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Abstract

This study was performed to investigate the effects of the hot water extract of red garlic (RG) and RG-compo—
sites on fecal lipid levels and hepatic antioxidant enzyme activity in rats fed a high fat-cholesterol diet. Three
different types of RG-composites prepared: RG and green tea (RGT), RG and dietary fiber (RGF), and RG,
green tea, and dietary fiber (RGTF). Rats were divided into six groups: the control, the group fed a high fat-cho-
lesterol diet (HFC), the RG-supplemented group (HRG), the RGT supplemented group (HRGT), the RGF supple-
mented group (HRGF), and the RGTF supplemented with HFC group (HRGTF). The antioxidant activity of
these composites was tested, in vitro. The DPPH radical scavenging activity was higher RGT and RGTF than
RG. ABTs radical scavenging activity of RGT was similar to RGTF. Their activities were significantly higher
than RG. The reducing power was similar to their radical scavenging activities. Total lipid levels in the liver
and triglyceride levels in the heart were lower in the groups fed RG-composites than the HRG group. Fecal
total lipid level was higher in the HRGF and HRGTF groups than the HRG group after 4 weeks diet supplementa-—
tion during 4 weeks. Lipid peroxide content was reduced to anywhere between 6.2% and 12.1% in the groups
fed RG-composites, compared to the HFC group. Antioxidant activity was significantly higher in the groups
fed RG-composites than the HFC group. Hepatic SOD activity was higher in the groups fed RG-composites
than the HRG group. The HRGT group in catalase activity, and the HRGT and HRGTF groups in GSH-px
activity were increased significantly compared to the HFC group. Hepatic UDPGT activity was increased sig—
nificantly in the HRGT and HRGTF groups to the HFC group, as well. These results indicate that antioxidant
activities of the RG-composites were related to the decrease of lipid levels by increasing the fecal excretion
and enhancement of hepatic antioxidant enzyme activity in rats fed a high fat-cholesterol diet.
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ATHIR). Trts FEE2 FFo dia) 1089 &5 718k
AF FZ7](COSMOS 660, Kyungseo Machine Co., In-
ié}‘ﬁi sake A etEd S E
ZH2HS-A, te ) E Y Frle
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] o] A -F(Citri-fi 100FG, Fi-
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berstar Inc., Willmar, MN, USA)Z

Frhs BERE ARES YW YR Fris FEE
3 =3 $2EL GI51250w/w)e] N EE EF 2EE
(RGT), Tvts F=E7 4 OI/E‘%E 87.5:125(w/w) Hl&
= EY% BYBRGE), b5 728, 53 328 2 4

ol dFE A2 8756.256.25(w/w/w)e] HIEZ E3ek 5§
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in vitro g4ts g £H
DPPH gtz 27842 DPPH § <4 (1,1-diphenyl-2-
picrylhydrazyl, 5 mg/100 mL methanol) 100 Lol &%)
A 8NE T3t A2 1087 ¥HEA1Z ¥ 517 nmeol|
A FHEE =439 9(19). ABTs[2,2-azinobis—(3-eth-
ylbenzo-thiazoline-6-sulphonate)] &z AAZALS 7
rnM«] ABTs <89 9f potassium persulfate% 2.4 mM H
oHA]?% Aol A 12413t Fet W12 F 415 nmel)
=7t 157 HEE Z/H5E 34420 ABTs §9&
F%‘B’Pﬁii‘ﬂ A7) T A|8Y 50 uLE EF3t] A
‘?} SAIA 415 nmoll A FFEE SA3AT
4% [1-(ANE HA7HY F3%/ A
% 5)Ix1002.2 ALttt g Al
E"“ 200 mM¢&] phosphate %8 (pH 6.6) 2 1% potas-
sium ferricyanide 84S &34 £33l 50°Ce] &3
A 2083 WA $ 10% TCA &4 1 mLE 7Fste] Wk
S AAAF AL, 2,800 x goll A 587 LR st A
de 1 mL At S/7FF 2 0.1% ferric chloride &2
THEog 33 F 700 nmollA THEE SAHATOEZHN
Fe’' o]&& #9471 =S SHsA5QD.

2

ASIEZ0| AR 2 A|o| =M
HF AFo] 90~110 g9 Sprague-DawleyAl 4573 FA
FHAE (F)MEFF(Osan, Korea)o| Al & Fkol A3 4ol A
153 3217 & Gapgol os) 25 & ek A 6w o2
TE8t] ARFEARe g v ALSE T AP EFES A
°

FL& 25 (22+2°C), ¥E(B0+£5%) B HIF71(12217}; 07:00
~19:0007} AHE 2H 5= FEAH4A(DJ1-252-2, Daejong
Instrument Industry Co. Ltd., Seoul, Korea)S A}-83l5 .2
), Ab712E B £ Aol A Folstth Aol 24
< Table 13} Zo] -2 normal dietE Fo]s+G 2w,
Y ZF(HFC)L normal dietol] 1%9] 3 2 &3 15%2)]
=AE Hrtsle Folstith AT 2T HFC)Y 2]
olol thall 1%<] RG, RGT, RGF % RGTFE £33t Fo]
3T

98 A3 QUSEL 1092 BN £ o2z
7] 4o

v} te 4 g CERE
£2 R AL e EHAR B AN A Az
2 F& BAA7 F 00 BEsA AP AL

Tl]:l‘
methanol &% (CM,

A0z AReH, B A FES WD T 5 02 mLE
FEAA 1087 WENA ADE BT T
Z

7}t 98°C]
phospho vanillin A 2kS 7}38Fe] 37°Coll A 1587t ¥kS-A1 7]
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Table 1. Diet compositions in experimental groups

(g/kg diet)

Normal diet HFC
Corn starch 397.4 234.9
Casein 200 200
Dextrin 132.6 132.6
Cellulose 50 50
Sucrose 100 100
Vitamin mix." 10 10
Mineral mix.” 35 35
L-cysteine 3 3
Choline bitartrate 2 2
Soybean oil 70 70
Lard — 150
Cholesterol - 10
Sodium cholate - 2.5
Total energy (kcal) 3379.5 48195
Fat energy ratio (%) 16.8 43.0

Experimental design

Normal Group fed normal diet

HFC Group fed 1% cholesterol and 15% lard to
the normal diet

HRG Group fed 1% RG” to HFC diet

HRGT Group fed 1% RGT? to HFC diet

HRGF Group fed 1% RGF” to HFC diet

HRGTF Group fed 1% RGTF® to HFC diet

DAIN-93 vitamin mixture.

? AIN-93 mineral mixture.

YRG: hot water extract of red garlic.

f)RGTI RG+green tea extract by 87.5:12.5 ratio.

if)1¥(‘1F2 RG +citrus dietary fiber by 87.5:12.5 ratio.

YRGTF: RG+green tea extract+citrus dietary fiber by 87.5:
6.25:6.25 ratio.

TFEE SAHHLH, olive oil & AHE-SH

BE AFHAoZRE T AR FFE AR & 2=
= 3+ 3HFS kit(total cholesterol, AM 202-k;
triglyceride, AM 157S-k, Asan pharm. Co., Seoul, Korea)

[e]
gt & 95°C 82 A 4583t 7}
ate] 531 nmoll X FFEE SHFATH22). 1,1,33-Tetra-
ethoxypropane(TEP, Sigma Co., St. Louis, MO, USA)<
XEE2E AF8-3] A% malondialdehyde(MDA) &
< mmol MDA/g2 2 Yel itk
F 229 kst &g dA Y 100 pLell pH 7.49] 100
mM tris-HCl €5 2 05 mM<] DPPH &< (25 mg/100
mL methanoD)& 712} 4 mLA 7}8te] 37°CAlA] 1583t ¥
AR °]2 4 mL9 chloroform® & FZ%3}4] 517 nmol A
FHEE 243900, AR WhTe AT FRE
H (%) 2 VER ATH23).

2b TxR|o| garst B4 BY BY

M sucrose®} 1 mM EDTAS ¥ 3}Hs}+=
9 (pH 7.4) 10 mLZ 7}3ke} 4°C ©]5}e]

o X
[\l
lije}
=2
o

_I::[c}%

A S #X3HA tissue grinder® whaste] 10%
(w/v) #ANE A xstATH o] = 1,100 x goll A 10&27F 9

B sho] AEAe 105000 x g9l A 1217 244 E 3l
cytosol & &3 microsome +YEZ FESIFH. ojnf
Abe 4719 4589 3 mLE 718k 12000x goll A 2083t
AYLAE2 3ted mitochondria &S 4t 7+ &
o] gwlA e Lowry 5(24)9) Wdl wa} bovine se-
rum albumin(Sigma Co.) 2.2 A %3} T}

SOD &4& 7+ 23 9] cytosol & & 0.05 mLol| tris-
HCl 2+ (50 mM tris+10 mM EDTA, pH 86) 1.4 mL¢}
15 mM pyrogallol 0.05 mLE 2 &35l 25°Coll A 10&3t
WA Z T 1719l 0.05 mLe] 1 N HCIS 7}ste] wh&-&
AAAZ thg 938 S 48l pyrogallol®] ¥ 420
nmol A FFEZ SA3ATH SOD FAE 32 A 85E
7FekA] &2 Whg-H 9] pyrogallol A-54H8HE 50% A8}
49 = (U/mg protein) 2.2 JEI ATH25).

Catalase &4-& 0.1 mL9 mitochondria #3&, 105 mM
H>0; 0.1 mLol 50 mM potassium phosphate €+ (pH
70& 718t & B0E 3 mLE §t] 25°CollA 5&7F vk
AlA 240 nmolX FF =] HelE SH AT axgdL
127 1 uMe] O & #3lA1 71 285+ A (umol/
min/mg protein) &2 JENH ATH26).

GSH-px(glutathione peroxidase) 42 1 mM EDTA
£ 343k 100 mM phosphate 2+&H (pH 7.0)9] =<9 10
mM GSH, 10 mM NaNjs, GSSH reductase 100 unit/mL %
NADPH 2 mME 7}éto] #E F3& 25 mLE 3 F cyto-
sol & 006 mLE Yo 37°CollA] 583+ vh-g-A]7]aL o 7]
o] 25 mM HoO.Z 713F & 340 nmoll A 1# 59 S3 =
Wt s 743 AH27).

frome

A= S

(UDPGT) &4 &3

7t 2349 UDPGT &4 % microsomeo| Al 7439
o}, 71" &AL 50 mM phosphate &= (pH 7.0), 15 mM
UDP-glucuronic acid, 10 mM p-nitrophenol, 10 mM
MgClz-6H20, 0.2% bovine albumin, 0.5% triton X-100=-
&35l Azsgd. Alg el 71289 0.8 mL9} micro-
some FEE 02 mLE EF3t] 37°Col A 2087t §F-E-A]7]
a1, 03 N HCIO; 05 mLE 713t A28 d & 22 45
0.5 mLell 1.6 mL9 glycine &% (pH 10.3)S 7}3}
436 nmol A FHE=E SH A TH2R).

uridin—-diphosphoglucuronyl transferase

SN

B Agdse

=4

SPSS package(ver. 12.0, SPSS Inc.,
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Fig. 1. Antioxidant activities in hot water extract of red gar-
lic (RG) and its composites (RGT, RGF and RGTF). Means
with different letters in the same sample (a-e) and concentration
(A-D) are significantly different at p<0.05 by ANOVA, Duncan’s
multiple range test.
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Table 2. Lipid profiles of liver and heart tissues by the red garlic composites supplementation in the rats fed high fat—-cholesterol

diet (mg/g wet tissue)

Experimental Liver Heart

groups“ Total lipids Total cholesterol Triglyceride Total lipids Total cholesterol Triglyceride
Normal 3055+224%  233+027 18.27+0.80" 6.90+0.80* 0.95+0.09" 3.46+0.27"
HFC 127.77+2.71° 6.76+1.47° 27.25+1.49° 10.70+1.18" 1.50+0.15¢ 5.15+0.13°
HRG 121.53+1.83" 5.60+0.21" 24.42+0.98" 7.27+1.60" 1.36+0.04"™ 3.49+0.42"
HRGT 115.47+3.63° 5.40+0.52° 23.23+1.34" 7.72+1.52% 1.32£0.16" 2.93+0.08"
HRGF 108.50+6.35" 5.30+0.61° 22.70+£1.30" 6.97+0.88" 1.3340.06°C 2.66+0.13"
HRGTF 110.20+2.03" 5.04+0.44" 22.74+1.16" 7.10+0.63* 1.31+0.17" 2.77+0.43"

})Refer to the Table 1.
Values are mean+SD (n=7).

AFValues in a column sharing the same superscript letter are not significantly different at p<0.05.
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Table 3. Fecal lipid profiles by the red garlic composites supplementation in the rats fed high fat—cholesterol diet

(mg/g dried feces)

Experimental Total lipids Total cholesterol Triglyceride
groups” 1 week 4 weeks 1 week 4 weeks 1 week 4 weeks

Normal 7.30+0.35%? 751+1.36% 1.27+0.10% 1.97+0.09* 0.44+0.03* 0.48+0.04"
HFC 20.86+1.44°  22.74+1.96" 9.12+0.68" 11.22+0.79" 113+0.11" 1.31+0.04"
HRG 1885+£1.08"  21.37+0.83" 1010£1.64"  12.99+1.65™ 1.28+0.13" 2.13+0.10°
HRGT 20.12+092°  23.04+0.78" 1132065  12.38+0.87°C 1.27+0.06"™ 2.21+0.09°
HRGF 23.21+0.87" 2559+1.13" 11.38+0.36° 13.98+0.71¢ 141+0.11° 2.37+0.07°
HRGTF 22.21+1.49°® 23.85+1.57P 11.73+0.94° 12.8940.96¢ 1.33+0.13° 2.3440.60°

ll)Refer to the Table 1.
YValues are mean+SD (n=7).

AEvalues in a column sharing the same superscript letter are not significantly different at p<0.05.
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Table 4. Lipid peroxide content and antioxidant activity of
the liver tissue by the red garlic composites supplementation
in the rats fed high fat-cholesterol diet

Experimental Lipid peroxide content Antioxidant activity

groups” (mmol MDA/g) (%)
Normal 208.74+5.414% 54.88+0.57°
HFC 297.63+8.41F 37.33+2.88"
HRG 223.26+10.65" 39.62+1.2148
HRGT 249.66+7.84° 42.79+3.26"
HRGF 279.31+5.98" 41.29+2.27°
HRGTF 261.62+2.90° 41.05+157"

YRefer to the Table 1.

Values are mean+SD (n=7).

AT Values in a column sharing the same superscript letter are
not significantly different at p<0.05.
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Table 5. Effect of the red garlic composites supplementation on SOD, catalase and GSH-px activities in liver fraction of

the rats fed high fat-cholesterol diet

Experimental SOD activity Catalase activity GSH-px activity
groups” (U/mg protein) (umol/min/mg protein) (nmol/min/mg protein)
Normal 56.29+4.12° 1.03+0.11°82 371.23+29.78P
HFC 42 45+2.94* 0.92+0.14" 282.93+28.53%
HRG 49.78+1.48" 1.09+0.34"F 323.81 +44.95*"
HRGT 58.14+1.55° 1.32+0.23" 407.90+14.51°
HRGF 55.51+1.83¢ 1.13+0.12"8 341.99+19.93%
HRGTF 57.43+3.01° 1.14+0.13" 372.70+24.95°P

DRefer to the Table 1.

YValues are mean+SD (n=7).
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Table 6. Effect of the red garlic composites supplementation
on UDPGT activity in liver fraction of the rats fed high fat-
cholesterol diet

Experimental UDPGT activity
groups” (pmol/min/mg protein)

Normal 1.8240.08"%
HFC 1.75+0.39"

HRG 1.9740.14"5¢
HRGT 2.09+0.08%5¢
HRGF 2.0240.34"8¢
HRGTF 2.18+0.11¢

VRefer to the Table 1.

Z)Yalues are mean+SD (n=7).

ACValues in a column sharing the same superscript letter are
not significantly different at p<0.05.

Values in a column sharing the same superscript letter are not significantly different at p<0.05.
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