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ABSTRACT

The dictry effects of marine n-3, plant n-3 and plant n-6 fatty acid on serum lipids levels,
liver phospholipid fatty acid composition in rat were investigated. Four groups of male Sprague-
Dawley rats, 30 weeks old, werc fed on one of 4 different experimental diets for 4 wecks.
The diets were composed of 15% fat(w/w) of either concentrated EPA 0il(20 : 5, n-3 1 65%),
fish oil(20: 5, n-3:19%, 226, n-3: 18%), perilla oil(18 : 3, n-3:60%) or corn oil(18: 2,
n-6:49%).

Blood was initially taken before cxperimental feeding and also taken after 2 weeks and
4 weeks feeding the diet respectively and then examined for the levels of scrum lipids. Rats
were sacrificed at 4 weeks after the diet for the analysis of liver phospholipid (atty acid.

EPA feeding remarkably decreased the serum levels of triglyceride, total cholesterol, HDL-
cholesterol and total phospholipid than any other oil feeding.

Fish oil feeding decreased serum HDI.-cholesterol level comparable to the cffect of EPA
feeding and decreased total cholesterol and phospholipid less than but close to the effect of
EPA feeding.

Perilla oil feeding did not change serum levels of triglyceride and phospholipid, but it decrea-
sed serum total cholesterol a lot and HDI-cholesterol a little. Corn oil feeding did not affect
trigtyceride and total cholesterol while it increased serum level of HDL-cholesterol and total
phospholipid. Serum HDL-cholesterol level was increased only in corn oil group.
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But contrary to the result of serum total phospholipid, liver phospholipid level found to
be higher in fish oil and EPA groups than in perilla oil and com oil groups.

The fatty acid composition of liver phospholipid, phosphatidyicholine(PC) and phosphatidyl
cthanolamine(PE) turned out to be affected by dietary fatty acid.

18 : 2 of liver PC was the lowest in FO group following CO group.

The ratio of 20 : 4/18 1 2 was lower in PO group than in EPA group in consequence of
higher 18 : 2 and lower 20 . 4 in PO group and vise versa in EPA group.

In the liver PC and PE, similar trends in the ratios of n-6/n-3 and 20 : 4/18 : 2 were found
showing higher ratios with CO and EPA group over FO and PO group.

EPA group showed the lowest level of 20 : 5 and lower level of 20 6 than DHA group.

Fish oil was more efficient than EPA oil and PO in lowering the ratio of n-6/n-3 in conseque-
nce of the highest 22 : 6, and the lowest 18 : 2 in liver phospholipid. But PO lowers the ratio
of 20 : 4/18 . 2 more than FO.

In conclusion, EPA oil was more effective in lowering serum lipids than FO and PO. Revie-
wing the dietary effect of fatty acid on eicosanoids composition in rats, it is considered that
morc possibility was with FO than PO in the cflectiveness of atherosclerosis prevention and
more with PO than with EPA oil. It was also found that FO showed more cffective than
EPA oil for atherosclerosis prevention. It was hardly found that CO had any effect on lowering
serum lipids and on eicosanoids composition in liver phospholipid {or the prevention of atheros-
clerosis.

KEY WORDS : EPA - perilla oil + n-3 fatty acid - n-6 fatty acid - serum lipid - liver phospholi-

pid fatty acid.
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Table 1. Composition of experimental diets(g/100g

diet)
Diet group?
Ingredients goup
FO EFA PO CO
Casein 20 20 20 20
Corn starch 15 15 15 15
Carbohydrates
Sucrose 40 40 40 40
Fish oil 15
EPA 15
Fat - .
Perilla oil 15
Comn oil 15
DL-Mcthionine 0.5
Mineral-Mix.2 $.5
Vitamin-Mix.» 1.0
Choline 0.2
Fiber 5.0
1) Diet group ! FO; fish oil, EPA ; concentrated

EPA oil, PO : perilla oil CO: com
oil
2) Mineral mix. ; same as in AIN-76 formula
mineralmix. ; AIN-76 by Nihon Nosan Kogyo
K. K i percent of mineral mixture
CaHPOQ4, 50.0 : NaCl,7.4 ; K dtrae HyO, 22.0;
Kz804, 5.2 5 MgO, 2.4 3 MnCO3, 0.35 ; Fe-citrare,
0.6 ; ZnCQOs3, 0.16 3 CuCOs, 0.03 7 KIQ;, 0.001 ;
Nap$eOs, 0.0007 ; CrK(50,),12H,0, 0.055 | suc-
tose powered to make 100%
3) Vitamin mix. ; same as in AIN-76 formula
vitamin mix. ; AIN-76 by Nihon Nosan Kogyo K.
K : perceut of viamin mbxure
thiarnin, HCL, 0.06 ; nboflavin, 0.06 ; pyridoxine,
HCL, 0.07 ; niacin, 0.5 ; Ca pantothenate, 0.16 3
folate 0.02 ; biotin, 0.002 : Vit.B12, 0.0001 ; Vit.A,
0.022 5 VIiLE, 0.50 ; VitD3, 0.00025 ; ViLK, 0.00
05 ;7 sucrose powered to make 100%
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Table 2. Fatty acid composition of dietary oils

(Unit : %)
Fatty acid Dictary ol
FO EPA PO co
14:0 6.01 — - -
16 .0 2592 — 6.13 11.49
Unknown 6.83 - — ~
18:0 5.06 1.19 2.34 2.09
1801 14.42 0.97 18.90 30.5%
Unknown -~ - - 2.99
Unknown - — - 3.15
18 : 2(n-6) trace trace 12.67  48.70
18 : 3(n-3) ~ 467  59.97 1.08
Unknown - 10.06 - -
18 © 4(n-8) ~ 1.70 — -
20 . 4(n-6) -~ 8.44 - -
Unknown - 2.78 - —
20 © 5(n-3) 19.35  63.29 — —
Unknown — 1.24 - -
Unknown - 1.14 - —
22 1 6(n-3) 18.44 3.98 - -
SFA 36.99 1.19 8.47 18.58
MUFA 14.42 0.97 18.90 30.53
PUFA 37.79 82.08 72.64 49.73
n-6 0 §8.44 12.67 48.70
n-3 537.79 75.64 59.97 1.03
n-6/n-3 0 0.11 0.21 47.28

SFA * Saturated [arty acid
MUFA : Monounsaturated fatty acid
PUFA : Polyunsaturated fatty acid
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Table 3. The changes of body weight, food intake and food efficiency ratio during 4 weeks feeding

Diet group
FO EPA PO CO
Body weight gain(g/4wks) 30.9 £34.4°02 —419 +934* 178 +945° 368 +353°
Food intake(g/day) 174 + 1.9b 129 + 2.8 198 + 18> 172 + 335b
Food efficiency ratio 0.057+ 0.068" = 0.115+0.086>  0.080%0.044°  0.064+ 0.052"

1) Means+ SD

2) Values in the same row with differnt superscripts arc significandy different at p<{0.05
8) Food efficiency ratio=Body weight gain{g/day)/Food inmke(g/day)
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Fox adz 2 F52& §A3A). EpaTd
FOT 7, COTT POFEZH, FOFH POT7Lo
aelE WA FUth FOT, POTH COFo A=
AN A wel X TGEEe WIE
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Table 4-1. The concentration changes of serum lipids by diet groups by duration

Serum lipid Diet Initial Afier 2 weeks After 4 weeks
FO 121.8 +53.97 97.0 +31.7%% 97.3 +16.6%
Tri-glyceride EPA 152.2 £79.8 73.4 +27.8% 75.0 +20.62
(mi/dl) PO 120.8 =468 143.8 +£41.8° 119.4 +57.83
CoO 134.0 +59.8 1622 + 76.4° 194.8 +73.6°
FO 89.2 +10.0 79.6 + 14.80 574 + 8.3°
Total cholesterol EPA 103.2 £19.0 58.2 £ 312 435 + 5.92
(ml/d1) PO 112.8 +18.0 943 +1200 744 +11.0%
co 106.8 *£11.0 118.5 £23.6¢ 111.6 +18.3¢
FO 595 £ 7.4 332 + 5.4+ 324 + 3.62A9
HDL-cholesterol EPA - 51.2 +124 50.0 = 4.9 300 £ 39% 4
(ml/dD) PO 554 £ 5.1 614 * 6.7° 492 + 584 B
co 58,0 £ 92 52.4 £ 10.40c 72.9 +11.7° ¢
FO 148.6 *31.7 114.7 £27.0P 98.1 +18.924
Phospho-lipid EPA 160.4 *+32.7 81.8 £ 9.2 82.8 + 8.82 4B
{ml/dD) PO 1811 +14.4 184.6 +12.8° 141.6 + §.4bAB
co 184.2 +21.0 1752 +21.4b 203.7 + 34808
FO 0.51% 0.23 145+ 0 53> 0.78%+ 0.16P A
Atherogenic EPA 097+ 0.36 0.832+ 0.36* 0.45+ 0.132 4B
Index® PO 1.06+ 0.44 0.54+ 0.11% 0.524 0.20° B
co 0.86+ 0.11 1.26% 0.05° 0.58+ 0.1124

1) Mean D

2) Values in the same column with different small alphabet letters in each serum lipid parameter are significan-
tly different among diet groups based on the inital value at P<(0.05 as analyzed by repeated measure

design

8) Values in the same column with different large alphabet letrers in each serum lipid parameter are significantdy
different among diet groups based on the dillcrences from the 2nd week’s value. at P<0.05 as analyzed

by repeated measure design

Total cholesterol-HDL-cholesterol

4 he i lex =
) At erogenic Index LD L-cholesterol
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Table 411 Analysis of signficance of the concentra-
tion changes of serum lipids by duration
of feeding in a diet group

Serum lipid Diet After After
2 weeks 4 wecks
FO
. . EPA + +
Trglycenide PO
CO
FO +#
Total EPA + +#
cholesterol PO +#
CO
FO + +
HDL- EPA + =+
cholesterol PO #
CO #
FO —+ +
Phospholipid EPA * *
PO
CO + ¢
FO + + 4
Atherogenic-  EPA +#
Index PO + +
CcO + + &

+ I Signficendy differem [rom the initial value ar p<C
0.017(p<Ca3, =0.05) in the diet group.

4 . Signficendy different from the 2nd week’s value
at p<0.017(p<Ca3, @=0.05) in the diet

group.
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2) ©H total cholesterol ST
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cholesterol®] T4 8 1} g-linolenic add”) X3
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Table 5. The total phosphlipid concentration of liver
Diet group
FO EPA PO co
Liver total Phospholipid(mg/gmussue) 3.02+ 0.25412) 2,86+ 0.93¢ 2.36%0.39" 238+ 0.29°

1) Mean* SD

2) Values in the same row with different superscript arc significanty different at P<0.05
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Table 6. The fatty acid composition of rat lver phosphatidylcholine expressed as area percent of total fatty

EPAYe]A] H4A Y W3 B 7o) AR

acid methyl esters

Fatty acid Diet_group

FO EPA PO Cco
16:0 24.95+ 1.17°0% 27.28%0.012° 23.04+ 0.018* 24.67+ 1 .43%
18:0 2443+ 1.75" 19.99+ 0.0243 92340+ 0.037b 24.11+ 1.21°
1811 3.71%0.80 498+ 0.022 4.47%0.023 2.97+0.75
18 : 2(n-6) 5.58£0.822 8.05+ 0.037> 18.75% 0.029¢ 8.88+ 0.42°
18 : 5(n-3) n.d.® n.d. trace n.d.
20 : 4(n-6) 14.87% 1.00% 28 21+ 0.019" 17.56+ 0.0392 33.79+ 1.49¢
20 : 5(n-3) 5.40%0.15¢ 2.08+ 0.0142 4.70£0.01b 0
22 7 6(n-3) 18.98:£ 2.21° .89 0.016 6.44% 0.019° 561+ 1.40%
SFA 48.67%0.65 47.28+0.033 46.44+ 0.049 48.78% 2.65
MUFA 3.71% 0.80 4.89£0.021 4.47+ 0.028 2.9710.75
PUFA 44,78+ 0.55° 45.23+ 0.0452 47 45+ 0.068P 48.2741.01°
n-6 20.41+ 1.82 36.25% 0.044P $6.20+ 0,0620 42,66+ 1.9
n-3 24 37+ 2.36¢ .98+ 0.0024% 11.14£0.011P 5.61% 1.40°
n-6/n-8 0.93% 0.232 4.04+ 0.037¢ 3.26% 0.0089P 7.60% 1.36¢
201 4/18 1 2 2.784 0.16P 8.51+0.017¢ 0.94+ 0.00242 8.81+ 0.0027¢

SFA ! Saturated [atty add MUFA . Monounsaturated fatty acid PUFA ! Polyunsaturated fatty acid

1) Mean® SD

2) Values in the same row with different superscripts are significandy different at P<{0.05
8) n.d. . non-detecrable

Table 7. The fatty acid composition of rat liver phosphatidylethanolamine expressed as area percent of
total fatty acid methyl esters

Fatty acid Diet group

FO EPA PO co
16 .0 23.05 +0.16°D%) 19.44+0.0782 20.81 +0.074b 20.29+ 0.15P
18:0 26.10 +0.14* 28.31+ 0.052¢ 30.94 +0.14¢ 27.40% 0.092b
1811 5.14 +0.38 2.1540.23 0 2.68% 0.50
18 1 2(n-6) 472 £0.014F 3.95%0.018* 9.04 +0.0554 499+ 0.02°
20 © 4(n-6) 18.85 £0.047% 21.60% 0.10¢ 18.81 *0.05° 27.39+ 0.164
20 : 5(n-3) 556 +0.018° 2.79% 0.0192 6.99 T 0.044¢ 0
22 © 6(n-3) 21.13 =+ 0.0684 15.09% 0.041" 18.92 +0.079° 17.29+ 0.08¢
SFA 49.15 +0.29b 47.76% 0.060° 51.24 +0.063¢ 47.69% 0.24%
MUFA $.14 +0.38" 2.10+ 0.202 0 2.63+ 0.50%
PUFA 4525 +0.11P 43.43+ 0.14% 48.76 £ 0.061°¢ 49,68+ 0.264
n-6 18.56 +0.05 25554 0.12b 27.85 +0.08¢ 32.38+ 0.184
n-3 96.66 +0.067¢ 17.88+ 0.057° 20.71 £0.18¢ 17.29+ 0.0822
n-6/n-3 0.698+ 0.00207 1.4%% 0.007¢ 1.348% 0.013° 1.88:+ 0.0024¢
20 1 4/18 12 2.956+ 0.0087" 546%0.011° 2.08 +0.0182 5.48% 0.013¢

SFA [ Saturated faty acid MUFA ! Monounsarurated fatty acdid PUFA ! Polyunsaturated fatry acid

1) Mcant SD

2) Values in the same row with different superscripts are significandy different at P<{0.05
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