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Antioxidant Effect of Garlic Supplement against Exercise-Induced Oxidative Stress in Rats®
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ABSTRACT

This study was to investigate lipid peroxidation, antioxidant enzyme activity and DNA damage after exercise, and the
protective effect of garlic against exercise-induced oxidative stress. Male Sprague-Dawley rats (4 weeks old) were ran-
domly divided into three groups of 6 rats each; control group (Con) without garlic and exercise, Ex group with exercise
alone, and Ex-G group with 2% garlic and exercise. For 4 weeks, rats were given diets containing 15% corn oil and 1%
cholesterol with or without garlic. The swimming was selected as a model for exercise performance. Rats swam for 40 min
a day, for 5 days a week. Group Ex and Ex-G showed significant lowering in body weight gain and fat accumulation
compared to control. No significant changes were observed in levels of plasma cholesterol and triglyceride among three
groups, demonstrating that exercise and garlic had no effects on changes of blood lipid. This finding of blood lipid seems
to be due to higher plant sterol content in corn oil. The DNA tail moment of lymphocytes showed greater tendency in Ex
and Ex-G than in control, but garlic supplements failed to suppress DNA damages. Compared to control, Ex had higher
plasma TBARS which was lowered to the control’s level in Ex-G with 2% garlic supplementation (p < 0.05). Bx-G led
to a higher hepatic superoxide dismutase (SOD) activity than control and Ex (p <0.05). Activity of hepatic catalase was
also increased in Ex-G, while in Ex it was significantly low (p <0.05). It seemed that TBARS levels were related to the
activities of SOD and catalase, and that garlic contributed to increasing the enzyme activities and led to decrease of
TBARS. These results demonstrate that lipid peroxidation and DNA damage occur as a consequences of oxidative stress
after exercise, and that antioxidant defense against oxidative stress could be enhanced by garlic supplementation through

the induction of antioxidant enzymes. However, further investigations should be done on the garlic effect on DNA damage.
(Korean J Nutr 2007; 40(8): 701~707)
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ROS (reactive oxygen species) ¥ DNA, ghild =2
S ABAFEAA w31 9D AERAE FHAPNBAE T
A% ok} 28 Aol BoIF® ROSE free radicals
(superoxide radical, nitric oxide radical, hydroxyl radical)

<

#} nonradicals (hydrogen peroxide, singlet oxygen,
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Aukx o7 AFE o) FMlsiAlE ARSI AAS =
22, BEM] C, E, ZafRo|E, FtREo|uE 7FE &
2HHQ) 2k FadstAlo|w, st vled] ARE 1 T8
o] o1 1 It} vhed sl FEARZE ¥tk 9
o] Al3l2RE] ) A4S vH=Th AGE (aged garlic extract)
= ROSY AAZHRE Bol1, SOD, catalase, GSHpx Y
518 o)1, AE9 glutathioneS F7MH Fitkslhe-
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Ago] wre] FaAE At visAddE AEE
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Sprague-Dawley F TA3& AH310], 1PAIRE ¥
A 547 B0 AS A7 F 259 6vkgd 3

(e]
2 TH] 47FELE APAIE Foldgieh. 2 HEE o

ZE, ST (58D, vk (558 + 2% V)
o7 FE3TE Hojg} Mg AEFIAL, AT
T 13 dAT Alztell A

SFTY] FELE 317 4084, ulF 5UY FxolA &
3L FEE BG5S e B B *EE 27~30T
Z A

479 A1 8 F ATTES 1242 AL
diethyl ether® vlsl] a3} 2Ag AlFsch
2 1,000 x gollA 1587 AuEeste] @42 welsisiaL
ZAL AYAdSER AR F ~70TAA Baslt
o] 7y
AgAele AINT6el 7128, S8 FE2E A
A 15% 2 243191, 1% ZHALHES A7)
T} (Table 1). ZF AgA]o|9) AL TUsh, vl=HrHt
9] A9 2%9 vheS AUkt nhed Eafsto] ¥E
Az & 2 o] ARt

MR MAE

2246l 0.25M sucrose®t 0.5nM EDTAE ¥3eh= 50
mM QW 98 (pH 7.4) 2 7lslod, A12/defellA Potter-
Elvejhem homogenizerE AF31 10% (w/v) d-RE
TRE9th FAMS 10,000 X g, 4Tl 15% B+ 4
3 T ASAS FIl] AR @RS Sl AR
3113, VhA] ARl ThA] 10,000 X g, 4TolA 1587k
AR Ead P3RS FH3le] AAEE catalase
o] g4 Eo) ARgsIgiTh A 100,000 X geollAl 1
ARE b AldEeEilar, el AsdE SOD9}F GSH-
px B4 24& 9% 54907 ARSI
A F

gzle] ZEAeE9 HDL-Cy Ze4HZ Aslasis

2

o183+ B4 kit (FFAIeH & AMg3le] BRIt LDL-
Table 1. Compositionof experimental diets (g/kg diet)
Ingredients Con Ex Ex-G
Corn starch 490 490 490
Casein 200 200 200
Sucrose 50 50 30
Soy bean oil 150 150 150
Salt mixture 35 35 35
Vitamine mixture 10 10 10
Cellulose 50 50 50
DL-Methionine 3 3 3
Choline barbiturate 2 2 2
Cholesterol 10 10 10
Garlic powder - — 20

Con (Control); Ex (swimming); Ex-G (swimming + 2% garlic)
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A A B2 Ohkawa 52 ¥WHel 7]%3}9] thiobar-
bituric acid reactive substance (TBARS)E Z%43}0] 3
7FI3ELY TBARS 842 1,1,3,3-tetracthoxypropane<
EFEEARE 3] 532 nmold FREE 54853, oM
MDA/g liver ¥+ nM MDA/ml plasma® A3k}
TN ML Y T

Superoxide dismutase (SOD)3= nitroblue tetrazolium
(NBT)©| #HgE= ARE 4310 2489 AHE A}
3193, SOD9| 84& NBT &2 50% Ash=d 2
Q3 &4 FFE 1 wnitZ APl FAEIEY Catalase
o] A2 Aebi Wl F3te] 240 nmelA 5% B¢ A4
Sh= E4EE =AY Catalase BAL unit/protein
22 ANFAL, 1 unitE 183 245 HO,9| el &)
g3t

Glutathione peroxidase (GSH-px)< Flohe®} Gunzler
o] Wlo]| F3lo] A3l GSH7} glutathione reductase 2}
NADPHel &3] & o Zadhs FHEE 340 nme]
A 287+ 2439

FAEAY S AMEE 2 282 dheld gleRe thila

it& 045} bovine serum albuming ¥%°% &}

mEo| DNA 2 3%

DNA &4+ single cell gel electrophoresis assay (co-
met assay) & ARE3I0] FSIE” LysisHgdS AR
ol 25 V/3003 mA¢] A4S Ao 2087 H71 %S HA
3}92c}. Ethidium bromide® nucleotide S 448}, comet
image analyzing system& &3l o|v|AHE4-E AAET
Y3 DNA ©] &7 £1=DNA tail moment (tail length X %
of DNA in the tail) & 73t A3t
ro =k

BE A8+E SAS packaged ©)gste] Hw 1FHAL
£ A=, 7 AETe] HtA]| 1] {2 e =0.05
T4 Duncan’ s multiple range testel] 2J3 A3t

4 14
MB35 R Ao2g

A0l T 47 T AT thatellM 48.85
*6.33 g7 7P £& T7HE 1AL 5T vk
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Table 2. Body weight gain and feed efficiency ratio

Variables Con Ex Ex-G
Body weight gain ~ 48.85 + 6.33° 35.72 & 6.37° 39.31 = 2.18°
(g/week)
FER (ratio) 0.37 £ 0.22° 0.27 = 0.04° 0.40 + 0.02°
Epididymal fat pad  1.06 + 0.23° 0.67 £ 0.21° 0.89 = 0.07*
(g/100 g BW)

Values are mean * SD. Vadlues in a row with different superscripts
are significantly different at p <0.05 by Duncan’s multiple range
test. Con (Control); Ex (swimming@): Ex-G (swimming + 2% garlic) .
FER: feed efficiency ratio

Table 3. Plasma lipid profile in rats with garlic supplement or exer-
cise (mg/dl)

Variables Con Ex Ex-G
Triglyceride 72.41 £ 16.35™ 60.67 + 8.63 6897 + 9.5
Total cholesterol 77.71 = 6.26"™ 7894 + 550 76.56 + 1253
HDL-C 3557 + 521™ 4004 +3.81 3634 £ 471
LDL-C 26.77 = 3.65° 2633 % 680 3251 + 12,11

Values are mean = SD. Values in a row with different superscripts
are significantly different at p <0.05 by Duncan’s multiple range
test. Con (Control); Ex (swimming); Ex-G {(swimming + 2% garlic)
e gagel vis BSO8R sEolct
(Table 2) AR T&E 2o nlaidzls 12 A8
B3, BT W AR ESS Bk 100 g AF 99
o] Rugx|ere tizgtollA] 1.06 + 0.23 g/100 g BWS.
2 7P B9k 257 0.67 £ 0.21 /100 g BWEXA &
itk vhEAvltel FagAe: 0.89 £ 007 ¢/100 g BW
24 tizze) vjs AR S BE WoRlE A B
oA A3hrt.
R

Table 32 &% Wl 8443 FU2HE] 58 vet
Wz ok 8% SRS £5FE thh wokAle 4
&8 wol} tizwtst zlol7t gl Ao yeiwth 8%
Ze2EE £ 2 IF Abolell Al7E Yl AR UE
@t HDL-C9} LDL-C $55% 2§l uke War} vheht
A ¥kt
A el AENME 5T

AW A Adetels B4 ARE S48 ek
27 9] TBARSE A¥soich tixdelr 84 TBARSE
2.30 * 0.67 nM/mlo.2 felatAl v W, e
3.09 + 0.53 nM/ml2E AA F7ketgler vhedi7hle
2ol 23ehs 2,50 £ 051 nM/mle] $A15 Btk
(Fig. 1). 72242 TBARS 34 2l gh Wsh= opY)
U @] TBARSS fAKeE e Bo tizt] TBARS
A7} Ggka, el S oW vk 8
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Fig. 1. Effect of gariic and exercise on plasma TBARS. Con (Con-
frol); Ex (swimming); Ex-G (swimming + 2% garlic) . Bars with un-
common letters are significantly different at p <0.05 by Duncan's
multiple range test.
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Fig. 2. Effect of garlic and exercise on TBARS in liver. Con (Con-
trol); Ex (swimming) ; Ex-G (swimming + 2% gariic) . NS indicates no
significant difference at p<0.05 by Duncan’s multiple range test.

Table 4. Antioxidant enzyme activities in rats with garlic supple-
ment or exercise (unit/mg protein)

Variables Con Ex Ex-G
SOD 0.64 + 0.40° 0.95 + 0.26° 1.55 + 0.49°
GSHpx 020+ 0.14° 022 002 0.21 = 0.04
Catalase  221.46 + 20.49° 125.02 = 22.40° 183.78 + 46.65°

Values are mean + SD. Values in a row with different superscripts
are significantly different at p <0.05 by Duncan's multiple range
test. Con (Control); Ex (swimming) ; Ex-G (swimming + 2% garlic)

TBARS 84 diz=ws} vl gho 2 A=t (Fig. 2).

ol £50 Qe skAEo] F7HE vekiel, shee)

Ahe old @ AAIIEE dsTle AoE Yt

1) SRR B

SOD9] AL 15 Abolel zlelg Bed vke3za
(1.55 =+ 0.49 unit/mg protein)©] thF7} $-F7o H]
3 FrolsiAl T2 e BTk (Table 4). Catalases ™)

Z73 vhe3vkEel vig S5 relX FEEH WA v

Fig. 3. Effect of garlic and exercise on DNA tail moment in peri-
pheral lymphocyte. Con (Confrol); Ex (swimming); Ex-G (swim-
ming + 2% gariic) . NS indicates no significant difference at p <0.05
by Duncan's mulfiple range test.

G, $ErA 2A Uehd catalase] @430l w3t
FoA 25 ok Ao Ykt old el &
o vl R3S S EABS FETeEH A A
Z71ElE ASAEY ] AT F e o] dEe A
Absic}, 2ly GSHpxE Al Z1F Alelel 2ol EolA|
&t

ByEe| DNA £
AAeGA) P VeE AR st AE
AMLEle] W& 7] DNA tail momentE £33t DNA
J AEE 2AR1gITE DNA tail momentE tiel vl
$E7T} nfsA7lREA EolAE AAMS Bt} (Fig. 3).
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adFAol Al AgekAex BlREE B|%E
odtai=d] Zgo] Hoh 50
AZFZ7te} AR LA ZN T+ G L5713kl wet
ThEd| 4.5 keal/gel Aol AF3ke AF7E 45l 24
FGE 729 A dFo] glovt #5717e] 529
2 AZZI ATH oz Lﬁ:ﬂ‘,{i\:}m B /\1547]7]-%
4.3 kcal/g«l Holg Ik FEEY AT U
Z3o) v)a) dFde 5UzE FFe AT v%%)r =
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FAE a3 2 AR R B W= HERAIL 9l
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ARl a9E FAE g Zoz ekt

olEolu vlezAlgo] @A FFE T 1R F
£ AdEo] g gt a3y A8 FEAF ) ut
g9 BF2 oA AAEAF Y FH2EETAo Bolst
£ A4F, < malic enzyme, fatty acid synthase, glucose-
6-phosphate dehydrogenase, 3-hydroxy-3-methylglutaryl-
CoA reductase?] 84& AAIsk= 2102 W3 k™
ofg] &S TPk vhs FE2E0] anpdor I3
FH2EES AsAFIE Ao] 2= 0, allicin, ajoene,
S-allylcysteine, diallyl disulfide, S-methylcysteine sul-
foxide, S-allylcysteine sulfoxide £°] 54 Ve &
Az A Uk a8 F2EE A a2 A
g rksAEY SABEERACIY g wet Adolg A
£ Hole o= PEh Yeh 52 20% fat Q] 4
olo}) 2 g/100 g AGE (aged garlic extract, £ul=5%
& 15~20%9] ceh&olx vhrdds 20714 5493 5 A
2 AdelN e & W FF PHS FE 2ADE 2ES
HM FZEAEET S| RFEA| & T2F
Hj3) 2}7] 15%9} 30% Rok-S wAsIAc” 2 A =
A3} FLstE s glsle] 15% SRS £83 4
ol 2%2] WEAxX viEZIFE /1% Aol BHNM F
FHAEES Ak 238 Bk 28y 2 Qe
A 15%9 S5T7/E T3 Holdi uhkse] o)3d &
I7h A stk 9AE99) Alo] (5492 105~138
mg/dl, FEAHE 162~200 mg/d) $h= 2] S92
ARRE 7392 (60~72 me/dl, 77~79 mg/d) BF A WF
E AA7E soktt ol ZsAE Aolsh BxsiAg
4 Holdwpe} npsA77t 3 A FEA G viXE &
W7t o 7 AeS AR

AR A3 BQ) Chetty 599 a7l oJabd 199 2
HAHES FRelaN STFRE FHU0E 3 Holg ¥
W2 A5e g7 FU2EHEe] SR ¥t 2 4
olxHel 2%2] vk et Holg Fg FEMT F
HAHE T2V vhss ITH8IA| 2 2o]g) niskd Az}
£ 39 vksd) eyt s okl LDL-CH HDL-
CY =l vkz9) A7k axE yehiz] gskek wba
o 1% SUAHET ¥ LeufE oz 3 Aol
ME 8T FU2HEC] A Skl vige] BEE
48 FEAEE LDL-CE 50% At e aus o
EFL, HDL-C 18% S7M 71 AAE B3iok™ ol 2
o] ZHAHES) It AEEHRE 281 H MR 9
3 AHNRA FH2EE A} AT B A
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AbALEoA 93|8 SAELEAAT AstEE A3E By
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s B o 57N d3 TBARSe) 7HF & 22 &%
33} 37 AAbslA] BFol 2]lol A oE Kol &, &
AslAle) BFo] $50F fuEs ASIAE A S
AAANFNA] Z3E Aoz RolH, k7t nkad
A RA ZE3le] 2508 e ABIAEYAE g
T FEoR AR Z o= B 4= gtk TBARS #41& &
Absba o) @39 viwd u, vk sl vlEl
SOD¢} Catalase] @/do] F2laH S71EL2H nkae 9
3 AEIE Je 207 WAEY SF S ASIAERA
of 452 W gAY WNE sk Weol|Re] TR}
2| ¢k& Qo et Aoz B HPRNE dAR
g m) $-5-& AAE ROSA oJst AA&A T FAkshielr)
A Ao)e) Fol] T3k ob)she A0E VeI, e
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AGE= TBARS 44 31~89% A&t ROSE &
Ask LDLE Ak mho} ABILDLY 2%t FhjgiAE
o] &4 Al ZoF JeRH! ukad (garlic o) 9
BZ& catalase, SOD, glutathione peroxidase® GSH
(glutathione) & F7M1A XIS Atk Ao o
ERth® AGES] &A1 49 TRUANZE AsiAld) =
A2 W) SOD, catalase, GSH-px 9 5% 7R,
AGE®] $=k Alzte] A#ghol| whki} superoxide radical®}
hydrogen peroxide?] Ao} ==}

JANE o sxEHe Ad A7Ae] 4T &5
(tread mill)-& 8T 24A1ZF o WHFE F3 comet
assayZ DNA £4-& &4 3 27, DNA tail moments ¥
F Al vg) A 7RISt v &% A5l vjgpl
E (3 X 800 mg) & BZsAU 54 149 53t w1y vlet
U E (1200 mg) & 33%2 didAE 5 24417 39
DNA tail moment®] 2= 37+ HYOZH ST %
of) k= DNASSS vlel] BV ad4 o= 98 4 §)
2Art”” Hartman 59l 9J8H9 tread mill®} $58 Z7HA9)
X FE2 ZT7HA 2eiAl § o] DNA tail moments=
7RI, 5 F 72A110] AHslHA 5 He o
Z AsEAd 28y S5 gElsi] e iE
YAE £ T 4587 HelEF $F Folli= DNA tail moment
7} WgslR] o= A0 R Hol DNAEARE fakatiale &t

AL e AT ol Aoz Bk 2
ATl F5S AN FTOA FAS 22 T of
U} DNA tail moment7} 57Fehs FdS Bt o= &
B RS SRR SR o) WiEew "37@“4 uh}Ad
ohEo) A2 BUlolE DNA ST} $E6kA) ok
Aoz vl % uet %ol 23 DNA &%
o] U vz H7Pt DNA &4 @& & deAe
 A7-Eojof & FRolzt A,

2 A7 252 ROSE +23ke B2 319 8-50lA

= ABAEYAY 7)E Sk, o)l thE Pzt »
oA vhd FAsRES Hestd A7l 15
Aol 5L} FYH 2%2] PkER TS 457 St
Ak

5947 AL 52 AT AAYASEAE B
on, 2% vhs B3 ATEE 9T vehiA o8kt
vhed 2% FEULEEON X2 AskadE Ve

WA gkt ol gl AT A2 AHE Al =

& STt FYAHE) wEE VA EF AdE
S5 e AR fAS A W YTk 2%
A3k TBARS7} #-28hA) $7151% 2 DNA tail moment7}
ol S BAEH, o AshAe] o] ksl
N8-S5 oJmjah SAksEZlo] BET) Al
Aol 570l 2%2) vFe e TBARS
3} v|E] B R AT 239
10234 ABIAEFAE F3lo] gMAT]= 2HEo] 9
ek S5l W FastaiAAle TBARS 4743 o
Ashe e Bk $ETI PRELEYE A%
AEG A o8 AT ,a\;HE];q 2aj9101} vpze] At
£ SOD$} catalase?] 8L FJshAl T7MA &0l
FrelEl= TBARS #4< F’kZﬂOP— 712+& B3t ol

o BEo] B AFZAL JAR & o, 52 AFEid
2PN e SR o2 FakshtolaAlel thd 43S It
Tslo] 2129 HiEte EX18h= Ao et oy d
AFEUA AFRoA vlEe] AAg AR FE57 A3t
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