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The Effects of Apo E Genotype and Physical Activity
on Homocysteine, hs—CRP, Plasma Antioxidants and

Lipid Profile of the Aged with Mild Cognitive Impairment
Kim Ji-Yong

Major in Maritime Sports Science
Graduate School of Maritime Management Technology

Korea Maritime University

ABSTRACT

The degenerative Alzheimer's disease(AD) gradually occur and
progress, and mild cognitive impairment is clinically important as an
indicator of AD. This study attempted to classify a mild cognitive
impairment(MCI) group of 10 and another normal control(NC) group of 10
after MMSE tests and utilize Borg's scale of physical activity on which
the aged over 65 participated in 'Uri Dance Gymnastics' with 12 to 14
intensity, twice a week, 120 minutes a day in the period of 12 weeks.
Accordingly, repeated measured ANOVARM ANOVA), independent and

paired t-tests at the significant level of a=.05 revealed following findings.

First, the most frequent Apo E genotypes included E3, E4 and EZ2 in
order. In specific, E2 frequently occurred in NC but E4 in MCI.

Second, RM ANOVA revealed a significant effect of group factor on
levels of Homocysteine. In specific, it was found that the MCI group

had significantly higher levels of Homocysteine in both pre and post



physical activity but levels of Homocysteine significantly decreased only

in the NC group.

Third, RM ANOVA revealed a significant effect of group factor on
levels of hs-CRP. However, following post—hoc tests indicated no

significant effects of both physical activity and group factors.

Fourth, RM ANOVA revealed significant effects of group factor on
levels of uric acid and Total bilirubin. The MCI group had significantly
higher levels of uric acid but lower levels of Total bilirubin in both pre

and post physical activity.

Fifth, a significant interaction effect was found in Total cholesterol
and a significant decrease occurred only in the NC group. HDL-C had a
significant group effect and the NC group had significantly higher levels
of HDL-C. In addition, LDL-C had a significant interaction effect
between physical activity and group factors but a significant difference

occurred only in the NC group.

In conclusion, it is implied that the physical activity can generate
positive effects on biochemical factors associated with AD. Therefore, it
1s expected that the aged over 65 with a high mobility rate of AD can
benefit from participating in physical activities and physical activities

can contribute to preventing degenerative diseases in the aged society.

Key words : Alzheimer's disease, mild cognitive impairment, apo E
genotype, homocysteine, hs—CRP, plasma antioxidants, albumin, uric acid,

bilirubin, lipid profile, cholesterol, HDL, LDL, triglyceride
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ol (mild cognitive impairment; MCD2] A]7]o]tH(Petersen, 2004). 7 %<1#]
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MMSE(mini-mental state examination) AstAY F3F JE Fxo= 2
e AvjE gAs=d Qo] 840 o™ (Kaszniak, Wilson, Fox &
Stebbins, 1986), o1 +34 HAkeE @A A2 A5 AD9| %7] Zdel=
Lwol He Aor dHA ArkGalasko et al., 1990).

Apolipoprotein E(Apo E)v= ZF#H2HE9] ol 53 thAle] T8k s st
T g2 O fFdAE 199 A FeH(19q13.2)e f1AIskH, E2, E3,
E4¢t ol 370¢] WigfFrdAallele)E 7Ho =M E2/E2, E2/E3, E2/E4,
E3/E3, E3/E4, E4/E49] 671 ®&¥(phenotype)o®  YERITH(Das,
McPherson, Bruns, Karathanasis & Breslow, 1985; Zannis, Just &

Breslow, 1981). 71 % Apo E4 allelex= A v tjiF 4 #Agel ADS ¢ <l
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Atz deEA o, gk g Aol e Aol QIrhal WAL
ATHKim HC et al.,, 2001; Kim KW et al., 1999).

H A uje] oWy Z7] Aol #AAFo|A homocysteine®] UFH 7|7}
=9¥ 31 Y. Homocysteine H]EFY B, cobalamin, pyridoxine %
acidell ¢]£35F+= ¥4 <2 methionine WAl A ABALE = olu| Al o 2 A
homocysteine®| F7h= s Askel Awjol] AdHTE A
(Garcia & Zanibbi, 2004). Homocysteine2 &3 WA Lo 2 A
AR Agste] WA deks st dd ey o 9159 5
AddA=E dHA Ak(Boushey,
1995; Sachdev, 2005). A& RA|2H Q18 ZF(hyperhomocysteinemia)e 74
&M 7 st (atherosclerosis) @ ¥HEFo gk AIAte], AD 2 daA A
et AT I (Faraci & Lentz, 2004; McCaddon, Regland, Hudson &
Davies, 2002; Wright et al., 2004), T3l I3 RA| AT Z9] 7| do+= 4k
St~Eg 27t #2750 At (Schroecksnadel, Leblhuber, Frick,
Wirleitner & Fuchs, 2004).

AD®] WA o] #ofste= 3 Ao R st AE# ~(oxidative stress)7t
adExiow, ADO B o skl A8 At (neurofibrillary
tangle)o] WER}Y] Ao AbsliEg syt Mgt ®avl Jth(Rottkamp
et al., 2000). Ak3}& A(nitric oxide; NO) 22 A8} ~Eg 2= AD 219 ¥
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3. AT A4

=

D
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AT A= o 2

AF A2l Apo E genotyped] At ®lE=4

MAGSE T2 d-90) 7)o wE ZF Fok ], Ik ZF homocysteine,
hs-CRP, plasma antioxidants(uric acid, albumin, T. bilirubin) ¥ lipid

profile(TC, HDL-C, LDL-C, TG)9] &% W3ls Lot}

4. &ol¢f A9

2)

3)

4)

5)

6)

4 golg =, w=RHAIAA 2 gl HEr ofd Ro] =7} ko]
A ABAFTHERIB AR kol v A B Ik
o\ =
=]

2= A7)

MMSE(mini-mental state examination) : Folstein MF, Folstein SE &
McHugh (1975)7F 73t Q1A]7]5 H7F =+

Apolipoprotein E : arginine®] %2 o}zl zd g Fx}&o] 3.4kD
olm, 29970 9] opr| Ak vidE A E G

Homocysteine @ 2 E25FH dojA|= 4 ol x=4kQl methionine®
At ol A AL = S OAL AR ekt obv] At

hs-CRP(high sensitivity C-reactive protein; 7%= C-Hb-g o) @ 3
Aol A%, WAL A& W Aol Ao Fo| A olawae

CRPE == =Hsle= #HAF 29
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A7 ol AL 4 HoA dojy= A5 oldlsta, Aes A

A&t o 9S Zelth(Najenson, Rahmani

& g5 T A4

g ] 248 o] A

B9 FEoRes 719, AAS, wAdAd 2 FA3 sol £3HEY, 7

3 A7 °] 1 7]xE °]Fa gtH(Wheatley, 2001).

Hd AWl AD= XA Iy gs EFoR stpE 2AAS] F

ol Y] Aol XA EHA o] EASE Aol o|FA AD A
A RS 2 A7I7F AEAAF o 2] Al 7] o] tH(Petersen, 2004).
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2) MMSE

AA7I5 2] Aty ZelE SA48k7] A8l UFed =4 =a-50] 7idE o] AL
|53 9tk o] T H&AQl AFDHALZ+= Halstead-Raintan test, Luria-
Nebraska testt} Wechsler adult intelligence scale-revised 53 &2 47
ArtEe]l F2 AREH O gith o]y 3 HANSS w4 s o] Hojvh A
A AlZRel FAZE Ao EY, HARRRY] sd ol mE AR T]He] e FTF T
Ayek 4= 9l (Moon, Blakey, Gosuch & Fantuzzo, 1991). S1A]7]5 el 8
TR dA AAFoR Ao wo] 2o]= MMSEE Folstein MF,
Folstein SE & McHugh (1975)7} 71t 1A 75 BH7F o] Hld&7ket
T gl g FEs Wod 5-10419 #2 AlZE kel AE = doe A
dol Adrt. AdAY T A oz PR AujE EAek=d Ao
&40l dom(Kaszniak et al., 1986), Ao 34 AArer A AH&E 45
AD9| %7] ok ko] = Zor Al UrHGalasko et al, 1990).
TN E MMSE+= Korean MMSE(K-MMSE), MMSE-Korean version



(MMSE-K), MMSE-Korean consortium to establish a registry for
Alzheimer's disease (MMSE-KC), MMSE-Korean 1 (MMSE-K1)5 %2 3t
Fo] el Ag N3 AThAAS, g 9 @5, 1997 AEH
whEsk, 1989; &<, 2007; °]l5 &, 1999).

2. Apolipoprotein E

Apo E arginineo] B2 ofEA @Az FapgFe] 3.4 kDol 29974
opvit AR e Fedelrh F P FaE

AL AR A A Z M = g ®lth(Davignon 5, 1988).

1) Apo E genotype

Apo E A= 199 944 42H(19q13.2)01 X8t E2, E3, E49} %
o] 3709l dHFAAHallele)E 7FHo 24 6719 ¥ 33 (phenotype) 2% e}
U™ (Das et al, 1985), ol ZZ4 TIATA(homozygous; E2/E2,
E3/E3, E4/E4)¢} o] 3 % $4)| (heterozygous; E2/E3, E3/E4, E4/E2)2 &A%+
THEto et al., 2002). ©] % Apo E37F 47429 wwleln, dAA7+ i
HE2 = E3/E37F 7Hd &3 FEjolth Apo E B2 A A Akl Sud
e v Aem deA Ao ol HHFHA E29F E42] F=&A 4 g

Aol E3dll Mgt A B ST 7] wEelth

A74E < E3E AlQlstar E49F E2¢] Wol3? T
2 dEosAd gy Aol A4 @it e dgsol o
Apo E 3% th&d o) 3ol wet I Ay FesdHE9 JidA
A Pa

= HAE 8-25%°l ol2i gl uAETe ARl SAR A
E ]

EA

oﬂt
[‘ o
=
N
I
o
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I xdFo] 3709 isoform¢l E2, E3, E42 Yehued, S48 #719%
(isoelectric focusing; IEF) ArollA] A o}n|x=%te] <=3k (net charge)ol] w
g st &2 E2, E3, E4 To 2 -39t ol¢dx E5, E7 so] Ho
Aol e v ok

Apo E AAgel E39 olunjxAl vjdo]l 112WHe] cysteine, 1589l
arginine®] 9X|s}= WA Apo E Wol¥<Ql E43 2 11299 cysteine thAl
arginine®] $*3}x1 E23 -2 158W9| arginine W4l cysteine®] $* 3t}
<Table 1>. °o] 23 Apo E2 &4 AF¥FH2 A2 Apo E &A1}
Aggo] oFalx FAA o] FHSE chylomicron remnantyt VLDL®] thA}7}
AstHar o] kel LDL 8AE 43FE=H(up regulation)A]A LDLS] thAb
5 771 THAEWY Fd2dHE A= ol 83 FEFUzHEY
LDLE A3Al7]a2 4R % remnant lipoproteine o)A o}l wbd
Apo E4%g9l 84 ZAgtsdH> Asid TAdAYel FH3 chylomicron
remnanttt VLDL®O] thAl7} S7bE L o] = 28] LDL &A1& 3t3Fx 4 (down
regulation)A] A LDL2] tALE ASHA 7|2l IHAIE Y] FH2HE X @
Fu 94 FEULHES LDLE =olAl "vk(Eto et al, 2002). A¥Ho =
Apo E4¢F E2& E3° Hlgte] <fHske] 7o s M3t zbol(charge
difference)E &A3l7] wjio] LDL =+ Apo E 8419 23t gdxteo 4
59 AolE Holumm A AAES AolE ZstA Hrt

O

{

Table 1. The codon type of Apo E allele

Apo E allele Codon 112 Codon 158
E2 TGC (cysteine) TGC (cysteine)
E3 TGC (cysteine) CGC (arginine)
E4 CGC (arginine) CGC (arginine)

T, thymine; G, guanine; C, cytosine



2) Apo E4 allele®} Alzheimer's disease

ADE E4d wHAZoZ =159 AulE sk, 654 o] 5-10%,
854 o] 24-47%= WWITE ADY| 91F QAR AR Tk 5, 7
e BAGe R eoksed, 1 Qd® obajolel, e EE 5,

phenacetin 52 &4 H&, 2o dFvw v, Za 23 ol A

3 ok ADe] HEetd EAL MM X o|Fz AA 53] AHgHl Q4
AFS FE vt dixud o] :=QlukS ¥313 ol 2ol=A EHo] E7
slal, AANE 9SS F= helix B Datdl Eo| guldo] Aeld A4

4
o (neurofibrillary tangles)S FAdstAY, ¥HA174 Al
= W} ofd Rol=glo] HA 1w o] l= g0t
ADE F 5‘27} Ae=H T 1 ADZF gtk 7EA ADE A
Fo R FASHA FHEW B dARo] tFetr] witel 654E Vlee® A
7l ep FHb7|2 Rt 5344 ADv 7S Eo] 9] glon, oAk 65
AE 7IEem B3 7o w2l Antr)et $Rb7l® Ued 754 ADe #AF
ANA 2 E4 allele T@Eo] BuwWA ADS Apo E 32 th&E A A
P A7E7] Akl A o= ol Aol A 21W, 144,

199 =g 7F AAIHo] e vyolga-Germand-S FMA A& & 5 Oi‘:}.
DA 14He] FAJNAE A7)l wdddts 7S ADER PR EHAAL S
AA 21Ho = ol Rol= 7q?‘:‘r‘mé’(amyloid precursor protein; APP)o|zZ}
Bele Axue] Febde) fAAAE ek ofvlal 39-42702 TAHE B
—amyloid peptide(ABP)+= APPZH-H TTJ_Q wERINke] T8 FAA ol
ADE] AQIEAR oA vk dAA 199 F2 754 ADe| by 3
Aol #ojsty ojuf 19 Adol= Apo E QA7 AAIH e Apo Ex
Ew ADOE #Aodsls Ao w Iy A

AD #Atell A e Apo E4 L ATE vi¢ g ®

FY DAL S gEX T BNy 1EA S BRI Qolk E4 urE go]

o

=

)
o
<
™
x>
)
ot
_|>~_l,
o

W etk 53] Apo E49] AHAAQl Fol Aol ol s e} glov
of Al Wd o] welxlmE Apo E47F ADO] WEA AL E W3}

E
T R
th. 53] E4/E4= AD7F ofdubelm 2= AAARl A shv E3/E4,



E2/E4% E4/E4R.th °Fslx|wk AD wHado] =il 9l o} E2/E2, E2/E3, E3/E3
ol YelUA &sktl. = E4 allele= E24 E3 allele®t} 5ui7beke] AD
d&S BEon SIHFAZHEL/ED7E ol FAFA(EL/E4, E3/EHET 3n)
7hgo]l =tk E4 allele® AD & &o] &2t whaliA AD® Apo E2 allele
H 2= 0.0059014 0.008% vi$- Yol E2 allele’} AD &S A|dtia
adelglon, Ha dAFolA Apo E2& ADEH| wrolelxpz zgasle] Wb ol
=3+= g9o® ®BIEQH(Chartier-Harlin et al., 1994; Corder et
al., 1994).

oft
o

3. Homocysteine
Homocysteined S2]& 24K E dojx= F4= opn| =2kl methionine?] U
AL O A AL E = S AR AR E S “Folt}. Homocysteine<-
A v € SH(remethylation)2} &7 &-2t8-(transsulfuration)®] + 7HA] A= F
shtE FallA dhabdn A" sl Aol A homocysteine HIEMY] Biog X
ZR1AE AFE-3k= methionine synthase(MS)e| ]3] methionine .= | §/d
g 4 glon, o] #FeA N°-methyltetrahydrofolate7} e Fojx = =&
3tal N°, N'-methyltetrahydrofolate reductase (MTHFR)7} @iz %

i)

c

i
Ho
o
£
=
fr
>

o

43t} Methionine©] #t}alAY} cysteine] $HAo] 23 u, homocysteine
< g A2E Fa tAlEYU<Figure 1>, o] H|[7FHA Q] k3o =
o] HAHNA BEIY BgE HFQIAE d= &4l cystathionine B-synthase

(CBS)”}  homocysteines  cystathionine®.2 A 3}3}3l  cystathionine<
glutathione(GSH)2] AG22<] cysteinelZ 7}3] ™ cysteine GSH
Aol AREE L HEFA o R Pk (sulfate)o] 22 wjE ¥ th(Finkelstein,
Martin & Harris, 1988). A4 &% homocysteine 5%+ ¢ 5-14 umol/Lol
™ (Ueland, Refsum, Stabler & Malinow, 1993), IZTEAZHIIEZ
(Hyperhomocysteinemia)<- homocysteine®] H| A4 0= %7}3% Aeto 2
% TRAZHQA %7 14 pmol/L °ld S7hshe gelsa gl
(Refsum, Ueland, Nygard & Vollset, 1998).



# < homocysteine WA QIR FAld 43t 2B 2
g3y 7)sHlels #dA Ha o (McDowell & Lang,
2000), ol mz} homocysteine®] AFeEZ Al (pro-oxidant) = #-8-gkrh= At
34 &4 71Hd % A AtH(Bellamy & McDowell, 1997).

Serine, glvcine
Tetrahydrofolate Methionine

N® ,N1D -methylenetetrahydrofolate
BHMT

Remethylation MS
Cycle Betaine

MTHFR Homocvsteine
N°- methyl-tetrahydrofolate

CBS | —Serine

Y
Cystathionine

Transsulfuration

Pathway Y

Cysteine
%‘5‘- Sulfate
G=H

Figure 1. Metabolism of homocysteine

MTHFR, Methylenetetrahydrofolate reductase; MS, methionine synthase; BHMT, betaine

homocysteine methyl transferase; CBS, cystathionine beta synthase; GSH, Glutathione

Homocysteine9] T7H= 83 F&AM|xe FAS FHH8ta, Fee )
< S7W71a, dIAAEe ZsHNE ZdskH, A T(intima)e] H]F
(hyperplasia)E =X13}al, A X2 superoxide dismutased] ABAS Z7FA171
th =3 A2 (reactive oxygen species; ROS)e] A, dbAaksizbg-o] 71
A5 Y3}, Homocysteine®] <7}= coagulation factor V, protein C,

_10_



tissue plasminogen activator, tissue factor T3¢ A3 2858 E3 A

A& (thrombogenicity) S =7FAZ1t}. Homocysteine< in vitrool A Z2ksla=
Z~(hydrogen peroxide)E A& o 2 A3l&2 4 (pro-oxidant) FA S F =
l™, o] superoxide =°|&< AFsHA A(nitric oxide, NO)7} Qo 714
AbgbA| ¢l 2pakstol A Ak (peroxynitrite) S AA s o] BHarw ok

Homocysteine A}7M:FsHauto-oxidation)E $ 3l homocysteine, mixed
disulfides, homocysteine thiolactone & A/d3staL, A7Fikst Aol it
3= &9l (superoxide anion), ¥AFst4A(hydrogen peroxide), hydroxyl
radical, thiol free radical & 2Z%3 47 AAdEH. BE AF=0
ofstd AbstAEd 20 F747F homocysteineol 913 Wyl A2 &44o] 56 7]
AU Aow B}

4. hs-CRP

CRP(C-reactive protein)= AW g5 S48 A &g, A== Edojth. =
29l A, AAGID7E d= woll AHojup d Foll A7|= o]
stuzA, dH"Tdd T CHdAet veate] AAdES HEERE o olF
ZHAA HAJAe of| Ao Soldk AAbs ol ANt A AR el Uvhe=
AL dEFE F93 Axolth. CRP 7l =4 & v d3dE2 =34
A, T A7V e ZFA4EE A w37 oF 5 vk FrbE
T Uunh BE 6A%F ool A SAAR 444 S KAl
W7 A8 1 ol RV TR SR o3 AA 7] uiol

o} CRP&= A WA ZEY A A 3ol A A == interleukin-6(IL-6)¢} Z& 4

st

=]
reactive protein)©]™ A&l AEnNk-So] AMESHA F X2} (biomarker)® A}

S5

o o Aststa vAlsA S48 5 e SAMHE At

T al =,
Teja e mE 54 Aol AuaArt A Addal FaxTt



o w2 AHEER 92 999 CRPE SAE & A o H ]:'J A5 o
= Ao (Roberts, 2004), Hdadg A} Fofgh s Hel
3 FAeHEFY 9@ AdA, 2009; Kanai et al., 2008). I, "Ji}éli(nitric
oxide, NO) Z& A3~E# 2= AD 3219 oA dF S Joy|=

83 9gdE st dom dHA Ud=uCETE 5, 2006), S5 FEAAS

hs-CRP %9 =HL u9o AFAEY AR 23 dZ HLE Hlgdgorn

i
>~

rﬂl
o7

5. Plasma antioxidants

1) Akt A28

kst Alzdlolgh iAol T vfe] IpAol o A E WA A
FE3 g3 ARSI ERTE ASHY E4e WAsk7] f13 A W]
Aoz AoleEri(Child, Wilkinson & Fallowfield, 2000). -4t} Al 2~®l2 |
W st st nlass SR et AAls WA A=
sl E&2Q Wol7|7-E A AL Qo] e o ® tix gt o]zl gk &4t
A aad st FAke diARA Tl A H e st s
= guzs kA £33 22 B gkgAdo] ofstal by gk AR
SIAZIAY whe& Adsto A Abst 2EY RO s AT
skt (Bounous & Molson, 2003). AW WA AtAsists AAAZ 283k
giksla 4= SOD(superoxide dismutase), CAT(catalase), GPX(glutathione
peroxidase)z°] oH, HEAZA FsAl= HEY C, HEW E, B
—carotene, glutathione, selenium &°] 2™ (Child et al., 2000), L <]

% Coenzyme Q10(ZFHl), carotinoid, flavonoid, VU=, iz o] it}

iy

12
%
|

2) Plasma antioxidants
AR BAE A A AES AFE 7h] FES n X = ufo- Bxal Al sElo g Al
A Z= g4k dS thEE albumin, uric acid, bilirubin®} 7S €3 aHAaks)

A5 93] H9HrHReddy et al., 2003). albumine At oz v 8%

o
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¢l FastAde® I ) & 52 SAs7] W] Ikt dF ) T Y
AshA Ao FR3F 7]o]E dth(Wayner, Burton, Ingold, Barclay &
Locke, 1987). albumin> 2] o] Ao =i A aitsts A
Uk AL EZE AbAaet ©ARFE AF7]e] AAFES H(Soriani,
Pietraforte & Minetti, 1994). uric acid= @3 Ul =2 %o o] albumin

Sox F WHARE T3 Miller, Rice-Evans, Davies, Gopinathan &
Milner, 1993). uric acide Hl &4 Faflo] we} AbslkE 4 3 hydroxyl
radicals®} #Fo}d A4Hhypochlorous acid)®@} ¥Hg-3 = Q&= Ad = &4tst
A= dE A H(Becker, 1993).

albumin, uric acid+ bilirubin, a-tocoperol, B-carotene¥} &< t}t& %
FakstAol Hls] FiAo® w2 FEE SASAL o], o F 7HA FAFskA)
7h QIzb " dAkst A=Y T0% olde AHAstaL itH(Wayner et al.,
1987). WH, bilirubine #73 W 4% EASAR albumin® vl §&4 0% &
Absl 2485 shal(Soriani et al., 1994), & bsA R 52 HAikst A A
2+8-S HoFEH(Stocker & Ames, 1987).

v

™
o
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1. A%

Aol gidats FARGA] Ao A A el A4 T 654
ol BxtE T UAVITHALE Fote] AEAA N A= 129 A EUA
FolFom AAeda, AYERToRzE Ao AFshE 6564 ol =&
T AANTHA A, B 218 A 219S ZEE0IT. BT ARE B
oA A AAAZ D ADE AN AL, FAFAA A DSt FA
S TR ottt shAIRE AEQIAF ol A AE B3 2%, B
ol Ad B3 69y 2203 Fx ¥V 5oz, 20119 6¥€5H 9
A7AA 1257k AASEs T2aRs da5d FEdAFo i 1083 AA T
Z7 10%S e BAUdAR Agslnt

AT Y gAEe] AAH 5L <Table 259 2},

Table 2. Physical characteristics of subjects

Age(year) Height(cm) Weight(kg) BMI(kg/m’) SBP(mmHg) DBP(mnHg)

MCI 79.80 155.25 54.31 22.54 121.40 76.40
(n=10) +5.53 +9.71 +7.75 +2.79 +15.26 +8.37
NC 72.90 153.53 57.87 24.58 128.40 79.80
(n=10) +4.38 +6.01 +7.31 +2.97 +10.41 +6.07
Total 76.35 154.39 56.09 23.56 124.90 78.10
(n=20) +6.04 +7.88 +7.25 +3.03 +13.57 +7.39

Values are expressed as mean * standard deviation (SD)
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;

MCI, mild cognitive impairment; NC, normal control
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2. AT-4A}

2 AFto] Aab= <Figure 2>9F 2o}

Aoz JAd 7
MMSE #AA}

3

AP A
AMAAS, Aststd HAE Apo E genotyping

NAAZ, AskeA 74
!
AuAe w B
!

A=
=2

Figure 2. Research procedures
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4) Apo E genotyping

(1) #AAr-d g

Apo E genotypinge DNA-STRIP® 7]|&S 7122 39 s @ asd4
S (Multiplex—-PCR) 3 2455 112Arg, Cysl12, Arglh8, 158Cysol] &
o]k probeZt HEH stripll HuFt A|A FAlol FAste e dEE IR
Apo E @99 112H A o}u|:=Akel arginine(CGC)H cysteine(TGC) 18]
158 A o} =4kl arginine?} cysteineS F1ste] 6% 7o FxA RdEF

(E2/E2, E3/E3, E4/E4, E2/E3, E2/E4, E3/E4)S AA gt

oy

(2) DNA &

QIAamp DNA Blood Mini Kit(Qiagen co., USA)E ©]&3le] DNAS +#
SR Y. Exdol 200 wlol lysis buffer 200 WS ¥ il protease K 10 w0
A oz E3tete] 60Tl 1021t REgAIZITE Lysis ¥WHgA17 REE
spin down A7l &, 100% ethanol 200 wE o] yslo g ZE3&trt 4]
AS Columno] ¥ 8,000 rpm &2 1&37F 44 EgA#AT. Columne
Washing €9 1 ¥ 2 &4 2 A Hsta2 Columne A FHo| 22 & 34 4

S5 elution buffer 50 W DNAE Foiwl & -70TCe] B¥s] F3
7} PCR Wk A] o] &35t

LA

(3) Apo E genotype ¥4
GenoType® Apo E verl.0 kit (HAIN lifescience co., Germany)& A3}
o Apo E genotypings 33 A4S o5 2o

@© Aleke
BE Aok A A A2st sty Wsae]l Eakd PNM(primer
nucleotide mix)Z} HCD(control DNA)E 7o} A-=3} A[F a1, W@gaie] 1
%% strips, denaturation solution(DEN), hybridization buffer(HYB),

1]

o FX

stringent wash solution(STR), rinse solution(RIN), conjugate concentrate
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(CON-C), conjugate buffer(CON-D), substrate concentrate(SUB-C),
substrate buffer(SUB-D)E 7ol A3} AlZth Hybridization buffer®}
stringent wash solutione 37-45TC¢] incubatorolA warming3s}$itt.
Conjugate concentrate(CON-C)E conjugate buffer(CON-D)= 1:101 3|4
3ol  conjugate solutions =H|S}T}E. Substrate solution substrate
concentrate(SUB-C)& substrate buffer(SUB-D)Z 1:101 gAlslo] FH|sk
Rom, Z Fghste] Ul =FHA FEH AFuE T AA BT

Tip< filter tipS 4|8} T}

PCR wt=H &3e HA 171 & PCR whxE EFNES 45 wlE A3
<Table 3>} o] ZA|5}3i ),
Table 3. PCR master mix solution (ub)

a4 A
1 6 12 48

PNM 35 210 420 1,680

10x PCR buffer 5 30 60 240

25 mM MgCly 2 12 24 96

1U HotStarTaq 0.2 1.2 2.4 9.6

HE SFT 3 18 36 144

PNM, primer nucleotide mix; PCR, polymerase chain reaction

@ PCR (polymerase chain reaction)

T PCR tubeel PCR mh=E] &3 45 WA S 53130tk F5€ DNA
Mﬁ"é} Ztzke]l PCR tube°l] &3¢ % PCR WHg& AlZskgitt. PCR WhE-
A& <Table 4>9} Tt}

AWz AA 5w Aol HaE SFHT 5 wE HUrela, FdxEs
:

HCD(control DNA) 5 (& H7}8FA

5)
=z

N
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Table 4. Cycle for PCR

time / temperature Cycle

15 min / 95T 1 cycle
30 sec / 95T

10 cycles
2 min / 58T
25 sec / 95T
40 sec / 53T 25 cycles
40 sec / 70T
8 min / 70T 1 cycle

PCR, polymerase chain reaction

(@ Hybridization

Traye]l 2479 wellel denaturation solution(DEN)< 20 w2 &5-35haL
PCR AH& 20 w &Fste] al3dlow E¢heto] Aol 5& &<t 73tk vh&
AlZF Fot strip2 H|sFal warming¥ hybridization buffer(HYB) 1 mlE 2z}
welloll 3% & 7PHA =5kl th 2 wellell strip2 #H7Fste] 45T, 300
rpmoll Al 30E-7F nwkste] wi ket HYBE W23l warming¥ stringent
wash solution(STR) 1 m¢® EF3ko] 45T, 300 rpmolA] 15837+ nwkalo]
Hj el th. STRS ®E]al rinse solution(RIN) 1 m¢# EF3le] A(257),
300 rpmol Al 1i3F wxbste] AlH3kgltt, RINS WeElal 3843k conjugate
solution(CON) 1 mE 7+ welloll #F3sto] AL, 300 rpmel A 30:&%F wlytat
of #jeFsiaitt. CONS Helal o] RIN 1 mE &35 A&, 300 rpmell A
1E3E aldksked AFskglty, RINS Wil Bda/s 1 ms &5t 22,
300 rpmoll A 1&7F whbste] AlHstdth. S5l trays 7+
oA MS A AsEaL Z2A|gE substrate solutions 1
3-20%% vl SR = 23] AlFeta whgo] 2y stripe H7HEA

ol x) En

¢

by
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@ A4

A8 42 <Figure 3>7} o] #5313}

Conjugate Control, Sens I, Sens II ®F 444 U= sz Ay}
3|28kl o, Specificity Control ¥4 Y w& H|Eo]4 wkgow A}
AAEEITE. Cysl112¢F 158Cys7F 44 d wi= Apo E2/E2=, Cysll29}
Argl589o] %Ad uwj:x Apo E3/E3=E, 112Arget Arglh8o] %A Y wj:= Apo
E4/E4%, Cys112¢F Argl58, 158Cys7F ¥4 W= Apo E2/E3%, 112Arg,
Cysl129} Arglb8o] ¥ W= Apo E3/E4=, 112Arg, Cysl129t Arglhs,

158Cys B A W= Apo E2/E4= At si4sisint.

=
=

=
=

™

N S N 5 S S

Ly L ] L Ly L

o 5] <] 5} <) S}

a Q o Q. S Q

. = =L 5% 2 =1 =L

Conjugate Control s — = — — —

Specificity Control ¢ ! . ] . ] . ] . ] . ]

Sensitivity Control Cys112Arg [Sens |) s — — — — —
112Arg ——= — — — — —
Cys112 — = — — —
Sensitivity Control Arg158Cys (Sens |I) s == = — — —
Arg158 ——= === — — — —
158Cys  mmmm — — — — —

Figure 3. Examples of results with the Apo E
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5) B3HeHE A

(1) Homocysteine

Homocysteine< fluorescence polarization immunoassay(FPIA; & 3333
HAZAH)E o] &8st Astst As3st #47] TBA-200FR/NEO(TOSHIBA
co., Japan)® #2413} ).

A= FA7E 8.1-17.6 umol/ee] AL, o A7F 5.6-12.9 pmol/¢o] .

(2) hs-CRP

hs-CRP*  turbidimetric immunoassay(TIA; WIHEH)E o] &3] Ag)
g 2453} 47] TBA-200FR/NEO(TOSHIBA co., Japan)2 23} th.

3= += 0.0-0.5 mg/deo] T}

(3) Plasma antioxidants

@ Albumin

Albumin bromcresol green(BCG)# A7 Agtslo] H=59o EIAE &
dste] o]& 660nmolA v FeEettl, BCG method(H| M H)& o] -&3ato] A
s}s} 2453l #417] TBA-200FR/NEO(TOSHIBA co., Japan)® #4131t}

a1 A += 3.8-5.2 g/deo] .

Albumin ~—————-——--——---- > A=Al M A AL

Figure 4. BCG method for albumin

BCG, bromcresol green

@ Uric acid
Uric acidi= uricase®] 438k olgfoll A AAE H.0:9F peroxidase(POD)2]
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2k-g-oll o]ste] Akl FytE|o] Mol MAE AAEtaL o] MAie FAEE S
At wEE AAtshE enzymatic method(E4AW)E o835t AJstst 23t
F217] TBA-200FR/NEO(TOSHIBA co., Japan)® +213}%t}.

e X

X = 2.4-7.0 mg/deo] T},

Uricase

Uric acid + O + H,O —————=————= > allantoin + CO2 +Hs0,

H.Os + 4 AAP + ESPT -——————————- > Qinone M4 (violet)

Figure 5. Enzymatic method for uric acid
AAP, aminoantipyrine; ESPT, N-ethyl-N-(2-sulphophenylenmethyl)-m-toluidine; POD,

peroxidase

@ Total bilirubin

T. bilirubin> A&l direct bilirubin? 2821 indirect bilirubin® 2
AA 85 =], direct bilirubine diazoAl&F A HEZSHAIRE, indirect
bilirubin& diazo¥teo FXA]E 245 Z8= vt dHdd F32E&S
e AMSAAE 71§ diazoWteS A171W bilirubino] WSS ko] A4
o] azo bilirubin®] H T} o] YA FFLE FAHToZA T. bilirubin FS
S4stAl "ot Colorimetric method(H] M) o] &3sto] Astst 2453k 4
7] TBA-200FR/NEO(TOSHIBA co., Japan)® #4139t}

Fux = 0.2-1.2 mg/deo] .

Direct bilirubin & Indirect bilirubin ~———-—-—--—--—- > Azo bilirubin (red)

Diazo solution

Figure 6. Colorimetric method for total bilirubin
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(4) Lipid profile
TC, HDL-C, LDL-C, TG9 =#<L enzymatic method(Z4 )& o] &3}
A8k =35t BA417] TBA-200FR/NEO(TOSHIBA co., Japan)® #41&}91t).

@ Total cholesterol

FU2HE FAHL o]d7tA & Lieberman-Burchard ¥HS-, Killiani ¥H§,
OPA ®tg so= A& shoy, ko] gQlo] Hol nighzlshx] 333t
Flegg(1973), Richmond(1973) % Roeschlau, Bernt & Gruber (1974)9]
a @Aaro] Wi E o™, Allain, Poon, Richmond & Fu (1974 <&l =
Aol JEHEY. TC= HA F Esterd cholesterol®] cholesterol
esterase(CES)Y] zFg-o] 9ol 7hpidl] o] FaldA free cholesteroly}
fatty acide A/ gttt olw] #2813 cholesterol cholesterol oxidase(COD)
o] ztgo =2 F}Aiet4 A9t delta 4 cholestenons A3Adgheh, A H Ziksha
A+ peroxidase(POD)9] &4 3ol 4 4-aminoantipyrine(AAP)¥} phenol<-
ApstH o2 HHAIA qinoneP O AHMMALE AASE=T, o] HAMMLE A
sto] Fel2HE S I

12 += 130-250 mg/deo] T},

lo

CES
esterd cholesterol ~———————-————- > fatty acid +free cholesterol
COD
free cholesterol ~——————-=-=——-——- > HoO» +delta 4 cholestenon
POD
H-0, +4AAP + phenol ~—————-——-——--—- > Qinone M4 (red)

Figure 7. Enzymatic method for total cholesterol
CES, cholesterol esterase; COD, cholesterol oxidase; AAP, aminoantipyrine; POD,

peroxidase
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@ HDL-C

Cholestrol esterase®} cholesterol oxidase: 3}82] 3slo] LDL, VLDL,
chylomicronel] tjste] whgAJo] Asteltt. o] dio] dextrane sulfate,
cyclodextrin sulfate 5345 W-83slH LDL, VLDL, chylomicronel| thjs}e]
aarnkgo] Adyo] HDL-CE A¥Aow A4 5 Ut} o[4S 7= 3}
o A1¥k-g-o A HDL °]¢]¢] LDL, VLDL, chlyomicrone dextrane sulfate%}
cyclodextrin sulfate &A1t AHAI7]13L, A|29H-3-2 cholesterol esterase®}

cholesterol oxidaseZ ©] &3t Zo| ¢3le] HDL-CE E&8 %z glo] AHAH

]E

A= G2 7F 31-67 mg/deo]ar, o A7} 45-74 mg/deo] Tt}

@ LDL-C

LDLE Hexow 7483 A7l AWZ4gAE AHEste]l LDL ol $Hrd
esterd FulZHEH freed FdU2HES cholesterol WAl =<8t
LDL-C Aslty, LDL-C ©]2]9] lipoprotein(HDL, VLDL chylomicron)el
Hests a4 whe2 o] A A et Fet=el s AAEHE FuzEHE
Lt E=AE A gkom vk Aol lipoproteine] e 2 FHEH T
A= 65-140 mg/deo] o},

il
I

@ Triglyceride

TG+ lipased] ZHgo =% glycerold AAst=d ATPS &4 slolA glycerol
kinasedl ©¢]s}e] glycerol-3-phosphate”} XA =™ o] A2 glycerolperoxidase
o] g0z sl AE WM of7]o 4-aminophenazone®} 4-chlorophenol
o] F-7}=o] peroxidased #8922 4-(p-benzoquinone-mono-imino)E& Y&
of AMMALS AT o] AMNAS FuF 505nmet F-3HE 700nmelA =
Aokl TG & -3t}

Fa1x]= 30-200 mg/deo]tt.
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4, AAGF =23
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5. Am 4

AGFA 3= SPSS Ver 18.0 package

= ol T
M)} FE+HA}(standard deviation; SD)E 2FE3F 3L, 28 Ak 7o) HA W

AN
sto]  FolHFTL olUNFESAHEAEAH(two-way repeated measures
ANOVA)S AF&3siSith Ao 2R 7 A 1 Al7]dd wE PFx] )
o] Aol AZTL SHEE t-FHS(Independent t-test)S o]&&ar, 7+ Aok

1o
24
s
o
o|N
rlo
fu)
olo
]:H

) Bz 2 t-7F(paired t-test)S ©]-&3k3 21,
l

AH FoFES a=.05% 3t

_26_



1. Apo E genotyped] tiRlx=

Apo E genotype?] Athdl=4=+= <Table 6>, <Figure 8>3} 2t}

Table 6. Number of Apo E genotype

phenotype allele
Genotype

E2/E3 E3/E3 E3/E4 E2 E3 E4

MCI 14 57 4 173 1573 474
(n=10) (10.0%) (50.0%) (40.0%) (5.0%) (75.0%) (20.0%)

NC 2 7 Sk 2 177 174
(n=10) (20.0%) (70.0%) (10.0%) (10.0%) (85.0%) (5.0%)

Total 39 127 59 3 327 59

(n=20) (15.0%) (60.0%) (25.0%) (7.5%) (80.0%) (12.5%)

E2=(E2/2x2)+ (E2/3)+ (E2/4); E3=E2/3+ (E3/3%X2)+ (E3/4); E4=(E2/4)+ (E3/4)+ (E4/4X2)

MCI, mild cognitive impairment; NC, normal control

{Table 6>o A} o] HAEQIAAol+2] Apo E phenotypes E2/E3 1%
(10.0%), E3/E3 5% (50.0%), E3/E4 49(40.0%)o.% Elwo™, E2/E2,
E2/E4, E4/E4 34 8PS YA FUth Apo E allele= E2 149
(5.0%), E3 159(75.0%), E4 4(20.0%)2.2 E39] W=7} 7b4 =%k E49f
E2 02 & HxE YehyAnh

AN Zaol A Apo E phenotyped E2/E3 2%(20.0%), E3/E3 74
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(70.0%), E3/E4 1%(10.0%)2.= yelstom, E2/E2, E2/E4, E4/E4 F7d=k
FdHES JehgA &dth Apo E allele= E2 24(10.0%), E3 17%(85.0%),
E4 18G5.0%)C % E39 W7 7b4 =9kal E29F E4 07 & HxE
ER AT

AA AFHAAFe] Apo E phenotype E2/E3 3%(15.0%), E3/E3 129
(60.0%), E3/E4 5%(25.0%)°o.= uelstom, E2/E2, E2/E4, E4/E4 F7d=t
Fdde YeA 29tk Apo E allele= E2 39(7.5%), E3 32%(80.0%),
E4 5% (12.5%)0.% E39 WI%E7l 7bd =9kl E49} B2 £08 2o HEE
LEF AT

 AFo A E2 allele?] iRl Eg= AEAdXelatol Al 18 (5.0%), 4%
hxTol A 29(10.0%) 0.7 AAzTolA A EEEe] 2, E3 allele
= Awox oo A 15%(75.0%), A 179(85.0%) .2 A3
ool A BxEo] oddrt. g, B4 allelexs 7 TR Aoftol A 49
(20.0%), Aoz aolr 1H(5.0%)02 AEAAZN oA A EEHo

AT,

y

MCI NC

<Figure 8> Apo E genotype distribution

MCI, mild cognitive impairment; NC, normal control
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] A-3 homocysteine® W3l <Table7>
<Table 8>3} 7t}

2. Homocysteine
A o, Ad ke == Ax
o Za, A7 A 7 AT 3 dEAE av
Table 7. Comparisons of homocysteine (umol/e)
Pre Post diff. t-value
MCI (n=10) 21.92+10.21 18.19£7.99 3.73%£8.92 1.322
NC (n=10) 11.95+2.42 9.87+£1.98 2.08+0.92 7.17 9%
t-value =-3.005%x -3.197*x
Values are expressed as meanztstandard deviation
diff., difference; MCI, mild cognitive impairment; NC, normal control
% 1 p<,01, #=xx 1 p<.001
Table 8. Results of two-way repeated ANOVA for homocysteine
source SS df MS F-value
time 84.390 1 84.390 4.194
group 836.310 1 836.310 12.158%*x=
timeXgroup 6.806 1 6.806 .338
error 362.208 18 20.123
ANOVA, Analysis of variance; SS, sum of squares; df, degree of freedom; MS, mean square
=% 1 p<.0l
Al7] 2 e 1h AZIXHG IF AT AE gaell A= A7) AIZIXFHE 7h
A Frefadel gidiAIRE Ad IF Fa el FoskA(F=12.158, p<.01) WERsT
xR A A FAe 3 vjale A =23 AA] A(t=-3.005, p<.01)
I $(t=-3.197, p<.01) BF AEAdA Gl Fo A =A e
At ] =233 AA] A-5 vl A= Ao dro|A] =35 AA
F A2RRAT foge Qola, AYRETAA T2aW A4 F felahl
t=7.179, p<.001) FFA3F T}
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3. hs-CRP

Ak o), ok 7he] =2 a3 AA] A-F hs-CRPY W3le <Table 9>¢ 7

a, A7) 2 A 2 AR 2 A3 Ag @3 <Table 10>3 Zoh

Table 9. Comparisons of hs—-CRP (mg/de)
Pre Post diff. t-value
MCI (n=10) 0.59£0.62 0.48+0.53 0.11£0.60 .584
NC (n=10) 0.11£0.14 0.18+0.26 -0.06£0.14 -1.412
t-value -2.343 -1.604

Table 10. Results of two-way repeated ANOVA for hs-CRP

source SS df MS F-value
time .006 1 .006 .059
group 1.486 1 1.486 5.247x
timeXgroup 075 1 075 .800
error 1.684 18 .094
* 1 p<.0d

A7) ZE FE ZE A7 RE 2 dEag aveldE A7) 3 AIxER
oA ol etAl depuA] kARt Hek b Fa el fro] sk Al (F=5.247,
p<.05) YERS
hs—CRPe] 2 AA A-F g 2 vlaelA fojst o)z tpehA
% 1

=]
ota, A W T2 A4 AF mEe AR T Pu BE fo)@

UEREA] 2okt
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4. Plasma antioxidants

1) Albumin
Ak W, A 7ke] 2233 2AA] A% albumin®] ¥ 3= <Table 11>3}
23, A7) A 3 AZDY (F 4EAE E3bE <Table 1258 2k,
Table 11. Comparisons of albumin (g/db)
Pre Post diff. t-value
MCI (n=10) 4.15%+0.23 4.18+0.23 -0.03£0.12 -.818
NC (n=10) 4.27£0.15 4.21%+0.15 0.06%0.14 1.327
t-value 1.374 .349
Table 12. Results of two-way repeated ANOVA for albumin
source SS df MS F-value
time .002 1 .002 .266
group .056 1 .056 .845
timeXgroup .020 1 .020 2.390
error .153 18 .008

A7 B 2 AZIXAG 2F FEEg Aol folde] vEhAl kot
o},
Albumin®] 2% AA -5 J 2k vlaLe A folgk 2ol et
s

=]
i, Ak ) =2 A4 A% e A

L
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2) Uric acid

Ak W], Fek ko] z2 g AA] A-%F uric acid®] W3l <Table 13>3}
2a, A7) 3 A 3 A7I<AG 3 528 G35 <Table 14>9F 2t
Table 13. Comparisons of uric acid (mg/de)

Pre Post diff. t-value
MCI (n=10) 6.56£1.60 6.94+1.75 -0.38%1.22 -.981
NC (n=10) 4.69%1.17 4.47+0.97 0.22£0.56 1.235
t-value -2.986%x =3.900%*x
=% 1 p<.0l

Table 14. Results of two-way repeated ANOVA for uric acid

source SS df MS F-value
time .064 1 .064 141
group 47.089 1 47.089 13.407#x
timeXgroup .900 1 .900 1.981
error 8.176 18 454
s 1 p<.01

A7 ZE A ZE AZI<AESE 3 FeE adelAe A7l I A7
rell A FrolshAl veEbbA] kA RE, Fek 2F Fa A ek A(F=13.407,
p<.01) YFERR

TR AA A A 1 v TR A d(t=-2.986, p<.01)
I 5(t=-3.900, p<. LRIA ol A FoekAl A WEREAI,
e f =09 AA A5 v A s 7ok |ty yebbH] &gkt

(@)
z
td
—r
o,
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T
Ak U, A 7o) =2 a3 AA] A-3 T, bilirubin® ¥ 3+ <Table 15>
A

=
A 71 2F, A 7 A7 7 A5 A g3 <Table 16>3 7

gl— =3 ’ -
=
Table 15. Comparisons of total bilirubin (mg/de)
Pre Post diff. t-value
MCI (n=10) 0.27£0.95 0.28+0.92 -0.01£+0.06 -.bb7
NC (n=10) 0.56£0.14 0.57£0.16 -0.01%+0.17 -.183
t-value 5.558 k% 4 .886%#x*
=kx 1 p<.001

Table 16. Results of two-way repeated ANOVA for total bilirubin

source SS df MS F-value
time .001 1 .001 121
group .841 1 .841 36.654 3%
timeXgroup .000 1 .000 .000
error .149 18 .008
sx 1 p<001

A7) 2 A 2 A" 3 AsEe ayel e Al 2 A<
ol A o A JdERA] kAR, Ak 3F Fadel A {98 Al(F=36.654,
p<.001) YERSL

TR AA A5 Hek 1 vlae A ZEas AAl A (t=5.558, p<.001)
7 $(t=4.886, p<.001) EF ZAEA Gl Al folstAl WA UERA
Ao Wl 2209 AA] A3 v A= frolgh Wshrt vEhA] gkt

_33_



5. Lipid profile

1) Total cholesterol
Ad o, A 1o =2 AN A-Z TCe W3l <Table 17>¥ #a1,

=
A7 7F Ak 2 A7 <A 2 AS AR 53 <Table 18> 2t}

I
NI

Table 17. Comparisons of total cholesterol (mg/de)
Pre Post diff. t-value
MCI (n=10) 195.60£26.29 196.70£28.62 -1.10%£15.93 -.218
NC (n=10) 213.20£35.30 195.90£24.43 17.30£22.19 2.465%
t-value 1.265 -.067
* 1 p<.0b

Table 18. Results of two-way repeated ANOVA for total cholesterol

source SS df MS F-value
time 656.100 1 656.100 3.517
group 705.600 1 705.600 474
timeXgroup 846.400 1 846.400 4.538x*
error 3357.500 18 186.528
* 1 p<.0b
A7 ZE JAE I A7IXASE I AeFE adgelA e A7) zH A 5

Aol A oA YEtA] ko, Al7IXH Y 1F AE AR gt = 9
SHAI(F=4.538, p<.05) YEFS:

Total cholesterol®] Z=Z13 Al A5 Aok 7t
LERLEA] e kT

et fl T2 A -5 Bl s Aol Fo8 Hstrt

AL, AT TR AA] F FYeA(t=2.465, p<.05) 7453

i)
=
=2
>
Jo
o,
rot
_&
S
N
L

O:

oo
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o] W3l <Table 19>9}

% HD
528 §3}+= <Table 20>3 &t}

2) HDL-C
Ad o, Ad 3te) =209 AR A
FA TRV 7] B4 S s 4 P 4 D = i d s
Table 19. Comparisons of HDL-C (mg/de)
Pre Post diff. t-value
MCI (n=10) 36.60%+11.13 39.00+11.40 -2.40+4.25 -1.787
NC (n=10) 50.70£9.58 51.10+11.73 -0.40%8.30 -.152
t-value 3.037 2.339%:
=% 1 p<.01
Table 20. Results of two-way repeated ANOVA for HDL-C
source SS df MS F-value
time 19.600 1 19.600 901
group 1716.100 1 1716.100 7.804*
timeXgroup 10.000 1 10.000 460
error 391.400 18 21.744
* 1 p<.0b
A7 A T AP F ZEAE ael e A7 AP S
bl A o skAl YERA] A NE A 1F Fa A {9 8k (F=7.804
p<.05) YERRE
T2 AA A3 Aok 7F v A 2 AA] [(t=3.037, p<.01)3
2(t=2.339, p<.01) BE5F ZAEJA Gl A FolstAl A ER:
A Ul Z2739 AA A3 HaoAes 7 e B T2 HAA] dR
5 S7FsER AN o3-S WERUEA] kT

oh 2 A
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L
Ak W, Ak 7ke] 2@ AR A-Z [DL-C W3sl= <Table 21>3 7+
A 7+ A528 g3 <Table 22>9 7t}

Table 21. Comparisons of LDL-C (mg/de)
Pre Post diff. t-value
MCI (n=10) 115.10%£25.82 116.00+£29.01 -0.90%12.32 -.231
NC (n=10) 121.20+31.47 107.10£21.56 14.10%18.51 2.409%
t-value 474 =779
* 1 p<.0b

Table 22. Results of two-way repeated ANOVA for LDL-C

source SS df MS F-value
time 435.600 1 435.600 3.524
group 19.600 1 19.600 014
timeXgroup 562.500 1 562.500 4.551x
error 2224.900 18 123.606
# 1 p<.05

P I R A S 7 P = i i ks S e L B R B R A i e
gl FoshA YERA] ko, Al
3 A (F=4.551, p<.05) YEF

LDL-Ce] =23 A A5 ek 7k v]ao A {98 zfo]7} e &

oW ZEas) AA] d-5 v

2
X

| = AR ol atol A fo gk ®istrt
A F F-ol 8 A (t=2.409, p<.05) THAES

oo
32 oY
K
ol
ox
fu)

BN
M
-
>
I
I
%
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4) Triglyceride

AA A-Z TG W3lE= <Table 23>3 oL
A 71 7 ek 7 A7 " S 1F A5 2ARE @39= <Table 24>¢F o}

Table 23. Comparisons of triglyceride (mg/de)
Pre-exercise Post-exercise diff. t-value
MCI (n=10) 197.80£63.56 179.70%£65.86 18.10+38.54 1.485
NC (n=10) 174.90£55.55 177.20£70.03 -2.30%48.62 -.150
t-value -.858 -.082

Table 24. Results of two-way repeated ANOVA for triglyceride

source SS df MS F-value
time 624.100 1 624.100 .649
group 1612.900 1 1612.900 223
timeXgroup 1040.400 1 1040.400 1.081
error 17321.500 18 962.306

Triglyceride®] A17] 7t FA& 7F A 7IxF e 7 A5 28 aaoA #2935
Al el ek

=2 AA A5 Fe el A fol@ zolzh kA ek, Yt
W 2o A A R AE P wE feld wah gehia) o

ATt
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genotype? EX = <olH
g & Ax'E 2

g7 9 stk
1. Apo E genotype

B oA AANAAE oz BA8 Apo E genotype? AtiHl
= E3(80.0%)9 W%7b 7 =9ka, E4(12.5%)9F E2(7.5%)9 +o&
NES Yeholeh 2383 5 (2007)2 Aol Apo E 34 v A

g Axtste] g AF¥ vl AES A7 ¢ Apo E 32 0
¥E E2(5.2%), E3(86.3%), E4(8.5%)aL, d¥ol 7% 3.5%, 8
11.2%, =2 8.4%, 85.2%, 6.4% ©]AT}. o= 3=, THs
Hets w Al Ve fAReE ARES Below, O BxE i o
E3>E4>E2 o2 YEWal, T332 E3>E2>E4 o2 g
A3E E3>EE2 £o® dElded, ol @59E tdor Add
T Aot vus] B u 2 A yepd Floltt.

ol A4 E2 allele®] #X& AT =A Yelton, E4=
HAEAA ool A =A Ve Eto et al. (2002)2 Apo E tiAlel A E2
= g3 TCe9 LDL-CE AdAI7IaL TGE *olW, E4= % TCS LDL-C
© oAl "cta ®Husgith. wpEba] B Aol A B4 EETF B AEIA
ool TCeF LDL-Cell tigh AASs 2o gy A& Ao, E2

X7} wE AU ETAdA 27Ut 3A JEbg Ao 2 {58 Bokt
Ao A R A AL} E4 allele= E24 E3 allele®.t} 58 7FeFe] AD 2
A&S HolH, TFHTAHEL/47F oG FA(E2/4, E3/4H) Kt v 7FFo]
=0 &tk E4 allele?] AD 2@ &o] £2d Wl AD2 Apo E2 allele
=4 0.005-0.008% wi$- wrolr] E2 allele7b AD &S oA gcar o

oX = Hf kI
o oo

1

1%,

)

ol

o]
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e
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HA o, Chartier-Harlin et al. (1994)¥ Corder et al. (1994)2] <o A
Apo E2= ADWo] wololtz #gate] Wy dye 3 aclow uy
H 3t Petersen et al. (1999)¢] A& HW, A=<l AFelA 1-2% A
T A AP s g AEAXF7E e =QEddAe 10-12%71 19
gholl Az ol BaEdu & AT tdAEdA =

BEJAF Tl A A WEFREAL, E29] 3 BTl A

E 38 &= vl Apo E genotyped JthHlIE=4+= E3>E4>E2
TOo=Z Uelgtow, E49 FEE %E‘ﬂﬂ%OH?OM T W= e,

e vebd Ay ADEES 93 AxEA ﬂm%— 7Hdd. =, Apo E4
allelex= ADRF ofye} AmIxofiote o] S oW, kow %
H2 Fo dAES R Apo E4 allelest A X Fofo}o] BAZS

3 Bast Aok w

i
T

2. Homocysteine

Clarke et al. (1991 ¢3FH ¥ % homocysteine %9 T7F= DNA &
Aap Mo A A9 WEst(methylation)E AdstH, daA 54, AE5A
2 AFAR ABEFom Qs Hdd A8 A de AT 5 oS
g g Ao g @A Atel, AD 2 d3A Awietx: Addvia st
ATk w3 AD homocysteine %9 A@Fo] &3 dAv=5 BW B
Zarol He] ADOA 1 F=rF S/ YE A AATE (A s, ol
Z¢ 2 9HWIF 2005 Cho et al., 2006; Mcllroy, Dynan, Lawson,
Patterson & Passmore, 2002; Pak, Chan & Mattson, 2003; Park JH,
Park IS & Park SW, 2005). ¥ dAellA AEAA el Ao zael v
3l homocysteine®] F=7F T8t £ UEbwth ZEQIA TS AD™
B g or ADS fH o Aol x7] wiel 2w, BT EY

YA

+2 homocysteine %= ADWH S oAsts= Ao =2 ADe Z7] g A



=
T =
A W] T2 AA A3 dlalo A AANZET A homocysteined]
A7F AEER o, AEA oA E Fo)A-e YERGA] kAT
|

t g noh ot FHHA AABEF] AD o
[e)

(1995)°e] Aol M % homocysteine %+ YWl &9 AAEs T3 99
A S 7Y ar kel

ol Al A= Fge B w AwAdx ol AT ET o5k

=& homocysteine 35+ AD 27| A A=A & on|7} a1, 125719
MA L5 homocysteine &% 7lAd Aot & 4 St} uwpeba], A
g5 7S ¥k R A &5 =213 AHLL homocysteine? &
Az Q3 AD oo g ypdolgtar 3k 4 Qi)

3. hs-CRP

AD®] WejAglo] Fojsk= gk 9 2bsk 2~ E 9 2~ (oxidative  stress)7F
ore)H o™, 4k8Hd 2 (nitric oxide; NO) 28 AFgp~Ed 2~ AD B7be] 44|
A S Whes dogled T8 94Fs ote dor deA U9
S, 2006). Wk, 95 FAAQ] hs-CRP %2 FHL ¥ AsgrEgs
Z Q3 I ArEs Jéz%} 2 ADEH I Ade] lvkar HaEnh A
Aol A hs-CRP+= HEydEgk DA fo3h AdAdS Hedva sk
4 2 AFA, 2009; Kanai et al.,, 2008). T Geffken et al. (2001)2] A
oA THRAQ S FHRAT HFe WAL CRPFFo = s vX
ATt SHARE Ao A9 hs-CRPE 23 A A% ek
HlaLe| A el gk Wskrh itk o]l A= Albert, Glynn & Ridker (2004)
o A A 5ol AAALe AEFAT, dad A, el F2 I
S FolA CRPY #HAE F¥3tti= A9 Tchernof, Nolan, Sites, Ades
& Poehlman (2002)9 2|3t AF 9] 47t EF5HeS Ao dsE Rusy

n
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= ks = A7 et Aoloh gy, 50 8% CRP €% Aol o
TS v A A e AL Bk AgAFESRIAAY 5, 2005, Dufaux, Order,

Geyer & Hollmann, 1984)37 = e A#E vegugn). 2 AFoA G294
= UrEM?ﬂ APA R, AEQA Gl A T2 HA 5 rse FES
HAEH, 35 2A&53 hs-CRP2Fe] A#A S doluy] 98 o B 9

gAAe ded &5 wy, 4% 2 NEE 429 A4 A7) o FolA o

@ Aot

oy ANE FPA B 0l FEANFRTAA 12579 AABEo]
hs-CRP %58 #aA71E 43S ngot f94& tehba Qgon, ¥
Aol A 1253k AABEF LS hs-CRP FE= Adel JFS FE =9H9l 9l

2471 o Sl
4. Plasma antioxidants

2 AF A= uric acid, albumin, T. bilirubin Al 7} &% 3tsA|E 4t
StAEg st o] AHAdS 2te AEZE ARSI =], T. bilirubin®] X =21
B AA A e 7 v T2 AAl A 2R H QX Fol o]
FrolstAl WA et ol ARl wte] AtstaEd AT dF FAks)
Al = xﬁ*&}i vehd Adtetar o ¢ dvk =gk I dAkstAl 5 70% ©]
Ao 9S AA|skE albumin®t uric acide} @8] 8 Ul &A% EASE
bilirubin albumin®.t} §&4 08 34kstA-8-5 sFal(Soriani et al., 1994),
e AsiAEY w2 Akst Al 2RSS BoFH(Stocker &  Ames,
1987 AgYA+E = W ol A5 A}l A= T. bilirubine €% 34t
stAl 5 om7t Ava & ¢ Q)
olgt Afo]7b YERA] k], o]+ albumin

=l kAl et Wayner et al. (1987)¢] A5 W
‘3}% @ﬂﬁ‘r < g Ao IRl ® albumino] €% bsiAlE FaF AL
tE kiAol mls dA W w2 w22 EAst7] wjwoltH(Wayner et al.,
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uric acid®] T3 AAl A-Z Aok 7 vlao s T2 A A
5 ARl ool A Feolat Al A UEETE ol vE dH FAsHA
T. bilirubin¥}i= ZgRtd ZA3p7F vebd Aoy, Adyddrot= th=A e
Adteltt, 1 ARl A FAkst A" JEFS vA= FHLJAEY A
7F A2 o] Foy A A E3 7] wEo] ™ (Bourdel-Marchasson et al., 2001),
THaglew Oé%k*JEH F7h A9, ¥4 75 % A4Ss 52 = 7 3
Ay el A Ag st B AT A kst o] FRE AsAE ¢ 3
t}(Barberger—-Gateau, Fabrigoule, Helmer, Rouch & Dartigues, 1999)+= H.
aLeh Aujgkrte A FrhE Fakst belo] I kst FEE Hojmd
2AtHBourdel-Marchasson et al., 2001)& AATE BokS w I3 Aaks)
Al F=e Aa7E Auje] AN Awjo] AdA = & 5 glvh. % It
SHAE o] MR dRke A= hs-CRPII = F3FS WA S

A

Hol JFL VAT FHAAEY BAG @A U% U A% g A7 Ba
o

oo ok

==

4

H=E F35te] 2 ] 12579 AlA|&-50] plasma antioxidantsel] W]
S gidek ok T, bilirubin® Hok 7 v nlo| A 7 =<1 x| Aol o]
£ Yeligle, ol At AE A dtdd Axel & 4 gl

5. Lipid profile

B AT ArA T TC s+
o] Toriola(1984)°l ot FabAA A9
TC s5koll F93 W37l gidt= Baet &+
g o =2 871 F 33 60w 95 A 43 TC %EOﬂ

[e)
T
Aothe B BE $¥ Fwsk 489 ATYAW, B AT



A7) €% ZRaW 8 F TCH fodA BaaddRREE §, 20100%
watst AlA e S7hs iﬂﬂiﬂ]ip‘ 7“”‘] 1t Dunn et al.,, 1977)= A

Bl T e ko) gukd 2
| oA AGE E5el A

5 7]%ke ol A5t wekth
(A=, 1999 A7 A3e Apo E2 allelees g% TCE A3stAItHEto et
al., 2002)% ATERA AgE oA At}. kA, F5 oy 74 gE A
=} dE 717 4 TRaNE AEs A7 2as o eyt

HDL-C= A9l Zel=dHE S4& 9+ 7Ise 7Hlen, HDL-C7F &%
| o S7HE = 7132 &es Sl e lipoprotein lipaseZlt 273 3}
], chylomicron, VLDL % LDLW¢] F# e E¢] HDL-CE A== H&
o] Z7}¥ 3l hepatic triglyceride lipase activity’} A2 o 24 HDL-CY
o|g}zfg-o] wolx| 7] wielw, wAre] HDL-Ce 24 W= fFYol F7h+
] W& o]th(Nikkila, Taskinen, Rehunen & Harkonen, 1978). A8 l-tol] A
THAQ 5oy FARY A ES A HDL-CE Y o+ Atk levy
& Rifkind, 1980; Lokey & Tran, 1989; Urata et al., 1987)& X7} 9laL,
Wsb7h glths ®al(Lehtonen & Viikari, 1978), 13d <t 70-80% HRmax®
T 33)9] 55 AN A 938 #HAE T ¥ al(LaRosa et al., 1982)
ToE B2 ATdA dAeHA B2 Ad7F YEEH. B dTdAs Jd Wl

T2y AA A5 WgtelM T Ad B AA ARy Srbshs d¥de B
SAIRE Fo g Afol= yEhbA ehdth old A= & § HDL-CO 9
sk Wshrh glthe Ba(zd7d, 1992; Allison et al., 198D)E¥H%E U A5t
tf Z2agw A A3 QAek 7k vlaed Teogd A A3 mn gadgz
ol FoetA A dEtston, o] dWrESAHEARAN S o] &3 Jd 3t

Al Lol A te -0 ShA| WHER T

2 Aol M Agadizarel LDL-C7F Z2ad AN F folaiAl ashd
th ol amHIRke] TS didew & 1253 ARE AY] £F L=
T8 F LDL-C7} Folsl asdv(dlE4d &, 20100 Hireh fAb
e B



Ak 25 w3k Wshyl yehuA @ttt ol A kA e
723 (Hicks, Macdougall & Muckle, 1987)+= X
, HYF(1998)0] ARt EgAdS dido R 85 AUE &5 HA & TG
U= Bal, £ AFE T (2010)0] nE=H[To g S ddew 125
T TG7F #4sklvhes Rausdes At
th shAIRE TGSF Apo E¢te] A7 UehbA gtk 1
, 20000%F TGE] &&= JHJAAZE A F4olu g

ATHGaesser & Rich, 1984)& APAF50] & A& & S
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. 9t Apo E genotypeo] 3+ =9
} Apo E tiAre} XA uixtete] #AG A E2 allele= 83 TC9
LDL-CE A3&A71aL TGE ol E4:= 3 TCS LDL-CE %9 tvhkEto
et al, 2002)aL 3Gtk ojdl Ad AFE EdE ol <dgolx TCS
LDL-C9] =23 st gi= E29 %5“57} =2 AT R4 E49 F
E7) e ARJAFHEY F FHow FF& By I A} Feol
ofite] TC® LDL-C7} Z2Isl HAl AHu oA glo] F7tshes AT
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