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ABSTRACT: Male albino rats were maintained either on diets with 5% fat supplements made of 5%
soyabean oil or 5% coconut oil. Similarly, two other groups were fed diets that were isocaloric with
the former but contained 25% fat supplements made of 25% soyabean oil or 25% coconut oil. The
concentration of triacylglycerols in the plasma of the high coconut oil diet fed rats was three to six-
times those of the others. The concentration of free cholesterol was much higher in the plasma of
the coconut oil diet fed rats. Eicosatrienoic acid (C20:3) constituted one of the major fatty acids in
the plasma and the aorta of the coconut oil diet fed rats. It is considered that ingestion of coconut oil
for a considerably long time may affect lipid metabolism and alter the structure and function of the
enzymes responsible for converting the essential fatty acids to prostaglandins or their endoperoxide
precursors. It is also considered to be a contributory factor to atherogenesis.
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Cholesterol; Eicosanoids.

INTRODUCTION cholesterol, in turn, has been shown to be

a major constituent of the plagues that

Essential fatty acids (EFAs) are needed  form on the inside of some blood vessels

for normal growth and development. (2). In the present study, therefore, the

Tissue lipid composition is influenced by  effect of diets containing various amounts

the type of fat in the diet (1,2). The dietary  Of saturated fatty acids or EFAs on the lipid

alteration of lipid composition may be of and fatty acid composition of the blood and

importance due to the special biochemical ~a@orta has been carried out. This will

functions of the blood in lipid energy enable us assess the importance of dietary

metabolism. Alterations of the levels of = manipulation on them.

dietary EFAs will affect the stores of these
fatty acids and their metabolites, and may

in turn affect the availability of these fatty MATERIALS AND METHODS
acids for membrane incorporation or their
conversion to biologically active Forty male albino rats (Rattus

substances, namely prostaglandins and  norvegicus) were divided into four groups
their metabolites. Membrane composition  of ten animals each. Two groups were fed
and permeability are altered in the extreme  similar diets with 5% fat supplement made
case of EFA deficiency (3). of 5% soyabean oil (S-5) or 5% coconut oil

The deficiency of EFAs has been linked  (K-5). The other two groups were fed diets
to high blood cholesterol level and that were isocaloric with the former but
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containing 25% fat sullpements made of
25% soyabean oil (S-25) or 25% coconut
oil (K-25).

The composition of the diets is shown in
Table 1. Groundnut cake was smoothly
powdered and subjected to lipid extraction
as previously described (4). There was no
lipid left in the protein. The soyabean oll
was adequate in EFAs while the coconut
oil was inadequate in EFAs. The
soyabean oil used in this study contained
58.5 and 8.1 per cent linoleic acid and
linolenic acid  respectively. The
hydrogenated coconut oil, on the other
hand, is composed mostly of fatty acids of
6 to 14 carbon chain length (89.0%),
palmitic acid (7.6%), stearic acid (2.8%),
oleic acid (0.4%) and traces of linoleic acid
(0.2%). The diets were stored at 4°C, and
the rats were fed fresh food daily. The
diets and water were given ad libitum. All
rats were fed their respective diets daily
and weighed weekly. After 5 weeks of
feeding, the rats were fasted overnight and
anaesthetised with light petroleum ether.
Blood was removed by cardiac puncture
using heparinized syringes, collected into
tubes containing 3.8% trisodium citrate
(blood/ citrate, 9:1, v/v) and immediately
centrifuged at low speed to separate
plasma from the blood cells (5). Aortas
were also excised, washed with cold saline
solution and stored at -49C until analysed.
Total lipids were extracted from the plasma
and the aorta as described by Folch et al.
(5).

Lipid fractions and individual lipids were
obtained from the total lipid extract and
analysed as previously described (5-9).
Fatty acids were obtained from the lipids,
methylated and separated on a gas-liquid
chromatograph as described earlier (9,10).
Analyses of variance were carried out to
determine the statistical significance of the
results.
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RESULTS AND DISCUSSION

The results of this study indicate that the
four dietary regimes supported the growth
of the rats. Compared with other diets, the
S-5 diet, however, supported growth most.
Both S-5 and S-25 diets contained
adequate amounts of EFAs for the normal
development of rats which require
approximately 40mg of EFAs per day (11).
The coconut oil diets, on the other hand,
contained a marginal amount of linoleic
acid (< 1.0 calories %); the appearance of
rats reared on this diet was similar to those
of the soyabean oil-fed rats but the growth
was retarded (Table 2).

Animals maintained on the S-25 diet
consumed one another's furs. This is
probably due to the fact that the furs were
oil-soaked and the soyabean oil was very
palatable to the animals. It was the
consumption of the furs that led to their low
final body weight and consequently low
weight gain per day as compared to rats
fed the S-5 diets. Compared to the rats
fed the S-5 diet, the final body weight of
those fed the K-5 and K-25 diets were
significantly reduced to 74.0 and 71.6 per
cent respectively (P < 0.001).

The results of the lipid analyses (Table
2) indicate that triacylglycerols (TAG)
constituted 26.6, 26.6, 25.8 and 53.0 per
cent of the total neutral lipids in the plasma
of the S-5, K-5, S-25 and K-25 dietary
groups respectively. Compared to the
other dietary groups, rats maintained on
the K-25 dietary group had their plasma
TAGs elevated three to six-fold. This may
not be unconnected with the fact that the
animals were consuming a high amount of
saturated (i.e. EFA-deficient) fat in their
diet.

The results also indicate that plasma
free cholesterol constituted approximately
29.0% of the total neutral lipid in all the
dietary groups. Compared to the S-5
dietary group the concentration of
cholesterol, however, was higher in the
plasma of the K-5 dietary group by a factor
of 1.6. Similarly, cholesterol concentration
was higher in the plasma of the K-25
dietary group by a factor of 1.47 when
compared to the S-25 dietary group.
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Table 1: Composition of diets (in g/100g)

Dietary Groups

Components S-5 K-5 S-25 K-25
Groundnut cake! 20.00 20.00 20.00 20.00
DL-Methionine 0.30 0.30 0.30 0.30
Corn Starch 51.11 51.11 17.81 17.81
Sucrose 15.00 15.00 3.40 3.40
Cellulose 5.00 5.00 30.00 30.00
Choline chloride 0.11 0.11 0.11 0.11
Vitamins-Minerals mixture2 3.48 3.48 3.48 3.48
Soyabean oll 5.00 - 25.00 -
Coconut oil - 5.00 - 25.00

1Groundnut cake purchased locally was milled and extracted with organic solvents as reported by
Odutuga (4). It contained approximately 61.8% crude protein.

2The vitamins-minerals mixture used contained (9/100g diet): Vitamin A (0.068), vitamin D3 (0.014),
vitamin E (0.204), vitamin K (0.014), vitamin B4 (0.007), vitamin B, (0.027), niacin (0.170), Ca D-
pantothenate (0.054), vitamin Bg (0.020), vitamin B4 (0.102), folic acid (0.005), biotin (0.0005), Mn
(0.68), Fe (0.34), Zn (0.306), Cu (0.014), I, (0.011), Co (0.002) and Se (0.001).

These figures are statistically significant
(P < 0.001). Esterified cholesterol also
showed the same pattern as cholesterol.

Both cholesterol and its ester have been
implicated in atherogenesis. Dietary
cholesterol is first incorporated into
chylomicrons which is composed mainly of
triacylglycerols. The latter are hydrolysed
in the endothelial cells by lipoprotein
lipase, but the cholesterol component
remains with chylomicron remnants, which
when released into circulation are rapidly
cleared by the liver. Zilversmit (12) has
suggested that chylomicron cholesterol
could be atherogenic; during lipolysis of
triacylglycerols, some of the cholesterol
contained in the chylomicron may be
released and make its way into the sub-
endothelial region of the arterial wall and
thereby contribute to the development of
atherosclerosis.
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Hepatic cholesterol may be incorporated
into very low density lipoproteins (VLDL)
which are secreted into plasma. Results of
the present study have shown that the
plasma of rats fed the K-5 and K-25 diets
had higher concentrations of cholesterol.
This will indicate that saturated fats may
cause increased secretion of cholesterol-
rich lipoproteins. Steinberg and Olefsky
(13) have shown that after lipolysis VLDL
becomes remnants which are either taken
up by the liver or degraded to low density
lipoproteins (LDL) which are the major
cholesterol-carrying lipoproteins of plasma.
It is possible that the elevated plasma
cholesterol concentration of K-5 and K-25
fed rats observed in this study may be a
result of raised hepatic concentrations of
cholesterol leading to suppresion of
synthesis of apolipoproteins of LDL. This
will raise LDL levels in plasma (14).
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Table 5: Fatty acid composition of lipids of rat aorta.

Fatty acid S-5 S-25 K-5 K-25
14:0 - - - -
16:0 (n-7) 13.7 10.0 20.7 18.3
18:0 24.8 25.3 24.3 19.8
Total saturated 38.5 35.3 45.0 38.1
16:1 (n-7) 1.4 1.0 27.8 31.6
18:1 (n-9) 18.3 17.4 - -
18:2 (n-6) 3.5 4.2 - -
20:3 (n-9) 4.4 3.8 24.6 29.9
20:4 (n-6) 214 26.2 - -
22:5 (n-6) 3.7 3.9

Total (n-6) 251 30.1 - -
PUFAs > C18

18:3 (n-3) 2.9 2.1

20:5 (n-3) 4.1 3.9

22:6 (n-3) 1.4 2.2

Total (n-3) 5.5 6.1

PUFAs > C18

The values are expressed as the percentage by

weight of total fatty acids and are the means of five

analyses in each case variation + 2.5% or less of the means value. Fatty acids constituting less than

0.2% are omitted.

Palmitic, oleic, linoleic and arachidonic
acids are the major fatty acids in the
plasma lipids of S-5 dietary rats. Stearic
acid is also a major component of the
phospholipids (Table 4). In the plasma of
the K-5 fed rats palmitic, palmitoleic, oleic
and eicosatrienoic acid of n-9 series
constitute the major fatty acids of the total
lipid and the total phospholipid; palmitoleic
acid, however, is not a major fatty acid in
phospholipids. The major fatty acids in the
plasma cholesterol esters of this group of
animals are palmitoleic, oleic and
eicosatrienoic acid; the latter constituting
about 40% of the total fatty acids. This
high percentage of eicosatrienoic acid
observed in the present study is surprising
in view of the fact that oleic acid
constituted only 0.4% of the total fatty acid
of the K-5 dietary lipid. This fatty acids
also constitutes a major percentage of the
total fatty acids of aortic lipids of K-5 oil-fed

rats (Table 5). It is speculated, therefore,
that this fatty acid is probably being
specifically incorporated into the lipids
(especially cholesterol esters) of rats fed
the coconut (or saturated fat) diet.

The fatty acid composition of the aortic
lipids of rats fed the S-5 oil-fed rats
contained a cosiderable amout (21.4 -
26.2%) of arachidonic acid; and fatty acids
of the n-3 series. These fatty acids are
lacking in or at the most present in trace
amounts on the aortic and plasma lipids of
K-5 oil-fed rats. The results of this study
has demonstrated that rats fed the coconut
oil diet had altered lipid and fatty acid
composition. This altered lipid and fatty
acid composition is considered to be a
direct result of feeding saturated fat (as
depicted by the coconut oil). The
consumption of this fat has therefore
affected lipid metabolism and altered the
structure and function of enzymes
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responsible for converting the EFAs to
prostaglandins or their endoperoxide
precursors (4).

The altered lipid composition of the
aorta when rats were fed the saturated fat
is considered to be related to the process
of formation of the atherosclerotic lesion.
It has been reported that lipids are
modified in the atherosclerotic plague (15).
Therefore, in rats, saturated fats
consumed for a prolonged period of time is
considered to be a contributory factor for
atherogenesis.
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