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ABSTRACT
YUNSUK KOH

THE EFFECTS OF NIACIN AND A SINGLE BOUT OF EXERCISE ON BLOOD
LIPID AND LIPOPROTEIN PROFILES IN POSTMENOPAUSAL WOMEN

MAY 2008

[t has been well documented that independently both exercise and niacin
positively alter blood lipids and lipoproteins; however, these interventions have not been
studied in postmenopausal women. The purpose of this study was to examine the
independent and combined effects of niacin and a single bout of exercise on the blood
lipid and lipoprotein profiles in postmenopausal women.

EEighteen sedentary, postimenopausal women (40 — 80 years old), were recruited
(mean + SD; age = 57 4 6 yrs; height = [61.3 3 6.7 cm; weight = 75.8 + 12.9 kg; % body
fat == 46.2 4 6.6 %). The without-niacin (WON) condition was first assigned followed by
the with-niacin (WN) condition. The WN condition consisted of ingesting 1,000 mg/day
of extended-release niacin for 4 weeks. Rest (R) and exercise (E) trials were randomly
assigned within eack WON or WN condition. During the E trial treadmill exercise was
periormed at 60% FIRR until 400 kcal were expended. Fasting blood samples were
collected immediately before (0 hr) and at 24 and 48 hr post exercise (or rest). All data
were reported as mean = SD. The changes in TC, TG, L.LDL-C. HDL-C, HDL,-C, HDLs-C,
and TC to 1IDL.-C ratio were analyzed using a 2 (WON and WN) « 2 (Rest and Exercise)
<3 (4 24, and 48 hr) ANOVA with repeated measures. The Bonferroni post-hoc test was

iv



applied and the statistical significance was set at p <.05.

The concentrations of TC, LDL-C, and TG were not altered in reponses to exercise
or niacin. However, the niacin treatment without the exercise intervention significantly (p
<.05) increased HDL.-C (5.4 mg/dl or 12.4 %) and HDL,-C (3.6 mg/dl or 33.3 %) from
bascline (43.5 + 1.7 and 10.8 + 1.2 mg/dl, respectively). The current study suggests that the

niacin supplement (1,000 mg/day) for 4 weeks increases HDL-C, predominantly HDL,-C.
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CHAPTER 1
INTRODUCTION

Cardiovascular disease (CVD) has been the number one leading cause of death in
the United States since 1900 with the exception of 1918. Almost 16.7 million people in
the world die of CVD each year, and approximately 2,600 Americans die of CVD
cveryday. Thirty cight percent of patients who have one or more types of CVD are older
than 65 years of age (American Heart Association [AHA], 2006). Coronary heart disease
(CHD) results from atherosclerosis of the coronary arteries, and accounts for more than
half of all cardiovascular events in older men and women. The chance of developing
CHD after age 40 is 49% and 32% in men and women, respectively (Lloyd-Jones, Larson,
Beiser, & Levy, 1999). Although men age 49 to 74 years have a higher age-adjusted
incidence of CHD than women (Ford, Giles, & Dietz, 2002) the rate of death caused by
CHD for both gender becomes similar after age 65 (AHA, 2006; Ford et al., 2002).

The process of atherosclerosis can begin early in childhood, and results from the
clustering of multiple factors known as coronary risk factors including genetic, biolegical,
behavioral, and environmental factors (Ross, 1986). According to the Adult Treatment
Panel (ATP 111) report of the National Cholesterol Education Program (NCEP), coronary
risk factors can be categorized into lipid, non-lipid, and emerging risk factors (NCEP.
2001). Atherogenic dyslipidemia is one of the primary lipid risk factors for CHD, and is

characterized by elevated concentrations of triglyceride (TG) and low-density lipoprotein



cholesterol (LDL-C), especially small, dense LDL particles, and reduced concentrations
of high-density lipoprotein cholesterol (HDL-C). Non-lipid risk factors for CHD include
hypertension. cigarette smoking, diabetes mellitus, overweight and obesity, physical
inactivity, and an atherogenic diet. Emerging risk factors for CHD include homocysteine,
lipoprotein(a) (Lp(a)), thrombogenic and hemostatic factors, inflammatory markers, and
the metabolic syndrome (NCEP, 2001).

Dyslipidemia is strongly associated with CHD, and is also a major cause of death
in patients with type 2 diabetes (Castelli et al., 1986). An elevated LDL-C concentration,
a potent predictor of coronary artery disease (CAD), has a positive relationship with CAD,
while a higher HDI.-C concentration is inversely related to the incidence of CAD (AHA,
2006; Despres ct al., 1989; Wilson, 1990). The American Heart Association reported that
76.1 million people had 1.DL-C concentrations greater than 130 mg/dl and 46 million
people had HDL-C concentrations less than 40 mg/dl (AHA, 2006).

Niacin, also known as pyridine-3 carboxylic acid or nicotinic acid, 1s a water
soluble B complex vitamin (Pieper, 2003). Niacin has been initially studied due to its
relationship to pellagra, which is caused by a deficiency of vitamin B3. However, niacin
has been widely studied and used for patients with dyslipidemia to improve lipid and
lipoprotein profiles (Knopp et al., 1998; Pieper, 2003; Piepho, 2000) since Altschul and
collcagues in 1955 first reported its antilipidemic effects (Altschul, Hoffer, & Stephen,
1955). It has been also reported that niacin may reduce the incidence of morbidity and
mortality [rom CVD and stroke by favorably modifying blood lipids and lipoproteins

(Brown ct al.. 1998, Guyton, 2004). Numerous clinical studies with niacin have reported
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a significant improvement in serum concentrations of HDL-C, HDL;-C, and apo-A, as
well as reductions in concentrations of total cholesterol (TC), very low-density
lipoprotein cholesterol (VLDL-C), LDL-C, TG, apo-B, Lp(a), and TC to HDL-C ratio
(Goldberg, 1998; Grundy, Mok, Zech, & Berman, 1981; Knopp et al., 1998; Knopp et al.,
1985; Snyder, 1990; Squires, Allison, Gau, Miller, & Kottke, 1992; Wang, Basinger, &
Neese. 2000).

Based on the different dissolution rates, three different formulations of niacin
such as immediate-release (IR) niacin, extended-release (ER) niacin, and sustained-
release (SR) niacin are available. Of these three types of niacin, ER niacin, such as
Niaspan, is widely rccommended to treat dyslipidemia because it not only improves lipid
and lipoprotein profiles, but also has fewer incidences of side effects as compared with IR
niacin and SR niacin (Guyton, 2004; Kane, Hamilton, Addesse, Busch, & Bakst, 2001;
Knopp et al., 1998; Pan et al., 2002).

Physical activity can favorably modify blood lipids and lipoproteins, and is
beneficial in reducing the risk factors for CVD (Durstine, Crouse, & Moffait, 2000,
Lamarche ct al., 1997). Both iong-term exercise training and a single bout of exercise
positively alter blood lipids and lipoproteins (Crousc et al., 1995; Durstine, Grandjean.
Cox, & Thompson, 2002; Ferguson et al., 1998). However, according to the published
research, responses of TC, VLDL-C, and LDL-C following a single bout of exercise are
inconsistent (Crouse et al., 1995: Grandjean, Crouse, & Rohack, 2000; Kantor, Cullinane,
Sady, Herbert, & Thompson, 1987), while a reduction of TG (Foger et al., 1994; Gordon

ctal., 1998; Grandjcan et al., 2000: Visich ct al., 1996) and an increasce in HDL-C
3



(Ferguson et al., 1998; Gordon et al., 1998; Grandjean et al., 2000; Kantor et al., 1987)
are fairly consistently observed following a single bout of aerobic exercise. Although
some studies have reported that HDL-C and TG concentrations in women may be more
resistant to exercise-induced alterations than men (Imamura et al., 2000; Williams, 1993,
Williams, 1996), beneficial changes in lipids and lipoproteins in response to exercise may
be similar between men and women (Durstine et al., 2002; Gordon et al., 1998; Kelley,
Kelley, & Tran, 2004).

Menstrual status, oral contraceptive use, or hormone replacement therapy can
influence blood lipid and lipoprotein profiles in women (Dowling, 2001). Menopause
usually occurs at the average age of 50 years in American and European women, and is
associated particularly with progressive reductions in reproductive hormones such as
estradiol, progesterone, and 17-hydroxoyprogesterone (Asikainen, Kukkonen-Harjula, &
Miilunpalo, 2004). Changes in theses hormones, particularly a reduction of estrogen, may
be associated with negative alterations of blood lipids and lipoproteins. It has been
reported that estrogen generally decreases TC and increases HDL-C (Asikainen et al.,
2004; Haddock, Marshak, Mason, & Blix, 2000).

Postmenopausal women are more likely to have higher concentrations of TC, TG,
VLDL-C, and LDL-C than men (Shepherd, Betteridge, & Gaal, 2005) or premenopausal
women (Blumenthal et al., 1991). In addition, the incidence of chronic diseases such as
CHD. type 2 diabetes. and osteoporotic fractures in sedentary women is also significantly
increased after menopause (Asikainen et al., 2004, Matthews et al., 1989; Sowers & La

Pietra, 1995). Sedentary lifestyle particularly in postmenopausal women is considered
4



one of the key factors that may enhance body weight gain and decrease cardiorespiratory
endurance, muscular strength, and bone mineral density (Sowers & La Pietra, 1995).
Problem Statement

Although many researchers have reported the effects of exercise on lipids and
lipoproteins in men. few studies have investigated women, particularly postmenopausal
women. Moreover, the results of existing literature examining the effects of & single bout
of exercise on blood lipids and lipoproteins in women are equivocal. The majority of
studies that examined the effects of a single bout of exercise on lipids and lipoproteins in
young individuals, particularly men, utilized various types of aerobic exercise such as
walking, stepping, cycling, etc. with an exercise intensity of 50 — 80% VO,max or 40 -
60% heart rate reserve (IMRR) requiring 350 — 1,500 kceal of energy expenditure (Crouse,
O'Brien, Grandjean, Lowe, Rohack, Green et al., 1997: Crouse et al., 1995; Ferguson et
al.. 2003; Ferguson et al., 1998; Grandjean ct al., 2000). Therefore, it is necessary to
determine how moderate intensity aerobic exercise affects blood lipids and lipoproteins in
older women who have increased risk factors for CVD. Thus, the exercise protocol for
this study was walking at 60% HRR until 400 kcal are expended.

The majority of studics that examined the effects of niacin on lipid and
lipoprotein metabolism used niacin ranging from 1,000 to 3,000 mg/day, and many
studies have reported that a minimum of 1,000 mg/day of niacin significantly improved
bioad lipids and lipoproteins (Goldberg et al., 2000; Guyton et al.. 1998: Knopp et al.,
199%; Morgan, Capuzzi, & Guyton, 1998; Pan ct al., 2002). Higher doses of macin (>

2.000 mg/day) are associated with adverse effects such as flushing, itching, redness, or
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hepatotoxicity. However, Niaspan minimizes these side effects, and is widely used to
treat dyslipidemia (Morgan et al., 1998; Pieper, 2003). Therefore, a target dose of 1,000
mg/day of Niaspan was used in this study.

Although it has been well documented that either exercise or niacin positively
alters blood lipids and lipoproteins, no published studies have examined the independent
and combined effects of niacin and a single bout of aerobic exercise on blood lipids and
lipoproteins in postmenopausal women. Therefore, it is important to determine how
niacin and excrcise influence blood lipids and lipoproteins in this population. The
purpose of this study was 1o investigate the independent and combined effects of niacin
(1,000 mg/day) and exercise (60% HRR until expending 400 kcal) on the blood lipid (TC
and TG) and iipoprotein (1.DL-C, HDL-C, HDL,-C. and HDL3-C) profiles in
postmenopausal women.

Hypotheses

This study examined the independent and combined effects of 1,000 mg/day of
niacin and u single bout of acrobic exercise at 60% HRR requiring 400 keal of energy
expenditure on lipid (TC and TG) and lipoprotein profiles (LDL-C, HDL-C, HDL,-C,
and 1IDL3-C) in postmenopausal women. The following hypotheses were tested:

1. Niacin supplementation (1,000 mg/day) for 4 weeks will improve lipid and

lipoprotein profiles (Niacin effect).
A single bow of exercise at 60% HRR requiring 400 keal of energy

expenditure will improve lipid and lipoprotein profiles (Exercise effect).



3. Niacin supplementation combined with a single bout of exercise will improve
lipid and lipoprotein profiles significantly more than exercise or niacin
treatment alone (Combination effect).

Definition of Terms
Apolipoproteins: the surface proteins used to identify lipoproteins. Apolipoproteins
regulate enzymatic functions, serve as lipid transfer proteins, and are the binding
molecules for interaction with lipoprotein receptors.
Atherosclerosis: a multi-factorial process that leads to the accumulation of cholesterol in
the intima layer.
Cholesterol ester transfer protein (CETP): a hydrophobic glycoprotein synthesized and
secreted by hepatic, muscle, and adipose tissue. An activity of CETP is associated with
HDL-C particles and functions of lipids between the HDL-C, LDL-C, and VLDL-C
[ractions.
Chylomicrons: a class of lipoproteins which transport dietary cholesterol and
triglycerides after digestion and absorption of fat in food.
Hematocrit (Het): a total volume of erythrocytes, expressed as a percentage of blood.
Iemoglobin (11b): the iron-containing pigment of the red blood cells, which carries
oxygen from the lungs to the tissues, and is expressed as milligrams per deciliter (mg/dl)
of blood.
High-density lipoprotein cholesterol (HDL-C): a lipoprotein that picks up chelesterol
{rom cells so that it can be eliminated from the body. Lower concentrations of HDL-C

increase the risk of CVD.



Hepatic lipase (HL): bound to the liver endothelial capillary lining, and works in
conjunction with CETP in the degradation of HDL,-C particles.

Lecithin:cholesterol acyltransferase (LCAT): modities nascent HDL-C particles by
transforming cholesterol into cholesteryl ester, shifts the ester to the HDL3-C core, and
develops a chemical gradient that leads to the continual uptake of cholesterol by HDL,-C.
Lipoprotein (a) [Lp(a)]: a class of plasma lipoproteins similar to LDL-C but containing a
large glycoprotein molecule called apolipoprotein (a).

Lipoproteins: particles containing a core of lipids surrounded by a shell of protein and
phospholipids.

Lipoprotein Lipase (1.PL): involved in the hydrolysis of the triglyceride core of
chylomicron and VLLDL-C. It is known that LPL is bound to the capillary walls and
enhances the uptake of the released fatty acid into the extra-hepatic tissue.

Low-density lipoprotein cholesterol (LDL-C): a lipoprotein that transports cholesterol to
cells. Elevated LDL-C increases the risk of CVD.

Maximal Oxygen Consumption (VO,;max): the maximal amount of oxygen that can be
consumed during a maximal exercise test.

Menopause: a phase in a woman’s life marked by the cessation of ovulation and
menstruation as a result of estrogen depletion.

Postmenopausc: defined as ne more menstruation after which a woman has experienced
12 consecutive months of amenorrhea (lack of menstruation).

Very low-density lipoprotein cholesterol (VLDL-C): large, buoyant lipoproteins secreted

by the liver and containing a relatively large amount of triglyceride.
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Assumptions and Limitations
Assumpltions
The researcher accepted the following assumptions:
1. All participants fasted at least 10 hr preceding each blood collection as requested
and abstained from alcohol consumption and exercise over the course of the study.

2. Each participant ingested the same dinner the day before each blood collection.

(98}

. Each participant correctly kept a dietary and physical activity record over the
course of the study.
4. Each participant ingested the correct amount of niacin as directed by the
researcher during the niacin treatment trial.
Limitations
The researcher accepted the following limitations:
1. Participants in this study were limited to postmenopausal women.
2. Participants in this study were not randomly assigned for niacin trials (with-niacin
or without-niacin trial) because of niacin’s possible flushing side effects. All

participants in this study were first assigned to the without-niacin trial.

|5

Any changes in blood lipids and lipoproteins beyond 48 hr after each
experimental trial were not considered in this study. Blood samples were
collected immediately before and at 24 and 48 hr after each experimental trial
(RWN, rest + with-niacin; EWN, exercise + with-niacin; RWON, rest + without-

niacin: or EWON, exercise + without-niacin)



Significance of Study

It has been reported that either niacin or exercise independently has favorable
effects on blood lipids and lipoproteins. However, there has been no study to date
examining the independent and combined effects of niacin and a single bout of exercise
on lipid and lipoprotein profiles in postmenopausal women. The present study may
provide insight on how the combination of niacin and exercise favorably alters the risk
tactors associated with dyslipidemia and CAD. In addition, the present study may also
provide insight into the development of future research that involves effective dosing of

both niacin and exercise on improvement in lipid and lipoprotein profiles.
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CHAPTER 11
REVIEW OF LITERATURE
Blood Lipids and Lipoproteins
Overview of Lipid and Lipoprotein Metabolism

Lipids are the chemical term for fats or oils (Smolin & Grosvenor, 2002), and
have a number of essential roles in the body including serving as an important structural
component of cells and providing a source of energy (McArdle, Katch, & Katch, 1999j.
Lipids are considered the ideal cellular fuels because lipids contain larger quantities of
encrgy per unit weight as compared with carbohydrates and proteins. The human body
can obtain lipids primarily from dietary foods containing cholesterol, cholesterol esters,
phospholipids, triglycerides (TG), and unesterified free fatty acids (FFAs) (Champe,
Harvey, & Ferrier, 2005).

Dietary lipids are digested in the small intestine and absorbed as fatty acids, free
cholesterol, monoglycerides, and diglycerides. Most lipids in the bedy are stored as TG in
adipose tissues. Most cholesterol found in plasma is in the esterified form with a fatty
acid attached at C-3. Cholesterol and its esters cannot be directly transported into the
circulation because of their hydrophobic characteristics. Therefore, cholesterel and its
esters are combined with other lipoproteins and apolipoproteins to enter the bloodstream

(Champe et al., 2005).



Water-soluble lipids such as short- and medium-chain fatty acids and
phospholipids can enter the bloodstream once absorbed into the intestinal mucosal cells
while non-water-soluble lipids such as monoglycerides and long-chain fatty acids cannot
directly enter the bloodstream. Thus, non-water-soluble lipids are resynthesized into TG
by the mucosal cell, which are, in turn, combined with cholesterol, phospholipids, and
apolipoproteins to form lipid-rich chylomicrons (Champe et al., 2005; Smolin &
Grosvenor, 2002).

The predominant lipid components of chylomicrons (diameter > 75 nm and
density < 0.95 g/ml) are TG (Converse & Skinner, 1992). Of the various types of
apolipoproteins including apo B-48, apo B-100, apo A-I, and apo A-Il, only apo B-48
combines with chylomicrons (Murray, Granner, Mayes, & Rodewell, 2000). The main
functions and properties of these apolipoproteins are presented in Table 1. Apo B-48 is
named because it constitutes the N-terminal with 48% of proteins coded for by the apo B
gene.

On the other hand, apo B-100, which is primarily found in very low-density
lipoprotein cholesterol (VL.DL-C) and low-density lipoprotein cholesterol (LDL-C),
represents 100% of proteins coded for by the apo B gene (Champe et al., 2005).
Chylomicrons enter the bloodstream from the intestine via the lymphatic system without

passing through the liver.
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Table 1

The Functions and Properties of Apolipoproteins and their Association with CAD

Apolipo  Molecular
proteins  mass (Da)

A-l 28,016 HDL-C, Chylo LCAT activator; Ligand for Inversely related
HDL-C receptor.

Lipoproteins Functions CAD Risk Factor

A-Il 17,414 HDL-C, Chylo HL activator; Inhibitor of Not associated
LCAT.
B-48 264,000  Chylo remnants, Secretion of Chylo.  Directly associated
Chylo
B-100 550,000 LDL-C, Secretion of VLDL-C,  Directly associated

VLDL-C, structural protein of LDL-
IDL-C  C, receptor-mediated LDL-
C catabolism.

C-1 6,600 VLDL-C, Possible activator of LCAT. Not associated
HDL-C, Chylo
C-li 8,850 VLDL-C, Activator of LPL. Not associated
HDL-C, Chylo
C-1 8,800 VLDL-C, Inhibition of LPL. Not associated
HDL-C, Chylo Inhibition of hepatic uptake
of chylo and VLDL-C.
E 34,100 VLDL-C, Hepatic clearance of chylo Not associated

HDL-C, Chylo remnants and IDL-C.
Note. Chylo = chylomicrons, HDL-C = high-density lipoprotein cholesterol, HL = hepatic

lipase, IDL-C = immediate-density lipoprotein cholesterol, LCAT = lecithin cholesterol
acyl transferase, LDL.-C = low-density lipoprotein choleseterol, LPL = lipoprotein lipase,
VLDL-C = very low-density lipoprotein cholesterol. Adapted from (Converse & Skinner,
1992; Durstine et ai., 2000; Murray et al., 2000).

When a nascent chylomicron particle is transferred to the plasma, the particle is
rapidly medificd in association with apo E and C-II that are provided by circulating
plasina high-density lipoproteins (HDL-C or a-lipoproteins) (Converse & Skinner, 1992;
Murray ct al., 2000). The characteristics of lipids and lipoproteins are presented in Table

2.
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Table 2

The Characteristics of Plasma Lipids and Lipoproteins

Composition
% of Total Lipid
Lipid/ Density =~ Diameter  Source  Protein Lipid TG Chol Phosp Free
Lipoprotein (g/ml) (nm) (%) (%) Chol
Chylo <0.95 100-1000 Intestine 1-2 98-99 88 8 3 1
VLDL-C 0.95-1.006 25-75 Liver, 7-10 90-93 56 20 15 8
intestine
IDL.-C 1.006-1.019 25 VLDL-C, 11 89 29 26 34 9
Chylo
LDL-C 1.019-1.063 20-28 VLDL-C, 21 79 13 28 48 10
Chylo
HDL,-C 1.063-1.125 10-20 HDL;-C 33 67 16 43 31 10
HDL;-C 1.125-1.210 5-10 Liver, 57 43 13 46 29 6
intestine,
VLDL-C,
Chylo
remnants
Chol - - Liver, Diet - 100 - - 70-75  25-30
TG - - Liver, Diet - 100 100 - - -

Note. Chylo = chylomicrons, Chol = cholesterol, HDL-C = high-density lipoprotein
cholesterol, IDL-C = immediate-density lipoprotein cholesterol, LDL-C = low-density
lipoprotein cholesterol, TG = triglyceride, Phosp = phospholipid, VLDL-C = very low-
density lipoprotein cholesterol. Adapted from (Converse & Skinner, 1992; Durstine,
Davis, Ferguson, Alderson, & Trost, 2001).
Lipoprotein Lipase (LPL) Activity

Lipoprotein lipase (LPL) is found on endothelial cells and serves as a principal
enzyme for TG hydrolysis in lipid-rich lipoproteins. Adipose tissues and muscles are the
main sites where LPL is released and transferred to the surface of the endothelial cells of
the capillarics (Champe et al., 2005; Lewis & Rader, 2005; Wang & Briggs, 2004). The
primary function of L.PL is to hydrelyze the lipid core of lipid-rich lipoproteins to release
FFAs, diglycerides. and monoglycerides, resulting in the transformation of larger TG-rich

particles into smaller TG-depleted remnant lipoproteins (Lewis & Rader, 2005).
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The activity of LPL is mediated by apo C-II in the presence of phospholipids.
When LPL is activated, FFAs are transported to tissues while the glycerol backbone of
TG is returned to the liver and kidney for lipid synthesis, glycolysis, or gluconeogenesis
(Champe et al., 2005). Fatty acids transported to tissues may be used as an energy source
or resynthesized into TG for storage (Durstine et al., 2000; McArdle et al., 1999; Smolin
& Grosvenor, 2002). 1f FFAs are not immediately used or taken up by cells, FFAs are
continuously transported by serum albumin until utilized (Champe et al., 2005).

Very Low-density Lipoprotein Cholesterol (VLDL-C) Metabolism

One of the vital organs for lipid metabolism is the liver. Cholesterol,
chylromicron remnants, and TG are synthesized in the liver, and are incorporated into
lipoprotein particles called VLDL-C or pre B-lipoproteins. The VLDL particles are
smalier (30 — 40 nm) and denser (0.95 — 1.006 g/ml) as compared with chylomicrons
(Converse & Skinner, 1992). The VLDL particles contain cholesterol esters, apo B-100,
apo E, apo C-1, apo C-Il, and apo C-111, and their main role is to transport lipids from the
liver to various body cells such as skeletal muscle or adipose tissue for storage or energy
sources (Champe et al., 2005).

Nascent VLDL particles containing apo B-100 are released into the circulation
from the liver. Like chylromicron hydrolysis, the core of VLDL particles in the presence
of apo C-1I are also hydrolyzed by LPL, resulting in the release of fatty acids to extra-
hepatic tissues. The remaining VL.DL-C remnants are removed from the circulation by
binding to hepatic apo E receptors. After the hydrolysis of TG in VLDL particles, a

smaller, denser intermediate-density lipoprotein (IDL) will be formed (Champe et al.,
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2005; Lewis & Rader, 2005).
Immediate-density (IDL-C) and Low-density Lipoprotein Cholesterol (LDL-C)
Metabolism

The remaining IDL molecules in an interaction with LPL return to the liver or
transform into L.DL particles or B-lipoproteins (Shepherd, 1992). A predominant
apolipoprotein in LDL particles is apo B-100, a protein with 4536 amino acid residues
(Murray et al., 2000). The LDL particles are the primary cholesterol transporters for
peripheral tissues, and can be taken up by liver and peripheral cells via receptor-mediated
endocytosis when apo B-100, on the surface of LDL-C, binds to the LDL-C apo B-100
cellular receptors on the peripheral cell membrane. During this receptor-mediated
endocytosis process, the LDL particles are transported into the cell and exposed to
lysomal digestion (Champe et al., 2005; Durstine ct al., 2000).

Oxidized LDL particles can easily enter the macrophage through the scavenger
receptors, CD 36 and SR-A (Kwiterovich, 2000). Excess intracellular cholesterol is stored
after re-esterification by acyl-CoA-cholesterol acyltransferase (ACAT). Individuals with
a LDL.-C receptor deficiency have significantly elevated plasma LDL-C, and it is well
known that high concentrations of LDL-C in the blood are related to heart disease
(Converse & Skinner, 1992). Furthermore, smaller, denser LDL particles are strongly
associated with the risks of CVD (Rainwater, Mitchell, Comuzzie, & Haffner, 1999). The
diameter of L.DL particles generally fall within the range of 22 — 29 nm (Rainwater,
1998). Based on size and density, LDL particles can be classified as either phenotype A or

phenotype B (Austin et al., 1988). Larger, buoyant LDL particles (> 25.5 nm) are
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considered the phenotype A pattern, and LDL particles smaller, denser (< 25.5 nm) than
phenotype A are the phenotype B pattern, which are more atherogenic than the phenotype
A pattern (Singh et al.. 1995).

Lipoprotein(a)

Lipoprotein(a) (Lp(a)) was first introduced in 1962, and can be found in the same
density region as LDL-C and HDL,-C (Berg, 1994). The structure of Lp(a) is almost
identical to LDL particles (Converse & Skinner, 1992). Like LDL particles, apo B-100 is
a major apolipoprotein component in Lp(a). However, one of the unique characteristics of
Lp(a) as compared to LDL-C is that Lp(a) has an additional apolipoprotein molecule,
apo(a), which is covalently linked at a single site of apo B-100 and is highly homologous
to plasminogen, a precursor of a blood protease (Champe et al., 2005).

Although Lp(a) concentration is mainly associated with genetics, a trans fat diet
can clevate plasma Lp(a) concentrations (Champe et al., 2005) whereas estrogen and
progestin lowers Lp(a) concentrations in postmenopausal women with high initial
concentrations (Shlipak et al.. 2000). All major lipoproteins such as chylomicrons,
VLDL-C, LDL-C, and HDL-C are metabolically interrelated and exchange lipid and
protein components through the metabolic transformations, but Lp(a) seems to be
metabolically unrelated to the other plasma lipoproteins (Converse & Skinner. 1992).

Elevated Lp(a) concentrations (> 25 mg/dl) in plasma appear to be an
independent risk facior for CAD (Superko & Hecht, 2001), and promote atherosclerosis
via its cholestery! ester component. Higher concentrations of Lp(a) are also associated

with other coronary risks, especially in the presence of elevated LDL-C or apo B
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concentrations (Berg, Frey, Baumstark, Halle, & Keul, 1994; Durstine et al., 2000;
Kwiterovich, 2000). The conversion of plasminogen to plasmin slows down when Lp(a)
competes with plasminogen-binding sites on the surface of endothelial cells, which
consequently promotes the process of thrombosis. By stimulating plasminogen activator
inhibitor-1 synthesis, Lp(a) can promote thrombosis (Kwiterovich, 2000).

High-density Lipoprotein Cholesterol (HDL-C) Metabolism

The HDL particle is composed of a heterogenous lipoprotein family with
cholesterol esters and TG in the core and apolipoproteins, phospholipids, and unesterified
cholesterol in the outer amphipathic layer (Kashyap, 1998). The HDL molecule is
synthesized de novo in the liver and small intestine, and contains various apolipoproteins
including apo A-I, apo C-I, apo C-II, and apo E. Approximately 70% of the
apolipoprotein content of HDL-C is apo A-I (Lewis & Rader, 2005).

The primary roles of HDL particle in lipid metabolism are to serve as a reservoir
of apolipoproteins (e.g., apo E and apo C-II), a site for cholesterol esterification and
unesterified cholesterol uptake, and a transporter for cholesterol to the liver (Champe et
al., 2005). Since cholesterol cannot directly be hydrolyzed in most cells, a specific
lipoprotein such as HDL-C is required to return cholesterol to the liver for catabolism.
This process is known as the reverse cholesterol transport (RCT) pathway, and is
mediated by HDL-C (Smolin & Grosvenor, 2002; Wang & Briggs, 2004).

The RCT pathway begins with the efflux of cholesterol and phospholipids from
the peripheral tissues to lipid-poor apo A-I (Lewis & Rader, 2005; von Eckardstein, Nofer,

& Assmann, 2001). This cholesterol and phospholipid efflux is mediated by the ATP-
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binding cassette transporter 1 (ABCA 1 or ABC 1). The ABCA 1 transporter is an
important mediator for, not only apo A-I lipidation, but the RCT pathway as well (Atti