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Abstract

This study was designed to observe the effects of the feeding mixed oils of the sardine oil containing n-3
EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid) and the safflower oil in which were plenty of
n-6 linoleic acid, on the fatty acid metabolism of serum and liver in the dietary hyperlipidemic rats. Experi-
mental oils mixed with 16% butter (control group), 8% butter + 8% olive oil and 8% butter with various
level of sardine and safflower oils were administered to the male rats of the Sprague Dawley for 4 weeks. In
the fatty acid compositions of serum phospholipid, triglyceride and cholesteryl ester, according as the con-
tents of mixed safflower oil increased, n-3 PUFA (polyunsaturated fatty acid) contents and ratio of EPA/ AA
(arachidonic acid) tended to be decreased, but n-6 PUFA contents and ratio of AA/PUFA tended to be in-
creased. In the fatty acid composition of triglyceride component in liver lipid, DHA contents were most in
the liver lipid. And components of cholesteryl ester, n-6 linoleic acid contents were high percentage. Fatty
acid compasitions of serum and liver lipids were influenced from the fatty acid composition of the test lipids.
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Table 1. Compositions of basal and experimental diet

(g/kg diet)
Ingredient Basa! diet Experimental diet
Casein 200 200
DL — methionine 3 3
Corn starch 150 150
Sucrose 500 380
Cellulose powder 50 50
Mineral mixture* 35 35
Vitamin mixture* 10 10
Choline bitartrate 2 2
Corn oil 50 -
Cholesterol - 7.5
Sodium cholate - 2.5
Test lipid** - 160
*AIN - 76™

**See the legend of Table 2

Table 2. Experimental groups and mixing ratio of test lipids
(diet %)

Experimental Butter Olive  Sardine  Safflower
group* oil oil 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 - 8.0 -

4) Basal +8% BT
+ 6% SDO
+ 2% SO

5) Basal +8% BT
+ 4% SDO
+ 4% SO

6) Basal +8% BT
+2% SDO
+ 6% SO

7) Basal +8% BT

+ 8% SO 8.0 - - 8.0

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

AERx e XYaxy

AR Aol A9 A8 {-A) &) 2 gaEEA (Table 3)
L dE2F (1T 16% BB FolFo] palmitic acid
30.08%, stearic acid 14.59%, myristic acid 11.83% %-
2 2 E3AH4be] 65.93% 241 o 4-¥-& AR 31 gl
o, A E X3R4 0 B = oleic acid7} 24.74%9)
3, HEEFAPAL 6.80 ©1¢1.oH P/SH] 0.10, n-
6/n-3P ¥l 2.8601%c}. 220l Foig EFAAE
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Table 3. Fatty acid composition of test lipids used in the experiment

(peak area %)

Fatty acid . Group* OL SDO SO BT 2 3 4 5 6 7
6:0 - - - 0.26 0.45 0.54 0.83 0.41 0.31 0.52
8:0 - - - 0.75 0.52 0.63 0.86 0.52 0.49 0.57

10:0 - 0.03 - 2.63 1.39 1.70 2.01 1.43 1.33 1.40
12:0 - 0.1 - 3.55 1.75 2.14 2.24 1.82 1.65 1.63
14:0 - 6.83 0.10 11.83 5.68 10.24 9.29 7.77 6.37 5.17
15:0 - - - 1.31 0.63 0.98 0.90 0.79 0.66 0.57
16:0 9.84 16.99 6.87 30.08 19.45 20.50 22.61 20.95 18.66 16.78
17:0 - - - 0.71 0.36 0.53 0.53 0.43 0.38 0.32
18:0 - 2.66 2.45 14.59 8.66 8.76 8.26 8.21 7.31 7.12
20:0 - 1.16 - 0.22 0.34 0.56 0.41 0.33 0.20 -
Saturates 9.84 27.78 9.42 65.93 39.23 50.58 47.94 42.66 3736  34.08
14 :1 - 0.14 - 1.01 0.45 0.58 0.55 0.50 0.44 0.43
16 : 1 0.72 7.10 0.11 1.52 1.11 3.92 3.51 2.59 1.79 0.78
18:1 85.86 11.23 10.71 24.74 54.58 18.20 17.87 18.17 17.59 17.57
24 : 1(n-9) - 0.87 - - - - - - - -
Monoens 86.58 19.34 10.82 27.27 56.14 22.70 21.93 21.26 19.82 18.78
16:2 - 1.1 - - - 0.69 0.57 0.44 - -
18 : 2(n-6) 3.58 33 79.76 5.04 2.40 2.30 12.04 231 3592 474
18 : 3(n-3) - 3.67 - 1.76 2.23 1.98 1.29 1.02 0.45 -
18 : 4(n-3) - 1.79 - - - - - - - -
20 : 4(n-6) - 7.92 - - - 4.95 373 2.64 1.63 -
20 : 5(n-3) - - 13.28 - - 6.43 4.69 3.38 1.84 -
22 1 4(n-6) - 0.61 - - - - - - - -
22 :5(n-6) - - 1.98 - - 1.01 0.71 0.64 0.29 -
22 :5(n-3) - 7.95 - - 3.97 3.16 1.98 117 -
22 :6(n-3) - 11.25 - - - 5.39 3.92 2.87 1.52 ~

Polyenes 3.58 52.87 79.76 6.80 4.63 26.72 30.11 36.08 42.82 47.14

P/S ratio 0.36 1.90 8.47 0.10 0.12 0.53 0.63 0.85 115 1.38

n-3/n-6P - 2.75 - 0.35 0.93 2.15 0.79 0.35 0.13 -

n-6/n-3P - 0.36 - 2.86 1.08 0.46 1.26 2.85 7.60 -

* See the legend of Table 2
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Table 4. Fatty acid compesition in phospholipid fractionated by TLC from serum lipids of rats fed the experimental diets for 4

weeks

(peak area %)

Fatty acid ™\ Group* 1 2 3 4 5 6 7
12:0 1.1 0.5 23 2.3 1.8 1.8 1.7
14:0 6.1 5.7 33 3.2 3.8 3.7 27
16 : 0 327 289 323 31.7 295 30.2 28.5
18:0 29.5 25.4 219 21.7 20.1 21.6 19.8

Saturates 69.4 60.5 59.8 58.9 55.2 57.3 52.7
16 : 1 1.7 1.6 4.2 1.9 2.4 1.7 1.6
18 :1 16.1 23.8 10.9 11.0 10.5 9.8 8.5

Monoenes 17.8 254 15.1 12.9 12.9 11.5 10.1

18 : 2(n-6) 11.8 12.4 149 18.7 227 245 32.8

18 : 3(n-3) - 0.4 13 2.2 2.0 1.9 0.5

20 : 4(n-6) 0.9 1.2 2.7 25 3.2 3.7 39

20 :5(n-3) tr - 4.2 31 25 0.8 -

22 :5(n-3) - - 0.7 0.6 0.2 tr -

22:6(n-3) - - 13 1.0 1.2 0.2 -

Polyenes 12.7 14.0 25.1 28.1 31.8 311 37.2

n-3/n-6P - 0.03 0.42 0.33 0.23 0.10 0.01
AA"/ PUFA? 0.07 0.09 0.11 0.09 0.10 0.12 0.10
EPAY/ AA - - 1.56 1.24 0.78 0.22 -

*See the legend of Table 2
» arachidonic acid » polyunsaturated fatty acid

» eicosapentaenoic acid
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Table 5. Fatty acid composition in triglyceride fractionated by TLC from serum lipids of rats fed the experimental diets for 4

weeks
{peak area %)
Fatty acid \  Group* 1 2 3 4 5 6 7
12:0 2.2 1.0 1.7 1.9 1.3 1.1 0.9
14:0 4.5 1.8 2.2 2.8 19 21 1.8
16:0 32.6 27.8 30.7 311 28.2 24.8 19.7
Satrates o %0 50 31 o ass 419
16:1 3.1 1.8 1.9 1.5 2.4 1.7 1.2
18:1 18.3 24.5 21.5 20.3 19.3 18.1 19.0
Monoenes 21.4 26.3 234 21.8 217 19.8 20.2
18: 2(n-6) 13.5 16.9 149 16.6 209 28.3 33.1
2 4i06) ' SR o sa
20 :5(n-3) - - 3.1 2.3 1.8 1.2 -
Polyenes 14.9 17.7 21.5 231 27.2 34.6 38.5
n-3/n-6P - - 0.33 0.23 0.12 0.05 -
AA"/ PUFA? 0.09 0.05 0.06 0.10 0.13 0.14 0.14
EPA¥/ AA - - 2.38 1.05 0.53 0.25 -
*See the legend of Table 2
v arachidonic acid  ? polyunsaturated fatty acid  * eicosapentaenoic acid
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G (1~7) ; group, See the legend of Table 2.
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Table 6. Fatty acid composition in cholesteryl estere fractionated by TLC from serum lipids of rats fed the experimental diets for
4 weeks '
(peak area %)
Fatty acid \, Group* 1 2 3 4 5 6 7
12:0 0.7 0.3 0.5 0.2 0.1 0.2 0.1
14:0 3.3 1.5 2.1 1.9 2.4 1.6 1.7
16:0 37.6 333 34.8 31.3 29.5 29.7 30.0
18:0 21.7 21.3 15.4 16.5 17.1 14.8 13.6
Saturates 63.3 56.4 52.8 49.9 49.1 46.3 45.4
16 : 1 5.7 53 4.4 4.6 4.1 4.0 3.2
18:1 18.8 25.1 21.7 223 21.5 242 20.4
Monoenes 24.5 30.4 26.1 26.9 25.6 28.2 23.6
18 : 2(n-6) 11.7 13.0 13.6 17.2 18.0 21.5 253
18 :3(n-3) - 0.1 0.5 0.8 0.3 - -
20 : 4(n-6) 0.5 0.1 1.6 1.2 2.8 2.7 5.6
20 : 5(n-3) - - 5.4 3.9 4.2 1.3 -
Polyenes 12.2 13.2 211 23.1 25.3 25.5 309
n-3/n-6P - 0.01 0.39 0.26 0.22 0.05 -
AA"/PUFA? 0.04 0.01 0.08 0.05 on 0.11 0.18
EPAY/ AA - - 3.38 3.25 1.50 0.48 -

* See the legend of Table 2
" arachidonic acid » polyunsaturated fatty acid
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Aol a2} EPA/AAY] E n-3/n-6Pu]& Yo}zl & A
ol T TR wH4E-E 30.2~43.6% ¥ $lo) 2,
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Table 7. Fatty acid composition in phospholipid fractionated by TLC from liver lipids of rats fed the experimental diets for 4

weeks
(peak area %)
Fatty acid \\ Group* 1 2 3 4 5 6 7
12:0 0.2 0.2 0.1 0.2 0.3 0.1 0.1
14:0 0.7 0.7 0.6 0.5 0.5 0.4 0.4
16:0 22.5 19.2 20.2 24.4 21.7 21.2 19.9
18:0 18.0 23.0 13.4 12.4 8.1 9.2 9.4
20:0 0.3 0.5 0.7 0.6 0.5 0.5 0.4
Saturates 41.7 43.6 35.0 38.1 311 31.4 30.2
16 : 1 6.9 33 29 2.8 1.0 1.6 1.2
18 :1 23.2 236 32.1 26.0 32.1 26.4 309
Monoenes 30.1 26.9 35.0 2838 33.1 28.0 32.1
18 : 2(n-6) 15.9 17.8 18.5 23.7 28.6 34.8 33.6
18 : 3(n-3) 6.7 5.7 4.2 3.8 3.5 2.6 1.8
20 : 4(n-6) 3.2 2.7 0.5 1.1 1.5 1.8 1.7
20 : 5(n-3) 0.5 1.4 2.0 1.3 1.0 0.4 0.2
22 :5(n-3) 0.5 1.0 1.3 0.3 0.3 0.2 tr
22 : 6(n-3) 1.3 0.7 3.4 2.9 0.8 0.6 0.2
Polyenes 28.1 29.3 29.9 331 35.7 40.4 37.5
n-3/n-6P 0.47 0.43 0.57 0.33 0.19 0.10 0.06
AA"/ PUFA* 0.1 0.9 0.02 0.03 0.04 0.04 0.05
EPAY/ AA 0.16 0.52 4.00 1.18 0.67 0.22 0.12

*See the legend of Table 2

" arachidonic acid

» polyunsaturated fatty acid

¥ eicosapentaenoic acid

Table 8. Fatty acid compeosition in triglyceride fractionated by TLC from liver lipids of rats fed the experimental diets for 4

weeks
(peak area %)
Fatty acid \ Group* 1 2 3 4 5 6 7
12:0 0.2 0.1 0.2 0.1 0.1 0.2 0.1
14:0 2.1 1.1 2.6 1.3 1.3 1.4 0.9
16:0 32.2 34.2 21.8 243 21.7 19.8 191
18:0 39 35 29 3.4 3.5 3.6 3.6
20:0 0.1 1.0 1.3 1.2 0.2 - tr
Saturates 38.5 39.0 28.8 303 26.8 25.0 23.7
16 :1 6.6 25 3.8 37 1.9 2.7 1.8
18:1 38.3 43.8 26.9 30.1 25.1 223 215
Monoenes 44.9 46.3 30.7 33.8 27.0 250 233
18 : 2(n-6) 11.8 12.7 14.5 16.8 313 38.6 41.9
18 : 3(n-3) 1.8 1.2 4.3 33 3.2 2.1 2.2
20 : 4(n-6) 0.9 0.1 0.9 0.8 1.1 2.6 341
20:5(n-3) 2.1 0.3 3.5 29 3.2 1.5 0.8
22 :5(n-3) - tr 3.8 1.3 0.7 0.4 0.3
22 :6(n-3) - 0.3 13.5 10.7 6.5 4.7 4.5
Polyenes 16.6 14.6 40.5 35.8 46.0 49.9 52.8
n-3/n-6P 0.31 0.14 1.63 1.03 0.42 0.21 0.17
AA"/ PUFA? 0.05 0.01 0.02 0.02 0.02 0.05 0.06
EPAY/AA 2.33 3.00 3.98 3.63 2.91 0.58 0.26

*See the legend of Table 2
2 polyunsaturated fatty acid

¥ arachidonic acid

» ejcosapentaenoic acid
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Table 9. Fatty acid composition in cholesteryl ester fractionated by TLC from liver lipids of rats fed the experimental diets for 4

weeks
(peak area %)
Fatty acid ™\, Group* 1 2 3 4 5 6 7
12:0 0.1 0.1 0.2 0.1 0.1 0.1 0.2
14:0 1.5 0.7 1.1 0.9 0.7 0.7 0.5
16:0 17.6 12.6 16.5 16.8 13.2 9.8 8.0
18:0 8.1 5.0 4.6 4.3 31 3.8 29
20:0 0.2 0.2 09 1.0 0.8 0.6 1.1
Saturates 27.5 18.6 23.3 23.1 17.9 15.0 12.7
16 :1 14.7 8.1 1.4 12.1 6.5 9.1 5.6
18 :1 45.8 61.9 427 41.4 38.7 36.8 32.8
Monoenes 60.5 70.0 54.1 53.5 45.2 45.9 38.4
18 : 2(n-6) 8.2 8.6 10.1 12.6 29.9 325 42.8
18 : 3(n-3) 25 1.6 3.3 2.2 0.7 1.0 1.1
20 : 4(n-6) 0.5 0.3 0.4 1.3 1.5 2.2 2.6
20 : 5(n-3) 0.5 0.6 4.8 4.1 24 1.6 1.2
22 :5(n-3) 0.1 01 2.1 1.5 1.1 0.4 0.1
22 :6(n-3) tr r 1.9 1.6 1.3 1.2 1.0
Polyenes 11.8 11.2 226 233 36.9 389 48.8
n~3/n-6P 0.36 0.26 1.15 0.68 0.18 0.12 0.07
AA"/ PUFA? 0.04 0.03 0.02 0.06 0.04 0.06 0.05
EPAY/AA 1.00 2.00 12.00 3.15 1.60 0.73 0.46

* See the legend of Table 2
% polyunsaturated fatty acid

" arachidonic acid

¥ eicosapentaenoic acid
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Fig. 2. Comparison of polyunsaturated fatty acid content of
phospholipid, triglyceride and cholesteryl ester in liv-
er lipid of rats.

G (1~7) ; group, See the legend of Table 2.
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