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SIMPLE METHOD FOR QUANTIFICATION OF SERUM SMALL DENSE LDL PARTICLES 
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THESIS ADVISORS: PAIROJ LEELAHAKUL, D.Sc., KULNAREE SIRISALI, M.Sc., 
SUDARAT MANOCHIOPINIJ, Ph.D. 
 

ABSTRACT 
 

        Cardiovascular disease is a leading cause of global morbidity and mortality and is 

responsible for one-in-three deaths.  It is very important to monitor LDL particle levels, 

especially small dense LDL particle levels which play an important role in cardiovascular 

disease. A modified method that can detect the small dense LDL particles and report in term 

of particle number is presented here. The samples were collected from the Center of Medical 

Laboratory Services, Faculty of Medical Technology, Mahidol University, during July to 

August 2008. They were categorized into 3 groups according to their LDL-C levels. These 3 

groups of samples were subjected to separation of small dense LDL particles by 

ultracentrifugation and precipitation methods. The method validation was done by 

polyacrylamide gel electrophoresis (PAGE) and apo B-100 analysis. PAGE showed the good 

accuracy of separation of small dense LDL particles by precipitation method. Apo B-100 

analysis demonstrated the good precision of this method. The %CV of each sample group was 

3.91, 3.54, and 3.89, respectively. The total error of this quantification method was 12% that 

lay within the allowable total error of the apo B-100 determination. These results showed that 

the quantification method can be used in routine clinical laboratory with linearity of 100 – 180 

mg/dL of LCL-C. The results from apo B-100 analysis were converted to small dense LDL 

particle number which is one of the crucial cardiovascular risk indicators. Mean of the apo 

B-100 levels in term of molecule number of each sample group was 2.51 x 1016 

molecule/dL, 2.90 x 1016 molecule/dL, and 3.20 x 1016 molecule/dL respectively. 

Further study of the others parameters of method validation will be done to complete 

the simple method for quantification of serum small dense LDL particles. 

KEY WORDS: SMALL DENSE LDL PARTICLE/ PRECIPITATION/ 
ULTRACENTRIFUGATION/ APO B-100 ANALYSIS 
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การตรวจวัดปริมาณโมเลกุล small dense LDL ในซีรั่มดวยวิธีการอยางงาย   
(SIMPLE METHOD FOR QUANTIFICATION OF SERUM SMALL DENSE LDL PARTICLES) 
 
นัฐพล นิยมพงษ      4838737   MTMT/M 
 
วท.ม. (เทคนิคการแพทย) 
 
คณะกรรมการควบคุมวิทยานิพนธ: ไพโรจน ลีฬหกุล, วท.ด., กุลนารี สิริสาลี, วท.ม., สุดารัตน มโนเชี่ยวพินิจ,    
พีเอช.ดี. 
 

บทคัดยอ 
 

        โรคหัวใจและหลอดเลือด เปนสาเหตุสําคัญของการเสียชีวิตถึงหนึ่งในสามของประชากรทั่วโลก การ
ตรวจวัดปริมาณของ small dense LDL particle จึงมีความสําคัญมาก เนื่องจาก small dense LDL 
particle เปนสาเหตุหนึ่งในการกอใหเกิดโรคหัวใจและหลอดเลือด การศึกษาครั้งนี้ ไดทําการศึกษาวิธีตรวจวัด
ปริมาณ serum small dense LDL และทําการรายงานผลในรูปแบบของจํานวนโมเลกุล ไมใชในรูปแบบของ
ปริมาณคลอเลสเตอรอลในโมเลกุลของ LDL อีกตอไป โดยตัวอยางเลือดทั้งหมด นํามาจากสถานเวชศาสตร  
ชัณสูตร คณะเทคนิคการแพทย มหาวิทยาลัยมหิดล ต้ังแตเดือนกรกฎาคม ถึงเดือนสิงหาคม พ.ศ.2551 และถูกแบง
ออกเปน 3 กลุม ตามระดับของ LDL-C หลังจากนั้น ตัวอยางเลือดทั้ง 3 กลุม จะถูกนําไปใชในการแยก serum 
small dense LDL particle ดวยวิธี ultracentrifugation และวิธีการตกตะกอน หลังจากนั้นจึงทํา 
method validation เพื่อประเมินความนาเชื่อถือของวิธีการตกตะกอน ซึ่งจากการวิเคราะหดวยวิธี PAGE 
พบวา วิธีการตกตะกอนมีความสามารถในการแยก serum small dense LDL particle ไดถูกตอง เมื่อเทียบ
กับวิธี ultracentrifugation ซึ่งเปนวิธีมาตรฐาน และจากการวิเคราะหดวยวิธี apo B-100 analysis พบวา 
การวัดปริมาณ small dense LDL particle ดวยวิธีการตกตะกอนนั้น มีความแมนยําสูง โดยมีคา %CV 
เทากับ 3.91, 3.54 และ 3.89 ตามลําดับ ในตัวอยางตรวจที่มีความเขมขนของ LDL-C ระหวาง 100 – 180 
mg/dL และคาที่ไดจากการวัดปริมาณ apo B-100 ไดถูกแปลงใหเปนหนวยจํานวนโมเลกุลของ small 
dense LDL ซึ่งเปนปจจัยเสี่ยงที่สําคัญตัวหนึ่งของโรคหัวใจและหลอดเลือด โดยมีคาเฉลี่ยจํานวนโมเลกุลของ 
small dense LDL ของแตละตัวอยางเทากับ 2.51 x 1016 molecule/dL, 2.90 x 1016 
molecule/dL, and 3.20 x 1016 molecule/dL ตามลําดับ จากการศึกษาครั้งนี้ พบวา การแยก small 
dense LDL particle ดวยวิธีการตกตะกอนนั้น สามารถนํามาใชแทนวิธีการตรวจวิเคราะหดั้งเดิมได เนื่องจาก
คา total error ของวิธีการตกตะกอนนี้ อยูในชวง allowable total error ของวิธีการตรวจวัดปริมาณ apo 
B-100 สําหรับตัวอยางตรวจที่มีความเขมขนในระดับอื่น และพารามิเตอรตัวอื่นๆ ในการทํา method 
validation นั้น จะไดมีการศึกษาในลําดับตอไป 
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CHAPTER I 

INTRODUCTION 
  

 

 Cardiovascular disease is a leading cause of global morbidity and mortality and 

is responsible for one-in-three deaths. Every year, about 17 million people throughout 

the world die of a heart attack or a stroke. Those who survive a heart attack or stroke 

often need to take long-term medical treatment. These diseases affect the poor as well 

as the rich. Most people think that they are diseases of middle-aged men. The truth is 

that both men and women suffer from heart attacks and strokes (1). 

 In Thailand, cardiovascular disease including coronary heart disease, congestive 

heart failure, and strokes is also a leading cause of morbidity and mortality. 32,896 

people died in 2002 and reached 36,771 people in 2005. 75,931 and 98,895 people 

suffered from coronary disease in 2002 and 2005 respectively. 

 In the United States and most other Western countries, atherosclerosis is the 

leading cause of illness and death. In the United States alone, it caused almost 1 

million deaths in 1996 – twice as many as cancer caused and 10 times as many as 

accidents caused. Despite significant medical advances, heart attack due to coronary 

artery disease and strokes are responsible for more deaths than all other causes 

combined. 

 It is very important to monitor LDL particle levels especially small dense LDLs 

particle levels which play an important role in cardiovascular disease. Unfortunately, 

current routine clinical laboratory service cannot provide the information about LDL 

size and number. They can provide only LDL cholesterol concentration which is the 

estimation of LDL cholesterol level in plasma. They cannot report the exact number 

of LDL particles that is more precise and useful than report in LDL cholesterol 

concentration format. If the laboratory can report the exact atherogenic LDL particle 

number or small dense LDL particle number, the doctor will know how risky of each 

patients to develop cardiovascular disease and give them the appropriate advice and 

treatment early. Therefore, my study tries to modify the method that can detect the 
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small dense LDL particles and can report in term of particle number. All of these will 

help protecting people from the leading cause of global morbidity and mortality, 

cardiovascular disease. 

 The objective of the study is to modify the method that can detect the small 

dense LDL particles and can report in term of particle number. All of these will help 

protecting people from the leading cause of global morbidity and mortality, 

cardiovascular disease. 
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CHAPTER II 

OBJECTIVES 
 

 

 The determination of LDL level in current routine clinical laboratory is the 

determination of cholesterol that contain within LDL molecules which is just the 

indirect measurement of the LDL level and this method cannot provide any 

information about small dense LDL particles which are the true atherogenic 

molecules. The current methods that directly detect and determine small dense LDL 

particles are proton nuclear magnetic resonance (NMR), analytical 

ultracentrifugation, gradient gel electrophoresis. But these method are not suitable for 

routine clinical laboratory. The expensive instrument, well-trained technician, and 

time consuming are needed by these methods. 

 From the above problem, this study tries to solve this problem by 

development the precipitation method that is suitable for routine clinical laboratory, 

directly detectable the small dense LDL particles, and reportable in molecule number. 

This method will not only improve the routine clinical laboratory’s efficiency in 

determination of atherogenic parameters, but it also benefit for coronary heart disease 

prevention and treatment. 
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CHAPTER III  

LITERATURE REVIEW 
 

 

1. The vascular biology of atherosclerosis 
Cardiovascular disease is the leading cause of mortality in the United States, 

Europe, the vast majority of Asia, and is likely to be the greatest threat to overall 

health worldwide (2,3). As a major cause of cardiovascular disease, the development 

of atherosclerosis starts early in childhood (4). Despite this fact, most individuals are 

asymptomatic until many decades later. Autopsy studies of coronary arteries from 

healthy, young American soldiers killed during the Korean conflict revealed 

surprisingly advanced atherosclerotic lesions (5). Intimal lesions were discovered in 

more than 50% of the right coronary arteries of the youngest group (15-19 years of 

age). More recently, fatty streaks, an early marker of atherosclerosis, have been found 

in the intima of infants (6). More advanced atherosclerotic lesions are first identified 

in the intima of three primary target vessels: the carotid and coronary arteries and the 

aorta (7,8). Figure 1 illustrates the progressive narrowing of the artery during 

atherosclerosis. Although there is significant disparity in the evolution of lesion 

formation, ischemic coronary disease, stroke, peripheral artery disease, and transient 

ischemic attacks are among the clinical presentations of matured lesions and ruptured 

plaques (9,10). 

Emerging epidemiologic studies (11) have shown that elevated LDL, male 

gender, increased homocysteine, and ethnicity are among the many risk factors and 

markers involved in the pathogenesis of atherosclerosis. In a recent study of 557 first-

generation immigrants, it was concluded that acculturation into western societies may 

also be an independent risk factor for coronary artery disease and atherosclerotic 

lesion development (12). Nevertheless, among the consequences of acculturation are 

stress, dietary patterns, and physical inactivity which also have been identified as 

major risk factors for atherosclerosis and cardiovascular disease. 
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Figure 1.  Progression of atherosclerosis 

Source : http://www.resverlogix.com/upload/body_image/46/03/artery-for-

web-final.jpg 

Access date : 24/05/2008 

 

1.1 Anatomical structure of the normal human artery 

The structure of the normal artery consists of three layers: the intima, the 

media, and the adventitia (Figure 2). The intima, the innermost layer, is composed of 

an endothelial monolayer lying on the basement membrane with elastic fibers 

comprised of type IV collagen, laminin, and heparin sulfate proteoglycans (13). This 

layer also contains smooth muscle cells (SMCs) embedded in sulfated 

polysaccharide, hyaluronic acid intimal thickening (14). 
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Figure 2.  Normal artery 

Source : http://greenfield.fortunecity.com/rattler/46/images/artery1.JPG 

Access date : 24/05/2008 

 

The endothelium of a normal, healthy artery functions as a non-thrombogenic 

surface and serves as a selectively permeable barrier, which regulates the transport of 

solutes across the arterial wall. Importantly, the vascular endothelium is also essential 

in the regulation of vascular tone, coagulation, and inflammatory responses (15-17). 

Changes in shear stress and blood flow lead to phosphorylation of endothelial nitric 

oxide synthase (eNOS), which generates nitric oxide (NO), which then produces 

vasodilation (18). The intima is separated from the media by an internal elastic lamina 

comprised primarily of the protein polymer elastin. 

The tunica media, the middle layer, is primarily comprised of SMCs 

surrounded by its own basement membrane. The media’s basement membrane is 

anchored within an interstitial matrix composed of type I collagen, fibronectin, 

dermatan, and chondroitin sulfate proteoglycans (19). This interstitial matrix is 

intertwined with perforated sheets of elastic fibers. 

The adventitia attaching the vessel to the surrounding tissue is made up of 

capillaries, fibroblasts, fat cells, proteoglycans, connective tissue, and elastic and 

collagen bundles. The adventitia is separated from the tunica media by the external 

elastic lamina. The connective tissue in the adventitia is very compressed where it 

borders the tunica media, but it changes to loose connective tissue near the periphery 

of the vessel (20). 
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1.2 Endothelial dysfunction 

In humans, the normal endothelium has many unique anti-atherosclerotic 

properties, including vasoregulation of conductive and resistance vessels, monocyte 

disadhesion, and vessel growth (21). The pathophysiological consequences of 

disruption of these factors serve as hallmarks of endothelial dysfunction. Endothelial 

dysfunction as a result of injury leads to compensatory responses that modify the 

normal physiological characteristics of the endothelium and become the foundation 

for the disease process. 

Endothelial dysfunction is characterized as a systemic, reversible disorder and 

is associated with an impairment in endothelium-dependent vasodilation and 

recruitment of inflammatory cells to the vessel wall (22). Potential causes of 

endothelial dysfunction include hypercholesterolemia, diabetes (23), smoking (24), 

hypertension (25), and infectious microorganisms (26) such as Chlamydia 

pneumoniae (27), cytomegaloviral infection, Helicobacter pylori infection, and 

herpes virus infection (28), many of which are associated with a reduction in 

availability of vasodilators such as NO, decreased flow-induced vasodilation, and 

increased endothelium-derived contracting factors. Lipid and cell permeability, 

lipoprotein oxidation, inflammation, platelet activation, and thrombus formation are 

all promoted by endothelial dysfunction (29,30). 

Endothelium dysfunction is also involved in the activation of endothelial-

leukocyte adhesion molecules (31,32). Specifically, P-selectin, E-selectin, 

intracellular adhesion molecule-1 (ICAM-1), and vascular cell adhesion molecule 

(VCAM-1) are adhesion molecules known to be involved with the recruitment of 

leukocytes (33). VCAM-1 plays a role in the binding of both monocytes and 

leukocytes to endothelial cells. In lesion-prone areas (e.g., endothelial cells exposed 

to long duration, high shear stress), VCAM1 is up-regulated and occurs in response to 

inflammatory cytokines. Increased expression of ICAM-1 on endothelial cells has 

been detected in both lesion-prone areas as well as on endothelial cells exposed to 

normal shear stress (34). In humans, E-selectin is only up-regulated on injured 

endothelial cells and is important in the regulation of adhesive interactions between 

certain blood cells and the endothelium (35), whereas P-selectin is involved in 

adhesion of certain leukocytes and platelets to the endothelium (36-38). The 
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importance of P-selectin during atherosclerosis has also been demonstrated in animal 

models (39). For example, P-selectin is expressed on endothelial cells overlying 

active atherosclerotic plaques, and inactive atherosclerotic plaques lacking in            

P-selectin expression. Furthermore, animals lacking P-selectin have a decreased 

tendency to form atherosclerotic plaques. 

 

1.3 Stages of atherosclerosis 

Initiation of LDL-mediated atherosclerosis (lipid accumulation) 

Atherosclerosis lesion development begins with the accumulation of LDL 

cholesterol levels within the circulation. Under pathologic conditions where LDL 

levels are elevated, lipid accumulation is noticeable along the lining of the arterial 

wall termed the tunica lamina. The aggregates of lipid particles form intimate 

associations with epithelia moieties such as proteoglycans and become embedded in 

the tunica lamina structure. In defense, the arterial epithelium fortifies itself with self-

protective structural and biochemical mechanisms that maintain a homeostatic 

environment in the presence of lipid accumulation. The expression of molecules such 

as heparin sulfate constituents, which provide arterial integrity and blood fluidity and 

the expression of many antithrombin molecules, are instrumental in protection against 

atherosclerosis (40). However, under hypercholesterolemic conditions, the protective 

integrity of the epithelium falls prey to initiation of lesion development. 

 

LDL oxidative modification and fatty streak formation 

Atherosclerotic lesions present initially in the form of fatty streaks forming 

along the endothelium of arteries. The major contributing event believed to be 

responsible in fatty streak development is oxidative modifications of the lipid and 

apolipoprotein B (apo B) components of LDL (41). 

The precise molecular mechanisms responsible for LDL oxidation are largely 

unknown. Studies have identified several plausible mechanisms supportive of LDL 

modification. The enzymatic activity of nitric oxide synthase, 15-lipoxengenase 

activity (42), as well as nitric oxide production by epithelial cells and macrophages 

(43) have been shown to be capable of LDL modification. Recent findings supporting 

their proatherogenic role have been documented using gene knockout models (44-46). 
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Despite formidable evidence that LDL oxidation confers lesion formation, data 

regarding antioxidant therapy to date have not shown promise (47). In broad terms, 

atherosclerosis can be characterized as a chronic inflammatory condition. As such, 

cellular responses such as cellular adhesion and recruitment during lesion 

development are central components as in other chronic inflammatory diseases. 

The recruitment of monocytes occurs at the sites of lipid accumulation and 

function in uptake of various lipids and apolipoprotein components produced from 

oxidative stress and other biochemical breakdown products of LDL. Such recruitment 

is known to be regulated by chemotactic factors as well as being attracted by 

oxidative-LDL species. Chemokines are small proteins of the first two cysteines at 

the amino terminus of the molecule (48-50). Chemokines stimulate the migration and 

activation of cells, especially phagocytic cells and lymphocytes. Most notable is the 

release of macrophage chemotactic protein 1 (MCP-1) found to be produced locally 

by endothelial cells and the coordinate expression of chemokine receptor 2 (CCR2), 

the receptor for MCP-1 by monocytes. In fact, it has been shown that 

hypercholesterolemia patients exhibit increased MCP-1 production. Furthermore, 

disruption of MCP-1 and its receptor CCR2 genes was shown to reduce the 

development of atherosclerosis in mice (51). Other chemokines such as interleukin-8 

(IL-8), RANTES, and IP-10 have also been implicated in monocyte recruitment. 

Current research in this area offers the potential for therapeutic use in deterring 

atherogenic processes by impairing leukocyte trafficking. 

It has been speculated that macrophage-mediated uptake of modified LDL 

species may be an initial attempt to dampen the inflammatory environment produced 

by oxidative LDL species. Ultimately, however, the response and uptake of oxidized 

LDL species leads to progressive inflammation and atherosclerotic lesions. The 

uptake of LDL occurs mainly via macrophage LDL receptors or by scavenger 

receptor-mediated uptake. The mode of LDL uptake is determined by the nature of 

LDL modification. Studies show that while native LDL is normally endocytosed via 

specific LDL receptors, highly modified LDL, such as certain apolipoproteins, are not 

recognizable by the LDL receptors and are relegated to uptake by scavenger 

receptors. The latter is most associated with macrophage foam cell formation, a topic 

to be discussed in a subsequent section of this chapter. As a result of macrophage 
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recruitment and uptake of LDL constituents, fatty streaks form and become what is 

the initial site of atherosclerotic lesions. 

Another mechanism responsible for the initiation of atherosclerotic lesions is 

the increase in adhesion molecules present on endothelial cells. Under normal 

circumstances, the arterial endothelium is highly resistant toward cellular adhesion. 

However, studies have shown that hypercholesterolemia induces leukocyte adherence 

to the endothelium allowing diapedesis between the endothelial cell and entry into the 

lamina. Several adhesion molecules have been implicated to significantly foster 

translocation of leukocytes across the endothelium. Vascular cell adhesion molecule-

1 (VCAM-1), a member of the immunoglobulin superfamily, is expressed by 

endothelial cells and regulates the adherence of monocytes and T cells. VCAM-1 has 

been found to interact with very late antigen-4 (VLA-4) and influence monocyte 

adherence during the initial stages of atheroma formation (52). Selectins P and E have 

also been implicated in monocyte adhesiveness to the endothelium. Quantitative 

decreases in atherosclerosis were shown in apo E mice lacking their respective genes 

(53). 

 

Foam cell formation (intracellular lipid accumulation by macrophages) 

Macrophages play an important role in LDL metabolism by uptake of native 

LDL cholesterol and modified species of LDL via two major receptor mechanisms, 

LDL-specific receptor and scavenger receptor endocytosis, respectively. As the 

accumulation and modification of LDL ensues, macrophages within the 

subendothelium begin to incorporate large amounts of oxidized LDL species via 

scavenger receptor uptake, resulting in a phenotype given in term “foam cell”. The 

most notable scavenger receptors identified to date that have been demonstrated to 

have a significant impact on atherosclerotic development are the scavenger receptor 

A (SR-A) and the receptors of the cluster differentiation 36 surface molecules (CD36) 

receptors (54). In particular, it was shown that in apo E-deficient murine models 

deficient in SR-A or CD36, gene receptor expression resulted in a significant 

reduction in lesion formation (54,55). 
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Homeostatic control of cholesterol uptake is under strict mediation through 

LDL-specific receptor feedback mechanisms regulated by the SREBP transcription 

factors required for LDL receptor expression.  In the presence of elevated membrane-

bound cholesterol, inactivation of SREBP occurs, inhibiting LDL receptor 

expression. In contrast, however, uptake of oxidative LDL species via scavenger 

receptors, SR-A or CD36 or by macrophage-mediated phagocytosis is not under such 

regulatory control. Instead, prevention of cholesterol intracellular overload is 

dependent on mechanisms of active efflux out of the cell. The vast majority of 

oxidized LDL entering macrophages via the scavenger receptors consists of free 

cholesterol or esterified cholesterol. There are several fates of native cholesterol 

metabolism, which include Acyl CoA esterification and the storage of lipid droplets 

containing cholesterol esters that characterize the phenotype of foam cells. 

A major pathway of cholesterol efflux is called reverse cholesterol transport 

pathway that involves HDL as an acceptor molecule. The HDL-reverse cholesterol 

transport mechanism received much attention when studies found an inverse 

relationship between risk for atherosclerosis and HDL content (56). A genetic basis 

for HDL-mediated cholesterol transport is shown in patients afflicted with Tangier 

disease, which is characterized by extremely low levels of HDL and accumulation of 

cholesterol within macrophages. Under normal conditions, HDL-cholesterol is 

esterified via lecithin-cholesterol acyltransferase (LCAT) or is directly transported to 

the liver via SR-B1 binding. 

 

Immigration of smooth muscle cells 

A hallmark of advanced lesion development is the immigration of smooth 

muscles cells from the arterial wall into the subepithelial space. The factors that lead 

to the mobilization of smooth muscle cells are not well understood, but it is believed 

to be due to preexisting stimuli. For example, macrophages have been shown to 

secrete the chemokine platelet-derived growth factor (PDGF), which is a 

chemoattractant for smooth muscle (57). In fact, studies have demonstrated PDGF 

expression to be elevated in individuals with atherosclerosis (58). Smooth muscle 

cells found within the atherosclerotic region were found to have distinct 

characteristics from normal smooth muscle cells. These cells exhibit characteristics of 
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clonal expansion. Studies have demonstrated that the slow but steady proliferation 

can be attributed to a single cell (59). Smooth muscle cells in developing atheroma 

also are capable of taking up modified lipoproteins (58). Not only does their 

proliferative capacity augment atheroma development, but apoptotic cell death of 

smooth muscle cells also participates in lesion progression. Apoptosis of smooth 

muscle cells is believed to be associated with the presence of inflammatory cytokines 

at the lesion site (60). Thus, smooth muscle cell immigration plays a significant role 

in progression of atheroma. Current research is aimed at developing molecular 

strategies targeting both proliferative and apoptotic pathways. 

 

Plaque formation 

Plaques develop from initial fatty streaks that progress into advanced lesions 

comprised of inflammatory cells, extracellular lipid, and fibrous tissue. Their 

continued accumulation proliferation and activation within the lesion leads to plaque 

expansion. Consistent with the earlier events of atherosclerotic lesion development, 

plaque formation involves the participation of cytokines, chemokines, hydrolytic 

enzymes, and growth factors in this process (61). 

While the initial events of atherogenesis involve mainly the disruption of the 

endothelium and leukocyte accumulation, the formation of the more advanced plaque 

includes smooth muscle cells. Smooth muscle cells migrate via chemotactic 

regulation into the arterial intimal lesion site and become active participants in 

atheroma development. The smooth muscle cells involved in atheroma exhibit an 

altered phenotype in comparison to normal arterial tunica media smooth muscle cells. 

These smooth muscle cells proliferate at a higher rate within atherosclerotic plaques 

versus normal intimal regions of the aorta (62). It is still unclear, however, what 

initiates media smooth muscle proliferation versus normal smooth muscle cells. It is 

believed that growth factors in conjunction with additional stimuli promote the 

proliferative response by smooth muscle cells at the lesion site. 

A large proportion of the developing atheroma includes connective tissue 

consisting of extracellular matrix macromolecules. Among the matrix proteins, the 

class collagens and proteoglycans are commonly associated with plaque development. 

Matrix proteins are produced by vascular smooth muscle cells and can accumulate 
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within the developing plaque upon stimulation by transforming growth factor-β and 

platelet-derived growth factor (63). Matrix molecules have an important regulatory 

function. For example, fibronectin and heparin sulfate are found to inhibit cell cycle 

and cell-matrix interactions and influence chemokine expression by macrophages 

(64-67). Matrix accumulation within the intima is under control of matrix 

metalloproteinase (MMPs) (65). MMPs act in degradation of matrix molecules and 

therefore control lesion accumulation. Matrix molecules also contribute to the 

outward growth of the lumina. Thus, the extracellular matrix is a key component in 

plaque development. 

 

1.4 Atherosclerosis risk factors 

An American Heart Association (AHA) Prevention Conference statement in 

1999 classified risk factors into 3 categories (Table 1). The conventional risk factors 

appear to have a direct causal role in atherosclerosis. Predisposing factors, including 

obesity, family history of early-onset CHD, and sedentary lifestyle, mediate some risk 

through the causal factors but may also have independent effects. The term 

“conditional” risk factors was used for factors that have an association with increased 

risk for coronary artery disease although their causative, independent, and 

quantitative contributions to coronary artery disease are not well documented. The 

conditional risk factors are homocysteine, fibrinogen, Lp(a), low-density lipoprotein 

(LDL) particle size, and C-reactive protein (CRP). The fourth category that can be 

added is that of emerging risk factors: lipoprotein-associated phospholipase A2, 

pregnancy-associated plasma phosphatase, asymmetric dimethylarginine, 

myeloperoxidase, nitrotyrosine, and markers of oxidative stress. The reported 

association of these factors to CHD needs further confirmatory studies (68,69). 
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Table 1.  Categories of risk factors for atherosclerosis 

 

Conventional 

 

Predisposing 

 

Conditional 

 

Emerging 

Cigarette smoking Overweight and 

obesity 

Homocysteine Lipoprotein-

associated 

phospholipase A2 

Elevated blood pressure Physical inactivity Fibrinogen Pregnancy-

associated plasma 

phosphatase 

Elevated serum 

cholesterol 

Male sex Lipoprotein(a) Asymmetric 

dimethylarginine 

Low HDL cholesterol Family history of 

early-onset CHD 

Small LDL 

particle size 

Myeloperoxidase 

Diabetes mellitus Socioeconomic factors C-reactive protein Nitrotyrosine 

 Behavioral factors  Measures of 

oxidative stress 

 Insulin resistance  Candidate gene 

polymorphisms 

 

Cigarette smoking 

Smoking contributes to the risk of developing heart disease. All smoke 

contains very fine particles that are able to penetrate the alveolar wall into the blood 

and exert their effects on the heart in the short time. 

Inhalation of smoke causes several immediate responses within the heart and 

blood vessels. Within one minute the heart rate begins to rise, increasing as much as 

30 percent during the first 10 minutes of smoking. Carbon monoxide in smoke exerts 

its negative effects by reducing the blood’s ability to carry oxygen. 

Smoking tends to increase blood cholesterol levels. Furthermore, the ratio of 

high-density lipoprotein to low-density lipoprotein tends to be lower in smokers 

compared to non-smokers. Smoking also raises the levels of fibrinogen and increases 

platelet production with makes the blood viscous. Carbon monoxide binds to 

haemoglobin, resulting in a much more stable complex than haemoglobin bound with 

oxygen or carbon dioxide and lead to permanent loss of blood cell functionality. 
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Blood cells are naturally recycled after a certain period of time, allowing for the 

creation of new, functional erythrocytes. However, if carbon monoxide exposure 

reaches a certain point before they can be recycled, hypoxia occurs. All these factors 

make smokers more at risk of developing various forms of atherosclerosis. As the 

atherosclerosis progresses, blood flows less easily through rigid and narrowed blood 

vessels, making the blood more likely to form a thrombosis. Sudden blockage of a 

blood vessel may lead to an infarction. 

Smoking causes endothelial dysfunction, possibly through increased oxidative 

stress, and this is also true for passive smoking. A 30-minute passive smoking 

exposure was found to affect coronary flow velocity reserve in non-smokers. Light 

and heavy smoking have similar detrimental effects on endothelium-dependent 

vasodilation and the nitric oxide biosynthetic pathway.  

 

Hypertension 

The renin-angiotensin system contributes to the pathogenesis of 

atherosclerosis. Angiotensin II may elicit inflammatory signals in vascular smooth 

muscle cells and is responsible for activating expression of cytokine gene networks in 

vascular smooth muscle cells. It can also promote long-term changes in vascular 

smooth muscle cell function by its ability to induce cellular hypertrophy, extracellular 

matrix production, and early gene expression. Angiotensin II also activates 

inflammatory pathways in human monocytes. 

 

Homocysteine 

Homocysteine is a highly reactive, sulfur-containing amino acid form as a by-

product of the metabolism of the essential amino acid methionine. Cells remetabolize 

homocysteine by a number of possible pathways involving several different enzymes; 

these enzymes variously use B vitamins as substrates or cofactors, namely folate, 

cobalamin (vitamin B12), and pyridoxine (vitamin B6). 

Homozygous homocystinurias are extremely high levels of homocysteine in 

the blood and urine of individuals homozygous for these mutations; half to effected 

individuals develop arterial or venous thrombosis by 30 years of age. This risk can be 
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substantially ameliorated by the provision of high-dose B vitamins, which partially 

lower homocysteine levels back toward the normal range. 

It has been postulated that mild to moderate elevations of homocysteine in the 

general population predispose to atherosclerosis in a manner akin to the classic risk 

factors. This is important because of the availability of an inexpensive, safe, and 

effective therapy for lowering homocysteine. Mechanistic studies have demonstrated 

that homocysteine may induce vascular damage by promoting platelet activation, 

oxidative stress, endothelial dysfunction, hypercoagulability, vascular smooth muscle 

cell proliferation, and endoplasmic reticulum stress (70-74). 

 

Fibrinogen 

Fibrinogen is a circulating glycoprotein that acts as the final step in 

coagulation response to vascular and tissue injury. Cleavage by thrombin produces 

soluble fibrin fragments, which are the most abundant component of blood clots. 

Aside from its role in thrombosis, fibrinogen has a number of other functions that 

lend its biological plausibility as a possible participant in vascular disease, including 

the following: (1) regulation of cell adhesion, chemotaxis, and proliferation; (2) 

vasoconstriction at sites of vessel wall injury; (3) stimulation of platelet aggregation; 

and (4) determination of blood viscosity. Fibrinogen, like CRP, is an acute-phase 

reactant. Hepatic synthesis of fibrinogen can increase up to 4-fold in response to 

inflammatory or infectious triggers. 

Several factors other than inflammation have been shown to modulate 

fibrinogen levels. Smoking and smoking cessation are associated with an increase or 

decrease, respectively, of approximately 0.15 g/L in plasma fibrinogen. Furthermore, 

there is a dose-response relationship between number of cigarettes smoked and 

fibrinogen level. Fibrinogen levels tend to be higher in patients with diabetes, 

hypertension, obesity, and those with sedentary lifestyles. Fibrates and niacin lower 

fibrinogen levels, whereas statins and aspirin do not. 

 

Lipoprotein(a) 

Lipoprotein(a) is an LDL-like particle in which an apolipoprotein(a) moiety is 

linked via a disulfide bond to apo B-100. Concentration of Lp(a) are largely under 
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genetic control and vary substantially between individuals depending on the size of 

the apo(a) isoform present; conversely, Lp(a) levels vary little with diet or exercise, 

unlike other lipoproteins such as LDL and HDL. The wide range of Lp(a) in plasma 

within a population is due in large part to a variable number of plasminogen-like 

kringle IV repeats, and an inverse correlation between the number of kringle IV type 

2 repeats in the apo(a) gene and Lp(a) plasma concentration exists. The biological 

function of Lp(a) is still unclear, but there is strong evidence that its phylogenetic role 

may have been to response to tissue injury and vascular lesions, prevent infectious 

pathogens from invading cells, and promote wound healing. 

Lipoprotein(a) is an acute-phase reactant, more than doubling in concentration 

in response to the proinflammatory cytokine IL-6. Lipoprotein(a) binds avidly to 

endothelial cells, macrophages, fibroblasts, and platelets, as well as to the 

subendothelial matrix; there, it may promote proliferation of vascular smooth muscle 

cells and chemotaxis of human monocytes. However, its most important putative role 

in atherothrombosis may be to inhibit clot fibrinolysis at sites of tissue injury. By 

virtue of its unique structural homology to plasminogen, Lp(a) is thought to compete 

with plasminogen for binding to plasminogen receptors, fibrinogen, and fibrin. Lp(a) 

may also induce the production of plasminogen activator inhibitor 1 (the main 

inhibitor of the fibrinolytic system) and may inhibit the secretion of tissue-

plasminogen activator by endothelial cells. 

 

LDL particle size 

LDL particles differ in size and density. Two distinct phenotypes have been 

described: pattern B with a predominance of small dense LDL particles and pattern A 

with a higher proportion of large, more buoyant LDL particles. Small dense LDL 

particles tend to coexist with elevated triglyceride and low HDL cholesterol levels. 

This trait has been called “atherogenic dyslipidemia” and appears to be highly 

heritable. Small dense LDL particle size is associated with several other 

cardiovascular risk factors, including metabolic syndrome, type 2 diabetes mellitus, 

and postprandial hypertriglyceridemia. 

Whether measurement of LDL particle size will add to the prediction of CHD 

in an individual patient needs to be clarified by further clinical and epidemiological 
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studies. Although particle size is significantly correlated with plasma triglyceride 

levels, a proportion of subjects with small dense  LDL particle phenotype may not 

have concomitant elevation of triglycerides. A potential use of measuring LDL 

particle size may be in aiding decision making regarding the choice of a lipid-

lowering agent. Fibrates and niacin have been shown to increase LDL particle size, 

but whether adding one of these to a statin in high-risk patients with small dense LDL 

particle size is beneficial remains unproved. Statins have little effect on LDL particle 

size and primarily reduce the number of LDL particles. 

A predominance of small dense LDL is associated with a 2- to 3-fold increase 

in risk for coronary heart disease. There is the incidence of developing coronary heart 

disease even if the total cholesterol level is normal. Several reasons have been 

suggested for atherogenicity of small dense LDL. Smaller and denser LDLs are taken 

up more easily by arterial tissue than larger LDLs, decreased binding to LDL receptor 

and it has been shown that oxidative susceptibility increases and an antioxidant 

concentration decreases with decreasing LDL size. 

 

C-reactive protein 

Because markers specific for atherosclerotic plaque inflammation are 

currently not available, circulating markers of systemic inflammation have been 

studied as surrogates. These include “proximal” markers such as cytokines, “distal” 

markers such as cell adhesion molecules (expressed on endothelial cells “activated” 

by cytokines), and acute phase reactants such as CRP and serum amyloid A. 

Cytokines and cell adhesion molecules are directly involved in the immune response, 

but assays have suboptimal reliability. C-reactive protein is the most widely studied 

of the inflammatory markers and has been shown to be an independent predictor of 

cardiovascular events in otherwise asymptomatic patients. C-reactive protein is 

present in low concentrations (about 1 mg/L) in healthy subjects, increases early in 

the acute phase response, peaks in the first few days (levels can increase by 1000-

fold), and decreases to baseline levels in 8 to 10 days. 

The pathways that link CRP to CHD events remain unclear. Recently, several 

atherogenic properties were attributed to CRP. However, CRP levels are not 
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significantly associated with extent of coronary atherosclerosis and may therefore 

reflect plaque inflammation and instability rather than plaque burden. 

 

Diabetes mellitus 

Diabetes mellitus is associated with earlier and more extensive development 

of atherosclerosis as part of a widespread metabolic disorder. Diabetes is a 

particularly strong risk factor in women and effectively negates the protective effect 

of female hormones. The myocardium is especially sensitive to oxidative stress in 

hyperglycemia while hyperinsulinemia damages vascular endothelium (75,76). 

 

Obesity 

Obesity is an independent risk factor for CAD. Hypertriglyceridemia is 

commonly associated with obesity and may presage diabetes mellitus by increasing 

specific lipids. Not all triglyceride elevations are likely to be atherogenic; LDL is 

associated with greater risk. Diet plays a crucial role in obesity. A diet that is high in 

saturated fatty acids or calories will contribute to hypertriglyceridemia. 

 

Exercise 

Physical inactivity and a sedentary lifestyle are linked with increased risk of 

CAD and studies have shown that regular exercise is protective and reduces such risk. 

 

Oxidative stress 

Oxidative stress can arise through the increased production of reactive oxygen 

species or a deficiency of antioxidant defenses. Oxidative stress appears to amplify 

the other risk factors identified with development of coronary artery diseases. 

 

2. The relationship between LDL and atherosclerosis 
 The relationship between plasma lipoprotein concentration and the 

development of atherosclerosis has been known for many years. Atherosclerosis is 

caused by increased concentrations of low-density lipoproteins and the catabolic 

remnants of the triglyceride-rich lipoproteins (chylomicrons and very low-density 
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lipoproteins). Lowering the plasma levels of these lipoproteins can reduce of even 

reverse the disease (77-81). 

 Chylomicrons and VLDL transport triglyceride and fatty acids from the liver 

to peripheral tissues. These lipoproteins are hydrolyzed with lipoprotein lipase (LPL) 

and release fatty acids for tissue utilization. After release the fatty acids, VLDL 

becomes VLDL remnant. Two-thirds of remnants is removed from the circulation by 

liver and one-third goes to LDL. If liver secretes more VLDL particles, the number of 

LDL will also increase. 

 The amount of cell-surface receptors for LDL or LDL receptors is also the 

factor that affects the LDL concentrations by removing LDL particles from 

circulation. 75% of circulating LDL is removed at the liver whereas the remainder is 

taken up by other tissues. The control of LDL concentration depends on rates of 

conversion of VLDL to LDL and the clearance rate of LDL receptor (82). 

 Many investigations reveal a positive correlation between concentration of 

total cholesterol and coronary heart disease events (83,84). Because LDL is major 

cholesterol transporter in serum, the concentration of LDL cholesterol is correlated 

with total cholesterol. The studies of atherosclerotic plaques show the detection of 

apo B-100 in atherosclerotic lesions (85) and LDL particles have been identified in 

plaques (86). 2 forms of hypercholesterolemia also show evidence that LDL is 

atherogenic molecule. Familial hypercholesterolemia which the LDL receptors are 

deficient on a genetic basis shows great increase of LDL cholesterol concentrations 

and premature coronary heart disease is common in this disease (87). Another form is 

familial defective apo B-100. This form has a mutation in the apo B-100 molecule 

that plays an important role in recognition by the LDL receptors. Consequently, LDL 

particles are remained longer in plasma. Patients are prone to premature coronary 

heart disease (88-90). 

 These investigations about the relationship of LDL particles to the 

development of atherosclerosis are not in argument, but the precise mechanisms of 

atherogenesis are still not clear. 

 One theory holds that endothelial damage is the first step in atherogenesis 

(91). Platelets aggregate at the injury site of endothelium and release growth factors 

that stimulate the proliferation of smooth muscle cells. The high concentrations of 
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LDL may have toxicity with endothelial cells, resulting in the initiation of 

atherosclerosis. 

 From the above theory, LDLs promote atherosclerosis without entering 

arterial wall. But, there are evidence that atherosclerotic plaques contain cholesterol 

deriving from circulating LDL cholesterol. LDL particles penetrate into the arterial 

wall by passing the endothelial cells. The rate of penetration depends on plasma 

concentration of LDL (92). The first stage of atherosclerosis is the formation of fatty 

streak that is characterized by the large amounts of cholesterol in the intima (93). The 

interaction between LDL and proteoglycans (94-96) and elastin (97-100) may cause 

the deposition of the cholesterol in the arterial wall. These accumulating LDLs are 

modified by either oxidation or by aggregation (101). The modified LDLs initiate a 

sequence of events, development and progression of atherosclerosis (102-103). 

 Modified LDLs stimulate endothelial cells to express monocyte chemotactic 

protein-1 or MCP-1. This MCP-1 recruits monocytes from circulation to the artery 

wall (104-105). Modified LDLs also promote the differentiation of monocytes into 

macrophages (106). Macrophages express scavenger receptors that have capacity to 

take up modified LDL, converting the macrophages into a cholesterol-filled foam 

cells (107-108). Macrophages also secrete tumour necrosis factor alpha (TNF-α) and 

interleukin-1 (IL-1) that stimulate endothelial cells to express adhesion proteins 

(109). These adhesion proteins bind blood monocytes to the endothelium, making 

them available for recruitment by MCP-1. The macrophages and foam cells also 

secrete growth factors and metalloproteinase that lead to cell proliferation and matrix 

degradation (102,110-111). All processes lead to the development of unstable and 

vulnerable plaque that cause the acute coronary syndrome, acute myocardial 

infarction or even sudden death. 

 An increased concentration of LDL cholesterol is a major risk factor for 

atherosclerosis (84,112). However, there is heterogeneity in size, density, and 

composition of LDL particles (113,114). Peak size of LDL particles in human shows 

a bimodal distribution and can be separated into a buoyant and a dense phenotype 

(115-118). LDL size correlates positively with plasma HDL levels and negatively 

with plasma triglyceride concentration. The combination of small dense LDL, 
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decreased HDL cholesterol, and increased triglycerides has been called the 

atherogenic lipoprotein phenotype (119). 

 The prevalence of small dense LDL is approximately 30% in adult men, 5-

10% in young men and women under 20 years, and approximately 15-25% in 

postmenopausal women (119-121). LDL size is genetically influenced with an 

inheritability ranging from 35-45% based on an autosomal dominant or codominant 

model with varying additive and polygenic effects (122). Thus, non-genetic and 

environmental factors also influence the expression of this phenotype (123-126). The 

predominance of small dense LDL is commonly found in familial combined 

hyperlipidemia (127), hyperapobetalipoproteinaemia (128), and hypoalphalipo-

proteinaemia (129). 

 Particle size distribution of plasma LDL subfractions may be measured by 

different laboratory techniques (130-132), the most common procedure is 2-16% 

gradient gel electrophoresis (115). The molecular diameters are determined by 

migration distance comparing with standards of known diameter (117,123,133). The 

assignment of LDL subclass phenotype is based on particles diameter of the major 

plasma LDL peak. Phenotype A (large buoyant LDL) is defined when particle 

diameter is 258 Å or greater, whereas phenotype B (small dense LDL) is defined 

when particle diameter is less than 258 Å (115,123,134). 

 There are several reasons have been suggested for the atherogenicity of small 

dense LDL. Smaller and denser LDLs are taken up more easily by arterial tissue than 

larger LDLs (135). The smaller LDLs the greater transendothelial transport. Smaller 

LDL particles have decreased receptor-mediated uptake (136). This makes more 

available small dense LDL particle in circulation and more chance for development of 

atherosclerosis. With decreasing LDL size, the oxidative susceptibility increases and 

antioxidant concentration decreases (137). The altered content of free cholesterol and 

polyunsaturated fatty acids contribute to enhanced oxidative susceptibility of small 

dense LDL.  

 The predominance of atherogenic small dense LDL has been associated with 

an approximately 3-fold increased risk of coronary artery disease. Small dense LDL 

is also associated even with non-coronary forms of atherosclerosis. Small LDL 
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particles represent a risk factor for peripheral arterial disease in the absence or 

presence of diabetes (138). 

 

3. Relationship between apolipoprotein B-100 and LDL particle 
 The only protein component of LDL is a single molecule of apo B-100 per 

particle (139-141). Apolipoprotein B-100 is the recognition site of the LDL receptors. 

It is the first step of receptor-mediated catabolism of LDL (142). Monoclonal 

antibodies are used to determine the general structure, the binding region to the LDL 

receptor, and genetic variants of the molecule (143-147). The binding region of apo 

B-100 to the LDL receptor consists of a cluster of positive-charged amino acids and 

appears to be placed in the aqueous face of the apo B-100 molecule (139). The size of 

LDL particle is an important determinant of the conformation of the apo B-100 

molecule and its capacity to binding with the LDL receptor (139,147-149). 

 

4. Method for separation and quantification of small dense LDL 

particle 
Ultracentrifugation 

 The gold standard for measurement the density of LDL particle is analytical 

ultracentrifugation, but it is difficult, time-consuming, and expensive method. The 

other methods are used more commonly. 

 Analytical ultracentrifugation has been used to obtain quantitative data and 

study such parameters as the diffusion coefficient (D), the molecular weight (M), and 

the sedimentation coefficient (S). Analytical density gradient ultracentrifugation is a 

useful tool for determining such lipoprotein characteristics as density and particle size 

distribution (150-156). 

 Differential ultracentrifugation is a preparative method for separating 

lipoproteins on the basis of their hydrated density. At solvent densities higher than the 

lipoprotein density, lipoproteins float at rates dependent on their densities, sizes, and 

shapes (150,157-158). 
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Polyacrylamide gel electrophoresis (PAGE) 

 Lipoproteins are separated by PAGE on the basis of their size and electrostatic 

charge. Pore size of the gel depends on their concentration. Due to the widely use in 

lipoproteins research, the gradient gel electrophoresis are developed. This technique 

provides various concentrations in one gel. PAGE requires staining and densitometry 

for quantification of separating samples. This technique is often used in qualitative 

investigation rather than quantitative due to unreliable instructions to evaluate the 

scan and lot-to-lot inconsistencies of the staining (114,131,159-162). 

 

Proton nuclear magnetic resonance spectroscopy (NMR) 

 NMR is the gold standard method for determination of LDL particle size. 

Quantification of small dense LDL particles by NMR does not require physical 

separation (163). This method is based on curve-fitting of the plasma methyl lipid 

resonance envelop, the amplitude and shape of which depend directly on the 

amplitudes of the superimposed methyl resonance of the lipoprotein components. But 

this method requires an expensive instrument and well-trained technician resulting 

not suitable for routine clinical laboratory (164). 

 

Precipitation 

 Certain polyanions such as heparin combined with divalent cations such as 

Mg2+ has capacity to selectively aggregate the positive-charged apo B containing. But 

Hirano found that the not all apo B containing lipoproteins are precipitated. The small 

dense LDL part remains in the supernatant, although the exact mechanisms remain 

unknown. The supernatant is analyzed for the concentration of small dense LDL by 

the reliable methods. The precipitation method shows markedly high correlation with 

ultracentrifugation and gradient gel electrophoresis. This method is suitable for 

routine clinical laboratory due to its simplicity (165,192). 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Medical Technology)  /  25 
 

CHAPTER IV 

MATERIALS AND METHODS 
 

 

Materials 

1. Samples 
 1.1 Samples collection 

 All samples were collected from the Center of Medical Laboratory Services, 

Faculty of Medical Technology, Mahidol University located on the fourth floor of the 

Out Patient Department (OPD) within the compound of Siriraj hospital during July to 

August 2008. The samples were categorized by LDL-C levels into 3 groups – 100 

mg/dL (80 – 120 mg/dL), 140 mg/dL (120 – 160 mg/dL), and 180 mg/dL (160 – 200 

mg/dL) respectively and were collected 1 ml. for each sample. The each group of 

samples was pooled together and was analyzed for LDL-C levels. 

 

2. Chemicals 
2.1 Source of chemicals 

 2.1.1 Ultracentrifugation 

 Sodium chloride (MERCK, Germany) 

 Potassium bromide (Baker Chemical, USA) 

 2.1.2 Precipitation 

 Heparin-sodium salt (Sigma company, USA) 

 Magnesium chloride (MERCK, Germany) 

 2.1.3 Polyacrylamide gel electrophoresis 

 Acrylamide (Sigma company, USA) 

 Bis-acrylamide (Sigma company, USA) 

 Sudan Black B (Fluka Chemika, Switzerland) 

 Boric acid powder (BDH, England) 

 Thyroglobulin powder (Sigma company, USA) 
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 Sodium chloride (MERCK, Germany) 

 Potassium chloride (MERCK, Germany) 

 Trizma base (Sigma company, USA) 

 Coomassie blue R250 (BDH, England) 

 99.9% ethanol (MERCK, Germany) 

 Gracial acetic acid (MERCK, Germany) 

 TEMED (Sigma company, USA) 

 Ammonium persulfate (Sigma company, USA) 

 

2.2 Solutions and reagents preparation 

1. Stock salt solution (for ultracentrifugation) 

NaCl                 76.500   g 

KBr               177.000   g 

Adjust volume to 500 ml with distilled water 

2. 2.0% acrylamide 

30% acrylamide/0.8% bisacrylamide      6.7     ml 

Distilled water                  93.3     ml 

3. 30% acrylamide/0.8% bisacrylamide 

Acrylamide             30     g 

Bisacrylamide          0.8     g 

Adjust volume to 100 ml with distilled water, adjust pH to 7.0 and filter by 

Whatman No.1 

4. 10% ammonium persulfate 

Ammonium persulfate            10    g 

Adjust volume to 100 ml with distilled water 

5. Separating buffer pH 9.0 

Trisma base            36.3    g 

Adjust volume to 160 ml, adjust pH to 9.0, and adjust volume to 200 ml 

6. 3.5% separating gel 

30% acrylamide/0.8% bisacrylamide               1.75    ml 

Separating buffer pH 9.0               13.25    ml 
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7. Stacking buffer pH 7.0 

 Trisma base          3.0    g 

Adjust volume to 40 ml, adjust pH to 7.0, and adjust volume to 50 ml 

8. 3.0% stacking gel 

30% acrylamide/0.8% bisacrylamide      1.0    ml 

Stacking buffer pH 7.0        9.0    ml 

9. Tank buffer pH 7.4 

Trisma base                 6.055    g 

Boric acid powder                          3.094    g 

Adjust volume to 1000 ml and adjust pH to 7.4 

10. Precipitation reagent 

Heparin-sodium salt                8.242    g 

MgCl2           90    mmol/l 

   Adjust volume to 10 ml with distilled water 

 

3. Instruments 
 3.1 Analysis for LDL-C levels of pooled serum 
 The LDL-C determination of pooled serum was done by Hitachi 902. 

 

 3.2 Ultracentrifugation 

 The ultracentrifugation was done by Beckman Optima™ L-90 K Preparative 

Ultracentrifuge (Figure 3) and OptiSeal™ Ultracentrifuge tube (Figure 4). 
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Figure 3. Beckman Optima™ L-90 K Preparative Ultracentrifuge 

Source : 

http://www.beckmancoulter.com/products/instrument/centrifuges/ultracentrifuges/ 

optima90k_inst_dcr.asp 

Access date : 3/9/2008 

 

 
 

Figure 4. OptiSeal™ Ultracentrifuge tube 

Source : http://www.beckman.com/eCatalog/CatalogItemDetails.do?productId=12691 

Access date : 3/9/2008 
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 3.3 Precipitation 

 The incubation was done by water bath system, Mermmert, Germany and 

high-speed centrifugation was done by Micromax RF refrigerated Microcentrifuge, 

IEC, Germany. 

 

 3.4 Polyacrylamide gel electrophoresis 

 The polyacrylamide gel electrophoresis was done by Mini-PROTEAN Tetra 

Electrophoresis System, Bio-Rad Laboratory. 

 

 3.5 Apo B-100 analysis 

 The apo B-100 analysis was done by Cobas Integra® 400 plus (Figure 5). The 

principle of the test is immunotubidity. 

 

 
 

Figure 5. Cobas Integra® 400 plus 

Source : 

http://labsystems.roche.com/content/products/integra_400plus/introduction.html 

Access date : 3/9/2008 
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Methods 

1. Analysis for LDL-C levels of pooled serum 
Analysis for LDL-C levels of pooled serum was done by Hitachi 902. Each 

groups of pooled serum was used in separation of serum small dense LDL particles by 

ultracentrifugation and precipitation method. 
 

2. Separation of serum small dense LDL particles 

2.1 Ultracentrifugation (190-191) 

The 7.905 ml. of each serum levels and 0.995 ml. of stock salt solution (total 

volume was 8.9 ml.) were mixed together in each OptiSeal™ Ultracentrifuge tube. 

Each group of samples was duplicated. Each tube were put into 80Ti fixed angle rotor 

and the ultracentrifuge was set up to 80,000 rpm, 25.5 °C, and run time for 6 hours. 

After finish running, the middle band (Figure 6) of each tube was collected by needle 

for polyacrylamide gel electrophoresis and apo B-100 analysis. 
 

 
 

Figure 6. Tubes after centrifuged 

Upper band 

Middle band 

Lower band 
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2.2 Precipitation (192) 

The precipitation method was conducted following the procedure of Hirano   

et al. 0.2 ml of the precipitation reagent was added to 0.2 ml of each serum sample 

levels, mixed, and incubated for 10 minutes at 37 °C. The samples were placed in an 

ice bath and allowed to stand for 15 minutes, and then the precipitate was collected by 

centrifuging at 15,000 rpm for 15 minutes at 4 °C. The supernatant was clear. An 

aliquot of the supernatant was collected for polyacrylamide gel electrophoresis and 

apo B-100 analysis. 

 

3. Polyacrylamide gel electrophoresis (193) 
3.1 Preparation of samples 

200 µl of 2% acrylamide and 30 µl of Sudan black B were added to 40 µl of 

each serum sample levels, mixed, and stored under fluorescent lamp for 30 minutes. 

 

3.2 Preparation of standard marker 

1 g of thyroglobulin powder was added to 1 ml of Tris buffered saline solution, 

mixed, and this solution was pre-stained by adding 40 µl of Coomassie blue and 

mixed. 

 

3.3 Casting the gel 

Electrophoresis apparatus was assembled according to manufacturer’s 

instructions and was locked to the casting stand. The 3.5% separating gel was prepared 

by adding 1.75 ml of 30% acrylamide/ 0.8% bisacrylamide to 13.25 ml of separating 

buffer pH 9.0, mixed, added 250 µl of ammonium persulfate and 25 µl of TEMED. 

This solution was mixed and immediately applied the separating gel solution to the 

sandwich along an edge of one of the spacers until the height of the solution between 

the glass plates was 11 cm. The separating gel was allowed to polymerize for 30 to 60 

minutes at room temperature. After separating gel polymerized, stacking gel was 

prepared by adding 1.0 ml of 30% acrylamide/ 0.8% bisacrylamide to 9.0 ml of 

stacking buffer pH 7.0, mixed, added 100 µl of ammonium persulfate and 10 µl of 

TEMED. This solution was mixed and immediately applied the stacking gel solution to 

lay over the separating gel along an edge of one of the spacers until the height of the 
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solution in the sandwich is 1 cm from the top of the glass plates. Comb was inserted 

into the layer of stacking gel solution and stacking gel solution was allowed to 

polymerize for 30 to 45 minutes at room temperature. After stacking gel polymerized, 

comb was carefully removed without tearing the edge of the polyacrylamide wells. 

 

3.4 Loading the samples 

Each sample was loaded into the polyacrylamide wells follow Table 5. 

 

Table 2.  Loading of samples into the polyacrylamide wells 

Well 

No. 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

Sample 

 

marker 

 

U180 

 

P180 

 

U140 

 

P140 

 

U100 

 

P100 

 

marker
U180, U140, U100 = sample from 180,140,100 mg/dL LDL-C pooled serum which 

small dense LDLs were separated by ultracentrifugation method 

P180, P140, P100 = sample from 180, 140, 100 mg/dL LDL-C pooled serum which 

small dense LDLs were separated by precipitation method 

Marker = thyroglobulin dimer pre-stained with Coomassi blue 

 

3.5 Running the gel 

After loading the samples, the polyacrylamide gel was attached to the 

electrophoresis chamber. The chamber was slowly filled with tank buffer until the 

electrode was completely covered bewaring the samples from sweep to adjacent wells. 

The chamber was connected to the power supply and run at 150V for 30 minutes. After 

finish running, the polyacrylamide gel was removed from chamber. The glass plates 

were carefully removed from sandwich and laid on a sheet of absorbent paper or paper 

towels. After the polyacrylamide gel was dry, it was taken the photograph. 
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4. Apo B-100 analysis 
 4.1 Samples preparation 

 The samples which were prepared by ultracentrifugation and precipitation 

method were used for apo B-100 analysis. Analysis for apo B-100 of samples was 

done by Cobas Integra® 400 plus. 

4.2 Loading the samples 

 200 µl of each sample was loaded to sample cups and they were inserted to the 

machine by sample trays. 

 4.3 Ordering the test 

 Apo B-100 tests were ordered via user panel and the results were printed out 

via printer. 

 

5. Conversion to molecule unit 
 Due to apo B-100 molecule weighted 515 kDa or 8.55 x 10-16 mg (1 Da = 1.66 

x   10-24 g), the results with mg/dL unit were converted into molecule unit by following 

equation: 

 

mg/dL  = molecule number/dL 

 

 

There is single apo B-100 molecule per one molecule of LDL, so the results 

that were reported in molecule number of apo B-100 can also be reported in molecule 

number of LDL. 
 

6. Data analysis 
 The data analysis was divided into 2 sections 

6.1 The simplicity of precipitation method 

This section studied the simplicity of precipitation method compared with 

others separation methods. 

 

 

8.55 x 10-16 
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6.2 The reliable of precipitation method 

This section studied the reliable of precipitation method compared with the 

reference material from ultracentrifugation and evaluated the possibility to apply 

precipitation method to routine clinical laboratory. 

 

 The overall flowchart of the methods was shown in Figure 7. 

 

 
 

 

                              
 

 

 
 

 

 
 

 

 
 

Figure 7. The schematic diagram of the scope of this study 

 

Apo B analysis 

Precipitation 

Data analysis 

PAGE 

Ultracentrifugation

Sample 

sdLDL layer supernatant 

control unknown 
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CHAPTER V 

RESULTS 
 

 

1. The simplicity of precipitation method 
 The separation of small dense LDL particles is very simple compared with 

others separation methods. Precipitation method requires only simple instruments 

such as high-speed centrifuge and general routine clinical laboratory apparatus such 

as water bath, whereas either analytical centrifugation or proton nuclear magnetic 

resonance requires expensive and complex instrument that is not suitable in routine 

clinical laboratory. Precipitation method can be done within 1 hour whereas analytical 

centrifugation requires at least 2.5 hours depend on the rotor. Both analytical 

centrifugation and proton nuclear magnetic resonance require well-trained staffs, 

whereas precipitation method can be performed by general clinical laboratory staffs. 

All precipitation method processes can be performed in routine clinical laboratory. 

The overall schematic process of precipitation method is shown in Figure 8. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. The overall schematic process of precipitation method 
 
 
 

Samples + precipitation reagent 

Incubate 37 °C 10 minutes 

Place in ice bath 15 minutes 

Centrifuge at 15,000 rpm 4 °C 
15 minutes
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2. The reliable of precipitation method 
 2.1 Accuracy 

 The accuracy of precipitation method in separation of serum small dense LDL 

particles was determined by comparing with the middle band from analytical 

ultracentrifugation (Figure 9).  

 

 
 

Figure 9. The middle band after running the ultracentrifugation 

 

Samples from precipitation and ultracentrifugation were subjected to 

polyacrylamide gel electrophoresis. Thyroglobulin dimer was used as small dense 

LDL particle size marker in PAGE. Samples were pre-stained by Sudan Black B and 

thyroglobulin dimer were pre-stained by Coomassie Blue R250. 

 After performing the PAGE, bands of samples (arrow 2 – 7) and markers 

(arrow 1 and 8) moved and arranged in almost the same line as shown in Figure 10. 

This result proves that both samples from ultracentrifugation and precipitation method 

Middle band 
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contain small dense LDL particles by comparing size with standard known diameter 

(thyroglobulin dimer). 

 

 
Figure 10. Bands of samples (arrow 2 – 7) and marker (arrow 1 and 8)  

in polyacrylamide gel electrophoresis 

 

 2.2 Precision 

 The precision of the precipitation method was determined by repeating the 

precipitation process 20 times and calculating the coefficient of variation (%CV) of 

the results. The results and %CV of precipitation method were shown in Table 3. 

 

 

 

 

 

 

1 2 3 4 5 6 7 8 
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Table 3.  Apo B-100 levels (mg/dL) of samples of precipitation method 

Tube 

number 

LDL-C levels (mg/dL) 

100 140 180 

1 22.17 24.77 28.39 
2 22.81 24.96 28.24 
3 22.24 25.07 27.07 
4 20.22 23.43 26.71 
5 22.41 25.29 27.68 
6 21.72 24.93 29.26 
7 20.58 23.79 25.90 
8 20.67 24.81 26.38 
9 21.32 25.37 27.70 
10 21.68 25.72 27.26 
11 20.53 24.72 28.26 
12 21.34 24.37 28.70 
13 22.67 25.81 27.38 
14 21.56 23.79 28.90 
15 20.63 25.93 25.26 
16 20.47 24.93 25.68 
17 21.38 23.29 27.71 
18 22.63 24.43 27.08 
19 20.53 23.07 27.24 
20 21.02 25.96 27.39 

Mean 21.43 24.72 27.41 
SD 0.84 0.88 1.07 

%CV 3.91 3.54 3.89 
  

From the above results, the precipitation method shows good precision at all 

levels of samples. The %CV of each sample level was 3.91, 3.54, and 3.89 

respectively. 
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 2.3 %bias 

 The %bias of precipitation method was calculated by the following equation: 

 

   %bias =   mean – reference value x 100 

                reference value 

 

 The %bias of each group of sample was shown in Table 4. 

 

Table 4. The %bias of each group of sample 

LDL-C level (mg/dL) %bias 

100 4.292 

140 4.141 

180 3.942 

 

 2.4 Total error of quantification of serum small dense LDL particles by 

precipitation method 

 The allowable total error (TEa) of apo B-100 determination is 25%. The total 

error of precipitation method was calculated by the following equation: 

 

   Total error   =   %bias + (Z x %CV)  ;  Z = 1.96 

 

 The total error of each group of samples was shown in Table 5. 

 

Table 5.  The total error of each group of samples 

LDL-C level (mg/dL) Total error (%) 

100 11.96 

140 11.08 

180 11.57 

 

 From the above data, the total error of quantification of serum small dense 

LDL particles by precipitation method did not exceed the allowable total error value. 
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This means that the precipitation method can be used to quantify the serum small 

dense LDL particles in routine clinical laboratory with reliable results. 

 

3. The conversion to molecule unit 
After performed the apo B-100 analysis, the results were converted to 

molecule unit. The results from ultracentrifugation and precipitation method in term 

of molecule unit were shown in Table 6 and Table 7 respectively. 

 

Table 6. Apo B-100 levels (molecule/dL) of samples from ultracentrifugation 

Tube 
LDL-C levels (mg/dL) 

100 140 180 

1 2.67 2.98 3.32 
2 2.57 3.05 3.35 

Average 2.62 3.02 3.34 
 

Table 7. Apo B-100 levels (x 1016 molecule/dL) of samples from precipitation 

method 

Tube 
LDL-C levels (mg/dL) 

100 140 180 

1 2.59 2.90 3.32 

2 2.67 2.92 3.30 

3 2.60 2.93 3.17 

4 2.36 2.74 3.12 

5 2.62 2.96 3.24 

6 2.54 2.92 3.42 

7 2.41 2.78 3.03 

8 2.42 2.90 3.09 

9 2.49 2.97 3.24 

10 2.54 3.01 3.19 
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Table 7. (continued) Apo B-100 levels (x 1016 molecule/dL) of samples from 

precipitation method 

Tube 
LDL-C levels (mg/dL) 

100 140 180 

11 2.40 2.89 3.31 

12 2.50 2.85 3.36 

13 2.65 3.02 3.20 

14 2.52 2.78 3.38 

15 2.41 3.03 2.95 

16 2.39 2.92 3.00 

17 2.50 2.72 3.24 

18 2.65 2.86 3.17 

19 2.40 2.70 3.19 

20 2.46 3.04 3.20 

Mean 2.51 2.90 3.20 

SD 0.10 0.10 0.12 

%CV 4.05 3.55 3.81 
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CHAPTER VI 

DISCUSSION 

 

 

 According to the American Association of Bioanalysts, the allowable total 

error of apo B-100 determination is 25%. The total error of the quantification of 

serum small dense LDL particles by precipitation method is 12%. It is within the 

acceptable range of the method, so this method can be used in routine clinical 

laboratory. As the LDL-C concentration of samples in this study ranges from 100 – 

180 mg/dL, our study demontrate that this quantification method has the linearity 

range from 100 to 180 mg/dL. For the further study, the sample with lower and higher 

concentration of the LDL-C will be studied to complete the linearity of this 

quantification method. 

 The quantification of small dense LDL particles has medical decision level at 

low level of LDL-C or 100 – 180 mg/dL. Patients who have same LDL-C level but 

different LDL particle size take different risk of developing atherosclerosis. The 

patients who have small dense LDL particles predominate or phenotype B take more 

risky than patients who have large bouyant LDL particles predominate or phenotype 

A. So the physicians should have strong emphasis on this risky group. 

 This quantification method will influent the medical decision and treatment. 

The miss detection of patients who have small dense LDL particles predominate let 

them develop the disease or continue the progression of the disease without the 

appropriate treatment. The quantification method can provide the early detection for 

this group of patients and protect them from wasting the time for receiving treatment. 

 For patients who have high level of LDL-C but there are large bouyant LDL 

particles predominate, they receive too early and unnecessary treatment. Patients may 

not only have side effects from drugs and treatments, but they also have to pay lots of 

money for the unnecessary expensive drugs and treatments. 

 The further study of the others parameters of method validation will be done 

to fulfill the simple method for quantification of serum small dense LDL particles. 
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CHAPTER VII 

CONCLUSION 
 

 

         Present study determines and modifies the detection of serum small dense 

LDL particles and reported in term of particle number. The samples were collected 

from the Center of Medical Laboratory Services, Faculty of Medical Technology, 

Mahidol University during July to August 2008. Following the LDL-C determination, 

the LDL-C levels of each groups was 102.5 mg/dL, 143.7 mg/dL, and 181.6 mg/dL 

respectively. 

 The separation of serum small dense LDL particles was done by both 

ultracentrifugation and precipitation method. The result of ultracentrifugation showed 

that there were 3 major bands from all serum samples. The upper and middle bands 

were selected for polyacrylamide gel electrophoresis and apo B-100 analysis. The 

aliquot from precipitation method were also collected for further analysis. 

 The quantification of serum small dense LDL particles by precipitation 

method showed its process simplicity compared to the others separation methods such 

as analytical ultracentrifugation, gradient gel electrophoresis, and proton nuclear 

magnetic resonance. 

 The accuracy of this quantification method was determined by polyacrylamide 

gel elecltrophoresis. All bands of samples from ultracentrifugation and precipitation 

method were moved in the same line of bands from thyroglobulin dimer which was 

used as standard size marker of small dense LDL particle. This quantification method 

also showed good precision with a separated technique of 20 times. The %CV of 3 

levels of samples were 3.91, 3.54, and 3.89 respectively. 

 The total error of the quantification of serum small dense LDL particles by 

precipitation method was 12% that was within the apo B-100 allowable total error 

from the American Association of Bioanalysts. This method can be used for routine 

clinical laboratory with linearity range from 100 – 180 mg/dL of LDL-C. 
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 The method presented herein will influence the medical decision and 

treatment. Patients who have small dense LDL particles predominate or phenotype B 

will receive appropriate treantments and medicines, whereas patients who have large 

bouyant LDL particles predominate or phenotype A will not have to receive 

unnecessary treatments or medicines. 

 The results from apo B-100 analysis were converted into molecule number by 

dividing with 8.55 x 10-16. Mean of the apo B-100 levels in term of molecule number 

of each sample groups was 2.51 x 10-16 molecule/dL, 2.90 x 10-16 molecule/dL, and 

3.20 x 10-16 molecule/dL respectively. 

 The further study of the others parameters of method validation will be done 

to fulfill the simple method for quantification of serum small dense LDL particles. 
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