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ABSTRACT

Objective: This study aimed to evaluate the role of dietary fish and sesame oils as
protective agents or for treatment of hyperlipidemia.

Materials and Methods: There were two experiments addressing protective and
treatment effects respectively. First experiment had five groups of ten male albino
rats. All groups were fed on respective diets for 12 weeks; Group I (control); stan-
dard diet, Group II; standard diet with 20% coconut oil, Group III; group II diet
with 10% fish oil, Group IV; group II diet with 10% sesame oil, Group V; group II
supplemented with fish/sesame oil (5:1 ratio). The second experiment included 40
rats fed on high fat diet for 12 weeks then divided into four groups to be fed for an-
other 12 weeks. Control group was on standard diet. Second, third and fourth were
standard diet supplemented with 10% fish, 10% sesame and fish/sesame oil (5:1)
respectively. Fasting lipid profile and atherogenic index were determined.

Results: Rats fed on coconut oil showed significant elevation in the levels of serum
total cholesterol, LDL-c, atherogenic factor while HDL-c level was significantly
decreased. Histological examination revealed large lipid depositions in livers of
rats fed high fat diet. Supplementation of diet with fish oil or a mixture of fish/
sesame oil lowered blood cholesterol and prevented atherogenesis hence predis-
position for coronary heart diseases. We concluded that, ®-3 and/or m-6 prevent
atherosclerosis and reduces coronary heart disease.

Key Words: poly unsaturated fatty acids (PUFA), fish oil, sesame oil, cholesterol,
atherogenic, rats

OZET

Amac: Bu calisma diyete balik vebalik ve susam yagi eklemenin yiiksek yagh di-
yetle beslenmis sicanlarda hiperlipidemi yoniinden koruyucu veya iyilestirici etki-
sinin arastirilmasini amaglamistir.

Materyal ve Metod: Koruyucu ve iyilestirici etkileri arastirmak {izere iki deney
yapildi. 1k deney 10’ar albino sican bulunan bes grup igermektedir. Tiim grup-
lar kendine has diyetleri ile on iki hafta boyunca beslenmiglerdir. Grup I (kontrol),
standart diyet; Grup II, standart diyet ve %20 hindistan cevizi yagi; Grup III, grup
iki diyeti ve %10 balik yagi; Grup IV, grup II diyeti ve %10 susam yag1; Grup V,
grup II diyetine ek olarak balik/susam yag1 (5:1 oraninda). Ikinci deneyde kirk si-
can on iki hafta siiresince yiiksek yagli diyet ile beslenmis ve daha sonra tekrar on
iki hafta kendilerine has diyet ile beslenmek {izere dort gruba ayrilmistir. Kontrol
grubu standart diyet, ikinci li¢lincli ve dordiincii gruplar ise standart diyete ek ola-
rak sirastyla %10 balik, %10 susam ve balik/susam (5:1) yagi ile beslenmistir. Ac¢lik
lipidleri ve aterojenik index belirlenmistir.

Sonuclar: Hindistan cevizi yagi ile beslenen sicanlarin serum total kolesterol ,
LDL-c, aterojenik faktor degerlerinde belirgin artis, HDL-c diizeyinde ise belirgin
diisme gozlendi. Histolojik incelemelerde yiiksek yag diyeti ile beslenen siganlarin
karacigerlerinde lipid depozitlerine rastlandi. Supplementation of diet with fish oil
or a mixture of fish/sesame oil lowered blood cholesterol and prevented atheroge-
nesis hence predisposition for coronary heart diseases. Diyetin balik yag1 veya ba-
lik ve susam yagi ile takviyesi kan kolesteroliinii diisiirmiis, aterojenezi engelleye-
rek kalp hastaligint 6nlemistir. Sonug olarak -3 ve/veya w-6 ateroskleroza mani
olmakta ve koroner kalp hastalik riskini azaltmaktadir.

Anahtar Kelimeler: ¢oklu doymamis yag asitleri (PUFA), balik yag1, susam yagi,
kolesterol, aterojenik, sigan
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Introduction

The biological and physiological effects of dietary lip-
ids on human health remain a primary focus of nutrition
research as consumption recommendations are continu-
ally updated in response to new information obtained
through epidemiological, clinical, and animal investiga-
tions. The role of omega-3 (n-3) polyunsaturated fatty
acids (PUFA) in the development of the infant nervous
system and retina is clearly established (1). Moreover,
implications of a therapeutic effect on reducing car-
diovascular disease and cancer risk and actions of their
derivatives as biological effectors of human pathologies
further drive biochemical and molecular investigations
to elucidate the health benefits of dietary fatty acids. In
addition to their beneficial impact on cardiovascular pa-
thologies and cancers, n-3 fatty acids are also known to
lessen the severity and minimize symptoms of chronic
inflammatory diseases, including rheumatoid arthritis
and inflammatory bowel disease, and may help correct
psychological disorders (2).

Fish oils are sources rich in docosahexaenoic acid (DHA,
C22:6 »-3) and eicosapentaenoic acid (EPA, C20:5 ®-3)
(3). a-linolenic acid (ALA), EPA and DHA are known as
omega-3 polyunsaturated fatty acids (w-3 PUFA). It was
known that DHA taken into the body is mostly delivered
to the liver through plasma lipoprotein. Previous studies
have shown that DHA has been used for the treatment of
several diseases such as glomerulonephritis, rheuma-
toid arthritis, autoimmune diseases, allergic asthma, hy-
pertension, cardiovascular diseases and as adjuvant in
cancer therapy such as mammary and colon tumors (3).

Sesame is an important food source in many parts of
the world. Sesame is commonly used for its oil, and is
a rich source of cis-unsaturated fatty acid such as lin-
oleic acid (4). Sesame seeds are traditionally believed to
have health benefits in cultures such as the Chinese and
the Japanese. Recent studies have suggested that sesame
may have bioactivities that are beneficial in the setting
of cardiovascular disease (CVD), with many of these ac-
tivities being attributed to its unique lignans, sesamin
and sesamolin (5). Several animal studies have consis-
tently demonstrated that increased intake of sesame
seeds or purified sesamin, has hypocholesterolemic ef-
fects in rats (), and can reduce blood pressure (6).

Long-chain ®-3 fatty acids become incorporated into
the cell membranes and have anti-inflammatory prop-
erties that may be relevant for the prevention of type 1
diabetes, such as decreased expression of HLA class II
molecules on activated human monocytes (3).

High levels of saturated fatty acids (SFAs) in the West-
ern diet are associated with the formation of atheroscle-
rotic plaque (4). However, intake of monounsaturated
fatty acids (MUFAs) ®-9, especially oleic acid (18:1
®-9), and PUFAs of the ®-3 series, especially EPA and
DHA is associated with decreased risk of cardiovascular
death (5). Many studies have demonstrated that MUFAs
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and PUFAs exert similar effects on lowering blood cho-
lesterol when SFA is substituted in the diet (7).

The aim of the present study is to evaluate the pos-
sible protective or treated effect(s) of fish oil (as ®-3
fatty acid) or /and sesame oil (as -6 fatty acid) against
atherogenesis and fatty liver in rats fed coconut oil as
source of high saturated fatty acids (HFD).

Materials and Methods

Animals

This study was carried on a total of 90 male Albino rats
weight ranged (100 + 5 gm). Animals were obtained
from Animal House Unit, King Fahad Center for Medi-
cal Research (KAU, Kingdom of Saudi Arabia) Jeddah.
They were maintained and handled according to the
recommendations of the institutional Ethic Committee.
Water and food were given ad libitum with light dark
cycle 12 hrs. Two experiments were carried out; the first
for protective trail and the second for treatment trial.

The first included 50 rats divided into five groups (each
10) as following

Group (I): Rats fed on standard commercial diet served
as control.

Group (II): Rats fed on standard diet supplemented with
20% coconut oil (HFD)

Group (III-Prot.): Rats fed on HFD + 10% fish oil (rich
-3 fatty acids)

Group (IV-Prot.): Rats fed on HFD + 10% sesame oil
(rich w-6 fatty acids)

Group (V-Prot.): Rats fed on HFD + mixture of fish oil
and sesame oil (5:1). Feeding continues for 12 weeks

The second experiment including 40 rats fed oh HFD
for 12 weeks and after that divided into four groups as
following

Group (IL.): Rats fed on standard commercial diet .

Group (I1I-Treat): Rats fed on standard commercial diet
+ 10% fish oil Group (I'V- Treat): Rats fed on standard
commercial diet + 10% sesame oil

Group (V- Treat): Rats fed on standard commercial diet
+ mixture of fish oil and sesame oil (5:1). Feeding contin-
ues for another 12 weeks

Composition of standard diet:

Casein (15.3 gm), sucrose (10 gm), cornstarch (45.26),
cellulose (5gm), dextrinated starch (15.5), mineral mix
(3.5) vitamin mixture (1gm).

Fish oil was purchased from Fluka-Company (Germa-
ny). Coconut and sesame oils were purchased from lo-
cal market at Jeddah, KSA. The doses of hight fat diet,
fish oil, sesame oil and a mixture of oil were given ac-
cording to the study of Wahrburg (6). After the experi-
ments periods all rats were overnight fasted blood sam-
ples were collected from artery, sera were separated and
kept at -20°C till analysis. Liver was removed and kept
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in 10% formaldehyde buffer for preparation of slides for
histological examination.

Methods

The biochemical parameters were assayed by using kits
purchased from Biosystem. Total serum cholesterol
was determined according to (7), triacylglycerol (8),
HDL-c (9), LDL-c (10), VLDL-c (11), and atherogenic
index (12).

Liver morphology

Liver slices were dehydrated with ethanol, cleared with
xylene and embedded in paraffin wax . After inclu-
sion, material was cut on a microtome (CUT model 445,
Olympus) at 4 um. Liver sections were stained with he-
matoxylin and eosin (Merck) (13).

Pictures were taken with a photomicroscope (Model
AX-70, Olympus) using Kodac color Gold 100 as a film
at 40 X magnification. Histological analysis was per-
formed as qualitatively.

Statistical analysis

Collected data were subjected to statistical analysis us-
ing SPSS version 8.0. Student’s ¢ test was used to com-
pare two independent samples (normal and HFD groups).
Analysis of variance (ANOVA) was used to compare
three or more independent samples (HFD, fish oil, sesa-
me oil and mixture oils).

Results

Table (1) lists lipid profile of all studied groups in the
protective trail against atherogenesis. It was found that
in rats fed on high fat diet (20% coconut) serum total
cholesterol, LDL-c levels and atherogenic index were
statistically significant elevated (P<0.001), and the level
of HDL-c¢ was significantly decreased (P<0.05), while
the levels of serum triacylglycerol, and VLDL-c were
non significant changed as compared to control rats.

Supplementation of HFD with 10% fish oil showed a sig-

nificant reduction in the levels of T-cholesterol, LDL-c
and atherogenic factor (the reduction percentage were

Table 1. Serum levels of total-cholesterol, triacylglycerol, HDL-c, LDL-c, VLDL-c and atherogenic factor in the protective trail (Mean +SD)

Groups HFD HFD+ HFD+ 1% fish
Control HFD +10% fish 10% sesame oil | Oil, 5% sesame)
Paramete .
il (prot) (prot) (prot)
T-cholesterol (mmol/L)
Mean+SD 2.78+0.07 1.08+0.16 1.49+0.17 1.31+0.11
1.85+0.16
P value <0.001 <0.001 <0.01 <0.001
P* <0.001 <0.001 <0.001
Triacyglycerol (mmol/L)
Mean+SD 0.51+0.04 0.53+0.1 0.41+0.05 0.47+0.10
0.59+0.14
P value N.S. N.S. <0.05 N.S.
P* -- N.S. <0.001 N.S.
HDL-c (mmol/L)
Mean+SD 0.46+0.03 0.48+0.07 0.41+0.05 0.44+0.06
0.49+0.03
P value <0.05 N.S. <0.05 <0.01
P* -- <0.05 <0.05 N.S.
LDL-c (mmol/L)
Mean+SD 2.41+0.05 0.77+0.10 1.16+0.12 0.69+0.08
P value 1.48+0.11 <0.001 <0.001 <0.001 <0.011
P* <0.001 <0.001 <0.01
VLDL-c (mmol/L)
Mean+SD 0.1+0.01 0.1+0.02 0.08+0.01 0.09+0.02
0.11+0.02
P value N.S. N.S. <0.05 N.S.
P* -- N.S. <0.01 N.S.
Atherogenic factor
Mean+SD 5.45+0.4 2.18+0.2 3.03+0.34 2.34+0.44
3.22+0.16
P value <0.001 <0.001 N.S. <0.001
P* - <0.001 <0.01 >0.001

HFD: High fat diet

N.S.: non significant
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61%, 68%, 97% respectively) while HDL-c was signifi-
cantly elevated by 5% as compared to HFD fed rats.

Supplementation of HFD with a mixture of 10% sesame
oil and fish oil exert the same effect of fish oil but of
lower efficacy (the reduction percentage were 46%, 51%,
44% ,respectively) in contrast HDL-c was significantly
decreased by 10% as compared with HFD.

In the second experiment (treatment trail), rats fed on
HFD for 12 weeks showed a significant elevation of total
cholesterol, triacylglycerol, LDL-c and atherogenic fac-
tor. Animals treated with fish oil or a mixture of sesame
+ fish oil or fish oil alone showed improvement in the
studied parameters versus rats fed on HFD fed animals
(Table 2) .This is observed well in fig 2, that illustrate
the percentage changes in all studied groups.

Liver Histology

Figure (1) shows lipid deposition in liver slices. The in-
tensity of liver steatosis was classified as more than 30%
of hepatocytes affected (+), more than 50% of hepato-
cytes affected (++), and more than 75% of hepatocytes

affected (+++). Lipid vesicles appeared in livers of all
animals. Hepatocytes of the HF group presented a flat-
tened nucleus due to high lipid content.

Discussion

The high content of a-linolenic acid may play an impor-
tant role in decreasing the risk of coronary heart disease
(CHD) by lowering levels of low-density lipoprotein
cholesterol, as reported in the literature (15). Low lev-
els of saturated fatty acid (SFA) as palmitic acid (C16:0),
may be another protective factor against CHD (16).

Fish oil is reported to have a higher content of ®-3 fatty
acids EPA and DHA in the liver than in the filet (17).
The high content of MUFAs is associated with a low
incidence of CHD (18), because it decreases total cho-
lesterol (10%) and low-density lipoprotein cholesterol
(14%) (19). This effect, however, depends on levels of
SFA in the diet (20). Coconut oil, which has a high con-
tent of MUFAs (C18:1 and C16:1), presented the highest
content of SFAs (C16:0) among the foods evaluated in
this study and, hence, low PUFA/SFA ratio. Palmitic

Table 2. Serum levels of total-cholesterol, triacylglycerol, HDL-c, LDL-c, VLDL-c and atherogenic factor in the treated trail (Mean+SD)

Groups HFD HFD+ HFD+ 1% fish
b Control HFD +10% fish 10% sesame oil, 5% sesame
aramete Oil(Treat) Oil(Treat) Oil(Treat))
T-cholesterol (mmol/L)
Mean+SD 2.95+0.21 1.52+0.17 2.1+0.5 1.76+0.19
1.85+0.16
P value <0.001 <0.05 N.S N.S
P* <0.001 N.S <0.01
Triacyglycerol (mmol/L)
Mean+SD 0.72+0.05 0.54+0.1 0.57+0.12 0.53+0.48
0.59+0.14
P value <0.01 N.S. <0.05 N.S.
P* -- <0.05 <0.001 <0.05.
HDL-c (mmol/L)
Mean+SD 0.44+0.04 0.48+0.07 0.51+0.19 0.41+0.05
0.49+0.03
P value N.S N.S. N.S N.S
P* -- <0.05 N.S <0.05
LDL-c (mmol/L)
Mean+SD 2.13+0.19 1.11+0.15 1.71+0.34 1.42+0.13
P value 1.48+0.11 <0.05 <0.01 <0.001 N.S
P* <0.001 <0.001 <0.001
VLDL-c (mmol/L)
Mean+SD 0.18+0.01 0.13+0.02 0.09+0.02 0.1+0.01
0.11+0.02
P value <0.05 N.S. <0.05 N.S.
P* -- <0.05 <0.01 <0.05
Atherogenic factor
Mean+SD 5.11+0.42 2.4+0.34 3.81+0.6 3.42+0.26
3.22+0.16
P value <0.01 <0.01 N.S. N.S
P* -- <0.001 <0.01 <0.01

HFD: High fat diet

N.S.: non significant

P: compared with control group P<0.05 was considered as significant
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acid (C16:0) is associated with the risk of CHD because
of its effect in increasing blood cholesterol levels and
platelet aggregation (21).

The lipid and protein contents of coconut found in this
study were similar as reported (22). The coconut diet,
however, resulted in a low food efficiency ratio, perhaps
due to the presence of limiting amino acid and antinutri-
ent factors.

Animals fed on HFD showed higher levels of blood
cholesterol compared with animals fed the normal diet.
This unexpected result may be due to an activation of
3-hydroxy-3-methylglutaryl coenzyme A reductase.
Moreover, cholesterol deposition in the liver was high in
the HFD group, which may explain why cholesterol was
high in the bloodstreams of these animals.

It has been shown that the atherogenic effect of these
SFAs may be enhanced by a cholesterol-rich diet (23),
which leads to high levels of LDL-c and VLDL-c and
lower liver lipid deposition. Also, fish oil showed a high
content of MUFAs (C18:1), which has been reported to
play an important role in decreasing serum total choles-
terol and increasing HDL-c.

HDL-c was not significantly changed between the nor-
mal and fish oil groups. However, animals fed the ses-
ame oil or mixture of sesame and fish oil diets showed
lower HDL-c level (P < 0.05) than did animals in the
HFD group.

Animals fed the normal diet had higher levels of tria-
cylglycerol than did animals fed the HFD, which may
be due to the higher content of carbohydrate in the for-
mer diet as a consequence of its lower fat content, as
shown in Table 1. Animals supplemented with fish oil
had higher triacylglycerol levels than did animals fed
HFD while animals fed sesame oil or a mixture of sesa-
me and fish oil showed lower triacylglycerol than HFD
rats. This difference may be attributed to the fatty acid
profile of these diets because it has been demonstrated
that the ®-3 fatty acids decrease triacylglycerol levels in
hyperlipidemic subjects and in Eskimos from Greenland
who consume a diet low in saturated fat (24).

The diet high in saturated fat increased blood cholesterol
up to 25%. This seems to be the result of liver lipid depo-
sition, which provides acetyl coenzyme A to liver cells
for cholesterol synthesis (25).

The excessive liver lipid deposition leads to steatosis
(26), which represents an imbalance between triacylg-
lycerol synthesis in the liver and its secretion (27).

Intake of ®-3 fatty acids, either as fish oil or ethyl-ester
formulations (selectively enriched in EPA and DHA), is
associated with a variety of biochemical changes that
might be beneficial for diabetes: reduced triglyceride-
mia mainly through enhanced triacylglycerol lipolysis,
enhanced fatty acid oxidation and raised HDL-c levels;
a trend for a more beneficial profile of the LDL particles
(28). This is in line with our study that revealed improve-
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ment in the lipid profile in rats supplemented with fish
oil alone or combined with sesame oil more than sesame
oil.

A number of clinical, experimental and epidemiologi-
cal studies have generally confirmed that intake of ®-3
fatty acid exerts beneficial effects on atherosclerosis
development and progression (29). These protective ef-
fects are attributed to several favorable modifications:
changes in plasma lipids, reduction of triglycerides (30),
inhibition of the production of arachidonic acid-derived
eicosanoids, namely the prothrombotic thromboxane A,
by activated platelets, and the pro-inflammatory leukot-
rienes B, and C, by activated leukocytes (31). Dietary
fish oils rich in ®-3 fatty acids have been proved to be
effective in the lowering of the plasma triacylglycerol
and VLDL-c levels in experimental animals, thereby
being attributed a role in the prevention of cardiovas-
cular diseases (32). Fish or fish oil incorporated into
a diet providing 40% of energy as fat, increased total
cholesterol, HDL, HDL, and LDL, but decreased tria-
cylglycerols (33). Mori et al (34) reported that EPA and
DHA decreased triacylglycerols and increased fasting
insulin. Only DHA increased HDL-c, particularly HDL
sub-fraction.

Conclusion

Daily intake of fish oil or mixture of fish and sesame oil
were the most efficient PUFA in decreasing total cho-
lesterol and LDL-c and elevating HDL-c level. So, they
protect against atherosclerosis and CHD. In addition
these oils prevent deposition of lipids in nephrocytes and
protecting the liver parenchyma. In addition, the protec-
tion is better than treatment.
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