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ABSTRACT

In a seventy three days experimental period study, diets were prepared to
cause hypercholesterolemic rats. Linseed oil, a rich source of omega-3 fatty acids,
and olive oil, a rich source of mono-unsaturated fatty acids were used to study their
effect on serum total cholesterol and its fractions, High Density Lipo Protein (HDL),
Low Density Lipo Protein (LDL) and Very Low Density Lipo Protein (VLDL).

In rats fed diets containing linseed oil, results showed decrease in the level of serum
total cholesterol. Such reduction is also most important as it was accompanied wnh
increase in HDL and decrease in LDL and VLDL.

On the other hand, rats fed diets containing olive oil showed no alteration on
total cholesterol, HDL, LDL and VLDL levels.

INTRODUCTION

It has been reported (Mensink and Katan, 1989) that mono-
unsaturated fatty acids (MUFAs) are negatively correlated with coronory
artery disease (CAD). Grundy (1989) stated that MUFAs enriched diets
reduced plasma total cholestrol concentration (T.C.) without increasing
plasma triacylglycerol concentrations or reducing high density lipoprotein
(HDL) which is considered as a cardioprotective fraction. This may be the
reason that Kafatos and Mamalakis (1993) found the prevelance of CAD to
be low in some Mediterranean regions, where diets are rich in olive oil that
containing MUFAs. '

Linseed oil which is rich in MUFAS, also is a good suurce-of a.poly-
unsaturated fatty acids (PUFAs), namely linolenic acid which is an omeya 3
fatty acid, (Simopoulos, 1991). Omega-3 PUFAs are associated with low
incidence of cardiovascular disease (Wallingford and Yetley, 1991).

The object of the present study is to give an idea about the effect of
substituting corn oil, or corn oil + butter by either olive oil or linseed oil on
serum T.C., HDL, LDL and VLDL cholesterols.

MATERIALS AND METHODS

The experimental work of the present investigation was carried out in
the Central Lab. for Food and Feed (CLFF), of the Agricuitural Research
Center, Egypt.

Olive oil used in the present work was purchased from the market in
Cairo. It is claimed from the label to be an extra vergin oil produced by coid
press technique.

Linseed oil was purchased from an old oil extraction mill called
“serga”, where oil is extracted using old press method.
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Experimental diets:
Nine experimental diets were formulated (Table 1) according to Bobek

et al., (1993). Three diets were considered to be purified basal diets with

some modification, where pork fat was replaced by butter or /and corn oil.
The three basal diets were formulated as follows:

Basal diet 1 (BD1): fat source is 5% butter and 5% corn oil.

Basal diet 2 (BD2): fat source is corn oil only (10%).

Basal diet 3 (BD3): same as BD1,but pure cholesterol (Winlab 99 %) was

added 10g/kg on expense of cellulose content.

The six tested experimental diets were as follows :

e Com oil was replaced in BD1 by olive oil to formulate diet BD10 and by
linseed oil, to produce BD1L.

¢ Olive oil and linseed oil replaced corn oil in BD2 to produce diets BD20
and BD2L, respectively.

e BD30O and BD3L were prepared by substituting corn oil by olive oil and
linseed oil, respectively.

Experimental design:

72 weanling albino rats were divided into 9 groups. Each group
included 8 rats, 4 Males and 4 Females of approximately the same weight.
During the first feeding period (1-15 day), the nine groups of rats were fed on
3 basal diets.

Groups 1, 4 and 7 were fed on BD1, groups 2, 5 and 8 were fed on
BD2 and group 3, 6 and 9 were fed on BD3.

The source of fat was 5% butter and 5% comn oil in BD1, 10% comn oil in BD2,
while the third basal diet BD3 contained 5% butter + 5% com oil and 1% pure

cholesterol .

The second feeding period (16-73 day), the nine groups of rats were - - -

fed as follows:
* 3 groups of rats 1, 4 and 7 continued to get basal diets BD1, BD2 and BD3,
respectively as shown in (table 1).
* 3 groups of rats were fed on the 3 basal diets supplemented with linseed oil
as follows:
Group 4 (BD1L) same as BD1 but 5% linseed oil replaced corn oil.
Group 5 (BD2L) same as BD2 but 10% linseed oil replaced comn oil.
Group 6 (BD3L) same as BD3 but 5% linseed oil replaced comn oil.
* 3 groups of rats were fed on 3 basal diets supplemented with olive oil as

follows:
Group 7 (BD10) got the same diet as BD1 but corn oil was replaced by

olive oil.
Group 8 (BD20) got the same diet as BD2 but corn oil was replaced by

olive oil.
Group 9 got the same diet as BD3 but corn oil was replaced by olive oil

(BD30O).

Criteria studied:
* Serum total cholesterol (T.C.) was determined using Biocon kits*.
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* Serum high density lipoprotein cholesterol (HDL) was determined using
Biocon kits*.
(Biocon Diagnosemittel, GmbH Co. Produktions-KG Hecke 8, D-34516
and Vohi-Marien hagen - Germany)

* Serum low density lipoprotein cholesterol (LDL) was determined using
bioMerieux sa**.

* Serum very low density lipoprotein cholesterol (VLDL) was calculated by
difference.
VLDL = TC - [HDL + LDL]

* Blood samples were drawn from individual rats on days 1, 16, 57 and 73,
from Retiro orbital pluex vein. Rats were deprived from feed 12 hours
before biood sampling.

Table (1): The experimental diets used throughout the experiment for
different experimental groups.

Basal diets Basal diets
Basal supplemented supplemented
with (L. with (O.

experimental
Ingredients groups 1 2 (3 |4 |5 |6 (7T |8 |09

% experimental BD1 (BD2 |BD3 |BD1 [BD2 |BD3
dits | P01 BD2BD3 [N 1y 1" 19 |0 |0
Casein 18.00 [18.00 |18.00 |18.00 [18.00 |18.00 [18.00 |18.00 |18.00
Com starch 60.00 |60.00 [60.00 [60.00 |60.00 |60.00 |60.00 |60.00 |60.00
Unsalted butter 5.00 - 5.00 [5.00 - 5.00 [5.00 - .00
Corn oil 5.00 |10.00 | 5.00 - - - - -
Linseed il (L.) - | - - 5.00 [10.00 | 5.00 - - -
Olive oil {Q.) - - - - - - 5.00 [10.00 | 5.00
Cellulose 630 |630 [530 (630 [630 [530 [6.30 [6.30 [5.30
Pure cholesterol - - 1.00 - - 1.00 - - 1.00
i i 40n 2.0n a
Choline chloride 015 1015 [0.15 |[0.15 | 015 | 015 [ 015 | 0.15 | 0.15
Bile saits 055 (055 [055 055 [055 | 055 (055 | 055 |[0.55
= (bioMerieux sa 69280 I'Etoile - France)
RESULTS AND DISCUSSION

Effect of linseed supplementation:

Rats fed on the three basal diets, during the first feeding period, (1-15
days), showed increase in their serum total cholesterol level on day 16.
Serum total cholesterol level in rats fed BD3, the cholesterol supplemented
diet, showed increase of cholesterol level on day 16 by almost 5 folds (496%)
than that of the first day. When rats were fed basal diet 1 (BD1), containing
butter, the increase in serum cholesterol was 33% only. Using BD2,
containing corn oil only, the increase in serum cholesterol was only 18%.

The increase in cholesterol level in rats fed BD3 was accompanied by
a reduction in HDL fraction of cholesterol, (reduced from 67% on first day to
9% on day 16) and increase in LDL and VLDL fractions of cholesterol from
17 to 37% and from 18 to 55%, respectively. On the other hand, the small
increases in T.C. in rats fed BD1 and BD2 were accompanied by increases in
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HDL and reduction in LDL and VLDL proportions of total serum
cholesterol,except in LDL of BD2.

Supplementing the basal diets with linseed oil, serum total cholesterol
decreased in rats fed the three diets. The greatest decrease was noticed on
57 days and 73 (22% and 21%, respectively) in rats fed the cholesterol
basal supplemented diet (BD3). The decrease in total cholesterol in rats fed
BD1 and BD2 ranged between 5 and 11% only.

On days 57 and 73, HDL as percent of T.C. tended to increase than
percentages on day 16, due to linseed oil supplementation in all treatments.
The increase in HDL percentage of total cholesterol from day 16 to day 73
was the highest with rats fed the cholesterol diet, even their HDL levels were
the lowest.

LDL percent of total cholesterol tended to decrease during the days 57
and 73 compared to day 16 (start of linseed supplementation) in rats fed
BD1L and BD2L. In rats fed BD3L, while total cholesterol decreased on days
57 and 73 (being 313 and 319 respectively compared to 402 on day 16). HDL
% of T.C. increased on days 57 and 73 (11 and 14 %, respectively)and VLDL
decreased on days 57 and 73 (being 42% and 39%, respectively). As
proportion of total cholesterol the LDL percent increased on days 57 and 73
compared to day 16, (being 47% compared to 37%, respectively.

Table (2): Effect of supplementing basal diets with linseed oil on T.C.,
HDL, LDL and VLDL cholesterol.

Diets™ | Diets® Basal diets Basal ":;:’(C) linseed
Day 1 Day 16 Day 57 Day 73
BD1 | BDIL 74 99 88 92
Serum T.C. mg/dL BD2 | BDZL 87 o7 86 92
BD3 | BD3L 82 202 313 319
8D1 | BDIL 55 64 69 65
HDLas % of T.C BD2 | BO2L 67 74 81 87
BD3 | BD3L 67 3 11 14
BD1 | BDIL 22 18 13 14
[DLas % of T.C. BD2 | BD2L 14 19 11 7
BD3 | BDAL 17 37 a7 a7
BD1 | BDIL 22 18 18 21
ViDL as % of T.C. BD2 | BDZL 19 7 10 6
BD3 | BDAL 18 55 2 39

") Diets used from day 1 to day 15.
@ Diets used from day 16 up to day 73.

On linseed oil supplementation of basal diets, the concentration of
VLDL was reduced slightly in rats fed BD1L and BD2L. The levels of VLDL of
rats fed BD3 (cholesterol supplemented diets) on days 57 and 73 were
reduced compared to day 16, the onset of linseed oil supplementation. The
change on the percentage of VLDL of cholesterol in BD1 and BD2 treatment
was clearly affected by the fat source of the diet. With BD3 a reduction in
VLDL proportion of total cholesterol was noticed.

From the foregoing discussion, it is apparent that linseed oil affected
the levels of serum total cholesterol in rats under different cholesterol
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supplementation levels. Such reduction is also most important as it
accompanied an increase in HDL and a decrease in LDL + VLDL. In this
respect, the results obtained in the present work almost agreed with that of
Ranhotra et al. (1993).

Effect of olive oil supplementation:

On supplementing diets with olive oil starting from day 16, no great
changes on T.C. were noticed on day 73 when BD1 and BD2 were used.
BD3 supplemented with cholesterol showed a great increase in T.C.
concentration on 16 day. On supplementing BD3 with olive oil, no effect was
noticed on day 73. High serum total cholesterol continued to exist.

High density lipoprotein cholesterol fractions (HDL) was almost the
same on days 16 and 73 when diets BD10 and BD20 were used being over
60% of T.C. But when diet BD30O was used, HDL cholesterol fraction
continued to be low (13 and 12% of T.C.) of days 16 and 73, respectively.

LDL and VLDL cholesterol fractions were low in case of rats fed either
BD10 or BD20 (range 35-38% onday 16 and 40-39% on day 73). When
supplementing the cholesterol containing diet (BD3) with 5% olive oil, no
effect was noticed in the LDL and VLDL cholesterol fractions percentage of
T.C. being 87 and 88% for 16™ day and 73, respectively.

From the foregoing resuits, no apparent effect of supplementing basal
diets under study with olive oil on T.C., HDL, LDL and VLDL.

Table (3): The effect of supplementing 3 basal diets (BD1, BD2 and
BD3) with olive oil.

Diets"’ | Diets” | Day1 [ Day16 | Day73
BD1 BD10 76 98 106
TC mg/dL BD2 BD20 83 101 112
BD3 BD30 75 324 341
BD1 BD10 58 65 60
HDL % of T.C. BD2 BD20 66 62 61
BD3 BD30 69 13 12
BD1 BD10 42 35 40
LDL + VLDL % of T.C. BD2 BD20O 34 38 39
BD3 BD30O 31 87 88

' Diets used from day 1 to day 15.
@ Diets used from day 16 up to day 73 .

In this respect Fernandez et al. (1996) found no differences due to olive oit
feeding (they used 15% olive oil in their experimental diets) on plasma T.C., HDL
and LDL cholesterol in guinea-pig.

However, the benifits of using olive oil on health may be due to the presence
of antioxidant phenolic compounds. The phenols in olive oil are potent inhibitors that
protect lipoproteins against oxidation (Fito et al., 2000), which other wise contribute
to the progression and pathogenesis of atherosclerosis.

ACKNOWLEDGEMENT

The authors would like to thank Microbiologist M. Eassawy for performing
the blood analysis.

5403



Hamza, Akila S. and M.S. Masoud

REFERENCES

Bobek, P.; E. Ginter and L. Ozdin (1993). Oyster Mushroom (Pleurotus
Ostreatus) Accelerates the plasma clearance of lowdensity and High
density lipoproteins in rats. Nutrition research vol. 13, pp. 885-890.

Fernandez, M.L, A.E. Soscia; GWO-Shing Sun; M. Tosca, and D.J.
McNamara, (1998). “Olive oil and rapeseed oil differ in their effect on
plasma low-density lipoprotein metabolism in guinea-pig”. British J. of
Nutrition 76. 869-880.

Fito, M., Covas M.l., R.M. Lamuela-Raventos; J. Vita; L. Torrents; C. de
Latorre and J. Marrugat (2000). Protective effect of olive oil and its
phenolic compounds against low density lipoprotein oxidation”. Lipids
35: 633-638.

Grundy S.M. (1989). *“Monounsaturated fatty acids and cholesterol
metabolism: implications for dietary recommendations”. J. Nutr. 119:
529-533.

Kafatos, A., and G. Mamalakis (1993). “Changing patterns of fat intake in
Crete”. Eur. J. Clin. Nutr. 41 (suppl): 521-24.

Mensink, R.P., and M.B. Katan (1989). “Effect of a diet enriched with
monounsaturated or polyunsaturated fatty acids on levels of low-
density and high density lipoprotein cholesterol in healthy women and
men”. New England J. Med. 321; 436-41.

Ranhotra, G.S.; J.A. Gelroth, B.R. Glaser and P.S. Patnis (1993). Lipidemic
Responses in rats and fed Flaxseed oil and meal. Cereal Chem. 70(3):
364-366.

Simopoulos, A.P. (1991). Omega-3 fatty acids in health and disease and in
growth and development Am. J. Clin. Nutr. 54: 438.

Wallingford, J.C. and E.A. Yetley, (1991). “Development of the health claims
regulations. The case of omega-3 fatty acids and heart disease”. Nutr.
Rev. 49: 323.

o e O AN 2138 A Gl Cujy (Jadl) LS cy) aladial Rl
iy U (g jinu oS

Jtua L e g 0 s lla Alic

e 5 Sigaad S e = ey LN (5 38 Al Jaradl

er-‘ﬂﬂ‘ o\)ﬁ!\?;f._»..qid,)i“g,ﬁ\n\.;_}\;ll\él*gm\ L VY sad i o 3
had) Gl Gl Gy eadied LS T Laga Laall el b4 nad g () ol
Uy i g e o Qg3 O Sle il 128 0 Gl gl Aape LalaW! Liaal abaa¥! i
- Ll GRS 3 iash Syl = Ladi all 40K 23 Lgaall ity ) 53 sk y SN
O g Sy 4 elie o aaad 8 AN )l . (laa Aladinadl ASESH A3 Agaall aby
A0 3 giaal i gl (325 Iy IS g S o s T i o ety 25 )
o 1aa daidial y Aoaiiial SISy 5l e S ity Amidyall

ety i A Gl Gl S e g s g G elie o el AV Gilad) e
GBS g dmilpalt ASESH A3 Ama ) Sl g ) e 03 ghS Jo S, JSH Jy fud S0 e
o (12 Aaididl g Ladata

5404



