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Effects of Dietary n—3 Fatty Acids and Fat Unsaturation
on Plasma Lipids and Lipoproteins in Rats

Park, Hyun Suh and Lee, Sook Min
Department of Foods and Nutrition, College of Home Economics, Kyung Hee University, Seoul, Korea

ABSTRACT

This study was to compare the effects of dietary n-6 and n-3 fatty acids and fat unsaturation
on plasma lipids and chemical composition of VLDL and LDL fraction and lipogenic enzymes
activity in rat liver under the conditions providing 1) a similar amount of n-6 or n-3 fatty
acids(LA, ALA, EPA+DHA) in diets, and 2) the various degree of fat unsaturation. Male
Sprague-Dawley rats weighing 420g were treated for 6-wk with six experimental diets providing
25% of energy as fat and which were different only in fatty acid composition. The fals used
for a source ol each fatty acid were beef tallow for saturated fatty acid, corn oil for n-6 linoleic
acid(LA), perilla oil for n-3 o-linolenic acid(ALA), and fish oil for n-3 eicosapentaenoic acid
(EPA) and n-3 docosahexaencic acid(DHA).

Plasma cholesterol level was increased by corn oil to compare with beef tallow. but was
decreased by perilla oil or fish oil. Plasma TG level was significantly decreased by perilla
oil or fish oil. Figsh oil significantly reduced the level of HDL-Chol and the proportion of
Chol in LDL fraction and that of TG in VLDL fraction. Overall, there was a significant negative
correlation between the level of each plasma lipid(Chol, TG, VLDL-TG, LDL-C) and the
degree of fat unsaturation. However, this relationship is not always true when compared the
hypolipidemic effect of each fatty acid at a similar level of fat unsaturation. There was a trend
such that glucose 6-P dehydrogenase, 6-phosphogluconate dehydrogenase, and malic enzyme
activities were reduced by n-3 fatty acids. Perlla oil significantly increased the incorporation
of ¢20: 5 and ¢22 ° 5 into liver tissue and fish oil significantly increased the incorporation
of ¢20 ¢ 5,¢22 1 5,c22 © 6 into liver tissue and the effect of long chain n-3 fatty acid incorporation
was greater by fish oil. Therefore, the hypotrglyceridemic effect of n-3 fatty acid could be
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resulted from the interference of hepatic lipogenesis by long-chain n-3 fatty acids and the
reduced proportion of TG in VLDL fraction and its effect was greater by n-3 EPA+DHA
than n-3 ALA even though plasma Chol and TG levels were also influenced by the degree

of dietary fat unsaturation.

KEY WORDS : n-3 fatty acids - a-linolenic acid * eicosapentaenoic acid - perilla oil * fish oil -

hypolipidemic effect.
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TS A 417 (coronary heart disease, CHD)
o L viAGEQA AARAZE F8 A8A=
F9o) djolm], Hohfel Aure] FFH Ao
877t 84AA s T2 2RAAA7 Ake
SR B3t JopD. 7l X &1x| 4 (saturated
fatty acid, SFA) ol ¥]a}e] & 3 5} 2] Hh 4k polyunsatu-
rated fatty acid, PUFA)2] HHE FAA I D2H
839 AdsEE @ARA ZAaAME # sldL
FAQY0. 1HER F2 48 BN U &
$5 o] 9 n6 linoleic acid(LA, c18 : 2)E hypoli-
pidemic effect7} gl& AHtato g ARSI gort
I gFe dfo] glled wiglyceride(TG) 9}
very low density lipoprotein(VLDL)2] ¥ X7} 57}
2 AT BRTN. dshzald) s AAL
®ol B+ Eskimo¢l &2 CHD ¥¥-8o] dA3A
woren, o]&9 #ahfe= cholesterol(Chol),
TG, VLDL, low density lipoprotein(LDL) 52| &%=
7F -2 ¥HA high density lipoprotein(HDL) €] &
£7h BRI, 0)9) o] MM} AUFY by
polipidemic effect7t @& A A2 A9 437}
Z7H 3 2, BAF T FiEo] de eicosa
pentacnoic acid(EPA, <20 : 5)9} docosahexaenoic
acid(DHA, 22;6) §3% & n-8 PUFASH ¥
HZA 71E8 i & n6 LAY v A A7}
s JYET N0, mF gt
2o| A4tH= 72 (perlla oll) 9E n-3 a-linole-
nic acd(ALA, c18: 3)7} 50~60% AT 5
=8 o] AW4tE AuelA EPA%} DHAZ H@
HEg Z2 AY3 538 & A= 7hHY
2L FHo) BopRm QoH,

olF g EX AN AANA L EaARE H
WA dE VAL oy B9 ¥ w
flou 2% My &3y VLDLo] W] AAH
A 7Hl A lipogenic enzyme®] #A4-& A5k
TGs} VLDLY] §4jo] Ao} VLDLY EH|7}
ol 8% vt Fad Rz 4y gom”
W1, kit ZAAe] 2o wal n3 PUFAZY
n-6 PUFAR T} Itz & efjA] Aukat §Hagof oist
e g AFAZA gt s, £
hypocholesterolemic effecti= %o ¥ PUFA 9] =] ukAk
5R9 T2 oA Erole PUFAS FEX &
Zo) M G LETE BiE goemad,
B AFd A= com oil(CO), perilla oil(PO), fish
0il(FO)£] hypolipidemic effect® w|m3lAA 2z
7129l Fa Auralel LA, ALA, EPA+DHA 9
FoBe H2dA 2Fste] A3 AR o 23
BT v e, T o) xle] 2EEIE 5
z2Aste 2ele] FEESE7 4 A
# 727 9] lipogenic enzyme?] Al R o] 0] 3]
< ¥asgrh
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1. MAj0] 2 A

AF ok 1558 Sprague Dawley®E 5HAE A
o e} dAEel o8 6ToE ko] 7 A
4012 677 FAsgrh 4RH0le AL
Table 13} Zo| FAFZF) w3 8o 55%, @
Wgdo] 20%, AL 25% 7} 52 TASPOH,
AzdE WIAA 2 Holo FH APt
FTEY 2} F& AT SFA UL E beef
tallow 5 FE ¢ & BTE, n6 LA F922 com
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CO-IT, n-3 ALAFG Y L2 perilla
£ PO, n-3 EPA+DHA g8 =2
fish oil concentmate(HAA T FAZANE FFF
T2 FO-IT o7} 3H v =& POT-o L} FO-I9)
A FERIE FEHF AY BA 2FE7
Y5t BTT9 beef tallow THE com ol T3k
L COIIF ol g} 8t91aL, POT ) ALASH(3.25¢) 7

Table 1. Compositdon of experimental diet

A<l 27 EPA+DHAS (2 2 FPA #h3l B3 &)
Fdq35t7] 938 fish oil FAFE £714171 && FO-
I wol2t st 25 6702 248} oo 7}
2] SFA®l monounsaturated farty acid(MFA) 2]
&S Ao Hl=EA Z2EEHEA FOTY A
Abo] = guko] o 1% 7} 8 4= ) €& coconut oil &
corn oil2 H7}3FATH(Table 1, 2). =3 FOF) A

Dietary Groups

Ing‘redients(g) BT CO-1 CcO-11 PO FO-1 FO-1I
Com starch 58.0 58.0 58.0 58.0 58.0 58.0
Casein 21.2 21.2 21.2 21.2 21.2 21.2
oil" bt 11.8 - - - - -
cC - 58 - 5.8 5.5 2.5
[0} - 6.0 11.8 0.5 0.8 0.8
po - - - 5.5 - -
fo - — - - 5.5 3.5
DL-Methionine 0.5 0.3 0.3 0.3 0.3 0.3
Sale Mixture) 8.2 5.2 3.2 3.2 5.2 3.2
Zn Mixture®) 0.8 0.8 0.8 0.8 0.8 0.8
Vitamin Mixture®) 1.0 1.0 1.0 1.0 1.0
a-Cellulose 3.7 3.7 3.7 3.7 3.7 3.7
1) 3mg vitamin A and 1.5mg vitamin D were dissolved in 150g oil.
DL-g-tocopheryl acetate was provided ar 217mg/100g oil.
2) Hubbel Mendel Wakeman Mixture(per 100g) (reference 51)
8) Zn mixture > 1.67g Zn acetate/kg corn starch
4) Vitamin mixture(per 100g) (reference 51)
bt . beef tallow, cc : coconut oil, co ; com oll, po : perilla oil, fo : fish oil concenrrate
Table 2. Fatty acid compositions of experimental diets
Fary acid Dietary Groups (g/100g diet)
BT CO-1 CO-II PO FO-1 FO-II
cl2:0 0.01 2.81 - 2.81 2.67 1.22
cl4:0 0.39 1.08 0.12 1.03 1.28 0.92
cle: 0 3.01 1.27 1.53 0.92 1.02 1.02
cl6 1 0.40 — - - 0.65 0.71
clg: o 2.55 0.33 0.35 0.27 0.20 0.15
clg 1l 4.57 2.06 3.30 1.27 1.49 1.48
cl8 .2 0.35 3.27 5.81 1.17 0.60 0.60
cl8 . 3 0.07 0.08 - 3.25 0.01 0.01
20.5 — - — — 1.38 2.18
226 - — - - 0.66 1.02
Relative far
0.59 1.00 1.69 1.51 1.61 2.98

unsaturation
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A8 fish oil concenmate o= A¥re] AE qf
A7) fel dl-a-tocopherol(0.2% ) o] 35 §]
onz E FAE FOITE tocopherold ol
B30} dl-a-tocopherol 217mg/100g oil& 371319
o,

2. Makars =4

1) SHUR{H

A@Ae] TAV|7t 657t BUE @ FEFH
A chloroformo 8 w3l B2 (Ao &
A5 A3l plasmaZ £ 8] (4T, 1500xg, 30
min), AL ZA] lipoprotein fraciong #]3}
= Ahe5l5 e, Y A plasmas —40Co ¥ 5
A GTF TG Chol & ZA8Ah

2) HDL-Cholesterol

Bumstein$ 9] W9 o 2 402 §A5HAM Bk
poprotein(VLDL, LDL)-& A As}x & 42 B3
3l Cholg€ &A% ¥ HDL-Chole]z} 8}t

3) Cholesterol

Plasma®} £ 2 H HDL fraction?] Chol& T-choles.
5. B A k(= A 318} ] cholesterol esterase ¥ o]
oJF A EAstg e, o|w] HDL-Cholg HAA|e}
I waAekE R ThE Mg AASY] 9l
Nay-EDTA £ HEFE7l 8.0mmole/L7} HEZE
F71sac.

4) Triglyceride
TG §¥e Fletchere] ¥ 190 7 2340

5) Phospholipid
Fiske$} Subbarows] #2003 phosphoruss
223 facor 258 Faha] B2

6) Lipoprotein®] Ultracentrifugation

PlasmaZ} ¥-&38}e] 227 ol A 40}8]4 poolsle]
Hatch9} Lees?'’ 9] "Hiol| oia} ¥2)shslv}. Sorvall
ultracentrifuge(Model OTD 75B, Rotor T-875)%
AlHg-5te] plasma 7mlE polyallomer ultracentrifuge
tubeo] ¥ 37 I 9o density 1.006g/ml¢] Na(l solu-
tion(0.195 molal) 3.5mlS 7)E7} A7) GxE

A3 A9 T2 SadA = F 42,000rpm
(114,000xg, 16~18T) ol A4 1613+ L4 223k}
HAEE T F mbeE A A AYo] PAA FL
Ao 2E]@ F82 1.75mlE £ 5la) VLDL frac-
ton® 2 IFalgen, A&Este] wbes] A
L= infranatant 1.75mlZ $ oA Wl L 94
©}A] density 1.182g/ml2] NaBr solution(2.44 molal)
3,5mlE P& 3 VLDL fracion $almjs} 2& =
Ao A 20X AAE TSt AFo 2 T a%
& 1,75 mlE IDL fracione 2 7H53tgrl.
Halg VIDL¥ LDL fracdond 4ColA] 1mM
EDTAS 383 0.15M NaCl S0 2 48A17F &
A% F —40To] BAS}F )7} lipid composition
Faleo) AHgEgrh

7) Lipoprotein®| Thin Layer Chromatography

¥-2] 9 lipoprotein fraction$] LA #-& H 3 pro-
tein FFE 238102, YR E FolchS 9] Wy
Wow AL FZ35le thin layer chromatogra-
physle] A& 2] &4 = [rec cholesterol, cholesteryl
ester, TG, phospholipid®] 4t} & B ZE percentage
(%)2 e,

8) Lipogenic Enzyme Activity

L AAT EA isotonic saline(2T) ol He =
g5 #3] Gellerst Wingeo] 8294 whal 9 vol.
homogenizing buffer(0.25M sucrose, 10mM Tris-
HCL 1mM EDTA, pH 7.4)5 ¥ 3 glass homogeni-
zer®2 homogenateE FH]) 5}l cytosol fraction
228l el Malic enzyme?| activity= Ochoa?]
Ao miel 2HEgoen, enzyme unites 1§
< 0.019] absorbance?] Z7}1E Y 0.7]¥ enzyme
%o 2 AASGLH, specific actvity:= cytosold])
T gl prowin lmgdl W3 enzyme
unit2 el e}, 6-Phosphogluconate dehydroge-
nase activitys= Glock$} Mclean®] W4i2600) 23}
gytosol 0.2ml, 0.1M MgCl; 1ml, 0.25M glycylglycine
buffer (pH 9) 1ml, NADP™* (0.2mg/reaction mixmre
2.4ml)Z 751+ reacton mixwures]| 0.05M subst-
rate(6-phosphogluconatc) 0.2mlEg Frlsle] =4
UV-visible spectrophotometere]] A 33 340nme| 4]
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58 B9t absorbanced] 715 ZAs o). ol
glucose 6-phosphate dehydrogenase activiys Z2-&
Yoz £H5E 0.25M gyoylglydne buffer(pH
7.6)2} 0.05M substrate®4 glucose 6-phosphate(0.
05 M) 0.1ml¢} 6-phosphogluconate(0.05M) 0.1mlZ
71 24 H aciviye] 128 7HEstgoed, 1
cnzyme unity £ EF9t 0.0lpmole®] NADPHE
A8t enzyme o] specific actvity= protein
Imgol| D3 enzyme unitZ LFERf I Th

9) Xy =4

A7 el livers) A FolchF o) WP oz AdL
FET F Ny g2 AZAZ Y Morisond}

Smithe] HPH2o) )8t methylation A7 5, gas-
chromatographyS o] &&te] kit 248 AEes

k.

10) SAXE]

Yoz Foj @ XA BRI ARARA,
lipoprotein fracion®] #3834 %43, lipogenic enzyme
activity, 2+ 22| o] Atz Ao 1 X = 4L onc
way ANOVA £ o|&8te] p<(0.05 F o)l A Scheffe’
teste] 9|8l F¢]A2 AL, parameter 7He]
correlation coefficient® EA|¢ FaFETHY,

E- a

1. Plasma Cholesterol

W23 ke 78S FARE H(COT, PO, FO-
1) 7 7189 hypocholesterolemic effectE B2
3lad B Table 344 A AR ulgl 2o] plasma
Chol& beef wallowol] ¥]&) corn oildl] A 235

2t S7hH A3 B9, perilla oilo| 1} fish oilo]]
e A FHAFHAA fish oile] AT F
Aol AR ez #1235 o 7FE FY
8¢ W& fish oil9) plasma Chol AE+E 7} 714
A3 (p<0.05), perlla oild} com oild 24314
TN A B3P Y BES n69 n-3 Ao
o) ¥52g CO-IF(LA 3.27g), PO (ALA 3.25
g), FO-IIZ(FPA+DHA 31592 vlmsie B
n-6 LAS] B]3] n-3 ALAS n3 EPAS] Z+AF 7}
O FE, & 2L n8 AdolAgk ALA Bt} EPAY]
fo 4 5iA plasma Cholg Z2AFH Thg-2 A
HHl Bxse o] HRE CO-IIT, POL,
FO-IZS A2 Hli@s] Helx n6 LAe] B8] n-3
EPA AHbite) §-9)4 Al ZHAaAFH I ALAS LA
B o ZAAIZ AYNS HYenz T2 £
EoT FE A= EPAL A5 71 Fvh
ES EX3E £FH plasma Chold}e] 4ABAE
TEHE 2 HojApte BEITIF FUHETE
plasma Chole] Z4aEe] fedgle 99 Jad
AE RgvHTable 4).

2. Plasma Triglyceride

CO-17, POZ, FO-IT-S v 8} B M (Table 3),
plasma TG EX¥ beef wllowd)] H]F] com oilS
FARE W HYAE AHE TR Ao pe-
rilla oloh} fish oils) S}8N #9)45A By
9o E3] fish oil ©) { AFFHo|UT} £ beel
mllows} 22 %) comn oil7h-g FAFP-L H(CO-
IT)= plasma TG oFo] ZHAE ot A7t
zpol7k AX F Aol glYlen CONTH Hl&g
EX5T 2o 299 POFH FOIFAA T &
44U E A4S EYth B 06 9 n-3 A4k

Table 3. Effect of different dietary fars on plasma lipids in rats

Parameters Dietary Groups

(mg/dl) BT CO-I CO-1 PO FO-I FO-11
Totwal Chol 627+ 158  67.0£ 158 655+ 1500 519+ 9.1 428+ 8.7b 551t 7.4°
HDL— Chol 46.8% 10.4% 5951 18.0° 47.1+157% 487+ 1017 51.8% 6.5 274+ 6.8
TG 10341 27.6° 92,6+ 3472 7194 34.5% 554+26.1% 4801 149> 4].8+11.3

Values are Meant SD of 8—10 rats.

Values sharing common superscript within the same row were significantly differenc at p<0.05 by Scheffe

test.
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gL rjFos wWad Holk n-6 LART! n3
fatty acid®] hypotriglyceridemic effect7t §-94 21 Al
How, e n3 Age|A T ALA Et} EPAS] &
F7} Fa533 A aFol Y th(Fig1). Plasma Cholo] A 2}
nh@7tA 2 plasma TG T =% HojAge] X3}
=9 FoHglE 99 AAAAE Bk

3. HDL-Cholesterol

HDL-Chol¢] 8% plasma Chol¥ TGS} Z2&
vhalo 2 wlidle] W (Table 3), BTFA 1|F)
CO-1, CO-IL, POT M= FY430E A& F7
@sre 1} FO-I 3 FO-IUTH A& ohE 4o v]3)
A UA ZAEALH fish oil FAFo] & L
FO-IITolAE HE dase A%E By

¥ HDL-Chol2 2e]xwre} B¥ w7} wold
FE 238 FAEH FeAs do JRBAE
e 9 W (Table 4).

4. Lipoprotein2| SEHEZEAM

Table 5 o AAlQ v}e} Fo] Fgdt 7| Fgol
Hi@ o (CO-IF, POT, FO-IT)¥E VLDL frac-
tiong] total Chole] AFef &<l F(%)olE Y&l
glgi e}, LDL-Chol(%)2] 2F& corn oild] &l&)
A beef allow 2.0} 238 o F715%1e, peri-
la oil#} fish oild] ¢34 com oil B} {2}4
AA ZAAFS BT 5% 24cl = VLDLTG
(%) beef mllowel] H]#) com oil# perilla
oilef] 25 F7HH ool an, Mol FaAd

Table 4. Correlation coefficient between fat unsaturatdon and plasma lipids and lipogenic enzymes

Plasma Chol Plasma TG HDL-Chol LDL-Chol
c=C —0.6104™* —0.5095%* —0.6630%" —0.3575"
~ (50) (45) (45) (50)
VLDL-TG Malic Enz G6PDH 6PGDH
=G ~0.5815%* —0.1309 —0.1386 —0.2926
~ (48) (18) (40) (40)
*significant at p<0.01 C=C . degree of far unsamration
**significant at p<0.001 G6PDH ! glucose-6-phosphate dehydrogenase
( ) : number of ras 6PGDH : 6-phosphogluconate dehydrogenase
120 < -
100 1 R
" B
7 g
= gpd % g
3 ¥ Z £
5 = Z =
S o - ] % B
= - ~
5 % /= ®
g mﬂ % =
U 40+ e - 5
N ! E
3]
20 o
0 -
Chol TG
{7 wr(sFa) CO(LA 327 [ POCALA 3.25¢) Ml FO(EPA 3.15g)

% : Significantly different at p<Z0.05

Fig. 1. Effect of dietary farry acids on plasma lipids in rats fed a similar amount of each fauy acid.
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ae) ks 71E 02 Has A (Co-1Z, PO, FO-
II7), VLDLTG( %) 3% & n6 LAY n3 ALA B

= n-3 EPAY] o5 HoHUA FAEAT,
LDL-Chol(%)-& n-8 fatty acids(ALAS} EPA)9]| 2]

A - o %

A FSEUA EAck(Fig. 2). ® vl&F B
% F@o A v]iale] Helx LA u]s] ALASH
EPAY] o}8jA4] LDL-Cholg}(%)o] F2duA 2
2HY9Y. 28y RBog Holael BEXHETL

Table 5. Effect of different dietary fars on chemical composition of lipoprotein fracton in rat

BT CO-1 CO-I1 PQ FO-1 FO-UI
VLDL
FC 8.0+ 52 6.1 2.6 7.9+ 342 8.1+ 19% 83+ 1.5 127+ 2.8
CE 18.7+ 7.9¢  16.3% 5.8 109% 2.8P 125+ 1.5 172+ 55% 197+ 3.8%
TC 967+ 11.5% 224+ 652 188t 55*° 205+ 2.8% 255+ 6.9% 324+ 3.5P
TG 66.0+14.9®  73.0% 4.92 76.5+ 5.52 743+ 43 688k 62%  59.0+ 4.6°
PL 33%f 1.2# 1.9+ 0.9% 1.7+ 0.6° 1.7+ 0.9% 1.5% 0.7° 21+ 19%
PR 40+ 3.3 2.8+ 1.72 3.0t 1.3 3.5+ 2.02 42+ 1.8° 6.6+ 5.2*
LDL
¥C 147+ 542 16.2% $5¢ 145+ 5.8 162+ 8.7 117 2.8 115t 447
CE 246+ 147  356+11.0%  375% 625 228+ 877 250+ 850 292+ 4.9
TC 39.5+ 5922  518+10.9% 52.1% 6.1  39.0% 592 36.8+ 8.5*  40.7% 6.3
TG 46,0+ 9.0*° 3501121 36.4x11.62 50.2% 4.6% 514+ 53  448%f 947
PL 39 1.5 54+ 1.5 40t 1.5 46+ 5.5° 2.0% 1.0° 41t 242
PR 11.5+12.5° 7.7 7.6 7.6t 7.2 6.3t 2.0% 9.8+ 1068 125+ 14.8%

Values are Mean+ SD and expressed as the relative % of rotal contenis of each lipoprotein.
VLDL : Very low density lipoprotein
FC . Free cholesterol
TG : Triglyceride

test.

LDL : Low density lipoprotein

CE : Cholesteryl ester
PL : Phospholipid
Values sharing common superscript within the same row were significanty different at p<(0.05 by Scheffe’

TC : Total cholesterol

PR : Protein

Chal or TG{mg/dD)

Chol or TG(%) in lipiprotein

Chol

[ ] sra(sm

* © Significandy differenr av p<C0.05

Fig. 2. Comparsion betwween the effects of né and n3 PUFA on plasma lipid.
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4% VLDL-TG(% )% LDL-Chol(%)o| 7+
Aoz e}t (Table 4).

o

=
L.
—

5. Lipogenic Enzymes

%ako] 7122 v|gos ¥EP-L w(Table 6),
F Al Aol 7t glele™ fish oile] )3 4] malic
enzyme, G6PDH, 6PGDH BA%7} 713 74 &
AT HPon, n)£d BT £289 COIE,
PO, FO-IES H|E&}d Hol® &2A499% 2}
ol giglon o FAGAHEE BXILY 4@

BAE BojA] ghtrt. 28] Al Ao]e] 5= 8 X4t
gEe] 2o FEAAM A H2T Y fish ol
EPA A ate) Ha o) BAEE /P T2zl 4
kg BYTh

6. Xz y

2 o) At 242 AT AFAIe o)A
pekolie} 2o 2 g Heke Aate) S5 net
P ST RaEo] $Hrptd), Table 7o) A
z

txAe AP 2HE 249 BY com oilg F

Table 6. Effect of different dietary fats on lipogenic enzymes in rat liver

BT CO-1 CO-11 PO FO-1 FO-11
Malic Enzyme 19+02 14+ 038 17412 1.5+ 0.6 1.2+ 0.5 1.1+ 04
G6PDH 21.8% 5.1 194+% 63 206+ 4.7 20.2+ 4.5 18.0+ 4.6 17.2+ 5.9
6PGDH 36.6£4.9 3551137 354.9%£79 32.9% 64 50.0% 8.6 275+ 6.3

Values are Mean® SD of 7-10 rars. _

All values were not significandy different at p<(0.05 by Scheffe’ test.

Enzyme units are expressed as spedfic actvity{Unit/mg protein/miin).

G6PDH : glucose-G-phosphate dehydrogenase ~ 6PGDH ! 6-phosphogluconate dehydrogenase

Table 7. Effect of different dietary fats on liver farty acid compositions in rat

Fatty acids BT CO-1 Cco-1l PO FO-1 FO-II
Cl12:0 2.31+3.03* 1.96+ 0.442 1.51+0.952 2.58+ 0412 3.70% 1.55% 2.44+ 0.662
Ci14:0 0.294+0.15 1.71£ 0230 0.88+0.48* 1.58% 0.26Y 2.00+ 0.92° 1.28+ 0.55P
Cl6:0 21,63+ 3.35 21.25%1.687 20.24+0.922 2050+ 1.24* 2233+ 2.18*2 23.774 2.56*
Cl16:} 1.371£1.86% 0.52+0.182 0.50%+ 0.10° 0.53%0.10% 0.76x+ 0.182 0.60+ 0.212
Cl8:0 14,64+ 2.12% 1249+ 1.18* 14.09% 1.45% 1487+ 1.69% 14.41+ 154 16.00£0.97°
C18:1 2542+ 598% 1615+ 1.77% 14.54+£ 248> 1827+ 1.11b 1220+ 135> 12571139
C18:2 9.59+ 1.45%  19.69+1.70> 20.98+5.06" 1561% 1.?8c 13.44:+3.02¢  11.60% 0.86°
C18:.3 0.41X0.222 0.56% 0.212 0.49+0.21* 6.54% 1.670 0.69+0.172 0.64%0.162
C20:0 0.20+ 0182  0.84+0.10° 0.72£0.78%® - 0.86+0.32>  0.57+0.22%
ca0:2 1.70+ 1.48* 0.85+0.312 0.71£0.282 0.59+0.16* 0.70% 0.25% 0.72+£0.192
C20:4 13,48+ 1752 1584+ 147% 15.66£221* 964+ 134>  6.31+230"  6.54% 1.06°
C20:5 0.65% 0.482 0.59% 0.492 0.97% 1.062 .69+ 1.70% 7.17+£2.99¢ 7.27£0.81°
Cc22:0 1.45+1.022 1.31%0.46% 1231 0.442 1.27%0.262 1.02+ 0.282 0.96% 0.272
C22:1 - - 0.48+0.172 0,72+ 0.30* 0.55%0.192
C22 !4 0.53+ 0442 0.98% 0.30% 0.95% 0.292 11841172 0.84£ 0.50% 111+ 0.742
Cce2:5 0.55+0.37* 0.45%+ 0.242 1.16% 1.81% 1.86% 0.44P 2.61+0.78° 2.62+0.31P
C22:6 518+ 1.10° 4.10% 1.042 450+ 2,472 5.811 1.08? 947+ 163 10.76%1.31°
C24:0 0.14+ 0.14% 0.17%£0.18* 0.18+ 0.222 0.3240.812 0.63% 0.462 0.58+ 0.812
Cc24:1 1.10+ 0.69* 1.22+ 0.522 1111+ 0.84° 0.45+0.2]2 0.58+ 0.28% 0.89% 0.65%

Values are Meant SD of 8—~10 rats and expressed as the relatve % of iotal fany acids.
Values sharing commen superscripts within the same row were not significandy different ar p<{0.05 by Schefle’

test.
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Ag oA 2T HFH c18 27} FAAUA
Ekon BTEH ol 20: 4% FAAUA F7}
H At} Perilla oil Fodof] 28] A& 18 39] <]
AAA Z7HE 2L 20 5% beef wllowl} corn oil
T TR G4 AA g fish oll Fo g
TEUYE F4uA wdtk ® @258 POT
N A% fish oil FF FoA e} vpFrIA R FodH
22 1 62 fish oil Feigt Tl F4AA =
pig= g

i &l

Beef tallow, corn oil, perilla oil, fish oil o] Z}+z}
plasma Chol¥ TG X9 vlAv 4TS HES]
£ @1} beef tallowel] H] 3] corn oildl] 2]a)4] plasma
Chol2 2313 o7t $71E AdE BHen pla
sma TGE kb ZAaE k. 28t perilla oils}
fish oile)] ¢]8]A)& plasma Chol®t TG ¥ &7} 7
5o n, o2 fish oile] #}% plasma Chol &
TE AsA7E sl ik

zZ} #ole] R)ubikz Al 3 H H (Table 2) com
oile n6 LAY FFFo] F-2 ¥hdd] beef mllows
FAEARZ 161 0 c18 0] kol Az} F
om c18: 19 FHx ¥ EYrl ZE} perlla
oilo] 1} fish oiloll = cl16 : 03} 18 : 0°] corn oilo]] 4]
Hopw P yhe 500 a 4l ¢18: 39 201 5
9 22 : 60] Z2t gee] FHEHATh Grundys
330)e) Bye) 9 2old F2 BL EHA
HEAL(SFA) 2 cl16 . 02 F A olu} monounsaturate
4l F3& w plasma Chol3} LDL-Cholg %
ZINZ e cl4:0E olEr} HE FI/IANAGL
gt wof c18: 0% THE SFAY] HE plasma
Chol?) Tx& F7MM71A g $4389 93L&
#9]t}h. Bonanome & Grundy’®'e] 3ol o)3bw
cl8:0& ¢18:1 AN¥E 49 towml Chold} LDI-
Cholg F7MA714] 281 m}x “necuwal” Z&
H&E 3o o]RAL ofr} 18 00] THA X
ol Al a] c18: 12 A&o] 7H5Etr] fELD Aol
g stgort o}F ¢ 1A 7 ZdLe 9 4
TFEol loh AelF 7Hg Be 18 1L cl6 09

H) &3 plasma Chol T8 A3}A|7] 2, 9] c16: 0
2 Ad ¥EE plasma Chol 322 FVHAE
oBF cl§! 1L FEAA Ze G7Fel a3t
238 “neutral”¢]2tm 3G, 22} A2
Bad 25t oje tr=A cl6: 03 18 1& F
9] Chol 3%E 714 940]9A LDLZ HDL
hAtel Ml AL FoE Bax QP
L#E¢r LA(c18 : 2)+= LDL fraction?] Chol %
o] %4%-& Fo] plasma Chol T=& ASAHTIZL
Hol gkl T o] Anpate] Gk tisjA=
ko] B& o)t} Spriz & Mishkel®ol] o]atd
PUFAE LDL Aol A o] B& F3hE AR st
LDLe] v FHg9ke] cholesteryl esterE #4537
HEolgn =7t s % LDL Yzte] 57}
2y FdAFdns § Hue gup?. oy X
FNA L olge g Hol LAE ZEFHOZE Fho4
VLDL ¢z}e] EH[E 9Als]A LDL & WF
F7le] olzln Fow, SFA7} LDL receptorg)
1ol #48 dAEHE 4l AT I9E 9
AEA7L glo] 2 AFRRZ 4ol o] LAY} BLoH
SFA9| H]3] LDL AA7 & 3R] 7] oo
dAZ2E c18: 13 e ALE LDL ¥£2 44
A 7)% “neutral” 9] Qo] Yka PPN, 1
2 Z n69 n3 fay acddsE AYF 712 hyper-
cholesterolemicgt &) WF4k¢1 cl4 © 09 ci6 : 0%k A
A& of BT o ¥3] COFE(, IDNA 30-50%
Ax o @oted LA o] ¥2d X Chol¥d LDL-
Chol(%)e] A9 Zdz] 238 F7FEAt
T8} HamisS9e] B0 ¢)59 salmon oile]
com oill Bt} @A oz A CholE ZAAZ]
AL 06 LAT 1241 271 9] o] 3 dF-E Zugle
b, n-3 PUFA%! ALAE 37, EPA= 571, DHA=
6718 o|FZAFE AH ZA JorZ plasma
Chol®) 7% n-69 n-3 PUFAS] Adhat =14 <)
FE2AQ AelHt Foid Aol dle] FEXIT
Aelel &g Aelal, plasma TGE EXFER TR
A A SHE FRAY Aol A
deFg wern g 218 B o Ta
ble 404 A H HAA A o2 B plasma Chold TG
FE7F HolAy FEIFEI 824 P
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% ! Significanty differenc from CO ac p<l0.05

Fig. 3. Comparsion betwween the effects of dietary fat on plasma lipids at a similar level of fat unsaturation.

e de AAFAE Holrl= HATH(p<0.001),
Fig. 3 olx Hlvpe} o] H|&Y BELJE FF
oM z+ 7159 AR} &FE A= ¥usd
plasma Chol ¥ =3 fish oile]] o] 8] A7+ 94 97
¥ gom TGE perila oil#} fish oils] 28]
FA QA FAFHAT

Harris§9¢] A|¢tx & plasma Chol #o]¢] F
2¥ser) oy o =Fx e glorh viEA
FTAAE o) FHA A AL ol e TG
7399 ol AR F2AHY ¥R e
Aoz ARt £ plasma TG FEXE Chold
7A%gl o] o)y FEEFHTo) A ZL
Age 2oy 22z A7 n6g nd AW
A%e Ao 2A 2HY AS A FLAHT}
B E=Z3sgch n6 LA(3.27g CO-I) Ht} n3
ALA(3.25g, PO)ol &3A o ZFHAHIUY, n3
EPA+DHA(3.15g,FO-I1)= Chol?} TG A&t &77}
713 1 (p<0.05, Fig. 1). 122 A4t A 2
7Z49 Fol7t F28 FFE nXE o=
Al E

B oM HDL-Chol FEE beef tallowd]
W3] comn oil#} perilla oilell 2B R UA
A3E A ggkert fish oilef ojsiM= FAZAA
ZaFAT F o)A g BEXETt goldrE

Q88 AaHo FAAE 99 FFBAE
B 1t} (Table 4). LDL fracton®] Cholek(%)2
beef tallowel] ¥]3] corn oild] 2lajA o F7HE A
o1} corn oil{n-6 LA)d)| HIs} perilla oil#} fish oil
Z, n-8 PUFA(ALAS} EPA)Y| SJ&fA R4 07
Z4se] BT 237 Zotci(Fig 2). ®F VLDL
fracion®] TG &8 %)< n6 LA v} n-8 ALA K

L fish oil?) n-3 EPAY] 2}&|A FojdiA 7
459t} Harris®] review E=5400] £J3hw 409
PUFA7} HDL-Coll WX G d#Ade] AA
on e Sosls 717k FoFT A
9 wet o 232 Rastgh g5 b
@A AL fish oil(20g 03 & FJspAR)
) 223 EPA TS 39S w4 Chol# LDL-C
&2 oA FAHIYN TG FFL A
U zter} HDL-CE A9 W7l flhA, e
g7t Z7IEER] BAHADIVD. o)o} B T
@ Add| tslA HamisFO00) ojahd 2ol
Z0]91e SFA ol w Axr} th2vhi Yok
2Tl M3 A fish oil FFe] SFA FaFo] T
1o LDL-CZ HDL-C 5&0] #4Eh} 7+ SFA
FFo] grdd 232 LDL-CS HDL-C7} F719
23t} Grundy & Denke*”’ 2] B} A& 717 hy-
percholesterolemic 3 | ¥H4F(cl4 1 0, c16: 0) stk
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& B9 BT H|3] & TETo] O Go%e
et sl LDL-Chol(%)e] Zid A& 7|
Fout n6 LA 2ejAe 2318 FrtEH e
n-3 PUFAY] 9ejAle= 2e £&& fAHUY o
21} VLDL fraction®] TG #8(%)2 n-6 LAS} n-
3 ALAY osiAe FPFZ LA ggtort fish oile)
n-3 EPAC] &JsfAls Adh A TGHo] ZamE gl o
olff Fof#Fe] B W Ko gk o F9
hypotriglyceridemic effecto] 8] o271z o] & o)
AFHL ovt 2 F 7PF Bo] Hud AL fish
oild) 2]3] plasma TG Z+4E FE VLDL » %9
g obE VIDL 44k WolA TG A3
o] Fasted Zlddnta dgow, ®g fish
oil oAl lipoprotein lipase®] &Aool @A slA
A3E = Ao Z Kol VLDLE A A7 £= Ze)
ol Fkof| 48] VLDLTG fr &0 49 Aelagn
FHNINN® FH n-3 PUFAZ} NADPHE| A
A FHE 39 529 malic enzymed G6PDH,
28] acetyl Co-A carboxylase?] 42 74417
oz 7+ AUelA AAEEAL gA L
SATHN. ClarkeF59 2] B0 A A4 cl6 : 0,
cl8:0, c18: 2, c18: 37} lipogenic enzymese] 1
2 2L BzE A7} c18: 0 diets G6PDH,
MES] @43 AittAdo] S7HEAL, 18138
AR 4S5 YERe el 12 cl8 12 B}
Qekg 2] Ealglch 2e|2E 18! 30] cl§ 2
Hol, c18:27) c18:1 B} 8402 lipogenic
enzyme?] &3 A4k A& Aot 3G
o} g el XTI FoldyE Hut
#Z o Z lipogenic enzymes2] &A13) Aubit g
4g AIRDE SAADD. & QPlAE 2
F 2 2w4tke] lipogenic enzymee] Aol FolA
I Aol g FA ZEAL A2 FAG 715 %0
(CO, PO, FO) BT Hlel 50%AE=2A & ¢
el oF 12%xolojA L g ¥e] mlefeig ot
EPA+DHA 7} 3.15g &2 FO-IIZdA = ©&E
o vE) o e AgS Btk B ATAE
xA e Aikxd g A¥E A (Table 7), fish oil
TFojdoll A 205, 2215, 2216 AHbAke] BXE
7F sl d A =skth 222 o] 5§ long-chain

n3 fatty acid ojn] B3@ AMFNMIN B o
F-ol A% lipogenic enzyme?] BAE As)Ete] A
ZE A Fde) ZaFo TG Fide] &0 fish
oil oA VLDLY A TG o] Ast
Hol ¥FY TG 327 T42EAL= Ale g
F 3 ALAE A Ejoll 4] EPASH DHAZ A% o]'¥)
n6 PUFART 3802 TGE Z4AIRS 75
o]l f=dl B dyelx Powe Tz A
Az A A 20 59} 22 58] BEE FrhEGe
Y 22 1 62.2] AFo| n)efatd Ty L2 perilla
oile] ALAE HAF 3] tAl=Eo] AFE B fish oile]
EPA Rh= X FAs A#r7t Yok Aleidoh

a8 =

£ Aol A= Sprague-Dawley & FH A &
d#FY 25% FELR AYE 657 FosEA
n6% n3 fany adde] 83 AAAM}EHRE Hln
&t m Ao)Ate] FRIEEEI EF AdsEd
GFgs v AEIYch A9k n-6 linoleic
acid(LA), n-3 o-linolenic acid(ALA), n-3 eicosapen-
taenoic acid(EPA) %} n-3 docosahexaencic acid
(DHA)9) HY2ZE com oil(CO), perilla oil(PO),
fish oll(FO)& Zt7} AMg-8lE o Fogde £
WEFe AR Fo3e e 22 ZAE
AU,

n-6 LA9] F49 Cod| 23] & plasma Cholz}
TGE Z4A7IAE £59oH, n-3 ALAS] §<]
PO oafre 4ot n3 EPAY F49l
FOS) MlshAE 1 Axot eehth PO SeiA]
LA A4 <1839 ko] FUIEHAUL
20 1 59F 22 @ 52 ABro] 279l FO SodA]
Ttzdel 205, 2215, ¢22:69 E¥7 ¢
F7t=E e 7v22] 9] lipogenic enzyme BAEE
AR AFEFE Feoo= o8} 22 long-chain fa-
tty acidi= ZtellA] lipogenesisE A 8te] d= TG
o] a5 o] plasma VLDLY TG &Fo] )
Ho g Z4¥ Ao] plasma TG F22 %30
LF 71 oz A gk 28 2le] Rwe)
T2 =7} F7HE 42 plasma Chol¥ TG FXE,
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