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Abstract

Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) methylesters (ME) were prepared
from a squid-liver oil and their hypocholesterolemic activities examined with rats. The supplement
of 0.3% EPA-ME to the diet containing 1.0 % cholesterol and 4.0 % butter as lipids reduced a serum-
cholesterol level markedly, whereas DHA-ME gave almost no effect on the serum-cholesterol level.
Both EPA-ME and DHA-ME reduced the liver-cholesterol level as effectively as linoleic acid did.
The supplement of small amounts of EPA-ME was also effective in lowering the serum-cholesterol
level; a dose of 0.03% EPA-ME suppressed by 60.7% the elevation of serum-cholesterol level.

The relationship between elevated serum-cholesterol levels and the incidence of coronary artery
diseases is well established). In general, animal fats increase serum-cholesterol levels, whereas
vegetable oils have a hypocholesterolemic effect in experimental animals and man. On the other
hand, fish oils have been shown to reduce serum-cholesterol levels in man®>¥ and animals>?.
StansBY®? has also revealed that fish oil rich in highly unsaturated fatty acids (HUFA) are
possibly effective in preventing the heart diseases relating to atheriosclerosis in man.

The hypocholesterolemic effects of fish oils have been supposed to be due to HUFA, especially
eicosapentaenoic acid (EPA: 20:5w3)** and docosahexaenoic acid (DHA: 22:6w3)!%!), Futher-
more, several investigations have demonstrated that EPA is probably effective in preventing the
formation of thrombi.'>!¥ However, further detailed studies have not been carried out probably
due to the difficulty in preparing large quantities of HUFA such as EPA and DHA for biological
and clinical tests.

Previously, we have prepared large amounts of EPA and DHA methylesters (ME) by column
chromatography on AgNO;-impregnated silica gel.!¥ In the present study, hence, we intend to
examine the effects of EPA-ME and DHA-ME on the serum- and liver-cholesterol levels in rats.
This paper deals with these results and discussion.

Materials and Methods
Preparation of Fatty Acids
EPA-ME and DHA-ME were prepared from a squid-liver oil were converted to the methylesters
with hydrogen chloride in methanol, and then EPA-ME and DHA-ME were isolated from the
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mixture of fatty acid methlesters by column chromatography on 5 %(w/w) AgNO; -Kieselgel 60.
The EPA-ME and DHA-ME so prepared had the purities of 98.5% and 99.0% by gas-liquid
chromatography (GLC) on 10% DEGS!9, respectively. Linoleic acid (18:2w6; purity 99.8%) was
obtained from Sigma Chemical Co. (USA).

Feeding Experiments

Two feeding trials were carried out. Male Wistar-strain rats were obtained from a commercial
breeder and maintained on diet 2 containing 1.0% cholesterol and 4.0% butter as lipids (Table
1) for 1 week. Then, the rats, 180-200 g in body weight, were grouped (each group, 6 rats) and
reared on the test diets (diets 1 to 9) for 2 weeks. The rats were fed the diets daily at a level of
10'% of body weight and water ad lib. The basal diet (diet 1) was the essentially same as that
reported previously'” and contained the following ingredients (%): Sucrose 60, casein 18.5,
gelatin 5, starch 5, a-cellulose 3, minerals 4, sodium cholate 0.25, vitamins 0.071, choline
hydrochloride 0.25, and butter 4.0.

Analytical Methods
The content of liver lipids was determined by the method of Bracpon!®, The content of
cholesterol in the liver and serum was measured by the method of Sperry and Wess !9,

Results and Discussion

Table 1 shows the body weight gain, liver weight, hepatosomatic index, and liver lipid content
of the rats fed the test diets in experiments I and II. Table 2 indicates the effects of dietary EPA-
ME, DHA-ME, or linoleic acid on cholesterol levels of the serum and liver in rats.

Table 1. Effects of EPA and DHA methylesters on the hepatosomatic index and liver lipid
content in rats.

i .. . Body wt. Liver wt. Hepatosomatic  Liver lipid
Bt ot Composition of diet gain (%) ®  index (#  (og/s tiseo
1  Basal diet (BD)*? 53.5 = 8.4*5 113 £ 1.1*° 4.78 36.1 = 2.1*°

2 BD + 1.0% CH (cholesterol) 66.2 = 29 141 * 0.8 5.68 61.3 + 1.7

I 3 BD+ 1.0% CH + 0.30% EPA-ME*® 707 + 53  12.8 = 0.4 5.60 513 = 1.2

4 BD + 1.0% CH + 0.30% DHA-ME* 603 + 52  11.6 + 0.9 4.83 51.6 = 0.9

5 BD + 1.0% CH + 0.30% Linoleic acid 65.0 = 7.7  12.8 + 1.0 5.21 547 + 1.6

1 BD 483 £33 117 £ 0.5 5.98 56.6 = 4.9

2 BD + 1.0% CH 433 + 3.1 115 £ 0.5 6.06 86.7 + 4.6

6 BD + 1.0% CH + 0.03% EPA-ME 367 £ 62 105 + 0.4 5.69 86.0 + 3.3

Il 7 BD + 1.0% CH + 0.06% EPA-ME 672 £32 141 + 0.4 5.67 52.6 = 3.0

8 BD + 1.0% CH + 0.09% EPA-ME 383 £25 107 £ 0.1 5.73 727 % 5.2

3 BD + 1.04 CH + 0.30% EPA-ME 707 £ 53 141 x 0.4 5.63 513 & 1.2

9 BD + 1.0% CH + 0.60% EPA-ME 54.0 x 6.1 113 = 0.6 4.83 60.4 + 1.3

*' Liver wt./Body wt. x 100

*2 Basal diet contained 4% butter as lipid sources
*3 Eicosapentaenoic acid (20:5w3) methylester

** Docosahexaenoic acid (22:6w3) methylester

* SE.
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Table 2. Effects of EPA and DHA methylesters on cholesterol levels of the liver and serum in rats

Exptl, z:t Composition of diet Serum cholesterol Liver cholesterol
: Total (mg/dl) Free (mg/dl) Total (mg/g) Free (mg/g)
1 Basal diet (BD) 132.0 = 159* 15.0 = 2.5* 102 + 1.3* 1.1 = 0.1*
2 BD + 1.0% CH (cholesterol) 225.6 £ 15.1  53.6 + 8.3 41.1 = 34 33 £03
1 3 BD + 1.0% CH + 0.30% EPA-ME 1459 = 79 319 % 4.1 16.6 £ 2.1 2.5 = 0.1
4 BD + 1.0% CH + 0.30% DHA-ME 2263 + 244 415 + 99 164 + 1.5 24 = 0.2
S BD + 1.0% CH + 0.30% Linoleic acid 242.4 + 199 62.2 + 9.3 15.6 = 2.3 2.8 +£0.3
BD 1368 + 9.5 28.1 + 5.8 11.5 = 1.0 0.8 + 0.1
BD + 1.0% CH 241.7 = 380 80.2 = 9.9 41.1 = 34 33 +03

BD + 1.0% CH + 0.03% EPA-ME 178.0 + 19.2  40.0 + 7.7 23.0 x= 34 1.5 = 0.1
BD + 1.0% CH + 0.06% EPA-ME 173.5 + 128 419 = 4.2 194 = 2.5 2.2 = 0.2
BD + 1.0% CH + 0.09% EPA-ME 188.9 = 17.9 434 + 4.6 153 = 1.0 0.9 = 0.1
BD + 1.0% CH + 0.30% EPA-ME 1459 = 79 319 <+ 4.1 16.6 = 2.1 25 = 0.1
BD + 1.0% CH + 0.60% EPA-ME 1409 + 109 47.5 £ 9.9 357 = 1.5 3.2 0.2

I
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In experiment I, the hypocholesterolemic effects of EPA-ME, DHA-ME, and linoleic acid were
examined by the supplement of 3% level of respective compounds to the diet containing 1.0%
cholesterol and 4.0% butter as lipids. The addition of 1.0% cholesterol to the basal diet contain-
ing 4.0 % butter elevated the content of liver lipids markedly and the hepatosomatic index slightly
(Table 1). The increase in the liver lipid content was suppressed significantly (P =0.01) by the
supplement of 0.3% levels of EPA-ME (diet 3), DHA-ME (diet 4), and linoleic acid (diet 5).
However, EPA-ME and linoleic acid had no effect on the hepatosomatic index. Interestingly,
the addition of DHA-ME lowered slightly the hepatosomatic index. The cholesterol levels of serum
and liver also rose when 1.0'% cholesterol was added to the basal diet. The supplement of 0.3 %
EPA-ME reduced the serum-cholesterol and liver-cholesterol levels significantly (P <0.01). Whereas,
neither DHA-ME nor linoleic acid was effective in lowering the serum-cholesterol level, but both
compounds reduced the liver-cholesterol level.

Since EPA-ME was found to be hypocholesterolemic in experiment I, the minimum effective
dose of EPA-ME was investigated with the diets containing various levels of EPA-ME in experi-
ment II. As for both the serum and liver, a cholesterol-lowering activity was revealed on the diets
supplemented with small amounts of EPA-ME (diets 6, 7, and 8), although the activity was high
on the inclusions of 0.3% and 0.6 % EPA-ME than on those of 0.03% , 0.06%, and 0.09 % EPA-
ME. When the hypocholesterolemic activity was expressed as a value of suppression (%) (Table
3), the values on 0.03% and 0.6 % EPA-ME were 60.7 and 96.1, respectively, as for the serum-
cholesterol level. It is noteworthy that EPA-ME was effective in lowering the cholesterol levels
of both the serum and liver in spite of small dosage.

Although linoleic acid is hypocholesterolemic, a large dosage is generally required for the reduc-
tion of serum-cholesterol level. A large dosage of linoleic acid sometimes gives rise to the disorder
of digestive organs such as loss of appetite and loose bowels. In the present study, the inclusion
of 0.3% linoleic acid did not merely lower the serum-cholesterol level but also elevated it.
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Table 3. Effects of EPA-ME, DHA-ME, and linoleic acid on the suppression (%) of
total cholesterol level in the serum and liver of rats

Experiment Compound added*! Suppression (%) of cholesterol level*2

Serum Liver

0.3% EPA-ME 85.1 79.0

I 0.3% DHA-ME -0.7 79.7
0.3% Linoleic acid -179 82.3

0.03% EPA-ME 60.7 61.1

0.06 % EPA-ME 65.0 73.3

II 0.09% EPA-ME 50.3 87.2
0.3% EPA-ME 91.3 82.8

0.6 % EPA-ME 96.1 18.2

*1 The compounds were added to the diet containing 1.0% cholesterol and 4.0% but-
ter as lipids (diet 2).
*2 Suppression (%) of total cholesterol level was calculated as follows:

B-C

Suppression (%) = A- X 100

A: Cholesterol level in the rats fed diet 1 (basal diet)

B: Cholesterol level in the rats fed diet 2 containing. 1.0% cholesterol and 4.0%
butter as lipids

C: Cholesterol level in the rats fed the diets containing additives examined besides
1.0% cholesterol and 4.0% butter as lipids

KmngsBury et al.'® have examined the influence of a pentaene- and hexaene-rich fraction
prepared from cod-liver oil in man and found that this HUFA fraction lowered plasma cholesterol
level. Kanepa et al.!) have also prepared the EPA-ME and DHA-ME rich fractions from a
cuttlefish-liver oil; the former contained EPA-ME (51.7%), DHA-ME (37.2'%), and other fatty
acid ME (11.1%), and the latter involved DHA-ME (77%), EPA-ME (21%), and arachidonic
acid ME (2%). They have indicated that EPA-ME fraction reduced the serum-cholesterol level
of rats more effectively than DHA-ME fraction, suggesting that the cholesterol-lowering mechanism

" of each of these fatty acid ME differs from that of linoleic acid. These findings suggest that the
hypocholesterolemic effect of fish oils rich in HUFA is due mainly to EPA and/or DHA. The
results of the present study shows that EPA-ME has a cholesterol-lowering activity on the serum
of rats but DHA-ME has no effect. In contrast with the results obtained by Kanepa et al.!V,
the present study shows that EPA-ME is effective in lowering cholesterol levels of not only the
serum but also the liver. We imagine that the apparent discrepancy of the investigations is due
to the difference in the dietary status, especially the purities of EPA-ME and DHA-ME used,
besides the physiological conditions such as the age of rats.

The minimum effective dose of EPA-ME for lowering the cholesterol level of serum and liver
was estimated to be about 0.03% in the diet under the conditions adopted, and this corresponds
to a dose of about 30 mg EPA-ME/day/100 g rat. Thus, EPA-ME was shown to be a substance
with a high hypocholesterolemic activity. Several views have been presented as to the mechanism
by which polyunsaturated fats and fatty acids reduce serum-cholesterol concentrations. Some
workers®23) have supposed that unsaturated fatty acids cause an increase in fecal excretion of
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neutral and acidic sterols. On the other hand, other workers**29 have thought that polyun-
saturated fats are merely effective in a redistribution of cholesterol within the body with a shift
of cholesterol from the serum or plasma to tissue pools. Kuropa and Expo?” have pointed out
by using a rat liver enzyme preparation that unsaturated fatty acids, arachidonate and linoleate,
reduced cholesterol synthesis by inhibiting 3-hydroxy-3-methylglutaryl-CoA synthase. The results
of the present study do not give a definite explanation for the cholesterol-lowering mechanism
of EPA-ME. But, we postulate that the cholesterol-lowering mechanism by EPA-ME is different
with that by diunsaturated fatty acids such as linoleic acid, because EPA-ME exerted a
hypocholesterolemic effect even in a very small dose in contrast with linoleic acid. Due to a high
efficacy, EPA-ME and the compounds containing EPA are expected to be one of promising drugs
for cure and prevention of hypocholesterolemia and related diseases.
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