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Influence of Oxidized Lipids on the Lipid Metabolism in the Fish

II. Absorption and metabolism of palmitic acid-1-1¢C
in carp fed with oxidized lipids

Norialkd Itstma* and Koichi Zama*

Abstract

The effect of a long term ingestion of oxidized lipids on lipid absorption and
metabolism was investigated in carp.

Four dietary regiments were used: A group (control) fed on a casein-
gelatin diet containing purified soybean oil methylester (PSME) and a-tocopherol
(I), B group on a diet containing oxidized soybean oil methylester (OSME) and
e-tocopherol (IT), C group on a diet (I) without a-tocopherol, and D group on a
diet (II) without a-tocopherol. Each group was reared for 45 weeks.

The growth rate in carp ingested with OSME (B and D groups) was about one
third that of A group (control), after 45 weeks. Moreover, the ratio of organ
weight to body weight in B and D groups was higher in contrast with A group
(control), but on the other hand, the ratio of muscle to body weight was lower than
that of A group (control).

The absorption of palmitic acid-1-14C into the body of B and D groups was
significantly lower in comparison with that of A group (control). The incorporation
of palmitic acid-1-*4C into intestinal phospholipid of B and D groups was higher
than that of A group (control), whereas the palmitic acid-1-14C incorporation
into intestinal triglyceride of B and D groups was found to be statistically low
in comparison with A group (control). In the hepatopancreas, phospholipid of
B, C and D groups was high in comparison with A group, but the palmitic acid-
1-14C incorporation into triglyceride of B, C and D groups was lower compared
with A group.

In conclusion, it can be assumed that a long term ingestion of oxidized lipids
causes a reduction in the lipid absorption of the body and influences the
triglyceride or phospholipid biosynthesis of the intestine. Finally, it can be
assumed that changes of lipid metabolism in the hepatopancreas was similar in B,
C and D groups.
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Table 1. Property of dietary methylester.

Dietary oil v POV cov n3°
Methyl ester 129.5 8.0 13.0 1.4590
Oxidized ‘
methyl ester 1 128.0 680.0 198.0 1.4606

Note : Methyl ester was prepared from soybean oil.

Table 2. Falty acid composition of dietary methylester (weight %).

Oxidized
Cn: m* Methyl ester methyl ester
16:0 11.36 1.11
‘1 0.29 0.36
18:0 2.69 3.49
‘1 22.73 22. 30
2 55.80 54. 61
3 7.14 8.13

Note: HITACHI 063 gas chromatograph; DEGS column
(1 mx3 mm i.d.), column temp. 205°C, injection
temp. 255°C, N, gas flow rate 40 ml/min.

*n; Number of carbon atom m; Number of double
bond
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Table 3-1. Composition of basal diet (weight %).

Casein (Vitamin free) 54 DL-Methionine 2
Gelatin 15 L-Tryptophan 1
White dextrin 8 Mineral mix. 4
Cellulose powder 8 Vitamin mix. 1%

* DL--q-tocopherol was eliminated from the formula of Halver et al.

Table 3-2. Composition of administered methylester and Vitamin E.

Composition A group | Bgroup | C group | D group
Basal diet (g) 91.5 91.5 91.5 91.5
Methyl ester (g) 10 - 10 -—
Oxidized —_ —

methyl ester (g) 10 10
DL-a-tocopherol (mg) 20 20 - -
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Fig. 1. Growth curve of carp. Fig. 2. Changes in body weight/body
The increasing rate: (A-B)/Bx100 length ratio in carp.

A; Body weight, B; Initial body weight
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Table 4. Muscle and other organs wet weight percent, glucose in urine, and appearance
of muscular dystrophy in carp.

A B C grou D grou
Organ, (g/100 g B.W.¥) (ng; o5l;p (ng:;l)p (f=3)P (ng=5)p
Intestine 1.95::0.4 | 2.56740.4 | 2.8020.1 | 3.162+0.4
Hepatopancreas 1.20:£0.4 | 1.86)+0.5 | 1.43+0.2 2ﬁ?i&4
Kidney 0.7220.1 | 0.87 =+0.2 | 0.74:0.2 L%Ji&2
Spleen 0.2320.1 | 0.28 £0.1| 0.92+0.1 | 0.81+0.2
Muscle 47.90+1.5 | 34.400::9.6 | 42.32::1.9 | 27.50°7+4.3
Fish showing apparent 0 80 67 100
muscular dystrophy (%) T +
Glucose in urine - +

Mean value+SD

*B.W.: Body weight

a) In comparison with the A group (control), P=<0.1
b) In comparison with the A group (control), P=<0.05
¢) In comparison with the A group (control), P=<0.001
n: Number of carp used in the experiment
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Table 5. Distribution of radioactivity in plasma, muscle, and other organs of carp
6 hr after palmitic acid-1-14C intubation.

A group B group C group D group
(n=5) (n=5) (n=3) (n=>5)

dpm % 104 (%)4[dpm X 10% (%)3’/dpm X 102 (%4’ dpm x 10* (%)d’
Total 3095 2971 3371 3047
Intestinal content 1605 1904 2121 2360
Body 1490 1067%) 1250 687"
Body 1490 100 | 1067*) 71.6| 1282  86.0 | 687" 46.1
Intestine 1044 70.1| 765 53| 942  63.2 5T 386
Plasma* 8¢ 56| 66 44| 64 4.3 ) 23
Hepatopancreas 115 .1 82 5.5 102 6.8 319 2.1
Muscle 126 84| 9% 60| 6™ 40| 259 17
Others** 122 8.2 64 4.3 114 (A 22%) 1.5
Recovery of dose: A group (70.3), B group (67.5), C group (76.6), D group (69.3)

* Counted as 3% of body weight
** Adipose tissue, kidney, spleen, gonad, gall bladder and heart
a) In comparison with the A group (control), P=<0.1
b) In comparison with the A group (control), P=<0.05
¢) In comparison with the A group (control), P=<0.025
d) Calculated as percentage of body dpm of A group (control) taken as 1009,
reference point
Table 6. Distribution of radioactivity in the lipid class of carp intestine 6 hr after
palmitic acid-1-14C intubation. (Y of total dpm)

Lipid class A group l B group l C group D group
Phospholipid 10.2+2.9 22.090+£7.6 | 14,9+ 5.0 | 19.8°9% 3.9
Partial glyceride 9.91+2.3 7.6 +3.5 7.4 0.8 7.8 £ 2.2
Free fatty acid 17.1+8.0 17.6, +9.4 14.8 = 4.0 24.8 +16.6
Triglyceride 62.84.0 55.3°)£5.0 | 62.9 +12.2 | 47.6):£10.0

a) In comparison with the A group (control), P=<0.1
b) In comparison with the A group (control), P=<0.05
¢} In comparison with the A group (control), P=<0.025
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Table 7. Distribution of radioactivity in plasma, muscle, and other organs of carp
6 hr after palmitic acid-1-14C intubation.

A group B group C group D group
(n=>5) (n=5) (n=3) (n=>5)
Body 100 100 100 100
Intestine 70.1+5.5 T1.7£5.1 73.4 +10.1 83.7°0:42.9
Plasma 5.6+2.1 6.2::2.4 5.0 =+ 3.6 4.9 +2.4
Hepatopancreas 7.7+2.1 T.7+9.4 8.0 =+ 3.6 450118
Musele 8.4+2.0 8.4+1.8 4,71 9.8 3.69+1.4
Others 8.2+3.0 6.0+3.9 8.9 =+ 3.5 3.990+1.7

a) In comparison with the A group (control), P=<0.1
b) In comparison with the A group (control), P=<0.05
¢) In comparison with the A group (control), P=<0.025
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Table 8. Distribution of radioactivity in the lipid class of carp blood plasma
6 hr after palmitic acid-1-14C intubation. (% of total dpm)

Lipid class A group ! B group C group D group
Phospholipid 2.9+£1.9 4.3+3.0 4.416.1 6.1x3.6
Partial glyceride 2.910.6 4.213.3 5.4£2.7 4.8%1.9
Free fatty acid 6.0x3.0 9.1+5.6 7.6£2.8 6.1+3.5
Triglyceride 89.1+4.4 82.24+10.4 82.81+3.9 83.06.9

Table 9. Distribution of radioactivity in the lipid class of carp hepatopancreas
6 hr after palmitic acid-1-1*C intubation. (% of total dpm)

Lipid class A group B group C group D group
Phospholipid 26.1:6.0 | 36.0™2.8 | 30.9™:+ 8.3 | 46.47% 4.0
Partial glycer}de 12.541.7 8.1 £2.1 17.1 +10.0 10.7 £ 5.1
Fr?e f&f/f/y acid 9.6:4.6 15.6 +8.3 6.7 £ 5.0 11.2 £+ 6.3
Triglyceride 51.8+8.8 | 40.3%%5.4 | 3577+ 0.2 | 3L7VtIL4

a) In comparison with the A group (control), P=<0.05
b) In comparison with the A group (control), P=<0.025
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