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<Abstract>

Effects of garlic intake and aerobic exercise on blood
lipids, exercise performance, and on antioxidant

function after muscle damage exercise

Doug-Soo Shin

Department of Physical Education
Graduate School, Cheju National University
Jeju, Korea

(Supervised by professor Chang-Joon Lee)

The purpose of this research was to examine the effect of garlic intake and
aerobic exercise on blood lipids, exercise performance, and on antioxidant
function after muscle damage exercise In male university students. 28 subjects
were divided into control(C, n=7), aerobic exercise(E, n=7), garlic intake(G, n=7),
and garlic intake+aerobic exercise(GE, n=7 ) groups. Aerobic exercise program
was carried out under the condition of 50~60% of HRmax, 5 days/wk for 12
wks. Garlic intake group was supplemented with commercial garlic extract(about
27 cloves of garlic a day for 12wks). blood lipids, VO:max and antioxidant
function(MDA, SOD, CAT, GPx) of all subjects were measured at the point of
Owk and 12th wk. Besides, as soon as 12wks have been passed, muscle damage
exercise(bench stepping with 15 step/min) was performed. Then only antioxidant
function of all subjects were measured at the 1st, 12th, and 24th hr of the

recovery phase. All data were expressed as mean and standard deviation by



using SPSS program, and two-way ANOVA with repeated measure was
performed to test interaction of group and period. Significance was set at the
p<0.05. There was no significant difference in TG within and between groups.
TC and LDL-C was significantly decreased within GE group, and GE group
was shown that there was a significant difference of TC and LDL-C levels,
compared with C group. HDL-C was significantly increased within GE group,
and GE group was shown that there was a significant difference of HDL-C
levels, compared with C group. the level of MDA was shown that there was no
significant difference within and between groups following 12 wks, and also in
the recovery phase of muscle damage exercise. However, SOD was significantly
increased within GE group and GE group was shown that there was a
significant difference of SOD, compared with C group following 12 wks. And
GE group was shown that there was a significant difference of SOD at the 1st,
12th hr of the recovery phase of muscle damage exercise after 12wks, compared
with C group. CAT was significantly increased within GE group and G group
following 12 wks, and we examined a significant difference in GE group at the
point of 24th hr of the recovery phase of muscle damage exercise after 12 wks,
compared with C group. The increase of GPx was observed in GE group
following 12 wks, and G group was shown that there was a significant
difference of GPx at the 24th hr of the recovery phase of muscle damage
exercise after 12 wks, compared with C group. The increase of VOsmax was
observed within all groups, but not significant difference of VO:max between
groups. All-out time was not shown that there was any significant difference
between groups as well as within groups after garlic intake and regular aerobic
exercise. In summary, when considering the above results, we conclude that

combined treatment of garlic intake and aerobic exercise can decrease blood

- ii -



lipids and improve antioxidant function following 12wks, and it can ameliorate

antioxidant function for recovery phase after muscle damage exercise.
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Table 1 Nutrients per 100g of garlic

Ingredients Amount Ingredients Amount
kcal 120 K(mg) 652
H>0(%6) 64 Zn(mg) 09
protein(g) 9.2 vitamin A(R.E) 1.0
fat(g) 0.2 B-carotene(yug) 3.0
carbohydrate(g) 24.2 vitamin Bi(mg) 0.2
fiber(g) 10.1 vitamin B2(mg) 0.1
ash(g) 1.6 vitamin Bs(mg) 09
Ca(mg) 14 niacin(mg) 05
P(mg) 199 vitamin C(mg) 9.0
Fe(mg) 1.0 folate(ug) 6.2
Na(mg) 5.0 vitamin E(mg) 0.4

EAHA 2 mEA FL& 83T ELS glutamyl-S-allyl-L-cysteines<
S-allyl-L-cysteine sulfoxides(alliin)o]t}. T+ A+ B5F S5 33FqEZH alline F3
£ uE  d3olustol  allicing methiin, (+)-S—(trans—1-propenyl)-L-cysteine
sulfoxide, cycloalliin®] A7-A o] ™, cycloalling ¢ 3 o] 83t sulfoxider= A vlso] &

FAAY EH2 ), g4 93S Fdho] allicin® 22 thiosulfinates® A 3kF ). whehA

rbr

AE A ke mlsodA = thiosulfinates7t AR Fom viEo g40% HkE P LS
<fig. 1> Zth(Amagase, 2006). "5 S 324 Fr|dES vtg 240 T
g o nts F9 alliine] allinased] ¢ & allicin® pyruvic acid® #3835 1
allicin ©] TFA] diallyl thiosulfinate®} diallyl sulfide® 3]% ™, ©]E9¢] pyruvic
acide} g3t A7 32 9 carbonyl 335, cysteine, homocysteine % ¢
sk 3tslolm = 2F vitamin C, vitamin B; 522 EdHo WA= Aoz &g A
ATH(A 3 T, 1986). Alline ofF & WAZE gloy a3 =4 allicine &3
1

H71 Aol A7 =38 AAY A9 gle ol ol d o i W& o] th(Freeman

I

fE4

>~

b

i
P

2 dow Ax vl E allicind 71 gt. wkEo] AAY 4



et al, 1995). Brondnitz 5(1971)< allicing 20Tl A 20A7F WA 3H  diallyl
disulfide(66%), diallyl sulfide(14%), diallyl trisulfide(9%), L2l 1 SO.2 ¢4 73]
TalEtty Rusta 9tk Allicnd ®de 2 7HA A=27F 48 A ded, 2 F
sty 3& 29 allicin ©] A % g8} o 24219
ajoene(4,5,9-trithiadodeca-1,6,11-triene-9-oxide) S @A 39, trans®t cis F 7}A
FE7F v A2 4 Jduh(Block et al, 1986). Allicin® % t& 34 =2
& 2-propenesulfenic acid®} thioacrolein®] @A H+=d o H& JFEES kS
Aol g A Mz AZF st Az FFEE Addd. 5 2&8A
2-propenesulfenic acid7b ©Al  F#ste]  allicine] AFHA =

thioacrolein®] Diel-Alder ®F&3dtol 624% A3 =<  dithin =4 2%
(2-vinyldithiin-1,3¥ 3-vinyldithiin-1,2)¢] 34 ¥t (Block et al., 1990). =g 1,
Allinase: cysteine sulfoxidesZ thiosulfinate® #ASA|7|= F TA2EA AAH

824 +F S-methyl-L-cysteines 7|42 A& o, 34 pH7} 65011, A4td 2 =

i
rlo

Bz 024 allinased A4S A= 3th(Mazelis et al., 1968).

Ll
L

S
e e S o
allin
L alliinase

i:ﬁ,%_,:-;l:l-J
. SOH

Q

ﬁ.ﬂ?}l[ gp | Ha ! S
b | ﬂ_fﬂ_/.ﬁhsmf —_— | T

- allicin o
S0H
/-__j;, s0H k it
P L e S B
- ; T T T [_/l/’% ﬂ ]
: ; 2 )
diallyidisulfide 4 ~

Sy, O (Zhajoenc
(£ Fajnene L 3=vinvldithiin  1,2-vin¥ldithiin

¢ 500

Fig. 1. Enzymatic reaction of sulfur-substituted cysteine sulfoxides

(adapted from Amagase, 2006)
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H,

T T‘
s\/L S—3
i ol COOH P SR

Alliin Allicin

N oS

Diallyltrisulfide Z—Vinyldithiin—1,3 Trans—ajoen

¢

Fig. 2. Organosulfur components from garlic

(adapted from Spigelski et al., 2001)

2. 7t=9 2%

)t @34

A mtsold nts tEAES HAHY Zd2HE Ads T AAEA

Fol sl 44, Bane $HAEL dANE FH FAEALEE 3
Astel Fdese Adsn wADRY AYeBS FAANA, Ee dFoz
A Age #AEY Agdnd 2 g4 gr dow xAdL Y

(Ernst et al.,, 1985; Spigelski et al 2001; Rahman, 2001). %3 nlsAE S 3
A4 Ast a3E A glof, AlEY FH Y Fd FHE FdHE ¥
o)

TAAY T TFEE #F2AI, sUAEE TS

, O 9

Al A 71 e (Effendy et al.,
1997).

1981 Bordia & (1998)& A& vkr] Aol Sle &4 AR E A4 3d

7F ajoene® dithiino] & %

ool

I ¥ garlic oil(6mg/day) & 27} 9] 2Fito] H] &)

- 11 -



@A dol AASA FasHAD, APk AEo| 35%, A Ee| 45% Fa

O

Tt ®Bauska 9tk Jain 5(1993)& Y2 EE

ol\

< 7HX 42%E e =E
bE 390 900mg/day, 125779 &3 AFolA TCe LDL-C %o F9 387
Hretdses Haskdo =9 Silagy 5(1994)2 9529 $Apel A Az whs Fo
2 oo HE dF TG v #2A A3, Vorberg 5(1990)%= 409 o 13
d2EE oA viE BT 900mge 1277 Foste ot ng dF
g2 Ed TG 2 ¢S 9omgd &S st 9lth. 53] Rotzsch & (1992)2
248 & o ® 3% vs #% 900mgs 657 Foldo] HDL-Col 713t #
23t a1, Holzgartner 5(1992)% 98% ¢ A& tldoz 3F vs 9% 900mg
S 1257 o Adq A LDL-Co] #4asta, HDL-Co F71E ##ZdY. 55

Aoz o] AFfoAx AZH2HE HoJolER oy 1FH2HEES F

2593, Tt AAF N & A ZF7T vts HAH F FAENESES By
3t 9l tH(Chang et al., 1980; Mathew et al., 1996; Rajasree et al., 1999). 3%

s Aol AFH7F AA A dFS v AFA o] ot vhEe AEH 3

ol

T2 s g#49 alliine] ¥al ol AAHE allicine] WA ZH2HEY 3

o

S A2AAE Aolgt B st L (Simon et al., 1995), Augusti(1977)+= allicin®
%349 allyl chaino] E3% propyl chaine® Y57 wHo NADH9
NADPHS g &Fo] 2= i, allicin® -SH 7|7} CoA-SHe ZAdst7] wio
d2dE AP 284 CoA-SH & &ol #aHEs FdzdHEs AFA
AAHo AN e 2= FFol FAdthy Bl Atk Gebhardt(1991)
L ose 8544 75 Ad 23+ ve AV allicin =+ diallyl sufides7h
3-hydroxy-3-methylglutamyl CoA(HMG-CoA) reductaseE AA#A Zd A=
Aol AdAHE Aoz Husn du. vfs FEFE 2 FF9 prostaglandins
7b e AeZ Ha(Ali et al, 1990)5 A =tl, Ali 5(2000)< prostaglandins+

cAMPY %<& A3 A7) 7] W& triacylglycerol lipase® A4S o A3},

- 12 -



T FYPARAS FFe HAaAF F v Busta v waA, 43 F
(2004) wHY whsd prostaglandine] ¥ o v wmiE9 AHAI} e
2] o] 4§, polyphenols, flavonoids, allicin¥} ©&o] wiEo &% prostaglandin
mzolet & & v Husta it a2 9, ZdsHE FHAAL squalene

epoxidase A Z&o] nfzo FfHyo JE dFF(Te) Wioldhs HixE 3a

—

(Larner, 1995), "l& 9 338f ofn =23 peptide’} apolipoprotein B100 ¥ H]
AE T TGH dz2dHE FAE dAds Aox Hista dv(Han et
al, 2002). H3 Gebhardt(1993)= wls FEE3 visdA EZE  ajoene,
methylajoene, allicin, 2-vinyldithiin-1,3, 22 32 diallyl disulfide?®} %<& 3} % & 9]
FY2HE FAHS 20~70% dAANNTGL o, o odAE FHZHE

A Toldt= 49 HMG-CoA reductase G A oA L3Acty B

slaihE A} o] o superoxide  dismutase(SOD),  catalase,  glutathione

peroxidase(GPx)& 4tsf ~E ¢~

il
ofN
tol,
>
)
rir
fin)
ofN
ko
ol
12
ot
o
ol
i
QL
)
=

28 B%e FANYOEA GFABOY AAA

=
s MASE FE¢S Yeldda 48 A 9t (Yamasaki et al, 1997). Prasad &

i

6§ HEF Al

(1996)& A ntEs 3% & (aqueous garlic extract)S E7] 7Fo A 5% 9 2]
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o7  gFol=24 gy Z(hydroxyl radica)® @ HFEH A ZFGAZEQ

malondialdehyde(MDA)9] #A4& JAsdvta Busd i 9la, Popov 5 (1994)
nts A4 ImglzHE AdoZ aqueous garlic extracte 2t H oz

ascobic acid(vitamin C)¢ 30nmol¥} alpha-tocopherol(vitamin E)¢] 3.6nmol %+&
Aol Hausta 9ok, Ee LDL Ag7t @3 BoAM A4y Zga
A e, A AddA s @713k 3= LDL Atste] g A&
S S/ Basta glow, ol doly= oAld LDL AHsrh A4
o8& Boded vtsY 2dE dAuete Y AU Fold AL UEY

2 JtH(Lau, 2001). Kagawa % (1986)2 vl& FZ%(100, 500mg/kg)e] carbon

b
o>

tetrachloride® =% %t Jo R HE H3dn ANABAZ}E AAANAG T B

B33 Qi Sheela 5(1995)2 T4 ZH2HE A2 =8 A alling

N

47170 4A%} 27b8 AD4se A2E GPx, SOD, CAT BHL 3% AA

I

I HEAsta 9. Pedraza-Chaverri 5(2000) # A oA Aol 2% ws 3

} gentamicin A4 o2 #&AH A A} F7t9 Mn-SOD® GPx9Y 7
25 AAANZAYG T Busta 9om Kerstin 5(1997)& nts 3909 #3749
A1 A sty EdoRRH dRAWIAEE BIeH, 1293 9
gEA s AAFAgr Husta gl =3 Artss kA 27 15~20%
Netgol A 20/ L5t AFE w52 aged garlic extract(AGE)E AAts] W&
g, o83 A #4& F39 4T allicin® £4& 7hHLAR, =& FigE
< 7F2 S-allyleyteine(SAC), S-allylmercaptocysteine, allixin, selenium¥ #2-&
M2 gtEe &4S F7FA 718 (Borek, 2001). AGEE A4 AF(ROS)S A
Asted Fars e s 238 (Imai et al, 1994), & sl Axe SOD, GPx,
CATS #& kst 348 F7HAA AXU A AAE ASAI(Wei et

al., 1998). Yamasaki 5(1997)& H:0.2 F =¥ 2tst&Edo 2 lE R UYIAES

f
i

B33t ®Busi i, Munday 5(1999)& AGE HAAZ @& gyzaszH

il

H g% LDLo] AAE WA &Fe A5 LDL Bt} Asto ik A

ot
)
-
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B ATE £9%0) 98 aruge N6 adu dE FANAYER 3
8902 FAFAL, AT NI AAH FHS <Table 2>% 2o,

AFHYAEL AFe oo @ AR e ¥ olAdy 4wH Fof o
g HY WARE SFhon, AP FolF AL AUOR FuYn ZE
FAE e NFAAE GPoR HFqu,

1l

Table 2. The physical characteristics of subjects

Group n Age(yr) Height Weight BMI2 Percent body VOgma{(
(cm) (kg) (kg/m”) fat(%) (ml/kg/min)

C 7 22.1+2.1 175.1+4.8 73.0£5.0 23.9£2.8 16.7+5.0 59.8+8.6

E 7 21.0£2.4 173.7+5.1 73.9+13.8 24.3+3.3 18.0+4.7 57.1+8.0

G 7 23.2+2.4 174.5+6.0 74.6%5.4 24.5%1.6 18.3+3.2 58.0+6.3

GE 7 22.8t1.7 179.8+4.6 79.4£9.0 24.5£2.2 17.9+45 58.8t5.5

Values are meanzstandard deviation
C, Control group; E, Exercise group; G, Garlic intake group; GE, Garlic intaket+Exercise

group
2. 489474
HoodFo Hod £ 289 F 1F FES 12F B¢ FAT 7¥( C; Control

#e nts AHT 79(G; Garlic intake group), "t F& 9 A FHH
MAaEES 5T AAS vts+& 57 79 (GE; Garlic intaketExercise group) 2 2

$5U5H9 WAE 37

=
Ho

o = = [e] [e]
T AFe HsAaASd AL FeeE 9
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$8 AAsgon, A9 AT F AP F 2 EFLES AAG F27] A

Avze Add Wedso W HMstE doprokt. AL 05, 1259 23] 2

o,

Table 3. Aerobic exercise program

order contents
warm-up(10min) stretching
training period %HRmax exercise time
main exercise 1~6 wks 50 40min
7~12 wks 60 40min
cool-down(10min) stretching

- 20 -



Control group, Exercise group, Garlic intake group & Garlic intake+exercise
group

VOomax, all-out time(before pre-test(0 wk))
TG, TC, LDL-C, HDL-C, MDA, SOD, Catalase, GPx(pre(0 wk))

Garlic intake and aerobic exercise
(O(pre) ~12 wks(post))

VO:2max, all-out time(before post-test)
TG, TC, LDL-C, HDL-C, MDA, SOD, Catalase, GPx(post(12 wks))

Bench stepping exercise
( immediately after 12 wks)

MDA, SOD, Catalase, GPx
(recovery 1 h, 12 h, 24 h after muscle damage exercise)

Fig. 3. The experimental design

3. A¥4H
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2 FoArtge] diste] T AAAZ F AP s
FE5F3= Bruce(1973)9 protocols At&3dto] E# = (Tacha, Korea) &%
%!

1.7mphE ZAAF 10%) A A #3ste], wf 3&En}t}

34, 42, 50, 55mphe] XA F7F AHES AL on, HAAAHATF £A4S
7} 225 ¥4 7] (MetaLyzer3B, Cortex, Germany)E Ab&3th, 2 o Fo AL d
FEE S <Fig. 4> #u}.
Velocity(mph)

55

50

4.2

3.4

2.5

17 grade t 2% every 3min

’ 10%

rest 0 3 6 9 12 15 18 Time(min)

Fig. 4. Bruce protocol

all-oute] #47|+ Ef=

ne,

AA e A48 FA4 Aurae 24 7] (polar heart
rate monitors. Polar, Finland)& 7}l F&AA O
9atil, @ RPE(F#4A &6 ZE)7F 17 & 1801444 2

of zhol s wEE W £5S FTEAAY. 1 ¢ TFEY, dHITE I
B9 A% 58 2A2HA #ESA AAAT %

W FAARAL, AFRFATE AAA A et FE FEHAA £7E AL
H
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(o N

A Z 3 AW (antecubital vein)dl A ¢ AT E 10mlY FA7E o &3lo =
H A Aded L, AR ES A8 FY 4N AFH A48 AAds

2 ARxEY WaE 2YuA FES FAh odF AL 0F, 1259 /7

c

of AAA AAstdi, d3A & LT F A5 1A, 1247, 2441 7H9] 33
of AAA sdstA AAsAoH, AEgd A2 FFia AYgH FHA 4o
3000rpm o2 15%7F A EEstel A% EHS #Hd F A4S
Triglyceride(TG),  Total  Cholesterol(TC),  High  Density  Lipoprotein
Cholesterol(HDL-C), Low Density Lipoprotein Cholesterol(LDL-C)¢ ++& &
Akl o

Total Cholesterol Cholesterol oxidase& ©|-&3to] 38 gh-&o] 93] FAst= A
A= 39, Advia 1650(Bayer, USA) A stst A& u]ol Cholesterol 78 A& 73
g 5 d

T

4 300 5349 Cholesterol esterase, Cholesterol oxidases 9 &9t uh$

i

A7l 500nm FFoA EREE 9o 52 A&t HDL-CY F8 98+ Total
Cholesterol®} 7+l RES F QB A®EANY wlavlg Yol 2885 o]& LDLFS HA

A7l & HDL-CqF Ab=3] Wiz, Advia 1650(Bayer, USA) A3tst zs #n]o] HDL-C

A4 A% s T dH 300u & EF8H0] 500 nm FFNA FHEE oY T=E
AEs4 T LDL-CY 2 98+ Total Cholesterol #1 ¥F$ % POE-POP, alpha
cyclodextrin sulfateE o] &3le] HDL-C5<S A7st= A Uol &, Advia 1650(Bayer,
USA) A3tst 25 Aulel LDL-C A8 Aok F2d § 94 300u & EFstod] 9%
2 Y2 4 F 500nm AN FHEE ¢o] s AESUY. TGE E4H
2 5} il

9% F olB B39 F4AY goB

e
4o1f

ol& glycerol FEZ

o], Advia 1650(Bayer, USA) A 38}st z}

offt
o
=
=2
H
[
L
ofo
>,
12
o
o
Y
o
ol
ek
o
w
o
(=]
=

& ekl gl 22 9¥E 4 F 550nm HFA FHEE Yol FEE AFEE

t}.
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Qs

Malondialdehyde(MDA)¢} A A g4tstE A st=  &d2bsla@ 49 superoxide

ey
He
>
ofr
ol
3

ful

dismutase(SOD), catalase, GPx(glutathione peroxidase)

MDA+ Chromogenic reagent?! N-Methyl-2-phenylindole(R1)¥} MDA¢®] ko] =1
d9E F9, MDA 1Ex4= F Ex9 10mM N-Methyl-2-phenylindole in
acetonitrile(R1) ¥} ®F-&-3}o] 586nmeolA Hd &34 E 2t= b4 % chromophores A4
3tk 20040 sample, TMOP(S) standard(25~20E H5317] 9l@l), DW(blank)E glass
tubeo] =3 = 10x0 0.5M butylated hydroxytoluene(in acetonitrile)E& 2o} 1&#3F A&
ARG, 650 RIS 7hskal =3st $ 1500 12N HCI(37%)= 7Fshal 45°C oA 603t
Hbe A7l 3 586nmolld BT EAse] FRE AESSIT GPx(Glutathione

Peroxidase)= Caymen Chemical Glutathione peroxidase Assay KitE ©]-&3}lo] GPx<

FA T Glutathione reductase(GR, Glutathione S+ & 4)9 AgukSo] &) 7tgdo=
ZASE AoRE, 549 4 0uUE EFH ¥ AlZl $ 340nm oA FHEE ¢
GATE =435t SOD(Superoxide Dismutase Assay):E Cayman  chemical

Superoxide Dismutase Assay Kit®] tetrazolium saltE ©]-&3}¢] xanthine oxidase $}
hypoxanthinedl] &3] A ¥ Superoxide radicals ZA3dt= Ao FA9 €3 10usS
BESAIZL 3 450nm A FHEE S43d SHEE SANAY Pt irE 23 4t

A2 BdA 7]+ CatalaseE =487 & 4 20000 (NH4)6Mo7024 & o] &3fe]

olHe FARA L 7% SR AT ol ste] ATt
5. A& A g
B od7e s 249 A4RE SPSS ver 1208 o £3te] ko] W (Mean)

9 ¥ #9 2}(standard deviation: SD)E A=At A9 A - 12573 vts A H 9

TR 25 F AL, ¥, A Ve AP FE2 HAD(4)xAH A7
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V. 945443

1. % A & (blood lipids)

1) 12F % TG(Triglyceride)d * 3}

12539 vhg Ao LA

Mo
offt
o
=
)
rE
toly
lo
N
>
offt
)
ol
e
rE
ol

S
>

A= <Table 4>, <Table 5> 2t}

Table 4. The results of repeated measure ANOVA for blood TG levels after
12 weeks

Source SS df MS F Pr>F

Group 861.911 3 287.304 242 867

Period 2592.161 1 2592.161  2.182 .146
Group*Period 854.625 3 284.875 .240 .868

Error 57031.143 48 1188.149

Total 61339.839 55

AR A

~

, A% ZHF=242, p>.867), A X 7]zt zH(F=2.182, p>.146) 9 %
A7b e egta, aFd AN 42 4sAgee] ang A% 4

= = o

&

FAAOR §

o1 gk zpo] (F=.240, p>.868)7F e vAl % gktt.
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Table 5. Comparison of blood TG levels after 12 weeks

Group TG(mg/dl)
pre post %diff t p
C 95.8+21.5 94.0+£22.7 -1.84+8.06 692 515
E 95.0£52.5 79.4+37.6 -13.1+£152 2281  .063
G 97.2+30.9 84.0£39.1 -14.0£235 1270 251
GE 96.2+37.1 72.5%21.5 -21.2+20.7 2387 .0%4
F 005 575 1.402
Pr>F 1.000 637 267
Post-hoc NS NS NS

Values are mean+standard deviation; C, Control group; E, Exercise group; G, Garlic
intake group; GE, Garlic intaketExercise group; pre, baseline; post, after garlic

intake and aerobic exercise; NS, No significant difference

5% 7223, 2% U, 1% 2§99 A7 detA e

2) 125 & TC(Total cholesterol)® 3}
127749 mts dHAY FA24 &5 F TC W3 7«5 A% 2 HIFEY

A= <Table 6>, <Table 7>3 21},

Table 6. The results of repeated measure ANOVA for blood TC levels after
12 weeks

Source SS df MS F Pr>F
Group 2210.375 3 736.786 135 536
Period 1400.000 1 1400.000  1.397 .243
Group#*Period 1501.000 3 500.333 499 685
Error 48114.857 48 1002.393
Total 53226.214 55
SR EREE

, 2% 7H(F=.735, p>.536), A A 7|7t 7H(F=1.397, p>.234) 93
|

A A g, Tg ARt wE gEase nhE A

i)

TAA R Fogt Aol (F=.499, p>.685)7F YEFUA &Sttt
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Table 7. Comparison of blood TC levels after 12 weeks

Grou TC(mg/dl)
pre post %6diff t D
C 175.2+23.9 176.4+21.8 0.84+3.77  -1.050 334
E 168.4+45.5 163.4+32.6 -0.79+15.1 D27 617
G 170.0+40.9 160.5+37.1 -4.99+6.23 2214 069
GE 171.5+21.8 144.8+16.9 -15.0£9.11  4.168 006"
F .050 1.464 3.918
Pr>F 985 .249 0217
Post-hoc NS NS GE<C

x p<.0D; #x, p<0l

)
S
1x

A%, BE SPWATG Fa g o7 YEYA

R

N

_7‘
3 AFA, TCe GE ZgdA 12F F Fo&A #a(p<0oDdddor, Jd

fol
o

S

Mt go e 2o whegt TCHEoll Aol & B AT(F=3.918, p<.05). Lo o
& AFA%E A3, GE 25 (<053} C 152 Wnd o §9% A7 g 2

o2 Uy

3) 125 % HDL-C(High density lipoprotein cholesterol)2] % 3}

=

s AAY FALY &% F HDL-C ¥t 7<3ATF 2 #F

BX A= <Table 8>, <Table 9>¢ 7 t}.

Table 8 The results of repeated measure ANOVA for blood HDL-C levels
after 12 weeks

Source SS df MS F Pr>F
Group 36.482 3 12.161 161 922
Period 154.446 1 154446  2.051 159
Group*Period 145.054 3 48.351 642 592
Error 3615.143 48 75.315
Total 3951.125 55

WA 243, 2% HF=161, p>.922), A A 7|7+ HF=2.051, p>.159) 9 &
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1o,
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o
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rb
itn
&

A7b JEgA 4%n, 2FH AN BE 45Ae

SAHCE frog o] (F=.642, p>.592)7} YEFWA &ttt

Table 9. Comparison of blood HDL-C levels after 12 weeks
HDL-C(mg/dl)

Group
pre post %diff t D
C 51.1+6.84 51.4+6.07 0.89+5.84 -.295 78
E 48.8+5.04 51.4+5.96 567+11.0 -1.156 292
G 50.8+12.0 52.5+8.16 5.39+11.9 -.718 500
GE 48.0+12.7 56.7+9.19 20.7+15.0 -4.082  .006™

F 173 789 3.853

Pr>F 914 D12 0227

Post-hoc NS NS GE>C

x* p<05; =, p<01

ofo

HEgEM Ay nE gy Aoadoa Aol yEyA ggtoy F
23 AZZ43, HDL-CE GE 1844 12F & G984 #2(p<.0Dsgdom,
A 7+ W3 gdAdE 1Fd wat HDL-C 7o #oE HHoh(F=3.853,

W 59

El
st
o

p<.05). 2ol W AAFHFT 43}, GE 25 (p<.05)3% C ZFE H

4) 12 % LDL-C(Low density lipoprotein cholesterol)] % 3}
12779 vl AAY FAHAY &5 $ LDL-C W3 Ve Ad 2 HEd

A A3 <Table 10>, <Table 11>3 Zt},
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Table 10. The results of repeated measure ANOVA for blood LDL-C levels
after 12 weeks

Source SS df MS F Pr>F

Group 374.339 3 124.780 141 935

Period 936.446 1 936.446  1.062 .308
Group*Period 686.625 3 228.875 .260 .854

Error 42329.429 48 881.863

Total 44326.839 55

A 243, 2% H(F=141, p>.935), A A7 2H(F=1.062, p>.308) 93
27k et @k, aE 3 AV we FeAge s A5 A

EAH SR f938 o] (F=.260, p>.854)7} YEFA F ot}

Table 11. Comparison of blood LDL-C levels after 12 weeks
LDL-C(mg/dl)

Group
pre post %diff t D
C 102.5£25.5 101.8+27.4 -1.10+3.81 600 570
E 103.4+37.3 96.0+28.8 -5.42+8.09 1.838 116
G 100.7+£32.8 95.7£279 -3.27+8.55 1.965 .097
GE 104.8+30.9 85.2+24.5 -17.3+144 3794 009"

F 021 A48 4.056"

Pr>F 996 721 018

Post-hoc NS NS GE<C

* p<05; *xx p<01

MFEA A7, BE S85¥ds dagd&oi Aozt ey @okoy, F
23 #3543, LDL-C& GE ZgdA 125 & F934 #2(p<onsdd e,
Ad 2 W gores 2Fd wg LDL-C FFo AolEs R THF=4.056,

p<.05). 2o Wk AFHSFT A3, GE 2w (<053 C Zws Hlud o 93

2. 3 A3} 7] % (Antioxidant function)
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1) 125 % MDA (Malondialdehyde)2] * 3}
12779 vks A9 FAaAd &5 & MDA Wl 7«35 A%F £ Had

A A3 <Table 12>, <Table 13>3 Zt},

Table 12. The results of repeated measure ANOVA for MDA after 12 weeks

Source SS df MS F Pr>F

Group .235 3 078 178 911

Period .069 1 .069 156 695
Group#*Period 161 3 .054 121 947

Error 21.153 43 441

Total 21.617 55

e 4

5

, I HF=178, p>911), A A7z H(F=.156, p>.695) <3
A7t UEUA §9a, AF ANG wE 45489 pdE AFF A%

EAA SR F938 o] (F=.121, p>.947)7} YEA &%t}

Table 13. Comparison of MDA after 12 weeks

Groun MDA (imol/L)
pre post %diff t D

C 2.28+0.50 2.29+0.44 1.04+3.82 -.334 /750

E 2.11+0.97 2.10+0.49 9.51+38.0 054 959

G 2.34+0.97 2.08+0.52 3.19+484 555 099

GE 2.22+0.46 2.20£0.65 -0.46+19.8 .100 924
F .109 234 129
Pr>F 954 872 942
Post-hoc NS NS NS

T a2 A4, a5 W, 2% % FAF A7 dEyA s

by % % 3 E7] MDA(Malondialdehyde)® * 3}
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1297 & & &4 &5 % 3579 gt MDA W3 7«3 A%F 9 HIFd
A A3 += <Table 14>, <Table 15>¢ #t}.
Table 14. The results of repeated measure ANOVA for MDA after muscle
damage exercise
Source SS df MS F Pr>F
Group 1.214 3 405 1.311 278
Period 2.073 2 1.037 3.358 .051
Group#*Period 373 6 .062 201 975
Error 22.228 72 .309
Total 25.888 83
MERY Ay OF 7HF=.1.311, p>.278), 3 =77+ 7H(F=3.358, p>.051) ¢
@ A7k e S, TFS GBI/ BE $E4EY BAE AFE 2
3 BAHORE F93% o] (F=201, p>.975)7F YEtA Fotth wapy 2E 29
AN FAHCR §o8 Hol7t g AR vehurh,
Table 15. Comparison of MDA after muscle damage exercise
MDA (umol/L)
Group
1h 12h 24h F Pr>F Post-hoc
C 2.66+0.55 2.24+0.24 2.52+0.23 2.222 137 NS
E 2.22+0.52 1.98+0.44 2.31+0.77 579 570 NS
G 2.52+0.64 1.97+0.52 2.20£0.70 1.367 .280 NS
GE 2.49+£0.59 2.21+0.57 2.43+0.57 467 .634 NS
F 712 .698 .369
Pr>F 554 562 776
Post-hoc NS NS NS

1 h, 1 h after muscle damage exercise;
h, 24 h after muscle damage exercise

=
T

a3

2%

23, 2

=
=l

W, 2%

12 h, 12 h after muscle damage exercise; 24

7k

Ly

fel@ A7k derdA o,
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Fig. 5. Comparison of MDA after muscle damage exercise

3) 12% % SOD(Superoxide dismutase)?] ¥ 3}

125:7k9 vhg AAe #A&A 2% F SOD WY e AT R AFLY

A3+ <Table 16>, <Table 17>3 2t}

Table 16. The results of repeated measure ANOVA for SOD after 12 weeks

Source S df MS F Pr>F
Group .030 3 .010 1.114 .353
Period 037 1 037 4.052 .051
Group#*Period .050 3 .017 1.832 154
Error 433 48 .009
Total 549 55

WeEEE A Az g% 7HF=1.114 p>.353), A A 717t 7HF=4.052, p>.051) <3
27F GEY A geka, 283 7)1t nE A5AL s fgEd 4y

EAA R 8 2po](F=1.832, p>.154)7} Ve A gkt
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Table 17. Comparison of SOD after 12 weeks

Group SOD(U/mL)
pre post %diff t D
C 0.34+0.08 0.33+0.08 -3.02+4.02 2.135 077
E 0.35+0.03 0.37+0.05 6.08+5.89 -2.465 049"
G 0.34+0.15 0.38+0.14 24.8+51.1 -1.339 211
GE 0.33+0.07 0.47+0.04 48.7+21.9 -6.789 001

F 084 3.008 4.664

Pr>F 968 .050 .010°

Post-hoc NS NS GE>C

x p<.0D; #x p<0l

g
ot
M
1x

A3, RE E=gwols A3 Lo A zo|7b LA @gtont

g N

2% AZ43, SODE GE 2894 12F & F9a4 Z7Hp<oDsgen,

Az 125 F Fd S7HP<05)7F ey, 25 3 W gdAs 2%

&

of wet SOD Fxol AolE HAT(F=4.664, p<.05). Lo 3zt AFHF 2

GE 2§°) C 1§ dlastel $98 F(p<05)7 d Ao e,

4) & £4 £%5 % 57 SOD(Superoxide dismutase)?] * 3}
129 & & &4 &% § 3579 g SOD Mg 7|« AdF 2 HIFEy

A= <Table 18>, <Table 19>¢ 2T},

Table 18. The results of repeated measure ANOVA for SOD after muscle
damage exercise

Source SS df MS F P
Group .239 3 .080 7.109 .001™
Period .009 2 .005 405 669
Group#*Period .007 6 .001 109 995
Error .806 72 011
Total 1.061 83

% p<01

MR 4w, 1

,

bol e g Aol (F=7.109, p<.0l)7F et on 3|57

il
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B ol= fol @ Aol (F=405, p>.669)7F UEFUA ok @ 1§ H8 70
of me 4EAee B0E A5F A% EAACR §9F o] (F=109, p>.995)
7 UEUA et

Table 19. Comparison of SOD after muscle damage exercise

Group SOD(U/mL)
1h 12h 24h F Pr>F Post-hoc
C 0.26+0.07 0.23+0.08 0.26+0.06 244 186 NS
E 0.32+0.09 0.31+0.13 0.32+0.11 038 963 NS
G 0.33+0.10 0.32+0.12 0.32+0.17 .033 968 NS
GE 0.43+0.04 0.39+0.05 0.38+0.11 940 409 NS
F 5.083 2.588 2.939
Pr>F 007" 046" 802
Post-hoc GE>C GE>C NS

*, p<.05; #*, p<0l
I 3 oA e AARAS A3 357 1IAZHE<0D) I 12413 p<.05)94 GE

2§l C gt vmstel fe@ A7t erde

05
045 f

04 N oL

035

0.25 | —_— g

0.15 }

01}

0.05 |

0 , , :
1h 12h 24h

'Tr
!
|
|

S0D(U/mL)

o
N
T
o
m

Fig. 6. Comparison of SOD after muscle damage exercise
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5) 12 % CAT(Catalase)? 3}
1277+ nts HAFHY F2aka2Ad &5 & CAT W3 7eFAH 4

2 7+ <Table 20>, <Table 21>3 Zt},

Table 20. The results of repeated measure ANOVA for CAT after 12 weeks

Source SS df MS F Pr>F

Group 442.084 3 147.361 1.002 400

Period 188.455 1 188455  1.282 .263
Group#*Period 71.875 3 23.958 163 921

Error 7058.578 48 147.054

Total 7760.991 55

HERM Ay 22 7H(F=1.002, p>.400), #2717t 7H(F=1.282, p>.263) 9

A7 GehbA 29w, aFd AA % BE ysFee Fis A2d A
TAACE FoF o] (F=163, p>.921)7F WhEFUA ok
Table 21. Comparison of CAT after 12 weeks
Groun Catalase(kU/L)
pre post %diff t D
C 39.4£9.90 39.8+10.4 1.13+10.5 -.204 345
E 43.3+11.6 475+11.0 11.7£13.7 -1.933 101
G 39.0£12.8 42.5*13.2 9.61+7.55 -2.935 026"
GE 42.7+15.0 49.4+11.9 21.6+23.7 -3.015 024"
F 216 1.000 2.165
Pr>F 384 410 118
Post-hoc NS NS NS
* p<.05

MR 23, RE SYuds EAEAA Aok vEtA ggon F

239 AZA7, CATE GE 283 G 2844 12F T 934 Z7H(p<.05)3 4

o IF 7 WHEgdME 2Fo wg CAT 5 o] (F=2.165, p>.118)7}
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YEntA 9ot

6) & &4 ¥ T 3%/ CATY w3
2% F 2 &4 £¥ F 0870 0@ CAT Wl NLEAY % wary

2 3+ <Table 22>, <Table 23>% Zt}.

Table 22. The results of repeated measure ANOVA for CAT after muscle
damage exercise

Source SS df MS F P
Group 938.443 3 312.814  3.201 028"
Period 33.037 2 16.519 169 845

Group*Period 90.280 6 15.047 154 988
Error 7036.869 72 97.734
Total 8098.629 83

*: p<.0b
HgEA Ay OF b {98 Aol (F=.3.201, p<.05)7F YERR e 357

B BAe FoE Aol (F=169, p>.845)7F YetuA &otvk. ¥ 253 3 57|3

e AR 245 A5 29 SAHSE 7o Ao (F=154, p>.988)

Table 23. Comparison of CAT after muscle damage exercise

Groun Catalase(kU/L)
1h 12h 24h F Pr>F Post-hoc
C 35.3+9.62 34.3+9.50 35.5+9.21 302 968 NS
E 452+11.2 41.2+10.8 41.0+8.63 .364 700 NS
G 38.5+13.0 37.6+9.44 38.4+8.92 018 983 NS
GE 42.3+9.88 42 4+8.41 45.2+8.72 220 805 NS
F 1.077 1.027 1.408
Pr>F 378 .398 0427
Post-hoc NS NS GE>C

x* p<05; =, p<01



OF 2 KA BE AFAZ A3 857 UM GE gl C 1§% )

5 — .
0 F . -
3B F  — ol —x
30 —<=C
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10 }

CAT(kU/L)

1h 12h 24h

Fig. 7. Comparison of CAT after muscle damage exercise

7) 125 % GPx(Glutathione peroxidase)® W 3}

12539 vhs A3 Fid4d 5 F GPx ¥t 7S AE 2 HFEH

A 3= <Table 24>, <Table 25>9 2T},

Table 24. The results of repeated measure ANOVA for GPx after 12 weeks

Source SS df MS F Pr>F

Group 1301.644 3 433.881 7106 593

Period 613.806 1 613.806 999 323
Group#*Period 415.086 3 138.362 225 378

Error 29489.243 48 614.359

Total 31819.779 55

WA A3 1% H(F=706, p>.553), AA 7]k 1HF=.999, p>.323) 9
2

78 dEGA @k, aEd ARV wE daAge gAs HASY

A=)
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FAFLR Fo3 o] (F=.225 p>.878)7F vERA] ek okt

Table 25. Comparison of GPx after 12 weeks

GPx(nmol/min/ml)
Group
pre post %diff t D
C 153.9+18.8 152.4+18.6 -0.79£5.12 521 621
E 151.8£29.2 161.1£27.2 6.61£4.85 -3.762 288
G 163.5£26.1 168.8£21.6 4.01+6.97 -1.418 189
GE 150.5£27.2 163.8£26.9 11.3+25.0 -1.166 009"
F 370 576 2999
Pr>F NG .636 410
Post-hoc NS NS NS
*x p<0l
HFEN Ay BE Sy JoA&o A zol7k YEUA ggtoy F
23 A543, GPxT GE I FA 1257 + F98tAl S7Hp<0Dsg e, 21F
& wsgol A aFl weh GPx FEol Aol (F-999, p>A41007h thetA @3
=
8) & &4 &% % 3 H7] GPx(Glutathione peroxidase) W 3}
127 & 2 &Y &5 F 579 g3 GPxHsge Ve AE £ AFEA

A= <Table 26>, <Table 27>3 2T},

Table 26. The results of repeated measure ANOVA for GPx after muscle
damage exercise

Source SS df MS F P
Group 6734.522 3 2244841 3421 022°
Period 151.308 2 75.654 115 891

Group#*Period 366.122 6 61.020 .093 997
Error 47239.306 72 656.101
Total 54491.257 33

*: p<.0b
MR Ay aF el F93% Aol (F=3421, p<.05)7F vdetwon, 357
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= @ Aol (F-115 p>.891)7h LEFA 2skth @W g3 g0
of e gsaAge ENE A5¥ A% EAACR @ Aol (F=.093, p>997)
7 UEUA et

Table 27. Comparison of GPx after muscle damage exercise

Grou GPx(nmol/min/ml)
1h 12h 24h F Pr>F Post-hoc

C 144.8+20.9 138.3+22.7 137.3+25.7 217 807 NS

E 157.7+33.3 159.0+26.9 157.7+22.3 .005 995 NS

G 163.1+26.7 164.0+21.5 166.4+13.5 043 958 NS

GE 160.3+32.6 153.8+28.9 152.6+25.5 139 871 NS
F 548 1.366 2.088
Pr>F 654 277 042"
Post-hoc NS NS G>C

* p<.05

a5 b oAl wE AR A3 357] 24l G 250l C 253 Mt

of o g XHp<.05)7F HEHR

180
160 | _
140
120 | ——(
100 ——[
80 | —=—0
60 |
a0 b
20 |

b oi»‘

GPx(nmol/min/mL)

1h 12h 24h

Fig. 8. Comparison of GPx after muscle damage exercise
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3. £ %54 3 (Exercise performance)

1) VOymax®] 3}
1277+ nts AFH9 F4a424 $5 F VOmax W3te 7S % 2 Wk

BEXA3= <Table 28>, <Table 29>¢} #t}.

Table 28. The results of repeated measure ANOVA for VOsmax after 12
weeks

Source O df MS F Pr>F
Group 16.714 3 5.571 .106 956
Period 565.786 1 565.786  10.733 002"
Group#*Period 74.071 3 24.690 468 706
Error 2530.286 48 52.714
Total 3186.857 55
xx p<01
HFEA A 2§ HF=106, p>.956)cll = Fod zkol7k GErA %

22717+ 7HF=10.733, p<.002)¢el <98 =7} Vet W, 283 X 77

e d3ee adE A 23 AR 7oF Ao (F-.468, p>.706)7F

G @

Table 29. Comparison of VOsmax after 12 weeks
VOsmax(ml/kg/min)

Group -
pre post %diff t D
C 59.8+8.68 62.2+7.36 4.45+4.05 -3.378 015
E 57.1+8.02 65.4+6.70 15.3£9.03 -591  .001*"
G 58.0£6.35 65.4+9.39 12.6+8.06 -3.909  .008"
GE 58.8+5.58 66.1+£4.77 12.8£9.68 -3.565 012
F 179 .396 2.425
Pr>F 910 57 088
Post-hoc NS NS NS

x p<.05; #x p<01

_>J‘_AJ
N
N
S
S
o
lo,
B0
=
=
il
S~
>,
e
M
olN
Y
il
<
S
=
job)
>
rlr
b
!
[
il
2,
>
>
e
o
o
lo,
ol



A 7tk

2) %5 A& 7H(all-out time)d] W 3}

127709 vk MAS FHEY 2F

%
Wt A A3t = <Table 30>, <Table 31> #Zt},

=54

1
>
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o
1o,
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offt
=
o

o)

Table 30. The results of repeated measure ANOVA for all-out time after 12

weeks

Source SS df MS F Pr>F
Group 1503.339 3 501.113 097 962
Period 9490.018 1 9490.018  1.831 182

Group*Period 1960.911 3 653.637 126 944
Error 248810.9 48 5183.560
Total 261765.1 55

HFE Els

A e gska, 1§ ARk BE 5489 LhE 4

SAACE o Aol (F=.126, p>.944)7} Yet YA & okt

Table 31. Comparison of all-out time after 12 weeks

A 43, a5 HF=.097, p>.962), A 77+ 7H(F=1.831, p<.182) &9
4

i)

all-out time(sec)

Group
pre post %diff t p
C 991.4+77.3 999.7+£75.4 0.87+2.28 -.944 382
E 989.2+58.8 1011.5+83.6 2.30£7.10 -.869 A18
G 987.2+78.5 998.4+67.0 1.21+1.50 -2.173 073
GE 973.4+51.3 1010.2+51.7 3.94+6.30 -1.589 163
F 101 958 0.549
Pr>F 119 948 654
Post-hoc NS NS NS
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131 ek Viru et al., 1995).

AL, TEAAT 3 2FG 2E)NA 140%, T2 E5E AN a2FE 2F) oA
131%9 ZaE BAth TCE GE 1% WolAw A3 F 150%9 9 7 (p<01)7t
el G 253 E agdXe SAHeR FodtA Aut 47 40%, 0.79%] 74
7b vebsth 2F tel® GE ZLEe] C 1E wadhe] frol e A (p<05)7h et
ol 8Fzte A v A3V 2 FU2HE FEoAM FATH vus fo3 gaE
B3l Gadkari(199D)¢] A9} fFAbete, A¥7] 5(1997)0] 85 Ax9 &= TCY
FA w3t flon, 12570 AvwA Azt dehdos 2aud Aol fAapsth 2 oA
TolA o3 At Hojg $%59 dE g3 Brie F o BaAAs 45 es
doz Agt AgEr HDL-CE GE ZF WolMw A3 3 207%9 +93 37}
(p<O0D7F Yet}3, G 25% E 25 e SAXNE fostA &AR, 747 539%,
567%9 F7pF gt 15 b C %% wuste] o8 F7t

(p<.09)7} YERSH. Mahmoodi 5(2006)2 €5 Zd2HE 27F 245 mg/dl o] 44 A

Jd% GE 1

o]

il

£ dRoE 2U3 a7 F W 5ge] AvtsS AFHAZ A3, HDL-C #27F #9l5H
TS Badda, vhs AF 950R T A4S AN F AS S AAEAE,
B AFdAE G AFlA rts A3 ¥ HDL-C FA17F 593% S7tstAd oy, fFoake

_’?‘_
HASEAl e okth Stein 5(1990)2 &¥ § HDL-C %7t S7Fshivhal R astgla

Superko (191 7 & 100ke) Axe] £4€ 6719 2+ A% 4AF A3} HDL-C 5=
7 ZAeEnn naaa gen, wsl19E FAAAS ddew £ Fd 4%
B HDL-C %57k Z7betgiek wmsta 9ieh webd HDL-C 547} vhs A% #4
24 E9 BYAALGE 1HANAR A F {5 I AL 2BEAS 9
of s MR H5AGel BEAAL AL + A 8leleke AHF 007
o 93 Assh AT LDL-CE GE 15 WelAw 4% F 1730%¢) §9¢ 22

(<07} YEbSta, G 253 E 2FdAe SAHLE FostAe AR 247 3.27%,



54296 727} Vbt 18 7l% GE 180
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C 2§33} wuste] p<05 FFL2
ofgt ZFA7F et Bordia(1981) v 20W 9] A7e AMES i o=Z w59 essential
0il(0.25 mg/kg/day) S 67147 H&3tA s A3} A ZY2"HE FA7F 17%, A
o] FA7F 20%(p<.05)2 Srops o whH HDL-C F%+ 29.3 mg/dlelA 41.2 mg/dl=
F7Hp<00Dar Tl Batstlal, Emst 5(1985)e 453 nZd2dHE S A AL
2lolet 3 19 600mge] vt 7HFE Tu s A%, AR T TN =
d2eE FA ghsdod, tes 7 RS TAAE g B & FY 2
T SR AaA7E10% 9 9o, 44 LDL-C 5% o4 or fastivtal
B3t 28 3l Peltonen 5 (1981), Goldberg (1984), Haskell(1984)

4 EFo2 8 LDL-CY FL7k FoskA #adthal Busta glof & Ayl Sl

Aol whEst $50) BHAA A3 fAE A3 ek

ol et nl5T ¢ BEFAAI /AL ZAA A FHE £S5 AFFAAY
3 2Y2UE FFL A2ATE TAS 2E A0, o]k H4L F0E I R IS
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AE JAE7] WEoR JAAL, o= ZH~HEH LDL-Cs #AxA7e 988 dv
(Liu et al, 200D)= APFA¢ Aot webA, vbs A} L9 @5 &3 vos
e 250 HEEAATE A dFAEA TN 2xdS AT B 5 T
AN AH APATE= vhse 7 FUHEN FEAYY #ax gHE AT § §
ATk stef wz9 E5& FA6t

FZF wE7EF9F placebogs T Ay nebF FAE QA9 dF F ZdUAHE,

oAtk Luley 5(1986) 1Ad% S o= 6

=

HDL-C, LDL-C, TGoIA owdt {94 Aol yepA ¢okvta B austsict ¢k 10
o] A7 00 dUES gdez 257 dFol 600mge vhE/IFE FHINoU
placebo T3 wiET BT AY Ay F dF A A9 FoF Wt YehA goktia

B 13kal 9JtH(Phelps et al, 1993). o83 B ® AfoA TGE ZAupe} U shA
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AT EF 67 olete] @)t v AFe 2dE Boten, vk, vhe FEE, v
% o, el heANEes HAER ayetA] Ga vhevbEwe 9oz Ad
shal, deAAe A e TAHLR THAE § de weeldd
A gkl A A Fold WMEE YehA] dokthal AbRE T

Aop 22 Aok Wds £ Ayl nHd AL, AFT HA dgds AR
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< ARE " 5 uAES S A A LI Holek EFo T tiF o T

T W3t S HEHAFY fA AZTARY o wE A =4 YAEZY A, AE
Ul glutathione®] WA} M3tE 28 th(Warren et al., 1992).
A A (MDA) 3 &5 73%9e] AA dajae, 43 AAEFo] &gditae A4

I olz A7 ol zAAAMY AASAE T FUFE FEste] st AEHAY 9

7 ) tH(Krishnan et al., 2003). ¢, 1z
ofx  gHHoz dAHsta ow, s gAZE Superoxide dismutase(SOD),
Catalase(CAT), Glutathione peroxidase(GPx) 5°] St}

ol 3 AR T A 2EdAE §98e free radicald] Wl scavenging
activity = Zk = RO ZA+= Diallylsulfide(DAS), Dipropylsulfide(DPS),
Diallyldisulfide(DADS), S-allycysteine(SAC) 5°| T3 (Rietz et al, 1995)% o, vls

o kst A8 ol ST AE AF Aol oyt F#% A& (Organic sulfur
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1999). Catalase(CAT)8 F87|52 FAsFA2H0)E =H0)E #3711, GPxe
H,0. 5 Wolsts AEd 715e 7HA Jon AXUdA] thiol?t GR(glutathione
reductase)ol 3 ©]|F A3, glutathione 34 FAE F83 IS = giholtg
(Sen et al, 1992). &3 whso] Zte= 7Hg T8¢ Agsd 549 stue datstg ot
5L reactive oxygen species(ROS)E Al 78, A dxasts A3 LDL 43S 9

Ay, datst AAE A= A2 LAY (Imai et al, 1994). 343t g4 &
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8 PR A e 2 204 Ea EA0] HoluA Y AlE 9 AR A H o
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A4S S/ A L (Mena et al, 1991), Ji(1999)= #HE o=z 10779 $d %
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