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ABSTRACT

Objectives: To investigate the effects of consumption of soybean oil (SBO),
rice bran oil (RBO), palm oil (PO) and combination of rice bran and palm oils (RBO-
PO, 3:1) in Thai diet on lipoprotein composition and LDL oxidation, in phenotype 11
hypercholesterolemic participants.

Method: Sixteen hypercholesterolemic women (Type l1a) participated in a
random order study. At baseline (8 wk), the diet was designed to contain carbohydrate,
protein and fat as 55, 15, 30 % of energy, cholesterol intake <300 mg/d, and used self-
selected vegetable oils 20% of energy. In experimental period (each 10 wk), individual
participants continued to have the same dietary composition while using one of 4
vegetable oils, i.e SBO (PUFA), RBO (PUFA+MUFA), PO (SFA), and RBO-PO,(3:1)
(MUFA) in a random order. At the end of each intervention, participants were
evaluated on lipid profile, lipoprotein fraction composition (cholesterol, triglyceride),
LDL fraction compositions (fatty acids), and LDL oxidation.

Results: After dietary interventions, TC and LDL-C were significantly reduced
by SBO, RBO and RBO-PO (3:1) while, HDL-C was decreased in SBO (p<0.05). TG
level was not significantly changed. A significant reduction of cholesterol in LDL;-C,
LDL,-C and LDL3-C were found after using SBO and RBO-PO (3:1) (p<0.05).
Cholesterol in LDL;-C and LDL,-C were significantly reduced by RBO while
cholesterol in LDL;-C and LDL,-C fraction increased by PO (p<0.05). The fatty acid
constituent in LDL fractions, palmitic and oleic acids were reduced by SBO but
increased by PO (p<0.05). Linoleic and linolenic acids were increased by SBO, but
reduced by PO (p<0.05). All lag time was significantly reduced by SBO, but increased
by PO (p<0.05). Lag time of LDL3-C, in particular, was increased by RBO, RBO-PO
(3:1), and PO (p<0.05).

Conclusions: Consumption of SBO and RBO-PO (3:1) enhanced reduction of
TC, LDL and cholesterol in LDL;-C, LDL,-C and LDL;-C. TC, LDL and cholesterol
in LDL;-C and LDL,-C were reduced by RBO while LDL;-C, LDL,-C and LDL3-C
were increased by PO. However, SBO decreased HDL-C. SBO had higher
susceptibility to LDL oxidation than PO, RBO-PO (3:1) and RBO.

KEY WORDS: SOYBEAN OIL (SBO) / RICE BRAN OIL (RBO) / PALM OIL (PO)
/RICE BRAN AND PALM OIL (RBO-PO) / ATHEROGENIC INDEX
/LDL FRACTION /LAG TIME / LDL OXIDATION
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CHAPTER I
INTRODUCTION

1.1 Rational of the study

Coronary heart disease (CHD) remains the leading cause of death and
disability in industrializing and developing countries, including Thailand (1-3). CHD
has multiple etiologies and involves a variety of risk factors. Un-modifiable risk
factors include family history, age, gender and modifiable risk factors include
dyslipidemia, cigarette smoking, hypertension, diabetes, obesity, physical inactivity,
triglyceride and lipoprotein (a), and homocysteine (4). Prevalence of atherosclerosis in
the officials of Electricity Generating Authority of Thailand (EGAT) in women
between ages 45 and 49, is 11.8 vs. 18.6/1000. On the contrary, during age 50 to 54,
women are more prevalent than men, 62.5 vs. 49.5/1000, respectively (5).

Although elevated level of plasma LDL-C is the significant risk factor for
CHD (6), many individuals who develop atherosclerosis and CHD have LDL-C levels
in the normal range (7). LDL particles are heterogeneous in size, density and
composition (8). Moreover, the analysis of the lipoprotein composition of LDL
particles has been investigated with increased attention as compositional differences
have found to be responsible for LDL metabolism and their atherogenic potential
(9-17). Recent evidence indicated small, dense LDL particles (SALDL) to be
prevalent in patients with CHD (9, 18-23). Austin and colleagues (18) revealed that
subjects with an LDL profile with prominent SALDL particles had a 3-fold increase in
CVD risk. Griffin and colleagues (23) also reported a 7-fold increment in CVD risk
for SALDL particles concentrations greater than 100 mg/dL. SALDL are more
atherogenic than large buoyant LDL (24-26). The increased atherogenicity of SALDL
may be explained by a lower binding affinity to the LDL receptor and increased
susceptibility to oxidation preceding the formation of foam cells and atherosclerosis
(27-28).
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Elevation of LDL-C is a major risk factor that can be at least partially
modified in the diet modification (29). Dietary fatty acid composition influences
plasma lipids and lipoproteins associated with the development of atherosclerosis. The
fatty acid compositions of various vegetable oils had different effects on fatty acid
status and serum lipid profile levels. Oils containing saturated fatty acids (SFA)
raise serum TC and, in particular, LDL-C levels, while oils enriching unsaturated fatty
acids (un-SFA) reduce LDL-C (30-34). Serum TC and LDL-C levels were reduced by
7-25 % and 12.7-30 % with rice bran oil (RBO), 6.8-12.1 % and 14.9-15.5% with
soybean oil (SBO), and 1.3% and 0% with palm oil (PO), respectively (35-40). A high
saturated fat intake was associated with an increased mass of large cholesterol-
enriched LDL particles. Only limited information exists concerning the effect of diet
on LDL subclasses and their susceptibility to oxidation. LDL particles from
participants fed diets high in polyunsaturated fatty acid (PUFA) are more susceptible
to oxidation than receiving diet enriched in monounsaturated fatty acid (MUFA) (41-
45),

Different fatty acid compositions of vegetable oils could have beneficial
effects on lipoprotein compositions and resistance of LDL to oxidation, but it is not
clear whether common edible vegetable oils leading to varying blood lipid levels and
also differ with respect to lipoprotein subclass profiles. Thus, the data on the influence
of different types of vegetable oil with various fatty acid compositions on LDL sub-
fraction profiles, LDL fatty acid profile and LDL oxidation in hypercholesterolemia

participants are still scanty.
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1.2 Objectives of the study

The main purpose of this study was to investigate the effects of consumption
of soybean oil (SBO), rice bran oil (RBO), palm oil (PO) and combination of RBO
and PO (3:1) in Thai diet on lipoprotein composition and oxidized LDL in phenotype
I1a hyperlipidemic participants.

The specific aims of this study were to investigate the effects of consumption
of SBO, RBO, PO and RBO-PO (3:1) in Thai diet on:

1. Lipid profiles: TC, LDL-C, HDL-C, TG and atherogenic index (Al).

2. Lipoprotein fractions: VLDL fraction, LDL fraction (large buoyant LDL
particles; LDL-1, medium dense LDL particles; LDL-2 and small dense
LDL particles; LDL-3) and HDL fraction

- Lipoprotein fractions composition: cholesterol, triglyceride
- LDL fraction compositions: fatty acid profiles
- Oxidation of LDL fractions
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CHAPTER I
LITERATURE REVIEW

2.1 Lipoprotein metabolism

Lipoproteins are complexes of phospholipids (PL), triglycerides (TG),
cholesteryl ester (CE), and free cholesterol (FC) with apolipoproteins (apo) that
mediate the transport of lipid through the blood system. Lipoproteins metabolism is
consisted of the exogenous and endogenous pathway (46) as shown in Figure 2-1.

The Lipoprotein metabolism is summarized as follows.

2.1.1 The exogenous pathway (47-49)

The pathway involves transport of dietary lipid from intestine to the liver.
Dietary lipid is absorbed through the wall of the intestine and is packaged. Ninety
percent of dietary fat is TG. Dietary TG is hydrolyzed by pancreatic and intestinal
lipases mainly as free fatty acids and monoglycerides. These are combined with bile
salts, forming micelles. The lipid content of the micelles can be diffuse into the
enterocytes. Dietary cholesterol is absorbed in the intestinal, mostly as cholesteryl
esters. These are hydrolyzed by cholesterol esterase to release free cholesterol and
fatty acids. Then, long-chain fatty acids and cholesterol are coupled to coenzyme A
by the acyl CoA synthetase. These forms can be reesterified into triglycerols,
phosphatidylcholine, and cholesteryl esters. In contrast, short-chain fatty acids pass
from the cell directly into the portal blood. In the endoplasmic reticulum, the lipids
reform to chylomicrons. Chylomicrons are transported to the cell membrane and the
lymphatic circulation and undergone conversion to chylomicron remnants (CR).
Chylomicron remnants pick up apoE and cholesterol ester from HDLs, and rapidly

taken up by the liver via a process mediated by the apo E receptor.
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2.1.2 The endogenous pathway (47-49)

The pathway involves transport of lipids synthesized in the hepatocytes to
peripheral tissues. The lipid portion of the chylomicron remnant is hydrolyzed in the
hepatocyte to free fatty acids, monoacylglycerols and diacylglycerols, glycerol, and
cholesterol. In the postprandial state, it is capable of denovo synthesis of lipids from
non-lipid precausors such as glucose and amino acids. Glucose is converted to fatty
acid via acetyl CoA and also to triose phosphates from which the glycerol portion of
triglycerides are derived. Amino acids can be metabolically converted to acetyl CoA
and pyruvate. Newly synthesized triglyceride is combined with phospholipids,
cholesterol and proteins to form VLDL and HDL, which are released into the blood
circulation. VLDL, which can be converted to LDL through lipolysis, or be taken up
by liver via an apo E receptor. An LDL receptor that recognizes apo B-100 and apo E,
but not apo B-48, allows the liver and other tissues to catabolize LDL.

HDL is synthesized by both the liver and the intestine. It picks up lipids
(phospholipids and triglyceride) and apo (A-1, E, C) from triglyceride-rich
lipoproteins (chylomicrons and VLDL) as these particles undergo lipolysis. HDL
picks up free cholesterol from peripheral tissues, the cholesterol is esterified, and is
either delivered to the liver or transferred to other lipoproteins, which are also taken
up by the liver. In the liver, cholesterol can be excreted directly into bile, converted to

bile acids, or re-utilized in lipoprotein production.
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Figure 2-1  Exogenous and endogenous pathway of lipid transport
Source: Brown MS and Goldstein JL, 1984 (49)
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2.2 Lipoprotein composition

Plasma lipoproteins are typically classified into 5 major subclasses on the

basis of their densities (50) as shown in Table 2-1. These lipoprotein species are

chylomicron (CM), very low density lipoprotein (VLDL), intermediate-density

lipoprotein (IDL), low density lipoprotein (LDL), and high density lipoprotein (HDL).

Furthermore, some lipoprotein fractions can be separated by separated by particle

density or size.

Table 2-1 Classification,properties and composition of human serum lipoprotein.

Exogenous o
Measurement lipids SRl

CM VLDL IDL LDL HDL
Density (g/mL) <0.96 0.96-1.006  1.006-1.019 1.019-1.063 1.063-1.21
Diameter (nm) 75-1200 30-80 25-35 22-28 5-12
Elecphoretic
mobility 0 Pre-p3 board 3 B o, Pre-f3
Composition (%)
TG 86 39 23 6 5
PL 7 18 19 22 33
CE 4 L2 29 42 17
FC 2 7 9 8 5
Protein 2 8 19 22 40-55
Main A-I, A-1V, B-100,C,E B-100,C,E B-100 A-I, A-1I, C, E
apolipoproteins B-48,C, E
Source Intestine Liver Lipolysis of Lipolysis of Liver,

VLDL VLDL, via intestine;
IDL lipolysis  of

CM & VLDL

Source: Lui ML, 2002 (50)
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2.2.1 Chylomicrons (CM)

CM are produced postprandial in the intestinal epithelial cells, and they
transport dietary TG, cholesterol and fat-soluble vitamins to the liver and peripheral
tissues (51). TG are the major constituent of the CM particles. ApoB-48, a specific
apolipoprotein marker of CM, is synthesized in the gut like apoA. ApoC II and apoE
are transferred to CM from HDL in the circulation. TG in CM are hydrolyzed by the
enzyme lipoprotein lipase (LPL), resulting in the formation of CM remnants which
are taken up by the hepatic cells (52). The cellular uptake of CM remnants is mediated
by multiple interactions of apoE and LPL with heparin sulfate proteoglycan (HSPG),
the LDL receptor and the LDL receptor-related protein (LRP) (53).

2.2.2 Very low-density lipoproteins (VLDL)

VLDL particles are synthesized in the liver. VLDL consists mainly of TG, and
also contains some cholesterol, one apoB-100 molecule, apoCs and apoE. The apoE
and some of the apoCs are transferred from HDL to VLDL. ApoB-100 is specific for
VLDL and is synthesized in the liver. In the circulation, VLDL shares the catabolic
pathway with CM and competes for LPL (52). As VLDL particles become smaller,
phospholipids, free cholesterol and apolipoproteins are released from their surfaces
and transferred to HDL (54). Recent data indicate that plasma phospholipids transfer
protein (PLTP) is responsible for the transfer of post-lipolytic surface components of
triglyceride-rich lipoproteins (TRLs) to HDL (55). During lipolysis, VLDL is
converted to the denser particles, IDL, and finally transformed via hepatic lipase to

LDL.

2.2.3 High density lipoproteins (HDL)

HDL is synthesized primarily in the liver and small intestine. HDL precursor
(nascent HDL) is discoidal particle that comprises phospholipids, cholesterol, apoE
and apoA, but is devoid of cholesterol ester. Two major HDL subclasses can be
separated by sequential ultracentrifugation, namely HDL, (d = 1.063-1.125 g/mL) and
HDL; (d = 1.125-1.210 g/mL). The nascent HDL is also formed during lipolysis of
TRL (54). It becomes mature spherical HDL (HDL;) by trapping cholesterol ester into
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the core of the particle with the help of the enzyme, lecithin cholesterol
acyltransferase (LCAT), which transformed unesterified cholesterol in the surface of
nascent HDL to cholesterol ester (56, 57). HDL,, is transformed from HDL;. HDL;
continues to acquire more unesterified cholesterol, which in turn is esterified through
the action of LCAT, further enlarging the lipoprotein. However, HDL,, is converted
into HDL,, through the exchange of cholesterol ester for triglycerides. The cross-
transfer reaction is mediated by cholesterol-ester transfer protein (CETP). HDLy, is
transform back into HDL; by hepatic triglyceride lipase (HTGL).

HDL has various potentially antiatherogenic properties, including reverse
transport of cholesterol from cells of the arterial wall to the liver (58, 59), inhibition
of LDL oxidation by HDL-bound PONI, regulation of coagulation and fibrinolysis
and inhibition of platelet activation, neutralization of endotoxin or lipopolysaccharide,
and inhibition of the chemotaxis of monocytes and the adhesion of leukocytes to the
endothelium via HDL (60). The different antiatherogenic functions are exerted by
different components of the HDL, namely apolipoproteins, phospholipids, enzymes or

lipid transfer proteins (60, 61).

2.2.4 Low density lipoprotein (LDL)

LDL particles are the main carriers of cholesterol in the circulation and play
the key roles in the cholesterol transfer and metabolism. Most LDL originates from
the metabolism of TRLs. VLDL-IDL-LDL particles are depleted of TG by the
enzyme LPL and HL.

LDL can pass through the junctions between capillary endothelial cells and
bind to LDL receptor on cell membranes that recognize apoB-100 (51). The
subsequent uptake of LDL into the cells is followed by lysosomal degradation with
release of free cholesterol into cytosol (62). LDL receptors are saturable and subject
to regulation by an increase in intracellular cholesterol (63). The LDL receptor
expression regulates the plasma level of cholesterol (62). The defects of LDL receptor
and its function cause familial hypercholesterolemia, a genetic disorder in which the
LDL receptor activity is reduced either because of a reduced number of LDL
receptors, or formation of structurally altered LDL receptors (64). LDL particles are

cleared from the circulation either by hepatic or extrahepatic pathway. Liver takes up
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75% of LDL; about 75% of this removal are receptor mediated, and 25% non-
receptor-mediated. Two third of the extrahepatic uptake is receptor-mediated, and one
third nonreceptor-mediated. LDL receptors, macrophages derived from circulating
monocytes can take up via scavenger receptors. Scavenger receptors recognize
chemically and biologically modified lipoproteins, typically acetylated LDL (65, 66)
and oxidized LDL.

LDL particles are heterogeneous in particle size, density, composition and
atherogenecity (8).LDL is divided into 3 fractions by sequential ultracentrifugation:
large buoyant LDL; LDL;-C (d = 1.019 < d <1.035 g/mL), medium dense LDL;
LDL,-C (d = 1.035-1.045 g/mL), and small dense LDL (SdLDL); LDL;-C (d = 1.045-
1.063 g/mL) In addition, about half of the fatty acids in LDL are PUFA, mainly
linoleic acid (18:2,n-6) with minor amounts of arachidonic acid (20:4, n-6) and
docosahexaenoic acid (22:6,n-3). LDL;-C, small and cholesterol-rich particles, is the
most atherogenic of all lipoprotein. It can readily filter into the arterial wall. ApoB-

100 containing LDL promotes their entrapment in the arterial wall.
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2.3 Small dense LDL and atherogenesis

Small dense LDL (SALDL) is a potential atherogenic particle. It bound less
avidly by the LDL receptor than large buoyant LDL resulting in decreased hepatic
clearance and a longer residence time in plasma (67-69). The filtration rate of LDL
particles into the arterial intima is inversely related to particle size. They, therefore,
may penetrate more easily into the sub-endothelial space of artery wall from the

circulation (70,71). The metabolic process is shown (50) in Figure 2-2.

Small dense
TG-rich LDL
TG LDL
= HL Lumen
CETP &
=2 L TG hylrolysis
CE j
. Penetration
Endothelial cell Large buoyant LDL
AT O RO <AROR R RO CHRCER- AR EROT
Retention
Q Cholesterol
Dxida‘ﬁy efflux  »
Oxidized -+ gl i Growth factor
Intima LDL l

Smooth muscle cell
proliferation

Macrophage

Fatty streak

Figure 2-2  The formation of Small dense LDL and the hypothesis of
“LDL oxidation” in the atherogenesis
Source: Lui ML, 2002 (50)
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In the metabolic process, CE remains in the core of LDL particle, but part of
CE is transferred by CETP to VLDL in exchange for TG. Correspondingly, HL
remodels the large buoyant LDL by hydrolysis of TG and phospholipids to convert
them to SALDL (72, 73). SALDL contain less phospholipids and free cholesterol in
their surface monolayer than large buoyant LDL. This difference in lipid content
appears to induce changes in the conformation of apo B-100, leading to exposure of
proteoglycan-binding regions (71, 74). This may promote SALDL to increase binding
affinity to arterial proteoglycans. The end-result is trapping of these particles in the
arterial extracellular matrix (71). The retention of LDL in the subendothelial space
has been suggested to be the initiating event in the early stage of atherogenesis (75,
76). SALDL particles are more susceptible to in vitro oxidation than large LDL (77,
78). In vitro more susceptible to oxidation may be intensively taken up by
macrophages through the scavenger receptor, a process that has been related to
formation of foam cells (79).

In addition, the increased LDL susceptibility to oxidation may be due to either
reduced content of antioxidants or increased content of PUFA in the SALDL. It may
also promote the thromboxane (TXA) synthesis and further influence platelet

aggregation (80).
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2.4 Mechanism of LDL oxidation

Oxidized LDL (OxLDL) has many characteristics that potentially promote
atherogenesis, in addition to the ability to be taken up rapidly by macrophages to form
foam cells. It acts as a chemoattractant for the bloo-borne monocytes to enter the
subendothelial space and causes the transformation of monocytes into macrophages.

It causes the trapping of macrophages in the endothelial spaces by inhibiting their
motility. It is also cytotoxic to various cell types, including endothelial cell, resulting
in loss of endothelial integrity. Moreover, it inhibit tumornecrosis factor (TNF)
expression, stimulates release of interleukin-1 3 from monocyte-macrophages (81).
OxLDL is a free radical-driven lipid peroxidation chain reaction as shown in

Figure 2-3.

N/ \__ \__/ Fattyaciduwiththree doublc bonds

1 -H. Hydrogen abstraction by hydroxyl radical

/\ /\ /\ / Unstable carbon radical
\ 7 7/

Molecular

Rearrangement
v — \ A\ / Conjugated diene

1 Oxygen uptake

\/:\—/\—/ Peroxyl radical

O 1 +H ® Hydrogen abstraction ©——»  Chain reaction

\/—\—/\—/ Lipid hydroperoxide

malondialdehyde
4- hydroxynonenal
OH ethane/pentane

etc.

Figure 2-3  Chain reaction of lipid peroxidation
Source: Young IS, McEneny, 2001 (81)
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Lipid peroxidation is initiated by free radical attack on a double bond
associated with a PUFA. This results in the removal a hydrogen atom from a
methylene (CH,) group, the rate of which determines the rate of initiation, a key step.
Molecular rearrangement of the resulting unstable carbon radical results in a more
stable configuration, a conjugated diene. The conjugated diene react very quickly with
molecular oxygen, and the peroxyl radical thus formed is a crucial intermediate.

A PUFA peroxyl radical in LDL may abstract a hydrogen atom from an
adjacent PUFA to form a hydroperoxide and another lipid radical, a reaction which
results in chain propagation. Removal of hydrogen atoms by the peroxyl radical are
from other lipids. Lipid hydroperoxides fragment to short-chain aldehydes, including
malondialdehyde and 4-hydroxynonenal. These reactive aldehydes in turn may bind

to e-amino groups of apo B-100, giving the protein an increased net negative charge.

2.5 Atherosclerotic coronary heart disease

Atherosclerotic coronary heart disease (ACHD) is a commonest cause of
cardiovascular disability and death in industrializing and developing countries (1-3).
In Thailand, the office of the permanent secretary for public health reported that there
are 27, 512 deaths from Cardiovascular disease (CVD) in 2001 (82). In recent
decades, national and international attempt to combat CVD, especially ACHD, have
gained substantial momentum, and consequently laboratory measurements of
lipoproteins and their constituents have played a critical and highly visible role in
research investigations and clinical practice.

Atherosclerosis is the defined term of thickened and hardened lesions of
medium and large muscular and elastic arteries (83). ACHD had multiple etiologies

risk factors. Major of atherogenic risk is dyslipidemia as follows.

2.5.1 Mild hypercholesterolemia
Mild hypercholesterolemia is determined when TC 200-250 mg/dL and LDL-
C 135-175 mg/dL (74). Prevalence of dyslipidemia in men and women in EGAT
officials are 37.6 and 38.4% for TC and 30.7 and 31.1% for LDL-C, respectively.
Prevalence of dyslipidemia in Ramathibodi Hospital Staffs in men and women are

also 6.1 and 21.6 % for TC and 7.6 and 15.0% for LDL-C, respectively (2). Several
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causative factors underlie mild hypercholesterolemia. The mean percentage of dietary
fat calories consumed by EGAT officials was above 30% (2), diets high in SFA, trans
fatty acids, cholesterol and total energy raise serum TC levels (75). In addition,

genetic, obesity and loss of estrogen after menopause are included (74, 75).

2.5.2 Small, dense LDL particle (SdLDL)

Although elevated level of LDL-C are the significant risk factor for CHD (6),
many individuals who develop atherosclerosis and CHD have LDL-C levels in the
normal range (7). SALDL has been shown to be prevalent in patients with CHD (9,
18-23). Lamarche and colleagues found SALDL to be associated with 3.6 fold
increase of THD risk (80). Austin and colleagues showed that patients with LDL
profile dominated by SALDL had a 3-fold increase in CVD risk (18). Griffin and
colleagues also reported that SALDL concentrations greater than 100 mg/dL had a 7-
fold increase in CVD risk (23). There have been prospective cross-sectional studies
supporting the hypothesis that individuals with SALDL are more atherogenic than
large buoyant LDL (24-26).

2.5.3 Mild to moderate hypertriglyceridemia
Mild and moderate hypertriglyceridemia are TG 200-400 and more than 400
mg/dL, respectively (75). Hypertriglyceridemia is associated with CAD (76, 77).
Diets high in fat and/or total energy can lead to hypertriglyceridemia and postprandial
lipemia (78). Insulin resistance also may promote reduced retention of free fatty acids
by adipocytes. Both these abnormalities lead to increased levels of free fatty acids in
plasma, increased flux of free fatty acids back to the liver, enhanced production of

TG, decreased proteolysis of apo B-100, and increased VLDL production (79).

254 LowHDL-C
HDL is inversely associated with the incidence of CHD (84-86). When
reducing HDL from 40 to 25 mg/dL, the TC/HDL ratio is double risk CHD.
The risk for CHD rises ~ 1% for every 1.0 mg/dL increase in TC, whereas the
risk of CHD increases 2-3% for every 1.0 mg/dL decrease in HDL. The underlying
causes of low HDL-C are several factors (87-89). HDL-C can be slightly reduced by
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very high intakes of PUFA (P/S>1), or by increasing carbohydrate from more usual
levels consumed (>60%), or by increasing tran-unsaturated fatty acid (87). Sedentary
life habits lower HDL levels; these low levels can be reversed by regular and vigorous

exercise(89).
2.6 Management of hypercholesterolemia
Two major modalities of LDL lowering therapy are dietary therapy and
cholesterol-lowering drugs. Different risk categories and LDL level are cut-points for
using therapeutic lifestyle changes (TLC) or drug therapy (29) as shown in

Table 2-2.

Table 2-2 LDL goals and cut-points for therapy in different risk categories

Risk Category LDL goal LDL Level at whichto LDL Level at which to
(mg/dL) initiate TLC (mg/dL)  consider drug therapy (mg/dL)

CHD and CHD risk <100 > 100 >130

equivalents (100-129: drug optional) T

(10-year risk > 20%)

2+ risk factors <130 >33U 10-year risk < 10-20%: > 130

(10-year risk < 20%) 10-year risk < 10%: > 160

0-1 risk factor <160 > 160 > 190

(160-189: LDL lowering drug

optional)

1 Some authorities recommend use of LDL lowering drugs in this category if an LDL
level of <100 mg/dL cannot be achieved by TLC. Others prefer use of drugs that
primarily modify triglycerides and HDL, eg, nicotinic acid or fibrate. Clinical
judgment also may call for deferring drug therapy in this subcategory.

I Almost all people with 0-1 risk factor have a 10-year risk < 10%; thus, 10-year risk
assessment in people with 0-1 risk factor is not necessary.

Source: The expert panel, 2001 (29)
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2.6.1 Diet modification (29)

All participants who LDL level > 160 mg/dL with 0-1 CHD risk factors, > 130
with 2" risk factors (10 year risk < 20%), or > 100 mg/dL with CHD (10 year risk >
20%) require dietary modification. ATP III recommends a multifaceted lifestyle
approach to reduce risk for CHD. This approach is designated therapeutic lifestyle
change diet (TLC) as shown in Table 2-3.

Table 2-3 Nutrient composition of the TLC diet

Nutrients Recommended intake

SFA <7% of total calories

PUFA Up to 10% of total calories

MUFA Up to 20% of total calories

Total fat 25-35 % of total calories
Carbohydrate T 50-60 % of total calories

Fiber 20-30 g/d

Protein Approximately 15% of total calories
Cholesterol <200 mg/d

L Balance energy intake and expenditure to maintain
Total calories § ‘ . . '
desirable body weight/ prevent weigh gain

1 Carbohydrates should be derived predominantly from foods rich in complex
carbohydrates including grains, especially whole grains, fruits, and vegetables.
1 Daily energy expenditure should include at least moderate physical activity
(contributing approximately 2000 Kcal/d).

Source: The expert panel, 2001(29)
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2.6.2 Cholesterol-lowering drugs (29)

If, after adequate diet therapy, all participants who LDL level > 190 mg/dL
with 0-1 CHD risk factors, > 160 with 2" risk factors (10 year risk < 10 %), > 130
with 2" risk factors (10 year risk 10- 20 %)or > 130 mg/dL with CHD (10 year risk >
20%) require drug therapy. The preferential inhibition of the formation of SALDL
would seem to be a beneficial athero-protective strategy. Although these
pharmacologic interventions are greatly effective at reducing LDL concentrations and
CVD, such drug classes are expensive, more side effects and limiting to use in
contraindications (29). Thus, it is infeasible to provide these to the whole population
at risk except for persons who with CHD and CHD risk equivalents, the goal is to
attain an LDL-C level of < 100 mg/dL.
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2.7 Vegetable oils
Source of fat and oil in foods are derived from animals and plants.
In Thailand, the common edible vegetable oils consumed in food are such as soybean,

rice bran, palm, sunflower, corn and combination of soybean and cotton seed oils.

2.7.1 Various vegetable oil

Rice bran oil (RBO)

RBO is not a popular oil worldwide, but it is in steady demand as a so-called
“‘healthy oil’” in Asian countries. This oil is extracted from rice bran (Oryza sativa
Linn.) (90). Typical RBO composition is palmitic acid, linolenic acid, linoleic acid,

oleic acid, stearic acid, tocopherol and squalene (91).

Soybean oil (SBO)

SBO that extracted from seed of soybean (Glycine max) is native to
Northeastern Asia and were first introduced into the United States in 1765 (92). One-
fourth of the world supply of oil comes from soybeans. The oil is used to make many

edible products such as salad and cooking oils, shortenings and margarines (93).

Palm oil (PO)

PO, one of tropical oils, is a major source of the world's supply of oils and
fats. Thailand has shown prolific expansion in PO area over the last decade (94). Palm
olein is produced by refined, bleached, deodorized PO process (95). Palm olein is

popularly used in the food industry, mostly in the production of deep-fried instant

foods.

2.7.2 Fatty acid composition

Most edible vegetable oils consist of un-SFA, mainly in the form of
triglycerides, which have 1-3 cis double bonds and 20-24 carbon atoms in chain
length. The fatty acid compositions of edible vegetable oils that commonly sell and

consume in Thailand are shown in Table 2-4.
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2.8 Effect of diet modification and vegetable oils on lipoprotein

Diet and vegetable oil interventions had different effects on Lipoprotein

compositions as shown in Table 2-5 and Figure 2-4.

Copyright by Mahidol University
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Multivariate Multivariate
regression regression
coefficient (SE) coefficient
(& 95% ClI)
Saturated fat
Age <25 0.057 ( 0.009) ——
(years) 25-29 0.042 ( 0.010) ——IT—
30-39 0.064 ( 0.012) - RS
40-49 0.062 ( 0.005) -
50+ 0.040 (-0.007) —
ALL 0.052 { 0.003) -
Polyunsaturated fat
Age <25 -0.027 ( 0.012) —
(yoars) 25-29 -0.009 ( 0.012) -
30-39 -0.020 ( 0.013) — -
40-49 -0,035 { 0.005) —-—f
50+ -0.024 ( 0.007) —.—
ALL -0.026 { 0.004) -
Monounsaturated fat
Age <25. -0.021 ( 0.009) ——|
(years) 25-29 -0.002 ( 0.010) ——
30-39 -0.020 { 0.012) -
40-49 0.007 { 0.005) ~1-—
50+ 0.018 ( 0.007) I
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Figure 2-4  Comparative effects of intake of fatty acids on blood cholesterol
levels (The multivariate regression coefficients)
Source: Clarke and colleagues, 1997 (102)
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Cholesterol

Strong evidence support a linear relation between dietary cholesterol and serum
cholesterol levels (102-105). In every 100 mg of cholesterol increment per 1000
calories per day, serum TC will increase by ~ 8 to 10 mg/dL.
SFA

Oils containing SFA raise TC and LDL, while oils enriching un-SFA reduce
LDL (30-34). However, not all SFA affect TC consistently. Lauric (12:0), myristic
(14:0), and palmitic (16:0) acids are all hypercholesterolemic, but stearic acid (18:0)
produces little or no change in plasma cholesterol. It is rapidly converted to oleic acid
(18:1) and for this reason has a relatively neutral effect on plasma lipids.

Key A, et al. (106) reported that substituation of SFA for either MUFA or
carbohydrates will raise TC by 2.7 mg/dL for every 1% of calories substituted while
PUFA will reduce serum TC levels by 1.35 mg/dL on the same exchange with
MUFA.

MUFA

Traditional Mediterranean diets are rich in MUFA and attributed to health
promoting effect.

Hargrove and colleagues (107) also found that consumption of the olive oil,
peanut oil and combination of peanut plus butter diets produced greater percent of
LDL than average American diet.

PUFA

LDL particles from participants who fed high PUFA diets are more
susceptible to oxidation than enriched MUFA diet (41-45). However, serum LDL
tends to decline when SFA are replaced with PUFA diet. In particular, n-3 PUFA may
have antiatherothrombotic effects on growth factors, cytokines, and signal molecules.
Moreover, PUFA rich food sources are often rich in antioxidant. Dihomogamma
linolenic acid (20:3, n6) or eicosapontanoic acid (20:3 n3), these fatty acids are
incorporated into the membrane phospholipids of the body and replaced arachidonic
acid (20:4 n-6) availability to generate the TXA1 or TXA3, which are less potent
platelet aggregators and vasoconstrictors than the TXA2, which is derived from

arachidonic acid (108).
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CHAPTER I
MATERIALS AND METHODS

3.1 Participants

The participants consisted of 16 non-complicate, non-smoking and apparently

healthy hypercholesterolemia Thai female volunteers from out-patient department,

Ramathibodi hospital, Mahidol University, Bangkok, Thailand.

3.1.1 Inclusion criteria

The participants were considered for inclusion in the study as follows:

Thai females who phenotype Ila hyperlipidemia (Fredrickson’s
classification), serum Total cholesterol (TC) level 240-280 mg/dL
and LDL-C 130-159 mg/dL

Age 44-67 year olds and BMI of 23-27 kg/m’

Normal kidney, liver, glucose status, thyroid, and cardiac function
Ability to give detailed food records and could be follow up for at
least 10 months

Willingness to provide written informed consent and willingness to

participate in and comply with the study

3.1.2 Exclusion criteria

The participants with the following findings were considered for exclusion in

the study:

Chronic illness such as CHD, DM, HT, hepatitis disease

Taking medications or treatment known to have antioxidant or lipid
changing effects such as HRT, therapeutic agents, vitamin and
mineral or nutritional supplement

Smoking

Alcohol drinking

Caffeine consumption > 2 cups/day
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3.1.3 Ethical consideration

The study protocol was approved by the Committee on Human Rights Related
to Researches Involving Human subjects, Faculty of Medicine, Ramathibodi Hospital,
Mabhidol University. All participants gave their written consents before the study

beginning.

3.2 Method

3.2.1 Recruitment process
Preliminary nutritional status was from participants before the study as follow:
3.2.1.1 Dietary assessment
- Food intake by dietary record and interview
3.3.1.2 Physical assessment
- Family history using nutritional and health status data collecting form
- Physical examination by a medical doctor
3.3.1.3 Biochemical assessment
- consisted of CBC, LFT, glucose and lipid profiles
3.3.1.4 Anthropometry assessment
- consisted of body weight, height and BMI.

3.2.2 Study design

A random order design was used. The study lasted 48 weeks, and 5 diet
interventions were carried out in hypercholesterolemia participants. In the control
period, all qualified participants were started with weight maintaining control diet
using self-selected edible vegetable oil for 8 weeks. In the control period, the diet was
designed to contain carbohydrate ~ 50-60% of daily intake energy, protein ~ 15%, fat
~ 25-35% and cholesterol intake < 200 mg/d and self-selected vegetable oil
intake ~ 20% of energy. In the experimental period, individual participant continued
to have the same dietary composition while using one of 4 edible vegetable oils, i.e.
soybean oil (predominated to PUFA), rice bran oil (predominated to MUFA+PUFA),
palm oil (predominated to SFA+MUFA) and combination of rice bran oil and palm

oil (3:1) (predominated to MUFA) in a random order. The total duration of each
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edible vegetable oil intervention was 10 weeks. At the end of each intervention,

participants were evaluated.

3.2.3 Dietary schedule

Before beginning the study, each participant received nutrition education,
practiced on food exchange lists, and the amount of food to be consumed according to
the given nutrient composition for the control diet at Research Center, Ramathibodi
Hospital. Participants were divided into 4 groups by randomization. Each group
underwent the dietary interventions according to Table 3-1 by practice at home. Each
dietary intervention lasted 10 weeks. At the end of each dietary intervention,
participants were evaluated at CRC for nutritional status and biochemical

assessments. Participants’ compliance was reinforced.

Baseline period (-8 to week 0)
First period, all groups started with weight maintaining control diet for 8

weeks and were appointed for the follow-up evaluations.

Experimental period (wk 0 to wk 40)
In the second to the fifth appointment, each group practice at home according
to the diet interventions in Table 3-1. At the end of each 10 weeks, each participant

was appointed for evaluate on of the results from taking the current diet.

Dietary detail

First appointment, all groups were initiated a control diet for 8 weeks
(56"days). In the second to fifth appointments, each group consumed diet with
different vegetable oils for 10 weeks (70" days) according to Table 3-2. From the

second to sixth appointments, each group was assessed for all dietary interventions.

3.2.4 Schedule assessment

Each participant was assessed for 15 occasions as shown in Table 3-3.
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3.3 Nutritional assessment methodology

3.3.1 Dietary intake and tested vegetable oils assessment
Dietary intake

Before the diet intervention study started, each participant was instructed
about how to record the diet and received a guideline of food and food record
(Appendix C;, C,.5). The participants estimated food portion size by using standard
household measuring cups and spoons. The researcher reviewed the diet records for
accuracy with the participants. All data was analyzed by food exchange list
(AppendixC,.3 to Cy.4). Then, researcher determined the usual intake of each
participant from their record (AppendixC,.; to C,.4) and instructed each participant

Tested vegetable oils

Fatty acids, tested vegetable oils were extracted fatty acid by Jham and
colleagues method (109). Analysis of fatty acid patterns are determined by gas-liquid
chromatography (Appendix D1).

Oil stability index (OSI), tested vegetable oils were measured oils
susceptibility to oxidation by rancimat method (110). The induction times determined

using the rancimat method.(Appendix D1).

3.3.2 Anthropometry assessment
Body weight and body fat

Body weight (kg) and body fat (%) were determined at every clinic visit with
the participants wearing light indoor clothes with no shoes by Tanita
(UltimateScale™ Model 2000). There were 6 steps to using Tanita. Turn on the
power and select adult or child. Select male or female, specify the height and taking
readings, when “0.0” appears in the display. Step onto the measuring platform. Be
sure participant were barefoot, and that soles of their feet were clean and dry. Be sure
that the heel and ball of each foot were directly on top of the electrodes on the
measuring platform. Stand erect on the platform. Their weight will be shown first and

their body fat percentage will be displayed.
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Height

The participants were asked to stand straight barefoot on a horizontal platform
with her heels together, stretching upward to the fullest extension. The back was as
straight as possible against the vertical bar and the horizontal arm of the height meter
was in contact with the participant’s head. The reading was read to the nearest mm.

Body mass index (BMI)

BMI (in kg/m®), as a measure of overall body composition, was calculated as
body weight divided by square of height.

Waist and hip circumference

Theses measurements were performed to determine if the distribution of body
fat changed during the intervention period. Waist and Hip circumference were
measured with a flexible steel tape to 1 mm accuracy. Waist circumference was taken
between the costal margin and the iliac crest, and hip circumference at the widest part
of the hips, generally at the level of the greater tochanter. Waist over hip
circumference ratio was computed.

Vital signs
The blood pressure (systolic BP and diastolic BP) and pulse rate were

measured at all study wvisits.

3.3.3 Biochemical assessment

Venous blood was collected in the morning after 12 hr overnight fast. Five ml
of blood were collected at weeks -4, 4, 8, 14, 18, 24, 28, 34, 38; and 25 ml of blood were
collected at weeks -8, 0, 10, 20, 30, 40. Whole blood, serum and plasma were prepared

for biochemical determination. The following quantitative assays were performed.



Teeranart Utarwuthipong Materials and Method / 34

Lipid profiles (at week -4, 0, 4, 8, 14, 18, 24, 28, 34, 38)

All serum lipid parameters were determined in the fasting state by the lipid
profiles methods as shown in Appendix D2.

- TC was determined by enzymatic-colorimetric method (111).

- HDL-C was determined by Bustein (112) and Lopes-Virella (113) method.

- TG was determined by enzymatic hydrolysis of triglycerides with subsequent

determination of the liberated glycerol by Boeringer Mannheim GPO-PAP Kit

(114).

- LDL-C level was calculated by the Friedewald’s equation (115).

- Atherogenic index (Al) was calculated by the equation (116).

Atherogenic index = TC — HDL-C
HDL-C

Lipoprotein fractions

Lipoprotein fractions were separated by ultra-centrifuging blood sample at
100, 000 rpm at 4 ° C for 3 hour as shown in Appendix D3. LDL was isolated from
freshly prepared plasma by sequential ultracentrifugation technique. The lipoprotein
fractions were VLDL-C (density < 1.019g/mL), LDL;-C (1.019 < density < 1.035),
LDL,-C (1.035 < density < 1.045), LDL3-C (1.045 < density < 1.063), HDL-C
(density > 1.063). Havel equation was used in order to calculate the density gradient

of lipoproteins (117).

- Lipoprotein fractions composition

Total cholesterol and triglyceride were determined by the methods as shown in
Appendix D2 (111, 114).

- LDL fatty acid compositions

The LDL fractions were extracted by a modification of Folch and colleagues
method (118). The samples were dried under nitrogen and transmethylated by
Ast method (119) and Metcalfe and colleague method (120) as shown in
Appendix D4.
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- LDL oxidation

The methods LDL oxidation by copper was used to prepare and analyze by

Lowry OH and colleagues (121) and Esterbauer and colleagues (122) as

shown in Appendix D5.
3.4 Statistical analysis

Results were express as means + SEM. Using of one-way analysis of variance
(ANOVA) to compare the difference of means of different times between groups. If
the ANOVA indicated significant differences (P <0.05), it was followed by post-hoc
statistical analysis using modified t-tests according to the LSD method. Statistical
analysis was performed by using Statistical package for the Social Science (SPSS for

window version 13).
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CHAPTER IV
RESULTS

This study was to investigate the effects of consumption of soybean oil (SBO),
rice bran oil (RBO), palm oil (PO) and combination of rice bran oil and palm oil (3:1)
in Thai diet on lipoprotein composition and LDL oxidation in phenotype lla
hyperlipidemic participants. No participants were withdrawn from the study. The
results as mean + SEM at baseline and after receiving the dietary interventions were

reported.

4.1 Baseline

4.1.1 Participants Characteristics

Table 4-1 shows the mean £ SEM of the age, body weight, height, body mass
index, % body fat, waist-hip circumferences, blood pressure and pulse rate. The
average age of the 16 hypercholesterolemia participants was 56.8+7.5 year. There was
37.5 % at age older than or equal to 60 years. The average weight was 54.3+6.8 kg.
Height was 154.9+2.9 cm. BMI was 22.6+2.5 kg/m>. Body fat was 30.55.7 %. Waist and
Hip circumferences were 82.6+10.7 and 95.7+5.7 cm, respectively. Waist to hip ratio
was 0.9+0.1. Systolic and diastolic blood pressure was 115.1+15.3 and 71.8+9.8 mmHg,
respectively. Pulse rate was 75.6+9.6 beat /minute. Their characteristic parameters at
the baseline of the study were normal, all of them were non-smokers and non- alcohol
drinker.

4.1.2 Diet interventions

The study used 4 vegetable oils that consisted of different fatty acid (FA)
compositions and oxidative stability index (OSI).

Table 4-2 and Figure 4-1 to 4-3 show the fatty acid composition of SBO,
RBO, PO and RBO-PO (3:1) consumed by the participants. SBO, contained linoleic
and linolenic acid predominant fatty acids of PUFA, which contributed 53.73 and
6.99% of total fatty acids, respectively. RBO, contained a high proportion of MUFA
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and PUFA with 42.26% oleic acid, and 19.65% palmitic acid. The amount of linoleic
acid in RBO, 33.45% of total fatty acids, was rather moderate among 4 vegetable oils,
whereas the amount of linolenic acid was less than 1%. PO, predominates with SFA
and MUFA, contained 44.40% of SFA, 44.94% of MUFA and 10.66% PUFA. The
amount of linoleic and linolenic were less than SBO and RBO, 10.45 % and 0.21 % of
total fatty acids, respectively. However, the MUFA amount of PO was similar to RBO
which had a balance composition of SFA and un-SFA. RBO-PO (3:1), predominated
with MUFA, was the major source of oleic acid which contributed 42.84% of total
fatty acids.

Table 4-3 shows the mean + SEM of induction times in each vegetable oil.
The induction time of SBO, RBO, PO and RBO-PO (3:1) were 8.0+0.1, 12.7+0.1,
28.3+0.1 and 16.1+0.0 hour, respectively. The induction time of PO was higher than
RBO-PO (3:1), RBO and SBO. The induction times in each vegetable oil for study
dietary interventions were also recorded (Figure 4-4).

4.1.3 Biochemical parameter in participants

Table 4-4 shows the mean £ SEM of serum lipoproteins, serum mineral and
CO, levels, liver enzyme levels, fasting blood glucose, total protein, albumin,
calcium, phosphorus, urea, creatinine, uric acid and hematological status before
dietary interventions study. All participants had similar biochemical compositions at
baseline. Participants classified as phenotype lla hyperlipidemia had average TC and
LDL-C higher than normal ranges. The average serum TC and LDL-C were 264.7+28.8
and 190.8+25.0 mg/dL, respectively. Atherogenic index (Al) was 4.4+1.3 indicating high
risk of CHD. However, the average HDL-C and TG were in normal ranges. The
average HDL-C and TG were 51.6+12.5 and 111.8+44.7 mg/dL, respectively. All mean +
SEM of serum mineral and CO, levels, liver enzyme levels and hematological status

were within normal ranges.
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4.2 After receiving the dietary interventions

4.2.1 Participants Characteristics

Table 4-5 shows the mean £ SEM of anthropometric parameter (body weight,
BMI, total fat, waist, hip and waist to hip ratio) and vital signs (systolic blood
pressure, diastolic blood pressure and pulse rate) in participants that remained
constant throughout the study. There were no significant changes in anthropometric

parameters and vital signs among 5 dietary intervention periods.

4.2.2 Diet interventions

Table 4-6 shows the mean = SEM of daily energy, macronutrients
(carbohydrate, protein, fat), fatty acid compositions (SFA, MUFA and PUFA),
vegetable oils and cholesterol intakes in 16 participants during dietary interventions.
Participants achieved dietary intake goals for the contribution of macronutrients and
use of different vegetable oil intervention. The contribution of carbohydrate: protein:
fat intake after consumed control diet, SBO, RBO, PO and RBO-PO (3:1) was almost
the same in all diets. The vegetable oil intake after consumption of all intervention
diets were almost the same. The dietary intakes of the energy, carbohydrate, protein,
vegetable oil and cholesterol were no significantly difference after all dietary
interventions. (Figure 4-5 to 4-9) The P/M/S ratios were significantly different from
control after consumption of SBO, RBO, PO and RBO-PO (3:1).

4.2.3 Biochemical parameter in participants
Lipid profiles

Table 4-7 shows the mean + SEM of serum lipid concentration in participants.
A significant difference was found in serum lipid profiles after receiving the diet
intervention. Serum TC were significantly reduced by the SBO (-13.2%), RBO
(-12.4%) and RBO-PO (-11.4%), respectively. Serum LDL-C were significantly
reduced by the RBO-PO (-17.0%), and RBO (-16.1%).SBO (-14.2%). Serum HDL-C
was decreased in SBO (-11.9%) and serum TG level were also decreased in SBO,
RBO and PO, but there was no significant change. Atherogenic index (Al) were
significantly reduced by the RBO (-17.2%), RBO-PO (-16.7%), SBO (-5.9%),
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respectively. The serum lipids of individual participants in each diet interventions
were also recorded (Figure 4-10 to 4-11).

Lipoprotein fractions
Lipoprotein fraction composition

Table 4-8 shows the comparison mean £ SEM of cholesterol in lipoprotein
fractions (VLDL-C, LDL;-C, LDL,-C, LDL3-C, HDL-C). A significant difference
was found in lipoprotein fractions after receiving the diet intervention five fractions
were differently accumulated cholesterol in their constituents, mostly in LDL,-C
about 62-74%.

VLDL-C, cholesterol was significantly reduced by the RBO (-11.5%) and
SBO (-9%), respectively. LDL;-C, cholesterol was significantly reduced by the RBO-
PO (-26.6%), RBO (-22.4%) and SBO (-22%), but increased by PO (+3.9%). LDL,-
C, cholesterol was reduced by the RBO (-16.7%), PO (-14.5%), SBO (-13%) and
RBO-PO (-9.6%), respectively. LDL3-C, cholesterol were reduced by SBO (-14.3%)
and RBO-PO (-9.1%). HDL-C, cholesterol was no significant change. VLDL-C,
triglyceride was significantly reduced by RBO (-28.9%), PO (-23.1%), SBO (-16.4 %)
and RBO-PO (-11%), respectively. LDL-C, triglyceride was reduced by PO (-
17.1%), RBO (-15%) and SBO (-7.9%) but increased by RBO-PO (+5.8%). LDL,-C,
triglyceride was increased by the RBO, SBO, RBO-PO and PO, respectively. LDL3-
C, triglyceride was increase by the RBO (+2.7%) and PO (+2.2%). HDL-C,
triglyceride was no significant change. The comparison of cholesterol and triglyceride
change in lipoprotein fractions of individual participant at baseline and after

consumed diet interventions are shown in Figure 4-12 to 4-13.

LDL fatty acid compositions

Table 4-9 and Figure 4-14 to 4-17 shows the comparison of mean £ SEM fatty
acid in LDL subfractions at baseline and after different oil interventions. At baseline,
the average ratios SFA: MUFA: PUFA of LDL were LDL;-C (42.56: 18.88: 38.56),
LDL,-C (47.62: 16.20: 36.18), and LDL3-C (64.48: 8.49: 24.33). LDL fatty acids

were significantly changed after receiving the diet interventions.
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LDL;-C, saturated fatty acids were significantly reduced by the RBO-PO (-
8.6%) and SBO (-6%), respectively. Mainly palmitic acid (16:0) was only
significantly reduced by the SBO (- 14.2%). Other SFAs such as stearic acid (18:0) or
palmitoleic acid (16:0) were not differently change. MUFA was significantly
increased by the RBO-PO (+38.2 %), PO (+34%), and RBO (+4.2%), respectively.
Oleic acid (18:1,n-9) was significantly increased by RBO-PO (+33.7%) and PO
(+32.7%), also palmitoleic acid (16:1, n-7) was increased by the RBO-PO (+79.9%),
PO (+65.4%), control diet (+52.8 %), and SBO (+30.8%), respectively. On the other
hand, oleic acid was significantly reduced by SBO (-11.5%). PUFA was significantly
increased by SBO (+10.5%), but reduced by PO (-14.5%). Mainly linoleic acid (18:2,
n-6) was only significantly increased by the SBO (+ 12.6%), but reduced by the RBO-
PO (-20.1%) and PO (-19.6%) Linolenic acid (18:2, n-6) and arachidonic acid (20:4,
n-6) were not changed.

LDL,-C, saturated fatty acids were significantly increased by the PO (+13.2
%), but reduced by control diet. Mainly palmitic acid (16:0) was significantly reduced
by SBO (-18.6%). MUFA was significantly increased by the RBO (+ 18.7%),
RBO-PO (+17.8%) and PO (+10.6%), respectively. Palmitoleic acid (16:1, n-7) was
significantly increased by PO (+39.4%), RBO-PO (+ 33.1%) and respectively. PUFA
was significantly increased by SBO (+9.3%), but was reduced by PO (-22.1%) and
RBO (-5.3%), respectively. Linoleic acid (18:2, n-6) was significantly increased by
the SBO (+12.6%), but reduced by the PO (-19.6%). Arachidonic acid (20:4, n-6) was
reduced by the PO (-31.4%), RBO-PO (-31.2%), and RBO (-26.9%).

LDL;-C, saturated fatty acid was significantly decreased in SBO (-9%) but
increased in PO (+7%) while they were not changed in RBO and RBO-PO. Only
palmitic acid (16:0) was significantly reduced in SBO (-21%). LDLs,
monounsaturated fatty acid level was significantly increased in PO (+35%), RBO-PO
(+28%) and RBO (+24%) but decreased in SBO (-35%). Oleic acid (18:1) was
significantly increased in PO (+37%), RBO-PO (+27%) and RBO (+25%) but
decreased in SBO (-42%). LDL3, polyunsaturated fatty acid was significant increased
in SBO (+36%) but decreased in PO (-31%) and in RBO-PO (-11%). Linoleic acid
(18:2, n-6) and linolenic acid (18:3, n-3) were significantly increased in SBO.
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Linoleic acid (18:2, n-6) was significantly decreased in RBO-PO (-18%) and PO (-
25%).
LDL oxidation

Table 4-10 shows the mean £ SEM of lag time a figure 4-18 to 4-21 show the
kinetic profile of LDL oxidation induced by copper. LDL;-C, lag time was
significantly increased by PO (+8.3%) and RBO-PO (+3.5%), but reduced by SBO
(-16.1%). LDL,-C, lag time was significantly increased by PO (+ 17.1%), but reduced
by SBO (-13%). LDL3-C, lag time was significantly increased by PO (+26.8%),
RBO-PO (+21.2%), and RBO (+12.5%), but reduced by SBO (-17.8%).

Table 4-1 Characteristics of the participants at baseline*

Parameter Mean+SEM
age, year 56.8+7.5
weight, kg 54.3+6.8
height, cm 154.9+2.9
BMI, kg/m? 22.642.5
body fat, % 30.55.7
waist circumference, cm 82.6+10.7
hip circumference, cm 95.745.7
waist to hip ratio 0.9+0.1
SBP, mmHg 115.1+15.3
DBP, mmHg 71.8+9.8
pulse rate, beat/min 75.69.6

1values are mean + SEM
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Table 4-2 Fatty acid compositions of the tested vegetable oils by analysis*

Vegetable oils (g/100 g)

Fatty acid

SBO RBO PO RBO-PO (3:1)
SFA 16.3 229 44.4 28.3
Lauric acid (12:0) ND ND 0.5 0.12
Muyristic acid (14:0) 0.2 0.4 0.9 0.5
Palmitic acid (16:0) 10.9 19.7 38.6 24.4
Stearic acid (18:0) 4.8 2.0 4.1 2.6
Arachidic acid (20:0) 0.4 0.8 0.3 0.7
MUFA 23.0 429 44.9 43.4
Palmitoleic acid (16:1n-7) 0.1 0.2 0.2 0.2
Oleic acid (18:1 n-9) 22.7 423 44.6 42.8
Gadoleic acid (20:1n-9) 0.2 0.5 0.16 0.4
PUFA 60.7 34.2 10.7 28.3
Linoleic acid (18:2, n-6) 53.7 33.5 10.5 27.7
Linolenic acid (18:3n-3) 7.0 0.8 0.2 0.6
Saturated 16.3 22.9 44.4 28.3
Unsaturated 83.7 77.1 55.6 717
P/S 3.7 15 0.2 1.0
M/S 1.4 1.9 1.0 15
M/P 0.4 1.3 4.2 15
P/M/S 3.7:1.4:1 1.5:1.9:1 0.2:1.0:1 1:1.5:1
Predominant fatty acid PUFA MUFA+PUFA SFA+MUFA MUFA

L All tested vegetable oil were analyzed in duplicated by GC
Table 4-3 Oxidative stability index (OSI) of vegetable oils *

Vegetable oil Temperature Induction time (hr)
SBO 110°C 8.0+0 12

RBO 110°C 12740 1°

PO 110°C 28.3+0.1°

RBO-PO (3:1) 110°C 16.10.0°

L All tested vegetable oil were analyzed in duplicated by rancimat method
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Table 4-4 Biochemical parameters of participants at baseline *

Parameter Mean+SEM
Serum lipids

TC, mg/dL 264.7+28.8
LDL-C, mg/dL 190.8+25.0
HDL-C, mg/dL 51.6+12.5
TG, mg/dL 111.8+44.7
Atherogenic index (Al) 4.4+1.3
Serum mineral and CO;, levels

Na, mmol/L 141.9+2.1
K, mmol/L 4.3+0.3
Cl, mmol/L 104.4+2.1
CO,, mmol/L 26.912.7
Liver enzyme levels

ALP, U/L 65.8+18.2
AST, U/L 20.3£5.0
ALT, U/L 33.6£7.8
GGT, U/L 30.7£17.9
T BILI, umol/L 9.6+5.0
T BILI, pmol/L 2.7£0.7
Others

GLU, mg/dL 95.1+11.1
TP, g/L 77.2£4.7
ALP, g/L 47.3+3.0
Ca, mmol/L 2.4+0.1
IN.P, mmol/L 1.2+0.2
BUN, mmol/L 4.6+1.2
CRE, umol/L 60.6+9.5
UA, umol/L 4.6+0.9

1 values are means + SD



Teeranart Utarwuthipong

Results / 44

Table 4-4 Biochemical parameters of participants at baseline (Continued)*
Parameter Mean+SEM
Hematological status
WBC, k/uL 5.5+1.3
RBC, M/uL 4.3+0.1
Hb, g/dL 12.6+£1.0
Hct, % 37.7+3.1
MCV, fL 87.2+4.2
MCH, pg 29.1+1.5
MCHC, g/dL 33.4+1.0
RDW, % 14.2+1.3
Plt, k/uL 257.2+55.9
Nuet, % 53.5£10.7
Lymph, % 35.248.2
Mono, % 6.8+1.7
Eos, % 3.6x2.4
Baso, % 1.0+0.7

L values are means+SD
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Table 4-9 Fatty acids in LDL subfractions after different vegetable oils

interventions

LDL fatty acids Baseline ~ Control diet SBO RBO PO RBO-PO (3:1)
Lauric acid (12:0)
a a a a a a
LDL;-C 0.6£0.4 0.5+0.3 0.6x£0.4 0.4+0.3 0.5+0.3 0.6x0.5
a a a a a a
LDL,-C 0.840.2 0.4+0.2 0.5+0.2 0.4+0.3 0.7£0.5 0.5+0.4
a a a a b b
LDLs-C 0.7£0.6 0.4+0.5 0.4 £0.3 0.6x0.5 1.0£0.5 1.0£0.3
Myristic acid (14:0)
a a a a a a
LDL,;-C 1.1+0.2 1.7 0.3 1.1+0.3 1.1+£0.5 0.9+0.3 1.0£0.4
a a a a a a
LDL,-C 1.7+£0.7 1.6+0.8 1.9+0.5 1.1+0.6 1.1+04 1.0+0.7
a a a a a a
LDL5-C 1.4+0.7 1.8+£1.0 1.1+0.7 1.6£0.5 1.4+0.6 1.4+0.8
Palmitic acid (16:0)
LDL.-C a a b a a a
1 25.9+4.1 26.7x2.7 22.2+3.4 24.8+2.9 26.5+2.3 25.8+3.2
a a b a a a
LDL,-C 27.6£3.0 26.6+3.8 22539  25.1+2.7  29.4+2.6 27.5+2.5
a a b a a a
LDLs-C 27.0£3.5 26.7+2.8 21.2+2.1  255+2.7  29.5+2.8 26.4+3.0
Palmitoleic acid
(16:1n-7)
a b b b b b
LDL;-C 1.6+£0.8 24+1.4 2.1+1.3 2.4+£1.9 2.6x£1.7 2.9+1.3
a a a a b b
LDL,-C 1.6+0.8 1.8+1.1 1.7+£1.0 1.7£1.3 2.2£1.9 2.1+15
a a a a a a
LDLs-C 0.9+0.8 1.0£0.8 12+£09 1.2+ 0.9 1.2+ 0.8 1.3£0.9
Stearic acid (18:0)
a a a a a a
LDL;-C 14.2+3.3 14.2+4.1 14.7+4.4 13.9+3.7 13.6 x4.2 13.2+3.9
a a a a a a
LDL,-C 16.6+4.4 15.4+4.4 18.6£3.6 16.8+4.9 19.844.9 16.0+4.8
a a a a b a
LDLs-C 36.3+4.9 34.9+3.1 35.8+£3.1 35.0+2.0 34.3+3.3 37.2+4.8

1 values are means+SEM

a.bc.d Different superscripts within the same row means significant difference.

(ANOVA, p<0.05)
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Table 4-9 Fatty acids in LDL subfractions after different vegetable oils

interventions (Continued)

LDL fatty acids Baseline Control diet SBO RBO PO RBO-PO(3:1)
Oleic acid
(18:1 n-9)
a a b a c c
LDL,-C 17.4 £3.0 16.8+2.6 15.4+3.4 18.4+2.1 23.1+2.1 23.212.4
ab b a b ab
LDL,-C 14.742.5 16.5+3.6 11.9+3.6 18.6+3.4 15.8+2. 17.012.0b
a a b a c a
LDL;-C 9..3+1.7 8.4+1.5 49+1.2 10.5+1.5 11.5+0.9 10.7+1.8
Linoleic acid
(18:2 n-6)
a a b a c c
LDL,-C 33.1+4.7 31.7£6.9 37.314.6 32.445.0 26.6+5.5 26.5+4.1
a a b a c a
LDL,-C 29.0+5.1 30.3+5.2 35.0+5.5 29.645.2 24.2+4.9 29.4+5.2
LDLA-C a a b a a c
3 19.3+6.5 20.6+5.6 29.0+4.8 20.0+2.4 155+7.3  16.8+3.1
Linolenic acid
18:3 n-3
a a a a a a
LDL;-C 2.0+1.3 1.5+1.7 1.9+0.9 1.741.3 1.6+1.2 2.0+1.6
a a a a a a
LDL,-C 2.1+1.5 2.2+1.3 2.5+1.9 2.1+1.7 2.5+2.6 2.2+1.4
a a b a a a
LDL;-C 1.241.2 1.1+1.4 2.1+1.3 1.1+0.9 0.7+0.5 1.3+0.6
Arachidic acid
(20:0)
a a a a a a
LDL;-C 1.0+0.9 1.2+1.1 1.1+1.4 1.0+£1.0 0.9+1.0 1.5+¢1.9
a a a a a a
LDL,-C 1.2+0.6 1.0+£0.8 1.2+1.4 1.0+ 0.9 1.1+2.0 0.9+1.5
a a a a a
LDLs-C 12+11 1.4+13 0.8+0.6 1.540.6 0.6:04°  0.3:0.8"
Arachidonic
acid
(20:4 n-6)
a a a a a a
LDL,;-C 3.2+2.1 3.4+1.3 3.6+1.8 3.8+1.5 3.7+1.8 3.2+2.0
a a a b b b
LDL,-C 4.8+3.2 4.1+2.1 4.4+2.2 3.5+2.5 3.3+2.4 3.3+2.8
ac ac b ac ac c
LDL;-C 2.7+2.1 3.8+2.0 3.5+2.2 3.0£2.5 1.3+2.7 3.6£2.6

Lvalues are means + SEM

a.b.ed Different superscripts within the same row means significant difference.

(ANOVA, p<0.05)
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Fatty acids in LDL subfractions after different vegetable oils

LDL fatty acids Baseline Control diet SBO RBO PO RBO-PO(3:1)
SFA
a a b a ab c
LDL,;-C 42.6+5.6 43.4+5.4 40.0+4.7 42.145.1 41.7+4.7 38.9 +4.7
a b a a c a
LDL,-C 47.614.5 44.7+7.3 46.9+4.3 46.545.1 53.949.7 45.8+4.8
a a b a c a
LDLs-C 64.5+4.1 65.2+4.2 59.3+4.3 64.2+2.4 69.8+14.2 65.3+2.1
MUFA
ab ab a b c c
LDL;-C 18.9+5.3 19.1+5.0 17.4+6.5 19.7+6.3 25.3+4.2 26.1+4.6
LDL,-C a b c C b c
2 16.2+3.9 18.2+7.1 13.5+4.9 19.2+6.4  17.9+5.3 19.1+3.9
a a b c c c
LDL;-C 8.5+3.8 94+54 6.1+7.1 11.7+1.2 12.7+7.3 12.0+2.1
PUFA
a a b a c ac
LDL;-C 38.6+4.8 37.546.1 42.614.6 38.245.3 33.0+5.1 35.0+£3.3
a a b c d a
LDL,-C 36.2+5.4 37.0+£5.0 39.6+4.5 34.3+4.8 28.2+7.8 35.2+5.2
a a b a c a
LDL,-C 24.3+6.2 25.5+6.6 34.6+4.2 24126  17.5+7.7 22.7+2.8

Lvalues are means + SEM

a,b,c,d

(ANOVA, p<0.05)

Different superscripts within the same row means significant difference.

Table 4-10  Lagtime in LDL subfractions after different oil interventions

Lagtime(min) Control diet SBO RBO PO RBO-PO(3:1)

a b ab c c
LDL,-C 95.2+4.0 79.843.1 89.3+2.3 103.1+3.8  98.5+3.5

a b ac c a
LDL,-C 68.0+1.9 59.1+1.6 73.5+2.6 79.6458  67.9+1.7

a b c d cd
LDLs-C 56.7+1.9 46.6+2.1 63.8+1.9 71.9+16  68.7+3.7

1values are means + SEM

a,b,c,d

(ANOVA, p<0.05)

Different superscripts within the same row means significant difference.
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Distribution of fats in different vegetable oils used in this study
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Figure 4-4  Comparison of the average energy intake of participants between
dietary interventions*
* There was no significant difference among various interventions. (ANOVA,

p<0.05)
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* There was no significant difference among various interventions. (ANOVA,

p<0.05)
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* There was no significant difference among various interventions. (ANOVA,

p<0.05)
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Figure 4-7  Comparison of SFA, MUFA and PUFA intake of participants

during dietary interventions

a.bied Different superscripts mean significant difference., (ANOVA, p<0.05)
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Figure 4-8  Comparison of cholesterol intake of participants between different
dietary interventions*

* There was no significant difference among various interventions. (ANOVA,

p<0.05)
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Figure 4-10 Comparison of average atherogenic index (Al) of participants

between baseline and different dietary interventions
ab Different superscripts mean significant difference.

(ANOVA, p<0.05)

Atherogenic index (Al) = TC-HDL-C
HDL-C
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Figure 4-11 Comparison of cholesterol in lipoprotein fractions between baseline and during dietary interventions

""" Different superscripts mean significant difference. (ANOVA, p<0.05)
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CHAPTER V
DISCUSSION

Dietary fat saturation plays a considerable role in modulating plasma
cholesterol concentrations and determining the risk for atherosclerosis. Different fat
saturation of various vegetable oils affects human lipid profile, lipoprotein
composition and LDL oxidation (30,41). Various vegetable oil were different of the
P/M/S ratio and predominant fatty acids. SBO is predominated in PUFA whereas PO
in predominated in SFA. RBO is predominated in MUFA with PUFA while RBO-PO
(3:1) was designed to be predominated in MUFA. This study was investigated that the
effects of consumption of diet with these oils on lipid profile, lipoprotein composition

and LDL oxidation in phenotype lla hypercholesterolemic participants.

The study found that SBO, RBO and RBO-PO (3:1) in the diet led to
significant decreased in TC and LDL. But Po was no reduced TC and LDL. These oils
were unchanged TG level. Keys and colleagues (106) estimated that SFAs increase
serum TC by about 2.7% mg/dL per 1% calories derived from these fatty acids. SFAs
are recognized as the single dietary factor that has the greater negative effect on LDL
concentration, in contrast MUFAs and PUFAs have been shown to decrease plasma
cholesterol concentrations in clinical studies and in various animal models (30-34). Hu
and teams (123) was replacing 5% of the energy of SFAs by unsaturated fatty acids
results in 43% decrease in CHD. It has also been found that not all SFAs are assumed
to be suppression in the LDL receptors. Mustad and team (124) demonstrated that
dietary SFA with a high palmitic acid markedly decreased LDL receptor protein levels
in pigs fed a diet containing 0.25% cholesterol, compared to pigs fed a diet with
cholesterol only or the controls fed a low fat, cholesterol-free diet, in contrast pigs fed
a diet PUFA with a high in linoleic acid had increased LDL receptor levels compared

to pigs fed a diet with cholesterol only or a low-fat, cholesterol-free diet.
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Strong evidence found that LDL cholesterol-raising SFAs (12:0, 14:0, 16:0)
decrease the number of LDL receptor by inhibiting the synthesis of the LDLr
messenger RNA level needed to produce the receptor proteins (125-126). As a
consequence of this, a decrease in the number of LDL receptors decreases the
fractional catabolic rate of LDL cholesterol and therefore enhanced the conversion of
VLDL remnants to LDL. Tholstrup and colleagues (127) found that lipoprotein lipase
(LPL) activities decreased after intake of stearic acid, linoleic acid, and oleic acid and
increased after intakes of palmitic acid releasing more free fatty acids and
diacylglycerols. Relatively short chain fatty acids (C6-10) and stearic acid (C18:0)
produced little or no change in TC and LDL (128). Stearic acid was rapidly converted
to oleic acid (18:1,n-9). Bonanome A and colleagues (129) found that when stearic
acid was substituted for oleic acid, effect on serum LDL and HDL concentrations did
not differ.

On the other hand, MUFA and PUFA n-6 are reported to decreased TC and
LDL by several mechanisms. Fernandez and colleague (126) found that PUFAS
decreased LDL apoB pool size by 50% and increased LDL fractional catabolism rate
(FCR) 2- fold when compared to SFA intake in guinea pig. Mustad and colleagues
(124) found that pigs fed a diet high in PUFA with a high linoleic acid had increased
LDL receptor levels compared to pig fed a diet with cholesterol only or a low-fat,
cholesterol free diet. Moreover, fatty acids regulate at least 4 families of transcription
factors: the peroxisome proliferators activated receptors (PPARs), sterol regulatory
element binding proteins (SREBPs), liver X receptors (LXR) and hepatic nuclear
factr-4 (HNF-4) (130-133). Dietary PUFA or those released from membrane
phospholipids bind to the PPARao/retinoid X receptor (RAR) heterodimer and activate
or repress transcription of gene by interacting with the peroxisome proliferators-
activated receptor response element (PPRE). Target genes in the liver include aocA-I,
apoA-Il, apoC-I111 and lipoprotein lipase (LPL), PPARa interacts with both saturated
and unsaturated fatty acids, although SFAs have a lower affinity (134) shown in
Figure5-1. In direct, dietary PUFA n-6 inhibits hepatic lipogenic genes, the expression
of sterol regulatory element binding proteins (SREBP-1C) by suppressing the

expression of the number of hepatic enzymes involved in glucose metabolism and
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fatty acid biosynthesis, including glucokinase, pyruvate kinase, glucose-6-phosphate
dehydrogenase, citrate lyase, acetyl-CoA carboxylase, fatty acid syntase, stearoyl CoA
desaturase, and /A -6 and A-5 desaturases, leading to decreased lipogenesis and
decreased VLDL secretion. The promoters of apoA-I, apoA-I1, apoA-1V, apoB, apoC-
[, and apoC-I1II all contain binding site for HNF-4. Increased levels of HDL are
correlated with a decreased risk for coronary artery disease. PUFA n-6 may also
mediate reductions in the DNA binding activity of HNF-4. In the liver, LXRa
expression is induced by PUFAs. LXR regulates intracellular cholesterol levels by
inducing the expression of cholesterol 7a-hydroxylase (CYP7A;), the initial and rate-
limiting enzyme in the conversion of cholesterol to bile acids (130) shown in Figure 5-
2. LXR regulatory pathway facilitates the elimination of excess cholesterol by
stimulating CYP7A; (131), thereby resulting in the conversion of cholesterol to bile
acids. Li and teams (135) indicated that the decreased bile acid pool size induced by
the SFA diet is related to inhibition of the liver CYP7A; gene expression. Also, SFA
depress hepatic lipase, slow down the removal of the leftover triglycerides in LDL.
This slow down LDL removal but SFA also induce the LDL particle to become larger
(more buoyant) dense LDL ad less atherogenic. Chen and Cheng (136) found RBO
diet containing y-oryzanol and y-tocotrienol increased the hepatic LDL receptor,
CYP7A;, and HMG-CoA reductase activity in diabetic rats compare with rats fed a

soybean oil diet decreasing liver cholesterol level.
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Source: Clarke SD, 2001 (134)

FA = fatty acids
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SREBP-1 = sterol regulatory element binding protein-1
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Figure 5-2  Modulation of plasma cholesterol by (n-6) PUFAs
Source: Fernandez ML, West KL, 2001 (130)

Plasma HDL particles are potent antioxidant and anti-inflammatory actions
with wide substrate specificity, such as paraoxanase (PON1), platelet-activating factor
acetylhydrolase (PAF-AH), lecithin cholesterol acyltransferase (LCAT) and
glutathione selenoperoxisase (137-139). In addition, apolipoproteins (apoA-1), a major
HDL apolipoprotein, can remove oxidized lipid from LDL (140). Tanphaichitr and
colleagues compared soybean, palm, rice ran and cottonseed oils in a metabolic study
(37). There were significant deceases in serum TC and LDL after soybean, rice bran
and cotton seed oils, but this study did not find any difference between interventions
or TG and HDL. Valsta and colleagues (140) observed no differences in HDL, or
HDL; in healthy women and men between rapeseed oil and sunflower diets. Many
studied found that dietary PUFA tend to be decreased HDL. In this study, we found
that SBO was decreased HDL but RBO, PO and RBO-PO was no change in HDL.
Pedersen and colleague (141) found that HDL tended to be lower after sunflower oil
compared to olive oil and rapeseed oil. Insull W Jr and colleagues (142) found that
three oils (soybean, corn and sunflower oils) significantly reduced HDL. Wahrburg
and colleagues (143) indicated that the MUFA-rich diet may be more advantageous
than the PUFA-rich one because it does not lower HDL and apoA-I as much as the
PUFA-rich diet.
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Recently, different fat saturation of various vegetable oils affect to cholesterol
in LDL fractions occurring a series LDL particles of varying density and particle sizes.
Differences among LDL particles in physical and chemical properties, metabolic
characteristics, oxidative susceptibility and cellular uptake may be related to differing
roles in the development of atherosclerosis (9-12). Our investigations confirmed that
SBO and RBO-PO (3:1) were decreased cholesterol in small dense LDL (LDL3-C)
comparing with PO and RBO. RBO-PO (3:1) reduced linoleic acid in SDLDL while,
SBO were significantly increased linoleic acid and arachidonic acid in SdLDL
particle. The structure of PUFAs, having one or more double bonds, is more
susceptibility to free radical damage and thus could increase the susceptibility of LDL
particles to oxidation. In this study, Oxidative stability index (OSI) reveal with LDL
oxidation by copper in these oils. SBO oil was the shortest of induction time and lag
time comparing with PO, RBO and RBO-PO (3:1), respectively.

Some studies found no change in lag time with consumption of MUFA oils
compared to PUFA oils. Abbey and colleagues (41) found no difference in the lag
time after receiving high oleate sunflower oil or sunflower oil. Castro and colleagues
(144) found increased lag time with consumption of sunflower oil compared to olive
oil and NCEP-1 diets. However, most evidences reported that PUFA oil decreased in
lag time. Kartz and colleagues (145) found increased in lag time with consumption of
olive oil and rapeseed oil compared to sunflower oil. Linoleic acid and aracidonic
acids are the major PUFA that undergo oxidized LDL (OxLDL) (146). OxLDL
potentially promote atherogenesis. OXLDL is recognized by the scavenger receptors
and can therefore give rise to foam cells. OXLDL stimulates endothelium to secrete
monocyte chromotactic protein 1 (MCP-1), which induces the infiltration of
monocytes into the subendothelial space. Moreover, linoleic acid is converted to
arachidonic acids. In platelets, arachidonic acid was synthesized to thromboxane A2
(TxAy), which stimulates vasoconstriction and platelet aggregation (106). This study
found that RBO and PO were not change in SALDL. RBO increased palmitoleic acid
and oleic acid but reduced arachidonic acid. While PO increased palmitoleic acid,
oleic acid, lauric acid and stearic acid but reduced linoleic acid and arachidonic acid.
SFAs decrease the number of the LDL receptor (125). Also, SFA depress hepatic
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lipase (HL), slowing down the removal of the leftover TG in LDL. This slows down
LDL removal is that SFA induce the LDL particle to become larger (larger buoyant)

and less atherogenic (147).

In conclusion, consumption of RBO-PO (3:1) with a high MUFA and SBO
with high PUFA content can reduce TC, LDL and SALDL in hypercholesterolemia
participants. However, SBO with a high linoleic acid had decreased HDL ad higher
susceptible to LDL oxidation than PO, RBO-PO (3:1) and RBO, respectively. PO with
a high SFA content can increase cholesterol in LDL fractions. This study
recommended that the intake of RBO-PO (3:1) enhances for reduction of

atherosclerosis risk.
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CHAPTER VI
CONCLUSION

This study confirms that different types of vegetable oil with different fatty
acid compositions influence on lipid profiles, lipoprotein fractions composition and
oxidiation of LDL. The effect of consumption of 5 diet interventions (control diet,
SBO, RBO, PO, and RBO-PO; 3:1) in Thai diet on lipoprotein compositions and LDL
oxidation in hypercholesterolemic women are summarized. The study lasted 48
weeks, and the characteristic parameters at baseline of the study were normal, all of
them were non-smokers and non-alcohol drinker. There were no significant changes
in anthropometric parameters and vital signs among 5 dietary intervention periods.
Dietary intake of the energy, carbohydrate, protein, vegetable oil and cholesterol were
no significantly different after all diet intervention, except the P/M/S ratios were
significant different after consumption of different various vegetable oil. Soybean oil
(SBO) is predominated to PUFA and P/M/S 3.73:1.41:1. SBO significantly decreased
TC, LDL-C and HDL-C. Triglycerides were not changed. SBO was significantly
reduced cholesterol in LDL fractions. The fatty acid compositions of LDL
subfractions altered after receiving different vegetable oils. LDL fractions, SBO oil
significantly increased linoleic acid (18:2, n-6), but significantly reduced palmitic acid
(16:0), palmitoleic acid (16:1, n-7), and oleic acid (18:1, n-9). LDL-3 (SdLDL), in
particular, was significantly increased linolenic acid (18:3 n-3) and arachidonic acid
(20:4, n-6). OSI of SBO was the shortest time compare to PO, RBO, and RBO-PO
(3:1). We found that a decrease in lag time with consumption of SBO compare to PO,
RBO and RBO-PO (3:1). Palm oil (PO) is predominated to SFA+MUFA and P/M/S
equal to 0.24:1.02:1. PO was not reduced TC and LDL-C. LDL;-C and LDL;-C, PO
significantly increased cholesterol compare with SBO, RBO and RBO-PO (3:1). LDL
fractions, PO significantly increased oleic acid (18:1, n-9), but significantly reduced
linoleic acid (18:2 n-6) and arachidonic acid (20:4, n-6). OSI of PO was the highest
compared to SBO, RBO, and RBO-PO (3:1). We found that an increase in lag time
with consumption of RBO compare to SBO. Ricebran oil (RBO) is predominated to
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MUFA+PUFA and P/M/S equal to 0.24:1.02:1. PO was higher TC and LDL-C than
SBO, while RBO was lower TC and LDL-C than PO. TG and HDL-C were not
changed. RBO was reduced cholesterol in particular LDL-3 (SALDL). LDL fractions
were significantly increased palmitoleic acid (16:1, n-7) and oleic acid (18:1, n-9)
after consuming RBO diet compared to SBO and PO. We found that an increase in lag
time with consumption of PO compare to SBO. Rice bran and palm oil (RBO-PO,
3:1) is predominated to MUFA and P/M/S equal to 1/1.53/1. PO was decreased TC
and LDL-C compared to control diet, but was no significantly decreased TC and
LDL-C compared to SBO and RBO. TGs and HDL-C were not changed. RBO-PO
(3:1) oil significantly reduced cholesterol in LDL fractions. In LDL fractions, RBO-
PO (3:1) oil increased oleic acid (18:1, n-9) and palmitoleic acid (16:1 n-7), but
reduced linoleic acid (18:2, n-6). OSI of RBO-PO (3:1) oil was longer time compared
to SBO and RBO, but was shorter time than SBO.
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APPENDIX A2
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APPENDIX B1

Demographic data collecting form (wuuiiunndeyadouyarasesdidnianiagenisg)
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Nutritional and health status data collecting form (fayaniazinzuinisuazganin)

dalasens wamiuﬁﬂﬂﬁywﬁuﬁamﬁm, 1{1171,!5"161’1'13, ﬁywﬁuﬂwéfu uaz%ﬁuwaumm‘fwﬁu%vﬁ’n
wazihinhdy aadnsznevlalyTisdu uazmyfneendniuvesluiy
aommassoaviialaluTUsAuiinumuuniud lundgane
Sa-ana HN 87 1 s
Fagelsn
fiat Tnadnid
Feduiin i
1. NM2zlnTuINTT wazANARIaYa
maglnaunnig Flonii
-8 4 0 |4 8 10 |14 [18 |20 |24 |28 | 30 |34 |38 |40
svndn (Alansu)
AYUGY (LIURNAT)
fatlananig
Alansuiumg %)
ANNAUTATA
(Hanaunsdsan)
2 vinuilsatlszansnuze i () 1lud ( )& Tlsmsey
3. vinuflulsamaniviselal ( ) lsaviala () WU
() lanln ( ) Tamsiu
( ) aldsniay ( )qq{iﬁﬁﬁmau
()@
4. yinuldsestiperndmuie b () 1uf ( ) Y BIECEAT
5. vinuguipivisela () aiqu () qu
6. viummmd sl () 'laip () Ay uay
7. yimmniusiselyl () 'laip ( ) A Az

8. YNuFULsenuen ARNRY NARAIIESNEIMNUTR N EsHITWLsvanFe Ly

( ) Tdlsudsennu

=
[ kiRl

() Fudsznny atalating

FuLszniumn

=L



Fac. of Grad. Studies, Mahidol Univ.

PUIARAZATNITFUL TN

A
21718

PUIARAZABNITFULFENN

FuLlgzniunn

=
ki

YUIABAZATNNTFUL TN

Futlszniunn

A
[k

YUIARAZABNITFUILFENIY

FuLlsenaunn

9. viuditloymimaniivizelal

AFLALIN () ludl
AN9NAU ( ) lud
An3siae () 1luf

o 1 1
nsdudegaansy () 'ladfl

() # Tlsmszy
() H Tsmaey
() H Wsmsey

() H Tsmsey

=2

md}

=22

Ph.D. (Nutrition) / 105




Teeranart Utarwuthipong Appendix / 106

APPENDIX B3
Food behavior data collecting form (fayanganssunisiudszniuamng)
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APPENDIX C1:

Guideline of food exchange list, cholesterol and fatty acids composition in Thai foods

swmserisuantasu
YSinametaanasea uaznsalviiulueivising

BsuNa anIIBINIE

% o d' a =\ :.'4'
AN UNBIATINIIINNUNUTIT0 9
) Z U Q'J ~ %’ Y] o Y Z Y] Jd
HavueIN13U31NANTIHOAYART WUV taziindiuiduy
al d
Tuevinsing asaruilsznavlalillistiv nazniseandlaqa

Tiflvifunetamaaseartia laldlsAaunanuvivnuue

Aliasianisamisuanuldiaulsutniaaladinasaataznsa ladulunguaimis ina
Jaquszavd

walvgid19uTasen1sfiiniasladiunaladinasaagatd1lagamrvisuantddawy
dursamuauiiuianasmazdadiudisaiviaaud asTulawmsaldsfunas lodulea
uananldvdgiursamluqueiauacsldsuiainsa’lasitas Aaladinasaalrnn1susTnAs1u1sS
FIENULDY

amsuanuldau
da avsfiudslumnaniaousiazuuinazlindveuuazadsaisudnda
A lawmsallsfuuarlaiuindidasAunitalunuladarnuaiuisananiddsudule
amsuanlfauile viuaa leiun g1 dn wa'liiiladedun uas Todu

USuraamisluvanauanulisuisandad v’ Aascifluamisngnudnazanvisiu
vuladaIAuI Ul Sruduisanandiaunuldgu

di1-uile: a1 LiAuddusaddaunitheunilv vda dradarvsa auududlusn
d1d 5 dauldiz wu%a U min55 niu
wuuIu 13ulug)  u%a  UIUIUN90 n3u

aunilelgdin 1 WY “3a  Uaniln25 n5u




Fac. of Grad. Studies, Mahidol Univ.

Ph.D. (Nutrition) / 109

1. diq73-uile

M15197 1 a1usuanuladsunuiagiag wuile

da-uile 1 du siat1-uile USurauda 1 du
uanulasu duilnndu | dronae | Foulde IUIA

Tdsfin 2  nsu d17d2y, Frdaufa 55 1/3 5 -

A15TUlEmsn18 n3u diudle qn 35 14 3 -

WA 80 ATaumAaas —— % - " P
n"JmﬁrJ'; ain 90 2/3 9 -
dundieng aan 100 3/4 10 -
usufidnsy urke 20 = - 1/3 via
fAurldq du 100 3/4 10 -
Lian, Juine éiu 65 1/2 -
WaRUYY AN 50 - - -
nsedY éu 60 - - -
412 Twa du 65 1/2 6 -
indndy A2 30 - - 5 ulaldn vsa 3 ulalug
Tuudauy gn* - 1/2 - -
aunililagain 25 - - 1 uru
uzunsl, aan Aau 75 2/3 8 -
inTsfl ddwnad aan 75 2/3 8 -

v * dangauiy gn 1/2 dauadvfiqadiamisuinduiaruile 1 dau uas ifadaSlaiusdruan dau

2.

Wn

Aawdailu 2 ngu

M159971 2 auIsuanllasunnuan

a

Ml

ar

NN

naNin 1 du wafnuanildou Usuncusia 1 dau
wn n. ) WnA1ne12 Wan1adadn wnjauaa wAwdu
WHIITUGIAUN _ | #nped@isn | d@wia dndaads usanilnnavdau _—
W90 ATauaaa’ TuTusewa nanla aanndn annnuatie anungn
fude undlawnd uzida afiun 1/3 -1/2 62029
usIsu usvIna1 uavTudau Anidiaa “3a50-70 n¥u
dudna unlv Uy WInuYu drmindy
WINULIN an #Kold uaInndludau
NN a. Wnvnav nouwIugj dema widnniauay(fingn) 3/4_'1 ﬁ'mgrn
Tsfiu2 niu uasan lu-aandindn AAvau davanialn w370 3
Aa15TulEnsens nsu — - - -
W&991U25 ATaunaas | OIEuIAN aailnea aavan aauan
dan funssiian vanTrad vaANrNs1IsoU
ganansziin goAUA yanALIAN fannuaiy
CELEEE] naninnN2196v nanTldau winulIu
R wNnnzian dnanii Tunasua
luaa 5119 d1rTwadan amfitonan
usanTed fndv usidiatdan usidiansay
ursriu uraznafy wualad winulada
iane wiauasu




Teeranart Utarwuthipong

Appendix / 110

3. wa'lad

M19519% 3 aamsuantddaunulramalld

aflana’ld USuneudia 1 du
wa'ld 1 du uantliau R -
MINUNIN a2uNI YUIN

ndamiin 45 - 1 Wanav

A5Tulawmsals nsu ndaule 45 N 1 wanans

NAIU60 ATaumaas
ndlrunau 50 - 1 walfin, 2/3 wanaiy wia 1/2 Wwalvel
nd8WNYN 50 - 1/2 wa'lvg)
[CRH 85 - 4 walvg nSa Sualdn
LU 250 - 4 walug)
TORREY] 285 2 14u
nieau 40 - 1 ulanaiv
AES) 120 - 1/2 wana
L RL T 100 - 1/2 walvgj
BN 80 - 1/2 wanany
uzaznagn 115 - 8 Suauindi
fulzsa 125 3/4 8 fuauiadinia 1 Fu
futdganau 150 - 2 wananv
dule 130 - 2 nfiulvg)
uauila 100 1 1 waldin
aju 100 1 20 wanav

4. ladnd .
tladadudunilu 4 ngusivil

n15197 4 aunsuanuldsunudatiiadns

Usu1eusia1 d2u

Tdséiu 7 nJu
Tlaniu 0-1 nsu
WA 35 ATaumaa’d

nguliladniq dau afialiladaniuantlfau
1. losiusuan dar dargeu daadian datrn
darununia datnswewna Uday
damvindas dardnu Uarluayu
ﬂa’]ﬂ;’]ﬂllﬂ\‘l Uainnay daniraanl
dailagau Uavuawned dainszuan
dardunidd
an‘fu; an'ﬁuﬂa’ﬂ an‘ﬁvuu‘fw
viae: vaauns92 vayany?2 nauLrad?
9 Anzia—idas fardan4
E 1Yéialdn iilonua
Auq; ﬂgnnﬁnmu ifaht7 lngau, anla &ulula
titauav il

ﬁﬁwﬁ'nf{n
30 n3u
(2 FauTey

dnitnay
40 n3u
(3 Foulsiy)

nuravg  mugasluaisiiadunuiasil

1. gndu 5 an . .
2. vay 10-15 61 uia uanmingn30 ndu n3a UruilndAu 70 nSu
3. fjvdnm 4 #in YUIANAIY

10 $i2 PUIALEN

4. Avday 6 Faulds




Fac. of Grad. Studies, Mahidol Univ.

Ph.D. (Nutrition) / 111

nguliladnd1 dqu giaiiadad Ysunausiat dau
2 lusiusia lrdeaw ula in ifaguauas
Tdséiu 7 nSu waena vl —
lsiu 3 n¥u undndag lra1u240 Nasdanss urmngn
3] 55 filawnaas U 240 Aadfas6 30 n3u
AU (2 Faulsy
3. ladudrunany Wy uilaviy vy, lidiyle wy, ‘iTﬂﬂ, wlolaigau | » .
TUséiu 7 nfu wy, 91 (Lifiaty vy, il lifisiu Flaseuy Lifigu | WIuney
ladus nfu . . 40 ‘;‘;“ 1
W75 Alawmand | lrud, uila e, ulaLisimnie (3 Haulsiy)
“ai: Mailla? 1ailA7
g fudieg wifurtdau(viaaa) ©
4. lusiug wguazwﬁm}ﬁ’m'ﬁ:
Tdséiu 7 nju 1y, Lilafiaiu Wy, %Tnsyﬁﬂﬁ'u nyua
Tlaiu 8 nsu nilany uyeiy, tilaasuily NYLLHNU
W91 100 ATaumaad nuige Wau wuuy 1dnsanuy
dus: »
liudalde, ilauasuily 1‘J‘a1a'nu
1dnsan’la 1ilad3, Anlu

vuaawme  vuagaaluaisiialmuuuiadeil

5. uuaaudovlinaiu windu 912-uile 12 dam  ugzidednissanludiudt gau
6 uuaImudaIuIu  winfu 912-uile 12 g uadndlodiusd1l dau uazudinna2  fouan
7.4 1 wav wiamin 50 n5u
8. tijudv 1/2 WA wiminwmin 60 nSu
9. idjundau 2/3 vaan waauiuin 180 nSu
5. uu

unudailu 6 wiia vl

MN1319% 6 au1suanuliauriulauu

Jsurewdru Tdséiu | ladu | a5Tuldawmea WAIITU
ARAVDIUN i} (n5n) (n5u) (n3u) (ATaumaaly
Unmilnnswiaddag tfaaav
JISTE (] 240 1 8 8 12 150
unwsavlaiu 240 1 8 5 12 120
unlasi ladu 240 1 8 0-1 12 20
unsEInY 120 1/2 8 8 12 150
UNNI 30 1/4 n3a 4 Foulsiz 8 8 12 150
UNNI T Tdiu 30 1/4 n3a 4 Foulss 8 0-1 12 90




Teeranart Utarwuthipong Appendix / 112

6. luiiu
Nustu 1 dwu Nushuanlasu WBnade 1 dau
wiheniuSeu Wmn-nSN

Y o o . ¥ <
sinaTuiy: Sundes $1im 1 Foum 5 n¥u

Vst 5 n¥u 1hdu aenmuAz i

aenfrlen uznean

dnfudad:  Yalumy sl

wianu 45 dlaunas’ - -
ue: e ugEn 1 Foumn 5 n%u
Mg Whada wnzi 1 Fouldz 15 n¥u
wianenmuaziu  uiannes 1 Fould 15 n¥u
1waew 1 3u
uzndaya 2 Fouldy
Saday d3Rmile 10 wia
[CLELE N 1 Foum

RN P -

widanzahsRuud 6 nia

Tadunulsai?’launidan

wﬁﬂsnﬂsuvnua'\wﬁ'smuﬂaLaamasaammﬂLﬂumﬁ
Juar 200 fadnsu Msaunsmlmuuaum‘luﬂsmm
unnINsasaz 10 maowmmum”lﬂmnmwﬁ‘sm\muﬂ
oF Lﬂumm‘lwﬂammm'iﬂ‘ua\mu‘lumfimm'lﬂsu
ﬂaLaamaﬁaamﬂLaamLwauﬁ‘lﬂmamaanmnswmu
anav mmuma\maLaamaﬁaa‘lutaaﬂmajﬂmwﬁoL:lJu
dvadiAaggaavnisiinlsarialaaaidan




Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Nutrition) / 113

nsm'l‘uil’ul

nsn luiu lfudrudsznavaasloiudiuisantiniu
A2NDNALE 3 ndu A

1. n5a lududus y
Aas5ulsen1un ldiAinsauas 7 dadnadi U viie

2. nsa'ladiubidudingude }
Aa255udsemu litiundasas 20 YaIWAIIIUNIVUA

2. naa lau ludunligedan \
Aals5ulsen1u litivsagas 10 YaINnadITUNINUA

wuInnIsAuANlZua latuluaruisusTnalseaing

= aslFuiadladunsulsimubidasasiae biviusasaz30
VBINAIUN LASUVIVUNA

1
L4 = s

= andsunansalaiudud1lvlasuliinigaaas 7 aaanasinu
NIASUNINUA

1. 9@ vi%a an n1snuatnIsnd laduunvaguingu lanam
el g ndrauannan AUNnI LNINZA AU

2. 9/ 38 an N1sAuLUNNldancinSancsns11EU na28UIGT
PUNNN LAY TIIUTSIN U699

3. ¥a 52 an nasfiiunyua (Lws1e8 lasiunsung

4. 9@ w50 an n1sHusuNNl ludunnvaidu sunsuga) Taun
LAn ANA




Teeranart Utarwuthipong Appendix / 114

-fa-

LLu'mwmsmuauﬂ%mm‘lmﬁu‘lumwwu%‘inﬂﬂszﬁﬁ%

Hutiladrunantanladu naznilvaan Tivum

=

5. Auliladed

6. Aua1r1sUszAneu dinein unadu e v g1 au
(Lifinsniudruiscnal)

7. Aunnlidaagnitiuaz4-6 AW
8. Aumalylikasniiiuaz3-5 d2u
9. Alsvinar1ssulsEnauLay

10. 871HNUN THANUNWSDINULULURZDUNDIANULUSLULNUUNSTTUAN

LLu'JVIﬂ\Tﬂ')]JF]JJ]J%JJﬁmﬂBLﬂﬂlﬂa‘iaa‘luaﬁﬂ’]*

1. ﬂaLaamasaau‘lumwﬂ'imnmné‘mltauwamﬂm‘nmné’m
winttu giaifuseliansAuaivisianiunniAiniua200 dadnsu

¥ ]

2. Aulladainiiladudaaleun daisinee tiiafle wsaialdli

Annilv tilanydulutitaddr lidsaidu

3. Aulauasluiiu 2 wavsiaddani

4. mn‘%awﬁmﬁmmsﬁumnﬁﬁﬁﬂaLaamasaam'lmm 14
wen laitlan iesavludns ilydnd vaa )91 damfin uan waau
ldnsan nuiLgay vyaa damindu e ”laﬁnsu

dvsulSunamaadinasaauaznsa ludiuluainisdgnan
InaflanusTAALEAIAIAIS N7




Fac. of Grad. Studies, Mahidol Univ.

Ph.D. (Nutrition) / 115

M15719N 7 YSunaumaladimnasaa ladulassilanaa laduluainyso nsuvwsia 1 9a)

Uszinn Aaladlmasaal ladiu nga ladu(nsusia 100 n3)
amnsduniule (n.) (%) Auga | Liduggafian| Lidudngedau
i
1ailn laiume 1250 30 35 47 17
laiflmviagn 543 16 28 51 16
lsiunnszyniagn 508 13.2 37 40 21
Taitlan 499 5.8 35 33 25
lailriviagn 427 9 36 48 16
1ai'ln lain 0 0.3 32 20 19
lasiunaniigin
HAAR 412 54 22 42 36
BAAANN BB UUS 190 90 15 24 59
LUl 186 82.4 65 21
eI 94 29.8 61 31
vinsiuuy 89 100 32 51 15
—da-
Uszinn Aaladimasaa | ludu nsa tuNu(nsusia 100 NSu)
aamsauniule (un.) (%) Buga | LWiduganduden| lLidusdndedau
ny
ALINY 364 5.2 41 17 38
ALBBUNY 283 41 42 15
Tauy 235 33 24 36
danny 226 2.7 50 32 13
NFTLNIEUY 181 6 45 42 10
duay 140 0.9 34 29 25
walany 133 2.9 27 25 35
WU 66 18 29 54 15
\Hany 49 24 37 435 17
nauy 34 5 30 54 15
LARANY 27 0.1 32 26 32
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-¢ia-
Uszian Aaladinasaa | laulu nsa ladiu(nSusia 100 n3)
amnsdunAule (un.) (%) duga | LidusFEwAn | lLidudadedan
ia A vinu
suln 336 8 42 39 17
AuUvnunzla 301 7.3 39 24 35
Auln 197 1.5 38 31 23
ATl 235 3.5 41 22 31
vnunslaifiawasuils 110 25.6 30 46 23
dagla 100 10 30 46 24
widaln 93 58 32 48 19
mlaile 81 73 27 52 20
Sladiauazuiia 76 27 27 54 18
anlnRAnnia 70 14.6 31 45 23
anln 50 1.5 32 39 24
wanln 27 0.08 34 29 29
-fla-
Uszian Paladinasaal lulu nsa lwdiu(nsusa 100 n3)
amsduniule (un.) (%) udia | Lidudndaien| laidudndetou
ol
amnin 333 2.3 44 30 17
PP 273 2 42 21 25
1mda 255 248 35 24 34
AL 218 4.6 41 25 23
DRICLD 165 4.3 45 32 13
\iada 65 17 | 46 37 10
Uan
damzineau 80 3.5 37 29 28
Uangans 77 14 31 38 24
dadan 70 1.6 35 28 24
Uaange 69 4.7 37 40 19
Uannzwauma 57 1.6 35 24 34
dandrspuludasanziliama 64 8 43 38 17
an 76 5.2 33 18 38
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_Ae-

Uszinwv AaladLnasaa Taiu nsa lasiu(nsusia 100 NJ)

amsdunfAnls n.) (%) [Fusn | LiBudndudo | Liduddedan
lan
lanse 77 115 | 31 31 29
Uarnzweno 69 15 38 27 30
Uan@un3s 66 4 40 21 27
anszuan 64 156 | 40 21 26
Uanvinantsl 64 3.5 38 25 27
Uausm 63 9 37 41 18
landuz 60 28 24 46 25
Uamsiaunns 57 053 | 34 12 41
ﬂa'm']smﬁm*‘mq 56 2.6 46 23 21
ain 54 034 | 30 18 39
ﬂﬂ’]‘ﬂ’]izl,fiﬂﬁ’l 53 0.2 30 12 43
Uanuiia 51 2.5 34 36 23
anyin 51 0.8 41 12 31
andau 44 43 31 20 37
anila 42 092 | 31 29 28
-sla-
Uszinn AaladLlmasaa Taiu naa luiu(nSusia 100 n5u)
amsdUNAU e @n.) (%) 2,6 | Wawiaeaans | Lidudndsdon

fiv i ay dauidin
STy 361 a7 37 28 22
daruiinnanaia 321 1.5 35 8 48
darundinnanama 251 4.7 37 28 22
WOHUIITH 231 4.2 34 19 30
NDELATY 195 1.5 32 19 21
Aaugiiae 192 0.9 31 21 36
NaNaAN 175 1.2 32 21 34
wasans 140 1.5 27 17 32
NDEAUNAN] 148 1.6 28 15 32
gﬁ’q.,ﬁ@ 90 0.5 26 18 38
gmmﬁﬂ 87 0.4 28 23 39
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-Gla-
Uszian Aaladmasaa | ladu nsa laniu(nsusia 100 nSu)
amsdIuniule (un.) (%) | 8udn | Lisusaigaden | Lisudngedau

wanSouaiilada’s

&89 130 402 | 37 43 19

WALIUY 125 45.4 32 50 16

1ldnsanlnnan 117 38 30 46 22

LA UNAR 81 28.8 31 44 23

dnsanuynan 77 7.9 28 43 28

NuUELNNan 71 425 | 33 49 17

LLENNBA 66 16.2 34 44 20

lansanlnpanna 42 35.9 32 47 20

_sa-
Uszian Aaladinasaa | ludu Asa lwiu(nsusia 100 nFy)
amsduniule (un.) (%) [ Buga | LiBusaSadon] Lidudigedau

UNLATHAN UN
LUl 163 83 63 28 2
UHEIS 76 27 66 27 2
TaAnsuntaan 38 13.3 65 26 1
UNTUKRIU 19 8 63 36 1
UNTUIR 19 7.2 67 31 2
laAnsuaaNaum 15 5.7 53 35 6
Teniisn 12 4 64 30 1
UNI2 17 3.4 65 29 3
UNWIBINULUE 4 1.6 66 31 1
unl3an 1 1.1 64 36 1
Tenddmlasiumi 3 0.8 57 37 1
UNNITIANULUE 25 0.5 64 28 1
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Ao

Uszian paladwmasaa(un.) | laliu nsa ladu(nsusia 100 n5)
amsduniule (%) [Buga | Lidusngudon] WidusaSedou
AUN
nNaausu 720 26 31 52 15
daanag 515 17.6 32 51 15
Nasvaan 420 11.2 30 55 12
fauen 83 4.5 66 24 9
Farenuvrwnnag 56 3.5 62 27 11
unxawngla 19 6.2 74 19 7
Julai 18 0.4 34 48 16
fdauaWnnag 7 9.2 91 7 2
Framaminaa 0 338 | 51 23 26
i nUYU 0 179 | 49 36 13
dviasela 0 17.3 60 27 12
auNlA 0 11.4 23 40 37
wuNt 0 8.2 91 6
Wnnadwnauam 0 4.4 90 6.6
nalsUInT 0 2.1 89 8

L4 2/ =
‘Taijaanuan

1. AUENSSUNISTUSNUNAIMMUADINILLAZAUENTTNNIS
TATUINTS TUSUY IHAINFTSALLININU 518N15DTIUNS
uanuaaulne 2544, 1-10.

2. asaladulazaaladinasaaluairis innavsinwuinis
NsNaUE NSENTINF151950UuFU2545
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APPENDIX C 2-1
Determination of food exchange list table
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Calculation data of cholesterol and fatty acids in dietary record table

A5 mMuadsunuAaadinasaanazaiansabuiuluanisustaadszaniu
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APPENDIX D1
Fatty acids and Oxidative stability in vegetable oil

Determination of fatty acid compositions in vegetable oil (109)

Vegetable oils are extracted fatty acids by Jham and colleagues method (JAOCS,

1982). Analysis of fatty acid patterns are determined by gas-liquid chromatography.

Reagents and Material:

1. 0.5 M KOH in methanol

2. Boron trifluoride-methanol reagent, containing 14% of BF;

3. Petroleum ether

4. Anhydrous sodium sulphate

5. Chloroform

6. Fatty acids Standard

7. Gas Chromatography

Procedure:

1. Weigh 100 g of extracted fat into test tube.

2. Add 1 ml 0.5 M KOH in methanol to the test tube, screw on cap and shake.

3. Place in the water bath at 100 °C for 5 min.

4. Cool and then add 400ml of 14% of BF-methanol reagent in the fume
cupboard.

5. Screw on cap, shake and heat at 100 °C for 15 min. Cool and add 2 ml of
water.

6. Extract with 3 ml of Petroleum ether twice.

7. Dry the organic layer quickly over anhydrous sodium sulphate.

8. Evaporate off petroleum ether.

9. Redissolve the residue in 500 ul of chloroform.

GC conditions

Oven temperature profile:

Period Rate (min) Temperature (°C) Hold time (min)
Initial temperature - 150.0 2.00
Program rate 2.00 190.0 2.00

Final hold time 5.00 210.0 48.00

Determination of Oil Stability Index (OSI) in vegetable oil



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Nutrition) / 125

OSI (the point of maximal change of the rate of oxidation) is to measure oils

susceptibility to oxidation by Rancimat method (110). Auto-oxidation is affected

by atmospheric oxygen; the oxidation process is initiated by radical reactions

involving unsaturated fatty acids. The induction times determined using the

rancimat method (conductometric indication)

Procedure:

1. Weigh out 3 g of each of vegetable oil samples into Reaction vessel.

2. Heating block temperature of 110 °C; purified air was bubbled through the oil
at 6 psi.

3. the sample is exposed to stream of air at temperatures from 50 — 220 °C

The volatile oxidation products (chiefly formic acid) are transferred to the

measuring vessel by the air stream and absorbed there in the measuring solution.
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APPENDIX D2: Lipid profiles
Determination of serum total cholesterol (TC)

An Enzymatic —colorimetric method was employed to determine serum TC by
using Boeringer Mannheim Monotest cholesterol kit (Cat. No 236691). The principle

of reaction was as follows (Monotest, 1982).

Cholesterol esterase

Cholesterol ester + H,O » Cholesterol + ROOH

Cholesterol +0, i > /\ “- cholestenone -H,0,

2 H,0, + 4 - aminophenazone + Phenol oo » 4-(p-benzoquinone—monoimino)
phenazone + 4 H,O

Boeringer Mannheim reagents:

Tris buffer (pH 7.7) 100 mmol/L

Magnesium aspartate 50 mmol/L

4- aminoantitipyrine 1 mmol/L

Sodium cholate 10 mmol/L

Phenol 6 mmol/L

3, 4 dichlorophenol 4 mmol/L

Hydroxypolyethoxy- n- alkanes 0.3 %

Cholesterol esterase 04 U/mL

Cholesterol oxidase 0.25 U/mL

Peroxidase 0.2 U/mL

Procedure:

1. To dissolve 31 g of buffer cholesterol (Cat.No. 236691) with 500 ml
distilled water. The reagent solution is ready to use after 10 min and stable
for 4 weeks at 2 - 8 °C

2. 1 ml of reagent solution prepare above 0.01 ml serum are add to test tubes,
and incubate at 37 °c for 10 min.

3. The absorbance of and sample are by spectrometer at wavelength 500 nm

against the reagent blank (A A) within 60 min.
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4. The standard cholesterol concentration of 100, 200, 300 and 400 mg/dL is
prepared and treated the same as sample.
If the cholesterol concentration exceeds 700 mg/dl or 25.9 mmol/L 0.1 ml of
sample is dilutes with 0.2 mL of 0.9% NacCl solution and assay is repeat. Multiply the
results by 3.

Calculation:

TCaa X 5.17 x_A A (sample) (mmol/l)
A A (standard)

Determination of High Density Lipoprotein cholesterol (HDL-C)

The method of Bustein (Bustein, 1970) and Lopes- Virella (Lopes, 1977) were
used for the determination of HDL-C. The chylomicron, VLDL and LDL were
precipitated by addition of phosphotungstic acid and magnesium chloride.
After centrifugation the supernatant fluid contains the HDL-C fraction, which was

assayed for HDL-C cholesterol liquicolor test kit.

Reagent:
Phosphotungstic acid 0.55 mmol/l
Magnesium chloride & mmol/I

Four parts of precipitant are distilled with one part of distilled water. This

precipitant is stale up to the expire date specified when store at 15 °C to 25 °C

Procedure:
1. Add 200 pL of serum and 500 pL of precipitant are pipetted into
centrifuge tubes.
2. The solution is mixed and allowed to stand for 10 minutes at room
temperature and is centrifuge at 4000 rpm for 10 min.
3. After centrifugation, separate the clear supernatant from the precipitate
within 1 hour. Pipette 100 pl of supernatant and the cholesterol content is

determined by the enzymatic colorimetric method as already described.
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The standard cholesterol concentration of 10, 25 and 50 mg/L are prepared

and treated as same the sample.

Calculation:

HDL-C = 5.43x A A (sample) (mmol/l)
Determination of serum triglycerides (TG)

Enzymatic hydrolysis of TG with subsequent determination of the liberate
glycerol by Boeringer Manhein Monotest triglycerides GPO-PAP kit (Cat. No
701904) was used to determine serum TG (Peridochrom, 1982). The enzymatic

reactions were as follow:

lipase
Triglycerides + 3H,0 o Glycerol + 3RCOOH
glycerol kinase oxidase
Glycerol + ATP > Glycerol — 3- phosphate + ADP
Glycerol- 3- phosphate + O, Glycerol phosphate oxidase  Dihydroxyacetone phosphate + H,0,
peroxidase

H,0, + 4- aminophenazone + 4-chlorophenol ————p4-(p-benzoquinone-monoimino)

- phenazone + H,0+ H,O,

Boeringer Mannheim reagents:

Buffer solution

Tris buffer (pH 7.6) 0.15 mmol/l
Magnesium sulphate 17.5 mmol/l
EDTA, disodium salt 10 mmol/l
4- chlorophenol 3.5 mmol/l
Sodium choleate 0.15 %

Potassium hexacyanoferrate (II) 6 pmol/l
Hydroxypolyethoxy- n- alkanes 0.12 %

ATP >0.5 mmol/l
4- aminophenonazone 0.35 mmol/l

Lipases >3 U/ ml
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Glycerol phosphase oxidase >2.5 U/l
Glycerol kinase >0.2 U/l
Peroxidase >0.15 U/ ml
Procedure:

1. Immerse one reagent strip kit (Cat. No. 701904) in one bottle of buffer
solution contents of 32 ml and stir the bottle contents for 10 second.
2. Allow to stand in solution for 5 minutes, stir once again for 10 second,
and then discard reagent strip.
3. 0.01 ml of serum is adds to 1.0 ml of reagent solution prepare above to the
test tubes.
4. The test tubes are mix and incubate at 20-25 °C for 10 minutes, the
absorbance of the sample are read against the reagents blank ( AA) within
60 min at 500 nm.
If triglycerides concentration exceeds 1000 mg/dl or 11.4 mmol/l, one part of
sample is dilute with 5 parts of 0.9% NaCl solution and repeat assay. Multiply the
result by 5.

Calculation:

Triglycerides = A 2.29 x A (sample) (mmol/L)
A A (standard)

Determination of Low Density Lipoprotein cholesterol (LDL-C) level

LDL-C level was calculated from the TC, HDL and triglycerides levels

according to Friedwald’s formula (Friedewald, 1972) as follow:

LDL-C = TC-(TG/5) - HDL-C (mmol/l)
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Determination of Atherogenic index

Atherogenic index (Al) was calculated from TC and HDL-C as the equation of
(116).

Atherogenic index =—TC—HDh=C
HDL-C

The Atherogenic index defines as the total cholesterol/HDL ratio, which is an
important prognostic marker of cardiovascular disease (145). The risk of myocardial
infarction increases considerably when this ratio is higher than 5, and it should ideally

be 4 or less (146).
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APPENDIX D3: LDL sub-fractions

Determination of LDL sub-fractions
Lipoproteins were used to isolate the various lipid fractions from blood plasma

using sequential preparative ultracentrifugation following densities: < 1.006—1.019
g/ml for VLDL-C, 1.019 —1.063 g/ml for LDL-C, and 1.063—1.21 g/ml for HDL-C.
LDL subfractions are also isolated using sequential preparative ultracentrifugation
following densities: 1.019-1.035 g/ml for LDL;-C, 1.035-1.045 for LDL,-C, and
1.045-1.063 g/ml for LDL3;-C by Harvel and colleagues method (117). Plasma was
separated by centrifuging blood sample at 100,000 rpm at 4 °C for 3 hour. LDL was
isolated from freshly prepared plasma by sequential ultracentrifugation technique.
This process is described in Flow chart 1.
Reagent and Materials:

1. Optima ™ L-100 XP Beckman Coulter ultracentrifuge (Model L-100XP)

2. Disposable 6.5 ml quickcell tubes (Beckman catalog number 344088)

3. Potassium bromide (KBr): Two stocked salt solutions were prepared as
described below:
Mock solution
This solution has the same background salt density as plasma (d = 1.0063 g/ml).
It composes of 1.142 g of NaCl and 10 mg of Na,EDTA per 100 ml.

Concentrated stock salt solution

The density of this solution is 1.346 g/ml. it composes of 35.4 g of KBr, 153 g
of NaCI and 10 mg of Na,EDTA per 100 ml.

From both solutions, the required salt solutions were prepared according to the

formula:
(AxY)+ (BxZ)=(A+ B)(X)
Where, X = the desired density of the mixture
Aand B = the volume of stocked solution
Y and Z = the density of the stocked salt solution
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Procedure:

I.

10.

11.

After participants has fast overnight for > 12 hour, venous blood samples are
collect into tube containing EDTA (1g/1).

Plasma is obtained by centrifuging the blood at 4,000 rpm at 4 °C for 10 min.
plasma was stored at 4 °C and processed for lipoprotein separation within 1
day.

3 ml of plasma was adjusted to density (d = 0.019 g/ml) by addition of 3 ml of
the calculated stock salt solutions and transfer to 6 ml of quickcell tubes. They
were balanced and placed in rotor and put into the ultracentrifuge.

Centrifuge at 100, 000 rpm at 4 °C for 3 hour. Remove the rotor upon
completion of the run and remove each tube from rotor so as not disturb the
layers. Fractional lipoproteins in the top layer are separated from the bottom
by aspiration.

Remove the upper layer of chylomicron and VLDL (d < 1.019 g/ml) in top
3.0 ml by needles. The chylomocron and VLDL fraction were collected.

The lower layer of plasma was adjusted to density (d = 0.035 g/ml) by
addition of 3 ml of the calculated stock salt solutions and transfer to 6 ml of
new quickcell tubes. Centrifuge at 100, 000 rpm at 4 °C for 3 hour.

Remove the upper layer of LDL;-C (d = 1.019-1.035 g/ml) in top 3.0 ml by
needles. LDL;-C fraction was collected.

The lower layer of plasma was adjusted to density (d = 0.045 g/ml) by
addition of 3 ml of the calculated stock salt solutions and transfer to 6 ml of
new quickeell tubes. Centrifuge at 100, 000 rpm at 4 °C for 3 hour.

Remove the upper layer of LDL,-C (d = 1.035-1.045 g/ml) in top 3.0 ml by
needles. LDL,-C fraction was collected.

The lower layer of plasma was adjusted to density (d = 0.063 g/ml) by
addition of 3 ml of the calculated stock salt solutions and transfer to 6 ml of
new quickcell tubes. Centrifuge at 100, 000 rpm at 4 °C for 3 hour.

Remove the upper layer of LDL;-C (d = 1.045-1.063 g/ml) in top 3.0 ml by
needles. LDL;-C fraction was collected. The density of upper layer and lower
layer that LDL;-C and mixture of HDL fraction and lipoprotein-free plasma

was collected.
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3 ml Plasma

+ Stocked salt solution, adjusted to d =1.019
Centrifuge 100,000 rpm, 3 hr at 4 °C

" | |

Upper layer Lower layer
1.0063<d<1.019 d>1.019
Chylomycron + VLDL-C Adjusted to d =1.035

Centrifuge 100,000 rpm, 3 hr at 4 °C

Upper layer Lower layer
1.019<d<1.035 d>1.035
LDL;-C (large dense particle) Adjusted to d = 1.045

Centrifuge 100,000 rpm, 3 hr at 4 °C

v .

Upper layer Lower layer
1.035<d<1.045 d>1.045
LDL,-C (Medium dense particle) Adjusted to d =1.063

Centrifuge 100,000 rpm, 3 hr at 4 °C

v ;

Upper layer Lower layer
1.045<d<1.063 d>1.063
LDL;-C (Small dense particle) HDL-C + lipoprotein free plasma

Flow chart 1: Separation of LDL sub-fraction by sequential technique
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APPENDIX D4: Lipid compositions

Determination of LDL lipoprotein compositions

After separated by ultracentrifuge technique, the LDL sub-fractions (LDL;-C,
LDL,-C and LDL;-C) are determined TC and triglycerides by using the same
enzymatic colorimetric method, using commercially available kits (Boehringer
Mannheim, Mannheim, Germany), adequately modified in order to obtain a high
sensitivity (111, 114).
Determination of LDL fatty acid compositions

The LDL fractions were extracted by a modification of Folch and colleagues
method (118). The samples were dried under nitrogen and transmethylated by Ast
method (119) and Metcalfe and colleague method (120)

Reagents and Material:
1. Pentadecanoic acid (Std C15)
2. Methanol-hexane 4:1 [MetOH-Hex (4:1)]
3. Acetyl Cl
4. 6% K,COs
5
6

. Hexane
. Gas chromatography
Procedure:
1. 200 pl of LDL sub-fractions were added to Teflon lined screw-cap test tubes
containing 100 pl of Std C15, as the internal standard
2. Added 2 pl of MetOH-Hex (4:1) to the samples which were then mixed in
vortex vigorously.
3. Slowly added the amount of 200 pl of Acetyl Cl to the stirring tube over the
period of 1 min.
4. Blow N, and tightly closed Tubes with Teflon-lined caps and subjected to
methanolysis at 100 °C for 1 hr.
After tubes cooled to room temperature.
Slowly added 5 ml of 6% K,COs to stop reaction and neutralized the mixture.

The tubes were shaken and centrifuged at 2,000 rpm for 5 min

© =N W

Separated upper layer in cup and blow Nj.
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GC conditions

Oven temperature profile:

Period Rate (min) Temperature (min) Hold time (min)
Initial temperature - 150.0 2.00
Program rate 2.00 190.0 2.00

Final hold time 5.00 210.0 48.00

Dialysis technique

The LDL sub-fractions are removed Na;EDTA and salt solution that may affect
the oxidation process by PD-10 columns (Sephadex@G-ZS Medium and pre-packed
columns), a simpler and must faster technique.

Reagent and materials:

1. Sephadex G-25 Medium
2. Buffer, 10mM phosphate buffer saline (PBS), pH 7.4

Procedure:

PD 10 columns should be prepared during the time taken for
ultracentrifugation. One column per sample is prepared at 4 °C by washing with
25ml PBS prior to use.

1. Remove top cap and pour off the excess liquid.

2. Cut off the bottom tip.

3. Place column in the Desalting workmate supplied onto the plastic tray and
equilibrate with 25 ml PBS. Discard the eluent.

4. Each LDL sub- fraction (1 ml) was adjusted to 2.5 ml by PBS. Discard the
eluent.

5. Add 3.5 ml PBS to elute high molecular weight components and collect the
eluent.

LDL is placed on ice until ready to be oxidized after determination of protein

content.
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Determination of LDL protein content
Protein in LDL sub-fractions is determined by a modified method of Lowry, using

Biorad’DC (detergent compatible) protein assay (121).

Reagent and materials:

1. UV spectrometer
2. DC Protein assay Kit I composed of
- Protein Assay Reagent A, alkaline copper tratrate solution
- Protein assay Reagent B, Folin reagent
- Protein assay Reagent S, Surfactant solution
- Bovine serum albumin standard

3. Reagent A’ prepared from mixture of Reagent S and Reagent A.

Procedure:
1. Prepared 25 ul of Reagent A’ and 1 ml of LDL sub-fractions or Bovine serum
albumin standard in the quartz cuvette
2. 125 pl of Reagent A’ and 1 ml of Reagent B were added and placed at room
temperature for 15 min incubation.

3. They were monitored the absorbance at 750 nm by spectrophotometer.



Fac. of Grad. Studies, Mahidol Univ. Ph.D. (Nutrition) / 137

APPENDIX D5: Antioxidant activity

Determination of LDL oxidation by copper

LDL oxidation is determined by conjugated diene formation according to
Esterbauer H and colleague method (122). The oxidation of unsaturated fatty acid side
chain of LDL is measured by the formation of conjugated dienes which can absorb
ultraviolet light (UV) at 234 nm. Since Ox-LDL remains fully soluble in the buffer,
the increase of 234 nm dienes absorption can be directly measured in solution.

Reagents:
1. Buffer, 10mM phosphate buffer saline (PBS), pH 7.4

2. 5uM CuSO4

Procedure:

1. Removed Na,EDTA and salt solution LDL sub-fractions are adjusted to
100 pg protein/ml of LDL with PBS.

2. All of the reaction groups are carried out in 3 ml final volume.

3. The oxidation reaction is initiated by adding freshly prepared of 5 uM
CuSO4/LDL 100 pg protein/ml in mM PBS pH 7.4 at 37 °C.

4. To determined the formation of conjugated dienes every 10 minute-interval for
180 minute by monitoring absorbance at 234 nm.

The kinetic curves between absorbance (234 nm) and time (min) are plotted to
determine the maximal dienes formation and the rate of dienes formation as the
indexes of LDL oxidation.

Lag time is calculated as the intercept between the line of maximum slope of the

propagation phase and the baseline.
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