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Abstract

The effect of dietary fats with varying degrees of unsaturation in the presence of different concentrations of vitamin E on tissue lipid
levelswas studied in rats. Rats were fed either menhaden oil, olive dil or coconut il at 15% levelswith either 0.1, 0.3 or 0.6 mg/g of vitamin
E as a-tocopherol for four weeks. Rat serum and liver were analyzed for total cholesterol, HDL-cholesterol, triacylglycerol and
phosphoalipids. In addition, fatty acid composition of serum lipids was also analyzed. Serum total cholesterol and triacylglycerol were
significantly lower in rats fed menhaden oil than in those fed olive or coconut oil, while the HDL-cholesterol was significantly higher in
serum of rats fed menhaden and olive oil than in those fed coconut oil. Levels of vitamin E in the diet had only a significant effect on serum
cholesterol and liver phospholipids. The Pearson correlation coefficient showed a significant positive relationship between serum triacyl-
glycerol and total cholesterol, and a negative correlation between triacylglycerol and HDL-cholesterol, and between total and HDL-
cholesterol.

In the liver, total cholesterol was significantly higher in rats fed coconut oil than in rats fed menhaden oil. Total liver phospholipids were
lower in rats fed either coconut oil or olive oil compared to those fed menhaden oil, especially with higher levels of vitamin E intake. Higher
levels of vitamin E in the diet appear to increase triacylglycerol and phospholipidsin livers of rats fed menhaden oil. In the liver a significant
negative correlation was observed between phospholipids and cholesterol. The type and degree of unsaturation (polyunsaturated fatty acids
in menhaden oil, monounsaturated fatty acids in olive oil and saturated fatty acids in coconut oil) significantly affected plasma and tissue
lipids. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

The composition of plasma and tissue lipids in man and
animals is a reflection of the type and amount of dietary
lipids consumed [1-6]. Diet modifications recommended
for the general population for the prevention of cancer, heart
disease, and diabetes include reductions in total dietary fat
and cholesterol and replacement of saturated fat with poly-
unsaturated fats of both the n-3 and n-6 types. Implementing
these recommendations often result in the incorporation of
unsaturated fatty acyl groups in cell membrane lipids and

* Corresponding author. Tel.: +1-804-524-6715; fax: +1-804-524-
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thus modulate several physiologic processes. Polyunsatu-
rated fatty acids (PUFA’s) are readily incorporated into the
cell membrane lipids of several tissues, spleen leukocytes
[7], rat heart, liver, kidney and adipose tissue [7,8], and
plasma and aortic plaque in swine [7]. However it is not
clear whether different tissues have the same level of incor-
poration of the polyunsaturated fatty acids. This study there-
fore compares the fatty acid pattern in serum and liver of
rats fed different oil and determines whether the dietary
tocopherol’s level will affect incorporation of fatty acids
into the liver lipids.

Fish oils are relatively rich in n-3 fatty acids. The two
most common, eicosapentaenoic acid (20:5n3) and docosa-
hexaenoic acid (22:6n3), are involved in many biological
processes. Fish oil supplementation has been shown to have

0955-2863/02/$ — see front matter © 2002 Elsevier Science Inc. All rights reserved.

Pll: S0955-2863(02)00196-1



436 A.l. Mohamed et al. / Journal of Nutritional Biochemistry 13 (2002) 435-441

a protective effect against atherosclerotic changes by low-
ering plasma triacylglycerol and lipoprotein (especialy
very-low-density lipoprotein) concentration in normal as
well as in hypertriglyceridemic men [9-10]. In hyperlipid-
emic pigs, supplementation with cod-liver oil reduced the
extent of atherosclerosis [11]. In animals fed high fat diets,
n3 fatty acids prevented the development of insulin resis-
tance in liver and skeletal muscle, the tissues involved in
glucose metabolism [12]. However, fish oil may have some
adverse effects in diabetic subjects [6] in that n3 fatty acids
increase hepatic glucose output [13], which resultsin higher
fasting and postprandial blood glucose concentrations [14],
elevated apolipoprotein B concentration [15]. Thus, in-
creased insulin sensitivity is offset by increased blood glu-
cose concentrations. The beneficia effects similar to those
of n3 PUFA are aso observed with Mediterranean diets
containing olive oil which is rich in monounsaturated fatty
acid 18:1n9. The same does not appear to be true for
coconut oil, rich in saturated fatty acids.

Fish oils are highly unsaturated and readily undergo
peroxidation [16,17]. Thus, increased peroxidation may ac-
count for some of the adverse effects of fish oil on lipid
metabolism variables. It is widely believed that administra-
tion of polyunsaturated fatty acids decreases the concentra-
tions of vitamin E in the body [18] as a result of its
antioxidant function [19]. Vitamin E supplementation is
often recommended as a necessary antioxidant when large
amounts of unsaturated fats are consumed [8,19]. Vitamin E
may aso independently affect lipid metabolism. It may
promote the beneficial effects of fish oil by reducing the
peroxidative damage caused by fish oil while its deficiency
causes reproductive failure, nutritional myopathies and ab-
normalities of liver, blood, brain, pancreas and capillariesin
experimental animals [20]. Vitamin E deficiency also re-
duces the membrane's ability to maintain normal metabo-
lism or defend against environmental stress. A RDA of 15
IU of vitamin E daily has been established as a minimum
requirement in man, with supplemental amounts recom-
mended for pregnant and lactating women, newborn infants
and older individuals. However, most American diets do not
provide adequate amounts of vitamin E. However, the re-
quirement of Vitamin E in rats is higher than Human. The
vitamin E requirement for most of the frequently used
strains of rats is 18 mg of a-tocopherol/Kg diet (42 wmol/
K@) when lipids compromise less than 10% of the diet [21].
This corresponds to 27 IU/Kg diet and this is equivalent to
57 wmol/Kg [21].

Most studies using fish oil concentrate or n3 fatty acids
have not evaluated the addition of vitamin E or other anti-
oxidants. Significant increases in the o~ and -y-tocopherol
content of red cell membranes have been reported in hu-
mans after supplementation with fish oil, even in the ab-
sence of additional vitamin E in the diet [5]. We were
interested to see whether or not Vitamin E levels would
modify the effect of saturated and unsaturated fatty acid on
the serum and liver lipids. Hence, we added similar con-

centrations of vitamin E to all the dietary fats used in the
present study. The data on the interaction of vitamin E with
monounsaturated fatty acids and saturated fats are even
more lacking. The objective of the present study was to
examine the effects of interaction between unsaturation of
dietary fatty acids and vitamin E at various levels on serum
and liver lipids and serum lipid fatty acid composition in
rats.

2. Materials and methods
2.1. Experimental design

Ninety weaning male Sprague-Dawley rats were divided
into nine groups of ten each. The rats were fed 15g/100q fat
diet containing either menhaden oil (rich in long-chain
PUFA), olive oil (rich in monounsaturated fatty acids, oleic
acid) or coconut oil (rich in saturated fatty acids), with three
levels of vitamin E as a-tocopherol at 0.1, 0.3 and 0.6 g/100
g diet. Each ten-replicate group was randomly assigned to
each of nine dietary treatments. The treatments consisted of
nine diets containing three types of fat and three levels of
added vitamin E in a complete factorial arrangement. All
diets contained 15g fat per 100g diet, plus 40g defatted
soybean meal, 17.5g starch, 16g dextrose, 5g cellulose, 4g
AIN-93 mineral mix and 2g AIN-93 vitamin mix. Fatty acid
composition of oils fed to ratsis given in Table 1. The rats
were fed the test diets for four weeks. The entire protocol
was approved by the University of Maryland Eastern Shore
Animal Care and Use Committee. Rats were housed indi-
vidualy in stainless steel screen bottom cages (18 X 28 X
18 cm) in aroom maintained on a 12-hr light and dark cycle
(light on: 07.00-19.00 hr) with temperature controlled at
18-26°C and relative humidity at 40-50%. Rats were given
free access to food and distilled, deionized water. Food
intake and body weight were determined weekly.

2.2. Blood and liver collection

At the end of the experimental feeding period, rats were
fasted 12 hr, anesthetized with diethyl ether, and the blood
collected from the central retinal artery. Serum was obtained
by centrifugation at 5°C at 1500 X g for 30 min, then
removed, aliquoted, and stored at —70°C for subsequent
analysis. Theliver was quickly removed, weighed, placed in
a plastic bag, frozen on dry ice and stored at —70°C.

2.3. Chemical analyses

Serum samples were analyzed for total cholesterol [22],
HDL cholesterol [23], and triacylglycerol [24]. Liver was
analyzed for total lipids [25], total cholesterol [26], triacyl-
glycerol [27] and phospholipids[28]. Serum and liver lipids
were extracted and purified as described by John and Bell
[29]. Fatty acid methyl esters (FAME) were prepared as
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Table 1
Fatty acid composition of oils
Fatty acid % Qil

Menhaden Olive Coconut
C6:.0 - - 13
C8:.0 — - 12.2
C10:0 - - 8.0
C12:.0 - - 48.8
C14.0 9.7 - 14.8
C15:.0 14 - -
C16:.0 20.5 11.3 6.9
Ci16:1 12.6 0.8 -
C16:2 1.6 - -
C16:3 2.2 - -
C16:4 17 - -
C18:.0 3.3 2.6 2.0
Ci18:1 11.1 78.4 45
C18:2w6 1.8 5.7 14
C18:3w3 1.6 0.5 -
C18:4w3 29 - -
C20:.0 0.4 04 0.1
C20:1 1.0 0.2 -
C20:4wb 21 - -
C20:5w3 13.7 - -
C22:1 0.8 - -
C22:5w3 2.6 - -
C22:6w3 9.2 - -
Total Saturated FA 35.1 14.3 94.1
Total Monounsaturated 23.6 79.4 45
Total Polyunsaturated 39.1 6.2 14
w3/wb 7.8 0.1 -
P:S Ratio 11 0.4 0.1

described in details in our previous report [30] and was
analyzed by capillary gas chromatography as previously
described [30].

2.4. Satistical analysis

Data were analyzed by a two-way ANOVA to measure
differences between dietary fats and vitamin E concentra

tion, and by linear regression analysis for the various mea-
surements using SAS programs, version 6.12 [31]. Dun-
can's multiple range test [32] was used to determine
differences in model-classified composition data when sig-
nificant differences were observed using ANOVA. Differ-
ences with P values less than 0.05 were considered to be
statistically significant.

3. Resaults

3.1. Serum lipids

The type of dietary fat had no significant effect on body
weight gain of rats, but significantly (p < 0.009) affected
feed intake. Rats fed diets containing coconut oil had higher
average feed intake (21.86 g/day) than rats fed diets con-
taining menhaden or olive oil, 20.76, 20.41 g/day, respec-
tively. However, vitamin E levels had no significant effect
on either body weight gain or feed intake (Table 2).

Table 2 summarizes serum total cholesterol, HDL-cho-
lesterol and triacylglycerol concentrationsin rats fed differ-
ent dietary fats and different levels of vitamin E. The aver-
age serum total cholesterol level was significantly (p <
0.001) lower in rats fed menhaden oil (1.37 mmol/L) com-
pared to those fed either olive (1.73 mmol/L) or coconut oil
(2.96 mmol/L). Similar trends were observed with serum
triacylglycerol levels. Rats fed diets containing menhaden
oil had significantly (p < 0.001) lower levels of triacylglyc-
erol (0.40 mmol/L) compared to those rats fed diets with
olive oil (0.82 mmol/L) or with coconut oil (1.13 mmol/L).
Also, serum HDL-cholesterol levels were significantly (p <
0.001) higher in rats fed either menhaden (1.37 mmol/L) or
olive oil (1.35 mmol/L) compared to those rats fed coconut
oil (0.90 mmol/L).

Vitamin E levels had asignificant (p < 0.002) effect only

Table 2

Weight gain, feed intake, serum cholesterol, HDL-cholesterol, and triglycerides in rats fed different dietary fats and vitamin E for 4 weeks*

Oil Type Vitamin E Weight Gain g Feed Intake, Cholesteral, HDL, Triacylglycerol
mg/Kg g/day mmol/L mmol/L mmol/L, as

trilinolein

Menhaden 100 330.12 + 7.70 20.52 + 0.71 1.35 + 0.08 1.40 = 0.15 0.38 = 0.03
300 34283 + 4.81 2159 + 0.71 144+ 0.12 1.40 = 0.05 0.37 = 0.10
600 332.90 + 9.68 20.18 + 0.09 133014 154 + 0.07 0.42 += 0.08

Olive 100 337.83 + 10.03 20.18 + 1.8 1.49 + 0.08 137+ 0.12 0.78 = 0.10
300 337.99 + 7.31 20.47 = 091 1.89 * 0.07 1.29 = 0.08 0.77 = 0.13
600 319.65 + 12.8 20.59 + 0.56 1.76 = 0.08 1.40 = 0.06 0.89 + 0.15

Coconut 100 344.57 + 8.55 21.90 + 0.82 1.67 = 0.13 1.04 = 0.15 114 +0.12
300 34094 = 7.71 21.95 + 0.72 1.96 = 0.08 0.57 = 0.01 1.16 = 0.17
600 353.24 + 861 21.86 + 0.74 221+ 012 1.05+ 0.12 119+ 0.11

Significance

Oil NS 0.009 0.001 0.001 0.001

Vitamin E NS NS 0.002 NS NS

Oil X Vitamin E NS NS NS 0.096 NS

Vitamin.EEE

* Each value represnets the mean + standard error mean of 8 to 10 samples.
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Table 3

Liver total lipids, triacylglycerol, cholesterol, phospholipids and C/P ratio in rats fed different fats and vitamin E for 4 weeks*

Oil type Vitamin E Total Lipids Triacylglycerol:mol/g Cholesterol:mol/g Total Phospholipids: C.P
mg/kg 0/100g (Trilinolein) mol/g ratio**

Menhaden 100 419+ 0.36 3353 £ 2.37 11.81 = 0.50 12.70 + 0.93 0.93
300 4.82 =043 43.46 + 4.07 11.63 = 0.77 19.26 + 2.02 0.60
600 494 + 0.42 47.27 £ 2.94 11.39 = 0.64 20.89 + 0.97 0.54

Olive 100 4.46 = 0.33 39.72 £ 2.93 17.97 = 1.73 13.06 + 1.79 1.38
300 4.46 = 0.36 36.38 £ 3.73 14.54 + 0.59 14.37 + 0.49 101
600 5.15 = 0.40 40.95 + 524 13.67 = 0.97 16.68 + 1.70 0.82

Coconut 100 492 +0.32 39.12 + 2.63 16.15 = 0.83 10.18 + 1.00 1.59
300 491+ 0.36 4258 + 4.10 1847 = 1.64 10.59 + 0.91 174
600 467 £ 0.34 41.26 + 3.46 17.46 = 1.28 12.07 + 0.99 144

Significance

Oil NS NS 0.001 0.001

Vitamin E NS NS NS 0.002

Oil X Vitamin E NS NS 0.006 NS

* Each value represents the mean + standard error mean of 8 to 10 samples.

** C:P ratio: Cholesterol:phospholipids ratio. These values were calculated and mean was reported without carrying out the statistical analysis.

on serum total cholesterol, where it was higher in rats fed
the upper levels of vitamin E 0.6 and 0.3 mg/g (1.67 and
1.68 mmol/L), respectively, compared to those rats fed the
lower level of vitamin E (0.1 mg/g) 1.51 mmol/L.

The Pearson correlation coefficient between serum tri-
glycerides and total cholesterol was 0.655 (p < 0.001),
between serum triglycerides and HDL-cholesterol was
0.568 (p < 0.001), and between serum cholesterol and
HDL-cholesterol was 0.731 (p < 0.001).

3.2. Liver lipids

Table 3 summarizesthe liver lipids profile of total lipids,
triacylglycerol, cholesterol, total phospholipids and choles-
terol/phospholipidsratio in rats fed different dietary fats and
different levels of vitamin E. The type of dietary fat had no
significant effect on liver tota lipids or triacylglycerol.
Liver cholesterol and total phospholipids levels in rats fed
different dietary fats were quaitatively similar to those
observed in serum. Cholesterol levels were significantly
(p < 0.001) lower (11.59 mmol/L) in rats fed menhaden oil
compared to those fed olive oil (15.42 mmol/L) or coconut
oil (17.45 mmol/L), and the level of cholesterol in olive ail
fed rats was significantly lower than that found in rats fed
coconut oil. A similar trend was observed regarding the
effect of the type of oil on liver phosphoalipids. The level of
phospholipids was significantly (p < 0.001) higher in rats
fed menhaden oil (16.81 mmol/L) compared to those fed
olive ail (14.80 mmol/L) or coconut oil (11.01 mmol/L).
However, rats fed olive oil had significantly higher levels of
phospholipids than those fed coconut oil.

The levels of vitamin E in the diets had no significant
effect on liver total lipid, triacylglycerol or total cholesteral.
However, total phospholipids was significantly (p < 0.002)
affected by vitamin E levelsin the diets. Liver total phos-
pholipids concentration was significantly higher (16.55 and

15.14 mmol/L) in rats fed the higher levels of vitamin E, 0.6
and 0.3 mg/g, respectively, compared to those rats (11.98
mmol/L) fed the lowest level of vitamin E (0.1 mg/g).

The Pearson correlation coefficient between liver triglyc-
erides and total lipids was 0.941 (p < 0.001) and between
liver phospholipids and liver cholesterol was —0.238 (p <
0.08). The negative correlation between cholesterol and
phospholipids levels in rats fed dietary oil with different
unsaturation is reflected in the C:P ratio.

3.3. Fatty acid composition of serum lipids

Table 4 summarizes the fatty acid pattern of serum lipids
in rats fed different dietary fats and different levels of
vitamin E. Medium chain saturated fatty acids, especialy
myristic acid (14:0) and palmitic acid (16:0), were signifi-
cantly higher in serum lipids of rats fed coconut oil than
those fed either menhaden or olive cil. Eighteen carbon fatty
acids, especiadly stearic acid (18:0), were higher in serum
lipids of rats fed olive or coconut oil than those fed men-
haden oil. Oleic acid (18:1n9) levels were higher in serum
lipids of rats fed olive oil compared to those fed menhaden
or coconut ail. It is interesting to note that linoleic acid
(18:2n6) was significantly higher in serum lipids of rats fed
coconut oil than those fed either olive oil or menhaden oil.
Similarly, arachidonic acid (20:4n6) was aso higher,
though not significantly, in serum lipids of rats fed coconut
oil compared to those fed menhaden oil especially with
higher doses of Vitamin E. As expected, linolenic acid
(18:3n3) was higher in serum lipids of rats fed menhaden oil
than those fed olive oil or coconut oil. Long chain fatty
acids, both saturated (24:0) and unsaturated fatty acids,
especially 22:2, 22:5 and 22:6 were significantly higher in
serum lipids of rats fed menhaden oil than those fed olive or
coconut oil. Interestingly, 24:0 was higher in serum lipids of
rats fed coconut oil than those fed olive oil.
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Table 4
Effects of dietary oils on fatty acid composition of serum lipids*
FA Pattern Oil Type Significance

Menhaden Olive Coconut

Vitamin E, mg/Kg Vitamin E, mg/Kg Vitamin E, mg/Kg

100 300 600 100 300 600 100 300 600 Qil Vit E Qil X Vit E
14:.0 2.8 36 34 24 18 18 4.3 4.8 4.6 0.001 NS NS
16:0 18.4 16.1 17.0 17.6 16.8 16.2 18.3 185 18.6 NS NS NS
16:1w7 5.7 5.0 4.8 21 35 19 2.3 29 31 0.015 NS NS
18:0 6.6 6.9 6.4 7.4 7.3 8.2 9.6 7.1 7.2 NS NS NS
18:1w9 13.3 11.6 9.5 28.2 25.6 24.9 18.2 155 15.6 0.001 NS NS
18:2w6 6.4 6.9 5.8 7.9 7.7 9.5 125 11.9 97 0.001 NS NS
18:3w3 12 0.8 0.9 0.4 0.4 0.3 0.6 0.6 0.7 NS NS NS
20:0 75 7.3 6.2 9.7 8.7 82 6.2 6.9 75 NS 0.001 0.001
20:109 16 16 18 04 0.6 0.3 0.8 16 17 NS NS NS
20:209 ~10 20 25 0.9 15 14 0.8 16 17 NS NS NS
20:3w6 05 11 13 1.0 11 0.7 0.8 11 13 NS NS NS
20:4w6 9.9 11.1 11.4 135 15.0 154 12.9 155 15.1 0.020 NS NS
20:5w3 8.2 9.8 115 0.8 0.9 05 0.3 0.8 1.0 0.001 NS 0.005
20:0 31 4.4 3.8 2.2 22 2.7 2.2 34 35 NS NS NS
22:0 31 4.4 3.8 2.2 22 2.7 2.2 34 35 NS NS NS
22:2w6 4.0 34 4.7 18 20 2.4 5.4 22 21 0.001 NS 0.006
22:5w3 4.6 25 2.3 0.3 14 24 0.4 0.5 0.7 0.003 0.003 0.001
22:6w3 34 34 38 11 18 20 25 28 2.8 NS NS NS
24:00 33 36 2.6 2.3 18 15 1.9 2.3 29 0.050 NS NS
T. Sat. FA 41.7 41.8 39.4 41.5 38.7 38.6 425 43.1 44.4 0.065 0.004 0.005
T. Monounsat FA 38.1 41.0 44.3 27.8 318 34.4 36.2 37.0 35.3 0.044 0.003 0.005
T polyunsat FA 38.1 41.0 44.3 27.8 318 34.4 36.2 37.0 35.3 0.044 0.003 0.005
03lwb _19 15 _16 02 _04 _04 02 _03 _04 NA NA NA
P:S ratio _0.9 _10 A 7 .8 .9 .9 .9 .8 NA NA NA

* Each value represents the mean of 8 to 10 samples.

Levels of vitamin E had no significant effect on short and
medium chain fatty acids (C18 and lower) (Table 4). The
level of vitamin E had an inconsistent effect on longer chain
fatty acids (C20 and higher) of serum lipids. Saturated fatty
acids, 20:0 and 24:0, decreased with increasing vitamin E
concentrations in rats fed menhaden oil and olive oil but the
reverse was observed in rats fed coconut oil. The 22:0
increased with increasing levels of vitamin E in rats regard-
less of type of dietary fat.

4, Discussion

Several studies have shown the antioxidative and protec-
tive effects of vitamin E on lipid peroxidation in humans
and animals [8,19,20] when fed diets containing polyunsat-
urated fatty acids such as fish oil. However, studies on the
effect of vitamin E on lipid peroxidation or on tissue lipids
in humans and animals fed diets rich in saturated or mono-
unsaturated fatty acids, e.g. coconut oil and olive oil, are
lacking. We therefore evaluated the effects of theinteraction
between level of dietary fat unsaturation and varying levels
of vitamin E on serum and tissue lipids and serum lipid fatty
acid composition in rats.

Our results showed that the modification of dietary lipid

resulted in small but statistically significant changes in se-
rum and liver lipids. Changes in both serum and liver
cholesterol were dependent on the saturation of the dietary
fats. Thus, the level was highest in rats fed coconut oil,
intermediate in rats fed olive oil and lowest in those fed
menhaden oil. Several studies have reported cholesterol-
lowering effects of unsaturated fats [2,6,9—11]. Few studies
have shown that the nature and amount of unsaturation is
not important for hypolipidemic effect, i.e., monounsatu-
rated fatty acid, oleic acid, and linoleic acid are equaly
effective as long-chain polyunsaturated fatty acids like ei-
cosapentaenoic acid and docosahexaenoic acid [6]. In the
present study, however, we observed a significantly greater
effect of menhaden oil than olive oil on serum and liver
cholesterol. Though serum and liver cholesterol and triac-
ylglycerol were significantly altered by dietary fat, there
was no significant effect on total lipid levels. Asreported in
severa studies, we also observed a negative relationship
between triglycerides and HDL-cholesterol [1,6]. The neg-
ative correlation between cholesterol and phospholipid lev-
esinliverinratsfed dietary oils with different unsaturation
is reflected in the C:P ratio, as discussed earlier.

In the present study we observed a higher level of lino-
leic acid and arachidonic acid in serum lipids in rats fed
coconut oil than those fed menhaden or olive oil. Linoleic
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acid is an essential fatty acid not synthesized in the body,
and therefore coming only from the diet. Arachidonic acid
is synthesized in the body from linoleic acid. It is therefore
surprising to see higher levels of both linoleic acid and
arachidonic acid in tissues from rats fed coconut oil. No
plausible explanation is available for this observation. It's
important to note that fatty acids of the n-6 series compete
with those of the n-3 series. It's been reported that in rats,
dietary n-3 fatty acids decrease arachidonic acid concentra-
tion in the brain but not in the liver [33]. In humans fed
salmon rich in EPA and DHA, there was a marked increase
of these fatty acidsin al blood components with a concom-
itant decrease in linoleic and arachidonic acids [34].

Long chain highly unsaturated fatty acids are more prone
to oxidation and, therefore, increased levels of antioxidants
such as vitamin E are recommended with the use of fish oils
[8,19,20] which are rich in polyunsaturated fatty acids. It is
widely believed that the administration of PUFA decreases
the concentration of vitamin E in the body [18] as a result of
its antioxidative function [19]. Fish oils are highly unsatur-
ated and readily undergo peroxidation [16,17]. Vitamin E
protects lipoproteins and the vascular endothelium from
oxidative damage. Diabetic subjects are more prone to the
oxidative damage and therefore vitamin E may be more
effective in these subjects. Plasma a-tocopherol levels are
higher in diabetic subjects than in controls, despite elevated
lipid peroxidation. Plasma « -tocopherol is aso higher in
streptozotocin-treated rats than in control rats. The increase
a-tocopherol may be an adaptive mechanism to protect
biological systems against oxidative stress [35].

The present study used 100—600 mg/Kg vitamin E.
Other researchers [36,37] reported no adverse effects from
a200—600 mg vitamin E/day dosage in humans but, higher
doses of vitamin E in streptozotocin-treated rats were shown
to decrease plasma triacylglycerol [38]. In the present study
a small but significant increase was observed in serum
cholesterol concentration with increasing doses of vitamin E
in rats fed either coconut or olive oil, but not in those fed
menhaden oil. Since vitamin E has antioxidative activity, it
may have prevented a rise in cholesterol in menhaden oil-
fed rats that were given higher doses of vitamin E. Since
less or no oxidation may occur in rats fed olive oil or
coconut oil, higher doses of vitamin E may not reduce
cholesterol, and may actually increase the levels. Liver
phospholipid concentrations were higher at the highest dose
of vitamin E compared to lower doses, regardless of type of
dietary fat.

Dietary fats as demonstrated in the present study often
modify tissue fatty acids. Inclusion of dietary fatty acidsis
apparently species and tissue specific. Thus, different tis-
sueswill have quantitatively different responses. Joneset al.
[39] observed that in rats adipose tissue was more respon-
sive than liver, which in turn was more responsive than
heart tissue. Feeding rabbits [4] menhaden oil resulted in a
significant effect on fatty acyl composition of plasma and
tissue phospholipids. However, there were substantial dif-

ferences in the n-3 fatty acids incorporation into plasma
lipoproteins on the one hand, and liver and heart on the
other. Bourre et a. [33] observed greater incorporation of
EPA and lower levels of arachidonic acid in brain lipids in
rats fed fish oil. Croset and Kinsella [40] reported incorpo-
ration of docosahexaenoic acid into cardiac organelles. In-
creases in eicosapentaenocic and docosahexaenoic acids
were reported in human blood cells [41] after feeding fish
oil compared to olive oil.

Supplementation with fish oil or purified n-3 fatty acids
has been reported to affect severa metabolic and physio-
logic processes in humans and animals. Hypolipidemia in-
duced by fish oil is usually associated with triacylglycerol,
however the effects on blood cholesterol are still uncertain
[9-11]. De Schrijver et a [42] studied the effects of fish ail,
beef tallow and peanut oil on tissue lipids in rats. Though
both fish oil and peanut oil significantly decreased plasma
triacylglycerol, only fish oil decreased plasma cholesteral;
peanut oil had no significant effect. Similar results were
obtained by Bourre et a. [33] while others [9-11] have
observed lower plasma cholesterol and very low-density
lipoproteins after feeding fish ail. In the present study rats
fed menhaden oil also had significantly lower plasma cho-
lesterol and triacylglycerol and higher HDL-cholesterol
than those fed either olive oil or coconut oil. Menhaden
oil-fed rats also had significantly higher levels of liver
phospholipids compared to those fed other fats, but total
lipids and triacylglycerol concentrations in liver were not
significantly affected by the type of dietary fat. However,
liver C: Pratio was significantly lower in rats fed menhaden
oil than those fed coconut oil. In humans, significantly
lower plasma triacylglycerol after fish oil supplementation
was observed, but plasma cholesterol was not significantly
affected [43]. The addition of vitamin E at 200 mg/day had
no further effect on plasmatriacylglycerol. In another study,
feeding a salmon diet to humans lowered plasma triacyl-
glycerol and increased high-density lipoproteins while very
low-density lipoproteins only marginally decreased [44].

In conclusion, data from the present and several other
studies indicate that the type of dietary fat, and possibly
vitamin E supplementation, affect serum and tissue lipids
and serum lipid fatty acid composition. However, how vi-
tamin E affects changes in lipid parameters in liver and
plasma remains unexplained. The present study suggests
some interesting possibilities such as an antioxidative effect
of vitamin E as one possible explanation. Clearly more
definitive work needs to be done to elucidate the mecha-
nisms and significance of these observations.
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