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Abstract

This study was designed to observe the effects of the feeding mixed with the sardine oil containing n-3 EPA,
DHA and the safflower oil in which rich n-6 linoleic acid on the improvement of the lipids and on the fatty
acid metabolism of serum lipoprotein in the dietary hyperlipidemic rats. Experimental oils mixed with 16%
butter(control group) and 3% butter+83% olive oil, 8% butter and various level of sardine and safflower oils
were administered to the male rats of the Sprague Dawley for 4 weeks. Concentrations of total cholesterol in
serum lipoproteins were highest in the LD1, followed by VLDL, HDL and chylomicron components. In the trigl-
yceride concentrations, chylomicron were highest, and much ViDL, LDL, HDL components. There were
highest in the HDL, followed by LDL, VLDL and chylomicron in phospholipid concentrations of serum iipopro-
teins. Concentrations of total cholesterol, triglyceride and phospholipid in serum lipoprotein were lower in the
other groups than in the control groups, and particularly, lowest in the group 5 (4% sardine oil+4% safflower
oil}. From this results, the feeding equal quantity mixed oi! with n-3 PUFA rich sardine oil and n-6 PUFA rich
safflower oil were effective on the improvement of the lipid composition in the serum lipoprotein. It might be
due to the effects of appropriate ratios of P/S, 0.85 and n-6 /n-3P, 2.85 in the test lipids. in the fatty acid com-
position of serum lipoprotein, ratio of P/$ and n-3 /n-6P were influenced from the fatty acid compositions of

the mixed test lipids. And EPA contends were higher in the chylomicron components.
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Table I. Compesitions of basal and experimental diet
(g/kg diet}

ingredient Basal diex Experimental diet
Casein 200 200
DL-methionine 3 3

" Corn starch 150 150
Sucrose 500 380
Cellulose powder ] 50
Mineral mixture* 35 . 35
Vitamin mixture® 10 10
Chaline bitartrate 2 2
Corn oil 50 -
Cholesterol - 7.5
Sodium cholate - 2.5
Test lipid** - 160
*AIN-76™

**See the legend of Table 2
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Table 2. Experimental groups and P /S, a-6 / n-3P ratio and mixing ratio of test lipids

Experimental group® Butter

Olive oil
1; Basal diet +16% BT 16.0 -
2) Basal + 8% BT + 8% OL 8.0 8.0

3} Basal + 8% BT + 8% SDO 8.0 -
4) Basal + 8% BT + 6% 5DO + 2% 50O 8.0
5) Basal + 8% BT + 4% SDO + 4% SO 8.0 -
6) Basal + 8% BT + 2% SDO + 6% 50 8.0

7) Basal +8% BT + 8% SO 8.0 -

{diet %)
Sardine ail Safflower oil P/Sraic  n-6/n-3P ratio

- - 0.10 2.86

- 0.12 1.08
8.0 - 0.53 0.46
6.0 2.0 0.63 1.26
4.0 4.0 0.85 2.85
2.0 6.0 1.15 7.60

- 8.0 1.38 -

*BT, butter ; OL, olive oil ; SDO, sardine oil ;

SO, safflower oil
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Serum (6mi)
Add salt sol'n 3ml|
(d=1.006g/ miy*

Centrifugation (20, 00Crpm, 0.5hr)

Upper Lyer (3mi}

Wash centrifuge tubes

using salt sol'n Iml
(d=1.006g/ml)

Add salt sal'n 3ml
{d==1.006g/ml}

Centrifugation

(20,000rpm, 1he)

Upper iayer{3ml)
Chylomicron

Scheme 1. Lipoprotein fractionation by ultracentrifugation.

Lower layer (Gmi}
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{d=1.606g/ml)
Ultracentrifugation(60,000rpm, 8hr)

s

Lower layet (bml)
Add salt sol'n 3ml
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Upper layer {1.5ml)
v0LDL
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* Dissolve NaCl 11.4g and EDTA Naz 0.1g in 500ml of DW and add Tml of TN NaOH, and then make up to 1.003m! with DW

(NaCl concentration, 0.195M)

** Dissolve NaBr 24.98g in T00mi of d=1.006g/ml sol'n{NaCi, 0.195M ; NaBr, 2 44M)
*o Dyissolve NaBr 78.32g in 100ml of d=1.006g/ml sol'n (NaCl, .195M ; NaBr, 7.65M)
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Table 3. Concentrations of total cholestero! in chylomicron, YLDL, LDL and HDL fractions from serum lipid of rats fed the experi-

menial diets for 4 weeks

(mg/d

Group”* Chylomicron VLDL LDL HDL
1) Basal diet + 16% BT 13.7 24.5 44.5 14.6
2y Basal + 8% BT + 8% OL 1.6 27.4 60.8 17.7
3) Basal + 8% BT + 8% SDO 7.0 14.8 35.4 18.5
4) Basal + 8% BY + 6% SDO + 2% SC 7.4 15.8 41.8 17.2
5) Basal + 8% BT + 4% SDO + 4% SO 6.9 13.4 34.1 14.7
6) Basal + 8% BT + 2% SDO + 6% SO 9.0 16.2 40.7 15.7
7) Basal + 8% BT + 8% SO 9.3° 21.2 37.0 16.8

* See the legend of Table 2

Table 4. Concentrations of triglyceride in chylomicron, VLDL,

rimental diets for 4 weeks

LDL and HDL fractions from serum lipid of rats fed the expe-

{mg/diy

Group* Chylomicron VLDL LoL HDL
1} Basal diet + 16% BT 87.4 46.8 12.0 8.0
2) Basal + 8% BT + 8% OL 84.3 36.5 10.2 7.8
3} Basal + 8% BT + 8% SDO 58.2 277 8.1 5.2
4) Basal + 8% BT + 6% SDC + 2% SO 55.9 1.8 8.8 7.2
5} Basal + 8% BT + 4% SDO + 4% SC 53.3 228 6.6 4.4
6) Basal + 8% BT + 2% SDO + 6% 5O 64.7 27.9 9.5 6.5
7) Basal + 8% BT + 8% SO 69.9 331 8.2 7.8

* See the legend of Table 2

Table 5. Concentrations of phospholipid in chylomicron, VLDL, LDL and HDL fractions from serum lipid of rats fed the experi-

mental diets for 4 weeks

(mg/dl
- Group* Chylomicron VLDL LDL HDL
1) Basal diet + 16% BY 8.4 25.2 33.8 35.4
2) Basal + 8% BT + 8% OL 7.4 279 40.0 36.0
3} Basal + 8% BT + 8% SDO 5.4 14.3 34.0 391
4} Basal + 8% BT + 6% SDO + 2% SO 5.7 15.1 29.4 366
5) Basal + 8% BT + 4% SDO + 4% SO 49 13.4 25.7 30.1
&) Basal + 8% BT + 2% SDO + 6% SO 5.9 14.8 28.4 35.4
7) Basal + 8% BT + 8% SO 6.3 227 23.2 ' 392

.*See t—he legend of Table 2
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Table 6. Fatty acid composition in chylomicron from serum lipoprotein fractions of rats fed the experimental diets for 4 weeks

(peak area %)

Fatty acid \ Group* 1 2 3 4 5 6 7
12:0 1.6 1.3 1.4 1.4 1.3 1.1 1.2
14:0 5.5 3.7 4.8 4.1 4.3 4.6 38
16:0 30.1 28.4 28.0 27.3 28.2 27,5 26.6
18:0 21.9 19.4 18.0 195 18.9 17.8 17.5

Saturates 59.1 52.8 53.2 52.3 527 51.0 49.1
16:1 2.8 1.9 29 3.2 2.1 1.8 2.0
18:1 15.6 22.5 16.3 17.8 15.6 16.8 16.2

Monaenes 18.4 24.4 19.2 21.0 17.7 18.6 18.2
18 2(n-6) 18.1 17.8 14.0 15.1 17.0 19.7 225
18:3(n-3) 0.5 0.9 2.4 25 1.7 1.8 -
20 : 4(n-6) 4.4 3.8 29 33 5.0 6.2 8.3
20 5(n-3) - 2.0 7.6 5.7 4.7 1.3 0.4
22 : 4(n-6) 0.1 - - - 3.3 1.2 1.1
22 :5(n-3) - - 0.2 0.1 ir - -
22 1 5(n-6) - - - - 0.1 - 0.3
22 :6(n-3) - - 1.4 - ¢.8 - -

Polyenes 23.1 22.7 28.5 26,7 29.6 30.2 32.6

n-3/n-6P 0.02 0.05 0.69 0.45 0.32 011 0.01

AAPUFA? 0.1% 017 0.10 0.12 017 0.21 .25

EPA3/ AA - 0.05 2.62 1.73 0.94 0.2t 0.05

*See the legend of Table 2
' Arachidonic acid

2Polyunsaturated fatty acid

*Eicosapentaenoic acid
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Table 7. Fatty acid composition in VLDL from serum lipoprotein fractions of rats fed the experimental diets for 4 weeks

(peak area %)

Fatty acid \ Group* 1 2 3 4 5 6 7
12:0 1.2 1.1 1.5 1.3 0.9 1.2 0.8
14:0 4.4 3.4 39 36 4.0 4.3 38
1640 2.4 30.1 28.5 276 28.8 27.1 28.3
18:0 22.5 215 18.6 20.1 19.5 18.2 19.9

Saturates 60.5 56.1 52.2 529 53.2 50.8 52.8
16:1 4.2 3.6 3.3 3.1 29 3.5 4.0
18:1 22.7 29.8 229 226 206 22.3 213

Monoenes 26.9 33.4 26.2 25.7 23.5 25.8 253
18 : 2{n-6) 8.8 7.3 9.4 HA 127 15.0 143
18 : 3{n-3) 0.8 1.4 31 2.8 2.4 1.1 14
20 1 4(n-6) 1.8 0.5 39 3.8 4.3 5.2 5.8
20 5(n-3) 1.1 1.3 4.2 3.6 37 1.8 0.2
22 : 4{n-6) = - - - 0.1 tr
22 1 6-3) - - Q.7 0.2 - -

Polyenes 12.5 10.5 21.3 213 233 23.2 21.7
n-3/n-6F {118 0.35 .60 0.43 Q.37 014 0.08
AAT/PUFA? 0.14 0.05 .18 0.18 0.18 0.22 0.27
EPAZ/AA 0.61 2.60 1.08 095 0.86 0.35

0.03

*See the legend of Table 2
' Arachidonic acid tPolyunsaturated fatty acid

‘Cicosapentaenoic acid

Table 8. Faity acid compeosition i LDL from serum lipoprotein fractions of rats fed the experimental diets for 4 weeks

{peak area %)

Fatty acid \ Group* 1

2 3 4 5 6 7
12:0 26 1.9 2.8 2.5 2.4 19 1.9
14:0 7.2 ©.7 6.1 7.6 8.2 ©.4 6.5
16:0 26.3 22.7 25.4 26.1 206 226 219
18:0 17.3 16.6 16.1 17.6 16.9 18.3 16.5
Saturates 53.4 47.9 50.4 53.8 48.1 49.2 46.8
16 :1 5.4 3.9 4.4 5.1 kX:] 4.2 53
18:1 26.6 34.5 25.6 23.4 25.4 22.8 242
Monoenes 320 384 30.0 285 29.2 27.0 29.5
18: 2(n-6) 11.0 9.9 8.2 10.4 15.1 17.9 18.6
18 : 3(n-3) 1.9 2.2 5.6 4.8 3.1 3.2 1.8
20 : 4(n-6) 1.4 1.2 3.0 1.5 2.8 2.2 3.0
20: 5(n-3) 0.2 0.3 27 0.9 1.6 0.4 0.2
Polyenes 14.5 13.6 19.5 17.6 22.6 23.7 23.6
n-3/n-6P .17 0,22 0.74 0.48 0.26 0.18 0.09
AA S PUFRA? 0.09 0.08 0.15 0.09 012 0.09 0.13
EPA’/AA 0.14 0.25 0.90 0.60 0.57 0.18 0.07

*See the legend of Tabie 2
! Arachidonic acid *Polyunsaturated fatty acid

‘Eicosapentaenoic acid
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Table 9. Fatty acid composition in HDL from serum lipoprotein fractions of rats fed the experimental diets for 4 weeks

{peak area %)

Fatty acid \ Group* 1 2 3 4 5 6 7
i2:¢ 26 1.8 2.4 2.1 1.9 1.9 2.1
14:0 5.2 46 5.3 5.0 4.8 4.6 4.7
16:0 318 25.1 25.4 233 25.8 27.1 26.7
18:0 19.3 18.5 17.6 18.4 17.2 6.4 17.8

Saturates 58.9 50.0 50.7 48.8 49.7 50.0 51.3
16:1 38 3.2 3.9 2.5 38 4.0 3.8
18:1 20.3 280 21.2 226 21.8 23.1 22.8

Monoenes 241 31.2 25.1 251 256 271 26.6
18 : 2(n-6) 1.6 12.4 K 14.1 13.8 154 14.9
18 : 3(n-3) 1.9 2.4 4.4 5.1 38 2.3 1.1
20 : 4in-6) 2.1 16 2.8 26 3.0 29 4.4
20 : 5(n-3) 1.4 23 5.4 4.2 39 2.2 1.6
Polyenes 17.0 18.7 242 26.0 24.5 228 220
n-3/n-6P 0.24 0.34 0.56 0.46 0.25 0.14
AA'/PUFA’ 0.12 0.139 0.10 0.12 0.13 0.20
EPA*/AA 0.67 1.44 1.62 1.30 0.76 0.36

*See the legend of Table 2
_ 'Arachidonic acid  *Polyunsaturated fatty acid
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Fig. 1. Comparison of polyunsaturated fatty acid content of chylomicron, VLDL, 1DL and HDL in serum Lpoprotein fractions of

rafs.
*G 1 group. See the legend of Table 2.
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