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Abstract

This study was carried out to investigate the effect of the feeding mixture of linseed oil, rich in n-3 PUFA dnd

the sunflower seed oil, rich in n-6 PUFA on the lipid metabolism in the dietary hyperlipidemic r.

ats. After male

Sprague-Dawley rats were induced hyperlipidemia by feeding the diet containing lard, butter, and cholestero!
for 3 weeks, then they were fed with the diet containing lard 3.0% and butter 12.0% for control, the mixture
in different proportien of both linseed oil and sunflower seed oil, and antihyperlipidemic drugs for 2 weeks.
Analysis of the lipid component and the fatty acid composition of the liver showed following results. Concen-
trations of total cholestrol and phospholipid in liver were significantly higher in group 2 (olive oil 12.0%) and
lower in the other groups than in the control group, especially lower in groups 3 (cholestyramine 2.0%) and 9
(sunflower seed oil 12.0%). Concentration of triglyceride was lower in the other groups except group 4

(lipareid), especially lower in group 9 than in the control group. In the fatty acid compesiticn
Cie : 2 was the major fatty acid. Contents of n-6 PUFA increased, while those of n-3 PUFA decre
5 {linseed oif 12.0%) to 2 as n-3P /n-6P ratio of the test lipid decreased and were affected by
composition of the test lipids. From the data on concentrations of total cholestersl. Pho

of liver lipids,
ased in groups
the fatty acid
spholipid and

iriglyceride in liver, we concluded that the feeding mixed with 3.0% lard and 12.0% sunflower seed oil were

most effective for the improvement of the liver lipids. The fatty acid composition in liver lipids
by the fatty acid composition of the test lipids.
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Table 1. Composition of basal, hyperlipidemic and the expe-

rimental diet (g/100g)

Ingredient Basal diet HL**diet Experimental diet
Casein 200 20.0 z0.0
DL-methionine 0.3 0.3 0.3

Corn starch 15.0 15.0 15.0
Sucrose 50.0 39.0 40.0
Cellulose powder 5.0 5.0 5.0
Mineral mix* 35 3.5 3.5
Vitamin mix* 1.0 1.0 1.0
Choline bitartrate 0.2 0.2 .2

Corn oil 5.0 - -

Butter - 12,40

Lard - 3.0

Cholestero! - 0.75

Na-cholate - 0.25

Test lipid*** - - 15.0

*AIN-76™

** Hyperlipidemic diet
** Group 1 ¢ Lard 3.0% +butter 12.0%

Group 2 : Lard 3.0% + olive oil 12.0%

Group 3 : tard 3.0% + olive oil 12,0% + cholestyramine 2.
0%

Group 4 : Lard 3.0% +olive oil 12.0% +liparoid 120mg
Kg diet

Group 5 ¢ Lard 3.0% + linseed ¢il 12.0%

Group 6 ¢ Lard 3.0% +linseed oil 9.0% + sunflower seed
ail 3.0%

Group 7 & Lard 3.0% +linseed oil 6.0% +sunflower seed
oil 6.0%

Group 8 : Lard 3.0% +linseed oil 3.0% + sunflower seed
oil 9.0%

Group 9 : Lard 3.0% + sunflower seed oil 12.0%
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Table 2. Concentrations of total cholesterol, phospholipid and

triglyceride in Bver of the rats fed the experimental
diets for 2 weeks

(mg/g)

Group*  Total cholesterol . Phospholipid  Trigiveeride
1 11.6x0.585* 61.6x2.5" 23.7+2.0¢
2 20.9+0.80" 71.0+2.4¢ 19.6+0.7°
3 3.0+0.17¢ 31.5:1.0 20.5+0.8°
4 4.6x0.29° 64.1+2.57 25.1 £0.5¢
5 8.2£0.45¢ 42.4%£1.2% 18.7+0.8°
6 8.1 0667 52.0x0.7¢ 17.8£0.8°
7 8.9+0.64¢ 404415 14.0+0.8°
8 4.1+0.23¢ 66.1+1.6¢ 20.3+0.8°
9 4.0+0.28% 38.6+04 10.9+0.4"

*See the legend of Table 1
**Mean 1 S.E. (n=6) Means in the same column not sharing
common superscript fetters are significantly different {p<0.05}
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Table 3. Fatty acid composition of totai fatty acid from liver lipids of the rats fed the experimental diets for 2 weeks

(peak area %}

Fatty acid \ Group* 1 2 3

5 6 7 ‘8 9
14:0 2.0 0.6 0.5 0.2 0.3 0.3 0.4 0.4 0.4
16:0 21.0 16.9 17.8 203 16.4 14.8 15.0 148 14.1
17:0 0.7 0.3 0.2 0.2 03 0.3 0.2 0.3 0.2
18:0 7.8 5.9 6.0 52 5.5 5.4 5.4 5.2 6.2
20:0 16 0.5 1.1 1.2 2.3 23 2.3 0.8 0.8
Saturates 34.0 242 25.6 27.1 248 23.1 23.3 15 21.7
1611 7.2 30 2.9 26 5.8 46 4.0 33 1.1
1811 44.0 59.7 58.4 587 43.8 2.8 412 403 35.2
Manoenes 51.2 62.7 61.3 61.3 49.6 47.4 452 436 36.3
18 : 2(n-6) 56 4.1 4.1 3.9 7.4 16.2 19.7 23.8 29.6
181 3(n-3) 4.2 43 3.2 2.0 76 43 34 3.0 3.0
20 ¢ 4(n-6) 3.9 31 35 37 4.4 45 4.7 5.1 5.5
30 : 5(n-3) 0.9 0.4 0.7 0.9 10 0.6 0.7 0.9 16
221 5(n-3) 0.2 0.2 0.6 0.4 2.0 14 1.4 0.7 10
20 6{n-3) - 0.8 1.0 0.7 3.2 25 1.6 1.4 13
Polyenes 14.3 12.9 13.1 1.6 256 29.5 313 34.9 420
P/S 0.44 0.53 0.51 0.43 1.08 1.30 1.35 1.59 1.89
n-3P/n-6P 1.28 1.87 173 1.42 218 0.79 0.54 0.38 0.31
EPA"/ AA? 0.23 0.13 0.20 0.24 0.23 013 0.15 0.18 1.66

*See the legend of Table 1
“Eicosapentaenoic acid

2Arachidonic acid
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Table 4. Fatty acid composition of phospholipid from fiver lipids of the rats fed the experimental diefs for 2 weeks
(peak area %)

Fatty acid \  Group* 1 2 3 4 5 6 7 8 9
i4:0 0.3 0.6 0.2 E - 0.2 0.2 - -
16:0 203 179 195 23.0 14.2 14.7 14.3 148 142
17:0 0.4 0.3 0.4 0.3 0.5 0.5 0.4 0.4 0.4
18:0 234 24.1 231 19.1 234 23.0 227 21.2 19.8
20:0 29 1.7 1.7 4.0 31 4.0 2.8 3.0 3.2

Saturates 47.3 44.0 44.9 46.4 41.2 42.4 40.4 394 376
16 :1 1.7 1. 1.0 0.9 0.9 0.8 0.5 0.9 0.9
1811 13.3 200 20,7 20.0 14.4 11.1 11.3 10.0 5.4

Monoenes 15.0 21.6 21.7 209 153 1.9 1.9 10.9 9.2
181 2{n-6} 10.5 3.4 9.4 i1.8 15.4 i8.8 21.4 21.6 24.0
181 3(n-3) 2.8 2.7 29 2.1 34 2.8 2.8 29 27
20 : 4(n-6) 15.9 15.5 14.2 12.9 14.0 14.6 15.4 15.2 17.8
20 :5(n-3) 2.0 2.0 1.6 1.9 1.9 2.0 2.4 4.1 1.7
22 1 5{n-3) 1.1 0.7 0.7 0.3 0.6 2.7 1.7 1.4 1.7
22:86(n-3) 4.7 4.5 4.6 3.7 4.7 4.8 4.0 4.5 4.2

Polyenes 37.6 33.8 334 32.7 39.7 45.7 47.7 49.7 531

P/5 0.79 0.76 0.74 .70 1.06 1.08 1.18 1.26 1.19
n-3P/n-6P 0.42 0.41 0.4z 0.32 0.35 0.37 0.30 0.35 0.27

EPAY/ AAY 0.16 013 a1 0.15 0.14 0.14 .16 0.27 0.15

*See the legend of Table 1
VEicosapentaenoic acid #Arachidenic acid

Table 5. Fatty acid composition of trigiyceride from liver lipids of the rats fed the experimental diets for 2 weeks
{peak area %)

Fatty acid \ Group* 1 2 3 4 5 6 7 8 9
14:0 is 0.7 0.8 0.3 0.7 0.0 0.9 0.6 -
16 :0 37.0 30.0 29.8 28.5 19.6 243 25.8 26.3 26.6
3710 0.6 - 0.2 - - 0.2 - - -
18:0 2.2 1.4 20 1.6 3.4 2.6 3.0 3.7 1.7

Saturates 41.3 321 32.8 30.4 237 277 297 30.6 283
16: 1 5.0 2.8 2.7 2.3 1.8 2.4 1.9 2. 0.7
18 11 44.5 55.7 54.3 56.3 47.0 45.0 42.5 40.2 40.0

Monhcenes 49.5 58.5 57.0 58.6 48.8 47.4 44.4 42.3 40.7
18 : 2(n-6} 2.1 1.6 3.5 1.4 12.8 15.1 17.4 19.0 210
18 : 3(n-3) 4.5 3.7 2.9 2.8 4.9 3.7 3.6 2.1 2.2
20 : 4(n-6) 0.3 0.8 0.2 0.1 0.7 0.8 0.8 1.9 4.2
20 :5(n-3} 0.8 0.7 0.6 1.5 26 1.7 1.9 2.0 1.7
22:5(n-3 - - - 2.2 2.5 1.0 0.5 0.3 0.3
22 :6(n-3} 1.5 2.6 2.9 27 4.0 2.5 1.7 1.7 1.6

Polyenes 9.2 9.4 10.1 10.7 27.5 24.8 25.9 27.0 31.0

P/S 0.22 0.29 0.31 0.35 1.16 0.90 0.54 .88 1.10
n-3P/n-6pP 2.83 292 1.73 6.13 1.04 .56 0.44 0.29 .23

EPAT/ AA™ 2.67 0.88 3.00 15.00 3.7 2.13 6.33 1.05 0.40

*See the legend of Table 1
"Eicosapentaenoic acid aarachidonic acid
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Table 6. Fatty acid composition of cholesteryl ester from liver lipids of the rats fed the experimental diets for 2 weeks

(peak area %)

Aot
7R el & XAk, AR, FANE 2 BH =

HE oiad 2 AR Aubit 244 PUFAY] 84
H[&& aja@s] ¥ PUFA $iu]= A2 X3 4
Hofid F2 oo, nE A4 Cis: 29 8
el o] ol FaA4bS ol F9ix, Cro:4ln-6)e
3] A A¥elAl 1 &fulrt Eokek e
AR n-64 PUFAS 5394 922 Zh+E ZriE
utel n-374] PUFAE F4¥ & Ao 2] A g fA
=iupat 2Ad o] ubed Ao 2 vfebydet

Lo or

(=] Ok
fr= =

n-37 PUFASH n-674 PUFAS] Wil ghu]8-2 Zajdl &
A7 A RS fF e A " Ak dabedl
viEls edgkg P Elr] 24 Sprague-DawleyA 3
F el A BR] (3.0%), 18 (12.0%) 4 S 8075
%S A7} ZA G Aol g 3T Feive] AWES
FHEA ) F, BX) 3.0% WE] 12.0% Ao E Ha2T
2 g gha otvialfrot Autetr| EAr5 A% 2 i
w2 22 A 2 SR EE A S FoE

e E 4 AE§ A7,
A R gERTA 8lE 22 (EA
120%4 4oz &
woker 5

0% + #utets]$
A pEe da

e &

Fatty acid N\ Group* 1 2 3 4 5 6 7 8 9
14:0 1.0 ¢.5 [1X2) 0.5 0.3 4 0.3 0.3 0.3
16:0 19.¢ 15.2 16.8 159 100 169 1.2 10.5 1.0
17:0 1.5 &6 0.6 0.3 0.4 .6 0.6 0.6 1.2
18:0 2.7 1.4 3.2 3.0 1.7 1.5 1.6 1.6 1.4

Saturates 24.2 177 21.2 19.7 12.4 13.4 13.7 13.0 139
16 :1 13.1 7.7 7.0 5.6 5.7 6.3 0.8 6.6 4.3
18:1 50.8 63.9 59.1 63.3 61.0 358.3 57.0 55.6 499

Monoenes 63.9 71.6 66.2 68.9 66.7 64.6 63.8 62.2 542

18: 2(n-6) 22 1.7 1.6 2.1 7.1 8.9 12.9 13.3 19.1

18:3 (-3 6.6 49 4.1 39 33 2.8 30 3.2 2.7

20 : 4{n-6) 0.3 1.6 2.2 1.4 1.8 1.9 1.8 3.2 315

20 : 5{n-3} 1.0 0.5 1.1 1.6 1.6 1.9 1.3 1.3 20

22:15(-3) 0.5 0.7 1.6 0.8 3.2 29 1.7 1.7 27

22:6(n-3) 1.3 1.3 20 1.6 38 3.3 1.8 1.9 19

Palyenes 11.9 10.7 12.6 1.4 20.8 21.7 22.5 24.6 31.9

P/S 0.49 0.60 0.59 0.58 1.68 1.62 1.64 1.89 2.29

n-3P/n-6P 376 2.24 2.32 2,26 1.34 1.01% .53 0.49 0.41%

EPAV/AAZ 3.33 0.31 0.50 1.14 .89 1.00 a.72 0.41 0.57

*See the [egend of Table 1
VEicosapentacnoic acid zAarachidonic acid
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