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Abstract: The purpose of the present study was investigated the effect of flaxseed oil (FO), and
Nile Tilapia waste oil (NTWO) compared with omega 3 oil (OO) on lipid profiles, and liver
functions of rats fed with high fat diet. High fat diet resulted significant alterations in plasma
lipids profile, and liver functions indicators.

Thirty male albino rats were used over 30 days period. The animals were divided into (5) groups,
wherein groups number (1) represent control which were fed basal diet, while group number (2)
was received high fat diet to serve as hyperlipidemic group. Other three groups allowed to feed
high fat diet supplemented with three oils, group number (3) treated simultaneously with flaxseed
oil as (FO) group, fourth group treated with Nile Tilapia waste oil as (NTWO) group while the
last group treated with omega 3 oil as (OO) group, then plasma lipid profile and liver functions
were detremined.

FO, NTWO and OO groups showed significantly lower levels of total cholesterol, total
triglycerides, LDL-C, HDL-C, ALT, AST and total protein in comparison with the
hyperlipidlemic group. It could be concluded that FO, NTWO and of course OO under study are
useful for the treatment of hypercholesterolemia.

Key-Words: Flaxseed oil — high fat —HDL-cholesterol —LLDL-cholesterol — Nile Tilapia waste
oil.

1. Introduction

Abnormal lipid metabolism is a main cause of dyslipidemia, which is a major risk factor for
cardiovascular disease, obesity and overall mortality'. Blood cholesterol is of great importance because blood
total cholesterol (TC) and low-density lipoprotein (LDL) correlate strongly with coronary heart disease (CHD).
The concentration of plasma cholesterol can be regulated by cholesterol biosynthesis, removal of cholesterol
from the circulation, absorption of dietary cholesterol and excretion of cholesterol via bile and feces”.

In liver, such lipid accumulation initially results in fatty liver that develops fatty infiltration and
in chronic stages results in damage of hepatocytes, that causes gross fatty infiltration in parenchyma cells of
liver.

Cholesterol homeostasis is maintained by a complex mechanism of sterol absorption, anabolism,
catabolism and excretion®’. It is well known that diet plays an important role in the control of cholesterol
homeostasis.

In animal models diets which contain rich source of saturated fatty acids and cholesterol elevated all
blood lipid profiles and also increased liver functions markers in plasma®:"*,
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In general omega 3 fatty acid family known as best way to reduced blood cholesterol especially bad
cholesterol (LDL-cholesterol) and also regulates all lipid profiles parameters”".

Flaxseed oil is one of the vegetable sources of alpha-linolenic acid (ALA) and its content ranges from
approximately 40% to 60% of the total fatty acids''. ALA, found in flaxseed oil desaturates and elongates in
the human body to eicosapentanoic acid (EPA) and docosahexanoic acid (DHA) and by itself may have
beneficial effects in health and in control of chronic diseases .

Fish products for human consumptions include fresh and frozen, whole and fish fillet.””  Most of the
discards composed of head, intestine, skin, bones and etc. These wastes have high content of nutritive
compounds like protein which is the substrate of fish meal production'. Fish processing by-products contain
fish oil, the amount of which depends upon the fat content of the specific fish species, and the distribution of fat
in fish parts. Generally, fish contains 2-30% fat, and about 50% of the body weight is generated as waste during
the fish processing operation. Therefore, this fish processing by-product could be a great potential source for
good quality fish oil that can be used for human consumption".

China is the first producer of tilapia and Egypt is the second producer (290000 tones) '°, so that it is the
most important fish waste in Egypt. The aim of this investigation is to evaluate the effect of flaxseed oil and oil
extracted from Nile Tilapia fish waste on rats feed on high fat diets and compares its effect with omega 3 fatty
acid source.

2. Materials And Methods
2.1. Materials

Flax seeds were purchased from the local market (Menofia, Egypt) while the Nile Tilapia waste was
collected from fish stores (Cairo, Egypt), Omega 3 oil purchased from sigma company (capsules contain 400
mg EPA + DHA per gram).

2.2. Methods
2.2.1. Preparation of plant materials

Flax seeds were dried in an air-circulated oven at 40 °C and reduced into powder.
2.2.2. Preparation of flaxseed oil

The dried powder of the seeds was placed in a Soxhlet and subjected to extraction using petroleum
ether (40-60 °C) to prepare the oil. The solvent was completely removed by evaporation under reduced
pressure at a temperature not exceeding 40 °C.

2.2.3. Lipid extraction

The procedure for the lipid extraction was based on modified Kinsella method. About 50 g of fish
wastes were selected randomly and homogenized in a warring blender for 2 min with a mixture of 50 ml
chloroform and 100 ml methanol. One volume of chloroform (50 ml) and one volume of distilled water (50 ml)
were added to the mixture and blended for 30 sec, respectively. The homogenate was filtered through a
Whatman No.1 filter paper on a No.3 Buchner funnel with a slight suction and the filterate collected and
transferred to a separatory funnel to allow for phase separation. The lower fraction was collected and filtered. It
was thelll7 transferred to a rotary evaporator for evaporation. The sample was then collected for the fatty acid
analysis .

2.2.4. Gas chromatography (GC) analysis of fatty acid methyl esters (FAME)

Saturated, unsaturated and total fatty acids were determined in the oil by using methyl esters boron
trifluoride method'. FAME were identified on a Agilent Technologies 7890A GC equipped with flame
ionization detector (PE Auto System XL) with auto sampler and Ezchrom integration system. Carrier gas (He);
ca. 25 Psi — air 450 ml/min — Hydrogen 45 ml — split 100 ml/min. Oven temperature 200°C injector and detector
250°C.
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2.2.5. Preparation of diets

Balanced and hypercholesterolemic diets were prepared as shown in table (1). The hypercholes-
terolemic diet was designed as reported by'’, the hypercholesterolemic diet contained 20% coconut oil, 1%
cholesterol and 0.25% cholic acid.

Table (1): Composition of different experimental diets (g/100 g)

Ingredients Balanced diet | Hypercholesterolemic
(%) (Control) diet

Casein 12.5 12.5
Corn oil 10 -
Coconut oil - 20
Sucrose 23.3 20.52
Starch 46.7 41.23
Salt mix. 3.5 3.5
Vit. mix. 1 1
Fiber 3 -
Cholesterol - 1
Cholic acid - 0.25

2.2.6. Design of the animal experiment

The work was carried out at the Biochemistry Department, Faculty of Agriculture, Menofia University
(Egypt). To study the effect of the FO, NTWO and OO on lipid profiles and liver functions of albino rats, thirty
male albino rats (weighting between 120 and 140 g) were used for this investigation. The rats were obtained
from The Research Institute of Ophthalmology (Giza, Egypt). The rats were feed ad /ibitum on a basal diet
(BD) and water for 15 days as an adaptation period. They were housed individually in stainless steel cages and
divided into five groups of six animals.The first was the normal group where the rats received a balanced diet
throughout the study period (30 days), all other remaining groups were feed a hypercholesterolemic diet. One
served as a hypercholesterolemic control group, whereas the other three groups were feed a
hypercholesterolemic diet along with an oral administration of a daily dose of either Flaxseed oil or Nile Tilapia
waste oil or omega 3 oil as 100 mg-kg-1 rat body weight throughout the study period.

Their food intake was monitored daily and all the rats fasted before blood sampling. The blood samples
were drawn from eye plexuses after 30 days. The rats were anesthetized using diethyl ether. The weight gain of
the rats was recorded weekly.

2.2.7. Blood sampling and analysis

Blood samples were collected after 14 and 28 days in tubes containing heparin as an anticoagulant from
the eye plexuses under diethyl ether anesthesia and then centrifuged at 3000 rpm for 20 min to obtain plasma,
which was kept frozen until analysis.

The total cholesterol was analyzed according to”’. HDL-C was determined according to*'. According to
* | LDL-C was calculated as the difference between total cholesterol and HDL-C. The triglycerides were
analyzed according to . Alanine-aminotransferase (ALT) and aspartateaminotransferase (AST) activities were
measured according to the method described by **. Total protein was determined according to *. Albumin was
determined according to *°.

2.2.8. Statistical analysis

The results of the animal experiments were expressed as the mean + SD and they were analyzed
statistically using the one-way analysis of variance ANOVA followed by Duncan’s test. In all cases p <0.01
was used as the criterion of statistical significance.
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3. Results
3.1. Fatty acid profile of FO and NTWO

The fatty acid composition of FO and NTWO is presented in Table 2. According to the result shown,
thirteen fatty acids in NTWO and seven fatty acids in FO were identified, while the analysis of FAME gave the
proportion of oleic, linoleic, linolenic and palmitic as the major fatty acids. In FO the major fatty acid was
linolenic acid (54.7%) while in NTWO the major fatty acid was oleic acid (29.9%). A striking feature of FO
was the relatively high level of PUFA, especially linolenic acid.

Table (2): Levels of fatty acids (%) in flaxseed and Nile Tilapia Waste oil

Fatty acids Flaxseed oil Tilapia Wzln\iltlee oil
Palmitic acid C16:0 5.13 19.7
Stearic acid C18:0 3.48 4.1
Oleic acid C18: 1 (n-9) 17.6 29.9
Linoleic acid C18:2 (n-6) 15.3 22.5
Linolenic acid C18:3 (n-3) 54.7 1.7
Myristic acid C14:0 nd” 2.5
Palmitioleic acid C16:1 (n-7) nd” 4.3
Vaccinic acid C18:1 (n-7) 0.64 2.8
Gamma linoleic acid C18:3 (n-6) nd” 1.4
Gadoleic acid C20:1 (n-9) nd” 1.33
Arachidonic acid C20:4 (n-6) nd” 1.12
Eicosapentanoic acid C20:5 (n-3) nd” 0.9
Docasahexanoic acid C22:6 (n-3) nd” 0.32
Non identified fatty acid 3.15 7.43
U/s° 10.25 2.52

* Not detected.
® Unsaturation ratio = (16:1 + 18:1 + 18:2 + 18:3 +20:1 + 20:4 + 20:5 + 22:6)/(14:0 + 16:0 + 18:0).

3.2. Impact of FO, NTWA and OO supplementation on the plasma lipid profile

The data in Table 3 show the concentrations of different plasma lipids in all the groups. The results
revealed that FO, NTWO and OO groups showed decreases in plasma triglycerides, total cholesterol, HDL-C
and LDL-C in comparison with the high fat group, especially OO group appeared high significant effect
compared with all treated groups.

Table (3): Effect of flaxseed , Nile Tilapia waste and omega 3 oils on lipid profile in rats feed on high fat
diet

Group Triglycerides Total HDL- LDL-choleserol
(mg/dl) cholesterol cholesterol (mg/dl)
(mg/dl) (mg/dl)
Control 509e+24 64.61 e+ 4.12 39.18 d +1.88 16.62 e+ 2.54
High fat 237.025a+6.57 | 217.225a+547 | 53.01b+£1.04 116.8a+3.7
Flaxseed oil 11034 c+4.95 | 12585c+4.44 | 46.455c+ 1.77 56.97c+2.72
(FO)
Nile Tilapia 149.05b+£5.72 | 14997b+3.14 | 48.02c¢+0.71 72.15b£3.97
waste oil
(NTWO)
Omega 3 oil 84.72 d+£5.74 106 d+4.1 64.125a+1.18 2496 d+2.32
(00)

Valus represent means + S.E obtained from 6 rats
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Means in the same column followed by the same letters do not differ significantly, and when the means
followed by different letters differ significantly at (p > 0.05).

3.3. Impact of FO, NTWA and OO supplementation on liver functions

The effect of feeding FO, NTWO and OO is presented in Table 4, which explains the variation between
the control and the other treated groups. It can be noticed that the levels of ALT and AST enzyme activity in the
high fat group was higher compared with the other groups. The reducing effect of feeding FO, NTWO and OO
compared with the high fat group can also be seen at the end of experiment. On the other hand, the high fat
group had lower levels of total protein and albumin compared with the control. FO, NTWO and OO groups
showed higher levels of total protein and albumin levels compared with the high fat group.

Table (4): Effect of flaxseed , Nile Tilapia waste and omega 3 oils on liver functions in rats feed on high
fat diet

Group Total protein Albumin ALT activity AST activity
(g/dD) (g/dD) (U/L) (U/L)
Control 5.96 a+0.035 3.82a=+0.046 41.02e+1.49 45.6 e+ 4.72
High fat 5.92a+0.038 3.84a+0.029 74.27 a+ 1.06 7476 a+ 1.5
Flaxseed oil 595a+0.043 | 3.855a=+0.045 55.6¢c=0.63 60.52 ¢+ 0.6
(FO)
Nile Tilapia 5.96 a+0.039 3.83a+0.0125 69.45b+0.7 66.025 b +0.94
waste oil
(NTWO)
Omega 3 oil 5.95a+0.026 3.857 a+0.045 4935d+0.8 54.7d+0.57
(00)

Valus represent means + S.E obtained from 6 rats

Means in the same column followed by the same letters do not differ significantly, and when the means
followed by different letters differ significantly at (p > 0.05).

4. Discussion
4.1. Fatty acid profile of FO and NTWO

The analysis of FAME in FO (Table 2) gave the proportions of linolenic, Oleic and linoleic as the
major fatty acids, together comprising more than 87% of the total identified FAME. In NTWO the major fatty
acid was oleic acid (29.9%) followed by linoleic acid (22.5%) and these data are in line with 77~ ** .

The benefits of oleic and linoleic acids in reducing cholesterol levels were reported by * who
explained the role of an unsaturated fatty acid balance when selecting food sources to replace saturated fatty
acids in the diet. Thus, it can be concluded that high levels of oleic and linoleic acids in NTWO may give high
nutritional values for this oil.

NTWO also include two important members from omega 3 fatty acid family, Eicosapentanoic acid
(0.9%) and Docasahexanoic acid (0.32%). Many studies suggest that a dietary intake of omega 3 fatty acids
may confer a protective effect against atherosclerotic disease and reduce serum triglycerides levels ***'***. In
FO the major fatty acid was linolenic (57.4%) followed by oleic acid (17.6%) which is very close to the results
of ''** . The benefits of linolenic acid in reducing cholesterol levels were reported by **** .

4.2. Impact of FO, NTWO and OO supplementation on the plasma lipid profile

Hyperlipidemia mainly increased the levels of cholesterol or LDL-C which is an important risk factor
in the initiation and progression of atherosclerotic lesions *’. In our study (Table 3), it can be noted that the high
fat group showed high levels of triglycerides (237.025 mg/dl), total cholesterol (217.225 mg/dl), and LDL-C
which were greatly increased (116.8 mg/dl) compared with the control group. On the other hand, NTWO group
showed lower levels of lipid profile parameters which are in line with ** who reported that feeding linoleic and
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oleic acid (5%) decreased levels of triglycerides, total cholesterol and LDL-C. Also FO group reduced lipid
profiles parameters better than NTWO group, we believe because two reasons: first it is contain a high level
from linolenic acid (54.7%) this result is very close to the results of * who found that linolenic acid was as
effective as linoleic acid and oleic acid in lowering plasma total cholesterol and LDL-C, and second it is contain
high U/S ratio (10.25) compared with NTWO (2.52) this result is in line with * who found that high U/S ratio
related with the cholesterol lowering effect in rats feed on high fat diet.

We can notice that OO group showed the best hypolipidemic effect compared with all treated groups,
we think because it is contain high amount of both important omega 3 fatty acids EPA and DHA this result is
very related with the result of****' who found that fish oil reduce both total cholesterol and LDL-C.

There are several explanations about the mechanisms by which dietary fatty acids affect plasma
cholesterol concentrations such as changes in lipoprotein composition **, in LDL production *, and in very low
density cholesterol (VLDL) secretion from the liver and hepatic LDL receptor activity ****. Moreover, PUFA as
compared to saturated fatty acids are less efficiently incorporated into triglycerides synthesized by the liver for
the export of VLDL ***', investigated diets rich in long chain PUFA which stimulate both gene expression and
the activation of enzymes involved in beta oxidation.

4.3. Impact of FO, NTWO and OO supplementation on the liver functions.

In Table 4 the hypercholesterolemic control group showed decreases in the levels of total protein and
albumin level compared with the control group. A low serum albumin indicates poor liver function. These
results agree with ** who reported that the high-fat diet reduced serum albumin. In addition, the
hypercholesterolemic group showed elevated ALT and AST activities in plasma. * recorded significant
increases in the serum AST and ALT activities in rabbits fed a high fat diet (35% palm oil) compared with the
control group, fed a standard diet. Increases in serum activities of these enzymes are usually indicative of
possible liver damage. FO, NTWO and OO oils have high contents of unsaturated fatty acids. Therefore, FO,
NTWO and OO groups showed enhanced levels of ALT and AST in plasma, which may be due to the
improving effect of these oils in lipid metabolism. These results agree with * who found that the rats in the
treated groups Apricot oil and Pumpkin seed oil (which contain high amount of unsaturated fatty acids) showed
significantly lower levels of alanine-aminotransferase (ALT) and aspartateaminotransferase (AST) activities as
well as high levels of total protein in comparison with the hypercholesterolemic group.

4. Conclusions

FO and NTWO afforded substantial protection to diet induced hyperlipidemic disorders and these
effects are mainly mediated by unsaturated fatty acid. Further research, including food nutrition studies are
needed to elucidate the best ratio to add these oils to other common vegetable oils

Acknowledgments

The research was supported by the Biochemistry Department, Faculty of agriculture, Menofia, Egypt.

References

1. Rizvi F, Iftikhar M, George, JP. 2003. Beneficial effects of fish liver preparations of sea bass (Lates
calcarifer) versus gemfibrozil in high fat dietinduced lipid-intolerant rats. Journal of Medicinal Food 6
(2), 123-128.

2. Choi HS, Do KM, Park YB, Jeon SM, Jeong T, Lee YK, Lee MK, Bok SH. 2001. Effect of
naringenin supplementation on cholesterol metabolism and antioxidant status on rats fed high
cholesterol with different levels of vitamin E. Annals of Nutrition and Metabolism 45 (5), 193-201.

3. Jayasooriya AP, Sakono N, Yukizaki C, Kawano M, Yamamoto K, Fukerda N. 2000. Effect of
Momordica charantia powder on serum glucose levels and various lipid parameters in rats fed with
cholesterol-free and cholesterol enriched diets. Journal of Ethnopharmacology 72, 331-336.

4. Chen ZY, Ma KY, Peng C, Zuo Y. 2011. Role and classification of cholesterol-lowering functional
Foods. J. Func. Foods 3, 61-69.

5. El-Anany AM, Ali RFM. 2012. Studies on the hypolipidemic effects of Coconut oil when blended with
Tiger nut oil and fed to albino rats. Grasas Aceites 63, 303- 312.



Medhat M., Abozid et a/ /Int.]. PharmTech Res. 2015,8(5),pp 938-945. 944

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Taha KM, Ashosh YA, Sakr AA, Abozid MM. 2004. Hypolipidemic effect of guava fruit in high fat fed
rats and in vitro anti oxidative activities of its extracts. Minufiya J. Agric. Res. 29,385 — 399.

Ashosh YA, Taha KM, Sakr AA, Abozid MM. 2009. Egyptian purslane seed oil as anew source of
omega-3 fatty acids and its hypolipidemic effect in rats fed on high fat diet. The 24" meeting of Saudi
Biological Society, Biotechnology: Reality and Application, Madinah Almunawwarah at Taibah
University, 188.

Ramadan MF, Zayed R, Abozid MM, Asker MMS. 2011. Apricot and pumpkin oils reduce plasma
cholesterol and triacylglycerol concentrations in rats fed a high-fat diet. Grasas Y Aceites 62, 443-452.
Shahidi F, Miraliakbari H. 2005. Omega-3 fatty acids in health and disease. Part 2. Health effects of
omega-3 fatty acids in autoimmune diseases, mental health, and gene expression. J Med Food 8, 133—
148.

Abozid MM, Ayimba E. 2014. Effect of omega 3 fatty acids family in human health (Review).
International Journal of Advanced Research 2 (3), 202 — 211.

Prasad K. 2000. Flaxseed: a source of hypercholesterolemic and antiatherogenic agents. Drug News
Perspect 13 (2), 99—-102.

Mantzioris E, James MJ, Gibson RA, Cheland LG. 1994. Dietary substitution with an ALA rich
vegetable oil increases EPA concentrations in tissues. 4m J Clin Nut 59 (6), 1304—-1307.

Sovik SL, Rustad T. 2005. Proteolytic activity in byproducts from cod species caught at three different
fishing grounds. Journal of Agriculture and Food Chemistry 53, 452-458.

Covadonga R, Acosta C, Badia, P, Cejas JR, Santamaria FJ, Lorenzo A. 2004. Assessment of lipid and
essential fatty acids requirements of black seabream (Spondyliosoma cantharus) by comparison of lipid
composition in muscle and liver of wild and captive adult fish. Comparative Biochemistry and
Physiology 139, 619-629.

Zuta CP, Simpson BK, Chan HM, Phillips L. 2003. Concentrating PUFA from mackerel processing
waste. J Am Oil Chem Soc 80: 933

FAO GLOBEFISH. 2010. TILAPIA Market Report. http:// www.globefish.org/tilapia-january-2010-
china.html.

Khoddami A, Ariffin AA, Bakar J, Ghazali HM. 2010. Fatty Acid Profile of the Oil Extracted from Fish
Waste (Head, Intestine and Liver) (Sardinella lemuru). World Applied Sciences Journal 7 (1), 127-131.
A.O0.A.C. 2000. Fatty acids in Oils and Fats Preparation of Methyl Esters Boron Tri Fluoride — AOAC
— IUPAC Method Codex — Adopted — AOAC Method (17 Ed.) Official Methods of Analysis of the
Association of Official Analytical Chemists 19-20.

Mohamed DA, Hamed TE, Al-Okbi SY. 2010. Reduction in hypercholesterolemia and risk of
cardiovascular diseases by mixtures of plant food extracts:a study on plasma lipid profile ,oxidative
stress and testosterone in rats. Grasas Y Aceites. 61, 378-389.

Richmond W. 1973. Preparation and properties of a cholesterol oxidase from Nocardia sp. and its
application to the enzymatic assay of total cholesterol in serum. Clin. Chem. 19, 1350-1356.

Lopez MF, Stone S, Ellis S, Collwell JA. 1977. Cholesterol determination in high density lipoproteins
separated by three different methods. Clin. Chem. 23, 882-886.

Demacker AG, Hijmans BG, Brenninkmeijer AP, Jansen J S, van’t Laar A. 1984. Five methods for
determining low-density lipoprotein cholesterol compared. Clin. Chem. 30,1797-1800.

Fossati P, Prencipe L. 1982. Serum triglycerides determined colorimetrically with an enzyme that
produces hydrogen peroxide. Clin. Chem. 28, 2077-2080.

Retiman S, Frankel S. 1957. Colorimetric determination of GOT and GPT. Am. J. Clinic Path. 28, 56-
59.

Tietz NW. 1976. Fundamentals of Clinical Chemistry, W.B. Saunders, Philadelphia, pp. 299.

26- Doumas BT, Watson WA, Biggs HG. 1971. Albumin standards and measurement of serum albumin
with bromcresol green. Clin. Chim. Acta 31, 87-96.

De Souza NE, Matsushita M, De Oliveira CC, Bueno Franco MR, Visentainer JV. 2007. Manipulation
of fatty acid composition of Nile tilapia (Oreochromis niloticus) fillets with flaxseed oil. Journal of the
Science of Food and Agriculture 87 (9), 1677 — 1681.

Suloma A, Ogata HY, Garlbay ES, Chavez DR, EL-Haroun ER. 2008. Fatty acid composition of Nile
Tilapia (Oreochromis nilotlcus) muscles: A comparative study with commercially important tropical
freshwater fish in Philippines. 8th International Symposium on Tilapia in Aquaculture 921 — 932,
Binkoski AE, Kris-Etherton PM, Wilson TA, Mountain ML, Nicolosi RJ. 2005. Balance of unsaturated
fatty acids is important to a cholesterol-lowering diet: Comparison of mid-oleic sunflower oil and olive
oil on cardiovascular disease risk factors. J. Amer. Diet Assoc. 105, 1080-1086.



Medhat M., Abozid et a/ /Int.]. PharmTech Res. 2015,8(5),pp 938-945. 945

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

De Logegeril M, Salen P, Martin JL. 1999. Mediterranean diet, traditional risk factors, and the rate of
cardiovascular complications after myocardial infarction: final report of the Lyon Diet Heart Study.
Circulation 99, 779-785.

Frick MH, Syvanne M, Nieminen MS. 1997. Prevention of the angiographic progression of coronary
and vein-graft atherosclerosis by gemfibrozil after coronary bypass surgery in men with low levels of
HDL cholesterol. Lopid coronary angiography trial (LOCAL) Study Group. Circulation 96, 2137-2143.
Harris WS. 1997. N-3 fatty acids and serum lipoproteins: human studies. Am. J. CLin. Nutr. 65, 1645-
1654.

Eldeeb R, Shantakumari N, Ibrahim SAM, Sreedharan J, Shehnaz S. 2014. Omega (n- 3)
Polyunsaturated Fatty Acids and Diabetic Patients. International Journal of Advanced Research 2(2),
627-632.

El-Beltagi HS, Salama ZA, El-Hariri DM. 2007. Evaluation of fatty acids profile and the content of
some secondary metabolites In seeds of different flax Cultivars. Gen.AppL. Plant Physiology 33 (3 — 4),
187 —202.

Bloedon L, Szapary P. 2004. Flaxseed and cardiovascular risk. Nutrition Reviews 62(1), 18-27.

Brouwer IA, Katan MB, Zoc PL. 2004. Dietary alpha linolenic acid Is associated with reduced risk of
fatal coronary heart disease, but Increased prostate cancer risk: A Meta-Analysis. J. Nutr. 134, 919—
922.

Harrison D, Kathy KG, Hornig B, Drexler H. 2003. Role of oxidative stress in atherosclerosis. Amer. J.
Card. 91, TA-11A.

Kurushimaa H, Hayashi K, Toyota Y , Kambeb M, Kajiyama G. 1995. Comparison of
hypocholesterolemic effects induced by dietary linoleic acid and oleic acid in hamsters. Atherosclerosis
114, 213-221.

Chan JK, Bruce VM, MacDonald BE. 1991. Dietary alpha linolenic acid as effective as oleic acid and
linoleic acid in lowering blood cholesterol in normolipidemic men. Am. J. Clin. Nut. 53, 1230 — 1234.

Hu FB, Bronner L, Willett WC. 2002. Fish and omega-3 fatty acid intake and risk of coronary heart
disease in women. JAMA ; 287: 1815-21

Calder PC. 2004. N-3 Fatty acids and cardiovascular disease: evidence explained and mechanisms
explored. Clin Sci 107, 1-11,

Shore VG, Krauss RM, Butterfield G, Dashaies Y, Lindgern FT. 1981. Effects of dietary
polyunsaturated: saturated fat ratio on human serum lipoproteins. Arteriosclerosis 1, 386a

Turner JD, Le NA, Brown WV. 1981. Effect of changing dietary fat saturation on low-density
lipoprotein metabolism in man. Amer. J. Physiol. 241, E57.

Othani H, Hayashi K, Hirata Y, Dojo S. 1990. Effects of dietary cholesterol and fatty acids on plasma
cholesterol level and hepatic lipoprotein metabolism. J. Lipid Res. 31, 1413-1418.

Hayashi K, Hirata Y , Kurushima H, Saeki M. 1993. Effect of dietary hydrogenated corn oil (trans-
octadecenoate rich oil) on plasma and hepatic cholesterol metabolism in the hamster. Atherosclerosis
99, 97-101.

Cortese C, Levy Y, Janus ED. 1983. Modes of action of lipid lowering diets in mans: studies of
apolipoprotein B kinetics in relation to fat consumption and dietary fatty acids composition. Eur. J.
Clin. Invest.13, 79-85.

Jump JO, Clarke SD. 1999. Regulation of gene expression by dietary fat. Ann. Rev. Nutr. 19, 63-90.
Ghasi S, Nwobodo E, Ofili JO. 2000. Hypocholesterolemic effects of crude extract of leaf of Moringa
oleifera Lam in high-fat diet fed wistar rats. J. Ethnopharmacology 69, 21-25.

Oboh HA, Olumese FE. 2010. Effects of Low Carbohydrate High Fat Nigerian-Like Diet on
Biochemical Indices in Rabbits. Pakistan J. Nutr. 3, 245-249.

%k Kk %k k



	27. De Souza NE, Matsushita M, De Oliveira CC, Bueno Franco MR, Visentainer JV. 2007. Manipulation of fatty acid composition of Nile tilapia (Oreochromis niloticus) fillets with flaxseed oil. Journal of the Science of Food and Agriculture 87 (9), 1677 – 1681.
	27. De Souza NE, Matsushita M, De Oliveira CC, Bueno Franco MR, Visentainer JV. 2007. Manipulation of fatty acid composition of Nile tilapia (Oreochromis niloticus) fillets with flaxseed oil. Journal of the Science of Food and Agriculture 87 (9), 1677 – 1681.


