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ABSTRACT 
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The effects of dietary saturated versus polyunsaturated fat (7.5%; 

w/w) on sterol balance and lipoprotein metabolism were studied in guinea 

pigs. The polyunsaturated diet significantly reduced plasma cholesterol 

and triglyceride levels by 34% and 40%, respectively. Polyunsaturated 

dietary fat significantly reduced the percentage of cholesteryl ester in 

low density lipoprotein (LDL) while the relative proportion of LDL-

phospholipids was increased. The ratio of LDL surface to core components 

in the polyunsaturated fed animals was significantly higher (P < .02). 

Dietary fat quality had no effect on either sterol balance or hepatic 3-

hydroxy-3-methylglutaryl coenzyme A reductase activity. Hepatic free and 

esterified cholesterol levels were significantly higher in the 

polyunsaturated fat fed group (P < .01). Feeding polyunsaturated fat 

caused a significant (1.9-fold) increase in hepatic membrane LDL (apo B/E) 

receptor binding. The data indicate that the hypocholesterolemic effect 

of polyunsaturated fat is not attributable to changes in cholesterol 

metabolism but rather tG»a redistribution of plasma cholesterol to tissues 

due to increased tissue LDL receptor binding. 
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INTRODUCTION 

More than half of all deaths in the United States each year can be 

attributed to atherosclerosis (Mahley, 1981). Genetic and environmental 

factors play an important role in the development, progression and 

regression of atherosclerosis. Compelling evidence obtained from animal 

studies and epidemiological surveys has documented positive correlation 

between plasma low density lipoprotein (LDL) concentrations and 

accelerated atherosclerosis, whereas the relationship between high density 

lipoprotein (HDL) and atherosclerosis is negative (Holmes et al., 1981). 

Dietary factors appear to play an important role in determining 

relative concentrations of plasma lipids. Dietary fat quality has been 

shown to have profound effects on plasma lipid levels. The 

hypocholesterolemic effect of polyunsaturated fatty acids (PUFA) is well 

documented (Ahrens et al., 1957; Connor et al., 1969; Nestel et al., 1976; 

Vega et al., 1982; Mattson and Grundy, 1985; Spady and Dietschy, 1988; and 

Fernandez and McNamara, 1989); however, the precise mechanism(s) of this 

effect is not well understood (Jackson et al., 1978). Five potential 

mechanisms have been hypothesized: (a) reduction in endogenous 

cholesterol synthesis, (b) increase in fecal excretion of cholesterol and 

its catabolites, (c) reduction in exogenous cholesterol absorption, (d) 

changes in lipoprotein metabolism to reduce apolipoprotein B production 

and/or to increase LDL fractional catabolic rate, and (e) a redistribution 

of cholesterol from the plasma pool to various tissues. 
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Animal studies of the effects of feeding diets rich in PUFA on 

cholesterol metabolism have presented contradicting results. Wood et al. 

(1963) claimed higher excretion of fecal neutral and acidic sterols in 

rats given -corn oil, while Bochenek and Rodgers (1978) reported that a 

PUFA-rich diet had no effect on fecal neutral sterol excretion and hepatic 

sterol synthesis in the rat. Similar findings were observed by Wilson 

and Siperstein (1959) with no stimulation in hepatic cholesterol synthesis 

in rats fed PUFA and by Bickerdorf and Wilson (1965) in the rabbit using 

in vivo cholesterol turnover techniques. On the other hand, Ide et al. 

(1978) fed rats various diets with different fatty acid contents and found 

that the higher the unsaturation of the dietary fat, the lower the 

specific activity of hepatic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-

CoA) reductase, the rate limiting, key regulatory enzyme in cholesterol 

biosynthesis. 

In man, Connor et al. (1969) and Nestel et al. (1976) showed that 

feeding PUFA-rich diets increased fecal excretion of cholesterol. Other 

investigators have not been able to reproduce this effect (Grundy and 

Ahrens, 1970 and Shepherd et al., 1980). One possible explanation for 

these contrasting findings proposed by Nestel et al. (1976) is that the 

increased steroid excretion observed in some studies results as a 

transient response which persists until a new steady state in cholesterol 

homeostasis is achieved. 

Spritz and Mishkell (1969) proposed a different hypothesis for the 

plasma cholesterol lowering effect caused by feeding PUFA-rich diets. 

They hypothesized that the plasma cholesterol level is decreased because 
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lipid esters containing PUFA require more space in lipoproteins and 

thereby sterically exclude cholesterol. This hypothesis is consistent 

with their report of a decrease in cholesteryl ester to protein ratios in 

LDL when PUFA were substituted for saturated fats (SFA). Comparable 

changes in LDL composition have been reported by other investigators 

(Durrington et al., 1977; Shepherd et al., 1980; Pownall et al., 1980; 

and Vessby et al., 1980). In other studies a decrease in very low density 

lipoprotein (VLDL) and LDL apolipoprotein B production rates (Cortese et 

al., 1983) and an increase in the fractional catabolic rate of LDL 

(Shepherd et al., 1980) have been proposed as an explanation for the 

hypocholesterolemic action of PUFA-rich diets. 

These conflicting results of increased or unchanged fecal excretion 

of neutral and acidic sterols, stimulation or no effect on hepatic sterol 

synthesis, and alterations in lipoprotein composition and metabolism might 

be resolved by determining the flux of cholesterol from plasma to body 

tissue and between tissues. Since there are limitations regarding the use 

of human subjects for such measurements, the guinea pig was tested as an 

animal model for this study based on the following reasons: (a) as found 

in humans, guinea pig LDL is the major cholesterol carrier in blood, (b) 

guinea pigs have gall bladders, (c) similar to humans, the major 

apolipoprotein in guinea pig LDL is apo B (Guo et al., 1977), and (d) 

rates of endogenous cholesterol and lipoprotein synthesis and catabolism 

in the guinea pig are similar to that found in humans (McNamara, 1984 and 

Witztum et al., 1985). 
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The present study was designed to determine the effects of feeding 

a PUFA (corn oil) versus a SFA (lard) semi-purified diet on whole body 

cholesterol and lipoprotein metabolism. The use of sterol balance 

techniques in animal studies facilitates the quantitative determination 

of whole body cholesterol synthesis and catabolism on a mg/kg per day 

basis. Sterol balance studies were performed in animals adapted to the 

diet along with analysis of hepatic HMG-CoA reductase activity, net tissue 

cholesterol flux, and gall bladder bile composition. The concentration 

of plasma lipoproteins and their composition were also investigated to 

determine whether SFA and PUFA-rich diets have an effect on plasma lipid 

levels by affecting the plasma lipoprotein composition. Moreover, hepatic 

membrane LDL receptor levels were also determined to investigate the 

effects of dietary fat quality on total, receptor-mediated, and non

specific binding of LDL to hepatic membrane and to determine whether the 

plasma cholesterol lowering effects caused by PUFA-rich diets is mediated 

through an increase in hepatic membrane LDL receptor levels. The 

objective of this study was to determine whether dietary SFA and PUFA 

intake exert an influence on plasma cholesterol levels via alterations in 

whole body cholesterol metabolism or through changes in plasma lipoprotein 

composition and metabolism. 
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LITERATURE REVIEW 

Dietary Fat Quality and Atherosclerosis 

The possible role of dietary fat quality in the pathogenesis of 

atherosclerosis has led a large number of researchers to investigate the 

effects of dietary fat quality on plasma cholesterol levels and the risk 

of developing atherosclerosis. Numerous epidemiological, pathological, 

clinical, and animal investigations provided substantial evidence that the 

type of dietary fat influences the genesis, course, and complications of 

the atherosclerotic process. Although multiple dietary factors could 

influence the development of atherosclerosis, dietary SFA and cholesterol 

have received the most attention. This evidence has led a large number 

of advisory committees to include changes in eating habits with respect 

to dietary fats and cholesterol in their recommendations for the 

prevention of atherosclerosis (AHA, 1983). The recommendations include 

a reduction of the total amount of fat and cholesterol with the 

substitution of dietary PUFA for the saturates. Two fundamental 

observations for explaining the role of dietary SFA in the development of 

atherosclerosis are: (a) increasing plasma cholesterol levels are 

positively correlated with increasing rates of atherosclerosis, and (b) 

dietary SFA elevated levels of plasma cholesterol. It has been shown that 

elevated levels of plasma cholesterol and LDL are associated with 

premature atherosclerosis (Alberts et al., 1978 and Goldstein and Brown, 

1977). Epidemiological studies and animal investigations have confirmed 
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the hypocholesterolemic effect of dietary PUFA. The diet-induced changes 

in plasma total cholesterol are mainly changes in LDL-cholesterol. The 

ratio of HDL to LDL is increased by dietary PUFA, which is regarded as 

lowering risk of developing atherosclerosis. The mechanism(s) underlying 

the plasma cholesterol-lowering action of dietary PUFA are still 

uncertain. Some reports indicate that feeding diets rich in PUFA reduce 

plasma cholesterol levels in man via alterations in whole body cholesterol 

metabolism such as an increase in fecal neutral sterol and bile acid 

excretion (Moore et al., 1968 and Blum et al., 1977). Other reports 

demonstrate that dietary PUFA has no effect on whole body cholesterol 

metabolism (Spritz et al., 1965; Grundy and Ahrens, 1970; Nestel et al., 

1976; and Shepherd et al., 1980). Changes in LDL metabolism such as a 

reduction in LDL synthesis and an increase in the fractional catabolic 

rate of LDL have been reported as consequences of feeding diets rich in 

PUFA (Shepherd et al., 1980; Turner et al., 1981; and Cortese et al., 

1983). 

In order to resolve the controversy and since little is known about 

the effects of dietary fat quality on whole body cholesterol metabolism 

and lipoprotein composition in the guinea pig, the present study was 

conducted as an attempt to investigate the role of dietary fat quality on 

cholesterol and lipoprotein metabolism. 

Cholesterol and Lipoprotein Metabolism 

Cholesterol Metabolism 

Cholesterol serves three major functions in humans: (a) a 

structural component of the plasma membrane of all cells; (b) a precursor 
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for steroid hormones; and (c) a precursor for bile acids. Cholesterol 

exists in both the unesterified form (free cholesterol) and as an ester 

of long-chain fatty acids. The cholesteryl esters appear to only be 

synthesized for purposes of cholesterol transport through plasma and 

storage within cells. Cholesterol is synthesized in body tissues by a 

series of complex reactions. The sequence of reactions begins with the 

condensation of three acetyl-CoA units to form HMG-CoA which in turn can 

be reduced to mevalonic acid by the action of HMG-CoA reductase, the rate 

limiting step in cholesterol biosynthesis (Siperstein and Fagan, 1966). 

Mevalonate is transformed to isopentenyl pyrophosphate units and the 

latter are condensed to squalene. Finally, squalene is cyclized to 

lanosterol which in turn is catabolized to cholesterol in a series of 

reactions. 

There are two sources of cholesterol in the body, endogenously 

synthesized and exogenous dietary cholesterol. Cholesterol is metabolized 

in animals mainly by conversion to bile acids. Both neutral sterols and 

bile acids are excreted from the body in the feces. In the intestine, 

biliary cholesterol is transformed to neutral sterols by the bacterial 

breakdown in the intestine. Total fecal sterol excretion, consisting of 

fecal neutral sterols and bile acids, is essential in preventing the 

accumulation of excessive amounts of cholesterol in the body. The 

conversion of cholesterol into bile acids is mediated by the action of a 

microsomal enzyme, cholesterol 7a-hydroxylase, the rate limiting step in 

the biosynthesis of bile acids (Myant and Mitropoulos, 1977). 
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Cholesterol turnover can be measured by different techniques: 

Plasma cholesterol specific activity-time curve analysis, isotope sterol 

balance methods, chromatographic techniques, and the combination of 

isotope sterol balance methods with chromatographic techniques. Each 

technique is designed to provide values for cholesterol absorption, 

synthesis, and degradation. In this study, the nonisotopic sterol balance 

method was used because the method has the advantage of not using 

radioactive compounds and it allows the measurement of cholesterol 

synthesis and catabolism. 

Lipoprotein Metabolism 

Plasma lipoproteins are spherical particles consisting of proteins, 

phospholipids, triglycerides, and free and esterified cholesterol. The 

lipoproteins have a similar basic structure consisting of a hydrophilic 

surface and a hydrophobic core. The surface of the lipoprotein particle 

consists largely of phospholipids, free cholesterol, and protein and the 

core of the particle contains mostly triglyceride and cholesteryl ester. 

Based on their density, lipoproteins are generally classified into five 

major categories: chylomicrons, very low density lipoproteins (VLDL), 

intermediate density lipoproteins (IDL), low density lipoproteins (LDL), 

and high density lipoproteins (HDL). Lipoproteins are the major carriers 

of lipids in the bloodstream. They transport exogenous and endogenous 

cholesterol, triglycerides, and phospholipids between body tissues. 

Chylomicrons and VLDL are the major carriers of triglycerides and LDL and 

HDL are the major carriers of cholesterol. 
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There are two separate pathways for the transport of cholesterol: 

exogenous and endogenous that transport cholesterol of dietary and hepatic 

origin, respectively. In the exogenous pathway, chylomicrons are formed 

in the intestinal mucosa after the absorption of dietary cholesterol and 

fats. Dietary triglycerides are partially hydrolyzed in the intestinal 

lumen by the action of pancreatic lipase. The hydrolyzed fragments form 

micelles with free fatty acids, cholesterol, phospholipids, and bile 

salts. These micelles carry the dietary fats for absorption. The 

triglycerides synthesized in the intestine incorporate into chylomicrons 

which also contain free cholesterol, cholesteryl ester, phospholipids, and 

apolipoprotein B-48 (apo B-48) of intestinal origin. The chylomicrons 

leave the intestinal mucosa and enter the blood circulation via the 

thoracic duct. The major apolipoproteins in the chylomicrons are apo B-

48 and apolipoprotein C (apo C). In the blood, the triglycerides are 

hydrolyzed by the action of lipoprotein lipase (LPL) that is stimulated 

by the presence of apo C found on the surface of chylomicrons yielding 

monoglycerides and free fatty acids. The triglyceride depleted 

chylomicrons are termed chylomicron remnant. The phospholipids, free 

cholesterol, apo C and apo E are transferred to HDL (Havel et al., 1973). 

The chylomicron remnant retains its cholesteryl ester and apo B-48 and is 

carried to the liver where it is taken up by chylomicron remnant receptors 

located on the surface of the hepatocytes. After internalization by 

receptor-mediated endocytosis, the chylomicron remnants are degraded in 

the lysosomes. 
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In the endogenous pathway, VLDL are formed in the liver and are 

rich in triglycerides of endogenous origin. In addition to triglycerides, 

synthesized VLDL contain free cholesterol, cholesteryl esters, 

phospholipids, apo B-100, apo C, and apolipoprotein E (apo E). LPL found 

in capillaries interact with the triglycerides in VLDL releasing 

monoglycerides, free fatty acids, and apo C. The resulting particles 

become more dense and are converted to IDL. The surface components, 

mostly phospholipids, free cholesterol, and apo C are transferred to HDL 

(Havel et al., 1973). 

The action of lecithin-cholesterol acyltransferase (LCAT) is to 

catalyse the esterification of the excess free cholesterol with fatty 

acids. In the plasma, HDL particles interact with LCAT (Glomset and 

Norum, 1973) and the resulting cholesteryl ester is transferred back to 

IDL via cholesteryl ester transfer protein (CETP) (Chajek et al., 1980). 

IDL particles undergo further modification by either being taken up by the 

liver or proceed to form LDL by losing their apo E. 

LDL particles contain mostly cholesteryl ester and apo B-100. LDL 

particles deliver cholesterol to hepatic as well as extra-hepatic tissues. 

The delivery occurs primarily via the liver by a high affinity receptor -

mediated endocytosis pathway (Brown and Goldstein, 1983). LDL particles 

bind to high affinity apo B/E receptors located in coated pit regions of 

the plasma membrane. These coated pits invaginate into the cell to form 

coated endocytic vesicles which in turn fuse with lysosomes. LDL 

particles dissociate from the receptor and the latter returns to the 

surface. In the lysosomes, cholesteryl esters are hydrolyzed by the 
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action of acid lipase and apo B is degraded to amino acids. The free 

cholesterol obtained from this reaction is used for other cellular 

reactions. Also, the free cholesterol results in a series of changes in 

cellular cholesterol homeostasis: (a) an inhibition of the enzyme 

controlling the rate limiting step in cholesterol biosynthesis, HMG-CoA 

reductase, (b) an activation of acylcoenzyme A:cholesterol acyltransferase 

(ACAT) responsible for the esterification of free cholesterol for storage 

in cells, and (c) an inhibition of the synthesis of LDL receptors. This 

metabolic scheme is known as the receptor-mediated endocytosis pathway 

(Brown and Goldstein, 1986). In man, two-third of LDL is taken up and 

degraded via receptor-mediated endocytosis (Goldstein and Brown, 1983). 

The remaining one-third might be cleared through non-receptor mechanisms. 

Goldstein and Brown (1983) have indicated that LDL not taken up by 

receptors might be metabolized by alternative receptor-independent 

pathways such as macrophages and other scavenger cells. In the event 

scavenger cells are overloaded with cholesteryl esters, they are converted 

to foam cells, a major component of atherosclerotic plaques. 

HDL particles are formed and matured via two metabolic routes. 

First, disc-shaped nascent HDL are formed and secreted from the liver and 

intestine (Tall and Small, 1978) and contain free cholesterol, 

phospholipid, and apolipoprotein AI and All (apo AI and apo All) and apo 

E. Second, spherical HDL particles obtain free cholesterol, 

phospholipids, and apo C from the triglyceride-rich lipoproteins, namely 

chylomicrons and VLDL. Also, HDL particles acquire free cholesterol from 

other cellular membrane (Stein et al., 1976), which in the presence of 
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LCAT becomes esterified and transferred into the core of the particle. 

After the esterification of the free cholesterol derived from cellular 

membranes and other lipoproteins, cholesteryl ester is transferred to VLDL 

and LDL by the action of CETP (Norum et al., 1975). In VLDL and LDL, the 

cholesteryl ester is removed from the circulation to both hepatic and 

extra-hepatic tissues. 

Miller and Miller (1975) have demonstrated that HDL particles are 

the major carriers of cholesterol from body cells, including arterial wall 

cells to the liver. In the liver, cholesterol is excreted into the 

intestine after being transformed to bile acids. The latter observation 

could explain the inverse relationship between circulating HDL levels and 

the incidence of cardiovascular disease, a correlation that is well 

documented (Miller and Miller, 1975; Holmes et al., 1981; and Gordon et 

al., 1981). By acting as a carrier of cholesterol from extra-hepatic 

tissues to the liver for catabolism and excretion, a high plasma level of 

HDL might be a consequence of increased clearance of cholesterol from the 

tissues. 

Sterol Balance Method 

The sterol balance method has been used extensively in man and 

animal models for the study of cholesterol homeostasis (Grundy and Ahrens, 

1970; McNamara et al., 1982; McNamara, 1984; and McNamara, 1985). The 

sterol balance method is based on an equilibrium between the input and 

output of cholesterol in the body. The input is derived from two sources, 

dietary and endogenously synthesized cholesterol and the output of 
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cholesterol from the body consists of the daily output of fecal neutral 

sterols and bile acids. Whole body cholesterol synthesis can be estimated 

as: fecal neutral sterols + bile acids - dietary cholesterol intake. 

Sterol balance methods are valid only if the study is done in a steady 

state with respect to cholesterol homeostasis throughout the whole period 

of measurement. In sterol balance studies, subjects must obtain a new 

steady state on their respective diets in order to avoid any transient 

changes in endogenous cholesterol synthesis, fecal sterol excretion, and 

biliary composition. However, in rapidly growing animals such as the 

guinea pig, there is a net deposition of cholesterol in the tissues over 

the period during which synthesis is measured, and there is a need to 

account for net tissue accumulation of cholesterol. In the guinea pig, 

whole body cholesterol synthesis can be calculated as: fecal neutral 

sterols and bile acids - dietary cholesterol intake + net tissue 

accumulation of cholesterol, all on mg/kg body weight per day basis. In 

sterol balance methods for estimating cholesterol synthesis, greater 

accuracy will be achieved if the degradation of the sterol ring by 

intestinal bacteria is corrected for by measuring the recovery of an oral 

dose of /3-sitosterol. /3-sitosterol is a plant sterol that is essentially 

unabsorbed from the intestine but is degraded by intestinal bacteria to 

the same extent as cholesterol (Grundy et al., 1968). 

Dietary Fat Quality and Cholesterol 
and Lipoprotein Metabolism 

The hypocholesterolemic effect of feeding diets rich in PUFA is 

well established in man (Ahrens et al., 1957; Grundy and Ahrens, 1970; 



24 

Shepherd et al., 1980; Mattson and Grundy, 1985; and McNamara et al., 

1987), rats (Kellogg, 1974; Ide et al., 1978; and Bochenek and Rodgers, 

1979), rabbits (Portman et al., 1975; Rodriguez et al., 1976; and Masi et 

al., 1986), baboons (Babiak et al., 1987), mongolian gerbils (Nicholosi 

et al., 1981), swine (Elson et al., 1981), hamsters (Spady and Dietschy, 

1985 and 1988), and guinea pigs (Chapman and Mills, 1977 and Fernandez and 

McNamara, 1989). Even though the effect is well established, the precise 

mechanism of the hypocholesterolemic effect is not well understood 

(Jackson et al., 1978). Alterations in cholesterol and/or lipoprotein 

metabolism have been hypothesized as possible explanation for the 

hypocholesterolemic action of PUFA-rich diets. Numerous studies have 

attempted to define the metabolic effect of a change in fat quality on 

whole body cholesterol synthesis and catabolism. 

Initial studies on the effect of dietary fat quality on cholesterol 

metabolism indicated that a shift from a SFA to PUFA-rich diet resulted 

in an increase in the fecal excretion of neutral sterols and bile acids 

(Moore et al., 1968; Connor et al., 1969; and Nestel et al., 1974). 

Nestel et al. (1974) postulated that the increased excretion could 

quantitatively account for the magnitude of the decrease in plasma 

cholesterol levels. Subsequent studies reported no changes in total fecal 

sterol excretion due to the quality of the dietary fat (Grundy and Ahrens, 

1970; Nestel et al., 1976; Shepherd et al., 1980; and Goodnight et al., 

1982). Nestel et al. (1976) have proposed that the increase in total 

fecal sterol excretion may be a transient response to a PUFA-rich diet 

that persists until a new steady state in cholesterol homeostasis has been 
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achieved. Goodnight et al. (1982) concluded that dietary fat quality had 

no effect on whole body cholesterol synthesis. 

Studies utilizing animal models of the effect of dietary fat 

quality on cholesterol metabolism also showed contradicting results. In 

the rat, Kellogg (1974) and Bochenek and Rodgers (1978) demonstrated that 

the quality of the dietary fat has no effect on the fecal excretion of 

neutral sterols and bile acids. Thus, the rate of whole body cholesterol 

synthesis was not affected by dietary fat quality. On the other hand, 

Ramesha et al. (1980) and McGovern and Quackenbush (1973) showed that 

diets rich in PUFA increased the fecal output of total sterols. 

Another parameter of measuring the rate of cholesterol synthesis is 

the specific activity of HMG-CoA reductase. Although a large number of 

studies have been performed studying the effect of dietary fat quality on 

hepatic HMG-CoA reductase, no clear cut explanation has been made to 

rationalize the disagreement in results. Serdarevich and Carroll (1972) 

found that the feeding of PUFA-rich diet to rats significantly stimulated 

the rate of hepatic cholesterol synthesis as compared to that in rats fed 

SFA-rich diet. Goldfarb and Pitot (1972) showed that the stimulatory 

effect of dietary PUFA on cholesterogenesis was due to an increase in the 

activity of HMG-CoA reductase. In rats fasted for two days and refed for 

three days, safflower oil decreased reductase and cholesterogenic 

activities more than SFA (Pamini et al., 1984). Mitropoulos et al. (1980) 

observed that PUFA (safflower oil) fed to rats for 12 hours reduced the 

activity of hepatic reductase as compared to SFA (tristearin). Ide et al. 

(1978, 1979, and 1980) claimed that PUFA-rich diets reduced enzyme 
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activity. Other reports (Bochenek and Rodgers, 1978 and 1979), documented 

the failure of PUFA feeding to produce any significant changes in hepatic 

HMG-CoA reductase activity and hepatic sterol synthesis. The stimulation 

in hepatic cholesterogenesis observed with PUFA feeding is explained on 

the basis that diets rich in PUFA increased bile acid synthesis (McGovern 

and Quackenbush, 1973) and cholesterol catabolism leading to an increased 

activity of HMG-CoA reductase. 

Paul et al. (1980) suggested that the microscopic fluidity of HDL 

responsible for cholesterol efflux from cells is increased following 

dietary intake of PUFA. This increase in fluidity may allow more 

cholesterol to be solubilized by HDL molecules, thus allowing cellular 

efflux of cholesterol and reducing end product inhibition effects on HMG-

CoA reductase. 

The effect of feeding diets rich in PUFA on the biliary composition 

showed contradicting results. Some reports indicated that PUFA feeding 

increased bile lithogenicity by an increase in biliary cholesterol 

saturation (Sturdevant et al., 1973 and Grundy, 1975). Whereas, other 

reports (Paul and Ganguly, 1976 and Bennion and Grundy, 1978) demonstrated 

that dietary fat quality has no effect on the biliary composition. 

Bennion and Grundy (1978) reported that this finding is consistent with 

their results of no changes in cholesterol homeostasis due to dietary fat 

quality. It should be noted that an increase in cholesterol saturation 

in the bile is associated with an increased risk for gallstone formation 

(Grundy, 1975). 
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The effect of dietary fat quality on tissue cholesterol levels has 

been given considerable attention. Liver, for example, is the major site 

of the metabolism of LDL, the major carrier of cholesterol in the plasma 

of humans and guinea pigs. Studies in rats of the effect of feeding diets 

rich in PUFA on hepatic cholesteryl ester levels demonstrated that dietary 

PUFA significantly increased cholesteryl ester concentration in the liver 

(Kellogg, 1974; Paul and Ganguly, 1976; and Bochenek and Rodgers, 1978). 

This finding was also consistent in African green monkeys (Johnson et al., 

1985) and in hamsters (Spady and Dietschy, 1985). Frantz and Carey (1961) 

were unable to demonstrate this effect in humans. The increase in hepatic 

esterified cholesterol levels is an indication of an expansion in hepatic 

cholesterol storage. 

The increased cholesterol levels in tissues of different animal 

species that were fed diets rich in PUFA along with absence of any 

significant changes in sterol balance suggests that the 

hypocholesterolemic effect of PUFA-rich diets may be mediated via a 

redistribution of cholesterol from the plasma compartment to other body 

tissues (Spritz et al., 1965; Grundy and Ahrens, 1970; Johnson et al., 

1985; and Spady and Dietschy, 1985). 

The higher plasma cholesterol levels obtained during SFA-rich diet 

feeding involves an increase in VLDL as well as LDL levels (Vega et al., 

1982 and Chait et al., 1974). Studies of the effect of dietary fat 

unsaturation on HDL levels showed a reduction (Vega et al., 1982; Shepherd 

et al., 1978; and Shepherd et al., 1980) or no changes (Spritz and 

Mishkell, 1969 and Brussard et al., 1980) in HDL levels. 
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Another explanation for the hypocholesterolemic action of dietary 

PUFA has been proposed by Spritz and Mishkell (1969). They hypothesized 

that plasma cholesterol is decreased because lipid esters containing PUFA 

require more space in lipoproteins and thereby exclude cholesterol. This 

hypothesis is consistent with their finding of a decrease in cholesteryl 

ester to protein ratios in LDL when PUFA were substituted for SFA. 

Subsequent studies confirmed this finding (Durrington et al., 1977; 

Pownall et al., 1980; Shepherd et al., 1980; and Vessby et al., 1980). 

Studies of lipoprotein metabolism demonstrated that feeding PUFA-

rich diets resulted in either alterations in the VLDL and LDL apo B 

production rates or in the fractional catabolic rate (FCR) of LDL. 

Moreover, Cortese et al. (1983) showed that feeding diets rich in PUFA 

caused significant reductions in the VLDL and LDL apo B production rates 

without affecting the FCR. Turner et al. (1981) concluded that dietary 

fat unsaturation decreased LDL apo B production rate without increasing 

the FCR. On the other hand, Shepherd et al. (1980) indicated that feeding 

diets rich in PUFA resulted in an increase in the FCR of LDL without 

affecting the production rate. Spady and Dietschy (1985) found that diets 

rich in PUFA fed to hamsters not only decrease plasma and LDL cholesterol 

levels, but also increased the cholesteryl ester content of the liver 

along with an increase in the receptor dependent uptake of LDL in the 

1iver. 

In the guinea pig, corn oil feeding resulted in a significant 

reduction in plasma total cholesterol and LDL-cholesteryl ester levels as 

compared to lard feeding (Fernandez and McNamara, 1989). Also, dietary 
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PUFA treatment caused a 50% increase in the apo B/E receptor-mediated 

binding of hepatic membranes as compared to feeding SFA-rich diets. In 

addition, total and specific LDL binding of hepatic membranes in corn oil-

fed guinea pigs were significantly higher than that in lard-fed animals. 

In contrast, dietary fat quality had no effect on the affinity of the 

hepatic apo B/E receptor for LDL. Fernandez and McNamara (1989) concluded 

that the observed significant reduction in plasma total and LDL 

cholesterol levels was primarily due to an increase in total and specific 

receptor-mediated binding of LDL to hepatic membranes. This increase was 

a result of a 50% increase in hepatic apo B/E receptor number and not due 

to dietary fat quality-modification of the LDL particle and the affinity 

of the hepatic apo B/E receptor for LDL. 

The available data provide a theoretical metabolic scheme to 

explain the hypocholesterolemic effect of dietary PUFA. A decrease in 

plasma cholesterol level is followed by a reduction in LDL cholesterol 

levels and possibly VLDL and HDL. This reduction is mediated by changes 

in lipoprotein composition and metabolism and/or cholesterol metabolism. 

An increase in tissue cholesterol stores along with the enhanced clearance 

of LDL by receptor dependent mechanisms may explain the role of dietary 

fat quality in determining cholesterol homeostasis. The present study was 

conducted to investigate these possibilities. 
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CHAPTER 3 

MATERIALS AND METHODS 

Materials 

Radioactive materials, [4-14C] cholesterol (57.5 mCi/mmol), [G-3H] 

taurocholic acid (6.8 Ci/mmol), DL-hydroxy-[3-14C] methylglutaryl-coenzyme 

A (51.6 mCi/mmol), DL-[5-3H] mevalonic acid (48.6 mCi/mmol), [125I]Na(15.8 

mCi/^g of iodine) and the scintillation fluids, aquasol and liquiflor, 

were purchased from New England Nuclear Corporation, Boston, MA. 

Cholesterol and triglyceride enzymatic assay kits, cholesterol oxidase and 

cholesterol esterase were obtained from Boehringer Mannheim, Indianapolis, 

IN. DL-3-hydroxy-3-methylglutaryl coenzyme A, mevalonolactone, glucose-

6-phosphate, glucose-6-phosphate dehydrogenase, NADP, NAD, dithiothreitol, 

triton X-100, hydrazine hydrate, sodium cholate, Fiske-Subbarow reducer, 

O-dianisidine, and HEPES (N-2-hydroxyethylpiporazine-N'-2-ethanesulfonic 

acid) were obtained from Sigma Chemical Company, St. Louis, MO. E. coli 

alkaline phosphatase (40-43 U/mg) and 3a-hydroxysteroid dehydrogenase 

(0.81 U/mg) were purchased from Worthington Biochemicals Corporation, 

Freehold, NJ and 5a-cholestane and coprostanol from Steraloids 

Incorporated, Wilton, NH. Thin-layer chromatography plates for the 

determination of HMG-CoA reductase specific activity and Rhodamine G were 

supplied by Alltech Associates Incorporated, Deerfield, IL. Thin-layer 

chromatography plates for the determination of cholesterol in carcass were 

obtained from Analabs, North Haven, CT. Sodium dodecyl sulfate, 

electrophoresis reagents, and coomassie brilliant blue were purchased from 
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Bio-Rad Laboratories, Richmond, CA. Acetyl chloride, sodium fluoride, and 

bromophenol blue were obtained from Fisher Scientific Company, Fair Lawn, 

NJ. Chlorotrimethylsilane and hexamethyldisilazane were supplied by 

Eastman Kodak Company, Rochester, NY. Glycerol, ethylenedinitrilo-

tetraacetic acid (disodium salt), mercaptoethanol, sodium iodide were 

obtained from American Scientific .Products, Paris, KY. Ammonium molybdate 

was purchased from MCB Manufacturing Chemists Incorporated, Cincinnati, 

OH and pyridine was obtained from EM Industries Incorporated, Cherry Hill, 

NJ. Prepacked Sephadex G-25 columns were supplied by Pharmacia, Uppsala, 

Sweden. Fatty acid methyl ester standards RM-5 and RM-6 were purchased 

from Supelco Incorporated, Bellefonte, PA and heparin and aquacide III 

were obtained from Calbiochemicals Incorporated, La Jolla, CA. 

Instruments 

A Shimadzu gas chromatograph (GLC) for the analysis of sterols was 

equipped with a 50 m, 0.25 mm ID capillary column using a 0.2 micron film 

coat of SE-30 (Alltech Associates Incorporated, Deerfield, IL). The 

liquid scintillation counter (Packard Tri Carb 4000 series LSC) was 

obtained from United Technologies Packard, Downers Grove, IL. Shimadzu 

GC-8 for fatty acid analysis of diets was obtained from Shimadzu 

Corporation, Kyoto, Japan and a Spectra-Physics model 4270 integrator was 

supplied by Spectra-Physics, San Jose, CA. Spectrophotometer model DU-

30, ultracentrifuge model L8-70M, microfuge model B, and the rotors SW-

41, Ti 50, and JA-20 were obtained from Beckman Instruments Incorporated, 

Palo Alto, CA. Potter-Elvehjem homogenizer was supplied by Eberback 



32 

Corporation, Ann Arbor, MI. Protean II vertical slab unit and gel 

destainer model 556 were obtained from Bio-Rad Instruments, Richmond, CA. 

Rotary vacuum evaporator was purchased from Heidolph, Wheaton, W. Germany 

and autoclave was obtained from Wisconsin Aluminum Foundry Company, 

Manitowoc, WI. A refractometer was supplied by Max ERB Instrument 

Company, Los Angeles, CA and a Universal UV unit was obtained from Gel man 

Sciences Incorporated, Ann Arbor, MI. A gamma counter model 1272 was 

supplied by LKB-Wallac Clinigamma, Turku, Finland and a polytron 

homogenizer was obtained from Bankman Instruments, Westbury, NY. 

Animals and Diets 

Forty male Hartley guinea pigs (250 g body weight) were purchased 

from Harlan Sprague Dawley Incorporated (Indianapolis, IN) and were 

randomly divided into two dietary treatment groups. 

One group was fed a semi-synthetic diet containing corn oil (7.5% 

by weight) as a source of polyunsaturated fatty acids, the other group was 

fed a similar diet containing lard (7.5% by weight) as a source of 

saturated fatty acids. For both diets, the protein, carbohydrate, fiber, 

mineral, and vitamin contents were identical (Table 1). Diets were 

formulated and purchased from Research Diets Incorporated, New Brunswick, 

NJ. Table 2 presents the fatty acid composition of each diet. The ratios 

of polyunsaturated fat to saturated fat were 3.11 and 0.29 for the corn 

oil and lard diets, respectively. Since corn oil contains the plant 

sterol sitosterol and lard contains the animal sterol cholesterol, 

appropriate amounts of each sterol were added to the diets prior to 
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Nutrient Source Corn Oil 
wt (%) Cal (%) wt (%) 

Lard 
Cal (%) 

Carbohydrate Sucrose/ 
Corn Starch 50.8 58.0 50.8 58.0 

Protein Soy 20.5 23.0 20.5 23.0 

Fat Corn Oil or 
Lard 7.5 19.0 7.5 19.0 

Fiber Cellulose/ 
Guar Gum 12.5 — 12.5 — 

Minerals S20001a 7.5 — 7.5 — 

Vitamins V20001a 1.0 — 1.0 — 

Caloric Density (kcal/g)b 3.52 3.52 

Minerals and vitamin mixtures were formulated by Research Diets, Inc., 
to meet National Research Council requirements of the guinea pig. 
Vitamins were added to the diets as g/kg diet: vitamin A palmitate 
500,000 IU/g, 4.0; vitamin D3 400,000 IU/g, 0.25; vitamin E acetate 
500 IU/g, 10.0; menadione sodium bisulfite, 0.08; biotin 1.0%, 3.0; 
cyanocobalamin 0.1%, 1.0; folic acid, 0.6; niacin, 3.0; calcium 
pantothenate, 3.0; pyridoxine HC1, 0.6; riboflavin, 0.6; thiamin HC1, 
0.6; and L-ascorbic acid, 50.0 g/kg diet. Minerals were added to the 
diets as g/kg diet: calcium carbonate, 160.0; calcium phosphate, 
dibasic, 235.0; magnesium oxide, 45.0; potassium citrate monohydrate, 
420.0; potassium sulfate, 20.0; sodium chloride, 66.7; chromium 
potassium sulfate, 0.1; cupric carbonate, 0.14; potassium iodate, 0.02; 
ferric citrate, 4.0; manganous carbonate, 1.4; sodium selenite, 0.003; 
and zinc carbonate, 0.75. 

k Caloric distribution calculated using the values of Altman and Dittmer 
(1968). 
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Table 2. Fatty acids analysis of corn oil and lard diets. 

Diet 
Fatty Acid Corn Oil Lard 

% ---

C-9 . _ 0.09 
C-ll 0.13 
C-12 0.17 0.13 
C-13 0.42 0.09 
C-14 0.15 1.61 
C-15 0.09 0.06 
C-16 9.97 24.03 
C-16:1 0.15 3.07 
C-16:2 9.32 
C-17 0.11 0.39 
C-18 1.83 13.62 
C-18:1 22.18 42.26 
C-18:2 48.36 10.70 
C-18:3 1.06 1.21 
C-20 2.41 

SFA 18.92 42.43 
Mono 22.33 45.34 
PUFA 58.75 12.23 
P/Sa 3.11 0.29 

a Ratio of polyunsaturated fatty acids to saturated fatty 
acids. 
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pelleting to equalize their sterol contents (Table 3). The diets were 

provided ad libitum and animals had free access to water. All animals 

were housed (one animal per metabolic cage) in a laboratory maintained at 

22 - 24°C with 12 hours of light (7 AM - 7 PM) and 12 hours of darkness (7 

PM - 7 AM). 

Fattv Acid Analysis of Diets 

The percent fatty acid composition of corn oil and lard diets was 

determined according to the method of Link (1972). Samples (200-300 mg) 

of diet were placed in an Erlenmeyer flask, 6 ml 0.5 N methanolic NaOH 

added and samples heated until the sample hydrolyzed. Ten ml of boron 

trifluoride:methanol (12-14%; w/w) were added with continuous heating for 

2 minutes then sample flasks were allowed to cool by adding 20 ml 

deionized (DI) H20. Six ml carbon disulfide were added and flasks were 

shaken gently to extract methyl esters. The lower layer (carbon 

disulfide) was removed by pipetting and filtered through 10 g anhydrous 

sodium sulfate using Watman #5 paper. Filtrates were collected and stored 

at -20°C prior to gas liquid chromatographic analysis (Ackman, 1969). 

Gas chromatography was carried out using a glass chromatograph 

column (5 mm x 3 m) packed with 10% diethylene glycol succinate (DEGS) on 

80/100 chromosorb W-AW. All peaks were integrated using an electronic 

integrator. Gas chromatography conditions were: injector temperature 

250°C, column temperature 185°C, carrier gas N2, and a flame ionization 

detector (FID). Approximately 2 //I of each sample was injected and the 

fatty acid peaks were identified by comparison to fatty acid methyl ester 
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Table 3. Sterol content of corn oil and lard diets®. 

Diet 
Sterol (mg/g) Corn Oil Lard 

Cholesterol 0.073 ± 0.026 0.090 ± 0.029 

Sitosterol 0.382 + 0.036 0.385 ± 0.014 

Total plant sterols 0.557 + 0.049 0.479 ± 0.056 

aValues are means ± S.D. for 3 measurements. 
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standards RM-5 and RM-6. The RM-5 standard contained C8, CIO, C12, C14, 

C16, C18, C18:l, and C18:2 as 7, 5, 48, 15, 7, 3, 12, and 3% of the total 

fatty acid composition of the standard, respectively. The RM-6 standard 

composition was C14, C16, C16:l, C18, C18:l, C18:2. and C18:3 as 2, 30, 3, 

14, 41, 7, and 3%, respectively. The fatty acid distributions in the corn 

oil and lard diets were calculated as percent of total fat. 

Sterol Analysis of Diets 

Cholesterol, sitosterol, and total plant sterol content of the corn 

oil and lard diets were determined according to the method of Miettinen et 

al. (1965). One g diet samples; 2 mg coprostanol as an internal standard; 

and 20 ml IN NaOH in 90% ethanol were mixed and refluxed for 1 hour. Ten 

ml DI Hz0 were added and the sterols extracted with 3 x 60 ml hexane into 

round bottomed flasks and evaporated to dryness in a rotary vacuum 

evaporator. Samples were transferred to 15 ml conical tubes for synthesis 

of trimethylsilyl ethers by addition of 0.5 ml of trimethylsilyl (TMS) mix 

(pyridine, hexamethyl-disilazane, chlorotrimethylsilane, 9:3:1) and heated 

for 1 hour in a heated block at 65°C. Approximately 1 (il was used for GLC 

analysis and the sterol content was calculated on a mg/g basis. 

Gas Liquid Chromatography 

Gas liquid chromatography (GLC) was used to determine fecal neutral 

and acidic sterol excretion and tissue total cholesterol concentrations. 

The GLC was equipped with a SE-30 capillary column (50 m length, 0.25 mm 

ID, and 0.2 micron film thickness). The gas flow rates were 25, 50, and 
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250 ml/min for N2, H2, and air, respectively. All peaks were integrated 

by an electronic integrator. The GLC conditions were: range = 1, 

attenuation = 8, peak threshold = 100, minimum area = 5000, column limit 

= 295°C, detector temperature = 290°C, and injector temperature = 285°C. 

The amount of the unknown was calculated as: amount of known internal GLC 

standard x area of unknown/area of standard. The values were corrected 

using the percent recovery of the internal recovery standard. 

Tissue Sampling 

After 6-7 weeks on their respective dietary treatment, guinea pigs 

were anesthetized with diethyl ether and blood obtained by cardiac 

puncture. Blood was collected into tubes containing 1 mg ethylene 

diaminetetraacetate/ml blood. Blood samples were centrifuged at 1000 x 

g for 30 minutes at 4°C to obtain plasma. Gall bladders were removed for 

analysis of molar percentages of cholesterol, bile acids, and 

phospholipids and were stored at 4°C prior to analysis. Livers were 

removed and 2 gram samples were used for the enzymatic determination of 

total, free, and esterified cholesterol; for the LDL binding assays; and 

for total cholesterol analysis using a gas liquid chromatography method. 

The remainder of the liver was used for hepatic microsome isolation and 

analysis of the specific activity of HMG-CoA reductase (expressed and 

maximum activity of the enzyme). Heart, testes, lung, kidney, spleen, 

stomach and samples from adipose and muscle tissues were excised, and the 

content of intestine (small and large) were discarded. All tissues were 
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stored at 4°C until assayed for total cholesterol by gas liquid 

chromatography. 

Total Cholesterol Determination 

Plasma and biliary total cholesterol levels were determined 

according to the method of Allain et al. (1974) using a commercial 

enzymatic kit. In brief, the enzymatic analysis involves the conversion 

of cholesterol esters in the sample to free cholesterol by cholesterol 

esterase and the free cholesterol oxidized to cholest-4-en-3-one and 

equivalent amounts of hydrogen peroxide by cholesterol oxidase. In the 

presence of catalase, the hydrogen peroxide converts methanol to 

formaldehyde which reacts with ammonium ions and acetyl acetone in the 

Hantzsch reaction to form a yellow complex, 3,5-diacetyl-l,4-

dihydrolutidine. The optical density is determined at 500 nm against a 

blank in a Beckman model DU-30 spectrophotometer. A standard curve was 

constructed from certified standards of cholesterol (50, 100, 150, 200, 

300, and 400 mg/dl). 

Triglyceride Determination 

Plasma and lipoprotein triglyceride concentrations were measured 

colorimetrically by the method of Bucolo and David (1973) using a 

commercial enzymatic kit and a certified standard. The basis of the assay 

is as follows: In the presence of lipase/esterase plasma triglycerides 

are hydrolyzed to form free fatty acids and glycerol which in turn is 

phosphorylated by glycerol kinase. The glycerol-3-phosphate formed reacts 

with NAD+ to form dihydroxyacetone phosphate, NADH, and H+. The NADH and 
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H+ react with 3-(4,5-dimethyl thiazolyl-2)-2,5 diphenyl tetrazolium bromide 

(MTT) yielding the reduced form (MTT.H). The reduced MTT is measured at 

560 nm against a blank in a Beckman model DU-30 spectrophotometer. 

Phospholipid Determination 

Plasma, lipoprotein, and biliary phospholipids were assayed as 

described by Bartlett (1959). Approximately 0.5 ml samples were preheated 

at 150°C for 20 minutes and were hydrolyzed at 150°C for 3 hours after 

addition of 0.5 ml of 10 N H2S04. Sixty of 30% H202 was added and the 

samples were heated at 150°C for 1.5 hours. Then 4.6 ml of ammonium 

molybdate 0.22% solution and 0.2 ml of Fiske-Subbarow reducer were added. 

Samples were placed in a boiling water bath for 7 minutes and absorbance 

was measured at 830 nm against a blank in a Beckman spectrophotometer 

model DU-30. Phosphate concentrations were determined by comparison to 

a standard curve of 0 to 200 nmoles/ml Na3P04. 

Protein Determination 

Protein concentrations of VLDL, LDL, and HDL fractions, and of 

hepatic microsomes and membranes were determined according to the method 

of Lowry et al. (1951) as modified by Markwell et al. (1978). Protein in 

samples reacted with copper in alkaline medium. The products formed were 

used to quantitatively reduce a phosphomolybdic-phosphotungstic reagent. 

The blue color complex was read at 660 nm against a blank in a Beckman DU-

30 spectrophotometer. A standard curve was constructed using crystallized 

and lyophilized bovine serum albumin. 
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Separation of Plasma Lipoproteins 

Plasma lipoproteins were isolated according to the method of Havel 

et al. (1955). Approximately 8-10 ml plasma from each guinea pig were 

used to sequentially separate the lipoproteins using specific density 

cuts. Unless otherwise specified, density cuts were: VLDL d < 1.006 

g/ml, IDL d 1.006-1.0190 g/ml, small LDL d 1.019-1.055 g/ml, LDL d 1.055-

1.095 g/ml, and HDL d 1.095-1.210 g/ml. Densities were adjusted using the 

formula: (A • Y) + (B • Z) = (A + B)X, where: A = volume of sample, B = 

volume of salt solution, Y = density of sample, Z = density of salt 

solution, and X = desired final density. Samples were centrifuged for 24 

hours at 104,000 x g at 15°C using a Ti 50 rotor in a Beckman model L8-70 

ultracentrifuge. Each lipoprotein fraction was isolated and dialyzed for 

24 hours in a 0.9% NaCl -0.08% ethylenediamineteteraacetic acid solution 

at pH 7.4. Each fraction was used to determine total and free 

cholesterol, triglyceride, protein, and phospholipid concentrations. The 

remainder was stored at 4°C prior to sodium dodecyl sulfate-polyacrylamide 

gel electrophoresis (SDS-PAGE) assays. 

Identification of Plasma Lipoproteins 

The SDS-PAGE, as described by Laemmli (1970), was employed to 

analyze the apolipoprotein composition of VLDL, LDL and HDL. A gradient 

slab gel of 4.5 to 20% acrylamide with a 4.48% stacking gel was used to 

separate the apolipoproteins. Protein levels in VLDL, LDL and HDL were 

determined prior to electrophoresis. Approximately 20-30 ng protein was 

applied to the gel. Aliquots of lipoprotein fractions were incubated with 
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sample buffer (50 mM Tri-HCl, 1% sodium dodecyl sulphate, 0.01% bromphenol 

blue, 2% mercaptoethanol, and 30% glycerol) at 37°C overnight. Samples 

were applied to the gel and run on a Bio-Rad model Protean II vertical 

slab unit. 

The gels were run at a constant current of 25 mA for approximately 

6 hours or until the front was within 1.5 cm of the bottom. Gels were 

stained overnight with 0.25% Coomassie Brilliant Blue to visualize the 

protein bands. Gels were destained in 7.5% acetic acid and 5% methanol 

with continuous stirring using a Bio-Rad gel destainer Model 556. The 

apolipoprotein bands were identified by comparing their migration through 

the gel with that of known molecular weight proteins using molecular 

weights estimated for guinea pig apolipoproteins reported by Guo et al. 

(1977). 

Density Gradient Ultracentrifuaation 
of Plasma Lipoproteins 

Plasma lipoproteins were separated using density gradient 

ultracentrifugation as described by Redgrave et al. (1975). A 2 ml plasma 

sample was placed in an ultracentrifuge tube and the density was adjusted 

to 1.21 g/ml using 0.675 g dry NaBr. A step gradient was formed using 

1.9, 3.7, 3.1, and 0.9 ml of solutions with density 1.210, 1.063, 1.019, 

and 1.006 g/ml, respectively. Samples were centrifuged in a SW-41 rotor 

for 24 hours at 100,000 x g and 14°C. Samples were fractionated using a 

Beckman Fractionation System. Approximately 24 fractions were obtained 

from each sample. Total cholesterol was determined in each fraction 

according to the method of Allain et al. (1974). A refractometer was 
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used to check the densities of the fractions. The refractive index was 

converted to density (g/ml) as described by Lindgren (1975). 

Total. Free, and Esterified 
Cholesterol Determination in Lipoproteins 

The VLDL, LDL, and HDL fractions were assayed for total, free, and 

esterified cholesterol according to the method of Sale et al. (1984). 

One ml of reagent A (100 mM Tris-HCl, 3 mM sodium cholate, 0.5% Triton X-

100, 0.2 IU/ml horseradish peroxidase, 0.125 IU/ml cholesterol oxidase, 

and 0.1 mg/ml 0-dianisidine) was added to 0.2 ml samples and incubated 

for 5 minutes at 37°C. Free cholesterol was read at 500 nm against a 

blank. To obtain total cholesterol, reagent A and cholesterol esterase 

(0.125 IU/ml) was added and samples were incubated for 30 minutes at 37°C. 

Total cholesterol was read at 500 nm against a blank. The cholesteryl 

ester was calculated as the difference between total and free cholesterol. 

To correct for the molecular weight of the cholesteryl ester, a factor of 

1.7 was used in the calculations. 

Sterol Balance Measurements 

Net sterol balance was measured according to the equation: input 

= output. The input was derived from two sources; exogenous and 

endogenous. The exogenous source is dietary cholesterol intake, the 

endogenous source is whole body cholesterol synthesis. The output con

sists of the total fecal sterol excretion of neutral sterols and bile 

acids. Since the guinea pig is a rapidly growing animal, a steady state 

balance status (i.e. no net tissue flux of cholesterol) can not be 
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reached. In-growing animals it is necessary to measure the rate of daily 

net tissue accumulation of cholesterol during the sterol balance period 

as described by McNamara (1984). Failure to account for net tissue 

accumulation leads to underestimation of daily sterol synthesis rates 

during sterol influx (McNamara et al., 1982) and overestimation when 

sterol efflux occurs (Proia et al., 1979). Cholesterol synthesis was 

calculated as total fecal sterol excretion + net tissue accumulation -

dietary cholesterol intake. Net tissue accumulation was calculated as: 

body weight gain (g/day) x whole body cholesterol concentration (mg/g) 

and all sterol balance data are presented as mg/kg body weight per day. 

Prior to the feeding period, animals were adapted to their 

respective diets. They were fed their diets mixed with a regular Wayne 

chow diet obtained from Wayne Research Animals Diets, Chicago, IL (1:1; 

w/w) for 4 days and fed another mixture (1 part chow:3 parts diet) for 5 

days. Prior to the sterol balance measurements, animals were fed corn 

oil or lard diets for 12 days and transferred to metabolic cages that 

allow measurements of daily food intake and fecal output. In the 

metabolic cages, animals were fed their respective diets for 3 weeks and 

measurements of body weight gain, food intake, and fecal output were 

recorded. Feces were collected for three 3-day pool periods, dried using 

a vacuum oven, powdered in a food grinder and stored at 4°C until analyzed. 

Fecal Neutral Sterol Analysis 

Analysis of fecal neutral sterols was carried out as described by 

McNamara et al. (1981). Approximately 1 g dry feces was extracted with 
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90 ml absolute ethanol by soxhlet extraction for 48 hours. Internal 

recovery standards, 2 x 104 dpm [4-14C]cholesterol to correct for fecal 

neutral sterols and 17 x 104 dpm of 3H-taurocholate to correct for fecal 

acidic sterols, were added. Samples were saponified at 100°C following 

addition of 2 ml 10 N NaOH and 18 ml DI H20. The non-saponifiable fraction 

was extracted with 3 x 50 ml hexane and extracts were evaporated on a 

rotary vacuum evaporator. Samples were redissolved with 3 x 4 ml hexane, 

dried under N2, and backwashed with 4 ml 50% ethanol to remove traces of 

fatty acids. Samples were centrifuged at 500 x g for 10 minutes and the 

upper phase was removed and dried under N2. Two mg of the GLC internal 

standard, 5a-cholestane, were added and samples were evaporated under N2. 

In order to convert free hydroxyl groups to trimethylsilyl ethers, 0.4 ml 

of TMS solution were added and samples heated at 65°C for 1 hour to 

attain maximum sillylation. An aliquot was taken for measurement of [4-

14C]cholesterol to determine percent recovery. The scintillation fluid 

used was liquiflor. One was injected for GLC and total fecal neutral 

sterol excretion was calculated as mg/kg per day. The percent recovery 

of [4-14C]cholesterol standard was 85% +9 (n = 21) and 86% + 8 (n = 21) 

in corn oil and lard fed guinea pigs, respectively. 

When the percent recovery of sitosterol was higher than 100%, feces 

samples obtained from corn oil and lard fed guinea pigs were reanalyzed. 

The TLC and GLC analysis of fecal neutral sterols as described by McNamara 

et al. (1981) was used. Three distinct bands were seen on the TLC plates 

and were designated fractions I, II, and III and had the mobilities of 

coprostanone, coprostanol, and cholesterol, respectively. These fractions 
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were analyzed for their sterol contents by GLC. Fraction III contained 

campesterol, while fraction II contained methylcoprostanol. Campesterol 

and methylcoprostanol had the same RRTS, 1.98 (Table 4). Therefore, 

campesterol was overlapping with ethylcoprostanol which in turn increased 

the percent recovery of sitosterol. When the campesterol peak was not 

included in the calculations, the percent recovery of sitosterol was 106 

+ 10 and 104 ± 13 for corn oil and lard fed guinea pigs, respectively. 

Therefore, no corrections in the fecal neutral sterol excretion due to 

the bacterial breakdown in the intestine were needed. 

Fecal Acidic Sterol Analysis 

Analysis of fecal acidic sterols (bile acids) was performed 

according to the method of Grundy et al. (1965). After removal of fecal 

neutral sterols, samples were saponified following addition of 2 ml 10 N 

NaOH and 2 ml H20 in an autoclave at 15 psi for 3 hours. Samples were 

acidified to pH 2 using 11.6 M HC1, the bile acids extracted with 3 x 60 

ml ethyl acetate, and evaporated using a rotary vacuum evaporator. After 

methylation of the carboxylic acid group using 1 ml of methanol and 0.1 

ml of acetyl chloride, 1 ml TMS solution was added to form TMS ethers of 

bile acids. Samples were washed with 4 ml hexane and 4 ml 0.1 M HC1 and 

centrifuged at 500 x g for 10 minutes after adding 2 ml 1 M NaOH. The 

resulting organic layer was washed with 4 ml DI H20. The upper layer was 

dried under N2. Two mg of 5a-cholestane as a GLC internal standard were 

added. An aliquot was taken for measurement of 3H-taurocholate to 

determine percent recovery. The scintillation fluid used was aquasol. 
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Table 4. Relative retention time of fecal neutral and acidic sterols to 
5a-cholestane. 

Fecal Neutral Sterols RRT5 
(Structure based on changes or 
additions to 5a-Cholestan-3/3-ol) 

Fecal Acidic Sterols RRTS 
(Structure based on 
additions to 5/3-cholanic acid) 

C27 Steroids: 
5 /3-H 1.41 
5/3-H,3-one 1.46 
A5 1.64 
5a-H 1.67 
A5'24 1.74 
A5'7 2.59 

C28 Steroids: 
5/3-H,24a-methyl 1.69 
A5 -24a-methyl 1.98 
A7 -4a-methyl 2.02 

C29 Steroids: 
5 /3-H ,A22 -  24a-ethyl 1.80 
5 /3-H,24a-ethyl 1.98 
A5,trans-22_24a_ethyl 2. 10 
As -24a-ethyl 2.34 
24a-ethyl 2.38 

4,4,14a-
trimethyl 2.14 

3a-ol 1.59 
3a,12a-diol 1.79 
3a,6jS-diol 1.85 
3a,7a-diol 1.86 
3a,7a,12a-triol 1.93 
3a,7 /3-diol 1.99 
3a,6a,7a-triol 2.22 
3a-ol-12-one 2.23 
3a-ol-7-one 2.24 
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Approximately 2 /jl were injected into a GLC and total fecal bile acids 

was calculated as mg/kg per day. The percent fractional recovery of 3H-

taurocholate standard was 48% + 6 (n = 21) and 46% + 5 (n = 21) for corn 

oil and lard fed guinea pigs, respectively. The relative retention time 

to 5a-cholestane of fecal neutral and acidic sterols are presented in 

Table 4 (McNamara et al., 1981). 

Determination of HMG-CoA Reductase 
Specific Activity in Hepatic Microsomes 

Liver microsomes were prepared as described by Shapiro and Rodwell 

(1971). Freshly isolated liver was blotted dry and all connective tissues 

removed. Livers were weighed and placed in 50 ml ice-cold homogenization 

buffer (50 mM KH2P04, 100 mM sucrose, 50 mM KC1, 30 mM EDTA, 2 mM 

dithiothreitol, pH 7.2). To determine expressed activity of HMG-CoA 

reductase, the homogenization buffer contained 50 mM NaF in place of the 

KC1 to inhibit endogenous phosphatase activity. Liver aliquots were cut 

into pieces, passed through a tissue press into homogenization buffer (2.5 

ml/g) and homogenized with 5 strokes of a tight fitting Teflon pestle 

Potter-Elvehjem homogenizer. Homogenates were centrifuged at 700 x g for 

5 minutes in a JA-20 rotor and followed immediately by centrifugation at 

12,000 x g for 20 minutes. The resulting supernatant was centrifuged at 

12,000 x g for 20 minutes. The obtained mitochondrial-free supernatant 

was centrifuged at 104,000 x g for 1 hour at 4°C and the microsomal pellet 

was resuspended in homogenization buffer (0.5 ml/g liver) by gentle 

homogenization using a Potter-Elvehjem homogenizer. Resuspended pellets 

were frozen at -70°C in liquid N2. 
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Determination of the expressed activity of HMG-CoA reductase was 

performed according to the method of Shapiro et al. (1974). Microsomal 

protein concentration was determined according to a modified Lowry 

procedure (Markwell et al., 1978). Approximately 1 mg protein was used 

per assay. Samples were preincubated at 37°C for 5 minutes and 50 (A of 

cofactor-substrate solution: 4.5 pinole glucose-6-phosphate, 3.6 ^mole 

EDTA, 0.45 ̂ mole NADP+, 0.3 IU glucose-6-phosphate dehydrogenase, 50 nmole 

of DL-hydroxymethyl [3-14C] glutaryl CoA (specific activity 7.5 dpm/pmole), 

and [5-3H] mevalonic acid (20,000 dpm) was added. The [5-3H] mevalonic 

acid was used as an internal recovery standard. After 15 minutes at 37°C, 

incubations were terminated by adding 25 //I of 10 N HC1. To permit 

mevalonic acid to lactonize, samples were incubated at 37°C for 45 minutes 

and then were centrifuged for 1 minute in a Beckman Microfuge B to 

sediment denatured protein. Approximately 100 jul of the protein-free 

supernatant was applied to activated (heated at 100°C for 1 hour) thin-

layer chromatography sheets and plates were developed in benzene:acetone 

(1:1, v/v) and air dried. The region Rf 0.6-0.9 was scraped and added to 

5 ml of aquasol and counted for both 3H and 14C. Raw 14C data were 

corrected by use of the [5-3H] mevalonic acid internal standard. Expressed 

enzyme activity was calculated as picomoles mevalonate synthesized per min 

per mg protein (pmoles/min per mg). 

Determination of the maximum activity of HMG-CoA reductase was 

carried out as described by Brown et al. (1979). E. coli alkaline 

phosphatase, 10 units, was used per assay. Approximately 45 ^g protein 

was used in the incubation mixture in the presence of NaCl in the 



50 

incubation buffer. All steps for determining expressed activity of the 

enzyme were followed. Maximal enzyme activity was also measured as 

picomoles/min per mg protein. 

For the expressed activity assays, the analytical percent recovery 

of [5-3H] mevalonate standard was 75% ± 3 (n = 15) and 75% + 6 (n = 15) for 

corn oil and lard fed guinea pigs, respectively. For the maximum activity 

assays, the analytical percent recovery of [5-3H] mevalonate standard was 

90% ± 7 (n = 15) and 89% + 6 (n = 15) for corn oil and lard fed groups, 

respectively. 

Determination of Tissue 
Cholesterol Concentrations 

Tissue cholesterol concentrations were determined according to the 

method of Liu et al. (1976). Samples from liver, heart, kidney, testis, 

muscle, adipose, lung, intestine (small and large), stomach, and spleen 

tissues (approximately 1 g) were dissolved in 10 ml of KOH-methanol 

(1:3.5; w/v), 300 nq of coprostanol was used as an internal recovery 

standard and samples saponified for 2 hours at 70°C with occasional 

stirring. The non-saponifiable fraction was extracted with 3 x 20 ml 

hexane and evaporated to dryness on a rotary vacuum evaporator. The dried 

materials were transferred to 15 ml conical glass tubes with 3 x 3 ml 

hexane and evaporated under N2. To derivatize the free hydroxyl groups, 

0.2 ml of TMS solution was added as previously described for neutral 

sterols. One ̂ 1 was injected into a 6LC as described for neutral sterols. 
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The amount of cholesterol in samples was determined on mg/g wet weight of 

tissue and mg/organ basis. 

Determination of Carcass 
Cholesterol Concentrations 

Carcass total cholesterol concentration in the guinea pig was 

determined according to the method of Liu et al. (1976). Remaining 

carcasses were dissolved in 30% KOH in methanol to a final volume of 1 

liter. Approximately 1 ^Ci of [4-14C] cholesterol was used as an internal 

recovery standard. Dissolved carcasses were saponified at 70°C for 3 hours 

and a 5 ml sample taken for analysis. To the 5 ml sample, 20 ml of 50% 

ethanol was added and the non-saponifiable fraction was extracted with 5 

x 20 ml petroleum ether. Extracts were dried using a rotary vacuum 

evaporator, transferred to 15 ml conical glass tubes using 3 x 4 ml 

petroleum ether and dried under N2. Then 0.5 ml hexane was added and thin-

layer chromatography (TLC) was used to isolate the cholesterol. The TLC 

plates (Anasil G, 500 microns layer, 20 x 20 cm) were activated for 1 hour 

at 100°C. Samples were spotted along with a cholesterol standard at a 

concentration of 15 mg/ml in hexane and plates were developed in 

hexane:diethyl ether:glacial acetic acid (70:30:2). Plates were air dried 

and the cholesterol standard area was visualized by spraying with 

Rhodamine G. The cholesterol area was visualized with a universal UV 

unit. The area corresponding to cholesterol was scraped and eluted by 

hirsh funnel and the extracts were dried using a rotary vacuum evaporator. 

A known amount of 5a-cholestane added and samples were dried under N2. 

Approximately 0.2 ml of TMS solution was added and samples were heated for 
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1 hour at 65°C to obtain maximum sillylation. Aliquots of 50 /il were taken 

for analysis of radioactivity content for determination of the percent 

recovery of [4-14C] cholesterol standard. The scintillation fluid used was 

liquiflor. One a*1 was injected into a GLC and carcass cholesterol 

concentration was calculated as mg/total carcass. Total carcass 

cholesterol concentration (mg/g) was determined by adding the total tissue 

cholesterol concentrations (mg/organ) to the carcass cholesterol and 

dividing by the final body weight. 

Determination of Total. Free, and 
Esterified Cholesterol in Liver 

Total, free and esterified form of cholesterol in the liver were 

determined according to the method of De Hoff et al. (1978). Approxi

mately 1 g liver samples were extracted with 15 ml chloroform-methanol 

(2:1; v/v) (Folch et al., 1957) after homogenization. Aliquots (0.3 ml) 

from the extraction were allowed to dry for 24 hours and taken up in 50 

^1 of 50% Triton X-100 solution for analysis of cholesterol. A 0.8 ml of 

reagent A (Tris-HCl buffer, pH 6.6, 0.1 M; Triton X-100, 0.5%; sodium 

cholate, 3 mM; horseradish peroxidase, 0.2 U/ml; 0-dianisidine; and 

cholesterol oxidase, 0.125 U/ml) was added with and without the addition 

of cholesterol esterase (0.125 U/ml) for the determination of total and 

free cholesterol, respectively. For the analysis of total cholesterol, 

samples were incubated at 37°C for 35 minutes, whereas for analysis of free 

cholesterol, samples were incubated for 10 minutes at 37°C. The difference 

between total and free cholesterol was calculated as the ester portion of 

cholesterol. Samples were read at 500 nm against a blank and concentra
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tions determined relative to a standard curve obtained using commercial 

standards. 

Molar Percent Determination of 
Cholesterol:Bile Acids:Phospholipids in Bile 

Gall bladder contents from guinea pigs were removed and stored at 

4°C until analysis. Total cholesterol was determined by enzymatic analysis 

(A1lain et al., 1974). 

Total bile acids in bile was assayed by the enzymatic method of 

Turley and Dietschy (1978). Bile was diluted with methanol (1:4; v/v) and 

0.1 ml samples were used in the incubation mixture which consisted of 

Tris-HCl buffer at pH 9.5, hydrazine hydrate, NAD+ solution, and 0.2U of 

3a-hydroxysteroid dehydrogenase. Reaction mixture was incubated at 30°C 

for 1 hour. Total bile acids in samples were measured at 340 nm. A 

standard curve was constructed using 0, 0.25, 0.50, 1.00, and 1.50 nW Na-

deoxycholate. 

Phospholipid content of bile was measured by the method of Bartlett 

(1959) as described above. Total cholesterol, bile acids, and phospholip

ids levels in bile were converted to molar percent and presented as ̂ mole-

/ml. The molecular weights used for calculating the molar percent of 

cholesterol, bile acids, and phospholipids were 386.5, 414.6, and 163.9, 

respectively. 

Preparation of Liver Membrane 
for LDL Binding Assays 

All steps in the preparation were carried out at 4°C following the 

method of Kovanen et al. (1979). Approximately 2 gram fresh liver samples 
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were placed in 10 ml ice-cold buffer A (150 mM Tris-HCl, 1 mM CaCL2, pH 

7.5). Samples were homogenized with two 10 second pulses of a Polytron 

homogenizer. The homogenates were centrifuged at 500 x g for 15 minutes. 

The resulting supernatant was centrifuged at 100,000 x g for 60 minutes. 

The resulting pellet was resuspended in 6 ml buffer A by flushing 10 times 

through a 22 gauge needle and was resedimented at 100,000 x g for 60 

minutes. The resulting pellet was rapidly frozen and held at -70°C in 

liquid N2 until the binding assays were performed. 

Iodination of Low Density Lipoprotein 

The LDL from chow fed guinea pig obtained by density fractionation 

(1.022 - 1.097 g/ml) was radiolabeled with [125I] using the iodine mono-

chloride method as described by McFarlene (1958) and modified by Goldstein 

et al. (1983). Approximately 2 mg of LDL and 1 mCi Na-[12SI] in 0.1 ml 

of glycine buffer (2M, pH 10) were used in the iodination. Fresh IC1 

solution was prepared by adding 108 mg NaI03, 2 ml H20, 150 mg Nal, and 8 

ml 6 N HC1. This mixture was diluted to 45 ml and extracted with CC1A and 

diluted again with 2 M NaCl to a final concentration of 0.83 mM. A 

prepacked Sephadex G-25 column was used to separate the iodinated LDL 

from the free [125I]. The iodinated LDL fractions were collected and 

dialyzed against 0.9% NaCl and 0.01% EDTA at pH 7.2, for 24 hpurs at 4°C. 

Aliquots of iodinated LDL were assayed for protein by a modified lowry 

method (Markwell et al., 1978). Protein content of [12SI]-LDL was 0.33 

mg/ml. Radioactivity of [12SI]-LDL was determined using a gamma counter. 
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The binding measurement of [125I]-LDL to liver membrane were carried out 

within 2 weeks from day of checking the iodination. 

LDL Binding to Liver Membranes 

In vitro binding of LDL to guinea pig liver membranes was 

determined according to the method of Rudling and Peterson (1985). The 

frozen membrane pellets were thawed and resuspended in buffer B (100 mM 

NaCl, 50 mM Tris-HCl, 0.5 mM CaCL2, 20 mg/ml bovine serum albumin (BSA), 

pH 7.5) by flushing through a 22 gauge needle. Protein content was 

assayed according to a modified Lowry method (Markwell et al., 1978). 

Approximately 0.2 mg protein was used and all assays were performed in 250 

m1 polyethylene tubes in a final volume of 0.2 ml. Approximately 15 ng 

of [1Z5I]-LDL was used per assay and was incubated for 2 hours on ice. 

Filters (0.1 mm) were prepared by soaking in buffer C (100 mM NaCl, 50 mM 

Tris-HCl, 0.5 mM CaCL2, 0.1 mg/ml BSA, pH 7.5) for 20 minutes and were 

placed in holders in a sample manifold. One ml of neonatal bovine serum 

was passed through the filters followed by 2 ml of buffer C. Two aliquots 

(75 f/I of the incubation mixture) were passed through 2 different filters. 

Each well was washed with 3 ml of buffer C eight times. Two ml buffer D 

[50 mM NaCl, 10 mM Hepes (N-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic 

acid), pH 7.5] containing heparin (10 mg/ml) were added to one filter and 

2 ml of buffer D with equivalent amount of DI H20 were added to another 

filter and incubated for 20 minutes at 25°C. Buffer D without heparin 

reflected the total binding of [125I]-LDL to the liver membrane. Suction 

was applied and filters were removed and radioactivity was determined 
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using a gamma counter. Buffer D with heparin reflected the non-specific 

binding of [125I]-LDL to liver membrane. The difference between the total 

and non-specific binding represents the specific binding of [125I]-LDL to 

the liver membrane. 

Statistical Analysis 

Data are presented as means ± 1 standard deviation. Statistically 

significant differences between the corn oil and lard diet fed groups were 

determined by Student's t-test for unpaired samples using a two-tailed 

statistical analysis (Ott, 1984). 
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RESULTS 

Effects of Dietary Fat Quality on Growth 

The effects of feeding a corn oil or lard containing semi-synthetic 

diet on initial and final body weights, growth rate, and feed consumption 

in the guinea pig are presented in Table 5. No significant differences 

were observed in initial and final body weights or feed consumption. 

Although there was a slight increase in the growth rate in the lard group, 

this increase was not statistically significant. 

Effects of Dietary Fat Quality on 
Plasma Lipids and Lipoproteins 

Plasma Lipids 

Plasma samples obtained from guinea pigs fed corn oil or lard diets 

were analyzed for total cholesterol, triglycerides, and phospholipids 

(Table 6). Plasma total cholesterol concentrations were 33.6% lower in 

corn oil fed animals compared to guinea pigs fed lard (P < .0001). Plasma 

triglyceride levels in corn oil fed guinea pigs were 39.5% lower than that 

in the lard fed group (P < .0001). Although plasma phospholipid levels 

in corn oil fed group were lower than that in the lard fed group, this 

decrease was not significant. 

Identification of 
Plasma Lipoproteins 

Plasma lipoproteins were fractionated by a sequential floatation 

ultracentrifugation method. The VLDL was obtained at d < 1.006 g/ml, IDL 
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Table 5. Body weights, growth rates, and feed consumption in guinea 
pigs fed corn oil and lard diets". 

Dietary Treatment 
Parameters Corn oil Lard 

Initial body weight (g) 412.0 ± 61.0 418.7 ± 44.6 

Final body weight (g) 454.1 ± 61.3 468.4 ± 50.1 

Body weight gain (g/day) 4.7 ± 0.3 5.5 ± 1.6 

Feed consumption (g/day) 20.2 ± 0.8 20.9 ± 3.1 

aValues are mean + S.D. for n = 7. 
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Table 6. Plasma lipids in guinea pigs fed corn oil and lard diets8. 

Plasma lipids Dietary Treatment D „alll_b 
(mg/dl) Corn oil Lard f-vaiue 

Total cholesterol 53.9 ± 10.3 81.2 ± 7.3 < .0001 
(n = 15) 

Triglycerides 142.4 + 24.2 235.2 + 24.2 < .0001 
(n = 16) 

Phospholipids 343.7 + 90.4 476.0 ± 80.7 N.S. 
(n = 3) 

aValues are mean + S.D., number of samples given in parantheses (duplicate 
analysis). 

bN.S. = not significant. 
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at d 1.006-1.019 g/ml, small LDL at d 1.019-1055 g/ml, LDL at d 1.055-

1.095 g/ml, and HDL at d 1.095-1.210 g/ml. These fractions were analyzed 

by SDS-PAGE and no significant changes were noticed in the apolipoprotein 

composition of lipoprotein fractions obtained from corn oil or lard fed 

animals. The apolipoprotein composition of the isolated lipoprotein 

fractions showed that there was a small portion of apo B present in the 

HDL fraction. The presence of apo B in the HDL fraction led to the use 

of density gradient ultracentrifugation method for the determination of 

possible modified density cuts of guinea pig plasma lipoproteins. 

Density Gradient Ultracentri
fugation of Plasma Lipoproteins 

Plasma lipoprotein profiles obtained from guinea pigs fed corn oil 

or lard diets are presented in Figure 1. Fractions 1-6, 7-15, and 16-25 

represent VLDL, LDL, and HDL fractions, respectively. The density of each 

fraction was determined and modified density cuts were obtained. For VLDL 

+ IDL at d < 1.019 g/ml, LDL at d 1.019 - 1.100 g/ml, and HDL at d 1.100 -

1.300 g/ml. The densities of fractions obtained from corn oil or lard 

fed guinea pigs were compared. The peak of the LDL fraction of corn oil 

fed guinea pigs had a higher density than the peak of the LDL fraction of 

lard fed group (1.085 g/ml ± 0.050, n = 3 vs. 1.076 g/ml + 0.002, n = 3, 

P < .05). 

Plasma Lipoproteins 

Total cholesterol levels in VLDL, LDL, and HDL are presented in 

Table 7. Dietary PUFA caused 38.7% and 43% reductions in VLDL and LDL 
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Fig. 1. Density gradient fractionation of plasma lipoproteins (VLDL + 
IDL, LDL, and HDL) of guinea pigs fed corn oil and lard diets8. 

a 3 animals in each group, analysis done in duplicate. 



Table. 7. Concentration and percent composition of plasma lipoproteins in guinea pigs fed corn oil and 
lard diets3. 

Lipoprotein: VLDL LDL HDL 
Diet: Corn Oil Lard Corn Oil Lard Corn Oil Lard 

Total cholesterol (mg/dl) 8.4 + 0.7 13.1 
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total cholesterol concentrations, respectively. Dietary fat quality had 

no significant effect on HDL levels of total cholesterol. 

Composition of Plasma 
Lipoproteins 

In order to determine the effects of dietary fat quality on the 

chemical composition of plasma lipoproteins, the percent composition of 

VLDL, LDL, and HDL obtained from corn oil and lard fed guinea pigs was 

analyzed by determining free cholesterol, cholesteryl ester, triglyceride, 

protein, and phospholipid contents (Table 7). The quality of the dietary 

fat did not significantly change the percentage of free cholesterol and 

protein in VLDL, LDL, and HDL fractions. In contrast, the percentage of 

cholesteryl ester in VLDL and LDL fractions from corn oil fed animals was 

lower than that in VLDL and LDL fractions from the lard fed group (P < .02 

and P < .005, respectively). However, the percentage of triglycerides in 

VLDL fraction obtained from the corn oil fed group was higher (P < .02) 

compared to that in the VLDL fraction obtained from lard fed animals. The 

phospholipid content in the LDL fraction from corn oil fed group was 

higher (P < .05) than that in LDL obtained from lard fed animals. 

The ratio of surface components (free cholesterol, protein, and 

phospholipid) to the core components (cholesteryl ester and triglyceride) 

in VLDL, LDL, and HDL fractions was calculated (Table 7). Dietary PUFA 

increased the surface to core ratio of LDL (P < .02) as compared to LDL 

obtained from saturated fat fed animals. No significant changes were 

found in the surface to core ratio of VLDL and HDL fractions obtained from 

corn oil or lard fed guinea pigs. In addition, the ratio of cholesteryl 
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ester to protein ratio in VLDL, LDL, and HDL fractions were also 

calculated and no significant difference was observed in the ratio of 

cholesteryl ester to protein in VLDL and HDL. In contrast, dietary PUFA 

significantly reduced the ratio of cholesteryl ester to protein in LDL 

(1.74 + 0.07, n = 3 vs. 2.15 + 0.13, n = 3; P < .01). These changes in 

the ratio of surface to core components and the ratio of cholesteryl ester 

to protein along with alterations in the peak densities of LDL are 

consistent with a corn oil diet mediated reduction in the size of the LDL 

particles relative to the lard diet. These data are an indication that 

the hypocholesterolemic effect of dietary PUFA is mediated through 

alterations in the relative proportions of the lipoprotein constituents. 

Effects of Dietary Fat Quality 
on Sterol Metabolism 

Sterol Balance 

Sterol balance studies were conducted to determine whether dietary 

PUFA exert a hypocholesterolemic action through alterations in the rate 

of the daily whole body cholesterol synthesis. Sterol balance data (fecal 

neutral and acidic sterol excretion, dietary cholesterol intake, net 

tissue accumulation, and daily cholesterol synthesis) were measured in 

both corn oil and lard fed guinea pigs (Table 8). Dietary fat quality 

did not induce any changes in total fecal neutral sterol excretion. The 

percentage recoveries of sitosterol for fecal neutral sterols were similar 

in corn oil and lard fed guinea pigs (125.3% ± 8.8, n = 7 vs. 121.7% + 

15.4, n = 7). Therefore, no corrections in the fecal neutral sterol 

excretion due to the bacterial breakdown in the intestine were needed. 
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Table 8. Sterol balance data in guinea pigs fed corn oil and lard diets8. 

Sterol balance parameters Dietary Treatment 
(mg/kg per day) Corn oil Lard 

Fecal neutral sterols 19.2 ± 4.2 19.6 ± 1.5 

Fecal acidic sterols 12.8 ± 0.9 12.4 ± 3.3 

Total fecal sterols 32.0 ± 5.2 32.1 ± 5.7 

Dietary cholesterol intake 3.7 ± 0.9 4.1 ± 1.1 

Net tissue cholesterol 
accumulation 23.6 ± 6.1 23.2 ± 13.2 

Daily cholesterol synthesis 51.9 ± 12.2 51.2 ± 20.2 

aValues are mean + S.D. for n = 7. 



66 

There were no significant differences in the fecal acidic sterol excretion 

due to the quality of the dietary fat (Table 8) nor in total fecal sterol 

excretion (fecal neutral plus acidic sterols). 

Although dietary cholesterol intake (mg/kg per day) was slightly 

higher in the lard fed group as compared to the corn oil fed group, this 

difference was not statistically significant. In addition, dietary fat 

quality did not produce any significant changes in the net tissue 

accumulation of cholesterol (Table 8). Net tissue accumulation accounted 

for 42.5% and 42.0% of the total cholesterol input (exogenous and 

endogenous) in corn oil and lard fed guinea pigs, respectively. Daily 

whole body cholesterol synthesis (mg/kg per day) was calculated as total 

fecal sterol excretion - dietary cholesterol intake + net tissue 

accumulation. The quality of the dietary fat did not result in a 

statistical difference in the daily whole body cholesterol synthesis 

(Table 8). Sterol balance data demonstrate that the decrease in plasma 

total cholesterol levels caused by dietary PUFA is not attributed to 

changes in sterol balance and provide evidence that dietary fat quality 

has no effect on guinea pig whole body cholesterol synthesis. 

Hepatic HMG-CoA Reductase 

The effect of dietary fat quality on hepatic microsomal HMG-CoA 

reductase specific activity was examined in guinea pigs fed corn oil and 

lard based diets. Liver is the major site of the synthesis and catabolism 

of LDL and guinea pig liver accounts for only 18% of whole body 

cholesterol synthesis (Spady and Dietschy, 1983). Changes in the hepatic 
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cholesterol synthesis due to dietary fat quality can not be estimated by 

the sterol balance data alone and a direct measurement of the specific 

activity of HMG-CoA reductase is necessary. Hepatic microsomal HMG-CoA 

reductase specific activities (expressed and maximum non-phosphorylated 

form) are presented in Table 9. The quality of the dietary fat did not 

produce any significant changes in the expressed activity of the enzyme 

(Table 9). Treatment of microsomes isolated in the presence of NaF to 

inhibit phosphatase activity with E. coli alkaline phosphatase to convert 

inactive phosphorylated reductase to the active form resulted in the same 

degree of enzyme activation (11.6 and 10.7 fold increase in corn oil and 

lard fed guinea pigs, respectively) and specific activity irrespective of 

the dietary fat quality (Table 9). These findings are consistent with the 

lack of any effect on whole body sterol balance due to the quality of the 

dietary fat. 

Tissue Cholesterol Levels 

Tissue samples were analyzed for their total cholesterol contents 

to determine whether the hypocholesterolemic action of dietary PUFA is 

accompanied with an increased deposition of cholesterol in tissues. 

Dietary PUFA increased total cholesterol levels in liver, intestine, 

adipose, muscle and carcass as compared to levels in saturated fat fed 

animals (Table 10). In contrast, the quality of the dietary fat did not 

demonstrate any significant changes in total cholesterol concentrations 

in kidney, lung, spleen, stomach, heart and testis (Table 10). When 

tissue total cholesterol concentrations were calculated as mg/organ (Table 
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Table 9. Hepatic HMG-CoA reductase activities in guinea pigs fed corn 
oil and lard diets8. 

Specific activity Dietary Treatment 
(pmoles/min per mg) Corn oil Lard 

Expressed activity1" 3.98 + 0.99 4.20 + 1.01 

Maximum activity0 46.1 + 10.8 44.9 + 9.6 

aValues are mean ± S.D. for n = 15 in duplicate analysis. 

Expressed activity was measured by incubating the microsomes in the 
presence of NaF solution. 

cMaximum activity was determined by incubating the microsomes in the 
presence of NaCl solution and E. coli alkaline phosphatase. 
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Table 10. Tissue cholesterol levels (mg/g) in guinea pigs fed corn oil 
and lard diets". 

Dietary Treatment P-value^ 
Tissue (mg/g) Corn oil Lard 

Liver (n = 13) 2.45 ± 0.46 2.04 ± 0.44 < .05 

Intestine (n = 10) 1.18 ± 0.41 0.86 + 0.27 < .05 

Kidney (n = 10) 2.83 ± 0.38 2.82 ± 0.73 N.S. 

Lung (n = 10) 3.32 ± 0.71 3.12 ± 0.92 N.S. 

Adipose (n = 6) 0.55 ± 0.07 0.38 ± 0.02 < .001 

Spleen (n = 10) 3.72 ± 0.59 3.75 ± 0.75 N.S. 

Muscle (n = 6) 0.64 ± 0.09 0.46 ± 0.03 < .001 

Stomach (n = 10) 2.30 ± 0.18 2.39 ± 0.30 N.S. 

Heart (n = 10) 0.49 ± 0.12 0.61 ± 0.24 N.S. 

Testis (n = 10) 1.78 ± 0.35 1.88 ± 0.42 N.S. 

Carcass (n = 13) 1.98 ± 0.28 1.70 ± 0.28 < .02 

aValues are mean ± S.D., number of samples given in parentheses (duplicate 
analysis). 

bN.S. = not significant. 
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11), dietary PUFA increased total cholesterol levels in liver (P < .05) 

and carcass (P < .05) only as compared to values for SFA fed animals. 

Liver samples were analyzed for total, free, and esterified 

cholesterol levels to determine whether the free or esterified form of 

cholesterol accounts for the increased levels of total cholesterol 

observed in corn oil fed guinea pigs. Analysis of hepatic free and 

esterified cholesterol concentrations is presented in Figure 2. Dietary 

PUFA caused significant increases in both free (+23%, P < .003) and 

esterified (+55%, P < .01) cholesterol; total cholesterol concentration 

was increased 24% (P < .0001). These data demonstrate that the 

hypocholesterolemic action of dietary PUFA is accompanied with significant 

increases in total cholesterol levels in liver (free and esterified), 

intestine, adipose, muscle, and carcass. 

Biliary Composition 

The gall bladder bile lipid composition of guinea pigs fed the corn 

oil or lard based diets was measured to determine the effects of dietary 

fat quality on bile acids synthesis and whether dietary PUFA increases 

cholesterol saturation in bile. Consistent with the sterol balance data 

which indicated no significant effect of dietary fat quality on fecal 

neutral or acidic steroid excretion, the lipid composition of gall bladder 

bile was not altered by the dietary fat quality nor was there any evidence 

for an increased cholesterol saturation in response to the dietary PUFA 

(Table 12). 
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Table 11. Tissue cholesterol levels (mg/organ) in guinea pigs fed 
corn oil and lard diets0. 

Dietary Treatment P-value^ 
Tissue (mg/organ) Corn oil Lard 

Liver (n = 13) 62.3 ± 18.7 46.0 ± 10.3 < .05 

Intestine (n = 10) 16.6 ± 6.1 15.7 ± 5.3 N.S. 

Kidney (n = 10) 10.7 ± 2.6 10.3 ± 2.1 N.S. 

Lung (n = 10) 11.3 ± 2.0 10.7 ± 1.4 N.S. 

Spleen (n = 10) 2.7 ± 0.9 2.5 ± 0.8 N.S. 

Stomach (n = 10) 6.5 ± 1.0 6.9 ± 1.4 N.S. 

Heart (n = 10) 1.4 ± 0.7 1.6 ± 0.7 N.S. 

Testis (n = 10) 4.1 ± 1.4 3.9 ± 1.5 N.S. 

Carcass (n = 13) 977.0 ± 127.0 866.0 ± 185.0 < .05 

aValues are mean + S.D., number of samples given in parentheses (duplicate 
analysis). 

bN.S. = not significant. 
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Fig. 2. Total, free, and esterified cholesterol in liver from guinea 
pigs fed corn oil and lard diets". 

a Values are mean ± S.D. for n = 5 in duplicate analysis 
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Table 12. Molar percent composition of cholesterol:bile acids:phospho-
lipids in bile from guinea pigs fed com oil and lard diets®. 

Dietary Treatment 
Parameters Corn oil Lard 

(molar %) 

Cholesterol 3.9 + 1.6 4.1 + 1.8 

Bile acids 72.6 ± 11.9 71.1 ± 3.6 

Phospholipids 23.5 + 10.7 24.8 + 2.7 

aValues are mean + S.D. for n = 7 in duplicate analysis 
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Effects of Dietary Fat Quality 
on Hepatic LDL Receptors 

The effects of dietary fat quality on LDL binding to liver 

membranes of guinea pigs fed corn oil or lard diets were investigated to 

determine whether the reduction in plasma cholesterol and the increase in 

tissue cholesterol levels (especially liver) caused by dietary PUFA were 

mediated by alterations in LDL binding to hepatic LDL receptors. Table 

13 presents the total, non-specific, and receptor-mediated binding of 

[125I]-LDL to liver membranes of guinea pigs fed SFA and PUFA based diets. 

Total and receptor-mediated binding of [l25I]-LDL to liver membranes of 

corn oil fed group were 1.5-fold and 1.9-fold higher respectively than 

that of lard fed group (P < .02). Dietary fat treatment did not induce 

any significant change in the non-specific binding. These findings 

indicate that the hypocholesterolemic effect of dietary PUFA is mediated 

in part via an increased liver membrane LDL receptor binding. 

These data indicate that dietary fat quality has no effect on whole 

body cholesterol metabolism and demonstrate that the hypocholesterolemic 

action of dietary PUFA is mediated via changes in hepatic LDL receptor 

binding. Changes in the composition of VLDL and LDL and the increased LDL 

receptor binding in liver, and potentially in other tissues of the body, 

result in an increased tissue cholesterol content. Thus, the 

hypocholesterolemic effect of dietary PUFA is in part mediated through a 

redistribution of cholesterol from the plasma compartment to body tissues. 
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Table 13. Total, non-specific, and specific binding of [125I]-LDL to 
liver membrane of guinea pigs fed corn oil and lard diets8. 

Parameters Dietarv Treatment P-value^ (ng/mg) Corn oil Lard P-value^ 

Total 191.9 ± 21.7 128.6 ± 18.9 < .02 

Non-specific 70.3 ± 17.9 63.6 ± 7.4 N.S. 

Specific 121.6 ± 18.4 65.0 ± 18.3 A
 

o
 

ro
 

aValues are mean + S.D. for n = 3 in triplicate analysis. 

bN.S. = not significant. 
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DISCUSSION 

The hypocholesterolemic effect of dietary PUFA is well established; 

however, the mechanism of action is still unclear (Jackson et al., 1978). 

Compelling evidence derived from a large number of studies (Ahrens et al., 

1952; Nestel et al., 1976; Mattson and Grundy, 1985; McNamara et al., 

1987; and Fernandez and McNamara, 1989) has demonstrated that a shift from 

a SFA-rich diet to a PUFA-rich diet leads to a reduction in plasma 

cholesterol levels. Some studies suggest that this reduction is caused by 

reducing endogenous cholesterol synthesis and increasing the fecal 

excretion of both neutral and acidic sterols (Connor et al., 1969 and 

Morre et al., 1968). Other studies have suggested that dietary PUFA do 

not exert their hypocholesterolemic effect by affecting endogenous 

cholesterol synthesis and catabolism, but rather via alterations in 

lipoprotein synthesis and/or catabolism (Shepherd et al., 1980 and Cortese 

et al., 1983). Results obtained from this study demonstrate that dietary 

fat quality had no effect on guinea pig whole body cholesterol metabolism. 

The hypocholesterolemic action of dietary PUFA was mediated via 

alterations in plasma lipoproteins composition and changes in hepatic 

membrane LDL receptor binding levels. 

In this study, dietary fat quality had no effect on the fecal 

neutral and acidic sterol excretion, net tissue accumulation of 

cholesterol, and daily cholesterol synthesis in the guinea pig. These 

findings are consistent with other published reports in man (Grundy and 
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Ahrens, 1970; Shepherd et al., 1980; Nestel et al., 1976; and Goodnight 

et al., 1982) and in the rat (Kellogg, 1974 and Bochenek and Rodgers, 

1978). Both expressed and total hepatic HMG-CoA reductase activities were 

also unaffected by the quality of dietary fat. The latter finding is in 

agreement with the lack of effect of dietary fat quality on sterol 

balance. Dietary fat quality had no effect on bile acid composition and 

biliary cholesterol, a finding that is consistent with the fecal sterol 

excretion data. This lack of effect of a change in the quality of dietary 

fat on gall bladder bile composition demonstrate that in the guinea pig, 

the biliary cholesterol saturation index is unaffected by dietary fat 

quality. This finding agrees with some reports (Bennion and Grundy, 1978 

and Paul and Ganguly, 1976) while it is in conflict with others (Grundy, 

1975 and Sturdevant et al., 1973). 

Although dietary fat quality had no effect on the fecal sterol 

excretion rate, hepatic HMG-CoA reductase levels, and biliary composition, 

total plasma cholesterol and triglycerides were significantly lower in 

the corn oil-fed guinea pigs. These reductions were accompanied by 

significant changes in plasma VLDL and LDL levels. Concentrations of VLDL 

triglyceride and VLDL and LDL total cholesterol were significantly lower 

in the corn oil-fed guinea pigs. In addition, dietary fat treatment 

resulted in changes in the composition of plasma VLDL and LDL. 

Triglyceride content in VLDL from lard-fed guinea pigs was significantly 

lower while the cholesteryl ester was higher. This shift in VLDL 

composition in response to dietary fat quality has been noted in other 

reports (Vega et al., 1982 and Chait et al., 1974). Dietary PUFA 
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treatment resulted in a significantly lower cholesteryl ester 

concentration in LDL while the phospholipid content was higher, leading to 

a larger ratio of surface to core constituents as compared to dietary SFA 

treatment. The data are consistent with the hypothesis that dietary PUFA 

may reduce plasma cholesterol because cholesteryl esters containing PUFA 

in the core of the lipoprotein particle require more space and thereby 

sterically exclude cholesterol. This spatial arrangement could reduce the 

quantity of cholesteryl ester that is incorporated into LDL. LDL 

particles from corn oil-fed guinea pigs had a significantly lower 

cholesteryl ester to protein ratio as compared to particles obtained from 

lard-fed animals. This reduction and the increase in the ratio of surface 

to core components in LDL particles along with other published reports 

(Spritz and Mishkell, 1969; Durrington et al., 1977; Pownall et al., 1980; 

Shepherd et al., 1980; and Fernandez and McNamara, 1989) support the 

hypothesis of spatial arrangement. Plasma HDL concentrations and 

composition were not affected by the quality of dietary fat. This finding 

is in agreement with some reports (Spritz and Mishkell, 1969 and Brussard 

et al., 1980), yet it is in conflict with others (Shepherd et al., 1978; 

Shepherd et al., 1980; and Vega et al., 1982). 

Dietary PUFA treatment resulted in a 1.9 fold increase in hepatic 

membrane LDL receptor binding as compared to dietary SFA treatment. This 

increase probably accounts for the major decrease in LDL cholesterol 

levels in corn oil-fed animals. Fernandez and McNamara (1989) were able 

to demonstrate similar effects. Spady et al. (1985) have demonstrated 

that most of the in vivo catabolism of LDL occurs via the liver. They 
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have also shown that any changes in receptor-mediated hepatic LDL uptake 

is reflected by a reciprocal change in LDL cholesterol levels. The 

observed increase in hepatic membrane LDL receptors in corn oil-fed guinea 

pigs is in agreement with results reported by Spady and Dietschy (1985). 

They have demonstrated that hamsters fed safflower oil had significantly 

higher hepatic LDL clearance through receptor-mediated pathway than 

animals fed coconut oil. An increase in hepatic sterol synthesis in 

safflower-fed hamsters was also observed. The latter finding is in sharp 

contrast to the sterol balance data obtained in this study indicating no 

effect of dietary fat quality on whole body cholesterol synthesis and 

hepatic HMG-CoA reductase activities. Spady and Dietschy (1985) have also 

found that when 0.12% cholesterol was added to the safflower and coconut-

based diets, no changes in hepatic sterol synthesis were obtained; 

however, the safflower oil-fed hamsters had a higher receptor-dependent 

hepatic LDL clearance as compared to coconut oil-fed animals. Fox et al. 

(1987) have showed that in the baboons, a PUFA-rich diet increased hepatic 

levels of LDL receptor mRNA. This finding is an indication of 

alternations in hepatic LDL gene expression in response to changes in 

dietary fat quality. 

The observed increase in hepatic membrane LDL receptor levels in 

corn oil-fed guinea pigs probably account for the increase in hepatic 

cholesterol concentrations. If this response occurs in extrahepatic 

tissues, the increase in extrahepatic tissue LDL receptor levels could be 

responsible for higher levels of cholesterol observed in intestine, 
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muscle, and adipose. The finding of Hentages et al. (1985) of increased 

uptake of plasma LDL by tissues of PUFA-fed swine support this hypothesis. 

Results obtained from this study contain some contradiction. Even 

though dietary PUFA treatment increased hepatic LDL receptor binding 

levels and presumably LDL cholesterol flux through the liver, neither a 

reduction in hepatic HMG-CoA reductase activities nor an increase in the 

fecal sterol excretion was observed. The observed increase in cholesterol 

influx in PUFA-fed guinea pigs is followed by an increase in tissue 

cholesterol levels instead of an increase in efflux or decrease in 

synthesis. Spector et al. (1980) have demonstrated that in the rat, 

dietary PUFA treatment resulted in a significant increase in the activity 

of hepatic ACAT, an enzyme responsible for the esterification of free 

cholesterol to be stored inside the cells. If the guinea pig response to 

dietary PUFA is similar to that of the rat, then the activity of hepatic 

ACAT might be increased in guinea pigs fed PUFA-rich diets. If the latter 

increase was adequate to regulate the increased hepatic uptake of LDL 

cholesterol, then increased fecal excretion of neutral sterols and bile 

acids or decreased cholesterol synthesis may not be necessary for 

maintenance of the free cholesterol pool. 

The results of this study of the effects of dietary fat quality on 

cholesterol and lipoprotein metabolism demonstrate that the quality of 

dietary fat alters plasma lipoprotein cholesterol levels and VLDL and LDL 

composition without affecting HDL. Dietary fat quality has no effect on 

whole body cholesterol synthesis or catabolism to bile acids. The 

hypocholesterolemic effect of dietary PUFA treatment is due primarily to 
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an increase in hepatic, and possibly other tissue, LDL receptor binding 

levels. This increase results in a redistribution of cholesterol from the 

plasma compartment to the tissues, resulting in increased tissue 

cholesterol levels. 
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SUMMARY 

This study examined the effects of dietary fat quality on 

cholesterol and lipoprotein metabolism in the guinea pig. Plasma lipids 

and VLDL, LDL, and HDL composition were analyzed. Sterol balance studies 

were conducted to determine the effects of the quality of dietary fat on 

whole body cholesterol metabolism. Expressed (non-phosphorylated) and 

total hepatic HMG-CoA reductase activities and gall bladder bile 

composition were also determined. Total cholesterol levels in tissue and 

carcass as well as hepatic free and esterified cholesterol were determined 

along with the analysis of hepatic membrane LDL receptors. 

As compared to the saturated lard diet, the polyunsaturated corn 

oil diet resulted in a 34% reduction in plasma total cholesterol levels 

and a 40% lower triglycerides. Polyunsaturated dietary fat significantly 

reduced total cholesterol in VLDL and LDL without altering HDL levels. 

Dietary PUFA reduced the cholesteryl ester percentage in VLDL while the 

VLDL-triglyceride was increased. Corn oil feeding also reduced the 

cholesteryl ester percentage in LDL while the LDL-phospholipid was 

increased. The ratio of the surface to core components in LDL was higher 

in corn oil-fed guinea pigs as compared to lard-fed animals. Dietary fat 

quality had no effect on whole body sterol balance, expressed and total 

hepatic HMG-CoA reductase activities, or the composition of gall bladder 

bile. Dietary PUFA resulted in higher total cholesterol levels in liver, 

intestine, adipose, muscle, and carcass as compared to dietary SFA 
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treatment. Both hepatic free and esterified cholesterol concentrations 

were significantly increased in corn oil-fed animals. Dietary PUFA also 

resulted in a significant 1.5 and 1.9 fold increase in total and specific 

hepatic LDL receptor levels respectively, as compared to the lard-fed 

animals. 

The results obtained from this study demonstrate that dietary fat 

quality has no effect on whole body cholesterol metabolism. They also 

indicate that the observed hypocholesterolemic effect of dietary PUFA may 

result from a redistribution of plasma cholesterol to body tissues due to 

an increase in tissue LDL receptor binding. 
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