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Elucidation of molecular basis of interrelated effects of the combination of
food components on lipid metabolism by pathological animal model
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The combination of sesame lignan and y -linolenic acid synergistically
increased the activity and gene expression of enzymes involved in fatty acid oxidation in rat liver.
The combination suppressed fatty acid synthesis additively. In addition, the combination of these
dietary factors was effective in lowering serum lipid concentration. In addition, an oil rich iny
-linolenic acid strongly increased fatty acid oxidation in the liver of congenital hyperlipidemic
mice, and the oil also lowered fatty acid synthesis. In addition, this oil was effective in reducing
serum lipid levels and improving lipoprotein metabolism in this disease model. During the course of
the study, we also found that the metabolic response to dietary polyunsaturated fatty acids may

considerably differ between rats and mice.
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Fatty acid composition (wt%o)
10:0 0.2 0.0 0.0
12:0 0.7 0.0 0.0
16:0 44.0 5.2 4.1
18:0 12 12 13
18:1 (n-9) 39.3 9.5 5.6
18:2 (n-6) 14.7 84.1 46.4
18:3 (n-6) 0.0 0.0 42.6




Peroxisomal

BDHDHD

Acyl-CoA oxidase

1 ﬁﬂﬁ,

Canitine acyltransferase
(©

Enzyme activity (nmol/min per mg protein)

Enoyl-CoA hydratase

Carnitine acyltransferase
(C2 sub

Carnitine acyltransferase
(c8

3-Hydroxyacyl-CoA
dehydrogenase

3-Ketoacyl-CoA
thiolase

Jat Tyes

™ c
12 c
9
9| b
6| ° L
a a 2 a a
3 |_| 3 |_| |_| ‘I H
sesamin® — ¥ - ¥, = O F T ¥ B VR ST 3 — - T
Paim ol Safflower GLAGIl  Paim oil Safflower GLA oil Paim oil Safflower GLAGI  Palm oil Safflower GLA oil
ail ail il il
Carnitine Acyl-CoA oxidase 1
octanoyltransferase
e TRy AOVA )|
[Fat Types <001 [Fat Types <0.01
fSesamn. <001 Sesamn o
[ o0t c oo <005 d
8 L
¢ 8
6 6
b c
T 4 4 ¢
g b
< ml (SIRI=18]n
s O Rl S )
e P_eroxn§oma| Peroxisomal _ Peroxin 11a
= bifunctional enzyme 3-ketoacyl-CoA thiolase
0>J Toro-wiay ANGVA (p Valde) Tvo-way ANGVA (p vakie) [Too-way ANOVA 5 varae] |
) farrypes 001 Fatyes <001 Fatypes <001
< Eoex P 15 s am | €
= ecamn N Sesamn N 1 [Sesamn <001
@ 40 10 c
£ 12 c
8|
30 9
6
20 6
4 b
- 2 Ll 1
0 — ™ ol | [1 ol M
Sesamin  — + — + — + -+ -+ — + - 4+ -+ — +
—_—
Palm oil Safflower GLA oil Palm oil Safflower GLA oil Palm oil Safflower GLA oil
oil oil oil
Fatty acid synthase ATP-citrate lyase Glucose 6-phosphate
dehydrogenase
Two-way ANOVA (p value) d Twio-way ANOVA (p value) d Two-way ANOVA (p value)
100} € Ceamn oo 160 Cramn o1 Cann o1
_ oo <00t C o X oo | 200 oo o0t
£ 75 120
2 d 150 ¢
°
a 80
= O | & b b 100 | b
£ b b ab
g = a 40 |—-| a 50 a 2 .
<, [ O, minls
E 6-Phosphogluconate Malic enzyme Pyruvate kinase
] dehydrogenase
E oy AROA T ) T ARG o AR )
zZ o, d R g . gl
Z sof ] B e | oosof L fmmr e [TOOOF g IR <o
54
o 200 200 800
£ b c
> 600
g 150 ab P, 150
[im]
100 100 400 b b
a
50 50 200 |"—|
.0 0 0
Sesmin~ - + - + - + -+ -+ -+ -+ -+ -+
Palm oil Safflower GLA oil Palm oil Safflower GLA oil Palm oil Safflower GLA oil
oil oil oil

- (C2),
- (C8)
-CoAs (C16)
+

n=7

C16

P<0.05 NS, P>0.05.GLA,
Y-

11a
n=7
-CoA

1 1lla
MRNA 2

P<0.05
P>0.05.GLA, y-

NS,

I+

n=7

P<0.05 NS, P>0.05.GLA, y-



Dietary fats Two-way ANOVA (P value) Post hoc test (P value)
i i Palm oil vs . Safflower
Paim ol Siflower kil Fat Sesamin Fat X. Safflower Palm0|l.vs oil vsGLA
Sesamin (2 g/kg) 0 2 0 2 0 2 Sesamin = 70 GLAGL TG

Serum components

Triacylglycerol (umol/dL) 569 + 21¢ 295 + 19¢ 269 + 199 207 + 25 187 + 12° 967 + 897 <0.01 <0.01 <0.01 — —
Cholesterol (umol/dL) 275 + 9 232 + 12 272 + 17 216 + 9 213 + 6 173 + 14 <0.01 <0.01 NS NS <0.01 <0.01
HDL-cholesterol (umol/dL) 126 + 13 167 + 11 166 + 11 162 + 9 159 + 8 130 + 12 NS NS <0.01 — —
VLDL+LDL-cholesterol (umol/dL) 149 + 17° 657 + 49° 106 + g 538 + 50° 542 + 50° 490 + 52° <0.01 <0.01 <0.01 — —
Phospholipid (umol/dL) 320 £ 11 245 £+ 9 298 + 9 215 + 6 223 + 8 181 + 10 <0.01 <0.01 NS <0.05 <0.01 <0.01
HDL-phospholipid (pmol/dL) 122 + 7 127 + 6 115 + 6 132 + 7 143 + 10 139 + 11 NS NS NS — —
VLDL+LDL--phospholipid (umol/dL) 198 + 10¢ 118 = 11° 182 + ¢! 834 + 73* 800 = 76> 421 = 100° <001 <0.01 <0.01 — —
Lignan (nmol/dL)

Sesamin — 280 + 5.8 — 215 + 38 — 166 + 2.7 — — — — —

Episeamin — 168 + 37 — 149 + 19 — 95.6 + 14.1 — — — — —

Total — 196 + 42 — 170 + 23 — 112 + 16 — — — — —
Liver components

Triacylglycerol (nmol/g) 641 + 92° 362 + 27" 431 + 27™ 422 + 54* 209 =+ 1.9° 494 + 51° <001 NS <0.01 — —
Cholesterol (nmol/g) 475 + 024 345 + 007° 572 + 021° 436 + 008° 482 + 015° 425 + 017° <0.01 <0.01 <0.05 — —
Phospholipid (nmol/g) 309 + 06 380 = 07 365 + 06 438 = 06 410 = 09 489 + 13 <001 <001 NS <0.01 <0.01 <0.01
Lignan (nmol/g)

Sesamin — 644 + 114 — 756 + 1.16 — 6.92 + 0.96 — — — — —

Episeamin — 175 + 23 — 188 + 1.7 — 167 + 23 — — — — —

Total — 240 + 33 — 264 + 2.7 — 236 + 3.2 — — — — —

= =)
NS, P > 0.05
P<0.05
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