl\l 

tGlf~ ~ tW:::191'111.:J;01'i tf1~1'i f1111 i 'ilU~::: '11~ tl~t~ tl~ i '\..I O~lJ H~.:J tl1tJ~nf1 'ilf1'i 'i lJf11'i tltl0f11rl'.:J f11m~'\..I 
q cu cu <II 
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fll~':i:::'\1'";h-:J 25-45 1] ~fllftfJfl~hJfl1-:Jt'Vl'VnJ'\11'Wm ~U-:Jfl1~ 1~1ll~lfl'l$lJ':ilJ~U-:Jfl1~1Pi1-:J"l U(l:::f!WJ 

~U -:Jfl1 ~ fl1 -:J! 'Yl'WlJ'\11'W fl ':i 1 ~ fJfl1 ':i!ii fl fl fl~ lJi1mh-:J II iJ iJ ~lJ f11 'W 1W'\11 fl ~lJ i 1miN 1~ fJ i ~\9l1':i N 

!mfJiJ!-nfJiJ':i:::Wl1-:J~lfl1'W1~m':i'Yl~fffliJ (Power of the test) !'vhnlJ 0.80 U(l:::~lrmm:::'YliJ (Effect size) 

!'VhniJ 0.50 1~fl~lJi1flV1-:J ~1lifl1':i~1fl'".llfl~lJ(l::: 17 fl'W (Cohen, 1969) 

i'W'~m:lW:::m':iffmd1UiJiJfl1fli~'U11-:J (Cross-sectional study) fl~lJi1flV1-:J~i~'Wfl1':i1,rfJflf-:Jd 

!~'Wfl~lJ 'l.h:::'I$lm'l$lm!(l:::'\1qJ-:J~fllftfJfl~ W !'U\9lfl1-:J!'Yl'W"I!m:::mlJWCV1(l .J-:J'\1lJ~ 120 fl'W (!mmqJ-:J 98 fl'W 

U(l:::!'~rr'l$lfJ 22 fl'W) !rlmllJmnh':i1~ii~~ff1lJ1':im.u1~1lJm':i1,rfJ1~~'WmiJm:::lJ1'Wm':i ~1'W1'W 92 fl'W 
.. '" 

1~m!tJ-:Jflflfl1~ i-:Jij 

l. fl~~ EE: Exercising Elderly (fl~lJ'Yl~fffliJ) 1~uri fl~lJ~U-:Jfll~~flflflfl1rr-:JmfJflV1-:JffJ1mlJfl 
~1'W1'W 26 fl'W 

2. fl~~ SE: Sedentary Elderly (fl~lJ!mfJiJ!-nfJlJl1~,rfJ~1'Wflflflfl1rr-:JmfJ) 1~uri fl~lJ~U-:Jfl1~~ 

1liiin~m':ilJm':iflflflfl1rr-:JmfJflVHffJ1!fflJfli~"l ~l'W1'W 17 fl'W 

3. flq~ EY: Exercising Young (fl~lJ!mfJiJ!-nfJiJl1~,rfJ~l'Wfl11lJ'I$':i1) 1~uri fl~lJifJ'V\'1-:J1'W~ii 

n~m':ilJm':iflflflfilrr-:JmfJflV1-:Jff~lmlJfl ~1'W1'W 12 fl'W 

, I d Q.I~~ oev y 
3. fl~~ SY: Sedentary Young (fl~lJ!mfJiJ!'YlfJiJl1~~fJ'Yl-:Jm'Wflflflm(l-:JmfJ 1I(l~~1'Wfl11lJ'I$':i1) 

1~uri fl~lJifJ'V\'1-:J1'W~~1liiin~m':ilJm':iflflflfhrr-:JmfJflV1-:JffJ1!fflJfli~"l ~1'W1'W 37 fl'W 

.JflfJ 3 flf-:J/ffU~l..1 flf-:J(l:::1li~lfl1160 'W1-n U(l~ii'Wq~m':ilJm':iflflflfhrr-:JmfJflV1-:JffJ1!fflJfllJ1U~1!~'W 
':i:::fJ:::n(ll'W1'W1li.JflfJfl11 1 iI 

!rlfl~ ~l':iW 111~ ,rfJ~1'W fllfJ U (l:::m':i flflflf11 ~-:J mfJ 'WiJl1 flcilJi1fl VH !~'W ~ff-:JfllfJ~iifl1fJ':i~'\111-:J 
q q qJCU q q 

60 - 80 iI ~1'W1'W 43 fl'W U(;1:::~fl~i'WifJ'V\'1-:J1'W fl1~':i~'\111-:J 25-45 iI ~1'W1'W 49 fl'W 1~m~'W~~flflflf11rr-:J 

mfJflV1-:JffJ1!fflJfl ~1'W1'W 38 fl'W '\1~fl!~'W~~1li1~iin~m':ilJm':iflflflf11rr-:JmfJi~"l ~1'W1'W 54 fl'W 
'" 

~ Q.I,.. 11)'"I I 

!flWCV1m':ifl~!'U1fl(llJ'Yl~fffliJ !~Ufl• 
!~'W~U-:Jfl1~ (fll~ 60-80 i1) ~flflflf11rr-:JmfJ!!iJlJi~flflfl~!~'W (aerobic exercise) 1~uri m':i!~'Wllfl 

i '" ~ II) '" ~. 1 ~ ~ :II 1 ~ ~I?I ~.dll) 1","."1' II) ~ 
~':iiJfl m':iHfl !'Yl'l$ !\9l'W':i1 flfJ1-:JfflJ1!fflJfllllU(;11!lJ'WnmflfJ1-:J'WflfJ 1 lJ !lJ'Wrl'Yl !lJlJlJU/'\11m':i !~fJ'W m':i 

'" U 
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!nUl cyff)1 'j r1~t,j'1f) ci•IItill tI 'lHVi tI 'lJ'U'O ,)'tI ~l'W ~H) f) n 1 ~'I f)1 tI 

t~'W~\1'1m~ (m~ 60-80 '11) ~ijf)'Om'jll~l (sedentary) l~tlllil~m)f)nl~'1f)1t1l1~flf)1'jtci'Wfhn 

i~"l flcil'11;'(JmlllfllJ1!!"";H~'Wrnl1m;N'Wfltl 111 t~'W~~hHjirru111f)1'jlM'W f)1'jcil'WU~~f)1'jt:Utl'W !!~~ 
" u 

t~'W ~~~'W~ilfml11'hlllifli 'W f)1'j i,)'tI 

!nUlCl'i'f) n r1~ t,j'If) ci litill tI'lJ tVi tI'lJir'0,)'tI~1'Wfl1111 'If'j 1• 

t~'W~fl~i'Witl'Yll'11'W (m~ 25-4511) ~flflf)nl~'1f)1t1H'lJ'lJii'flflf)~t'iJ'W (aerobic exercise) l~uri f)1'j 

tl'i''W tW hiifl f)1'j Nf) 1 'Vl~ tl'i''W il tJdl'11;'(Jlt1;'(llfllJ1U~1t1J'Wn~lflcil'1.wfltl 1 11 t~'W ~~ hJiiirrul11f)1'j i~'W 
" u 

f)1'jcil'WH~~f)1'j t:Utl'W H~~t~'W ~~lJ'W~ i lffl1111~111li tJ i 'W f)1'j i,)'tI 

!nUlcyff)1'j r1~ t,j'If)ci lltill tI1JtVitl'lJ f)cill nil tI'lJ tVi tI'lJir'0 ,)'tI.J'I~1'W tJ flf) n 1~'1 f) 1tI H~~~1'Wfl1111'lf'j1 
4 q 

t~'W~fl~i'Witl'Yll'11'W (m~ 25-45 11) ~iifl'Om'jll~l (sedentary) l~tlllil~flflf)nl~'1f)1t1l1~tJf)1'j 

tci'Wfhn i~"l flcil'11;'(Jlt1;'(llfllJ1H~1t~'W nmflcil'1t!fltl 1 11 t1J'W ~~ lliiiirtl.j111f)n hw'W f)ncil'WH~~f)n 

t:Utl'W !!~~t1:l'W ~~lJ'W~i lffl1111:hllli tJ i 'Wf)1'ji,)'tI 

!f)wcyff)1'j~~ m1;'(l1;'(lTm fltJf) '0 1 f)f)1'j f1mn (Exclusion criteria) 

!lid d., .,j., !II.' I "I"!II 'l ., 'l 1 'l 'l d 
~'Vl\1'lJ\l11'j, ~~~'jlt'jflH, ~lJ1t1l1tJ'lJ11~, tJllU'W, ~'jfl~'lJ, ~'jfl ~, ~'jflm~t'Wl~ml1n, ~'jflll~tH, 

hflt'lJ1l111'W ~~~'lJ'lh~'Vl1'Wtllt~tJf)1'j~mn hfl~'1f)cil1,j'1'1I'i''Wi'W'jmJ 3 !$itJ'W~Yll'WlJ1, ~~~'lJ'l.h~'Vll'W 

ml11'j !1;'(~1l~iiri'1'W'lh~ f)tJ'lJ'\J tJ'I1;'(nl'i'l'W tJ'Wll~ i)1;'('j~ i 'W 'j fl'lJ 3 !$ifl'W~ Yll'W lJ1 ~~ii~'ifij 111~f)1t1 ilitfl'W 30 
q " " 

.. . 
QJ ..::t Q.I 4' Q.I

'UUVlelUnl f)1'jfl~mtJf)f)'Qllm1;'(l1;'(llm 

1. 'Yllf)1'jtn'lJ,j'fl\l~~'\Jm'Wi11'l.J 1~tI'Yllf)1'j~llmfjrum1~m'jllf)1'j' i';i~'\JtJ'Im1;'(l1;'(lTfl'j l~tI 

~~ll 5) lfj ru 'O~ 'l'i' If) n f)'j tJ f),j' tJ II ~ i 'W 'j ~1111 'I f)1 'j ~ll m'l:l ru 1 ~ tI 'O~ f)'j fl f),j'flll ~ ~'1 i 'Utt 'lJ'lJ 
"" " 
~llmfjru'W q~ f)'j'jll f)1'j i i';i~ i 'W!!~ ~~'I11,j'flr11tl111 trl fll~~llmfjrut1;'(~ '0 i 'W r11tl111J'W"l 

t~tJ i lflf1',j'tJll~~ f)f)l'i'fl'lu~~m'lJfl1'W 'Yllf)ni'lJ1l'nTf) i~ri'1'W 1;'( 'I ltfl 'jl~M~'ifil1l1~f)1t1
" OJ " 


ml11~'Wt~tJ~ eJ~'j If)1'j tl'i''W'\Jfl'l'l11i '0 ;'W 'O'j H~~~l~tJtI~~'\Jfl'l1l1~1 '\JlT'W 


2. m,)'tI'Yllf)1'j r1~t~flf)f)cill fll1;'(l1;'(lTfl 'j~iifl W1;'(1l'l1~ tJ,i, 'W tf)W Cl'i'~111 ~ nll1 'W~t,j'lt!~~~f)cill
cu q II 'qj q 

:, ~ d 'jJ 

'UUVlflun 2 f)1'j !n'lJ'\Jfl'lJ~ 

1. 'Yllf)1'jtn'lJ,j'tJ\l~ 'Wq~m'jllf)1'j~'lJ'l.J'j~'Vll'Wm111'j (4-day dietary intake record) imb'l 4 i'W 
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Q.I .d Q.I ~ ~ ~ jb. d ~ 	 d 
2. 	 1'W'Vl 5 'UU~f11'J'IJ'W'Vlf)'UU~el~llJ'UU 1 ~1')(J'vi1f11'J!f)ml1Ud1~!elUfl1fl(J'vi1f11'J!\)1::::!f1'1J!~Ufl 

'I1rl'~\)1f)UflU1'I11'JUdHWU(J 8 .t11lJ~ \)lmff'W!~Ufl~l'IJ~ntu,rU-W'IJu'U'W irii'W'I1elUfl 

~tyty1f11fl'~ii'ff1'Jn'W!~UflU~~ fiu Lithium Heparin mmtu 10 iJel~~~'J EDTA mmtu 2 

iJ,,~~~'J 

3. 	 i!m1::::11''ff1'J~1!fliii 'W!~Ufl 'VlNM'u~11 B'lJ1lf11'J'Vl1~!'VlfliJ flf11'J U'Vl'Vlll 

Q!'ij'IJ1J1(J 

..;. 	 ... di!l!'1 Q 'jJ
2. !mU~lJU'Vl 'If 1'Wf11'J!f)'IJ'J1'IJ'J1lJ'UUlJel

'" 
2.1 	!fl~u~iJUf11'J~'J1'ij'i1~f11(Jvt1111 1~uri !fl~u~.t~th}1'wf) 1~ri1'W 'ff~ !fl~U~1flfl11lJ~'W 1elM~ 

'" 
!!Cl::::-er~'J1f11'J !~'W'Uu~i1i \)'Utu::::-wm! 'IJ'IJ~n)~ Uel (EiM'u Ormon, 11'J::::!'Vlfl'~~'W) !fl~ U~1flU~rl11'J::::f)U'IJ'UU~ 

'i1~f11(J (Bioelectrical impedance analyzer) ~M'u Tanita 11'J::::!'Vlfl'~~'W 
4 	 ~ ~ rI ~ ":::lio rI..t!t t::S..c:ti ...Q.I 

2.2 !fl'J U~lJU1!m 1::::'11 'J::::fl'IJf11'J~l'W U'WlJelU 'ff'J:::: fl11lJ 'fflJ'IJ'Jtu 'UU~!Cl Ufl U"::::'ff1'J'lf1!fllJ 'W!ClUfl 
q '" 	 <u 

'jJd ,d '" d 'jJ .1 '" 

- ~W'WU'lfU'U~ Utu'l1fllJ -80a C (J'I1U Ilshin \)If)u'J::::!'Vlfl'!f11'11''


<u q <u 

- !fl~U~1flfl11lJ!,rlJU'ff~ (!fl~U~ UV spectrophotometer) ~M'u shidmudzu 11'J::::!'Vlfl'~~'W 
4 ":::lio rI ~ ot:9 Q.I ~ ~d ~ 

- !mU~~n\)1!m1::::'I1fl11lJ'fflJ\l'Jtu'UU~!"Ufl (Complete blood count) U'IJ'lJU~ 1'WlJ~ (J'I1U Coulter 

11 'J::::!'Vlfl''ff'l1 i'! mlJ ~ f11 

<V dI • 
m'fUtI'YIflell'l1l"J (Dietary Intake Record) 

Ul'ff1'ff:um'¥Jf)fl'W'ij:::: 1~i''lJf11'J~u~'Uu iM''vi1f11'J'l1''WVim1(Jf11'JUl'l11'J~'IJ~1flfl!rl'Wnm 4 1'W i'W 

'fflJfl'l1''WVif)Ul'l11'J (4-day food diary record book) 1flm-n(J'lJmmtuUl'l11'J 1fl(Jii't1'1(J~1~m~'J!1'W !!Cl:::: 

'ff~~fl1'YW1'111'J~1~i''lJU\)f) 'l1''WVif)Ul'l11'J~'IJ~1flfl!rl'W11'J::::~1 (Food Frequency Questionaire) !tel:::: 

fflJfl1lJw!'vlmfi'IJ'J1(Jel::::!V(Jfl i 'W1'Wm1\)!~U~ !~m.hmi!m1::::l1'mmtuUl'l11'J'ij1f) Thai dietary database 

mlJU'W1:U(J m::::'Vl'J1~'ff1li1'Jtu'ff'U ~1(J111'JumlJ INMUCAL 'ffm'l1''Wi')(J1fl'lf'W1f11'J lJ'I11i'Vl(J1rl'(JlJMfl"
q 
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, 
.c:& ~ QJ , 

fll'JUl'WlUr-3V11fltlH 

." <I "" 
'j~~iJfl1l1H"lJ\! 'HlA'\HJ-:J!~H)~ (Complete Blood Count) 

aI ~I!:iGl 
'j~~iJ~l'j!fllJ !'UnHl~ (, Total Cholesterols , LDL , HDL Triglycerides, Uric acid, Total 

plasma protein) 

Q,f iJ Ct. ... t-= 9J ~ 

'j~~iJ~l'j~l'UtJ'4\!"tJ~'j~ : lJ'jmUA'j1lJ'lJtJ'I~1'j~1'UtJ'4\!"tJ~'j~ (Total Antioxidant Status) 
~ , 

mmUA1~liJ'UCir1'U'Vlm~m (plasma ascobate) ~1'j,j-:J;fI11~f11'j !n~tJtJf)~!~i''U'lJtJ'I !'IJ:W'U 

." 11] <I'JJ "" '1 d "" 
(TBARS) 'j~~iJ!tJ'U !9flJ~l'UtJ'4\!"tJ~'j::; !'U!lJ~!"tJ~U~'1 (Superoxide dismutase , 

~ 

I "''1 ." '1 "" 
Glutathione peroxidase) U"~~l'jiJ'I'l!' !'jfl'H1 ! 'iHm::;'H"tJ~!"tJ~ (Plasma Homocysteine) 

, ~ 

1~m~1VlJff'1~1tJV1'lfi'lU 

"" .... "" " '1n'!mn'jfll!&~tlVlH'IJ-!I 

, 
""'" oJ 

tTl 'j 'f11&ft 'j1~'t1 

I 

'" .... , 
tT-!lg)ltl£lH """" '" oJ 

l1Hll'jl&ft'jl~'H 

EDTA Routine Hematology: CBC Whole blood Automate 

Whole blood Glutathione peroxidase Whole blood Automate 

Lithium heparin Routine Chemistry: 

Lipid profile: Cholesterol, 

Triglyceride, LDL, HDL; Uric acid; 

Total plasma protein 

Plasma Automate 

Total antioxidant status Plasma TEAC assay 

Plasma Malondialdehyde Plasma TBA assay 

Superoxide dismutase (SOD), 

Erythrocyte Glutathoine peroxidase 

(E-GPx) 

Hemolysate Enzyme kinetic assay 

(Automate) 

Plasma glutathione peroxidase (P-

GPx) 

Plasma Enzyme kinetic assay 

(Automate) 

Plasma homocysteine Plasma FPIA 

Plasma ascorbate (vitamin C) Plasma Ascorbic oxidase 

assay 
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EDTA Blood 

1. 	 '111 Whole Blood EDTA 2 ml ri~~hhhm'j1!f1'j1~l1mfh CBC fllv1'U 4 i11lJ~ 

, ,.,. 


2. 	 !\9l1VlJ Whole Blood Glutathione peroxidase fllv1'U 4 i11lJ~ 1\9lV'Vi'1\9l1lJ.,r'U\9lu'Ui~i1 
~ 	 ~ 0 0 

!~U~l~ 50 III 'lJU~ EDTA Whole Blood \9l1V I ml Diluting agent ('Yl1~1'U1'U 2 '\1[;lU\9l Duplicate) 

d.d ~ c:r Q,.I d d 4 I 111
!fl'U'Yl~W'\1JJlJ - 80 °c A~W label ID 'lJU~ subject !I[;l~1'U'Yl!fl'U !'VlU'jU'YlI9l'ffU'U GPx \9lU IU 

Lithium Heparin Blood 

1. 	 '111 Whole Blood IUir'U!Wfl~1mf11u~ Centrifuge ~~W'\1JJiJ 4°c 3000 rpm 5-10 min !Ylmwfl 

ri1'U'lJU~ Plasma !I[;l~ Packed red cell 

2. 	 '111 Heparinize Plasma ri~lu'Vi'lm'j1!f1'j1~11 mri1 LDL, HDL, Total Cholesterols, 


Triglycerides , Uric acid, Total protein fllv1'U 4 i11lJ~'\1~~!~1~!n'Ul~U\9l 


3. 	 !f1'U Heparinzine Plasma !I'l.J~1ri Eppendroftube !YlU'I11IU'Vi'1 Plasma Glutathione peroxidase, 

Total antioxidant status, Total plasma ascobate, Total plasma homocysteine, Plasma 

Malondialdehyde (TBARS) l\9lmf1'U~~W'\1JJiJ - 80°c 

4. 	 '111 Packed red cell ~1~~lflm'j'Vi'lm'jir'U!lVflIU'Vi'l Hemolysate l\9lvir'U~l~ 3 f1f~~1V 0.9% 

NSS ~1mf11u~ Centrifuge ~~W'\1JJiJ 4 °c 3000 rpm 5-10 min ~lflJ'U!~ml1fl~'U!~'U!'vhi11'U 
'JJ ..t , 'JJ c$ "I 'JJ c$ ~ , , " 

Washed packed red cell !1m Vortex !'VlU 'I11lJ\9l![;lUI9lU\9l~!I\9lfl U[;l1!fl'U A\9lV!!'U~ 'ff 'U Eppendrof 

..t 
tube !'VlU'YlI9l'ffU'U Erythrocyte Glutathione peroxidase !![;l~ Superoxide dismutase 

"" r!
f)1"iffl"i1'i)1m"il~'H Total antioxidant status (TAS) 

TEAC assay (Re, et al. 1999) 

.,j .... 

'fI'H)~g)'j1'll1V1 UV-Spectrophotometer (Shimadzu UV-1601, Japan) 


Lithium heparin plasma 


.... "" 
 .
't'Itlflfll 'j1'fI'jl~'t'I 

ABTS (2,2-azinobic-(3-ethybenzothaiazoline-6-sulphonicacid )diamonium salt) ~~iu'Vi'luBmv1 
... .!! ~ ~ II] ~ "'''I '" "" 'JJ , , 'JJ ~ II]jI ""'" ..t
fl'U potassium persulfate CJ1~\9l~'Yl~ !1 1'U'YllJ\9l'Yl~W'\1JJlJ'\1U~flU'U "If 12 - 16 "If1 !lJ~ !'VlU~~ l~lU\Alq![;lU'ff'j~ 

()+ 'JJ "" ~ , II] .1'" ""... ()+ '" '" .M ~ 11].10'lJU~ ABTS 'ffn\9l1'UU'4lq![;lU'ff'j~'Yl~'\1lJ\9l 'U serum/plasma ~~ IU'Yllll!)mV1fl'U ABTS 'Yl!fll9l'IJ'U A\9lV 111 

rJ'Urt~m'j!fi\9l~'lJU~ ABTS()+ ;~th'U 1~~lflri1m'j\9l\9lfl~'U'lJU~U'ff~~[;l\9l[;l~ 1U'\1~~~lflvr~11 5 'U1-n rl1'U1'U 
<u 
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'" r/
m1V111fJ1ml1~'I1 Thiobarbituric acid reactive substance (TBARS) 

TBA method (Satoh 1978) 
"I ..... · 

!tl·H).:.t~'11'il1Y1 	 UV-Spectrophotometer (Shimadzu UV-160 I, Japan) 


Lithium heparin plasma 


..... '" d 
'YItlflfll'11Itl'11~'YI 

l1l'uhmu MDA i'U serum i'lf'Thiobarbituric acid (TBA) method ~.:.t!~'U colorimetric method 1TI . 	 .. 
.;j '" "i'.1 '" i ~ 	 0 "" """"'.ot i ~ l1'U.:.t lJm')~f)~~fHl'U AlJ')~'W 'U plasma f)'JtJ Trichloroacetic acid ~flff1tlt1J'Utl.:.t11i'Wtltl GJ1 TBA reagent 

!~'W~iTYh1JBmtJ1n'U MDA lf1tJm')lPi'lJi'WJ1!~tlfl 30 'W1~ ~.:.t1TI~'~!~lJ Sodium sulfate ~.:.t'1J~1tJ !~tl 
Q,< d 01:\ 0 i ~d 0 ~ 0 QI I 0 d

'UlIflffl')')'Uf)1'W'VI!f)fl1I1f) sialic acid 'VI1 l1lJm1lJ1I1!'W1~mf)'U'Wff1l1')'Uf)nl11m MDA 'U1 supernatant 'VI 

IIJ~ "" 	 "" ~ .d1lJ~ "'''' 0 IIJ.I"" .d • I

Ifll1~.:.t1l1f)m')fff)flfl1tJ n-butyl alcohol ff1,)'VI IfllI~lJffGJ1lJ~ 'W1IlJ1f1 absorbance 'VI 530 nm m'Wm 

concentration 'Utl.:.t MDA 1I1f) standard curve 

'" r/
m1V111fJ1m11~'I1 Superoxide dismutase activity (SOD) 

i'lf' Kit 'Utl.:.t RANDOX Laboratories 

"I ..... · 
!tl'10.:.t~'11'il1Y1 	 Flexor Analyzer (The Netherland) 


Hemolysate 'Utl.:.t Lithium heparin blood 


'" '" d'YI tl fl fll '11!tl '11 ~'YI 

Superoxide dismutase (SOD) ii'U'VI'U1'V1~1I~9f1.:.t!~.:.t i,r!f)fI dismutation 'Utl.:.t toxic superoxide 

· ~ d ~ d'c! ~ .J I 	 19J d dQI

radical (°
2

) 9mtJW·m~f1w.CVI'VI!f)fI'U'W,)~l111.:.tm~'U1'Wm') oxidative energy l1!1J~tJ'W!tJ'W hydrogen 

.c:w:i .x 9J 	 dQ.l9J
peroxide U~~ molecular oxygen 11im,)'VIflfftl'U'U1I~iGJ1 xanthine U~~ xanthine oxidase !tJ'W~1ff,)1.:.t 

~ O .... I~a.c:::. QI

superoxide radicals 9f.:.t1l~lJ1'V11lJ{JmtJ1f)'U 2-(4·iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium 

9J ~ ~ <V d' ~I
chloride (I.N.T) U~1!f)flr-l~~f1W.CVI!lJ'W red fonnazan dye 

.. 
superoxide dismutase 1I~~f)~,)1111'fI~1tJmmw.'Utl.:.tm')5'U5.:.t1JBmtJ1 I unit 'Utl.:.t SOD lI~ntli,r!f)flm'.i 

51JJ,:jer~'.i1m'.i!f)fl1JBmtJ1'Utl.:.t I.N.T 50 !1Jtlf!~'W~ fI1tJilPi'fffl11~'Utl.:.tf)1'.i'VIflfftl'U 

XOD 

Xanthine -----.~ Uric acid + 02 

I.N.T ---+~ fonnazan dye 

SOD 
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"" <I
m'j"''j'J'inm'jl~'H Glutathione Peroxidase activity (GPx) 

1~ Reagent Kit '\Jfl-:J RANDOX Laboratories (Paglia and Valentine 1967) . 
"I ..., 

Afl'H)~V1':i11l1~ 	 Flexor Analyzer (The Netherland) 

Lithium heparin plasma, Hemolysate , EDT A whole blood 

1~rHlf1fn'j'tlfl-:J Paglia and Valentine lmJ~ Glutathione peroxidase(GPx)'il~d-:JllBmmoxidation 
') 	 .,g "I "'.

'tIfl-:J Glutathione(GSH) A~W Cumene Hydroperoxide 9f-:J b'Wf11'jlJfl~'tIfl-:J Glutathione reductase(GR) t!?1~ 

NADPHlr'W oxidized Glutathione(GSSG)'il~\lfHll~tJ'W!tJ'W reduced form 1'W'tIw~~!nflllBmmoxidation 
d + ~ Q.I I .d.d ~ 

'tIfl-:J NADPH !1l'W NADP 9f-:J!'j1'il~1flfl1 absorbance 'Yl~fl~-:J'Ylfl11lJtJ11f1~'W 340 nm. 

"" <lr 
f)n"''j'J'iJ'Jm'jl~'HfJl Total Homocysteine (tHcy) 

~q~ d 
11j1Afl':il~'t'i FPIA 

fl1':iVl':i11l1~ '1~f11H'\'j1'il1fl ifltJ!f1ifl-:Jl!fl'j1~l1'flI9l1 'Wml (Automated) 'tIfl.:J'tihl''Yl Abbott ~~fl 
. ® 

Fluorescence Polarization 

Immunoassay (FPIA) 

Lithium heparin plasma 

11 AXSYM 

v • 

f11'j1flfl1't1fl-:J Total homocysteine 'iT'W'il~1~l1~f1f11J'Yii1-tJf111 FPIA lfltJfl1fftJl1~f1f11'j$ifl Bound 

'" ~ '" "I 'jI?1 .,g '" 11] '" _ I'" ?I .HCy 'il~\lmflTff 	Al1!lJ'W free HCy 9f.:J'il~lJ!fl'W !9flJ!lJ~tJ'W!lJ'W S-adenosyl-L-homocysteme(SAH) 19I1lJ 
'jI • 

~lJf11'jfl1'W~1.:J 

I. Reduction: Homocysteine ~l'jll'j~f1fl'lJDisulfide !!~~Homocysteine yhl'Uti'lJ 111'j~'W 'il~\lf1 reduced 

U~'j~ lfltJ1~ DTT(dithiothreitol) 


HCY-SS-HCY(Homocysteine) DDT 


R)-SS-HCY(R)=thiol residue) HCY 


Protein-SS-HCY 

~ 

2. Enzymatic Conversion: Free homocysteine 'W'W 

"" ~ .,
hydrolase !m~ adenosine 'YllJ1fHf1'W'Vlfl fl.:J~lJf11'j 

HCY+Adenosine SA H-Hydrolase) SAH 
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• •• 

"" <lr 
m'j"''j'J1)'Jm11~'Hf)1 Vitamin C (Plasma Ascorbate) 

Ascorbic oxidase 
.,j cv 

!tl'n)~Vl~1\l1V1 	 UV-Spectrophotometer (Shimadzu UV-1601, Japan) 


Lithium Heparin plasma 


cv .. </ 
'YI~nfl1~1Itl~1:::'YI 

~~i1mh~'O:::f1fl~'J1'01~tilfllHl~fl~'j,.mff~ imJ~H~ 593 nm '01flfll'J1~~i1~rl'UlC¥i'~!n~'01flfll'J 
<u 	 <u 

l'l1,jummh.ll,jff1'J'lh:::m:l'lJ'IJ'e"l~ ferrous ion m'l::: 2,4,6 - tris (2-pyridyl)-s-triazine (Fe
2

+_ TPTZ) i~tI 
" 3~i1~rl'UlC¥i'ihnfl'01fl,jumtl1 reduction 'IJ'e"l~ ferric ion complex (Fe + - TPTZ) ;~~fl reduced !!'lJ'l./h,i 

')l!'Y'I1::: i~tI reducing agent mtJ1~ffm1:::fl11ll!~'Wm~ !!~ff1'\1i''lJ Ascorbic acid 'O:::f1fl~'J1'il1~mh~ 
<u 

')l!vn:::'KI~tlfll'J treat ~1t1 ascorbic oxidase !~'e"l~'O::: oxidize ascorbic acid !!{l:::1~ti1fll'J~~fl~'W!!ff~
" 

q."QI ~ 	 l:S.3+ 	 IQI 

'IJ'e"l~ Fe - TPTZ 'Vl!!~fl~l~fl'W'IJ'e"l~mff'e"l~ sample fI'e"l treat !!{l::: untreated 'Vl 593 nm 

(+Ascorbic acid) 
2+ 	 2+

(Fe - TPTZ) + reducing agents --------M~Fe - TPTZ) complex (1) 

(-Ascorbic acid) 

Ascorbic oxidase + reducing agents __..~ (Fe3 
+ - TPTZ) ----..,.~e 

2+ 
- TPTZ) (2) 

Absorbance 'IJ'e"l~ Ascorbic acid (l) - (2) 

Standard 

(Fe3 
+ - TPTZ) + Ascorbic acid --------II'I~e 

2+ 
- TPTZ) complex 

Ascorbic oxidase 

Ascorbic acid ------i-oehydroascorbic acid 

TPTZ = 2,4,6 - tris (2-pyridyl) - s triazine 

m :::'lJ1'W fll'J i,)tI'~~h'W fll'J i''lJ'J 'e"l~~1t..l '01 tlli 'J 'J ll'01flflUl::: m 'Jll fll'JY4'Ol'J Ul1~1'W 'O~ tlli'J'JlJ 1 'WfI'W 

fl~llff'\1ffm,j'W ')j'~~ 1 'OW1{l~mci'll'\11i'Vltl1~tJ mll1'lJi''lJ'JtJ~!{l'IJ~ 057/2011 !!{l:::1'Wfll'J!'il1:::!~'lJ!~'e"l~ 

~hmh~J'W \1:::~'e"l~' ~i''lJ fll'J Vt..l tJ'e"lll!~ 'W {lltJ~mJ ci'flfl'l;J 'J \11flfllff1ff:UfI 'J~!,j1~1ll i fI 'J ~fll'J~1tJfI11llff:UfI 'J 

1'O~flfl'W 
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1'W~'W I'Hl'W f11'Jfl~!~~f)~!',hj1lJ mu~m,ffJ'vllf11'J\91 'J 1'0 bHl'IJ !YiUfl~!~~f)~'W1'Ii'!rJ'W 1tll~!mucvl~ ... '" 

nl'l'i'W~1~t1f11'J-fflJ.fn'hltU!!~~;U'O~1nf11'J'If'W Yif) f11'J\91 U'IJ!!'IJ'lJff~'lJmlJ 1~ t1~n'lJ1t11'W mff1mr~'J~ !tJ'W 

I I 4.1~~Q,I "j/I ClQ,ll1I 3JgI &" gil '" 1 "'&1 

f)~lJtI~m'Vl~ 'l'if;j1'Omm~f;j!'tIl'J1lJ1'Oti A~A'tIlfN'tIUlqj~ U~~!'tIl 'O\91'J~f)'W U~~ 'W'J~'l'i11~f11'J'IJ'W'YIf)m'l'il'J 

-"'. '1 "' .. ..\1 3131311 ~31'" "'31 '" ..\131 '" 31311 ~3131 d,,f~1'OtI'YI1f11'J A'YIHY'Vl'YI!'Vl~ 'l'im'tll'J1lJ A~9ff)mlJ'l'ilf)lJ'UUff~ffti !'Vl~ 'l'imfflfflJfI':i~!'UlnlJ !~A'Ul1'OtI~'U'W 
or... or 

Q,I Q,I ~ Q.I .:9 Q.I ~ ~Q,I 0 Q.I til Q,I .r:::l 

'I'i~~'illm'W'YI 4 'U~~f11'J'IJ'W'YIf)m'l'il'J (1'WA 'ill~A~ U~) m'iltl'YIlf11'JfflJf11'hltu nlJf)'lJf11'J~'Jlt1~~AUtI~
'" '" 

'" ,,; 31 31 1 "'. I 31 ,d - '" Ii] 31 '" 1~ 31 'l?1 '" ....\ d '" 
'I'i~~ 'illf)'YIf;j!'tIl'J 1lJ 'J'lJ1J'J~'YI1'W m'l'i 1':i!'111'Y1 f;j1 'il tl A~!\91 'J t1lJ 1!'1'i A~m1J'Wf11'J fflJf11'hltu!'Vl~!f1'IJ'Jlt1~~!UtI~ 

l'W'¥Jf1'Jlt1 

~lU~~~1'i1Utl'J'il~'Vi'1f11'JUff~~~~!tJ'W ~lm~t1 ± ri'1'W!~t1~!'IJ'Wm\91'Jil'W (Mean ± S.D.) 


1'i1utl'J~fff)mtl'J~f)U'IJ~1t1 


~lm.h~'l,I (Independent Variable) ;ju 1) f11'J~Uf)nl~~f11t1 !!~~ 2) mllJ'l1'Jl (f)~lJm~) 


~lu'lhvm.J (Dependent Variable);ju 'J~i'lJ'lBmtuffl'Jm'l'il'JH~~~'l1iJ~~~'lJtl'J~'YI1'W U~~ 'J~i'IJ 


ffl'J~11~m 'W I~u~ 

'YI~ff~'lJf11'Jf1'J~'illt1I'i1't1U~,rUlqj~ (Nonnality) 1~t11GJ1' Kolmogorov-Smimov (K-S) Test 1~ One

way ANOVA AYimmtl'IJ!~tI'IJ~lm~t1't1U~U~~~1'i1utl'J1'Wf)~lJI'i1u~1~ 4 f)~lJ (SY, EY, SE, EE) u~~lGJ1' 

Two-way !!~~ Factorial ANOVA test lAfl':il~lffl11lJU\91f)~1~'J~'l'i11~f)~lJ~~1!!'Wf)\911lJI'i1Utl'J~'W 1~!!f) 

'I1'il,ftl~l'Wm~ (Age effect) 'I1'il,ftl~l'Wf11'JUUf)nl~~f11t1 (Exercise effect) 'J1lJ~~'YI~ff~'IJ interaction effect 

(Age effect X Exercise effect) ~Afl~~'W 1~mmtl'lJ!~tI'IJ1'W!!~~~1'i1!!tl'J\911lJ !rlU'Vl'IJmllJU\91f)~l~'il~lGJ1' 
" Fischer PLSD post-hoc test 1'Wf11'J!m tI'IJA~tI'IJ'I'ilfl11lJU\91f)~1~U~~~~ 'WUf)'illf)-w5~ lGJ1'f11'J'YI~ffU'IJ 

ffl1-fflJ'Wmr H1J'IJ Pearson Correlation 1'W f11'J'I'ilfl11lJ -fflJ'W'W lh~'l'i11~ffl'J m'l'il'J U~~~'l1ij ~n'IJffl'Jm'l'il'J 

t yd 1 ~ rI ~ t.a ~ tI ,.I 

'W'Wmh!ll'W covariate 'Wf11'J1Afl':il~'I'i Factorial ANOVA Uf)flH!'VlU1Afl':il~'I'i~11lJU\91f)\911~ A~t1f11'J 

Vi'Ol'JtulI'i1Utl'J~1lJ 1'Wf11'J1Afl':il~lf'il~1GJ1'1tlmmlJbh~'O~tl Statistical Package for the Social Sciences: 
,d 

SPSS version 17, Statistical significance level 'YI p < 0.05 
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U'fJ 1lfJR1'l1WJ UJ'lf 11 

f)~ lJ rf'ff -!l tnm I~ ~ f) ~lJ'lJ fI fI ~Lt..! itll'll-!ll'W ~1-!l n '1 ~f'U'VH1-!l-!l1'W J'~'I1lJ~ ~1f) 'ff1'j 'e) 1'111 'j~ f'U i.h ~'Yl1'W 
q IV IU q <II q 

l'W!I~~~i'W (Daily energy intake) 1I~~'W~-!l~1'W~i~f'U~1f)ff1'jtn'l11'jl'Wf)~lJmn'Ui~I~'j\9l ·h.h~'W II~~ 

i'\Jl1'W '1lJlI\9lf)~l~n'W l'W 'j~'I1 i1~f)~lJ 'e)1t1 1I~~llilJlw f11'j'U'j lim 'e) ~l 'W If)wcyj'llilJlW 'ff1'j 'e)1'I11'j~1I'W~t11lM. . '" 
'U'jlflfl'l.h~,hi'Wff1'l1f'UfI'Wi'Ylti (Thai Dietary Reference Intakes, Thai DR!) (\9l1'j1~~ 2) f)~lJ~~~'e)1~ 

'U'j lflfltn'l11'j~i.J 'j~f)'e)'U i i.J~';ltJmn 'U im~'j \9llJlf)f)';h1'Wf)~lJitll'll~l'W (p<O.Ol) II~~~m.m~'\J'e)~f11'j 

'U'jlflflmn'Ui~lm\9l~'e)llilJlwtn'l11'jJ'~'I1lJ~ (% Thai DR! for carbohydrate) nlJlf)f)i1f11'j'U'jlflfll'W 

f)~lJitll'll~l'W (p<O.Ol) 1'W'\Jw~~~'e)t1~~'\J'e)~f11'j'U'j lflfl i'IJl1'WII~~ I i.J'j~'W~'e)llilJ1W tn'l11nf~'I1lJmr'W 

ti'e)t1f)i1f11'j'U'j Iflfll 'W f)~lJitll'll~l'W (p<O.Ol) f)~lJ ~~~'e)1~~llilJlW f11'j'U'j Iflflltl'e) 1'I11'j (Dietary fiber) 

~~f)i1l'Wf)~lJi'Wl'l1~1'W (p<O.Ol) 1I~~f)~lJ~~~'e)1~n'U'j Iflfl i'IJl1''W cholesterol ~1f)i1l'Wf)~lJi'Wl'l1~1'W 

(p<O.O 1) f)~lJ~~~tn ~'U'j lflfl1iw.!1'11 ~f)~~f)i1lli lJlW 'ff1'j 'e)1'111'j~1I'W~111lM'U'j Iflfli.J'J~~li'W ff1'11f'UfI'W 

i'Ylti !I~~'ff~f)i1f)~lJitll'l1~1'W (p<O.Ol)'" . 
ilJ'W'Ufl11lJlI\9lf)~1~'\J'e)~f11'j'U'jlflflllfl~lctWlJ 'W'e)ff'W'e)fff i\9l1iJ'W I'e) 1'j~'W'e)~ !lfI h'¥i'W i'W'e)~Cif'W 

i\9l1iJ'W w imiJ'W iJ 6 1I~~i\9l1iJ'W iJ 12 'j~'I1i1~f)~lJrf'ff~tnml~~f)~lJ~'e),il'Witll'l1~1'W
q IU 'U q q 'U '(j 

U'fJ1lfJRnmnm)fJft1if.JfJ1f) 

f)~lJ~n'iJ m 'jlJ~l (Sedentary) 1I~~f)~lJ ~'e)'e)f)n1~~f11t1 (Exercise) ~l~n i~f'U'W~~~l'WJ'~'I1lJ~ 
~1f)'ff1'jtn'l11 'j~f'Ui.J'j ~'Yl1'W1'W1I~~~i'W (Daily energy intake) 1I~~'VHr~~l'W~ i~f'U~ 1f)'ff1'Jtn'l11'J1'Wf)~lJ 

mn'Uim~'j\9l hh~'W ilJ!I\9lf)~l~n'W l'W 'j~'I1 i1~f)~lJ ..!I~~ i '\J11'W 1I~~llilJlwm'j'U~ Iflfl'e)~l 'WIf1Wcyj'. 
llilJlW'ff1'jtn'l11'j~II'W~t11lM'U'j Iflfli.J'j~~li'Wff1'11f'UfI'W i'Ylti (Thai Dietary Reference Intakes, Thai 

DR!) (\9l1'j1~~ 2) f)~lJ~'e)'e)f)n1~~f11t1'U~ lflfltn'l11'j~~i\9l1iJ'WCiflJlf)f)i1l'Wf)~lJ~n'iJm'JlJ~l (p=O.031) 

U~~~'e)t1~~'\J'e)~f11'j'U~lflfli\9l1iJ'WCif ~'e)llilJlW'e)1'11n~II'W~t11 (% Thai DR! for vitamin C) nmf)f)i1f11'J 

'U~ lflfll'Wf)~lJ~n~m'jlJ~l (p=O.026) 

ilJ'W'Ufl11lJlI\9lf)~1~'\J'e)~f11'j'U~lflfl!lfl~l~t1lJ 'W'e)ff'W'e)f'ff i\9l1iJ'W I'e) 1'J~'W'e)~ Ufl hVi'W '1'W'e)~Cif'W 

~ " 9J _or cv 9J _ar <lI 9J 0 Q.I l.I] f 

~1f)f11'j11m1~'I1~1t1 Two-way ANOVA (lJ~~t1~1'Wfl11lJ')j''J1 x lJ~'iJtI~l'Wf11'J'e)'e)f)f11MmV) IlJ 

'W1J Interaction effect 'J~'I1i1~i1 'iJ <ijV~1'Wfl11lJ')j''J1 1I~~i1'iJ <ijtl~l'Wf11'j 'e)'e)f)n1~~f11V l'W 'ff1'j 'e"l1'111'j l~"l~l1~ 

~~f)~lJi~f'U (\9l1'j1~~ 3) 
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ifiJ~fJAJUfll11J'lfl1 

fl~ll~~ 'Hl1~ij'j ~i1J'tJ U-:I 11'l 'j fl~!C)fU1 'jfl fl'jfl~~fl fll'j'Vll-:11U'tJU-:I!~U 1C)flf E-GPx m1J1tu 'j111'tJU-:I 

ffl'j~lUU'41Jel~ff'j~ (T AS) !!el~ffl'j 1~1:lJ~ml'l~u1u~mff1J1 (tHcy) ~ -:I fl 1111..1 fl~ll1Jflflel1'W 1V'Vll-:11'W 

(p<0.05) 1'W'tJtu~~fl~1l~~-:lm~ij'j~i1J HDL ~lfl111'Wfl~1l1Jflflel1U1V'Vll-:11'W (p=0.00 I) ~hU~lfll'j 
'Vll-:11'W'tJU-:I!~'W 'C)flf SOD !!el~ B-GPx !!el~ P-GPx m1J1tu ffl'j TBARS !!el~m1J1tu11'l1:iJ'W~1'W~mff1J1 

(Plasma ascobate) hj!!l'lfl~l-:1fiu'j~ldl-:1fl~ll~~-:lm~!!el~fl~1J'l.Jflflel 11..1 1V'VlN1'W (l'll'jl-:1~ 4) 

ifiJ~fJAJUf)1166 nth«'If)1fJ 

fl~mrUUflrllrl"-:lfllV ij~lm1J1tunll'tJU-:lffl'j~l'W tl'W llel~ff'j~ (TAS) 1'W~ellfflllff-:lfl1111..1 fl~llffij
q IU II <u cu q cu 

01lfl'j 'j ll~1 (p<0.00 1) 1'W'tJtu~~fl~1l~Utlflrllrl"-:lfllV ij'j ~ i1J 1~111~ml'l~'W1'W~mff1J1~lfl111'Wfl~1l~ 
01lfl'j'jlllPll (p=0.024) 

fll'j'Vll-:11'W'tJU-:I!~'U1C)flf SOD 1'U!~fll~tlfl!!fl-:l fl1'j'Vll-:11'U'tJU-:I!~u1C)flf GPx J-:l1'U!~Uflfl'j1Jd1'U 

1'U!~fl!~Ufl!!fl-:l !!"~1U~mfflll !!el~m1J1tu ffl'j TBARS 1'U ~ellffll 11~!!1'l fl~l-:1fiu'j~ '"dl-:1fl~llffij. .. 

_III:>. V QJ , , ",Of. v iJ ""y. II 0 IVQJ

u{Ji1U'tVUfi (Interaction effect) 1:::H1NuiJfJfJPlJUfll11J'lf11 WJ:::uiJiJfJPlJUf)1166f)f)1'tJ'If)1fJ 

I _"I' ... 'JI _"I' ... 'JI 
1l1fl Two-way ANOY A ~1J Interaction effect 'j~'\111-:11J1l 'iwm'Ufl1111GJf'jl !!el~1JllllVfllUfll'jUUfl 

rllrl"-:lfllV 1'U~1 TAS !!el~ tHcy 1flV~1J11 fl~1l~~-:lm~!!el~!ilU~~tlUflrllrl"-:lflltJff~1!fflltlll~ijm1J1tu'j111 

'tJtl-:lffl'j ~l'U tlU llel ~ ff'j ~1'U ~ ell ff1J1ff -:I fl11fl ~ll ~ff -:I mv~ij0 11 fl 'j 'j ll~1 fl ~111J flfl el1V'Vl1-:1 lU~tlU fl rllrl"-:I fllV<leu cu II lUlU q q q 

I I I , 

tltlflrllrl"-:lflltJff1111fflltl !!el~fl~1l1Jflflel1V'Vll-:11'U~ijOllfl'j'jlllPll (p=0.032) (fl1~~ 12) 1~~1J Interaction 

effect 'j~'\111-:1,j1l ,jV~1'Ufl1111GJf'jl !!el~,jll,jtJ~l'U fll'jtltlflrllrl"-:lfllV 11..1 ffl'j;1!flijtU"l (l'll'jl-:1~ 5) 

1l1fl One-way ANOY A !rltl~1!!'Uflfl~1l~1tl~1-:1tltlfl!i1'U SY, EY, SE !!el~ EE (hj1~fl'1ij-:l~-:I,j1l,jV 

~1'Uml11GJf'jl !!el~,jmiV~lU fll'jtltlflfllrl"-:lfllV) ~1J11 fl ~ll EE ll~ijm1J1tu 'j111'tJtl-:lff1'j~lU tl'41Jel~ff'j~ 

i'U~ellff1J1 (TAS) ~-:lfl11fl~1l SY, EY, SE (p<0.01) (fl1~~ 11) !!el~fl~ll SE ij'j~i1J'j~i1Jffl'j1~111~ml'l 

~Ui'U~ellff1J1ff-:lfl111l1flfl~1l EE, SY, EY ~'j~iuwmhri'w 0.01 !!el~flrill EE ll~ij'j~i'm~i1Jffl'j1~111cu q () q 

~ml'l~'U1U~ellff1J1~ -:I fl 111Ufl~1l SY, EY tl~1 '1ijtJVfflri'ty'Yl1-:1ff()~~'j~i1J 0.05 (fl1~~ 12) !GJfU!~V1fi1J 
~ 'jJ I' Q,t d 11] rI " ~ 

flWVlflfftl1J!llUiGJf Two-way ANOYA !!el~~1J11fl~1l EE 'j~fl1J!tl'U ~C)fll GPx ~-:lmlfl~ll SY !!el~ EY 'VI 

'j~i1JtJVfflri'ty 0.05 (l'll'jl-:1~ 5) 
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• • Vl1'jV.l~ 2 HC1 fl1 'j 1!fl 'j 1~..1ff1 'j V 1M1'j '1 'W fl rilJi1VciVl~~lU 'W fl\911lJi1 ~~tI~l'WV 1tlUC1~i1~~tI~l'U fl1 'j VVflfil"~fl1t1 

i1 ., 'iI 
~~tI~l'Wmtl• i1~~tI~l'Wfl1'jVVflfh"~fl1t1 . 

OJ 0 

1 tJ'YIH TW ltJU-il61Q nllfl':i':illVil 
o v 

66flflla~flltJ 

(n=49) (n=43) (n=54) (n=38) 

Age (yrs) 36 ± 6 68 ± 7 45 ± 17 59 ± 16 

BMI (kglm2
) 21± 3 24* ± 4 22 ± 3 24 ± 4 

Body Fat (%) 25 ± 8 31* ± 9 27 ± 6 30± II 

Energy intake (Kcal/d) 1529 ± 323 1644± 438 1580 ± 335 1589 ± 449 

%Thai DRJ 85 ± 20 98* ± 24 89 ± 21 93 ± 25 

Carbohydrates (g/d) 210± 57 251* ± 74 226 ± 57 235 ± 82 

% Energy intake 55 ± 8 62* ± 10 58 ± 10 59 ± 8 

Lipid (g/d) 47 ± 15 44± 21 46± 20 46± 15 

% Energy intake 28 ± 6 24* ± 8 25 ± 8 26± 7 

Protein (glkg body mass/d) 1.05 ± 0.33 1.08 ± 0.51 1.17 ± 0.36 1.05 ± 0.50 

% Energy intake 17± 4 15* ± 4 16± 4 15 ± 4 

Vegetal protein 16± 5 25 ± 12 21 ± II 19 ± 9 

Animal protein 37 ± 20 28 ± 27 33 ± 22 32 ± 25 

Dietary fiber (mg/d) 7.66± 3.69 10.36* ± 5.70 8.29 ± 3.83 9.87 ± 6.07 

Cholesterol (mg/d) 248 ± 133 169* ± 125 227 ± 134 188± 133 

Calcium (mg/d) 485 ± 257 648 ± 855 521 ± 364 621 ± 865 

%Thai DRJ 61± 32 65 ± 86 60 ± 40 66 ± 86 

Iron (mg/d) 10.24± 4.19 11.31 ± 5.14 10.69 ± 5.20 10.83 ± 3.87 

% Thai DRI 50± 21 120* ± 55 73 ± 54 97 ± 51 

Vitamin A (RE/d) 460 ± 399 424 ± 532 462 ± 396 417 ± 552 

%Thai DRI 75 ± 67 70 ± 89 75 ± 66 69 ± 92 

Retinol (~g/d) 349 ± 392 272± 536 323 ± 393 297 ± 557 

~-carotene (~g/d) 1124± 1262 1359 ± 920 1254 ± 1270 1210 ± 859 

Vitamin C (mg/d) 65 ± 70 103 ± 100 62 ± 36 113# ± 124 

%Thai DRJ 86 ± 94 135 ± 134 80 ± 47 150# ± 165 

Niacin 14.0 ± 5.8 12.3 ± 3.9 13.8 ± 4.8 12.4 ± 5.3 

Vitamin B6 (mg/d) 0.054 ± 0.164 0.068 ± 0.196 0.07 ± 0.21 0.05 ± 0.13 

Vitamin B 12 (mg/d) 0. 17 ± 0.43 0.18 ± 0.62 0.22 ± 0.64 0.10 ± 0.29 

Thai DRJ, 'tinilfl 'l.h::;~11"Urlll1l1.JfI"u 1'Y1tJ (Thai Dietary Reference Intakes), * LL~fWh'l'illf1f1~lJ'lJflfI,,1tJ.yh'l1"u tlVl'lii 

t!tJrllrity'YI1'lff~~~1::;fi1.J .0 I, # LL~f19il'l'illf1f1~lJ@in'ilmnJ~l tlVl'liit!vrllrit1J'YI1'lff~~~1::;fi1.J .0 I 
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..; 
m'H!I't13 rHlf11'J1!fl'jl~".yffl'J Ul'l11 'J''U!!~~~f1ri:IJidtJ ~1\1. 

Sedentary Young Exercising Young Sedentary Elderly Exercising Elderly 

(n=37) (n=12) (n=17) (n=26) 

Age (yrs) 35 ± 6 38 ± 6 69 ± 7 68 ± 8 

BMI (kglm2
) 22 ± 3 21± 4 23 ± 3 25 ± 4 

Body Fat (%) 27 ± 6 20 ± 10 27 ± 7 33 ± 9 

Energy intake (Kcal/d) 1543 ± 334 1490± 299 1654 ± 335 1636± 505 

% Thai DRJ 86 ± 20 83 ± 18 97 ± 21 98 ± 26 

Carbohydrates (g/d) 209 ± 58 214± 57 260 ± 39 245 ± 91 

% Energy intake 55 ± 8 57 ± 8 65 ± II 59 ± 9 

Lipid (g/d) 48 ± 16 46± 12 42± 27 46± 17 

% Energy intake 28 ± 6 28 ± 7 21± 9 25 ± 7 

Protein (g/kg body mass/d) 1.2 ± 0.4 1.0 ± 0.2 1.1± 0.4 1.l± 0.6 

% Energy intake 17 ± 4 15 ± 3 14± 3 15 ± 4 

Dietary fiber (mg/d) 7.36 ± 3.79 8.55 ± 3.39 10.16± 3.26 10.50± 6.99 

Cholesterol (mg/d) 261 ± 114 210 ± 178 158 ± 147 177± 109 

Calcium (mg/d) 503 ± 286 431 ± 144 557 ± 494 712 ± 1042 

% Thai DRI 63 ± 36 54 ± 18 56 ± 49 71± 104 

Iron (mg/d) 10.48 ± 4.50 9.57 ± 3.20 11.12 ± 6.52 11.43 ± 4.07 

% Thai DRJ 51 ± 23 46± 16 117 ± 70 122 ± 43 

Vitamin A (RE/d) 501 ± 415 343 ± 338 385 ± 353 452 ± 634 

%Thai DRI 82 ± 69 56± 56 63 ± 59 75 ± 106 

Retinol (Jlg/d) 383± 414 250 ± 312 204 ± 324 319± 647 

~-carotene (Jlg/d) 1220 ± 1370 844 ± 870 1321 ± 1080 1386 ± 815 

Vitamin C (mg/d) 50 ± 27 109 ± 124 86 ± 40 115± 126 

% Thai DRJ 65 ± 37 144± 166 IIO± 52 153 ± 168 

Niacin 14.4 ± 5.5 12.8 ± 7.0 12.5 ± 2.7 12.2± 4.5 

Vitamin 86 (mg/d) 0.065 ± 0.187 0.021 ± 0.047 0.072 ± 0.248 0.065 ± 0.157 

Vitamin B 12 (mg/d) 0.193 ± 0.478 0.091 ± 0.209 0.281 ± 0.900 0. 111 ± 0.321 

Thai DRI, 'tinf1f1tJ':i:::~11tHhHi''lJm..!'lvltl (Thai Dietary Reference Intakes) 
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(n=49) 

1£JU-:JfllQ 

(n=43) (n=54) (n=38) 

Age (yrs) 36 ± 6 68 ± 7 45 ± 17 59 ± 16 

BMI (kg/m2) 21 ± 3 24* ± 4 22 ± 3 24 ± 4 

Body Fat (%) 25 ± 8 31* ± 9 27± 6 30± II 

Hemoglobin (gJdI) 12.84 ± 1.56 12.97 ± 0.99 12.89 ± 1.52 12.91 ± 0.99 

Hematocrit (g%) 38.9 ± 4.4 39.2 ± 2.9 39.0 ± 4.3 39.1 ± 2.99 

Leukocytes (x 10
9
/1) 6.460 ± 1.732 5.860 ± 1.427 6.402 ± 1.651 5.863 ± 1.530 

Triglycerides (mgldl) 75 ± 41 113* ± 51 89 ± 47 99 ± 53 

Cholesterol (mg/dl) 194 ± 48 192 ± 48 194 ± 47 192 ± 49 

HDL (mg/dI) 60± 15 51* ± 13 56 ± 14 56 ± 16 

LDL (mg/dI) 154 ± 182 139 ± 141 153 ± 173 139 ± 150 

TAS (mmol/I TE) 2.010 ± 0.086 2.135* ± 0.097 2.022 ± 0.090 2. 133 
H

± 0.105 

TBARS (fJmol/I) 3.934 ± 0.755 3.894 ± 1.145 4.030 ± 0.980 3.751 ± 0.898 

SOD (U/g Hb) 1001 ± 1318 812 ± 88 987 ± 1256 807 ± 87 

B-GPx (U/g Hb) 776 ± 224 831 ± 290 804 ± 266 799 ± 247 

E-GPx (U/g Hb) 553 ± 208 658* ± 246 599 ± 227 607 ± 241 

P-GPx (U/g Hb) 113 ± 131 88 ± 13 108 ± 125 91 ± 14 

tHcy (fJmol/I) 11.8 ± 3.7 15.5* ± 5.9 14.4 ± 6.1 12.5# ± 3.7 

Total protein (mgldI) 6.61 ± 0.66 6.65 ± 0.55 6.65 ± 0.58 6.60 ± 0.65 

Ascorbic acid (mgldI) 3.621 ± 1.079 3.745 ± 0.730 3.632 ± .909 3.745 ± 0.966 

Uric acid (mg/dl) 4.34 ± 1.27 4.89* ± 1.12 4.49 ± 1.15 4.74± 1.33 

* H~fl~l.:j'illflfl~lJ'lJf1fHrjtl'¥h:nw (Young group) eJcil.:jihrmilfitlJ'Vll.:jTI'(i~.yj~::~iJ .01 

# U~fl~l.:j'illflfl~lJ~ijn'ilm~lJ~l (Sedentary group) eJcil.:jij,rmilfitlJ'Vll.:jTI'~~~~::~'IJ .0 I 
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Sedentary Young Exercising Young Sedentary Elderly Exercising Elderly 

(n=37) (n=12) (n=17) (n=26) 

Age (yrs) 35 ± 6 38± 6 69 ± 7 68 ± 8 

BM) (kglm2 
) 22± 3 21± 4 23 ± 3 25 ± 4 

Body Fat (%) 27 ± 6 20 ± 10 27 ± 7 33 ± 9 

Hemoglobin (g/dl) 12.81 ± 1.70 12.90 ± 1.08 13.06 ± 1.04 12.91 ± 0.97 

Hematocrit (g%) 38.9 ± 4.8 39.0 ± 3.2 39.4 ± 2.9 39.2 ± 3.0 

9
Leukocytes (x I 0 II) 6.778 ± 1.824 5.508 ± 0.957 5.606 ± 0.768 6.027 ± 1.724 

Triglycerides (mgldl) 82 ± 44 56* ± 17 ~03 ± 50 119 ± 52 

Cholesterol (mgldl) 199 ± 50 180 ± 39 185 ± 40 197 ± 53 

HDL (mg/dl) 59 ± 13 63 ± 19 48# ± 12 52 ± 14 

LDL (mg/dl) 170 ± 206 106 ± 35 116 ± 32 155 ± 179 

TBARS (llmolll) 3.987 ± 0.650 3.772 ± 1.033 4.125 ± 1.489 3.742 ± 0.850 

SOD (U/g Hb) 1063 ± 1516 809 ± 81 821 ± 87 806 ± 91 

B-GPx (U/g Hb) 802 ± 242 697 ± 140 807 ± 320 847 ± 273 

E-GPx (U/g Hb) 575 ± 210 488 ± 198 651 ± 259 6621± 243 

P-GPx (U/g Hb) 119 ± 150 94 ± 17 85 ± 14 90± 12 

Total protein (mgldl) 6.80 ± 0.59 6.05 ± 0.55 6.34 ± 0.44 6.86 ± 0.52 

Ascorbic acid (mg/dl) 3.680 ± 1.026 3.438 ± 1.258 3.528 ± 0.591 3.887 ± 0.787 

Uric acid (mgldl) 4.41 ± 1.32 4.11± 1.12 4.65 ± 0.67 5.04 ± 1.33 

* U~fWi1'Hl1flfl~lJ SY, SE, EE V~l ,:llhrt/'tYl~t1J'YIlHyG~.yh~~'lJ ,05 

II " I ..:::t Q.I 0 QI .q-=-..:::t Q.I' 

U~fl~ml1f1f1~lJ SY, EY, EE V(Jl.:jlJ'W(J1:Ylf1t1J'Vll 'HYfI~m~~'lJ .01 

I 1L~f1~l.:j~lflfl~lJ SY, EY v~1.:jihr(Jrll~t1J'YI1.:j1:YG~~'j'~~'lJ .05 
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SY, Sedentary Young (n=37); EY, Exercise Young (n=12); SE, Sedentary Elderly (n=17); EE, 

Exercise Elderly (n=26); *U¥lf11il.:j~lf1f1~lJ SY, EY, SE mh.:jli,rfHhiqjVll.:jffi1~vh~~'lJ 0.01 
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SY, Sedentary Young (n=37); EY, Exercise Young (n=12); SE, Sedentary Elderly (n=17); EE, 

Exercise Elderly (n=26); *U¥lf11i"Hllf1f1~lJ EE, SY, EY tJdHli'l1t1rilfiqjVll.:jffi1~~'j~~'lJ 0.01; 

#U¥lf11il.:j~lf1f1~lJ SY, EY tJdl.:jli,rurilfiqjVll.:jffi1~~'j~~'lJ 0.05 
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--

'Y'ltrh'J :::i'lJ 'uilntl.! 'J1lJ'UtJ 'HY1'J~1'U tl~ll(l~ff'J::: (TAS) J'UlJi'l11lJ5m'i'U1io'lJi'l1i1lJ1'(lflltJ (BMI) 

(p = 0.002) (f11'Y'l~ 13), %body fat mass (p = <0.0001) (f11'Y'l~ 14), mmtl.!i~liJ'U GJr ~'lJ~if1fll..rlhJ (p = 

0.026) (f11'Y'l~ 15) 11'(l:::V~lJl1'U1 ilYlJi'l11lJ5lJ'Yi'Utio'lJf)'J~~~i'l (p = 0.088) 'J:::i'lJi~liJ'UGJr1'U'Y'l'(llffm (p = 

0.097) lm:::'J:::i'lJ'Y'l'(llfflJlhh~'U (p = 0.070) 'U tlfl'illflJ'UV~'Y'l'lJi'l11lJ5lJ'Yi'U til1'lJ'lJJ:olflH'U'Utl~ tHey O'lJ 

HDL 1'U'Y'l'(llffm (p = 0,015) (f11'Y'l~ 16) 
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f11'Y'l~ 13: Seattergram uff~~'J:::i'lJmlJltl.! 'J1lJ'Utl~ffl'J~l'UtJ1H!'(l~ff'J::: (TAS) lVitJ'lJO'lJi'l1i1lJ1'(l 

flltJ (BMI) (r =0.337, P = 0.002) 
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f11'Y'l~ 14: Seattergram uff~~'J:::i'lJmlJltl.!'J1lJ'Utl~ffl'J~1'UtJ~l.!'(l~ff'J::: (TAS) lVitJ'lJO'lJ % Body 

fat mass (r =0.402, p = <0.0001) 
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tlC1~mllH~tI\I~tll~r1'H11 'iltl C1~'l1 C1tl~U~ tl~1'WN'f1' \lmtltlC1~lJflflC11t1'Vll\11'W l~ tlVl 'ill~ WlmlJ1W 'f1'1~m'l11~ 
IU QJ II q 

, , ", 
Vi 1~~1Jt~~tI~tl1'W ~~~lJ'f1'n~l'W tl'W1JC1 i)'f1'~~ 'f1'1~tJ\I~'f111~f11~!fl~ tltlf)~!~'lf'W'Utl\l hUJ'W mmw~~liJ'W 

• <u 

; UC1~'f1'1~19llJ;m~fl'W1'W!~ tl~ !~tl~rh~'W tl~01J1j 'il')tI'Utl\lf11~ tl tlf)Olrr\lf11m~'Wlh~~l tlC1~!'l1~ mj'il,)tI 

~l'WmllJ'll'~l 'l1~tl1JJ ~·mf11~~,rm'llJ';h 
.. . 

1'W~1'W.fl11~ lfl'll''W lf11~tJ'W f)~lJ ~\l \1m ~lJmmwf11~lJ~ lflflm'l1U m ~tI~ tl1'W (Daily energy 

intake) rtJ'W hJ~llJ!f)wcyfmlJ1W 'f1'1~m'l11~~tI'W~Ul1,rlJ~ lflflll~~~11'WLY1'l1~lJfI'W lvW (Thai Dietary 

~4 QlI QI 4 r:/I'j) QI 

Reference Intakes, Thai DR!) !lJtl'}'l'ill~Wl'f1'~'f1'1'W'f1'1~ml11~'l1C1f) ~mf11n!ml~'l1f11~tltlC1~'Utl\l'}'lC1\1\11'W 

m ~tI~ 1~~lJ~tl1'W 'illf)'f1'l~tll'}nmrilJ. 1'U:U'W !m~mlJ1Wf11~lJ~ lflfl 1'U:U'WflC1tlm'f1'!~tl~tlC1 lJ~h~lf)';h~h 

mf)f)11f)rilJlJflflC11'Wlt1'Vll\11'W ~\I'f1'tl~f1~tl\lOlJ\ll'W~,rtl1 'WiJw¥l'liffm 1'll' 2550-2551 'Utl\lflW~m,rtl~ffmn
q q q '\I 

1'W f)ri lJi1tlVl\1 'f1'~1 N~!~hdlm'l tl \I 'il ~Vl'ill~ Wlt1C1~1,rfI 11lJ LYlfltlJ OlJ f11~ lJ~ 1f1 fI tll'l11 ~~lJ1'U:U'W ~ lUC1 ~lJ 
q QJ IV U 

!rt'Wlt1m'l11~\l\lf)11f)~lJ'f1'~11'W1m'il~t1Jw'Wi (Palasuwan, el al. 2011a) tI~tlvl\1h~~llJU~ll~\l\lm~'il~lJ 

f11~!~ tlf)'f1'~ ~UC1~ ~lJlI ~ ~ 'YIl'W m'l11~ ~1'}'l 1 f) 1'U IT'W ~1f)11lJflflC11mi'l\11'W ~ 5\1'}'llJ11 N'f1' \I mtllJ ~ ~ ilJ1~ ~ f)~
q <u cu q 

lfIr:lQ.ld 'j) lJ')Q; d ~.ad QlGI IQlO ~, C\ 

!CJftl !~~ ~'ll''WlJ1C1f11t1 tlC1~~tltlC1~lJ1C1 !'UlJ'W'f1'\I tlC1~lJ HDL ~l!lJtl!YWlJf)lJ !'Wf)C1lJ1tl'Yll\ll'W CJf\l'Wl'il~!f)~
<u • 

,.. ~QlQlG'QI ~ 
!~f1 metabolic syndrome 'VI'f1'lJ'}'l'W'lif)lJf11~m~oxidative stress (Finkel and Holbrook 2000; Sanchez

~ 'j) QI ~QI.d1 
Rodriguez, el al. 20 I 0)CJf\l'f1'tl~f1C1tl\lf)1J\Il'W 1'iltl'VII!-l1'WlJl (Palasuwan, el al. 20 II a; Rousseau, el al. 2006a) 

!rl tlVl 'ill ~w 15\lf11~ lJ~ lfl fI 'f1'1~ m'l11~ f)~ lJ~ lJ T:J 'VI il'W f) 1~~1'W tl'l;j ~ C1 fl 'f1'~~!!C1 ~ 'f1'1~ ~'W ~!~tl1.utl \I OlJ 
.. . . 

m~lJ1'Wf11~01')~tl~~C1i)'f1'~~tJ'W ti'l tl\l 'illf) 1 'W i1 'il ~'l1''Wil'W .utl~C1 'Utl\l ~~liJ'Wfll vJ tC1'V1 !CJfm!oW tllJ 1 'W m'l11~ 
.. .. .. 

1 'VI tI,r'W 5\1 1JJ 'f1'lJ \I ~ ci'ml~f1 ~ tllJfI CllJ ~ \l5\1f1\1 1JJ'f1'1m~ IJVl 'ill~ W 11 'W 'f1'1~!11 riloW 1~ ~ \I'Vl11,r\ll'W ~,)tloW 'il~ 

Vl'ill~Wl1~!'~tI\ll'Wff1'W'Utl\l~h~miJ'W; ~~liJ'Wttl !~~'WtlC1 UC1~!lJ~lt1f1hVi'W '}'llJ1lf11~lJ~lflfl ~~liJ'W ttl 
, .. 

!~~'WtlC1 UC1~!lJ~lUfl h-Yi'W 1JJlJ~ lU~ f)~l\10'W~ ~'l111\1 f)rilJ i 1tlVl\1!1jtlVl'ilUW lvi\li1 'il,r tI'Utl\lfl 11lJ'll'~lUC1~• 
, " 

i1'il,rtl'Utl\lf11~tltlf)Olrr\lf11 tI ff1'W f11~lJ~ 1f1f1m111~VilJ~~liJ'W; tJ'W '}'llJ';hlJ~lU~f)~l\1 0'W ~~Wil\1f)~lJhw 

~'W tlVOlJi1'il ,rtlf11~ tltl f)Olrr\l f11t1 '}'llJ1l N~lJ fl'il m ~lJf11~ tltlf)Olrr\lf11t1tlVl\1 'f1'Jl! 'f1'lJtl lJfI 11lJ i ffl 'ili'Wf)u
<u <u 

!~tlf)lJ~ lflfltl1'l11~~lJ~~liJ'W ;!~'W ff1'W 11~ ~f)tllJmf)f)llN~1JJlJfl 'il m ~lJf11 ~ tl tlf) 01 rr\l f11t1 'f1'tl~f1~tl\lOlJ 
<u 

1'W \ll'W ~,rtl'Utl\l Rousseau U~~f1W~ (2006) ~f)rilTjlf11~ tltlf)Olrr\l f11t1tll'il~lJ ff1'W'lff)Ul1,r~lI~llihr'Wm 
,..;. ~ d.::lQ ~ ~ IGI 9J .q ~ 

1'f1'1'ill'W!~tl\l'Utl\lf11~ !C1tlf)m'l11~'VIlJ1mlJ'W mC1 tlm !'W f11~ ~ 1'W tl'W lJC1 tl'f1'~~lJlf)'U'W (Rousseau, el al. 2006a)
• <u 

. . 
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fl Wll'j'Vllr;h ,:un m 111 ihl'rl''W 15n'W ~lt '11 ~ fll'iH ~ fl.:J 'iJ lf1';h llPlliJ 'W;~'~t.u'l , tJ 'iJ 1f)f11 'j i''Ulh ~YI1'W fll'l11'j 

fll 'iln I!H'l f1'j ~ 'Vl'U '11~ fl f11 'j'j 'U f11 'W 'illf1 {j 'il1ltlill tI'W fl f1 t'lf'W vitamin bioavailability, ~ ill 1~f11 'j ~ ~ ~ll, 
I d ~ ~ 'l ' <'i 0'l~Q.I

m~'U1'Wf11'jtlfltlflWll'j U"'~'j~tI~tTi:11f11'j!f1'U'jf1fjl1IPllll'W 'W'jl.:Jf11t1 (Dehghan, et al. 2007) 'il.:J'Vll '11 
~ 0 

'j~~'UllPlliJ'W;'l'W'Vl"'1~ll1tT'Wn1l1'W 1'W ':Ull1f1'VlflYi'il~ff.:J ~"'m~'Vl'U 'llfnfil'l'W'Vlm~lll~.:Jfl~l.:JtM 'W '~i~ 
'" 

trlfloW'ill'j Wl~.:j'j~~'U~1'J~l'Wfl'Wll"'~~'j~ 'l'Wt~fl~ t~ fl.:J 'illf1fil T AS J'W t~'W f11'jtJ .:J'Uflf1mll1W .'" 
1~tI'j111~.:J'I111IPl'\Jfl.:J~1'j'l'W'Vlm~1l1~nfJtu~llilil'l'Wf11'j!~'W\9;11l'Ufl~lJ"'U~'j~'~ (Re, et al. 1999) 1~tln 
.:Jl'Willtl~Hl'W1l1'Vl'Ul1f11 'j1Pl'j 1'il'l11mll ltu 'j111'\Jfl.:J~1'J~1'W fl'Wll"'~~'j~ t'lf'W f11'j1Pl'j1'il ~1t1n Total.'" 
peroxyl radical-trapping antioxidant activity 'il~~'Wfl~n'U 'j~~'UmlPl~~fl (35-65%) 'Vl"'1~1l11tJ'j~'W 00

.::::::t. "::!Io ~ ~ o!:::t. do 0 QI Q.I ~ 3AQI'~ 0 

50%) 1IPll11'WC)f (0-24%) U"'~1IPllll'W fl (5-10%) IPll11mlPl'U (Wayner, et al. 1987) ~.:J'W'Wm'iJtI'il.:J'Vllf11'j
'" 

~ , .Ji ~Q.I ~ j} ~ Ji 
'Vl'ill'jtulfl1 TAS (C)f.:J.:Jl'W1'iltl'W1Pl'J1'il1Pl1t1TIi ABTS radical cation decolorization assay (Re, et al. 1999) C)f.:J 

~ 0 0 

'11~f1f11 'jfl ~lt1fl ~ .:In'W) 1IPltlfl1.w.:J ~.:J{j'il1ltlIPiW'l!'11 rilU~1t1!.yjfloW 'ill 'j tu 1~.:J ~"'f1 'j ~'Vl 'UYi fll'il 'il ~t~ 'W ~i'1utJ 'j ~111 
~ ~ 0 

.:Jl'W11ltlU'Vl'Ul1 T AS tT'Wnfl1111ffll'Vi'W15n'Umll1tullPlliJ'W;Yi'U~1flflt.u'1'tJ (r =0.231, P = 0.026) 1t",~rJ.:Jn 

U'W1 1.wllml11ffll'Vi'W15n'UmlPl~~fl (p = 0.088) 'j~~'UllPlliJ'W;'l'W'Vlm~lll (p = 0.097) U"'~'j~~'U'Vl"'l~ll1 

1tJ'j~'W (p = 0.070) ~f1~1t1 'Wflf)'illf)J'WrJ.:J'Vl'Uml11ffll'Vi'W15'\Jfl.:J TAS n'U BMI (r =0.337, p = 0.002) 

tm~ %body fat mass (r =0.402, p = <0.0001) ~.:JJWfJlltl~.:J'I11fil1IPlliJ'W; u"'~ % body fat mass 11lt~'W 
{j'illltl~111'l'Wf11'jfll'W1'W'l'W two-way ANOVA 'l'Wff1'W'\Jfl.:J covariate t~fl~IPl~"'f1'j~'Vl'U'\Jfl.:J~1lttJ'j~111'l'W 

fil'\Jfl.:J TAS ~"'~ '~~fl fil T AS rJ.:Jfl.:Jnfl1111UIPlf1lPil.:Jn'Wfl~1.:Jn-Wtl'~h~UJ (ulPi'j~~mjmYl~UJYI1.:J~i)~",~",.:J
u u 

hh 'j~'I111.:Jf1~1l 1IPltl~'W ntl-vr.:J{j'illltl'\J fl.:J f11'j flflf)tll~.:J f11t1It",~{j'illltl~l'W fllq f1ril1~fl 'l 'W ~~.:Jfllq'il~nfil 
TAS ~.:Jf)111'tI'Yil.:Jl'W It"'~ 'lW.r~flflf)tll~.:Jf11t1f)'iJ~nfil T AS ff.:Jf111H~ ':um)'ilm'jllf11'jflflf)tll~.:Jf11t1

q,J <u \; IV 

t'lf'W!~tl1n'W 1t",~-vr.:J~fl.:J{j'illltllPil.:JnntJUffll'Vi'W15 (interaction effect) IPifln'W f1ril1~fl ~~.:Jfllq~flflf)tll~.:J 
od , 

f11t1'iltllfl1 TAS 

1I)jJ ~j}Q.I ''l Q.I .c:t 9J 4.ct~ ~~.c:tI I.c:tQl QI

(2008) lIPltfl tllPl.:J'\J fl ~.:J!f) IPl 11 'W f) '.l1l\Pl 1fl tll.:J ~1Pl 'j 1t1'Vl fl.:J'il ~ll 'j~IPl'U ~1 'j 1Pll'W fl ~ lJ "'fl ~'j ~'Vl1'Vlll~ .:J'\J'WC)f.:Jll 

., ., "'. r= IIJ ",.d ~ ~ 
ml11~1l'Vl'W1i11'jll1tu1l1'" l'\Jll'W'Vl'l1'W1'Vlfl.:J (trunk body mass) (r = 0.046, P < 0.001) (Pansini, et al. 2008) 

ml11ffll'Vi'W15'j~'I111.:J T AS n'U lfl tI"'~'\Jfl.:J1l1'" , '\Jl1''W 'l 'W 11.:Jf11 tI~fll 'ilfl~'lJ1t1'~'iJlf1f11'j 1~1l~'W '\Jfl.:J~1'W1'W 
a'IIJ '" 'l ~ 0 'l ~od d,J ., • r= ~ '" 

It"'~ '\J'Wl~ '\Jfl.:Jt C)f'" '" ! '\Jll'W 'W N~.:Jfll tI'Vll 'I111 f11 'j t'Vlll'\J 'W '\J fl.:J 'j ~ 1Pl'U 11'j ll1tu 'j 111'\J fl.:J ~1 'j IPll'W fl'Wll'" fl~'j ~'Vl1f)
<UCY q q<u 

!tfl1'j Yi'Wfltlfi'It~~llPlliJ'W~ ~.:JI~'W~1'j~1'W fl~lJ"'~~'j~~"'~mtl'~'\JiJ'W~.:J~~~llfl~'l'W ff1'W '\Jfl.:JtC)f",~1'\Jl1''W 

'l'W~Hf11t1 (Le Lay, et at. 2004) U"'~~11l1'jfl'il~flflf)ll1fl~'l'Wm~!t~t~fllPl'~.:J'Yi-I'l;f1Pl'j1'iJ'Vl'Umll1W TAS 

4 ~ .J'd .Ji.d QI rI" 11) Q.I I ~QI QI 

t'Vlll~.:J'\J'W 'W flf)'iJlf)'W flm'l1IPl~~'I1 'W .:J'Vl~'W'U~'W 'Wfl1111~1l'Vl'W 1i'\Jfl.:J'jfltl"'~1l1~ l'\Jll'WU~~fl1 TAS flfl.. . . 
~ 'l~~ 'l ~I ~ Apolipoprotein E (apoE) C)f.:J'Vl'U1l1f) 'Wt'WflWfl'Vl1f) adipocytes od

llfl1111fflll1'jfl 'Wf11'jll1'W~l'jlPll'Wfl~lJ~ 

~~'j~ 'l'W f11'jtJf)tJfl.:J!C)f~~1 '\Jl1''W 'iJlf) f11'j~1'j fl'Wll~U~'j~ 1l1'Vl1f)'~11Pl'j t'il'WttJflfflflf1 'C)ffi' 1IPltlf11'j'11 cr.:J'\Jfl.:J.'" 
~ '" d .dd,J ,~

Apo E 'il~\lf)m~~'W'illf)m~'U1'Wf11'j flflf)C)fIIPl'Vlyjff!IPl'j~'Vlt'Vlll~.:J'\J'W (Tarnus, et al. 2009) ~1'W'Vll.:JlPll'W 
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Q.I Q.I ~, 0 9J ~.d ~ ~ t ~I.d ct I 'jIQ.I Q.I f 

fl11lJ fflJ'VfU 1)j :::1111\1 f)1j flflnn 1~ \I I I ~::: ffl j ~ 1'W m~ l.J ~ fl ffj::: 'Yl I'W lJlJ1n'IJ'W 'W 'W IlJ'W 'Yl'Yl j l'Un'W ~ fl~!t~111 

f)1j flflnf11rl'\I f)1 en)::: lJ fl11lJ ~lJ-W'Wn n'U n lj l-rilJ ~'W'lIfl\l fl'l1l.J ~Uffj:::~ \I I1I'W rl~'IJ fl \lfl11lJ~fl\l n 1 j flfln~1 'O'W ~ 
l-rilJlJ1n~'W (Aguilo, et al. 2005) In~'Olnf)1jm:::~'W'lJfl\l the mitochondrial respiratory chain (Tonkonogi, 

et al. 2000) ~\lm'O'O~ff\lrl~i.JlJfil TAS l-rilJlJ1n~'WI~fli.Jln~fl11lJfflJ~~ !t~:::111rifli.Jln~m1:::• 
o ~ 

I 4d Q.I ~Q.I .::t , Q.I QI 

oxidative stress 1"lf'WI~EJ1n'Url~\ll'W1'OEJ'Ylrll'WlJ1'IJfl\l Carlsohn !!~:::flW::: (Carlsohn, et al. 2008) ~\I'W'Uf)1j 
o ~ 

'W'OljW l~p:::i'U T AS ~ \lfl1j ~'11 '0 ,jEJ~ 1lJ~m'O'O:::lJ rl~m:::'Yl'U~l\1"l m riloU ~1EJ 
~ . 

\ll'Ul,jEJoU'W'Ul1j:::i'Uf)1j 'Vll\11'W 'IJfl\lI~'W1C)flf GPx i 'WI~~I~ fl~ i '1,1 nrilJ H'ff \lmEJ~flflnf11rl'\lf)1EJ
q cu cu q 

I " , " 

ff1111fflJfllJfilff \lnl1 i 'W nrilJ1EJ'Vll\11'Ul'1\1nrilJ-nlJn 'Om jlJflflnf11rl'\lf)1EJl1~ flnrilJ-nlJn'O mjlJ~l !!~::: GPxcu q q q 

i 'UH'1Y \lmEJ'O:::lJfil 1Y \ln1-1 i 'W nrilJ1EJ'Vll\11'W Irlfl'W'OljWl'Oln\ll'W l,jm~lJ'lJfl\l.vf\lm,jmfl \I (Palasuwan, et al.cu\l q ~ q cu 

~Q.ldd 9J 
2011a; Palasuwan, et al. 2011b; Palasuwan, et al. 2011c) !!~:::\ll'W1'ilEJ'Yl!f)EJ1'IJfl\l (Margaritis, et al. 2003; 

Margaritis and Rousseau 2008; Palazzetti, et al. 2003; Palazzetti, et al. 2004; Rousseau, et al. 2004; 

I ~ d d III d'.d.:::s 
Rousseau, et al. 2006a; Rousseau, et al. 2006b; Tessier, et al. 1995) 'W'U11 GPx 'W'Ulll'Wlfl'W ~C)flJ'YllJmllJ 

11~flj:::i'U'lJfl\lfl'l1l.J~Uffj:::~ l-rilJ~'U !!~:::f)1j~~~\I'lJfl\l GPx 'O:::lJ ff1'W'lhm:r \lfl11lJl*EJ\I~flf)1j In~ 
hmr1i'O!!~~11~fl~l~fl~ (Espinola-Klein, et al. 2007) 'W'Ul1f)1jln~flfln~I~-nrJm~jffi'Wj:::i'U~1~\I 

j:::i'Utll'Unm\l !'If'U !rlm,jl~1EJ"lfjl ffllJ1jt1iml1i.J!n~m:::'U1'Wf)1j mRNA transcription ff\lrl~i.Jln~ 

~j1'O'W'Uf)1j'Vll\11'W'lJfl\l GPx ~ff\l~'W !t~i'W'lJW:::I~EJ1n'W aerobic exercise nlJff1'W'lf1mff~lJf11rl'\I ... 
o d 11]" 't ~"'.} II] ~ ~ 

(reinforce) f)1j'Yll\ll'W'lJfl\lW'W ~C)flJ GPx !11~'IJ'W ~~fln~1EJ (Fuchs 1997; Rousseau, et al. 2006a) 

i '1,1\11'1,1 1,jEJ'W'Ul1j:::i'Ufflj 181lJ~m~ fl'W ~'W n'U'I1'O ,jEJ~1'Wfl11lJ"lfjl!t~~'I1'O ,jEJ~1'Wf)1jflflf)fl1rl'\I 

f)1EJ l~EJn~lJ'lJfl\l~tl\lm~J'WlJfil tHcy tl\lnl1n~lJ1EJ'Vll\11'U !!~::: i 'W n~lJ'lJfl\l ~~111flflnf11rl'\lf)1EJnlJfi1 
I 13J.d oal ,.:::sQ.lOQl .d..:::sl ~ OQ.l 

tHcy \l' \lf111 n"llJ ~'Yl fl fl nf)1~ \I f)1 EJflEll \llJ 'W EJ fflfl t1J Im:::111 n '0::: EJ\llJfll \l' \I'll 'W 111 n'lll~ f)1j flflnf)1~\lf)1mm::: 

11I'U~\l'\lm~ (Interaction effect) 1~EJ\ll'Ul,jEJrl'W'Ul1 tHcy lJfl11lJ~lJ-w'W1fn'U HDL ~~l~\li'W~\l'\lm~ (r = 

ell .. 0 i ~ "" ~ II] '1 _I" 11]" ~ '" t '" .l,. II]
-0.269, P = 0.015) tHcyI1J'Wfflj'Yl'Yll l1!n~f)1jffjl\1 ~8 !~jl'O'WIlJfljflfln ~C)f~'WjfllJn'U'W'WEJ\I~~f)1n1~\I ~'W 

~~nflflnlC)f~~'Vlll1 "jl~tlnrJfl\lf)1j'Vll~lEJ rlt!\I~l'U i 'W'IJ fl\ll1~fl~l~fl~~ \lrifl i .Jln~'WEJ1~ ffm'W'lJfl\ll1~fl~ 

l~fl~,"1 i 'O~llJlJ1 (Oudi, et al. 2010) i 'U~1'Wfl11lJ~lJ-W'Wnn'Ufflj~1'W1n l'IJ~'W!rlfl~\l'\lm~lJf)1jllJ~l'Ufl~ 

fflJl'IJ~'W~~M (Singh 2010) n'O:::'Vlli.Jln~f)1jff~fflJ'lJfl\l Triglyceride ~ll1~nff~lmll'Um~ ''IJ~'W~'O:::ltl 

i 9J Q.I Q.I d' Q.I ~ ~ 'jI .::i ~ d 'jI di I 

l1'W~\I\ll'U n'UIC)f~~ !!~~EJ\I m'O!f)~ 'Olnf)1j'Yl ~\l'\lm~lJ Lipoprotein lipase(LPL)C)f \llJl1'W 1'Yl 'Wf)1j EJflEJff~lEJ 

1'IJ~'U'VI1\11'W l~l1fflJ'Un.r 1~mll'W 1~'Oln\ll'W1,jEJ~'VI1f)1j'Yl~ fffl'Uf)1j'VIH1'W'IJ fl\l LPL i 'Wl1'W'Yl~~fl\l~lJ... ... 

m~"jflmm:::lJm~lJ1n'W'Ul1f)1j'VI1\11'W'lJfl\lLPLi'Wl1~~m~lJ1n'O:::~~~\I (Araki, et al. 2004) Im:::f)1j 

~ .} d", I IlL I '" 0 i ~ .. II] _I 0 11]_1 ~ I II] d ~ i i 
!'WlJ'IJ'U'lJfl\l LDL nlJff1'W AlJ"lfn'Ul l1HDL 'Yl'O::: ~lJ'Ul'Wl LDL ~~~\I ~lJmEJ flEJ1\1 ~jn~llJmllJl'lJl '0 'W 

m:::'U1'Wf)1j IlJ~l'Ufl~ fflJ'lJfl\ltHcy~flf)1jfl flnf11rl'\lf)1EJJ'W ej\lll1'11~I'O'U m'O 'O~11I'W1tll~11 m'OlJf)1j!~ \I 

f)1j uptake 'lIfl\l181lJ~m~fl'U'lJw:::flflnf11rl'\lf)1EJltlI1l'U succinyl-coenzyme A l~fli.J'Wrl'\I\ll'Wl,jl~ TCA 

cycle nlll'Ul~ (Vincent, et al. 2006; Vincent, et al. 2003) 
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