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Abstract

We investigated the effects of conjugated linoleic acid (CLA) on the fatty acid composition in the plasma
and liver, and the expressions of delta-5 desaturase (D5D) and fatty acid desaturase2 (FADS2) genes in ICR
male mice using two different sources of fats in the diets. The experimental groups were divided into four
groups: beef tallow (BT) and fish oil (FO), BT with CLA supplementation (BTC), and FO with CLA
supplementation (FOC) groups. Ten mice in each group were fed with the experimental diets for 4 weeks.
All mice were fed experimental diets containing 12% of total dietary fat (w/w) either with or without 0.5%CLA
(w/w). Fatty acid compositions were analyzed in the plasma and liver using gas chromatography. The levels
of D5D and FADS?2 expression were analyzed by RT-PCR in the liver. The results showed that CLA participates
competitively with C18:2 in the elongation and desaturation processes, leading to significant increase in the
levels of C20:4 and C22:6 in BTC group (p<0.05). The expression levels of D5D and FADS2 were higher in
BT and BTC group than those of FO and FOC group. In particular, the expression of D5D gene was greatly
upregulated in BTC group. Furthermore, the conversion ratios from C18:2 to C20:4 in the liver were higher
in BTC group than those in other groups. Thus our results suggest that increased expressions of DSD and
FADS2 genes may be responsible for the enhanced CLA effects on the desaturation in the BT containing
saturated fatty acids rather than the FO rich in n-3 PUFA.

Key words: CLA, beef tallow, fish oil, D5D, FADS, fatty acids composition

AN B eicosapentaeonic acid(EPA, C20:5n-3)% elongationd] 5+

74 P48 A

Conjugated linoleic acid(CLA)E AFd 3 &2 f-AFo| v}
& zm7)dll 23t n-64] F5A4tal linoleic acid(cis—9,
cis—12, octa—decadienoic acid)ZF8 AAAH Fof o]FA3}
& e olAAE B AAIH). CLAE )b
(2), b=-4-(3), 3573 3H21-4-(4), HARRgo| gL F
= 506) vheFdt Aelgde] RuE gl

2| ¥kALe] desaturation®} elongationell #ejste ojz] &
A & ZF8% F EAE delta(d)-5 desaturase(D5D) ) del-
ta(A4)-6-desaturase(FADS2, fatty acid desaturase)o]t}.

D5D= eicosatrienoic acid(C20:3n-6)2} eicosatetraenoic
acid(20:4n-3)E Z+7Z} arachidonic acid(AA, C20:4n-6)%}

*Corresponding author. E-mail: kjkang @duksung.ac.kr
Phone: 82-2-901-8363, Fax: 82-2-901-8372

F0lth6). C20:4+ HAel AANAZ HFe=d o]
£ ApFot A ELA Bo] 912 9 phospholipasesel] 2] 3]
ul=E = dF 9 eicosanocids’t B EH7). Eicosanoidst &
, A, AstEe] MR 3 5 ohokdt HEs 3
cH6).

FADS2+E n-674 linoleic acid(C18:2)3-2 n-34 a-lino-
lenic acid(C18:3)& 27 C18:3%} C184% B x3A 7= &
Zo|th6). FADS2Z <18 MAH high unsaturated fatty
acidHUFAYE S35 XA 2 7] ool uhe] fEAe]
38L& 7120, eicosanoids®] AFZ AL, A Fe F432H48-
(pynocytosis), 2He] o] 2 d 243} fFH 2} Wal ol of gL

FeHE).

o 12 e 7



1280 3438 -

Cook 5(8)2 <Al WellA FADS2w AZEAZHZ A,
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Table 1. Diet composition of experimental groups

Ingredients (g) BT BTC FO  FocV
Com starch 38463 38463 38463 38463
Casein 20005 20005 20005 200.05
Dextrinized cornstarch  127.75 127.75 12775 12775
Sucrose 9680  96.80 96.80  96.80
Beef tallow 7250 66.25 0 0
Fish oil 0 0 7250  66.25
CLA? 0 6.25 0 625
Soybean oil 1775 1775 17.75 1775
Fiber 50 50 50 50
Mineral mix? 35 35 35 35
Vitamin mix? 10 10 10 10
L-Cysteine 3.01 3.01 3.01 3.01
Choline bitartarate 25 25 25 25
Tert-butylhydroquinone 0.01 0.01 0.01 0.01
Total (g) 1000.00  1000.00  1000.00 1000.00

UBT: Beef tallow diet, BTC: Beef tallow diet+0.5% CLA, FO:
Fish oil diet, FOC: Fish oil diet+0.5% CLA.

DCLA rich oil contained 80% of total conjugated linoleic acid
(50% c9til, 50% t10c12).

YAIN 93 Mineral mixture.

PAIN 93 Vitamin mixture.
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Table 2. Fatty acid composition of dietary oils
Fatty acids Beefl tallow'” Soybean oil Fish oil” CLA?
g/100 g oil

14:0 3.14 0.10 258 -
14:1 1.17 - - 2.00
16:0 2357 11.00 16.48 -
16:1 408 0.10 474 -
17:0 1.64 - - -
17:1 1.01 - - -
18:0 17.99 4,00 414 1.00
18:1 4297 23.40 10.94 11.00
18:2 274 53.20 1.08 6.00
18:3 - 7.80 2.19 -
CLA - - - 80.00
20:0 1.15 0.30 1.56 -
20:1 - - 0.36 -
20:5 - - 5.47 -
22:6 - - 27.65 -

Unknown 0.60 0.10 22.81 -
Total 100.00 100.00 100.00 100.00
SFAY 47.49 15.40 24,76 1.00

MUFA® 49.23 2350 16.04 13.00
PUFA” 2.74 61.10 36.39 86.00
S/M/PY 1.0:1.04:0.06 1.0:1.53:3.98 1.0:0.65:1.47 1.0:13.0:86.00

*Supplemented 54.55 mg dl-a-tocopherol/100 g oil.

*Supplemented 145.46 mg dl-a-tocopherol/100 g oil, Tuna oil.

YSupplemented with 4800 IU vitamin A per 15 g oil.

ZCLA rich oil contained 80% of total conjugated linoleic acid (50% c9tll1, 50% t10c12).

?SFAZ Saturated fatty acids.

“MUFA: Monoundaturated fatty acids.

SPUFA: Polyundaturated fatty acids.

9S/M/P: Saturated/ Monounsaturated/ Polyunsaturated fatty -acid ratio.
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Table 4. The relative % of fatty acids in plasma
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Table 3. Effects of CLA on food intake, weight gain and
food efficiency ratio in mice

Groups”  Food intake (g) Weight gain (g) FER?
BT 5.2+059N 99+33 1.58+0.44
BTC 53+1.3 86+4.1 1.48+0.69
FO 5606 106+2.6 1.63+£0.36
FOC 58+2.3 8627 1.47+0.45

1)Groups are the same as in the Table 1.
gFERI food efficiency ratio.

Values are meantSD.

“NS: not significant. N=10.

Al eske}. C20:48) 7% BT#Xth BTCrolA A=
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C22:62] A% o]-fA 3 F(FO, FOC)o] #7124 #H T (BT,
BTO)ET} Ao s #& £4& RAHp<0.05).
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432 Table 59+ 2t} C18:00] BT} FO¥X2td CLAZ 7+
(BTC, FOQ)o] 84 2o= wo] A& 3 2(p<0.05) Cl61,
C181-& BTTHth BTCTolA Fe- & oyt CLAE
AHAZ) FelAmt ko] CLAZY A& = vt Fxubat
ql C18:2¢] 7% BTl vls) BTCe] foA e 2

BT BTC FO FocY

C10:0 0.0040.052% 0.01+0.01? 0.00£0.00% 0.1340.10°
C12:0 0.05+0.04° 0.03+0.08 0.17£0.04° 0.13£0.08°
C14:0 0.57+0.09° 0.19+0.11% 0.56+0.08° 0.40+0.11°
Cl4:1 0.11+0.11° 0.00+0.00° 0.00+0.00° 0.01+0.017
C16:0 23.08+1.92% 19.10+1.08° 24.43+0.96° 2257+ 157"
C16:1 3.52+0.90° 1.32+0.25° 167+0.17° 1.18+0.33°
C180 10.56+1.14° 10.46+0.69% 0.28+0.91° 10.66+1.08°
C18:1 22,50+ 3.50° 15.90+3.30° 9.01 +3.46° 9.55+1.24°
C18:2n6 21361867 19.31+5.37 18.82+1.99 19.20+1.37
C18:3n6 0.71£0.15° 0.29+0.18° 0.39+0.04° 0.42+0.08°
C18:3n3 0.27+£0.05° 0.11=0.09° 0.40+0.06° 0.26+0.09°
CLA 0.00+0.00% 0.09+0.08 0.00+0.00 0.36+0.17°
C20:0 0.32+0.07™ 0.21£0.11% 0.25£0.04% 0.36=0.10°
C20:1n9 0.55+0.34 0.35£0.15° 0.22+0.11° 0.3320.20™
C20:3n6 0.96£0.41N° 157+0.78 2.14+4.91 0.65+0.18
C20:4n6 9.10+5.72° 1960+959° 10.10+5.83° 12524142
C20:5n3 2.19+5.64" 3.27%815 4.49+3.96 410+0.92
C22:0 0.59+0.33" 0.51£0.30 1.07+1.46 0.79+0.14
€22:1n9 0.12+0.22% 0.00%+0.00 0.07+0.19 0.00£0.00
C24:0 0.0420.09™ 0.07+0.14 0.00£0.00 0.13+0.19
C22:6n3 247+ 1.26;3 6.18:+265 14.224+6.37° 12.20+6.79°
C24:1n9 0.88+1.19 1.43+2.73 2724628 4.06+8.01
SFAY 35.28+2.35° 30.59+0.67% 3576 +2.52" 35.17+2.85°
MUFA®? 27.68+3.94° 18.99+4.27° 13.69+7.73° 15.12+7.07°
PUFA” 37.92+563° 51.75£3.41° 53.26 £3.52° 53.41+3.15°
S/M/P¥ 1:0.78:1.07 1:0.62:1.69 1:0.38:1.49 1:0.43:1.52

Fatty acid composition is expressed as percentage of total recovered fatty acids.

YGroups are the same as in the Table 1. DValues are mean=SD.

3values sharing different superscripts in the same row are significantly different at p<0.05. “NS: not significant.

58See the legend of Table 2.
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Table 5. The relative % of fatty acids in liver
BT BTC FO FoCY
C10:0 0.000.007% 0.02+0.03%° 0.00£0.007 0.04+0.05"
C12:0 0.03£0.05% 0.0020.00° 0.07 £0.06° 0.000.00°
C14:0 0.64+0.13° 0.40+0.21° 0.56+0.09° 0.24+0.13°
C15:0 0.15£0.07° 0.07£0.09° 0.32+£0.02¢ 0.18+0.14
C16:0 21.73+097° 2459+ 648" 26.25+0.77 23.69+0.89%°
C16:1 3.85+0.73° 1.69+0.92° 1.82+0.43° 0.95+0.32°
€180 7.24+1.61% 11.10+3.05° 8.56+0.95° 11.60+2.66"
C181 32.47+367 25.01+12.50° 13.58+1.49° 10.73£2.65°
C18:2n6 1756+ 1.70° 12.59+2.95° 16.11+1.49™ 14.99+1.97°
C18:3n6 0.67+0.14> 0.22+0.18° 0.18+0.06° 0.31+0.19°
C18:3n3 0.55+0.12° 0.15+0.13° 0.800.14° 0.29+0.31
CLA 0.00%0.00° 0.30+0.14° 0.00£0.00° 0.57+0.34°
C20:0 0.13+0.13% 0.29+0.20° 0.091+0.10° 0.28+0.20%
€20:1n9 0.54+0.12° 0.81+£0.32° 0.12%+0.13 0.80+0.36™
C20:2 0.19£0.15" 0.16+0.18° 0.00%£0.00° 0.00+0.00°
C20:3n6 0.68+0.28™% 1.03£0.28 0.79+1.77 0.38+0.19
C20:4n6 8.03+2.23° 11.93+4.40° 5.10£2.04° 7.97+1.46%
C20:5n3 0.00+0.00° 0.00%0.00° 2.29+0.57° 2324074
C22:0 0.34+0.17° 0.75+0.37 0.42+0.06" 0.76+0.30°
C22:4n6 0.000.00% 0.000.00° 0.91+0.13° 0.77+0.56"
C22:6 5.18+155° 8.90+3.72° 22.01+1.85° 93.12+2.21°
SFA” 34,02+2.98° 42.07+643° 40.15+0.93° 42.12+351°
MUFA® 36.86+4.23° 2751%12.70° 1553+1.81° 12.48+2.72°
PUFA” 32.86+251° 34.97+10.38° 48.22+183 50.16+1.26°
s/M/PY 1:1.08:0.97 1:1.53:0.83 1:0.39:1.20 1:0.30:1.19
Fatty acid composition is expressed as percentage of total recovered fatty acids.
l)Groups are the same as in the Table 1. ®Values are mean=SD.
?Values sharing different superscripts in the same row are significantly different at p<0.05. INS: not significant.
¥See the legend of Table 2.
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Fig. 1. Relative ratios of FADS2 and D5D mRNA expressions. g -
Three replicates of RT-PCR analysis were carried out to quanti- T o6l c c
tate relative ratios of target genes over GAPDH as an endogenous 5 T
gene. Relative mRNA ratios of FADS2 (B) and D5D genes (C) T 04r
were quantitated as described in Materials and Methods section. g
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Aleo] Z C16:0, C18:0, C18:18]&°] Y53 ¥, C205,
C22:69] ko] Wgkr(Table 2). o] & A WAEE Zholl A A
2o] o] HAAY A Fol A ==, C16:02
BT=S A3 o} & FollA ZheA S gk u]go] Aeig L
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Fig. 2. Comparison of C18:2, C18:3, CLA, C20:0, C20:4 and C22:6 fatty acids in plasma and liver.

Groups are the same as in the Table 1.

Values sharing different superscripts in each tissue are significantly different at p<0.05.
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Table 6. Effects of CLA on the conversion ratios of C18:3/C18:2 and C20:4/C18:2 in mice liver

BT BTC FO rFocY
Liver 18:3/18:2 0.04£0.007% 0.02+0.01° 0.01+0.00° 0.02+0.01™
20:4/18:2 0.47+0.17® 0.94%0.30° 0.32+0.13° 054+0.12°

1)Groups are the same as in the Table 1. *Values are mean=+SD.

Values sharing different superscripts in the same row are significantly different at p<0.05.
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