International Journal of Biochemistry and Biotechnology ISSN: 2169-3048 Vol. 2 (6), pp. 468-473, June, 2013.

Available online at www.internationalscholarsjournals.org © International Scholars Journals

Review

Roles of dietary lipids in nutrition-medicine

Obimba Kelechukwu Clarence

Biochemistry Programme, Department of Chemical Sciences, College of Basic and Applied Sciences, Rhema University
Aba. P.M.B. 7021, Aba, Abia State, Nigeria. E-mail: kechrisob@yahoo.com; Tel.(+234) 07034851899

Accepted 27 May, 2013

The objective of this study is to investigate the importance of dietary lipids-related diseases with a view to
exploring feasible preventive and curative dietary and/or drug therapies. Foods low in cholesterol and
saturated fatty acids content but moderate in poly unsaturated fatty acids (PUFA), including chicken, lean
fish meal, and plant seeds rich in phytosterols (e.g B-sitosterol), such as soya bean , corn and groundnut,
seeds, should form the chief of the dietary protein sources for people predisposed or vulnerable to
atherosclerosis, cardiovascular diseases and obesity. Large dietary intake of linoleic fatty acids should be
avoided by those susceptible to high blood pressure caused by the over-expression of prostaglandin
endoperoxidase synthase. Drugs that inhibit prostaglandin endoperoxidase synthase (a cyclooxygenase,
COX) would reduce prostaglandin synthesis in normal individuals (individuals not associated with over-
expression of COX) causing hypo-prostaglandinosis which increases the risk of cardiovascular incidences
such as heart attack and strokes. Over-expression of COX-2 can be controlled by such drugs as inhibit COX
(e.g ibuprofen vasoprin, and aspirin), by which means heart attacks, cardiac arrests, and strokes are

prevented in patients suffering from hyper-prostaglandinosis.
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INTRODUCTION

Lipids are oily and greasy organic substances that are
water insoluble and occur naturally in cells and tissues of
living organisms from where they are extractable by
organic solvents such as chloroform and ether. Lipids are
a group of naturally occurring molecules that include fats,
waxes, sterols, fat-soluble vitamins (such as vitamins A,
D, E, and K), monoglycerides, diglycerides, triglycerides,
phospholipids and others. The biological functions of
lipids include energy storage (Fahy et al., 2009). Lipids
also function in signaling and acting as structural
components of cell membranes (Subramaniam et al.,
2011). Lipids are used in the manufacture of cosmetics
and packaged food as well as in nanotechnology
(Mashaghi et al., 2013). Dietary lipids are lipids obtained
from foods. Lipids in the form of triacylglycerols are a
source of chemical energy, essential fatty acids, and non-
essential fatty acids, in living organisms. The major
dietary lipids for humans and other animals are animal
and plant triglycerides, sterols, and membrane
phospholipids (Russo, 2009). Lipid metabolism is
essential to the synthesis and bio-degradation of the lipid
stores (e.g. adipocytes) and produces the structural and
functional lipids characteristic of individual tissues.
Nutrition-Medicine is a branch of medicine in which the

uses of foods/diets/nutrients are used in the prevention
and/or treatment of specific maladies or diseases is
explored. In Nutrition-Medicine, investigations are made
to elucidate the effects of the metabolism of nutrients
obtained from dietary sources on certain disease
conditions. The objective of this study is to investigate the
importance of dietary lipids in the prevention and cure of
nutrition-related diseases. In severe diabetes mellitus due
to failure of insulin secretion or action, patients fail to
synthesize fatty acids and triacylglycerols from
carbohydrates or amino acids but rather show increased
rates of fat oxidation and ketone body formation (Gerich
et al., 2001). Invariably, low dietary intake of essential
fatty acids is prescribed as part of dietary therapy for
diabetics, in order to forestall the unwanted
consequences of acidosis.

Nutrition-related diseases and dietary therapies

People with intestinal and/or pancreatic diseases in which
there are defective lipid absorption, failure to absorb, with
any degree of efficiency, the dietary fat soluble vitamins
(A, D, E, and K), resulting in the deficiency of fat soluble
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vitamins. The deficiency can be overcome by increasing
the amount of fat-soluble vitamins orally administered to
the patient or in extreme cases by administering the fat-
soluble vitamins via intra-muscular or intra-venous routes
(Murray et al., 2009a).Essential fatty acids include linoleic
(an omega-6 fatty acid), and a-linolenic acids (an omega-
3 fatty acid). Experimental animals and humans are
unable to synthesize essential fatty acids and must obtain
the same from dietary sources. Essential fatty acids are
abundant in plant foods (safflower, sunflower, and corn
oils; green leaves of plants flax, rapeseed, walnut, and
soy (Russo, 2009), but occur in much lower amounts in
meat and dairy products. Cholesterol, a class of fats,
known as sterols, produced by animals is present in
significant amounts in egg yolk, butterfat, and meat but
absent from plant foods. Plants produce the phyto
analogues or derivatives of sterols, known as
phytosterols e.g B-sitosterol and stigmasterol (Murray et
al., 2009b).Atherosclerosis is a disease condition arising
from hypercholesterolemia (elevated levels of plasma
cholesterol). Atherosclerosis is the formation of thick
deposits of cholesterol, and its ester derivatives, in the
inner surfaces of blood vessels causing local anoxia.
Atherosclerosis predisposes to strokes and coronary
infarction. Animal fats contain two components that
predispose to atherosclerosis, and are saturated fatty
acids which constitute the chief of non-essential fatty
acids and cholesterol (Truswell, 1994). It is a well-
established fact that consumption of trans fats, such as
those present in partially hydrogenated vegetable oils,
conduce to cardiovascular disease [Mozaffarian and
Willett (2007); Micha and Mozaffarian (2008); Dalainas
and loannou (2008)]. n-3 essential fatty acids (EFAS)
arrest cell proliferation in several tumor models (Actis et
al., 2002).Most animal fats, especially, those from meat,
milk, and eggs have low content of essential fatty acids
e.g. polyunsaturated fatty acids (PUFA). Two exceptions
are chicken and fish lipids, which are relatively rich in
PUFA but low in cholesterol content. Plant lipids on the
other hand, are very rich in essential fatty acids, PUFA
and phytosterols. Lipid molecules are tightly bound to
specific proteins by means of non-covalent linkages, to
form lipoproteins. Lipoproteins found in the plasma are
known as plasma lipoproteins. Specific plasma
lipoproteins  contain  polar lipids, triacylglycerols,
cholesterol and cholesterol esters. The combination of
high plasma level of low density lipoproteins (LDL), and a
low plasma level of high density lipoproteins (HDL), is an
important  causative  factor of  atherosclerosis.
Consumption of diets rich in saturated animal fats but low
in PUFA content tends to decrease the concentration of
high density lipoproteins, and increase the concentration
of low density lipoproteins, and total cholesterols in the
blood. Consumption of diets moderate in PUFA and
phytosterols but low in saturated animal fats and
cholesterol content, tends to increase the concentration
of high density lipoproteins and decreases the concentra-

tion of low density lipoproteins, and total cholesterols in
the blood, thus conducing to good health [Denke (2006);
Murray et al.,(2009b)].Replacing 60% of saturated fats by
other fats and avoiding 60% of dietary cholesterol would
reduce blood total cholesterol by about 0.8 mmol/l
(Clarke et al.,, 1997). There is significant statistical
correlation between the incidence of cardiovascular
diseases and low levels of high density plasma
lipoproteins, and high levels of low density plasma
lipoproteins and total cholesterol (Carmena et al., 2004).
A consistent inverse relation of high-density lipoprotein
cholesterol (HDLC) levels and coronary heart disease
event rates was apparent in a British Regional Heart
Study (BRHS) of 1986 as well as in the four American
studies viz: Framingham Heart Study (FHS), Lipid
Research Clinics Prevalence Mortality Follow-up Study
(LRCF), Coronary Primary Prevention Trial (CPPT), and
Multiple Risk Factor Intervention Trial (MRFIT) (Gordon
et al.,, 1989). The survivors of myocardial infarction,
assigned to a Mediterranean a-linolenic acid rich diet,
had a markedly reduced rate of recurrence, other cardiac
events and overall mortality (De Lorgeri et al., 1994). In
view of these findings, foods low in cholesterol, and
saturated fatty acids content, but moderate in PUFA,
including chicken, lean fish meal, obtained from salmon,
herring, e.t.c., and plant seeds rich in phytosterols such
as soya bean, corn, and groundnut, should form the
chief of the dietary protein sources for people
predisposed or vulnerable to cardiovascular diseases and
obesity. Lean meat (defattened meat) and skimmed milk
(defattened milk), complement these dietary protein
sources. The term ‘lean fish’, has been used to
distinguish between the preferred processed fish type,
and some cartilaginous fishes that contain blubbers of
fatty tissues. Obesity which increases the risk of
cardiovascular diseases, hypertension and diabetes, is
partly caused by high caloric intake, sourced from fats,
carbohydrates, and proteins, in excess of body needs
but is also associated with a strong, hereditary, genetic
factor. Calories consumed as ethanol in excess of the
daily caloric requirement, are converted into fats
(saturated fatty acids and cholesterol), which conduce to
obesity, and atherosclerosis. Linoleic acid may be linked
to obesity by promoting over-eating and damaging the
arcuate nucleus in the brain's hypothalamus (Raloff,
2012). Reduced dietary intake of linoleic acid would
control obesity and conduce to good health.Glucagon-
like peptide-1 (GLP-1) reduces gastric emptying,
increases satiety and can result in weight loss. lipid
activators of GLP-1 release are lipid compounds which
are capable of activating G-protein coupled receptor 119
and which thereby stimulate GLP-1 release. These lipid
compounds are useful in the prophylaxis and/or treatment
of metabolic disorders and complications thereof, such
as, type 2 diabetes mellitus (T2DM), obesity, insulin
resistance, and cardiovascular disease. Lipids such as
lysophosphatidylcholine and oleoylethanolamide (OEA),
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Figure 2. Chemical Structure of Prostaglandin E; ((Alprostadil).

have been identified as potent agonists of GPR119
(Ahrén, 2009).The administration of plant sterols
(especially, B-sitosterol, shown in Figure 1), a phytosterol
synthesized by plants, to people suffering from
hypercholesterolemia, lowers the plasma low density lipid
(LDL) cholesterol and decreases the risk of
atherosclerosis, coronary heart diseases, and stroke
(Hansel et al., 2007). Addition of B-sitosterol to low doses
of soy protein seems to be a practical and safe
alternative for patients seeking modest reductions in low
density lipoprotein cholesterol (LDL-C) (Cicero et al.,
2002). B -sitosterol, a structural analogue of cholesterol,
mimics the regulatory actions of cholesterol thus
inhibiting the metabolism of cholesterol to a large extent
by inhibiting the absorption of cholesterol in the intestine
(Matsuoka et al., 2008). The IUPAC name of B-sitosterol
is 17-(5-Ethyl-6-methylheptan-2-yl)-10,13-dimethyl-
2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-
cyclopentala]phenanthren-3-ol.Tre-en-en is a food
supplement produced by GNLD® International and is
prepared with a variety of phytosterols and PUFA such as
omega-3-fatty acids and omega-6-fatty acids. Tre-en-en
is essentially effective in the treatment of
hypercholesterolemia. The dietary protein quality of egg
which contains all the essential amino acids in good
proportions but also cholesterol could be improved by a
dietary intake of a combination of eggs and plant oils, rich
in phytosterols. Patients suffering from
hypocholesterolemia should eat sparingly of food rich in
phytosterols, especially, foods rich in (-sitosterol but
more of moderate cholesterol-containing foods. There is
a strong genetic factor associated with incidences of
coronary artery diseases which is influenced by
smoking, drinking, alcoholism, hypertension and
obesity.
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Atherosclerosis is therefore a disease of complex origin,
influenced by a variety of factors (Higgins, 2000).
Stigmasterol is a phytosterol that prevents stiffening of
joints. The lipid, ergosterol is a yeast sterol, which upon
irradiation by ultraviolet rays is converted to ergocalciferol
or vitamin D,. Concurrent administration of ergocalciferol
and calcium is effective against rickets in children and
osteomalacia in human adults. The recommended daily
allowance of vitamin D is 10ug. Vitamin E, also known as
tocopherol, protects membrane lipids against oxidative
destruction of polyunsaturated fatty acids (PUFA), and
facilitates regeneration of liver and altered membrane
functions. The recommended daily allowance of vitamin E
is 10mg. Vitamin E occurs naturally in vegetable oils and
wheat germ. Protein energy malnutrition (PEM) is
characterized by significantly low levels of plasma lipids
and cholesterol (Gonzalez et al., 1992). Plant oils, rather
than carbohydrates sources are used as main energy
supply, in therapeutic diets that engender rapid catch-up
growth rates during alleviation of PEM in patients. The
activity of the enzyme delta 6-desaturase is deficient
(below normal) in patients suffering from the inheritable,
autosomal disease known as Darier’s disease (Oxholm et
al.,, 1990). The administration of the main dietary
essential fatty acids, linoleic acid and alpha-linolenic acid,
to patients of Darier's disease, should be minimal.
Epidemiologic and experimental studies on the
aetiology of cancer have implicated dietary lipids as
causative agents of cancer, especially, breast, colon-
rectal, and prostate cancers. Cancer is one of the main
causes of worldwide mortality and morbidity. Fish oil, rich
in polyunsaturated fatty acids of the n-3 serie, as well as
olive oil, rich in monounsaturated fatty acids-primarily
oleic acid, have inhibitory effects on tumor formation
(Escrich et al., 2007). Conversely,high intake of n-6.
Serie of polyunsaturated fatty acids and saturated fats
have tumor-enhancing effects. Significant reduction in
cancer, owed to the dietary intake of lipids has been
associated with the oral administration of nutritional
supplements of polyunsaturated n-3 fatty acids and
other components such as arginine, RNA, and lysine
(Granados et al., 2006).Prostaglandins are a class of
eicosanoids fatty acid derivatives or lipid—soluble organic
acids containing 5-carbon ring, and are derived from the
precursor essential fatty acids, linoleic acid, and y-
linolenic acid, via the unsaturated fatty acid,
arachidonic acid. Prostaglandins are regulators of
hormone action and are hormone-like substances that
regulate many different cell functions. The various
forms of prostaglandins include prostaglandins G;, G,
E., E,, Fy, and GH,. The chemical structure of
prostaglandin E; is shown in Figure 2. Prostaglandins
are responsible for producing/increasing perception of
fever, and inflammation and its associated pain (Nelson
and Cox, 2008). A decrease in omega-6 fatty acids has
been shown to attenuate inflammation due to reduced
production of prostaglandins (Kinsella et al., 1990).
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Table 1. Types, Receptors, and Functions of Prostaglandins

Type Receptor Function

PGl2 P vaso-dilation

inhibit platelet aggregation

bronchodilation

EP: broncho-constriction

Gl tract smooth muscle contraction

EP: broncho-dilation

Gl tract smooth muscle relaxation

vaso-dilation

EP3 gastric acid secretion
gastric mucus secretion

PGE:

uterus contraction (when pregnant)
Gl tract smooth muscle contraction

lipolysis inhibition

autonomic neurotransmitters

platelet response to their agonists and atherothrombosis in vivo

PGF,y, FP uterus contraction

broncho-constriction

(Fabre et al., 2001; Gross et al., 2007).
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Figure 3. Activity of prostaglandin endoperoxide synthase in the biosynthesis of PGG, and PGH,.

Contrary to the latter finding, Poudel-Tandukar et al., (
2009), posited that increased intake of not only alpha-
linolenic acid (n-3 PUFA), but also linoleic acid (n-6
PUFA), has a beneficial effect on systemic inflammation
in men. The variation in findings could be a function of
differences in the level of expression of prostaglandin
endoperoxidase synthase (a cyclooxygenase, COX), in
the individuals, tested. Excessive production of
prostaglandins has also been implicated as a causative
factor of high blood pressure and cardiovascular
incidences. For these reasons, dietary intake of large
amounts of linoleic fatty acid should be avoided by those
susceptible to high blood pressure. There are ten known
prostaglandin receptors on various cell types. The
diversity of receptors means that prostaglandins act on
an array of cells and have a wide variety of functions,
some of which are shown in Table 1. Cyclooxygenase-2

(COX-2) inhibition would reduce prostaglandin-E2 levels
(COX enzymes perform the first step in the production of
prostaglandins) , it might increase macrophage apoptosis
and promote plaque rupture. macrophage cell death
promotes plaque rupture, causing heart attacks and
strokes (Moreno, 2010). Drugs that inhibit prostaglandin

endoperoxidase synthase (a cyclooxygenase, COX)
would reduce prostaglandin synthesis in normal
individuals (individuals not associated with over-

expression of COX) causing hypo-prostaglandinosis
which increases the risk of cardiovascular incidences
such as heart attack and strokes. Three main factors
have been implicated as causative agents of over-
expression of COX, leading to increased levels (hyper-
prostaglandinosis).These factors are: age (some older
individuals are susceptible to over-expression of COX);for
reason of genetic constitution, some individuals are more
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Figure 4. The Lineweaver-Burk piats/Double recproca plots of the of the inhbited and
unnhioited prostaglandin endoperoxide synthase enzyme-catalyzed reachons
Ks Ko

prostaglandin endoperoxide + arachidonic
synthase acid

+
Ibuprofen

Ki

prostaglandin endoperoxide
synthase - Ibuprofen

—» prostaglandin endoperoxide
<+—— synthase-arachidonic acid

——» prostaglandin
endoperoxide
synthase

+

PGG;

Figure 5. The equilibria of the prostaglandin endoperoxide synthase enzyme-catalyzed reaction.

susceptible to over-expression of COX than others; and
antigenic/ toxic factors or diseases could evoke the over-
expression of COX in individuals. Patients with carotid
atherosclerosis depict an over-expression of COX-2 in
the peripheral blood mononuclear cells (PBMC) as well
as in the vulnerable region of plagues (Gémez-
Hernandez et al., 2006). Patients suffering from over-
expression of COX are thus prone to heart attacks and
strokes.Over-expression of COX-2 can be controlled by
drugs that inhibit COX, by which means heart attacks,
cardiac arrests, and strokes are prevented in patients
suffering from hyper-prostaglandinosis. The enzyme,
prostaglandin endoperoxide synthase, expresses a
cyclooxygenase activity, in using oxygen to convert
arachidonic acid to prostaglandin G, (PGG,), but
expresses a peroxidase activity in converting PGG, to

prostaglandin H, (PGH.,), in the presence of a reducing
agent, as shown in Figure 3. Both the peroxidase and the
cyclooxygenase activities are inactivated during catalysis
by mechanism-based, first-order processes. This means
that the peroxidase or cyclooxygenase activities fall to
zero within 1-2 minutes, even in the presence of
sufficient substrates [Garavito et al.,, (1996), So and
Swinney (1996), Wu et al.,(1999)] .Thromboxanes are
derived by biosynthesis from prostaglandin precursors
and function to induce constriction of blood vessels,
platelet aggregation, and early steps in blood clotting.
Regular administration of low doses of aspirin, reduce the
problem of heart attacks and strokes by reducing
thromboxane production (Nelson and Cox, 2008a).
Aspirin, vasoprin and lbuprofen are drugs which function
as inhibitors of prostaglandin endoperoxide synthase
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(cyclooxygenase, COX) and thus reduce the biosynthesis
of PGG,; by which means inflammation, pains and risk of
heart attacks and strokes are significantly reduced in
individuals characterized with over-expression of COX.
Natural inhibitors of COX include: fish oils, flavonoids and
vitamin D (O'Leary et al.,, 2004; Moreno et al., 2006).
Moreover, imbalance between cyclooxygenase-2 (COX-
2) and cytochrome P450 (CYP450) arachidonic acid
metabolizing enzymes in the kidney may contribute to the
renal damage associated with obesity (Imig et al., 2005).
For this reason, over-consumption of dietary fatty acids
precursors of arachidonic acid may lead to obesity. The
Lineweaver-Burk plot/Double reciprocal plot of the
uninhibited prostaglandin endoperoxide synthase enzyme
catalyzed reaction in which arachidonic acid is converted
to PGG, is shown in Figure 4, and the straight line
equation is given as
I U — 0.011695906 — + ———

Vo, = rate of formation of PGG, (mM/min), in the absence
of inhibitor.

K, of prostaglandin endoperoxide synthase is = 0.6 mM.
Vmax Of prostaglandin  endoperoxide synthase is =
51.546mM/min

The Lineweaver-Burk plot/Double reciprocal plot of the
competitive inhibition of prostaglandin endoperoxide
synthase by lbuprofen is shown in figure 4, and the
straight line equation is given as

Lok 1 1 019970899 — 4+ —

Voi Vmax [S] Vmax . [S] 51.546

V,i = rate of formation of PGG, (mM/min), in the presence
of 10mg/ml Ibuprofen inhibitor (Nelson and Cox, 2008b).

a=1+ﬂz1.71
K.

L
Ki = 14.085, if the unit of inhibitor concentration is mg/ml.
Kwuapp (10mg/ml Ibuprofen inhibitor) = aKy = 1.026 mM.
The equilibria of the enzyme-catalyzed reaction are
shown in Figure 5.

CONCLUSION

Food low in cholesterol and saturated fatty acids content
but moderate in PUFA should form the chief of the dietary
protein sources for people predisposed or vulnerable to
atherosclerosis, cardiovascular diseases and obesity.
Dietary intake of large amounts of linoleic fatty acids
should be avoided by those susceptible to high blood
pressure caused by the over-expression of prostaglandin
endoperoxidase  synthase. Drugs  that inhibit
prostaglandin endoperoxidase synthase would reduce
prostaglandin synthesis in individuals not associated with
over-expression of COX, causing hypo-prostaglandinosis
which increases the risk of cardiovascular incidences
such as heart attack and strokes. Over-expression of
COX-2 can be controlled by such drugs as inhibit COX
(e.g ibuprofen, vasoprin and aspirin), by which means

heart attacks, cardiac arrests, and strokes are prevented
in patients suffering from hyper-prostaglandinosis.

REFERENCES

Actis AB, Joekes S, Cremonezzi D, G Morales, Eynard
AR (2002). Effects of dietary lipids on cell proliferation of
murine oral mucosa. Lipids . Health. Dis. Pp.1:3

Ahrén B (2009). Islet G protein-coupled receptors as
potential targets for treatment of type 2 diabetes. Nat.
Rev. Drug. Discov. (8): 369-385.

Carmena R, Duriez P, Fruchart JC (2004). "Atherogenic
lipoprotein particles in atherosclerosis". Circ.109. (23
Suppl 1): 112-7.

Cicero AF, Fiorito A, Panourgia MP, Sangiorgi Z, Gaddi A
(2002). Effects of a new soy/beta-sitosterol supplement
on plasma lipids in moderately hypercholesterolemic
subjects. J. Am. Diet. Assoc. 102. (12):1807-11.

Dalainas I, loannou HP (2008). "The role of trans fatty
acids in atherosclerosis, cardiovascular disease and
infant development”. Int Angiol: J. Int. Union. Angiol. 27.
(2): 146-56.

De Lorgeril M, Renaud S, Salen P, Monjaud I, Mamelle
N, Martin JL, Guidollet J, Touboul P, Delaye J (1994).
"Mediterranean alpha-linolenic acid-rich diet in secondary
prevention of coronary heart disease". Lancet. 343
(8911): 1454 - 1459.

Denke MA (2006). Dietary fats, fatty acids, and their
effects on lipoproteins. Curr. Atheroscler. Rep.8. (6):466-
71.

Escrich E, Moral R, Grau L, Costa |, Solanas M (2007).
Molecular mechanisms of the effects of olive oil and other
dietary lipids on cancer. Mol. Nutr. Food. Res.51. (10):
1279-92.

Fabre JE, Nguyen M, Athirakul K, Coggins K, McNeish
JD, Austin S, Parise LK, FitzGerald GA, Coffman TM,
Koller BH (2001). Activation of the murine EP3 receptor
for PGE2 inhibits cAMP production and promotes platelet
aggregation. J. Clin. Invest. (107): 603-10.

Fahy E, Subramaniam S, Murphy R, Nishijima M, Raetz
C, Shimizu T, Spener F, Van Meer G, Wakelam M,
Dennis EA (2009). "Update of the LIPID MAPS
comprehensive classification system for lipids". J. Lipid.
Res.50. (Supplement): S9-S14.

Garavito RM, Garavito RM, Dewitt DL (1996).
"Prostaglandin Endoperoxide H Synthases
(Cyclooxygenases)-1 and -2". J. Biol. Chem. 271. (52):
33157-60.

Gerich JE, Meyer C, Woerle HJ, Stumvoll M (2001).
Renal gluconeogenesis: its importance in human glucose
homeostasis. Diabetes.Care. (24):382 — 391.
Gbémez-Hernandez A, Martin-Ventura JL, Sanchez-
Galan E, Vidal C, Ortego M, Blanco-Colio LM, Ortega
L, Tufidén J, Egido J (2006). Overexpression of COX-2,
Prostaglandin E Synthase-1 and Prostaglandin E
Receptors in blood mononuclear cells and plaque of


http://www.ncbi.nlm.nih.gov/pubmed?term=Cicero%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=12487546
http://www.ncbi.nlm.nih.gov/pubmed?term=Fiorito%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12487546
http://www.ncbi.nlm.nih.gov/pubmed?term=Panourgia%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=12487546
http://www.ncbi.nlm.nih.gov/pubmed?term=Sangiorgi%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=12487546
http://www.ncbi.nlm.nih.gov/pubmed?term=Gaddi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12487546
http://www.ncbi.nlm.nih.gov/pubmed/12487546
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=M+de%20Lorgeril
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=S+Renaud
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=P+Salen
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=I+Monjaud
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=N+Mamelle
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=J.L+Martin
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=J+Guidollet
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=P+Touboul
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=J+Delaye
http://www.ncbi.nlm.nih.gov/pubmed/17045072
http://www.ncbi.nlm.nih.gov/pubmed/17045072
http://www.ncbi.nlm.nih.gov/pubmed?term=Escrich%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17879998
http://www.ncbi.nlm.nih.gov/pubmed?term=Moral%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17879998
http://www.ncbi.nlm.nih.gov/pubmed?term=Grau%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17879998
http://www.ncbi.nlm.nih.gov/pubmed?term=Costa%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17879998
http://www.ncbi.nlm.nih.gov/pubmed?term=Solanas%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17879998
http://www.ncbi.nlm.nih.gov/pubmed/17879998
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674711
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674711
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract
http://www.atherosclerosis-journal.com/article/S0021-9150%2805%2900577-0/abstract

patients with carotid atherosclerosis: Regulation by
nuclear factor-kB . Atherosclerosis. (187): 139-149.
Gonzalez J, Periago JL, Gil A, Cabré E, Abad-Lacruz A,
Gassull MA, Sanchez de Medina F(1992).Malnutrition-
related polyunsaturated fatty acid changes in plasma lipid
fractions of cirrhotic patients. Metab. 41. (9): 954-60.
Gordon DJ, Probstfield JL, Garrison RJ, Neaton JD,
Castelli WP, Knoke JD, Jacobs DR Jr, Bangdiwala S,
Tyroler HA. (1989).High-density lipoprotein cholesterol
and cardiovascular disease. Four prospective American
studies. Circ.79. (1):8-15.

Granados S, Quiles JL, Gil A, Ramirez-Tortosa MC
(2006). Dietary lipids and cancer. Nutr. Hosp. 21. (2): 42-
52.

Gross S, Tilly P, Hentsch D, Vonesch JL, Fabre JE
(2007). Vascular wall-produced prostaglandin  E2
exacerbates arterial thrombosis and atherothrombosis
through platelet EP3 receptors. J. Exp. Med. (204): 311-
20.

Hansel B, Nicolle C, Lalanne F, Tondu F, Lassel T,
Donazzolo Y, Ferrieres J, Krempf M, Schlienger JL,
Verges B, Chapman MJ, Bruckert E (2007). Effect of low-
fat, fermented milk enriched with plant sterols on serum
lipid profile and oxidative stress in moderate
hypercholesterolemia. Am. J. Clin. Nutr. 86. (3):790-6.
Higgins M (2000). Epidemiology and prevention of
coronary heart disease in families. Am. J. Med. 108. (5):
387-395.

Imig JD, Zhao X, Dey A, Shaw M (2005). CYP450, COX-
2 and Obesity Related Renal Damage. Toxicol. Mech.
Methods.15. (2):125-36.

Kinsella JE, Lokesh B, Stone RA (1990). "Dietary n-3
polyunsaturated fatty acids and amelioration of
cardiovascular disease: possible mechanisms". Am. J.
Clin. Nutr. 52. (1): 1-28.

Mashaghi S, Jadidi T, Koenderink G, Mashaghi A (2013).
"Lipid Nanotechnology". Int. J. Mol. Sci. (14): 4242-4282.
Matsuoka K, Nakazawa T, Nakamura A, Honda C, Endo
K, Tsukada M (2008). "Study of Thermodynamic
Parameters for Solubilization of Plant Sterol and Stanol in
Bile Salt Micelles". Chem. Phys. Lipids. 154. (2): 87-93.
Micha R, Mozaffarian D (2008). "Trans fatty acids: effects
on cardio metabolic health and implications for policy".
Prostag. Leukotr. Ess. 79. (3-5): 147-52.

Moreno J, Krishnan AV, Peehl DM, Feldman D (2006).
"Mechanisms of vitamin D-mediated growth inhibition in
prostate cancer cells: inhibition of the prostaglandin
pathway." Anticancer. Res. 26. (4A): 2525-2530.

Moreno PR. (2010). "Vulnerable Plaque: Definition,
Diagnosis, and Treatment". Cardiology Clinics. 28 (1): 1-
30.

Mozaffarian D, Willett WC (2007). "Trans fatty acids and
cardiovascular risk: a unique cardiometabolic imprint?”.
Curr. Atheroscler. Rep.9. (6): 486—93.

473 Int. J. Biochem.Biotechnol.

Murray RK, Bender DA. Botham MK, Kennelly PJ,
Rodwell VW, Weil PA (2009a). Nutrition, Digestion and
Absorption. In: Harper’s lllustrated Biochemistry. Weitz
M and Davis KJ (eds.). 28th ed. McGraw-Hill Inc. New
York. pp: 459-466.

Murray RK,Bender DA. Botham MK, Kennelly PJ,
Rodwell VW, Weil PA. (2009b). Cholesterol synthesis,
Transport and Excretion. In: Harper’s lllustrated
Biochemistry. Weitz M and Davis KJ (eds.). 28th ed.
McGraw-Hill. Inc. New York. pp : 224 - 233.

Nelson DL, Cox MM (2008a). Biosynthesis of Fatty Acids
and Eicosanoids In: Lehninger Principles of Biochemistry.
Ahr, K. (ed.) 5th ed. W. H. Freeman and Co. New York.
pp: 805-850.

Nelson DL, Cox MM (2008b). Enzymes. In: Lehninger
Principles of Biochemistry. Ahr, K. (ed.) 5th ed. W. H.
Freeman and Co. New York. pp: 183-233.

O'Leary KA, de Pascual-Tereasa S, Needs PW, Bao YP,
O'Brien NM, Williamson G (2004). "Effect of flavonoids
and vitamin E on cyclooxygenase-2 (COX-2)
transcription”. Mutat. Res.551. (1-2): 245-54.

Oxholm A, Oxholm P, da Cunha Bang F, Horrobin DF.
(1990).Abnormal essential fatty acid metabolism in
Darier's disease. Arch. Dermatol. 126. (10):1308-11.
Poudel-Tandukar K, Nanri A, Matsushita Y, Sasaki S,
Ohta M, Sato M, Mizoue T(2009).Dietary intakes of
alpha-linolenic and linoleic acids are inversely associated
with serum C-reactive protein levels among Japanese
men. Nutr. Res. 29.(6):363-70

Raloff J (2012). "Tricks Foods Play". Sci
Magazine. 182. (7): 25-28.

Robert Clarke R, Frost C, Collins R, Appleby PPR (1996).
Dietary lipids and blood cholesterol: quantitative meta-
analysis of metabolic ward studies. BMJ. (314). p.112
Russo GL (2009). "Dietary n-6 and n-3 polyunsaturated
fatty acids: from biochemistry to clinical implications in
cardiovascular prevention". Biochem. Pharmacol. 77. (6):
937-46.

So QY, Swinney DC (1996). "The Kinetic Factors That
Determine the Affinity and Selectivity for Slow Binding
Inhibition of Human Prostaglandin H Synthase 1 and 2 by
Indomethacin and Flurbiprofen”. J. Biol. Chem. 271. (7):
3548-54.

Subramaniam S, Fahy E, Gupta S, Sud M, Byrnes RW,
Cotter D, Dinasarapu AR, Maurya MR (2011).
"Bioinformatics and Systems Biology of the Lipidome".
Chem. Rev.111. (10): 6452-6490.

Truswell AS (1994). Review of dietary intervention
studies: effect on coronary events and on total mortality.
Aust.Nz. J.Med. 24. (1): 98-106.

Wu G,Wei C, Kulmacz RJ, Osawa Y, Tsai AL (1999). "A
Mechanistic Study of Self-inactivation of the Peroxidase
Activity in Prostaglandin H Synthase-1". J. Biol. Chem.
274. (14): 9231-7.

.News


http://www.atherosclerosis-journal.com/issues?issue_key=S0021-9150%2806%29X0433-1
http://www.unboundmedicine.com/medline/?st=M&author=Gonz%C3%A1lez%20J
http://www.unboundmedicine.com/medline/?st=M&author=Periago%20JL
http://www.unboundmedicine.com/medline/?st=M&author=Gil%20A
http://www.unboundmedicine.com/medline/?st=M&author=Cabr%C3%A9%20E
http://www.unboundmedicine.com/medline/?st=M&author=Abad-Lacruz%20A
http://www.unboundmedicine.com/medline/?st=M&author=Gassull%20MA
http://www.unboundmedicine.com/medline/?st=M&author=S%C3%A1nchez%20de%20Medina%20F
http://www.unboundmedicine.com/medline/?st=M&journal=Metabolism
http://www.ncbi.nlm.nih.gov/pubmed?term=Gordon%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Probstfield%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Garrison%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Neaton%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Castelli%20WP%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Knoke%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Jacobs%20DR%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Bangdiwala%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Tyroler%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=2642759
http://www.ncbi.nlm.nih.gov/pubmed/2642759
http://www.ncbi.nlm.nih.gov/pubmed?term=Granados%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16771072
http://www.ncbi.nlm.nih.gov/pubmed?term=Quiles%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=16771072
http://www.ncbi.nlm.nih.gov/pubmed?term=Gil%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16771072
http://www.ncbi.nlm.nih.gov/pubmed?term=Ram%C3%ADrez-Tortosa%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=16771072
http://www.ncbi.nlm.nih.gov/pubmed/16771072
http://www.ncbi.nlm.nih.gov/pubmed?term=Hansel%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Nicolle%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Lalanne%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Tondu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Lassel%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Donazzolo%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferri%C3%A8res%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Krempf%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Schlienger%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Verges%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Chapman%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Bruckert%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17823447
http://www.ncbi.nlm.nih.gov/pubmed/17823447
http://www.ncbi.nlm.nih.gov/pubmed?term=Imig%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20021073
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhao%20X%5BAuthor%5D&cauthor=true&cauthor_uid=20021073
http://www.ncbi.nlm.nih.gov/pubmed?term=Dey%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20021073
http://www.ncbi.nlm.nih.gov/pubmed?term=Shaw%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20021073
http://www.ncbi.nlm.nih.gov/pubmed/20021073
http://www.ncbi.nlm.nih.gov/pubmed/20021073
http://www.mdpi.com/1422-0067/14/2/4242
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2639783
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2639783
http://ar.iiarjournals.org/content/26/4A/2525.abstract
http://ar.iiarjournals.org/content/26/4A/2525.abstract
http://ar.iiarjournals.org/content/26/4A/2525.abstract
http://www.ncbi.nlm.nih.gov/pubmed?term=Oxholm%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1977367
http://www.ncbi.nlm.nih.gov/pubmed?term=Oxholm%20P%5BAuthor%5D&cauthor=true&cauthor_uid=1977367
http://www.ncbi.nlm.nih.gov/pubmed?term=da%20Cunha%20Bang%20F%5BAuthor%5D&cauthor=true&cauthor_uid=1977367
http://www.ncbi.nlm.nih.gov/pubmed?term=Horrobin%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=1977367
http://www.ncbi.nlm.nih.gov/pubmed/1977367
http://www.ncbi.nlm.nih.gov/pubmed?term=Poudel-Tandukar%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19628101
http://www.ncbi.nlm.nih.gov/pubmed?term=Nanri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19628101
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsushita%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19628101
http://www.ncbi.nlm.nih.gov/pubmed?term=Sasaki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19628101
http://www.ncbi.nlm.nih.gov/pubmed?term=Ohta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19628101
http://www.ncbi.nlm.nih.gov/pubmed?term=Sato%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19628101
http://www.ncbi.nlm.nih.gov/pubmed?term=Mizoue%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19628101
http://www.ncbi.nlm.nih.gov/pubmed/19628101
http://linkinghub.elsevier.com/retrieve/pii/S0006-2952%2808%2900777-6
http://linkinghub.elsevier.com/retrieve/pii/S0006-2952%2808%2900777-6
http://linkinghub.elsevier.com/retrieve/pii/S0006-2952%2808%2900777-6
http://en.wikipedia.org/wiki/Biochemical_Pharmacology
http://pubs.acs.org/doi/abs/10.1021/cr200295k

