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Conjugated Linoleic Acid Supplemented to Dietary Fat Has an Antioxidant Activities,
but It Depends on the Type of Fat in Diet*
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Department of Food and Nutrition, Kyung Hee University, Seoul 130-701, Korea

ABSTRACT

The study was designed to observe an antioxidant activities of conjugated linoleic acid(CLA) in rat liver by determining the
activities of antioxidative enzymes(superoxide dismutase, glutathione peroxidase, catalase) and the levels of tocopherol and
thiobarbituric acid reactive substance(TBARS). Male Sprague Dawley rats at 7 weeks-old were divided into 2 groups according to
the types of dietary fat(beef tallow and fish oil) and then each group was subdivided into 2 groups depending on CLA supplement.
All rats were fed experimental diet containing 12% total fat including 1% CLA by weight for 30 weeks. CLA supplemented to beef
tallow diet did not have significant effect on the level of TBARS and tocopherol. The level of TBARS was significantly increased in
fish oil diet(highly unsaturated fat diet), but its level was significantly reduced by increasing SOD and GSH-Px activities when CLA
was supplemented to fish oil diet so that CLA showed a sparing action of tocopherol in tissue. CLA did not have significant effect
on peroxisomal catalase activities, but its activity was significantly increased when TBARS production was high in the fish oil diet.
CLA could be incorporated into phospholipid of microsomal membrane, and interfered the conversions of C18 : 0 into C18 : 1
and C18 : 2 into C20 : 4 in liver. In conclusion, CLA had an antioxidant activities depending on the type of fat in diet. Therefore,
it could be recommended to use CLA when highly unsaturated fat was used in meal preparation. (Korean J Nutrition 34(8) :
858~ 864, 2001)
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1. A8y

A% 659 Sprague Dawley® 3 #E 1570 ¢4k 1
FAIRZ ARRS oy ATl mel daHl ofste 180t
A 4o @ rlen olu A2 o 150~200g°]Uct.
AP Aol Fdl b 2708 Yra, 2
S thA CLAY A7} 5o weby 2702 Wrglon,
APao|= 3055 AFSE A

2. 4EN9|

AY2olE F d%F T Didol 209%, B30] 53.5%, A
ol 25.6%(12%, w/w)7t HEE A3y, oE A&
9] & FA3A sIQtHTable 1). AHEE Aol Fgo
2 x3Aute] £2 EiH 4718 (beef tallow: BT)#
n-374] Xakel DHASH EPAYE 52 349 olf(fish oil:
FO)E ol&3len, CLA AH7ktde & AolFA9 1%
(w/w) T2 CLA ERE(FHENE Faskaola A
)& ¥ aela BT FOo ¥53F dXdhatks
%3] Fa37] 98k com oilE 71NN, FO 43
o= AHRE Cdwsly] 98 EXgAEE 1esl dl-o-
tocopherol(145.46mg/100g tuna oil)-& ¥7}stge}. 2+ o
g 2ole] xuhat 4L Table 20 FAISIR O, HEs
E 12hr dark-light cycle2 ZHS01 83 2ol A
FA 9E 7 UAEE TN, AFS FL
2 ARl S48

H o ofy

Table 1. Diet composition of experimental groups

BB B EPEL 348 : 858~864, 2001/859
3. NENH
305:7k] ASo] ¢ F overnight fastingdh AFERol| A
ethyl etherZ wlHAIZ] ¥ BX-& AJsld H& HF
8la, 7+ F8le 0.9% NaCls 4& ¥ E7|2 A|AsIe
superoxide dismutase(SOD)®} glutathione peroxidase
(GSH-Px) 84 EE FA317] 93l 2t 1g2 H3Hoh ¢t
%22 phosphate buffer(pH 7.4)2 10% homogenate
thE & 12 9AEF (500 X g, 15min, 4T)8 &, A4
H-g opA] 2uE YA FE 8 (105.000 X g, 1hr, 4T)
9] cytosol fraction® 3H-] microsomal fractions
ted FAl -T0To] @A Catalase FHEE &
A7) $isked 7+ 1g& 330 isotonic solution(pH 7.4) 0%
10% homogenateE THe 3 YA E-2(700 x g, 5~10min,
4T)8te] A&¢] peroxisomal fractiong #H3dle] A
- 70 At

4. Booy gy

Thiobarbituric acid reactive substance(TBARS)+= 3+
229 whole homogenate(20%, isotonic sodium chlo-
ride buffer, pH 7.4)9l4 Uchiyama$} Migara®] 3% o.
2 Al oen. total tocopherole & whole homo-
genated| Al X 3& F%% ¥ ferric chloride-dipyridyl

Table 2. Fatty acid composition of experimental diets
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Experimental groups

Experimental groups

Fatty acid
BT BTC FO FOC
8/100g oil

14:0 2.53 2.21 2.03 1.76
141 0.94 1.03 - 0.21
16 : 0 21.07 18.62 15.26 13.54
16 : 1 3.30 2.87 3.73 3.23
17 : 0 1.32 1.15 - -

17 01 0.81 0.71 - -
18:0 14.78 13.01 3.60 3.27
18 : 1 39.17 35.84 13.71 13.71
18:2 14.11 14.45 14.01 14.52
18 :3 0.18 0.18 1.92 1.69
CLA - 833 - 833
20: 0 0.95 0.83 1.25 1.09
20 : 1 0.03 0.03 0.32 0.28
20 :5 - - 4.28 3.71
22:6 - - - 21.64 18.76
Unknown 0.85 0.79 18.26 15.88
Total 100.00 100.00 100.00 100.00
DU 73.01 86.22 202.78 199.31

Ingredients
BT BTC FO FOC
g/100g diet

Corn Starch 56.50 56.50 56.50 56.50
Casein 22.00 22.00 22.00 22.00
L-methionine 0.30 0.30 0.30 0.30
o-Cellulose 4.00 4.00 4.00 4.00
Beef tallow 9.64 8.39 0.00 0.00
Corn oil 2.36 2.36 2.61 2.61
Fish oil 0.00 0.00 9.39 8.14
CLA-rich oil 0.00 1.25 0.00 1.25
AIN-76 Mineral mix 4.00 4.00 4.00 4.00
AIN-76 Vitamin mix 1.00 1.00 1.00 1.00
Choline bitartrate 0.20 0.20 0.20 0.20

Total 100.00 100.00 100.00 100.00

CLA-rich oil: contains 80% CLA isomers mixture of total fatty acids.

DU: Degree of unsaturation [monoencic acid(%) x 1 + dienoic
acid(%) x 2 + trienoic acid(%) X 3 + tetraenoic acid(%) x 4 +
pentaenoic acid(%) X 5 + hexaenoic acid(%) X 6]
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5. WA

BE A¥ATNE Statistic Analysis System(Ver 6.02)
program® general linear model(GLM)< ©]83}le
p <0.05 F944FNM Duncan’s multiple range test
2 Zsstion, CLAS Hojxwte] g8 x| 93
two-way ANOVA-unbalanced designg AHE8IYaL,
HE Agdns g7 + FFEAE A 840
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1. AR MTYy HY

AHE7F A g 10577 Aol o) F31A F7hst
Aoy 107 o|F2e 234 Fadhe AeE Bt 305
ot AHF Aoo] ke Tl F22Q) A}olE BolR) @
%o} 1659014 205 Alolol= thE ol ¥|&) FOCTAA
ot Aoj A7t Etch(Fig. 1a). AFTE o] A7 vkt
7R AT AE 1057 353 SRy
105 o) 32 ofzte] Srhke Bch agjm 2745
T f93el Zel7t gley 5F o138 FOTol 7H8 w2
AF&, FOCTo) 718 ¥ AL f2 3k Fig. 1b).

2. Total tocopheroli TBARS

Table 394 7hzA9] W9l F-AD tocopherol TS
Bl d BT BTCwll H3 of-<ll tocopherolS 3
7}t FO9F FOCToll A 98k &stow, BTS BTCH
Troll = CLA #7tel 93k zfolrt gilont, FOwol H] &)
CLA #7138 FOC#9 tocopherol 3Fko] T &Stth v}
A7tA] Aoz TBARS I¥% BT BTCTol Hls)
FO9 FOCTANA f23tA o Een, BT BTCZ7H
o #d Aozt glAAT FOCTe] FOwo 3
TBARS #&e] f-oahA vttt

3. Superoxide dismutase, glutathione peroxidase,
catalase ¥
Z¥ cytosolel SOD9} GSH-Pxel #AEE BTCEo)
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Fig. 1a. Change of food intake in rats for 30 weeks.
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Fig. 1b. Change of body weight in rats for 30 weeks.

Table 3. Effect of CLA supplement on hepatic level of total toco-
phero] and TBARS in rats fed different fats

Groups Tocopherol TBARS
pg/g liver nmole/g liver
BT 13.70 + 2.93° 1.22 = 0.13°
BTC 15.97 + 3.40° 1.12 + 0.17¢
FO 19.34 + 3.49° 1.64 £ 0.22°
FOC 2261 + 4.69° 1.45 £ 0.30°
p-value
CLA 0.0046 0.0121
Qil 0.0001 0.0001
CLA*OIl 0.5963 0.3934

Values are Mean + SD, Number of samples in each group: 15 — 16
Mean values with same superscript are not significantly different at

p < 0.05.
TBARS: thiobarbituric acid reactive substance

BT w3 9% xolg Rolx gFtor}, FOCTo]
FOTA v} FofstA] =%cH(Table 4). Catalase 24
2= BTCito] BTl vl wekot fogh ztol 7} oh
AT}, Catalase 845 CLAS Hutol ofsfA] f- &<l
Aol HolX] ggtovt Aojxie] £F(BTS FO) m
% fole AojE B} & BTEEUE FOTA, BTC
TR FOCTA catalase B = FostA =80t
(Table 4).



Table 4. Effect of CLA supplement on hepatic level of superoxide
dismutase, glutathione peroxidase and catalase activities in rats fed
different fats

Groups SOD GSH-Px Catalase
units/mg pro units/mg pro units/mg pro
BT 5172 + 11.25® 39.16 + 4.89® 287 + 0.49°
BTC 4746 + 851° 36.68 + 6.09°  2.46 + 0.61°
FO 4659 £ 691° 33.51 + 6.65° 3.72 + 1.08°
FOC 56.24 + 12.81*° 41.69 + 6.53° 3.53 + 0.63"
p-value
CLA 0.0616 0.0742 0.1314
Qil 0.0788 0.8387 0.0001
CLA*Oil 0.0020 0.0012 0.5598

Values are Mean + SD, Number of samples in each group: 14 - 15
Mean values with same superscript are not significantly different at

p < 0.05.
SOD: superoxide dismutase, GSH-Px: glutathione peroxidase
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BT FO9 A3 ALNN AEHA ko™, CLAS
718 BTCY FOCToM 7 CLAY HEH Y. C20: 3
+ C20 : 4= EEwlAM vwd g4 B¥sY o, BTC
o] BTl vlal F-9J3tA w@tar, FO9F FOCZel BT
¢} BTCwl vls) F<of3hA wsked, FO$ FOCTE el
= Aozt (o 28y €22 68 SRS FR3 FOY
FOCTo] BT¢} BTC ol H|&) f-2l8kA st
ni &

1. CLA EZ°| Mo Melg P 0N 9

HIEF A, E, Cot 22 8418} 4449 SOD, GSH-
Px, catalase$} 22 A3l E 4 AH3HE] 2B A Al 2]
Akt A B AU s AAToEA A2t
DNA & /\}\1—.0_ uLo}. Lg}b} o} 5__ c}]ul—ﬂ 310 7-]_&

Basge” e ostH AAWY aatsl A7)
100% @shA] %7) ol AolE F& attaie] 4
7} w9 Fasty, o)E kst ddiE 4ol F PUFA
Shako] Z7HASE AA oA AslEa R Axag v
387) 8l 1 atEde] FbE ks STk T E3F Ao

U FO73 FOCZRel = $el@ #lo)7k giich. CLAE % PUFAZH 371842 A aspishe S7kt, old o
Table 5. Effect of CLA on the relative percent of fatty acids of hepatic microsomal phospholipid in rats fed different fats
Fatty acid Dietary group
BT BTC FO FOC

14:0 0.16 + 0.13° 0.12 + 0.04* 0.09 + 0.07* 0.05 + 0.05°
16 : 0 16.30 + 1.24° 16.53 + 0.89° 20.20 + 0.82° 19.72 + 0.49°
18:0 22.47 + 3.55% 23.69 + 1.15° 20.86 + 1.14° 20.90 + 0.51°
18 :1 11.94 + 0.71° 10.61 + 0.88° 5.47 + 1.07 4.90 + 1.24°
18 :2 796 + 1.55 7.64 + 1.34 7.87 + 0.60 7.95 + 0.60
20:0 0.24 + 0.05° 0.24 £ 0.05 0.11 + 0.04° 0.05 + 0.05°
18:3 0.01 + 0.03° 0.02 + 0.03® 0.05 + 0.05° 0.02 + 0.04*
20 : 1 0.10 + 0.11° 0.48 + 0.37° 0.25 + 0.09° 0.46 + 0.16
CLA ND 0.37 + 0.07 ND 0.40 + 0.07
20 : 2 0.08 + 0.05° 0.15 + 0.05° 0.09 + 0.04° 0.17 + 0.02°
22:0 0.75 + 0.19° 0.70 + 0.17® 0.58 £ 0.05° 0.58 + 0.03°
20: 4 30.66 + 1.71° 28.55 + 1.20° 2292 + 1.50° 2222 + 1.32°
20:5 0.10 + 0.09° 0.10 £ 0.09° 177 £ 049 1.77 £ 0272
22:4 0.51 + 0.11 0.53 + 0.07 0.47 + 0.06 0.50 £ 0.04
24:0 0.51 + 013 0.56 + 0.14° 0.33 + 0.11° 032 + 0.11°
24 11 0.53 + 0.49° 0.58 + 0.30° 0.90 + 0.31° - 096 * 0.20°
22:5 0.98 + 0.20° 1.24 + 0.27° 0.80 + 0.15° 0.93 + 0.08°
22:6 6.72 + 1.00° 7.90 + 0.85° 17.25 + 1.27° 18.11 £ 1.60°
P 164.68 + 7.80° 165.45 + 5.24° 199.89 + 6.62° 203.21 + 6.49°

Values are Mean + SD, ND: not detected
Pl: Peroxidizability index [monoenoic acid(%) x 0.25 + dienoic acid(%) X 1 + trienoic acid(%) x 2 + tetraenoic acid(%) X 3 + pen-

taenoic acid{(%) x 4 + hexaenoic acid(%) X 5]

Mean values with same superscript are not significantly different at p < 0.05.
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2 CLAE AF#NeE 44e Ak ikt 7)50)
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o8t 58 BolA Yttty Al dr}.
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o] Al RE S5tz A &4 dished
#edgit), B A7 A cytosolol A SOD9F GSH-Px &4
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9] #el o)zt giglent FOAF Tl CLA Hotol 9
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o}, oju] B3y ul¥o ojshwH A He) ZrelA Ul(uns-
aturation index)7t 714 £& ¥4 SOD$ GSH-Px
o] &go] FoJstA Wto™ TBARS TE& & 7oz
Bt A 220 B2 el n-34 ZHte] FUS
A Ut S7H8 3 wheba 2 d3itstr SobsAa, 24
Hrrslet Ut F7kehe wh Satstaae) @4de] w4
o2 ZAEAE Gt XA o) g FEA Y
& "= Aol T BEXaAPLEY vl o] F7184E GSH-
Pxe] #A4o] F7tg=e, nAge] F9Aldl= GSH-
Px 7} A2 &43}57] it AojAte] BX¥ o

Fr¥gze] Wbyt 27 4%i, FOTdAE n-37
AikE BE G A7) Wi U E7hske v
i gAe] F71EA] ol TBARS Aol felshAl &%
om 1 Az stEse] BAdo] ZaHAoka £ 11
v} BTCi#ol 8] FOCToA SODS GSH-Px &410]
Fo3hA & AL FOTY U7} E718k TBARS 44
o] F7FAe CLAY @ilstzahgo = gtstasol 84
o] FEHNE /e T AUt

M8, catalaset= hydrogen peroxideZ} 0.8} HOZE Hi=
HR2-S Fwlldh= catalytic activity?} ethanol, methanol, &=
= phenol 2+ electron donorZ A}8IA17]% peroxidative
activity®] F 714 71%5-& 71 Fe'' & $7d 2424
hydrogen peroxide AA582 GSH-PxR}t 1S &%
#o)th® w3l catalaser hyrogen peroxideZ A& o
2 lineardtAl Ha&jak=lwr GSH-PxE 10 “mol/L o]deilA
T X3E I ol B FEAE catalased] 8% FER
248 JERRA] £eria S 2 d7o)A catalase?]
A3 (Table 48 2¥ CLA A7t 93 zlole gislont
BT%} BTCol| vla) X327 £& FO FOCTIA
I 8A4ol #ostAl wdth Table 594 ZFAE A dhe)
PI& ofr 393X F9atA ko, old wet 7=
Z9) TBARS &&= FostA £t oA 43 BAE
Fig. 2a. 2bollA] 4t¥|Bw PIe} TBARS/ $718&
catalase @/} vlgH oz F7HA. ol-¥H SODu
GSH-Px 84 x9= 2] FOTY catalase 8= 7
A5 ] g9ttt GSH-PxE hydrogen peroxide 5571 4
T 52 A E3hEo] Aty el mhE ggkS v 9ok
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Fig. 2a. Correlation between Pl and Catalase in rats fed different
fats with or without CLA supplement.

o1 ®
- y = 1.207x - 1.471 . d
B r = 0.3878
5 p < 0.05 L A
w 4+ o o o O
E 'Y *e
¢ .
S % R Yhd ¢
D
3 2f et ¢
il
5 ¢ *
S
0 1 i 1 )
0 0.5 1 1.5 2 2.5

TBARS(nmole/g liver)

Fig. 2b. Correlation between TBARS and Catalase in rats fed dif-
ferent fats with or without CLA supplement. TBARS: thiobarbituric
acid reactive substance.
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