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Abstract

This study was designed to examine effects of the various levels of sardine and safflower oil mix on lipid
contents of serveral tissues in dietary hyperipidemic rats. Experimental ofis were 16% butter (control group),
&% buiter + 8% olive oil{group 2), 8% butter + 8% sardine oil (group 3), 8% butter + 6% sardine oil +2%
safflower oil (group 4), 8% butter + 4% sardine oil + 4% saffiower oil(group 5), 8% butter+2% sardine
oil + 6% safflower ofl (group 6) and 8% butter + 8% safflower oil (group 7). The diet administered to the male
rats of Sprague-Dawley were fed for 4 weeks. in the fatty acid composition of brain phospholipid, n-3 EPA and
DHA conients were increased, and DHA content was remarkably high in the phosphatidylethanoiamine (PE)
cemponent. Arachidonic acid content were high in the cardiolipin component. In the fatty acid composition of
heart phospholipid, PUFA contents were highest in the group 5 and DHA content was higher in the groups 4
and 5, particulariy. Fatty acid composition of spleen lipid showed that n-3 EPA and DHA contents were higher

in the group 3 than in the other groups.
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Tahle 1. Compositions of basal and experimental diet
(g/kg diet}

Ingredient Basal diet Experimentaj diet
Casein 200 200
DI_-methionine 3 3

Corn starch 150 150
Sucrose 500 330
Cellulose powder 50 50
Mineral mixture* 35 35
Vitamin mixture* 10 10
Choline bitartrate 2 2

Corn oit 50 -
Cholesterol - 7.5
Sodium cholate - 2.5

Test lipid** - 160
*AIN-76™

**See the legend of Table 2

Table 2. Experimental groups and P /5, n-6 / n-3P and mixing ratio of test lipids

{diet %)

Experimental Group* Butter Olive oil Sardine oil Safflower oil P/S ratio n-6/n-3P ratio

1) Basal diet 16.0 - 0.10 2.86
+16% BT

2) Basal + 8% BT 2.0 8.0 - 0.12 1.08
+8% OL

3) Basal +8% BT 8.0 . 8.0 - 0.53 0.46
+8% 5DO

4) Basal + 8% BT 8.0 _ 6.0 2.0 0.63 1.26
+ 6% SDCOH+ 2% 50

5) Basal +8% BT 8.0 - 4.0 4.0 0.85 2.85
+4% SDO + 4% 5O

6) Basal +8% BY 8.0 - 2.0 6.0 1.15 7.60
+ 2% SDO +6% SO

7) Basal + 8% BT 8.0 - 8.0 1.38 -

+8% SO

* BT, butter ; OL, clive oil ; SDO, Sardine oil ; SO, safflower oil
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Table 3. Fatty acid composition in phospholipid fractionated by TLC from brain lipids of rats fed the experimentai diets for 4

weeks (peak area %)
Fatty acid\Group* i 2 3 4 5 ) 7
14:0 0.2 0.2 0.2 {3 0.2 0.2 0.1
16:90 17.5 16.4 16.1 16.7 16.2 17.1 17.3
18:0 4,2 4.1 4.9 4.2 3.4 3.7 4.1
20:0 0.5 0.4 1.1 0.7 0.6 0.3 0.2
Saturates 224 21.1 21.5 21.9 204 21.3 21.7
16 .1 0.6 0.6 0.6 0.6 0.4 €6 0.5
18:1 21.8 21.9 20.5 19.2 206 211 216
Monoenes 224 22.5 211 19.8 21.0 21.7 221
18 : 2{n-6) 22.1 21.5 22.0 23.3 231 23.7 24.0
18 :3(n-3) Q.5 0.6 1.3 1.2 1.1 0.5 0.3
20 : 4(n-6} 3.1 2.8 2.2 2.4 2.6 3.1 3.7
20 : 5(n-3) 8.9 9.7 106 0.4 16.2 9.8 9.8
22 1 5{n-6) 4.0 3.8 0.8 0.7 1.6 3.1 4.0
22 :5{n-3), 3.3 36 4.1 3.8 3.7 1.2 0.6
22 1 6(n-3) 13.2 14.3 16.3 16.4 16.2 15.5 136
Polyenes 55.1 56.3 57.3 58.2 58.5 56.9 56.0
n-3/n-6pP 0.89 1.00 1.29 1.20 1.14 .90 0.76
AN PUFA® 006 0.05 0.04 0.04 0.04 .05 0.07
EPA®/ AA 2.87 3.46 4.82 4.33 3.52 3.16 2.65

*See the legend of Table 2
" Arachidonic acid *Polyunsaturated fatty acid

*Eicosapentaenoic acid
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Table 4. Fatty acid composition of phosphatidylcholine fractionated by TLC from brain phospholipids of rats fed the exper-

imental diets for 4 weeks

{peak area %)

Fatty acid \ Group* 1 2 3 4 5 6 7
14:0 8.2 6.5 7.8 7.1 7.1 7.5 7.3
160 30.7 284 235 28.0 27.6 29.4 27.9
18:0 14.2 16.3 5.2 5.2 6.4 7.8 8.1

Saturates 531 51.2 36.5 40.3 41.1 44.7 43.3
16:1 1.5 2.6 2.7 3.5 1.2 1.7 1.3
18:1 9.5 9.7 8.4 8.6 154 13.0 13.6

Monoenes 1.0 123 1.1 12.1 16.6 14,7 14.9
18 : Z(n-6} 19.8 18.7 15.8 16.8 19.5 216 234
18:3(n-3) 0.6 0.8 21 1.9 1.7 1.6 1.6
20 : 4(n-6) 3.1 2.7 2.2 2.2 2.5 3.9 4.4
20:5(n-3) 2.4 2.6 8.0 6.0 4.6 2.7 2.4
22:5(n-3} 5.2 6.1 10.5 7.4 4.5 4.2 4.0
22 :6(n-3) 4.8 5.5 13.7 13.3 9.4 6.5 5.9

Polyenes 35.9 364 523 47.6 42.2 40.5 41.7

n-3/n-6P 0.57 0.70 1.91 1.51 0.92 0.59 0.50

AAYPUFA? 0.09 0.07 0.04 0.05 .06 Q.10 0.

EPAY/ AA 0.77 .96 364 2.73 1.84 0.69 0.55

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

* Eicosapentaenoic acid

Table 5. Fatty acid composition in phesphatidylethanolamine fractionated by TLC from brain phospholipids of rats fed the exper-

imental diets for 4 weeks

(peak area %)

Fatty acid\Group™* 1 2 3 4 5 6 7
14:0 9.5 7.4 7.9 8.5 8.6 9.0 8.7
16:0 206 19.4 18.7 19.0 18.8 201 189
18:0 201 213 6.2 6.1 9.7 9.4 75

Saturates 50.2 48.1 32.8 33.6 37.1 38.5 35.1
16:1 35 4.8 5.9 5.8 7.2 6.4 6.7
18 : 1 5.4 5.5 5.7 4.8 8.2 7.1 7.6

Monoenes 8.9 10.3 1.6 10.6 15.4 135 14.3
18 : 2(n-6) 14.2 13.8 11.2 12.5 14.7 16.5 20.4
20 4(n-6) 33 2.6 2.4 23 2.6 4.5 5.1
20:5(n-3) 1.2 1.5 6.6 5.7 3.8 2.0 1.1
22 :5(n-3) 9.4 10.2 14.6 14.5 9.7 9.6 8.5
22 : 6(n-3} 12.6 13.4 20.8 20.8 16.5 15.3 15.4

Polyenes 40.7 41.5 55.6 55.8 47.3 47.9 50.5

n-3/n-6P 1.32 1.53 3.09 2,77 1.73 1.28 0.98

AA"/PUFA? 0.08 0.06 0.04 0.04 0.05 0.09 010

EPAY/ AA 0.36 0.58 2.75 2,48 1.46 0.44 0.22

*See the legend of Table 2
"Arachidonic acid ? Polyunsaturated fatty acid

»Eicosapentaenoic acid
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Table 6. Fatty acid composition in cardiolipin fractionated by TLC from brain phospholipids of rats fed the experimental diets for

4 weeks (peak area %)
Fatty acid \ Group* ] 2 3 4 5 [ 7
14:0 9.7 7.5 7.0 6.7 5.2 6.2 6.9
16: 0 32.8 30.6 27.8 27.4 26.9 263 25.4
18:0Q 9.9 8.5 55 5.0 7.1 5.4 8.6
Saturates 52.4 46.6 40.3 39.1 39.2 40.9 38.9
1611 2.6 3.5 4.7 6.5 6.0 5.8 5.4
1811 12.4 17.5 15.3 16.5 16.7 15.4 15.8
Mongenes 15.0 21.0 20.0 23.0 227 21.2 21.2
18 : 2(n-6) 236 22.8 19.1 19.9 21.4 236 26.6
18:3(n-3) 1.2 1.4 3.7 2.8 2.5 2.6 2.4
20 : 4(n-6) 4.0 3.8 3.3 3.4 4.7 5.8 6.3
20 5{n-3) 2.3 3.1 8.6 7.4 5.8 4.4 3.1
22 1 6(n-3} 0.9 1.1 4.8 3.6 3.7 1.9 1.5
Polyenes 32.5 32.2 39.5 371 38.1 37.9 39.9
n-3/n-6pP 018 .21 0.76 .59 0.46 0.29 Q.21
AA PUFAY 0.12 0.12 0.08 0.09 012 0.15 .16
EPAY AA 0.70 0.82 2.60 218 1.23 0.69 0.49

* See the legend of Table 2
" Arachidonic acid * Polyunsaturated fatty acid

*Eicosapentaenoic acid
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Table 7. Fatty acid composition in phospholipid fractionated by TLC from heart lipids of rats fed the experimental diets for 4

weeks (peak area %)
Fary acid \ Group* 1 2 3 4 5 6 7
14:0 0.4 0.4 a5 ¢.3 0.3 0.4 0.5
16 : G 23.0 23.3 16.9 17.9 16.5 7.3 16.6
18:0 12.2 10.6 9.3 8.7 8.2 8.2 8.8
20:0 1.2 2.4 0.8 Q.7 1.2 0.8 1.2
Saturates 36.8 36.7 27.5 276 26.2 26.7 271
16 : 1 2.2 1.5 1.8 1.4 1.5 1.3 1.0
18 :1 21.9 234 17.9 19.0 17.4 17.5 17.4
Monoenes 24.1 249 19.7 204 18.9 18.8 18.4
18 : 2(n-6) 225 20.9 22.0 234 25.5 27.4 293
18 : 3{n-3} 4.0 4.1 4.1 3.6 30 33 28
20 4in-6) 3.2 3.3 2.9 3.2 3.7 4.3 4.6
20:5(n-3) 21 2.7 8.3 7.1 7.3 6.7 6.9
221 5(n-8) 0.8 0.9 0.8 1.0 1.6 20 2.4
22:5(n-3) 21 1.7 4,0 2.1 2.3 0.9 0.2
22 1 6(n-3) . 4.4 4.7 10.7 1.5 11.5 9.8 8.3
Polyenes 39.1 8.3 52.8 51.9 54.9 54.4 54.5
n-3/n-6P 0.47 0.52 1.05 0.88 0.78 0.61 0.50
AAY PUFA? 0.08 0.08 .05 0.06 0.07 0.08 0.08
EPAY/ AA 0.66 0.82 2.86 2.22 1.97 1.56 1.50

* See the legend of Table 2
" Arachidonic acid *Polyunsaturated fatty acid

»Eicosapentaenoic acid
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g-linolenic acid & 3.0% #|¥te]x, EPAE 1.2~3.9%
FFo]m, DPAS 2.4~5.8%, DHAL 1.8~7.9% W3 &Z
vlaH 2 ghf nlol Eokeel 53], 337, 43, 5304l
A skt

R R R S =L 8 B B R = i R R S )
Sulma 29, AR 9 2 e 2 lincleic
acid®] ¥ Wl go| Fo} T2 A4S o] Fx AU

25, n-67 DPAE XA 48l ool BT
RgE et A48 AR E A5 bgbe

n-37) PUFA= EPA, DPA Bl DHA &35 ofF A B o g8
so] Sl =l DHAS] u)go] <kt kel el 3
oAt 7R AYHFA T FEHRY Y] Eel

Fobalel wigl n-64 PUFAE £71H & i, n-37
PUFAR= b bl A 8S 2y o, websd Ay

4] 2] A kAt A o] whed el = A o 7 eyt

Bergers} Geman'®dl| 2]3bd 2% F-d-5 F38 o
277 1% E3--8F 1% linolenate (n-3), 1% E-F-f
©l 1% eicosatrienoate (n-3)8- Z+2 Egsle] A2 ol A
Fedghul, A7 2k Aol cardiolipin, phosphati-
dylcholine, phosphatidylethanclamine 2 phosphatidy-
tinositol 44 %-2) ekt Z2ge QiR sle) =) gk
7 vhaes) AN el o mAlElglchy B
wahel on, Takita S0 A AU S A A A H
A1¢) n-3/n-6P ] Groll 332 7] @ T} n-3 2 n-6
A ok EsiAakae] 44 R4 4435 FA45=
Aol 23k 7 shelch.

=AY A, AT AR 2 SR Ao A
Aol gleo} AP AL =xulad =A o] i
vhebut 8t o] 5 B B 5413 A gFel gl

T

173 1175194 ZA kAl ZA-L Table 99F o] 23}
A upate | &2 39.4~47.4% FTELE o[ F
palmitic ac:d( 1.9~25.3% ¥ 2})2} stearic acid{11.
3~17.1% W27t g A2 8329 pentadec-
anic acid(0.5~1.3% ™ ¢]), heptadecanic acid (0.4~0.
9% w ¢]) ¥ arachidic acid (2.5~3.6% ® £)%] 3§
Hel gle Aol Sde|sdvh dBEFAFAE oleic

I

Tabie 8. Fatty acid composition in triglyceride fractionated by TLC from heart lipids of rais {ed the experimental diets for 4

weeks {peak arca %)
Fatty acid \ Group*® 1 2 3 4 5 6 7
12:0 1.2 0.6 0.6 0.7 0.8 .6 0.7
14:0 2.6 0.8 1.7 1.9 1.8 11 0.9
16:0 28.6 27.0 25.8 269 27.5 28.0 27.7
18:0 13.3 13.4 8.8 96 9.8 9.7 a.1
Saturates 45.7 41.8 369 391 39.9 39.4 7.4
16 1 6.5 8.6 6.1 5.0 36 4.0 4.2
181 23.1 25.6 21.4 223 21.3 209 193
Monoenes 29.6 34.2 27.5 27.3 249 24.9 23.5
18 : 2{n-6) 15.5 14.7 14.5 16.1 17.8 19.5 23.2
18 : 3{n-3) 3.0 2.4 2.7 2.4 2.6 1.8 1.9
20 4(n-6} 0.8 0.7 0.8 i.0 1.4 2.1 2.6
20 :5({n-3) 1.2 1.3 39 3.4 3.2 2.9 2.4
22:5(n-3) 2.4 2.5 5.8 52 4.6 4.2 4.1
22 :16(n-3) 1.8 24 7.9 5.4 5.5 5.1 4.9
Polyenes . 24.7 24.0 35.6 335 351 356 391
n-3/n-6P 0.51 0.56 1.33 0.96 0.83 Q.65 0.52
AN/ PUFA? 0.03 0.03 0.02 0.03 (.04 0.06 0.07
EPAY/ AA 1.50 1.86 4.87 3.40 2.28 1.38 0.92

*See the legend of Table2
" Arachidonic acid “Polyunsaturated fatty acid

* Eicosapentaenoic acid
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acid (16.1~22.7% W87} A2 25 A=t z, o
BEZA ] 4 v 31.6%~41.3% W $jo] v

Table 9. Fatty acid composition in total fatty acid from spleen of rats fed the experimental diets for 4 week

o1& p-674 arachidenic acid(9.1~12.6% ¥ £} linol-
eic acid (8.7~15.7% W $])9] &+ vl S-°] w929 do-

{peak area %)

Fatty acid \ Group* K 2 3 4 5 6 7
14:0 1.5 1.0 1.3 0.9 1.6 0.7 0.6
15:0 0.6 0.5 0.6 0.5 1.1 0.5 1.3
16:0 251 o233 25.2 25.3 25.2 241 21.9
17:0 0.5 0.4 0.7 0.6 0.7 0.5 0.9
18:0 17.3 16.3 13.8 11.3 12.2 12.3 1.7
20:0 2.6 25 3.6 3.5 3.4 2.7 3.0

Saturates 47.4 44.0 45.2 42.1 44.2 40.8 39.4
161 1.9 1.3 21 1.4 2.0 17 1.1
18 :1 19.1 22.7 - 17.8 17.5 16.1 172 181

Monoenes 21.0 24.0 19.9 18.9 18.1 18.9 19.2
16 : 2 0.2 0.2 0.2 0.2 0.2 0.2 0.1
18: 2(n-6) 9.9 8.7 - 106 10.3 13.7 15.1 15.7
18 : 3(n-3) 4.3 ’ 4.1 4.5 3.8 3.2 3.1 3.1
20 : 4(n-6) ©10.2 9.5 9.2 9.8 9.1 1.3 12.6
20:5(n-3) 2.3 1.7 3.2 31 23 2.1 1.9
22 1 4in-6) 0.8 1.6 0.2 1.4 1.9 1.8 1.9
22 :5(n-6} 2.4 3.2 3.4 4.3 4.2 5.1 5.2
22:15(n-3} 1.5 2.5 1.5 39 2.3 . 1.3 0.8
22:6({n-3} 0.3 0.4 - 2.0 1.6 0.8 0.2 tr

Potyenes 316 319 348 389 37.7 40.2 41.3

n-3/n-6P 0.35 0.38 0.48 0.47 0.30 0.20 0.16

AANPUFAY ’ 0.32 .30 0.26 0.25 0.24 0.28 0.31

EPA™/ AA 0.32 0.25 0.18 0.15

0.22 .18 0.35

* See the legend of Tabie 2
" Arachidonic acid # Polyunsaturated fatty acid

¥ Eicosapentaenoic acid

} 08 005 1] (after diet for 4 weeks) ~ 20
s - -
b R e
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Fig. 2. Comparison of n-3 /n-6P ratio, P/ S ratio and polyunsaturated fatty acid content of total fatty acid in spleen tissue of rats.
A18: 2(n-6), A8 2 3{n-3), W20 : 4(n-6), 020 : 5(n-3), V22 : 4(n-6), %22 : 5(n-6), []22 : 5(n-3), 22 : 6(n-3)
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cosatetraenoic acidzF 0.2~1.9% ¥ ¢, DPAm-6)7} 2.
4~52% HHZ o] sl e oA BF 1330
ulg] 4~7 7oA ulge] & el gt ¥, n-3
A PUFAR = a-linolenic acidz} 3.1~4.5%, EPAZ} t.
7~3.2%, DPA(N-3)7} 0.8~3.9% W ol A2 37,
4ol o - ulge] g woked, DHAE 0.2
~2.0% HAZ FH vl go) Fghond 37, 4T vz
7 fzarch ulAk 2 o) Aukak Al o gleia] PUFAS
L2243 ohakgl Hleo] EAelglew, AlEf
78] P/S u]ge] 37t 7R Eobdle ulet n-
3/n-6P8]) B EPAJAA ¥ &2 Zh4E = 7 gFig. %
ey

Berger8) German™& Aol A 2% F3-/-5 2T
L. Z 8o, 1% 35 2 1% linolenate (n-3), 1% &3
221 1% eicosatrienoate (n-3)5 2Fz E£gfs}ef 25331
Foldtd e o, 03 £ 4 =g AdxE A2E
& 4lo] Fale] Alubat ZFoll what A A A HApE
cha shef 2w, Al o] A Al AR Rial
2} n-3/n-6P vl o & ok B2 vl glvh

FAde] 9%

2 o

n-37 EPAY DHAS] §&-& vlgo] T2 doig|$9)
n-67| linoleic acid®] 34 vjgo] B& S350 ¢
Foirh mA A} B o, A& o w]Ae] A kAl
thakel) v} )= of gk R E}7) $H Sprague Dawley
A & A5 wE Aol E 2T e ko FHole

&8 TR Y e BAW F0F Fa
47 AR AED AR 2E B4 AED A

#, d ABF AxjA L] Akl 2252 EPA B DHAL
- A Eol ggted, F3] phosphatidylethanola-
mine A& DHAL] & Hl o] €53 TUI, car
diolipinel| 4] = arachidonic acid®] & Bi-go] &=
o} Al7F QA A o] AlupAl A el A PUFASRL §H5- &
L 5 74% Aol f+4% Tl 7k =gk,
5% DHA 5% 8l &2 476% Aozl §-+2% F&
%), 57olA Eghewm, vl Aalel 24 zjubiFE
EPA 2 DHA2) %5 9182 37(8% g HiM ¥
siet.
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