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ABSTRACT

Effect of Consuming Ground Beef of Differing Monounsaturated Fatty Acid Content on
Atherosclerotic Cardiovascular Disease Risk Factors in Healthy Men. (December 2008)
Xiaojuan Cao, B.M., Ningxia Medical College

Chair of Advisory Committee: Dr. Rosemary L. Walzem

Atherosclerotic cardiovascular disease (ASCVD) is currently the most common
cause of death in the United States. Some dietary factors contribute importantly to
ASCVD and other factors can reduce risk of ASCVD. Oleic acid is a monounsaturated
fatty acid (MUFA). Dietary patterns in which oleic acid contributes to a majority of
dietary fatty acids are associated with reduced ASCVD risk. These beneficial effects are
due to MUFA-induced lipoprotein profile changes such as decreases in low density
lipoprotein (LDL) and increases in high density lipoprotein (HDL). LDL oxidation plays
a central role in atherosclerosis development as it both initiates and propagates
atherosclerosis. HDL is anti-atherogenic as it can attenuate LDL oxidation. HDLs are a
class of diverse lipoprotein that varies in protein and enzymatic composition. The
paraoxonase (PON) family of enzymes, especially PONI1, is primarily expressed in the
liver; PON activity in the circulatory system is associated with HDL. Both PON and
HDL have been documented to be anti-atherogenic. Other factors such as homocysteine
and C-reactive protein (CRP) can also be considered risk factors for ASCVD. However,

studies of risk factors in healthy men who consume ground beef with a different content
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of MUFA are lacking; hence, no conclusive evidence has established whether
consuming a high amount of MUFA in the form of ground beef alters the development
of atherosclerosis.

The overall purpose of this study was to investigate whether the provision of
ground beef with a fractionally higher MUFA content could lower or improve several
ASCVD risk factors in men who consume ground beef. These risk factors include the
metabolic indices of glucose, insulin and homeostasis model assessment (HOMA),
inflammation risk factors of CRP and homocysteine and anti-risk factor of paraoxonase.
The concentration of homocysteine was determined spectrophotometrically following
separation by high pressure liquid chromatography (HPLC). Enzyme-linked
imminosorbent assay kits that measured the CRP and insulin concentration in plasma.
The significance of the results was determined by subjecting the data to ANOVA using
the general linear model for repeated measurement (P<0.05).

From this study, it can be concluded that MUFA has a beneficial effect of
lowering risks as determined by metabolic indices and lipoprotein profile. Moreover, our
study showed that different concentrations of MUFA in ground beef has no effect on
PONT activity, but that increased beef consumption generally reduces PON1 in
association with increases in homocysteine concentration while improving indicators of

glucose tolerance.
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CHAPTER I

INTRODUCTION

Cardiovascular disease (CVD) is the highest cause of mortality in the United
States, killing almost 17 million individuals each year (1). Atherosclerotic
cardiovascular disease (ASCVD) plays an important role in the development of CVD; it
has a much higher rating as a causal factor than other independent risk factors such as
cigarette use and hypertension (2). Currently, we know that ASCVD is a chronic disease
that is characterized by the formation of atheroma (plaque) as the mature lesion. Lesion
formation reflects progressive lipid accumulation in the large- and medium-sized arteries
and is the fundamental pathological process in this disease. Chronic inflammation
underlies ASCVD (2, 3). During chronic inflammation, the endothelial cells lining the
arteries become injured and respond by inappropriate cell-signaling that propagates
damage to the surrounding cell types and macromolecules, thereby leading to plaque
formation in the intima and media of the artery wall (4). For example, pathological
studies have revealed that oxidized low-density lipoprotein (ox-LDL) and inflammatory
mediators such as monocyte chemotactic protein (MCP-1) can be found in the injured
artery wall (2, 5). Further, studies showed that oxidative modification of LDL, either in
the circulation or in the artery wall, plays a critical role in the development of ASCVD

(6, 7). Thus, oxidative stress within artery, the formation of ox- LDL and their

This thesis follows the style of the American Journal of Clinical Nutrition.
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accumulated ions within the subendothelium alter endothelial function and impair flow-
mediated vasodilatation, an index of vascular wall compliance and health (2, 8).

Two potent lipoproteins, LDL and high-density lipoprotein (HDL) play
important albeit usually opposite, roles in the development of ASCVD. In this regard,
LDL can promote endothelial dysfunction, arterial injury and plaque formation (9, 10)
and is commonly known as “bad cholesterol.” In contrast, HDL is commonly known as
“good cholesterol,” as it mediates cholesterol efflux from the arterial wall and contains
antioxidant enzymes such as PON1. In general, both increasing LDL concentrations and
decreasing HDL concentrations increase the ASCVD risk (9, 10). Indeed, changes in
circulating concentrations of both types of lipoproteins are independent risk factors for
ASCVD. As an adverse risk factor, LDL-cholesterol (LDL-C) has been estimated to
increase ASCVD risk by 4% for each 1.0 mg/dL increase (9). In contrast, every 1.0
mg/dL decrease in HDL-cholesterol (HDL-C) increases ASCVD risk by 2% in men and
3% in women (10, 11). The National Cholesterol Education Program (NCEP) in the
Adult Treatment Panel III now lists low HDL-C concentration (Table 3) as an
independent risk factor for ASCVD (12). Moreover, a high circulating concentration
(>16 pM/L) of the amino acid homocysteine is also considered as a risk for ASCVD
(13-15). Homocysteine is an oxidative stressor able to cause endothelial cell dysfunction
and provoke chronic inflammation within arterial walls and, as a result, smooth muscle
cell proliferation (16-18). C-reactive protein (CRP) is an acute phase reactant, and a
concentration > 1.5 mg/dL indicates chronic inflammation within the vascular wall (19-

22), and CRP is a biomarker for increased ASCVD risk (23, 24). To assess the CRP



inflammation marker, the American Heart Association and the Centers for Disease
Control and Prevention (AHA/CDC ) panel defined the cut-off CRP value for ASCVD
risk as 1.0 mg/dL for “low risk,” 1.0-3.0 mg/dL for “average risk”” and >3.0 mg/dL for
“high risk” (25).

Central obesity is a characteristic associated with risk for metabolic syndrome,
i.e. diet-induced insulin resistance (normal glucose, high insulin) and altered lipoprotein
metabolism that increase the risk for ASCVD (14). Epidemiological studies suggest that
MUFA may stimulate B-cells in the pancreas to secrete insulin (26, 27).

Studies showed that oxidized LDL-C could be recovered from the artery wall
(28). The presence of oxidized lipids in LDL-ox particles—so called peroxide “seeding,”
—can initiate inflammation in the artery wall. This inflammatory process can be
inhibited by normal HDL (5, 29, 30). Hence, HDL possesses antioxidant activity and
serves an anti-inflammatory function. How HDL mediates these activities is not fully
understood. HDL is a heterogeneous class of lipoprotein particles. HDL can be classified
by particle size, density and apolipoprotein content. In general, HDL is a cholesteryl
ester (CE)-rich lipoprotein. A primary function of HDL is to carry out reverse
cholesterol transport from peripheral tissues to the liver for reuse or disposal in bile. This
process limits the inflammation in the vascular wall (29-31). Recent reviews illustrated
how the antiatherogenic function of HDL is related to its apolipoprotein composition and
intrinsic enzyme activity (31, 32). HDL particles contain as many as 48 proteins that can
be grouped according to functions such as “lipid metabolism” and “acute phase

response” (32). Variation in the apolipoprotein content can cause a variety of effects



depending on the HDL subclasses. Different subclasses of HDL participate differentially
in ASCVD mitigation and progression.

One scheme classifies HDL subclasses by particle size (diameter), density and
apolipoprotein composition (33-35). Based on this scheme, small (5.5 to 9.5 nm) HDL
that are more dense (1.125 g/mL <d < 1.21 g/mL) are called HDL;. If the particles are
larger (9.5 to 12.0 nm) and less dense (1.063g/mL <d < 1.125 g/mL), they are termed
HDL,; (33). Some studies concluded that HDL; are more responsible for HDL’s anti-
atherogenic function (31, 32). The amount of HDL, and HDL; or the ratio of these two
HDL subclasses is considered as a diagnostic test for ASCVD risk (36).

That dietary fat influences plasma lipoprotein profiles and that certain profiles
are linked to risk of ASCVD is well known. Saturated fatty acids (SFA), especially
palmitic acid (16:0) and myristic acid (14:0), elevate total and LDL-C, whereas the SFA
stearic acid (18:0) had no effect on LDL-C concentrations (37). The MUFA oleic acid
(18:1) reduces total and LDL-C concentrations (38). Therefore, substitution of MUFA
for SFA is expected to produce lower cholesterol concentrations (39). However, HDL-C
concentration reduction by dietary factors can adversely affect ASCVD risk. High
carbohydrate and low fat intake increases the concentration of triacylglycerol (TG),
whereas it decreases that of HDL-C in blood (40-42). This pattern of dyslipidemia is
found in individuals with insulin resistance (metabolic syndrome X) (43). Compared to
carbohydrate, oleic acid has the effect of lowering TG and increasing HDL-C (44). The
ratio of total cholesterol (TC) to HDL-C is considered by many to be a better index of

ASCVD risk than LDL-C or HDL-C because it considers relative changes in HDL-C in



its risk assessment (45). Stearic acid, which has a neutral or modest LDL-C lowering
effect, has a modest HDL-C elevating effect, and as a result, stearic acid reduces total-
C:HDL-C (46). Beef fat consists mostly of the SFA stearic acid and palmitate (25-30%)
and MUFA (47). Oleic acid-enriched beef consumed by mildly hypercholesterolemic
men significantly increased the concentration of the primary HDL apolipoprotein, apoAl
(48).

In humans, the effects of a protein-rich diet for the development of
atherosclerosis have not been clearly demonstrated. Soybean protein had a beneficial
hypocholesterolemic effect as shown by a decreased serum concentration of LDL and an
increased concentration of HDL (49). Casein is a protein that is found in milk that has a
similar effect on plasma lipids as soybean protein (50). However, animal protein
consumption increases TG compared with plant protein consumption, and thus increases
ASCVD risk (51, 52). The amount of protein intake influences blood cholesterol. Infants
with severe protein malnutrition show significant weight loss associated with a decrease
in serum fatty acid (53). Chronic renal failure patient without a protein restrict diet
exhibited a hypertriglyceridemia and an increase risk for development of atherosclerosis
(54). Methionine is a sulfur amino acid, which have been demonstrated has atherogenic
effects (55, 56). A good diet source of methionine is animal protein, thus, these

investigations suggest that a higher intake animal protein could increase ASCVD risk.



CHAPTER II

LITERATURE REVIEW

Numerous risk factors contribute to the development of atherosclerosis and CVD.
LDL oxidation plays a central role in the initiation and progression of atherosclerosis. In
order to study the effect of consuming ground beef with different MUFA content on risk
factors of ASCVD in healthy men, it is important to understand what atherosclerosis is,
how it happens and what process components risk factors estimate within the disease
process. This literature review gives a brief description of the development of
atherosclerosis and the basis for the putative roles of several risk factors in the
development of atherosclerosis.
The development of atherosclerosis

The development of atherosclerosis is a slow and continuous process that is
associated with the accumulation of lipids and fibrous elements to form plaque in the
large arteries causing them to narrow. Impaired blood flow through narrowed arteries
reduces the oxygen-rich blood supply to the body, especially the heart and brain.
Atherosclerosis is the main contributor to CVD, which leads to heart attacks, strokes or
even death in western countries. Previous evidence revealed that chronic inflammation
and immune response contribute to ASCVD development (3, 57). The mechanism of
atherosclerosis is complex. The pathological development of atherosclerosis (Figure 1)
has been revealed as a series of protective responses to injuries of endothelial cells in the

artery wall (5). Oxidatively modified lipids formed in LDL (Ox-LDL) while present in



the intima initiate atherosclerosis by damaging endothelial cells that signal inflammatory
cells (monocyte and/or macrophage) migration through cell-derived adhesion and
chemotactic factors. Conversion of monocytes into macrophages that subsequently
engulf Ox-LDL and so become lipid-laden foam cell that constitutes a key element of
the fatty steak. Endothelial cells response to Ox-LDL injury that stimulates
inflammatory cells also stimulates smooth muscle cell migration and differentiation,
which contribute to the fatty steak more maturation. This sequence of events can be
verified by in vivo and in vitro experiments (4, 21). The lipid core of fatty steak is
surrounded by a thin fibrous cap that contains reduced collagen, smooth muscle cells and
macrophages that make the complex plaque vulnerable to erosion or rupture causing a
series of events (58). Necropsy studies demonstrated that 60-80% of ASCVD deaths
occurs as a result of fibrous-cap rupture (59). With time, the fibrous fatty plaque elevates
the artery wall and intrudes into the arterial lumen reducing its diameter and affecting
blood flow, oxygen and nutrient transport. During this inflammation process, non-
laminar shear flow and ox-LDL reduced the production of nitric oxide (NO)—a
chemical with vasodilatation function—from endothelium cell, the result of reduced NO
also was shown to have atherogenic activity (60). Foam cell death forms a necrotic core
of lesion, while smooth muscle cell proliferation and differentiation causes the
development of the fibrous fatty streak plaque in artery wall (58). Epidemiological
studies have identified numerous risk factors associated with this injury and response;
these risk factors can be group into genetic factors (high LDL, low HDL, high blood

pressure, high level homocysteine, high CRP) and environmental factors (high-fat diet,



smoking and lack of exercise), and these risk factor can combine to modulate
inflammation process (2).
Lipoprotein

Lipoproteins have been related to disease such as atherosclerosis over the last
several decades. Lipoproteins are macromolecules that contains both lipids and proteins
at variable ratios, densities and sizes (61). The common nonpolar components of
lipoprotein are cholesterol ester (CE) and TG. Because the CE and TG are hydrophobic,
they need to be transported within the amphipathic structures of lipoprotein to make
them miscible with the aqueous fluid components of blood plasma (62, 63). Their major
role in the body is transport of lipid and lipophilic nutrients in the body. Apolipoproteins
are also associated with lipoprotein, and serve both structural and regulatory functions
within the particles. There are at least nine types of apolipoproteins. Five major classes
of lipoproteins are commonly discussed, with individual classed based on particle
density, component content and diameter (large to small): (Table 1) chylomicron (CM),
very low density lipoprotein (VLDL), intermediate density lipoprotein (IDL), LDL and
HDL (62).

Cholesterol is involved in three pathways in body (Figure 2). These are the
exogenous pathway (CM transfer cholesterol from intestine to liver), the endogenous
pathway (VLDL and LDL transfer cholesterol from liver to the body) (62, 63) and
reverse cholesterol transport (HDL transfer excess cholesterol from body back to the
liver for disposal). Dietary cholesterol and fat are assembled into CM within the

enterocytes and transported through the lymph prior to release into the general



circulation (63). CM are TG-rich, large and the least dense of the lipoproteins that
functions to transport dietary lipids to peripheral tissues and ultimately liver. In liver,
cholesterol and TG are assembled into VLDL and serve to transport lipid nutrients to
muscle and adipose tissue. Their five different major apolipoprotein (ApoBigo, ApoCl,
ApoCIl, ApoCIII and ApoE) (64). After VLDL transport TG and other lipids to muscle
and adipose, they lose part of apolipoprotein and become denser LDL (62). LDL
contains a high percentage cholesterol and CE with apolipoprotein (ApoBjgo, ApoE,
ApoC). ApoBjg can bind to LDL receptor—which is located on cell surface—to allow
LDL carry cholesterol in the blood stream (65). Once apolipoprotein binds to the LDL
receptor, LDL enters into the cell and then is endocytosed, apolipoprotein is degrade to
its amino acid, and CE is converted to cholesterol, these components can then be used by
the cell (62, 65, 66). HDL contains 50% protein; therefore, it has a much higher density
than other lipoproteins; it functions to transport excess cholesterol from tissue and
returning it to liver.
Apolipoprotein

Apolipoproteins are associated with lipoproteins and act as structural elements,
receptor ligands, enzymatic and transfer protein activities that mediate lipoprotein
metabolism. There are at least nine types of apolipoprotein. ApoBus is a short form of
ApoBigo. In humans, ApoBag can be found in chylomicron; it can not bind to its receptor
without another apolipoprotein. In contrast, ApoBq is the long form of ApoB and, is

not only found in VLDL, but is also found in IDL and LDL which are the end products
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of VLDL metabolism.
LDL and LDL oxidation

LDL is a major transporter of cholesterol to peripheral tissue through the
circulatory system. Hence, an elevated concentration of LDL causes its entry rate
through the endothelium cell junction into the intima to increase, leading to endothelial
dysfunction. This dysfunction alters vascular vasomotion tone, which contributes to
ASCVD with increasing age and elevated LDL cholesterol concentration (67, 68). Some
evidence indicates that oxidatively modified LDL in the artery wall is likely to have a
key role in the development of atherosclerosis (69). All lipoproteins are susceptible to
oxidation because of their fatty acid composition; however, LDL is most susceptible to
lipid oxidation (70). The structural and biological properties of LDL are altered by the
oxidation reaction (71, 72). LDL is CE-rich, of variable particle size, and consists of
apolipoprotein of ApoBg and a smaller amount of ApoCIII and ApoE. ApoB is a
receptor for LDL binding in the pathway of metabolism (62). Some research indicates
that small, dense LDL are associated with atherosclerosis vascular disease (73).

Phospholipids are a major lipid of LDL. Oxidized phospholipids can be
atherogenic and are formed when LDL undergoes oxidation. LDL lipid peroxide content
is an indicator of the balance of pro- and anti-oxidative balance in the body, including
the ability of HDL to exert sufficient antioxidation activity to protect LDL from
oxidation in vivo. The conjugated dienes formed during the oxidative reaction can be
used to measure the LDL lipid peroxide content (74). Conjugated dienes are measured

spectrophotometrically, with the oxidative stability of LDL described by lag time to
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initial conjugated diene formation, and propagation rate of that free radical reaction per
hour under standardized assay conditions (6, 75, 76). In biochemical terms, LDL
oxidation is a free radical-driven chain reaction where polyunsaturated fatty acids are
converted to lipid peroxides that easily decompose to many products, including
biologically active aldehydes. The in vitro assay of LDL oxidation detects a product of
LDL oxidation, conjugated diene (CD), at 234nm and the time to a measurable increase
in CD (lag time) and the rate of CD accumulation (propagation rate) gives an indication
of LDL susceptibility to oxidation.
Insulin resistance

As known for several decades (Himsworth, 1936), insulin resistance is associated
with the increasing risk of ASCVD (77). Insulin resistance, is a key component of what
has been come to be known as metabolic syndrome X. Metabolic syndrome X consists
of a characteristic constellation of risk factors for heart disease that include
hyperglycemia (high triglyceride > 150 mg/dL), low HDL-C (< 40 mg/dL for man and
50 mg/dL for woman), insulin resistance (high fasting blood glucose > 110 mg/dL),
central obesity and hypertension (130/85 mmHg or higher) (14, 78, 79), NCEP defined
metabolism syndrome as presence any three of these five risk factors. Insulin resistance
can be affected by both genetic and environmental factors. environmental factors are
modifiable and include physical activity, dietary intake, and most especially
carbohydrate and fat content and composition (14). Epidemiological studies indicate that
dietary MUFA stimulate B-cell insulin secrete (26, 27), suggesting that increased

MUFA intake can delay the onset of frank diabetes in insulin resistant individuals.
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Homocysteine

Hyperhomocysteinemia is characterized by a high plasma concentration of
homocysteine and is an independent risk factor for ASCVD including cerebral and
peripheral vascular disease. Early evidence of the pathological development of
atherosclerosis in hyperhomocysteinemia was demonstrated in 1969 in three children
with a genetic defect in homocysteine metabolism (56). Many epidemiological studies in
populations lacking genetic defects in homocysteine metabolism demonstrated that
elevated blood concentrations of homocysteine have a relationship with the development
of atherosclerosis. The mechanism by which homocysteine induces the development of
atherosclerosis is not fully understood. The probable mechanism involves homocysteine-
induced endothelial cell dysfunction and promotion of blood clotting. Cell culture
studies indicate that homocysteine, a sulfur-containing amino acid, has a role in
endothelial injury and stimulates smooth muscle cell proliferation (16-18). A high
homocysteine concentration was suggested to cause endothelial injury as a consequence
of hydrogen peroxide generation (80). Further study indicated that normal endothelial
cells function to modulate the adverse effects of homocysteine by releasing NO and
forming S-No-homocysteine (81, 82). Thus, homocysteine’s adverse effect in vascular
tissue may cause the production of NO, leading in turn to dysfunction endothelial cells
due to the formation of the S-NO-homocysteine.

Homocysteine is an endogenous amino acid that can be converted by dietary
methionine to cysteine or produced in body via remethylation and transsulfuration

pathway (83) (Figure 3). Thus, elevated homocysteine concentrations result from the



13

effects of many factors, including diseases such as chronic renal failure, cancer and
genetic defects in relevant enzymes, physiological factors such as age and sex and
environmental factors such as smoking, coffee consumption and dietary adequacy of
folic acid, vitaminBg and By, (84, 85). Thus, dietary and lifestyle factors can modify the
concentration of homocysteine in plasma.

C - reactive protein

CRP is an acute phase reactant as its concentration rises during inflammatory
episodes that occur in the body (21). Measuring and charting CRP values can prove
useful in determining disease progress or the effectiveness of treatments (23, 24). CRP is
therefore a marker of inflammation. It was recently discovered that CRP also plays a role
in heart disease (19, 20). Research suggests that an elevated basal concentration of CRP
is closely related to risk of hypertension and cardiovascular disease (21); therefore,
measurement of CRP may be a good way to determine the risk of ASCVD.

The amount of CRP produced by the body varies in each individual, and its
concentration can be increased by factors such as smoking and high blood pressure,
whereas weight loss and exercise are associated with reductions in CRP concentrations
(24, 86). An epidemiological study indicated that CRP can be used as an independent
risk index for ASCVD and also for the possible future development of ASCVD (24).
CRP can be used as an inflammation marker to test ASCVD risk, even in healthy people,
because it is a stable molecule. Clinical evidence indicates that the concentration of

CRP is more stable for over a five-year period than other risk factors (87-89).
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HDL

Epidemiologic and clinical studies have identified a multitude of risk factors for
ASCVD, and low HDL concentrations have emerged as the strongest predictors for the
disease (2, 90, 91). Acceleration of ASCVD development in individuals with low plasma
HDL concentrations is the result of its biological role in circulation (92). The well
known anti-atherogenic property of HDL is a result of its role as a lipid transporter in the
reverse cholesterol transport pathway—HDL transports excess cholesterol from
peripheral tissues to the liver, and its associated enzymatic and transfer protein activities,
including the enzyme paraoxonase, that are able to destroy oxidized lipids (93, 94). In
addition, HDL is believed to protect against atherosclerosis by inhibiting the oxidative
modification of LDL (29, 30, 93). The induction of adhesion molecules and monocyte
chemoattractants that facilitate the formation of foam cells was shown to both protect
LDL against oxidation and to attenuate the biological activity of oxidized LDL (95).
HDL has the ability to retard LDL oxidation in vitro as was confirmed in HDL gene
knockout mice (96). However the mechanism by which HDL protects against
atherosclerosis is not fully known. HDL is a diverse particle class in which individual
HDL particles contain varying amounts of apolipoproteins and enzymes (97). The
antioxidant and anti-atherogenic properties of HDL have been attributed to the various
proteins associated with HDL (93, 95). The protective effect of HDL against the
development of ASCVD appears to be complex. Most research has focused on

identifying and characterizing the enzymes and proteins responsible for HDL’s anti-
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atherogenic propensities. PON1 is one such enzyme that is believed to contribute to the
protective effects of HDL (98).
Paraoxonase

Paraoxonase is a family of enzymes, and PON1 is primarily expressed in liver
and found in the circulatory system where its association with HDL-C and ApoA, has
been documented to be related to its anti-atherogenic ability (99-101) through its ability
to protect of lipoproteins and arterial cells against oxidation (102) (Figure 4). In vivo
studies of PON1 knockout mice and transgenic mice suggest that this protective effect
may contribute to PON1’s ability to attenuate the oxidative modification of lipoprotein
(96, 103, 104). Moreover, low PON1 activity is found in diseases known to provoke
oxidative stress disease such as systemic lupus erythematosus, chronic liver diseases,
renal dysfunction and diabetes (99, 105-108). Clinical evidence confirmed PON1’s
protective effect by showing that low serum PON1 enzyme can occur in subjects with
ASCVD and immunostaining for PON1 confirmed that PON1 has the anti-atherogenetic
activity (109, 110). The statistics study of the relationship between PON1 activity in
ASCVD and non-ASCVD patient is a remarkable (111). The mechanism of PON1
retardation of atherosclerosis development is unclear, although previous study has
documented that the mechanism of PON action by hydrolysis of LDL-associated
phospholipids and CE hydroperoxide contributes to the development of atherosclerosis
(112).

PONT1 concentrations can be altered by environmental or lifestyle factors. Diet

fatty acid composition alters serum PON1 activity (113). For example, used cooking oil
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or trans fat lowers serum PON1 activity, and oleic acid can elevate serum PONT1 (114-
116). Moreover, fat alteration of PON1 activity was verified in mice model by showing
that is a high-fat diet reduced PON activity and the anti-atherogenic effect compared to a
low-fat diet (117, 118). However, studies of PONI1 activity in healthy men consuming
ground beef rich in oleic acid are lacking.
Dietary composition and lipid profile

Of the environmental risk factors that contribute to ASCVD, dietary factors can
be controlled. Previous studies (42, 119-122) have shown that the composition and
amount of dietary carbohydrates, fatty acids, proteins, amino acids, and minerals (iron)
and vitamin affect the blood lipoprotein profile in humans and experimental animals.
The effects of changes in dietary fatty acid (SFA and MUFA) composition and non-fat
nutrient (protein, methionine and B-vitamins) on serum lipid profile changes is discussed
in the following sections.
Saturated fatty acid

Epidemiologic studies indicated that a high intake of SFA is associated with a
high risk of ASCVD (123). The mechanism by which an increase in SFA intake may
provoke atherosclerotic progression, included elevations in the concentration of total and
LDL-C (124, 125). Palmitic acid (16:0) and myristic acid (14:0) were more atherogenic
and increased total cholesterol and LDL-C, whereas the SFA stearic acid (18:0) had no
effect on LDL-C concentrations (37). The increase in LDL concentration by high SFA
intake is caused by retardation of the activity of LDL receptor in liver (126), delaying

particle clearance and increasing the oxidative susceptibility of the lipoproteins (6).
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Furthermore, a high intake SFA may stimulate atherosclerosis by adhesion molecules.
Importantly, individual SFA have different effects on the HDL-C. For example, lauric
acid (12:0) decreases total-C: HDL-C, whereas myristic acid and palmitic acid increase
its value (37).
Monounsaturated fatty acid

MUPFA have the beneficial effect on lowering atherogenic risk (127). A diet with
high MUFA content decreases total cholesterol by 10% and LDL-C by 14% compared to
the “step II” diet containing a low, 25% dietary energy (DEI), fat diet designed to
provide 7% DEI as SFAs, 12% DEI of MUFAs) (128). Furthermore, replacing a SFA
diet with a high MUFA diet has a positive dose-dependent effect on lowing plasma
cholesterol especially LDL-C concentration without changing the HDL-C concentration
(129). Many studies have investigated mechanisms of MUFA’s proposed mechanisms
for anti-atherogenic effects. These studies indicated that a high MUFA diet decreases
ASCVD risk by attenuating LDL oxidation which has an atherogenic effect (130).
Oxidation of LDL promotes atherogenesis in several ways: 1) it stimulates adhesion and
chemotactic factors that cause the accumulation of inflammatory molecules (131), 2) it
stimulates platelet activating factor accumulation thus promoting a thrombogenic effect
(132) and 3) it stimulates the macrophage scavenger receptor that increases foam cell
formation (71).
Protein

Epidemiological study has revealed that dietary protein intake may correlate with

atherosclerosis. The effect of dietary protein on the development of atherosclerosis is
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dependent on its source. Soy protein and lean fish were shown to have a beneficial
association, lowering risk of atherosclerosis (133, 134) as a result of protective changes
the lipoprotein profile (135). In contrast, casein appeared to elevate ASCVD risk.
Animals protein have more positive effect for raising ASCVD risk compared to soybean
protein (135, 136). Although animal protein increased affected atherosclerosis by several
studies, there was no association between dietary protein and heart disease in other
studies (137). Also, a study demonstrated that the relationship between nutrients of
carbohydrate, fat and cholesterol was more important than the amount or nature of
protein (138). A recent review indicated that there are still many areas of diet and heart
disease that need to be addressed (119).
Methionine and vitamin B

The effect of methionine on the development of atherosclerosis is well illustrated
(55, 56). Methionine increases plasma lipid concentrations, which may contribute to
endothelial cell injury or dysfunction as confirmed in a rabbit study in which increases in
dietary methionine and cholesterol led to myocardial fibrosis (139). Methionine is
enriched in animal protein and is the only dietary source of homocysteine, which is
partly responsible for atherogenic effects. Methionine metabolism in the body involves
several B vitamins. Previous studies indicated that deficiencies of vitamins Be, B> and
folate are associated with risk of atherosclerosis by increasing plasma homocysteine
(140, 141). Although other studies showed little evidence for this relationship (142,
143). Vitamin Be, B, and folate acid are essential cofactors for homocysteine

metabolism via the remethylation or transsulfuration pathway (144). Folate can decrease



the hyperhomocysteinemia that causes endothelial cell dysfunction by induction of
adhesion molecules (145, 146). In dietary intervention studies, elevated plasma
homocysteine concentration was lowered by a daily supplement of 1 mg of folic acid

and 5-100 mg vitamin Bg (147).
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CHAPTER III

MATERIAL AND METHOD

Subjects

28 healthy men (Texas A&M University faculty and staff) were recruited for this
study. Originally, 30 men were recruited but 2 men were excluded for personal and
health reasons. Subjects were eligible to participate if they had a fasting serum
cholesterol concentration < 260 mg/dL; were between the ages of 30 and 60 yr, had no
restriction of diet and no current medication, and had no history of ASCVD, diabetes,
liver disease, kidney disease or cancer. All subjects were given a blood test to exclude
diseases indicated. These blood tests included plasma lipid profile (total cholesterol,
LDL-C, HDL-C and triglycerides), glucose, liver function test (aspartate
aminotransferase, alanine aminotransferase, alkaline phosphatase, bilirubin, albumin)
and kidney function test (blood urea nitrogen, protein, major minerals). All subjects were
required to be nonsmokers. Subjects provided written informed consent and were
instructed to maintain regular activities and body weight (initial bodyweight were 91.3 +
2.2kg). All 28 subjects finished three dietary phases in a crossover design. This study
sample size was determined by statistics power calculations based on LDL-C and CRP
and LDL diameter results as reported by Smith et al (48). The power calculation
indicated that based on serum cholesterol concentration, at least 21 subjects would need

to complete the treatment period (power = 0.79 at a = 0.05).
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Overall experiment design

The overall experimental design was a randomized complete block (RCB),
crossover and repeated measured (Figure 5), single-blinded design. Briefly, the initial 30
healthy men were randomly and evenly divided into two groups (block). Then three
ground beefs (treatment) of low MUFA, mid MUFA and high MUFA content were
randomly assigned within each group for 5-wk durations, followed by crossover to a
different diet after consuming the habitual diets for a 3-wk washout period following
each of the three treatments. For each subject, the habitual diet (baseline) was used as
control for comparison with the treatment diet (final). Finally, two subjects (subjects 3
and 23) were excluded for as personal and health reason to give a final number of 28
subjects. As these two subjects were from two separate groups, the study still met the
RCB design.

The total duration of this experimental design was 24-week (Figure 6). Each test
ground beef was consumed for 5 weeks, followed by a 3 week habitual diet washout
period prior to crossover to the next test ground beef diet phase. Prior to each diet phase,
and once during each phase, participants completed a four-day record that included one
weekend day of their habitual diets. All blood samples were taken before and after
consumption of each test ground beef diet.

Each subject involved in this study was blinded to diet assignments. Body weight
and diet were recorded at baseline and final. DEXA Body fat was determined at pre-
study (28.2%) and post-study (27.8%). Energy change was calculated during the course

of treatment to provide more information of the effect of diet as a factor in measured
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variable. All subjects were instructed to maintain their regular activity and to restrict
exercise and physical activities and to avoid making any special efforts toward changing
their weight. Prior to each diet phase, and once during each phase, participants
completed a 4-day record that included one weekend day of their customary or habitual
diets (Table 2). The dietary record provided additional information about energy source
and was analyzed by a registered dietitian to determine the quantity of calories being
consumed from protein, carbohydrates and fat, and amount of other components in the
diet, including cholesterol, vitamins, and mineral. The fatty acid compositions of diet
and plasma at each control and treatment phase were determined. Two kinds of contact
method were used in this study, E-mail and telephone, to encourage participation to
complete this study.

Diet

In each dietary phase, the participants consumed five 114 g (40z) ground beef
patties with a final fat content of 24% by weight. Test ground beefs differed in their ratio
of MUFA: SFA. The “low MUFA” test ground beef MUFA: SFA was 0.71, of the “mid
MUFA” test ground beef MUFA: SFA was 0.83 and the “high MUFA” test ground beef
MUFA: SFA was 1.10.

The experimental diet was provided by Texas A&M Rosenthal Meat Science &
Technology Center from carcasses of Angus cattle fed either a corn- or a hay-based diet.
The tested ground beef lean and fat trim were mixed to make the MUFA: SFA ratio of
0.71 (lean and fat trim from 20 mo of age, hay-fed steers,), 0.83 (lean from hay-fed

steers, fat from 500-kg corn-fed steers) and 1.10 (lean and fat trim from a 24 mo of age,
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600-kg corn-fed steers). The tested ground beef patties were prepared with appropriate
ratios of MUFA: SFA and stored frozen. A single patty in a single meal was considered
as replacement of regular meat. On the day of initial blood sampling during each phase,
participants received an unlabeled box containing all of the patties for each phase. The
participants cooked patties themselves. The diet fatty acid composition of the
participants habitual diet was determined by calculation from daily record and tested
ground beef in this study is shown in Table 2.
Blood draw and storage

All blood samples were collected from the brachial vein at each phase. Plasma
was harvested from blood collected into Vacutainer® tubes containing EDTA to prevent
blood clotting and held on ice prior to centrifugation within two hours. Serum was
harvested from blood collected into Vacutainer® tubes with clot-activating inserts.
Blood was allowed to clot at room temperature for 1h prior to placement on ice until
centrifuged within 3 h of collection. Both plasma and serum were separated from the
cellular elements of blood by centrifugation at 2,000 x g for 15 min at 4 °C. Resulting
plasma or serum supernatants fractions were transferred to a clean, labeled storage vial
and held at —80°C prior to use. Prior to initiation of the test period, and at end of each
treatment phase, blood was drawn from participants on two non-consecutive days.
Laboratory assay method

Plasma total lipoproteins were isolated as the d < 1.2 g/mL fraction of plasma.
The plasma total cholesterol was used with value for relative cholesterol distribution to

calculated VLDL, LDL and HDL-C. The quantitative assay of homocysteine, CRP,
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glucose, insulin and paraoxonase was determined using serum. Homocysteine was
assayed by using HPLC, insulin and CRP by ELISA kit and glucose assay by an
enzymatic assay kit (Sigma Chemical Co., St. Louis, MO). Paraoxonase assay was
assayed by spectrophotometry. Paraoxonase was assayed in serum, not plasma because
paraoxonase requires Ca>" for activity and to stabilize the enzyme, Because EDTA
inhibits blood clotting by Ca*" chelation, EDTA-plasma samples can inhibit its activity
(148).
Glucose assay

Glucose was measured using an enzymatic assay kit (Sigma Chemical Co., St.
Louis, MO).
Insulin assay

Serum insulin was assayed using a commercially available ELISA kit according
to the manufacturer’s instructions (Millipore, Cat. # EZHI-14K). This method was based
on the sandwich ELISA principle (Figure 9). The amount of each serum sample was
measured in duplicate and quantified by measurement of absorbance at 450 nm using
spectrophotometer. The insulin concentration was calculated using a standard curve that
was prepared in the same assay using manufacturer supplied insulin standards.
HOMA calculation method

The homeostasis model assessment (HOMA) method evaluates both insulin
resistance and the likelihood of pancreas dysfunction (insulin secretion) to determine
glucose regulation in an individual (149). These values were used to test the effect of the

consumption of different test ground beefs on insulin resistance and insulin secretion.
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Insulin resistance index (IRI) = (FI (U/ml) x FG (mmol/L)/22.5

B-cell function index (B-CFI) = (20x FI (wU/ml))/ (FG (mmol/L)-3.5)

Where: fasting insulin is FI and fasting glucose is FG
Homocysteine assay
Chromatography conditions

All HPLC solvents filtered through a 5-um pore size filter (Sigma-Alcorich,
58230-U Col: 86651-05 SUPELCOSIL™ LC-18 HPLC Column) and sparged with
helium before use. To prepare solvent A, 5.443 g sodium acetate trihydrate (NaAc-3
H,0) and 0.8 g triethanolamine was dissolved in 2 L HPLC H,O. This solution was
adjusted to pH 7.2 .01 at room temperature with acetic acid or sodium hydroxide. Then
8 ml tetrahydrofuran was added with mixing. Solvent B was prepared by mixing 200 mL
of 100 mM NaAc-3 H,O with 2L HPLC H,O. The pH was adjusted to 7.2 + .01 at room
temperature, and 400 mL methanol and 400mL methyl cyanide (CH3CN). Solvent C
was H,O: methanol (1:1). Due to the “lag” in the gradient system, the washout procedure
required that the gradient be commenced for 2 h with solvent C at flow rate 0.8 mL/min.
Re-equilibration required use of a gradient for 30 min with solvent of A and B
(86%:14%) at flow rate 0.8 mL/min. Temperature were set at 4° C and excitation and
emission were set at 340 nm and 450 nm, respectively.
Procedure

The concentration of homocysteine was measured by fluorescence detection
using o-phthalaldehyde and 2-mercaptoethanol (OPA/B-ME) derivatives of analytes,

following separation using HPLC (150). All analyte standards and samples were
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derivatized prior to analysis. The sample preparation procedure was based on a
published method (151, 152) with modification. A reduction step was used to convert the
bound homocysteine form to free thiol form, which was maintained in the reduced state
by 100 pL of 1% B-ME in 0.04 M sodium borate solution, pH 9.5, at 37°C for 30 min.
The remaining protein was then precipitated using 100uL of 1.5 M HCIOy as the
precipitating reagent and 50 uL of 2 M K,COj as the neutralizing agent. Before
derivatization with OPA/B-ME solution, 200 uL of mixture comprised of 25mg OPA,
625 pL methanol, 6.25 mL, 0.04 M pH 9.5 sodium borate solution, 25uL. B-ME, 200uL
brij® 35 solution 30%, and 50 uL of an iodoacetic acid solution were used to bind at the
thiol moiety of homocysteine to the fluorophore for fluorescence detection. The
iodoacetic acid solution consisted of 52 mg iodoacetate in 5 mL 0.04 M, pH 9.5, sodium
borate solution. Homocysteine concentration in the samples was identified by the
retention time as compared to elution time of authentic homocysteine standards (Figure
7). Homocysteine concentration was quantified using an external standard by comparing
sample peak areas with areas of diluted standards of known concentration (Figure 8).
C - reactive protein assay

The CRP concentration was measured by immunonephelometry within the
clinical laboratory at Scott and White Hospital, Temple, Texas. The method used serum,
and employed particle-enhanced immumonephelometry (Dade Behring) (153) to test
antigen-antibody complex formed by human serum CRP and monoclonal anti-CRP

antibody. In this assay system, the concentration of CRP is proportional to the intensity
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of the scattered light. Therefore, the CRP concentration was determined by comparison
with dilutions of a standard of known concentration.
Serum paraoxonase activity assay

The activity of PON1 was assayed by using freshly prepared phenylacetate
(Sigma, St. Louis Mo) as substrate (154) and determined by spectrophotometric assay.
Materials were held on ice until assayed at 25 °C in a 20 mM Tris-HCI buffer, pH 8,
containing 1 mM CaCl, and 1 mM phenylacetate. Enzymatic activities were calculated
based on the conversion of phenylacetate into phenyl in diluted serum as measured
kinetically by the increase velocities from initial velocities at 270 nm. The enzyme
activity was calculated by subtracting the increase in absorbance observed in a
separately incubated blank in order to control for phenylacetate self hydrolysis. The
slope of the linear portion of kinetic curve was normalized to total protein in the sample
(Figure 10). An extinction coefficient for the reaction was 1310 M'em™. One unit of
PONT activity was equal to 1umol of phenylacetate hydrolysis/mL/min.
Statistical analysis

Data were analyzed using SPSS 14.0 software for Windows. Analyzed data were
expressed as mean = SD of appropriate unit notations unless otherwise noted. The
effects of consumption of the different test ground beefs meals was estimated by
ANOVA using a general linear model (GLM) for repeated measures (P <0.05) with test
ground beef and study phase as classifying variables. The treatment block effect and

phase effect were estimated by ANOVA using GLM for univariate (P < 0.05). The



model was simplified if study block and phase was found to be non-significant. A

boxplot among each three diet treatments was used in analysis.
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CHAPTER IV

RESULTS

Twenty-eight of the thirty recruited subjects successfully completed this study.
Two subjects (3 and 23) were excluded for personal and health reasons. The average age
of all subjects was 35.6 £ 11.2 (mean + SD); the pre-study body weight (91.3 £ 2.2 kg)
and post-study body weight (90.7 kg) were not different. Similarly, pre-study DEXA
body fat (28.2%) and post-study DEXA body fat (27.8%) were not different. Serum
concentrations of TC, LDL-C and HDL- C were determined by another student as a
component of their thesis and are presented in Table 4. Overall mean baseline values for
measured parameters were calculated using data from all three phases of the study. As
shown in reference normal range (Table 3), all baseline mean values (Table 5) and final
mean value fell within normal ranges. All final mean values of each measured parameter
(Table 6) were similar to three test ground beefs as well as being similar to baseline
values.

Plasma glucose concentration, serum insulin, IRI and B-CFI, homocysteine, CRP
and PON1 were analyzed for all subjects at the end of washout and diet treatment
periods (Table 5 and 6) as mean value. Median values are not affected by outliers and
are a better indication of central tendency. From median on all diet treatments, glucose,
insulin, IRI, B-CFI and PON1 were decreased (Table 7, Figure 11-15, 17), whereas
homocysteine concentration increased (Table 7, Figurel6) by the test ground beefs. CRP

concentration was increased when subjects consumed the low- and high-MUFA test
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ground beefs and decreased when subjects consumed the mid-MUFA test ground beef
(Table 7, Figure 15).

This study design was a RCB design. The block effect in each measurement was
tested. The average age for group 1 (block 1) and group 2 (block 2) was 34.7 + 11.2 and
36.5 £11.3 yr, respectively, and there was no significant different between these two
groups (p = 0.303). The p-value for block effect of glucose was 0.441, of insulin, 0.470,
of IRI, 0.440, of B-CFI, 0.425, of homocysteine, 0.245; and of PON1 activity, 0.538
(Table 8). These p-values were not < 0.05; therefore, treatment block 1 and treatment
block 2 were similar, block effect for these measurements can be removed. The p-value
of the block effect for CRP was 0.020, meaning that the treatment block affected the test
results. In advance to know where is block effect in three treatments. Test treatment
block effect for each of three treatments based on baseline and final is shown in Table 9.
The p value for the low-MUFA diet for final was 0.02. This indicated that there was a
treatment block effect for the final, low-MUFA diet. The boxplot of low-MUFA diet
treatment for the treatment block data was showed that there were two outliers (Figure
19) this was also shown in Q-Q plot (Figure 20).

This study was of a crossover, repeated measurement design. Each subject
finished treatments in all studied periods at a different time period, and each subject
served as his own control. Each subject was randomly assigned to each treatment order
(Phase). In order to exclude a phase effect, the phase effect was tested based on the
baseline value. The significance level of the phase effect for baseline value of glucose

was p = 0.271, for insulin p = 0.432, for IRI p = 0.391, for B-CFI p = 0.984, for CRP p =
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0.822 and for paraoxonase p = 0.892 (Table 10). These p values were not < 0.05; hence
there was no significant effect of phases. Thus the phase effects on glucose, insulin, IRI,
B-CFI, CRP and paraoxonase were removed, and then the effect of treatment on these
values were tested. The p value for homocysteine baseline was 0.000, meaning that the
three phases did not have a similar effect. The p value of the phase effect for low-MUFA
beef was 0.168, for mid-MUFA beef it was 0.109 and for the high-MUFA beef it was
0.000 (Table 11). In high-MUFA diet, the mean value of homocysteine for phase 1 is
15.140 £ 0.929 pumol/L, for phase 2 is 9.600 + 0.747 umol/L and for phase 3 is 10.567 +
0.828 umol/L (Table 12). Hi MUFA diet has a greater mean value of homocysteine
compare to other two diet treatment (Figure 21). In the normal Q-Q plot (Figure 22),
three outliers—subject of 7 (6.1umol/L), 24 (19.9 umol/L) and 27(19.7 umol/L)—for
the high-MUFA diet appeared. These greatly affected the mean value of baseline value
in the high-MUFA diet treatment. Habitual diet data for each subject were not
completely recorded, and then there is no enough information to determine the cause of
the different phase effects on the high-MUFA diet. Hence, the mean values of other two
phases at baseline were used for these three subjects in place of the outlier. The overall
result for all measurement of MUFA content effect among MUFA diet treatments is

show in Table 13.



32

CHAPTER V

DISCUSSION

The overall purpose of this study was to investigate whether provision of ground
beef with a fractionally higher MUFA content could lower or improve several ASCVD
risk factors. Previous studies using non-whole food source of fatty acids found that SFA,
especially myristic acid and palmitic acid, can increase total and LDL-C, while MUFA
had the opposite result. Diets low in total fat, and therefore high in carbohydrate,
increased blood TAG and lowered HDL-C (37, 42). Therefore, substitution of MUFA
for SFA was expected to lower the cholesterol concentration, and hence lower ASCVD.
However there is a lack of information about the effects of increasing dietary MUFA
using the whole food of ground beef ASCVD risk factors.

The results of this study are in accord with the original studies by Smith et al.
(48) in mildly hypercholesterolemic men in which increasing beef intake significantly
increased the concentration of the primary HDL apolipoprotein, ApoA;. A portion of the
present study completed by another student determined that there was an increase
diameter of HDL-C when the subjects consumed the additional ground beef. The boxplot
shown in Figure 23-25 showed the central tendency of median, 25% and 75% percentile
for cholesterol values. The central tendency of LDL-C was to increase when the low-
MUFA test ground beef was consumed and to decrease with consumption of the mid-
and high-MUFA test ground beefs. Consumption of the high-MUFA test ground beef

produced a greater decrease in LDL-C than the mid-MUFA test ground beef.
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The fat composition of test ground beefs influenced HDL-C in an expected way.
While, the central tendency for HDL-C was to increase with all diet treatments, the high-
MUFA test ground beef increased HDL-C more than the mid- and low-MUFA test
ground beefs. Lastly, the central tendency of TC was to decrease with low-MUFA test
ground beef consumption, while slightly increasing with consumption of the mid-MUFA
test ground beef, and to be unchanged by the consumption of the high-MUFA test
ground beef. Overall, addition of the high-MUFA test ground beef increased HDL-C and
decreased LDL, while the central tendency of TC was to be similar before and after
addition of ground beef to the diet. In previous studies (37, 39, 44) that compared diets
enriched in either SFA or MUFA decreasing SFA or increasing MUFA in the diet
decreased LDL-C and increased HDL-C as compared with a reduced SFA with different
proportion of MUFA diet (155). The earlier study by Smith et al. (48), as well as the
present study used healthy men with an average age of 35.6 and who underwent regular
physical activity.

Insulin resistance has been determined to be a risk for ASCVD. Insulin resistance
is characterized by increased TAG and decreased plasma HDL-C. Obesity and physical
inactivity aggravate insulin resistance. Previous studies indicates that high carbohydrate
and low fat intake aggravate hyperglycemia as evidenced by increases in plasma TAG
and reductions in plasma HDL-C (40-42). Compared with carbohydrate, oleic acid has
no such effect (44, 156). However, a diet rich in MUFA has an effect on individual
components of the HOMA score, specifically B-CFI, that SFA and PUFA rich diets do

not (26). The findings in the present study showed that consumption of additional
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ground beef, regardless of fat composition, decreased glucose, insulin and HOMA score
components of IRI and B-CFI when compared to values obtained at baseline. All
measured plasma TAG concentrations were in the normal range and were similar among
the three dietary treatments. Lowering results indicate that MUFA improved the insulin
resistance and lowered fasting glucose and insulin concentration. Our experiment
subjects are normal-lipidemic with weight maintenance men consumed different ratio of
MUPFA content ground beef, and decreased metabolic indexes was shown in this study, it
can be conclude that MUFA enriched ground beef has beneficial effect to lower insulin
resistance.

Homocysteinemia is associated with an increase risk for ASCVD even though it
was not listed in NCEP. A high plasma homocysteine concentration is associated with
several traditional risk factors. Dietary deficiency of the vitamins folic acid, vitamin B6
and vitamin B12 have been considered as factors that play key roles in plasma
homocysteine concentration. Methionine, an essential amino acid, greatly affects
homocysteinemia. Ground beef furnishes the greatest percentage of animal protein with
a high amount of methionine, thus, the dietary methionine status and amount of protein
intake seemingly influence the plasma homocysteine concentration. In the present study,
each of the three dietary treatments increased plasma homocysteine. The ground beef
used in the present study was 110g beef patties with a total fat content of 24% by weight.
Based on the USDA database, 110g raw ground beef with 24% fat contains 16.04 g
protein, 24 g lipid, 0.305 g vitamin B6, 0 g folic acid, 2.11 g vitamin B12 and 1.82 g

iron. There is a lack of folic acid in ground beef. Folic acid is a key cofactor in the
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remethylation pathway for conversion of homocysteine to methionine and it lowers the
plasma concentration of homocysteine. Thus increasing folic acid intake results in
decreased plasma homocysteine. However, a recent large and long term intervention trial
in women (157) found that reductions in plasma homocysteine concentration by folic
acid supplementation had no effect on ASCVD events.

Many studies have documented that CRP can be used as a marker for chronic
vascular inflammation and that elevations in CRP can indicate the degree of ongoing
atherosclerosis. However, CRP values can be changed by environmental, lifestyle and
mild infection (e.g. a cold). Thus, a single increased CRP value cannot be a specific
indicator for a particular disease. In the present study, CRP increased slightly from 1.56
to 1.94 (+0.38) mg/L. when the low-MUFA diet was consumed, from 1.92 to 2.03
(+0.11) mg/L when the high-MUFA was consumed and decreased form 2.36 to 1.45 (—
0.91) mg/L when the mid-MUFA was consumed. These CRP values were not
significantly different among the three treatments. CRP value did not follow a trend
from low-, mid- to high-MUFA test ground beef as did the cholesterol values discussed
earlier. Based on AHA/CDC panel cutoff point of CRP value for ASCVD risk (1.0
mg/dL for low risk, 1.0-3.0 mg/dL for average risk and >3.0 mg/dL for high risk), mean
values remained in the average risk category following consumption of any of the test
ground beefs. However, among individuals were some different responses. Following
consumption of the low-MUFA test ground beef three individuals converted from an
average risk classification to high risk classification. In the mid-MUFA test ground beef

group, these individuals converted from average to high risk while one individual
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converted from average to low risk. In the high-MUFA group there were no changes in
the number of individuals in each risk category (Table 14).

Paraoxonase has been reported to play an antioxidative function that lowers the
risk of ASCVD. Its activity is affected by genetic, environmental and developmental
factors such as age. Dietary fatty acid intake is known to alter serum PON1 activity (28).
The present study result showed that consumption of any of the test ground beefs
decreased PONI1 activity. In order to more fully evaluate these results, the ratio of PON1
activity: HDL concentration was calculated. A decreased ratio of PON1 activity: HDL-C
was observed after consumption of the test ground beefs (Figure 18). Also, most of
PONI1 values fell in the normal range (Table 15). The number of individuals with PON1
activity in the lower normal range was increased after each dietary treatment. Following
consumption of the high-MUFA test ground beef more subjects tended to have PON1
activity that was in the lower than normal range. This reduced activity was unexpected.
A previous study indicated that diet affects PON1 activity, being reduced by
consumption of used-cooking fat containing more oxidized fat (114). Furthermore,
another study showed reduced PON1 activities in women consuming a diet high in
vegetable enriched with PUFA (158). Interestingly, reduced PON1 activity was found in
transgenic rabbits over-expressing human ApoA; and possessing a high concentration of
HDL-C (159). A recent study found that a negative relationship of homocysteine and
PONT activity (160). Furthermore, a clinical study indicated that reduced PONI1 activity

was associated with normal HDL concentration in acute infarction patients (161, 162).
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Therefore, it is a reasonable to suggest that PON1 activity can be reduced with oleic acid

provided in ground beef.
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CHAPTER VI

CONCLUSION

Measurement of plasma glucose, insulin, insulin resistance and p-cell function
index showed that these metabolic indexes were decreased by consumption of an
additional 114g of 24% fat ground beef five times per week regardless of fat
composition. Thus increased beef consumption improved insulin sensitivity in normal-
lipemic, weight stable men. Together with previous study results obtained in this
laboratory of reducing LDL-C, increasing the ratio of HDL-C/LDL-C and decreasing
TAG it can be conclude that dietary MUFA have the beneficial effect to lower the risk of
metabolic index for ASCVD. Improved insulin sensitivity is often accompanied by
reduced inflammation; however, measurement of homocysteine and CRP concentrations,
and PONI activity in HDL suggested that this was not the case. Increased ground beef
consumption increased the concentration of pro-oxidative amino acid homocysteine and
reduced the activity of the antioxidative enzyme PONI1 that is associated with HDL. This
latter effect was best shown by the reductions in the PON1: HDL-C observed following
5 weeks of ground beef consumption. Interestingly, there was a progressively greater
reduction in PON1: HDL-C with increasing fractional MUFA content in the test ground
beefs. This is a new finding that is greatly different from those of previous studies.
While these results need to be confirmed by others, these new findings suggest that
whole food dietary fatty acid sources have a more complex relationship to vascular

health than previously thought and require further study.
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FIGURE 1. The pathological development of atherosclerotic and plaque formation.
The figure represents the monocyte and macrophage that participate in the inflammation process. This is initiated by LDL accumulation and progression

by macrophage cell uptakes Ox-LDL and continues to proliferate and differentiate to form foam cell in the artery wall. HDL has the anti-atherogenetic
property and caused by reverse cholesterol transport and its enzyme.
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FIGURE 2. Lipoprotein metabolism.

Up: CM transfer cholesterol from intestine to liver;

Middle: VLDL and LDL transfer cholesterol from liver to the body;

Bottom: HDL transfer excess cholesterol from body back to the liver. CE: Cholesterol Ester; TG:
Triacylglycerol; LPL: Lipoprotein Lipase; LDLr: LDL Receptor; LRP: Receptor-Related Protein; CETP:
Cholesteryl Ester Transfer Protein; LCAT: Lecithin: Cholesterol Acyltransferase; HTGL: Hepatic
Triglyceride Lipase; PLTP: Phospholipids Transfer Protein.
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FIGURE 3. Homocysteine metabolism.
SAM: S-Adenosyl-methionine, SAH: S-Adenosyl-homocysteine, H4-folate: tetrahydrofolate, S-methyl H4-folate. Homocysteine is a sulfur coni
amino acid formed via transsulfuration and remethylation pathway.
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FIGURE 4. Paraoxonase (PON1) biological function.
PONI mainly produced in liver and associated with HDL and ApoA, circulating in blood. It has the ability to inhibit LDL oxidation to form foam cell
and reduce the lesion in the artery wall.
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Phase 1 Phase 2 Phase 3

Group 1 Baseline Final Baseline Final Baseline Final

A:1,2 5 6and11. B:1,2,5,6and 11. C:1,2,5,6and 11.
B:3,7,10, 13 and 14. C:3,7,10,13 and 14. A-3,7,10,13 and 14.
C: A4 8 B:4.8

4,8,9,12 and 15. 4,8,9,12 and 15. »8,9,12and 15.

Group 2 Baseline Final Baseline Final Baseline Final
A:16,17,18,20and 21. C: 16,17, 18,20 and 21. B:16,17,18,20 and 21.
C:22,24,26,27 and 28. B:22,24,26,27 and 28. A:22,24,26,27 and 28.
B: 19, 23, 25, 29 and 30. Az 19,23, 25,29 and 30. C: 19, 23, 25, 29 and 30.

FIGURE 5. Experimental design.

The experiment design is a randomized completely block, crossover and repeated measurement study design. Group 1 and Group 2 represent treatment
block 1 and treatment block 2. There are three treatments, A, B and C. “A” represents low-MUFA, “B” represents mid-MUFA and “C” represents high-
MUFA ground beef. Three treatments are randomly assigned within treatment block, each treatment once in each treatment block. Each subject
received all treatment (A, B and C) in randomized sequence. Each subject was randomly assigned to each treatment, and has his own control (baseline)
in each treatment.

8S



Test with 3 different I'A content in ground beef
™ - ™ '
_ i i _ i i |

N 5W - —
/
/

Washoul with habitual diet

FIGURE 6. Experimental timeline.

The study was done in crossover design and was conducted in three phases. The total duration is 24 weeks. 3 weeks for washout (baseline) with habitual
diet; 5 weeks for intervention (final) with three different FA compositions of ground beef. There were two blood collections at the end of baseline and
final period in each phase. There were three phases with different FA composition. 3 weeks habitual diet and 5 weeks intervention diet in each phase.
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FIGURE 7-1. Chromatogram of HPLC analysis of human plasma homocysteine (Homocysteine peak).

Time (min )

Time ( min )

Figure A: Homocysteine standard was analyzed after an injection of 25uL of the derivatized homocysteine standard.
Figure B: 100 pL human samples were derivatized with 200ul OPA/B-ME, injected volume 25ul.
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Sample Ret.Time Peak Height Area Rel.Area  Amount Type

Name min Neo mV mV*min % nmol/ml
200uM Hcy standard 17.42 2 120003 101.243 13.94 na BM
P3E1-12 17.44 5 9894 5.892 028 na BMB

FIGURE 7-2. Chromatogram of HPLC analysis of human plasma homocysteine (Retention time).
Human plasma homocysteine concentration was calculated by comparing peak areas of sample and diluted standard. Human sample peak was
determined by retention time.
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Homocysteine Standard Curve 03-04-07
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FIGURE 8. Homocysteine standard curve (one of several standard curves).

Human plasma homocysteine concentration was calculated by comparing human sample with diluted homocysteine standard of known concentration. X
axis indicates the concentration of standard; Y axis indicates the Area mV * min of homocysteine peak. This standard curve is the one of several
standard curves.
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FIGURE 9. The sandwich ELISA principle for insulin assay.
Y represents the pre-incubate mouse anti-human insulin antibody (Ab); A represents human insulin; AN represents biotinylated Ab to detect the human
insulin; E represents enzyme HRP (streptavidin-horseradish peroxidase); S represents substrate (3, 3°, 5, 5’-tetramethylbenzidine in Buffer-TMB).
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Paraoxonase Assay Kinetic Curve
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FIGURE 10. Paraoxonase assay kinetic curve.

X axis indicates the time (5 second apart) after adding paraoxonase; Y axis indicates the phenol formed
based on specific absorbance at 270 nm wavelength. In the bigger figure, there is showing a kinetic curve
with time changing (the product was measured apart from 5 second, total time is 360 second). The smaller
insertion figure was taken the first 80 seconds of this measurement from the bigger figure and to make a
linear curve (phenol formed vs. Time); a straight line (R?=0.9961) indicates a linear portion is present in
the paraoxonase kinetic curve at the first 80 seconds.
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FIGURE 11. Glucose boxplot for three diet treatments.

The central line in box represents the median value for glucose concentration (mg/dl), and the bottom and
upper line of box represent the lower and upper quartile. The two vertical lines outside the box extend to
the smallest and largest observation 1.5 QR of the quartiles. The closed circle represents mild outlier. 26
(28-P1B1 (108)) 11 (12-P1B1 (74)) 69 (14-p2bl (74)) 76 (21-p2b1 (74)).
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FIGURE 12. Insulin boxplot for three diet treatments.
The central line in box represents the median value for insulin concentration (uU/ml), and the bottom and
upper line of box represent the lower and upper quartile. The two vertical lines outside the box extend to

the smallest and largest observation 1.5 QR of the quartiles. The closed circle represents mild outlier, star
presents extremely outlier.
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FIGURE 13. Insulin resistance index boxplot for three diet treatments.

The central line in box represents the median value of IRI, and the bottom and upper line of box represent
the lower and upper quartile. The two vertical lines outside the box extend to the smallest and largest
observation 1.5 QR of the quartiles. The closed circle represents mild outlier, star presents extremely
outlier.
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FIGURE 14. B-cell function index boxplot for three diet treatments.

The central line in box represents the median value for -CFI, and the bottom and upper line of box
represent the lower and upper quartile. The two vertical lines outside the box extend to the smallest and
largest observation 1.5 QR of the quartiles. The closed circle represents mild outlier, star presents
extremely outlier.
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FIGURE 15. C — reactive protein boxplot for three diet treatments.
The central line in box represents the median value for CRP concentration (mg/dL), and the bottom and
upper line of box represent the lower and upper quartile. The two vertical lines outside the box extend to

the smallest and larges observation 1.5 QR of the quartiles. The closed circle represents outlier, star
presents extremely outlier.
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FIGURE 16. Homocysteine boxplot for three diet treatments.
The central line in box represents the median value for homocysteine concentration (uM/L), and the
bottom and upper line of box represent the lower and upper quartile. The two vertical lines outside the

box extend to the smallest and largest observation 1.5 QR of the quartiles. The closed circle represents
outlier, star presents extremely outlier.
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FIGURE 17. Paraoxonase boxplot for three diet treatments.
The central line in box represents the median value for glucose, and the bottom and upper line of box
represent the lower and upper quartile. The two vertical lines outside the box extend to the smallest and

largest observation 1.5 QR of the quartiles. The closed circle represents outlier, star presents extremely
outlier.
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FIGURE 18. Paraoxonase/HDL boxplot for three diet treatments.

The central line in box represents median value for paraoxonase concentration (KU/mmol), and the bottom
and upper line of box represent the lower and upper quartile. The two vertical lines outside the box extend
to the smallest and largest observation 1.5 QR of the quartiles. The closed circle represents mild outlier,
star presents extremely outlier.
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FIGURE 19. Final CRP boxplot of low-MUFA diet for treatment block.

Vertical axis indicates final CRP value in low MUFA diet treatment. The two vertical lines outside the box
extend to the smallest and largest observation 1.5 QR of the quartiles. The closed circle represents mild
outlier, star presents extremely outlier.
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FIGURE 20. Final CRP Q-Q plot of low-MUFA diet.
Horizontal indicates observed value. Vertical axis indicates Expected normal value.
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FIGURE 21. Boxplot of homocysteine baseline value for three diet treatments.
1 represents Low MUFA diet, 2 represents Mid MUFA diet and 3 presents Hi MUFA diet. Horizontal
indicates 3 diet treatments. Vertical axis indicates baseline homocysteine value. The two vertical lines

outside the box extend to the smallest and largest observation 1.5 QR of the quartiles. The closed circle
represents mild outlier.
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FIGURE 22. Q-Q plot of homocysteine baseline value for three diet treatments.
1 represent Low MUFA diet, 2 represent Mid MUFA diet and 3 present Hi MUFA diet.
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FIGURE 23. Total cholesterol boxplot for three diet treatments.

Period
Bl Baseline

B Final

77



88
0
210 60 0
0 0
180 -
150 -
Q
-
)
-
120
90—
60—
I I I
Low MUFA Mid MUFA Hi MUFA
Diet

FIGURE 24. LDL-C boxplot for three diet treatments.
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TABLE 1

Human plasma lipoprotein classification.

Chylomicron VLDL IDL LDL HDL
Density ( g/cm ) <0.95 9.5-1.006 1.006-1.019 1.019-1.063 1.063-1.21
Component
% Protein 1.5-2.5 5-10 15-20 20-25 40-55
% Phospholipids 7-9 15-20 22 15-20 20-35
% Cholesterol 1-3 5-10 8 7-10 3-4
% Triacylglycerol 84-89 50-65 22 7-10 3-5
% Cholesterol ester 3-5 10-15 30 35-40 12
Apolipoprotein Al All, Bygs, Bigo, CI-CIII, E Bigo, CIIL E Bigo , E AL AIL D, E
CI-CIIL, E CI-Cl11,
Size (nm) 75-1200 30-80 25-35 18-25 5-12
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TABLE 2
Dietary fatty acid composition.

g/114-g ground beef party

Fatty acid Low MUFA Mid MUFA High MUFA
14:0 (Myristic) 0.99 0.97 0.66
14:1 (myristoleic) 0.28 0.26 0.22
16:0 (Palmitic) 8.78 8.43 7.89
16:1 (n-7 ) ( Palmitoleic) 0.85 0.83 0.97
18:0 ( Stearic ) 5.57 4.98 4.31
18:1 (trans-11 ( trans-vaccenic ) 1.06 0.97 0.69
18:1 (n-9 ) (oleic ) 10.07 11.06 13.25
18:1 (n-7) ( cis-vaccenic ) 0.29 0.36 0.46
18:2 (n-6) ( linoleic ) 0.55 0.49 0.56
18:3 (n-3) (a-linoleic) 0.09 0.04 0.03
18:2 (cis-9, trans-11) 0.18 0.13 0.14
18:2 (trans-10, cis-12) 0.04 0.07 0.09
MUFA:SFA 0.71 0.83 1.10
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TABLE 3

Reference normal range and NCEP ATP III criteria.

Variable Reference NCEP ATP III treatment criteria * 1> 1%9
normal range . -
Category Baseline LDL level =~ Recommended Therapeutic
Goal (LDL) Goal
Total cholesterol '** <200mg/dL
LDL-cholesterol %% <100 mg/dL High risk: CHD or ~ >100 mg/dL <100 mg/dL <70mg/dL
CHD Equivalent optional <70mg/dL
(10y risk >20% )
Moderate high risk
2+ risk factors >130 mg/dL <130 mg/dL <100mg/dL
10 y risk 10-20% optional <100mg/dL
Moderate risk:
2+ risk factors >130 mg/dL <130 mg/dL <100mg/dL
10 y risk >20%
Low risk: >160 mg/dL <160 mg/dL
0-1 risk factor
HDL-cholesterol % > 60 mg/dL Risk <40mg/dL(man)
< 50mg/dL (woman)
Triacylglycerol 9 <150 mg/dL
Glucose (mg/dl) <110 mg/dL
Insulin (uU/ml) 5-20 pU/mL
Homocysteine (uM/L) 5-15 uM/L

C-reactive protein (mg/L)

Paraoxonase (KU/L)

0.068-8.2 mg/L
53-186kU/L ¥
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TABLE 4

Cholesterol concentrations®.

Mean + SD
Variable (mg/dL)  Baseline Final P value
TG 0.718
Low MUFA 12432+ 99.11 114.96 = 74.63
Mid MUFA 119.57 + 81.38 109.64 + 68.38
Hi MUFA 135.75 + 113.69 149.86 +258.16
Total-C 0.39
Low MUFA 189.82 + 36.81 186.04 +33.17
Mid MUFA 188.14 + 38.85 190.18 + 33.51
Hi MUFA 188.79 + 34.29 190.50 + 37.74
LDL-C 0.57
Low MUFA 122.00 + 34.28 117.71+29.58
Mid MUFA 120.14 + 32.76 120.43 +33.30
Hi MUFA 122.18 +31.27 121.46 +35.21
HDL 0.316
Low MUFA  46.82+10.13 47.36 +9.99
Mid MUFA 46.54 + 8.90 47.89 £10.04
Hi MUFA 45.61 +10.98 48.50 £ 10.67
LDL/HDL 0.802
Low MUFA 277+ 1.15 2.67+1.09
Mid MUFA 2.68+0.89 2.63+0.93
Hi MUFA 2.86 + 1.06 2.71+1.26
Total-C/HDL 0.562
Low MUFA 426+1.33 415+132
Mid MUFA 4.16 + 1.06 416+ 121
Hi MUFA 435+ 1.25 418+ 1.50

*Concentrations were measured from previous study of same study. The results are presented

as mean £ SD.
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TABLE 5
Baseline mean value of three diet measurements. Data presented as mean = SD.
Baseline
Variable Mean = SD Range
Glucose (mg/dL)
Low MUFA 90.82 + 6.80 74-102 (28)
Mid MUFA 93.07 £6.24 82-105(23)
High MUFA 91.11+7.88 74-108 (34)
Insulin (uU/mL)
Low MUFA 5.94 +3.64 1.0-17.8 (16.8)
Mid MUFA 6.05+4.55 0.7-18.6 (17.9)
Hi MUFA 6.76 £ 6.34 0.6-27.7 (27.6)
IRI
Low MUFA 1.33+0.80 0.2-4.0 (3.8)
Mid MUFA 1.40 £ 1.06 0.2-4.3(4.1)
Hi MUFA 1.53+1.43 0.1-6.0 (5.9)
B-CFI
Low MUFA 82.85+61.24 17.3-237.3 (220)
Mid MUFA 73.50 £ 56.17 6.5-240.5 (236)
Hi MUFA 92.14 £ 87.8 6.5-398.5 (392)
Homocysteine (WM/L)
Low MUFA 11.46 +3.48 6.1-19.2 (13.1)
Mid MUFA 11.73 £3.31 7.2-19.9 (12.7)
Hi MUFA 11.89+3.52 6.1-19.9 (13.8)
CRP (mg/L)
Low MUFA 1.56 £2.63 0-12.4 (12.4)
Mid MUFA 2.36 +£5.50 0-29.3 (29.3)
Hi MUFA 1.92+£0.76 0-12.2(12.2)
Paraoxonase (KU/L)
Low MUFA 57.08 £11.80 26.72-90.99 (64.27)
Mid MUFA 56.43+11.93 25.45-76.93 (51.48)
Hi MUFA 59.05 £ 10.50 43.61-72.60 (28.99)
Paraoxonase/HDL (KU/mmol)
Low MUFA 1.28 £0.41 26.72-90.99 (64.27)
Mid MUFA 1.27£0.40 25.45-76.93 (51.48)
Hi MUFA 1.38+0.36 43.61-72.60 (28.99)




TABLE 6
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Final mean value of three diet treatments. Data presented as mean +SD.

Variable Mean £+ SD Range
Glucose (mg/dL)
Low MUFA 90.00 + 5.83 80-101 (21)
Mid MUFA 90.86 + 7.17 76-107 (31)
High MUFA 91.00 +7.73 73-109 (36)
Insulin (uU/mL)
Low MUFA 5.10+£4.63 0.6-17.1 (16.5)
Mid MUFA 4.70 £ 3.76 0.3-15.1 (14.8)
Hi MUFA 4.88 +4.35 0.4-17.8 (17.4)
IRI
Low MUFA 1.13£1.02 0.1-3.8 (3.7)
Mid MUFA 1.06 +0.88 0.1-4.0 (3.9)
Hi MUFA 1.11+1.03 0.1-4.4 (4.3)
(3-CFI
Low MUFA 71.16 £67.97 9.0-256.5 (247.5)
Mid MUFA 65.81 +71.77 2.6-393.2 (390.6)
Hi MUFA 66.36 + 66.38 4.1-311.1 (307)
Homocysteine (WM/L)
Low MUFA 12.56 £ 3.04 7.9-20.8 (12.9)
Mid MUFA 12.31£2.55 7.2-18.4 (11.2)
Hi MUFA 12.52 £ 2.61 7.6-17.1(9.5)
CRP (mg/L)
Low MUFA 1.94 +£2.62 0-10 (10)
Mid MUFA 1.45+2.14 0-9.7 (9.7)
Hi MUFA 2.03+2.88 0-10.4 (10.4)
Paraoxonase (KU/L)
Low MUFA 55.52+11.52 25.68-73.66 (47.98)
Mid MUFA 55.06 £ 11.28 23.13-73.6 (50.47)
Hi MUFA 57.05+10.82 26.74-87.3 (60.56)
Paraoxonase/HDL (KU/mmol)
Low MUFA 1.26 £0.38 51.05-59.99 (8.94)
Mid MUFA 1.20 +0.39 50.69-59.43 (8.74)
Hi MUFA 1.25+0.46 52.86-61.25 (8.39)




Table 7
Median value of three diet measurements.
Median = SD
Variable Baseline Final
Glucose (mg/dL)
Low MUFA 91.5+6.80 89.0 +£5.83
Med MUFA 94.0 £ 6.24 91.5+7.16
High MUFA 92.5+6.30 89.5+7.73
Insulin (uU/mL)
Low MUFA 5.10+3.64 3.40 £ 4.63
Mid MUFA 5.00 £4.55 3.70 +£3.76
Hi MUFA 4.65 +6.34 3.8+4.35
IRI
Low MUFA 1.18+0.79 0.80+£1.02
Mid MUFA 1.12+1.06 0.87+£0.88
Hi MUFA 1.08 +£1.43 0.81+1.03
3-CF1
Low MUFA 62.59 £ 61.24 42.51£67.97
Mid MUFA 62.39 £ 56.17 46.71 £71.76
Hi MUFA 63.78 £ 87.81 43.81 £ 66.38
Homocysteine (WM/L)
Low MUFA 10.70 £3.48 12.20+3.03
Mid MUFA 10.7 +£3.31 12.65+2.55
Hi MUFA 11.45+3.53 12.15+2.61
CRP (mg/L)
Low MUFA .65+2.62 70 £2.61
Mid MUFA 75+£5.49 50+£2.14
Hi MUFA .85+3.04 .90 +2.88
Paraoxonase (KU/L)
Low MUFA 5879+ 11.79 54.95+11.52
Mid MUFA 5841 +11.93 57.25+11.28
Hi MUFA 59.72 +7.20 58.66 +10.82
Paraoxonase/HDL (KU/mmol)
Low MUFA 1.26 +£0.41 1.22+0.38
Mid MUFA 1.25+0.40 1.18 £0.39
Hi MUFA 1.40 + 0.36 1.17 £0.46
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TABLE 8
Treatment block effect of three diet measurements.

Variable Mean
Treatment block 1 Treatment block 2 P-value®
Age 34.7 36.5 0.303
Glucose (mg/dL ) 91.56 90.73 0.441
Insulin (uU/mL) 5.31 5.83 0.470
IRI 1.22 1.32 0.440
B-CFI 71.03 79.58 0.425
Homocysteine (umol/L) 11.80 12.36 0.245
C-reactive protein (mg/L) 1.28 2.47 0.020
Paraoxonase (KU/L) 56.27 57.30 0.538
PON/HDL (KU/mmol) 1.304 1.23 0.009

* Treatment block effect was tested by GLM at P < .05.
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TABLE 9
Treatment block effect of C-reactive protein in three diet treatments.

Mean + SD
Effect in Treatment block 1 Treatment block p-value®
Low MUFA diet
Baseline 0.818£1.40 2314+ 3.37 0.133
Final 0.821 £ 1.05 3.064 = 3.23 0.02
Mid MUFA diet
Baseline 1.171 £ 1.198 3.557+7.63 0.258
Final 1.007 + 1.504 1.900 £2.610 0.278
High MUFA diet
Baseline 2.307+£0.818 1.393 £ 0.818 0.437
Final 1.528 +£2.170 2.569 +3.507 0.359
* Treatment block effect was tested by GLM at P < .05.

68



90

TABLE 10
Phase effect for baseline values.
Baseline value Sum of Squares Df Mean Square F Sig*
Glucose ( mg/dL) Between Groups 128.667 2 64.3331 0.325 0.271
Within Groups 3932.000 81 48.543
Total 4060.667 83
Insulin (WU/mL) Between Groups 41.355 2 20.678 0.849 0.432
Within Groups 1972.495 81 24.352
Total 2013.850 83
IRI Between Groups 2.371 2 1.185 0.951 0.391
Within Groups 101.001 81 1.247
Total 103.372 83
B-CFI Between Groups 5266.799 2 2633.399 0.541 0.584
Within Groups 394220.367 81 4866.918
Total 399487.165 83
Homocysteine (uM/L) Between Groups 234.622 2 117.311 13.029 0
Within Groups 729.305 81 9.004
Total 963.927 83
C-reactive protein (mg/L) Between Groups 6.102 2 3.051 0.197 0.822
Within Groups 1253.761 81 15.479
Total 1259.862 83
Paraoxonase (KU/L) Between Group 25.727 2 12.863 0.114 0.892
Within Groups 9123.533 81 112.636
Total 9149.260 83
Paraoxonase (KU/mmol) Between Groups  0.304 2 0.152 1.003 0.371
Within Groups 12.263 81 0.153
Total 12.566 83

Tt was tested by one way ANOVA.



TABLE 11

Baseline phase effects of homocysteine for three diet treatments.

Baseline value Sum of Squares df Mean Square F Sig*
Low MUFA Between Groups  43.593 2 21.797 1.915 0.168
Within Groups 284.553 25 11.382
Total 328.147 27
Mid MUFA  Between Groups  48.282 2 24.141 2.424 0.109
Within Groups 249.019 25 9.961
Total 297.301 27
High MUFA Between Groups 168.58 2 84.291 12.599 0
Within Groups 167.264 25 6.691
Total 335.847 27

It was measured by ANOVA method.
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TABLE 12
Homocysteine baseline means value for three phases.

Effect in Mean + SEM
Phase 1 Phase 2 Phase 3 Mean value for 3 phases
Low MUFA diet 13.110+1.135 10.278 = 0.807 10.811 +3.900 11.461 £3.486
Mid MUFA diet 13.788 £ 1.629 10.690 + 0.779 11.130 £ 0.713 11.732+£3.318
High MUFA diet 15.140 +0.929 9.600 + 0.747 10.567 = 0.828 11.889 +3.527

6
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TABLE 13
Phase effect among three diet treatments for all measurements.
Measurement Sum of Squares df Mean Square F Sig.
Glucose Baseline-Final 46.095 1 46.095 1.912 0.171
Baseline-Final* Diet 32.155 2 16.077 0.667 0.516
Error( Baseline-Final)  1952.75 81 24.108
Insulin Baseline-Final 77.493 1 77.493 6.97 0.010
Baseline-Final* Diet 7.512 2 3.756 0.338 0.714
Error( Baseline-Final) ~ 900.58 81 11.118
IRI Baseline-Final 4.212 1 4.212 7.404 0.008
Baseline-Final* Diet 0.332 2 0.166 0.292 0.748
Error( Baseline-Final)  46.076 81 0.569
B-CFI Baseline-Final 9517.452 1 9517.452 4.022 0.048
Baseline-Final* Diet 2529.202 2 1264.601 0.534 0.588
Error( Baseline-Final) 191658.214 81 2366.151
Homocysteine Baseline-Final 24.994 1 24.994 3.048 0.085
Baseline-Final* Diet 2.290 2 1.145 0.140 0.870
Error( Baseline-Final) 664.156 81 8.199
CRP Baseline-Final 0.817 1 0.817 0.145 0.002
Baseline-Final* Diet 12.932 2 6.466 1.151 0.028
Error( Baseline-Final) ~ 449.580 81 5.620
Paraoxonase Baseline-Final 137.795 1 137.795 2.955 0.089
Baseline-Final* Diet 10.186 2 5.093 0.109 0.897
Error( Baseline-Final) 3777.449 81 46.635
Paraoxonase Baseline-Final 0.277 1 0.277 6.413 0.013
/HDL Baseline-Final* Diet 0.047 2 0.023 0.542 0.584
Error( Baseline-Final)  3.495 81 0.043




TABLE 14
CRP risk rate among three MUFA diet treatments’.

Total number low risk average risk high risk

Low MUFA

Baseline line 28 17 8 3

Final 28 17 5 6
Mid MUFA

Baseline line 28 17 8 3

Final 28 18 5 5
High MUFA

Baseline line 28 16 7 5

Final 27 15 7 5

* The number of risk based on the cutoff point CRP value, < 1.0 “low risk”, 1-3 “average risk” and >3.0 “high
risk”.
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TABLE 15
Paraoxonase activity’ changing rate among three MUFA diet treatments.

Number of value

Lower normal range

Paraoxonase activity

Vary after treatment

Baseline final up down
Low MUFA 8 10 10 18
Mid MUFA 9 11 12 16
High MUFA 5 9 12 16

* The normal activity of PON is 53-186kU/L.
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