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ABSTRACT 

studies were carried out to determine effects of 

dietary fat saturation on very low density lipoprotein 

(VLDL) production in guinea pigs fed diets containing 15% 

(w/w) fat, either corn oil (CO, 58% linoleic), lard (LA, 42% 

oleic and 24% palmitic) or palm kernel oil (PK, 52% lauric 

and 18% myristic) for 4 weeks. 

In the first study, animals were injected with Triton 

WR1339 to block VLDL catabolism. VLDL-TAG secretion rates 

were significantly higher in animals fed LA (72.7 ± 14.7 

mg/kg-h) compared to PK groups (55.4 ± 13.4 mg/kg-h) or CO 

(48.6 ± 17.5 mg/kg-h). VLDL apo B secretion rates were 

highest in PK fed animals (3.1 ±.8 mg/kg-h) compared to LA 

(1.5 ± 0.8 mg/kg-h) or CO fed groups (1.1 ± 0.6 mg/kg-h) 

diets (P < 0.005). Concurrent with VLDL analysis, 12sI-LDL 

turnover was measured and LDL-apo B specific radioactivity 

(cpm/~g) did not change over time, indicating that there was 

no direct hepatic LDL secretion. The data demonstrate that 

nascent VLDL particles from LA and CO diet groups have the 

same relative TAG content, whereas PK intake increases 

secretion of VLDL particles with less TAG content. 

The second study determined effects of dietary fat 

saturation on VLDL metabolic channeling, and conversion to 

LDL through delipidation cascade. VLDL particles were larger 

(P <0.05) in LA (78 ± 7 nm) and PK (69 ± 10 nm) groups, 
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compared to animals fed CO (49 ± 5 nm). 1251 VLDL-apo B 

fractional catabolic rate (FeR) was highest in guinea pigs 

fed LA (1.5 ± 0.14 pools/h) compared with PK (1.05 ± 0.33 

pools/h) or co (0.65 ± 0.08 pools/h) fed animals. VLDL-apo B 

flux was higher in LA (2.28 ± 0.93 mg/kg-hr) compared to PK 

(0.88 ± 0.4 mg/kg-hr) or Co (1.03 ± 0.40 mg/kg-hr) fed 

animals. In addition, VLDL secreted by guinea pigs fed LA is 

preferentially removed by direct hepatic uptake (55%), while 

VLDL from PK fed animals is converted to LDL (92%) leading 

to increased LDL flux (1.53 ± 0.23 mg/kg-hr) with PK intake 

compared to LA (0.85 ± 0.03 mg/kg-hr) or co (0.81 ± 0.02 

mg/kg-hr) diets. 

These results demonstrate that dietary fat chain length 

and saturation have specific effects on VLDL secretion, 

affecting particle number, size, composition and VLDL 

conversion to LDL which relates to LDL transport. 
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CHAPTER I 

REVIEW OF THE LITERATURE 



1.1 CARDIOVASCULAR DISEASE 

1.1.1 Risk factors 

24 

Cardiovascular disease (CVD) is the leading cause of 

mortality in the United states accounting for over half a 

million deaths annually. It is estimated that one in every 

four American has some form of CVD (McNamara 1994). The 

major risk factors for CVD are elevated plasma cholesterol 

levels, decreased high density lipoprotein (HDL) levels, 

increased very low density lipoprotein (VLDL), intermediate 

density lipoprotein (IDL) low density lipoprotein (LDL) and 

lipoprotein a (Lp(a)], obesity, diabetes mellitus, 

hypertension, and, in addition, life style factors such as 

cigarette smoking, stress and sedentary behavior. 

1.1.2 Development of atherosclerosis 

Arteriosclerosis is a disease occurring when the 

influx and deposition of cholesterol into the arterial walls 

exceeds the rate of removal with genesis of sclerosis of 

vital arteries. Cholesterol is delivered to the arterial 

tissues mainly via VLDL, Lp(a) and LDL "bad cholesterol", 

while cholesterol is removed from the cells and tissues by 

HDL "good cholesterol" via a process called reverse 

cholesterol transport, where cholesterol is taken up by the 

liver and secreted as biliary cholesterol or used for 

conversion to bile acids. The disease starts by early 
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deposition of cholesterol in and around the arterial walls, 

and the entrapped LDL and Lp(a) undergoes chemical 

modification (oxidation). Uptake of modified LDL by 

macrophages occurs by an unregulated process through 

scavenger receptors. Unlike apo B/E receptors, modified LDL 

receptors are not feed back regulated by intracellular 

cholesterol. This leads to accumulation of cholesterol and 

cholesteryl ester droplets within the macrophages giving a 

"foamy appearance". These foam cells loaded with cholesterol 

accumulate in the arterial intima forming fatty streaks 

(Grundy 1992). The fatty streaks attain a fibrous cap formed 

of collagen fibers and ground collagen sUbstances; attracts 

smooth muscle cells leading to fibrous plague formation. 

Rupture of the fibrous caps results in endothelial injury, 

ulceration, and hemorrhage. Advanced cases include 

calcification, thrombosis and finally arterial occlusion 

(Mahley 1983). 

1.1.3 Epidemiological studies of atherosclerosis risk 

factors and diet 

Several epidemiological and intervention studies found 

that CVD is a disease of multiple etiology and is associated 

with a variety of risk factors. In the Seven countries study 

(Keys and Fidanza 1960), elevated serum cholesterol levels 

were associated with increased CVD risk among different 
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populations. After 15 years of follow up there was a 

positive correlation between the percent of calories from 

saturated fat and CVD death rates. The 15 years death rates 

were also related to monounsaturated to saturated fat 

ratios, the more saturated fat the higher the death rates 

(Keys et al. 1986). The Framingham Heart study revealed a 

significantly strong correlation between total serum 

cholesterol levels, LDL-cholesterol and CVD risk. LDL

cholesterol, however, was a stronger predictor of CVD risk 

than total serum cholesterol. In addition, VLDL-cholesterol 

and serum triacylglycerol (TAG) were significantly 

correlated to CVD mortality in both men and women (Lerner 

and Kannel 1986). 

In the Japan-Honololulo-San Franciso study, Kagon et 

al. (1974) found that migration from Japan to the other 

sites altered the dietary pattern of the Japanese subjects 

leading to elevated serum cholesterol levels which was 

correlated to CVD risk. This study also reported a 

correlation between the percent of calories derived from 

saturated fats and CVD mortality. The Multiple Risk Factors 

Intervention Trial [MRFIT] showed that risk factors interact 

with diet factors to increase CVD risk (Stamler et al. 

1986). They followed a cohort of 361,662 men for 6 years and 

documented a strong curvilinear relation between serum 

cholesterol levels during the initial screening and the 



development of CVD mortality. The Lipid Research Clinic

Coronary Primary Prevention Trial [LRC-CPPT 1984] showed 

that lowering an elevated serum cholesterol decreases CVD 

mortality. 

Metabolic ward studies (Keys et ale 1957, Hegsted et 

ale 1965) clearly demonstrated that the intake of SFA, 

compared to the intake of carbohydrates or monounsaturated 

fats, raised serum cholesterol whereas PUFA intake lowered 

cholesterol concentrations. 
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The epidemiological and interventions studies, together 

with the metabolic ward studies (Keys et al.1965; Hegsted et 

ale 1965), are the bases for the recognized importance of 

dietary fat modulation of CVD risk and the necessity for 

establishing dietary guidelines. 

1.1.4 Dietary guidelines 

Metabolic ward studies indicated that saturated fatty 

acids in the diet raise serum cholesterol levels (Keys et 

ale 1965; Hegsted et ale 1965). Exchange of saturated fat 

for 1% of calories from carbohydrates or monounsaturated 

fatty acids results in elevation of plasma cholesterol 

levels by 2.7 mg/dl, while exchange of 1% of calories with 

PUFA reduces serum cholesterol by 1.35 mg/dl (Keys et ale 

1965). The link between dietary cholesterol and plasma 

cholesterol was documented by Keys et al.(1965) and Mattson 
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et al. (1972). The Keys and Hegsted formulas for prediction 

of cholesterol levels based on dietary patterns are the 

foundation of all dietary recommendation. In the Surgeon 

General's Report on Nutrition and Health (1988), highest 

priority was given to reductions of the high levels of 

dietary saturated fat and increasing the intake of complex 

carbohydrates and fiber. In addition, the Report of the 

National Cholesterol Education Program [NCEP](1988) Expert 

Panel suggested that the goal of therapy is to maintain LDL 

cholesterol levels below 130 mg/dl in people with increased 

CVD risk and below 160 mg/dl for those with no CVD risk. A 

step-one Diet was recommended as a nutritionally adequate 

plan that should be continued for at least 3 months with 

frequent measurement of serum lipoprotein. The Step-One Diet 

restricts caloric intake of fat to 30% of the total calories 

with 10% of calories from saturated fats, and maintaining a 

polyunsaturated/monounsaturated/saturated [P/M/S] fat ratio 

of 1:1:1 and, in addition, limiting dietary cholesterol to 

300 mg/day. If progress has been achieved following the 

Step-One Diet for 3 months but the plasma lipoprotein goals 

have not been met, the Step-One Diet should be followed for 

3 more months (Grundy 1990). The Step-Two Diet is 

recommended if the LDL cholesterol goals were not achieved. 

Additional reduction of saturated fat calories to less than 

7% of the total caloric intake is suggested with reduction 
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of dietary cholesterol to 200 mg/day, however, total intake 

of fat should not by reduced to maintain the same satiety 

level. If the goals have been achieved long term monitoring 

and reinforcement of the dietary plans are necessary (Grundy 

1990). The NCEP-Experts Panel recommended at least 6 months 

of diet therapy are recommended before moving to drug 

therapy and emphasized that drug therapy should be added to 

diet therapy and not replace it (Report of Experts Panel 

1991) . 

1.2 CHOLESTEROL AND LIPOPROTEIN METABOLISM 

1.2.1 Cholesterol metabolism 

Cholesterol has major functions in the body as a 

component of cell membranes with SUbstantial abundance in 

the central nervous system. Cholesterol is an essential 

component of plasma lipoproteins and is the precursor of 

adrenal hormones, bile acids and vitamin D (Grundy 1990). 

Cholesterol in the body originates from two sources, 

absorbed dietary cholesterol and endogenously synthesized 

cholesterol. Dietary and biliary cholesterol are solubilized 

in mixed micelles in the small intestine, a fraction of the 

lumenal cholesterol is absorbed, incorporated into 

chylomicrons formed in the intestinal mucosal cells and 

transported via the lymphatics to the blood stream. 

chylomicrons contain primarily TAG which are hydrolyzed by 



lipoprotein lipase (LPL) on the capillary endothelial 

surface to form chylomicron remnants which are taken up by 

hepatic LDL-receptor related protein (LRP) also called 

chylomicrons remnant receptor, «2 macroglobulin, or apo E 

receptor. When the amount of absorbed cholesterol is 

elevated, hepatic acyl-CoA: cholesterol acyltransferase 

(ACAT) activity increases resulting in cholesterol 

esterification and storage. 
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All endogenous cholesterol is synthesized from acetyl 

Co-A were 3 molecules are condensed to form 3-hydroxy-3-

methylglutaryl CoA (HMG CoAl and by the action of HMG-CoA 

reductase enzyme, mevalonic acid is formed. After a series 

of reactions and condensations mevalonate is transformed to 

cholesterol. Cholesterol synthesized in the liver can be 

used as a source of biliary cholesterol and bile acids or 

incorporated into VLDL. Cholesterol and bile acids are 

recycled between the intestine and the liver via the 

enterohepatic circulation. Cholesterol synthesized in the 

extrahepatic tissues can be used for tissue growth and the 

excess is returned to the liver carried on HDL for 

catabolism or secretion. Reverse cholesterol transport 

involves HDL as an acceptor of free cholesterol, the action 

of lecithin:cholesterol acyl transferase (LCAT) to esterify 

the free cholesterol, and plasma cholesterol ester transfer 

protein (CETP) to transfer the cholesteryl ester (CE) from 



HDL to apo B containing lipoproteins VLDL and LDL. Studies 

indicate that the majority of endogenous cholesterol 

synthesis in humans occurs in the extrahepatic tissues and 

that reverse cholesterol transport plays an important role 

in the regulation of the whole body cholesterol stores. 

1.2.2 Lipoprotein metabolism 
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Lipids absorbed from the intestine are transported in 

the plasma associated with proteins in order to be miscible 

in water. The non-polar lipids TAG and CE are core 

components, associated with proteins and amphipathic lipids, 

plus surface components, phospholipids and free cholesterol, 

constitute the lipoprotein. 

Plasma lipoproteins are classified according to their 

hydrated density, as determined by ultracentrifugation and 

by electrophoretic mobility, into five major classes; the 

lipid contents of the lipoprotein classes are inversely 

proportional to the hydrated density (Harper's Biochemistry 

1988) . 

The TAG rich lipoproteins are a heterogenous group of 

large lipoprotein particles derived either from the 

intestine (chylomicrons) [eM] or from the liver (VLDL). 

a. Chylomicrons: (density 0.92-0.96 gjml) are derived from 

the intestinal absorption of TAG and cholesterol. 
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They contain one molecule of apo B-48, in addition to apo C

II, apo C-III and apo E. 

b. VLDL or per B lipoprotein: (density 0.95-1.006 g/ml) is 

secreted from the liver for the transport of TAG. It 

contains one molecule of apo B-100, plus apo CII, apo C-III 

and apo E. 

c. IDL: (density 1.006-1.019 g/ml), is produced by lipolysis 

and catabolism of VLDL through the delipidation cascade. 

d. LDL or B lipoprotein: (density 1.019-1.063 g/ml), is the 

major catabolic end product of VLDL. LDL is the major 

cholesterol carrying lipoprotein in humans and contains one 

molecule of apo B-100. 

e. HDL or a lipoprotein: (density 1.063-1.121 g/ml), is 

responsible for reverse cholesterol transport of 

extrahepatic free cholesterol back to the liver. HDL is 

formed of various components derived from the liver, 

intestine from other lipoprotein. The major apoproteins are 

apo A-I, apo A-II, apo C (I,II,III) and apo E. 

1.2.2a chylomicron 

CM particles are the largest lipoprotein in the plasma 

and contain one molecule of apo B-48 which is required for 

the assembly of the particles (Havel 1992). Apo B-100 

message is edited in the intestine so that the protein is 

truncated at residue 2151, with the conversion of A to G at 
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base 6666 (Powell et al. 1987), resulting in formation of a 

stop codon UAA yielding apo B-48 which is required for the 

assembly of CM (Havel 1992). 

The primary amino acid sequence of apo B-48 is unknown 

(Hegele and Breslow 1987). The region of apo B that is 

recognized by apo B/E receptor is located on a part of the 

apo B gene that is omitted from apo B-48 (Powell et al. 

1987); therefore apo B-48 is not recognized by apo B/E 

receptors. 

CM transport TAG and cholesterol from the intestine to 

the liver (Grundy 1990). CM are synthesized in the 

intestinal mucosa from TAG derived from absorbed dietary 

fats, transported to the intestinal lymph and pass through 

the thoracic duct to the thoracic aorta, where they enter 

the systemic circulation. CM are hydrolysed by LPL lining 

the vascular bed on the surface of endothelial cells in the 

adipose tissues and muscles leading to rapid degradation of 

TAG into monoacylglycerols and free fatty acids. 

concomitantly, apo A's and apo CIS are released, and, since 

LPL is stimulated by apo CII and inhibited by apo C III, the 

loss of both apo C from the particles results in cessation 

of lipolysis. Free fatty acids are complexed to albumin, and 

are either oxidized for energy in the muscles, re-esterified 

for storage in the adipose tissues, or transported to the 

liver for either oxidation or re-esterification. The 
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remaining chylomicron remnants are taken up by the liver by 

the LRP, which recognizes apo E on the surface of the 

remnants and LDL-receptors which recognizes both apo Band E 

molecules. LRP are found in all tissues but are most 

abundant in the liver (Cooper et ale 1992). LRP recognizes 

apo E and initiates the uptake of apo E rich lipoprotein, 

particularly CM remnants (Kowel et ale 1989). 

1.2.2b VLDL metabolism 

VLDL is the major lipoprotein synthesized by the liver, 

and is smaller than CM, the diameter ranges from 400 to 700 

A. It contains only one molecule of apo B-100, in addition 

to apo E, and apo C (I,II,III). The core of the particles 

contain mainly TAG, but have some CE, and the surface 

components contain unesterified cholesterol, phospholipids 

and the apoproteins. VLDL-TAG are derived from fatty acids 

stored in the adipose tissues, from chylomicron TAG, and 

hepatic de novo fatty acid synthesis. Hepatic TAG are 

synthesized from glycerol and free fatty acid, either 

obtained from the plasma or synthesized in hepatocyte 

cytosol (Dixon and Ginsberg 1992). It is known that 

increased free fatty acid availability stimulates hepatic 

TAG synthesis and secretion (Nestel and Steinberg 1963; 

Heimberg et ale 1962), which occurs on the cytosolic surface 

of rough and smooth cytoplasmic membrane (Brindley 1984, 
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Bell 1980). The rate limiting enzyme in fatty acid synthesis 

is acetyl CoA carboxylase which is regulated by the amount 

of enzyme, by phosphorylation/dephosphorylation, and by 

allosteric regulation (Herzberg and Rogerson 1988). The 

lipogenic enzymes c:tre regulated by dietary PUF'A, mainly 

linoleic acid, which is a potent inhibitor of do novo fatty 

acid synthesis (Herzberg and Rogerson 1988). In contrast, 

saturated fats have no effect on fatty acid synthesis. This 

is particularly important because do novo fatty acid 

synthesis is a major determinant of hepatic TAG secretion. 

Nascent VLDL are packaged in the Golgi apparatus, and 

contain one molecule of apo B-100, and multiple molecules of 

apo C-I, apo CII, C-III, apo A-I and apo E (Havel 1992). 

Secretory vesicles containing nascent VLDL particles bud off 

to the surface; the vesicles fuse with the membrane and 

nascent VLDL is released in the circulation (Grundy 1990). 

Nascent VLDL differs from the mature VLDL in the 

plasma. Their surface lipids contain more phosphat idyl 

choline and less sphingomyelin (Havel 1992); and much less 

cholesterol than plasma VLDL (Hamilton et al. 1991). As 

nascent VLDL circulates they acquire CE, apo CII and 

apo C-III from HDL and becomes mature VLDL. Plasma VLDL is 

hydrolysed by LPL lining the capillary endothelial surfaces, 

and loses its core TAG and some phospholipids to yield VLDL 

remnants. Apo CiS and apo E's are transferred to HDL and the 
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VLDL remnants are taken up by the liver via the LPR and the 

apoB/E receptor or are transformed to lDL through the 

delipidation cascade. 

1.2.20 IDL metabolism 

As the core of VLDL-TAG is removed, the lipo9rotein 

shrinks and become enriched with CE transferred from HDL and 

forms lDL (Brown and Goldstein 1990). Hepatic lipase (HL) 

and LPL hydrolyses TAG in lDL, while the surface 

glycerophospholipids and apo C are transferred to HDL (Havel 

1992). lDL are removed from the circulation directly through 

LRP receptors or by binding to apo B/E receptors. IDL are 

very high affinity ligands for these receptors and remain in 

the plasma compartment for only a very few minutes. A 

fraction of lDL escapes uptake by apo B/E receptors and 

undergoes lipolysis by LPL to generate LDL. Decreased apo 

B/E receptor activity leads to decreased rates of clearance 

of lDL directly and, therefore, increased conversion of lDL 

to LDL (Brown and Goldstein 1990). 

1.2.2d LDL metabolism 

LDL is the major cholesterol carrying lipoprotein in 

humans (McNamara 1992). The lipid core is CE and the sole 

apoprotein is apo B-100. LDL are mainly catabolized via apo 

B/E receptors (70%) on the liver and extrahepatic tissues, 
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and partially by receptor independent mechanisms (Kesaniemi 

et ale 1983). LDL particles have a lower affinity for the 

apo B/E receptor compared to IDL and therefore remain in the 

circulation for a longer period before binding to the 

receptor. Apo B/E receptors are found in specific regions of 

the cell surface called coated pits. When LDL particles 

binds to these receptors, a receptor-ligand complex is 

formed and internalized as an endosome (Brown and Goldstein 

1990). The receptor dissociates from the LDL particle and 

recycles to the cell surface as a recycling vesicle; while 

LDL particles undergo lysosomal degradation. Apo B-100 is 

degraded to amino acids and CE is hydrolysed to free 

cholesterol and fatty acid. The released cholesterol has 

more than one fate: (a) esterified by ACAT to form CE 

storage droplets; (b) becomes a constituent of the cell 

menilirane; (c) feedback suppression of HMG-CoA reductase 

activity to shut off cholesterol synthesis and of apo B/E 

receptors to decrease LDL uptake; (d) synthesis of bile 

acids via hydroxylation of cholesterol. The reaction is 

catalyzed by 7 alpha hydroxylase enzyme: and (e) leave the 

liver via the bile to be excreted in stool or to recycle 

through the enterohepatic circulation (Grundy 1990). The apo 

B/E receptor has a molecular weight of 120,000, contains 

approximately 820 amino acids (Grundy 1990), and consists of 

five domains, each with a specific function. 

---------------~----- -
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The LDL-receptor gene has two copies located on chromosome 

19 (Brown and Goldstein 1990) and is regulated by cellular 

cholesterol. Elevated "active cholesterol" interacts with a 

regulatory protein which affects the LDL receptor gene 

promotor regions and suppresses LDL receptors gene 

expression (Grundy 1990). 

1.2.2e HDL metabolism 

HDL are synthesized by the liver and intestine as disc 

shaped particles called "nascent HDL" consisting of 

phospholipid bilayer carrying apo A-I and apo A-II. The 

hydrolysis of chylomicrons and VLDL results in the transfer 

of apo C, phospholipids and unesterified cholesterol to HDL 

(McNamara 1992). The HDL associated enzyme LCAT catalyzes 

the synthesis of CE from phospholipids and free cholesterol 

(McNamara 1992). This enzyme catalyze the transfer a fatty 

acid from a lecithin molecule to free cholesterol (Grundy 

1990). As CE accumulates in the lipid core of the nascent 

HDL, the disc shaped particles become spherical forming 

HDL3 , and eventually HDL2 is formed. Part of the HDL-CE is 

transferred to VLDL by plasma CETP, which is also 

responsible for the cross-transfer of CE for TAG between HDL 

subclasses. 

--------------------------~---



since cholesterol can only be degraded by the liver, all 

free cholesterol (cellular and from other lipoprotein) is 

picked up by HDL and transferred to the liver by a process 

called reversed cholesterol transport. 

1.2.3 Lipoprotein lipase and hepatic lipase 

39 

HL and LPL are structurallY related to pancreatic 

lipase. This observation was verified when the cDNA of LPL 

and HL were cloned for the first time in 1986 (Olivecrona 

and Bengtsson-Olivecrona 1993). LPL and HL consist of a 

large N terminal domain which contains the active site and a 

smaller C terminal contain which contain important 

structural aspect for enzyme rearrangements and lipid 

binding (Olivecrona and Bengtsson-Olivecrona 1993). LPL in 

the inactive form is a monomer which binds with low affinity 

to heparin; while the active form is a homodimer. Regulation 

of LPL occurs at the post-translational levels as shown by 

the studies of Braun and Severson (1992), they reported that 

changes in LPL mRNA are slower than changes in the LPL 

activity. It is believed that LPL synthesis is constitutive 

as dictated by its mRNA and that levels are regulated by 

post-translations mechanisms which balance intracellular 

degradation, LPL secretion, and transfer to the endothelial 

cell lining. LPL is anchored to endothelial cells via 

heparin sulfate and proteoglycan. Heparin releasable lipase 
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have been shown to increase up to three fold with fasting 

(Liu and Olivecrona 1992). Recently it had been proposed 

that LPL is a multifunctional protein which hydrolyze TAG 

from chylomicrons and VLDL at the endothelial lipolysis site 

and, in addition, acts as a ligand for binding lipoproteins 

to cell surface receptors. 

Unlike LPL, HL does not require apo ell for activation 

and has no obligatory need for any apoprotein. HL is a more 

potent phospholipase than LPL and plays a less evident role 

in the regulation of VLDL hydrolysis compared to LPL. 

1.2.4 Apo1ipoprotein B metabolism 

Apo B is required for the assembly and secretion of apo 

B containing lipoprotein from the liver. Apo B-100 is a 

large protein containing 4536 amino acids with a molecular 

weight of approximately 520 kD in humans. The apo B gene is 

a 47.5 kb region formed of 29 exons and 28 introns (Dixon 

and Ginsberg 1992) and is localized to chromosome 2p (Huang 

et ale 1986). Apo B DNA encodes 4,536 amino acid residues in 

the mature protein (Hegeles and Breslow 1987), the DNA have 

many internal repeats, suggesting that the apo B gene is 

derived from internal duplication (Hegeles and Breslow 

1987). Apo B-100 protein is synthesized from the whole open 

reading frame (ORF) of the apo B gene. 

It has been suggested that the apo B gene is 
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constitutively expressed, therefore, the short term 

regulation of apo B secretion is not transcripitional but 

rather translational or post-translational, consistent with 

the observation that the half life of apo B mRNA in HepG-2 

cells is relatively long, approximately 16 hr (pullinger et 

ale 1989). However, recently it was found that apo B rnRNA 

levels were altered by a lipogenic diet in cebus monkeys 

(Hennessy et ale 1992) and that in an inbred strain of mice 

dietary fat affects apo B rnRNA stability and apo B 

transcription indicating that the regulatory mechanisms are 

intricate and not fully understood (Srivastava et ale 1991). 

Apo B has an amphipathic structure with a hydrophilic 

region which interacts with the aqueous environment, a 

hydrophobic lipid binding domain which interacts with the 

nonpolar lipid core of the lipoprotein particle (Hegele and 

Breslow 1987) and an LDL-receptor binding domain which is 

the legend that binds to the apo B/E receptor leading to the 

uptake of VLDL, IDL and mainly LDL by the tissues. Apo-B 

protein is synthesized in the rough endoplasmic reticulum 

(RER), translocated through the membrane to the RER lumen 

(Dixon and Ginsberg 1992), and is rapidly transported to the 

Golgi lumen. Studies in chick hepatocyte rnonolayers (Siuta

Mangano and Lane 1981) suggest that the whole process of 

chain elongation and translocation of apo B occurs within 

7.5-9 min. 
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studies indicate that apo B must be coupled with TAG 

intracellularly prior to secretion; however, the site of 

assembly is controversial. Some studies report that it 

occurs in the endoplasmic reticulum (Borchart and Davis 

1987; Boren et ale 1990; Glaumann et ale 1975), while others 

suggest that the process of coupling apo B with lipids 

occurs in the Golgi apparatus (Bamberger and Lane 1988; 

Bamberger and Lane 1990; Higgins 1988). 

1.2.5 Defects in apo B 

1.2.5a Abeta-lipoproteinemia 

This autosomal recessive inherited disease results in 

diminished levels of plasma apo B (Hegeles and Breslow 

1987), and affected individuals suffer from retinitis 

pigrnentosa, fat malabsorption and neuropathy. Patients lack 

apo B and chylomicron, VLDL and LDL. The disease is due a 

defect in apo B synthesis suggested to be due to a post

translational abnormality in the gene (Huang et ale 1986); 

however, the phenotype may be genetically heterogenous 

(Hegeles and Breslow 1987). 

1.2.5b Homozygous hypobetalipoproteinemia 

This disorder is phenotypically similar to 

abetalipoproteinemia but parents and their siblings have 

half the normal levels of apo Band LDL cholesterol. 
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Mutations in the apo B gene interfere with the production of 

the full length apo B protein (Dixon and Ginsberg 1992) and 

truncated apo B protein length ranges from apo B 25 to apo B 

89 (Young and Linton 1992). 

1.2.5c Apo B-100 deficiency 

This rare disorder results in absent apo B-100 and LDL 

but normal apo B-48 and chylomicron suggesting a disorder in 

hepatic secretion of apo B-100 but not intestinal secretion 

of apo B-48. This disorder affects transport of cholesterol 

due to unavailability of LDL (cholesterol carrier) but 

normal TAG metabolism (Hegele and Breslow 1987). 

1.2.5d Anderson syndrome (B-48 deficiency) 

This rare syndrome is characterized by low plasma 

cholesterol and low TAG levels and failure of the intestine 

to secret CM after a fat meal. The patients are deficient in 

apo B-48 but not apo B-100 suggesting independent control of 

synthesis and secretion of apo B-100 and apo B-48 (Hegeles 

and Breslow 1987). 

1.3 DIETARY FAT AND LIPOPROTEIN METABOLISM 

Numerous studies have found significant correlations 

between the intake of SFA and elevated rates of CVD (Keys et 
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al. 1986, Hegsted and Ausman 1988). Studies have shown that 

dietary SFA increase plasma LDL cholesterol compared to 

intake of MUFA or PUFA (McNamara 1987, Grundy and Denke 

1990). The hypocholesterolemic effect of PUFA is well 

established (Hegsted et al. 1965, Keys et al. 1957, Grundy 

and Denke 1990, McNamara 1987, Kris-Etherton et al. 1984). 

Extensive studies in the past decade (McNamara 1987, Grundy 

and Denke 1990) indicate that the effect of PUFA is not on 

the level of cholesterol absorption or endogenous synthesis 

but rather on the regulation of plasma lipoprotein 

metabolism including synthesis, secretion, intravascular 

processing, metabolic channeling and catabolism. MUFA were 

originally thought to have a neutral effect on plasma 

cholesterol levels (Keys et al.1965); however, further 

studies suggested that MUFA in the diet have unique effects 

on plasma lipoprotein profiles (Mattson and Grundy 1985). 

SFA in the diet raise total cholesterol and LDL cholesterol 

(Keys et al. 1965; Hegsted and Ausman 1988). Keys and 

Hegsted derived equations to predict the effect of intake of 

dietary fat and cholesterol on blood cholesterol level. The 

main effect of SFA is on the LDL fraction due to a decrease 

in LDL receptors number (Spady and Dietschy 1989, Fernandez 

and McNamara 1989 and 1991) leading to slower LDL-FCR in 

humans (Shephard et al. 1980) and animal models (Nicolosi et 

al. 1990, Fernandez et al. 1992a and 1992b); decreases LDL 
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flux rates (Fernandez et al. 1992a and 1992b)i and decreases 

LDL receptor mRNA expression in baboons (Fox et al. 1987). 

Decreased LDL receptor activity should increase the 

conversion of VLDL to LDL leading to increased LDL 

production and LDL plasma levels. Changes in LDL metabolism 

with fat saturation suggest that the assembly and the 

metabolic routes of VLDL, the precursor of LDL, are very 

likely to be affected by dietary fat quality and quantity. 

The following sections review the known information 

regarding the regulatory mechanisms whereby dietary fat 

alters VLDL synthesis and secretion, transport, metabolic 

routing and catabolism as related to LDL flux and 

cholesterol levels and how these combined effects influence 

the risk of CVD. 

1.4 REGULATION OF PLASMA VLDL METABOLISM BY DIETARY 

SATURATED FATTY ACIDS 

1.4.1 Introduction 

Fatty acids in the diet are classified according to the 

number of carbon atoms and whether they are saturated or 

unsaturated as (C:D), where C is the number of carbon atoms, 

and D is the number of double bonds. SFA include carbon 

chains (C4-C18)i are classified as short chain fatty acid 

(C4-C6), medium chain fatty acids (C8-C10) and long chain 

(C12-C18). Lauric acid (C12:0) is the predominant saturated 



fat in palm kernel oil and coconut oil; myristic acid 

(C14:0) is found in butter fat; palmitic acid (C16:0) is 

found in palm oil and most animal fats and stearic acid 

(C18:0) is found in cocoa butter and beef tallow. 
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Myristic acid and palmitic acid raise total 

cholesterol, while stearic acid does not have a 

hypercholesterolemic effect. It has been suggested that 

stearic acid is poorly absorbed and does not contribute to 

dietary fat. However, this theory is no longer accepted, as 

both human (Bonanome and Grundy 1988) and animal studies 

(Mattson 1959) indicate that stearic is well absorbed and 

propose that stearic acid (C18:0) is converted to oleic acid 

(C18:1) more readily than the other saturated fats and, 

therefore, behaves as oleic acid and lacking a 

cholesterolemic effect, unlike the other saturated fatty 

acids. 

Studies have shown that saturated fats affects VLDL 

metabolism differentially according to the chain length and, 

in addition, have differential effects on VLDL-TAG and VLDL 

apo B secretion rates; therefore, the following section 

reviews the current literature on the effects of SFA of 

varying chain length on VLDL-TAG and apo B production. 
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1.4.2 VLDL-TAG secretion 

Studies have shown that dietary SFA regulate the level 

of plasma cholesterol as well as lipoprotein synthesis, 

secretion and catabolism. However, it is difficult to 

interpret the data obtained from different studies due to 

species variations; as well as differences in the type and 

amount of fat, and the amount of dietary cholesterol. 

1.4.2a Animal studies 

Studies in animal models show sUbstantial 

inconsistencies of the effect of dietary fat type on VLDL 

TAG secretion. VLDL-TAG production was higher in coconut oil 

fed rabbits compared to olive oil and TAG-FeR in olive oil 

fed animals were twice as high as coconut oil fed animals 

indicating more rapid catabolism of VLDL-TAG in olive oil 

fed rabbits (Van Heek and Zilversmit 1991). Similarly, 

Kohourt et ale (1971) reported TAG accumulation in rat 

hepatocytes increased if palmitic acid was the substrate for 

TAG synthesis compared to linoleic acid. These studies (Van 

Heek and Zilversmit 1991, Kohourt et ale 1971) suggest that 

the mechanism of hypertriglyceridemia and 

hypercholesterolemia with intake of dietary SFA is primarily 

due to increased secretion of VLDL since palmitic acid is a 

preferred substrate for TAG synthesis (Kohourt et ale 1971) 

with a slight decrease in VLDL-TAG catabolism. 
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Interestingly, Nicolosi et ale (1976, 1977) reported that 

hypercholesterolemia induced by SFA is not due to VLDL 

overproduction in either gerbils or non-human primates. 

Groot et ale (1988) found no difference in hepatic VLDL TAG 

secretion between rats fed palm oil compared to those fed 

sunflower oil, but decreased VLDL-TAG catabolism in palm oil 

fed animals leading to hypertriglyceridemia. These 

contrasting results of the effects of SFA on VLDL-TAG 

secretion suggest that there is a significant individual and 

species variations in the response to saturated fats and 

that saturated fatty acids of different chain length have 

different effects on VLDL-TAG secretion. 

studies in gerbils (Nicolosi et ale 1976) indicate that 

intake of coconut oil decreased VLDL TAG secretion compared 

to safflower oil intake suggesting decreased hepatic TAG 

secretion. Similar results were obtained in squirrel and 

cebus monkeys (Nicolosi et ale 1977). On the other hand, 

studies in rhesus monkeys indicated that intake of palm oil 

increased VLDL-apo B flux compared to coconut oil intake; 

while decreasing independent production of LDL apo B (Khosla 

and Hayes 1991). Groot et ale (1988) reported that rat 

hepatic TAG secretion was not different between animals fed 

sunflower seed oil or palm oil containing diets. In 

addition to changes in VLDL secretion rates; changes in 

VLDL composition and size have been reported. In African 
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green monkeys newly secreted VLDL particles were smaller in 

safflower fed animals compared to butter oil intake (Johnson 

et ale 1985). Dietary fat quantity also affects VLDL 

regulatory mechanisms, post-Triton VLDL secretion rates in 

rats were decreased with high fat diet compared to low fat 

diet (Kalopissis et ale 1980), suggesting that fat feeding 

inhibit hepatic lipogenesis. 

Recently it had been suggested that eM remnants 

compete with VLDL for catabolism by LPL and therefore 

affects VLDL intravascular remodeling (Demacker et al.1991). 

This study reported that SFA in the diet delayed eM 

catabolism and that eM remnants compete with VLDL for 

catabolism by LPLi thereby decreasing VLDL processing and 

decreasing VLDL clearance by apo B/E receptors and 

increasing the conversion of VLDL to LDL. Furthermore, eM 

produced during intake of a diet rich in SFA are poor 

substrates for LPL in vitro (Groot et ale 1988, Miller et 

ale 1981) and have a slower catabolism in vivo (Groot et ale 

1988) compared to eM synthesized during the intake of PUFA 

containing diets. 

In contrast, the rate of TAG hydrolysis did not differ 

between coconut and olive oil fed rabbits indicating that 

both oils are good substrates for LPL. In another study 

Groot et ale (1989) investigated the effects of lard versus 

mackerel oil feeding on LPL mediated TAG hydrolysis. They 
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found that lard significantly increased LPL activity by 31% 

in lard fed compared to mackerel oil fed swine. Plasma VLDL

TAG was two folds higher in lard fed swines compared to 

mackerel oil fed animals. 

1.4.2b Human studies 

The only study in humans which investigated the effect 

of dietary SFA intake on VLDL production (n=4) indicated 

that saturated fat increases VLDL and LDL flux but has no 

effect on VLDL catabolism (Cortese et al. 1983). Mattson and 

Grundy (1985) reported that plasma VLDL cholesterol 

concentrations did not change in hyperlipidemic or 

normolipidimic patients consuming SFA (palm oil) or PUFA 

(safflower oil). In a study of American Indians, 

nondiabetic and diabetics patients kept on a high 

carbohydrate, low SFA diet, had a decrease in LDL 

cholesterol levels due to decreased conversion of VLDL to 

LDL (Abbott et al. 1990). Chait et al. (1974) demonstrated 

that dietary palmitic acid was more efficiently utilized 

for TAG formation than linoleic acid, suggesting that 

palmitic acid is more readily incorporated into VLDL-TAG 

than linoleic acid. 
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studies have shown that dietary SFA have differential 

effects on VLDL-TAG and VLDL-apo B secretion rates (Kasim et 

ale 1993, Van Heek and Zilversmit 1991), therefore the 

effects of SFA on VLDL apo B secretion are summarized in the 

next paragraph. 

1.4.3 VLDL-apo B secretion 

1.4.3a Animal studies 

Studies indicate that certain types of dietary fat 

increase VLDL apo B production. Studies in Zucker rats 

treated with lovastatin suggested that lovastatin decreased 

secretion of VLDL-TAG secretion but did not alter VLDL-apo B 

production. Van Heek and Zilversmit (1991) reported that 

there is increased VLDL apo B production in coconut oil fed 

rabbits compared to olive oil fed animals but no difference 

in the plasma VLDL apo B FCR. Similarly, Khosla and Hayes 

(1991) reported that palm oil increased VLDL apo B pool size 

in rhesus monkeys and increased VLDL-apo B transport rates 

compared to coconut oil fed animals, while the irreversible 

VLDL apo B FCR was similar. The data suggest that there is 

direct LDL production in the rhesus monkeys and that the 

relative production of VLDL-dependent and direct LDL 

production is altered by dietary fat saturation and chain 

length. In cebus monkeys (Hennessey et al.1992) fed coconut 

oil and cholesterol there was an increased hepatic abundance 

.------ ~---------
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of apo B mRNA (greater than 87%) compared to monkeys fed a 

diet rich in corn oil. From these studies it is clear that 

the type of SFA in the diet has significant effects on both 

VLDL TAG and VLDL apo B secretion and catabolism. 

1.4.3b Human studies 

There is very limited information regarding the effect 

of dietary SFA on VLDL-apo B production in humans. Cortese 

et ala (1983) reported that intake of SFA increased VLDL apo 

B production hut did not alter VLDL catabolism. Most 

studies have compared the effects of dietary fat quantity 

rather than quality. Abbott et ala (1990) reported that high 

fat feeding with a PIS ratio of 0.29 slightly decreased 

VLDL-apo B levels compared to feeding low fat with a PIS 

ratio of 1. There was no difference in VLDL apo B flux or 

VLDL irreversible catabolic rates but high fat intake 

increased the conversion of VLDL to IDL and LDL and 

decreased direct VLDL removal. This conclusion is in 

agreement with the reported data of Ginsberg et ala (1981) 

that shifting from zero fat to 40% fat calories decreased 

the fraction of VLDL-apo B directly removed by apo B/E 

receptors compared to the fraction converted to LDL. 



Paradoxically, in other studies VLDL-apo B production and 

VLDL-apo B FCR increased with intake of high fat diets 

(Cortese et ale 1983; Huff and Nestel 1982) as compared to 

low fat diets. 

1.4.4 summary 
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SFA of different chain length are known to have 

differential effects on plasma VLDL metabolism. It seems 

there is a dissociation between VLDL-apo B secretion, which 

dictates the number of VLDL particles produced, and VLDL-TAG 

secretion, which influences VLDL composition; with the 

eventual fat mediated effects on plasma LDL and cholesterol 

levels. 

1.5 REGULATION OF PLASMA VLDL METABOLISM BY DIETARY 

POLYUNSATURATED N-6 FATTY ACIDS 

1.5.1 Introduction 

The naturally occurring parent of the n-6 series of 

fatty acids is a linoleic acid (C18:2,n-6) found in 

vegetable oils such as cotton oil seed, corn oil and soybean 

oil. N-6 fatty acids are used as structural lipids of 

membranes and for eicosanoid formation (Cottrell 1991). 

The hypercholesterolemic SFA/hypocholesterolemic PUFA 

effect has been documented in different animal models 

(Fernandez and McNamara 1991, Nicoloci et ale 1990, Spady 



54 

and Dietschy 1988), as well as in human studies (Keys et a1. 

1957, Hegsted et a1. 1965). There is clear evidence that 

dietary PUFA reduces plasma cholesterol and LDL-cho1estero1 

by decreasing LDL production (Cortese et a1. 1983, Fernandez 

and McNamara 1991, and Fernandez et a1. 1992a and 1992b). 

Since VLDL is the precursor of LDL, it is likely that PUFA 

in the diet alters hepatic VLDL synthesis, secretion or 

intrahepatic assembly. 

1.5.2 VLDL-TAG secretion 

1.5.2a Animal studies 

Effects of dietary PUFA versus SFA, with or without 

dietary cholesterol, on VLDL metabolism have been studied in 

different animal models. Hostmark et a1. (1980) found that 

sunflower oil decreased TAG to cholesterol ratio in VLDL in 

perfused rat livers compared to coconut oil fed rats. In 

contrast, Kris-Etherton et a1. (1984) reported that the 

intake of corn oil had little effect on VLDL-TAG and 

cholesterol secretion by rat perfused livers compared to 

palm oil. Interestingly, Groot et a1. (1988) reported that 

VLDL-TAG secretion rates were similar in palm oil and 

sunflower oil fed rats. In agreement with a report from Lai 

et a1.(1991) that there is no differences in VLDL-TAG in 

corn oil fed rats versus animals fed coconut oil containing 

diets. studies using isolated hepatocytes (Ohtani et a1. 
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1990) showed that hamsters fed 5% linoleic acid plus 0.1% 

cholesterol had increased VLDL-TAG secretion compared to 

those fed palmitic acid. Similarly in gerbils fed safflower 

oil TAG secretion was increased as compared to coconut oil 

intake (Nicolosi et ale 1976) . Nicolosi et ale (1977) have 

shown that VLDL-TAG secretion rates were elevated in two 

strains of monkeys fed either corn oil or safflower oil 

compared to coconut oil. Interestingly, though VLDL 

secretion rates appear to be increased, its product LDL is 

decreased with PUFA diet. There are a number of 

controversial reports on the effects on PUFA on VLDL-TAG 

secretion, partially due to variation in the levels of 

supplementation with cholesterol which by itself and by 

interactions with dietary fats may alter VLDL metabolism. 

PUFA also alters VLDL composition, hepatic VLDL particles 

were smaller in size in safflower fed African green monkeys 

supplemented with cholesterol compared to butter fed monkeys 

but the VLDL was enriched with cholesteryl esters (Johnson 

et ale 1985). This suggests that the degree of dietary fat 

saturation influenced the hepatic CE content. Secretion of 

CE may depend on the physical state of the lipids, the more 

unsaturated CE the more fluid state while saturated CE may 

be in crystalline form and therefore less available for 

secretion. (Johnson et ale 1985). 
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1.5.2b Human studies 

There are only a few studies which address dietary PUFA 

effects on VLDL metabolism in humans, partially due to 

complexities of the analysis of postprandial TAG-rich 

lipoproteins (McNamara 1992). Linoleic acid rich oils have 

been reported to reduce production and increase clearance of 

VLDL in humans (Chait et al. 1974). Plasma TAG 

concentrations, however, were not decreased with vegetable 

oil enriched diets (corn oil, canola oil and olive oil) in 

males and female subjects compared to the habitual diet 

which is similar in fat to that regularly consumed in the US 

(Lichtenstein et al. 1993). 

1.5.3 VLDL-apo B secretion 

1.5.3a Animal studies 

Hepatic apo B mRNA abundance was 87% less in cebus 

monkeys fed corn oil with zero cholesterol compared to 

monkeys fed coconut oil with cholesterol for 3 years, 

suggesting that apo B transcription could be altered by 

lipogenic diets (Hennessy et al. 1992). In contrast, Sorci

Thomas et al. (1989) reported that hepatic apo B-mRNA levels 

and apo B secretion rates were not changed in African green 

monkeys fed butter fats or safflower oil based diets. 

Similarly, Kushwaha et al. (1991) reported that apo B mRNA 

levels were not associated with plasma apo B levels 



suggesting that the apo B gene is not regulated at the 

transcription levels but rather consitutively expressed as 

originally proposed (Pullinger et ale 1989). 
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In rat perfused livers, Hostmark et ale (1980) reported 

that hepatic VLDL protein output was not different in rats 

fed 10% sunflower oil compared to intake of coconut oil. 

similarly, Huff and Telford (1989) reported that in pigs 

intake of corn oil had no effect on VLDL-apo B synthesis 

compared to fish oil. However, compared to fish oil intake, 

corn oil decreased VLDL-apo B FCR in pigs fed each diet for 

18 days (Huff and Telford 1989). 

1.5.3b Human studies 

Vega et ale (1982) conducted a study in a metabolic 

ward for 8 weeks assigning twenty patients to diets rich in 

SFA for 4 weeks and another PUFA rich diet for 4 weeks. 

There were no differences in VLDL composition or apo B/TAG 

ratios between diet groups despite a 23% decrease in plasma 

TAG with intake of the PUFA diet. These results are 

contradictory to a report from Cortese et ale (1983) who 

suggested that dietary PUFA decreases VLDL-apo B pool size 

and production rates with no effect on VLDL-apo B FCR. 

Interestingly, in hyperlipidemics VLDL-apo B synthesis 

decreased but VLDL-apo B FCR was not altered when PUFA diet 

was replaced with a high SFA diet (Cortese et ale 1983); 
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however, this study was conducted in hypercholesterolemic 

subjects. Huff et ale (1984) reported that VLDL-apo B 

production and apo B FCR was higher when animal protein in 

the diet was substituted with plant soybean protein and that 

the apo B pool size and plasma VLDL-apo B concentrations 

were not altered suggesting increased VLDL turnover. In 

normolipidemic women, intake of PUFA decreases VLDL apo B 

levels compared to saturated fats (wiesweiler et ale 1985). 

Comparable results were found in normolipidemic males and 

females, where VLDL-apo B concentrations decr.eased during 

intake of PUFA in a 24 hours period compared to saturated 

fats (Demacker et ale 1991). Similarly, plasma apo B levels 

were significantly reduced in males and females consuming 

NCEP step 2 diets rich in corn oil compared to a base line 

diet in a crossover design (Lichentenstein et ale 1993). 

Similarly, Demacker et ale (1991) reported that VLDL-apo B 

and VLDL remnant levels decreased with PUFA intake in a 24 

hr period in normolipidemics, while Chait et ale (1974) 

reported that intake of linoleate rich diets reduced VLDL

apo Band IDL-apo B concentrations. However, in contrast 

with these data is the report that linoleate stimulates apo 

B output from Hep G2 cells (Ellsworth et ale 1986). 
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1.5.4 Summary 

Compared to SFA, PUFA in the diet has no effect on 

whole body cholesterol metabolism in humans (Grundy and 

Ahrens 1970); but has a primary effect on plasma lipoprotein 

synthesis and secretion (McNamara 1992). It had been 

suggested that PUFA is less efficiently incorporated into 

TAG which are packaged to form VLDL and are instead 

diverted into the oxidation pathway (Wong et ale 1984). It 

has been proposed that the degree of fat saturation and 

chain length affects the proportion of VLDL removed directly 

from the plasma relative to the proportion converted to LDL 

through the delipidation cascade. Decreased LDL production 

may be due to decreased VLDL-apo B production, increased 

VLDL catabolism directly by apo BjE receptor or to lesser 

extent by LRP-receptors, or decreased conversion of VLDL to 

LDL through decreased LPL activity. 

1.6 REGULATION OF PLASMA VLDL METABOLISM BY DIETARY 

POLYUNSATURATED N-3 FATTY ACIDS 

1.6.1 Introduction 

The naturally occurring parent of the n-3 series of 

fatty acids is a linolenic acid. These acids include fish 

oil which are rich in eicosapentanoic acid [EPA] (C20:5, N-

3) and decosahexanoic acid [DRA] (C22:6, n-3). 
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They are also converted to eicosanoids and are important for 

nervous tissue,retina and for prostaglandin formation 

(Cottrell 1991). 

1.6.2 VLDL-TAG secretion 

1.6.2a Animal studies 

Rusten et ale (1988) explored the mechanisms for 

reduced hepatic production of TAG with EPA consumption from 

isolated rat hepatocytes and demonstrated that reduced TAG 

production was due to inhibition of acyl Co A 1,2 

diacylglycerol acyl transferase , the final step in the TAG 

synthetic pathway. This may lead to reduced hepatic VLDL-TAG 

synthesis and secretion, and consequently, decreased VLDL

TAG concentrations. N-3 fatty acids lowered hepatic TAG 

synthesis and secretion rates, decreased lipolysis and 

increased fatty acid oxidation in rat perfused liver 

compared to the addition of safflower oil in the culturing 

media (Wong et ale 1984). This conclusion was confirmed in 

studies by strum-Odin et ale (1987) where HepG2 cells were 

incubated with either EPA, oleic acid or linoleic acid, and 

found that the C20:5 n-3 acid reduced VLDL-TAG and apo B 

levels. Daggy et al. (1987) had also reported that fish oil 

fed roosters showed decreased in vivo VLDL secretion rates 

by 49% compared to those fed corn oil. In another study, the 

rate of fatty acid synthesis in vivo, as well as the rate of 



hepatic secretion of TAG, were reduced in Maxepa fed rats 

compared to corn oil fed animals (Herzberg and Rogerson 

1988). N-3 long chain fatty acids are known to increase 

fatty acid oxidation (Wong 1984) and thus alter the 

availability of fatty acids for TAG synthesis and 

availability for VLDL production. 
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From the above studies it seems that dietary fish oil 

reduces plasma TAG levels by a combination of factors, 

inhibition of fatty acid synthesis by suppression of enzymes 

required for lipogenesis, inhibition of TAG synthesis, and 

inhibition of TAG secretion (Herzberg and Rogerson 1991). 

1.6.2b Human studies 

Human studies have examined the mechanism of TAG

lowering effect of n-3 fatty acids, Nestel et al. (1984) 

reported that VLDL production is reduced in humans fed fish 

oil Chait et al. (1974) provided evidences that fish oil 

intake reduced hepatic TAG secretion. Nestel et al. (1984) 

examined the kinetics of VLDL apo-B and TAG secretion in 

patients consuming large amounts of fish oil and found a 

significant decrease in apo B and TAG synthesis rate. 

Harris et al. (1990) reported that fish oil lowered 

plasma TAG in both normal and hyperlipidemic patients. They 

also reported that dietary fish oil decreased the synthesis 

rate and increased VLDL-TAG FCR. These effects were 
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associated with decreased residence time associated with 

smaller particles which tend to leave the VLDL density range 

more rapidly than larger particles. 

The optimal doses of fish oil, however, had not been 

established nor the possible hazards associated with 

increased consumption of n-3 fatty acid which requires 

further research. 

1.6.3 VLDL-apo B secretion 

1.6.3a Animal studies 

Wong and Nestel (1987) reported diminished VLDL-apo B 

production when HepG2 cells were incubated with EPA and DHA 

n-3 fatty acids compared to oleic acid. The same conclusion 

was reported in rat perfusion studies (Wong and March 1988). 

On the contrary, studies in African green monkey perfused 

livers suggest that there was no difference in VLDL-apo B 

secretion by livers from fish oil fed animals compared to 

those fed lard (Parks et ale 1989). Fish oil did not lower 

plasma apo B levels in minipigs (Huff and Telford 1989) and 

increased conversion of VLDL-apo B to LDL-apo B in miniature 

pigs when fed dietary fish oil (Huff et ale 1989). However, 

in pigs, feeding fish oil reduced total LDL apo B synthesis 

compared to pigs fed corn oil for 18 days (Huff and Telford 

1989). In addition, fish oil feeding led to formation of 

smaller VLDL particles in African green monkeys (Parks et 
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al. 1989). Studies in swine fed corn oil or fish oil (Huff 

and Telford 1989) suggest that fish oil decreased VLDL-apo B 

pool size; increased VLDL-apo B FeR and increased the rate 

of VLDL flux to LDL and decreased rate of VLDIJ direct 

removal. In these two studies (Parks et al. 1989 and Huff 

and Telford 1989) it seem there is a dissociation between 

TAG and apo B secretion. 

1.6.3b Human studies 

Nestel et al. (1984) have reported that analysis of 

VLDL apo B kinetics in normolipidemics indicates that fish 

oil intake reduces production rates (PR) and increases VLDL

apo B FeR. However, in hyperlipidemics (Sanders et al. 1985) 

fish oil reduced PR but had no effect on FeR. The effect of 

fish oil on VLDL apo-B and TAG levels is dose related 

(Nestel et al. 1984). Fish oil decreased VLDL-apo B 

production rates and increased VLDL-apo B FeR in 

normolipidemics, leading to decreased plasma VLDL levels. 

(Nestle et al. 1984). 

1.6.4 Summary 

Intake of long chain n-3 fatty acid decreases plasma 

VLDL-TAG levels, plasma TAG concentrations, and decreases 

VLDL-TAG production and leads to production of small dense 

VLDL particles poor in TAG content (Harris 1989). In 



contrast, the effect of fish oil on VLDL-apo B is less 

evident. However, most of the fish oil doses tested were 

pharmacological doses, the effects of small doses of fish 

oil on apo B synthesis and secretion have not been studied 

in humans yet. 

107 LIPOPROTEIN KINETICS AND MODELING 

1.7.1 Introduction 
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Analysis of plasma lipoprotein kinetics and 

lipoprotein-transport lead to a better understanding of the 

dynamics of the lipoproteins and their components, and 

provided new insights into the regulation of lipoprotein 

metabolism and mechanisms involved in lipid disorders 

(Grundy et ale 1982). The introduction of compartmental 

modeling and analysis of lipoprotein kinetic data 

contributed significantly to explaining lipoprotein dynamics 

including rates of secretion, metabolic channeling and 

mechanisms of catabolism. 

1.7.2 Kinetic definitions 

Fraction catabolic rate (FCR): The fraction of tracee that 

is irreversibly lost from a pool per time. It equals the 

reciprocal of residence time (steinger et ale 1986). 



Pool: The amount of material which is homogenous; distinct 

from other materials in the system; and can flow into and 

out from a compartment. 

Pool size: Calculated as concentration of the material 

(mgjml) X plasma volume (40 mljkg). 
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Production rate (PR): The rate the tracee moves through its 

pool as mass per unit time. Also referred to as transfer 

rate, synthesis rate, turnover rate, flux rate or absolute 

catabolic rate. Production rates can be estimated from the 

area under the curve (AUC) by plotting the SA (cpmjug) of 

the compound versus time (Gurpide et al. 1964) using 

trapezoidal rules (Chiou 1978), and by dividing the dose of 

radioactivity injected into the animals by the AUC. PR can 

also be calculated by multiplying FCR X pool size 

specific activity (SA): Disintegration per minute per unit 

mass of a specific substance containing a radiolabeled atom. 

Residence time (RT): The average time a particle spends in a 

pool. 

Tracer: The labeled substance which is identical in chemical 

and physical properties to the tracee of interest (Berman et 

al. 1982). 

1.7.3 Exogenous labeling of VLDL 

The goal of all kinetic studies is to infer the 

metabolic properties of the tracee from data obtained from 
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the tracer. Several assumptions have to be made when 

analyzing data from VLDL tracer isotope kinetics; the 

tracers are assumed to have negligible weight; the isotope 

is stably bound and transferred from one pool to another; 

and, both labeled and unlabeled lipoproteins are catabolized 

at the same rate (Gurpide et ale 1963). Finally, plasma VLDL 

concentrations are assumed to be in a steady state; i.e. 

that the rate of influx equals the rate of efflux and that 

the pool is neither expanding nor contracting. 

Radioactive iodine has been widely used as an exogenous 

label to study VLDL metabolism because of its many 

advantages. The dose administered is small and a specific 

apoprotein can be labeled and, by isolation of the 

apoproteins, its metabolism can be studied. One of the 

disadvantages of exogenous labeling is that only catabolic 

processes can be studied, and biosynthesis rates must be 

inferred indirectly. 

Most studies involve isolation of VLDL from plasma, the 

VLDL is labeled with radioactive isotope, and injected in 

animals for analysis of plasma decay kinetics. Plasma 

samples are taken at different time intervals at which the 

tracer levels are quantified and metabolic parameters such 

as FeR and PR estimated from the plasma decay curves. 



67 

1.7.4 Modeling of VLDL kinetics 

Several different models have been used to analyze in 

vivo plasma VLDL-apo B turnover data. The two most commonly 

used models are: 

a. The two pool model developed by Gurpide et ale 

(1964), which assumes that under steady state conditions a 

single intravascular pool of VLDL exchanges with a single 

extravascular pool and that both pools are in equilibrium 

with each other. This model also assumes kinetic homogeneity 

of the particles and that VLDL catabolism occurs only from 

the intravascular plasma compartment. However, VLDL kinetic 

heterogeneity has been documented and this leads to 

difference in the catabolic fate of the different 

subpopulations of VLDL particles (Fidge and Poulis 1974). 

b. The multicompartmental model assumes the presence of 

more than two pools with entries and exits from each pool 

occurring independently. To analyze turnover data by this 

model, computerized programs such as Simulating Analysis and 

Modeling [SAAM] , or its modified version [CONSAM], are used 

for fitting the data, generation of confidence estimates for 

the various kinetic parameters and displaying the results 

graphically. 
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1.7.5 VLDL precursor product relationship 

The relation bebveen VLDL catabolism and LDL formation, 

known as the precursor-product relationship, is well 

documented both in humans (Blheimer et ale 1972, Reardon et 

ale 1978, Grundy et ale 1982) and animal models (Fidge and 

Poulis 1974). If the relation between the precursor (VLDL) 

and product (LDL) confirm to certain characteristics 

described by Zilversmit (1960), the precursor is concluded 

to be the only source of the product. Whether VLDL is the 

sole precursor of LDL or there is independent LDL 

production, is an area of considerable debate and remains 

unclear (Chapter III). 

1.8 GUINEA PIGS AS AN ANIMAL MODEL 

Guinea pigs have been recognized for years for having 

numerous similarities to humans in terms of the plasma 

lipoprotein profile and metabolism. Basically they are "LDL" 

animals and LDL is the major carrier of plasma chOlesterol. 

Guinea pigs have detectable Lp (a) levels (Rhoads et al. 

1986), and the size, density and composition of guinea pig 

LDL is similar to human LDL, and they have high LDL/HDL 

ratio and lipoprotein distribution as found in humans. In 

addition, guinea pigs have plasma CETP activity which 

transfers CE between HDL and apo B containing lipoprotein. 

CE of guinea pigs is largely derived from plasma LCAT (Ha 
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and Barter 1982); thus the intravascular remodeling is 

similar to humans. They respond to changes in the quality of 

dietary fat, with or without cholesterol, by alteration in 

hepatic apo B/E receptor number and as well as changes in 

LDL production and catabolism in a manner similar to human 

(Fernandez and McNamara 1989). Also, the guinea pig has 

sensitivity to dietary cholesterol compared to humans, and 

the response to changes in fat and cholesterol intake have 

independent effects on plasma lipids as has been shown in 

humans (Lin et ale 1994). Another important feature of the 

guinea pig which mimics humans is the tissue distribution of 

endogenous cholesterol synthesis. studies indicate that both 

humans and guinea pigs synthesize most of their cholesterol 

in the peripheral tissues and only minimal synthesis occurs 

in the liver (McNamara 1992), and therefore must transport 

the newly synthesized cholesterol from the periphery to the 

liver. This suggests that guinea pigs share similar 

mechanisms to humans to facilitate reverse cholesterol 

transport, which differ from most rodents which transport 

cholesterol from the liver to peripheral tissues for growth. 

Based on these criteria of metabolic similarities between 

the guinea pig and humans relative to the mechanisms of 

plasma and tissue lipid and lipoprotein metabolism; guinea 

pigs were used in these studies. 



It is concluded that the guinea pig serves as a valuable 

model to study lipoprotein metabolism, and to relate the 

findings to human lipid metabolism. 

1.9 PRESENT RESEARCH OBJECTIVES 
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The present studies were undertaken to determine the 

effects of dietary fat saturation and chain length on the 

regulation on VLDL metabolism in the guinea pig. The first 

study addressed the question of the effects of dietary 

saturated fats on newly secreted hepatic VLDL and whether 

there is direct LDL secretion by the liver. The second study 

determined the effects of dietary fat saturation on 

circulating VLDL metabolism; including the intravascular 

remodeling, metabolic routing and catabolism of VLDL. 



CHAPTER II 

REGULATION OF GUINEA PIG VLDL SECRETION RATES BY 

DIETARY FAT SATURATION AND CHAIN LENGTH 

71 
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2.1 INTRODUCTION 

Studies have shown that the type and amount of dietary 

fat significantly affect plasma LDL levels and metabolism 

(McNamara 1992). When the amount of dietary cholesterol 

remains constant, plasma LDL cholesterol levels are 

regulated by dietary fatty acid chain length and saturation. 

The association between intake of SFA and elevated plasma 

LDL cholesterol levels is due to both an increase in LDL 

flux rates and a decrease in apo B/E receptor mediated LDL 

catabolism (McNamara 1992). This SFA mediated increase in 

LDL flux could be due to either an increase in VLDL 

production rates, increased conversion of VLDL to LDL, 

increased direct secretion of LDL by the liver, or various 

combinations of these factors (Dietschy et ale 1993). 

Studies by Hegsted et ale (1965) demonstrated that 

dietary fatty acids of different chain length and saturation 

have differential effects on plasma cholesterol levels. The 

most hypercholesterolemic fatty acid was myristic acid 

(C14:0) followed by palmitic acid (C16:0) with little effect 

of stearic acid (C18:0). Similarly, Bonanome and Grundy 

(1988)reported that stearic acid has a hypocholesterolemic 

effect in normolipidemic subjects \vhen compared to palmitic 

acid and Denke and Grundy (1992) reported that intake of 

lauric acid (C12:0) increases plasma LDL cholesterol levels 

in humans compared to stearic acid. In general, studies in 



animal models have resulted in similar findings (Dietschy 

et ale 1993, Nicolosi et ale 1976, Hayes et ale 1991, 

Fernandez and McNamara 1991, Fernandez et ale 1992a and 

1992b). 
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While effects of dietary fatty acids on plasma 

cholesterol levels are fairly consistent, there is 

considerable uncertainty regarding effects of dietary fat 

type on VLDL TAG and apo B secretion. studies in humans 

suggest that dietary saturated fat increases VLDL apo B 

production rates (Cortese et ale 1983); however, the data 

are from only four sUbjects. Animal model studies have not 

provided a definitive answer in that the results have been 

highly variable. Studies in gerbils (Nicolosi et ale 1976) 

indicated that intake of safflower oil increased VLDL-TAG 

secretion compared to coconut oil intake suggesting that 

PUFA dietary fat increased hepatic secretion of VLDL-TAG. 

Ohtani et ale (1990) reported increased rates of VLDL 

cholesterol and TAG secretion by hepatocytes from hamsters 

fed 5% (w/w) linoleic as compared to palmitic acid in the 

presence of 0.1% (w/w) cholesterol. Similar results have 

been reported for non-human primates in that intake of 

safflower oil increases VLDL-TAG secretion compared to 

coconut oil in both squirrel and cebus monkeys (Nicolosi et 

ale 1977). However, not all non-human primate studies 

support the thesis that intake of PUFA increases VLDL-TAG 
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secretion (Portman et al. 1977). studies in rhesus monkeys 

suggest that intake of palm oil as compared to coconut oil 

increased VLDL apo B flux rates while decreasing the 

independent production of LDL apo B (Khosla and Hayes 1991). 

Groot et al. (1988) reported no significant differences in 

hepatic VLDL-TAG secretion in rats fed either sunflower seed 

oil or palm oil containing diets. Consistent with these data 

is the report of Lai et al. (1991) of similar VLDL-TAG 

secretion rates in rats fed corn oil versus coconut oil; 

however, intake of beef tallow increased VLDL-TAG secretion. 

Because of these conflicting reports, and due to the 

variance of the data from the limited studies in human 

subjects, the present studies were undertaken to determine 

the effects of dietary fat saturation and chain length on 

hepatic VLDL secretion and composition in guinea pigs. 

Previous studies in guinea pigs have shown significant 

effects of dietary fat type and amount on plasma LDL levels 

and metabolism (Fernandez and McNamara 1991, Fernandez et 

al. 1992a and 1992b). Therefore, these studies compared 

effects of a polyunsaturated fat (corn oil) with two SFA of 

varying chain length (palm kernel oil and lard) on VLDL-TAG 

and apo B secretion rates in the guinea pig. In addition, 

studies tested whether dietary fat saturation and chain 

length affected direct hepatic production and secretion of 

LDL apo B. 
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Guinea pigs were selected as the animal model due to 

numerous similarities to humans (Fernandez and McNamara 

1991, Fernandez et al. 1992a and 1992b): guinea pigs have an 

LDL:HDL ratio greater than 2 and LDL is the major plasma 

carrier of cholesterol; the plasma cholesterol responses to 

dietary fatty acid type and amount are similar to humans in 

that primary effects on LDL and these effects occur even in 

the absence of cholesterol feeding; they have an active 

plasma CETP which transfers cholesteryl ester between HDL 

and apo B containing lipoprotein resulting in intravascular 

lipoprotein processing similar to humans (Ha and Barter 

1982); they have a distribution of tissue cholesterol 

synthesis and a relative ratio of hepatic free:esterified 

cholesterol similar to humans (Angelin et al. 1963); and 

finally, guinea pigs have been shown to have significant 

changes in hepatic apo B/E receptor number and in LDL flux 

rates and catabolic rates in response to changes in dietary 

fatty type and amount ( Fernandez and McNamara 1991, 

Fernandez et al. 1992a and 1992b). 
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2.2 METHODS 

2.2.1 Materials 

Tyloxapol (Triton WR 1339), triacylglycerol reagent, 

triacylglycerol calibrator and aprotinin were purchased from 

SIGMA Chemicals (st. Louis, MO); Na 125I from Amersham 

(Arlington Heights, IL); enzymatic cholesterol assay kits 

from Boehringer Mannhiem (Indianapolis, IN); halothane from 

Halocarbon (Hackensack, NJ); Quickseal ultracentrifuge tubes 

from Beckman Instruments (Palo Alto, CA). 

2.2.2 Diets 

Diets were prepared and pelleted by Research Diets, 

Inc. (New Brunswick, NJ). All diets were isocaloric (15.9 

Kj/g) as reported previously (Fernandez et ale 1992a and 

1992b) and contained identical ingredients except for fat 

type (Table 2.2.1). Fat content was 15% (wt/wt) as either 

corn oil (CO), lard (LA) or palm kernel oil (PK). The fatty 

acid compositions of the experimental diets (Table 2.2.2) 

were measured by gas chromatography as previously reported 

(Fernandez and McNamara 1991). The diets were formulated to 

meet NRC-specified nutritional requirements of guinea pigs. 

Plant sterol (0.9 mg sitosterol/g diet) and cholesterol (0.1 

mg cholesterol/g diet) were normalized for all diets as 

previously described (Fernandez and McNamara 1991). 



Table 2.2.1: COMPOSITION OF THE TEST DIETS 

COMPONENT Weight (%) 

soy protein 22.4 

Fat (CO, LA, or PK) 15.1 

Carbohydra tesa 39.6 

Fiberb 13.6 
(cellulose\guar gum) 

Mineral mixc 8.2 

Vitamin mixc 1.1 

Caloric density 
(kcal/g) 

aRatio of sucrose: starch = 1.43. 
bRatio of cellulose: guar gum = 4.00. 

Calories (%) 

23.0 

35.1 

41.9 

3.8 

cMinerals and vitamin mixes were formulated to meet NRC 
specified requirements for the guinea pig as previously 
described (Fernandez and McNamara 1991). 
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TABLE 2.2.2 Fatty acid composition of semipurified diets. 

Fatty Acid Experimental Diets 
(%) 

Corn oil Lard (LA) Palm Kernel 
(CO) (PK) 

12:0 0 0 52.4 

14:0 0.2 1.6 18.0 

16:0 11. 6 24.0 8.5 

18:0 2.2 13.6 14.0 

18:1 25.0 42.3 4.1 

18:2 58.4 10.7 1.4 

18:3 1.4 1.2 0 

20:0 0.4 2.4 0 

P/S a 4.11 0.29 0.02 

a PIS: ratio of polyunsaturated to saturated fatty acids 
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2.2.3 Animals 

Male Hartley guinea pigs from Sassco Sprague Dawley 

(Omaha, NE) weighed between 250 and 300 g. Animals were 

randomly assigned to one of three diet groups and after four 

weeks on the test diets were used for in vivo kinetic 

studies and for isolation of plasma VLDL and LDL. Previous 

studies have shown that this time is sufficient to attain 

constant plasma cholesterol levels and a metabolic steady 

state (Fernandez and McNamara 1991). Animals were housed in 

a light cycle room (light from 07:00 to 19:00), provided 

water and diet ad libitum and the drinking water was 

supplemented with vitamin C. All animals consumed equal 

amounts of diet and there were no differences in the rates 

of growth or the final body weights. 

All animal experiments were conducted in accordance 

with US Public Health Service and U.S. Department of 

Agriculture guidelines, and experimental protocols were 

approved by the University of Arizona Institutional Animal 

Care and Use Committee. 

2.2.4 Analytical methods 

Plasma total and lipoprotein cholesterol and TAG were 

measured by enzymatic analysis (Allain et al. 1974, Bucolo 

and David 1973), and the composition of nascent and mature 

plasma VLDL analyzed by measuring protein, TAG, 
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phospholipids, and total cholesterol as previously described 

(Fernandez and McNamara 1991). Plasma was isolated from 

blood samples from guinea pigs anesthetized with halothane 

vapors and collected by cardiac puncture into syringes 

containing EDTA (1 mg/ml) as anticoagulant. Plasma was 

isolated by centrifugation and a preservative mixture added: 

[aprotinin (50 kallikrein units/ml), sodium azide (1 

~mol/ml) and phenyl methyl sulfonyl fluoride (0.01 ~mol/ml)] 

to minimize changes in lipoprotein composition during 

isolation (Gianturco and Bradley 1986). Plasma lipoprotein 

were isolated by sequential ultracentrifugation at 125,000 x 

g using a Ti 50 rotor as previously described (Fernandez and 

McNamara 1991, Fernandez et ale 1992a and 1992b). 

2.2.5 In vivo VLDL TAG and apo B secretion rates 

For analysis of the effects of dietary fat on VLDL TAG 

and apo B secretion rates, VLDL catabolism was blocked by 

Triton injection (otway and Robinson 1967). Triton WR 1339 

was diluted to a final concentration of 20% with 0.9% NaCI 

[pH = 7.4] (Scanu and oreinte 1961) and injected at a dose 

of 100 mg/kg body weight through an indwelling silastic 

catheter inserted in the internal carotid artery. Following 

injection, 0.5-1.0 ml blood samples were collected from non

anesthetized animals via an indwelling catheter into EDTA 

containing tubes (1 mg/ml) at 0, 10, 15, 20, 35, 50, 75, 
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120, 180, 300 and 480 min post-injection and used for 

analysis of plasma triacylglycerol levels and for isolation 

of plasma VLDL and LDL (see below). Animals were fasted 12 h 

prior to the experiment and all through the 8 h study. At 

the end of 480 min animals were anesthetized with halothane 

vapors and exsanguinated by cardiac puncture and plasma VLDL 

was isolated by ultracentrifugation at density 1.006 g/ml, 

dialyzed against 0.09% NaCI and used to measure nascent VLDL 

composition. 

For analysis of VLDL apo B secretion, VLDL apo B was 

isolated by precipitation with isopropanol (Yamada and Havel 

1986). Total protein and protein in the supernatant were 

determined by a modified Lowry procedure (Markwell et ale 

1978). Apo B concentrations were determined by subtracting 

protein concentration in the supernatant from the total 

protein concentration. Apo B of VLDL particles accounted for 

31-33% of the total VLDL proteins (data not shown). Since 

each VLDL particle contains a single apo B molecule, VLDL 

TAG per apo B protein ratios were used to determine apoB 

secretion rates at the 480 min post-Triton injection time 

point. 

2.2.6 LDL kinetic studies 

LDL was isolated by ultracentrifugation between density 

1.019 to 1.09 g/ml, dialyzed against 0.9% NaCI and 0.01% 
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EDTA for 24 h and concentrated to 1.5 to 2 mglml protein 

(Fernandez et ale 1992a and 1992b). The purity of LDL was 

assessed by SDS-PAGE electrophoresis. Iodination of LDL was 

carried out according to the method of Goldstein et ale 

(1983). Radiolabeled LDL was used within 2 to 3 days after 

iodination to minimize possible effects due to radiation 

oxidation (Khouw et al. 1993). 125I-LDL specific activity 

ranged between 200-400 cpmlng apoB. 

Animals injected with Triton WRJ.339 for analysis of 

VLDL secretion rates were also injected with autologous 

125I-LDL (80 J.Lg) for analysis of LDL turnover rates and to 

test for direct secretion of LDL. Blood samples collected 

for analysis of plasma VLDL TAG and apo B secretion rates 

were used to measure LDL kinetics. Twenty J.Ll plasma samples 

were used to measure plasma LDL radioactivity in a gamma 

counter (LKB Wallac clinigammma, Finland). The data were 

fitted to a two pool model (Mathews 1957) and FCR values 

calculated as previously described (Fernandez et ale 1992a 

and 1992b). 

2.2.7 Nascent and mature VLDL isolation 

Plasma from Triton injected animals was used for 

isolation of nascent VLDL and non-Triton injected fasting 

animals used to isolate mature VLDL. VLDL was collected at a 

density of 1.006 glml and further purified by washing with 
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a buffer solution at 1.006 g/ml. The composition of nascent 

and mature VLDL was analyzed by measuring protein, TAG, 

phospholipids, and total cholesterol as previously described 

(Fernandez et ale 1992a). SDS-PAGE showed that nascent VLDL 

contained only apoB100 with no detectable apo B48 (data not 

shown). 

2.2.8 LDL isolation and analysis of apo B radioactivity 

Blood samples collected at the 50, 120, 300 min time 

points were used to isolate LDL by ultracentrifugation 

between densities 1.019 and 1.09 g/ml. LDL radioactivity was 

measured in a gamma counter and used to quantitate apo B 

specific radioactivity activity following precipitation with 

isopropanol (Yamada and Havel 1986, Egusa et ale 1987) to 

determine apoB mass (~g) and radioactivity (cpm). Briefly, 

LDL (800 - 1000 ~l) was precipitated with an equal volume of 

100% isopropanol in 12 x 75 mm conical glass centrifuge 

tubes. After vigorous mixing for 1 min, samples were 

incubated overnight at 4°C. The samples were centrifuged for 

30 min at 1000 x g. The precipitated pellet containing apo B 

was re-dissolved with 1 M NaCI. Total protein, and apoB 

protein in the precipitate were measured by a modified Lowry 

method (Markwell et ale 1978). Total LDL and apo B 

radioactivity were determined and LDL apo B specific 

activity was calculated as cpm/~g protein. 
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2.2.9 statistics 

Data are expressed as mean ± S.D. One way analysis of 

variance (ANOVA) was used to asses differences in plasma 

cholesterol, TAG, and lipoprotein levels; nascent VLDL 

composition between diet groups; and LDL FCR values. 

Differences between mean values were evaluated by the 

Student-Newrnan-Keuls Multiple comparisons Test and were 

considered significant at P < 0.05. statistical analyses of 

the kinetic data were best fitted using a two pool model 

(JANA, SCI SoftYlare, Lexington, KY). Students t-test was 

used to assess differences between the compositions of 

nascent and mature VLDL of animals on the same diet. Linear 

regression analysis was used to determine correlation 

coefficients between variables. 
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2.3 RESULTS 

2.3.1 Growth rates and plasma lipids 

Final body weights were not significantly different 

between guinea pigs fed the three diets (Table 2.3.1) and 

all animals had similar growth rates indicative of 

comparable dietary intakes. There were significant 

differences in plasma total cholesterol levels with animals 

fed the PK diet having the highest plasma cholesterol levels 

followed by animals fed the LA diet and the lowest 

concentrations occurring in guinea pigs fed the co diet 

(Table 2.3.1). Fasting plasma TAG levels were not different 

for the three dietary fat groups. 

2.3.2 VLDL TAG secretion rates 

Plasma TAG concentrations increased linearly over the 8 h 

period following Triton WR 1339 injection (r=0.99) in all 

three dietary fat groups (Fig.2.3.1). The highest rate of 

VLDL-TAG accumulation (mg/kg-hr)occurred in guinea pigs fed 

the LA diet relative to CO or PK fed animals (Fig.2.3.1). 

The rate of TAG accumulation in the plasma compartment was 

significantly higher (+40%) in animals fed LA compared to CO 

and PK fed animals (Table 2.3.2). There was a weak 

correlation (r = 0.38, P<0.02) between VLDL -TAG secretion 

rates and fasting plasma TAG levels of guinea pigs fed the 
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three test diets (Fig.2.3.2) indicating that differences in 

VLDL-TAG secretion rates account for only a small percentage 

of the variance in the low levels of plasma TAG in the 

guinea pig. 

2.3.3 VLDL-apoB secretion rates 

VLDL-apo B secretion rates were significantly higher 

(+133%) in PK fed guinea pigs compared to either co or LA 

fed animals (Table 2.3.3). since there is only one apo B100 

molecule per VLDL particle, increased rates of VLDL apo B 

flux with PK feeding, while TAG secretion is low, indicates 

production and secretion of a greater number of VLDL 

particles with a decreased TAG content per particle compared 

to CO or LA feeding (see composition data below). The ratio 

of TAG to apo B secretion for CO fed animals was 52 ± 27 

(n=15), for LA fed animals 54 ± 27 (n=12) and for PK fed 

guinea pigs 21 ± 10 (n=12) (P<0.001) indicating that, 

compared to animals fed the CO diet, intake of LA increased 

secretion of a comparable TAG-rich VLDL particle (since 

total TAG secretion was increased) whereas intake of PK 

increased secretion of TAG-poor VLDL particles. 

2.3.4 compositions of nascent and mature VLDL 

Analysis of the composition of nascent VLDL obtained 

from Triton WR 1339 treated guinea pigs at the 8 hr 



TABLE 2.3.1 Body weights and plasma lipids of guinea pigs 
fed semipurified diets containing 15% (wjw) corn oil, lard 
or palm kernel oill. 

Weight Gain Final Plasma Lipids (mgjdl) 2 

Dietary (gjday) Weight 
Cholesterol TAG Fat (n) (g) 

Corn Oil 8.2±2.2 613±78 54±14a 74±34 
(25 ) 

Lard 8.7±2.9 579±79 68±17b 79±51 
(23 ) 

Palm 8.3±2.5 592±90 124±33c 87±49 
Kernel 

(23) 

IData are presented as mean ± SO for (n) animals. 
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2Values in the same column with different superscripts are 
significantly different (P<O.002) as determined by ANOVA and 
the Student-Newman-Keuls Multiple Comparisons Test. 
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Figure 2.3.1 Plasma triacylglycerol accumulation over time 
in guinea pigs fed semipurified diets containing 15% (w/w) 
corn oil, lard or palm kernel oil. Values represent the mean 
± so of n==15 determinations for animals fed the corn oil 
diet and n=12 determinations for animals fed the lard or the 
palm kernel oil diets. 



TABLE 2.3.2 VLDL apo Band triacylglycerol secretion rates 
in the guinea pig fed semi-purified diets containing 15% 
(w/w) corn oil, lard or palm kernel oill. 

VLDL secretion (mg/kg-hr) 2 
Dietary Fat (n) 

Triacylglycerol Apo B 

Corn oil (15) 48.6 ± 17.5a 1.14 ± O.63 a 

Lard (12) 72.7 ± 14.7b 1.53 ± O.83 a 

Palm kernel 55.4 ± 13.4a 3.11 ± 1. 84 b 

(12) 

IData presented as mean ± SD for (n) animals. 
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2Values in the same column with different superscripts are 
significantly different (P<O.002) as determined by ANOVA and 
the Student-Newman-Keuls Multiple comparisons Test. 
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Figure 2.3.2 Correlation between fasting plasma 
triacylglycerol concentrations (mg/dl) and VLDL
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or palm kernel oil. (r = 0.38, P < 0.02) 
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TABLE 2.3.3 composition of nascent VLDL from guinea pigs fed 
semipurified diets containing 15% (w/w) corn oil, lard, or 
palm kernel oill. 

Molecules/Nascent VLDL Particle2 • 3 

Dietary Fat 
Triacylglycerol Phospholipid Cholesterol (n) 

Corn Oil (15) 24418 ± 14197a 5098 ± 1373 4687 

Lard (12) 26570 ± 15204a 5373 ± 1748 4421 

Palm Kernel 9468 ± 4429 b 4208 ± 1650 4098 
(12) 

lData presented as mean ± SD for (n) animals. 
2Calculations are based on VLDL containing a single apoB 
molecule of molecular weight 412,000. 

± 1975 

± 2143 

± 1428 

3Values in the same column with different subscripts are 
significantly different (P<0.002) as determined by ANOVA and 
the student-Newman-Keuls Multiple Comparisons Test. 

--------- -~--------------- -- - ~ 
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Figure 2.3.3 a: Nascent VLDL composition from guinea pigs 
fed semipurified diets containing 15 % (w/w) corn oil, lard 
or palm kernel oil. Triacylglycerol (TAG), total cholesterol 
(TC), phospholipids (PL) and protein of guinea pig nascent 
VLDL following Triton WR1339 injection. Values represent the 
mean SD n=15 determinations of nascent VLDL (P <0.001). 
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time point indicated that nascent VLDL from PK fed animals 

had a significantly different composition than nascent VLDL 

isolated from CO or LA fed animals (Fig. 2.3.3a). Intake of 

the PK diet resulted in newly secreted VLDL particles with a 

higher percentage of protein and lower percentage of TAG 

molecules per particle (Table 2.3.3) compared to particles 

from animals fed the LA or CO based diets. 

Based on the observed differences in nascent VLDL 

composition in response to differences in dietary fat, and 

as a measure of potential dietary fatty acid effects on VLDL 

intravascular processing, circulating (mature) VLDL was 

isolated from each dietary group and the composition 

analyzed. For all three dietary fat groups the conversion of 

nascent to circulating VLDL involved a relative decrease in 

the percentage of TAG and cholesterol with an increase in 

the percentage of phospholipids (Fig. 2.3.3b). The percent 

VLDL protein was increased in animals fed the co and LA 

diets and decreased in those fed the PK diet. The data are 

consistent with the theory that during intravascular 

processing there is decrease in the core components of the 

particles with a increase in the surface components. Mature 

VLDL from guinea pigs fed the LA diet had an increased 

percentage of TAG and decreased phospholipid compared to CO 

or PK. 
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Figure 2.3.3b: percent triacylglycerols (TAG), total 
cholesterol (TC), phospholipids (PL) and protein composition 
of mature VLOL from animals fed semipurified diet containing 
15 % (w/w) corn oil (CO), lard (LA) or palm kernel oil (PR). 
Values represent the mean ± so of n=4 determinations of 
mature VLOL (P < 0.001). 
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It is clear from the comparisons of nascent and mature VLDL 

presented in Fig. 2.3.3 that there are significant dietary 

fat effects on both the composition of the newly secreted 

particle and the intravascular processing of the particles 

to form the mature VLDL. 

2.3.5 In vivo metabolism of LDL 

Plasma 125I-LDL exhibited a significantly faster 

turnover with CO feeding followed by LA then PK "(Fig. 2.3.4) 

as determined from kinetic studies were measured over 8 hr 

in the presence of Triton (Table 2.3.4). The data 

demonstrate that co intake increases LDL FCR compared to the 

two saturated dietary fats and, interestingly, the data are 

virtually indistinguishable from previously reported values 

of LDL FCR in guinea pigs fed the identical diets and the 

turnover kinetics were measured over 33 hr in ad libitum fed 

animals in the absence of Triton (Table 2.3.4). The results 

indicate that Triton injection does not interfere with LDL 

catabolism in vivo and that its primary effect is limited to 

blocking VLDL. A negative correlation was found between 

plasma total cholesterol levels and LDL-FCR values for the 

three dietary fat groups [P< 0.01] (Fig. 2.3.5) consistent 

with previous reports that LDL-FCR is a major determinant of 

plasma LDL cholesterol levels (Fernandez et al. 1992a, 

1992b) 
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Figure 2.3.4 Plasma disappearance curves of homogenous LDL 
isolated from guinea pigs fed semipurified diets containing 
15% (w/w) corn oil (CO), lard (LA) or palm kernel oil (PK) 
injected into animals fed the same diets. Values represents 
the means ± SD of n = 10 determinations for animals fed corn 
oil and n = 9 determinations for animals fed the lard or 
palm kernel oil diet. 



TABLE 2.3.4 Plasma LDL fractional catabolic rates (FCR) in 
guinea pigs fed semi-purified diets containing 15% (w/w) 
corn oil, lard or palm kernel oil1

•
2• 

LDL FCR (hr- 1
) 

Dietary Fat + Triton3 - -Triton4 
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Corn oil 0.122 ± 0.021 (10) a 0.112 ± 0.009 (5) a 

Lard 0.086 ± 0.022 ( 9) b 0.087 ± 0.008 (6)b 

Palm Kernel oil 0.076 ± 0.031 ( 9) b 0.073 ± 0.016 (5) b 

lData presented as mean ± SD for (n) animals. 
2Values in the same column with different superscripts are 
significantly different (P<0.05) as determined by ANOVA and 
the Student-Newrnan-Keuls Multiple comparisons Test. 
3Data from the present study of LDL kinetics measured over 8 
hrs following injection of Triton WR 1339 (100 mg/kg body 
weight) . 
4Data from previously reported studies (Fernandez et al. 
1992a, 1992b) measuring LDL kinetics over 33 hrs without 
Triton WR 1339 injection in guinea pigs fed the identical 
diets. 
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Figure 2.3.5 Correlation between plasma cholesterol 
concentrations and LDL-FCR values for guinea pigs fed 
semipurified diets containing 15 % (wjw) corn oil (CO), lard 
(LA) or palm kernel oil (PK). (r = 0.55, P < 0.009) 
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2.3.6 Apo B-LDL specific activity 

LDL was isolated at 3 time points during the 8 hr VLDL 

secretion / LDL turnover analysis for determination of LDL 

apo B specific activity (cpm/~g) to document the 

completeness of the Triton blockage of VLDL catabolism to 

LDL. In addition, analysis of plasma LDL apo B specific 

activity would determine whether guinea pigs exhibit direct 

secretion of LDL apo B and, if there was direct secretion, 

whether dietary fatty acid chain length and saturation had a 

significant effect on rates of secretion. Shown in Fig. 

2.3.6 are the values for LDL apo B specific activity 

presented as a percentage of the 50 min time point. The data 

clearly demonstrate that LDL apo-B specific radioactivity 

was unchanged over time for all dietary groups consistent 

with the complete blockage of the conversion of VLDL to LDL 

and the absence of any direct hepatic secretion of LDL apo B 

in the guinea pig. The data also provide evidence that the 

rates of turnover of the radiolabeled LDL and endogenous 

unlabeled LDL were identical. 
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Figure 2.3.6 LDL apo B specific activity time course. Values 
represents mean ± S.D. of LDL apo-B specific activity (%) of 
the 50 min time point for n = 3 determinations in guinea 
pigs fed semipurified diet containing 15 % (w/w) corn oil, 
lard or palm kernel oil and injected with Triton WR1339 and 
125I-LDL. 
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2.4 DISCUSSION 

The present study utilized two SFA of different chain 

length: lard, rich in C16:0 palmitic and C18:0 stearic 

acids; and palm kernel oil, high in medium chain C12:0 

lauric and C14:0 myristic acids, compared to PUFA rich corn 

oil high in C18:2 linoleic acid, to study effects of dietary 

fat chain length and saturation on plasma VLDL and LDL 

metabolism in the guinea pig. The objective was to determine 

whether the observed increases in plasma LDL cholesterol 

levels and flux rates (Fernandez et al. 1992a and 1992b) 

with intake of SFA were due to increased production of VLDL, 

and the associated increase in conversion to LDL, or to 

similar VLDL production rates and an increase in the 

fraction of the VLDL converted to LDL. A secondary objective 

was to determine whether there was direct secretion of LDL 

by the liver in the guinea pig and, is so, whether dietary 

fat saturation and chain length had any effect on hepatic 

LDL secretion rates. 

2.4.1 Dietary fat saturation effects on plasma lipids: 

The results show that intake of the PK diet 

significantly increased plasma cholesterol levels compared 

to intake of the LA or CO diets, as shown in previous 

studies in the guinea pig (Fernandez et al. 1992 a and 

1992b, Fernandez and McNamara 1994) and consistent with 
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studies in humans (McNamara 1992). The data also demonstrate 

that even when fasting plasma TAG levels are not 

significantly different with changes in dietary fat chain 

length and saturation, there are significant effects on VLDL 

TAG and apo B secretion rates. This is in contrast to the 

report of Nicolosi et al. (1990) that plasma TAG 

concentrations were significantly higher in rhesus monkeys 

fed 30% fat as coconut oil compared to corn oil. Similarly, 

Lai et al. (1991) found significant differences in plasma 

TAG concentrations of rats fed coconut oil rich in lauric 

and myristic acids and beef tallow rich in palmitic and 

stearic acids relative to corn oil. Human studies have also 

been variable and apparently dependent upon the baseline TAG 

level. Chait et al. (1974) reported that serum TAG were 

reduced by feeding PUFA as compared to SFA for normal and 

hyperlipidemic subjects whereas Demacker et al. (1991) 

reported that serum TAG levels were not different when 

normolipidemic volunteers were fed either polyunsaturated or 

saturated fats. It has been proposed that fasting plasma TAG 

levels are correlated with VLDL-apo B fractional synthetic 

rates and that VLDL removal is a saturable process (Cortner' 

et al. 1992) yet there is apparently sUbstantial species and 

individual variations in fasting plasma TAG concentrations 

which are not necessarily reflective of the amount and 

composition of dietary fatty acids. 
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2.4.2 Dietary fat and TAG secretion rates: 

since the first report that intravenous administration 

of Triton WR1339 leads to hyperlipidemia (Scanu and oreinte 

1961), this detergent has been widely used to study lipid 

metabolism (Nicolosi et al. 1977, Portman et al. 1977, otway 

and Robinson 1967). Triton is an nonionic detergent which 

coats the VLDL particle preventing its catabolism by LPL and 

lipoprotein accumulating in the plasma of a Triton treated 

animal represents newly secreted lipoprotein. In this study 

Triton was used to block VLDL catabolism and verification of 

the extent of blockage was determined by simultaneously 

injecting 125I-LDL and analysis of plasma apo B specific 

activity. consistent with other findings of blocked 

clearance of VLDL TAG from the plasma (otway and Robinson 

1967), the evidence in this study demonstrates that 

intravenous injection of Triton completely blocked VLDL 

conversion to LDL. 

These results demonstrated that LA feeding 

significantly increased VLDL TAG secretion rates compared to 

co and PK containing diets. Comparable results were reported 

by Lai et al. (1991) of significantly higher TAG secretion 

rates in rats fed beef tallow compared to corn oil or 

coconut oil fed animals suggesting differential effects of 

SFA chain length and saturation on TAG secretion. In 

contrast, Groot et al. (1988) reported that postprandial TAG 

-~--~~--,~----.-~------_ .. ----_._._-----
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concentrations were significantly higher in rats fed palm 

oil than animals fed sunflower oil even though TAG synthesis 

rates were not different between the diet groups. Nicolosi 

et ale (1976 and 1977) reported that dietary SFA reduced the 

rate of TAG secretion compared to PUFA in both the gerbil 

and non-human primates and suggested that the 

hypercholesterolemia induced by dietary saturated fat is not 

due to overproduction of VLDL TAG. It should be noted 

however that other studies in non-human primates suggest 

just the opposite effect with PUFA fat intake resulting in 

decreased VLDL TAG secretion compared to SFA (Portman et ale 

1977). It could be hypothesized that one reason for the 

contrasting results is the evidence that saturated fatty 

acids of different chain lengths have different effects on 

VLDL TAG secretion, as seen here where intake of the PK and 

CO diets had similar effects on VLDL TAG secretion whereas 

intake of the LA diet significantly increased VLDL TAG 

secretion. 

A further complication in the interpretation of VLDL 

secretion studies is the finding that, as seen in this 

study, dietary fatty acids have differential effects on VLDL 

TAG and VLDL apo B secretion rates. While intake of the PK 

diet did not alter VLDL TAG secretion as compared to intake 

of the CO diet, there was a significant increase with intake 

of the saturated PK diet on VLDL apo B secretion resulting 
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in secretion of VLDL particles of altered composition. These 

data are consistent with results from the only VLDL apo B 

turnover study in humans fed· saturated and polyunsaturated 

fatty acid diets (Cortese et al. 1983) and indicate that 

certain dietary saturated fatty acids can increase VLDL apo 

B production. 

The VLDL TAG:apo B ratio of nascent VLDL was 

significantly affected by the composition of the dietary 

fat. In a similar manner, studies in Zucker rats treated 

with lovastatin demonstrated decreased secretion of VLDL TAG 

but not VLDL apoB, resulting in production of smaller, TAG

depleted VLDL particles which had a the TAG:apo B r.atio 

decreased from 184 to 91 (Kasim et al. 1993). These data 

demonstrate that analysis of the secretion of a single 

component of VLDL does not necessarily represent the effects 

of interventions on VLDL production. Obviously the type of 

saturated fat in the diet can have significant differential 

effects on both VLDL TAG and VLDL apo B secretion rates. 

2.4.3 Dietary fat saturation effects on nascent VLDL 

composition 

The data indicate that nascent VLDL are rich in TAG and 

cholesterol compared to their circulating counterparts. VLDL 

cholesterol was predominately free cholesterol with 

undetectable CE as noted in studies using perfused guinea 
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pigs liver where CE constituted only 0.3 % of nascent VLDL 

(Guo et ale 1982). The data also indicate that the guinea 

pig, like humans, secretes VLDL particles containing only 

apoB100 and there is no apoB48 secretion by the liver. 

Ingestion of different types of fats results in unique 

effects on nascent VLDL composition. These data indicate 

that intake of the PK diet resulted in secretion of a 

greater number of VLDL particles with low TAG content even 

though the TAG secretion rate was the same as in the CO diet 

group. There is evidence that large and TAG-rich VLDL 

particles are removed by direct hepatic uptake, whereas 

smaller TAG-poor particles are directed into the LDL pathway 

(Oschry et ale 1985). This would suggest that the nascent 

TAG-rich VLDL of LA and CO fed guinea pigs are primarily 

removed by the liver whereas the TAG-poor VLDL secreted by 

PK fed animals are converted to LDL and this is consistent 

with the increased LDL flux rate in PK fed guinea pigs 

(Fernandez et ale 1992a and 1992b). Interestingly, Nicolosi 

et ale (1977) found an inverse relationship between VLDL TAG 

secretion rates and plasma LDL cholesterol levels in 

squirrel and cebus monkeys whereas in the present study a 

significant positive correlation was found (Fig. 2.4.1) 

between apoLDL and VLDL apo B flux rates consistent with the 

increased LDL cholesterol levels being due to increased 

production of the VLDL precursor. 
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Figure 2.4.1 Correlation between VLDL apo-B flux rate 
(mg/kg-h) and LDL apo-B flux rate (mg/kg-h) for guinea pigs 
fed semipurified diets containing 15% (w/w) corn oil, lard 
or palm kernel oil. Values represents the mean ± S.D. of 
n=15 determinations for animals fed corn oil and n=12 
determinations for animals fed the lard or palm kernel diets 
used for VLDL apo B flux calculations and the LDL apo-B flux 
rate data were from previous studies (Fernandez et al. 1992a 
and 1992b). 
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2.4~4 Dietary fat saturation effects on LDL kinetics in 

vivo: 

The results are consistent with previous studies using 

analysis of LDL turnover over a 33 hr period and demonstrate 

that CO fed animals have the fastest LDL FCR followed by LA 

and the slowest FCR occurs with PK feeding (Fernandez et ale 

1992a and 1992b). Surprisingly, this relationship could be 

demonstrated using an 8 h analysis and carried out in the 

presence of Triton. This demonstrates that the major effect 

of Triton was to block LPL activity by coating the VLDL 

particles preventing catabolism and causing accumulation of 

VLDL TAG in the plasma compartment which did not affect LDL 

turnover. The data can also be interpreted to suggest that 

in the guinea pig, which does not develop 

hypertriglyceridemia, that nascent VLDL does not compete 

with LDL for the apo B/E receptor (Lin et ale 1994). 

2.4.5 Dietary saturated fat effects on apo B secretion: 

125I-LDL apoB specific radioactivity (cpm/J.Lg) was 

measured at various time points during the VLDL 

secretion/125 I-LDL kinetic studies and the results indicated 

that LDL apo B specific radioactivity remained constant over 

a 5 hr period. These data are consistent with two 

conclusions: a) the Triton blockage of VLDL catabolism and 

conversion to LDL was complete, and b) there was no direct 
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secretion of LDL from the liver. Studies in rhesus monkeys 

have suggested that dietary fat saturation affects plasma 

LDL levels by effects on the independent production of LDL 

apo B (Khosla and Hayes 1991). While there is considerable 

debate regarding interpretation of the kinetic analysis of 

VLDL turnover to determine direct production of LDL apo B 

(Goldberg et al. 1983, Huff and Telford 1985, Marzetta et 

al. 1989, Parhofer et al. 1991, Shames and Havel 1991), the 

present study does not rely on turnover kinetics and 

modeling to determine direct LDL production but rather 

measures changes in LDL apo B specific radioactivity. If LDL 

apo B specific radioactivity had decreased over time it 

could have been due to either direct production of LDL apo 

B, to leakage of VLDL past the Triton blockage, or both. In 

this study the fact that LDL apo B specific radioactivity 

did not change, and that LDL FeR values were comparable to a 

non-Triton treated data set, is consistent with the absence 

of any independent hepatic production of LDL apo B. Similar 

findings have been reported from studies using hamster 

hepatocytes which also secrete only apo B100 and only VLDL 

apo B (Arbeeny et al. 1992). These data are also similar to 

the findings of Goldberg et al. (1988) which demonstrated 

that in the LPL-inhibited cynomolgus monkey there was 

minimal independent secretion of LDL by the liver. 
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In conclusion, the data indicate that SFA with 

different chain lengths induce elevated plasma cholesterol 

levels by different mechanisms and that intake of the PK 

diet increases the number of VLDL particles secreted by the 

liver while intake of the LA diet increases VLDL TAG 

secretion rates compared to the CO diet. One hypothesis for 

the decrease in plasma LDL with intake of PUFA is that the 

increased expression of hepatic apo B/E receptors increases 

the catabolism of VLDL and IDL reducing the available pool 

of the LDL precursor and that there is no specific effect on 

VLDL production, even though changes occur in LDL flux rates 

(Dietschy et al. 1993). In contrast, the data from these 

studies indicate that dietary fatty acids have unique and 

specific effects on VLDL secretion rates and that the 

mechanisms responsible for the decrease in plasma LDL levels 

with intake of PUFA in part depend on the comparative 

dietary fat. Comparing intakes of polyunsaturated CO to PK, 

high in lauric and myristic acidS, it is clear that the CO 

diet reduces secretion of VLDL apo B and consequently the 

number of VLDL particles; particles \.,hich apparently have a 

high rate of conversion to LDL. EXChanging CO for LA, with 

its palmitic and stearic acid content, lowers the rate of 

VLDL TAG secretion with an associated minor effect on VLDL 

apo B secretion, an effect consistent with the modest 

changes in LDL apo B flux rates. In either case it is clear 
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that the effects of dietary fat saturation and chain length 

on plasma LDL cholesterol levels in the guinea pig are in 

part due to effects on VLDL production and that associated 

changes in the flux of VLDL to LDL, as well as changes in 

LDL receptor-mediated FCR, determine plasma LDL cholesterol 

levels in the guinea pig. The observed dietary fat mediated 

changes in guinea pig VLDL metabolism are consistent with 

the reported changes in humans (McNamara 1991, Cortese et 

ale 1983) and further define the unique effects of specific 

fatty acids on lipoprotein metabolism. 

2.4.6 Objectives of the second study: 

The data presented in this chapter indicated that SFA 

of different chain length have differential effect on newly 

secreted nascent VLDL. LA dietary intake increased hepatic 

VLDL-TAG secretion, while PK intake increased VLDL-apo B 

secretion. studies presented in Chapter III were undertaken 

to determine the effects of dietary fat saturation on VLDL 

intravascular remodeling, conversion of nascent VLDL to 

mature VLDL and the metabolic channeling OF VLDL. 



CHAPTER III 

REGULATION OF VLDL APOLIPOPROTEIN B TURNOVER 

AND LDL PRODUCTION BY DIETARY FAT SATURATION 

IN THE GUINEA PIG 

112 
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3.1 INTRODUCTION 

VLDL are secreted from the liver and function 

primarily in the transport endogenous TAG and as the 

precursor of plasma LDL. VLDL particles have a density of 

less than 1.006 glml due to the high TAG content. Elevated 

plasma VLDL concentrations result in hypertriglyceridemia 

with increased conversion of VLDL to LDL leading to 

hypercholesterolemia. Both hypertriglyceridemia and 

hypercholesterolemia are major risk factors for 

cardiovascular disease. 

Numerous epidemiological studies suggest that dietary 

fat saturation affects hepatic cholesterol metabolism and 

increase plasma lipoprotein concentrations which in turn 

modify the heart disease risk profile. There is a well 

documented association between the intake of saturated fat 

in the diet and elevated plasma LDL cholesterol levels 

leading to increased risk of cardiovascular disease (Grundy 

and Denke 1990, McNamara 1987). 

Metabolic studies have shown that the type of dietary 

fat has significant effects on LDL synthesis and 

intravascular remodeling as well as apo B/E (LDL) receptor 

mediated catabolism (McNamara 1990, 1992). Decreased tissue 

apo B/E receptor activity with intake of SFA, as compared to 

PUFA, has been reported in guinea pigs (Fernandez and 

McNamara 1989, 1991), as well as other animal models 

..--" .... ~~~,.,..,.~-...... "'.""--. ..... , .. ----,--.. --.-.-.----------~.--~.~-----------
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(Dietschy et al. 1993). Furthermore, diets containing palm 

kernel oil as the source of fat lead to increased LDL flux 

rate compared to intake of PUFA corn oil (Fernandez et al. 

1992). This saturated fat mediated increase in LDL flux 

could be due to either increased rates of VLDL production, 

increased rates of VLDL conversion to LDL or both. The 

single human study (n=4) suggested that dietary SFA 

increases VLDL apoB flux as well as LDL production, but has 

minimal effect on VLDL and LDL catabolism (Cortese et al. 

1983). Animal studies, however, show sUbstantial 

inconsistencies; studies in gerbils (Nicolosi et al. 1976) 

and in squirrel and cebus monkeys (Nicolosi et al. 1977) 

indicated that intake of SFA decreases VLDL-TAG secretion 

compared to intake of PUFA. While studies in rhesus monkeys 

(Khosla and Hayes 1991) suggest that intake of palm oil as 

compared to coconut oil increased VLDL apo B flux rates. In 

contrast, Groot et al (1988) reported no significant 

differences in VLDL-TAG secretion in rats fed either palm 

oil or sunflower oil. Previous studies have shown that 

saturated fats of varying chain length alter rates of 

hepatic VLDL TAG and apo B secretion in the guinea pig by 

different mechanisms compared to dietary corn oil (Chapter 

II). Intake of lard [long chain SFA] increased hepatic 

VLDL-TAG secretion rates; and palm kernel oil in the diet 

[short chain SFA] increased nascent VLDL-apo B production, 
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suggesting increased number of VLDL particles secreted by 

the liver. Based on these conflicting results, and in order 

to better define the effects of diet on VLDL metabolism in 

the guinea pigs, the present studies were carried out to 

determine effects of dietary saturation and chain length on 

VLDL synthesis, intravascular processing and catabolism as 

related to LDL flux. 

The present studies were undertaken to define the role 

of dietary fatty acids on the synthesis, intravascular 

processing and catabolism of VLDL; to determine whether the 

observed changes in plasma LDL cholesterol concentrations 

and flux (Fernandez et ale 1992) with intake of SFA is due 

to increased VLDL production and increased conversion to 

LDL, or comparable rates of VLDL production with increased 

conversion of VLDL to LDL; and to investigate how changes in 

VLDL metabolic channeling determine LDL flux rates as 

related to hepatic apo BjE receptor number. The objectives 

of the present study were to determine: a) the regulatory 

effects of dietary saturated fats on VLDL apo B flux and 

turnover; b) effects of saturated fats with varying chain 

length on VLDL metabolic channelling; and c) to further 

characterize the precursor-product relationship between VLDL 

and LDL in guinea pigs. 

Guinea pigs were chosen as the animal model for these 

studies because their responses to changes in dietary fat 

--------------------~----
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quality and quantity in the absence of dietary cholesterol 

are comparable to human responses (Fernandez et al. 

1991,1992). In addition, they have numerous similarities to 

humans in the regulatory parameters of lipoprotein 

metabolism and are one of the few "LDL animals" with an 

LDL:HDL ratio greater than 2 and LDL as the major carrier of 

plasma cholesterol (Fernandez and McNamara 1989, 1991). 

Guinea pigs have been shown to have significant changes in 

VLDL secretion rates and in LDL flux and catabolic rates in 

response to changes in dietary fat saturation (Chapter II, 

and Fernandez et al. 1992). 

~"".....,.,,----,------~ ............ , .... ~ ........... -------.~.------------ ------- --
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3.2 MATERIALS AND METHODS 

3.2.1 Materials; 

Agarose was purchased from GIBCO-BLR (Cat. number 

5510UA). Agarose immunodiffusion tablets were purchased from 

sigma (Cat. number 170-3002). LDL-Direct column 

chromatography was obtained from ISOLAB. (Cat. number QS-

8160). Radioimmunodiffusion kit was from BIO-RAD (Cat. 

number 170-4245). Rapid Silver Staining electrophoresis kit 

was purchased from Sigma (Cat. number RSK-1). cyanogen 

bromide activated sepharose was obtained from Sigma. 

3.2.2 Diets: 

Diets were prepared and pelleted by Research Diets, 

Inc. (New Brunswick, NJ). All diets were isocaloric (15.9 

Kj/gm) and contained identical compositions except for the 

fat type (Chapter II Table 2.2.1). Fat content was 15% 

(wt/wt) as either corn oil (CO), lard (LA) or palm kernel 

oil (PK). The fatty acid composition of the experimental 

diets were measured by gas chromatography as previously 

shown (Chapter II Table 2.2.2). The diets were formulated to 

meet NRC-specified nutritional requirements of guinea pigs. 

Plant sterols (0.9 mg sitosterol/g diet) and cholesterol 

(0.1 mg cholesterol/g diet) were normalized for all diets as 

previously reported (Fernandez et ale 1991). 
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3.2.3 Animals: 

Male Hartley guinea pigs from Sasco Sprague Dawley 

(Omaha, NE) weighing between 450-500 gm, were randomly 

assigned to one of the three diet groups for 4 weeks prior 

to in vivo VLDL kinetic studies or isolation of plasma for 

VLDL electron microscopic studies. Previous studies have 

shown that this time period is sufficient to maintain 

constant plasma cholesterol levels and a metabolic steady 

state. All animals consumed equal amounts of the diets and 

there were no differences between final body weights or 

growth rates. 

All animal procedures were conducted in accordance with 

US Public Health Service and US Department of Agriculture 

guidelines, and experimental protocols were approved by the 

University of Arizona Institutional Animal Care and Use 

Committee. 

3.2.4 Electron microscopy: 

Four animals per dietary group were used to isolate 

plasma VLDL for measurements of VLDL size. Plasma VLDL was 

isolated by ultracentrifugation in a Quick seal 

centrifugation tube at density 1.006 glml, and washed once 

at that density. centrifugation was performed in Ti-50.2 

rotor for 24 hr at 40,000 g at 15°C. Freshly prepared VLDL 

was used 1-2 days after preparation to avoid deterioration 
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of the intact particles and aggregate formation. Prior to 

microscopic examination, samples were dialyzed against 

volatile buffer (0.125 M ammonium acetate, 2.6 roM ammonium 

carbonates, and 0.26 roM tetra sodium EDTA at pH 7.4) [Forte 

and Nordhausen 1986]. VLDL particles were observed by 

negative stain electron microscopy with 2% sodium 

phosphotungstate, filtered through 0.45-~m Nalgene filter, 

and adjusted to pH 7.0 - 7.5. Transmition electron 

microscope was used (Joel 100-ex TEM) , with a condenser 

aperture 200 ~m, and accelerating voltage of 80 kV. Negative 

staining of the lipoprotein was done on formar-coated copper 

mesh grids (200 mesh). Images were taken at x 20,000 (Rapp 

et ale 1989) and random photographs within the same grid 

squares and random grid squares were taken. At least hundred 

particle diameters were examined from the negatives of the 

photographs, the size of VLDL particles was measured by 

rulers and normalized to the magnification factor of the 

electron microscope, and the distribution of VLDL particle 

size as well as the mean diameter were calculated for all 

the animals in the three dietary fat groups. 

3.2.5 Preparation and purification of polyclonal antibodies 

against apo B-100 

Guinea pigs LDL particles were isolated by sequential 

ultracentrifugation within a density range between 1.023 to 
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1.075 g/ml. LDL was collected following tube slicing, washed 

once at d 1.075 glml and dialyzed against 0.9% NaCI-0.01% 

EDTA dialysis buffer and purified by agarose column 

chromatography (LDL-direct). The purity of LDL was checked 

by denaturing polyacrylamide gel electrophoresis. Purified 

LDL (antigen) was concentrated to 1 mglml apo B protein. The 

recipient sheep was immunized subcutaneously with the 

antigen (300 ~g/ml) in one dose, followed by two booster 

doses (200 ~g/ml) every 10 days. After each injection blood 

samples were taken to check production of specific 

antibodies using RID kits (Sigma). Four weeks after the 

first injection, the animal was bled and one liter of blood 

collected. The blood was allowed to clot at room temperature 

and the serum was collected and kept frozen at -20°C. 

3.2.6 Antigen affinity column purification of apo B 

po1yclonal antibodies: 

a. Principle 

Pure antigen is bound covalently to the chromatographic 

material using cyanogen bromide activated sepharose. Only 

specific antibodies to guinea pig apo B binds to the column, 

and the unbound antibodies and plasma proteins are removed 

by washing. The apo B antibodies are eluted by changing the 

pH of the elution buffer (Stoffel and Demant 1981). 
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b. Procedure: 

To prepare the anti-guinea pig apo B-100 immunuaffinity 

column, sheep anti-guinea pig apo B-100 antiserum was passed 

over a column to which purified guinea pig LDL was attached 

to cyanogen bromide activated sepharose matrix. The anti-apo 

B-100 antibodies remain adherent to the column during the 

washing with O.lM PBS pH 7.4. Antibodies were then eluted by 

lowering the pH to 3 using elution buffer (0.2M glycine/HCL 

pH 3), which break the covalent linkage of the antibodies to 

the LDL-matrix and allows the elution of the antibody. 

3.2.7 Apo B concentrations determination by silver enhanced 

radial immunodiffusion (SERID): 

a. principle: 

The antigen component of the antigen-antibody reaction 

is allowed to diffuse radially from wells punched into gel 

media containing the antibody (Ishida and Paigen 1992). 

b. Procedure: 

Antisera was incorporated in agarose solution (1%) at 

50·C and cast as an open gel on a agarose (0.2%) pre-coated 

glass plate (100 x 100 mm) .. - Each gel required 120 1-'1 of 

antiserum (2.07 I-'g/I-'l) for the SERID assay. The solidified 

gels were cured on ice for 10 min and sample wells of 15 1-'1 

capacity were cut with a 4 mm gel punch [BIO-RAD]. Agarose 

plugs were removed by gentle aspiration with a water vacuum. 
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Calibrator apoproteins were purified by affinity 

chromatography from ultracentrifugally isolated guinea pig 

LDL and apoprotein concentrations were determined by a 

modified Lowry procedure (Markwell et ale 1978). The 

apoprotein calibrators and the samptes were diluted with PBS 

and loaded into the wells. RID plates were incubated in a 

37°C chamber (humidified with water saturated filter paper) 

for 24-72 hrs depending on the samples concentrations. Non

specific proteins are removed by overlayering the gel with 1 

cm stack of filter papers and a glass plate and applying 

pressure for 1 hr. Gels were washed overnight with washing 

buffer using gentle agitation at room temperature, pressed 

and re-washed with glycerol (5%), rinsed and dried under a 

forced stream of warm air and stained with either Commassie 

blue or silver. Diameters of the immunoprecipitate rings 

were measured using a RID reader (Bio-Rad). Linear 

regression equations were generated for the standard 

calibrator curve. X represents the concentration of the 

standard (~g/ml), Y represents the diameter square of the 

precipitation rings (mm2
). The linear regression correlation 

between X and Y is then used to calculate samples 

concentrations. 
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3.2.8 In vivo VLDL kinetics 

Guinea pig plasma VLDL was isolated from fasted animals 

by ultracentrifugation at density 1.006 gjml, dialyzed 

against 0.9% NaCl-O.Ol% EDTA for 24 hr. Centrifugation was 

performed in Ti-50 rotor for 24 hr at 40,000 g at 15°C and, 

VLDL was collected by tube slicing and concentrated to 0.5 

mg/ml protein. VLDL iodination was carried out according to 

the method of Goldstein et al. (1983). 125I-VLDL was used 

within 2 days after iodination of minimize possible 

radiation oxidation (Khouw et ale 1993). Guinea pigs were 

fasted 24 hr. before surgery and during the first 10 hr of 

the study to avoid interference by intestinal chylomicrons. 

Calculations of the VLDL-associated radioactivity (Figure 

3.2.1) indicate that only 3-5% of radioactivity was 

accounted for by the free iodine, while 95-97% was bound to 

the VLDL particle as determined by TCA precipitation. The 

percentage of labeled TAG and phospholipids ranged between 

15-24% among the VLDL particles isolated from guinea pigs in 

the dietary groups. Approximately 30-33% was associated with 

apo B-100, and 45-55% of the radioactivity was associated 

with non-apo B-100 apoproteins consistent with other reports 

(Huff et ale 1985,and 1989, Birchbauer et ale 1992). Animals 

were injected with labeled VLDL (35 ~g) through an 

indwelling catheter inserted in the external jugular vein. 
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Figure 3.2.1: VLDL associated radioactivity. VLDL was 
labeled with radioactive iodine according to the procedure 
of Goldstein et al (1987). Free iodine was determined by the 
trichloroacetic acid (10% v/v) precipitation of iodinated 
lipoproteins. Apo B was precipitated by isopropanol and 
lipids were extracted using chloroform:methanol and 
associated radioactivity was determined using a gamma 
counter. 
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Blood samples were collected for analysis of plasma VLDL and 

LDL specific radioactivities. Approximately 1 ml of blood 

was collected at 0, 3 (zero point), 10, 20, 40 min and 1, 3, 

6, 10, 22, 27 hr and centrifuged to isolate plasma and the 

volume was measured. VLDL was isolated by 

ultracentrifugation using a Ti 50.3 rotor at 40,000 g in 

15°C for 18 hr, the tube top was sliced and upper layer was 

aspirated using a Pasteur pipette. An aliquot was used to 

measure VLDL apo B associated radioactivity following 

isopropanol precipitation (Yamada and Havel 1986), and the 

bottom layer was aspirated and used to measure LDL apo B 

associated radioactivity. 170 ~l aliquots of VLDL or LDL and 

30 ~l of unlabeled LDL carrier were precipitated with an 

equal volume of 100% isopropanol (200 ~l) in 0.5 ml 

centrifuge tubes and incubated overnight in 4°C (Egusa et 

ale 1987). Samples were centrifuged for 30 min at 1000 g and 

apo B pellet radioactivity measured in a gamma counter. Apo 

B protein mass was measured by RID as described above. 

Calculation of VLDL-apo B turnover: VLDL-apo B specific 

radioactivity was determined as cpm per ~g apo B protein. 

VLDL-apo B specific activity curves could be resolved into 2 

exponential functions [carried out visually by subtracting 

the slowest exponential from the initial fast exponential]. 

FCR values were measured using a two pool model as described 

by Mathews (1957). 



The half life of removal from each pool was determined by 

the formula In2/exponential rate constant (min-i). 

Kinetic Analysis: 
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The area under the specific radioactivity of the VLDL 

apo B versus time was calculated using the linear 

trapezoidal rule method (Choiu 1978). When the time interval 

between 2 points was long (e.g from 10 to 22 hr), the 

logarithmic trapezoidal rule was used instead (Choiu 1978). 

a. Calculation of the area bebleen to and tl = 

AUC to - tl = 1/2 * SAl (tl - to) 

where SAl is the apo B specific activity at time t l . 

b. Calculation of area between tl and t2 = 

AUC t l-t2 = 1/2 * (SAl + SA2) (t2-tdwhere SAl and SA2 

are the apo B specific activities at time tl and t2 

respectively. AUC for all other time points could be 

calculated by the same formula. 

c. Calculation of area between t) and t4 (When t 4-t) is 

large) 

AUC t4 -t)= (SA4 -SA) * (t4 -t) / In SA4 - In SA) 

d. Calculation of the area between t4 and infinity: 

AUC = SA4 \ K 

where k is the rate constant of elimination of the 

second exponential. 

Total AUC was calculated by the summation of all 

measured individual areas under the specific curves. 
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VLDL-apo B production rates were calculated by two 

different methods. In one method, the production rate was 

calculated as VLDL apo-B FCR X VLDL-apo B pool size and in 

the second method, VLDL-apo B production rate was calculated 

by dividing the total dose of injected radioactivity by the 

area under the specific activity time curve (Shipley and 

Clark 1972). Similarly, the area under the LDL-apo B 

specific radioactivity curves was calculated by the same 

method. LDL-apo B flux was calculated as the dose of 

injected radioactivity /area under the specific 

radioactivity-time curve. This calculation assumes that all 

the labeled VLDL-apo B (precursor) is converted to the 

product (LDL). If, however, only a portion of VLDL is 

converted to LDL, the LDL flux will be overestimated. 

Therefore, the LDL-apo B flux rates were calculated from 

previous studies as LDL-FCR X LDL-apo B pool size. The 

difference between the two methods represent the amount of 

VLDL cleared from the circulation without conversion to LDL. 

3.2.9 statistics 

Data are expressed as mean ± S.D. One way analysis of 

variance (ANOVA) was used to assess differences in plasma 

cholesterol, TAG, and protein levels, between diet groups; 

and VLDL apo-B FCR, VLDL apo-B production rates, LDL apo B

FCR, and LDL apo-B flux. Differences between mean values 
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were evaluated by Student-Newman-Kuels Multiple comparisons 

Tests and was considered significant at P < 0.05. 

Statistical analysis of the kinetic model data were best 

fitted using a two pool model (JANA, SCI Software, 

Lexington, KY). Linear regression analysis was used to 

determine correlation coefficients between variables. 
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3.3 RESULTS 

3.3.1 Dietary fat effects on plasma lipids and growth rates: 

There were no significant differences in final body 

weights of guinea pigs fed the test diets (Table 3.3.1). 

Guinea pigs fed the three diets had similar growth rates (9-

10 g/d) indicating equal dietary intakes among the groups. 

There were significant differences in the plasma cholesterol 

levels with animals fed the PK diet having the highest 

cholesterol levels followed by animals on the LA diet and 

the lowest total plasma cholesterol occurred in animals fed 

the CO based diets (Table 3.3.1). 

3.3.2 VLDL particles size: 

Results from electron microscopic analysis of 

negatively stained VLDL particles are presented in Fig. 

3.3.1. The size distribution of particles (Fig 3.3.2) was 

different among VLDL isolated from guinea pigs fed the three 

dietary fats. VLDL particles isolated from animals fed the 

CO diet were smaller in diameter compared to VLDL from LA or 

PK fed guinea pigs (Fig. 3.3.2). The fre~lency distribution 

of particles from CO fed animals was shifted towards smaller 

size and skewed to the left. VLDL isolated from animals fed 

the PK and LA based diets were more heterogenous. 



Table 3.3.1: Characteristics of guinea pigs fed the test 
diets1 

Body weight Growth Plasma 
Diet (n) (g) (g/d) cholesterol 

co 
LA 

PK 

(mg/dl) 2 

(22 ) 741 ± 159 9 ± 2 63 

(20) 754 ± 169 9 ± 2 74 

(14) 733 ± 220 10 ± 2 121 

lData are presented as the mean ± SO for (n) 
animals fed corn oil (CO), lard (LA) or palm 
kernel oil (PK). 

± 17a 

± 15b 

± 39c 

2Values in the same column with different 
superscripts are significantly different (P<O.Ol) 
as determined by ANOVA and the Student-Newrnan
Keuls Multiple comparisons tests. 
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Fig 3.3.la Electron microscopic photograph of VLDL particles 
isolated from guinea pigs fed CO based diet. 
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Fig 3.3.1b Electron microscopic photograph of VLDL particles 
isolated from guinea pigs fed LA based diet. 
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Fig 3.3.1c Electron microscopic photograph of VLDL particles 
isolated from guinea pigs fed PK based diet. 
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Figure 3.3.2: VLDL particles size distribution in guinea 
pigs fed semipurified diets containing 15% (w/w) corn oil, 
lard, or palm kernel oil. Values represents the percent of 
at least 100 particles counted directly from the negative of 
an electron microscopic image of isolated mature VLDL 
particles. 
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3.3.3 In vivo kinetics of VLDL apo B-100: 

Analysis of VLDL-apo B decay curves (Fig. 3.3.3) 

indicates that the turnover kinetics can be resolved into a 

biexponential curve. Plasma 125I-VLDL exhibited a 

significantly faster turnover rate in guinea pigs fed the LA 

diet, followed by animals fed the PK and CO diets (Fig 

3.3.3). The metabolic parameters measured for guinea pigs 

VLDL are summarized in Table 3.3.2. The data demonstrate 

that LA intake increases VLDL-apo B FCR and, consequently, 

decreases VLDL-apo B RT compared to animals fed the co and 

PK based diets. VLDL turnover in guinea pigs fed the PK diet 

exhibited the slowest VLDL-apo B pool A half life, and a 

prolonged residence time compared to animals fed the LA 

based diet (Table 3.3.2). A positive correlation was found 

between VLDL-apo B FCR and VLDL particles size [P< 0.05] 

(Fig. 3.3.4), suggesting that the larger VLDL particles are 

more rapidly removed from the plasma compartment. However, 

VLDL-TAG secretion rates determined in the studies described 

previously in Chapter II) were not correlated to VLDL-apo B 

FCR (Fig. 3.3.5). 
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Figure 3.3.3: Plasma disappearance curves of homogenous VLDL 
isolated from guinea pigs fed semipurified diets containing 
15% (w/w) corn oil (CO), lard (LA), or palm kernel oil (PK) 
injected into animals fed the same diets. The values 
represents the means of VLDL apo B specific activity percent 
of n = 5 determinations for animals fed corn oil and palm 
kernel oil and n = 4 determinations of animals fed lard 
diet. 
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Table 3.3.2: Metabolic ,parameters of VLDL turnover kinetics of guinea pigs fed 
diets containing 15 % corn oil (CO), lard (LA) or palm kernel oil (PK) for 4 
weeks: 

VLDL -apo B VLDL-apoB VLDL-apo B VLDL-apoB VLDL-apoB 

Diet (n) t 1 / 2 (hr) RT3 (hr) FCR pool size flux4 

(poolsjhr) (mgjkg) (mgjkg-hr) 

Pool A Pool B 

CO (5) o .17± o. 09b 2. 41± 0.64 1.551± 0.17a 0.65± 0.08b 2.11±.86 2.26± 1.33 

LA (9) 0.16± 0.07b 3.74± 1.16 0.902± 0.32 b 1.22± 0.37a 1.91±.98 1.39± 0.67 

PK (5) 0.29± o.oaa 2.65± 0.98 1. 021± O. 33 a 1.04± 0.02b 1.09±.39 1.11 ±O. 50 

IData are presented as the mean ± SD for (n) animals. 
2Values in the same column with different superscripts are significantly 
different (P<O.OI) as determined by ANOVA and the Student-Newman-Keuls Multiple 
comparisons tests. 3Residence time (RT). 4VLDL-apo B flux calculated as VLDL
apoB FCR X VLDL apoB pool size. 
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Table 3.3.3: Metabolic parameters of VLDL and LDL turnover of animals fed corn 
oil (CO), lard (LA) and palm kernel oil (PK): 

Diet (n) VLDL-B flux Calculated LDL- Measured LDL-B Direct 
(mg/kg-hr) B flux (mg/kg- flux (mg/kg-hr) VLDL-B 

3R/AUC hr) removal 

CO (5) 1.03 ± 0.38 b 1.19 ± 0.63 0.81 ± 0.07 32% 

LA (9) 2.36 ± 1. 50a 1.87 ± 1.54 0.85 ± 0.15 55% 

Pk (5) 0.88 ± 0.36 b 1. 69 ± 0.63 1.53 ± 0.39 9% 

IData are presented as the mean ± SD for (n) animals. 
2Values in the same column with different superscripts are significantly 
different (P<O.Ol) as determined by ANOVA and the Student-Newrnan-Keuls Multiple 
comparisons tests. 
3Total injected radioactivity/AUC. 
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Figure 3.3.4: Correlation between VLDL particles size and 
VLDL-apo B FCR values for guinea pigs fed semipurified diets 
containing 15% (w/w) corn oil (CO), lard (LA), or palm 
kernel oil (PK). (r =0.99 P<0.05). 
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Figure 3.3.5: Correlation between VLDL-TAG secretion rates 
(mg/kg-hr) and VLDL-apo B FCR values (pools/hr) for guinea 
pigs fed semipurified diets containing 15% (w/w) corn oil 
(CO), lard (LA) or palm kernel oil (PK). Values represents 
the mean ± SD of n = 5 determinations for animals fed corn 
oil or palm kernel oil and n = 4 determinations for animals 
fed lard for the VLDL-apo B FCR calculations, and n = 15 
determinations for animals fed corn oil and n =12 
determinations for animals fed lard or palm kernel oil used 
for measurement of VLDL-TAG secretion rates. 
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VLDL-apo B pool sizes (Table 3.3.2) were not 

significantly different between the three dietary fat 

groups. VLDL-apo B flux rates were significantly higher for 

the LA diet fed guinea pigs compared to PK or CO fed animals 

(Table 3.3.3). There was a positive correlation (r = 0.73, 

P<0.002) between VLDL-apo B flux rates and VLDL-apo B pool 

size (Fig. 3.3.6). There was no correlation, however between 

VLDL-apo B flux rates and VLDL-apo B FCR (Fig. 3.3.7). 

3.3.4 precursor-product relationship: 

Examination of the precursor-product between plasma 

VLDL, and LDL (Fig 3.3.8 a,b,c) indicated that the plasma 

LDL specific activity reached its peak value at the 

intersect with the VLDL-specific activities curve, 

consistent with LDL being derived from VLDL. However, a 

significant fraction of VLDL apo B in LA fed guinea pigs 

(55%), and CO fed animals (32%) were removed independently 

of LDL (Table 3.3.3). Calculation of VLDL apo-B production 

rates, and LDL apo-B flux using the area under the specific 

radioactivities curves, assumes that all the precursor 

(VLDL) is converted to the product (LDL); which is not the 

case 
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Figure 3.3.6: Correlation !~!!.!~~L~!!~~O B flux rates 
(mg/kg-hr) and VLDL apo B pool size (mg/kg) for guinea pigs 
fed semipurified diets containing 15% (~.,/w) corn oil (CO), 
lard (LA), or palm kernel oil (PK). Values represents 5 
determinations for animals fed corn oil or palm kernel oil 
and 4 determinations for animals fed lard oil. 
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Figure 3.3.7: Correlation between VLDL-apo B flux rates 
(mg/kg-hr) and VLDL apo B FeR (pools/hr) for guinea pigs fed 
semipurified diets containing 15% (w/w) corn oil (CO), lard 
(LA), or palm kernel oil (PK). Values represents 5 
determinations for animals fed corn oil or palm kernel oil 
and 4 determinations for animals fed lard oil. 



100.0r-----------------------~ 

Cl 
~ 10.0 
E .,,,,,",',":'<' 

a. 
CJ 

In 

o 
~ 1.0 

o 5 

e VLDL 

<> LDL 

- -<>- -""¢ 

"(J) 

10 15 20 25 30 

TIME 

144 

Figure 3.3.8a: A representative curve for the precursor 
product relationship between VLDL and LDL as determined from 
VLDL-apo and LDL-apo B specific activity time course and 
represents one animal fed semipurified diet containing (15% 
w/w) corn oil (CO) diet. 
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Figure 3.3.8b (cont.): A representative curve for the 
precursor product relationship between VLDL and LDL as 
determined from VLDL-apo and LDL-apo B specific activity 
time course and represents one animal fed semipurified diet 
containing (15% w/w) lard (LA) diet. 
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Figure 3.3.8c (cont.) representative curve of VLDL-LDL 
relationship represent one animal fed semipurified diet 
containing (15% w/w) palm kernel oil (PK) diet. 
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in VLDL turn over as VLDL catabolism could be channeled to 

different routes without necessarily being catabolized 

exclusively through the dilapidation cascade. Therefore, the 

actual LDL apo-B flux rates were calculated from previous 

studies (Fernandez et al .. 1992a and 1992b). In these studies 

125I-LDL was used as a tracer and plasma LDL kinetics were 

measured over time and analyzed using a 2-pool model. LDL

apo B flux rates were calculated from the FeR times the LDL

apo B pool to give mg/kg-hr (Fernandez et al. 1992a and 

1992b). LDL-flux rates were significantly greater in guinea 

pigs fed PK diet compared to LA and CO fed animals. VLDL

direct removal percentage (Table 3.3.3) was higher in LA fed 

guinea pigs followed by values for CO fed animals, and PK 

fed guinea pigs exhibited the least percentage of direct 

VLDL removal suggesting that with PK feeding the majority of 

VLDL is converted to LDL. 
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3.4 DISCUSSION 

The present study utilized two saturated fats of 

different chain length: LA, rich in palmitic and stearic 

acids, and PK, rich in lauric and myristic acids, and 

compared them to polyunsaturated corn oil rich in linoleic 

acid, to study the effects of dietary fat saturation and 

chain length on the regulation of VLDL and LDL metabolism. 

The objective of this study was to determine the effects of 

dietary fat chain length and saturation on VLDL synthesis, 

metabolic channeling, intravascular remodeling, and 

catabolism as related to LDL Flux. 

3.4.1 Dietary fat saturation effects on plasma lipids: 

These results indicate that intake of the PK and LA 

diets significantly increased plasma cholesterol levels as 

compared with the CO based diet. Plasma cholesterol levels 

decreased as fatty acid chain length increased and with 

increased unsaturation, as previously reported in humans 

(McNamara 1992) and in guinea pigs (Fernandez et al. 1992a, 

Fernandez and McNamara 1994). These effects were specific to 

LDL with no change in HDL (Fernandez et ale 1992b). 

Studies have shown that intake of SFA alters LDL 

composition, peak density and results in a larger particle 

diameter compared to animals fed CO (Fernandez et ale 1992 

a) • 

------------------_._._-------------_._-----
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These responses in LDL metabolism with diet are consistent 

with changes in VLDL particles size being the precursor of 

LDL. 

3.4.2 VLDL-partic1es size and distribution: 

Electron microscopic measurements demonstrated that 

plasma VLDL particles were larger with intake of saturated 

fats. In addition, they were more heterogenous as indicated 

by the size frequency distribution of the particles 

suggesting that dietary fat saturation increases VLDL 

structural heterogeneity. It has been reported that larger 

diameter [64.5 ± 20 nm] VLDL particles are associated with a 

lipid rich diet (15% CO plus 1.6% cholesterol) in guinea 

pigs (Fitzharns et ale 1981). Also, VLDL metabolic 

heterogeneity is thought to be related to difference in VLDL 

particle size (Davis et ale 1985). It has been reported that 

VLDL could exist as a multidisperse population with particle 

sizes ranging between 30 and 80 nm. These reports are 

consistent with the observation of VLDL particle sizes and 

-suggest that fat quantity as well as degree of fat 

saturation leads to formation of more heterogenous and 

larger VLDL particles; and that the size of VLDL particles 

can have a SUbstantial effect on the metabolic behavior of 

VLDL and the associated atherosclerotic changes. 



3.4.3 Dietary fat saturation effects on in vivo VLDL 

kinetics: 
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It has been demonstrated that saturated fats of 

different chain length have differential effects of LDL 

metabolism (Fernandez et ale 1992 b), as well as on VLDL-apo 

B synthesis and catabolism (Cortese et ale 1983). The 

present study involved analysis of VLDL production, 

catabolism and intravascular conversion to LDL in order to 

determine effects of dietary saturated fat chain length and 

saturation on plasma lipoprotein metabolism as related to 

changes in VLDL remodeling. 

3.4.4 Effects of saturated fats on VLDL-TAG secretion: 

The only human study reported to determine dietary fat 

effects on VLDL production was carried out in four subjects 

and indicated that a shift of dietary intake from PUFA to 

SFA increases VLDL production with little effect on VLDL 

catabolism (Cortese et ale 1983). In contrast, studies in 

non-human primates (Nicolosi et ale 1977) and gerbils 

(Nicolosi et ale 1976) suggest that intake of PUFA increases 

VLDL-TAG secretion compared to SFA, and that increased LDL 

cholesterol levels with intake of saturated fat is not due 

to overproduction of VLDL. However, studies in squirrel 

monkeys indicated that intake of SFA compared to PUFA 

increased VLDL-TAG secretion (Portman et ale 1977). Lai et 
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ale (1991) reported a significantly higher hepatic TAG 

secretion rate with intake of beef tallow compared to corn 

or coconut oil intake in rats. This observation was 

consistent with findings in the present study (Chapter II) 

that VLDL-TAG secretion increased in lard fed guinea pigs 

compared to CO fed animals, and fits with the results from 

human studies (Cortese et ale 1983). The data presented in 

this chapter suggest that intake of a lard based diet 

increases VLDL-apo B flux, and increases the proportion of 

VLDL removed directly from the circulation. Increased direct 

hepatic removal of VLDL with intake of diets rich in C16:0 

has been reported in rhesus monkeys (Khosla and Hayes 1991). 

Additionally, VLDL particle size was significantly 

correlated to VLDL-apo B FCR suggesting that the larger the 

VLDL particle, the faster the particles are catabolized, 

leading to decreased residence time in the VLDL density 

range. It is possible that increased TAG secretion 

stimulates LPL to hydrolyze VLDL TAG leading to increased 

VLDL catabolism and hepatic uptake, either by the apo B/E 

receptor (Yamada et ale 1987, Chappel et ale 1993), the LRP 

receptor (Chappel et ale 1994), or the recently 

characterized VLDL receptor (Oka et ale 1993). 

-----_._---------_. __ .. -------_._--------------



3.4.5 Effects of short chain saturated fat on VLDL-apo B 

flux: 
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Several investigators have suggested that dietary 

saturated fats have differential effects on VLDL-TAG 

secretion and VLDL-apo B production. In the previous studies 

(Chapter II) it has been found that lard intake increased 

VLDL-TAG secretion, while intake of palm kernel oil 

increased VLDL-apo B secretion compared to a corn oil based 

diet. Grundy and Denke (1990) reported that increased LDL 

apo B flux with intake of saturated fat could be due to 

increased VLDL-apo B production, to decreased VLDL 

catabolism and/or increased conversion of VLDL to LDL due to 

decreased apo B/E receptor activity. Data from human studies 

suggest that saturated fat intake increases VLDL synthesis 

but has no effect on VLDL-apo B catabolism (Cortese et ale 

1983) . 

It is not known how changes in the intravascular 

remodeling of lipoprotein, with intake of saturated fat, 

alters the catabolism of plasma VLDL particles with 

metabolic channeling towards direct hepatic removal of VLDL 

versus conversion to LDL (Fernandez et ale 1992a). LDL 

kinetic studies in humans have shown that SFA intake 

increased LDL-apo B flux and decreased LDL catabolism 

(Turner et ale 1981, Cortese et ale 1983). In hamsters, 

intake of coconut oil (rich in C12:0 and C14:0) increased 
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LDL cholesterol concentrations and decreased LDL receptor

mediated clearance compared to intake of polyunsaturated 

safflower oil (Spady and Dietschy 1988). Cebus monkeys fed 

coconut oil versus corn oil had no differences in LDL 

production rates but did have decreased LDL-recepto~ 

mediated catabolism with intake of the coconut oil (Nicolosi 

et ale 1990). These data suggest that intake of SFA 

decreases LDL catabolism but does not always increase LDL 

flux. studies in guinea pigs have shown that dietary SFA 

have significant effects on LDL flux, composition, and 

catabolism (Fernandez et al. 1992a and 1992b). In addition, 

S?A of varying chain lengths have differential effects on 

LDL flux, in that PK intake decreases LDL-FCR and apo B/E 

receptor number resulting in the highest plasma LDL 

cholesterol compared to animals fed CO or LA diets 

(Fernandez et al. 1992). These data are consistent with the 

findings from the present study (Chapter III) in that 

effects of PK intake on VLDL production and conversion to 

LDL versus direct hepatic uptake were different from effects 

of LA intake. 

3.4.6 De novo LDL production: 

The present study (Chapter III) indicates that VLDL-apo 

B flux with intake of the PK diet was less than LDL-apo B 

flux suggesting input of LDL apoB from a source not in 
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equilibrium with the 125I-VLDL apo B pool. There are two 

potential explanations to account for this finding. The 

first hypothesis is that there is direct do novo LDL 

secretion from the liver as proposed from studies in animal 

models (Khosla and Hayes 1991, Huff and Telford 1984), as 

well as from studies in humans with familial 

hypertriglyceridemia (Ginsberg et ale 1985). Khosla and 

Hayes (1991) reported that rhesus monkeys fed coconut oil 

(rich in C12:0 and C14:0) had increased direct LDL flux, 

independent of VLDL, compared to animals fed palm oil (rich 

in C16:0); however, in the studies presented in Chapter II, 

no evidence for direct LDL secretion was found in guinea 

pigs fed the test diets used here. Interestingly, Goldberg 

et ale (1988) reported that there was no direct LDL 

secretion in cynomolgus monkeys when the conversion of VLDL 

to LDL was blocked by LPL antibodies, even though these 

authors had previously suggested the existence of de novo 

LDL production in the same animal model based on in vivo 

turnover studies (Goldberg et ale 1983). In liver perfusion 

studies of cholesterol-fed guinea pigs, Guo and colleques 

(1982) demonstrated the absence of direct LDL secretion 

consistent with the results of in vivo VLDL secretion 

studies (Chapter II). Shames and Havel (1991) have suggested 

that the apparent dilution of plasma LDL specific activity 

relative to VLDL-Specific activity could be attributed to 
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kinetic heterogeneity of VLDL-apo B without the requirement 

of de novo LDL production. Based on the available evidence 

(Shames and Havel 1991, Guo et ale 1982, Goldberg et ale 

1988, Chapter II), there is no evidence for direct LDL 

secretion in guinea pigs. 

Therefore, the most likely explanation for the 

observation that LDL flux is greater than VLDL apo B flux in 

guinea pigs fed the PK diet is the presence of a small pool 

of VLDL particles with a very rapid FCR that is not detected 

using the conventional isotope tracers, and consequently the 

production rate of VLDL-apo B is underestimated to the 

extent that it appears less than LDL-apo B flux (Shames and 

Havel 1991). In normal and hyperlipidemic rabbits, Yamada et 

ale (1988) reported that a large portion of VLDL particles 

were metabolized very rapidly and did not contribute to VLDL 

mass which leads to underestimation of VLDL flux rates due 

to failure to include the contribution of this pool in the 

analysis VLDL turnover. In agreement with this thesis, 

studies in humans have suggested that a portion of LDL is 

produced from a pool of VLDL which is very rapidly converted 

to LDL (Beltz et ale 1985, Shephard and Packard 1987). The 

first set of studies (Chapter II) indicated that nascent 

VLDL-apo B secretion was increased with PK feeding in the 

guinea pig; however, increased nascent VLDL-apo B secretion 

with PK diet feeding was not detected with exogenously 
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labeled VLDL particles as noted above. 

These observations suggest that during intravascular 

processing a small pool of nascent VLDL is secreted and is 

rapidly converted to LDL without equilibrating with the 

plasma compartment of mature VLDL, and that this pool was 

not detected in the analysis using an exogenous tracer. 

Comparable conclusions were obtained from studies of 

lipoprotein secretion using the pigs perfused liver, which 

suggests that a large portion of nascent VLDL is rapidly 

converted to LDL-like particles following secretion from the 

hepatocytes (Nakaya et al. 1977). PK feeding may also be 

associated with the synthesis of small TAG-poor VLDL 

particles which are preferentially converted to LDL and not 

directly removed from the liver. Similarly, Oschry et al. 

(1985) reported that large TAG rich VLDL particles are 

removed by direct hepatic uptake, while smaller TAG poor 

particles are converted to LDL. This hypothesis is in 

agreement with the observations of the current study 

(Chapter III), that the majority of VLDL is preferentially 

converted to LDL (92%) with intake of the PK diet, compared 

to guinea pigs fed the CO diet (55%). 

3.4.7 Effects of long chain saturated fats on VLDL-apo B 

flux: 

LA feeding led to the formation of VLDL with a faster 
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VLDL-FCR and a shorter residence time compared to the intake 

of CO or PK. It is possible that VLDL particles from LA fed 

guinea pigs are enriched with apo E which has a greater 

affinity for cellular receptors (Bradley et al. 1985) and 

thus the percentage of VLDL directly removed from the 

circulation is greater than the percentage converted to LDL. 

The data indicate that VLDL-apo B flux is increased with 

intake of LA but concomitantly was associated with increased 

direct hepatic removal without conversion to LDL; therefore, 

the net LDL transport was unchanged compared to intake of 

co. These data are in agreement with previously reported 

findings indicating that LDL-apo B flux was unchanged when 

guinea pigs were fed 15% LA or co diets (Fernandez et al. 

1992) . 

These data clearly demonstrate that intake of SFA 

increases VLDL flux relative to intake of PUFA; and that 

varying SFA chain length has differential effects on VLDL

apo Band VLDL-TAG secretion. Short chain SFA found in the 

PK diet increased hepatic VLDL apo B secretion and increased 

conversion of VLDL to LDL resulting in elevated plasma LDL 

cholesterol concentrations. Compared to CO, intake of long 

chain saturated LA was associated with increased VLDL flux 

and increased VLDL direct removal with less transport to 

LDL; therefore, LA feeding invoked a less significant 

cholesterolemic effect compared to PK feeding. In either 
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case, it is evident that effects of dietary fat saturation 

and chain length on plasma LDL cholesterol levels are in 

part due to effects on VLDL production, catabolism and 

conversion to LDL, together with changes in LDL receptor 

mediated FeR which determine plasma cholesterol levels in 

the guinea pig. 
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CHAPTER IV. 

COMPOSITE HYPOTHESIS OF THE EFFECTS OF DIETARY fAT 

CHAIN LENGTH AND SATURATION ON THE METABOLIC 

CHANNELING OF VLDL 
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4.1 INTRODUCTION 

The data presented in the previous chapter (Chapter 

III), indicate that intake of the LA diet is associated with 

secretion of VLDL particles which are catabolized faster 

than VLDL particles from CO fed animals. However, studies 

consistently show that apo B/E receptor activity is 

decreased with intake of saturated fat (Fernandez et ale 

1992a, 1992b). Therefore, another pathway routing of VLDL is 

suggested to account for the increased VLDL catabolic rate 

despite decreased apo B/E receptor activity. This chapter 

describes the hypothetical catabolic pathways for VLDL 

catabolism with intake of a LA based diet. 

4.2 EFFECTS OF DIETARY LONG CHAIN SATURATED FATS ON VLDL 

METABOLISM 

Intake of the LA diet resulted in plasma VLDL with a 

faster FCR and shorter residence time in the VLDL 

lipoprotein density range. The results indicate that a 

significant fraction of VLDL secreted in response to intake 

of the LA diet was cleared from the circulation via 

alternative routing or via a shunt pathway and not solely 

catabolized by apo B/E receptors. It is possible that LA 

feeding leads to secretion of VLDL particles enriched with 

apo E, or a different proportion of heterogenous particles 

with greater ligand affinity for cellular receptors, leading 
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to direct cellular uptake of these VLDL particles by the LRP 

and/or VLDL-receptors. This proposal is based on the finding 

that intake of SFA coconut oil is associated with increased 

apo E synthesis and redistribution among lipoprotein classes 

(Fazio et ale 1992). 

4.2.1 possible role of low density lipoprotein receptor 

related protein [LRP]: 

It has been proposed that LPL binds to the LRP and 

mediates the uptake and clearance of remnant lipoprotein 

particles via this receptor (Chappel et ale 1993). 

Furthermore, it has been reported that in mutant fibroblasts 

lacking the LDL receptor, LPL was internalized and degraded 

with high affinity by the LRP (Chappel et ale 1994) which 

mediates binding, uptake and degradation of TAG-rich VLDL 

particles. Moreover, LPL has been shown to bind to the LRP 

receptor in vitro and induce the catabolism of normal VLDL. 

The inference, that VLDL can be catabolized directly from 

the circulation through alternative routes, is in agreement 

with data from the present studies indicating that a large 

percentage of VLDL secreted in response to LA feeding was 

not converted to LDL but rather directly removed from the 

circulation via alternative routes, possibly through the LRP 

and/or VLDL-R. 
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4.2.2 possible role of VLDL-Receptor [VLDL-R]: 

Recently the VLDL-R has been identified in humans (Oka 

et ale 1994) and in rabbits. These studies indicate that the 

VLDL-R has a ligand specificity for apo E and can bind and 

internalize TAG-apo E rich particles (Oak et ale 1994), 

suggesting that VLDL-R might play an important role in TAG 

metabolism. It has been shown in vitro that intact VLDL, or 

partially catabolized VLDL particles, can be removed 

directly by fibroblasts (Gianturco et ale 1978) and by 

lymphocytes (Vijayagopal and Nestel 1977). In vivo 

experiments in hypertriglyceridemic subjects, who have 

increased VLDL production rates, showed that VLDL is 

catabolized by a different route other than through the 

delipidation cascade to LDL (Reardon 1978). This idea was 

further investigated by Packard et ale (1984) who examined 

the possibility of multiple catabolic channeling of VLDL in 

both normal lipidemics and hyperlipidemics. The larger VLDL 

particles were delipidated rapidly and converted to VLDL 

remnants which were cleared from the circulation without 

conversion to LDL. 

4.2.3 Possible role of apo E: 

Apo E is a major apoprotein secreted by cultured rat 

hepatocytes (Davis et ale 1985) and plays an important role 

in receptor mediated clearance of plasma lipoproteins. Apo E 
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accounts for 23% of the total VLDL apoproteins (Hamilton 

1991) and studies using rat hepatocytes showed that apo E 

was associated with nascent VLDL particles in Golgi 

apparatus as well as in newly secreted particles (Yao and 

Vance 1988). Furthermore, VLDL structural and metabolic 

heterogeneity are thought to be related to differences in 

VLDL particle size and the content of apo E (Davis et ale 

1985). It has been shown that apo E mediates the uptake of 

large VLDL particles, while apo B is the primary ligand 

involved in the binding and catabolism of smaller VLDL 

particles (Bradley 1984). In vitro studies have suggested 

that VLDL enriched with apo E are taken up efficiently by 

cultured cells (Ishibashi et ale 1990, Mokuno et ale 1991) 

and in vivo studies have demonstrated that apo-E enriched 

VLDL particles are removed from the plasma more rapidly than 

particles without apo E (Yamada et ale 1987, 1988). These 

observations suggest that large VLDL enriched with apo E are 

recognized with higher affinity by the LRP, which may playa 

role in determining the metabolic channeling of VLDL towards 

direct catabolism. 

It is possible that VLDL particles from LA fed guinea 

pigs are enriched with apo E and thus the percentage that is 

irreversibly removed from the plasma via the LRP or VLDL-R 

is greater than the percentage converted to LDL. It has been 

shown previously (Fernandez et ale 1989, 1991a) that LA 

.-~-.. ~-------------------------------



feeding suppresses LDL-receptor activity in guinea pigs 

compared to CO feeding. 
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There is a lot of controversy on whether or not 

increased hepatic VLDL production is accompanied by 

increased apo E synthesis. While some studies rat primary 

hepatocytes reported increased apo E synthesis when the 

cells showed decreased lipogenesis (Davis et ale 1985), 

others reported that the addition of lipogenic factors to 

the cultured media increased VLDL apo E content (Ellsworth 

et" ale 1986). Recently, Fazio et ale (1992) reported that 

the modulation of apo E metabolism during increased 

lipogenesis was due to redistribution of apo E among the 

lipoprotein and enrichment with apo E in lipoprotein 

remnants leading to acceleration of their clearance from the 

circulation (Fazio et ale 1992). Fat feeding has been 

associated with the production of apo Erich VLDL-like 

particles (Mahley and Holcombe 1977, Swift et ale 1992). In 

addition, coconut oil (without cholesterol) feeding led to 

increased apo E content in VLDL compared to co feeding in 

rhesus monkeys (Zanni et ale 1986). In this study (Chapter 

III) it is possible that in guinea pigs intake of LA leads 

to enrichment of VLDL particles with apo E, either due to 

increased apo E synthesis or redistribution of apo E among 

the lipoprotein classes, and, as a result, increased VLDL 

uptake by the LRP or VLDL-R directly, without conversion to 
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LDL. This pathway accounts for only for 40% of the total 

VLDL apo B flux. Further investigation is warranted to 

determine whether LA feeding is associated with increased 

apo E synthesis leading to secretion of apo E enriched 

nascent VLDL particles or due to redistribution and exchange 

of apo E between HDL and VLDL particles within the plasma· 

compartment. 
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Figure 4.2.1 Hypothesized scheme for the metabolic 
channeling of VLDL particles with intake of saturated long 
chain fatty acid (LA based diet). The abbreviations used 
are; nascent VLDL N-VLDL; mature VLDL M-VLDL; LDL receptor 
LDL-R; VLDL receptor VLDL-R; LDL receptor related protein 
LRP. 
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4.3 Effects of short chain SFA on VLDL metabolism: 

studies in humans suggest that a portion of LDL is 

produced from a small rapidly turning over pool of VLDL 

which is rapidly converted to LDL (Beltz et ale 1985, 

Shepard and Packard 1987, Goldberg et ale 1988). It has been 

shown (Chapters II and III) that nascent VLDL-apo B 

secretion is increased with PK feeding in the guinea pig; 

however, increased nascent VLDL-apo B secretion with PK 

feeding was not detected with exogenously labeled VLDL. In 

addition, though nascent VLDL from PK fed animals had a 

higher protein percentage than VLDL isolated from CO or LA 

fed animals, mature VLDL from PK fed animals did not have a 

higher protein content. These observations are consistent 

with the thesis that during intravascular remodeling a small 

pool of nascent VLDL is directly converted to LDL in the 

plasma compartment without forming mature VLDL particles, 

and that this pool is not equilibrated with the exogenous 

tracers. PK feeding may be associated with the synthesis of 

small TAG-poor particles which are preferentially converted 

to LDL and not directly removed by the liver. It has been 

suggested that apo E-poor particles become LDL, while the 

apo E enriched VLDL remnants disappear from the plasma 

(Zanni et ale 1986). Another possibility to explain these 

findings is that since the zero time point for blood 

collection was at three minutes post injection of the tracer 
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VLDL, that a fast turning-over VLDL pool was converted to 

LDL and not detected. Preliminary studies (data not shown), 

suggest that there is a difference of approximately 20% in 

the VLDL decay curves between plasma levels at one minute 

versus three minutes following the tracer injection. 

The results described in this report clearly 

demonstrate that the effect of SFA with different chain 

length effects on plasma cholesterol are due in part to 

specific modifications on VLDL catabolic channelling, and 

flux of VLDL to LDL, as well as changes in VLDL-apo B FeR 

and residence time. 

In conclusion, dietary fatty acids have unique and 

specific effects on VLDL secretion rates and the mechanisms 

responsible for the decrease in plasma LDL levels with 

intake of PUFA in part depends on the comparative dietary 

fat. 
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Figure 4.3.1: Hypothesized scheme for the VLDL metabolic 
channeling with the intake of short chain saturated fatty 
acids (PK based diet). The abbreviations used are; nascent 
VLDL N-VLDL; mature VLDL M-VLDL; LDL receptor LDL-R; VLDL 
receptor VLDL-R; LDL receptor related protein LRP. 
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Comparing intakes of polyunsaturated CO to saturated 

PK, high in lauric and myristic acids, it is clear that the 

CO diet reduces VLDL apo B secretion and consequently the 

number of VLDL particles; particles which apparently have a 

high rate of conversion to LDL. Exchanging CO for LA, with 

its palmitic and stearic acid content, lowers the rate of 

VLDL TAG secretion with an associated minor effect on VLDL 

apo B secretion, an effect consistent with the modest 

changes in LDL apo B flux rates. In either case it is clear 

that the effects of dietary fat saturation and chain length 

on plasma LDL cholesterol levels in the guinea pig are in 

part due to effects on VLDL production, and that associated 

changes in the flux of VLDL to LDL, as well as changes in 

LDL receptor-mediated FCR, determine plasma LDL cholesterol 

levels in the guinea pig. 
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CHAPTER V 

CONCLUSIONS 
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S.l SUMMARY 

The data presented in Chapters II and III clearly 

demonstrate that intake of SFA increases VLDL flux relative 

to intake of PUFA; and induces elevated plasma cholesterol 

levels by different mechanisms suggesting that fatty acids 

with various chain length have differential effects on VLDL

apo Band VLDL-TAG secretion. 

Intake of short chain PK in the diet increases the 

number of VLDL particles secreted by the liver due to 

increased hepatic VLDL apo B secretion. A small pool of the 

newly secreted VLDL is preferentially converted to LDL 

within the plasma compartment. Increased conversion of VLDL 

to LDL with PK intake leads to elevated total plasma and LDL 

cholesterol as compared to levels in animals fed the CO 

diet. 

Intake of the long chain saturated LA diet increases 

VLDL TAG secretion rates compared to the CO diet and 

increased VLDL flux but, at the same time, increased VLDL 

direct removal without transport to LDL such that LDL 

cholesterol levels with intake of LA was less than LDL 

cholesterol levels with PK intake. Therefore, lard feeding 

invoked less of a hypercholesterolemic effect compared to 

dietary PK in the guinea pigs. 
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It is evident that effects of dietary fat saturation 

and chain length on plasma LDL cholesterol levels are in 

part due to effects on VLDL production, VLDL catabolism and 

conversion of VLDL to LDL, together with changes in LDL 

receptor mediated FeR, determine plasma cholesterol levels 

in the guinea pig. 
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Appendex I 
CORN Weight Weight Plasma Plasma Nascent VLOL Com position VLOL 

Gain Gain TAG Chol. TC TAG PL PROT SIZE 
InitialWt. FinalWt. Igm/4wks Igms/wk (lId mg/dl mn/dl nm 

GA·05 326.0 518.0 192.0 48.0 6.9 65.0 34.0 6.5 82.9 7.9 2.5 
GA·06 340.0 566.0 226.0 56.5 8.1 60.6 55.0 6.8 79.5 10.1 3.5 
GA·07 346.0 560.0 214.0 53.5 7.6 78.0 43.0 5.9 79.5 11.1 3.4 
Gl·08 358.0 536.0 178.0 44.5 6.4 85.0 59.0 6.5 79.5 10.0 3.8 
GA·12 400.0 610.0 210.0 52.5 7.5 120.0 47.0 4.7 82.8 9.8 2.7 
GA·13 402.0 616.0 214.0 53.5 7.6 43.0 49.0 4.7 82.6 10.1 2.4 
GA·14 382.0 578.0 196.0 49.0 7.0 58.0 
GA·15 400.0 660.0 260.0 65.0 9.3 85.0 48.0 4.2 81.2 12.3 2.2 
GA·31 330.0 616.0 286.0 71.5 10.2 75.0 56.0 11.7 60.0 20.0 8.0 
GA·32 354.0 534.0 180.0 45.0 6.4 62.0 
GA·33 336.0 578.0 242.0 60.5 8.6 58.0 
GA·34 342.0 580.0 238.0 59.5 8.5 68.0 
GA·43 I 328.0. 602.0 274.0 68.5 9.8 35.0 26.0 8.7 59.0 25.0 6.8 
GA-42 1 318.0, 568.01 250.0 62.5 8.9 40.0 37.0 8.1 65.4 21.0 5.4 
GA·44 ! 320.0 592.0 272.0 68.0 9.7 57.0 44.0 7.0 59.0 26.0 7.5 
GA·50 I 366.01 602.0 236.0 59.0 8.4 29.0 40.0 
GA·51 352.01 648.0 296.0 74.0 10.6 54.0 
GA·54 I 462.01 732.0 270.0 67.5 9.6 78.0 57.0 5.5 75.4 15.0 3.9 

IGA·55 1 486.0 760.0 274.0 68.5 9.8 69.0 59.0 6.3 75.1 14.0 4.2 
GA·56 1 460.0 740.0 280.0 70.0 10.0 47.0 50.0 4.4 74.8 12.2 8.4 
GA·57 472.0 790.0 318.0 79.5 11.4 167.0 80.0 7.5 71.6 14.5 6.3 
GA·61 1 484.0 850.0 366.0 91.5 13.1 
GA·66 364.0 597.0 233.0 58.3 8.3 117.0 88.0 55.0 
GA·67 322.0\ 533.0 211.0 52.8 7.5 116.0 57.0 43.5 
GA·68 368.0 624.0 256.0 64.0 9.1 236.0 54.0 45.9, 

f9A.69 348.0: 564.01 216.0 54.0 7.7 169.0 59.0 51.8 

~§~ 386.0, 622.01 236.0 59.0 8.4 156.01 54.0 
'GA·79 , 418.01 550.01 132.0 33.0 4.7 152.0 57.0 
IGA·80 

1 
428.01 646.01 218.0 54.5 7.8 96.0 61.0 

IGA·81 412.0~ 5900! 178.0 44.5 6.4 102.0 59.0 
IGA·82 : 690.0, 958.01 268.0 67.0 9.6 88.0 
IGA·83 I 639.01 874.01 235.0 58.8 8.4 103.0 
GA·84 

I 
630.01 822.0i 192.0 48.0 6.9 57.0 

GA·85 608.0: 822.0 214.0 53.5 7.6 85.0 
GA·86 620.01 842.01 222.0 55.5 7.9 45.0 1 
GA·l06 i 336.01 598.0' 262.0 65.5 9.4 92.0 63.0 
GA·l07 348.0: 638.0 290.0 72.5 10.4 48.0 64.0 
GA·l08 1 362.0 596.01 234.0 58.5 8.4 110.0 59.0 
GA·l09 358.0i 580.0 222.0 55.5 7.9 64.0 79.0 
GA·ll0 i 660.0~ 956.0 296.0 74.0 10.6 11.l.O 77.0 
[9A.lll i 658.0 958.0 300.0 75.0 10.7 40.0 47.0 
iGA.112 1 642.0 913.0 271.0 67.8 9.7 97.0 45.0 
'GA.113 1 610.0 926.0 316.0 79.0 11.3 94.0 53.0 
GA·114 634.01 944.0 310.0 77.5 11.1 115.0 32.0 
GA·115 660.0i 858.0 198.0 49.5 7.1 141.0 53.0 
C·l 

I 

I 1 

C·2 
C·3 , 

C·4 : 1 
I 

~EAN 431.8 670.6 233.7 58.4 8.5 88.7 54.8 6.2 69.3 13.7 4.4 
SO 136.6 170.5 66.3 16.6 2.0 49.0 19.1 2.4 19.7 6.4 2.3 
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A~~endex I (Continued i) J 
ICORN IVLOL VLD-TAG'VLDL-B Mature VLOL Composition LOL-FCR LOL-B LOL-B LDL-B LOL-B i 

Apo8(%) Secretion Secretion TC TAG PL PROT PoolS/hr Cone. Cone. AUC Flux 
I mg/kg-hr mg/ko-hr ug/ml mg/dl mg/kg-hr 
GA-05 0.75 74.0 0.67 
GA-06 1.05 39.0 0.66 
GA-07 1.02 73.0 1.22 
Gl-08 1.14 49.0 0.91 
GA-12 1.05 34.0 0.43 
GA-13 0.93 51.0 0.57 
GA-14 
GA-15 0.87 48.0 0.51 
GA-31 3.20 38.0 1.97 0.165 
GA-32 
GA-33 I 
GA-34 
GA-43 2.65, 50.71 2.27 0.113 
GA-42 i 2.10 37.51 1.20 I 0.095 I 

IGA-44 I 2.92' 42.11 2.08 I 0.121 1 
GA-50 I 

IGA-51 I , I 
'GA-54 ! 1.52' 35.81 0.72 0.112 
IGA-55 1.64i 24.3 0.53 0.084 
I.GA-56 I 3.27i 32.21 1.41 0.101 
IGA-57 i 2.451 45.11 1.54 0.102 
GA-61 
GA-66 I I 
GA-67 

, 
i 

IGA-68 I I I 
IGA-69 I I I I ! 

GA-78 1 1 I ! I 

!GA-79 ! I I I 
GA-80 , I I I 
~GA-81 I I i 

IGA-82 
'GA-83 I I I 
iGA-84 I I 
IGA-85 i I 
iGA-86 : I 
19A-106 i , 

IGA-l07 I I I 
IGA-l08 , 1 I 
:GA-l09 : '. I 
GA-ll0 I I I 174.0 7.0 94621 1.700: 
'GA-lll I I 131.0 5.2 160488 0.700' -
IGA-112 I i 133.0 5.31 295571 1.300, 
GA-113 I I 109.0 4.4 133057 0.430' 
GA-114 " i I 101.0 4.0 83806 1.035' 

IGA-115 i I 
IC-l I I 2.4 51.6 38.4 7.5 
~C-2 I I 2.9 50.0 40.2 6.9 
IC-3 1 
iC-4 I 
I I 
iMEAN I 1.66 39.6' 0.98 1.8 33.9 26.2 4.8 0.099 92.6 3.7 127924 0.7 
ISO I 0.95 19.11 0.67 1.3 24.0 18.5 3.4 0.041 62.4 2.5 90011 0.6 



~QQendex I (Continued ii) 
CORN VLDL-B VLDL-B VLDL-B VLDL-B VLDL-B VLDL VLDL VLDL-B 

GA-05 
GA-06 
GA-07 
G1-08 
GA-12 
GA-13 
GA-14 I 
GA-15 
GA-31 
GA-32 
GA-33 I 

iGA-34 I 
GA-43 1 

[QA-42 ; 
IGA-44 
GA-50 
GA-51 I 
GA-54 I 

iGA-55 I 
IGA-56 i 

GA-57 : 
GA-61 I 
IGA-66 : 
GA-67 ' 

Cone. Cone. Pool FCR Residene T1/2 T1/2 AUC 
ug/ml mg/dl mg/kg I pools/hr time (hr) first (hr) second h 

'GA-68 i , I 
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VLDL-B Total 
Flux Radioaet-
mg/kg-hr ivity 

epm 

GA-69 I I I I I 
~~G~A~_7=8-------~I----~I-----+----~I-----~----1-----+-----+---~------1 

:GA-79 ' I I I 
IGA-80 : I I 
IGA-81:, I 
iGA-82' I I 
GA-83 1 I I 

fGA-84 i I I 
,GA-85 I I I 
',GA-86 I \ 
·GA-106 i I I 
iGA-107 : 
iGA-108 ! I 
IGA-109 I 
iGA-110 I 81.0 3.21 3.24 0.740 1.351 0.29 3.75 94979 2.40 160866 
'GA-111 i 23.01 0.9 0.92 0.588 1.701 0.16 4.09 303856 0.54 112424 

I GA-112 I 53.0 '_---'2~._=_1 f--::2::...:.1'=2i_-0=-'._=60:::2:t-----:-1 :::.6-=61~_-=0.c::.20=-t---=2.:::.48c:::+_--=3_=69=_=8:::2~7f____:1..:;.2~8i_-3=:8:::7:::_13'=13 
IGA-113 I 62.01 2.5 2.48 0.577 1.733 0.16 2.94 57149 1.43 58329 

l GA-114, 44..:.:.c::.0i-_-:::1.~8t----'1:..:.;.7:..:6+-~0:.:..7-"49=_t_-'1..:.::.3:.::3_=_i51--=0.:.=.0-=.5t_--=3:.:.:.5:=2r---=8.::,;38:o;:O:.::6t-_1:.:;.3::..::2+-_8=..;6:..;.7-=-85"l 
~-115 r-- I 0.0 
IC-1 , 
IC-2 
C-3 : 

IC-4 
I 1 

1 ____ ' _..-:3;::7:.:;.6: __ : _ ___:1~.3 ' __ 1:-:.-=5 f-_,,=0~.5+ ___ + __ ..-:0:-:,.1:-t-_..:2:-,-.4::-l_---::-15=-=1==6:703:;t-_-1::,'-=0 f_-:1;c:OO:76;:.;9~2 
28.8 1.2; 1.21 0.31 0.1 1.6 135714 0.8 121558: 
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Appcndcx" 1 
LARD Weight Weight Plasma Plasma Nascent VLOL Composition VLOL 

Gain Gain TAG Chol. TC TAG PL PROT SIZE 
InitialWt. FinalWt. Igm/4wks Igms/Wk Ig/d mg/dl mQ/dl nm 

GA-Ol 353.0 592.0 239.0 59.8 8.5 
GA-02 328.01 526.0 198.0 49.5 7.1 27.0 31.0 7.6 76.0 11.7 4.7 

, 
, 

'GA-03 342.0 554.0 212.0 53.0 7.6 157.0 54.0 
GA-04 344.0 528.0 184.0 46.0 6.6 85.01 59.0 6.2 78.4 12.1 3.2 
GA-09 256.01 400.0 144.0 36.0 5.1 94.0 47.0 6.6 83.0 8.7 2.7 
GA-l0 1 252.0 490.0 238.0 59.5 8.5 56.0 63.0 4.9 81.0 11.3 2.8 
GA-ll 268.0 550.0 282.0 70.5 10.1 25.0 43.0 5.0 83.0 8.0 3.7 
GA-16 410.0 648.0 238.0 59.5 8.5 64.0 79.0 4.2 81.2 10.7 2.5 
GA-17 392.0 618.0 226.0 56.5 8.1 125.0 67.0 4.3 82.6 10.6 2.9 
GA-18 406.0 660.0 254.0 63.5 9.1 85.0 71.0 4.5 82.0 12.9 2.4 
GA-35 340.0 608.0 268.0 67.0 9.6 72.0 56.0 8.6 65.0 20.0 6.6 
GA-36 354.0 534.0 180.0 45.0 6.4 68.0 
GA-37 362.0 542.0 180.0 45.0 6.4 70.0 
GA-38 338.0 506.0 168.0 42.0 6.0 84.0 
GA-45 

, 
312.0, 608.0 296.0 74.0 10.6 29.0 57.0 7.9 61.0 24.7 6.4 , 

GA-46 1 320.01 620.0 300.0 75.0 10.7 33.0 62.0 8.9 65.01 20.6 5.0 1 
GA-47 , 302.0 578.0 276.0 69.0 9.9 , 

GA-52 1 362.0\ 680.01 318.0 79.5 11.4 74.0 , 

GA-53 , 372.01 629.01 257.0 64.3 9.2 70.0 I 
'GA-58 462.0\ 684.0' 222.0 55.5 7.9 52.0 133.0 6.4 72.0 14.3 7.3 
IGA-59 : 486.0; 660.0 174.0 43.5 6.2 99.0, 75.0 6.3 59.0 25.0 9.0 1 
iGA-6O ! 460.01 750.0 290.0 72.5 10.4 68.0 51.0 67.7 20.0 5.8 I 

iGA-61 : 470.01 680.0 210.0 52.5 7.5 1 1 
IGA-70 1 314.01 509.0 195.0 48.8 7.0 142.0 61.0 66.81 
IGA-71 , 354.01 594.0 240.0 60.0 8.6 127.0 76.0 80.21 
IGA-72 I 322.01 548.0 226.0 56.5. 8.1 146.0 103.0 83.1 i 
!GA-73 1 352.0: 563.0 211.0 52.8 7.5 169.0 87.0 75.51 
IGA-87 I 420.0' 616.0 196.0 49.0 7.0 130.0 
GA-88 I 432.0: 750.0 318.0 79.5 11.4 118.0 , 

IGA-89 1 466.0\ 726.0, 260.0 65.0 9.3 102.0 1 
,GA-90 432.0! 948.0' 516.0 129.0 18.4 133.0 
GA·91 i 446.0! 1016.0 570.0 142.5 20.4 101.0 1 , 

\GA-92 , 458.0. 826.0 368.0 92.0 13.1 78.0 ~ 
IGA-93 

" 

43O,Oi 992.0, 562,0 140.5 20.1 49.0 1 
iGA-94 1 432.0i 826.0i 394.0 98.5 14.1 94.0 
!GA-95 1 414.0' 882.0i 468.0 117.0 16,7 95.0 
IGA-116 1 376.0: 578.0 202.0 50.5 7.2 48.0 I 
iGA-117 I 420.0: 686.01 266.0 66.5 9.51 51.0 

9 A-118 i 368.0' 589.0: 221.0 55.3 7.91 37.0 
IGA-119 1 410.0 604.01 194.0 48.5 6.9 58.0 
IGA-120 

i 

550.0' 802.01 252.0 63.0 9.0 69.0 
GA-121 514.0' 714.01 200.0 50.0 7.1 61.0 
GA-122 i 538.0 730.0 192.0 48.0 6.9 48.0 i 
GA-123 556.0 730.0 174.0 43.5 6.2 42.0 
GA-124 566.0, 584.0 18.0 4.5 0.6 39.0 
GA-125 540.0 730.0 190.0 47.5 6.8 37.0 
L-l 
L-2 1 

IL-3 I 
~L-4 I 1 1 1 
, 1 ! I 

rMEAN 1 400.01 656.3 256.2 64.1 9.2 87.1 70.5 6.3 74.1 15.0 4.6 I 

'SO 1 79.61 130.7' 104.0 26.0 3.7 45.0 25.9 1.6 8.6 5.6 2.0 
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l6!lllendex IIIContinued il 1 I 
LARD IVLOL VLO·TAG VLOL·B Mature VLOL Com~osition LOL·FCR LOt·B LOL·B LDL·B LOL·B , 

IApoB(%) Secretion Secretion TC TAG PL Prot Poois/hr Conc. Conc. AUC Flux 
1 mQ/kg·hr mQ/kQ·hr uQ/ml mQ/dl mQ/kQ·hr· 

GA·01 1 
GA·02 1 1.421 56.2 1.27 I 
GA·03 
GA·04 0.90 85.0 1.04 
GA·09 0.80 70.0 0.88 
GA·10 0.84 61.0 0.82 
GA·11 1.11 77.0 1.33 
GA·16 0.97 41.0 0.48 
GA·17 1.13 94.0 1.33 
GA·18 0.93 84.01 0.98 
GA·35 2.50! 76.0 2.90 0.101 ---1 GA·36 I 1 
GA·37 I 1 I 

IGA·38 I I 
GA·45 I 2.491 77.0 3.24 0.115 
GA·46 1.95 62.5 1.89 0.078 
GA·47 I I 
GA·52 I 
GA·53 
GA·58 2.80! 44.81 1.77 0.051 
GA·59 3.50' 41.71 2.48 0.071 

,GA·60 2.26' 57.6 1.92 I 0.081 
'GA·61 , 1 I 

19A·70 1 I I 
'GA·71 i ! I 1 
IGA·72 1 i 1 
jGA·73 I I -l 
iGA·87 i I I I 
'GA-88 I 

, 

1 : 

GA·89 I 1 J 
:GA·90 1 I J 
iGA·91 

, 1 , 
IGA·92 I 161.0 6.4 203371 3.600' 
[GA·93 I I 128.0 5.1 211214 3.620' 
fGA·94 I 237.0 9.5 711991 0.610 
!·GA·95 I ! 1 254.0 10.2 977376 0.660' 
[GA.116 I I 
:GA·117 i : 

!GA·118 1 I 
fGA-119 : 

rGA.120 i 1 I I 118.0 4.7 720351 0.597 
[GA·121 i 1 I 320.0 12.8 119162 3.6601 
[GA·122 i 
jGA·123 1 226.0 9.0 252460 0.916 
IGA·124 I 186.0 7.4 356993 0.972 
IGA·125 I 191.0 7.6 266285 1.5041 
[L·1 1.8 68.9 20.8 8.0 I 

\L·2 I 0.6 71.4 20.7 7.3 1 
IL·3 1 

iL.4 I I 
, 

IMEAN [ 1.69 66.3 1.60 1.2 70.2 20.8 7.6 0.083 202.3 8.1 424356 1.793 
!SO : 0.85, 16.2 0.79 0.6 1.3 0.1 0.4 0.021 60.6 2.4 283364 1.322 
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IAppendex II (Continued ii) 

LARD VLDL-B VLDL-B VLDL-8 VLDL-B VLDL-B VLDL VLDL VLDL-B VLDL-B Total 
1 Cone. Cone. Pool FCR Residene T1/2 T1/2 AUC Flux Radioact-
I lug/ml mg/dl mg/kg Ipools/hr time (hr) first (hr) second h mg/kg-hr ivity 
GA-01 1 Icpm 
GA-02 
GA-03 

iGA-04 
GA-09 1 1 
GA-10 1 
GA-11 1 

IGA-16 i 

GA-17 1 
GA-18 1 

IGA-35 
I IGA-36 I 

iGA-37 I 1 
IGA-38 I 

I 
: 1 I 

'GA-45 I I I 
:GA-46 1 ! 

:GA-47 , , 1 
GA-52 : 1 
~GA-53 

, 

I 
IGA-58 I I 

I 

:GA-59 1 1 
:GA-60 : I 1 1 
IGA-61 1 i i I 
IGA-70 I I 1 1 
;GA-71 , I I 1 I 
GA-72 I I 

iGA-73 I ! 1 I 
:GA-87 

, 
i i , 

:GA-88 1 1 1 
iGA-89 I 1 1 1 
,GA-YO I I 1 I 
GA-91 I 1 1 ----i 'GA-92 39.0: 1.6' 1.561 1.43O i 0.699 0.131 2.46 385520 1.91 

IGA-93 , 22.0: 0.9, 0.881 1.7501 0.571 0.131 2.30 529665 1.44 
IGA-94 ! 50.0: 2.01 2.00: 1.5001 0.G67 0.19, 3.06 198655 2.20 
IGA-95 : 80.0' 3.21 3.01 i 1.3501 0.741 0.111 3.78 178918 3.61 
,GA-116 I 1 
IGA-117 1 i 1 
IGA-118 1 
iGA-119 1 I 
IGA-120 35.0! 1.4 1.42 0.670 1.490 0.28 4.18 422461 1.02 429800 
IGA-121 78.0, 3.1 3.14 0.770 1.315 0.27 3.711 168581 2.59 436800 
IGA-122 1 
IGA-123 

i 89.0! 3.6 3.56 1.150 0.869 0.09 4.41 42228 5.47 231400 
:GA-124 12.0i 0.5 0.48 1.470 0.680 0.07 6.42 327663 1.05 347040 
I GA-125 31.0 1.2 1.24 0.914 1.090 0.13 3.38 308943 1.30 400520 
; L-1 

, 
I 

iL-2 I 1 
!L-3 1 
iL-4 ! 
, 

1 
:MEAN 

, 
48.4' 1.91 1.921 1.223 0.902 0.16 3.74 284737 2.29 307593 

~SD 26.1' 1.01 1.021 0.347 0.304 0.07 1.16 142382 1.37 153969 
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Appendox III 1 
PALM WeiQht WeiQht Plasma Plasma Nasant VLDL Com~ osition VLDL 
KERNEL Gain Gain TAG Chal. TC TAG PL PROT SIZE 
OIL Initial WI. Final WI. 1 Qm/4wks 1 Qms/wk IQ/d mQ/dl mrudl nm 
GA-19 354.0 636.0 282.0 70.5 10.1 172.0 10.9 57.0 21.0 10.5 
GA-20 324.0 556.0 232.0 58.0 8.3 . 104.0 98.0 12.5 57.0 21.0 9.0 
GA-21 350.0 552.0 202.0 50.5 7.2 89.0 172.0 
GA-22 364.0 626.0 262.0 65.5 9.4 130.0 118.0 11.7 56.0 21.0 
GA-23 336.0 620.0 284.0 71.0 10.1 105.0 
GA-24 324.01 582.0 258.0 64.5 9.2 183.0 138.0 10.3 61.0 19.8 
GA-25 I 336.0 554.0 218.0 54.5 7.8 75.0 75.0 10.5 62.0 19.5 
GA-26 I 338.0 602.0 264.0 66.0 9.4 106.0 137.0 12.4 53.0 23.0 
GA-27 I 360.0 620.0 260.0 65.0 9.3 37.0 91.0 12.6 57.0 24.0 , 

GA-28 I 342.0 498.0 156.0 39.0 5.6 92.0 
GA-29 348.0 492.0 144.0 36.0 5.1 119.0 
GA-30 340.0 466.0 126.0 31.5 4.5 104.0 
GA·39 320.0 600.0 280.0 70.0 10.0 101.0 189.0 11.2 51.0 29.0 8.2 
GA-40 300.0 564.0 264.0 66.0 9.4 33.0 109.0 12.0 57.0 24.0 6.5 
GA·41 288.0 520.0 232.0 58.0 8.3 65.0 134.0 8.6 60.0 25.0 6.3 1 

GA-48 376.01 697.0 321.0 80.3 11.5, 78.0 
GA-49 382.0 622.0 240.0 60.0 8.61 138.0 

IGA-62 i 494.0! 746.0 252.0 63.0 9.0 48.0 83.0 13.4 61.0 20.0 5.2 ! 
IGA·63 1 480.01 776.0 296.0 74.0 10.61 57.0 63.0 8.9 69.0 17.9 3.9 

, 

IGA·64 450.0' 700.0 250.0 62.5 8.9 22.0 113.0 10.4 54.0 13.9' 21.0 
'GA-65 , 462.0' 730.0 268.0 67.01 9.6 160.0 84.0 
!GA·74 i 352.0 569.0 217.0 54.3 7.8 165.0 111.0 84.0 
GA-75 1 420.01 652.0 232.0 58.0 8.31 21.0 133.0 62.~1 
GA-76 386.01 596.0 210.0 52.5 7.5 108.0 111.0 66.8 
GA·77 ! 368.0! 615.01 247.0 61.8 8.8 126.0 98.0 64.2 
GA·96 1 376.01 702.0 326.0 81.5 11.6 183.0 i 

GA-97 I 380.01 732.0 352.0 88.0 12.6 163.0 I 

GA·98 1 413.0 768.0 355.0 88.8 12.7 188.0 
,GA·99 I 422.0i 750.0 328.0 82.0 11.7 104.0 I 
GA·100 I 554.01 938.01 384.0 96.0 13.7 87.0 1 
GA·l0l I 594.0 938.0 344.0 86.0 12.3 44.0 1 

,GA·l02 i 618.0. 920.0 302.0 75.5 10.8 98.0 I 

'GA·l03 598.01 982.0' 384.0 96.0 13.7 109.0 , 

:GA·l04 , 558.01 848.0 290.0 72.5 10.4 106.0 1 
IGA·105 i 558.0: 830.0, 272.0 68.0 9.7 160.0 1 
'PK·l I I 

, 

!PK-2 I 1 , 

iPK-3 
I 

1 
PK·4 

, 

IMEAN 407.6 674.3 266.7 66.7 9.5 91.2 118.0 11.2 58.1 21.5 8.8 1 
ISO I 91.6, 133.81 60.2 15.1 2.2 49.4 35.2 1.4 4.4 3.6 5.0 
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~l'lJlendex III (Continued il 
PALM VLDL VLD·TAG VLDL·B Mature VLDL Com~osition LDL·FCR LDL·B LDL·B LDL·B LDL·B 
KERNEL ApoB(%) Secretion Secretion TC TAG PL PROT Pools/hr Conc. Conc. AUC Flux I 
OIL mg/kg·hr mg/kg·hr ugfml mg/dl mQ/kQ·hr 
GA-19 3.15, 
GA·20 3.51 4.1 1 
GA-21 I 
GA-22 4.48 
GA-23 
GA-24 3.31 
GA-25 3.00 
GA-26 4.20 
GA-27 2.53 0.096 
GA-28 
GA-29 
GA-30 
GA-39 3.19, 46.9 2.90 0.029 
GA·40 2,50~ 31.8 1.40 0.041 
GA-41 2.45: 51.0 2.08 0.096 1 

IGA-48 ! 
IGA·49 1 
GA-62 , 

2.021 31.9 1.06 0.076 
IGA·63 1 1.541 25.5 0.56 0.088 
!GA.64 1 8.191 43.7 6.60 0.108 
!GA-65 I 1 1 
I i ! I 
GA-75 : 1 I , 

GA-76 I 
IGA-77 1 1 I , 

,GA·96 1 I I 
IGA.97 ! i 

I 

1 
IGA-98 i I I 
!GA·99 i 1 1 
:GA-l00 ; i I 
IGA-l0l , I I I 268.0 10.7 1926301 1.060 
'GA-l02 i 

, , 392.0 15.7 1262399 1.920: 
,GA·l03 ! i I 438.0 17.5 1445307 1.340 
iGA·l04 i 

, 1 471.0 18.8 1193674 1.960, 
~GA-l05 I 1 1 302.0 12.1 1004677 0.780, 
:PK-l 1 1 2.5 48.6 44.2 4.4 I 

;PK-2 1 I 1.5 56.5 37.4 4.6 I 
,PK·3 , I 1 , 

,PK·4 I I 1 

i MEAN 

, 

, 3.39' 33.6 2.43 2.0 52.6 40.8 4.5 0.076 374.2 15.0 1366472 1.41 
SD 1.591 14.7 2.01 0.5 3.91 3.4 0.1 0.028 77.8 3.1 313436 0.5 
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Appendex III (Continued ii) 
PALM VLDL-B VLDL-B VLDL-B VLDL-B VLDL-B VLDL VLDL VLDL-B VLDL-B Total 
KERNEL i Cone. Cone. Pool FCR Residene T1/2 T1/2 AUC Flux Radioaet-
OIL ug/ml mg/dl mg/kg Ipools/hr time (hr) first (hr) second h mg/kg-hr ivity 
GA-19 epm 
GA-20 I 
GA-21 1 
GA-22 1 

GA-23 I 
GA-24 
GA-25 
GA-26 
GA-27 
GA-28 
GA-29 1 
GA-30 1 

rGA-39 I 

GA-4O 1 
GA-41 r ! i 

IGA-48 I I 
GA-49 ! 1 

IGA-62 i I 

GA-63 1 I 1 

iGA-64 I 
IGA-65 I I 

I I 1 
IGA-75 I 
I GA-76 I 1 
lGA.77 I 

, 

IGA-96 I 1 I 
IGA-97 1 
'GA-98 1 

!GA-99 i I I 
iGA-100 I 1 I 

'GA-101 I 34.0. 1.41 1.36 0.950 1.053 0.33 4.40 2018663 1.02 20595701 
;GA-102 32.0, 1.3 1.28 0.9811 1.019 0.29 2.10 2636174 0.92 24242021 
iGA.103 1 21.01 0.81 0.83 0.971 1.030 0.36 1.83 2822200 0.69 1948472, 
!GA-104 I 28.0; 1.1 1.12 0.999. 1.001 0.16 1 2.14 1631486 1.43 23430961 
GA-105 21.8 ' 0.9 0.63 0.995 1.005 0.33 2.74 2367508 0.33 11340001 
PK-1 I 
PK-2 I 
PK-3 
PK-4 

1 
! 

LMEAN 
I 

27.41 1.1 1.0 1.0 0.3 2.6 2295206 0.9 1651557i 1 
:SD i 5.2: 0.21 0.3 0.0 0.1 0.9 428068 0.4 849053 
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