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CHAPTER I 

During the past two and a half decades, numerous studies 

on plasma lipids and lipoproteins have appeared in the medical 

literature. The tremendous interest in this field, no doubt 

relates largely to the long-known and well established associa­

tion between· elevation of plasma lipids and lipoproteins, and 

ischaemic heart disease (IHD). Despite many years of study iri 

this field, the nature of this association is still poorly under­

stood. The exact mechanism whereby plasma lipids and lipoproteins 

influence the pathogenesis of atherosclerosis still remains to 

be elucidated. 

During the past decade, the publication of a number of 

clinical trials has stimulated further interest in the field. 

Diets designed to lower pl~sma lipid levels, resulted in a 

moderate yet significant reduction in IHD mortality in previously 

normal individuals (Christakis et al, :1966; Dayton et al, 1969; 

Miettinen et al, 1972). The implication of these findings in 

terms of ~revention of IRD has obvious attractions. 

Another major landmark was the publication by Fredrickson, 

Levy and Lees (1967) of an improved classification of the clinical 

hyperlipidaemias which relied on typing patients on the basis of 

the lipoprotein pattern of their sera rather than on serum lipids 

alone. Medical interest in the subject was widened and a further 

spate of publications followed. 
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Initially, attention was focused largely on serum 

cholesterol in relation to IHD. This is largely because of the 

ease with which serum cholesterol values could be·determined. 

With the advent of widely available methods for the determination 

of serum triglycerides, in recent years considerable interest has 
. 

been paid to serum triglycerides and the chief triglyceride bear-

ing lipoproteins; their relationship to IHD is now widely accepted 

and factors controlling and affecting serum triglyceride concen­

trations have been subject to numerous studies. It is with some 

of these factors that this thesis is concerned; the mechanisms 

whereby various dietary factors and pathological states affect 

serum triglyceride metabolism has been studied in the hope that 

better understanding of such processes may be of use in the pre­

vention of. the development of ischaemic heart disease. 

As lipids in general are non-polar molecules with very low 

solubility in aqueous solutions, their presence in plasma is made 

possible by the formation of soluble complexes with specific 

proteins; such water soluble macromolecules are termed lipo­

proteins. In general, they serve to transport lipids from sites 

of absorption and synthesis to sites of storage and catabolism. 

The four major classes of lipids in plasma are cholesterol 

and its esters, triglycerides, phospholipids and free fatty acids 

(FFA),, FFA is reversibly bound to albumin. Two moles of FfA 

are bound per mole of albumin to its major binding sites; a 



larger number of weaker binding sites are also present (Goodman, 

1958). 

Four main classes of lipoproteins are detectable in plasma; 

within each, the relative amounts of cholesterol, triglyceride, 

phospholipid and protein differ, leading to physicochemical 

differences which permit of their separation. Considerable 

heterogeneity exists with each class, this being especially . so 

with the triglyceride rich lipoproteins. Although it is generally 

considered that the less polar lipids occupy the •core' of the 

lipoprotein molecule while the more polar lipids and proteins 

form the coat, their exact ultrastructure remains the subject 

of nm.ch controversy (Schumal<:er and Adams, 1969; Forte and Nichols, 

1972). The lipid-protein bonding is relatively weak; hydrophobic 

interactions probably being the main binding force (Chapman, 1969 ) 

The most widely employed methods for the separation of lipo­

proteins are electrophoresis a..~d ultracentrifugation. The former 

method relies on the molecular charge and, al though use.f-'ul 

qualitatively, quantification of lipoproteins by this method is 

di.Pfici.1.l t _and is not widely practised. Perhaps the most widely 

used method of qua.ntitating lipoproteins is preparative ultra­

centrifugation (Havel et al, 1955). After serial runs agains t 

background solutions of different densities, lipid determinations 

are performed on the fractions obtained. Analytical ultra­

centrifugation (de Lalla and Gofman, 1954), although allowing 

differential flotation of lipoprotein classes differing by only 

small density increments, is not generally available due to the 

high costs of the apparatus. Other methods of separation of 
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lipoprotein which are u sed 1 include Cohn f ractionation (Cohn 

et al, 1950), ultrafi l ~ration with nephelometry of the filtrate 

(Stone and Thorpe 1 1966), and various precipitation techniques 

(Burstein et al, 1970). 

Chylomicrons are so called because of their appearance on 

microscopy of chyle following the ingestion of a fatty meal 

(Gage and Fish, 1924); the other three lipoprotein classes derive 

their nomenclature from their electrophoretic and ultracentrifugal 

behaviour. Their physical characteristics are summarised in 

Table I (Levy et al, 1971 ). 

Chylomicrons with the lowest density have the highest tri­

glyceride content (80 - 95%) with 0.5 - 2.5% protein. They are 

normally . absent from the plasma during the fasted state, at · 

which time most of the plasma triglyceride is carried on the. 

very low density lipopr otein (VLDL) or prebeta lipoprotein •. 

Fifty-seven to sixty-eight per cent of this lipoprotein class 

consists of triglyceride , with cholesterol contributing 15 - 18%. 

Although origi nally bel i eved to carry endogenous triglyceride 

only, this lipoprotein class is to- day believed to play a wider 

role as will be discussed in de ta:il in Chapter VI. Beta or low­

density lipoprotein (LDL ) is the chief cholesterol bearing lipo­

protein of plasma,, It has a higher density than VLDL, a 

cholesterol content of 42 - 46% and a protein content in excess 

of 20%. The highest density lipoprotein is the alpha lipoprotein, 

or high density lipoprotein (HDL); this consists roughly of 50% 

protein, 30% phospholipids, 15% cholesterol and 5% triglyceride. 
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\,.0 

Lipoprotein 

Chylomicrons 

VLDL 

LDL 

HDL 

T A B L E I 

PHYSICAL CHARACTERISTICS OF MAJOR LIPOPROTEIN FAMILIES 

-x-
sf 

> 400 

20 - 400 

0 - 12 

-

Density 
gm/ml 

.C:: o. 95 

0.95 - 1.006 

1.019 - 1.063 

1 • 063 - 1 • 21 

Mobility~ 

Origin 

Pre-f3 

13 

ex. 

Molecular 
Weight 

103 - 104 X 106 

5 - 10 X 106 

2.1 - 2.,6 X 10 6 

200,000 

Size Az 

750 - 10,000 
e 

300 - 800 

205 - 220 

75 - 100 

*1ipoprotein flotation rate in Svedberg units (10--13 cm/sec/dyne/gm) in a sodium chloride solu­
tion of density 1 .. 063 gm/m1(26° c). 

± Paper electrophoresis. 

;As determined by electron microscopy. 



A .further Eispect o.f lipoprotein composition which is at 

present being intensively investigated in many laboratories, is 

that of the protein component of lipoproteinso These so-called 

apoproteins may be divided into three main groups, including 

some eight or more individual peptides (Sea.nu, 1972; Alaupovic 

et al, 1972). Within each class of lipoprotein as separated by 

electrophoresis or ultracentrifugation, from one to several 

polypeptides may be demonstratedo(Scanu, 1972; Alaupovic et al, 

1972). 

Already, interconversion of some lipoprotein classes have 

been demonstrated by studying the protein components. For 

instance, following the demonstration that iodine-labelled pep­

tides of VLDL appears in LDL (Levy et al, 1971; Fidge and Foxman, 

1971; Eisenberg et al, 1972), it is becoming generally accepted 

that the main source of the latter lipoprotein is VLDL. 

Serum Lipids as Risk Factors for Ischaemic He~t D~sease 

Within many Western communities, the incidence of IrID appears 

to be rapidly increasing (Epstein, 1965; Sta,~ler, 1973). In 

1971, statistics showed IHD to be the commonest cause of death 

in Britain, accounting for 25% of all deaths (Registrar General, 

1971). Several risk factors have been identified from prospective 

studies; among them the hyperlipidaemias have attracted consider­

able attention. 
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A risk factor .for the development of IHD, is an attribute 

which increases the probability of an individual subsequently 

developing the disease. This definition does not include the 

necessary assumption that the relationship is c ausal; ·the 

characteristic may be predicted by virtue of one of its associa­

tions which is directly causally relevant. Strictly speaking, 

the term 'risk factor' should only apply if proof of a causal 

relationship has been obtained; the less rigorous definition 

referred to above is, however, in common usage. 

Among all the risk factor studies, serum cholesterol and 

hypertension appear to have received most attention. A relation­

ship between serum cholesterol and IHD incidence has been demon­

strated in most studies (Lande and Spervy, 1936; Morrison et al, 

1948; Kannel et al 1961; Stamler et al, 1960, Keys et al, 1963), 

although the nature of the relationship still needs to be clearly 

defined .. With widespread availability of serum triglyceride 

determinations for only a decade, attention has recently been 

focused on its role as a risk factor for IHD. 

field came from Albrink and her co-workers. 

Early work in this 

In 1959, Albrink 

and Man reported a higher prevalence of elevated serum tri­

glyceride concentrations among survivors of myocardial infarction 

and subjects with angina, than amongst normal controls. Albrink 

et al (1961) showed 46% of men with IHD to have elevated 

cholesterol levels compared with 26% of controls. Eighty-two 

per cent of the IHD group, however, had triglycer ide elevation 

compared with 46% of the controls. At first sight, this data 

suggests that serum triglycerides may be a better discriminator 

of IHD than serum cholesterolo Caution, however, must be 
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exercised in the interpretation of such data because as levels 

of cholesterol and triglyceride both tend to increase with 

increasing age in urbanized communities (Schaefer, 1964; Carlson 

and Lindstedt, ·1968), age differences between patient and control 

groups could be of importance. Also, some samples taken soon 

after infarction, may show lipid levels quite different to those 

taken under normal conditions. Furthermore, choosing a cut-off 

point between normal and hyperlipidaemic raises difficult 

questions; the choice of an artificially high cut-off point for 

one of the lipids and an artificially low one for the other, 

could lead to considerable bias and result in misrepresentation. 

Nonetheless, a considerable body of evidence has arisen in support 

of the conclusions of Albrink et al (1961). Foremost in the 

field has been the group of workers under Carlson, who over the 

past decade have . provided evidence supporting the role of serum 

triglyceride as an independent risk factor. Carlson (1960), 

showed that serum triglyceride concentration discriminated better 

than serum cholesterol concentration between young patients with 

IHD and normal controls; the reverse trend was, however, noted 

in the older age group. The latter finding may relate to his 

finding of a reduced triglyceride level in older subjects, a 

finding which has been confirmed (Schaefer, 1 9 64; Le\vis et al; 

1974). · It may be that individuals with higher triglyceride 

levels tend to eliminate themselves from such age distribution 

studies by dying at an earlier age than their normolipaemic 

controls. Antonis and Bersohn (1960) also showed raised tri­

glyceride levels in IHD; South African white men over the age 

of 40, and patients of all ages with n-rD, were found to have 

higher levels of triglyceride than whites under 40, or than 
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African men of all - ages. They suggested that white men in the 

older age group could be divided into coronary-prone a.vid normal, 

on the basis of serum triglyceride concentrations. A relation­

ship between IHD prevalence and serum triglyceride levels was 

also remarked on by Brown et al (1965), although they found 

triglyceride to be no better an indicator than cholesterol. 

Kuo (1967) also showed hypertriglyceridaemia to be no more 

prevalent in individuals with IHD than hypercholesterolaemia, 

as did Kroman et al (1964). Although Rifkind et al (1968) found 

the frequency of hypertriglyceridaemia in IHD to exceed that of 

hypercholes terolaemia by more than a factor of three, combined 

cholesterol and triglyceride levels were found to best segregate 

HID patients .from normal. Canellos and Hatch (1962) studied 

nine young patients, mean age 35 years, following recovery from 

myocardial infarction. Eight had increased prebeta lipoprotein, 

although their cut-off point for triglycerides (125 mg/dl) is 

probably too low by current thinking. Serum cholesterol eleva­

tion above 250 mg/dl was only detected in two cases. Elevation 

of prebeta lipoprotein in IHD had, in fact, been documented 

considerably ea.rlier (Besterman, 1957), the sera of subjects 

with IHD having significantly higher levels of prebeta lipo­

protein than normal. Serum triglyceride concentrations were, 

however, not measured in this study. The relationship between 

IHD and serum lipid concentration has aga:i.n been studied in two 

recent investigations. Patterson and Slack (1972) found that 

a quarter of survivors of myocardial infarction had hyperlipid­

aemia, defined as a cholesterol or triglyceride level exceeding 

the mean plus t'.vo standa.1.--cl deviations in controls. In a large 

study involving 500 consecutive survivors of myocaxdial infarction 
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Goldstein et al (1973) compared lipid levels with a large group 

of controls using the 95th percentile as a cut-off pointo Hyper­

lipidaemia was detected in nearly one-third of patients of all 

ageso Younger subjects had a higher frequency, 60% of male 

survivors below the age of 40 being affected. Hypertriglycerid­

aemia with or without associated hypercholesterolaemia was found 

to occur nearly three times as frequently as hypercholesterolaemia 

alone. This large retrospective study again raises the possi­

bility that plasma triglyceride may be as important if not morf, 

than cholesterol as a risk factor for the development of IHD and 

atherosclerosis. 

Before this can be regarded as clearly established, the 

association will need to be studied prospectively in longitudinal 

epidemiological studies in a manner similar to that for serum 

cholesterol (e.g. Kannel et al, 1961). To date, only two such 

prospective studies have been published, namely, the Western 

Collaborative Group Study (Rosenman et al, 1970) and the Stockholm 
I! 

Prospective Study of Carlson add Bottiger (1972)0 In the former 

an elevated serum triglyceride level appeared to confer increased 

risk of developing IHD. The latter was a nine year .follow-up 

study involving more than three thousand men free from evidence 

of IHD at the time of recruitment, an elevated serum triglyceride 

concentration was found to be a risk £actor £or IHD, the con­

centration of triglyceride appearing to be at least a.s important 

as that of serum cholesterol. Men under the age of 60, whose 

serum triglyceride levels were in the top quintile of the popula­

tion studied, had a £our times greater chance of developing a 

new nro event than did men in the bottom quintile. The study 

failed to answer the question 0£ whether serum cholesterol or 
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triglyceride is the best predictor of IHD; each, however, 

appeared to be o.f predictive value in its own righto 

The degree _o.f the problem is perhaps put into perspective 

when one considers the frequency distribution of serum tri­

glycerides within a population. We recently reported the results 

of a survey of serum lipid levels in a 1 normal' working popula­

tion in London (Lewis et al, 1974). Cut-of.f points defining 

normality were intentionally set high, yet the prevalence of 

lipid abnormalities was remarkable. Fourteen per cent of men 

and 3% of women aged 40 - 49 had fasting serum triglyceride 

concentrations in excess of 2 mMoles per litre (176 mg/dl), 

cholesterol concentrations exceeding 300 mg/dl in 4--3% of men 

and 4.8% of women. By these definitions, 17% of men and 8% of 

women had hyperlipidaemia. Elevated serum triglyceride levels were 

also sho\vn to occur more frequently than elevated serum 

cholesterol levels amongst "healthy" swedes (Micheli et al, 1973). 

In view of the association between IHD and hyperlipidaemia, the 

high prevalence found in apparently healthy populations, 

especially in terms of hypertriglycericlaemia, is of public health 

importance. 

In recent years, a vast volume of research has centred around 

triglyceride metabolism.. O.f particular interest has been the 

factors controlling serum triglyceride concentrations; hopefully 

by a better understanding of these mechanisms treatment of hyper­

triglyceridaemia can be attempted on a more rational basis than 

the largely empirical approaches currently in use. As this thesis 

focuses on some aspects of control of serum triglyceride con­

centrate, I propose to briefly outline the physiology of serum 

triglyceride metabolism. 
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Triulyceride Metabolism 

·rhe two chief trigl;tce!ide _bea,!'ing lipoprotein classes are 

'chylomicrons' and 'very low d~~sity lipoprotein' (VLDL ); con­

siderable heterogeneity exists within these classes in terms of 

both structure and function, as will be discus sed in Chapter VI. 

The main functio~ of the _former lipoprotei:n class is the trans­

port of dietary fat through plasma, whereas VLDL carry triglyceride~ 

largely of endogenous origin. In the fasting state, under normal 

circumstances, chylomicrons are absent from plasma. 

The fasting concentration of plasma lipoprotein triglyceride 

in a steady state, represents a balance between entry of tri­

glyceride into plasma on the one hand, and removal on the other. 

A change in the concentrat ion may, therefore, reflect a change 

in either or both of these variableso 

Entry of Tr,iglyceride into Plasma 

The two organs knovm to be capable of secreting the tri­

glyceride-rich lipoproteins into plasma are intestine and liver.., 

1'he intestinal pathway serves to transport dietary fat into the 

lymphatic system whence it reaches the blood stream; although 

chylomicrons have long been known to appear in blood following 

the ingestion of a fatty meal, considerable evidence is accruing 

in support of VLDL having a role in dietary fat transport as we11 

( Qckner et al, 1969b; Schlierf and R.aetzer 9 1972). It 112-s also 

recently become apparent that a lipoprotein resembling VLDL is 

continuously del:1.vered into intestinal lymph even in the absence 
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of recent fat inges_tion (Baxter, ·1966; Ockner et al, 1969a). 

The intestine thus probably contributes to the transport of 

endogenous as well as exogenous triglyceride; the fraction of 

endogenous triglyceride turnover derived from intestinal lymph 

appears to be less than from liver, but may very well vary in 

different animal species (Havel, 1970a). The role of the 

intestine in plasma triglyceride metabolism will be more fully 

discussed in the section on dietary fat transport (See Chapter 

VI). 

The liver is the other site of triglyceride release into 

plasma; during the postabsorptive state, it is the chief source 

of triglyceride entry into plasma in the form of VLDL (Robinson, 

1970). The s.ource of the fatty acid components of triglyceride 

synthesized in the liver varies according to the species and 

nutritional state. In the postabsorptive state, VLDL triglyceride 

fatty acids in man derive mainJ.y from .free fatty a.cids (FFA) 

taken up by the liver from plasma (Freidberg et al, 1961; Havel, 

1961). In man, af'ter an overnight .fast, FFA are mobilized into 

plasma by lipolysis of adipose tissue stores (Goodmanp 1958); 

uptake of plasma FFA by the liver appears to depend on plasma 

Ff.'A concentration in the physiological range and even at most· 

raised levels encountered pathologically (Van Harken . et al, 1967; 

1969). During fasting, only 30 - 40% reach the liver; most 

reach muscle where they are oxidised for energy purposes 

(Robinson, 1973). Of the FFA reaching the liver, a portion is 

oxidised to carbon dioxide and waterj and some partially oxidised 

to form ketones; a .further proportion is esterified to form tri­

glyceride. Other sources of FFA may also be important; duxing 

carbohydrate feeding, fatty acids synthesized in the liver, and 
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during £at ingestion,. fatty acids from chylomicron triglyceride, 

may enter the hepatic FFA pooJ. to be used .for triglyceride 

synthesis (Havel, 1970a). In man and the rabbit, ·the bulk of 

hepatic FFA is derived from plasma; plasma FFA concentrations 

may, therefore, be a major determinant of hepatic triglyceride 
-

secretion in these species (Freidberg et al, 1961; Havel, 1961; 

Havel et al, 1962; Havel, 1970a). In the rat, only a small 

proportion of hepatic FFA is derived from the plasma FFA pool. 

During carbohydrate feeding in rats fatty acids synthesized in 

the livers have been shown to be of importance (Windmueller and 

Spaeth, 1967). 

Much 0£ our knowledge of the hepatic synthesis and release 

of lipoprotein derives from studies with the isolated perfused 

liver. In the hepatocyte, the enzymes necessai~y for incorpora­

tion of fatty acids into triglycerides are contained mainly in 

microsomal fraction (Stein and Shapiro, 1957; Tzur and Shapiro, 

1964) which consists of smooth and rough endoplasmic reticulum 

and the Golgi apparatus. Although the exact site of esterifica­

tion is not known with certainty, the smooth endoplasic reticulum 

is the most likely, as toxic agents which damage the rough endo­

plasmic reticulum tend not to interfere with this process (Jones 

and Armstrong, 1965; Stein-and Stein, 1965). Fatty acyl CoA 

reacts with glycerol -3- phosphate to form diglyceride, which 

reacts with a further molecule of fatty acyl CoA yielding tri­

glyceride. Glycerol -3- phosphate is derived from glycerol the 

reaction being catalyzed by glycerokinase, or from glycolysis 

by the action of glycerol -3- phosphate dehydrogenase on 

dihydroxyacetone phosphate (Marinetti, 1970). The newly formed 

triglyceride may either be deposited in the liver cell as a 
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lipid droplet, or transported from it in the form of VLDL. 

The key determinant of·whether the latter occurs, appears to 

be the availability of apoprotein which is essential for lipo­

protein secretion (Jones et al, 1967)$ After synthesis in the 

rough endoplasmic reticulum, the protein passes to the smooth 

endoplasmic reticulum where combination with lipid occurs. 

Inhibition of protein synthesis by puromycin prevents lipid 

transport out of the liver without inhibiting the formation of 

triglyceride (Robinson and Seaknis, 1962; Jones et al, 1967). 

It is of interest then that raising the FFA concentration in the 

perfusing medium results in an increased availability of protein 

released by the liver, and incorporation of aminoacids into the 

apoproteins of VLDL (Ruderman et al, 1968). Finally, release 

of the newly synthesized lipoprotein molecule appears to occur 

via the microtubular system (Neutra and Leblond, 1966)e 

Removal of Triglycer,ide from Pla~ma 

It is only in recent years that a better understanding of 

the removal of lipoprotein triglyceride from plasma has emerged .. 

During the last few years, emphasis has shifted from the liver 

as a major site of lipoprotein removal to adipose tissue and 

muscle. Current opinion is that at these latter sites, the 

enzyme lipoprotein lipase is of major importance in the removal 

of triglyceride from plasma (Robinson, 1970). 

The function of the liver in triglycer'ide removal appears 

to be negligible. It was originally thought to play a role 

following the observation that a large proportion of endogenously 

labelled lipoprotein triglyceride could rapidly be recovered from 
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livers following reinjection (Bragdon and Gordon, 1958; Stein 

and Shapiro, 1960), as much as 35% being recovered in the liver 

soon after injection (BorgstrBm and Jordan, 1959; Olivecrona, 

1962). The triglyceride appears to be taken up intact, little 

evidence existing for hydrolysis (Borgstr~m and Jordan, 1959; 

Stein and Shapiro, 1960; Reiser et al, 1960). Histological 

studies were in ag·reement that at least some of the lipid seen 

in hepatic sinusoids and in the perisinusoidal space were seen 

as intact particles (Ashworth et al, 1960). 

It was believed that chylomicrons passed through large 

fenestrations up to 5 µ in width in the capillary endothelium, 

as seen under the electron microscope (Bennett et al, ·1959; 

Majrio, 1965); entry into the subendothelial species of Disse 

would be feasible, after which they could come into direct con­

tact with liver parenchymal cells. 

Robinson (1963), however, suggested that the triglyceride 

fatty acids may be outside the liver cells in spaces in communica­

tion with the hepatic sinusoids, and Havel and Goldfein (1961) 

showed that exclusion of the liver from the circulation had little 

effect on the removal of triglyceride fatty acids from plasma 

in dogs. These findings suggested tha possibility that after 

pulse injection, the liver was reversibly taking up chylomicrons 

by trapping them in the space of Disse. More recent studies 

(Wisse, 1970) suggests that the gaps seen in the capillary 

endothelium are, in £act, artefacts due to fixation. When tissues . 

were fixed by perfusion 0£ the liver with gluteraldehyde, multiple 

fenestrated sieves~ 0.1 µ diameter were seen; entry of 

chylomicra through these into the space of Disse is thus unlikely~ 
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The metabolism of chylomicron triglyceride has also been 

investigated in the isolated perfused liver system. Uptake of 

triglyceride has been shown to be limited unless heparin is 

present in the system (Felts, 1965; Mayes and Felts, 1966). 

Heparin is known to activate lipopr_otein lipase which has been 

shown to exist in liver (Le Quire et al, 1963; Mayes and Felts, 

1966; Engelberg, 1966). Hydrolysis of triglyceride under these 

unphysiological conditions may thus have accounted for the uptake 

in the presence of heparin. The liver isi however, tpe major 

site of removal of chylomicron cholesterol (Nestel et al, 1963 ) , 

almost all radioactivity being recovered in the liver after 

infusion of chylomicrons containing labelled cholesterol. Exclud­

ing the liver from the circulation also resulted in a marked 

reduction in the rate of removal of chylomicron cholesterol. 

Havel (1970a) has suggested that chylomicron uptake by the liver 

may occur following prior modification of the complex by extra­

hepatic lipoprotein-lipase. Such a view would suggest the liver 

to play a minor role in uptake of lipopr?tein triglyceride, yet 

to be of major importance in the uptake of lipoprotein cholesterol~ 

Consistent with this viewpoint are the findings of Redgrave (1970); 

ten minutes after injecting doubly labelled chylomicrons into 

rats, 80% of the cholesteryl ester label was found in liver com­

pared with only 25% of the chylomicron triglycerideo In rats 

in which the liver was excluded from the circulation cholesteryl 

esters accumulated in plasma whereas triglyceride was cleared 

by peripheral tissues. The residual labelled cholesterol in 

plasma was shown to be present in remnant particles which when 

injected into other rats, appeared in the liver more rapidly than 

did chylomicrons. This suggests the first step in chylomicron 

21 



metabolism to be extrahepatic triglyceride removal, probably by 

lipoprotein lipase, followed by removal of the cholesteryl 

ester and remaining triglyceride in the remnant particle, by the 

liver. 

Lipoprotein Lipase_ 

Electron microscopic studies of capillaries have shown 

chylomicrons to be confined within the vascular lumen (Wil liamson, 

1964; Schoefl and French, 1968). When the endothelial cells are 

damaged by vascular enzymes (French, 1963), or when separated 

as in newborn animals (Suter and Majno, 1965), chylomicra still 

do not penetrate to extra.vascular tissue, but are held up by the 

basement membrane of the endothelial cells. This suggests that 

before lipoprotein triglyceride fatty acids are removed from 

blood, some change in their structure is required. There is now 

abundant evidence that the means whereby such a change occurs 

is by hydrolysis of lipoprotein triglyceride by lipoprotein 

lipase (Robinson and French, 1960; Robinson, 1963)e The main 

evidence comes from studies involving triglyceride labelled in 

glycerol and fatty acid moeities with different isotopes. 

Following the injection of chylomicrons containing such tri­

glycerides, a change in the ratio of the labels found in the 

major sites of uptake, adipose tissue and muscle, occurs in such 

a manner so as strongly to suggest prior hydrolysis of the tri­

glyceride by a lipase (Oli,recrona, 1962; Olivecrona and Belfrage, 

1965; Jones and Havel, 1967). The enzyme lipoprotein lipase is 

present in these and other tissues which take up triglyceride 

fatty acids from plasma. It is not present in brain, an organ 
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not capable of removing triglyceride fatty acids from plasma. 

In the fed state, a high proportion of the total lipoprotein 

lipase activity in the body is found in adipose tissue and muscle , 

consistent with a role of the enzyme in these organs for remov­

ing lipoprotein triglyceride from plasma (Robinson, 1970). 

This process involves hydrolysis of the triglyceride moeity 

of VLDL or chylomicrons; the liberated FFA enters the adipocyte 

where it is re-esterified to .form triglycerideo The glycerol 

moeity released by hydrolysis, does not enter the cell (Havel, 

1965; Olivecrona and Belfrage, 1965; jones and Havel, 1967). 

Lipoprotein lipase is absent £rom the blood other than after 

its release .from tissue sites by heparin. In adipose tissue and 

muscle, the enzyme is present in the capilla~y endothelial cell 

(Robinson, 1963; Hamosh and Evans, 1972). Not all the enzyme 

in a given tissue is localized to this site; in adipose tissue, 

for example, some enzyme is detectable in the adipocyte (Rodbell, 

1964). This fraction appears to be non-functional in respect 

of uptake of lipoprotein triglyceride (Cunningham and Robinson, 

1969) and may be a precursor of functional enzyme at the endo­

thelial cell surface to whe~e it must be transported (Cunningham 

and Robinson, 1969; Robinson and Wing, 1970). 

Chylomicrons and artificial triglyceride emulsions have been 

show.a by electron microscopy to be attached to the lumina1 surface 

of the capillary endothelium and sometimes to be partially 

enclosed by capillary endothe1ium; .· no particles have, however, 

been visualized in the .fat cell or extracellular space (Suter 

23 



and Majno, 1965; Blanchette-Mackie and Scow, 1971 )" suggesting 

that these complexes cannot cross the capillary endothelium as 

intact particles. Using electron microscopic cytochemical 

techniques, it has been possible to show that hydrolysis of lipo­

protein triglyceride in adipose tissue occurs extravascularly 

within capillary endothelial cells and in the subendothelial 

space, but not in the capillary lumen or near the fat cells 

( Scow et al, 1972). This sequestration of chylomicrons and VLDL 

at the capillary endothelial surface permits an association to 

take place between lipoprotein lipase and its substrate; it, 

however, appears to depend on the presence of certain peptides 

in the apoprotein moeity of chylomicrons and VLDL. These peptides 

which are held incommon with high density lipoprotein (HDL) 

.function as activators (Havel et al, 1970; La Rosa et al, 1970; 

Krauss et al, 1973). They are not attached to chylomicrons when 

secreted by the intestinal cells and appear to be added when the 

particle comes into contac.t with plasma (Lossow et al, 1967; 

Robinson, 1970). Based on the biochemical and electron micro­

scopic cytochemical studies of perfused adipose tissue, Scow et 

al (1972) have proposed a scheme of how lipoprotein triglyceride 

fatty acid may cross the capillary wall into endothelium. ·when 

chylomicrons or VLDL becomes attached and partially enveloped 

·by the endothelial cell, triglyceride within the lipoprotein 

is hydrolyzed to FFA and diglyceride. 'I'he FFA is released into 

the blood stream and diglyceride taken into a vacuole or micro­

vesicle. H;ydrolysis to FFA and monoglyceride occurs during 

transport across the endothelial cell, the product being released 

into endothelial space. Further hydrolysis of the monoglyceride 

occurs, and the FFA released from this fraction and from the 

hydrolysis of diglyceride, enters the fat cell where they are 
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re-esterified; glycerol and the now triglyceride-poor remnant 

(I<edgrave, 1970) are released back to the blood streamo This 

hypothesis is consistent with the findings that about two-thirds 

of labelled chylomicron triglyceride fatty acid enters the fat 

cell, one-third being released into the circulation (Scow et al, 

1 972). 

FFA Uptake 

The FFA released by hydrolysis of lipoprotein triglyceride 

crosses the cell membrane and enters the tissues. Whereas 

tissue uptake of plasma FFA released by lipolysis of adipose 

tissue triglyceride stores is dependent on plasma FFA concentra­

tion and blood flow (Van Harken et al, 1967; 1969), the uptake 

of FFA released by hydrolysis by lipoprotein lipase depends on 

the activity of the enzyme in the particular tissue (Robinson, 

1973). Control in the removal of triglyceride fatty acid from 

blood may thus be effected by variation in the activity to the 

needs of the organism. In the fed state, for instance, plasma 

triglyceride fatty acids in excess of immediate energy needs, 

may be taken up by adipose tissue, re-esterified, and stored as 

depot fat. Conversely during fasting, VLDL triglyceride fatty 

acids are ta.ken up by muscle where they may be utilized as a 

source of energy (Robinson, 1970). Indeed, during periods of 

caloric excess, adipose tissue lipoprotein lipase activity rises, 

whereas during periods of calorie deficit, smooth and cardiac 

muscle enzyme activity rises while that in adipose tissue falls 

Borensztajn et al, 1970; Borensztajn and Robinson, 1970). A 

further example of how the enzyme activity may result in localiza 
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tion of triglyceride uptake in response to a need, i.s during 

lactation.. Mammary gland lipoprotein lipase and tx·ig1yceride 

uptake increase markedly following parturition, at which time 

there is a vastly increased requirement of lipid .for milk 

formation (Barry et al, 1963; McBride a.Yld Korn, 1964). 

The correlation of lipoprotein lipase activity and tissue 

triglyceride uptake thus permits of a system with the potential 

of determining the site o.f removal of triglycerides by varying 

the activity of the enzyme in a particular tissue according to 

a need .. The factors controlling these tissue specific changes 

in lipoprotein lipase activity are, however, poorly understood. 

Hormonal £actors are probably involved in that insulin increases 

lipoprotein lipase activity, whereas the catecholamines, ACTH 

(Wing et al, 1966; Wing and Robinson, 1968), glucagon and thy1"oid 

stimulating hormone (Nestel and Austin, 1969), in..~ibit the enzymeo 

The effect of these hormones on lipoprotein lipase is thus 

opposite to their effect on the 'hormone-sensitive lipase' 

responsible for the hydrolysis of adipose tissue triglyceride •. 

Catecholamines, ACTH and glucagon thus tend to mobilize fat from 

adipose tissue stores, whereas lipoprotein lipase promotes upta.~e 

and storage of triglyceride. Insulin appears to be of prime 

importance in the latter process; the reason why the lipoprotein 

lipase activity is stimulated in one tissu.e while simultaneously 

inhibited in another, in response to a hormone, is hrnvever, not 

clearo 

A further factor of importance in tissue uptake of FFA 

liberated by the action of hydrolysis, is the FFA concentration 

gradient between the capillary endothelium and the cell,. This 
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aspect bas received relatively little attention. once across 

the cell membr.:i.ne, FFA is re-esterified by combining with 

glycerol -3- phosphate to reform triglyceride. As adipose 

tissue has very low glycerol kinase activity (Steinberg, 1962; 

Margolis a11d Vaughan, 1962; Marinetti et al, 1964 ) , the glycerol 

-3- phosphate must derive from glycoJ.ysis .. The entry of glucose 

into the adipocyte and factors controlling glycolysis, may thus. 

also affect .triglyceride removal from plasma, as impaired re­

esterification would tend to diminish the FFA concentration 

gradient. 

The rneans by which triglyceride enters and leaves plasma 

has been outlined in brief; under conditions where the endogenous 

plasma triglyceride level is constant, input and output must be 

equal .. An increase in plasma triglyceride pool size can either 

result from enhanced triglyceride i:npu t, diminished output, or 

both these factors. Considerable research over the past few 

years has attempted to show which of these factors is operative 

in various pathological states. Because of numerous assumpticns 

on which many of the methods of estimating plasma trig·lyceride 

turnover are based 1 controversy still exists as to the patho­

genesis o.f the lipid elevation in both primary and secondary 

hyperlipidaemic states (Havel, 1970; Nikkil~ and Kekki, 1971; 

Havel, ·1 972).. 'Elms, some au thoi"i ties have regarded primary 

endogenous hypertriglyceridaemia to be due to defective tri­

glyceride removal (Ryan and Schwartz, 1965; Sailer et al, 1966; 

Porte and Bierman, 1969; Havel et al, 1970; Boberg, 1971), 

whereas others have thought the primary defect to be one of 

enhanced input of triglyceride into plasma (Farquhar, 1965; 

Olefsky et al, 1974). 
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It is well known tha t hyper lipoprotc .i.nacrrlia may be due to 

underlying disease ( Fredrickson e t al, 'I 967)" In the absence 

of any detectable cause, the hyperlipoprot(-?inaemia: is referred 

to as primary ; each category of primary hyperlipoproteinaemia 

has been sho>Jm to have a population with a conunon genetic basis, 

the remainder probably being the resultant of various constitu­

tional and envirorunental factorso Environment may also effect 

the expression of a genetic defect, predisposing an individual 

to the development of hyperlipoproteinaemia. Factors of importance 

in respect of this are diet, in particular the effect of over­

nutrition and the type and amount of .fat and carbohydrate ingested. 

Alcohol and drugs may also modify lipid and lipoprotein levels 

and metabolism to a considerable degree. 

Abnormal lipoprotein patterns arising as a result of alcohol 

and drug ingestion have been classified as primary hyperlipo­

proteinaemia ( Beauman t et al, ·1 97 O).. S1J.ch an approach may not 

be entirely justified; in the absence of alcohol intake or oral 

contraception medication, a.11 entirely no:r,mal lipoprotein pattern 

may prevail. Other authorities prefer to regard the hyper­

lipidaemias arising as a result of these .factors as secondary 

(Steinberg, 1972)., In view of environrnental influences it is 

perhaps not surprising that under different circumstances 1 a 

particular genotype might manifest itself in a variety of patterns 

of serum lipoprotein. Different 'types' of disorders occurring 

in members of the same family may to some extent be explained 

on this basiso There would thus seem to be advantage in always 

thinking of serum lipid and lipoprotei:n concentration and pattern 

in an individual, as the resultax1t of the interaction of various 
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environmental factors with other factors in the genetic con­

stitution. In addition, underlying ca.uses known to be assoc­

iated with elevations of serum lipids and lipoprotein may exert 

a further influence. 

In this thesis, I have attempted to study some of the 

factors affecting serum triglyceride metabolism. In Chapter III 

the effect of diabetes mellitus is investigated. Diabetes has 

frequently been regarded primarily as a disorder of carbohydrate 

metabolism; disturbance of plasma lipids a~d lipoproteins, 

however, also occur remarkably frequently, and may be an import­

ru~t factor predisposing to the premature vascular disease seen 

commonly amongst diabetics .. The pathogenesis of the lipid dis­

turbances are thus of interest with a view to their therapy and 

possible benefit in the prevention o.f' atherosclerosis .. 

Two nutritional factors which I have studied are alcohol 

and dietary fat .. A well-known hazard of excessive alcohol 

intake is the development of fatty liver; alcohol may also result 

in hypertriglyceridaemia, although this probably only occurs in 

a minority of drinkers. Nonetheless, alcohol-induced elevation 

of serum lipid levels may be a £actor predisposing the drinker 

to yet another ill-effect of alcohol, that of the development 

of atherosclerosis.. Identification of individuals pat"ticula-rly 

susceptible to the effect of alcohol on serum triglycerides 

might, therefore, be of value in the prevention of atherosclerosis 

and the associated HID and peripheral vascular disease (PVD) .. 

The effect of alcohol on serum triglyceride is discussed in 

Chapter IV. 

29 



Many Western societies tend to ingest excess calories as 

judged by the exceedingly high frequency of obesity in such 

communities (Montegriffo, 1968). High intake of fat especially 

of the saturated variety tend to prevail in more affluent 

societies; both the total fat intake and that of saturated fat 
-

has been shown to correlate significantly with the incidence of 

IHD within populations (Masironi, 1970; Stamler et al, 1970). 

As the type .and amount of dietary fat influences serum lipids, 

dietary fat intake may be linked to atherosclerosis via an effect 

on plasma lipid metabolism. Much work, especially epidemiological 

has for the past 15 years or so, centred around the effect of 

dietary £at on serum cholesterol concentration. However, since 

the advent 0£ precise easy methods of determining serum tri­

glyceride, and the realisation that triglyceride may also be 

important as a risk factor for IHD, considerable attention has 

recently been focussed on this lipid. This thesis looks at some 

effects of dietary fat on serum triglyceride metabolism. Chapter 

V describes studies on polyunsaturated dietary fat. 'rhis was 

studied in view of its use in the therapy of certain hyperlipo­

proteinaemic disorders, and also because of its potential recom­

mendation £or widespread use in order to try and lower the alarm­

ing incidence of IHD in Western societies. The plasma transport 

of dietary fat has also been investigated in Chapter VI; the 

triglyceride bearing lipoproteins formed during ingestion of fat 

have been studied and discussed in relation to classification 

of disorders of lipoprotein metabolism based on lipoprotein pro­

files in plasma. 

In many of the experiments, quantitative meas1-1rements of 

lipoprotein lipid was performed using preparative ultracentri-
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fugation. Removal of triglyceride from plasma was assessed by 

a relatively new technique, the intravenous fat tolerance test. 

The theoretical consideration relating to this test is discussed 

in the Methods section on page 58. This test was chosen because 

of its simplicity, and because of its good correlation with more 

difficult and more invasive methods of investigation of triglyce­

ride turnover. 
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CHAPTER II 

1. BLOOD SAMPLING 

All venous blood samples for fasting lipids and lipo­

proteins were collected after a 12 - 14 hour overnight fast. 

Venous stasis was avoided as this is kno~m to lead to errors 

due to haemoconcentration (Koerselman et al, 1961 ). 

In studies in which repeated blood samples were required, 

subjects were cannulated with polyethylene catheters (A-caths 

1968 or 1962 Baxter, England) fitted with a three-way stop­

cock. In those studies in which sampling was frequent, no 

special precautions were taken to prevent clotting in the 

cannula. When a longer period was required between samples, 

saline was injected to keep the ca..1/lnula .free of blood. In all 

cases, 1 ml • . of blood was withdra'!m and discarded before the 

actual sample was taken. 

After allowing time for clotting and retraction, serum 

was s eparated by centrifugation at 1,500 rpm at 4°c. Samples 

for lipid estimations were stored at -20°c in cases in which 

estimations were not performed irrnnediately. 

Samples for ultracentrifugation were mixed with ethylene 

dirunine tetra-acetic acid (EDTA) to a final concentration of 

o.05~ and kept at 4°c until spune Ultracentrifugation was 
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always commenced within 48 hours of sampling. F".cactions 

obtained by ultracentrifugation were stored at -20°c before 

analysis. 

0 Serum for lipoprotein electrophoresis was stored at 4 C 

and run within 72 hours of sampling. 

2. DE'rERMINATION OF' SERUM TRIGLYCERIDE BY A SEMI-

AUTOt-V\ TED METHOD 

The method used was essentially that of Cramp and 

Robertson (1968), with triolein standards replacing trilaurin 

and trimy.r'istin. It has· also been found satisfactory for use 

with lipoprotein fractions separated by ultracentrifugation., 

The method is based on extraction of lipid from the serum 

sample, followed by the liberation of the glycerol moeity of 

triglyceride by alkaline hydrolysis. The released glycerol 

is oxidized to formaldehyde which is measured fluorimetrically 

after condensation with acetyl acetone in the presence of 

ammonia. It has been shown to agree with the Van Handel and 

Zil versmi t. ( 1 957) manual reference method ( Cramp and Robertson, 

1 968). 

Procedure 

A 1 :20 dilution of serum in isopropanol (BDH Biochemical 

Reagent, England) prepared with a Hooke and Tucker autodilator 

(0.3 ml. to 5.7 ml.), is allowed to stand overnight in the 
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pres ence of Zcolite con taining copper sulphate (Technicon, 

U. S .A. ). rl'he latter r eagents are necessary for the removal 

of phosphoJ.ipid and glucose, both of which may c ause false 

r eadings. In the flow system of the Technicon autoanalyzer, 

the triglyceride is hydrolyzed by IM KOH, the released glycerol 

oxidised to formaldehyde, and finally condensed with acetyl­

acetone in the presence of excess ammonium ions to form 

diacetyldihydrolutidine in a 58°c constant temperature water 

bath. After activation at 405 nm. , the product emits fluores­

cence at 510 nm., the increase in fluorescence being measu.red 

on a Mark V Locarte fluorimeter (Locarte Co., London) coupled 

to a 10 mv. recorder. 

The standard used was triolein (Sigma Chemical Co. Ltdo, 

U.S.A. 99% pure ). Purity was checked by thin layer chromato­

graphy; only one spot was detected. Each group of 40 estima­

tions had a set of six standards on either side of it. Four 

pooled samples and four drift checks are included in the 40 

samples. As the same isopropancl extracts of serum were also 

used for cholesterol determinations, the triglyceride stock 

standard also contained cholesterol (BDH Biochemical Reagents, 

England ). 

A typical standard curve is shown in Figure 1. 

Repr oducibility _ex£_erim_ent. 

A serum sample was divided into 10 aliquots, and its tri­

glyceride content determined on 10 s eparate occas ions. 
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Triglyceride concentration= 160 mg./dl. ±·7 ( SD ) 

Coefficient of variation= 4.6% 

3. DSTERMINA'I'ION OF SERUM CHOLESTEROL BY A SEMI­

AUTOMATED PROCEDURE 

The met~od used was the Technicon 24a method, modified 

from that of Levine and Zak (1964). It is based on the forma­

tion of a coloured compound when sulphuric acid and ferric 

chloride in acetic acid, react with steroids having the fl 

5,1 hydroxy group. 

The 1:20 extract of serum in isopropanol, prepared as 

previously described, reacts with the anhydrous reagent at 

95°c. Colour is read at 550 nmo in a colorimeter with a flow 

cell coupled to a recorder. 

'rhe standard solution is the same as for the triglyceride 

method, the stock solution containing 500 mg./dl. of cholesterol 

in isopropanol. For determination of cholesterol in lipo­

protein fr.actions which contain bromide, the latter must be 

removed as it interferes with colour development. This is 

achieved by the addition of Dowex 2 ion exchange resin (Dow 

Chemical Co., U.S.A.) in the chloride form, to the isopropanol 

extract. 

A typical standard curve is shown in Figure 2. 
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Fig. 2 
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~~eproducibili tv experiment_ 

The cholesterol concentration of a sample of serum was 

determined on 10 separate occasions. 

Cholesterol concentration= 554 mg./dlo + 10 ( SD ) 

Coefficient of variation== 1.7% 

4. LIPOPROTEIN ELECTROPHORESIS 

This was performed on cellulose acetate according to the 

method of Chin and Blankenhorn (196 8 ) with visual inspection 

of the lipoprotein pattern. Cellulose acetate (Cellogel, 

Reeves Angel) was used as the supporting medium. Before applica­

tion of the sample, it was soaked for at least 10 minutes in 

1% albumin in sodium barbitone buffer (Oo04 M,pH 8.6 ). After 

blotting with filter paper, the strip is placed on a Shandon 

electrophotesis tank, each end of the strip resting on filter 

' paper in contact with buffer. 

Serum was applied using a twin wire applicator (Chemetron, 

Italy) 1 • 5 µ1. being applied~ Five to six sarnples couJ.d be 

run per strip of cellulose acetate, one of which was always 

a normal control serum for reference. The samples were electro­

phoresed at a constant current of½ mA/cm. for 50 minutes. 

Staining of the lipid was performed using Oil redo stain­

ing solution, prepared by refluxing 40 mg ./dl., Oil red O 

(Allied Chemical, U.S.A.) with 70% methanol: water. 'rhe stain 

can be kept for one week at 37°c. After overnight staining 
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at 37°c, the strips were rinsed free of excess stain.in tap 

water and briefly immersed in a solution of hypochlorous acid, 

freshly prepared by adding 5 ml. of sodium hypochloride solu­

tion (BDH 10 - 14% available chlorine) to 100 ml. of 5% v/v 

acetic acid. This treatment causes considerable bleaching o.f 

the backgrow1d. Using this technique with ceilogel, resulted 

in chylomicrons remaining at the point of application. 

5. LIPOPROTEIN ULTRACENTRIFUGATION 

Preparative ultracentrifugation of lipoproteins was per­

formed according to the method of Ca~lson (1973), based upon 

that of Havel et al (1955). 

Apparatus_ 

M.S.E. Superspeed 50 preparative ultracentrifuge (Measur­

ing and Scientific Instruments Equipment, Sussex, England)o 

Anglehead Rotor 18 x 6.5 ml. (M.S.E. no. SP 909. Identi­

cal in radius, capacity and 26° angle to the Beckman 40. 3 rotor 

used in the method of Havel et al (1955) and of Hatch and Lees, 

1 968). 

'rube-slicer (Beckman - Spinco, U.S.A.). 

Cellulose nitrate centrifuge tubes (0.5" x 2.5n - Beckman -

Spinco, U.S.A.). 
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VLDL separation 

This was achieved as follows : 4 ml. of serum .were~ trans­

ferred to 6.5 ml. Beckman cellulose nitrate centrifuge tubes. 

2 ml. saline, density 1.006, prepared by making 11. 4 g.NaCl 1 

0.1 g. EDTA and 1 ml. 1 M NaOH up to 1 litre wi·th water and 

adding an additional 3 ml. was Ca:t'efully l ayered on top of the 

serum. The ~amples were centrifuged at 105,000 g f or 16 hours 

at 15°c leading to an opalescent upper layer containing the 

VLDL, a clear saline layer, and the residual content s of the 

serum as an infranatant. The VLDL was r emoved by t ube slicing 

and both the tube cap and the tube slicer were carefully rinsed 

with saline, density 1.006. 

LDL sepa.ration 

4 ml. of the :i.nfranatant after tube slicing, \Vas trans­

ferred to another c ellulose nitrate tube and 2 ml. of a NaCl -

NaBr solution were added to increase the density to 1 .182. 

This solution was prepared by adding 24 .98 g.NaBr to 100 ml. 

of the d = · 1.006 solution. After capping, mixing was achieved 

by inversion, following which the samples were centrifuged for 

20 hours at 105,000 g. The supernatant containing the LDL wos 

separated by tube s licing. 'I'he infranat ant contains HDL and 

other serum proteins. 

Chylomicron separation 

In samples in which a creamy layer was observed to float 
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upwards following overnight storage at 4°c, or in stu:dies on 

alimentary lipaemia, separation of chylornicrons (corresponding 

to particles with Sf ? 400) was performed prior to VLDL 

separation. This was achieved by spinning 4 ml. of serum under 

a 2 ml. layer of saline density 1.006 for 30 minutes at 

17,500 rpm. The opalescent upper layer was removed by tube 

slicing and rinsing of the tube cap and slicer, the bottom 

layer being made up to 5 ml., of which 4 ml. were used for 

VLDL separation. 

The fractions so obtained were extracted and triglyceride 

and cholesterol contents determined a.s described above. In 

addition, total serum cholesterol and triglyceride were measured 

and recoveries calculated. Recoveries of between 90 - 110% 

were regarded as acceptable. 

gecovery experime~ 

The total triglyceride and cholesterol concentration in 

six sa.mples of serum were compared with the sums of the frac­

tions separated by ultracentrifugation. 

Triglyceride Recovery = 101% + SD 5 

Cholesterol Recovery = 
..I. 

103% ' SD 3 

PreEarati.on of three fra.ctions of VLDL from serum 

Gustafson et al (1966) reported a method for separat i on 

of up to five sub-fractions of the VLDL fraction (including 
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ch:,/.l omicron•:; ). In some experirr.(mts, three such frac tions ,vere 

co.llected as fol lows: 

4 ml. of serum was layered under 2.5 ml. of d = 1.006 

solution in a cellulose nitrate ultracentrifuge tube~ After 

c apping , it '..Vas centrifuged for 30 minutes at 17,500 rpm 

(0 .. 60,,. x 106 g-1ni·nutec.). T' 1 · t · f t ·· · 1 t . ~ ne ipopro ein rac J.on equiva en -

to the Sf --;:- 400 fraction floats to the top. 

The top.fraction (of about 1.5 ml. volume) was separated 

as before and made up to 2 ml. volume. 

'rhe infranatant is quantitatively washed into 5 ml. volu­

metric flask, from which 4 ml. are pipetted into a fresh centri­

fuge tube a.nd layed under 2 . 5 ml. of d = 1 • 006 saline. Samples 

are then spun at 35,000 rpm for 60 minutes (5.4 x 106 g-minutes ) 

to yield a fraction equivalent to sf 100 - 400. 

The fraction is collected as above, and the procedure 

repeated with a further spin of 16 hours at 40,000 rpm to 

separate the sf 20 - 100 sub-fraction. 

o. 3 ml.. of the fraction collected are taken for determina­

tion of cholesterol and triglyceride content as described on 

pages 41 and 44. 

69 PLASMA FRSE FATTY ACID CONCENTRATION 

This was measured by the method of Goss and Lein ( 1 9 67) 

which is a one-phase modification of the Dole (1956) two-phase 

method. Venous blood was drawn after a 12 - 14 hour overnight 

fas t from the recumbent subject who had been resting for 20 -

30 minutes pr ior to venesectiono Smoki ng was not permitted 

on the morning of the study. The blood was taken into hepar-
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inized tubes, irnmedio.tely placed in ice, and centrifUO(:d at 

1,500 rpm at 4°C for 10 minutes. One ml& aliquots of the 

plasma so obtained were added to 5 ml. Dole extraction mixture, 

consisting of isopropanol; n-heptane; Oe5 M sulphuric acid, 

20:5:1, and mixed for four minutes on a vortex mixer. A further 

3 ml. heptane, 2 ml. distilled water (which had been recently 

boiled to remove the dissolved CO2 ) were added and the mixture 

mixed for a further four minutes. On standing upright over­

night, two phases separated by a sharp interface are obtained; 

3 ml. of the upper heptane phase were removed .for titration. 

All solvents used were either BDH 'Analar' grade or redistilled. 

Standards consisted of a range of concentrations of palmitic 

acid (Sigma Chemical Co., U~S.A .• , 99~{ pure) in heptane after 

having been shown to be chromatographically pure using thin 

layer chromatography. For the standards, 2 mL. of heptane and 

3 ml. of water were a-dded after the Dole solution, to adjust 

for solvent differences. Blanks, containing water instead of 

plasma, were also used. 

Titration of the heptane phase against ethanolic sodium 

hydroxide (0.016 M), using 0.5 ml. ethanolic thymol phthalein 

( o. 05~~) as indic;_ai::or, resulted in a one-phase system because 

of the miscibility of the heptane and ethanol. Titration was 

carried out using an Alg·ar glass microsyringe coupled to a 

micrrnneter screw gauge (Burroughs Wellcome and Co., England), 

mixing being achieved by a continuous stream of nitrogen which 

had been rendered co2 free by passage through a KOH solution. 
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'I'he colour change for the star1da.rd is fro!:'. colourless to 

blue, while that for plasma samples is from pale yellow to 

pale green. 

After substraction of blanks from readings for the samples 

and standards, a standard curve was drawn on each occasion; 

the sample value for FFA were determined from this. A typical 

standard curve is shown in Figure 3. 

7., PLASMA FFA TURNOVER 

The method is based on that of Lewis et al ( 1 966) in \.11hich 

FFA flux through plasma is determined by measuring the equili­

brium specific activity of FFA in plasma during a constant 

infusion of 14c albumin-bound palmitate • 

.f!_E;paration of the isotope for injection_ 

Pa.J.mi tic acid of specific activity 55. 2 µ ci/M (Radio­

chemical Centre Amersharn, Bucks.), after blowing off the benzene 

carrie:r, was dissolved in 3 ml. of ethanol, adjusted to pH 8 

with potassium hydroxide, diluted to ·1 O ml. \Vi th 0.15 11 saline. 

It was then autoclaved at 15 psi for 15 minutes. Radiochemical 

pu .. ri ty in the product was checked by thin layer chromatography 

and sterility of the product confirmed by culture. The px-epara-

t . d o . ' . f ion was store at -20 C until tne morning o use. 
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Procedure 

On the morning of the study, approximately 15 µci of the 

palmitate was added slowly, with swirling, to a solution con­

taining 0.25 g. of fatty acid poor albumin (Lister Institute, 

Elstree, Herts.). Electrophoresis showed all the radioactivity 

to travel with the albumin band. The complex was diluted with 

0.15 M saline and about 10 µci infused intravenously over a 

period of 60 - 70 minutes at a constant rate using an electric 

driven infusion pump (Braun, Melsingen, Germany). 

After a 12 - 14 hour overnight fast, an indwelling plastic 

cannula was inserted into the anticubital vein of each arm. 

Through one, the palmitate was infused; blood samples were 

obtained from the other at 20, 30, 40, 50 and 60 minutes after 

commencing the. infusion. The subject was l<:ept quiet and 

recumbent throughout the procedure. 'rhe first 1 ml. of each 

blood sample was discarded. 

Analyses 

Part of each sample was used for determination of FFA 

levels as previously described. A further aliquot 1>Tas used 

to determine radioactivity in the FPA fraction after .separation 

on silica-potassium columns by the method of McCarthy and Duthie 

(1962). This separation of FFA is necessary because of the 

appearance of endogenously labelled triglyceride from about 

20 minutes (see Chapter V, page 286). No significant labell­

ing of cholesterol esters or phospholipid was shown to occur 

during the first hour of infusion. 
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'I'he i:1bsorbant for the colunms ·Nas prepar(!d as follows : 

45 g. of Silicic acid (Malinkrodt 100 mesh, Malinkrodt Chemical 

Co ., U GS .A. ) was suspended in methanol. and the finer particles 

decanted off. Ten per cent potassium hydroxide in methanol 

was then added and the mixture evaporated to dryness under 

reduced pressure using a rotary evaporator; the dry powder 

which contains approximately 20% w/v KOH in silicic acid, was 

stored·in an_airtight container. Columns consisting of 13 x 

1 cm. glass colunms fixed at one end to 100 ml. round-bottomed 

flasks, and at the other end to glass sintered discs, to allow 

a flow rate of 30 ml./hour with diethyl ether, and 2 g. of 

silica KOH, were used. 

Into each column was slurried 2 g. of the silica KOH 

powder in diethyl ether (BDH 1Analar'). The Dole extract was 

evaporated to dryness, dissolved in 2 ml. of ether and applied 

to the column. Fifty mlG of ether eluted the neutral lipids. 

FI<,A were eluted by 50 ml. of 4% formic acid in ether followed 

by 100 mlo of ether. The FFA elvates were dried in a rotary 

evaporator then transferred quantitatively to counting vials 

with ether. After evaporation to dryness,counting in a liquid 

scintillation spectrometer with quench correction by an internal 

standard of 14c-n hexadecane (Radiochemical Centre, ,i\mersham, 

Bucks.) was performed using 10 ml. of a scintillation solvent 

with the following composition: Toluene 2½ litres (BDH A.R~); 

2,5 - diphenyloxazole (Packard ) 10 go; 1-4-bisi2- (4-methyl-5-

Phenyloxazolyll7 Benzene (Packard) 1 ~25 go Counting efficiency 

was never less than 70%0 
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Specific activity of FFA in pl asma was then cal~ulated 

for the 20, 30, 40 , 50 and 60 minute samples and shown i n all 

cases to have achieved equilibrium by 40 minutes •. In many 

cases, equilibrium had been reached by 20 - 30 minutes. (A 

typical resul t is shown in Figure 4). The equilibrium specific 

activity was derived by taking the mean of the 40, 50 and 60 

minute sampleso 

Recovery experiment 

(a) Free fatty acid 

14c palmitic acid was diluted in a Dole extract of plasma 

( to provide carrier FFA). Aliquots were taken for either 

counting or were applied to the column and counted after 

elution as described above. 

Result= 94¾ ± SD 4 (n = 6) 

(b) !_rialycer ide 

A similar experiment was performed using 3H triolein 

(Amersham Radiochemical Centre, Amersham, Buckso). Ali­

quots were counted before a.YJ.d after r ecovery of the neutral 

lipid fraction. 

Result= 96% + SD 3 (n = 5) 
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Calculation of FF'A turnover 

To calculate the infused dose ( dpm./ml.), so· µl. of the 

infusate was evaporated in a counting vial, and counted in a 

similar ma.Yl.ner to the plasma samples. The rate of infusion 
-

was obtained by measuring the.volume of a precisely timed 

sample of the infusion. FFA turnover through plasma was then 

calculated as follows: 

Turnover (µM/min./Kg.) = Infused dose (dpm.fmin.) 
1<'FA specific activity (dpm.;i.1 M x weigh"t 

(Kg.) 

The normal range, previously determined in our laboratory in 

12 healthy subjects while at rest after an overnight fast, was 

6 - 12 µM/min./Kg. No sex difference was detected~ 

8. INT'RAVENOUS FAT 'rOLERANCE 'rEST (IVFTT) 

_'!'heo_retical considerations relating to the intravenous 

fat tolerance test 

Tolerance tests have the advantage of being able to detect 

latent and mild metabolic abnormalities. Thus, glucose 

intolerance can be detected with the oral glucose tolerance 

test or its modifications. Similarly, oral fat tolerance tests 

have been used to attempt to detect mild or latent abnormalities 

of lipid metabolism. For example, Angervall (1964) showed 

alimentat'y lipa.emia to be of a greater degree and more pro-
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longed in subjects with atherosclerosis th:in in no::cmal con­

trols. The need for an intravenous .fat to1c:ronce te.s t arose 

because of difficulties in the interpretc1tion of oral fat 

tolerance tes ts; this is largely clue to the many proc0s'.::.0s 

influencing alimentary lipaemia , such as gastric emptyino-, 

and intestinal absorption~ Furthermore, the nature of the 

lipoprotein carrier depends to some extent on t he fat load 

ingested (see Chapter VI); as VLDL and chylomicrons have been 

shown to be removed from the circulation at different ral:es 

(French and Morris, 1957; Nestel, 1964), the amount of fat 

ingested could influence removal rates. 

The IVF'TT developed by Boberg et al (1 969 ) is a loading 

test, analogous with the intravenous glucose tolerance test~ 

It involves a non-steady state and depends on the r emoval of 

an exogenously administered triglyceride emulsion f rom plasma .. 

Early studies on the removal of triglyceride from plasma 

relied on the intravenous injection of l abelled chylomicrons 

(French and Morris, 1957; Borgstct;m and Jordan, 1959; Hu.vel 

and Goldfein, 1961 ). Due to the instability and difficulty 

of standardization of chylomicrons, which are also difficult 

·to collect in any quantity, especially so in man, the removal 

of synthetic triglyceride emulsions has been studied .. The 

emulsion found to be most suitable .for the purpose, and which 

has been used by Boberg et al (1969 ) in their intravenous fat 

tolerance test, is commercially available I ntralipid (Vitr um, 

Stockholm). It has been shown to closely resemble chylomicron.s 

in respe"t of both particle size and kinetic behaviour .. Hallbc:!'.'g 

and Wersall (1964) have shown Intralipid particl es to resemble 
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chylomicrons in particle~ size under the electron m:1.cro•,,cope ~ 

In dogs , their rates of elimination w.re the same (C a.r1son and 

Hallberg , 1963); similar observations have been made in man 

(Hallberg, 1965a and b). When compared as substrates .for post­

heparin lipoprotein lipase activity, the kinetics of Intralipid 

and chylomicrons, are remarkably similar (Boberg and Carlson 1 

1964). 

The injected triglyceride was originally separated from 

endogenous triglyceride on a polyvinylpyrrolidone (PVP) gradiento 

This method, initially described by Gordis (1962), is capable 

of separating chylomicron containing plasma into exogenous and 

endogenous fractions; it depends on aggregation of lipop:rote:Ln 

molecules and subsequent flotation, the latter process being 

size dependent. Hallberg (1964) using such columns with plasma 

obtained following the intravenous injection of Intra.lipid, 

showed that the triglyceride emulsion could be made to separate 

into. a top phase, whereas endogenous triglycerides we}:e con­

tained in a middle phase. The advantage of the PVP gradient 

method over total plasma triglyceride determination i s that 

endogenous triglyceride, probably including recirculated 

secondary particles, is separated from exogenous by the .former 

method. Separation on PVP columns is, however, very time con­

swning and Lewis et al ( 1972) described a modification of tl'H~ 

intravenous fat tolerance test in which the disappea1"ance of 

the injected Intralipid was measUl"ed nephelometr ically,. This 

was sho\!m to correlate well with values obtained using the PVP 

gradient method, and has the distinct advantage of being much 

quicker and easier to perform. ·rhe nephelometric method was 

used in all the investigations described in this thesisq 
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Whereas intravenous olucose t olerance is defined by only 

one rate which characterizes a first order reaction, two r ate 

constants have been shown to be measurable with the intra­

venous fat tolerance test (Boberg et al, 1969). Foll owing 

administration of a dose of 0.1 g. Intralipid per ki logram 

body weight to man, disappearance of the trigl)rceride follows 

an exponential slope, thus exhibiting first order kinetics. 

Serum triglyceride concentrations following the injection of 

this dose usually range between 100 and 150 mg./dl. When the 

intravenous fat tolerance test is carried out at the higher 

dose of 0.25 - 0.3 g. per kilogram body weight, disappearance 

is initially linear, followed by exponential removal. Satura­

tion of the removal mechanism is implied, because a constant 

amount of triglyceride is removed per unit time. The slope 

of the zero order , part of the removal curve then gives a measure 

of maximal removal capacity (K1 ), in contradistinction . to the 

fractional removal rate (K2 ) 1 measured by the later part of 

the curve. 

NikkiU\ and Kekki (1971 a) have criticized the intravenous 

fat tolerance test on .the grounds that removal of a fat emul­

sion is not a valid indicator of the removal of endogenous tri~ 

glyceride. Although, as discussed above, Intralipid appears 

to be a good kinetic model for chylomicrons, the latter tri­

glyceride bearing lipoprotein is removed .from plasma at a much 

more rapid rate than endogenous triglycerides. Both chylo­

microns and VLDL are, however, believed to be removed from 

plasma by a common mechanism (Havel, 1965). FUrther evidence 

of chylomicrons and VLDL sharing a common saturable removal 

mechanis m has more recently been presented by Brunzell et al 
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(1973). It has, therefore, been suggested that the IVFTT 

may be u:;ed as a method to study the' removal of endogenous 

plasma triglyceride (Boberg et al, 1969; Carlson and R~ssner, 

1972; R~ssner et al, 1974). 

The validity of the test is suggested by several points. 

Boberg et al (1969) have shown that in a population of normo­

lipaemic and hypertriglyceridaemic subjects, K2 values and 

serum triglyceride concentrations were inversely related, show­

ing a hyperbolic relationship. A similar finding in a popula­

tion of normolipaemic subjects is sho\lm in Figure 9 on page 

Values obtained for fractional triglyceride turnover by chemi­

cally measuring arteriorenous di£ ferences across the splanclmic 

bed showed a.similar relation to serum triglyceride concentra­

tion as was observed for K2 (Boberg, 1971 ). This non-isotopic 

method has, however, ·been criticised on the basis of analytical 

error (NikkiU\ and Kekki, 1971a). 

Nevertheless, a significant positive correlation was shown 

to exist by Rt;ssner et al (1974) when fractional turnover rate 

constants determined by the IVFTT were compared with those 

determined by the chemical plasma triglyceride secretion method 

(r = +0.6; p < 0.01) and by the plasma triglyceride clearance 

method (r = +0.,7; p <. 0.001) in the same subjects~ Values 

obtained with the IVFTT were, however, a'..)out 30% higher. 

Unfortunately, in some cases there was a long time interval 

between the studies, and triglyceride concentrations were not 

always equal. 
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The low turnover of triglyceride in the presence of high 

triglyceride levels showed in these studies, may be interpreted 

as suggesting defective triglyceride removal from plasma to 

be the mechanism of the hypertriglyceridaemia. 

Alternatively, i t could be a.rgued that K2- values reflect 

pl asma triglyceride pool size, high triglyceride concentrations 

resulting in.low K2 values, and vice versa. The experiments 

of Nestel (1964), on removal of chylomicrons from plasma, are 

frequently quoted in support of this latter concept, and 

Nikkil~ and Kekki (1971a) have further criticised the intra­

venous fat tolerance test on this basis. It has been suggested 

that any change in serum triglyceride concentration leads to 

a r eciprocal change in K2 , even if the change in triglyceride 

is due to enhanced secretion. The highly significant correla­

tion with fractional triglyceride turnover measured chemically 

by arteriovenous difference across the splanchnic bed, however, 

mitigates strongly against this argument (R~ssner et al, 1974)e 

K2 has also been shown to be independent of the amount of 

exogenous (Hallberg, 1965b), or endogenous triglyceride 

(Hallberg, 1965a; Boberg and Hallberg, 1968) during constant 

infusion of Intralipid at different rates. 

Further evidence against K2 , as measured by the IVFTT, 

being a reflection of plasma triglyceride pool size, is the 

lack of change in K2 value when serum triglyceride concentra­

tion rises during oral contraceptive therapy (R~ssner et al, 

1971 ), and during high carbohydrate feeding (Nestel and Barter, 

1973). Conversely, Gustafson and Sannersfedt (1973) showed 

an increasing K2 during drug treatment of hyperlipoproteinaemia 

63 



to be 1,1 • .nassociated with a chan'.:)(~ in sc:I")::' t:ci<JJ.vc,:>l'ides. Two 
- V -~ 

further examples are presented in t hi~; tl,e:;i.s; t··.ro situations 

are described in which there is a chc1.r1uo. .Ln plasma tx.'iglycoride 

pool size withoµt a corresponding change in K2 • The marked 

reduction in serum triolyceride concentr2.t:i.on ac;:1icved by with­

drawing alcohol from pi:ltients with alco"l10J.ic hypel."triglycerid­

aemia was not accompanied by a change in tr iulycer ide frac­

tional removal rates (see page 206), nor was the reduct ion in 

serum triglyceride concentration in respon:;e to substituting 

saturated by polyunsaturated dietary f a t (:oee paqc 283). The 

substantial change in serum triglyceride concentrations (and 

hence presu1nably triglyceride pool siz e~ ) in tht:se two situations, 

without reciprocal change in K2 , .further streng-thens the argu­

ment against triglyceride pool size determining the value 

obtained with the IVFTT. 

The significance of these values h a.s been further tested 

in this thesis, by performing the IVFTT at the higher dose in 

some diabetics. In ~tudies described on page 144, maximal 

removal rate (K1 ) varied in a similar fashion to fro.ctional 

rf~moval rate (K 2 ) when the diabetes 1Nas co1Ttroll0.d$ If a con.­

stant plasma volume is assumed, K1 is independent of pool size 

consideration,· thus further strengthening the vaJ.:i..cli ty of the 

IVFTT. 

In view of these considerations, the IVFTT do,2s appear 

to be a useful and valid test, despite the actua.l half-li.fe 

of the injected emulsion being more rapid tha.n that of endogenous 

triglycerides. Perhaps its main advant age is the ease and 
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rapidity with which it can be performed, with relatively little 

discomfort on the part of the subject undergoing the investi­

gation .. It _provides a rapid and reproducible (Carlson and 

Rl:'>ssner, 1972) semi-quantitative measure of fractional turn­

over, which correlates with, but is not equal to, the fracti onal 

turnover of VLDL triglyceride. 

Method 

The method used was that of Boberg et al (1969) adapted 

to nepheJ.ometric measurement (Lewis et al, 1972). In most 

cases, Intralipid was injected at a dose of 0.1 g./Kg. body 

weight; some ?ubjects in addition, had the test repeated using 

0.25 - 0.3 g./Kg. body weight. 

Procedure 

A pulse injection of ten per cent Intra.lipid (Vitrum, 

Stockholm) batch no. 199523 was administered intravenously via 

an indwelling polyethylene cannula, to subjects who had been 

·fasted for 12 - ·14 hours. 

The cannula was then flushed by withdrawing blood to clear 

it of Intralipid. Blood samples were withdrawn at five minute 

intervals for a period of 40 minutes, in each case, 1 ml. first 

being wi thdravm and discarded, to clear the cannula and tap 

off old blood. When the large dose of IntraJ.ipid was used, 

the test was carried on for 60 minutes. 
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The blood samples were taken into heparinized tubes, kept 

on ice and centri.fuged for 10 minutes at 600 rpm to permit 

separation of the plasma, without permitting flotation of the 

triglyceride emulsion. 0~2 ml. of the plasma was diluted with 

9.8 ml. Oo15 M saline using an autodilutor (Hook and Tucker, 

England). The test tubes used were ca.re.fully cleaned to 

eliminate dust particles which may contribute to light scat­

tering. The light scattering index was then measured on a 

nephelometer (Scientific Furnishing Ltd., Poynton, Cheshire). 

Plasma taken before the injection of the Intralipid was used 

as a blank and subtracted from the sample readings. 

Calculations of fractional removal rate (K2 ) 

As standard curves plotting the concentration of tri­

glycerides against light scattering intensity, were shovm to 

be straig1?-t lines passing through the origin (see Figure 5), 

the log of the light scattering indices minus the blanks were 

plotted directly against time. At the low dose of Intralipid, 

the removal was exponential in all cases measured. From the 

graph, the half life (T/2) was calculated and the fractional 

removal rate (K2 ) derived as follows: 

0.,693 
'11/2 -

A typical example is shown in Figure 6 .. 

The only cases which failed to give an adequate curve were those 

subjects who were intensely lipaemic, having both chylomicrons 
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and VLDL in excess in the fasting state. In such cases, injec­

tion of the triglyceride emulsion which raised the triglyceride 

level by about 100 - 150 mg.,/dlo, made little difference to 

the zero time r~ading, and a removal curve was unobtainable. 

Calculation of maximal removal rate (K1 ) 

In those subjects who had the higher dose (0.25 - 0.3 g. / 

Kg. ) in addition, the removal of triglyceride from plasma was 

linear in the first instance, indicating saturation. The 

exogenous triglyceride content (read from the standard curve ) 

was plotted against time on linear paper and maximal removal 

rate of triglyceride (K1 ) was determined with dimensions of 

mg. / dl ./min. A typical example is shovm in Figure 7. 

K2 Normal range 

In order to establish a normal range for K2 , the IVF'TT 

was performed in a sample of normal volunteers. The subjects 

included healthy members of hospital and laboratory staff (52 

males, 9 females)G The test was also performed on a sample 

of healthy, working volunteers at a factory; they were part 

of a larger survey performed in order to determine the frequency 

of hyperlipidaemia in a healthy British population (Lewis et 

al, 1974). To supplement the 60 - 69 year age group, retired 

members of the factory staff were examined. Of 276 volunteers 

for this study, the IVFTT was performed on 38 males and 26 
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females selected randomly., All were habitually consuming 

'typical' British diets; adherence to therapeutic diets such 

as reducing, diabetic or modified fat diets were arounds for 

exclusion. In these subjects, who were part of the larger 

survey, IHD, endocrine and other diseases knovm to affect lipid 

metabolism were excluded by clinical examination and appropriate 

investigations. 

Figure 8 shows the values obtained; mean K2 for men of 

all ages was 0.047 ~ SD 0.015 and for females of all ages 

0.074 ± SD 0.022. Because variance differed in the two sexes, 

they were compared using the Mann-Whitney U test (Siegel, 1956) 

which showed the sex difference to be statistically significant., 

(p < 0.01) 

Table 2 shows the effect of age on K0 , in those subjects 
c.. 

studied as part of the larger survey; no obvious change with 

age was found for either males or females. 

'l,ABLE 2 

FR.A.CTIONAL REMOV1\L RATE OF TRIGLYCERIDE 
(K2 ) lN MEN l,ND \!OMEN OF' DIFFEYmN11• AG'~ 

( . -1) 
Acre (yrs•) Mean nnn. SD SEM ,, 

Males 
20 - 29 0.054 0.01 8 0.007 
30 - 39 0.046 0 .. 014 00005 
40 - 49 0.050 0.024 0.009 
50 - 59 0 .. 042 0.009 0.003 
60 - 69 0.047 0.010 0.004 

Females 
- 20-::-29 0.113 0.073 0.033 

30 - 39 o. 07 6 0$022 0.008 
40 - 49 0.072 0.022 0.011 
50 - 59 0.071 0.033 0.012 
60 - 69 0.076 0.096 0.005 

11 -
6 
8 
7 
9 
6 

5 
7 
4 
7 
3 

'I'he t\iro standard deviation normal range for men is 

thus 0.017 - 0.077 min .-1 and for women 0 .030 - 0.118. 
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The relationship between K2 values and triglycerides is 

sho\lm :i.n Figure 9. Significant negative correlation~, were 

obtained between K2 values and total serum triglyceride ( r _ 

-0.42; p < Oo001 ). When correlated with VLDL triglyceride 

value, an even better neuative correlation was detected (r = 

-0§53; p < 0.001 ). 

Relevance of these findings 

It is well established that premenopausal females have a 

lower incidence of IHD than do their male counterparts (Epstein, 

1965); the reason for the sex difference is not clear. In 

view of the relatively recent evidence that an elevated serum 

triglyceride concentration is an independent ris1c factor for 

IHD (Carlson and Bt>ttiger, 1972) 1 the sex differences in frac­

tional removal rate of triglyceride is of obvious interest. 

The higher K2 values found in females tended to be associated 

with lower triglyceride levels ( see Figure 9); prernenopausal 

females have also been shm1m to have 10\ITE~r serum triglyceride 

concentration than their male counterparts (e.g. Lewis et al, 

1974) .. 

A sex difference in triglyceride removal has previously 

been suggested by the demonstration of higher post-heparin 

lipolytic activities ( PHLA ) in females than in males (Boberg , 

197'1). Nestel and Havel (1962) failed to show a sex difference 

in adipose tissue lipoprotein lipase, although Persson (1972) 

showed levels to be higher in \Vomen than in men, lending sup­

port to the present findings. Nikkilt-i and Kekki (1971b) who 
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studied triglyceride turnover u sing infusions of labelled 

glycer ol, showed fema l es to have a more efficient plasma tri­

glyceride removal system than males; their findings of equal 

production rates in the two sexes would then explain the lower 

pla~na triglyceride concentration found in females. These 

findings have more recently been confirmed by Olefsky et al, 

(1974). 

Boberg et al (1969) found a reduction in K2 values with 

age; this contrasts to the present findings, the reason for 

which is not immediately clear .. As adipose tissue lipoprotein 

lipase has been shown to decrease with increasing obesity 

(Persson, 1972), an age associated increase in obesity is one 

possible explanation of Boberg 1 s findings. 

The significaJ1t negative correlation between serum and 

VLDL triglyceride and K2 (see Figure 9) is in agreement with 

the findings of Boberg et al (1969). 

9. BLOOD GLUCOSE 

A modified alkaline potassium ferricyanide method was used 

on the Technicon Autoanalyzer. Unlike the glucose oxidase 

method, this is not specific for glucose and can be affected by 

other reducing substances; results can be up to 10% higher 

than with the specific enzyme method. Glucose determinations 

were kindly perforined by the :routine chemical pathology 

laboratory. 
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1 O. SERUM INSULIN 

Insulin was determined by radioimmu.noassay. 125 . . I insulin 

competes with the unlabelled hormone for sites on a specific 

antibody. The assay was kindly performed by the Hammersmith 

Hospital I rrununoassay service. 

11. POST-HEPARIN LIPOLYTIC ACTIVITY (PHLA) 

PHLA was determined by a modification of the method of 

Fredrickson et al (1963) ,_ but using Intralipid (Vitrium, 

Stockholm) as substrate. This method relies on the release 

of lipoprotein lipase into plasma following the intravenous 

injection of heparin. It assumes that the amount of enzyme 

released into circulation is proportional to that available 

for triglyceride uptake by the tissues. Difficulties in inter­

pretation o.f PHLA are discussed more fully on page 

In the original assay of Fredrickson et al (1963), the 

substrate used was Ediol, a commercial coconut emulsion; the 

advantage over other substrates available at that time was its 

stability,. A disadvantage, hmvever, is its high content of 

partial glycerides especially monoglyceride, as monoglyceride 

hydroloses are known to occur both in adipose tissue (Vaughan 

et al, 1964; Kupiecki, 1966) and in post-heparin plasma (Shore 

and Shore, 1961 ; Greten et al, 1969; Biale and Shaf.rir, '1969). 

PHLA is also more completely inhibited by IM Nacl (Boberg and 

Carlson, 1964; Boberg, · 1969) and PHLA values are lower (Elkeles 
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1973), when Intralipid rather than Ediol is used as substrate . 

Intralipid has subsequently been used as a substrate for 

lipoprotein _lipase assays by many investigators, and has been 

used in the pre~ent i nvestigation. 

Procedure 

Heparin (Ueddel Pharmaceuticals, London) 10 units/Kg. body 

weight was injected intravenously after a 12 - 14 hour over­

night fast. Just prior to injection, a 10 ml. venous blood 

sample was tal<en and placed in an iced tube containing 0.5 ml. 

of 0.1 M sodium citrate. After centrifugation for 10 minutes 
0 at 1,500 rpm at 4 c, the plasma was separated and im.mediately 

0 frozen at -~20 C until the assay was performed. In order to 

negate the effects of possible variations between assays, 

samples from individual subjects were stored until the end of 

each experiment, i n order that they could be assayed simultane­

ously. 

Prepar·ation of the substrate 

Twenty per cent fraction V Bovine Albumin (Armou.T 

Pharmaceuticals Co. LtdG, England), 0.7 ml. Tris (previously 

corrected to pH 8.1 ), and Heparin (Weddel Pharmaceuticals, 

London), 20 units/ml. were mixed in ratio of 4:2:1. To this 

was added two parts of 10% Intralipid which had previously been 

. f . 0 pre-incubated with f asted human plasma or 30 nnnutes at 37 C 

in a ratio of 1 :1. 
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2.5 ml. post-heparin plasma was added to 4~5 ml. substrate, 

mixed by inversion and incubated for 120 mil:rntes in a 

Gallencamp-shaking water bath ( 100 cycles/min. at ·37°c) ~ At 

o, 30, 60, 90 and 120 minutes, 1 ml. samples of the incubation 

mixture were removed and added to 5 ml. Dole solution for 

estimation of free fatty acid concentration by the titration 

method previously described. An approxir:1ately linear release 

of FFA occurs throughout the period of observation (see Figure 

10). The slope of the line provides a measure of the amount 

of the FFA released per unit time; i.e. the lipoJ.ytic activity 

of the post-heparin plasma, expressed as µM FFA released per 

litre of plasma per minute. The FFA standard curve was as 

described in the section dealing with FFA determination (see 

page 50. 

12. DETERMINATION OF TI-IE; RELATIVE INCORPORATI ON OF PALMITIC 

AI'TD LINOLEIC AC IDS INTO SERUM VERY LG\'J DE}NSITY LIFO-

PROrrEIN-TRIGLYCERIDES (VLDL-TG) 

This was assessed by simultaneously infusing albumin-bound 

3H-palmita~e and 14c-linoleate intravenously into normal men, 

and measuring the appearance of the labels in serum VLDL-TG. 

The absolute rate of incorporation cannot be reliably 

calculated from incorporation curves, mainly because of 

simultaneous removal of triglyceride from plasma, and because 

of the possibility of recycling (Eaton et al, 1969). These 

problems are further discussed on page 303 • However, in the 

experiment described in Chapter v, no difference in the rates 
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14 3 o.f disappearance of C and H from the endogenously labelled 

triglyceride was discernible. In vi-ew of this, the linear 

increase in.radioactivity was token to be a-measure of incor­

poration of fre~ fatty acid into triglyceride for the purpose 

of calculating the ratio of incorporation of palmitate and 

linoleate into VLDL-TG. 

Preua~ation of the labelled FFA for infusion 

( 9, 1 O - 3H) - palmi tic acid a...vid ( 1 - 14c) - linoleic acid 

(Radiochemical Centre, ll.mersham, Bucks.) were converted to their 

potassium salts by blo·,ring of£ their benzene carrier, dissolv­

ing in 3 ml. ~bsolute alcohol, adjus ting to pH 8 with potassium 

hydroxide, 2md dissolving in 0.15 M saline to a final volume 

of 10 ml. The 14c linoleate was sterilized by autoclaving for 

15 minutes at 15 psi and stored at -20°c$ Tritium labelled 

compounds are known to be less stable to autoclaving and deep 

freezing, both processes being capable of removing the 3H from 

the parent compound; 3H palmitate was thus sterilized by pas­

sing through a micro~filter and stored at 4°c. Sterility was 

confirmed by culturing for 48 hours and was rechecked at 

·intervals. Radiochemical purity in the product was confirmed 

by the presence of a single spot on thin layer. chromatography 

(TLC). 

Immediately before the experiment, approximately 10 µ ci 

14c linoleate and 25 µci 3H palmitate were added slowly with 

mixing to a solution of fatty acid poor human albumin (Lister 
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Institute, London).containing 0.,5 g. human serum albumin in 

2 ml. 'rhe in.fusate was made up to its final volume by dilution 

with 0.15 M sterile saline. 

Procedure 

After a 12 - 14 hour overnight fast, polyethylene cannulae 

were inserted into each antecubital vein and stoppered with 

a three-way tap; the cannulae and tap were kept patent by 

sterile saline. A 30-minute interval was all01.ved to elapse 

before commencing the infusion in order to allow the subjects 

to assume a basal state. A base-line sample for determination 

of lipid concentrations was obtained prior to infusion; the 

fatty acid albumin complex was then infused at a constant rate 

over a four-hour period by an electric driven infusion pump 

(Braun, Melsingen, Germany). During this interval, the subjects 

lay quietly, being disturbed only for blood sampling. 20 ml. 

samples were obtained at hourly intervals during the infusion, 

for measurement of the incorporation of the 3H and 14c labels 

into VLDL-TG. An aliquot for determination of FFA concentra­

tion and composition was put into a heparinized tube, the plasma 

immediately separated by centrifuging for 10 minutes at 1,500 

rpm at 4°c, and stored at -20°c until analysed. FF'A concentra­

tion was measured, as described on page 50 • F'FA composition 

was determined by gas-liquid chromatoaraphy (GLC) after prior 

separation of FFA from other plasma lipids by 'rLC ( see page 82). 

The remainder of the blood sample was allowed to clot; after 

clot retraction, the serum was separated by centrifugation for 

10 minutes at 1,500 rpm. EDTA was then added to a final con-
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centration of 0.05%. A 4 ml. aliquot was ultracent.rifuged 

for 20 hours at 105,000 g mins .. under a 2 ml. layer of d = 

1.006 saline to separate the VLDL fraction. This fraction was 

collected quantitatively by tube slicing and washing of the 

tube slicer and cap as described on page 48 • The radio­

activity in the lipids of VLDL and serum were then determined 

as described below. 

After the infusion, blood was sampled hourly for a further 

4 hours to determine the isotope ratio in VLDL-TG during the 

disappearance phase. 

Separation of lipid by thin-layer chromatograohy (TLC) 

The method used to determine the radioactivity in labelled 

lipids of plasma VLDL was essentially that of Boberg (1966). 

Thin layer glass plates (20 x 20 cm.) were coated with 

silicic acid (Silica Gel G, Merck AG, Darmstadt, Germany) to 

a thickness of 0.5 mm. by the pouring technique, using silicic 

acid (15 g.) slurried in 35 ml. of a solution containing 2% 

toluene scintillation solution in ethanolo This procedure allows 

rapid drying of the plates, and visualization of lipid spots 

under ultraviolet light, without the necessity for other indi­

cators, many of which are unsuitable for radioactive work 

because of their quenching properties. After drying at room 

temperature, plates were activated for 30 minutes at 110°c and 

stored over phosphorus pentoxide. 
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Lipids were extracted in duplicate as .follows (Boberg , 

1966): 1 ml. plasma, or VLDL was mixed with 5 ml. methanol 

follO\ved by 1 O ml. chloroform. Aqueous and organic phases were 

separated by the addition of 15 ml. 0.2 M sodium hydrogen 

phosphate, the upper aqueous phase being separated by suction 

after overnight storage followed by low speed centrifugation. 

The chloroform phase was evaporated to dryness under a nitro­

gen stream •. 0.3 ml. hexane was added, and after mixing on a 

vortex mixer, o. 2 ml. was carefully spotted on to a thin layer 

plate with a Hamilton syringe (Hamilton Micromesure, 

Netherlands) using a sy.cinge holder especially designed for 

TLC. 

Duplicate spots of each sample were made. One was used 

for determination of radioactivity in the various lipid frac­

tions; the FFA spot of the other was used for the determina­

tion of fatty acid composition by GLC. 

Separation was achieved at room temperature in lli~lined 

jars using a sol vent mixture of petroleum ether; diethyl ether'; 

acetic acid ( 82·; 17. 5; o. 5) in an ascending system. After a 

period of about 45 minutes, or when the solvent front had 

reached two-thirds to three-quarters of the way up the plate, 

the plates were removed and the solvent allowed to evaporate 

at room temperature. After about 30 minutes, the lipid frac­

tions were visualized in ultraviolet light a.,,YJ.d compared with 

the spots from a standard solution containing palmitic acid, 

triolein, cholesterol palmitate and lecithin (Sigma Chemical 

Co., U. s .A.). Marks were made on the silicic acid outlining 

each spot. Using a razor blade, the silicic acid containing 
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the lipid spot was quantitatively scraped into a glass count­

ing vial. 10 mlj toluence scintillation fluid (see page 55 

for preparation) containing 5~~ methanol allows intravial 

elution of the lipid (Boberg, 1966). Phospholipid elution 1s 

incomplete by this method, hence when determining radioactivity 

in this fraction, the spot was scraped into a column avid the 

lipid eluted with 10 ml. ethanol. The ethanol was then evapora­

ted under a nitrogen stream and 10 ml. scintillation fluid 

added. Counting was performed on a Beckman liquid scintilla­

tion spectrometer, each sample being counted in duplicate. 

Quenching \ltas corrected .for by external standardization, values 

for 14c avid 3H dpm being read off quench curves. 

Recovery experimen.t 

FFA 

·An appropriate amount of 14c palmitate was added to a 

chloroform-methanol extract of plasma. The phases were split, 

the chloroform phase evaporated to dryness, and hexane added 

as previously described. Duplicate aliquots were applied to 

thin layer plates; one was immediately scraped into a vial for 

counting, the other separated as describedo FFA and triglyce­

ride spots were scraped into vials and counted .. 

Result 

FFA counts recovered in FF'A spot: 98o3% ± SD 3.0 (n = 6) 

F'FA counts recovered in triglyceride spot Oe5% ± {~ £•i) 
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Triglycoride. . 

'rl1e above experiment was repeated using appropriate amounts 

3 .· •. of H tr .LoJ.eJ.n .. . 

Result 

Triglyceride counts recovered in triglyceride spot: 

94.8% ± SD 3.5 (n = 5 ) 

Triglyceride counts recovered in Ffi'A spot: 

1 .4% ± SD 1o0 (n = 5 ) 

Determination of the_ specific activi ti~-2...-?.f . J2l_asrna free 

Ealmi tic and 1 inoleic .33-cids , __ usin2 9a_s __ l_igu_id chroma to-

In order to determine the specific activity of free 

palmitic and free linoleic acid in plasma, duplicate extracts 

of plasma were fractionated by TLC as described on page 

The FFA spot from one specimen was counted as previously des­

cribed; that from the other was methylated and its composi tio1'1 

analysed by GLC (Gurr and James, 1971). 

Methylation was performed in stoppered tubes a t 75°c fo::-c 

90 minutes following the addition of 6 mlo 5% sulphuric acid 

in dry methanol. The methylated fatty acids were then dried 

under a nitrogen stream, re-extracted into re-distilled diethyl 

ether, and analysed in a Pye series 104 (Pye Co., Cambridue, 

England) gas liquid chromatograph. The samples were applied 
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to a glass column (5' x ¾11 ) packed with 10% FFAP(Phase 

separations Ltd., Flintshire, England ) at an isothermal oven 
0 temperature o.f 205 c. Detection was by flame ionization, the 

detector output being attached to a recorder. The emergent 

peaks were identified by comparing their retention times with· 

authentic standards (kindly supplied by Unilever Ltd., Bedford). 

The area under the peaks was calculated by multiplying the 

peak height by its width at half its height. The percentage 

of linoleate and palmitate components was then calculated: 

kc-ea of linoleate or palmitate Peak x 100 
Total area of all peal<s 

The concentration of free linoleic and palmitate acid in plasma 

was then calculated after the total plasma F:rA concentration 

was measured as previously described (see page 50). 

'l'he plasma specific activity of free palmi tic and free 

linoleic acid was then calculated as follows: 

Eadioactivit 
Concentration 

By the time o.f the first sample, the plasma F1'.,A specific 

activity had reached a plateau; the mean value for the 1, 2, 

3 and 4 hour samples was used. 
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Calculation 

Incorporation of each fatty acid into VLDL-triglyceride 

was calculated as follows : 

Incorporation ratio= 

Rate of increase of 3H in VLDL-TG 
+ Specific activity o± tree palmitate 

Rate of increase of 14c in VLDL-TG 
Specf"ficactivity of free linoleate 

Interpretation of results obtained using this method, and the 

assumptions on which it is based are discussed in Chapter V 

(see page 

Calculation of the plasma turnover of the individual fatty 

acids was calculated as described on page 58, e~g. 

Palrni tate turnover (µ 11/min.) 

13. STATISTICAL METHODS 

= Infused dose of J2.a1-r0sate~ ( 1Pf!'I~~· 
F'ree palmitate specific ac tivity 

(dpm;{J.M.) 

In most studies described in this thesis, variables are 

compared under different conditions in the same subject, using 

the paired t-test (Snedecor, 1956). 
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'I'hc :Mann-Whitney U test was used for comparison o.r- two 

populations with unequal distribution (Siegel, 1956 )0 

Linear regressions were calculated according to the method 

of least squares, and standard procedures were used to calculate 

Pearson's correlation coefficients (r). Where the data appeared 

not to be distributed with bivariate normality, Spearman's 

rank correlation test was used (Siegel, 1956). 

Probabilities (p) have been expressed using two tailed 

tests. 

14s CONSENT 

Fully informed consent was obtained and witnessed in all 

cases studied. 
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Diabetes Mellitus has until recently, been viewed as a dis­

order primarily of carbohydrate metabolism. The metabolism of 

carbohydrates and lipids are, however, closely relatedp most 

tissues of the body being able to utilize either fat or carbo­

hydrate as metabolic fuels: the amount of each used tends to vary 

reciprocally with different energy demands and under different 

nutritional conditionso It is, therefore, not surprising that 

disturbed metabolism of one tends often to be associated with 

changes in the metabolism of the other. It is becoming increas­

ingly apparent that in diabetes, lipid metabolism in addition 

to carbohydrate metabolism, is frequently derangedo The lipid 

abnormalities may be of at least equal importance. This is 

especially so as hypertriglyceridaemia has been found to frequentl 

accompany diabetes. The role of the latter as a risk factor for 

the development of atherosclerosis has been discussed previously 

(see page 10). Serum triglyceride concentration provided better 

discrimination that cholesterol concentration between diabetic 

patients with or without atherosclerosis (Albrink et al, 1963; 

- Schrade et al, 1963; Santen et al 1 1972). 

The association that exists between diabetes mellitus and 

hypertriglyceridaemia is complex. At one end or the spectrum, 

hypertriglyce~idaemia tends to occlll~ in patients with classical 

diabetes; on the other hand, patients with primary endogenous 

hypertriglyceridaemia have mild abnormalities of glucose tolerat1ct 

(Albrink and Davidson, 1966; Fredrickson et al, 1967; Glueck et 
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al, 1969). Considerable overlap between glucose intolerance 

and hypertriglyceridaemia thus occurs 1 the relationship being 

made more complex by the lack of significant correlation between 

the magnitude of hypertriglyceridaemia and the degree of glucose 

intolerance (Reaven et al, 1963; Carlson and \'7ahlberg, 1966; 

Albrink and Davidson, 1966; Reaven et al, 1967; Glueck et al, 

1969). A further difficulty is the lack of any obvious causal 

relationship between the two variables. Glucose intolerance and 

mild hypertriglyceridaemia are thus probably mediated by a com­

mon close association with envirorunental factors of which obesity 

appears to be the most important (Bierma.vi. et al, 1968),. This 

interrelationship, as well as the effect of insulin, is discussed 

in greater detail on page 105. 

The metabolism of glucose and lipids is closely interrelated. 

The extent to which each of the two major metabolic fuels, 

glucose and FFA is utilized for energy purposes depe...'1.ds largely 

on the nutritional status of the individual. A reciprocal 

relationship tends to exist. In the postprandial period, carbo­

hydrate is the chief source of energy, whereas during the post­

absorptive state, most of the energy needs of the organism are 

supplied by FFA mobilized from tissue stores (Havel, 1972). 

Control of this complex interrelationship is largely effected 

by the action of insulin. 

THE FED STATE 

During the absorption of food, both carbohydrate and tri­

glyceride enter the circulation; the former mainly as mono-

94 



saccharides via the portal vein, the latter as lipor:irotein 

particles via the thoracic ducte Insulin released in response 

to feeding promotes the uptake of glucose by various tissues 

where they are metabolized .for energy purposes .. Glucose in 

excess of immediate needs, tends to be stored in the adipocyte 

as triglyceride. Insulin tends to promote the synthesis of lipo­

protein lipase (Wing et al, 1966), an enzyme which results in 

uptake of triglyceride fatty acids from chylomicrons and . VLDL; 

it also increases the formation of glycerol - 3- phosphate from 

glucose, thereby permitting re-esterification of these fatty 

acids to form triglyceride stores (Vaugha.~, 1961). Lipogenesis 

may also take place in the adipocyte from acetyl CoA or glucose. 

In human adipose tissue, incubated with 14c glucose in vitro, 

most of the label is found in glyceride-glycerol (Galton, 1971); 

fatty acid synthesis from acetyl CoA has also been demonstrated 

(Bray, 1972; Goldrick and Galton, 1974). A further way in which 

glucose promotes the storage of excess energy in the form of fat 

is by insulin induced inhibition of hormone-sensitive lipase, 

thereby diminishing the mobilization of FFA from adipose tissue 

stores. 

THE FAS'rING S'l"'ATE 

During this period, the organism depends on energy stored 

du.ring periods of caloric excess. FFA concentrations increase 

in plasma, providing the major metabolic fuel at this time. 

This is largely attributable to increased activity of hormone­

sensitive lipase, the activity of which increases with reduced 

availability of insulin (0\1/en and Reichard, 1971)s In man, FFA 

95 



is utilized by most tissue, including brain (Cahill and O~en, 

1968). During the post-absorptive state, about one-third of 

the FFA transported through liver is ·esterified ~,i th glycerol 

-3- phosphate to form triglyceride; of this a proportion is 

secreted as lipoprotein, the so-called endogenous triglyceride 

(Havel, 1972). 

THE "GLUCOSE FATTY ACID CYCLE 0 

Randle et al (1963) have shown that certain tissues 1 such 

as muscle, normally metabolize FFA in preference to glucose. 

Fatty acid oxidation is believed to exert an inhibitory effect 

on glycolysis and oxidation of glucose in muscle, during periods 

of carbohydrate deprivation. Acetyl CoA resulting from the 

oxidation of FFA, leads to an increased .formation of citrate, 

which inhibits phosphofructokinase (R.andle et al, 1963). This 

rate limiting enzyme in glycolysis is also inhibited by high 

adenosine triphosphate levels (Mansour et al, 1962; Passonneau 

and Lowry, 1962) such as may result from the oxidation of FFA. 

After carbohydrate ingestion, the release of insulin results in 

a suppression of FFA mobilization and oxidation, thereby facili­

tating the uptake and oxidation 0£ glucose. Glucose then tends 

to enter the adipocyte where glycolysis occurs. The glycerol 

-3- phosphate which :Ls formed by the action of glycerophosphate 

dehydrogenase esterifies the FFA resulting in triglyceride forma­

tion. The cycle is thus completed. 

Randle et al (1965) have suggested that the metabolic effects 

of diabetes could all be secondary to an increased production 
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of FFA, which results in impaired muscle utilization of glucose. -

According to this thGory, a fall in FFA availability should 

result in a stirnu.lation in glucose utilization., However 1 when 

fatty acid availability was reduced by nicotinic acid, both 

Miettinen et al (1969) and Balasse and Ooms (1973) showed a 

reduction in glucose tolerance~ These findings are thus incon­

sistent with this hypothesis. Csorba et al (1966) also failed 

to show a correlation between the fluxes of FFA and glucose, and 

Butterfield et al (1965) showed the insulin resistance of obesity 

to be unrelated to elevated FFA concentrations in plasmao 

Lasserset al (1971), however, showed a significant negative 

correlation between plasma FFA concentration and upta.~e of 

carbohydrate substrates by the human heart. 

Fl<""A elevation is thus unlikely to be the primary event in 

diabetes, the hallmark of which is believed to be insulin 

deficiency, absolute or relative, (Renold et al, 1 972) -~ As 

insulin exerts a r egulatory ef.fect at many sites in the pathways 

of both carbohydrate and lipid metabolism, it is perhaps not 

surprising that lipid abnormalities occur frequently among 

diabetics ... 

INSULIN - ITS PHYSIOLOGICAL ROLE IN RELATION 'I'O TRIGLYCERIDE -- a---=•"' .....___, _____________ _ 

!_1ETABOLISM 

.As the metabolic defects in diabetes melli tus are considered 

to result from an absolute or relative deficiency of insulin 

(Renold et al, 1972), · r will begin by briefly outlining the 

physiological effects of this hormone, particularly in relation 

to metabolic processes affecting plasma triglyceride metabolism,. 
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F'Ii'EE Fl\'l'TY l\CID MOBILIZATION 
"' _,.. _ _,_,__ --

Triglyceride fatty acids of depot fat reach the liver after 

mobilization of ·free fatty acids £-.com storage fat, and transport 

through plasma as a free fatty acid albumin complex (Goodman, 

1958). Lipolysis of adipose tissue triglyceride is mediated by 

a triglyceride lipase, the activity of which is controlled by 

hormones; it is, therefore, frequently referred to as hormone 

sensitive lipaseo Vaughan and Steinberg (1963) showed lipolysis 

to be stimulated by adrenalin, adrenocorticotrophic hormone, 

glucagon and growth hormone. It is, however, inhibited by insulin 

CJv.ngas and Ball, 1963). Mahler et al (1964) suggested that 

basal lipolysis was unaffected by insulin, only hormonal activa­

tion being suppressed. One means whereby i nsulin and other 

hormones may affect triglyceride metabolism is by thei:r effect 

on the supply of precursor .fatty acids to the liver, where they 

are precursors of triglyceride formation. 

One of the more exci t ing advances in biochemistry in recent 

years, has been the discovery of cyclic 3'5' adenosine mono­

phosphate (cyclic AMP ), and the elucidation of its role as a 

second messenger in hormone action (Sutherland et al, 1965; 

Butcher, 1968; Robinson et al, 1968)., Its role as a mediator 

of hormone action was initial ly discovered in relation to liver 

phosphorylase, but it has subsequently been · shown to be operative 

in lipolysis as well (Butcher and Sutherland, 1967). 

Cycl ic AMP is formed from adenosine triphosphate by the 

action of a membrane bound enzyme, adenyl cyclase; this occurs 

in response to a hormone becoming attached to a receptor site 
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at the target cell membrane and activating adenyl cyclase 

(Kuo and de Renzo, 1969). 'rhe cyclic AMP produced, activates 

a protein kinase, which catalyzes the· transfer of· phosphate from 

ATP to the inactive form of an enzyme, resulting in activation 

of the latter enzyme. Destruction of cyclic AMP is catalyzed 

by the ubiquitous enzyme phosphodiesterase (Cheung, 1967). A 

hormone may thus affect a cyclic AMP mediated.reaction by stimu­

lation of adenyl cyclase or by inhibition of phosphodiesterase. 

Inhibition of a cyclic AMP mediated reaction may be due to a 

reduction in adenyl cyclase activity or stimulation of phospho­

dies terase. 

In fat cells, hormone sensitive lipase has been demonstrated 

to act via the cyclic AMP system (Butcher and Sutherland, 1967). 

Hormones such as catecholamines, ACTH and glucagon, stimulate 

adenyl cyclase and hence lipolysis (Birnbatuner et al, 1969) a 

Insulin, on the other hand, inhibits mobilization of fatty acids 

.from adipose tissue (Perry and Bowen, 1962; Jung as and Ball, 1962 ); 

The anti-lipolytic effect of insulin has been shown to probably 

be due to stimulation of phosphodiesterase (Das and Chain, 1972 ), 

although Blecher et al (1968) showed insulin to be without effect 

on the activity of this enzyme in adipose tissue. Evidence, 

however, also exists for an inhibitory ef.fect on adenyl cyclase 

(Jungas, 1966). As a result of these e.f'fects, insulin, when 

administered in vivo, results in a marked and almost imrnediate 

reduction of plasma FFA (Dole, 1956) and glycerol concentrations 

(Hagen, 1963; Mueller and Evans, 1963) .. The reduced plasma FFA 

levels and turnover observed after insulin administration are 

thought to be due entirely to its peripheral effect on free fatty 

acid and mobilization (Havel and Carlson, 1963; West and Passey, 
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1967).. F't'ee fatty acid upto.ke by the liver appears to depend 

on plasma ·1 evels 2md to occur independently o.f insulin effect,. 

Heimberg et al ('1 966 ) a.11.d Van Harken et al ( 1967; 1969), using 

the isol.a.ted perfused rat liver, have shown the uptake of free 

f atty acids to depend on its concentration in the perfusate, the 

fractional extraction rate remaining unchanged .. Pre-treatment 

of rats with insulin did not increase the rate of uptake of 

palmitate by the perfused liver. Penhos et al (1968), however, 

showed au increased uptake of FFA when insulin was added to the 

perfusate, as had previously been shown when insulin was 

a~~inistered to the animal in vivo (Heimberg et al, 1965). The 

effect of insulin in inhibiting FFA mobilization from adipose 

tissue is to reduce the supply of FFA to the liver where it is 

a precursor for triglyceride formation. A potential for limit­

ing triglyceride synthesis and secretion thus exists. 

H~PA'I'IC I ,IPOGENBSIS 

If the fall in plasma FFA levels and hence hepatic uptake, 

are corapensated for by an increased hepatic lipogenesis, the 

overall input of FFA into the hepatic triglyceride pool could 

remain 1u1.changed.. Whereas the supply of circulating FFA has 

been sho-m1 to be related to the production of plasma triglyceride 

by liver (Nestel and Steinberg, 1963; Heimberg et al, 1969), it 

has also been c1aimed that de novo .fatty acid sy.athesis in rats 

may be an important determinant of lipid release by the liver 

(Windmuellier and Spaeth, 1967). The effect of insulin on hepa­

t ic lipogenesis, however, shows marked species differences; most 

studiC;s have been per.formed in rats and results obtained shoula. 

be extrapolated to ma~ with caution,. 
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Synthesis 0£ free fatty acids occur mainly extramitachond­

riDlly, although an intramitachondrial system also exists 

(M",soro, 1968)" Acetyl CoA, generated within the mi tachondria, 

mainly from carbohydrate utilization, is the main building block 

for .fatty acid synthesis. Malonyl CoA is generated from acetyl 

coA, the rew.ction being catalyzed by acetyl CoA carboxylase 

following which the 'fatty acid synthetase' complex catalyzes 

the .formation of long chain fatty acids (Wakil, 1961). FFA 

synthesis is markedly depressed by fasting and stimulated by 

f eeding (Goldman and Cahill, 1964). Insulin could affect hepatic 

lipogenesis by altering the supply of precursors such as acetyl 

CoA, by stimulating hepatic glucose utilization, or it could 

have a more direct effect on the enzymes of fatty acid synthesis 

and of glycolysis; an inducing effect on the latter enzymes is 

kno1;1n to occur (Weber and Hird Convery, 1 966). In vitro experi­

ments suggest that insulin increases hepatic lipogenesis; early 

experiments (Hedes et al, 1952) showed insulin to increase ace­

tate li.poge:uesis in liver slices from .fed animals. Fasted animals 

were also shown to demonstrate this effect if glucose was added 

to the medium (Masri et al, 1952), insulin alone having no effect .. 

Although glucose alone augmented acetate lipogenesis, the com­

bination of glucose and insulin caused stimulation which exceeded 

that of glucose alone~ Liver perfusion studies have confirmed 

these results (Altman et al, 1951; Ha.ft, 1967; 1968). Haft 

(1967) has shown insulin to increase both acetate and glucose 

lipogenesis in livers of fed and fasted rats; in the presence 

o.f physiological concentrations of glucose in the medium. The 

increased glucose oxidation in this study was insufficient to 

account for increased lipogenesis. Conflicting results have, 
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h owever, be,:-11 obtained in other studies, for example Boden and 

WiJ.lms ('1 966 ) fail ed to demonstrate an ef feet of insulin on 

lipid me t abolism of livers of normal rats. Glucose lipogenesis 

in al loxan diabetic rats was, however, restored within three 

hour s of i nsulin adn1inistration. 

A furth0r possibility is that FFA concentration could affect 

lipogenesis; in vivo effects of insulin in reducing FFA mobiliza­

tion could thus indirectly affect lipogenesis. Nikkil!l (1969) 

conunents that the increased incorporation of labelled glucose 

into esterified fatty acids in fed rats after insulin administra­

tion (GoldJnan and Cahill, 1964) could be due either to genuine 

enhanced lipogenesis or less dilution of radioactive fatty acid 

due to reduced FFA mobilization. He has shovm in experiments 

of similar design to Goldman and Cahill (1964), that when FFA 

mobilization in fed rats is inhibited by nicotinic acid rather 

than insulin, a reduced incorporation by both labelled acetate 

and glucose into hepatic and plasma triglyceride resulted; it, 

therefore , seems unlikely that the acute effect of insulin on 

hepatic lipogenesis is mediated by insulin induced changes in 

Fli'A avaiJ.abili ty .. 

HEPATIC TI?.IGLYCERIDS FORMA'l'ION AND SECRETION ~.",._, .... ,_1/7'~--- - - -···--------

It is a.pparent from the foregoing that insulin on the one 

hand lowers hepatic uptal<e of free fatty acids by inhibiting lipo­

lysis, whi l e in the other direction, the evidence suggests 

increas ed de novo fatty acid synthesis .. The resultant effect 
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of insulin on input of FF'A into the hepatic fatty acid. pool in 

man remains uncertain, but is clearly of 1.mpm"t;:\11.ce ]_n de ter= 

mining hepatic triglyceride formation .. 

. 14c J . t ' R b . d ·1· • ' -6 ) Using pa .nu. a·ce, u enstein an Rlh)e:nstein (. 'l 96 were 

unable to demonstrate an increased triglyceride for·mat:i.011 after 

the addition of insulin to rat liver slices, norwcre He:i.mberg 

et al (19 66 ) able t o show increased estc:rification of palmitate 

in response to insulin in the isolated perfused 1 ... at 1iver,, 

Triglyceride production by the perfused liver did, however, fall 

after administration of anti-insulin seru.In (Woodside cmd Heirnberg , 

1972)0 Nikkil~ and Ojala (1966) obtained similar results in 

intact rats, although Penhos et al (1968) repm'.'ted inhibition 

of triglyceride output after addition of :i.n.:,nl:Ln to the perfusa.te 

of livers from fed, but not from fa.s ted rats., Studies in humans 

have shown essentially similar findings. A single dose o.f insulil'J 

has been shown not to influence the rate of appearance o.f 14c 

palmitate in plasma triglyceride (Csorba et al 1 1966L similar 

results being obtained dD..ring constant infusion of insul in 

(Nestel, 1967)0 Although the bulk of evide11ce points agains t 

insul in having an effect on hepatic triglyce:r•ide output, Topping 

and Mayes (1972 ) have reported a direct stimulation of VLDL 

secretion by insulin in perfused rat livers.. i'malogou.s resu.l ts 

with liver slices have been obtained by Leta:rte and I,,....caser ( 1 969 ),, 

The net effect 0£ insulin on triglyceride output by the liver 

in t he intact animal is thus probably related to reduced plasma 

FFA, although this may be compensated for by enhanced lipogenesis9 
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TRIGL YCElUDE REMOVAL 

As early as the 193O's, it was known that insulin diminished 

alimentary lipaemia in dogs (Rony and Ching, 1930). The rate 

of removal of an artificial triglyceride emulsion from the blood 

of rats has also been shown to be increased by insulin pre­

treatment (Heimberg et al, 1966)0 

As described previously, removal of triglyceride from plasma 

is mediated largely through tissue lipoprotein lipase9 Insulin 

has been shown to induce lipoprotein lipase in incubated adipose 

tissue (Hollenberg, 1959; Salaman and Robinson, 1966) possibly 

through induction of the enzyme (Nikkil~ and Pyk~list~, 1968). 

Post-heparin lipoprotein lipase activity in plasma, however, 

does not seem to increase after insulin administration to normal 

subj ects (Jones et al, 1966). A .further possible site of insulin 

action in the uptake of triglyceride by adipose tissue is on re­

esterification of the fatty acid liberated by lipoprotein lipase. 

As there appears to be little glycerokinase in human adipose 

tissue (Steinberg, 1962; Margolis and Vaughan, 1962), re­

esterification depends on glycolysis and glycerophosphate 

dehydrogenase for the glycerol -3- phosphate necessary for re­

esterification. The entry of glucose into fat tissue and its 

subsequent metabolism favours this process (Vaughan, 1961). 

EFFECT OF INSULIN ON SERUM TRIGLYCERIDES 

The various sites of insulin action as related to lipid 

metabolism have been outlined abovea The net effect of acute 

insulin administration in man is a reduction of ser um triglyceri<l 
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concentration in both normal subj ects (Jones and Arkey, '1965 ) 

and in subjects \Vi th hypertriglyceridaemia ( Schlie.rf and Kinsell, 

1965) .. The chronic effect of hyperinsu.linism :i.s less clear. 

In normal subjects, fasting serum triglyceride levels and insulin 

response to an oral glucose load, show a strikingly positive 

correlation (Abrams et al, 1969). Hyperinsulinism has also been 

observed in hypertriglyceridaemia (Reaven et al, 1967). Nikkila 

(1969) has suggested that insulin may be one of several factors 

promoting hepatic triglyceride secretion in subjects with 

endogenous hypertriglyceridaemia. Elkeles et al (1971) also 

found hypertriglyceridaemia to be more frequent in maturity 

onset diabetics with a moderate insulin response than in those 

with a poor insulin response. This relationship does not appear 

to occur universally; Glueck et al (1969) 1 for instance, found 

high, normal, or low insulin responses in roughly equal propor­

tions in patients with hypertriglyceridaemio., as did Nikkill! · 

and Taskinen (1970). In the latter study, infusion of an arti­

ficial triglyceride emulsion resulted in a prompt increase in 

plasma insulin and insulin secretion rate; this observation may 

partly explain the hyper-responsiveness of the pancreatic 

cell in hypertriglyceridaemia and obesity. 

EFFECT OF OBESITY 
p • ---

The picture is further complicated when one considers the 

interaction of obesity. Obesity has .frequently been shown to 

be associated with hypertriglyceridaemia; correlations between 

serum triglyceride concentrations and obesity exist whether the 
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1;;:i·'-ter is c::1ssessed by relative weight, ponderal index, skin fold 

thickne~~ c; or measu1'2m2nts of per cent body fat (Albrink and Meigs, 

'19(>4; Hollister et al, 'l967; I:-;vans and Ostrander, 1967; Ford et 

al, 1968; Rifkind et al, 1968). Obesity, however , appears to 

;'.'E::SLllt in higher triglyceride levels in diabetics than in controls 

without diabetes (Braunsteiner et al, 1966; Sailer et al, 1966). 

B.cau.nsteiner et al ( 1966) showed serum triglyceride concentra­

tions to increase by a mean of 8 mgo/dl. for every 10 Kgo increase 

in body W(~ight in non-diabetic subjects, and by 28 mg./dle and 

39 mg./dl,, :i.n diabetics on tolbutarnide and insulin respectively. 

The co-existence of obesity and maturity onset diabetes has 

already been referred to; diabetics of this type frequently 

being obese (Joslin et al, 1935 ) . Furthermore, diabetes occurs 

more commonly amongst obese than non-obese individuals (Bierman 

et al 1 1968), and obese subjects have been shown to have reduced 

forearm uptake of glucose which correlates well with indices of 

obesity (Butterfield and Wichelow, 1968; Wichelow and Butterfield, 

1971),, 'l'his raises the question of whether obesity can cause 

diabetes or conversely, whether diabetes can lead to obesity. 

·r:he nature of the association between these two is not clear; 

an abnormality ·of insulin secretion could, however, provide the 

missing link~ 

In obese subjects without carbohydrate intolerance1 an 

elevatim1 of basal insulin and of insulin response has been 

demonstrated (Karam et al, 1965; Perley and Kipnis, 1966; Bagdade 

et al, 1968a ; Chiles and Tzagournis, 1970); this response appears 

disv~oportionately large for any blood glucose level (Cerazi 

and Luft, 1967). When, however, insulin response is expressed 
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as a percentage increment over ba::;al lcvc'.1 ,_; t Bie:r-'rn,;1n (:t al ( 1 968 ) 

have shown that the correlation betv[G(!n obe.::::i. ty and insulin 

response can be eliminated. When this a.pr:x.'oach was adopted in 

diabetics, a negative correlation was obse1'vcd; carbohydrate 

intolerance was associated with a progre:~sive impairment in 

insulin responsen Despite the lack of a bimodal distribution 

these authors suggest that impairment of insulin response to 

glucose characterizes the individual with carbohydl'ate intoler­

ance. Although insulin responses in obese diabetics may exceed 

those in thin diabetics, in neither instance is this response 

adequate to prevent carbohydrate intoleranceo 

Reduced insulin response thus characterizes d.i.abetes ; 

increased insulin response occurs com.monly in obesity; yet 

obesity and diabetes frequently co-existo 'rhis may be explained 

by the larger adipocytes found in obese subjects (S alans et al, 

1968; Hirsch and Knittle, 1970) which have been shown to be 

insulin resistant in vivo (Wichell ow a..Yld Bu.tt(~rfield , 1971) a..111d 

in vitro (S alans and Dougherty, 1971 ). Obesi ty may thus act as 

a further stress on persons genetically predisposed to diabetes, 

facilitating expression of the diabetic tl:ndency .. For obese 

individuals to preserve normal glucose tolerance in the presence 

· of peripheral insulin resistanceu an en.ha.need insulin response 

is required. This is supported by the observation of increased 

pancreatic islet cell tissue in obase subjects (Ogilvie, 1933 ), 

presumably due to increased stress on i nsulin secreting cells 

imposed by the enhanced response. 

Although raised plasma FFA levels have been reported in 

obesity (Dole, 1956; Gordon, 1960; Opie and Wal.fish, 1963), 
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their role in the production of insulin resistance is not clear. 

Randle et al (1965) claimed an abnormal elevation of plasma 

FFA to have a primary role in the pathogenesis of carbohydrate 

intolerance by preventing muscle utilization of glucose, which 

would lead to insulin resistance and hyperinsulinaemia. These 

findings are, however, in contrast with those of Miettinen et 

al (1969) and Balasse and Ooms (1973 ) who failed to show an 

improved removal of glucose from blood following the reduction 

of plasma FFA with nicotinic acid. Bagdade et al (1968a ) have 

shown that accelerated lipolysis occurs only when obesity and 

carbohydrate intolerance co-exist; they suggest that obesity 

alone, with its associated hyperinsulinism, limits fat mobiliza­

tion, and that thin subjects with mild carbohydrate intolerance 

have sufficient insulin secretion to limit fat mobilization. 

'rhis, however, fails to explain the observations of Dole ( 1956 ) 

and Gordon (1960) of elevated plasma free fatty acid levels in 

non-diabetic obesity. 

LIPID METABOLISM IN DIABETES MELLITUS 

F':28QUENCY OF' HYPER'1'RIGLYCSRIDAEMIA IN DIABETBS 

As long ago as 1917, Joslin et al noted most diabetics to 

be hyperlipidaemic. More recently, it has been confirmed that 

hypertriglyceridaemia occurs commonly in diabetes, especially 

those with vascular complication (Albrink et al, 1963; Santen 

et al, 1972). The degree of hypertriglyceridaemia is highly 

variable; gross lipaemia with an increase in both chylomicrons 
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and VLDL, eruptive_xanthoma and 1ipaemi a r etinalis is a rare 

complication of uncontrolled diabetes (B agdade et aJ., 1967) • 

.More frequently, diabetics are found to have moderate to slight 

elevations of s_erum triglyceride levels, due to increased VLDL. 

Chance et al (1969) found two-thirds of 135 newly diagnosed 

diabetic children to have hyperJ.ipidaemia mostly due to elevated 

pre-S lipoproteins, although a high incidence of Type III 

probably resulted from inclusion of some subjects with elevated 

B a.11.d pre-S lipoproteins under this heading. A similar preva­

lence was found in untreated diabetics by Hayes (1972). The 

latter study, however, showed a roughly equal distribution 

between Types II, III, and IV hyperlipoprotei:naemia, although 

the method of typing, viz,, densitometer staining of cellulose 

acetate electrophoretic strips, may account for the unusually 

high frequency of the Type III pattern. The situation with 

maturity onset diabetes is even less clear. Schrade et al (1963) 

found a large proportion of elderly diabetics to be hypertriglyc-
u 

eridaemic especially if diabetic control was poor. Ostman (1965), 

however, failed to find elevated triglyceride levels in untreated 

adult type diabetics. Elkeles et al (1971) found less than a 

quarter of this type of patient to have triglyceride levels above 

160 mg/dl. In 160 patients with fasting hyperglycaemia recently 

reported by Rodger and Dee (1973), 36% had elevated serum tri­

glyceride; age ranged from 5 - 85 a.nd none was previously kno\im 

to be diabetic. In animal models 1 hypertriglyceridaemia has 

been noted in acute alloxan diabetes (Tarrant and Ashmore, 1965; 

Brovm, 1967), after pancreatectomy (Gibbs and Chaikoff, 1941; 

Chernick and Scow, 1959) a.t"l.d after administration of anti-insulin 

serum (Gross and Carlson, 1968). 

109 



FF.A MOBILIZA'l'ION 

Plasma F'FA derives almost entirely .from li.polysis of adi­

pose tissue. 'I'he role of insulin in inhibiting .1.ipoJ.ysis has 

already been discussed on Page 98., Some plasma FF'A may, however, 

come from intravascular hydrolysis of triglyceride .fatty acids 

(shames et al, 1970). 

Plasma FFA concentrations are commonly elevated in uncon­

trolled insulin dependent diabetics (Laurell, 1956; Bierman et 

al, 1957). Maturity onset diabetics show lesser degrees of 
II 

FFA elevations (Ostman, 1965). Plasma FFA turnovers tend to be 

increased in parallel with plasma FFA levels in untreated 

diabetics (B;i.erman et al, 1957; Sailer et al, 1967; Miller, 1967), 

although Csorba et al (19 66) showed no increase in FF'A turnover 

in insulin-treated and mild maturity onset diabeticso Ford et 

al (1963) also failed to demonstrate an increased FFA turnover 

in diabetes. The low mean blood glucose level of the diabetic 

patients in the latter study suggests that the diabetic state 

was mild at the time of stv.dy. In view of this divergence of 

opinion, the present work includes measurements of F'FA turnovers 

in both insulin dependent and diet-treated diabeticsp measurements 

being repeated after diabetic control was achieved. 

In diabetes.in animals, FFA concentrations have also been 

shown to be elevated (Kovacev and Scow, 1966); a rapid fall to 

normal occurs immediately on adi'Tiinistering· insulin. In vitro 

studies in adipose tissue from pancreatectom:i.zed animals show 

lipolysis and FFA release to be much greater than in tissue from 
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control fasted aniJ'}1als ( Scow and Chernik, 1 970),. Based on the 

finding of a reduced conversion of f,FA to triglyceride in human 

" adipose tissue in vitro, Ostman (1965) has suggested that 

reduced upta.~e of fatty acids in addition to enhanced mobiliza­

tion could explain the increased net release of FFA in juvenile 

diabetes; though this defect was most apparent in juvenile 

diabetes, maturity onset diabetes showed a similar, however, 

non-significant trend. The concept of increased lipolysis 

together with decreased re-esterification being of importance 

in diabetes, was further developed by Bj~rntorp and Hood (1966); 

they showed that large amounts of insulin correct the re­

esterification defect. 

Stimulation of hormone sensitive lipase by insulin lack, 

is the most likely cause of the increased FFA mobilization. 

Other hormones such as the catecholamines (Christensen, 1972), 

growth hormone (Hansen, 1970) and glucagon (Unger et al, 1970), 

which have been shmm to be elevated in diabetes, may also be 

contributing to the enhanced lipolysis .. 

FATTY ACID SYNTHESIS 

Inhibition of fatty acids synthesis in the presence of 

insulin deficiency has been demonstrated in vitro in liver slices 

(Chernick and Chaikoff, 1951), homogenized tissue (Abraham et 

al, 1962) and perfused livers (Haft, 1968). Because acetate 

lipogenesis (Brady and Gurin, 1950) as well as glucose lipo­

genesis is depressed, the site of the defect must be in the 
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conversion of acetyl CoA to FFA. This defect was found not to 

be corrected by the addition o.f ins-Ctlin in vitro (Brady and 

Gurin, 1950'; Renold et al, 1955) and that in vivo fatty acid 

synthesis was restored only some hours a.fter insulin administra­

tion (Renold et al, 1955; Haft, 1968); this suggests one or more 

enzymes of lipogenesis to be deficient. The slow return of 

lipogenesis after insulin administration is in sharp contrast 

to the rapid inhibition of lipolysis (Vaughan and Steinberg, 

1963). Kalkhoff and Kipnis (1966) demonstrated depressed lipo­

genesis .from 14c acetyl CoA, but not from 1~c malonyl CoA in 

anti-insulin serum treated rats, suggesting the inhibition to 

be at the acetyl CoA carboxylase step. Inhibition of the insulin 

induced rise in hepatic lipogenesis by actinomycin (Gillhorn 

and Benjamin., 1964) suggests the mechanism to be one of repres­

sion of enzyme synthesis. 

As citrate is known to be a positive effector of acetyl 

CoA carboxylase, it could play a role in the control of lipo­

genesis in diabetes. However, despite an increase in lipogenesis 

in homogenates from livers of diabetic rats on addition of 

citrate, the rate of lipogenesis was still far below that of 

normal controls (Abraham et al, 1962). Long chain fatty acids 

are also known to inhibit lipogenesis by a negative feedback 

mechanism on acetyl CoA carboxylase (Masaro, 1962); the increased 

FFA concentrations in diabetes could thus be the primary defect 

leading to an inhibition of lipogenesis9 FFA and long chain 

fatty acyl CoA have also been shown to inhibit lipogenesis from 

malonyl CoA (Korchak and Masaro, 1964). However, in anti­

insulin serum induced diabetes, lipogenesis .from malonyl CoA was 
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not substantially reduced (Kalkhoff and Kipnis, 1966). Further­

more, stimulation of lipolysis by adrenalin (Swaney and Ashmore, 

1965) does not reduce lipogenesis, nor does inhibiting lipo-

1ysis with nicotinic acid enhance lipogenesis (Nikkilt\, 1969 ) . 

The above-mentioned studies are all on experimental diabetes 

in the rat. Because of obvious difficulties in measuring hepatic 

lipogenesis directly in man, little is known of the effect on 

l ipogenesis of human diabetes. 

TRIGLYCERIDE SYNTHESIS AND SECRETION 

The main substrate for triglyceride formation by the liver 

is normally FFA. As previously mentioned, plasma FFA levels are 

increased in uncontrolled diabetics and hepatic uptake of plasma 

FF.A is proportionately to the plasma concentration within the 

range encountered physiologically and in most pathological states 

(Van Harken et al, 1967; 1969). This chain of events could 

conceivably result in enhanced triglyceride synthesis and secre­

tion.As has been previously discussed (see Page 102), insulin 

has little definite effect on the esterification of FFA with 

glycerol -3- phosphate to form triglyceride and on fatty acid 

synthesis. 

Studies of hepatic uptake of FFA in diabetes are conflict­

ing; normal (McElroy et al, 1962), increased (Hei.mberg et al, 

1966 ) and reduced(Juhfahl et al 1 1967) fractional extraction of 

FFA have been reported. 
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Hepatic F'Ii'A are esterified with glycerol -3~- phc)sphate., 

There appears to be no impairment i:n. glycerophosphatc formation 

in liver slices from diabetic rats (Chernick and Sc01H , 1964) and 
. f 14 . 1- • • • the conversion o C palmi tate to uepat1.c t1°1glyceI'1.de does not 

appear to be diminished in diabetes in both in vitro (Heimberg 

et al, 1967) and in vivo experiments (Nikkill:i,- 1969)~ Van Harken 

et al ( 1967) have, however, sho\1m esterifico.tion in perfused 

livers from qiabetic rats to be reducedo Only in a cell free 

supernatant from a diabetic liver has increased esterification 

been reported ( Corder and Kalkhof f, 1 969). 

Hepatic triglyceride combines with apoprote i n, cholesterol 

and phospholipid at the endoplasmic reticulum leading to the 

formation of VLDL which is then secreted into plasma (Robinson , 

1973). Incorporation of labelled aminoa.cid precursors into the 

apoprotein moei ty of 1 ipoproteins has been shovm by Wilcox et 

al (1968) and Van Harken et al (19 67 ) to be reduced in diabeticso 

Availability of apoprotein could conceivably be the rate-limiting 

factor in hepatic lipoprotein secretion; triglyceride secretion 

i nto the medium by the perfused rat liver has indeed been.shown 

to be markedly impaired in alloxan diabetic insuli:n-deprived 

rats (Heimberg et al, 1966; Van Harken et al, 1967; Eaton and 

Kipnis, 1969) at all l evels of medium FF'A (Heimberg et al, 1966; 

Van Harken et al, 1967). Against this concept is the observation 

that triglycer ide secretion is partly restored by insulin before 

a similar ef feet is s een with aminoacid incorpox·ation (Wilcox 

et al, 1 9 6 8 ) • 
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An alternate possibility to account for the r educed tri­

glyceride s ecretion in diabetes would be enhanced lipolysis of 

intrahepatic triglyceride. In support of this idea, increased 

hepatic Ffi'A uptake has been shown to be insufficient to account 

for the increased ketogenesis observed in diabetesp (Mayes and 

Felts, 1967; Van Harken et al, 1967). Triglyceride fatty ac id 

might thus act as an important precursor of ketone bodies in the 

liver at the expense of synthesis and secretion of lipoproteins 

into plasma. 

In support of impaired triglyceride secretion in vivo, is 

the finding of reduced relative incorporation of labelled 

palmitate into plasma triglyceride in insulin-dependent diabetics 

deprived of insulin for at least twenty-four hours (Sailer et 

al, 1967). These studies suggest that insulin is required for 

the secretion of triglyceride by the liver. 

Despite reduced incorporation of FFA into secreted tri­

glyceride, the increased FFA flux seen in diabetes might tend 

to result in an overall increase in the rate of hepatic tri­

glyceride secretion. The net effect of these opposing influences 

has been directly measured in pancreatectomized dogs by Basso 

and Havel (1970) who found no ev-idence that VLDL hypersecretion 

accounted for the demonstrably high plasma triglyceride levels. 

This implies that defective removal accounts for the hypertri­

glyceridaemia. Later work £rom Havel's laboratory, however, 

shows a contrasting situation in the acute diabetic state 

accompanying the short term deficiency of insulin produced by 

an injection of anti-insulin serum (Balasse et al, 1972). In 
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this situation, enhanced secretion appears to be tl'le major 

factor leading to hypertriglycerj_daernia. 'I'he finding by Gross 

and Carlson· ( 1 968) that nicotinic acid could reduce plasma tri­

glycerides in the acutely diabetic rat, suggests enhanced 

availability of FFA to the liver to be of importance :Ln deter­

mining hepatic triglyceride output in this situation~ The reason 

for the different mechanisms of hypertr iglycer i daemia in these 

acute and chronic situations is not clear : it is possible that 

some insulin remains available to the hepatocytes for a short 

while following the administration of the antibody,, However, 

if the reduced triglyceride secretion seen in the chronic 

diabetic state is due to an inability o.f the liver to produce 

enough apoprotein, a more likely explanation for the difference 

observed between acute and chronic diabetes 1 is that in the acute 

situation, apoprotein supply has not had sufficient time to 

become rate-limiting, while FFA is already being mobilized at 

an increased rate. 

Havel ( 1 972) has suggested that in dn°onic diabetes 1 the 

large energy requirement for gluconeogenesis may take precedence 

over that for synthesis of apoprotein and f or lipoprotein secre­

tion, leading to diminished triglyceride output. 

In contrast to the finding-s in chronic diabetic dogs, 

studies of triglyceride turnover in man suggests that triglyceride 

hypersecretion accounts for the hypertriglyceridaemia seen in 

most types of human diabetes .. Using endogenous l abelling of 

triglyceride with glycerol, NikkiU1 and Kekki ( 1973 ) showed 

increased triglyceride turnover to accompany hypertriglyceridaemia 

11 6 -



especially in ketoacidosis. 'rhe incx'cased triglyceride produc­

tion was, however, not · correlated with plasma FF'A .. Only in a 

small group of non-ketotic diabetics with severe lipaemia did 

they fail to demonstrate triglyceride over-productionc The 

reason for the discrepancy between their findings, and the 

studies discussed above which suggest reduced triglyceride secre­

tion, is not clear .. 

REMOVAL OF TRIGLYCERIDE FROM PLASMA 

Although some evidence, notably the turnover data of NikkiU1 

and Kekki (1973 ), is in favour of excess triglyceride production 

being of prime importance in the pathogenesis of diabetic hyper­

triglyceridaemia, an alternative possibility is that the defect 

is one of impaired removal of triglyceride from the circulationo 

It is for this reason that removal of triglyceride from plasma 

was investigated in the present study. 

As previously discussed (see Page 19 ), triglyceride removal 

occurs largely by hydrolysis of lipoprotein triglyceride in 

tissues, with re-esterification of the liberated FFA. Much 

evidence exists in experimental diabetes in support of the con­

cept of impaired removal being of i mportance in the production 

of diabetic hyperlipidaemia. 

Orally administered fat loads have been shown to have a 

delayed clearance in diabetics compared with controls .. Sandberg 

et al (1960) showed removal to be impaired in diabetic patients 
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on therapy, the most marked change s occured in those· ·with athero­

sclerosis and alimentary lipaemi a is well-kno\lm to be delayed 

in such subjects (Barritt, 1956; Bouchier a.YJ.d Bro:nte-dStewart, 

1961; Denborough, 1963). Sandberg et al (1960) fed 1131 labelled 

triolein together with a standard fat meal, but did not attempt 

to separate exogenous from endogenous componeiits of plasma tri­

glycerides. Recycled triglyceride fatty acids could thus lead 

to an apparent slowing of removal. 

Kallio (1967), however, showed clearance of a fatty meal 

to be delayed in diabetics by measurements of optical density 

of plasma and triglyceride concentration. Although non-specific, 

the increase in optical density does rely on the presence of 

larger particles in plasma (Denborough, 1963). The clearance 

of intravenously injected triglyceride from plasma in· diabetes 

has yielded some conflicting results. Whereas some studies have 

suggested delayed removal (Waddel and Geyer, 1957; Kessler, 1962; 

Bagdade et al, 1968b), others have not (Balodimos et al, 1962). 

Waddel and Geyer (1957) showed that clearance of an injected 

triglyceride emulsion was severely impaired in pancreatectomized 

dogs; insulin treatment corrected the defect .. Similarly, Kessler 

(1962) demonstrated a reduced fractional removal rate of tri­

glyceride following the intravenous injection of large doses of 

triglyceride emulsion into pancreatectomized and alloxan diabetic 

dogs compared with insulin treated controls. It has been suggeste 

(Nestel, 1964) that an inverse relationship exists between plasma 

triglyceride levels and removal rates of triglyceride. The lat­

ter variable has been claimed merely to reflect triglyceride pool 

sizes. However, in both studies cited above, the dose of tri-
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glyceride injected. was large, exceeding the endogenous pool size 

to such an extent that the r esults are unlikely to have been 

substantially influenced by the latter. Triglyceride removal 

from plasma has been shown to be saturable (Boberg et al, 1969; 

Brunzell et al, 1973); in these experiments , it is likely that 

maximal removal rates were being measured and shown to be reduced 

in uncontroll ed diabetic animals. Some studies have, however, 

failed to confirm these results; Brown and Olivecrona (1966) 

found chylomicron removal to be similar in insulin-deprived and 

insulin-treated diabetic rats, although less of the injected label 

was recovered in adipose tissue triglycerides o.f the diabetic 

group than of the controls. This was confirmed by Brown (1967) 

and also by others, ( Naidoo et al, 1967; Gries et al, 1967); 

these studies imply triglyceride removal to be reduced in adipose 

tissue, whereas removal in other tissues may be normal or even 

enhanced. Both Naidoo et al (1 967 ) and Gries et al (1967) showed 

the uptake to be i ncreased in skeletal and cardiac muscle in 

alloxan diabetic r ats; these r esults being in sharp contrast to 

the situation in adipose tissue. The reduced recovery of injected 

triglyceride radioactivity in adipose tissue triglyceride suggests 

impaired removal of lipoprotein triglyceride from the circulation, 

but as pointed out by N:i.kkill! (1969 ), could also be explained 

by excessive lipolysis of newly .formed adipose tissue triglyceride 

or of reduced adipose tissue mass, both of which are kno~m to 

occur in experimental diabetes o 

Studies in which lipoprotein lipase has been assayed either 

directly in adipose tissue or in plasma after its release from 

tissue sites by the injection of heparin, suggest that deficiency 

of this enzyme is, in fact, responsible for the reduced tri­

glyceride uptal<e by diabetic adipose tissue. 
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LIPOPROTEIN LIPASE 
_,,.., ... ,..- ·-· ' .... ..... -·· ... 

As this enzyme is of major importance in the· removal of 

lipoprotein triglyceride from plasma 1 assay of it s activity is 

of obvious interest. The enzyme is found in most tissues which 

utilize plasma triglyceride, the level of activity reflecting 

the capacity of that tissue to remove the lipido Most work has 

been done on. rat adipose tissue and post--heparin plasma, al though 

skeletal and cardiac muscle has also been studied. The level 

of activity depends on various hormonal and nutritional influences 

Adipose tissue lipoprotein lipase activity for instance, increases 

on feeding and insulin administration, and decreases with starva­

tion (Bezman et al, 1962; Kessler, 1963). Another factor which 

is of importance is the tissue site; in cardiac and skeletal 

muscle, levels of activity res pond to nutritional influences in 

a manner different to that in adipose tissueo Whereas in the 

latter organ, fasting r educes li.poprote:i.n lipase activity, it 

results in an elevat ion of the enzyme in cardiac muscle 

(Borensztajn and Robinson, 1970). As previously discussed, the 

factors influencing lipoprotein lipase activity in different 

tissues are of physiological importance by giving direction to 

the utilization of lipoprotein triglyceride (Robinson, ·1973). 

Despite the physiological importance of lipoprotein lipase 

in tissue, paradoxically, much of the literature refers to 

studies of the enzyme in blood after release from tissue sites 

by heparin. Under normal circumstances, the enzyme is barely 

detectable in blood, but rapidly appears following intravenous 

heparin administration (Robinson, 1963).. In htunan subjects, 
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this source has the obvious advcrn.t age of e as e of s;:1;np1ing , 

tissue samples being more difficult to obtain~ Fur t hermore, 

activity o.f the enzyme in post-hepa.ri.n pl asma is easily assayed 

in both animals a.11.d humans, whereas activity of the enzyme in 

the tissues of man is of an extremely low order. It is only 

recently that techniques for studying human u.dipose tissue lipo­

protein lipase are appearing (Persson,1972; Nilsson-Ehle, 1974); 

most earlier studies merely showed the existence of the enzyme 

in this tissue (Havel et al, 1961; Nestel and Havel, 1962; 

Diengott and Kerpel, 1965; Chlouverakis, 1965). 

PHLA determinations do, however, have serious disadvantages. 

Firstly, heparin not only releases lipopr-otein lipase from adi­

pose tissue, bt-1:t also from other tissue such as skeletal and 

cardiac muscle (Robinson, 1963), liver and lung; other lipases 

such as monoglyceride lipase, es terase and phospholipases are 

also released (Shore and Shore, 1961; Vogel et al, 1968; Greten 

et al, 1969). The substrate used in the assay is thus of prime 

importanceo Recently, Huttunen a.11.d Nikld.ltl (1973) have shown 

endogenous lipoproteins to be a better subs trate .for the deter­

mination of PHLA, than artificial emulsions .. Furthermore, PELA 

does not seem to show the response to nutritional influences 

(Schotz and Garfinkel, 1972) seen with tissue smu-•c ,~s of the 

enzyme; physiological effects are thus probably concealed~ 

Lastly, attention has recently been dra\1n:1 to qualitative differ­

ences in lipolytic activities originating in different organs 

(Ganesan et al, 1971; La Rosa et al, 1972; Zieve and Zieve, 1972). 

F'urther dif .ficul ties in comparison of PHLA values measured by 

different investigators, arises due to the lack of standardiza­

tion 0£ dose of heparin injected and assay procedu:re (Boberg and ~ 
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earl son, 1 964 ) . PHLA thus probably represents lipo1ytic activity .. 

from a nurnber of ill-defined sources and interpretation of the 

enzyme activity in relation to physiological variables and 

disease states should be made with caution. 

Most studies of lipoprotein lipase activity in diabetic 

animals have shown a deficiency of the enzyme whether assayed 

directly or in post-heparin plasma. PHLA was first shown to be 

reduced in pancreatectomized and alloxan-diabetic rats by Meng 

and Goldfarb (1959). The activity was restored by insulin. A 

similar effect cif insulin was found in diabetic dogs (Kessler, 

1962). Adipose tissue lipoprotein lipase activity has also been 

shown to be substantially reduced in alloxan diabetic rats 

(Kessl e:r·, 1963; Schnatz and Williams, 1963; Brown, 1967, ElkeJ.es 

and Williams, 1974), but to be increased in cardiac muscle. 

Estimation of lipoprotein lipase activity in clinical diabetes 

are, however, less clear-cut. This may be due to difficulties 

in the interpretation of PHLA , already mentioned. No impairmE§:nt 

of PHLA was found in most diabetics, \vhether hypertriglyceridaemic 

or not (Denborough and Paterson, 1962.; Jones et al, 1966; Perry, 

1967; Wilson et al, 1969). Insulin treatment did not al ter the 

activities. Bagdade et al (1968b) have, however , shovn~ PHLA 

to fall after withdrawing insulin from diabetic patients. The 

same group (Bagdade et al, 1967) have also shown insulin revers­

ible, sub-normal PHLA in a group of diabetics with the relatively 

uncommon pattern of gross lipaemia due to a combination of 

chylomicronaemia and elevation of VLDL. These intensely lipaernic 

diabetics were similar to those studied by Wilson et al (1969), 

who fail ed to show an impairment of PHLA. The latter study, how- ·-
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ever, comprised only .five patients, t.;10 of whom harJ. subno:r.mal 

levels. 

Triglyceride upt ake from plasma could conceivably be impaired 

other than by reduced lipoprotein lipase activity; a reduction 

in .fatty acid re-esterification i.n the aclipocyte has already 

been referred to on Page 27 ; this might inhibit.inward transport 

of FFA liberated by hydrolysis of lipoprotein triglyceride. 

The glycerol -3- phosphate required for re-esterification in 

the adipocyte, is derived from glycolysis from the glycero­

phosphate dehydrogenase reaction, glycerokinase being virtually 

absent from human adipose tissue (Steinberg, 1962; Margolis and 

Vaughan, 1962). Gal ton and Wilson ( 1 970a) have shovm that 

adipose tissue from diabetic patients cannot utilize glucose 

and glucose -6- phosphate as effectively as glycerol - 3- phosphate 

for lipogenesis from 14c palmitate when compared with tissue 

from non-diabetics. They suggest the most likely site of the 

defect to be at the phosphofructokinase stage .. Indeed , they 

have sho~m the activity of phosphofructokinase to be reduced in 

adipose tissue of adult diabetics (Galton and Wilson, 1970b); 

this could possibly contribute to the impaired glucose utiliza­

tion by the adipocyte which occurs in such patients$ Although 
II 

Ostman (1965) failed to show impaired uptake of glucose by adi-

pose tissue from juvenile diabetics i.n vitco 1 decreased assimila­

tion and esterification of FFA was apparent,, 
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. MA'rUIH'J'Y ONss·r DIAHETES -~..----.. -------~-

Much of the evidence which has been referred to throughout 

this Chapter has been on experimental diabetes in animal s,. 

These animal models are of obvious relevance to the insulin 

dependent type o.f diabetes. Their relationship to maturity 

onset diabetes is, however, less clear, in view of the frequent 

occurence of hyperinsulinism in the latter condition (NikkiU\ 

and Taskinen, 1970). Many of the metabolic defects may thus 

differ from those seen in juvenile diabetics .. The hereditary 

obese-hyperglyca.emic mouse is probably the animal model closest 

to the maturity onset diabetic. The chief disturbance of lipid 

metabol ism in these animals appears to be increased hepatic 

lipogenesis from acetyl CoA (Bates et al, 1955; Winand et al, 

1968), citrate (Havard and Lowenste in, 1965) and glucose (Jansen 

et al, 1967). Fasting also fail s to reduce lipogenesis. Winand 

et al ('1968) have also demonstrated an accelerated rate of 

hepatic es terifica tion of fatty ac ids in vitro. 

In contrast to the increased lipolysis seen in insulin 

deficiency, lipolysis is not enhanced in obese hyperglycaemic 

mice (Ves tman, 1965). A similar situation may occur in human 
11 

maturity onset diabetes; Ostman (1965) showed normal lipolysis 

in vitr o, in adipose tissue from adult diabetics, compared with 

increased breal(down of tissue triglyceride in a group of juvenile 

diabetics. Nonetheless, lipolysis has been show-fl. to be elevated 

in some studies on maturity onset diabetes (Bierman et al, 1957; 
11 

Bjerntorp and Hood, 1966), although not in others, (Ostman, 1965). 

The reason for the.se discrepancies is not clear, but lipolysis 
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of l1c~: 1,1tic tr-icJJ yc;eride could conceivably elevate plasma F'FA 

l evel: despi i.:e normal release of F('A from adipose tissue. 

THE PR2SENT WORK ___...-----·- .... -· . ----

Although much has been written on the disorders of lipid 

metabolism in diabetes (Nikkil!3., 1969, 1973; Havel, 1972; 

woods ide: and Heimberg, 1972), many questions remain unanswered,. 

This is especially so with regard to human diabetes. One .funda­

mental issue \Thi.ch still remains contentious is whether the 

main defect resulting in hypertriglyceridaemia in diabetes is 

one of enha:.:1ced triglyceride secretion, a decreased removal, or 

are both factors perhaps operative? Much of the data on experi­

mental diabetes in animals suggests some impairment of tri­

glyceride uptake by adipose tissue; a reduction in lipoprotein 

lipase activity of adipose tissue appears to be the likely 

mechanism .. Many_ of these studies, however, are on isolated­

organs or tissues in vitro; direct measurements of triglyceride 

input into or removal from plasma are fewQ From kinetic studies 

in hmaan diabetes (NikkiJ.a and Kekki, 1973), over-secretion of 

triglyceride is suggested to be the primary defect in most sub­

groups of clia.bei:es including some maturity onset c ases. By con­

trast, direct measru."'ement of splanchnic triglyceride production 

in chronically diabetic dogs has shown reduced triglyceride 

production (Basso and Havel, 1970); impaired removal of tri­

glycer ide from plasma is implied to be the cause of the hyper­

triglyccridaemia seen in this situation. As pancreatectomized 

dogs may not be the idea l model for all types of human diabetes, 
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the present study was undertaken in order to assess removal of 

triglyceride from plas·ma in diabetic patients. Two groups of 

patients have .been investigated; one insulin requiring, the 

other responding to diet alone. Patients who, in addition, 

required oral anti-diabetic agents were not included. As little 

is known of triglyceride ·removal in diet responsive cases, this . 

group \Vas of particular interest. Each subject acted as his own 

control, measurements being made once in the uncontrolled state, 

and again when diabetic control had been achieved .. Using such 

an experimental design, it would be preferable if in some cases, 

the uncontrolled study could precede the study after achieving 

diabetic control, while in others, the order be reversedo This 

was, however, not considered ethically justifiable. A further 

control group was thus included; the results obtained in the 

two groups of diabetics· were compared with those in a group of 

non-diabetic obese subjects. 

The method chosen with which to assess triglyceride removal 

from plasma was the intravenous fat tolerance test (Boberg et 

al, 1969). The background and theoretical considerations relat­

ing to thi.s test are more fully discussed in the methods section 

on Page 58 • Anal ogous to the intravenous glucose tolerance test, 

this non-steady state test measures the fractional removal rate 

of a.11 intravenously injected synthetic triglyceride emulsion. 

It must be emphasized that the emulsion used (Intralipid, Vitrum, 

Stockholm) is not regarded as a tracer for lipoprotein tri­

glyceride. Intralipid particles have been shown to have physico­

chemical and kinetic properties very similar to those of chylo­

microns (Carlson and Hallberg, 1963; Hallberg and Wersall, 1964; 

Hallberg, 1965). As Intralipid, chylomicrons and VLDL are 

126 



believed to be removed from plasma by a common mechanism (Havel, 

1965; Boberg· et al, 1 969), . this test provides a measure o.f the 

capacity 0£ the subject to remove triglyceride. Because removal 

of large particles has been shown to 'be more rapid than that of 

small particles, the actual values for fractional removal rate 
-

obtained cannot reliably be used for determining actual lipo-

protein triglyceride turnover. The fractional removal rate as 

measured by .the intravenous fat tolerance test does, however, 

correlate significantly with triglyceride turnover measured 

chemically by splanchnic arterio-venous triglyceride differences 

(Rt)ssner et al, 1974), although values obtained with the intra­

venous fat tolerance test are somewhat higher. The possible 

limitations of the intravenous fat tolerance test are discussed 

on Page 61 • It was decided to use this test in the present 

study because of its simplicity and minimal discomfort to patients. 

Plasma FFA is the most important precursor for hepatic tri­

glyceride formation in man (Havel, 1965) and plasma FFA levels 

have been shown to be commonly elevated in uncontrolled diabetes 

(Laurell, 1956; Bierman et al, 1957). As changes in the turn­

over of FFA through plasma may sometimes be more extensive than 

changes in plasma FFA levels (Lewis et a.l, 1966), measurements 

of plasma FFA turnover were performed in the present study both 

in the uncontrolled state and during diabetic control. Tri­

glyceride input into plasma was not studied directly; in view 

of the precursor product relationship of plasma FFA and tri­

glyceride, it was attempted to correlate plasma FFA turnover rate 

with plasma triglyceride conct:>ntration. A strongly positive 

correlation would provide suggestive evidence of plasma FFA 
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turnover, and hence input, being a major determinant of plasma 

triglyceride concentration in diabetes. 

0 
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CHAJ:'~rER III 1 SSCTION B 

Thirty-four diabetics were studied; measurements of serum 

lipid concentration, plasma free fatty acids. turnover, and 

fractional removal rate of triglyceride were made in the uncon­

trolled state and again after achievement of diabetic control. 

Full details of methods used are described in Chapter II. 

SUBJECrrs · 

Selection criteria 

Studies were performed on patients presenting to the 

Hammersmith Hospital Diabetic Clinic and diabetic in-patients. 

Diabetics requiring oral hypoglycaemic drugs were excluded from 

the study. Fully informed consent was obtained in all caseso 

Thirty-four diabetics were studied; twelve required insulin and 

twenty-two res ponded to diet aloneo Ten obese subjects, with 

normal oral glucose tolerance tests according to the standards 

of FitzGerald and Keen (1964), were also studiedo They were 

selected from patients attending the Lipid Disorders Clinic of 

the Hammersmith Hospital for obesity, or from obese in-patients, 

in hospital for non-metabolic reasons. 
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The insulin-dependent grou.p consi ·t ed of five males and 

seven female patients ranging from 30 -· 58 years in age (mean 

40 years)o For the purposes of this study, obesity was regarded 

as being present if the subj ect's weight exceeded their ideal 

body weight by more than 15% (Metropolitan Life Insurance Company 

1'ables). By this criterion, two of this group were obese. 

Eight~ one of whom was mildly ketotic 1 were studied at time of 

presentation with diabetes. In the remaining four patients, 

despite having previously been on insulin therapy, control was 

considered unsatisfactory. All four had a history of having 

either keto-ac idosis, or having failed to respond to diet, alone 

or in combination with oral hypoglycaemic agentse In these four 

subjects, insulin was withdrawn for 24 - 48hours in hospital 

u.l'lder careful observation, after which the investigations were 

performed and effective insulin therapy reinstituted . A diabetic 

diet was cont inued throughout .. One patient developed ketonuria 

during the period of insulin withdrawal .. Studies were repeated 

after adequate diabetic control had been achieved 1 e i ther wi thin 

seven days during the same a.dmission, or du.ring a subsequent 

admission to hospital after one to two months . Control was 

achieved by dietary measures and insulin therapy as indicated. 

Control was regarded as satisfactory if the fasting blood glucose 

was less than 120 mg., /dl., and if glycosuria did not occur at 

any time during the day. 
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In the diet--responsi ve group, there were ten males and 

twelve females aged 48 - 70 years 1 mean 57.5 years. All but 

five were obese by the above criteria. Ketosis was not detected 

in any. 'l1reatment was by diet alone, without oral hypoglycaemic 

agentso 'J:wo diets were used; the obese diabetics received a 

dai ly intake of 800 calories with 60 grammes carbohydrate and 

40 grammes fat, whereas the lean subjects received 1,800 calorie 

150 gramme carbohydrate diets containing 90 grammes o.f fat. The 

type of fat was largely saturatedo In-patients received diets 

prepared by the hospital diet kitchen; out-patients were care.fully 

instructed by a member of the Dietetic Department and were supplie 

with diet·sheets. Repeat measurements were made when diabetic 

control, defined as above, had been achieved. 

Obese non-diabetic 

The ten obese non-diabetic subjects ranged from 15 - 32% 

above ideal body weighto They received the same diet as the 

obese diabetics; they were restudied at periods ranging between 

10 - 30 days from the onset of caloric restriction. 

Predicted weight loss occured in both diabetic and non­

diabetic groups, indicating satisfactory dietary adherance. 

All studies were performed after a 12 - 14 hour overnight fast. 

Blood was sampled for glucose (see Page 75 ), serum lipid deter­

ination (see Pages 41 and 44 ) and lipoprotein electrophoresis 
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( see pasfe 46 ) • Preparative ultracentrifugation ( see page 4 7 ) 

to separate the very low density (VLDL) fraction of serum which 

was then analysed for cholesterol and triglycer ide content, 

was performed in some cases to confirm the type of hyperlipo­

proteinaemia .. FF'A turnover through plasma was measured during 

a constant infusion of albumin bound 14c palmitic acid .. From 

the equilibrium constant specific activity of palmitate and 

infusion rate of the labelled fatty acid, plasma FFA turnover 

was calculated .. Full details of the method and calculation are 

to be found on Page 52. The fractional removal rate of tri­

glyceride from plasma, was determined by the intravenous fat 

tolerance test as described on page 65 .. Host patients were 

tested with the standard dose of Intralipid (0.1 gramme/Kg .. body 

weight); some patients were re-tested at a dose of 0.25 - 0.3 

gramme/Kg .. 

RESULTS 

GLUCOSE 

The insulin requiring diabetics had a mean Fasting (12 -

14 hour) blood glucose level of 271 mg./dlo in the uncontrolled 

state (range 178 - 428 mg"/a.1.). This fell to a mean of 94 mg.,/ 

dl. du.ring diabetic control$ Lower values were detected in the 

diet responsive groupo In the uncontrolled state levels ranged 

from 125 - 230 mg./dl. with a mean of 188 mg./dl.; mean blood 

glucose on the day of the repeat _study was 102 mg./dl. 
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~ERUM LlPJ':DS - I _,..,,.._._._ 

J<,asting plasma triglyceride conccn tru.tions c:J'.'c-'! shown in 

Fig. 11. Pre-treatment levels of above 160 mg .. /dl. we1'e observed 

in twelve of the twenty-two diet r esponsive (55) and eight of 

the twelve insulin-requiring diabetics (67%), as well as in two 

non-diabetic obese subjectso 

In both groups of patients, diabetic control reduced fast­

ing serum triglyceride levels significantlyo A similar response 

to diet was seen in non-diabet ic subjects., 

Four patients were intensely lipaemic when their diabetes 

was uncontrolled; two were diet-responsive and t\110 insulin-requir­

ing. In view of .the possibility that they may represent a dis­

tinct sub-group, they are considered separately. 

Serum triglycerides fell from a mean of ·1 58 + 23 mg.,/dL. 

(SEM) to 11 0 :!.: 1 5 mg./dl. (p Oo02, n = 10) and from 1 61 + = 

23 mg ./ell. (SEM ) to 104 ± 1 2 mg./dl. (p = 00002, n = 1 8) in the 

insulin-requiring and diet-responsive groups r<::spectively,, If 

the intensely lipaemic subjects are incJ.uded, the means value 

before and during control are 1,060 and 116 mg.,/dl., and 556 

and 110 mg. /dl. for these tvro groups of pat ients., 

The two insulin depend,~nt patients with intense lipaemia 

had initial triglyceride levels of 5,000 mgo/c11 .. and 6,175 mg./dl ., 

respectively. Triglyceride concentration fel1·dramatical ly to 

150 mg./dl. in both patients, .on achieving control., The two diet-• 

responsive diabetics with severe lipaemia had triglyceride l evel s 
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of 4,000 and 4,750 mgo/dl. initially, levels of 140 and 150 mg.,/ 

dlQ respectively, being recorded when their diabetes was con­

trolled. The obese non-diabetic subjects also showed a signifi­

cant reduction in serum triglyceride concentration during calorie 

and carbohydrate restriction; their initial mean serum tri­

glyceride level falling from 1 98 :!.: 42 mg o/ dl., · ( SEM ) to 1 07 :!.: 1 8 

mg./dl. (p = 0.02) when the study was repeated. 

From Fig. 11, it will be noted that treatment of diabetes, 

whether by diet alone or by diet and insulin, resulted in a 

reduction in serum triglycerides in all but four patients studied~ 

A similar trend was noted du.ring weight reduction in the non­

diabetic subjects, all but one showing a reduction of triglyce­

ride level while on the dieto Reductions of triglyceride du.ring 

diabetic control occ1..1.rred rapidly in most cases followed 

serially. Fig.12 shows the response in a 60 year old diabetic 

man who responded to diet alone. Serum triglyceride fell from 

41 750 mg./dl. to 627 mg./dl .. during the first two days and 

within fourteen days had reached 285 mg9/dl. Further dieting 

led to a complete normalization of his serum triglycerides with 

a level of 131 mg./dl. one month later. Associated with this 

was a rapid disappearance of his eruptive xanthomata. 

LI:POPROTEINS 

Triglyceride levels of above 160 mg./dl~ were associated 

with an increased prebeta band on lipoprotein electrophoresis 

in all cases studied. An excess of this lipoprotein was con­

firmed by ultracentrifugal separation and lipid analysis of the 
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VLDL fraction in some cases. The four intensely lipaemic 

subjects had fasting chylomicronaemia, in addition to excess 

VLDL. This was demonstrated by the appearance of _a creamy 

supernatant after overnight storage at 4° C (Cramp , 1973) and 

confirmed by a non-migrating lipid staining band on electro­

phoresis. Triglyceride analysis after ultracentrifugation for 

30 minutes at 17,500 rpm at a background density of 1.006 (see 

Page 47) provided further confirmationo Chylomicrons as defined 

by the latter method comprised at least one-third of the total 

triglycerides in these four cases, before treatment of the 

diabetes was commenced. 

PLASMA FREE FATTY ACID TURNOVER 

Diabetes 

Measurement of free fatty acid (FFA) turnover through plasma 

was performed in twenty-two subjects in the uncontrolled state 

and again during diabetic control. FFA turnover exceeded the 

laboratory's normal range of 6 - 12 µM./min./Kg. in all but one 

subject studied. 

In seventeen diet responsive cases, it was 24 + 3 µM. /min./ 

Kg. (mean± SD), and in five insulin dependent cases 69 ± 27 µM3/ 

min./Kgo The highest rates thus occurred amongst insulin­

requiring diabetics ( see Fig., 13). 
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Turnover was reduced towards normal in all insulin­

requiring cases when diabfitic contr-l:)l was achieved 1 reaching a 

mean of 15 .:t 5 (SD) µM./rni n. /Kg .. (p < 000"1 by the pa.ired t-test) .. 

In fourteen diet~-responsivc diabetics in whom repeat measurements 

were made, turnovers fell from 22 ± 8 to 13 + 3 ~i M~/min. / Kg. 

(p == 0.002). All but two patients showed a reduction in FFA 

turnover during dieting. 

Despite diabetic control being adequate in terms of blood 

glucose determination at the time of the repeat studies, and 

despite a reduction in FFA turnover towards normal at this time, 

the latter measurement was still somewhat elevated in many cases 

at the time of the repeat study .. This was true of three patients 

who were sti;J..l obese, and of seven who had ;3.chieved or virtually 

were of ideal body weight. 

Non-diabetic .2_besity 

F}.,A turnover through plasma was measured in nine obese 

non-diabetic subjects, five of whom underwent second studies 

during dietary restriction$ The second study was carried out 

after an interval of 10 - 30 days, the diet being identical to 

that prescribed for the obese diet-responsive~ FFA turnover was 

initially 17 ± 5 . p, M./min .. / Kg. (mean ± SD) o rrhere was no sig­

nificant change in the five subj ects who had the study repeated. 

Mean values were 16 ± 5 (SD) and 18 ± 5 before and during treat­

ment respectively, in these patients (p > 0. 1). 
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correlations qe;tween plasmet FF':\ turnover and serum tri­

glyceri.cle concentration be.fore diabetic control a.re shown in 

Fig. 14. Positive correl a t i ons wer2 observed in both groups 

of diabetics; these were, however, of 1ow order and '.;vere not 

statistically significant. (Di.et treated group - r = +0.21, 

p ~ 0.1; insulin-requiring diabetics - r = +Oo 62, ·p-::>- 0.1 ) . 

The obese non-diabetic subjects showed a non-significant 

negative correlation (r = -Oe32, p:;;,... Oo1)o 

IN'rI<AVENOUS FA11 TOLERANCE; TES'r 

The rate constant, K2 , for the fractional r emoval rate of 

exogenous triglyceride, has been determined in uncontrolled 

diabetics and re:peated after control had been achieved. 

Results are shown in F'ig., 15. In two of the intensely 

lipaemic subjects, no differen.ce in nephelometric · reading was 

discernible during the period of sampling; no detectable tri­

glyceride removal had occurred and their rate constants were 

r egarded as zero., In all other cases, disappearance of the fat 

emulsion was exponential when a dose of Oo1 gramme/Kgo was 

i njected. Rate constants can be seen to vary widely from patient 

to patient. K2 values for both groups of diabetics are shown 

in Fig .. 16 . Although absolute values were higher in females, 

fractional removal rates were in the 10\V normal or sub-normal 

r ange, for each sexo 

Treatment of the diabetes, whether by diet alone or by diet 

and i nsulin, resulted in an increase in the rate constant, often 
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strikingly, in 24 out of 27 patients in whom this measurement 

was r epeated. In the diet-responsive group, fractional removal 

. d f . -1 . -1 ( ,, rate increase rom 0.035 min to 0.-053 min p - 0.001 by the 

paired t-test) and in the insulin-dependent group, from 0.032 

. -1 6 . -1 ( ) i~ f b b. min to o.o 2 min p < 0.001 • In tue ew o ese su Jects so 

studied, fractional removal rate also tended to increase with 

dietary restriction. 

A highly significant negative correlation between rate 

constants_ (K2 ) and serum triglyceride concentration was observed 

in both groups of untreated diabetes (see Fig. 17). Because of 

differences in variance, Spearmans rank correlation coefficients 

were determined; they were -0.61 (p <0.01) and -0.70 (p ~ 0.02) 

for maturity onset and insulin-depende.nt diabetes respectively. 

Diabetics with the highest serum triglyceride values thus had 

the slowest fractional removal rates; non-diabetic obese subjects 

showed a similar significant negative correlation (r = -0.68, 

p "- 0.02). 

Five diabetics also received larger doses (0.25 - 0.3 gramm~ 

Kg.) of injected triglyceride in order to attempt to saturate 

their -removal mechanisms (see Page 69 ) and compare these results 

with those obtained by the standard IVFTT. The larger injection 

resulted in linear disappearance during the first 60 minutes 

(by zero order kinetics), followed by exponential disappearance. 

The serum triglyceride concentration immediately following the 

injection of the larger dose was calculated to be at least 

1,000 mg./dl., the initial linear removal implying saturation 

of peripheral removal mechanisms. The slope of the line gives 

the maximal removal rate (K1 ). Table 3 shows that in four out 
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T A B L E 3 

PLASl"'lA TRIGLYCERID2 UPTAKE IN DIABETICS, SHOr.vING LINEA-.1< RATE K1 

Treatment Maximal removal ·rate Fractional removal rate Plasma triglyceride 
K1 K2 (mg/dl) 
(mg/dl/min) . -1 (min ) 

Uncontrolled Treated Uncontrolled Treated Uncontrolled Treated 
I 

--' 
-:-:::. 
0\ 1 .. Insulin 2. 1 3o7 00034 00060 324 153 

2. Insulin 5o3 5 .. 0 158 198 

3. Insulin o.o 4.5 o.o-. 0.035 6,175 15G 

4o CH restriction 2 .. 2 5.6 0.013 0.027 631 180 

5. 800 kcals 3 o5 4.1l 379 173 



of five pa.tien t.'.'-;, K1 inc1'(:c:.1.sed du.ring diabetic control associated 

with a rcdu,ctj_on in serur;1 triglyceri.de. The fifth patient showed 

neither a fall in serum triglyceridE-::? nor an improvement in K1 .. 

Diabetic control thus tends to cause maximal removal rate to 

change in the same direction as does fractional removal rate, 

which has been shown to be negatively correlated with serum tri­

glyceride concentration., 

Diabetic control, whether by diet alone or by diet and 

insulin, :reduced fasting serum triglyceride concentrationso A 

similar effect was observed in obese non-diabetics during dietary 

res trictiono 

Plasma FFA turnover was elevated in diabetics,, especially 

in those requiring insulin. Diabetic control reduced the FFA 

turnover towards normal, although normal values were often not 

achieved during the period of study. The mildly elevated FFA 

turnover rates observed in the obese non-diabetics showed no 

tendency to fall with weight reduction. 

Subjects with the lowest fractional removal rates of injected 

triglyceride had the most marked elevation of serum triglyceride. 

This rate constant increased markedly with diabetic control, 

whether by diet alone or by diet and insulin. When removal 

mechanisms were saturated, the sa.me trend was appo.rent. 
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CHAP'I'l~R III S17:CI'ION C - ---:..=.::::.1--------· 

SERUM LIPIDS ALTD LIPOPEO"l'EINS 

Serum triglyceride in excess of 160 mg./dl., the arbitary 

cut-off point in use in this laboratory at the time of the study, 

was found in l""'a ther more than half the diabetics in the uncon­

trolled state.. 'rhe findings were similar whether the diabetes 

was of the insulin-depen0ent or diet-responsive type .. Because 

of small numbers and of excl usion of diabetics requiring oral 

hypoglycaemic drugs, no.adequate conclusion can be made from the 

present study regarding the prevalence of hyperlipidaemia in 

diabetes .. None the less, a higher percentage of adult onset 

diabetics were noted to be hyperlipidaemic than in the study of 

Eilkeles et al (1971 )~ A slightly lower percentage of insulin 

requiring diabetics were found to be hyperlipidaemic than repor ted 

by Chance et a1 (1 969) in newly diagnosed diabetic children., 

The mean age of the subjects in the lat ter study was, however, 

far lower than in the present investigation ; direct comparison 

-is thus not valid o Also 1 in this study 9 serum triglyceride con­

centrations were not measured , hyperlipidaemia being diagnosed 

by an elevated serum cholesterol, total lipid concentration, or 

an abnormal J.ipoprotein pattern on paper electrophoresis of serum. 

'rl1e majority of diabetics wi th abnormal s erum lipids were 

found in the present study to have elevated serum triglyceride 

levels associated with an increase in pre--beta lipoprotein; they 
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would thus be cla.ss.ified as having the Type IV lipoprotein pat­

tern in their pla::;ma (Beaumont et al, 1970 ). Although Chance 

et al (1969) also found Type IV hyperlipoproteinaemia to be the 

most frequent abnormal pattern in diabetic children, they also 

reported a fairly high f-requency of Type III hyperlipoprotein­

aemia; no example of this abnormal lipoprotein pattern was found 

in the present study. Hayes (1972 ) found a roughly equal fre­

quency of Types.II, III and IV lipoprotein patterns. Some caution 

must be exerted in the interpretation of these studies. In that 

of Chance et al (1969), blood was sampled in the non-fasted state. 

FUrther doubt is cast by their definition of Type III and that 

ultracentrifu.gal confirmation of this infrequently reported lipo­

protein pattern was not obtained. In the study of Hayes (1972), 

diabetics were typed in the manner o.f the WHO classification 

(Beaumont et al, 1970), but using densitometer scanning of celltt­

lose acetate electrophoretic strips, which has not been shown 

to be quantitative. 

Four of the patients in the present study had intense 

lipaemia of the type described by Bagdade et al (1967) in certain 

insulin requiring diabetics. Of these, only.two proved to require 

insulin, while two responded fully to diet. The latter two 

patients are prob0bly of the sub-group which Nikkil~ and Kekki 

(197 3 ) refer to as the 1 dia.betic lipaemic syndrome'. 'rhese four 

patients had increased VLDL concentrations and chylomicrons in 

plasma in the fasted state, the so-called Type V pattern (Beaumont 

et al, 1970). Bagdade et al (1967) have referred to this entity 

as an acquired form of fat induced lipaemia, because chylomicrons 

are commonly equated with particles derived from dietary fat 

(see Chapter VI). Particles of a similar size to chylomicrons 
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may, hmrever, c::ppe.:n .. in 1;;l asma even i.n the absence of dietary 

fat; M&ncini et ttl ( 1 9? 3) have .show.ti the presence of such parti­

cles dm.:'ing· carbohydrate induction in subjects on virtually fat 

free diets. Chylomicrons and VLDL triglycerides are believed 

to be removed .fr om plasma by a common mechanism following hydro­

lysis by lipoprotein lipase (Havel, 1965); this mechanism has 

been shown to be saturable (:Soberg et al, 1969) following an 

injection of an artificial triglyceride emulsione Recently, 

(Brunzell et al, 1973) have presented evidence for a common 

satu.rable removal mecha.11.ism for both triglyceride bE:"!aring lipo­

protein categories, chylomicrons and VLDL. A defective removal 

mechanism in diabetes, as suggested by the present work, could 

then co:nceivably result in an accumulation in plasma of both 

VLDL and larger chylomicron-like particles, whether of dietary 

or endogenous origin. A stage could be reached whore elimination 

of triglyceride is so slow, that an overnight fast would be 

insufficient to remove all dietary fat; exogenous and endogenous 

hyperlipaemia could then coexista 

EFFECT OF DIABSTIC CONTROL 

Control of the diabetic state resulted in a significant 

:reduction in plasma triglyceride concentration. This was .found 

to occur whichever mode of treatment was used. 
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Of th{rteen subjects whose serum triglycerides vrere measured 

in the uncontrolled state, and again after calorie and carbo­

hydrate restriction, all but two showed reduced levels after 

treatment. Both showed adequate weight reduction.. Only one 

diabetic in the group on this diet had a serum triglyceride level 

above 160 mg./dl. at the time o.f the second study. In this 

patient, however, levels had more than halved, falling from 

375 mg. /dl. before treatment, to 180 mg.,/dl~ during diabetic 

control., It is possible that serum triglyceride concentration 

falls more slowly than does blood glucose. If so, had the second 

study been performed at a later date 7 a lower triglyceride value 

may have been obtained~ It is worth emphasizing that the fall 

in serum triglyceride concentration during calorie a.nd carbo­

hydrate restriction is not a specific change related to diabetics; 

when fed an identical diet, non-diabetic obese subjects also 

showed a fall in their serum triglycerides of the same order of 

magnitude as that observed in obese diabetics • 

. Control by carhohydrat_e restriction 

Of the subjects who received the 1g800 calorie, 150 gramme 

carbohydrate diet, four out of five showed ·a reduction in serwn 

trig·lyceride concentrations. All were below 160 mg .,/dl. at the 

time of the second study. In most cases, this diet was approxi­

mately isocaloric with their usual diets, although all were 

carbohydrate restricted compared with the diets consumed at the 



time of the original investigation. One intensely lipaemic 

patient showed a -Pall in his serum triglyceride from 4,750 

mgo/dl. to 150 mg./dlo on what for him was an isocaloric carbo­

hydrate restricted diet. It thus appears that carbohydrate 

restriction, as distinct from calorie restriction, results in 

a reduction of serum triglyceride levels in diabetics. 

control by insulin and diet 

As the group of diabetics requiring insulin received diet­

a:ry therapy in addition, it is impossible to differentiate the 

effect of diet from that of insulin. Most had approximately 

isocaloric, carbohydrate restricted diets, only two requiring 

ma:rked calorie restriction in addition. Of the insulin requir­

ing diabetics, _two of the twelve restudied had serum triglyceride 

concentrations of above 160 mg., /dl. at the time of the repeat 

investigat ion ; the triglyceride level had actually risen slightly 

in one of these patients despite the low calorie, low carbohydrate 

diet, and insulin. Triglyceride levels .fell in all other cases, 

often strj.l<:ingly. The two intensely lipaemic patients who 

required insulin, both had normal serum triglycerides when re= 

studied. 

The findings in the present study, suggest that the most 

adequately treated diabetics will have serum concentrations 

within the normal range. 

Reports in the literature on the effect of treatment vary, 

probably largely contributed to by variations in efficacy of con-
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trol. Several studies suggest that triglyceride levels revert 

to normal with adequat'e diabetic control as judged by blood 

glucose criteria (Aldersberg et al, 1956; Sterky et al, 1963; 
ti 
ostman, 1965 ; Sterky et al, 1966). Diabetic therapy by diet 

and insulin or sulphonylureas, resulted not only in an improve­

ment of diurnal blood sugar values, but of diurnal serum tri­

glyceride changes as well (:Maruhama et al, 1967). Other studies, 

however, show diabetics to have higher serum triglycerides than 

controls, despite diabetic control (Albrink et al, 1963; Schrade 

et al, 1963; New et al, 1963; Hayes, ·1972). The effect of treat­

ment on maturity onset diabetes is even less clear when oral 

hypoglycaemic agents are usedo Sailer (1966 ) showed that 

tolbutamide controlled diabetics had higher triglycei .. ide levels 

than did controls. Although no non-diabetic controls were 

studied by Elkeles et al (1971), only 10 out of 80 treated 

diabetics were-hypertriglyceridaemic, whether treated by diet. 

alone, or in combination with hypoglycaemic agents. 

If, as showfl by the present studyjl serum triglycerides as 

well as blood glucose levels tend to fall during treatment of 

the diabetes, an explanation must be sought for those cases in 

this and other studies (Albrink et al, 1963; Schrade et al, 1963; 

New et al, 1963; Hayes, 1972) whose serum triglycerides remained 

elevated despite blood sugar levels achieving :normal values, 

One possibility is that the changes in blood glucose occur more 

rapidly than those in serum triglycerides; the latter may then 

fall with the further passage of time .. Another explanation may 

be the coexistence of diabetes and primary hypertriglyceridaemia, 

both conditions having a high prevalenceo The incidence of 

diabetes appears to be between 1 + 8% (Renold et al, 1972), 
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depending on the method of detect ion and arbitrarily chosen 

• cut-off points dividinrr normal from abnormal. The prevalence 

is undoubtedly somewhat higher. High serum triglycerides also 

occur with remarkable frequency among so-called normal 

individuals. As previously mentioned, Lewis et al (1974) found 

14% of men and 3% of women to have serum triglycerides in excess 

of 176 mg./dl. Known diabetics were excluded from this study. 

Hypertriglyceridaemia commonly occurs as a secondary manifesta­

tion of diabetes and conversely, primary hypertriglyceridaemia 

is frequently associated with abnormalities of glucose tolerance 

(Albrink and Davidson, 1966; Fredrickson et al, 1967). Some 

cases may clearly fall under either one or other of these head­

ings; in many, however, difficulty arises in deciding which is 

the primary disorder. None the less, primary diabetes mellitus 

and primary endogenous hypertriglyceridaemia are both common, 

and may, therefore, coexist. The most likely explanation for 

elevated serum triglycerides despite diabetic therapy, however, 

is that with time, adherence to diabetic dietary regimes becomes 

less than adequate to maintain serum triglyceride at normal 

levels. Some degree of dietary indiscretion, for example carbo­

hydrate exC:ess, might be sufficient to elevate serum triglyceride 

levels without affecting blood glucose concentrations. 

Hypertriglyceridaemia has been sho\lm to be an independent 

risk factor for atherosclerosis (Carlson and B~ttiger, 1972)0 

As hypertriglyceridaemia occurs commonly in diabetics, especially 

those with atherosclerosis (Keiding et al, 1952; Lowy and Barach, 

1958; Albrink et al, 1963), management of diabetic patients should 

thus attempt to correct both ca~bohydrate and lipid abnormalities. 
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cx•j i~er:i.a of diabetic control ought perhaps to be revised, and 

to include co11trol o.f serum lipids in addition to blood glucose. 

FR!':~t'~ F'A'rTY AC ID TURNOVER IN DIABETES -··~-~ 

1'he turnover of plasma free fatty acid exceeded our normal 

range of 6 - 12 µ Mo/min. / Kg o in all but one of the patients 

studied. This normal range was derived from measurement of FFA 

turnover in twelve healthy members of hospital and laboratory 

staff. 'rhere was a tendency for higher FFA turnover rates to 

occur in insulin-requiring diabetics; this is in conformity with 

earlier work showing high plasma FFA concentrations in insulin­

depende.nt patients (Lau.rell, 1956; Bierman et al, 1_957). •rhe 

obese diet-responsive diabetics also had abnormally elevated 

plasma FFA turnovers, · lending support to the findings of Sailer 

et al ( 1 967) o Normal FFA turnover has 1 however, been reported 

in diabetics (Ford et al, 1963). In this study, plasma FFA turn­

over was measured after a pulse injection of labelled fatty acid. 

This me thod requires frequent blood santpling which may stress 

the patient, leading to highe:r· FFA levels and hence lower FFA 

specific activities than a less stressful method. It also 

requires calculation · of pool sizeo Its use has largely been 

superceded by the constant infusion method used in the present 

study. Furthermore, in the study of Ford et al ('1963), case 

details are poorly described; the mean fasting blood glucose of 

the diabetic patients was 167 ± 49 mg~/dlo , suggesting that in 

some of them, the diabetic state was relatively mild at the time 

of study. 
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Tr·eatment o.f the diabetic state led to a reduction of F?A 

turnover in most cases studied. Plasma FFA turnover fell in all 

the insuliri-treated group; in two of fourteen diet-responsive 

patients in whom the study was repeated, no fall was evident. 

statistically significant differences were, however, found in 

both gr·oups of diabetic studiedo It is of interest that though 

FF'A turnover was nearly always reduced by diabetic control, it 

oftcm remained somewhat above normal. The reason for this is 

not clear. 'l"he criteria accepted for diabetic control in this 

study was a fasting glucose below 120 mg./dl.; this does not 

necessarily imply normality of glucose metabolism throughout 

the day. It may be postulated that diabetic control was inade­

quate in terms of lipid metabolism; conceivably, full diabetic 

control should include correction of FFA and triglyceride 

abnormalities, as well as glucose .. The residual elevation of 

FFA turnover occurred both in obese and in lean diet-responsive 

patients, some o.f whom were at ideal body weight by the time 

of the repeat investigation. 'rhe degree to which FFA turnover 

was increased in the uncontrolled state also did not relate to 

the presence of obesityo Increased FFA concentrations have been 

recorded in non-diabetic obesity (Dole, 1956; Gordon, 1960; Opie: 

and 1.-lalfish, 1963), yet in th~ present study, highest turnovers 

occu.rred in lean, insulin-dependant patients, though only two 

were mildly kctotic at the time of study. 
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OBES l~ NON-DIABETICS 

In keeping with other reported studies (Nestel and Whyte, 

1968; Miller et al, 1968; Birkenh~ger and Tjabbes, 1969), FFA 

turnover was somewhat elevated in the non-diabetic obese patients. 

The response to a calorie :restricted diet was, however, in 

sharp contrast to that of obese diet-responsive diabetics who 

received an identical diet. In fact, four out of five obese non­

diabetics in whom repeat measurements were made while on diet, 

FFA turnover rate showed no significant change, compared with 

the significant reduction seen in diabetics. No significant 

difference in weight loss between the two groups was noted. The 

reason for this apparent difference in behaviour between obese 

diabetics and non-diabetics is not clear, although the slight 

increase .observed in FF'A turnover in the non-diabetic subjects 

is as would be.expected of normal subjects during caloric restric­

tion. Similar elevation in FFA turnover ha.ve previously been 

reported in fasting obes e patients (Birkenhtlger and Tjabbes, 

1969), and J ackson et al (1972) found a rise in plasma FFA 

concentrations in the ma jority of obese patients treated by fast­

ing. 

Plasma FFA is the major sour ce of plasma triglyceride fatty 

acid in fasting man (Havel, 1961; 1965). In view of this, the 

elevated plasma F'FA turnover might be responsible for excess 

triglyceride production, and for the hyperglyceridaemia fre­

quently seen. No significant correlation between FFA turnover 

and fasting serwn triglycerides was found in either type of 

diabetic. As FFA reaching the liver has many alternate fates, 

and as hepatic triglyceride may derive from sources other than 
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plasma FFA, hypersecrr-.:t.i.on. o.f triglycericV~ by the liver in 

diabetes cannot be excluclodv 1\1 tl10ugh no definite conclusions 

can be made from the cL::1ta, the lack of· sisrnificant correlation 

between FF'A turnover a:.i1.d serum triglycei'.'ide levels may none the 

1ess suggest that the excess triglyceride concentration in plasma 
. 

does not depend primarily on excess free fatty acid mobilization 

and hence, hypersecretiono This would be consistent with find­

ings in the isolated per.fused J.."at liver (Heimberg et a l, 1966; 

van Harken et al, 1967; Heimberg et al, 1967 ) , the pancreatecto­

mized dog (Basso and HaveJ. 1 1970), and that of Sailer et al 

(1 96~ on FFA incorporation into plasma triglyceride in insulin­

dependent diabetics; all three studies showed triglyceride secre­

tion to be reduced in di.abetesg 

Poor correlations were also observed between FFA levels a..nd 

serum triglyceride in diabetes l)y NikkilD. and Kekki (197 3 ), yet 

these authors suggest over--procluction of triglyceride to be the 

prime cause of diabetic hypertriglyceridaemia on the basis of 

their kinetic datao The reason .P.or the difference between their 

findings and those in experirr.cntal diabetGs and of Sailer et al 

(196~, is for the p.r.'es E:mt not clear. In order to explain their 

findings, it is necessary to postulate t?i.at the reduced tri­

glyceride secretion demonstrated in vi tl'o, is counteracted by 

the increas(~cl FFA transport .shown in th:i.s study and elsewhere 

( Sailer et al 1 1 961l) o Despite a reduced capacity for triglyceride 

formation, the liver of a diabetic animal could, if supplied with 

sufficient substrate, conceivably produce more triglyceride than 

its normal counterpart with 21. lesser supply of FF'A. rrhe net 

effect of these opposing influences in thl:'! int21ct animal was 

shovm to result in a r·ednced. tx'iglyceride secretion in pancrea-



tectomized dou:-, (Basso 2.n .. d Havel, 1 970), although sh1.dies from 

the same laboratory showed enllanccd triglyceride secretion in 

dogs shortly ;;;1.fter the administration of anti-insulin serum 

(Bala.sse, Bier and Havel, 1972) .. Extrapolation of these find­

ings to human diabetes poses obvious difficulties .. The lack of 

significant correlation between FFA turnover and serum tri­

glyceride levels observed in the present study, does not exclude 

the possibility of enhanced triglyceride secretion being a factor 

in the production of hypertriglyceridaemia in some cases • . 

TRIGLYCERIDE RF:MOVAL ---- -- -

Using the intravenous fat tolerance test, the fractional 

removal rates of triglyceride (K 2 values) in untreated diabetics, 

tended to be in the low normal and sub~normal range for both 

sexes. F'ract:io:nal removal rate was slowest in those diabetics 

with the highest triglyceride levels \\Jhether diet-responsive or 

insul in sensitive, a highly significant correlation between K,.., 
,::. 

and serum triglyceride concentration being observed. 

Hhen diabetic treatmei'lt was instituted, fractional :removal 

rates rose in almost all cases. Associated with the enhanced 

removal rates, triglyceride concentrations fell. It is of 

interest that the pattern of response was the same in both 

insulin-depenclent and diet-responsive cases. 

Before interpreting low K2 values to signify reduced frac­

tional turnover of endoqenous triglyceride, it is necessary to 

consider an a.1 ternate explanation, namely, that the slow dis-
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appearance of I:ntralipid is a consequence of an expanded plasma 

triglyceride pool,. NikkiH\ and Kekki (1973) have interpreted 

the reduced K value found in some of their diabetic patients to 

be a ftmction of triglyceride pool size, on the basis of the 

same regression line between K values and serum triglyceride con­

centration in diabetics and non-diabetics. Conversely , it could 

be argued · that the higher triglyceride levels are a result of 

slower fractional removal rates of triglyceride from plasma .. 

The evidence in favour of the latter argument is discussed on 

pages 

In the present investigation, the significance of the 

fractional turnover rate has further been tested by performing 

the intravenous fat tolerance test at a higher dose in some 

patients. With the higher plasma concentrations achieved, the 

emulsion disappears in a linear fashion by zero order kinetics; 

saturation of removal mechanisms is implied, and maximal removal 

rate or K1 is measured in mg./dlG/min. (Boberg et al, 1969 ) . 

In four out of five such studies the K .. value was found to increase 
I 

when the diabetes was controlled. Assuming plasma volume not 

to change ~etween the two studies, K1 is independent of pool size 

considerations; these results then lend support to the findings 

with fractional removal rates. In the single case in which K1 

values failed to increase with diabetic control, triglyceride 

levels did not decrease between the first and second studies. 

These observations with the intravenous fat tolerance test 

suggested that the enhanced rate of disappearance of the fat 

emulsion when the diabetes is controlled, is not a consequence 

of a difference in pool size. 
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A point of some interest is the relationship of K1 to the 

fasting serum triglyceride. Using the polyvinylpy.crolidone 

gradient technique (Gordis et al, 1962), Boberg et al (1969) 

reported no correlation between K1 and K2 or between r 1 and tri­

glyceride concentration. The present studies, utilizing the 

apparently more sensitive nephelometric technique of detecting 

exogenous triglycerides, have shown the relationship of K1 to 

triglyceride to be analogous to that of K2 and triglyceride 

concentration. This suggests that K1 and K2 may be measuring 

aspects of the same process. 

As discussed on page 19 , tissue lipoprotein lipase activity 

may be the rate-limiting factor in the removal of triglyceride 

from plasma. Although in experimental diabetes, this enzyme has 

been shown to be reduced in adipose tissue of diabetic rats 

(Kessler, 1963; Brown, 1967; Elkeles and Williams, 1974), evidence 

for its deficiency in human diabetes is less convincingo Reduced 

post-heparin lipolytic activites (PHLA) have, however, been 

reported in insulin-dependent diabetics (Bagdade et al, 1967) ,, 

Most studies of lipoprotein lipase in humans have measured the 

enzyme in plasma after its release from tissue stores by heparin. 

The problems relating to this method have been discussed on 

page 120. Changesin PI-ILA may not be sufficiently sensitive to 

reflect differences in fractional removal rate. As the latter 

probably depends on lipoprotein lipase activity, it would be of 

considerable interest to try to relate fractional removal rates 

of triglyceride to measurements of human adipose tissue and 

muscle lipoprotein lipase when satisfactory methods become avail­

able. It is possible that removal could be limited by other 

stages in the uptake of triglyceride from plasma, eog. re-
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esterificat:i.on of fatty ,:;cids i/1 the adipocyte, as this has been 
If 

shown to be defective in dia.bctics (Ostrnan, 1965; Bj~ntorp and 

Hood, 1966). 

A question which as yet remains unanswered is why all 

diabetics do not exhibit hypertriglyceridaemiao Over half the 

patients studied in the p:resent work had triglyceride levels in 

excess of 160 mg., /dl. Other authors have reported both lower 

(Elkeles et al, 1 97-1 ) and higher ( Chance et al, 1 969 ) frequencies. 

The serum triglyceride concentration is determined by both input 

and removal of triglycc:?r ideo The ef feet o.f insulin lack at 

various sites could potentially lead to a wide range of secretion 

rates. For example, rapid FFA turnover and hence presumably, 

rapid hepatic uptake, could in the presence o.f sufficient insulin 

lead to triglyceride over--production. If removal mechanisms 

were able to cope with the increased influx, normal serum tri­

glyceride levels would result. On the other handf a reduced 

clearance of triglyceride for any of the reasons discussed above, 

could lead to triglyceride accu.mulation in plasma especially in 

the face of over-product ion. 'l11ms differing secretion rates could 

interact with impaired removal to produce the wide range of serum 

triglyceride cone en tr at ions enco1,m tered in diabetes. The dura­

tion of insulin deficiency may be of importance in addition to 

the degree, as suggested by the markedly contradictory effect 

on triglyceride production of pancreatectomy (Basse and Havel, 

1970) and anti-insulin serum (Balasse et al, 1972) when studied 

by the same method in the same laboratory. 

crhe effect of other hormones must also be consideredo 

Glucagon levels have been shown to be elevated in some diabetics 
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(Unger e:.t al, 1970); besides stimulating lipolysis, this hormone 

is believE:d to i11J1i bit lipopro tein S(";CI'etion (Vaughan et al, 

1964) by inhibit:ing apoprotein synthesis (Eaton et al, 1973 ) , 

a1 though l~aton a.nd Schade ( 197 3) have hypothesized that diabetics 

may be resistant to the lipid lowering effect of glucagon. A 

wide range of secretion rates could again be postulated to arise 

due to the effect of glucagon. These could interac t with various 

removal rates to produce a large spectrum of serum triglyceride 

concentrations. 

It can be seen that the factors affecting serum triglyceride 

concentration in diabetes a.re extremely complicated . 'ro a certain 

extent, this is because of the heterogeneity of the diabetic 

syndrome, with insulin lack being present at one end of the 

spectrum and hyperinsulinism at the other. Furthermore, the 

interaction of constitutional factors, dietaYy factors such as 

the amount and type of fat and carbohydrate, and the intake of 

alcohol with the metabolic defects due to the diabetes, can 

further complicate the picture. Studies on experimental animals 

have done much to help our knowledge of the subject, but we are 

still a long way from fully understanding the many complex 

metabolic disturbances, and the manner in which they relate to 

each other, in ·diabetes meJ.litus. 
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CHAPTER IV, SECTION A 

World spirits consumpJion varies from country to country. 

In Britain, for example, the annual consumption is from 1.6 litres 

per head compared with 14.8 litres per head in the Soviet Union 

(Johnson, 1971). In addition to this, enough wine is produced 

to supply every one of the three thousand million inhabitants 

of the globe with twelve bottles a year. Distribution of alcohol 

consumption is not even; the more 'civilized' communities parta\e 

of more than their fair share of the ethanol available .. France 

is perhaps the worst offender with an average of 18o1 litres 

pure alcohol per person, per year (Brunt, 1973). 

The association between alcohol over--indulgence and high 

blood lipids has long been known; since the realization that an 

elevated serum triglyceride concentration is a risk factor for 

the development of II-ID, the entity of alcoholic hypertriglycerid­

aemia has assumed a new importance. Because alcohol over­

indulgence may th·ereby be aiding the development of athero­

sclerosis, the relationship between alcohol consumption and IHD 

warrants further investigation. 

Much research has been devoted to the effect of alcohol on 

lipid metabolism. This has resulted not only in the elucidation 

of a number of specific consequences of alcohol a~ministration, 

but has also helped shed light on the understanding of certain 

aspects of the metabolism of lipids. 
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Perhaps the best kno\lm effect of alcohol on l i pid metabolism 

is the development of .fatty liver. 'I'he effect of olcohol on 

blood lipids is also long known. F'eigl ( 1 91 8) was the first to 

document an increase in blood lipids in association with 

alcoholism. In 1958, Zieve described intense lipaemia as a 

direct consequence of alcoholism (Zieve, 1958). In this original 

description, the lipaemia was associated with fatty liver, 

jaundice and haemolytic anaemia. Such intense lipaemia in 

association with ethanolic over-indulgence is a rare occurrence; 

by contrast, more moderate elevations of serum triglyceride seem 

to occur relatively frequently. 

For this reason, patients presenting to the Hammersmith 

Hospital Lipid Disorders Clinic _with hypertriglyceridaemia are 

carefully questioned about their ethanolic consirrnption; hyper­

triglyceridaemic subjects with substantial alcohol intakes were 

studied in order to try to determine whether their high alcohol 

intakes were related to their hypertriglyceridaemia. 

Despite marked progress in the field, some uncertainties 

still remain regarding the mechanism of fatty liver and alcohol 

hyperlipaemia. The metabolism of alcohol produces metabolic 

changes, which may in themselves directly influence biochemical 

pathways involved in lipid metabolism. The major site of alcohol 

metabolism is the liver; the role played by the liver in the 

synthesis and secretion of lipoprotein makes it a likely site 

for the interaction between metabolism of alcohol and lipids to 

occuro It has also been suggested (Losowsky et al, 1963) that 

alcoholic hyperlipidaemia may be a consequence of impaired 

peripheral uptake of alcohol from plasma. This process has been 
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assessed in the present study using the IVFT'l' as a meastu'e of 

triglyceride removal from plasma. 

METABOLISM _OF ALCOHOL 

Absorption of alcohol occurs readily from the stomach and 

the rest of the gastrointestinal tract .. Following absorption, 

about 2 - 10% is eliminated unchanged by the kid.11eys and lungs; 

the remainder is oxidised (Thompson, 1956). Experimental hepa­

tectomy has shown the liver to be the major site of alcohol 

oxidation (Thompson, 1956), although a small amount of extra­

hepatic oxidation occurs both in vitro (Lieber, 1967) and in 

vivo (Larson, 1959). 

The initial stage in the metabolism of alcohol is its oxida­

tion to acetaldehyde (Lieber, 1968) .. This reaction is catalyzed 

by alcohol dehydrogenase, a zinc-containing enzyme. Reduced 

nicotinamide adenine dinucleotide (NADH) is generated. Although 

abundant in liver, this, enzyme has also been round in small 

quantities in other tissues (Lieber, 1967). In liver cells, it 

has been isolated in pure form from the cytosol (Nyberg et al, 

1953;:Wartberg et al, 1964) which is believed to be the major 

site of alcohol oxidation. Oxidation of alcohol in the liver 

may also occur via other pathways. Lieber and De Carli (1968; 

1972) have described a microsomal ethanol oxidising system (MEOS) 

with co-enzyme requirements similar to those of the drug detoxi­

fying enzyme systems; the reduced form o.f nicotinamide adenine 

dinucletide phosphate (NADPH), and oxygen are thus required. 

This system has been considered to be distinct from alcohol 
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dehydrogcnase, to play a significant role in the in vivo oxida­

tion of alcohol, and to adapt to chr.onic ethanol administration 

by increasi~g its activity (Lieber and De Carli, 1970). The 

oxidation of ethanol by alcohol dehydrogenase and by the hepatic 

microsomal oxidizing system can respectively be represented as 

follows: 

~ CH3CHO + H+ + NADH _a_l_c_o,,_h_o __ l_d,...e .... h_y...,dr,.....o_g_e_n·as e 

It can be seen that the oxidation of ethanol by alcohol dehydrog­

enase results in the generation of NADH, which can be used by 

the mitachondria to conserve chemical energy in the form of 

adenosine triphosphate. On the other hand, the microsomal 

ethanol oxidizing system utilizes NADPH and oxygen, producing 

heat and not conserving chemical energy. The metabolic effects 

thus caused by ethanol oxidation, depend in part on the propor­

tions oxidised by these·two systems; the regular use of alcohol 

·by inducing the latter system may enhance its own oxidation 

(Lieber and De Carli, 1972). This system has been regarded as 

responsible £or about 20 - 25% of the oxidation of ethanol both 

in vitro and in vivo (Lieber and De Carli, 1970; Papenberg et 

al, 1970; Lieber and De Carli, 1972). 

One further mechanism of alcohol oxidation has also been 

suggested. Microsomal NADPH oxidase generates H2o2 ; it has been 
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postulated that the H2o2 could lead to catalytic oxidation of 

ethanol to acetaldehyde~ If this is correct, any source of 

H2o2, for example hypoxanthine - xanthine oxidase should be 

capable of having the same effect. While this has been shown 

to occur in vitro 1 this NADP dependent microsomal ethanol oxidis­

ing system appears to play·an insignificant part in the in vivo 

oxidation of alcohol ( Carter and ·rssel bacher 1 'l 972). 

The first specific product of ethanol oxidation is acet­

aldehyde; levels increase in blood (Forster, 1956) and alveolar 

air (Freund and O'Hollaren, 1965) following alcohol administra­

tion. Blood levels 1 however, remain low, suggesting that further 

metabolism occurs rapidly. The exact fate of acetaldehyde is 

uncertain; it is most widely believed to be oxidised to acetate~ 

acetyl CoA and co2 , with the generation of NA.DH (Lieber, 1968). 

14c ethanol has been found in a number of metabolites of acetyl 

CoA such as fatty acids and cholesterol, suggesting acetyl CoA 

to be an intermediate (Snyder et al, 1964). Blood levels of 

acetate have also been shown to be elevated afte:r the administra­

tion of alcohol (Lundquist et al, 1962; Crouse et al, 1968) 1 

thus raising the possibility that acetyl CoA could derive from 

acetate. Alternatively, the possibility that ethanol is con­

verted to acetyl CoA which w.ay act as a precursor for substances 

such as fatty acids, or be converted to acetate, could equally 

il.pply. 

NADH is thus generated by two reactions; firstly by the 

oxidation of alcohol to acetaldehyde, and also during oxidation 

of acetaldehyde to acetate. The net result of ethanol oxida­

tion is generation of an excess of reducing equivalents in the 
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1 i ver, t:h.1.,1.s al te:ring the redox potential.. The increased NA.DH/ 

NIJ> ratio results in a change in the ratio of those metabol:i.. t,:::!S 

dependent for reduction on the NADH/NAJ) couple. 

THE EFFECT OF ALCOHOL ON SERUM LIPIDS 

Of the plasma lipids, triglyceride concentrations are most 

affected (I/osowsky et al, 1963; Lieber, 1 968), a l though eleva­

tions of cholesterol, phospholipid and free fatty acids have 

also been described (Lieber et al, 1963). In addition to 

elevating fasting serum triglyceride concentration, alcohol 

appears also to result in an enhanced alimentary lipaemia 

(Talbott and Keating, 1962; Wi lson et al, 1970) .. Furthermore, 

different effects have been documented after ' acute ' alcohol 

administration and in the chronic state. 

Ethanol, when ingested alone after an overnight fast 9 

causes a slow elevation of serum triglyceride level to about 

30% above fasting levels (Wilson et al, 1970). Also, when 

administered by continuous intravenous infusion, serum tri­

glycerides showed a progressive and significant rise when com­

pared with fasted controls (Jones et al, 1963; Nestel and Hirsch, 

1965). The rise in triglyceride levels observed in these three 

studies must have been due to endogenous triglycei-'ides, as the 

subjects were fasting in all cases. The effect appears to be 

due to alcohol per se, and not to calorie overload, as no com­

parable triglyceride increment was noted after feeding i so­

caloric quantities of either carbohydrate or fat (Losowsky et 
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al, 1963; Nestel ~d Hirsch, 1965). Nestel and Hirsch ( '1965) 

showed the triglyceride elevation to be due to an increase 

in VLDL triglyceride. 

The ingestion of alcohol also appears to potentiate ali­

mentary lipaemia both in man (Talbott and Keating, 1962; Brewster 

et al , 1966; Barboriak and Meade, 1968 ; Wilson et al, 1970) 

and in rats (Di Luzio and Poggi, 1963 ; Barboriak and Meade, 

1968 ) . Jones et al ( 1970 ) have showt1 that when ethanol and 

cor n oil are ingested simultaneously, the increment in tri­

glyceride levels above baseline values, far exceeds that which 

might be expected from a simple summation of that due to the 

ethanol and the fat. By studying the composition of the fatty 

acids in pla~ma, they showed the enhanced postprandial lipaemia 

to be due to triglycerides with the fatty acid composition of 

corn oil ; little dilution from endogenous fatty acids was noted. 

Unfortunately, no data is available on the effect of alcohol 

alone on fatty acid composition. A further point of interest 

from this study is that the postprai'ldial lipaemia was due largely 

to an increase in VLDL; chylomicrons contributed littleo The 

dose of fat fed was 100 grammes. In Chapter VI of this thesis, 

experiments are described in which the same dose of butterfat· 

was fed in the absence of alcohol; the resultant lipaernia was 

largely due to chylomicrons. It is conceivable that the type 

of lipoprotein produced by the gut in response to fat feeding 

may be modified by simultaneous ingestion of alcohol. 

More prolonged intake of alcohol also leads to an eleva­

tion of serum triglyceride. Although no data is available as 

to the £'requency of hyperlipidaemia amongst alcoholics and those 
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ingesting large amounts of alcohol, the association between 

chronic alcohol over-indulgence and hypertriglyceridaemia is 

well documented (Losowsky et al, 1963; Lieber et al, 1963; 

Jones et al, 1963; Kudzma and Schonft::ld, 1971).. Similar 

observations have been made on rats chronically fed with alcohol 

(Baraona and Lieber, 1970); after a 24 day period the lipid 

content of all plasma lipoprotein fractions were increased in 

comparison with control rats. This phenomenon appears to differ 

from carbohydrate inducibility, Kudzma and Schonfeld (1971) 

showing carbohydrate and ethanol inducibility to be distinct 

entities. Alternating high carbohydrate and ethanol diets 

resulted in carbohydrate, but not ethanol induction of tri­

glyceride levels in non-alcoholic subjects; the alcoholic group 

appeared to be very sensitive to the effect of ethanol in rais­

ing their triglyceride levels, but less so to carbohydra.teo 

Fry et al (1973) have described a case in which alcohol and 

carbohydrate produced a similar hypertriglyceridaemic response; 

they suggest that a single mechanism may be responsible .for 

the triglyceride elevation in both situations. If alcohol and 

carbohydrate inducibility are separate entities, as suggested 

by Kudzma and Schonfeld (1971), then the rinding in the patient 

of Fry et al could be explained by both phenomena being present,. 

Recently, Mendelson and Mello (1973) showed the serum tri­

glyceride response to alcohol to be much greater in subjects 

with primary endogenous hypertriglyceridaemia than in normal 

men or those with carbohydrate induced hypertriglyceridaemia 

before the onset of drinking. 
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In susceptible subjects, ethanol usually :results in an 

elevation of VLDL; fasting chylomic.onaemia may, however, ensue 

if the diet contains moderate amounts of fat as well (Kudzma 

and Schonfeld, 1971 ). 

Serum phospholipids arJ.d cholesterol concentrations have 

a.lso been shown to increase in response to chronic alcohol 

admini stration in man, although to a lesser degree than tri­

glyceride (Lieber et al, 1963). Given over a period of a week, 

Grande et a l (1 960 ) have shown small increases in serum chol­

esterol concentrations to be evident in both men and dogs. 

· Both free and ester cholesterol, however, remained constant 

in a c ase studied by Jones et al (1963), although triglycerides 

rose by 340% and phospholipids by 90%. 

In view of. the precursor-product relationship between FF'A 

and triglyceride in the liver, the effect of alcohol on plasma 

free fatty acid concentrations has been studied by a number 

of investigators., Findings va:ry according to the dose and 

duration 0£ alcohol administration. 

Alcohol administered over a short period of time has been 

sho\lm to reduce plasma FFA concentrations whether administered 

orally (Jones et al, 1963; Jones et al, 1965; Feinman and Lieber, 

1967 ) or intravenously by infusion (Lieber et al, 1962a; 

Bouchier and Dawson, 1964; Nestel and Hirsch, 1965)., 'rhe reduced 

plasma levels after acute ethanol administration are associated 

with a reduction in the turnover rates of plasma FFA (Jones 

et al, 1965 ; Nestel and Hirsch, 1965) .. As glycerol levels are 

also reduced ( Feinman and Lieber, 1967), a reduced mobilization 
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of FFA from adipose tissue is more likely than increased FFA 

utilization. Administered for longer periods (up to 18 days), 

in modest doses (up to 300 grammes a day), no change has been 

observed in plasma FI<'A concentrations (Lieber et al, 1963; 

Schapiro et al, 1965). An elevation of plasma FFA levels in 
. 

response to alcohol has only been reported when the dose of 

alcohol has been exceedingly high, far greater than likely to 

be encountered in most subjects with alcoholic hypertriglycerid­

aemia. In man, plasma F'FA have been shown to increase only 

at the exceedingly high alcohol dose of 400 grammes per day 

(Lieber et al, 1963). In fasted rats fed alcohol by gastric 

tube, circulating FFA levels have also been show:'1. to increase 

following the administration of a very large dose (Brodie et 

al, 1 961 ; Mallov, 1 961 ) , although this finding has not been 

confirmed (Elko et al, 1 961 ) • It is possible that the reduc-

tion of FFA levels observed at lower doses of alcohol is off­

set by increased FFA mobilization resultant on high doses of 

ethanol (Lieber, 1972). 

A direct effect of alcohol in inhibiting lipolysis seems 

unlikely, as concentrations of ethanol similar to that- found 

after consumption of alcohol by animals and man, had no effect 

on glycerol release when incubated with adipose tissue in vitro 

(Bizzi and Carlson, 1965). Recently, however, Curtiss-Prior 

(1972) has sho\lm ethanol to inhibit lipolysis which was stimu­

lated by the presence of fasted rat serum in the incubation 

medium. A more likely possibility is that lipolysis is inhibi­

ted by a metabolite of alcohol, of which acetate appears the 

most likely. Crouse et al (1968) showed plasma FFA concentra­

tion to fall in response to the administration of acetate in 
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doses which resulted in plasma l evels similar to that found 

after alcohol administration to mano 

MECHANISM OF' TH8 PRODUC'I'ION OF FA'r'rY LIVER AND HYPER­

TRIGLYCERIDAEMIA BY ALCOHOL 

While it has become widely accepted that serum triglyceride 

concentrations may become elevated in response to acute and 

chronic ethanol consumption, agreement has still not been 

reached as to the mechanism. An early hypothesis for the mecha­

nism of production of alcohol fatty liver was of defective 

synthesis or secretion of lipoprotein by the liver (Shapiro 

et al, 1962). The simul ta.Yleous production of steatosis and 

hypertriglyceridaemia (Losowsky et al, 1963; Baraona and Lieber, 

1970), however, makes this possibility unlikely. More likely 

is the possibility that the triglyceride accumulation in both 

liver and the circulation, are the result of a single mechanism; 

an increased production of triglyceride by the liver could lead 

to the development of a fatty liver and an enhanced secretion 

of triglyceride into plasma. 

Alternatively, the elevated serum trig-lyceride level 

accompanying alcoholic excess could be explained by impaired 

peripheral removal of triglyceride from plasma,, This possi­

bility has been tested - results are presented in this Chapter. 
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EFFECT OF ALCOHOL ON TRIGLYCERIDE REMOVAL FROM PLASMA 

Some suggestions have been put forward in support of the 

hypothesis that removal of triglyceride from plasma is depres­

sed by alcohol., As has been discussed in Chapter I, hydrolysis 

of lipoprotein-borne trigl'lcerides by lipoprotein lipase appears 

to be the chief means whereby triglyceride is removed from 

plasma. 

Losowsky et al (1963) showed sub-normal post-heparin 

lipolytic activities in six out of eight subjects with alcoholic 

hyperlipidaemia, implying that reduced uptake of triglyceride 

from plasma might account for the raised lipid level. However, 

the lipolytic activity increased to normal in only one of four 

patients re-studied after alcohol was wi thdra\!m, though all 

patients showed a fall in triglyceride levels. This suggests 

a cause of low post-heparin lipolytic activity other than 

alcoholism. Indeed, two of their subjects with low lipoprotein 

lipase levels were diabetic; the relationship of diabetes to 

post-heparin lipolytic activity has been discussed earlier (see 

page 120). Reduced plasma lipoprotein lipase activity has also 

been described in liver disease (Datta, 1965; 1966) and all 

eight subjects had liver disease of varying degree. Yet some 

of their patients and controls had fairly marked evidence of 

liver disease without reductions in lipoprotein lipase activities. 

Post-heparin lipolytic activity was not shown to fall dur­

ing the development of hypertriglyceridaemia during ethanol 

administration in subjects studied by Kudzma and Schon.Feld 

(1971), suggesting that the elevation of serum triglyceride 
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11 
concentration was not due to diminished triglyceride·removal 

from plasma. Further evidence against impaired removal being 

an important mechanism in the development of a lcohol hyper­

triglyceridaemia is the observation by Baraona and Lieber 

(1970) that the rate of clearance of injected triglyceride 

did not fall in rats made hypertriglyceridaemic by chronic 

feeding with alcohol. 

EFFECT OF ALCOHOL ON METABOLIC PA'l'HWAYS OF TRIGLYCERIDE 

SYNTHBSIS AND SECRETION 

As impaired removal of triglyceride from plasma seems 

unlikely to play a major role in the pathogenesis of alcohol 

hypertriglyceridaemia, the alternative possibility of enhanced 

triglyceride secretion into plasma would appear to be of 

importanceu Enhanced triglyceride synthesis by the liver could 

also account for the development of fatty liver due to alcohol. 

Various mechanisms could result in enhanced synthesis. 

Increased mobilization of FFA from adipose tissue has been 

sho\lm to be an unlikely factor ( see page 186) o Reduced hepatic 

fatty acid oxidation or increased lipogenesis could provide 

an excess of fatty acid to be utilized for t r iglyceride syn­

thesis in liver. These possibilities will be considered in 

more detail later. A decreased release o.f lipoprotein by the 

liver has also been proposed as a possible mechanism for the 

development of fatty liver. This suggestion followed the 

demonstration that the addition of ethanol resulted in an 

increase in hepatic triglyceride associated with a fall in 
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perfusate tr'iglyceride concentration in the isolated perfused 

rat liver (Shapiro et al, 1962); the co-development of s teatosis 

and hypertriglyceridaemia in rats chronically fed .alcohol 

(Baraona and Lieber 1 1970), hO'il(:'!Ver, renders this possibility 

unlikely. 

Alcohol has effects at many sites in the pathways of 

hepatic lipi~ metabolism which would tend to favour an increased 

production of triglyceride being of importance in the patho­

genesis both of steatosis and hypertriglyceridaemiao :Many of 

the effects of alcohol on lipid metabolism can, in fact, be 

explained bn the basis of altered redox potential in the liver, 

consequent on the oxidation of alcohol. As discussed previously, 

the net effect of oxidation of alcohol by alcohol dehydrogenase 

in the cytoplasm, is the generation of an excess of reducing 

equivalents resulting in an increased NADH/NAD ratio (Lieber, 

1967). This results in a change in the ratio of those meta­

bolites dependent on this couple for reduction. As alcohol 

dehydrogenase occurs in the soluble cytoplasm, measurements 

of the total NADH/NAD ratio £ails to take into account cellular 

compartmentalization; this is obviously of importance in view 

of the maj~r site of fatty acid oxidation being the mita­

chondrion. Any hypothesis of the effect of an increased NADH/ 

NAD ratio will thus have to take this into account an.d will 

have to consider mechanisms of 'shuttling' cytoplasmic reduc­

ing equivalents to the mitochondrion. 

The increase of reduced NAD relative to the oxidised form 

appears to be coupled to the reduction of dihydroxyacetone 

phosphate to glycerol -3- phosphate (Nikkilli and Ojala, 1963a). 
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This could have a two-fold effect. Firstly, by the provision 

of the glycerol moeity of triglyceride by glycerol -3- phosphate 

(Nikkil~ and Ojala, 1963a), trapping of fatty acids could lead 

to enhanced triglyceride formation. The relative role of 

glycerol -3- phosphate from this source and that .from extra­

hepatic glycerol is, however, not clear (Nikkil!i and Ojala, 

1963b). In addition, the shuttling of cytoplasic reducing 

equivalents into mitochondria is knovm to occur via glycerol 

-3- phosphate (Lieber, 1967); accumulation of NADH intra- · 

mitochondrially is well-known to inhibit the citrate cycle .. 

Indeed, citrate cycle activity has been shown to be slowed 

by alcohol (Lieber, 1969). The significance of this will be 

discussed later. 

Another extramitochondrial function which has been shown 

to be enhanced by alcohol in vitro, is fatty acid synthesis 

(Lieber et al, 1966). The mechanism is not clear as NADPH is 

required for this process. Transhydrogena.tion of NADH to NADPH 

is a possibility; another is mitochondrial elongation, which 

is NADH dependent. 

Probably the most important e.ffect of ethanol on lipid 

metabolism is that related to fatty acid oxidation. Decreased 

oxidation of fatty acids consequent on alcohol has been demon­

strated in rat liver slices (Lieber and Schmid, 1961 ), in the 

isolated perfused rat liver (Lieber et al, 1967), as well as 

in isolated mitochondria from ethan.ol fed animals (Rubin et 

al, 1972). As previously mentioned, some of the excess reduc­

ing equivalent generated by the oxidation of alcohol in the 

cytoplasm may be shuttled into the mitochondria by glycerol 
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-3- phosphate. This may slow citrate cycle activity leading 

to a diminished production of NADH by the cycle. The r~spira­

tory chain would thus be fed by reducing equivalents derived 

directly from et;hanol rather than from the citrate cycle. 

Fatty acid oxidation, the main source of substrate for the 

citrate cycle in the liver (Fritz, 1961 ), would thus be 

inhibited in the presence of alcohol, which could supplant it 

for the provision of reducing equivalents (Lieber, 1973)0 In 

the absence of ethanol, most of the oxygen consumed by mito­

chondria is for fatty acid oxidation, but in its presence, the 

oxidation of ethanol to acetate appears to utilize more oxygen 

than the oxidation of FFA (Lundquist et al, 1962). 

Accumulc3:tion of hepatic fatty acid may, therefore, ensue; 

this would increase their availability for triglyceride syn­

thesis and could thereby explain both the development of fatty 

liver and excessive triglyceride secretion by the liver9 The 

source of the fatty acids could be dietary or endogenous, 

either from adipose tissue stores or from de novo synthesis • . 

In fact, fatty acids from all these sources have been sho\lm 

to accumulate in hepatic triglyceride of ethanol treated ani­

mals, although both in ethanol fed rats and human volunteers, 

prolonged ethanol feeding resulted in a fatty acid pattern in 

hepatic triglyceride, different to that found in adipose tissueo 

When ethanol was fed with a fat-containing diet 1 a large pro­

portion of the hepatic triglyceride fatty acids have been shown 

to be of dietary origin (Lieber and Spritz, 1966; Lieber et 

al, 1966; Wilson et al, 1970). These experiments were per­

formed by prelabelling adipose tissue triglyceride with fatty 

acids contained in certain oils; ethanol administration was 
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accompanied by a switch to dietary fatty acids differing .from 

those of adipose tissue, thereby allowing differentiat ion 

between the £atty acids from these two· sources. \-Jhen ad.minis­

tered, with a low fat diet, the hepatic triglyceride accumula­

tion due to ethanol also had a fatty acid pattern _different 
. 

both from that of adipose tissue and dietary fatty acids, 

suggesting the source to be endogenously synthesized fatty 

acids (Lieber and Spritz, 1966; Lieber et al, 1966). Inhibi­

tion of lipolysis with a S-blocking agent also failed to pre­

vent the accumulation of triglyceride in the liver during 

ethanol infusion in rhesus monkeys (Nair et al, 1973). The 

only circumstances under which adipose tissue triglyceride 

fatty acids have been shown to accumulate in liver triglyceride 

is after a -single sub-lethal dose of ethanol fed to rats 

(Lieber et al, 1966; Scheig and Isselbacher, 1965). 

Decreased fatty acid oxidation has been shovm to persist 

long after cessation of alcohol ingestion (Rubin et al, 1972). 

It is, therefore, of interest that marked ultrastructural 

changes (Iseri et al, 1966; Ruben and Lieber, 1967) have been 

demonstrated in the mitochondria in association with these 

functional changes. Increased fragility of mitochondria from 

ethanol treated animals has also been described (French and 

Todoroff, 1970; Rubin et al, 1972). 

Ultrastructural changes other than those involving the 

mitochondria have also been described; smooth endoplasmic 

reticulum proliferation (Iseri et al, 1966; Lane and Lieber, 

1966; Rubin and Lieber, 1968) and a reduction in the rough 

endoplasmic reticulum (Ishii et al, 1973) have been described. 
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The smooth endoplasmic reticulum is the main site of fatty acid 

esterification and lipoprotein forma•tion . 'l'hcse structural 

changes may .have functional counterparts. Baraona aYJ.d Lieber 

(1970) have shOV[fl 3H palmitate and 14c lysine incorporation 

into serum lipoprotein to be increased by feeding ethanol; 

enhanced lipoprotein production due to alcohol is thus sug­

gested. The same group of workers (Baraona et a1 1 1973) have 

also shown increased lipoprotein production in response to 

chronic ethanol feeding despite the absence of alcohol adminis­

tration at the time of the measurement of the lipoprotein 

production. This suggests an increased capacity for lipo­

protein formation in these animals. The activity of the 

enzyme responsible for the esterifica.tion of fatty acids to 

form triglyc<=:rides, 1 - a- glycerophosphate acyl transferase 

has also shown to be increased by ethanol feeding· (Lieber, 

1973; Joly et al, 1973). 

These studies all favour increased lipoprotein formation 

being of importance in the pathogenesis of fatty liver. As 

discussed earlier, reduced fatty acid oxidation or enhanced 

fatty acid synthesis consequent on alcohol administratior1 

could provide tl1e fatty acid for the lipoprotein triglyceride. 

The glycerol moeity could result from glycerol -3- phosphate 

due to the change in redox potential consequent on alcohol 

oxidation. Protein synthesis occurs chiefly in the rough 

endoplasmic reticulum. The reduction in this sub-cellular 

fraction, noted on electron microscopy and by chemical 

fractionation (Ishii et al, 1973), is somewhat difficult to 

explain in view of the increased incorporation of labelled 

amino acid into the apoprotein moeity of serum lipoproteins 

·194 



-I 
(Baraona and Lieber,_ 1970)., Further study of this aspect would 

thus seem warranted. It is, however; conceivable that when 

triglyceride· production at the smooth endoplasmic reticulum 

exceeds the supply 0£ apoprotein, more triglyceride could be 

i ncorporated into the lipoprotein molecule per unit 0£ proteino 

This might explain the appearance of chylomicra in fasting serum 

of subjects with intense lipaemia such as those described by 

Zi eve ( 1958 ). 

Attention thus far has centred around the role of the liver 

in lipoprotein production. Recent evidence, however, has sho\lm 

the intestine to be a source of non-dietary VLDL in plasma 

(0ckner et al, 1968; Ockner et al, 1969; Ock:r:1er and Jones, 1970; 

Jones and Ockner, 1971 ) ., 'l'he endogenous triglycl~ride-rich 

l ipoprotein formed, is indistinguishable from that of hepatic 

or i gin. The intestine not only absorbs much of the alcohol· 

ingested (Cooke, 1970), but is also able to metabolize alcohol 

_via alcohol dehydrogenase (Mistilis an.d Birchall 1 1969); an 

inter-relationship between the metabolism of alcohol and lipid 

by the gut is thus conceivable. It is of interest that Carter 

et al (1971 ) have shovm intestinal lipogenesis from palmitate, 

to be stimulated during alcohol feeding in rats, compared with 

i socalorically glucose fed controlse Increased triglyceride 

production by the intestine in response to alcohol feeding could 

r esul t in increased production of lipoprotein destined for plasmao 

Indeed, intraduodenal administration o.f etha.n.ol to rats was 

shown to cause an increased intestinal lymph output of VLDL, 

compared with isocaloric amounts of carbohydrate (Mistilis a.11d 

0ckner, 1972 ) . The time of the appearance of the endogenous 

triglyceride in intestinal lymph coincided with an increase 
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in serum triglyceride in rats without intestinal fistula; 

this would support the concef)t of intestinal lymph lipo­

pr oteins contributing to ethanol induced hyperlipidaemia of 

endogenous origin. The relative contribution of the liver and 

gut to the production of alcohol induced hypertriglyceridar~mia 

i s , however , not clear, and warrants further study. That the 

cont ribution of the gut is minor, is suggested by the finding 

that in chronically alcohol fed rats, whereas hyperlipaemia 

resulted, intestinal lymph lipid output was no greater than 

in a control group of rats given a diet containing an equal 

amount of fat, but devoid of alcohol (Baraona et al, 1973 ) .. 

Studies in which hepatic trig·1yceride secretion was blocked 

with orotic acid, also suggest a minor contribution of extra­

hepatic tissues (Hernell and Johnson, 1973 ) • 

• 

The bulk of evidence thus favours increased production 

of VLDL mainly in the liver i n response to ethanol adminis­

t r ation. A direct effect of alcohol on removal of trialyceride 

from plasma has little evidence in its support. The main 

effect of alcohol leading to over-production of triglyceride 

by the liver, appears to be diminish<~d fatty oxidation, alcohol 

bei ng oxidised in preference to fatty acids. This would increase 

the availability of the free fatty acid for triglyceride sy.a­

thesis; accumulation of triglyceride in the liver, or secretion 

into plasma as VLDL could thereby account for both disturbances 

of lipid metabolism com.monly encountered in alcoholics, viz. 

f at ty liver and hypertriglyceridaemia. 
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I 
ALCOHOL _AND ATlH.:":ROSCLEROSIG -

The effect of alcohol on the development of athero­

sclerosis and HID has for some years been a controversial 

issue. 'i'he most widely held view, arising mainly from post­

mortem studies, is that alcohol tends to protect against the 

development of atherosclerosis. This view point goes back as 

f ar as 1904 when Calbot presented data indicating athero­

sclerosis to be 1.,mcorrunon prior to the age of 50 years in 

alcoholics. In support of this, Eberhard (1936 ) showed 

al cohol to protect against the development of atherosclerosis 

in the cholesterol fed rabbit. 

More recently, further data supporting this concept has 

been presented, although most studies suggest alcohol to be 

of preventative benefit only in the presence of cirrhosis. 

The life shortening effect of cirrhos is is, of course, welJ.­

known. Post-mortem studies have show.a the incidence of athero­

sclerotic heart disease to be considerably lower in patients 

with hepatic cirrhosis than in general population (Derrios and 

Rodriguez, 1959; Grant et al, 1959; Howell arid Manion, 1960; 

Ruebner et al, 1961 ). In a prospective study, Hirst et al 

(1 965) found cirrhotics to have less atheromatous arteries 

t han controls; alcoholics with.out cirrhosis, however, had the 

same frequency of severe coronary narrowing, coronary occlusion 

and myocardial infarction, as did controls. Myocardial infarc­

t ion in male alcoholics occurred only one-fifth as frequently 

as in non-alcoholics. They suggest that the protective effect 

of cirrhosis on the development of atherosclerosis, may relate 

to the effect of cirrhosis on oestrogen metabolism, blood 

coagulation, or both. 
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Caution must, however, be exerted in interpreting post­

mortem data .. Because of the extremely high prevalence of 

atherosclerosis amongst Western communities, contJ:'.Ol groups 

will undoubtedly be heavily weighted by such cases, and a.re 

unlikely to be representative of the population studied .. Con­

trol groups selected to eliminate this bias are thus desirable. 

In one such study where victims of road traffic accidehts were 

used as controls, no significant difference in the degree of 

atherosclerosis was found between cirrhotics and the accident 

victims (Parish and Eberly, 1961 ). Thus, although cirrhosis 

may protect against atherosclerosis, there is little evidence 

that alcohbl per se does. 

On the other hand, there is little to suggest that 

alcoholism increases the predisposition to atherosclerosis, 

despite the evidence cited in both animals and man with regard 

to alcohol and serum lipids. Most studies have failed to show 

more atherosclerosis in alcohol treated than in control animals 

(Grande et al, 1959; Nikki Hi and Ollila, 1959), al though 

Gottlieb et al (1959) observed more extensive atheroma in the 

aortas of ethanol fed rats than in controlse Despite large 

post-morte·m studies having failed to show an increased inci­

dence of atherosclerosis in alcoholics compared with the 

general population (Wilens, 1947; Hirst et al, 1965), certain 

individuals who are predisposed to develop an alcohol-induced 

elevation of serum triglyceride, could thereby be at risk of 

developing premature vascular disease. Identification of such 

susceptible individuals would, therefore, be desirable. 
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SCOPE OF THE PRESSNT WORK 

Amongst- identifiable causes of hypcrtriglyceridaemia, 

alcohol seems to. be remarkably common (see table , page )., 

Accordingly, the clinical features have been studied in 

thirteen patients with alcoholic hyperlipidaemia. Experiments 

were also performed in order to determine the mechanism whereby 

alcohol over-indulgence raises the serum triglyceride concen­

tration. The bulk of evidence from studies in both man and 

experimental animals favours over- production of triglyceride; 

some evidence supporting impaired triglyceride removal from 

plasma has also been presented (Losowsky et al, 1963). The 

present study was undertaken in order to determine the role 

of triglyceri.de removal in the pathogenesis of alcoholic 

hypertriglyceridaemia using the IVFTT. The findings, which 

are in keeping with alcohol-induced hype...1."secretion of tri­

glyceride being of prime importance do, however, suggest a 

possible basis for individual susceptibility to the serum tri­

glyceride raising effect of alcohol. 
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CHAPTER I_Y..z __ SEC'rI ON B 

Amongst the identifiable causes of hypertriglyceridaemia, 

alcohol over-indulgence appears to be remarkably common. 

During the investigation of a patient with hypertriglyceridaemia, 

it is important to identify kno'Jm secondal'.'y causes ( F"'..cedrickson 

et al, 1967), as treatment of the primary disorder frequently 

leads to correction of the serum lipid abnormality as well. 

Primary hypertriglyceridaemia tends frequently to be familial 

(Fredrickson et al, 1967); follow-up of the families of such 

cases is thus of importance, and where possible, routinely 

practised by the Hammersmith Hospital Lipid Disorders Unit. 

In 1971, 211 patients with hypertriglyceridaernia of identi­

fiable cause were seen by members of our unit. The causes 

are listed in Table 4 , together with the number of cases of 

each seen. 

TABLE 4 

NUMBER OF PATIENTS WITH HYPERTRI GLYCERIDAEMIA OF 
I Dr}NTI Fir~D GAUS1::; AT Hl\HHSR.s'MfrrH HOSPITAL I N 1971 

Cause No. 

Familial • o • • • • • • 62 
Diabetes mellitus •• ,. .. 43 
Alcoholism o• •• • • 31 
Chronic renal disease 8• •• 20 
Hypothyroidi sm •• •• •• 14 
Gout e e • • • • • • 11 
Hypopituitarism •• e• • • 10 
Acr omeg aly o. • • • • 7 
Chol estasis oo •• 0 0 4 
Mal absorption eo •• . -• _ti 3 
Ora l contraceptives •• • • 3 
Cushing's syndrome •• • • 1 
Addison's disease •• • • 1 
Gram-negative s epticaemia . " 1 

Total • • • • • • . ., 211 
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Alcoholic hypertriglyceridaemia can be sc~en to occur :remark­

ably commonly. Amongst the :non-familial causes, it was found 

to be second only to Diabetes Mellitus. 

Studies will be described on thirteen of these patients • 
... 

In order to examine the effect of alcohol on the peripheral 

removal of triglyceride from plasma, the IVFTT was performed. 

twice on each patient. The first occasion was during a period 

of alcohol consumption; the second was after alcohol \Vithdrawal 

had resulted in a substantial reduction in serum triglyceride 

concentrationo It is conceiv~ble that in some cases the 

presence of alcoholic over-indulgence and hypertriglyceridaemia 

could merely be a chance association. For this reason, it was 

decided to include in the study, only those patients whose 

serum triglyceride levels fell substantially during alcohol 

withdrawal. Those patients whose triglycerides fell by at 

least 25% were included; in many cases, concentrations bec~~e 

entirely normal. The choice of a 25% reduction defining 

'alcoholic hypertriglyceridaemia' was arbitrary. In those with 

a lesser reduction of serum triglycerides, alcohol was con­

sidered probably not to be playing a significant role in the 

pathogenesis of the hypertriglyceridaemia .. 

EXPERIMENTAL DESIGN 

Serum triglyceride concentration and fractional removal 

rate of triglyceride were determined during alcohol consumption 

and following its withdrawal. Patients were admitted to the 

ward for the study. All had been consuming substantial amounts 
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IT 
of alcohol for somE.~ weeks prior to admission. 'I'he intab-= of 

ethanol was at least 140 grc1.mrnes/day, a variety of beverages 

being responsible. Patients were instructed not to modify 

their drinking and eating habits in any way prior to admission. 

on the day of admission, the patient's usual daily intalce of 

alcohol was provided on the ward. The following day, serum 

lipids and lipoproteins, and intravenous fat tolerance were 

measured after an overnight fast. No further alchol in any 

form was permitted during the remainder of the admission. As 

surreptitious drinking could invalidate the results, occasional 

checks for blood alcohol were performed a t random intervals ; 

in no cases was any detected. Only one patient developed with­

drawal symptoms; these responded satisfactorily to treatment 

with Chlorprqmazine. 

During the period of alcohol withdrawal, the patients were 

fed a diet, isocaloric with that ingested before admissione 

Calorie intake was calculated for each individual by a detailed 

dietary history taken by a trained dietitian .. CaJ.ories 

previously consumed as alcohol were replaced by increasi~1.g the 

amount of food eaten . The composition of the diet was that 

of a typical British hospital ward, with protein providing -12.%, 

carbohydrate 48% and fat 40% of caloric intakeo The fat was 

predominantly saturated with a P/S ratio of 2.0. Body weight 

was measured daily; the mean change between.the first and the 

second studies was +0.3Kg. In no subject did body weight change 

by more than 1 Kg. 

Measurements were repeated after a period ranging from 

seven days in patients with mild and modest lipaema, _to t\:relve 
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days in patients with intense lipaemia at the time of the 

first study. 

During the early part of the admission, blood was sampled 

for determination of lactic dehyd:r.ogenase, aspartate amino­

transferase, alkaline phosphatase, gamma glutamyl transpepti-• 

dase and uric acid. Liver biopsy, when performed, was cai"ried 

out early in the admission. 

In two patients, alcohol over-indulgence and diabetes 

mellitus could both have contributed to the hypertriglycerid­

aemia. In one of these subjects, the period of alcohol with­

drawal was followed by treatment of his diabetes by an 800 

calorie, 60 gramme carbohydrate diet., Measurerr1.ents of serum 

lipids and fractional removal rate of trig-lyceride were per­

formed during diabetic control in addition to before and after 

alcohol withdrawal o 

One patient was admitted to the su:rgical ward with an acute 

abdomen, thought to be associated with alcoholic hy1)e:r'lipaemia~ 

His serum triglycerides were grossly elevated at the time of 

admission with the presence of excess pre-beta lipoprotein. and 

chylomicrons in a .fasting sample. Following alcohol restric­

tion, his serum triglycerides .fell rapidly;, By the fourth day 

of his admission, serum triglyceride level had fallen suffici­

ently for the initial measurement of fractional removal rate 

and triglyceride to be made; by this time his intra.venous fluid 

therapy had been stopped a..vid he was ingesting a nor·mal ward 

diet. Further studies were per.formed after four and ten days 

off alcohol. 



~UBJECrr~. _6ND CLINICAL ASPECTS 

The patients were eleven men and two women; a·ges ranged 

from 29 - 59 years. Alcohol intake ranged fT·om ·140 gramrnes 

per day to 320 grammes per day. Mean serum triglyceride at 

the time of the initial study was 746 + 180 mg./dl. (SEM). 

Values ranged from 200 mg9/dl. to 1,800 mg~/dl. 

Some clinical features of the patients are shown in Table 5. 

TABLE 5 

CLINICAL FEATURES 

Plasma­
triglycerides 
(mg,, /100 ml.) 

Age sex Liver Liver 
enzymes 

Vascular 
disease 

39 

44 

59 

43 

47 
49 
29 

45 

42 

51 
52 

40 

57 

M 

F 

M 

F 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Fatty 

Fatty 
Fatty 
Fatty 

Normal 
Fatty? 

Fatty 

Fatty 

Normal 

No~cmal 

Normal 
Normal 

Raised 
Normal 
Raised 
Normal 
Raised 

Rr1ised 
Normal 

Normal 

Raised 

P.V.D. 

I.H.D. 

P.V.D. 

I.H.D. + P.V.D. 
I.H.D. + PoV.D. 

I.H.D. 

On 
alcohol 

662 

244 
200 

252 

1 ,43 0 
283 

1r150 

276 

1 ~ 400 
1,820 

180 

1,480 

294 

P.V.D. = peripheral vascular disease. 
I.H.D. = ischaemic heart disease. 
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Treated 

213 

148 

102 

166 

262 · 

214 

236 

179 

114 

285 

131 

158 
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Many had evidence of- vascular disease. None had a history of 

previous myocardial infarction. Ischaemic heart disease (II-ID) 

was considered to be present if a classical history of angina 

pectoris was obtained and/or there was ECG evidence of ischaemia. 

Peripheral vascular disease (PVD) was dj_agnosed by a classical 

history of intermittent claudication, with absent pulseso In 

one case, this diagnosis had previously been confirmed by 

arteriography. Three patients had IHD, two had PVD, and in 

a further two, both were presento One patient presented with 

acute abdominal pain for which he was admitted to a surgical 

ward; alcohol restriction was associated with the disappearance 

of his pain. The same patient had moderate bilateral parotid 

enlargement which subsided on withdrawing alcohol; another had 

Dupuytren's contractures. In no case was xanthelasma, 

xanthomata or corneal arcus detected. 

One patient had diet-responsive diabetes mellitus, a 

diabetic glucose tolerance Clll'Ve being detected in another. 

No other cause of s econdary hypertriglyceridaemia was dis­

covered nor, did any patient give a family history of early­

onset vascular disease or xanthornatao Five of the thirteen 

patients had elevations of one or more of the serum enzymes 

assayed. Serum amylase activity was raised in two patients, 

including the patient who presented with an acute abdomen. 

Liver biopsies were obtained f'rom eight subjects; six 

showed fatty change, one was normal, and one showed non­

specific hepatic granuloma for which no cause was subsequently 

detected. A further patient had a 7 cm. smooth non-tr:!nder 

hepatomegaly, but refused to undergo liver biopsy. Cirrhosis 

was not detected in any subject. 



EFFECT OP WITHDRAWING ALCOHOL OJ SERUM LIPID~ AND IVPTT 

At the time of the first study, the mean serum tri­

glyceride was 746 ! 180 mg. /dl. ( SEM ). The elevated serum 

triglyceride levels were shown to be due to the pre-~ lipo­

protei n by lipoprotein electrophoresis, confirmation being 

obtained in some cases by ultracentrifugationa The patient 

who presented with abdominal pain also had chylomicrons 

present after a 14 hour overnight fast; this was assessed 

0 by the appearance of serum after overnight storage at 4 c, 

and by lipid-staining material remaining as the origin on 

electrophoresis. Fasting chylomicronaemia was not present 

in any other case. 

Serum triglyceride concentrations at the time of the first 

study plotted against fractional removal rates of triglyceride 

are seen in Figure 18. No significant correlation was- detected 

(r = -0.31; p> 0.1). Figure 20 shows the distribution of K2 

values in these patients; it can be seen that most lie towards 

the lower end of the normal range. The mean K2 for males with 

alcoholic hyperlipidaemia was 0.025 rnin~- 1 , compared with 

0.047 rnin.-1 in ~ormal subjects (see page 69). 

The effect of withdrawing alcohol on serum triglycerides 

and triglyceride fractional removal rate is shown in Table 6 

and illustrated in Figure 19& 
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F 
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M 

M 

M 

M 

M 

M 
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± SEM 

TABLE 6 

On alcohol Off alcohol 

!FLU 17c er i de K2 
( . - 1 ) T.E i 9: 17c e:r i 0..£ K2 

( . -1) min. ff1U1 a 

(mg. dl. ) [mg. <ll.) 

662 o., 0-17 213 0~019 

244 0 .. 036 148 0,.030 

200 0.035 102 0.040 

252 0.033 166 0.025 

1,430 0 .. 018 262 0.020 

283 0$025 214 0.024 

1,150 o. 019 236 0 .. 025 

276 0.027 179 0.028 

1,400 0.035 114 0.046 

1,820 0.019 285 0 .. 014 

180 0.026 131 0.018 

1,480 0 .. 024 158 0.023 

294 0.025 1 83 0 .. 023 
--

746 :!: 1 80 0.027 ± 0.08 184 :!.: 17 8 + 0 .02 - 0.01 

The mean triglyceride concentrations at the time of the initial 

study fell from 746 ± 180 mg./cll. ( :!.: SEH) to 1 84 ± 17 mg .. /dl,. 

in response to the complete withdrawal of alcohol in these 

patients. The reduction was sho'Sm to be highly significant 

(P <:. o. 005) by the paired t-test. In some cases the reduction 

in triglyceride concentration was dramatic ; the five patients 

with initial levels in excess of 1,000 mg. /dle, for example, 

all achieved triglyceride concentrations of l ess than 300 mg. / 

dl. on stopping drin..l<:ing.. In one subject, values fell by more 

than 90% from 1, 400 mg. /dl . to 114 mg./c11. It is noteworthy 

that at the time of the second study, about half the subjects 

still had some elevation of their seru.m triglyceride concen­

trations. 
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Table 6 also shows that the change in serum triglyceride 
. 

concentration was not associated with 3.ny significant change 

in .fractional removal 1'ate of triglyceride from plasma; mean 

values for the·initial and repeat examination were 0.027 ± 

0.08 min.-1 (± SEM) and 0.028 ± 0.01 respectively (p ::::> 0o1 ). 

'fi1e effect on triglyceride concentration and rate constant 

in the IVFTT is also illustrated in Figure 19. 

Thus serum triglyceride levels were not correlated with 

the fractional removal rate of __ triglyceride from plasma, and 

the fall in triglyceride levels which .followed the withdrawal 

of alcohol, was not associated with a significant increase in 

the fractional rat;e of removal of triglyceride from plasmao 

However, as ·can be seen from Figure 20, the distribution of 

K" values was in the lower part o.f the normal range~ 
C. 

In two patients, diabetes may also have contributed to­

the hypertriglyceridaemiao 1:he response of one such patient 

to withdrawal of alcohol and to subsequent control o.f his 

diabetes is shown in Table 7. 

TABLE 7 

PLASMA-TRIGLYCERIDE CONCEi'l'l'RATION AND F'RAC'l'IONAL 
REMOVAL RA·.!.'~ IN .A PA'TI:.:.;-lH \lI:i..1.J i LCOHOLISM AND DL\BGTES -- ... ---------

Plasma--t:rialvceride 
(mg o/dl~.) •• 

K2 ( min o - 1 ) ... • • 

• • 

0 • 

Before 
treatment 

635 

0.017 

hasma-glucose (.fasting) 
(mg./dl.) •• •~ 215 -

Body-weight (kg.) •• .. " 

Off 
alcohol 

213 

0 .. 019 

Off alcohol, 
o.iabetic diet 

68 

0 .. 041 

82 

73 .. 1 



When the caloX'ies c_onsumed as alcohol were replaced by food, 

his triglyceride fell substantially '.from 635 mg./dl to 2'13 mg .. / 

dl. The rate constant in the IVF'11 T was virtually unchanged, 

1 . -1 d . -1 being o.o 7 min.. an 0.019 min. on ancl off alcohol res-

pectively. The reduction in serum triglyceride concentration 

was thus unaccompanied by an increased fractional :rate of 

removal of triglyceride from plasma; body weight fell by only 

0.5 Kg. The diabetes remained uncontrolled off alcohol, with 

a fasting blood glucose of 191 mg./dl. Subsequently, institu­

tion of a 60 gramme carbohydrate 800 calorie diet, led to weight 

loss and correction of the diabeteso The patient was restudied 

after 21 days on this diet, while in addition remaining off 

alcohol completely. By this time, he had lost nearly 3 Kg. 

in weight and, his fasting blood glucose had fallen to 82 mg./ 

dl .. In addition, a marked further reduction in triglyceride 

concentration to 68 mg ./dl. had occ1xr:red; this was a.ccompanied 

by an increased rate of removal of triglyceride from plasma, 

the K2 value having increased to 0.041 min.-1 • 

Several triglyceride estimations in the patient who pre­

sented with an acute abdomen are shown in Figure 21 • A non­

fasting triglyceride concentration measured on admission was 

14,000 mg./dl. Within 36 hours of alcohol abstention and intra­

venous fluid therapy, his level had fallen dramatically to 

4,000 mg./dl. Both this and the initial sample with the level 

of 14,000 mg./dl. contained chylomicrons in addition to excess 

VLDL. This was assessed by inspection o.f serum stored over­

night at 4°c and by the demonstration of non-migrating lipid 

staining material on electrophoresis of serum. At that time, 
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r 
his abdominal pain _had virtually disappeared and oral £e2ding 

was recommenced., Fasting values ove-.c the next eleven days 

are shown, including K2 values on the three days on which hl~ 

had intravenous_ fat tolerance tests. 1'he reduction in his tri­

glyceride can be seen to occur without much change in fractional 

removal rate of triglyceride. 

SUMMARY OF RESULTS - . 

Alcohol excess was found to be a common cause of secondary 

hypertriglyceridaemia at the Hammersmith Hospital Lipid Disorders 

Clinic. 

Du.ring alcohol consumption, serum triglyceride levels were 

not significantly correlated with the fractional removal rate 

of triglyceride. In most cases, fractional removal rates were 

towards the lower end of the normal r,tnge o 

rrhe reduction in serum triglyceride concentration follow­

ing the withdrawal of alcohol was not associated with a sig­

nificant increase in the fractional removal rate of triglyce:r. ide 

from plasma. 
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CHAPTER IV, SEC'rJON C 

The mechanism of alcoholic lipaemia has previously been 

studied both in man and in laboratory animals .. Although :no 

consistent pattern has emerged, the bulk of the evidence 

favours over-production of triglyceride; some support for 

impaired peripheral triglyceride removal from the circulation 

also exists, in particula:r', the sub-normal post-heparin lipo­

lytic activities in subjects studied by Losowsky et al (1963). 

The present study was undertalcen in order to determine 

the role of triglyceride removal in the pathogenesis of alco­

holic hypertriglyceridaemia, using the IVF'I"r. In this condi,­

tion, serum triglyceride levels have previously been sho\l!n to 

fall within days of ceasing alcohol consumption (Kudzma and 

Schonfeld, 1971 ) ;· alcohol was thus regarded as being the cause 

of hypertriglyceridaemia in the present investigation when tri­

glyceride levels fell substantially on withdrawing alcohol. 

In most cases, normal values were achieved, although a.n arbi-

.trary cut-off point of 25% reduction was used £or inclusion 

in the study. In view of the psychological upsets accompany­

ing alcoholism, it was felt necessary to exclude surreptitious 

drinking by performing occasional spot checks for alcohol in 

the blood stream; on no occasion was any detected. It is also 

of interest that withdrawal symptoms were experienced in only 

one case. This suggests a low degree of dependence in the group 

of patients studied. Many would not, in fact, have been classi­

fied as alcoholics, but as heavy drinkerso 
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During alcohol withclr"awal, serum triglyceride fell sig­

nificantly from a mean of 746 mg./dl. to 134 mg~/dl. In many 

cases, this•reduction was very marked and occurred rapidlye 

This change was-associated with almost identical mean K2 values 

before and after alcohol withdrawal. The lack of increase in 

the fractional removal rate of triglyceride, in association 

with the fall in serum triglyceride which followed alcohol 

withdrawal, suggests that the reduction in trig·1yceride levels 

is unlikely to be due to enhanced peripheral triglyceride 

removal. The absence of a change in intr,avenous fat tolerance 

when the hypertriglyceridaemia is corrected by withdrawing 

alcohol is, therefore, compatible with the view that alcohol 

produces a lipaemia by increasing plasma•-lipoprotein secretion .. 

The lack of significant correlation between fractional removal 

rate and triglyceride concentration while consuming alcohol, 

is further evidence against triglyceride removal being the most 

important determinant of serum triglyceride levels in these 

cases. These findings are in sharp contrast to the comparable 

studies in diabetics described in Chapter III. Triglyceride 

levels in the uncontrolled diabetic state showed a significant 

negative correlation with fractional removal rate of triglyce­

ride; treatment of the diabetes also resulted in pronounced 

speeding up of fractional removal of triglyceride and simultan­

eous reduction in serum triglyceride levels. \-lhereas in 

diabetes, treatment thus appears to affect the removal mecha­

nism of triglyceride from plasma, the present studies fail to 

show a direct effect of alcohol on removal of triglyceride from 

plasma in keeping with in vitro studies on adipose tissue 

(Bizzi and Carlson, 1965). Although Losowsky et al (19 63 ) 

described low PHLA values in six out of eight patients with 
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alcoholic hypertriglyceridaemia, it is of note that of four 

cases restudied after the withdrawal of alcohol, lipolytic 

activity increased in only one, despite triglyceride levels 

falling in all.- Kudzma and Schonfeld ( 1971 ) also failed t o 

show a change in lipolytic activity with the development of 

hypertriglyceridaemia during alcohol administration. The 

reason for the low lipolytic activities in the cases described 

by Losowsky et al (1963 ) is not clear; two may have been 

i nfluenced by the fact that they were diabetic; no cause was 

obvious in the others. The present findings are thus in agree­

ment with both these studies, despite the suggestion by 

Losowsky et al ( 1963 ) that impaired :r:emoval may be the dominant 

factor. 

The present .findings a.re consistent with the view that 

the hypertriglyceridaemia induced by alcohol is due to tri­

glyceride over-production. VLDL formation has been shown to 

be stimulated by alcohol consumption in rats (Baraona and 

Lieber, 1970; Baraona et al, 1973) .. As discussed earlier, the 

most attractive hypothesis for enhanced triglyceride production 

relies on the demonstration of reduced fatty acid oxidation 

consequent on alcohol administration (Lieber and Schmid, 196'1 ; 

Lieber et al, 1967 ) . Increased quantities of fatty acids would 

thus be made available for triglyceride synthesis which could 

l ead to the development of fatty liver and provide the lipid 

portion of the lipoprotein secreted by the liver. The role 

of the gut in such an hypothesis is not clear, although 

intestinal lipogenesis (Carter et al, 1971) and intestinal 

l ipoprotein production (Mi.stilis and Ockner, 1972) have been 

shown to be increased in response to alcohol feeding. 
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The simultaneous presence of fatty liver and hyper­

triglyceridaemia in si~ of the cases currently studied, miti­

gates strongly against early postulates that impaired release 

of triglyceride from the liver as lipoprotein could contribute 

to the development of steatosis. Fatty liver and hyper­

triglyceridaemia have also been sho~m to develop simultaneously 

in rats fed with alchol (Baraona and Lieber, 1970). 

An important question which arises from these considera­

tions is that if alcohol results in enhanced triglyceride 

secretion and lipoprotein formation, why then do all heavy 

drinkers not have hypertriglyceridaemia? In some instances, 

this could be due to severe liver disease with consequent 

impairment of lipoprotein synth~siso This is, however, clearly 

not the entire answer, as one does not have to search ha~d to 

find examples of heavy drinkers having normal or low triglyce~ 

ride concentrations, and normal liver function. Alcohol con­

sumption in such cases may be many times higher than that 

encountered in the subjects in the present investigations, 

many of whom would be considered only 'moderate• drinkers by 

some standards. A more general explanation may follow from 

the observation that the K2 values in all thirteen cases were 

at the lower end of the normal rangeo The mean value was also 

considerably lower than the mean value in normal subjects. 

It is conceivable that alcohol induced hypersecretion of tri•­

glyceride by the liver (and probably the gut), might only lead 

to hyperlipidaemia in individuals with a relatively limited 

capacity for removal of triglyceride from plasma, while those 

with more rapid removal rates might be able to deal with an 

excessive triglyceride secretion with impunity .. Such a hypo-
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thesis would be te:nable in relationship to both exogenous and 

endogenous triglycerides in view of the bE)1ief that both a.re 

removed from plasma by a sim:i.la..r mecha.11.isrn (Havel,- ·1965; 

Brunzell et al, 1973). The enhanced alimentary lipaemia when 

alcohol and fat are ingested simultaneously (Wilson et al, 

1970) would be explained on a simJ.lar basis. This hypothesis 

is also in agreement with the observation by Losowsky et al 

(1 963 ) of persistently sub-normal post-heparin lipolytic 

activities after witho..rawing alcohol from some of their patients; 

some other underlying lesion resulting in reduced lipolytic 

activity is thus likely to have co-existed in these patients, 

If a low capacity for removal of triglyceridl'=S from plasma 

makes one susceptible to develop hyperti--·iglyceridaemia follow­

ing alcohol consumption, it is likely that normal females with 

their faster fractional removal rates as measured by th8 IVFTT 

(see page 69 ) would be better protected against this eventu­

ality than their male counterpa:rts 1 and may be yet another 

factor in the relative protection that pr·emenopau.sa.l females 

enjoy against the de·velopment of atherosclerosis and IHDo 

The reason .for the low K2 values .found in this studys and 

the low PHLA values observed by Losowsky et al (1963) is not 

irmnediately apparent., Any condition unrelated to the inta.<e 

of alcohol which is associated with impai:ced or limited tri­

glyceride rc~moval from plasma may be postulatedo One such is 

diabetes mellitus (see Chapter III ) , although subjects whose 

removal rates are at the lower end of the normal rcw1ge for con­

stitutional or other reasons, may also be at risk$ It 1s 

h 1- f · , . t · t- of Losowsky et al pe.r_ aps relevant ti1at two o 1:ne pa 1.en-s 

(1963) were diabetics, as were two out of thirteen in the present· 
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studie3. Findings in the patient with alcoholism and diabetes, 

in whom measurements were made before and after alcohol with­

drawal, and again after diabetic control, are consistent with 

this hypothesis. Alcohol withdrawal together with an increased 

intake of food, to make good the calories not consumed in the 

form of ethanol, resulted in a substantial reduction in serum 

triglyceride concentration, despite the fractional removal rate 

remaining unchanged. Persistence of an elevated triglyceride 

level and low K2 value suggests inadequate triglyceride removal 

despite a reduced input of triglyceride into plasma, consequent 

on stopping drinking. When in addition to remaining off alco­

hol, his diabetes was brought under control by appropriate 

dietary measures, a further reduction in serum triglyceride 

concentration, to well within the normal range resulted, which 

on thi s occasion was accompanied by an increased rate of tri­

glyceride removal from plasma. Interaction between the capacity 

for triglyceride removal f-..rom plasma and alcohol-induced hyper­

secretion by the liver could also explain the case desc:d.bed 

by Fry et al (1973); excessive alcohol and carbohydrate induci­

bility of triglyceride were both found in the same patients 

with endogenous hypertriglyceridaemia. A similar situation 

may pertain to the cases recently described by Mendlesolm and 

Mello (1973) in whom alcohol administration led to a far more 

pronounced elevation of serum triglyceride levels in the presence 

of primary endogenous hypertriglyceridaemia tha.i.'1. in normo­

lipaemic or carbohydrate-induced men. As impaired triglyceride 

removal has been claimed to underly many cases of endogenous 

hypertriglyceridaemia (Ryan and Sch"1J1a.rtz, 1965; Porte and 

Bierman, 1969; Boberg, 1971 ), alcohol-induced triglyceride 

secretion in excess of the capacity for triglyceride removal, 
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could result in an expanded plasma triglyceride pool. Carbo­

hydrate-induction has also been shown to be associated w:i.th 

reduced triglyceride removal (Mancini et al, 1973 ); the 

reason .for the difference in the response to alcohol between 

carbohydrate-induced subjects and those with endogenous hyper-
C 

triglyceridaemia is not clear, but may relate to the degree 

of impairment of peripheral triglyceride removal. 

It is also noteworthy that in the present study despite · 

a significant lowering of serum triglyceride by alcohol with­

drawal, levels were still elevated in about half the cases at 

the time of the second studye This may be due to the short 

period of time between the two investigations; alternatively, 

it may suggest an underlying disorder such as endogenous hyper­

triglyceridaemia. Indeed, on long-term follow-up, mild eleva­

tions of serum · triglyceride were persistently found in some 

cases despite staying off alcohol. 

Data is not available on the incidence of hyperlipidaemia 

amongst alcoholics; if a relatively limited capacity for tri~ 

glyceride from plasma is a prerequisite to the developJnent of 

alcoholic hyperlipidaemia, the incidence might be expected to 

be fairly low. Alcohol as a cause of secondary hyperlipidaemia 

presenting at a clinic specializing in clinical disorders of 

lipid metabolism is, however, fairly common (see Table 4 ). 

It was perhaps, therefore, somewhat unexpected that a positive 

correlation was found between alcohol intake and serum tri•­

glyceride concentration in a survey of lipid and lipoprotein 

concentrations amongst a 'healthy' London population (Lewis 

et al, 1974), albeit the correlation was of low order. 
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The plaJma lipoprotein pattern in all patients in the 

present investigation was an elevation of pre-beta J i)op:toteLn~ 

one patient _with intense~ lipaemia also h::1d chylom·i..c:ron parti-• 

cles in fasting. plasma; this does not necessa:r·:L1y imply that 

these pa:r-ticles were of dietary origin as endogenous particles 

with characteristics similar to chylomicrons hctve been shown 

to be produced during carbohydrate induction (Mancini et al, 

1973 ) . Lipoprotein formation in the liver occurs at the 

smooth endoplasmic reticulum where triglyceride and apoprotein 

combine to form lipoprotein. rrhe exact derivation of the apo­

protein moeity is not clear although it is likely to derive 

from the rough endoplasmic reticulum, the major site of protein 

formation in the cell (Lieber, 1973) .. Although under normal 

circumstances, the lipoprotein produced by the liver is VLDL, 

in conditions in which the supply of triglyceride exceeds that 

of protein, triglycer·ide deposition in the J.iver could ensue. 

Some of the excess triglyceride availa.ble could conceivably 

result in the formation of lipop:r.oteins with more triglyceride 

per unit of protein 1 and characteristics simil2,.r to those of 

chylomicrons. A similar situation can be envisaged with regard 

to the procluction of lipoprotein by the intestine .. In Chapter 

VI, it will be seen that the lipoprotein appearin:J in plasma 

following ingestion of a fatty meal depends to a large extent 

on the dose of fat ingested; high fat loads result in the 

appearance mainly of chylomicrons in plasma whereas lower, more 

physiological doses result in a substantial contribution to 

the alimentary lipaemia by VLDL., A similar situation could 

exist in relation to alcoholQ Intestinal lipogenesis has been 

shown to be stimulated by ethanol (Carter et al, 1971 ); it is 

possible that a stage may be reached where the triglyceride 



supply relative to the availability of apoprotein 1ea:d~; to the 

formation of large chylomicron- likc: purticles ~ On reduction 

of the availability of trj_glyceride for lipoprotein form~t ion 

in these two orga11s, r eversion to thc.:: more usual VLDL produc­

tion might occur. Consistent with this hypothesis, is the 

observation that on withdrawing alcohol in the- patient with 

intense J.ipaernia, chylomicrons ra.pidly disappeared. 'rhis IJ/as 

followed by a reduction in serum triglyceride concentration 

presumably due to reduced VLDL. An alternative exnlanation J. . 

of this finding could be that removal mechanisms for triglyce­

ride were saturated by VLDL; exogenous triglyceride removal 

could then be inhibited. 

Serum uric acid was found to be elevated in two subjects 

out of e ight in whom it was measuredo Hyperv.ricaemia in associa­

tion with alcohol excess is well recognized (Lieber et al, 

1962 ; Gebbie and Prior, 1967; Newcombe, 1972), uric acid levels 

tending to decrease rapidly on alcohol withd:.r.awal (Lieber et 

al, 1972). Inhibition of renal tubular excretion of urate by 

lactate, which accumulates as a result of the increased NADH/ 

NAD ratio in the cytosol, is believed to cause the hyperurica(-::mia 

( YU et al, 1957; Lieber et al, 1972). About half the sub­

jects studied by Gebbie avid Prior ('1967) had hyperuricaemia 

in association with alcoholic hypertriglyceridaemia, a somewhat 

higher proportion tha11 that found in the c1:tr·rent investigation .. 

Numbers in both studies are small, however, and in neither was 

lactate simul t2me~usly measuredo Furthermore, in the present 

study, uric acid determinations were also not per.formed until 

at least the third day of admission. Had this been estimated 

before alcohol withdrawal, a higher frequency o.f hyperuricaemia 

may have been detected. 

223 



The relationship between alcoholi sm and the develop-

ment of atherosclerosis has been d:i. 9cussed on page 19 7. It 

appears tha t cirrhosis 'protec ts• against the development of 

atherosclerosis; no evidence of cirrhosis was, however, 

obtained in any of the subj ects studied. The clinical i nci­

dence of atherosclerosis in t he group studied was exceedingly 

high considering the young ages of many of the patients (see 

Table 5 ) • Vascular disease was present in somewhat more than 

half the patients i three had IHD, two had PVD and in a .further 

two both \llere present. Othe..r risk factors for the develop­

ment of atherosclerosis have not been carefully investigated 

in the present study and it may be relevant that many of the 

patients smoked cigarettes. The association between hyper­

triglyceridaE:mia and atherosclerosis (Al brink et .al, 1961 ) , 

and the recent demonstration of triglyceride as a.n independent 

risk .factor for the development of HID (Carlson and B6ttigert 

1972), does however, tend to suggest that alcohol may have 

played an indirect role in the development o.f the premature 

atherosclerosis in these subjects by elevating their serum 

triglyceride levels. It may be with mL:i.ch foresight that 

Allbutt in 1915, said of atherosclerosis: 'Alcohol then is 

not a cause in eminent domain, but is a potent ally of any 

·other poison which may be in co-operation with it e' 
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CHAPTER V, SECTION A 

An association between IHD and serum cholesterol concen­

tration has been demonstrated in many epidemiological studies 

(e.g. Keys et al, 1963; Gordon and Verter, 1969; Keys, 1971). 

serum cholesterol, and factors influencing it, have thus for 

many years assumed a role of central importance in studies on 

the pathogenesis of atherosclerosis .. 

Both the quantity and nature of dietary fat have long 

been recognized as major determinants of serum cholesterol 

concentration. In 1952, ingestion of vegetaria.."l diets was 

show:'1. to lead to a reduction in serum cholesterol concentration 

(Groen et al, 1952; Kinsell et al, 1952)0 This effect was 

shm1m largely to be due to the presence of vegetable oils of 

polyv.nsaturated fatty acids (Ahrens et al, 1955 ;Malrilros and 

Wigard, 1957). Polyunsaturated fatty acids are fatty acids 

with more than one double bond in the hydrocarbon chain. One 

of the most abux1dant unsaturated fatty acids to occur in 

mammali an lipids is linoleic acid, an eighteen carbon diunsat­

urated fatty acid, with double bonds at the 9 and 12 positions .. 

It cannot be synthesized by mammals, yet is required for normal 

functioning of the organism; for this reason, it is termed an 

essential £atty acid (Nilsson et al, 1957). 

For the past two decades, most investigations into the 

relationship between dietary fat a.nd atherosclerosis have 
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centred around the presumed link between them, namely serum 

cholesterol and cholesterol metabolism. The effect of dietary 

fat on other classes of circulating lipids and lipoproteins 

has received relatively little attention. 

An association between the concentration of triglyceride 

in plasma and II-ID, has more recently been suggested. Unfortun­

ately, compared with the abundant epidemiological data avail­

able with rega:.."d to serum cholesterol, relatively little is 

kno'lm of the association between serum triglyceride and IHD, 

largely due to methodological considerations. This is because 

seru..>n triglyceride determinations have only been practised 

on a wide scale in the past decade; current availability of 

semi-automated procedures for their measurei'Tient has stimulated· 

a recent interes t in this field. Another difficulty related 

to triglyceride determinations in epidemiological studies, is. 

the need for blood to be sampled unde.r fasting conditions, 

which is not often easy to accomplish in free-living populations. 

The evidence linking serum triglycerides with II-ID is reviewed 

in Chapter I (see page 10 ) . 

I:n view of the likelihood of serum triglyceride elevation 

being implicated in the pathogenesis of atherosclerosis, the 

effect of diet on triglyceride levels is of obvious importance. 

The influence of dietary fat on serum triglyceride levels is 

not as clearly defined as its effects on the serum cholesterol, 

but serum triglyceride reduction in response to unsatu.rated 

fat feeding is well documented (Ahrens et al, 1957; Beveridge 

et al, 1964; Spritz al'ld Mishkel, 1969; Grande et al, 1972). 
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T1"e re~1ati·ons½_ i·1) be_t"r""en dJ·.etar.y f ' ·l · _, u - ., -:: - a:cs a11c serum tr-1.glycerides 

has b<~en further inve stigated in the' present study,, 

I will begin this Chapter by discussing the evidence link­

ing dietary fats with HID. This will be followed by a brief 

review of studies on the effect of polyunsaturated fats on 

serum lipids, and on the mechanism whereby they result in a 

reduction of serum cholesterol and triglyceride concentrations. 

It will be seen that whereas much is known about the mechanism 

of the reduction of serum cholesterol in response to feeding 

polyunsaturated fats, relatively little is knovm of the means 

whereby serum triglyceride concentration is reduced. The 

prese-1'1t investigation was undertaken to .further study the mode 

of action o.f .dietary polyunsaturated fat in reducing serum 

triglyceride concentration. 

THE RELATIONSHIP BET\iEgN DIETAR.Y FA'rs AND IHD 

·rhe major determinant of the mean sc=rum cholesterol con­

centration of a population, appears to be the amoiu1t and type 

of dietary fat ingested. When fou.:rteen groups of men aged 

40 - 59 were studied in seven countries, about 80% of the 

variability of serum cholesterol between populations could 

be explained by differences in the intake of dietary saturated 

fat by the different populations (Keys 7 1970). ·within a com­

munity, serum cholesterol concentrations may vary widely among 

men on similar diets (e~g. Lewis et al 1 1974); this variation 

is probably related to constitutional factors. The Framingham 
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study demon5\trated that no sto.tistical association existed 

bet1>1een dietary fat intake and serum cholesterol levels within 

a community on a relatively uniform diet (Kann0l and Gordon, 

1969). Not only epidemiological data, but also controlled 

feeding experiments have shown diet to exert a powerful 

influence on serum cholesterol levels (Ahrens et al, 1954; 

Bronte-Stewart et al, 1956; Keys et al, 1965a, band c)o 

Substitution-of saturated dietary fat by polyunsaturated fat, 

is associated with a reduction in serum cholesterol concentra­

tion. 

The importance of the relationship between dietary fat 

intake and serum cholesterol is realized when one considers 

the overwhelming evidence in favour of the latter as a risk 

factor for the development of IHD., Prospective community 

studies from various parts of the world have been in agreement 

that increasing levels of serum cholesterol a:r.'e associated 

with a progressively increasing risk o.f developina IHD, even 

from concentrations as low as 200 mg./dl. (e.go Doyle, 1963; 

Stamler et al, 1960; Keys et al, 1963; Dayton et al, -1970; 

Kannel, 1971; Carlson and B~ttiger, 1972). When the results 

of the main prospective studies in the USA were combined in 

the Pooling Project (stamler, 1971), a similar conclusion was 

reached. It appea-rs that serum cholesterol is a prominent 

feature of the coronary profile, and can be used to predict 

IHD and to estimate risk. Morbidity,from IHD amongst differ­

ent populations tends to be related to 'average' serum chol­

esterol level in these populations (Keys, 1957; Gordon, 1959)~ 

In countries with a low incidence of IHD, patients with 

coronary disease tend to have higher levels of serum cholesterol 
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than the population average (Keys and Fidanza, 1960). In 

countries with a high coronary mortality r-ate, an individual 

with a scrum cho1esterol concentration 50 mg./dln lower than 

average, has a risk of developing nm of approximately 50% of 

the population average. 

As the intake of dietary fat appears to be a.n imoo:r.ta.nt 
~ 

determinant of serum cholesterol concentration, this raises 

the question of whether dietary fat intake is associated ,yi th 

the development of IHD. In support of this possibility, Masircini 

(1970) found a strong positive correlation between IHD morta­

lity rates and consurnption of both total and saturated fat, 

in a survey which involved 37 countries. Stamler et al (1970), 

in a study o.f 20 developed countries, showed a. significant 

correlation between mortality rate .from HID and s everal diet•­

axy factors in addition to total and satu.rated fat intake; 

these included monounsaturated fat, cholesterol, protein and 

sucrose .. Notable among foodstuffs which failed to show a posi­

tive correlation were polyunsat1_1.rated fat and. the total carbo-­

hydrate content of the diet. 

The association between dietary fat intake and serum 

cholesterol concentration, and in turn, that between serum 

cholesterol and IHD incidence and mortality, has resulted in 

the postulation of a hypothesis linking the intake of dietary 

fat with IHD. This hypothesis, known as the 'dietary fat 

hypothesis ', attempts to explain the di£ ferences in HID inci­

dence observed in epidemiological and experimental dietary 

studies, on the basis of the quality and quantity of dietary 
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fat ingestedo It is based on the assumption that dietary fat 

influences plasma lipid concentrations, which in themselves 

influence the development of atherosclerosiso The strongest 

points favouring this hypothesis are the epidemiological ones 

already mentioned. Although many of these studies clearly 

demonstrated an associaticn between serum cholesterol, dietary 

fat intake and IHD, little can be said rf:garding cause and 

effect. Proof of a direct causal relationship between dietary 

fat and serum cholesterol in the pathogenesis of IHD is lack­

ing, although studies showing a predictive value of a serum 

cholesterol, eog. the Framingham Study (Kannel and Gordon, 

1969) tend to reinforce this possibilityo 

Experimental evidence also tends to support a causal 

relationship. Diets which are capable of inducing atheroma 

in experimental animal models tend to result in a simultaneous 

elevation of serum cholesterol (Blaton et al, 1970; Howard et 

al, 1972). such atherogenic diets frequently resemble di.ets 

ingested by coronary prone populations in terms of content of 

saturated fat and cholesterol. It must, ho·v,ever, be remembered 

that lesions produced in these animals are not indistinguisable 

from those o.f human atherosclerosis; certain caution should 

thus be exerted in interpretation of such data. 

Studies on the pathogenesis of atherosclerosis also tend 

to reinforce a direct causal relationship between serum chol­

esterol and atheromatous plaques. Cholesterol has been shown 

to enter the aorta from both the outer (Adams, 1971) and inner 

surfaces (Adams and Bayliss, 1973). The theory that cholesterol 

enters the arterial \\Tall directly from plasma in the form of 
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beta lipoprotcin has been questioned on two counts. ·Firstly, 

whereas the majority of cholesterol in plasma is esterified, 

the free Form predominates in atherornatous plaques. (Nevm1an 

and Zilversmit, 1966 ; Hashimoto and Dayton, 1966),, secondly, 

although beta lipoprotein has been identified in the arterial 

intima (Woolf and Pilkington, 1965; Walton and Williamson, 1968; 

Smith and Slater, 1972 )1 most proteins, probably lipoproteins 

included, enter the aorta from the outer surface (Adams et al, 

1969). When the intimal surface is damaged, the direction o.f 

entry is, hO\vever, reversed (Adams et al, -1970) o 

A further implication of the hypothesis lin .. ld.ng dietary 

fats to IHD, is that modification of the fat intake should 

result in a reduction of serum cholesterol concentration 1 and 

be of positive value in the prevention of atherosclerosis and 

II-ID.. Dietary measures which have been shown to result i:n a 

lowering of serum cholesterol concentrations are: 

(1) a reduction in the intake of saturated fatty acid (Keys 

et al, 1965a); 

( 2) and increased inta .. ke of polyunsaturated £atty acids 

(Keys et al, 1965b); 

(3) a reduction in cholesterol intake (Keys et al1 1965c}. 

The evidence for a cholesterol--lowering effect and the relative 

importance of these three .fa.ctors will be discussed later in 

this Chapter ( see page 249) • 
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Modified fat diets, whether used experlmentally·or thera­

peutically, consist o.f replacement, or partial replacement of 

saturated by polyunsaturated fatty aciq.s. The effect of reduc­

ing saturated, and of increasing unsaturated fat intake, will 

then be cumulativeo Furthermore, as cholesterol and saturated 

fats tend to be present :i.n similar foodstuffs,- such as dairy 

products and meat, a reduction in the saturated fat content 

of the diet ~s usually accompanied by a reduction in the chol­

esterol content as wello Interpretation of many studies thus 

becomes difficult., Further probJ. E-=ms of interpretation a"t'ise 

from changes in carbohydrate and caloric content, both of which 

factors may independently affect serum lipid concentrations. 

Despite these shortcomings, accumulating evidence of 

cholesterol-lowering diets being of positive benefit in the 

prevention of IHD, further strengthens the argument that diets 

rich saturated fat ancl cholesterol are causally associated with 

II-ID. Two main groups of individuals have been studied ; men 

with no prior history of heart disease, and r11en who have pre­

viously suffered myocardial infarction or who have angina 

pectoris. Studies involving these two groups have been desig-­

nated primary and secondary prevention trials respectivelyo 

In the three main primary prevention studies reported 

to-date, a beneficial effect of a modified diet has been 

demonstrated in all (Christakis et al, 1966; Dayton et al, 

1969; Miettinen et al, 1972) in terms of both reduction of 

serum cholesterol concentration and IHD incidence,. 'l'he diet­

ary manipulations were similar in all three; the main cha..YJ.ges 

were a reduction in cholesterol intake, and substitution of 

polyunsaturated vegetable oils for saturated £21.t~ 
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Most secondary prevention triDls also suggest a bene­

ficial effect of modified fat diets (Morrison, 1964; Leren, 

1970; Bierenbaurn et al, 1973), although some hav~ failed to 

show a significant lowering of mortality due to IHD (Medical 

Research Council's Research Committee, 1968). In all these 

studies, serum cholesterol was reduced by dietary means, some­

times by as much as 50 mg./dl.; it is, therefore, tempting to 

attribute the beneficial effects of such diets to the lower 

serum cholesterol .concentrations produced. 

One of the major criticisms of the hypothesis that 

dietary fat influences the incidence of IHD by raising the 

serum cholesterol concentration, is that it fails to take 

into account the many other factors known to participate 

in what clearly is a disease of multif2ctorial aetiology. 

Furthermore, although the data comparing populations in terms 

of saturated fat intake, serum cholesterol and IHD is impres­

sive, differences in intake of saturated fat within a popula­

tion do not show nearly the same correlation with serum 

cholesterol values (Kannell and Gordon, 1969)e Serum choles­

terol still remains a useful factor in predicting the suscep­

tibility of an individual to the development of IHD within a 

population (Kannel and Gordon, 1969; Carlson and B6ttiger, 

1972). This may be due to the interaction with constitutional 

factors, dietary factors other than saturated fats, or dietary 

effects mediated other than via serum cholesterol. 

With the ever-increasing evidence of the association 

between IHD and serum triglyceride (see page 10), dietary 

induced elevations of serum triglyceride should no doubt be 
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considc.:red as a means whe.-reby diet may have its ef feet on the 

development of atherosclerosis. Little epidemiological 

evidence is as yet available as to the clssociation between 

dietary fat intake~, serum triglyceride levels and nm incidenceg 

Most incidence linking serum triglycerides and dietary fat 

comes from dietary experiments in man~ Many studies point to­

wards serum triglyceride levels being higher during consumption 

of saturated fat than when substituted by polyunsaturated fat 

(Ahrens et al, 1957; Kinsell et al, 1959; Beveridge et al , 

1964; Spritz and .Mishkel, 1969). This finding is, however, 

not universal (Arvidson and Malmros, 1972; Anderson, Grande 

and Keys, 1973). Furthermore, the pathogenetic mechanisms 

linking serum triglycerides and atherosclerosis are somewhat 

more difficult to envisage, triglyceride being only a minor 

component of atherosclerotic plaques. Zilversmit (1973) has 1 

however, presented evidence to support the hypothesis that 

at heroma may result from liberation of cholesterol rich frag­

ments in close proximity to arterial endothelium following 

degradation of VLDL and chylomicrons by arterial lipoprotein 

lipase. High local concentrations of cholesterol, could then 

conceivably result in enhanced cholesterol uptake by the artery. 

With increasing knowledge of the relationship of dietary fat 

to serum triglycerides, and of the latter to atherosclerosis, 

the dietary fat hypothesis may well require extension to include 

consideration of serum triglyceride as well as cholesterol .. 

Another criticism of the hypothesis relating the intake of 

dietary fat to IHD is that populations exist in which the in­

take of saturated fat is such that high cholesterol levels and 

a high II-ID incidence might be expected, yet the reverse holds. 

The most studied group are the Masai of East Africa .. This 
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tribe c'!c1ts a diet with a cholesterol and animal fat content 

similar to that of western societies. The prevalence of HID 

is nevertheless virtually nil, and se.rum cholesterol levels 

are .far below what one would expect for the amount of saturated 

fat and cholesterol inaested, (Shaper, 1972). However, recently, 

data has been presented (Ei-ss et al, 1971) suggesting that the 

Masai are able to suppress endogenous cholesterol synthesis 

to a greater extent than most humans. This may be an inherited 

characteristic, unique to this group of people, which affords 

them protection against the development of atherosclerosis .. 

A further criticism is that conclusive evidence is lack­

ing on reduction of HID mortality in response to modification 

of the diet. None the less, the primary and secondary preven­

tion studies currently available are certainly encouraging 

if not conclusive, and a definite answer will depend on furtheI' 

and perhaps better designed long-term studies. It is also 

important to real ize that all these studies have been performed 

on middle aged or elderly subjects; athe:cosclerosis will no 

doubt have been present, if not well advanced in many at the 

onset of the study. More conclusive answers are likely to be 

obtained from pr1mary prevention studies in much younger groups 

of individuals, but results will of necessity t al<e many years 

to become available. 

Despite shortcoming·s in this hypoth::~sis, much evidence 

supports it, and dietary fat seems to be o.t least an important 

factor in a multifa.ctorial disease process. 
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POLYUNSATURATim FAT AND SERUM CHOLSSTEIWL 

Cholesterol Metabolism 

-
Due to the association between plasma cholesterol and 

II-ID, cholesterol is frequently regarded as a harmful substance; 

its essential role for the normal functioning of the body must, 

however, not be forgotten. Perhaps its most important function 

is a structural one, where it is an essential element of all 

animal cells and subcellular particles. It is also an obliga­

tory precursor of the steroid hormones and of the bile acids. 

As a constituent of plasma lipoproteins, its role is perhaps 

not clearly defined; it does, however, appear to play a part 

in the transport of cholesterol from tissues to the liver 

(Glomset, 1968), from which site it may be removed by catabolism. 

Much of the total cholesterol in the body is exchangeable 

with the plasma pool. A complex interchangeable system exists 

largely because equilibration between various pools occurs at 

different rates (Myant, 1971). 'fhe exchangeable mass undergoes 

turnover owing to its participation in an incomplete entero­

hepatic circulation with net loss via the faeces; replacement 

of losses is by endogenous synthesis and from cholesterol in 

the diet. In man, about 40 - 60% of dietary cholesterol is 

absorbed from the intestine after havir~g mixed with endogenous 

cholesterol derived partly from bile and partly .from de novo 

intestinal synthesis (Myant , 1973). The bulk of cholesterol 

is not dietary, but is synthesized endogenously by the liver 
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and intestine~ .. 

hydroxyrnE~thyl g1utaryJ. CoA r.;:,ch;.ctasc' appears to be the rate 

limiting step, and is U:i.e prcba1JJ.y site at which control over 

In the steady state, cholesterol input is balanced by out­

put. Because of its chc:mical '.:,tability, the steroid nucleus 

is eliminated mainly in the faeces, either 1.mchanged or as bile 

salts, the main metabolite of cholesterol. Approximately 20 -

30 grammes of bile .:,v::i.ds are produced from cholesterol per day; 

because of an enterohepo.tic circulation, most of this :Ls re­

absorbed by the iliUI:1 (Bo:rg-strt;m et al, 1963; Lack and Weiner, 

1967)? although about one g-ramme J_s excreted with the neutral 

steroid in the faeceso 

In 1952, a cholesterol lowering effect of a diet in which 

polyunsaturated £at \'.lo.S substituted for satv..:r.ated fat, was 

described (Groen et al, 1952; Kinsell et al, 1952)0 This has 

been confirmed in rn.1m2rous studies in both man and experimental 

animals (Ahrens et al., 1954; Ahrens et al, 1955; Bronte-Stewart 

et al, 1956; Bever:i.d~Je et aJ. 1 1956; Keys et al, 1957a; Malmros 

and Wigard, 1957; Ahl'~::Yl.S et al, 1957; Wilkens, 1958; Avigan 

and Steinberg, 1958; Hegsted ct al, 1965; Keys et al, 1965b; 

Spritz and Mishkel, -1969 ) o Despite substantial differences 

in experimental design, there was gen(=ral agreement that diets 

:i.n which saturated fat is replaced in part or in whole by poly-
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unsaturated fat, leads to a reduction in serum choles terol 

levels. This response was noted in young normocholes t erol­

aemic medical students, vitamin and protein defici(?nt south 

African Bantus, · and Americans with and without hypercholesterol­

aemia and IHD. 

In most of these studies, the reduction in serum chol­

esterol concentration was less than 25%; the ma.'<imum response 

seems to have been achieved within 2 - 3 weeks in most cases 

(Ahrens et al, 1957) . 

The lower cholesterol level after unsaturated fat feeding 

i s due to a reduction in low density lipoprotein cholesterol 

(Nickaman et -al, 1967; Spritz and Mish.kel, 1969), although 

Farquhar and Sokolow (1958) found a similar effect on high 

density lipoprotein cholesterol. 

It is still not clear whether this effect is chiefly due 

to a reduction in the saturated fatty acid content of the diet 

·or to an increase in the polyunsaturated fatty acid content. 

This difficulty arises because most studies have relied on 

isocaloric subs ti tut ion of one type of .fat by the other. 'l'here­

fore, when the polyunsaturated fat conteyit of the diet increases, 

it is inevitably accompanied by a decrease in saturated fat 

content. The effect of other dietary changes has aJ.so to be 

considered; cholesterol is frequently found in foodstuffs rich 

in saturated fats; the effect on serum lipids of reducing 

saturated fat intake should thus not be attributed to the modi­

fication of the glyceride content of the diet alone, but should 

take cholesterol content into consideration as well. These 
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sho:ctcomin9 s n10.y laro (-~1y be overcome by· thP ,, c~e c)f f 1 ~ ,A~ - ormu. a 

diets in which the exact contents can be: care.fully controlled 

(Ahrens et a1, '1954) ~ Such an approach, by elim:i.nating chol­

esterol .from the diet, has shown that the glyceride per se has 

the desired effect on scrum cholesterol levels (spritz et al, 

1965; Connor et al, 1969) .. Using diets in which the total 

cal oI' ie content was kept constant, by testing as far as poss­

ible the effect of only one foodstuff at a time, Keys and his 

colleagues derived formulae for the reJ.a.tive effect of various 

fats on serum cholesterol concentrations (Keys et al, '1965a 

and b). They demons tra.ted the influence of a change in the 

saturated fat content of the diet on serum cholesterol to be 

about twice that of a quantitatively equal change in the oppo­

site direction of unsaturated fatty acids .. The unsaturated 

fatty acid used for the derivation of this formula was linoleic 

aci<J (18:2),. 'I'hey showed that isocalor:Lc dietary substitution 

of C12 - 16 saturated fatty acids for carbohydrate, led to an 

increase of serum cholE-~sterol of 2.4 mg./dl. for each 1% of 

total calorie intakeo Conversely, isocaloric substitution of 

ca1" ..,ohydrate by polyunsaturated fat led to a 1 "2 mg .. / dl. reduc­

tion in serum cholesterol. The effect of changing from one 

diet to another of different fatty acid composition is thus 

givc~n by the difference between the expression 1 o2 (2S' - P) 

.for the two diets .. (S =%of total calories as glycerides of 

saturated fatty acid of C12 - 16 length; P =%of total calories 

as glycerides of polyunsaturated fatty acids.) A diet in 

which the 2S - pis equal to zero, i.eo which contains twice 

as much unsaturated as saturated fat, would thus have no effect 

on serum cholesterol level when isocalorically substituted 

with carbohydrate. This has been confirmed experimentally 
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( r.;ranclc et al, ·1 972 ) 4 'T'1111· s i· s not to 1 · h d · 1.: - - - say, 1owever, ·c at · iets 

with a 2q' - P o.f O have no effect on serum cholesterol levels 

in cm individual patient; if, for example, such a diet replaces 

one with a mud1 higher saturated fat and a much lower unsatu­

rated fat content, serum cholesterol will be expected to fall .. 

Maximum cholesterol lowering is thus achieved by replacing 

saturated by polyunsaturated fat. 

The saturated fatty acids chiefly responsible for a lipid 

raising effect are palmitic (1 6:0), myristic (14:0), and 

1auric ( 12: O) (Keys et al, 1965a and b; Hegsted et al, 1965). 

Stearic acid (18:0) and saturated fatty ac ids of shorter chain 

length than iauric little affect serum cholestex'ol levels in 

either direction; the monounsaturated oleic acid ('l 8: 1 ) also 

neither leads to an increase or a reduction in serum cholesterol., 

Long chain fatty acids with a degree of u:nsaturation 

greater than that of linoleic acid, appear to have an even 

greater hypocholesterolaemic effecto Fish oils, for example, 

which contain low concentrations of linoleic, and relatively 

high concentrations of 20: 5 a.> 3 and 22: 6 o.l 3, lead to lower 

cholesterol levels than maize or safflower oil, both of which 

are rich in linoleic acid (18:2) in man, rat, chicken and mouse 

(Pfeiffer, 1967 ). Ahrens et al (1959) has claimed that the 

hypocholesterolaemic action of polyunsaturated fat is a reflec­

tion of their total degree of unsat1,.l!'ation. Hydrogenation of 

doubl e bonds result in a loss of cholesterol lowff~ing ef f eet 

(Ahrens et al, 1957). 
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Iic1 t: onJy thE-~ de~Jree of u11.::,aturation, but al so the con­

fig~r ~tion abou t the dm0)le bond, is of in~ortanceo When 
I 

comp i:n'c"; d with the oleic acid ( 1 8: 1 6 9 cis), its trans isomer 

el21idic r.1.cid ('1 G:'I 6 9 trc::m.s ), has a definite cholesterol 

raising effect (Vergroesen, 1972)~ This effect appears to 

depe:i1.d on the presence of -::holes terol in the diet o As the 

polyunsaturated fat used in the calculation of the 2S' - p 

f ormula of K(~y:; et al ( 1965a and b) consisted largely of 

linolcic acid 1 it will be appreciated that their formula per­

haps does not apply when the vegetable oil substituted is 

rich in fatty acids other than linoleic acid. The situation 

is further complicated by the finding that an extremely high 

i nta.ke of linoleic acid \Vill not improve on the choJ.esterol 

lowering effec t of a diet in which 35% of total calories are 

derived fl''om s af .flower seed oil (Vergroesen, 1972) . The same 

author has. also suggested that satu.rated fats have little effect 

on ser1.:un cholesterol when present in the diet \Vith much lower 

amounts of J.inoleic acids (Vergroesen, 1972). 

Some studies have .failed to show a lipid lowering effect 

of poJ.yunsatul'.'ated f ats ( Connor et al 7 1961 ; McOsker et al, 

1962; Erickson et al, 1964) .. In all these , the quantity of 

polyu.nsaturated fat was low; it may be that a threshold exists, 

below which polyv,nsattu'ated fats fail to exert their chol­

esterol lowering effect. 

Maximal choles tero l lowering thus appears to be achieved 

by replacing saturated fatty acids by polyunsaturated ones ,, 

Reduction of satur ated .fat intake has the .further advantage 

that cholE:'.:;tcrol i:!1take is simultaneously reduced iJ.S most 
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sources of saturated fa t are also rich in choles t e:roJ.. 

Al though most authoriti(;S agre (~ that chetal'.'y chol c.:~ terol is 

an important deterr.1inant o.f serum cholesterol concentration, 

the degree of importance is still a matter of son1.0. dispute. 

Whereas Keys et al ( 1 965c ) belic::?ve it to play a relatively 

minor role, Connor et al ( 1968) assign to it fa-r g-reater 

importance. Accordina to Keys et al (1965c), the change in 

serum cholesterol equals 1 .. 5 times the square root of the change 

in intake expressed as mg./1 ,000 K cals. More recently, 

Mattson et al (1972 ) have again attributed a greater importance 

to the contribution of dietary cholesterol, by showing a linear 

increase in serum cholesterol concentrations with increasing 

amou...nts of choleste:r'ol in the dieto They fed formula diets 

of compositi~n similar t o that of t he standard American diet 

( i o e. 40% of calories from sat1.,u'ated fat and 1 2,~ from u.11satu­

rated fat); the only variable was the cholesterol content. 

E:ach 100 mg. cholesterol/1 , 000 K cals of diet resulted in a.'1 

increase in serum cholesterol of 12 rng./dlo; the highest lev~l 

of cholesterol fed approximated that of the average American 

diet. A linear response was also found by Hegsted et al (1965 ) . 

A further increase in the intake of cholesterol would probably 

have had little additional effect, as both Beveridge et al 

· ( 1 960) and Connor et al ( 1961 ) showed the ef feet to plateaux 

at levels of cholesterol intake just above the upper limit used 

in the study of Mattson et al (1972). This is probably due 

to the limited capacity for cholesterol absorption. As diets 

low in saturated fat also tend to be low in cholesterol, the 

relative contribution of these two factors is difficult to 

evaluate. Hr~gsted et al ( 1965) has suggested that reducing 

dietary saturated fat, increasing dietary polyunsaturated fat, 
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and increasing choles tero1 i:nta\.e.~ 1 ("',-,ch cXh·t.s an inclcpendent 

effect,, Agains t this vi_c·:r is the-(' tao{' ,>)~111.or et al (1964) 

and Erickson et a l ( 1 9G4), 'ih:i.ch c;·nsr'.)es t th::; cholcs tcrol to 

be the overridinu fi:l.ctor~ i\n int,_;/' :,:Lz-i.y probably exi.~:;ts betwean 

dietary cholesterol and the compo.:; ;_ l::i.on of dietary fat; con­

fl i c ting data, however, co11fuse t:lP issueQ Brm1m ( 1 970 ) has 

pointed out that dietary fat must h.:,ve a P/,3 ratio of 7 t o 

s ignific antly lower cholesterol levels when dietary cholesterol 

i n t ake is that of the typical Amer:Lc,m diet (about 700 mg o/ 

day) . On the other h2md, when clloJ.esterol free diets were 

consumed, changing the P/S I'atio f1'om o. 2 to 2. 6 was shown t o 

have n o effec t on serum cholesterol ( Conno:c ct al, 1964 ) . I f 

t he exogenous cholesterol is below 400 mg. per day and t he 

amount of sat v..rated fat in the diet is controlled , the eff ec t 

of the P/ S ratio on cholesterol h::vels is lessened (Keys e t 

al , 1 957b; Stamler, 1960; Erickso~1 et al r ·1 964; Reiser , ·1 966 ) . 

The exact interrelationship between dietary cholesterol 

and £at of different co1:i.posit:i.on i s thu:; not clearly understood. 

None the less, in long-tei"m clin ic ::1. l trials, a signifi cant 

cholc~sterol lo~rering effect has resul tE~d from the .feedi ng of 

die t s l ow in chol esterol, \'Ti th partial reT>lacement of saturated 

by polyilnsatm'ated fat.. ·The United State,; National Diet Heart 

Study (Nat i onal Diet Heart Study Rc..~search Group, 1968 ) attained 

a mean r eduction i n serum choleste:col of 26 mu ./dl" f-..com base­

l ine v a lues in men living at home 1 and of 36 mg./dl. in those 

living in institutions where dietai"'y adherence was probably 

be t ter . In the New York l\nticoron<-li'Y Cll,1.b 'l'rial (Clu'istal<is 

et al, 1966 ), serum cholesterol vaJ.ues fell by 1106% in one 

year from a mean starting value of 260 mg.,/ ell. 'l'he reduction 
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was sustained, and j_n fact serum cholesterol fell by a .furthe-r.-

5 mg./dl. over the ensuing four yea1's. 'I'he Los ,'\11:JE.~les 

veterans Trial of Dayton et al ( 1969) sho'..ved tlrnt mean chol­

esterol values were 29.5 mg.,/dl. lower in the experimental 

group than in controls, avid in the Helsinki Mental Hospital 

Trial (Miettinen et al, 1972), cholesterol concentrations 

changed significantly in the expected direction~ 

Mechanism o.f the reduction in serum cholesterol concentration ---,-~-·-------·-----·---" 

There are several ways in which pol:;,nmsaturated fat could 

lower serum cholesterol concentration. One possibility is that 

endogenous synthesis of cholesterol might be reduced; anotht~r 

is that absorption of dietary cholesterol might be diminished. 

Removal of cholesterol from the body could be enhanced either, 

in the form of neutral steroids, bile acids or both. A further 

possibility is that the cholesterol lowering eff0ct could be 

due to a redistribution of cholesterol from plasma to extra­

vascular sites. A combination of a.ny or all these factors could 

also be operative.. Despite rnany years of careful :cesearch in 

this field, the exact mechanism is not known with certainty~ 

Little evidence exists to support the hypothesis of reduced 

endogenous cholester ol synthesis being the important mechanism. 

Avigan and Steinberg (1958), however, showed polyunsaturated 

fat to increase cholesterol synthesis in rat livers. 'rhis may 

not, however, relate to total cholesterol biosynthesis in the 

intact animal. The hypothesis of reduced cholesterol absorp­

tion has also received little support, althouah two studies 



have reported chol0:stero1 absorption from the gut to be 

i nhibi tecl by polyunsaturated fat ('iluod et al, 1966; 'Hood and 

Kinsell, 1967). Others have reported the opposite, ioe. 

enhanced cholesterol absorption during ui1s21.turated fat feeding 

(Byer s and Friedman , 195 8; Bloomfield, 1964).. More recently, 

McGovern and Q1.,1,akenbush (1973) failed to explain the chol­

esterol lowering effect o.f polyunsaturated fats by reduced 

cholesterol absorption in rats fed labelled cholesterol,. 

The conflict with regard to the effect of polyunsaturated 

fatty acids on cholesterol excretion is somewhat more interest­

ing. Gordon et al (1957) and Lewis ('1958a) were among the first 

to demonstrate avi. increased excretion of bile acids on replac­

ing saturateq. with unsaturated fat in the diet; they suggested 

that an enhanced conversion of cholesterol to bile acids might 

account for the lower cholesterol levels observed after unsatu-­

rated fat feeding. Since that time, steroid balance studies 

have confirmed that polyunsaturated induced reduction in serum 

cholesterol could be accounted for by an increased faecal 

steroid excretion8 However, doubt has recently been cast on 

this mechanism and a shift of cholesterol from vascular to 

extravascular compartments has been claimed to be of major 

importance (Grundy and Ahrens, 1970)~ 

After the initial studies of Gordon et al (1957) and 

Lewis (195 8a ), two groups of workers failed to find consistent 

changes in steroid excretion rates (Avigan and Steinberg, 

1965; Spritz et al, 1965). Kinsell's group have, however, 

consistently found an increase in faecal steroid excretion on 

switching the dietary fat source from saturated to polyunsatu-
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rated (Sodhi et al, 1964; Wood and Kinsell, 1966; \-lood et al, 

1967; Sodhi et al, 1967; Kinsell et al, 1968). Using a chemi­

cal balance method, they observed greater steroid excretion, 

both neutral and acidic after polyunsaturated compared with 

saturated fat feeding, in every subject studied, regardless 

of the order in which the fats were fedo The fall in serum 

cholesterol on switching from saturated to polyu.nsaturated feed­

ing was abrupt and maintained, and was associated with an 

immediate and maintained elevation of total faecal steroids 

which were considered to be due to increased excretion of bile 

acids, and neutral steroids, both of endogenous and exogenous 

origin (Kinsell et al, ·1968) o They suggest that the hypo­

cholesterolaemic effect of dietary unsaturated fat is attrib­

utable, at least in part, to an increased excretion of chol­

esterol and its metabolites in the faeces; and remark on the 

probability that at least some of the increased excretion may 

be due to reduced absorption and re-absorption. They also 

showed the increased excretion rate to be prolonged (at least 

up to 80 days) and suggested that, as a new plateau of serum 

cholesterol is reached long before this time, an increased rate 

of addition of cholesterol to the plasma pool must occur. 

Although this could be due to an increased synthesis rate, 

little data is available in support of the hypothesis; increased 

mobilization of cholesterol from extravascular sites thus seems 

likely. 

The studies of Moore et al (1962) and Moore et al (1968) 

are in agreement with those of the Kinsell group despite the 

use of different methods. Using an isotopic balance method 

f 11 · th · t 1·nJ·ect1·on of 14c cholesterol, they o owing e in ravenous 
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shO\h';(l a si9ni C'icant increase in total faecal steroids after 

isor·dloric substitut ion of pOJ.}rtmsatu.ratcd for saturated fat. 

The iHcrease was equally distributed betwc-en neutral steroid 

and bile acid .frac tions. The change in serum cholesterol con­

cent1.'c1.tion was found to be more than adequately balanced by 

a reciprocal change in fo.e-:al steroid excretion, sufficient 

to account for all the cholesterol lowerincr effects~ v 

'l'lrnse _findings are, however, not universally accepted .. 

The ma. in opposition com(~s from Ah1'ens and his co-workers 

(Spritz et al, 1963; Sprit z et al, 1965; Grundy and Ahrens, 

1970) who claim that the majority of patients they studied, 

fail ed to show an increase in faecal neutral steroid excretion, 

a r c:C:l1.,1,c ed absorption of exogenous cholesterol or an increase 

in bile acid excretion~ In view of this they thought it unlikely 

that the hypcrcholesterolaemic response to dietar'Y poly-

1..msa.ttu'ated fat could be explained in terms of increased steroid 

excJ'.'C; tion; they suggest the alternative possibility of re­

dist1'ibution of cholesterol between plasma and tissue pools 

to l)(:; the lik~ly mechanism. It is, of course, tremendously 

important to exclude the possibility of cholesterol being re­

distributed to extravascular sites, which could include the 

arterial wall, in view of the widespread ::-.'ecomme:ndation of such 

di ets for the prevention and treatment of hyperlipidaem:i.a a.nd 

nro. It is, therefore, especially important to know whether 

cholesterol is leaving the body or moving into the tissue .. 

Kinsell et al (1968) believe the differences between the 

two Cll'OUPS to be methodologicale Samples have actually been ,_, . 
exchanged; this, however, has failed to resolve the differences. 
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F'tn' Lher <:::v:iJ ,:'1c2 ac; ;;inst the p:coposals of Ahrens ' group comes 

fr om Connm' 2nd hi ~, co•-\\Torkc~:.cs ( Connor et al, 1969 ). Using 

identical mcU 1 ods to 1\hrens, they showed enhanced neut:r.aJ. 

steroids · 11d b _i_le ac Ld secretion sufficient to account for 

changes in s crum cl:J.ol(:sterol, to be present in all. cases studiedo 

Faecal bile acids cH:::counted for the g:reater part of the change. 

In view of the s i mili.1cr methodology, these different results 

are of interest~ As Grundy and Ahrens (1970) studied mainly 

subjects wi Lh hyperlipidaernia whereas CoYL1-1or et a l ( 1969 ) 

studied n ormal men, it is possible that subjects with metabolic 

abnormaliti es show a somewhat different response to unsaturated 

dic::tary fats~ More likely, however 1 is that the long period 

kn01.1m to ex ist befol"e any change occurs in the plasma-liver 

cholesterol pool, is greater in subjects with expanded pool 

sizes ( Com1or et al, 1969 ) . 

Another possible mode of action of polyunsaturated fatty 

acids in r educing serum cholesterol concentrations, concerns 

st::cuctural cha..nges in plasma J.i.poproteins. QuaJ.i tative chansJes 

could facilitate th2 catabolism and elimination of the con­

tained cholesterol, or influence the handling of cholesterol 

at a cellular l evel. 

Cholesterol esters were noted to become more 1.msaturated 

before s erum cholesterol levels fell in human subjects fed sun­

flower seed oil (Lewis, 195 8b )" Arvidson and Malrri.ros (1 972 ) 

showed similar changes to also occur in triglycerides, free 

fatty acids and phospholipids. Further evidence that the 

composition of the cholest erol-bearing lipoproteins of plasma 

are important determinants of their own metabolism, is the 



·14 
observo.tion that C cholcsterol--labe11ecl lipoproteins con-

tal. ,,..,_ l· n0 unc~atu11 at=_d f<.· .. ,-1··'1.·y -:, • -1 ' • d " , , . u ;; - --= .c... c,ClCJ.S acr:1.ve . .!:.L'Or:1 CJOl'lOr ratr;, 

induced an increased bile acid and steroid excretion 1J'l'.cn fed 

to recipients (Lewis et al, 1961). It is 1 tl1ere.fore, of 

interest that Schrade et al (1961) reported the serum J.ipids 

of patients with hyperlipidaemia to contain relatively more 

saturated and monosaturated fatty acids ,m<l less polyunsaturated 

.fatty acids than the serum lipids 0£ healthy male controls. 

More recently, Spritz and Mishke1 (1969) showed the 

reduced cholesterol levels following polyunsaturated fat feed­

ing to be due to a reduction in low density lipoprote.in chol­

esterol without a significant change in the-; protein content 

of this lipoprotein. Compositional changes in the lipoproteins 

were also observed; linoleate increased at the S position of 

phospholipids during ·unsatu.rated .feeding. It was postulated 

that in view of the non-linear configuration of unsatura.ted 

fatty acids, they occupy a greatc:r space on the lipoprotein 

molecule than do saturated fatty acids. By altering the spatial 

configuration of the lipids into which they are incorporated, 

fewer lipid molecules could be accorrnnodated by the a.poprotein 

of low density lipoprotein, resulting in the lipid lowering 

effects of poly1.,msaturated fat,, Al though not proving this 

hypothesis, their data is consistent with it; a similar effect 

of polyunsaturated fat on VLDL night, therefore, account for 

a reduction in the lipid content of this lipop:roteino 
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By contrast with the vast literature on the effect of 

poly-unsaturated dietary fats on serum cholesterol, relativeJ.y 

little is known of their ef fee ts on serum trigJ.ycE"~r:i.des. The 

latter effect has received renewed attention in view of the 

now wel l established assoc i ation between serum triglycerides 

and II-ID. As.with serum cholesterol, measures which lower serum 

triglycerides may prove of value in the prevention and treat­

ment of atherosclerosis. 

Ef feet on ser~_!!_iglyc_e;r,ide £_cmcentrati~ 

In many of the earlier studies on the effect of poly­

ux1saturated fats on serum cholesterol 7 triglyceride measure­

ments were also performed. Little significance, however, was 

attributed to changes observed,. By contrast, with the general 

agreement that polyunsaturated fat feeding reduces choleste:r.'ol, 

the effect on serum triglycerides is more variable~ Some 

studies showed a triglyceride reduction in respons,?. to ur..satu­

rated fat feeding; others failed to show this effect. In me,111v 

of these early studies, the dietary changes involved more than 

one dietary constituent. Not only was the fat content changed, 

but frequently carbohydrate content and composition were 

simultaneously altered., Not surprisingly, interpretation of 

much of this data is somewhat difficulto 

A lowering of serum triglycerides in response to poly­

unsaturated fat feeding is well documented (Ahrens et al, 1957; 
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Kins ell et al, 19'.>9; Beveridge et al, 19G4; Anderson, '1967 i 

Connor et al, 1969; Spritz and Mishkel, 1969; Bagdade et al , 

1970; Grande et al, 1972; Macdonald, 1972; Whyte et al, 1973). 

This effect i s rapid, Macdonald (1 972 ) having found a 20% 

reduction in five days. 'I'hat the effect is due to a change 

in the quality of the dietary fat is strongly sugges t ed by the 

use of formula diets, in which the only switch was in the type 

of fat. For.example, when .formulas providing 40% of calories 

as fat were fed as either saturated or unsaturated fats, with 

other constituents being identical during both dietary periods, 

plasma trig·1ycerides fell significantly in response to the 

unsaturated diet, ( Spritz and Mishkel, 1969) .. The effect of 

certain saturated fatty acids on triglyceride levels differs 

from their ef feet on serum cholesterol. ·whereas stearic acid 

has little effect on cholesterol levels (Keys et al, 1965a), 

it has a hypertriglyceridaemic effect relative to palmitate 

(Grande et al, 1970). Also, saturated fatty acids with less 

than 12 carbon· atoms have little or no effect on serum chol­

esterol (Hashim et al, 1960; Grande et al, 1972); they do, 

however, cause an elevation of serum triglycerides when sub­

stituted for longer chain fatty acids such as palmitic and 

oJ.eic (U zawa et al, 1964). Saturated fats which contain large 

proportions of stearate, or fatty acids with less than 12 

carbon atoms such as beef fat and butterfat respectively1 have 

frequently been used in feeding experiments during saturated 

fat fe eding periods. The triglyceride lowering effect on switch­

ing to polyunsaturated · fat could thus result largely from a 

reduction in stearic and short cha.in fatty acids, rather than 

from some effect of polyunsaturated fat per see Some feeding 

experiments, however, do suguest that polyunsaturated fats 
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reduce triglycerides in the:ir own right. When formuj_a diets 

containing fats with only one long ch~in fatty acid were 

substituted, the triglyceride lowering-effect of polyunsaturated 

fat feeding was still observed (Connor e t al, 1969 ) . The 

serum triglyceride concentration appear s to be least affected 

in subjects with the lowes t initial values (S pritz and Mishkt=:l, 

1969 ). Whereas in the same study serum choles terol reduction 

was shown to.be due to a change in the LDL cholesterol, it is 

not known which lipoprote:i.n changed to account for the tri­

glyceride effect, as measurements of VLDL were not made. Little 

information is availabJ.e as to lipoprotein changes which 

account for this change. 

A triglyceride lowering effect of poly-u.nsaturated fat 

diets has not been universally found. Anderson et al (1973) 

using a diet specially designed to lower serum cholesterol, 

showed the desired effect to be accomplished without any sig-­

nificant change in serum triglyceride. Their cholesterol lowe1'­

ing diets, however, had much lower fat calories than the 

standard diet it replaced ; an increased carbohydrate intake 

was used in order to keep the diets isocaloric. As isocaloric 

high c arbohydrate diets are well kno'\Jm to be capable of induc­

ing an elevation of s erum triglycerides in normal subjects 

(.Antonis and Bersohn, 1961 ; Glueck et al, 1969; Mancini et al, 

1973) and in patients with endogenous hypertr i glyceridaemia 

(Ahrens et al, 1961), t his may explain the findings of Anderson 

et al ( 1973). What is p(~rhaps more significant, is that when 

in the same study a cholesterol-raising diet was fed, tri­

glycer ide levels rose significantly (Anderson et al, 1973). 

The l at ter diet contained more egg and butterfat and less 
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vegetuble oil and miscelL.meou:; vegetables, than di.d the 

standard diet with which it wa.s compa:ced. The fat ancl carbo­

hydrate conten t of each WCl''e similar . 

Arvidson and Malmros (1 972) a lso failed to show any clear 

cut effect of polyunsaturated fat feeding on serum triglyceride. 

During one of two fee:ding periods, mean triglyceride concen­

trations were lower in the group of subjects ingest ing unsatu­

rated fat compared with those receiving saturated fat; the 

levels, however , failed to reverse when the diets were exchanged 

between the two groups. The reason for this observation is 

not Clearo 

Long-term trial~j have also shown a variable effect. 'rhe 

efficacy of dietary adherence is, however, frequently difficult 

to judge and changes in weight frequently confuse the issue. 

Using the Coronary Prevention Evaluation Programme Diet, Ho.11 

et al (197 2 ) found the reduction in serum triglyceride to 

exceed the fall in serum cholesterol by 50% after onE: year's 

treatment in hypertriglyceridaE.'?mic men~ In normoJ.ipaemic !T'.en, 

the reduced triglyceride level after one year was, however, 

not statistically signi.:Ficant.. 'rhis diet is low in saturated · 

fat and cholesterol, moderate in polyunsaturated fat, total 

fat a..Ylcl carbohydrate, and calorie controlled to lower weight 

where indicated $ Of the hyperlipidaemic subjects, those who 

lost weight showed the most marked change in serum triglyceride ; 

the group whose weight remained unchanged showed a smaller, 

but nonetheless significant reduction, suggesting that the 

·qual ity of the diet as well as the calorie deficit, played a 

part in the fall in se:rwn triglycerides. Further support for 



an independent effect of d:i.et composition comes from Wilson 

et al (1971), ,~10 used the American Heart Association high 

polyunsaturated/saturated (P/S) diet •. In this di<:;t, total 

fat provided 40% of calories, saturated fat 1 0%, polyu.nsaturated 

fat 15% and CcJ.rbohydrate 43%. They showed that after six 

months' dieting, serum cholesterol was reduced by 9.6% and 

triglycerides by 11.7% in a group of hypcrlipidaemic subjects 

and normolipaemic non-obese men. Triglycerides fell rapidly 

during the first two weeks of the diet, then rose, but by the 

end of the six month period, were significantly lower than 

i nitially. The most marked reduction in triglyceride levels 

were seen in those subjects who had decreased their carbo­

hydrate intake, and also in those who had increased their in­

t ake of polyunsaturated fat above the minimum recommended level .. 

In these long-term studies, not only was the type of 

dietary £at changed, but the intake of the fat was usually 

reduced as well. Either calorie intake is reduced, which may 

contribute to the fall in serum lipids, or a proportion of the 

saturated fat intake is isocalorically replaced by carbohydrate; 

the higher carbohydrate content might then cause aYl upward 

trend in triglyceride levels (Ahrens et al, 1961; Glueck et 

al , 1969; Mancini et al, 1973). For these reasons, it is 

somewhat difficult to compare these studies with carefully 

controlled dietary experiments involving an isocaloric sub­

stitution of one fat type for aY1other wh:i.J.e keeping the other 

constituent of the diet unchanged, and at a level comparable 

t o that ingested by western societies. 
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Another wi:.i.y of examininu possible long-term effects of 

hiah polyunsatu.:rated f:1.t diets is by studying lipid levels 

and coronary· heart disease incidence in communitit~s which 

habi tually consume such diets. Not many such conununi ties 

exist; despite incomplete evi dence about their food consump­

tion, the Eskimos appear to be the only people who fall into 

this category (Krog·h and Krogh, 1914; Bang et al, 1971). It 

is, therefore, of interest that the Eskimos have significa.YJ.tly 

lower levels of cholesterol and especially triglycerides than 

many developed countriese Bang et al (1971) reported a mean 

triglyceride concentration of less than 60 mg./dl. and Ho et 

al (1972) a mean concentration of 85 mg./dl. Semi-quantitative 

lipoprotein electrophoresis has revealed that pre-beta lipo­

protein leve ls are strikingly low (Bang et al, 1971; Ho et al , 

1972); in fact, most electrophoretic strips showed a near­

absence of pre-beta lipoprotein. Contra-ry to most western 

civilizations , triglyceride levels fail ed to increase with 

increas ing age. That these effects are environmental rather 

than heredit~y is strongly suggested by the fact that Eskimos 

living in Denmark, had serum lipids simila-r to the Danes. It 

is tempt ing to attribute the observations on the lipids and 

lipoproteins of the Eskimos to the high content of polyunsatu­

rated fat in their diet and their low intake of saturated fat .. 

Much fatty fish, whale and meat is eaten, but dairy products 

are seldom consumed. They do, however, also have an extremely 

low intalce of carbohydrate ("1 5 - 20% of total calories) which 

may partly account for the low triglyceride and pre-beta lipo-

protein concentrations, and which makes conclusion :regarding 

the effect of dietary polyunsaturated fat somewhat t enuouso 
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extre1 tcly 10\V j rw:i.dencf~ df c:oro:na:cy heart disease ( Dc1.ng et al, 

197'1 ) ., 

1E-J=crrt:latio1]l.~t1if).J2.9tw~~~ ..c~.~-~z fats and c a1;bohyc1rat_~ 

on s:?r1..1n t1~icrl vct~:r.ide conccntra tion ___ .... ..,_,_ ---~...« _..,_..,_......,__• -- ,.,_. -=• r ,. ,. -~• _.,u• 

From the afox·egoing, it is clear that the serum. triglyce­

ride concentrati on is to some extent determined by the intake 

of d ietary satm:-ated and polyunsaturated fat~ It is well 

known tha.t dietary carbohyd:i-:'ates can also influence serum tri­

glyceride cone ::.n·t:: :cation., As mentioned earlier, high carbo­

hydrate; diets can result in an elevation of serum triglycerides 

in both :normolipaemic (Antonis and Bersohn, 1961; Glueck et 

al, 1 969 ; Ma.nc i n i <c:t al, ·1973) and hypertriglyce:ricla.emic 

indi v _~dun.ls (Ahrens et al , 1961 ) o In view of the possibi1.i ty 

that th(~ respon::;e of se:cum triglycer ide to dietary fat may 

be modi.f.-'i2d by the type ,3.rld amount of carbohydrate in the diet 1 

the interrela.tion::::hip bet\veen these two dietary components on 

plasma lipid meta.b,)lism is clearly of interest. 

1\.n acute increase in serum triglyceride levels in response 

to dietary suc::cosc is 1ve11 described. This effect has , however, 

only been demonstrated. \'.then the l evel of carbohydrate inta1<e 

has been very high 1 e.ge 7 grammes/Kg./day (Macdonald and 

Braithwaite , 1964 ; Macdonald, 1965; Antar and Ohlson, 1965; 

S d -, · 1969 ·J t 1 t.. 1 1970) At l o\ver .. rnore za.rrto an Yue1Kin, ; j\ es e e·L a , " 

usual levels of sucrose :i..nta.ke ( e. ~J . 20% of total calorie in­

take), this hyp t?l' lipidaemic effect is not found (Dunnigan et 
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al, 1970; Mann and Truswell, ·1972)e A furthc.:r factor which 

influences the increase in s0rum tricrlyceride in response to 

dietary sucrose, is the fat content of the diet (Macdonald, 

1967). More recently, 1'-Iacdonald( 1 972) has shown that sun­

flower seed oil in the diet of normal men, reduces the serum 

triglyceride concentration regardless of the nature of the 

accompanying carbohydrate. This sug·gests that carbohydrate, 

especially sucrose, only influences serum triglycerides in 

situations where the polyunsaturated fat content of the diet 

is low. This has been confirmed in hypertriglyceridaemic 

subjects; sucrose exerted a hyperlipidaemic effect in the 

presence of dietary saturated fat and cholesterol (Antar et 

al, 1970), but not when the accompanying dietary fat was high 

in polyunsatUJ."'ated fatty acids (Birchwood et al, 1970). Mann 

et al (1973) have recently shown the hyperlipidaemia induced 

by feeding high sucrose diets to be reversed "\Vhen the accompany­

ing fat was changed from sat1u'ated to polyunsaturatedo These 

findings may have therapeutic implications; diets designed to 

lower serum tri iJlyceride may not need to be low in carbo­

hydrate content if sufficient polyunsaturated fat is ingested. 

Mechani sm of the reduction i_n se~1 _tri.9l-yceride. in response 

to fe~9-ing polyunsaturated~ 

By contrast with the large number of studies on the 

mechanism of the cholesterol response to polyunsaturated fat 

feeding, little is known of the mode of action of unsaturated 

fats in reducing serum triglyceride. In order to exert its 

triglyceride lowering effect, dietary polyunsaturated fat must 
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n 
prcsur,1t1bly ei thcr accelc:eate the removal of cndou e::nous tri-

g·1yc·.·~-.r,,_:d0 fJ~o-1 ~) lasrna o·r. d c ·t of · · .__ ,_ - '-- -- - ! i 1 - c " - , . e .rease i· s rate input into 

plasma . 

As discussed in Chapter I, removal of triglyceride in 

pl asma is l arge:: ly controlled by lipoprotein lipase. Rats fed 

a polyunsaturated fat diet providing 20% of calories as corn 

oil , had significantly lower serum triglyceride concentrations 

than rats fed an isocaloric amount of saturated fat (Pawa.r and 

Tidwell, 1968). Adipose tissue lipoprotein lipase activity 

was significantly higher in the rats fed the polyunsaturated 

fat diet, suggesting enhanced removal of trirJlycer:i.de to be 

respons ible for the lower triglyceride levels seen. A similar 

effec t has been reported in man; Bagdade et al (1 970 ) showed 

PHLA to be greater after a 40% £at diet rich in polyunsaturated 

fat when compared with an isocaloric saturated fat diet. 'rhe 

increased PHLA was associated with a reduction in serum tri­

glyceride suggesting that unsaturated fat might f acilitate the 

removal of triglyceride from plasma. It is also conceivable 

tha t lipoproteins containing different fatty acids in their 

triglyceride components may be hydrolyzed at different rates 

by lipoprotein lipase, a1 though Korn ( 1961 ) has shO'Jm lipo­

prote in lipase activity in vitro to be independent of the .fatty 

acid nature of the substrateo 

The alternative possibility is that polyunsaturated fat 

feeding lowers serum triglyceride concentration by reducing 

the secretion o.f triglyceride in its main transport form, VLDL. 

It i s well established that during unsaturated fat feeding, 

the proportion of polyunsaturated free .fatty acids in plasma 

265 



l 
·j_ncr e,1s(0;~: i n r e l;. i_tj_on to sc1tu:rated f r-e e fatty acid (Ha ll~Jre:n 

c t al, ·1sGu) .. Kc,lh)Ut et aJ. ('1971) l1 E~rfusecl i sol.atecl rat J.ivers 

w.ith isorno lar con c e:ntrations of diffo.:cent albumin-bound free 

fatty ac id.so 'rhcy demonstrated triulyceride sec:i."etion to be 

dc~pendGnt on the chemical nature of the free fatty acid per­

fused; when long chain fatty acids containing 18 carbons were 

-oerfused, the output of triglyceride decreased as the number 

of doubl0. bonds increased. If this pertains in man, the change 

in the ratio of linoleic to saturated long chain fatty acids 

which occurs during polyu.nsaturated fat feeding, could result 

in a di1ninished hepatic output of triglyceride. Nestel and 

Steinberg (1963) had earlier found less linoleic acid to be 

incorporated into hepatic triglyceride than palmitate, by the 

p(-:rfused rat liver and by rat li veI' slices. No significant 

difference in the triglyceride content of the per.Pusate was, 

however, detected between the two fatty acids .. A possible 

explanation is that the:i.r perfusion lasted only 90 minutes 

whereas that of Kohout et al (1971) lasted four hou..rs; it may, 

be that e sterification of fi'FA and secretion of triglycffcide 

depends on a critical intracellular FFA concentration which 

had not b<~en adequately achieved in the shorter perfusion time 

of Neste l and Steinberg (1963). Nestel a.11.d Barter (1971) also 

showed incorporation of labelled palmitate into serum tri­

glyceride to exc e ed that of linolE-~ate during constant in.fusion 

of these two .free fatty acids in a heterogenous group of normo-• 

lipaemic and hype:~c-lipidaemic subjE::cts~ Data is, however, not 

available cor:1par:i.ng hepatic triglyceride production from the 

sam(~ precursor fr(~e fatty acids in animals prefed saturated 

o:r poly1msaturated diets. 
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If, as sugges ted by these two groups of workers, palmi­

tate is preferentially incorporated into serum triglycerides 

compru: eel with linoleate, it is of interest to know of their 

relative roles in other metabolic pathways of hepatic FFA. 

Ketogenesis from palmitate, for instance, has been shown to 

be less than from isomolar'·concentrations of linoleate in the 

isolated perfused rat liver (Kohout et al, 1971). However, 

in fed rats, ketogenesis is only a mi.nor pathway. When keto­

genic rates were increased by fasting, the production of ketone 

bodies from a variety of fatty acids has been shovm to be 

similal'.' (Krebs and Hems, 1970). 1lhether hepatic palmi tate 

and linoleic acid are oxidized at the same rate in vivo is 

not clearo Havel et al (1964 ) showed oxidation rates of 

palmitate and linoleate to be similar during exercise in man .. 

However, in vitro studies with rat liver mitachondria showed 

the rate of co2 production to be greater from short chain than 

from long chain fatty acids (Bjl!mtorp, 1968). Furthermore, 

the rate of oxidation of 18C fatty acids appears to be directly 

related to the number of double bonds of the major free fatty 

acids occurring in plasmao Linoleic acid was shown to have 

a faster rate of oxidation than palmitic, stearic and oleic 

acids .. It is, therefore, conceivable that, whereas palmitic 

acid reaching the liver tends to be incorporated into tri­

glycerides, preferential oxidation of free linoleate may occur. 

A further fate of hepatic FFA is incorporation into phospho­

lipids. Besides being an essential component of membranes, 

phospholipids a.re important constituents o.f lipoproteins and 

of bile. Campbell et al (1 972) showed the output of biliary 

phospholipid, cholesterol and bile salts to be enhanced by 
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corn oil on bilia:ry bile Si:."1.t out};,•1.1: i.:o be d,1.c to cr.t11c111cecl bil8 

acid S}m thesis from choL:sh:-::col. '"); -~ hypciehoJ.esteroJ.E\cmic 

effect of polyunsaturated fat coulcl l:n.ls be d.ue to accelerated 

cholesterol cata.boli5.,m to bilc2 acids~ SeJ.c-:cti~,e incorporation 

of polyunsaturated fl"ee fatty acids :nt:o pho,;pholipid, rather 

than triglyceride, could tllus 

lowering effect of these fatse 

a fRctor in the triglyceride 

A further possible explanation of the effect of dietary 

polyunsaturated fat serum is an C!Xt<.::nsion of the hypothesis 

of Spritz and Mishkel ( 1969). 'rhey have suggested that: un­

saturated fatty acids occupy more space on the J.ipoprotein 

molecule than saturated fatty acid::;, thereby allowing fewer 

lipid molecules to be accom:-nodated. per unit of apoprotein. 

Their hypothesis is based on dietal'Y induced changes .found in 

LDL (see page 256); it could, howevc·c, e<::J.lW1ly apply to VLDL, 

and serum triglyceride could thus be: reduced. 

SCOPE OF THE PRES8NT S1'YPX 

Al though the triglyceride loweI'ing ef' feet of hiSJh poly­

unsaturated fat diets is well docmncllted, both in short term 

feeding experiments and in longer term t:i.."'ials, little is known 

as to the magnitude or mode of action. 

The present studies have attempted to a~;sess changes in 

serum lipid concentration during .feeding experiments involving 
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:i..socnloric sub.<~ti tution of saturated a.nd polyunsaturated fa.t 

in nor11".olipac:;nic c:1nd hyperlipidaemic men. Since little data 

is n.v2\ilab1e as to changes in lipoprote:Lns in response to 

polyunsaturated fat feeding , the lipid content of lipoprote in 

fractions was measured after uJ.tracentrifugal sepa.rationq 

From the a.foregoing it can be seen that there is little 

information concerning the mode of action of diets rich in 

poJ.y1.msatu.rated fat in reducing serum lipid concentrations. 

The mechanism of the fall in triglyceride level has been little 

studied; increased removal has been suggested to be the dominant 

factor because increased adipose tissue lipoprotein activities 

have been reported in rats on such di(-:ts ( Paw.J.r and Tidwell, 

1968). As unsatu:rat(~d long chain fatty acids have been shown 

to be less well incorporated into triglycerides by the rat 

liver compared with satur2tted fatty acids (Kohout et al, 1971), 

a reduction in secretion o.f triglyceride in its main transport 

form, VLDL 9 could also be operative. These possibilities have 

been assessed in the pr·es(_0nt study. 

'rhe possible role of altered rate of uptake of triglyce­

ride .f-.com plasma was studied using the intravenous fat toler­

ance test o.nd by assaying post-heparin lipolytic activity. 

Factors influencing the secretion of VLDL triglyceride 

were also investigated. Plasma FFA concentration and turnover 

were measured. The incorporation of free palmitic and free 

l]·no., · · 1 i·nto VIJDL-triglyceride was compa:ced using a . 1.eJ.c ac:Lc s . 

double isotope technique. These two fatty acids were chosen 
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as representative of saturated and polyunsaturated fatty 

acids respectively. 

As insulin-secretion may influence the rates of tri­

glyceride secretion into plasma ('ropping and Ma.yes, 1970) and 

of its removal ( Salarnan and Robinson, 1966 ), serum in~;Lllin 

levels were also compared during the two dietary regimes. 
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rr:1irty-£our men took part in a short-term fet~ding experi­

ment to determine the effect of dietary polyunsaturated fat 

on fasting serum triglyceride and cholesterol, a..""1.d lipoprotein 

concentration c'\nd composition., Each subject underwent two 

dietary periods; in one, the fat content was predorni:nantly 

saturated, in the othcr 1 predomi:t1a....'lltly unsaturated$ Measure­

ments were made towards the end of each dietary period. 

Eleven men (mean age 54 years, range from 30 - 67 yc~ars ) 

with endogenous hypertriglyceride were studied. A11 had ser".lm 

triglyceride levels exceeding 1 60 mg o/ dl .. ·1,vi th serum lipo­

protein electrophoresis showing increased pre-beta bonds. 

Subj ects with known secondary causes of hypertriglyceridaemia 

we:t'E:.: excluded from the study. 

In addition, 23 normal men (mean age 30 yea:r:s1 range 20 -

52 years) b(:ing heal thy members of the hospital and laboratory 

staff, were investigated., Their serum t1'iglyceride . levels 

were less U1an 160 mg .. /dl. and cholesterol concentrations less 

than 260 mgo/dlo 
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DIETS ---

The feeding experiment con::;ic;t,:::d of d ::; - 5 cic:1y run in 

period followed by two 1 O day dL::: l:a:;:y p,·,r i_.yi_s. C";.l.orie intake 

was calculated for cac:h indivic.ual from 2 ,k-tailE·d dietary 

hl. 0 tory talce:n 1oy a tr::, ··-, ·, "· t · 1 • .J • • c,U.1.CQ (...tle--i .::1an. t:hc normal .men, 

initial bocly weight \Vas 69.5 ±. ·1.9 Kg. (inc~tm ± s1,:u ); in the 

hypertriglyceridaemic pa.tients, it was 7 iL 4 :t 2. 2 Kg. Body 

weight was recorded daily and ave::rage £'i.uu:ces fm'.' c~ach feed­

ing period did not increase or dc:::crease by more thc.m 1 Kg. 

No alcohol was permitted throughout the ::;tudy. 

During one 10 day period, ·the dietary fat wa.s predominantly 

saturated, with a P/S ratio of 0.20, whi-::::reas dv.ri:ng the other 

period, most of the satu1'ated fat content wa.s isocalorically 

substituted by·polyunsaturated fat; the P/S ratio during the 

unsaturated fat feeding period was 2.4 0 The diet consisted 

of normal foodstuff, being provided as three main meals and 

two snacks per day, in both dietary periods. 

Fat provided 40% of total calorie <:-; 1 CiJ.rbohydra,te 45% and 

protein 15%~ In both periods, the major sources 0£ protein 

were lean meat and poultry, and vihole o:c s.kimrned milk. T.hrough­

ou t the study, the nature a11.d content of dietary carbohydrate 

was held constant; starch provided 23% 1 '.'rn.crose 11 % and fl"uc­

tose 5% of calories, galactose, maltose a.r.'.d other minor com-• 

ponents making up the total carbohydrate content. In the 

saturated fat period, the fa.t \VilS l argc::ly provided as milk, 

butter and cream. Mean cholesterol cont ,mt was 420 mg ./day,. 

In the poly1...msaturated fat period, the m(.1in source of .fat was 
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- - - - - - - ----------------------------------

sunflower oi.1 1 whic_h has a li:nolcic acid content of 6'1. 5¼ 

(Press et ,::il, 1974). 1'·11-=an chole:;ter·o1 content duxing this 

part of the·diet was 160 mg./day. 

In some experiments , the saturated filt period prec eded 

the period of unsaturated fat fe eding; in others, the sequence 

was reversed~ Meals were provided by the Hammersmith Hospital 

Diet Kitchen. Physical activity was restricted t hroughout the 

periods. 

Fasting serum lipids, lipoprotein ultracentrifugation and 

lipoprote in electrophoresis_ were determined as previously 

described, at the encl of each period. 

RESULTS 

Si;:;I(UM LIPIDS 

A representative study in which t he period of saturated 

fat feeding was followed by the high P/S diet is shown in 

Figure 22 o The reduction in serum triglycerides on switching 

to unsaturated can be seen to conunence within one day. 

The r esponse of serum triglyceride and serum cholesterol 

to the saturated and polyunsaturated fat diets in the 34 men 

is seen in Figure23. 
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Fig. 22. Fasting serum triglvceride and cholesterol 

1evels in a representative dj_etary study. 

Saturated fat feedino_period preced ed 

polyunsilturated fat■ 
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The mean tri9lyceride conc,2ntration was .35% lower (p < 

0.001 by the pa.ired t-test) when unsaturated fat was fed than 

when saturated fat was f0d 1 falling from 167 ± 24 mg./dlo 

( ) + I SEM to 101 13 mg. d1~· cin the two diets respectively. 

Triglyceride J.cvcJ.3 were lower in all but one case after con­

sumption of the polyunsaturated dieto In this case, serum 

triglyceride concentcatio.n was very low on both diets, being 

40 mg ./dL, during the saturated fat dietary period and 46 mg .. / 

dl. during the unsaturated period., 

Cholesterol 

The mean cholesterol concentration wa.s also significantly 

lower after the polyunsaturated diet, value~; falling from 

222 ± 8 (mean+ SIEM) to 188 ± 7 mg./dl.., a reduction of 1 6% 

(pc:. 0.001·) 

Figure 23 also indicates that serum triglycerides and 

cholestero:i concentrations respond to diet in a similar fashion 

both in hypertriglyceridaemic patients and normal subjects; 

those subjects with the highest lipid concentration during the 

saturated fat diet tended to show the more marked response to 

unsaturated fat feeding. Due to the similar response, results 

for normal and hyperlipidaemic · patients have been pooled in 

the remainder of this Chaptere 
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The correlation between the triglyceride concentration 

("-luring the saturated fat feeding period, and the difference 
-

between the triglyceride levels during this diet and during 

the high P/S diet, was exceedin~Jly close, as shmm in Figure 

24 (r == +Oo 94, p < O~ 001). A lower, but nonetheless sig­

nificant correlation can also be seen to pertain for cholesterol 

levels (r == +Oo58, p <'.'... 0.001 - see Fi gure 24 ). Subjects 

with the highest triglyceride cholesterol values while on the 

saturated fat diet 1 showed the most marked changes in response 

to feeding polyunsaturated fat. 

LIPOPROTEINS 

Qua.nti tative 

Changes in serum lipoprotein frac tions during consurr.ption 

of the -two diets are shown in Table 8(n == 25 ). 
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'Eotal 

VLDL 

LDL 

HDL 

Cholesterol ----- , --
Total 

VLDL 

LDL 

HDL 

154 + 24 

91 + 23 

13 + 1 

226 + 9 

27 + 4 

138 + 7 

+ 56 3 

TAB LE! 8 

94 + 13 

53 + 14 

28 + 4 

11 + 1 

191 + 8 

18 + 3 

125 + 7 

56 + 3 

39 

42 

1 1 

15 

16 

34 

10 

0 

p 

"'- o. 001 

, o. 001 

NS 

NS 

.:::. o. 001 

NS 

It c an be seen that the reduction in triglyceride level follow­

ing saturated .fat feeding can be attributed largely to reduc­

tion in VLDL triglyceride, whereas the lower cholesterol level 

aft(::r this diet is due to significant changes in both LDL 

and VLDL chol esterol. Neither HDL cholesterol or triglyceride 

chang ed signif icantlyo 

Qua l. :L ta.tive 

As VLDL triglyceride changed by 42% whereas VLDL chol­

esterol changed by only 341~, it appeared that VLDL composition 

must have differed du::."ing the two feeding periods. In Table 9 

the ratio o.f triglyceride to cholesterol in VLDL is seen to 

decrease significantly when saturated fat was replaced by poly-
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no s i ·f1'li .. '?:i.c r,. 11 l: cl1c1nue in the LDL t1"igJ.yceride to cholesterol 

l"cltio.-

n 

VLDL 25 

LDL 24 + Oo 21 0,, 02 

(MSAN + SEM) 

Unsaturated 
fatche t -

p 

2 ., 1 7' + O. 1 8 .c::. 0. 002 

+ 0.,20 0.02 NS 

Because of the extremely low triglyceride content in HDL, 

calculations on it arE~ inaccurate. 

MECHA?HSM OF' Sf~RUM TRIGLYCE;RID8 LOWERING EFFECT OF' A 

In order to study the mode of action o.f the reduction in 

serurn. triglyc .:..ride concentration after unsaturated fat feeding, 

two <2):perimcnts '\Vere performed. As Fawar and Tidwell (1968) 

have suggested that polyu.nsaturated fat may lower serum tri­

glyceride by enhancing peripheral triglyceride removal 1 this 

process was assessed in 15 men, sixhypertriglyceridaemic and 

nine normolipacmic. Removal of triglyceride from plasma was 

measured using the IVFTrr ( see Page 65 ) ; in addition, PHLA 

( see Page 76 ) was assayed as an indirect measure of lipopro­

tein lipase. These measurements were respectively performed 
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In t!w :;c~~ond exp•:x·:i.ment, six further men, o_ged 32 - 55 

yeal''.3 (J.1can = 118 yc'2tcs), with normal serum lipids (mean chol­

est,.:J'.'Ol 193 l~(r ./dl.; m<':an triglyceride ·1 30 mg ./ell.) received 

an infi:1.:,ion o.f labclL:::d. .fatty acids tc; investigate the rela­

ti vc rates of incorpo:;:'a tion of palmi tatc and linoleate into 

VLDL triglyceride . This was performed in the fasted state, 

the subjects having previously consumed a. 'normal' western 

diet~ 

Figure 25 shows the fasting triglyceride levels of the· 1 5 

pa:rticipants in this part of the experiment on the two diets ; 

the vaJ.ue of ·194 ± 33 mg o/dl., (mean ± SEH) during saturated . 

fat fec-:dinu was significantly higher than the mean level of 

116 :!:: ·19 rnu.,/cll. during poJ.yu.nsaturated fat feeding ( p < Oo005 ) o 

FHLA is also shown, together with the fractional removal rate 

of triglycc1~ide (K2 ) observed in the IVFTT after an injection 

of Intral:Lpid at a dose of 0.1 gramme/Kg" body weight .. By 

cont1~as t with se:rrnn triglyceride concentration1 neither PHLA 

nor the rate constant, K2 , of the IVFTT showed a significant 

change dv..ring the polyunsaturated fat dieting period. 
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IntrCt.V'."'nou.s .fn.t !:ol0r.::mc,-, tes t ___________ .,. ______ ....,._ .. __ .....,.. ____ -·--· - ··•-'>• ... ~-

The values for K0 were 0. 041 + 0.004 min .-1 (mean± SEM) 
c_ 

and 0 .. 040 ± 0~ 005 min .. - 1 on the saturated and unsaturated 

diets respectively. In ol most all cases, the values for K2 

ca..vi be seen to be remarkably sirn:Llar on the two diets. 

PHLA values were 1 08 ± 12 and 120 ± 8 (mean :!: SEM ) 

jivloles/litre/rninute on the saturated and unsaturated fat diets 

respectively. While no significa.1'1t differences were detected 

by the paired t-test , it can be seen from the Figure 25 that 

in some instances , PHLA increased (markedly in one case ) , 

whereas in others , it decreased. 

Thus no evi dence was obtained in support of altered 

removal of triglyceride from pla.sma having accounted for th E.: 

change in serura triglyc~~:r.ide concentration resulting from 

diet ary substitution. 

FREE F'ATTY A.CID ccr·:c~_.~)f-11··:z,\TI ON AND FLA.SH/\ HTSULIN 

Mean FFA levels and fasting plasma insulin concentrations 

shown in Table 10 did not differ significantly between the 

dieta1°y periods. 
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:-~ icmificance 
..,.~,..--,•..::.-.-... --~- v,_ _ 

FFA ( µM/1. ) r;21 _+ .; 35 
.... 

550 .:.. 30 NS 

Insulin (µ U/ml. ) 6.1 + 0.6 5,,0 + 0,.5 NS 

INCORPORATION OP PALHITA'rI.~ AND 1rrm,LATE :C'T1.'0 VLDL TIUGLYCERIDE 

The incorporation of free palmitate and linoleate into 

VLDL-triglyceride was compa:red by a double isotope technique., 

These fatty acids were chosen to represe:r1t the majo_r saturated 

a.vicl polyunsaturated fatty acids o.f plasma FF'A respectively,. 

The method used is described rno:rc .fully on Page 78,. 'rhe 

subj ec ts were normolipaemic men on typical western diets. 

1-14c linoleic acid and (9 j10-3H) palmitic acid were com­

plexed with f atty acid poor hcmta:a albumin and infused simultan­

eously at a constant rate for a four-hcn_;_r period following an 

overnight fa.st Q Immediately before the c:xperiment, they were 

added slowly, with mixing, to a solution cont ainin(;r o. 5 gramme 

human se:rum albumin and made up to volunc with isotonic saline. 

U 1 · 14 • j r p to O p.Cl C lino1eate an~ c~5 . 3 µci H palmitate were infused 

during each experiment. 

Follo\/ing an overnight fast, cannu1ation of both ante­

cubital veins was per.formed; the subj ects then lay quietly for 

30 minutes prior to commencement of the in.fusion. The radio-
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active fatty acids were ad.minis tt''.t.'ed by ,J constant .i ,Lcusio:n 

through one venous cannula ove:c a four-h.Jlt"C pcriuL Durin~J 

the infusion, blood was sampled at honr.1..y· intcrvaI.s .from the~ 

cannula in tlle opposite arm for determination of tlw incorpo:::'a­

tion of 3H and '14c labels into VLDL tr:i.ulyc2:1:iide. After the 

infusion, blood was sampled for a further four houJ.'E~ to deter­

mine the isotope ratio i:n VLDL tri.g·1yceridE'..: during the dis­

appearance phase. 

VLDL was sepa-rated by ul tracentri.fuuation ( sec:! Page 4 7 } 

and extracted with chloroform-E1ctl1a1101.. 'I'he lipids in VLDL 

and plasma weTe then separated on thin J..ayer plates using free 

palmitic acid, triolein, lecithin and cholesteryl palmitate 

(Sigma 99% pure ) which had previously been show11. to yield a 

single spot on thin layer chromatographys as starJ.d2.rds. The 

'14c and 3H in VLDL trig-lyceride, plasma .f:r•ee fatty acid, 

phospholipids and choJ.esterol ester fractions were counted in 

a liquid scintillation spectrometer. 

In order to determine the specific act\vities of palmitate 

and linoleatc in plasma. 1 ext:racts of plastta wr2ro .fractionated 

by thin layer cln'omatography ( see Page 82 ) • The free fa tty 

acid spots were eluted, methylated and their composition 

analysed by gas liquid chromatoaraphy.. Plr1sma F'FA levels wc.i...,e 

also determined as previously described, and the concentrations 

of the individual F'FAs determined from the fatty acid corn.­

position and concentration. 



A rcpresGntative study is sho\lrn in Fi~pu.'e 26(see Pcl.ge 287); 

it is seen that incorpol'i:ltion o.f both isotopes into VLDL 

triglyceride Wi:l.s linear dur ing the period of in.fusion. Extra­

polation to the base-line suggests that l abelled triglyceride 

started appearing in plasna after 30 - 40 minu tes. After the 

infusion, VLDL radioactivity decreased exponentially, isotope 

ratios showing no significant c hange ; mean 3r-rj14c ratios were 

2.22 at one Dour , 2o28 at two hours, 2$26 at three hours and 

2.24 at four hours after the infusion. 

Calculat ions 

The absolute rate of incorporation cannot be reliably 

calculated from the incorporation cuJ:'ves partly because of 

simultaneous removal of triglyceride from serum and because 

of the possibility of recycling (Eaton et al, 1969). Having 

established, however, that there was no difference between 

the rates of disappearance of 3H and 14c, the slopes of the 

linear increase in radioactivity during the infusion was ta]cen 

to be a measure o.f incorporation of the individual FF'A into 

VLDL triglyceride, for the purpose of calculating· the :ratio 

between the in.corporation of palmi tate and linoleate as follo11rs: 

IncorDoration :ratio = 
~ 

Rate of increase of 3H in VLDL-TG T 

Spec1ficact1vity of free paimitate 

Rate of increase of 14c in VLDL 
Sp""ec3..fic act1v1 ty of free linoleate 
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This r;-ltio exccc:dccl unity in all studies, mo.an 3.19 (range -

TAT3U} 11 

incorporation ·;~atio Tu:r.nover ra_tes_JJ!-.~Lmin. ) 'l1urnover Ratio -- ----· 
palmi tate/Linoleate · Palmitate Linoleate Pa1mitate/Linoleate 

mean = 

2972 108 100 1.08 

2.95 84 100 o.84 

3.79 40 17 2.36 

2o54 56 33 1.70 

3.00 58 69 o.84 

4.13 155 83 1. 87 

3 .19 mean = 1 ,.43 

In order to determine whether the magnitude of this 

incorporation ratio was due to differences in the turnovers 

of pa.lmitic and linoleic acids in plasma, the absolute turn­

over rate of each free fatty acid was calculated as follows: 

Turnover ( p11ole/min.,) Infusion :rate of fatty acid (DP:M minute) 
:::1-,.,-::--,--,:......., . -----~~ ~ ~! I '.tf ---) w(1uiliorium speci.fl.c acti vi ~-Y DP.v.1 µLole 

The values obtained as well as the ratios 0£ the turnover of 

palmitate to linoleate, are shown in Table 11. It can be seen 

that in foux· of the six cases 1 the absolute turnover of free 

palmitate exceeded that of fre(~ linoleate, the meo.n turnover 

of palmi tate being 1 • 43 times greater th,u1 that of linoleate. 
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compared thus: 

Rate of incorooration _________ .,,. __ ..,_______*..,.., 
Turnover rate of free 

"· .... _. ~·------· '"! ·,-•-----'-pal nn tJ.c clClQ 

R 'tP P · ~- .,-,..,, - ::.t'nn _f) 1Ll"r, ·y·'- 11IDL-'rG s;.a, _ 0.,, l11CJ.1.DOJ'.'o. .. J,., 0 . .., LlLO V..J 

·11v . .r.nover 1"2 te, of f:.r.cc: linoleic acld 

The values obtained for the six subjects were 2.52, 3&50, 1.62, 

1 • 40, 3 • 5 8 and 2 • 21 T'hus in all subjects, the 

percentage of the free palmitic acid turnover incorporated into 

VLDL-triglyceride was greate:c than that of f:ree J.inoleic acid 

turnover .. 

This data is expressed graphically in Figure 27; the 

incorporation ratio has been plotted agains t the ratio of the 

turnovr:;rs of the two .free £a.tty acids conce:rned 1 i. eo 

As is shown :i.n Figure 27 1 the ri:.1tio of the rates of in­

·corporation of palrnitate anJ linoleat-2 into VLDL-triglyceride, 

was greater· in every study than could be accormted for by 

differences between the turnovers of plasma free palmitic and 

linoleic acids. The_e results suggest that free palmitic acid 

is preferentially incorporc,tcd into VLDL-triglyceride compared 

with f:cee linoleic acid. 
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No 1neasu:-cab1e incol'poration of counts into choJ.e,_:; tcrol 

esters was f ound dur ing the duration of the experiment Q In-­

corporation of isotope into phospholipid was also determined 

after elution of t he phospholipid spot on TLC, with ethanol 

( see Page 84 ). In two cases, the counts in phospholipid were 

very low and linearity was not observed with time. In the 

remaining four cases, line@" incorporation of both isotopes 

occurredo Actual count rates in the phospholipid fraction were 

far lower than in VLDL triglyceride, and when the ratio of 

incorporation of palmitate and linoleate into plasma phospho­

lipids was plotted against the ratio of the respective F'FA 

turnovers (as described for VLDL-triglyceride above ), no 

definite trend.was obvious (see Figure 28 ) . 

SUMM.ARY OF' RESULTS 

When isocaloric diets high in saturated fat or poly­

unsaturated fats were alternately fed to hyperlipidaemic and 

normal men, serum triglycer ide was 35% lower and serum chol­

esterol 16¼ lower during the unsaturated fat feedinge A 

similar response occurred in normo1ipaemic subjects and in 

patients with primary endogenous hypertriglyceridaemia. 

The magnitude of t he reductioi1 of both serum triglyceride 

and cholesterol due to the unsat1.,1rated fat was greatest in 

subjects with the highest base-line levels. 
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Th<~ .1 ·c,iluction oC t:rie;i.ycor ide levels during the un:-atu­

ratt~d .fc.tt p,::,riod \'ld.S due to a change in VLvli triglyceri<fo o 

·rhe .fall in choJ. es t,~rol, however, was due to changes both in 

VLDL and LDL chole:~;terol levels. The triglyceride/cholesterol 

ratio of VLDL was significantly lowered by the unsaturated iat 

diet. 

The lower se:r:um triglycc:ride levels observed during 

unsatur<1ted fat fe eding were not associated with a change in 

PHLA or fractional removal rate of triglyceride as measured 

by the IVFTT. This suggests that the fall in triglyceride 

concentrations induced by polyunsaturated fats could not be 

accounted .for by enhanced uptake of triglyceride from plasrnao 

Simnltaneous infusion of albumin bound 3H palmitic acid 

d 1 4 · · · c1 · · 1· . d t an C li:noleic aci in-co normo ipaennc men, an measuremen .s 

of their incorporation into VLDL triglyceride, suggests 

preferentia.l incorporation of the saturated fatty acid. 
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C'.IA?·.£' ,;:~ V. ~3 \ ';'1'ION C --- ··-··- --.---- ·'-----~-· ·-·-----

In choosi.u~J a diet to determine the e.f fec:t o.f poly­

unsat11...r ·i'lted f,::Jt feeding on serum lipids and lipoproteins, 

attention had to be paid to other constituent s of the diet 

which could i (l fluence these. Of particular importance was the 

need to keep caJ.oric intake constan t as a negative calorie 

balance is·known to lower serum trig- lyceride concentrations 

(Levy, ·: 972). Consideration had also to be given to the con­

tent and compos ition o.f dieta:t'Y carbohydrate; the interaction 

bet ;ve~n dietary fat and carbohydrate, discussed more fully on 

pdge 263, which may af feet particularly the serum triglyceride 

concen tratior.:, was carefully cons idered~ In many reportP.d 

stucli c]\,; for example, those of Uilsor.i. et a.l ( 1971 ) and Hall 

et al (197'2) not only was the type of dietary fat .changed 1 but 

the intake o.f: fat w0,s reduced during the polyunsc3.turated 

dietary pc:'.:'iod a s well o Either calorie intake is rt:.:duced 

which may contribute to a fall in serum lipids, or a proportion 

of t he satu:rated fat intake is isocalorically replaced by 

ca1"bohydra. te '.J.rhen the higher carbohydrate intake might cause 

an upward trend in glyceride l<->.vels (Milncini et al, 1969 ) . 

To evaluate th ,-~ ef f i-:?.ct on serum triglycerides of dietary 

saturated and unsaturated fats 1 carbohydrate and fat intakes 

were kept constant during the two dietary periods :i.n the 

present study; the composition of the c2.J::-•bohydrate, i.e, the 

content of sucrose 1 fructose c:md starch, also remained unchanged,. 

'1'11.e provision of 40% of calories by fat, 45% by ca:rbohycb::'ate 
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and 1 51~ by protein is of a sim:i.J :ii" urdt:.i: to th ,, t of thci 

the saturated fat .feedins pc:!riod contr.1 i.ned 21. :-1iqher cliolc:sterol 

content that did the polyunsc1tv,rated fat feeding pE::Tiod; this 

is likely to have influencc:d the scrum cholcstc:rol concentra­

tion in its own right (Keys et al, 1S 65c; C01·'r1-0r et al, 1968; 

Mattson et al, 1972). No effect of cholesterol feeding on 

serum triglyceride levels has been observed when form.ula feeds 

in which the cholesterol content was the only chan.ge, \'rere 

employed, (Connor et al 1 1969). T~e effect noted in the present 

study on serum triglyceride is thus c:,lrnost cc~J.'.'tainly clue to 

the effect of exchanging d.i.etary fat. It is, however, not 

possible to determine to what extent Ute effect observed was 

due to a reduction in saturated fat content, an inc::eease in 

unsaturated -fat content, or to a combination of both these 

effects. 

SERUM LIPID C0lJCT.::IYTRA'I'I0N.S 

using -ten-~day feeding periods, the mean serum triglyceride 

level was 35% lower during consumption of a diet rich in poly-­

unsatura.ted fat than when saturated fat was fed,. This response 

\Vas greater in magnitude than the bc~tter known ef feet of such 

diets on serum cholesterol concentration, which was reduced 
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Tlle reduction in serum cholesterol was of the order noted 

in previous studie~; (Ahrens et al, . ·1 957 ; Connor et al 1 1969), 

211 though lower than some (Spritz and Mishkel, ·1969),, Ahrens 

et al ( 1957) have sho,Jm the cholesterol change to have reached 

its maximum by two to th:ree weeks; Spritz and Mishkel (1969) 

showed the effect of changing dietary fat on plasma cholesterol 

and triglyceride concentration to be complete within 10 - 14 

days. Had the exper iments in the present study been continued 

for a longer period, it is possible that even greater differ­

ences may have been obser·ved. One study in which measurements 

were made throughout both dietary periods showed the onset of 

the change.in both cholesterol and triglyceride levels to 

occuJ:'.' within a day of changing diets (see F'igure 22page 274),. 

The magnitude of reduction of serum triglyceride concen­

trations previously reported has been more variable. Some 

authors (Arvidson .e.nd Malrnros, 1 972; An.de:rson et al, 1973) 

have failed to find any changes, whereas many others have 

observed a reduction in serum triglycerides in response to 

feeding polyunsaturated fat (Ahrens et al 1 ·1 957 ; Kinsel l et 

al, 195~1; Beveridge et al, 1964; Connor et al, ·1969; Spritz 

and Mishkel, 1969) .. Spritz and Mishkel found mean serum tri­

glyceride to be about 25% lower after polyunsaturated feeding. 

Although this figure is somewhat lower than that observed in 

the present study, they noted that the least change in tri-
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glyceride cone en tra.tion occurred ln those \'Tith lov;es t t.:ri­

glyccride level s o A sirni Ln:-> effect · tas ob~;cr,;<~ d in the present 

study (see Figures 23 and 24), the:- fa11 in tr:i.g1ycer.Lde in 

response to polyTtnsaturatcd .fat fe(.:ding- showinq a highly sig­

nificant positive correlation with thG triglyceride l evel after 

the saturated fat period~ It is al.so noteworthy that the 

response of both cholesterol and triglyceride to polyunsaturated 

fat feeding was s:i.milar in nonnolipa.emic and hype:rtriglycerid­

aemic individuals. 

As triglyceride levels changed morE:: in those with high 

initial levels a:nd because the initial t:rigJyceride levels we1'e 

higher in the present study than in that of Spri.tz and Mishkel 

( 1969) , this may explain the difference in magnitude of t ri­

glyceride reduction between the t\VO studies o 'l'he observat ion 

that individuals with a higher initial level experience a 

greater reduction in response to a stimulus thi..m those with 

i nitially low con~entrations, has previously been observed for 

serum cholesterol concentrations al, 1969; Ederer, 

1972 ) . The present findings are in confox'mi ty with these 

studies. 

The experiments performed in ·these investigations were 

of short duration; extrapolations o.f observations to the situa­

tion in the long-term may not be~ entirely justified. Al t hough 

serum cholesterol reductions have been sho\vn to be sustained 

when high P/s diets have been mainta:i.nc~d over long· per·iods 

(Ahrens et al, 1957; Christakis et al f 1966; Dayton et al, 

1969; Karvonen, 1972), the effect is less clear cut for serum 

t riglycerides. \·Tilson et al ( 1 971 ) showed serum triglyceride 
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to fall rapidly dur-ing the firs t two WC'.Cks of' ,.::i diet lli.uh in 

' polyunsaturated fats . 'l.'his was foll owed by a rise i n tri~• 

glyceride concentrations, although by the ,~nd o.f a six rno,1th 

period, triglyceride levels had fall en to lev<--:1.s sig:1i ficcmtly 

lower than at the commencement of the study. In such l ong­

term studies, adherence to the prescribed diets is often not 

as strict as might be desired9 Calorie control, in part icular, 

seems to be a problem as weight changes a:r-e frequ\:'.:nt1y observed 

in participants. As serum triglyceride levels are known to 

respond to changes in calorie content of the di et , it is con­

ceivable that changes in calorie intake may override any 

effect produced by changes in the dietary fat content of the 

diet. This hypothesis could explain the lack of effect of 

unsaturated fat in lowering serum triglyceride levels noted 

by Bierenbaum et .al (1973) despite the predicted change in 

fatty acid composition of adipose tL;sue being p:coof o.f dietary 

adherence. 

LIPOPROTE INS 

Whereas much has been reported of the effects of dietary 

fat on plasma lipids, little information is available that 

defines this effect in terms of circulating lipoproteins. Most 

of the triglyceride in fasted serum is present in the VLDL 

fraction, and the lower triglyceride l evels during the unsatu­

rated fat diet in the present study, was due to decreased VLDL 

triglyceride. The reduct ion in serum cholesterol concentration, 

however, was due to a significant reduction in both VLDL and 

LDL triglyceride content o Al though Spri tz and Mishkel (1969) 
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showed that polyu.nsaturatc<l fat diets reduce LD"L cholesterol 

content without affecting HDL, they did not determine the 

effect on VLDL~ Although the latter lipoprotein is the main 

carrier of endogenous triglyceride, about 15 - 20% of the mole-• 

cule by weight is cholesterol (Levy et al, 1966). The present 

study shows that the signii'icant fall in VLDL cholesterol in 

response to feeding poly1lnsaturated fat accounted for a sub­

stantial proportion of the overall reduction in serum chol­

esterol. In accordance with the findings of Spritz and Mishkel 

( '1969), polyunsaturated fat was not .found to affect HDL chol­

esterol. 

The composition as well as the content of VLDL was influ­

enced by the dietary exchange, the ratio of triglyceride to 

cholesterol falling significantly with the high P/S diet. The 

triglyceride to cholesterol ratio of LDL did not differ betwee..n 

the two diets. VLDL is well-known to be heterogenous in res- . 

pect of particle size (Fredrickson et al, 1967; Levy, 1971 ). 

The findings in the present study of a change in its triglyce­

ride to cholesterol ratio in response to diet, is further evi-­

dence of the heterogeneity of the VLDL molecule. 

The reason for this compositional change is not clear. 

Spritz and Mishkel (1969) showed a lower ratio of cholesterol 

and phospholipid to protein in LDL, in subjects on & high P/S 

diet than in subjects on a saturated fat diet .. They postulated 

that this effect could be accounted for by the greater space 

on the lipoprotein molecule occupied by polyunsaturated fatty 

acids; the lipid carrying capacity of LDL would thereby be 

diminished. Although VLDL protein measurements are not des-
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cr:i.bed in t:hc pre.s 01nt thesis, the ratio of triulyceride and 

cl1olL~stcrol to VLDL ,3.l)oprotein measured inununoloaically, has 

been sho-vn:1 Dot to cho.ngc sianificantly on switching .from a 

saturated to an unsaturated fat diet (Cha it et o.l, 1974). In 

twelve subjects, the triglyceride/protein ratio in VLDL was 

10 .7 :1, while on a saturated .fat diet and 10$3:1 on an unsatu­

rated fat dieto The hypothesis of Spritz and Nishkel (1969) 

would thus a.ppear not to be appl icabl e to VLDL. 

NODl.~ OF 1\CTION OF' POLYlJNSATURA'l'ED FAT ON SE:RUM 'I'RIGLYCrJRIDE 

Considerable uncertainty exists concerning the mode of 

2,ction of polyunsaturated .fat diets in reducing scrum tri­

glyceride concentrations. Increased uptake of triglyceride 

f rom plasn1 a has been suggested by the findings of Pawar and 

Ti&,ell (1 963 ) that lipoprotein lipase activity in rat adipose 

tissue was increased by fee ding a polyunsaturated fat supple-

1nented diet~ In the present study, lipoprotein lipase activity 

was assayed indir ectly after its release into plasma by hepar in; 

no d iffer (::::n.ce between the two dietary periods was found@ This 

finding contr:asted wi th that of Bagdade et al (1 970 ) who 

reported i ncreased PELA in men fed 40o/c'. corn oil diets. In some 

cases in t h is study, an increased PHLA was accompanied by a 

ri se in plasma t1°iglycerides. Caloric balance was unfortunately 

not always maintained ; ma11.y of these subjects actually gained 

weight during the experiments. In the pr(~sent set of experi­

ments, calorie intake was carefully control l ed, as evidenced 

by the lack of weight change of greater than 'l Kg. in any sub­

j ec t throughout the study . A further difference between the 
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two studies was that whereas Intralipid was used as substrate 

.fo:C' estimation oE PHLA in the present workf Dagdade et al (1970) 

used Ediol. This substrate, unlike Intralipid, contains sub­

~,tantial amounts of monoglyceride (Persson, 1972). As heparin 

releases not only lipoprotein lipase, but also rnonoglyceride 

hydrola.se into plasma , the results at'e not directly comparable~ 

As discussed in Chapter III, PHLA as estimated in the present 

study, is probably not a particularly good measure of adipose 

tissue lipoprotein lipase activity~ The intra.venous fat toler­

ance test was used as a further index o.f uptalce of triglyceride 

from plasma. Reduction of plasm~ triglyceride concentration 

during the unsaturated fat diet was accompanied by a change 

in fractional removal of injected triglyceride from plasma. 

These findings did not support the possibility that the high 

P/S diet reduces plasma triglyceride concentration by increas­

ing its clearance from circulation. Both PHLA determination 

and the IVF'TT employ artificial emulsion as substrate for lipo­

protein lipaseo In view of the effect of high P/S diets in 

increasing the polyunsaturated fatty acid content of serum tri­

glyceride (Spritz and Mishkel , 1969; Arvidson and Malrnros, 

1972), it is conceivable that such altered substrates could 

be differentially metabolized by lipoprotein lipase in vivoo 

This has been sho•sm not to be the case in vitro (Korn, 1961 ) , 

and in vivo support for this finding is obtained from the 

double isotope experiment. VLDL triglyceride labelled 

. . (14 . d 3 · ) endogenously with two isotopes C linoleate an H palmitate, 

showed a constant 3H/1Llt ratio during its removal from plasma 

over a four-hour period. Recently, it has been shO\'ill in this 

laboratory, that the fractional r~moval 1'ate of apo-VLDL did 

not change on switching from a saturated fat to a polyunsatu-
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r,1ted J\1t diet ( Lewis D., Sigurdsson G ~ and Nicoll f,. Q - in 

prcp,~•.i:.:l:ion), providino fuY.'ther cvic.}ence ,,.gainst changes in 

the fz.yl: com:1osi tion of the diet a.ffecting triglyceride removal o 

The role of insulin in promoting the uptake of triglyceride 

from pla.sma and in the hepat ic secretion of VLDL has been dis­

cussed in Chapter III$ In view of its role at many sites in 

the pat ·1ways of FF'A and triglyceride metabolism, basal insulin 

levels were measured on the two diets; no significant difference 

was found , suggesting that the differences in triglyceride 

leve ls on the two diets are unlikely to be insulin induced. 

In the light of the present study, it seems unlikely that 

the fall in serum triglycerides in response to diets rich in 

polyuns aturated fat and low in saturated fat could be explained 

by enhanced removal of triglyceride from plasmao The alterna­

tive possibility, namely, that of reduced input of triglyceride 

into plasma, was thus investigatede 

It is well established that endogenous plasma VLDL-tri­

glyceride .fatty acids are largely derived .from plasma FFA 

(I-J:;:.rvc~l, 1965)., 'I'he uptake o.f FFA from the liver is also knovm 

to be dependent on FFA concentcation (Rose et al, 1964; 

Heimbcrg et al, 1969; Van Harken et al, 1969). Another possible 

mechanism for changes in plasma VLDL triglyceride concentration, 

therefore, is altered plasma FFA concentration. No difference 

in plasma FFA concentration was observed, however, when the 

diets were alternated in this study. 
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D.i.f ferentL:11 incorporation of saturated and polyunsatu­

rated fatty acids into.triglycerides of lipoprotein needs also 

to be consideredo Using an isolated rat liver p1.'eparation 

perfused with isomolar concentrations of different fatty acids, 

Kohout et al ('1971) have shoi.sm triglyceride output into the 

medium to be decreased when unsaturated fa.tty acids replace 

long chain saturated fatty acids of equal length in the perfus­

ate. Similar observations have been made using both rat liver 

slices and perfused rat livers (Nestel and Steinberg, 1963 ) . 

If saturated FFA were selectively incorporated into VLDL·­

triglyceride by the liver in preference to unsaturated FFA, 

dietary induced changes in the concentration of plasma PFA 

might influence VLDL-triglyceride secretion .. The possibility 

that saturated fatty acid might . be preferentially incorporated 

into VLDL-TG compared with unsc1.turated ones has been assessed 

by simultaneously infusing labelled free palmitic and linoleic 

acid into normal men on typical western diets. These two fatty· 

acids were chosen as representative of saturated and unsatu­

rated fatty acids respectively. The incorporation of infused 

free 3H palmitate into VLDL-triglyceride was compa:ced with that 

of in.fused. free 14c linoleate. 

It was appreciated that absolute secretion rates of VLDL­

triglyceride cannot be reliably calculatc~d from the slope of 

the specific activity/time c1,1.rve during infusion of labelled 

FFA. It was, however, considered that the ratio of these 

slopes would provide a measure o.f the relative rates of incor"­

po:r.ation of the two fatty acids into VLDL triglycerides$ It 

was first nc:;cessary to exclude the possibility that any differ­

ence obser'Ved between the 3H and 14c slopes was due to differ-
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cntial r c.)moval r a.t c~ s of tllc two isotopes fron the plasr:1a VLDL­

L.riolycc'I'iclc pool; by .f'o1J.o\'fing the :radio.::icti vi ty in VLDL for 

force hours after t:1(~ end of the in!'usion it ,:,as cstablic:;hed 

that tlle 31-l/14c :r.c:i.tio did not chc:ul(J E:: during the period. Any 

recycl ina thi3.t occurred during th~ short period of the experi­

ment was assumed to be cquo.l for the two fatty acids. 

That the ratio of the incorporation slopes provide a 

measure of relative rates of incorporation, also depends on the 

assumption that plasma and hepatic pools of each constituent 

FFA reach rapid equilibrium, as plasma FF'A has first to pass 

throucyh a hepatic FFA pool before appea:eing as VLDL-triglyceride; 

direct measurement of this hepatic pool is, o.f course, impos­

sible in maYl . 'I'hat the two pools are in e1uilibrium is sup­

ported by t he fact that the plasr.1a F'F'A pool turns over exceed•­

ingly rapidly and is small (Eaton et al, 1969 )0 The splanchnic 

area is knO\IT.r'l to take up a large pToportion of FF.'\ J.ea~,ring 

plasma (Havel , 1965), and as hepatic FFA concentration in liver 

cells is small, cquilibriun appears probableo ·were this not 

so, tllc hepatic FFA pool would probably be r.::tpidly expanding. 

Further criticism of the use of the incorporatjon of a 

labelled F'FA precursor into triglyceride as a measure of tri­

glyceride turnover is that this method assurnes the pla::.ma FFA 

to be the only signific2nt precursor of plasma triglyceride 

fatty acid ; de novo synthesis of FFA in the liver is assumed 

t o be negligible, while in rats, hepatic fatty acid sy.r1thesis 

may be relatively important (Uindmueller and Spaeth, ·1 967 ; 

Baker and Scholtz, 1967 ). F'atty acid synthesis has, however, 

been shown to be stronrrly suppressed in the fasted state 
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( e:-; ibson .:m <l Hubba.rd, 1960; Numa et al, 1 961 ; Korchak and 

Ha s a.ro, 19 62), and as the present e;pe:~riment was performed in 

fasting men; the contribution of hepatic fatty acid synthesis 

was assu:. ed to be negligible. 

The incorporation ratio exceeded unity :Ln every study 

(mean= 3.19) suggestina that at the prevailing composition 

of plasma F'FA, more palmitate than linoleate was converted to 

VLDL triglyceride. Although there is more free palmitate in 

plasma tha.n free linoleate, Nestel and Barter ( 1971 ) have shown 

that the fractional turnover rate of the latter exceeds that 

of the former. A greater proportion of the plasma free lino­

leate would thus pass through the liver per unit of time than 

palmi tate. vT.hen absolute turnovers were calculated, it can, 

however, be seen that in four of the six casr~s studied, the 

turnover of palmitate exceeded that of linoleate (see Table 11). 

\Jhen the ratio of incorporation of the two fatty acids into 

VLDL-triglyceride was compared with the ratio of their absolute 

turnovers 1 the greater incorporation of palmitate into VLDL­

triglyce:r.ide could not be accounted for by the differences in 

the turnovers of the free palmitate and linoleate components 

through plasma. PtJ.rthermore, a greater percentage of free 

palmitate turnover appeared in VLDL-triglyceride compared with 

linoleate. As mean palmitate turnover was 1~43 times greater 

than J.inoleate turnover ( see 'l'able 11 ) , this suggests that free 

palmitic acid compared with free linoleic acid, is preferentially 

incorporated into VLDL-triglyceride. This conclusion was also . 

reached by Nestel and Barter (1971) who used similar method­

ology to study FFA incorpora tion into total serum triglycerides 

in a heterogeneous group of normolipaemic and hyperlipidaemic 
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subjects 1 a.ssu.rning similarity of uptake of the t,;,o labels from 

plasma. 

It is unclear why preferential incorporation of certain 

components of plasma F'FA into VLDL-triglycericte should occur. 

Other metabolic fa.tes of hepatic F'FA i nclude incorporation 

into phospholipids of plasma. and bile. No consistent pattern 

was noted in ·relation to incorporation of the t1J10 fatty ac ids 

into serum phospholipids in the cases studied$ Linea:r.' incor­

poration was, however, only obsc~rved in .four cases, and count 

rates were low. ·More sensitive techniques could conceivably 

show a differenceo Campbell et al (1972) have demonstrated 

an increased biliary output of phospholipid in rhesus monkeys 

fed a diet rich in linoleic acido Preferential oxidation o.f 

linoleate may also occur (Bj~ntorp, 1968)~ It is conceivable 

that palmitic acid reaching the liver tends to be esterj_fied 

to triglyceride in preference to linoleate; the reverse trend 

may be operative with regard to phospholipid formation, and 

to oxidation . 

The serum triglyceride lowering effect of diets rich in 

polyunsaturated fat might, therefore, be mediated, at least 

in part, by a change in the composition of plasma FFA, with 

an incrcas2d proportion of unsaturated fatty acids which are 

less readily inccn:porated into VLDL triglyceride. This change 

in .fatty acid composition of plasma has been well documented 

(Ahrens et al, 1959; Hallgren et al, 1960, Spritz and Mishkel, 

·1 969 ; Arvidson and J>-.Ialm.ros, 1972). 'rhe latter authors have 

shown a rapid increase in the proportions o.f polyunsatw.·ated 

fat in plasma free fatty acids, triglycerides, cholesterol 
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esters 3nd phosphol.ipids in ·cesponsc to feeding .J. poly-

unsd turatcd .fat rich diet. Altllougli it is well established 

t11a t a.dipos~ tissue triglycerides are the main source of plasma 

FFA in the fasted state (Have1 et al, 1962 ; Havel, 1970), and 

that cha."lges in the diet are reflected in the fatty acid com­

position of adipose tissue (Hirsch , 1965), the l atter changes 

take some time to occur. Certainly, the time required for 

dietary changes to become fully manifest in adipose tissue 

fatty acid composition is greater than the three weeks required 

for almost complete reversal of fatty acid spectra of plasma 

noted by Arvidson and Malmros (1972). E;aton et al (1969 ) have 

described a kinetic model for triglyceride and free fatty acid 

metabolism; a considerable proportion of plasma FFA is believed 

to be derived from triglycerides by recycling th.rough a small 

e~(tra.vascular pool \Vi th a rapid turnover o It is conceivable 

that dietary fatty acids enter this pool either from chylomicron 

or VLDL triglyceride, resulting in their rapid appearance as 

plasma FFA. 

It is also conceivable that a co11m1on mechanism mediates 

the effect of the high P/S diet upon levels of both lipids in 

plasma . Accumulating evidence for a precursor-product relation-­

ship between VLDL and LDL (Levy et al, 1971; Eisenberg et al, 

1 972 ) suggests a possible unitary concept for the response of 

cholester'ol and triglyceride levels to this dietary manipula­

tione As the mean triglyceride reduction in response to the 

polyunsaturated fat feeding was greater than the reduction in 

cholesterol, this conld le11d some support to this hypothesis. 

Studies in which the reduction in cholesterol is not accompanied 

by a reduction in serum triglyceride (Anderson et al, 19?3), 
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howc~ver, point against it. A further app;n.,ent contradiction 

to this hypothesis is the observation that the lipid co~posi­

tion of VLDL was altered by dieto.ry change , whereas that of 

LDL was not. The main role of VLDL is to transpor t triglyce­

ride to adipose tissue and musc le (Robinson, 1973); following 

hydrolysis of its triglyceride lipoprote:i.n lipase , further 

catabolism to LDL appears to occur (Levy et al, 1971; 

Eisenberg et ·a1, 1972). It is conceivable that following cata­

bolism, a fixed ratio of trialyceride to cholesterol is present 

in LDL irrespective of the amount of triglyceride in the VLDL 

precursor. Meaningful consideration of this line of reasoning 

must , however, await further knowledge of lipoprotein structure 

and f'u.nction., Nonetheless, while it is possible that two 

independent mechanisms account for the responses of LDL and 

VLDL respec tively, the possibility that a single effect under­

lines change in both lipoproteins, and hence both in cholesterol 

and triglyceride, mer its further investigation. A primary 

effec t of t he high P/S diet in decreas ing VLDL secretion by 

the liver could lead to a fall in the concentration of its 

product LDL, and, therefore, in the cholesterol content of serum .. 

One practical application of the .finding that high P/S 

cl:Lets reduce plasma levels of both VLDL and LDL 1 may be the 

use of such diets in the treatment of hyperlipidaemia. In the 

dietary management of patients with hyperl ipidaemia, it is 

common practice to treat hypercholesterolaemia (Type II) by 

the high P/S diet and hypergl.yceridaemia (Type IV ) by a carbo­

hydrate restricted diet (Frederickson et al, 1967; Levy, 1972). 

In fact, six individual diets have been recommended for the 

six types of hyperlipoproteinaemias of the WHO cla ssification 
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( 1Jc-';c.\.lU;ion t et ci1, 1 970). The prc'~;cnt <lat a, 21 . .n.d some~ long-ten.1 

sl.ulh.<Y.; cited c21.Tlie1" (\lilson et al, 19'/1; Hall et al, 1972), 

.suggcs t that this distinction r:1ay be unnecessary. Most ca:;es 

of hypc:r.lipopl'oteinaemia encountered in a general hospital, 

or even in a clinic dealing specifically with disorders of 

lipid metabolism, tend to 11.ave elevations of pre-be ta lipo­

protein, beta lipoprotein, or both of theseo Most of these 

states are likely to respond to a single therapeutic diet, the 

high P/S dieto Sven when the fat content of the diet is some­

what lower than t hat used in the present study, Hall et al 

(1972 ) have shO\\ffi, as has Macdonald (1972 ) in controlled feed­

ing experiments, that the effect of unsaturated fat is dominant , 

and leads to a fall in triglyceride concentration despite the 

increase in carbohydrate,, J\ntar et al (1970) have suggested 

that increased carbohyd~cate intake raises triglyceride levels 

only in the presence of a substantial intake o.f saturated fi:.:i.t,. 

It., however, does seem important to avoid weight gain: as this 

may lead to triglyceride elevation despite the use of poly­

unsaturated fo.ts (Bagdade et al, 1970). This simplification 

of dietru'Y treatment of hyperlipidaemias is curr1c~ntly being 

used at the Hanm1ersmi th Hospital Lipid Disorders Clinic and 

appears to reduce lipid levels in both hypercholesteroJ.aemia 

and in endogenous hypertriglyceridaemia (TabaqchaJ.i et al, 

1974)0 Its use does, of course, not preclude the need for lipi d 

J.01:rering druqs in addition, where indicated. 
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~he present results suggest that enhanced removal of tri­

u1ycericlr:1 .f:com. plasma does not account for the triglyceride 

lovering effect of polyunsaturated fat diets., They also 

susges l p1~Qferential incorpo:ration of palmitic acid into serum 

t:i.,·i_glycericle compa:r.ed wi th linoleic acid , thereby providing 

a possible basis whereby such diets could result in a reduced 

h,;patic triglyceride secretion. 

Ho attempt has, however, been ma.de to study whetht-~r pre­

feeding different diet ary fats results in a reduced hepatic 

output of triglyceride other than through an affect on plasma 

F'F'A concc.;ntration.. It is for instance, conceivable· that pro­

cc~sses such as esterification of triglyceride, or a.poprotein 

formation, could be affected. 

A1tcrn.a.tive fates of fat ty acids have also not been fully 

investiur1.ted in the present study.. There is some evidence to 

suggest that po1yunsaturated fatty acids may be preferentially 

utilized .for bilio.:ry phospholipid formation (Campbel l et al, 

·1972). llca.sffcements of this are difficult in man, but in vitro 

2nd in vivo studies in animals could yield l1.seful information 

in this Field. 

rurtI1er understanding of mechanisms involved in the con­

trol of se:cum lipid and lipoprotein levels is likely to come 

from more soDhistica.ted turnover studies. Most methods used ... 

over thr: past decade have :relied on numerous assumptions, many 

of' which have not been validated. Interpretation is, therefore, 
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not without difficulty. Recently, methods for studying the 

tuTnover of the apoprotein moeity of the J.ipoproteins have 

b<:?come available . Interpretation of these too, is not without 

hazc'lrd, in view o.f the inter-conversion that occurs between 

various J.ipoprotein classes. However, their use over the next 

fe-v, years, may well lead to a better understanding of lipid 

metabolism and the mechanism whereby factors such as dietary 

fats exert their influence on serum lipid a11d lipoprotein 

metabolism. 
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Current classifications of hyperli:0idaemi_a are based on 

serum levels of the rn z_ j or lipoprotein classes; a sound classi­

fication of lipoprotoins themselves is thus a prerequisite for 

the classification of hyperlipokroteinaemic patients. For 

this approach to be entirely valid, it would be necessary.that 

the lipoprotein classes be chemically, or at least meta­

bolically homogenous; this, however, is clearly not the case 

(Alaupovic, 1971), and the concept of a dynamic system of inter-

convertible lipoprotcins J_s gaining wider acceptance (Le,vis, 

1973). 

Classifica tion of J.ipoproteins depend largely on opera­

tional definitions; physical properties such as charge, density 

and size, permit of classification into the four main classes 

of lipoproteins - high density lipoprotein (HDL), low density 

lipoproteins (LDL), very lovr dens ity lipoprotein (VLDL) and 

chylomicrons. Such an approach may well lead to artificial 

division in that more sophisticated separation techniques per­

mit of further sub-division into many more classes. Also, with­

in the four classes ment ioned, considerable heterogeneity 

exists both in terms of structure and flmction~ 'rhe hetero­

geneity is perhaps most marked in the triglyceride bearing 

lipoproteins - VLDL and chylomicrons (Bierman et al, 1962; 

Zilversmit et al, 1966; Ockner and J ones , 1970). 
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The wec1l-: bonds:; J :i.nld.ng the lipid a.nd protein components 

of the J. ·i.~)O)rotein mo 1.c·cule ( .:3cht mak<::r and Adams, 1 969) rc-~sul t 

in a certain deorce of labili ty of cor:1po~:,i tion ~ Chanul~S in 

the composition of LDL we>re described by Spritz and Hishkcl 

(1969) as a result of dietary modifico.tion. Similarly in 

Chapter V, I have described diet i nduced changes in the lipid 

components of VLDL~ Compositional changes in VLDL have also 

been shown to occur in response to carbohydrate .feeding 

(Mancini et al, 1973) further demonstrating the extreme lability 

of this class of lipoprotein~ High carbohydrate diets led to 

the appearance in plasma of lipoprotein particles with physico­

chemical prope::i.."ties more akin to those of chylomicrons.. In · 

abnormal ci:r'cumstances, therefore, operational definitions are 

prone to certain anomalies . 

Consideration rnieds also to be given to functional aspects 

of the lipoprotein classesQ The demonstration that the protein 

moeity of LDL is derived largely as a catabolic product of VLDL 

(Eisenberg et al, 1972), suggests a precursor-product inter­

relationship between these two classes of lipoproteins. 

The functional aspect that has been investigated in the 

present study, relates to the role of the chief triglyceride­

bearing lipoprott:~ins in the transport of dietary fat. It has 

long been assumed that dietary or exogenous fat enters plasma 

as chylomicrons via the thoracic duct; by contrast , the trans­

port of plasma triglycerides synthesized endouenously by the 

liver is usually attributed to VLDL (Fredrickson et al, 1967). 

In the light of recent knowledge, this view point may require 

some revision. Ingestion of fat is followed by the appearance · 
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of both chylomicrons and VLDL in rat intestinal 1.:/i;-iph 

( ckne:r et al , 1 969b ), ·z-md the intest i ne can secrete VLDL 

even in the absence of dietary fat (Ockner et al, 1969a). 

The present series of cxpcri1:1cmls were designed to study the 

relative contributions of chylomicro:ns and VLDL to alimentary 

lipaemia in man. T11e results show a · si gnificant contribution 

of both lipoprotein classes to dietary fat transport. Future 

concepts of 'endogenous' triglycerides should, therefore, include 

an intestinal component, and •exogenous' triglycerides should 

best be reaarded as triglycerides of dietary origin, irres­

pective of the nature of the transpo:cting . lipoprotei n. 

I will begin briefly reviewing the structure and function 

of these two lipoprotein classes. 

CURRENT COl'TC:~PTS OF ENDOG8NOUS AND EXOSENOUS LIPOPROTEINS 

' 
Triglycerides are transported through plasma mainly as 

chyl omicrons and VLDL. Which of the two f orr!ls predominates, 

depends largely on whether the immediate source of the tri­

glyceride is dietary or that syt1thesized within the body; these 

two forms are referred to as exogenous and endo~:renous res­

pectively .. Chylomicrons are frequently equated with exogenous 

particles, their appearance in plasma .following the ingestion 

of a fat containing meal (Gage and Fish, ·1924; Dole and Hamlin , 

1 962 ; Senior , 1 964; Fredrickson et al, 1967). A.s they are not 

present to any significant extent in the; normal post-absorptive 

state, they have been·deemed to have a role limited to the 

absorption of dietary fat. VLDL on the other hand , is believed 



to t:ccn~;port , -. ·1douc!nou:;ly syT1.thc 1, i zeJ triulyceride ( Fredr ickson 

t ·1 i l' ,, 7 ) l . l ,., , J , t 1 , • 1 . e a .. , , _,,J , c1l"LlC: __ y 10-1 . . O'0.r.u,,g ,,·-uc1J.es on ov1scerntec1 an1m2o.ls 

\ 11hicl1 show the liv,,.r lo b2 the ma jor site of VLDL ·forma tion, 

al tllouuh a ,:;; rnall arnoun t is also .formed by the int es tine (Roheim 

et al, '1966)~ 

Nomenclature in t he lipoprotein field is based mainly on 

operational terms~ The; two most frequently used methods of 

lipopr·otein separation are electropho::eesis and preparative 

ultracentrifugation ; the former separates lipoproteins a.ccord­

ing to flotation charac teristics, which depend on size and 

density , and the latter according to charge. Chylomicrons are, 

however , t he most difficult lipoprotein species to isolate 

fr ee of contamination by other proteins and lipoproteins. 

Blectropl1oresis may be used to separate VLDL from chylo­

rn.icrons . 'Primary particles' which appear to be identical ·with 

chylomicron particles in lymph, migrate in the alpha-2 globulin 

r egion in st arch block electrophoresis. 'Secondary ' particles 

appear in plasma later than do 'primary' particles .following 

fat inaest ion , and migrate in the beta globulin position~ In 

this system , primary particles tend to be superimposed on 

endouenous particles (Fredrickson et al, 1967). With the 

simpler t echniques of paper electrophoresis, especially when 

alburnin is added to the buffer, 'chylomicrons' tend to remain 

t ' . . h d t . 1 "d b . 1 · a tne origin, w ereas en ogenous rJ.g_yceri e earing :ipo-

proteins move to the alpha-2 (the so-called pre-beta) position. 

Larger endogenous particles may trail between the pre-beta 

pos ition and the origin (Fredrickson et al , 1967). 'Primary' 

particles are those which originate in the intestinal mucosal 
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ceJ.l 1 ap..; ea.l'.' i .n intestinc1.l lymph, and lEJVt~ a fatty ac id com­

position very s.Lmilc.n" to dict <:1ry fat (Biel'man e t a l, 1962) o 

'Seco::1dary' particles which are simi l ar in particle size, 

distribution ond lipid content (Bierman cmd St randnes s, 1966), 

contain a mixture of fatty acids of both dietary and endogenous 

origin (K ayden et al, 1963) and c1re thought to derive largely 

from the 'primary' particle (Bierman et al, 1 962 )& Preparative 

ultracentrifugation may be used to scpa:cate chylomicra from 

. ' . f 0 6,.. 1 6 . . b , VLDL. Contr1tuaat1on . or • ox o g-min. against a ac~-

ground density of 1 o 006 produccJs flotation of 'chylomicrons', 

VLDL remaining in the infranatant. Centrifugation for a 

further 1 6 hours at 105,000 g at a bacl-::ground density of ·1 ,. 006 

yi eld the 'endogenous' or VLDL fraction (Havel et al, 1955; 

IIatch and Lees, 1968); these correspond respectively to 

Sf-:,,, 400 and Sf 20 - 400 classes as isolated by analytical 

ultracentrifugation. Contamination of the exogenous fraction 

by endogenous particles, however, occurs. As there is an over­

la.p between chylomicra 2nd VLDL in respect of particle size, 

density and flotation rate, the dividing line between these 

two classes is necessarily arbitrary. Endogenous VLDL may 

include pa:r:-ticles with a diameter of up to 1,000 A, which have 

an sf value of about 300 (Ruderman et al , 1968); such lipo­

proteins would tend to separate as chylomicrons during prepara­

tive ultracentrifugation. More recently, a technique has .been 

described whereby ch)-or:ticrons ha.ve been isolated uncontaninated 

in a single centrifugation step, using a stabilizing density 

gradient and a swing-out bucket rotor (Lossow et al, 1969 ). 
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endo9enou:; pi'Lr.'ti.(:L::s rcLi.u,;. on the use of po1yvi nyl pyrol lic1one 

( PVP ) urzttlicut ',, which d1c~p1~nJ on a. coinb:i.na tion of gradient 

f lot a t ion and precipitation of lipoproteins by PVP .. Gordis 

(1 962 ) shoucd th~t usj_n~r t~1is t echnique , exogenous particles 

(chylornicron.s ) cou.J.cl be sepc,rat ed in t o ' primai'.'y 1 and ' secondary' 

particles .. By co:r.rparison with fractions obt ain ed by prepara­

tive ul tra.centrL2ugation, Bober g a.nd Hallberg ( 1 968) showed 

the t op fraction to contain ' chyl cmi c:rons', the middle fraction 

to c ontain pax't of the VLDL c lass, and the bottom fraction to 

cont a in t he re.st of t he VLDL together with LDL and HDL. 

The t erms derived from these methods of isolation tend 

to be u sed .i n t e:rc:1angeabl yo Pre-beta lipoprotein as separated 

by electrophoresis, has been shown to be i dentical to the VLDL 

fracti on separated u l tracentr i f u g·a11y (Smi th, 1957; Bro\lm and 

Doyl e 1 1 967). Sii:iilar_ly , Lees and Fredrick s on ( 1 965) showed 

the i rrm10bi l e chylomicron band on paper elec t rophores is to be 

e qu atable with ultracentrifugally separ a t e d chylomicrons. A 

classificat ion based on particl e s ize , u s i n g microfiltration 

and nephcl omet ry ho.s also been dei:i.ons trate d to show a high 

order c orrel a t ion wi t h results ob tained by analytical ultra­

c ent rifugation ( Stone et al , 1970 ) ., Most classifica tion systems 

in c urrent us e ter1d to rely on p l asma lipoprotein c har acteriza­

tion bas(.::d on separat i on by e ither prepara t i ve ul tracentrifuga­

tion or e lectrophores i s o 1-k@brane filtr a tion and neph elometry 

has n ot gai ned srcne~ca l accep t anc e o 
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tinctions be t\'.'ccn chy1, _,;11 i.cra <'C.1.d /J/i'11 in :_;hysico-chernical 

terms, the correlation b('i.: 1-rcen structure c111.d function has 

nevertl1elcss to. b8 considoredo Anthori tativo definitions of 

chylomicrons include botll ::1 .f'unct:L,mal and an operational 

term ( F'redrickson et e,l 1 1 ~J67; Zil\rersmi t, 1969). Zil versmi t 

( 1969) for example, is careful l:o refer to particles with both 

'Sf greater th,. n 400 at1d contaiv.d .. ny triglyceride clcri ved 

primarily from dietary .fat'. 'I'hj_:~ definition is unexceptional ; 

it, however, excludes particles of Sf <.. 400 which may contain 

dietary fat o Ockner et al ( 1 969b) showed that dietm'y fat 

could be transported in intestinal lymph as VLDL in addition 

to chylomicrons; and a similar situation appears to pertain 

to man (Harl2,11 and Bleisher, 1963; Edelin et al, 1968 ; 

Schlierf and Raetzer, 1972). Fffcthermore 1 under unphysiological 

conditions, endog-enous particles with phy:.:;ico-chemical proper­

ties of chylomicrons may be present in plasma (Mancini et a l , 

1973) o 'rhe PVP gradient column, the only method which appear s 

to adequately separate e:::1doge:nous from exogenous triglycerides , 

has the disadvantage of being ctunbersome and very time-

consuming; its widespread use is, there.fore, impractical $ 

CHYLOnICRONS 

Definition . 

From the £oregoing 1 it can be seen that difficulties in 

definition r:1iaht be anticipated. 'rhe terr:1, chylomicron , was 

originally used to clescl'ibe the visible particles that appeared 
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i:n l ymph 2u1.d blood :u1 r~sponse to fat feeding and which con­

t a i. ilv:d the die to.ry t:1.:ig'lyceride ( Gage and Pisl1 1 1 924 ); thc~y 

wc1'c named chylomicrons becattse t 1ey appei..D'.'ed as 'microscopic 

bodies fror:1 chyle'. Ouantification was initially performed 

by counting the:! num1x•r of partich;s in plasma visible und<::!r 

tl 2 i!1icroscope at varying intervals after a fatty meal (Frazer 

and Stewart, -1937) ~ 

The most widely accepted classification of lipoprotein 

disorders in cv.xrent use is the r,-rn:o modification of the classi­

fication of Fredrickson et al, 1967 (Beaumont et al, 1970). 

For the purpose of classifying disorders of lipoprotein meta­

bolism, they define 'chylomicrons' as particles with a 'density 

of about Oa9 (sf value:;;,- 400 ). They collect at the top of 

plasma left standing for 16 - 24 hours at 4°c, they remain at 

the origin on paper or agarose electrophoresis on in the 

loading gel on polyacrilamide gel, and they behave in a certain 

way in PVP gro.dients , or on sta1:ch gel electrophoresiso' Where­

as it is stated that most 'chylomicro:ns 1 are considered to be 

of exogenous origins, these authors are careful to point out 

that some 4ietai"y triglycerides also appears in particles 

having physico-chemical properties of VLDL. Attention is also 

dra\lm to observations that some VLDL have the imrnobili ty of 

chylomicrons on electrophoresis. 

Si7..e and co:::rnosi tion 

'Chyl omicrons' appear as spherical particles that vary 
• 

in size from 750 - 10,000 A on light and electron microscopy 
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(Levy c~t al, 1 J 7 '1). A spec trum of ;?articles v aryinq \'.!:i.dely 

in siz~::: has bt~cin ~;how-fl. to exist (Yokoyama and Zilversmit, 

1965; :;~i lversuit et al, '1 966); at the lower end of the size 

spectrwn , they tend to morge with ·the larger molecules of 

VLDL. AJ.thouoh in the doQ" and rat, the median particle 

di a.rr1.cter is be tween o. 2 - O. 3 µ , few particJ.es with a diameter 

greater than o. 5 µ. were observed during feeding cream or corn 

oil (Pinter and Zi1versmit , 1962)$ They consist mainly of 

triglyceride ( 80 - 95%) with lesser amounts of cholesterol 

and phospholipid , less than half the former being in the 

esterified form; chemical composition has also been shO\lm to 

be variable (Yokoyama and Zilversmi t, 1965) .. The larger the 

chylomicron, the greater its relative content of glyceride and 

smaller its relative content of phospholipid, cholesterol and 

protein. Protein constitutes between Oo5 and 2.5% of total 

weight; apoprotein content and composition differ between 

chylomicrons of lymph and blood (Robinson, 1955; Sca..11.u and 

Page, 1959; Dole and Hamlin, 1962). Additional protein appears 

to be added to lymph chylomicra upon entering the blood stream 

(Lossow et al, 1967; Robinson, 1970) and electrophoretic 

mobility on starch gel changes ( O t Hara. et al, 1 966). Changes 

occur in the lipid composition as well; a gradual loss of 

phospholipid is accompa.YJ.ied by a gain in free choJ.esterol dur­

ing i ncubation of thoracic duct lymph chylomicrons with plasma 

in vitro (Zilversmit, 1967). 
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D.-_f':Lni tion 

Beaurnon t et al (-l ~)7 0) def i ,1.,~ VL")L a•-; lipoproteins \Vhich 

are isolated in the ult1'acent:d . .fuae in the~ fraction of density 

""- 1 • 006, havina sf values of 20 - 400 and ,vhich have pre­

beta mobility on paper eJ.ectrophnresiso This definition fails 

to take into account tl'1e sinl<::i.ng pre--bc~ta lipoprotein (Berg, 

1963; Rider et al, 1970 ); this lipoprotcin despite having pre­

beta mobility on electrophoresis, sediments rather than floats 
. 

at d = 1.00G whereas 'normal' VLDL would do the opposite. 

This definition would also i:i.1clEde VLDL of dieta::cy origin and 

for this reason should not be assumed to be equatable with 

endogenous triglyceride particles. 

More t han 85% of VLDL consists of lipid; protein provid­

ing 7 - 12% of total weight. The major lipid class is tri­

glyceride which constitutes 50 - 701~ of the molecule by weight 

(Levy et al, 1966). Considerable heterogeneity, however, 

exists, density covering a wide spectru-rn from 1 G 006 to o. 95 ; 

as the density decreases, the relative proportion of glyceride 

rises and that of p:cotein .f'alls (F-..ceccrickson et al, 1967). 

At the lower end of their density ra.:nge, they overlap with 

chylomicrons; at their highest end, they merge with LDL. 
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Th<~ need to dif £2re11tiate (~xoucnous fro:n endogcnc~us l:i.po­

protcins arises when considering the hyperlieoprotcinc1.cmias 

and their therapy . 'I'he wm'~c of Ahrens· et al ( 1 961· ) L:; a l and­

ma:d( in our understanding of hypertriglyceridaemia. They 

demonstrated hro apparently distinct forms of' hype1"tri-

0lyceridaemia.. One was sensitive to dietary .fat, extremely 

high triglyceride levels being present in plasma during the 

consumption o.f a 40:{ corn oil diet. The serum triglyceride 

level fell slowly and fasting serum lost its turbid appearance 

on isocaloric substitution of carbohydrate for fat. An excess 

of chylomicrons were present in a:n ultra.centrifugal density 

of d -<. 1. 006. lipoprotein fraction even in the post-absorptive 

state. 'rheir fatty acid composition was sho\1m to be similar 

to that of ·the dietary fato The defect was believed to be due 

to inefficient clearing of chylomicrons from plasr.1a, as post-• 

heparin lipolytic activity in plasma was low or absent, and 

a single fat meal clec1red slowlye This so-called'fat-induced 

lipaemia ', is to-day classified as Type I in the i:-rno classi­

ficat·i..on (Beaumont et al, 1970),, 

In the second type of lipaernia 1 termed 'carbohydrate­

induced', sermn triglyce1°id.es were J.owest on high fat feeding . 

and highest during consumption of a high carbohydrate diet. 

Post-heparin lipolytic act ivity was normal 1 and the fatty acid 

composi tion of the d "'- 1.006 fraction showed little similarity 

to either adipose tissue or dietary fate Particle size in 

this ultracentrifugal fraction was shown to be smaller than 

chylomicronso On the basis of the fatty ac id composi tion of 

this fraction 1 Ahrens et al (19 61) suggested the lipoprotein 

particles in the latter case to arise largely by endogenous 
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1 C,1rbohyclro. te- incl11c(=:d ' or 

'l'ypc IV hy_,, ,2rlipop1'otcinacrn).a (Beaumont et al, 1970) _ 

WhcJ.'C:as exogc~nous hypertriglyceridaemia responds to 

c1.i.ctary fat :restricti.on , the dietary treatment of choice for 

cncJ.ouenou:~ hypert:ricrJ.ycer idaemia h as been claimed to be carbo-­

hyclrat(~ r0:-:t1':i.ction (Levy, 1972; La Rosa, 1972)0 As classi­

fication into theS<:! supposedly widely di£ fering forms of 

hypertris:,rlyceridaemia depends on a knowledge of the lipop:rotein 

pattern of s~-=rum, a Detter understanding of the chief tri­

glycericle-bearing lipoproteins, not only in terrns of structure 

but also of .function, would be desirable for the provision of 

opt imal therapy. Clearly, there is also the need for a better 

under s t c1:nding of the interrelationships between the various 

classes of lipoproteins, as well as of specific metabolic 

abnorrnal:i.-t:ies underlying t he various forms of hyperlipoprotein-

aemia o 

FOEI-,1AT'ION OF VLDL BY 'rHs INTSSTINE -------------

Althouuh the role of the intestine in chylomicron forma­

tion hcts been long knm'.m, it has only been more recently 

apprecia.ted that this organ ls also capable· of producing VLDL. 

As this has been sho,sm to occur in the post--absorptive period 

( Ockner et al, 1969a ), concepts of endogenous triglycerides 

ought to i nclude the intestinal as well as a hepatic component. 

VLDL also appears to pl ay c1 role in the absorption of dietary 

fat (Ockner et a.l , 1969b; Schlierf and Raetzer, 1972), contrary 
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to th\.-:; early belief th0t E~xogenous triglyceride \Vas trans­

ported 1'rholly in the form of chyJ. omicron ::-; . 

Post-absorptive s tate --·-----

The abs ence of chylomicrons from plasma in the fasted 

state led to the erroneous belief that the role of the intestine 

in lipid metabolism was limited to the absorption of fat; recent 

evidence , however, favours a wider role. 

The intestine has, .for example, been shown to be an 

important site of choles terol biosynthesis (Dietschy and 

Siperstein, 1965; Wilson, 1968). Hepatectomized animals are 

capable of incorporating radioactive f atty acids into plasma 

triglycerides (Havel and Goldfein, 1961) and labelled amino­

acids into the apoproteins of circulating VLDL (Roheim et al, 

1966 ); the intestine would seem to be the likely s:i.te of these 

reactions. Ockner et al (1 969a ) have shown that even under 

fasting conditions , the intestinal lyrnph o.f rats contains 

triglyceride-r ich particles similar to plasma VLDLc This 

fraction which has an Sf peak of 1 02 on the analytical ultra­

centrifuge, thus exhibited slower flotation that do chylomicrons; 

a different lipid composi tion and electrophoretic mobility 

was also demonstrated. This fr action also differed from 

secondary particles (Bierman et al, 1966) in that the latter 

particle, derived .from the primary chylomicron, also had a 

flotation coefficient :::-,, 400. Ockner et al (1 969a ) have shown 

that rat VLDL moves in the alpha-1 position on aga.rose gel 

electrophoresis. The 'VLDL' of intestinal lymph showed 

334 



alpha-2 mobility, but when i ncu b.::i.ted 1.vi t11 plasrn.1_ V11DL before 

electrophoresis, moved to the a l pha-1 pos ition. They were 

similZD'.' to plasma VLDL in respect of lipid co1~1position, flota­

tion coefficient, and in the composition of their major apo­

protc~ins ( Ockner et al, 1968 ), al thoug-h total protein content 

was less than that of plasma VLDL. Fatty acid composition 

did, however, differ somewhat suagesting a different supply 

of precursor fatty acids~ Confirmation of the presence of 

particles in intestinal lymph which closely resemble plasma 

VLDL has been obtained by electron microscopy (Ockner and Jones, 

1 970). 

Some particles with characteristics of chylomicrons were 

demonstrable in intestinal l ymph even in the fasted state; . 

'intestinal VLDL' was the major lipoprotein species present. 

VLDL of intestinal origin thus probably contributes to the 

plasma VLDL pool, although the extent of such a contribution 

is not known at the present time. Winc1mueller and Levy (1968) 

have estimated the intestinal contribution to be about 1 Q~,~ in 

rats, whereas Ockner et al (1969a) suggest that as much as 

40% of plasma VLDL may derive from the intestine~ 

Pos t-nrandial state 

The role of 'intestinal VLDL' during fat absorption has 

also recently received attention. Ockner et al (1969b) showed 

that exogenous .fat could be transported as VLDL as well as 

chylomicrons in intestinal lynph. They distinguished chylo­

microns from VLDL by flotation in the analytical ultracent:ri-
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fuge, agarose gel electrophoresis, and by lipid content. 

Doquillon et al (1972) arrived at similar conclusions using 

cellulose acetate electrophoresis and density gradient zonal 

centrifugation to separate the two particles. Follo\1/ing a 

radioactive fatty meal, rat intestinal lymph was found to con­

tain two bands on cellulose acetate electrophoresis. Most of 

the radioactivity was found in the fast-moving band. Further 

separation by zonal centrifugation showed the moving particles 

to have a higher cholesterol and protein content than particles 

remaining at the origin; electron microscopy also showed the 

latter particles to be larger. These results are thus con­

sistent with the view that dietary fat is tra.Yl.sported in 

intestinal lymph both as chylomicrons and VLDL; in these experi­

ments, the majority of the labelled lipids were carried by 

the smaller particles. Somewhat conflicting results have been 

obtained by Windmueller et al (1970); although demonstrating 

a continuous spectrum of lipoprotein particle size in rat lymph 

in both fasted and fed state, they showed most of the change _ 

on feeding fat, to be due to particles of Sf :;;:, 3,200. 

Studies in man 

Most studies on the roles of chylomicrons and VLDL during 

fat absorption in . man have relied on measurement of these two 

particles in plasma during alimentary lipaemia. It appears 

from early studies on normal men that sf ~ 400, pre-beta 

migrating particles of~ 1µ diarneter may contribute to dietary 

fat transport through plasma (Edelin et al, 1968; Stone et al, 
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1970). 'I'hc former authors showec1 that in normal subjects and 

in those yfi th 'l7ypcs IV and V hyperl i.'poprotcinc1emia (Deaumont 

et al, 1970), dietaTy fc:tts were incorporatE.~d significantly 

into both 'endouenous' und 'exogenous ' particles separated by 

paper el ec troph~res is of the d ~ 1.006 fraction of serum. 

Dietary fatty ac ids appeared in the chylomicron fraction earlier 

than they did in the 1VLDL' fraction; recycling of dietary 

fatty acids and their incorporation into endogenous tr'i­

glycerides is thus a possibility. Schlierf and Raetzer (1972) 

also showed the Sf, 400 fraction of serum to carry a con­

siderable porti(?n of the alimentary lipaernia. Following a 

single large fat load of 120.g., Harlan and Deischer (1963) 

showed a considerable increase in sf 20 - 100 ~d sf 100 - 400 

lipoproteins,. whereas LDL (Sf O - 2.0) remained unchanged. In 

this latter study, lipoproteins of S,., :;;> 400 were not separated 
.L 

from the sf 100 - 400 fraction; 'chylomicrons' would thus be 

included in the latter fractione At the high dose of fat fed 

the sf 20 - 100 fraction nevertheless showed a significant 

increase .. Fr~berg and Hallberg (19 GS ) used the PVP .gradient 

column of Gordis (1962) to study alimentary lipaemia; they 

demonstra ted a r ise in th8 top fraction ( 'chylomicrons') and 

in the middle fraction (' some VLDL'), but not in lower fraction 

(VLDL, LDL and HDL) after the ingestion of fat. As this method 

is more specific in separating endogenous from exogenous parti-. 
cles, it suggests that some of the VLDL increment must have 

11 

been of exogenous origin. Furthermore, Bergstrom et al (1972) 

have reported in abstract, that VLDL increases in response to 

fat feeding in huma..Yl. thoracic duct lymph. Addi tional studies 

on J.yr.tph J.ipoprotein are thus desirable, but in view of the 
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scarcity of suitable experimental subjects, have their obvious 

difficult ies and c1raYrbacks •. 

F'v.rthc::r confirmation of t he role of t:1e intes tine in 

VLDL synthesis in nwn has been obta.ined by preparo.t ive ultra­

centrifugation of jejunal biopsiesa Lipid particles with 

features of VLDL and of 'chylomicr ons' of various sizes have 

been sho\1m to be present ('I'ytga te et al, 1971 ) • 

Dietary f a t co!:lposition 

The type of fat ingested may also be of importance in 

det ermining the nature of the lipoprotein particle produced by 

the intestinal mucosa. Ockner et al ( 1 9G9b) have shmm that 

intraduodenal infusion of linoleic acid, a polyunsaturated 

fatty acid, led to the appea-rance of mainly 'chylomicrons' 

in intestinal lymph. Palmitic acid on the other hand led to 

an increase in both chylomicron a..r1.d VLDL triglyceride~ Electron 

microscopy showed lymph lipoprotein particle size to be con­

siderably smaller.after administration of palrnitate than after 

linoleate (Ockner and Jones, 1970), confirming data obtained 

ultracentrifugally. Oleic acid occupied an intermediate posi­

tion, but in this respect more closely resembled linoleic acid. 

A similar situation may pertain in the rabbit, where a gre2.,ter 

percentage of thoracic duct cholesterol was transported as 

chylomicrons when corn oil was fed rather than a diet rich in 

palmitic acid (Zilversmit et al, 1967). Linoleate has been 

shown to be absorbed more proximally and over a shorter dis­

tance of intestine than palmitatic acid (Ockner et al, 1972). 
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This observation could be clue to the lower soJ.ubi. li ty o.f 

palr,1i tatc in rniccllar solu t:ion ( I-Iof fman and Dorgstr'61,1 1 -1 962 ), 

but cts fat ty acids may be ctbsorbed from enrlllsions as well as 

from miccl lar solutions ( Si@nonds et al, 1963 ), this possibility 

seems 1.,1.:i:1l ikely. Uptake of the two fatty acids by intestinal 

mucosa appears not to differ, but the rate of esterification 

of linoleate appears to significantly exceed that of palmitate 

(Ockner et al, 1972), especially at higher concentrations of 

the free fatty acid. 'rhe more proximal absorption of J.inoleate 

over a smaller length of intestine, coupled with rapid esteri­

fication, could result in the formation of a larger quantity 

of triglyceride per cell than during palmitate absorption. 

During absorption o.f unsaturated fat, lipid availability in 

relation to apoprotein, could be greater than during absorption 

of saturated fat. Such a hypothesis could explain the differ­

ences in particle size in intestinal lyrnph during absorption 

of these two fatty acids. 

Other studies have, however, .failed to detect differences 

in particle size after fec~ding saturated or unsaturated fat. 

Zilversmit .et al (1966) could show no significant difference 

in the size of pax·ticles in thoracic acid lymph after feeding 

with cream or corn oil. In this study in which particle size 

was estimated by phase contrast microscopy, the median .size 

was 0.5u.. The same group of workers (Zilversmi t et al, 1967), 
I 

however, showed more cholesterol to be transported in chylo­

microns after unsaturated than saturated fat .feeding. Boquillon 

et al (1972) failed to show a difference in distribution of 

'chylornicrons' and 'VLDL' dependent on the nature of the fatty 

acids fed. Still other studies have shown saturated fats to 
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result in l arger pai•t iclcs than unsaturated fat o Courel and 

Cleme.11t ( 1 964 ) reported I cream chyloE1icrons' to be three times 

as large as 'corn oil chylornicrons' ; their technique of lymph 

coll ec tion has been criticized by Zi Jsr>--:r smi t e t al ( 1966) who 

suggest preferential disruption of the 'corn oil chyloDicrons' 

as an explanation of their findings. Another reported study, 

however, supports the finding o.f l arger 'cream chylomicrons' 

(Jones et al, 1962), and in one study of dietary fat transport 

in thoracic duct lyrr.ph in man, palmi tic and oleic acids were 

carried in the VLDL fraction to a lesser extent than was erucic 

( ti ) acid, a more unsaturated fatty acid Bergstrom et al, 1972. 

Fat load 

Another factor which may be of importance in determining 

the type of lipoprotein formed, is the load of fat presented 

to the intestinal cell. 0ckner et al (1969b) have shO\Jm that 

the more proximal absorption of linoleate, leads to a greater 

formation of triglyceride per cell tha.YJ. palmitate. They suggest 

that the greater availability of triglyceride relative to 

protein at the sites of lipoprotein synthesis in the enterocyte, 

leads to the formation of larger particles than would result 

with less triglyceride formed per cell. Certain evidence tends 

to support this hypothesis; Fraser et al ( ·1 968) showed the · size 

of rabbit ly111ph chylomicrons to be smaller in animals fed low 

corn oil diets than in those fed high doses of fat. In rabbits 

fed 5% corn oil diets, the mean diameter of chylomicrons was 

960 A compared with 1,435 A in rabbits fed a 30% corn oil diet. 
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Jurir1u ~)crJk a"l),.,o:c_ption, at \'1l1ici1 time it vould seem likely 

thc1t t>t(2! tr.i.srlyccride 1021.d per cell would be at a :maximu .. m. 

1:11:.creas it '.;eens beyond a doubt that in both animals and 

r.ta.n, 1 cl1.ylomic~ons ' and 1VLDL', c1.s defined operationally, play 

a role in tlle transport of dietary fat, we may as yet be adopt­

inu too rigid a view of the triglyceride-bearing J.ipoproteins. 

'i'here appears lo be considerable overlap between these two 

app2rcatly distinct classes when viewed under the electron­

micJ."oscopG a.nd in terms of flotation cha~racteristics (Ock:ner 

and Jo11es, 1970); a continuous spectrum of triglyce:ride bear­

ing lipoprotei.ns may thus exist. Zilversmit et al (1966) showed 

a co·'.1tinuous range of particle size from 300 - 4,500 A in 

lymph from fat fed rats. Lymph obtained from rats on fat free 

diets has also been shown to contain a continuous spectrum 

of l:i.1,oprotcins between s £ 20 and sf 3,200, most being in the 

.Sc 60 - 1,100 :cange ("Windmueller et al, ')970). Fat feeding 
.J.. 

resultc:d in a predoninance of particles Sf -:,,, 3,200. There 

was o.lso a substantial increase in Sf 400 - 3,200 particles, 

whcrr.::as those of Sf 20 - 400 remained relatively unchanged. 

A spect1'um ranging from large triglyceride-laden po.rticles with 

charc.':C t:~risti.cs of 'chylomicrons' on the one hand, to sr~aller 

1 VLDL-like' l)dl"ticles, less rich in triglyceride on the other 7 

may cx:i .. st. Elec tron D.icroscopic studies of human intestinal 

biopsies have also shown the presence of smal l 'VLDL-like' 

particles during the post-absorptive state.. Follo.;1ing the 

inuestion of fat, a range of particle sizes from the small 

particles present in the fasted state to large chyloi:1icrons 
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tha.t o. · ·• _i_ur3-r !ti . .- ,11 c:~r ct 01 (1970), which showo.cl a continuous 

spcctr1..1,.! of tri. '.:)' lycc~ride be t1.ring lipop:roteins whi ch .shi f ted 

in the (i.~1:'ccticn of lo.rgcr 1r1olccu1~:::s on fat feedi n9 , are con­

sistent 1,,11.th t:1c possib_Llity o.f a dynamic system of t:ricslyceride-
-

bea:d.n c; 1-LJ.~op:o te:i.ns capable of being formed by the intestinal 

cell ia ~c c sponse; to a re(:uirement. A I chylomicron' may thus 

origini:'.tc 2..s .a :::n1;-11ler lipoprotein particle whose si ze has 

become c•::9cmcled in order to acconunodate a.ddi tio:nal triglyceride 

available as the result of fat absorption. 

AL I M8NTA~Y LIPA~MIA 

Chylomicronaemia has not been regarded as being o.f 

particulr1r importa.nce in the pathogenesis o.f IHD, largely 

because;: of l ack of evidence of an increased incidence of 

atherosc.lerosis in patients with Type I hyperlipoproteinaemia 

( Fredrickson, 1 966 ; Fredrickson et al, 1967); additional 

information on thi s rare disorder may, however, alter this 

belief'. Dy contrast, patients with pre-beta hyperlipoprotein­

aemia have been s hovm to be at risk of developing IHD ( Carlson 

and Bt:ittiger , 1972 ). If pre-beta lipoprotcin (VLDL) is in 

some 'Nay directly related to the development of ather osclerosis , 

the recent realization that dietary fat may also be trax1spor ted 

through plasr;1a in this form, assumes considerable importance 

in r e lation to the pathogenesis of, and protection from nm. 
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optical d t~nsi.ty in plasma following in:·1 e.s tion or 2: fatty m<"?a1, 

and have not attor:1pted to clistinguish bc:tueen I c::z:00€:nons 1 and 

'endogenous ' co□ponents. In addition, few stu•l\cs havo 
-

1:1casured triglyceride levels througl:.ou t the cla.y; this rn,1.y be 

of greater relevance to the developme~t of atherosclerosis 

than fasting .levels which only exist for a few }10nrs in the 

24-hour period. Indeed, alimcmtary lipaemia fol1m:ring the 

ingestion of a single fat containing meal is of a greater 

degree and longer lasting in patients with IHD t }1an in aue and 

sex matched normal controls (Barritt, 1 956 ; Felch a11d Van 

Italie, 1960; Bouchier and Bronte-Stewart, 19 61; Denborough, 

1 963). 

The magnitude of alimentary lipaenia relates largely to 

the dose of fat fed. A measu:cable i nc1"ement in s erum tri­

glyceride concentra tions may be detected after a. meal contain­

ing less than 10 g. of fat ( z·,11eers et a l, ✓196 8 ),. In thi'.:; stv.dy, 

a 14 g. fat breaJcfas t produced a stc1.ti st ically signific a11 t rise, 

compared with the initial l evel . Most studies o.f' alimentary 

lipaernia have, however, used rnuch l arger doses of fat, 60 -

100 g. usually being employe d. As t his load is greater than 

that ingested during most 11.01'mal meals, resi.,1lts obtaineJ may 

not 1.0 eflect the physiologic a l situation . 

Following the ingestion of a high fat meal 1 peak levels 

of triglyceride are apparen t after 3 - 6 hours (Havel, 'l 957a; 

Sullivan, 1962; Denborough, 1963). The leve l reached appears 

. th th . f t . l ti-, r-> 1 . vi t 1 • • t . 1 to correlate w1 e non- as ing V2L ue; u , __ 11g __ er r1C 1n1 -ia 
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S<:run trio. yc:,>-'idc . c or~,~cntra t ion , the greater tlH~ degree of 

E' .. lir.1e:1taJ:y Jj_1)0.cmi a ()onborouuh e t ::.i1, 1963; HolLi .. ster et ,11, 

·1 9G3; Zwccr·:; f~t al, ·1 ~-!6B). The f inding o 2 a sreater degree 

of alimentary l-ipaci:-1 ia in subj ects with II-ID than in controls 

could thus po s sibly reflect the higher fasting triglyceride 

levels known to occnr in IHD (C;::trlson, 1960; Hazzard et al, 

1973). The data of Dcnborouah (1963) support this view; fas t­

ing serioo triglyceride levels correlate well with optical 

d0nsity and triglyceride concentration following a fatty mea lo 

In addition, estimations repeated in the same subjects .follow­

ing lowering of their base-line serum triglyceride concentra­

tions by diet or 'Atromid', were associated with a reduction 

in alimentary lipaemiao During the ingestion of a fat contain­

ing diet, serum triglyceride levels throughout the day also 

appear to correlate with fasting triglyceride levels; Maruhama 

et al (1 967) showed fasting triglyceride concentration to be 

a good predictor of diurnal triglyceride fluctuationo Diabetic 

control, for instance, results in a lowering o.f both fasting 

and diurnal triglyceride levels (Sterky et al, 1966; Haruhama 

et al, 1967 )e 

The positive correlation bet\veen the fasting and post­

prandial levels may be of importance .from two points of view. 

Pirst~y , despite fasting levels existing for only a few hours 

of the day, it suggests that measurements of postprandial or 

diurnal triglyceride concentrations, may offer no particular 

advantage over fasting levels in individual patients. This 

possibility has been reassessed in the present study. From 

a point of view of' standardization for purposes o.f compariso}'.l., 
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fa.sting levels woul.d ~_;cem f 2u" p:rcferc1bl0.. With non-fasting 

specimens, the dose ;=:md timinu o f f a t ingestion , as well as 

other constitu ent s of t he meal, would need to be considered 

in assess in~- the individual c ase. Secondly, because of t he 

difficulty in obtaining blood for t riglyceride est imations 

unde1' standardized fas ting conditions in epidemiological 

studies, or in surveys for screening ptrr'poses, it suggests 

that non-fas ting samples might suffice. Zweers et al (19 68 ) 

have shown a non-fasting cut-off point of 224 mg ./dl. to 

cor relate wel l with a fasting cut-off level of 168 mg./dl. 

Subjects with non-fast ing levels of 224 - 280 mg./dl. were 

regarded as 'borderline' , and above 280 mg ./dl., as suspect 

and definitely hypertriglyceridaemic. This study was performed 

on heal thy volunteers; whereas such an approach may prove o.f 

practical value for screening, in as much as all individuals 

with non-fasting levels above a predetermined cut-off point 

could be called back for examination under fasting conditions, 

its routine application in epidemiological studies may lead 

to erroneous conclusions. A normolipaemic subject at the time 

of peak lipaemia after a large fat meal, may for instance have 

a higher serum triglyceride concentration than a patient with 

mild elevation of triglyceride levels, who thereby may be at 

risk of developing IBD ( Ca-rlson and Bt+.>t tiger, 1 972 ). 
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T3!1~1\RIITG LIPC,PRCT, :nr2 IH FL!\Sl l!\ ·-----------·-~ -

A.s can be sc~en fr or.1 the foreaoing, division of tllc chief 

triglyceride be2c..1'ing lipoprot e i ns into distinct cl asses based 

on physico-chemical properties is -a t best an ~rpproxirnation. 

Classifications of hyperlipoproteinae~:iic s tates bas ed on serm:1 

lipoprote in pat terns do thus not re2st on 21- secure foundation. 

As Car l son (1 970 ) has said, we are classifying the plasma and 

not the patient. 

In modern medicine the aim of classification systems 

should be definition of disease in terms of specific patho­

genetic mechanisms such as in terms of defect ive proteins or 

enzymes. At present only one form of genetic hyperlipo­

proteinaemia satisfies this criterion. Familial hyperchylo­

micronaemia (Type I) is believed to be due to an inherited 

deficie,.1cy of the enzyme lipoprotein lipase (Havel and Gordon, 

1960 ) . Such c11.7.yme as is present, is qualitatively different 

from norrr.al lipoprotein liDase; it is less inhibited in vitro 

by known inhibitors of lipoprotein lipase a.nd has different 

substrate -affinities (Bradford and Furman, 1968). :No circula­

ting inhibitors of PHLA have been founde gven in this condi­

tion, however, some questions remain u.vianswered. VLDL as well 

as chylomicron triglycer ide is known to be hydrolyzed by lipo­

protein lipase ( Havel, 1965); a deficiency of this enzyme might, 

there..?ore, be expected to be associated with an elevation of 

VLDL as well. Analytical ul tracentrifug a.ti on has shown some 

elevation of this lipoprotein in fact to exist in this disorder 

(Fredrickson et al, 1968 ), but t he story is as yet incomplete. 

346 



is considered to exist when the:}:c~ :i.s an cLcvat Len .o.f pre-beta 

1ipoprotcin ulone; t~1e: co-exi~; tc:ncc o.f _i:,c.reasecl pre-beta 

llpoprotcin and fc::i.sU_nc; ch_:,11oni C.i.'ona.c,"'l.ic, :i.s cld'.3:;ified as 

presence of both endogenous and exogenous trigl)~~ride in 

plasma. Such a situation could potentially occu.r as a resul t 

of imp a ired triglyc 0-ride rernov.::·.1 from pLJ.sma. In contra­

distinction to the Type I disorder, these patic:::rts frequent ly 

have normal or mildly reduc ed PIH...1A ' s ( F:redr ick et al, 1 963 ). 

'.Che pattern may vary ·-;1i th time in an individual po.tient (Lewis, 

1973). Although a Type V patte:::-n may be evident in some samples, 

other sa.mple~ frorn. the same patient may show the presence of 

increased pre-beta lipoprotein only. Furthermore , affected 

families may show either the Type V pattern or pre--beta hyper­

lipoproteinaemia alone (Nix on et al, 1969; :P--.cedrickson, 1 969 ). 

These considerations, taken in conjunction with the functional 

overlap between chylomicr a and VLDL, and the ev:i.dence that the 

origin of the triglyceride in t.,ese lipoproteins cannot reliably 

or e as ily be predicted from their phy::;ico-chemical. nature, 

raises the possibility that Type IV and V patients may in fact 

be sufferina from the-: same di sorder, the differe:o.ce merely being 

one of de9"ree. As previously d i scu.ssecl, if the load of tri­

glyceride presented to the lipoprotein sy£1 t hesizing mechanisms 

of the gut is large, bigger 'chylomicro:n--1 ike' pc1rt icles may 

result. A similar situation could pertain t o the liver; in 

favour of this hypothesis is the demonst1 .... ation of particles 

with features of chylomicrons in plas;)'l_a of carbohydrate induced 

individuals at a time when no exogenous triglyceride is present 
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( l!ancini ct al , ·1973; Schonfeld and Knd:;_,:,ma , ·1973 ). Type V 

hyper lipop::.'oteinac~n1:i.a coulci thus merely be a more severe 

st,::i.ue of p1'c~-beta. hype:rlipoproteinaemi.a. As chyl omicrons and 

VLDL are bc~lieved to be r emoved by a common i-·er.ioval mechanism 

(Have l, 1965; Brunzel l et al, 1973 ), saturation of such a 
. 

mechanism by VLDL could lead to i mpaired disposal of chylo-

rnicrons. 

Schonfeld and Kudzma ( 1973) were unable to disting·uish 

patients who developed chylomicronaemia from non-chylomicron­

aemic ones by their plasma lipoprotein lipase activity, although 

chylomicronaemia occurred more commonly during high fat than 

during a high carbohydrate feeding. Saturation of removal 

mechanisms by VLDL could explain delayed clearing of 'chylo­

microns' either exouenous or endogenous. On the basis of 

their observations , they suggest that mixed hypertriglycerid­

aemia, i.e. endogenous and exogenous (Type v), may not be a 

genetic ally separate phenotype, but simply a variant of Type 

IV. Further support for this concept comes from the work of 

Drunzell et al (1 973 ). When fat cal ories were kept cons tant · 

and carbohydrate calories we:-ce varied in hypertriglyceridaemic 

subjects, Types IV and V appeared i nterchangeable. Restrict­

ing carbohydrate intake led to the disappearance of chylomicrons 

from the plasma of patients with the 'rype V lipoprotein pattern, 

whereas chylomicronaemia appeared in response to an i ncreased 

carbohydrate intake in patients who initially had the 'l1ype IV 

pattern. Because fat intake rernained lmchangecl throughout, 

they postulated al t erations in endogenous triglyceride concen­

trations in response to changes in carbohydrate intake. Com­

petition between chylomicr-ons and VLDL for a common saturable 
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l',';.'lovc::il ue,:hanism could explain th0.1_r findings. Using PVP 

::'1oculat·i_o;1 t:he~;e ,'.uthors sho·_:rcd the 1.J.rger pa.rti.cles ob:,erved 

(hn:'i:ng thQ ~)e::ciod of c a.rbohyili'ate e:-ccess to be o.f exogenous 

Oi:'iJ in. Further evidence of .saturabili ty was provided by 

s l:udyinu the relationship of 0ndosenous triglycer ide concen­

tTation to pl asri1a lipolytic r ate dtu"ing prolonged heparin 

i11.fusion; class ica l I-Iichaelis-Menton kinetics were observed. 

It lla.s been sugges t ed that whereas patients with the 'fype 

V pattern should r eceive fat restricted diets; those wi th the 

'rype IV pattern should be t reated by carbohydrate restriction 

(Levy, 1972; La Rosa, 1972). F'rom the above considerations , 

it will be appreciated that such considerations may be unneces­

sary; a more rational approach to dietary management will come 

f rom a better understanding of the pathogenesis of these dis­

or'ders. 

~:cop;_-;; OF THJ PRESSNT WORK 

Chylomicrons and VLDL have been sho\lm both to play a role 

in the transport of dietary fat in experimental animals and 

in man. r-Iost studies of alimentary l ipaemia in man have 

r elied upon the use of la.rg·e unphysiological doses of inges ted 

fa. t. Studies of f a t transport in rabbit lymph have suggested 

that the load of fat fed may be of i mportance in determining 

the nature of the lipoprotein formed by the intestine (f'raser 

e t al , 1968 ). This possibility has been tested in man by the 

feeding of break.fast of varying fat content ; the contribut ion 
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fat lo.J.ds to the 1 oo g. J.02.d fr(~qnencly 11.scd j_n oral fn.t 

tolera.nce tests. 

Diets ric _ in polY7J.nsaturat:cd fats ,•re az.u_rnng widespread 

acceptance both in the treatrne:cit of 11.y~,:::r.lipo~)]'.'Oteinaemia and 

in the prevention of IHD, as described :Lu Cha.ptc1' V. The 

ef feet of such diets on alirn(::ntary lipaenia are thus of 

interest; reports on the na.ture of tl-10 li~oprotein carrier 

following the ingestion of unsaturated compared with saturated 

fats a-re conflicting.. Most studies have relied on separation 

of lipoprotei'n fractions from lymph o_· animals in some instances 

fed by intraduodenal tube. In ord(::r to determine the relative 

effects of saturated and unsat1.u'ated fat on dietary fat trans­

port under physiological conditions in man , hE-~iJ.l thy male 

volunteers received butterfat and sunflower oil containing 

breakfasts of varying dosage. The lipoprotcin. contribution 

to alimentary lipaemia was measurede 

As discussed earlier, the triglyceride concentration in 

a blood sample obtained after 12 - 14 hours fast, is not 

necessarily repre:;entative of the flucti.,1_ating levels through-• 

out the day, al though there appea.rs to be a rE::asonably good 

correlation. As polyunsaturated fat feed ing lowers fasting 

serum triglyceride levels ( see Chapte:r- V ) , it was of particular 

interest to investigate the effect of such a d iet on diurnal 

changes as well, especially as polyunsaturated fats have~ been 
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clctimed to be more r,1pidly o.bsorbed by t:1e inte:;tine · ( Octnc~r 

et a.l , 1 972). It is, therefore, import,::n1t to t::xc1ude the 

rossibili ty that diur1v:1.J. triQl_:,rceride levels could_ be hiaher 

after unsaturated fat feeding despite lower base-line levels, 

before recornrnf~nding w:i. desprco.d use of high P/S diets. 

Two patients with Type V hyperlipopro teinaemia received 

dieta.ry modifications designed to alter their lipoprotein 

patterns. The relevance of the findings in these cases is 

discussed in relation to cl assi.f icatio:1 of the hyperlipo­

proteinaemias. 
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I N DI~TARY FAT TRANS PORT 

In view of the demonstration that VLDL participates in 

the transport of dietary fat in rats (Ockner et al, 1 969b ), 

t}le present studies were performed in order to determine whether 

a similar situation pertains to man. Experiments were designed 

to demonstrate the variability of the distribution of tri­

glycerides among VLDL and chylomicrons in plasma during the 

absorption of a fat-containing meal. Fat loads of o, 20, 50 

and 100 g. were fed with an experimental breakfast, samples 

of blood being obtained for eight hours thereafter, for the 

deter mination of the increment in chylomicron and VLDL tri-

glyceride. 

f;,.1.e_j ects 

Nine male members of the hospital and l aboratory staff 

aged 43 years were studied~ Al l were clinically normal, 

consumed a typical western diet and had fasting serum chol­

esterol and triglyceride levels below 260 mg./dl . and 160 mg. / 

ell. respectively. 
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SC:),:tra ted by .'.1 eriocl'.", of 3 - 4 days. Each meal contained 1 , 000 

calori(::S; tl1c fat a..ncJ. carbohydrate cont(::nt were adjus t ed to 

provide 1, 20, 50 anJ 100 g. of saturated fat respectively. 

The ca.rbohyc1:rate wa.s ccr ived .from bread, cereal and sucrose. 

The fa.t was pl'vvided as butter, milk and double cream. Their 

cor.1positio11 is shown in Appendix 1 • The meals were well 

tolerated in al l subjects , but a tenth, who experienced dis­

comfort and nausea fol lowing the 100 g. fat meal, was excluded 

from the study. 

Exnerimcntal desiqn _,. __________ _ 

Base-line measurements Wt";re made in duplicate after an 

overnight fa'.;t of at leas t 1 2 - 14 hours duration. The experi­

mental breakfast was then consumed over a period of less than 

20 minutes. In the first experiment, a singl e blood sampl e 

was taken four hours after each breakfast to correspond 

roughly to the time of peak alimentary lipaemiao In t he second 

experirn~nt, the time course of the alimentary lipaemia was 

studied; blood sai'Tlp1es were obtained 2, 4 , 6 and 8 hours after 

the exper:L;1ee1tal meal for determination of the tr i glycer ide 

rich lipoprotein fract ionso Aft er the clot retracted, the 

se1~m was separated, EDTA added to a final concGntration of 

0.05%, and preparative ultracentrifugation commenced as des­

cribed in Chapter II, The following triglycer ide rich frac­

tions weTe s0pa.rated at a backoround density of 1 .006: 
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sf > 400, s.f 20 - ~oo, u.nCl in th0. .".'<'cond (; c::r ·i.1:icnt ,l'::,O 

S £ 1 00 - 400 anc1 sf 20 - l 00. 'fitc tl' i.g1ycr_:,r:i.<L: con.tr,.1t of 

whole s c~rum, ·of these uJ. tr:...1centrif 1:g a.lly :.-:;e~)aea. lcd f J•z:cU.o:ns 1 

and of the residue after ul tracentrifuao.tion, i'rerc::; 1lV:':Ct•.::;ured. 

Mean recovery was 95%. 

RESULTS 

Increments over fastin~r levels fo_llowin~~ different 

oral fat loads 

The results of the first study are sho<Jn1 in Figure 29. 

During absorption of the 100 g. fat meal , there was a pro­

nounced chylornicronaemia, the Sf> 400 fraction rising by a 

mean of 133 msJ. /dl.; at the same time, VLDL (sf 20 -- 400) tri­

glyceride concentration increased by 44 mg./dl. above the 

fasting level,. The contribution of VLDL at a fat l oad of 

100 g. was thus substantial 1 accounting for a.bout a qv.a.rter 

of the total increment in serum triulyce:r.'ide. 'l,he relative 

contributions of VLDL and chylomicron triglycer idE:: changed 

when smaller fat loads were fed to the same subjects. The 50 g9 

fat meal resulted in mean chylomicron and VLDL borne incre­

ments in serum triglyceride of 45 mg ./dl~ and 39 mg./dl . res­

pectively and when 20 g. fat was consumecl 1 most of the incre-­

ment was contributed not by chylomicrons ( 8.5 rng./dlQ), but 

by VLDL (2 2 mg./dl.). Tlw control meal conta ining< 1 g. fat 

was not followed by a significant change in tr·iglyceride con­

tent of either fraction. 
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In the second study, the ti::1,:; c ourse o.f t'i:1e ·change in 

triglyceride cont2:i1t was studied . VLDL was further sub­

fractionate;d into Sf 100 - 400 , and Sf 20 - 100 groupso 

Tabl e 12 and Figure; 30 show the response to 20 g ., 50 g., and 

100 g. butterfat meals. The peak l evels in the fractions 

occurred at ·similar times , a l though the 20 go meal r esulted 

in a sornewhat l a t er maxi mur:1 i ncrement. The same pattern as 

described in the previous study was evident, with both chylo­

microns and VLDL contributing to the alimentary lipaemia; the 

proportion of triglyceride present in VLDL was greater' with 

smaller fat loads. Sub-fractionation of VLDL showed mos t of 

the changes to be in the Sf 100 - 400 sub-class; the Sf 20 

100, which in the fasted state contributed about half the 

sf>· 20 triglycerides content of serum, remained virtually 

unchanged during alimentary lipaemia. 

2 • TR.ANSPORT OF' SATUR.t-.'Li!D /,ND POLYUHSATURAT::;D DIETARY FATS 

Conflicting VJ_ews on the lipoprotein carr ier in intestinal 

lymph following the ingestion of saturated and polyunsaturated 

fat, are discussed on page 338. The following experiments were 

performed in order to determine the dis tribution of triglyce­

ride among chylomicrons and VLDL during the absorption of 

meals containing saturated and polyunsaturated fat. 
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TABLE 12 

PLASMA TRIGLYCE~IDE CONCElTTRATI ON I N Sf > 400 ( nCHYLOMI CI~ON:i ) FRACTI ON AND Sf 20 - 400 

( 11 VLDL'' ) FRACT I ON 1 AS INC2S21Sl-JT 0 1/SR FAS'r I NG LSVELS (rncr/d l ± s . 8 . :-1. L ?OLLO'dIN'3 201 50 

AND 100 q ORAL FAT LOADS 

20 g 50 g 1 00 g 

sf> 400 sf 20 - 400 Sf> 400 s£ 20 - 400 s ,.. > 400 r sf 20 - 400 

-1-
4. 8 .:.. 2.2 + 12.0 - 4.2 + 30.4 - 12.7 

-1-
24.2 .:.. 7.3 11 8 ± so. 0 24 . 0:: 7.5 

1 8 . 8 ± -1- + .L + 48 ,..- + 2 1 A 8 .0 2 8. 2 .:.. 13. 4 50 . 7 - 14.5 . 33.0..:.. 13.9 159 - 67. 5 . 0 0 - I . I 

..t.. 

33.7 ±. 17.0 
J_ 

2 9 .5 ±. 12.3 99. 2 ± 41. 6 -1- "'? ,... 30.0..:..11. 9 51 .. 9 .!..21.0 54. 5 .:._ C:..-oC:. 

+ 6.6 - 3 . 4 + 29.6 - 16.5 14. 4 ± 8.1 1 o. 8 !. 5 . 7 + 23.3 - 10.4 
-1-

25. 7 .:.. 14. 1 
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_ ...... _., ____ , ., ._ •. - -..,41-,·· -~·,.·--~------. -·-• -, ...... -··--

thoracic duct fistula, in order to determine the 

rel a tive contribut:i.ons of chylo,,'.5.crons 2.1.1J VLDL to the trans-· 

port of diet ary fat o.f ciif?erc:nt composition . 

After a 12-hou:r. overnight fa:,; t, chyle was c ol l ected in 

two hour ba tches foll ovrina the ingestion of a liquid formula 

breakfast. Collection was into a.n ileostor::1y bag placed over 

the neck fistul a . On the .E'i1'st clay of study, a 1,000 calorie 

breakfast containing 70 fI• of fat as safflower oil (76% 

linoleic acid) was f ed over a period of 10 minutes, followed 

by collection of three bLltches of chyle. A similar study was 

performed the following day with isocaloric substitution of 

the fat by butterfat.. Unfor tuna.tely, by the time of the second 

study, the floYr of chyle was rnuc11 s l ower than t he first day, 

and in fact ceased cornpJ.c.::tely, shortly thereaft er,,, After stor-

o . . " age a t 4 C unt :Ll collect:LOn .1:01:' each day was compl.eted, the 

chy le s ampl es were fract.i.onated in to .Sf > 400, a.nd Sf 20- 400 

by preparative ul tracenti"ifugaticm , and the trigl yceride con­

tent of the frac tions and o.f the unfractionat ed spec imens 

measured. Figure 31 s:10ws thQ results obtained in this study. 

As the volm:'le of lyrnph draining .from tlle fistula was much l e ss 

on the day of the butterfat experiment than on the previous 

occasion, it was not cons i dered valid to compare the results 

obtained on the two days. HoweveJ'.' , it does illustrate that 

following both meals, there was an incre;_::.sed t riglyceride con­

tent of both .sf ?" AOO and sf 20 - 400 Fractions of chyle. 
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'l1 en heal thy, v1ork:i.nu n:cmbcrs of the J.;:,_Loratory and hospital 

staff, being five males m1d five females 2ged 17 - 32, were 

studied. All had scrw1 cholesterol and triglyceride levels 

below 260 mg./dl. 2:md 160 ma./dl~ respectively while consum­

ing their habitual western diets. Bach subject received an 

experimental breakfast containing either sat1,U'ated or unsatu­

rated fat, followed by a breakfast containing the other type 

of fat, two days later. 

rrhree healthy males were also studied following 20, 50 

and 100 g. fat diets of sattu'ated and unsaturated fat, res­

pectively. 

In the first set of experimcmts, the two rD.eals each com­

prised 750-calories and 50 g~ fat, the only difference being 

the type of fat used. The saturated fat meal was fed in the 

form of a flavoured milkshakee The unsaturated meal was made 

to appear and taste similar to the saturated meal. The com­

position of the~ meals is shown in Appendix 2. 

In the second study, six meals wex-e fed to each subject 

after a 12 - 14 hour fast .. The meals co:::1tained 20, 50 and 

100 g. saturated fat and 20, 50 and 100 g, of polyunsaturated 

fat. Intervals of one day separated each e:x:perimenL Each 



J:;cal cons:i..sted o.f 1 1 000 ca.lories , the fa t r'ont0nt of the 

saturated meals beinu dcr:i..v(:d fro1:1 butterfat , and t hat o.f the 

1,,msatura. t c d mev.l, from pure sunfl ower oil. The co'm-oos ition 
~ 

of these meals :is shown in Appendix 3. 

Exner i !:1e:nt a l des ign 

In the first experiment, base-line measurements were again 

made in duplic a te after an overnight fast of 1 2 - 14 hours . 

The experimental br eakfast was consumed over a period of less 

than 20 minutes after which the subj ects undertook minimal 

activity. A further blood sample was obtained at 4 hours and 

the serum was separated and ultracentrifuged into sf.,_ 400 

and sf 20 ..;. 400 fractions as described on page 4 7 ; ultra­

centrifugation stax-ted on the day of the experiment. In some 

studies, the s a turated meal preceded the unsaturated; in others 1 

the order was r eversed. Triglyceride concen tration was measured 

in whole serum and in the t wo fr actions. Mean recovery of 

triglyceride was 95%. 

In the second study, base-line r:1.easurements were made after 

which the experimental meal was consumed over a period o.f less 

than 20 minutes . Physical activity was restricted for the 

following 8 hours, and no further food or drink was permitted 

for the same period. Blood was s arnpled t hrough an i ndwelling 

venous cannula a t 2, 4, 6 and 8 hours after the start of each 

meal. The serum was s eparated into sf-:;,, 400, and Sf 20 - 400 

fractions by ultracentrifugation, and the triglyceride content 

of these fracti ons and of whole s erw:1 determined. 
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rated fat meal, -s erum triglyc,,..,r:i..clc rose by a mecm of 72 mg ./ 

dl. above base-line levels~ :\.s in t he :)revious set of exDeri-
~ . 

ments, the increment ·-:ri.1.s duc. both to a chylomicro-naemia and 

an elevation of VLDL trig1yceric1e , the:~c fractions rising by 

50 mg . /dl. and 21 mg./dl. r espect ively. At this fa t load, 

VLDL accounted for 29% of the increase in total triglyceride. 

When the same subjects ing e:;ted th2 unsatu1'ated fat meal , 

a similar result was obtained~ Although a t 4 hours, the mean 

increment in total triglyceride \Vas only 62 mg ./dls, 20 mg. / 

ell. ( 32%) was due to VLDL triglyceride. These results suggest 

that the relative contribution of chylrnnicrons and VLDL to 

aliment ary lipaemia is independent of the nature of the fat· 

inges ted. 

The resu lts of the second experimc,nt are shown in Fiaure 33. 

The proportionately greater contribution of VLDL to the ali­

mentary lipaemia of a low fat load (20 g.), is observed both 

after saturated and 1u1s cJ.turated .fat feeding. After the 1 00 g ~ 

£at meal, both types of fat l ed to a greater incrernent in 

chylomicra than in VLDL triglyceride. A difference in the 

response to the type of fat was 1 however, observe d follmring 

the 50 g. fat meal; the chylomicron c ontr ibution to the ali­

mentary lipaemia was proportionately greater afte1" the unsatu­

rated meal than after the satu.i"ated one~ The time of peak 

lipaemia also differed accordi::10 to the type of fat ingested ; 
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the pol:/Lmsatui:·at<:d fat nL~al rE:'.;uJ.tec1 in o. :;lower a 1>pearanc(~ 

of tr.i.JJ.yccridr..: in pJ.,1sr,:;:: tllan d:i.d the .saturated .fat r11eal, at 

each fat load tested. 

3. DI U'.?.NAL VAR.!: \'rIONS ET s:;_;2u1-1 ·rf:IGLYCElUDji; LSVSLS DURING 

FSSDING 1vITH Sl\TUR.AT~~D AND POLYUNS:\.TUl~AT-~D Fl~T DISTS 

In Chapter V, polyunsaturated dietary fat has been sho\im 

to reduce fasting serum triglyceride concentrations in normal 

subjects and in patients ·with endogenous hypertriglyceridaemia. 

The following experiment was performed in order to study the 

effect of satura ted and polyunsaturated dietary fat on serum 

triglyceride fluctuations throughout the day while ingesting 

three fat-cont aining mealso 

§_ubjects and diets 

Sixteen men took part in this experiment. Ten were norrno­

lipaemic (mean age= 36 years; mean serum triglyceride concen­

tration == 94 mg ./dl.); six had endogenous hypertri_glyceridaemia 

(mean age= 55 years; mean serum triglyceride concentration= 

323 mg ./dJ..) o Neasuremcnts were ir1..ade on the J.ast day of the 

two 10-day sequential per iods of either saturated or polyunsatu­

rated fat feeding . The compositions of the diets were identi­

cal to those described on page 272. In some cases, the satu­

rated fat period preceded the tu1saturated one; in others, the 

order was reversed. 
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Experimental design 

After a 12 - 14 hour ovC=rnight fast, an indwelling poly­

ethylene cannula was inserted into the antecubital vein and 

duplicate blood samples taken for base-line measurements. 

Three meals (at 9 a.m., 1 p.m. and 6 p.m.) pr~vided 20%, 

45,~ and 35% of total calories for the 24 hours respectively. 

The natu..re of the fat ingested was the same as for the ante­

cedent nine days. Meals were consumed in less tl1an 20 minutes; 

subjects performed minimal activities on the day of the study 

and no food was allowed between meals. Blood samples were 

taken at hourly intervals for the first 12 hours, and at longer 

intervals thereafter , for triglyceride estimation. In some 

cases, ultracentrifugal separation of the Sf~ 400 fraction 

was carried out on samples taken every three hours for the 

first 12 hours, and on the 24 hour sample; triglyceride concen­

tration was measured in this fraction. 

Not only were fasting levels lower during unsaturated fat 

feeding, but post-prandial levels were also decreased. This 

is illustrated in Figure 34 by two representative studies, one 

in a hypertriglyceridaemic, the other in a normolipaemic 

subject. As in the previous experiment (see page 363), the 

peak lipaemia after feeding unsaturated fat occurred later 

than after saturated fat. 

In order to ascertain whether this difference reflected 

the lower fasting level during the unsaturated fat feeding 

period, or whether there was also a difference between the 

two diets in the rise of serum triglyceride levels during fat 
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Lhe inci-·cr,\c::nts 1.n <_;erum triolycex·ide concentro.tions 

wcr<~ ~-)J.ott<..:',l and tl-1e areas me,1s1u'ed uncler the ctD:ves. During 

saturated .fa t feedinu, the area was 81 ± ·13 cm~ 2 (mean+ Si.~M ), 

\'There as c.J.ftc]r unsaturat ed feeding it was 64 + 8 ci. .. 2 , an 

insignifican t difference ( p :> O .1 ) • \Then the 24 hour incre-

ments v1eTe plotted ag 2i. inst fas ting tri'.]lyceride levels, a 

hiQhly si~:rnificant positive correlation (r = +O~ 49, p -< o. 01 ) 

was observ2d ( see Figure 35 ) • 

rrhis sugges ts that the difference in post-prandial tri­

glyceride levels observed was due to differences in base-line 

l evels ra.ther than a differential effect on alimentary lipaemia. 

The increments in the triglyceride content of the sf~ 400 

fraction isolated in the ultracentrifuge were also compared 

on the two diets (n = 7). The mean areas under the curves were 

5 6 + 1 2 d 45 +_ 1 O 2 d . t t d d 1 . t d - _ an cm. ur1.ng sa ura e an po. yunsanr..ca e 

fat feeding respectively. This difference was also not sig~ 

nificant _(p ..,. 0.1). 

4. DIETARY FAT TRANS PORT IN I-I:{PERLIPOPEOTEINA:~MIA 

As discussed on page 34q Type V hyperlipoproteinaemia is 

regarded by some authorities as severe endogenous hypertri­

glyceridaemia , whereas othe:cs believe both endogenous 2.nd 

exogenous triglycerides to occur in excess in plasma obtained 

in the fasted state. T\vo patients with Type V hyperlipo­

proteinaernia were studied in order to ascertain the effect of. 

dietary modification on their serum triglycerides and lipo­

protein patterns. 
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l'tc. w •. 8. aged 54, while on a. 'no:r·maJ. 1 western diet had 

elevated cholesterol and triglyc~ride levels of 522 mg./dl& 

and 2,500 mg./dl. respectivelyo This -vras associated ':rith the 

presence of a chylomicron band 2..1.1.d an increased pre-be::ta band 

on lipoprotein electrophoresis. Overnight storage of his 
0 serum at 4 C showed the presence of a crec1J11y layer distinc t 

from a uniformly turbid infranata.nt. 

From his dietary history (obtained by a trained dietitian ), 

his intake was calculated to be 1,800 calories per day , 40% 

being derived from fat, mostly of the saturated type. 

Dietar:x: modifications ( see Fig1..tre 36 ) 

(a) Calorie, carbohydrate and fat restriction was com­

menced using a.n 800 calorie 40 g. fat diet o 

(b) After a period of 12 days during wnich time the 

patient's weight had decreased by 1.4 Kg., the diet was altered. 

Fat content was kept unchanged at 40 g. dai ly, while calorie 

intake was increased chiefly by increasing carbohydrate intake. 

During this period his weight increased by 1.8 Kg. 

(c) After 14 da.ys, a further dietary alteration was made ; 

the calorie content was kept at 1,800 per day, but the fat 

intake was more than doubled, being increased to 100 g. per 

day, again mainly as butterfat. 
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V~ ; U.,1g blood ::;o.mples vrere ob t a:i.nz:~d a t interval s on the 

rnin<?d and ·1 ipoproL::in clectcophores i s of t he serum was ca.rried 

0 1lt . 'i'hc prc'.?sencc of chylor:1icrons wo.s assessed by inspec tion 

of S(:>ruu stored overnight at 4°c and by lipoprote in elec tro-

phoresis o 

R,--::su l ts 

The results are shown in Figure 36. Reduction of both 

calorie and fat intake in the first part of the study decreased 

serum triglyceride levels, as well as being associated with 

the disap2earance of chylornicrons from fasted plasma. When 

calorie intake was increased on the second diet, -the chylo­

microns reappeared despite the same daily intake of fat. 

'! 

In the final stage, which was roughly equivalent to his 

usual diet, no further elevat ion of triglyceride level was 

achieved by raising the fat content of the diet, while keeping 

calorie intake constant. Chylomicronaemia persisted . 

Cose 2 

Mr. H. R. aged 48, presented with planar xanthomata and 

a Type V lipoprotcin pattern with cholesterol and triglyceride 

levels of 370 mg./dl. and 1,590 mg./dl . respectively. Dense 

pre-beta and chylomicron bands were present on lipoprotein 

electrophoresis of fasting serum, and chylomicron and VLDL 
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t:i.'iglycc:cide leve ls of 1,165 mg ./dl .. and 490 mo ./dl. res-

pecti vc.:ly, were dc.tected afte:r separation in t:1e prepar ative 

ultracentrifuge . 

Inacstion of l abelled fat 

In order to determine whether dietary fat appeared in both 

chylomicron and VLDL fractions in plasma , 25 µci 3H tripalmitin 

(Radiochemical Centre, Amersham) in a gelatin capsule, was 

ingested with a 500 calorie breakfast containing 30 g. of 

butterfat. Venous blood samples were obtained at 2, 4, 6 

and 8 hours after the test meal, and chylomicrons and VLDL 

separated ultracentrifugally. After extraction of the lipid 

in these fractions by the Folch -technique (Folch et al, 1957), 

the chloroform phases were evaporated to dryness under a 

nitrogen streari1 and the radioactivity counted in a Tricarb 

Liquid Scintillation Spectrometer (Packard Co~, U.S.A.) using· 

Toluene/P0P0P/PP0 as scintillant. Counts were present in both 

fractions as seen in Figure 37, the peak in chylomicrons being 

observed six hours following the meal . A substantial number 

of counts was also observed in the VLDL fraction, although by 

eight hours after the meal, no reduction in count rate was 

observed in this fraction. 

Dietary modification 

A series of dietary mano0uvres were then performed which 

differed from those carried out in subject u. E. The follow­

ing diets were fed after a run-in period of one week on his 

usual 1 ,Boo calorie 1 00 g. fat diet: 
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An i. socaloric die t cont a i ning l ess than 5 g . fat. 

(b) An noo c alorie 40 g. f a t diet. 

Blood was sampled daily for estimation of triglycer i de content 

of the chylomicron and VLDL fraction separ ated ultracentri­

fugally as previously described. The results are sho,m in 

Figure 38. ·At the time of institution of the diet contain­

ing less tha.11. 5 g. of fat, triglyceride conccmtration in both 

chylomicrons and VLDL was increasing. It can be seen that 

during the isocaloric dietary period (1, 800 calories c::: 5 g. 

fat), triglycerides in both VLDL and chylomicron increased 

further despite a virtual absence of fat from the diet. These 

'chylomicrons' must thus have been of 'endogenous' origin. 

During the next dietary period, triglyceride concentration in 

both fractions fell during calorie restriction despite increas­

ing the fat content of the diet to 40 g. per day. 

SU!TiARY OF RES ULTS 

During ali1:1.entary J.ipaemia in man, chylomicronaemia was 

accompanied by a simultaneous rise in VLDL triglyceride in 

plasma. After large oral fat loads , chylomicronaemia pre­

dominated but after smaller, more physiological meals, the 

increa.se in VLDL triglyceride was similar to or even exceeded 

that in chylomicron triglyceride. In one study in which lymph 

was collected from a thoracic duct fistula 1 the triglyceride 

concentration of both chylomicrons and VLDL increased follow­

ina ingestion of a fatty meal . 
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No conclusive evider~e was found for e ither of these 

l ipoprotein classes s::1owing a cl.i.ffcrential contribution to 

alirne·,1tary lipaemia whcm saturated and poJ.yunsatm:·ated fat 

meals t.rere feel . 

The dim·nal fluctu at'ion of serum triglycer ide concentra­

tion was areater after a period of satura.ted fat feeding than 

after a. pol:;/v.nsaturated fat feeding period~ This difference 

could largely be attributable to differences in base-line 

( endogenous) triglyceride levels. 

T\VO subjects with Type V serum J.ipoprotein patterns 

underuent dietary manipulations which resulted in changes in 

their serwn triglyceride concentrations. In one, fat and 

calorie restriction led to the disappearance of chylomicrons 

frorn plasma. They returned when calories were increased despite 

fat intake being kept constant. In the other subject, tri- ­

glyceride concentrations in VLDL and chy1omicrons actually 

increased while on an isocaloric fat free, high carbohydrate 

diet; they .fell again once calories and carbohydrate were 

restricted, despite an increase in dietary fat content. 
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Tll.e finding that VLDL triglyceride rises during ali­

mentc:::'y lipacmia could be attributed to a primary role of 

t his lipoprotein class in dietary fat transporto This is in 

acc01°d \'.Ji th .findings in the rat where VLDL has been shown to 

contr:i.bute snbs t2.mti ally to fat absorption in the rat ( Ockner 

et al, 1969b ; Boquillon et al, 1972) .. Studies of the relative 

roles of chylomicrons and VLDL in dietary fat transport in 

huJ'Jans have been few; because of the difficulty in obtaining 

s ampJ.G'.3 of lymph, most studies in humans have measured the 

a:ppecra.nce of lipid and lipoprotein in peripheral blood folloiJ1-

i ng the inges tion of a fat containing meal. VLDL as well as 

chyJ.ou:i.cra ha.ve been shown to appear in human lymph in response 

to fat feeding (Bergstr~m et al, 1972) as well as in plasma 

( 8d(::1in e t al, 1968; SchJ.ierf and Raetzer, 1972). The present 

study is i n accord with these, and points in favour of dietary 

f a t transport being a primary function of VLDL as well as its 

better knO\•m. roJ.e in the transport of endogenous triglyceride 

( Frcclrickson et al, 1 967). 

rrhe post-prandial rise in VLDL could al terna.tively be due 

to endogenous triglyceride derived from the recycling o.f 

dietary fatty acids. The latter concept gains some support 

from the ob:::;ervation that plasma only assumes the fatty acid 
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}:1:tt t ern of ni e t a:r'y fa t s ome ho1.:tr s after peak 1 ipaemia , suggest­

ing an 011do:1enous component t o the l i ?aemi a (3:-i:.·agdon and 

Kar men, 1 960 ).. Chylomicrons :1ave a l so bf:en s}1mm to ref l ect 

t he di e t ary f atty acid compos ition more r ap i dly than do VLDL , 

following the ingestion of f a t with a different fatty acid 

composition to that of plaima and adipose tissue (Edelin et 

al, 1968) o However, the similarity in time couJ:."Se of the 

chylomicrons and VLDL curves in the present study favours the 

former explanation. Furthermore, chylomicron and VLDL peaks 

in the diurnal variation study of Schlierf and Raetzer (1972) 

show a similar time relationship; a three-:--meal a. day feeding 

pattern led to distinct peaks being detectable in both frac­

tions, which coincided temporally with each other and with 

peaks of total serum triglyceride concentration. In view of 

current knowledge of triglyceride and F'FA kinetics (Eaton et 

al, 1969), recycling of dietary fat acids is likely to be 

superiF1po .sed; the extent of the VLDL peak due to recycling, 

,however, remains speculative, 

The presence of chylomicrons as well as VLDL in human 

thoracic duct ly111ph both in the present study, and in that of 

Bergstrt'.lm et al (1972), as well as in numerous studies in a..'lli­

mals ( Zilversrnit et al, 1966; Ockner et al, 1969b; Ockner and 

Jones, 1970; Ockner et al, 1972; Boquillon et al, 1972) also 

£av011rs a primary role of' VLDL in dietary fat tra11sport in 

humans. Because the amoDnt of · triglyceride recovered in the 

thoracic duct lymph of the patient studied, only represents 

a small fra.ction of the amount fed, and becaus e the lymph 

volumes were small, if is likely that the bulk of lymph 'Nas 

still reaching the blood stream. Simultaneous blood sampling 
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was unfortunatc~ l y· not pcrfo.cmcc1. L :v :: o:(: y co 1cJ.usion tha t c 2tn 

tion of both s .:1 t urat (:~ c1 a.:nd po1yu1". ~,,rt:u.r::-.1tcc1 (J ic~ t ary f a t, lymph 

contains both chylomicrons an d v1;JL, :::uggc,;t:i.n g the i mportanct--:> 

of both these lipoprotein CJ.as s es i n d i e t ar y fat tr an sport. 

While in the present study, the trig1yceride concentrations 

in the Sf 20 -- 100 and sf 100 - 400 f r actions were similar in 

the fasted state, the increase in thQ s.f 100 - 400 component 

accounted largely for the rise in VLDL during fat absorption ; 

it is possible, therefore, that the Sf 20 - 100 component 

contains triglycerides of mainly enclogenous origine Harlan 

and Bleischer (1963) did, however, observe a.n increase in the 

Sf 20 - 100 cor.1rJonent of VLDL in c1 dd i tion to a rise in Sf -1 00 

400 during fat absorption; it is possible: that the larger 

dose of fat fed ( 1 20 g.) r.1a.y account for tb.e discrepancy 

between their findings and those of the pr-c:sent study. 

Most fat tolerance te s ts r 2l y on the i ngestion of fat 

loads larger than al'.'e u s ually e a t G1. a t a s i ngle r:-iea.l and may 

be the equivalent of a whole day 1 s int a.k ea The high doses 

used are thus clearly unphysiologic al.. ~1h c!y did, ho\1rever , 

provide suitably high plasma triglycer i de l evels .fo1"' the pur­

pose of studying fat tolora.nce be fo:ce a 1·2Jiable intravenous 

fat tolerance test becarne available, but are not ideal for· 

the study of intestinal fat absol"ption. For the purposes of 

the present study, it seemed rn.OJ'.'C~ pertinent to test a range 

of fat loads some of which would be approxi~ately equivalent 

to a normal sized meal. Studies in rats have .suggested that 

the fat load may be of importance in det en ,1inin0 the~ nature 
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slJcrued 'c>yJ.o;aic:ron' siz, C:"1 to increa:.:;e in rabbi_ ts with increas-

ing fat lo.J.cl. . . 
J.ipaenna, thoracic duct 

particle size~ rises and falls, beinu largest 21t the time of 

pe&k lipa.emia ( F:cas E.)r et al , 1 968; Forte and I!ichols, 1 972 ). 

In thE:\ present study, when 1 00 g. of fat were fed, about one­

quarter of the increment in plasma triolyceride at fotu" hours 

was due to VLDL. However , the relative contribution of chylo­

microns a.nd VL!)L to alimentary lipaernia 1:1as altered by the size 

of the fat load; the rise in VLDL triglyceride at 4 hours was 

a.bout one-half of the rise in total plasma triglyceride during 

the absorption of 50 g. of fat. After the ingestion of the 

20 g. fat meal, a l mos t three-quarters of the increase in plasma 

triglyceride concentration occurred in the VLDL fraction. 

Pru:'ticles lowest in density, and presumably highest in tri­

glyceride, thus seern · to predominate when very large loads of 

triglyceride are presented to the intestinal mucosa. >:vhen 

smaller, more physiologica.l qua.11tities of fat are ingested, 

the spectrum of triglyceride rich lipoproteins of plasma. tends 

to drift tm1rards VLDL. When ~,chlierf and Raetz er ( 1972) fed 

physiological amounts of fat divided into three equal meals, 

similar quontities cf chylomicrons and VLDL accounted for the 

increments above base-line triglyceride levels over the 24-hour 

period. By doubling the number of meal s and he:1ce reducing 

the f at load per meal, the contribution of VLDL to alimentary 

lipaemia rose to about two-thirds of the tot al. The finding 

in the present study of a greater cllylomicron contribution at 

high fat loads, is also consistent with that of Fra.s er et al 

( 1968) y.rho showed an increased fat load to result in the 

appea:rance of larger chylomicrons in rabbit thoracic duct lymph. 
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'L'>c,y alsu J.,_,nd snppo-~'t to t he hypoth0:-;is of i.nt C:~s tina.l li:po­

PJ'1) t e ins i),, l.na i1 dyncunic sy~;tem Cctpa.bl2 of re '.:';r,0!1din0 to 

di:ferc.nt fat loacls by prockcina lipoproteins of varions s izes 

ay1d triglyc e:ride content. A continuous spectrum of tri­

glyceride bearing lipoprote:i.ns has been shovm to be present 

in rat intes tinal lymph (Od<t1et"' and Jones, 1970; Windmueller 

el: al, 1970 ), which shifts towards the larger non-triglyceride 

rich molecule on ingestion of fat. 

F'"-T COMPO:aTION AND LOAD 

Ockner et al (1972) have proposed a mechanism whereby 

the dif.fcrences they observed between the absorption of satu­

rated and unsaturated fats in rats, could fit in with this co:n­

cepto They showed linoleic acid administered by duodenal 

intubation, to result in the appearance of mainly chylomicrons 

J.n intestinal lymph whereiJ.s palmi tic acid resulted in VLDL 

as vell (Ockner et al, 1969b). They suggested that as the 

unsaturated fatty acid is absorbed more proximally and by a 

shorter length of intestine tha..v1 was required for the absorp­

tion of palmitic acid , more of the former would then be avai l­

able per intestinal cell for lipoprotein formation; larger 

particles might then be anticipated. These findings have not 

been borne out in the present study in humans after oral fat 

adr:linistration. After 50 rr. fat .formula feeds which were 

identical in every respect other than in fat composition, no 

difference was detected in the relative proportions of chylo­

mic:rons and VLDL in plasma between butterfat c:md sunf10,ver oil. 

Roughly 30% of the increase at 4 hours was contributed to by 

VLDL after both test mealso This is a soniew}n.t lower value 
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Uw:1 in the previo1..1:::; expcrh1e:~1t ·w:1en .:1.l,,.:i;1_ t o,w-h;_J JE of tllc 

50 u~ fat ITl!::c1.l apr)CDTCCt as VLDL. Ofil(IJ_·, cunstitL:.c'·1:.:s o.E tl"1e 

meal were, hrn:H-::ver, not equal ,-tnd could po:;s ibJ::;r Dc:::c ount £'or 

the difference • . The latter expcrij.1.ont:al ueals c:Jnta.ined only 

three-quarters of the c,1lorie content o.f U1e earli(:I' experi­

ment; protein content was also higher and carbohyd:r c:tte lower. 

In the th:ree subjects who h a.d saturated. and unsat1.~:rated fat 

meals of varying load, sampling for 8 hours af'te:r the meal 

again showed no consistent difference bet1.vee:n saturated and 

unsaturated fat. With the 20 g. meal, VLDL contributed the 

greater proportion of fat load, the opposite holding for the 

100 g. meal. Only after the 50 g. meal were differences 

detected; whereas the alimentary lipaemia during saturated fat 

absorption co.uld be accounted £or by a proportion.ately larger 

contribution by VLDL 1 the chylomicron increment was greater 

during unsaturated fat feeding. Closer examination of the 

graphs show the four hour value s not to be in disagreemcmt 

with the earlier experiment; the peak lipaemia after t he un.satu­

rated meal occurred somewha_t latGr by which time the relation­

ship of chylomicrons to VLDL had al tc:ced. Furthc:r studies 

should perhaps attempt to compare chylomicron with VLDL tri­

glyceride increments at the peak 0£ l ipaemia, and a.lso conpare 

a.reas under the peaks following s ingle i::eals of saturated and 

unsaturated fat. "rhe results availab1.r2 at present, however, 

fail to demonstrate a definite differential .effect of the 

saturated and unsaturated meals on the relative production of 

chylomicrons and VLDL in mane This conform s with the findings 

of Zilversmit et al (1966), who showed no differences in 

particle size in thoracic dnct lyrnph in rats fed cream or corn 

oil. 
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Another point of inter<2st is the:! observation that Deak - .. 

lipaemia following the ·ingestion of s1mflo\1rer oil , occurs 

l ater than af t er ingestion of the ~;a.me amount of butterfat. 

The reetson for this i s no c clea-r an.d would t end to be in con­

flict with the observation of Ockner et al (1 972 ). They 

demonstrated more :rapid an1 more proximal absorption of 

unsatu:cated fatty ac ids, which might be expected to result 

in the reverse of what was found in the present study. They, 

however, administered their Eat by interduodenal infusion, 

thereby eli□inating potenti c-1. l effects of these triglycerides 

on gastric motility and emptying . Fat ingestion is kno\1m to 

delay gastric emptying, unsaturated fats being more efficient 

inhibitors than saturated (Roberts, 1931 ; Tidwell and Cctmeron, 

1942)0 This may explain the present findings of a later peak 

lipaemia occurring after feeding unsaturated fat. It may 

also explain the lack of difference in distribution of chylo­

microns and VLDL found following the ingestion of the two 

types of fat ; delayed gastric emptying after polyunsaturated 

fat feeding might tend to counteract the greater fat load per 

cell which has been postulated by Ockner et al (1972) to result 

in chylouicron for r,1ation during its absorption . 

DI URNAL VARIArrrON 

studies of levels throughout the day on a three meal feed­

ing pattern confirmed the f indings of Schlierf and Raetzer 

(1972) that VLDL triglyceride contributes substantially to 

diurnal fluctuations in serum triglyceride concentration. 

Not only base-line triglyc e~c ide levels, but levels throughout 

385 



result in lower and more sl1.0rt-l:i_v(";d 0lev-.:tti ons o-f scrum tri-

diet. These observations could either reflect differential 

absorption of the two fats or siDply be due to differences 

in endogenous t:r·iglyceride levels. Althourrh the area between 

the peaks and the base-line levels did not differ significantly 

on the two diets, thus suggesting differential absorption not 

to occur, values were higher after the saturated feeding period. 

The number of subjects studied \Vas small, and by studying 

larger numbers, levels of significance may have been achieved. 

Fasting serum triglyceride concentration did , however , corre­

late significantly with the diurnal change in triglyceride 

(i.e. the area between the peaks and the fasting level ) as 

seen in Figure 35. This suggests that the chief determinant 

of diurnal changes may be the fast·ng level, high triglyceride 

levels tending to be assoc iated with larg0.r lipaemic peaks 

during fat feeding. It is of interest that Schlierf and 

Raetzer (1 972 ) also noted aliment0ry lipac.rn ia to be more marked 

in hypertriglyceridaemic subjects than :i.n normals and Maruhana 

et al (1967) showed the fasting triglyceride level to be a 

good predictor of the degree of diurnal fluctuations. 

Denborough (1 9G3 ) also showed a positive correlation between 

fasting triglyceride levels and m2.ximal values obtained dli.ring 

an oral fat tolerance test. These observations could possibly 

be explained by the slower trig1yceride removal rates seen in 

association with high triglyceride levels (Boberg, 1971 ). 

As K2 does not change when triglyceride concentration falls 
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durino no1,ri,ms0tnrated fat f,'"'•"'dinq ( ,.;,..,,<., Pc:"'1"' 283) -1-1-i-·L" 1i·r1e v ~ .J '-- '-- ~ - '- - ., Cl_, C _ . ' '- _ .:, _ _ 

of reasor:.:i_ n0 could, howcvc1.", not e::plu.i.n t he findings illus­

teated in Figure 35. 1"he present study 1 nevertheless, lends 

support to the concept tha t triglyceride levels thr01.l0hout 

the day are dependent on endogenous t r iglyceride levels; 

modification of the diet by increasing the polyunsaturated fat 

content could then reduce not only endogenous level s, but 

diurnal .fluctuations as wello It also lends further credence 

t o the lack of advantage in measuring diurnal trig l yceride 

fluctuations , over simple measurements of fasting l evel s in 

the assessment and management of the hyperl i pidaemic individual. 

/ 

CLINICAL STUDIES IN RELATION TO CLASSIFICATION OF 

HYPSRLIPOPROTEINASMIA 

'rhe studies of dietary modification in two patients wi t h 

Type V hyperlipoproteinaemia patterns in their serum, raises 

some interesting pointso The serum of the first patient was 

transformed into a type IV pattern by restriction of calor ies, 

carbohydrate and fat ( see Figure 36 ) • When fat content was 

kept constant and caloric intalce elevated by increasing the 

amount of carbohydrate fed, the serum triglyceride concentra­

tion again increased and chylomicrons reappeat'ed in serum 

obtained after an overnight fast. As the fat content of the 

diet remained unchanged \'Tllile carbohydr·ate content increased , 

these chyl omicrons were likely to have been of endogenous 

origin due to carbohydrate induction (Ahrens et al, 1961 ; 

Glueck et al, 1969; Mancini et al, 1973 ) . It is, however , 

possible that the increcLsed carbohydrate load , by slowing 
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c1ca.:r·;:,1~1c ,_: of some! dietarv .Fi.it. ., /111 .i.ncrcas cd input 

of Vl.DL into p1a~.;ina c onsequent on carbollyd:J:-atc induction 

could ·Urns COil('.civably have resulted in sa.turation of chylo­

n ic1" 011 removal mechanisms, thereby inhibiting the removal of 

chyloit :i.crons fo:rr:i.ed in response to the 40 go of fat fed. 

This suggestion is rendered less likely by the results of the 

s tudy in the s econd patient. In this case, chylomicron (and 

VLDL) triglyceride increased substantially, despite virtual 

absence of fat from the diet. Carbohydrate induction of both 

VLDL and chylomic:rons thus seem likely; the chylomicrons in 

this situation could thus be considered as being of endogenous 

origin. Both chylomicron and VLDL triglyceride concentrations 

subsequently .fell on an 800 calorie diet, despite the intake 

of fc1t being increased to 40 g. per day. 

Doth cases could thus be r.1ade to alternate between the 

Type V and Type IV pattern by modifying the diet. In the 

second case, the Type V pattern, which is claimed to be due 

to exces s endosenous and exogenous trig1yceride, was present 

even ili1ring the consumption of a virtually fat free diet. 

Drm1zell et al ( 1973) also shmved Type IV and V patterns to 

be interchangeable, by varying the calorie and carbohydrate 

content of the diet while keepina .fat calories constant. 

'rherapeutic i m;_)lications may be of importance. ·whereas many 

authorities treat endogenous hypertriglyceridaemia by calorie 

and c arbohydra te restriction, ci.nd exogenous hypertriglycerid­

aemia by fat restriction (e.g. Levy, 1972; La Rosa, 1972), 

this dis tinction may not be necessary in Type V hyperlipo­

proteina.emia. 
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A f1.u0 tl1c•r poi. 1 1: t)f :i.nl:cr·,_":; t :;_n the present study 1 is 

tl1o.t rac1io:.1cl: ivity i."t·)~JC,1:i.,..s L"'.l:cr in VLDL than i!1 chylomicrons 

followi.nu tl1 c:_~ inac:·;tion of' Ltbc~lle<l tri:)almi ti~1 togetlier with 

a .fat contc1ininc1 rrL:, 1 1. One ~-,::)ssible 2:>:planation would be 

recycled c:'c:i_c:tary f.:1-tt::/ 2tcid'-, appcarinu in VLDI~ (Baton et al, 

1 9G9). How<~ver, ci:3 t~i.e removal rat2 of chylomicron triglyceride 

exceeds tlla.t of VLDL tri01ycc•ridc (Havel, 1965), co:mpeti tion 

at the site of removal could also contribute to the later 

VLDL peak observed in this case. Chylomicron and VLDL tri­

glyceride peaks measv.red chemically were, however, found to 

occur at equal times in the experiments described on page 

and also in the studies of Schlierf a.nd Raetzer (1972 ) . 

A functi_onal ove1:1lap bct\veen pa:cticles classified as 

either 'd1ylomicron.st or 'VLDL' on physiochemical grounds 

thus appe2l.Y's to ,~xist. Both chylomicrons and VLDL appear to 

contribute to dicta1.,.,y fat tTcU1sport, in agreemE!nt with similar 

studies in man ( Schlierf and Raetzer, 1972) and with studies 

of dietary £2tt transport t}1rcugh intestinal 1:/mph in animals 

( Zilversmit et al, 1966; Ockner et al, 1969b; Ockner and 

Jones, 1970; Boquillon et o.l, 1972). These observations, 

taken in conjunction ,:,ith the related trend of a shift of 

endogenous particl<::s towards lower cl.ensi ty triglyceride rich 

particles during ca1,.,bohyd.rate induction in the two cases 

studied, as well as in those reported by Rudernan et al (1971 ) 

and Mancini et al (1973), emphasize the flexibility of the 

triglyceride-bearing lipoproteins. Classification systems of 

disord(~rs oJ? the hyJ)(::rl:i.pop:roteinaer:lic state based on such 

flexible foundations mustr therefore, clearly be regarded as 
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the currently used 

useful ,.:u.1.d an1:ici.'.:C to worl: E'a.irly wc,11 , they tend to result in 

too rigid ct::'l ap)-L'Oach to the probleri1.. They :wve, however , 

resulted in this oroup of diseases being thought of in lipo­

protein I'a.°i::her th;;.u1 lipi<'l tc!:Pms, with obvious advantages. 

F'u:rtherit!ore, a mo:,. c managea.ble vocabulary has been provided , 

and terus such as familial type IIa pattern have obvio~s 

ad van ta.ges over the more tongue-tYris ting alternatives. The 

shortco?1j_ngs should, howevc~t' , not be forgotten and such 

classifications should be reaarded as provisional, pending a 

more rational classification based on a pathogenetic and 

mechc1.nistic approach. 
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SUUl·iARY 

Glevated plasma triglyceride levels are associated with 

an i:t1creased incidence of :j_schaemic heart disease. The pro­

cesses by which plasma triglyceride concentration is controlled 

in health and disease are incompletely understood. 

This thesis describes studies on some of the major deter­

minants of plasma triglyceride metabolism, vizo dietary fat, 

alcohol and diabetes mellitus, and the mechanisms whereby 

they affect plasma triglyceride concentration. 

A new intravenous fat tolerance test, which relies on 

measurement of the r.emoval rate of a triglyceride emulsion from 

plasma, has been applied. 

In uncontrolled diabetes mellitu~, more than a half of 

the patients studied had hypertriglyceridaemia , whether the 

diabetes was diet responsive or insulin dependent. The raised 

triglycerides were associated with elevated VLDL concentra­

tions. Plasma free fatty acid turnover was elevated in nearly 

all the untreated diabetics; this was especially evident in 

insulin-dependent cases; turnover was also somewhat elevated 

in non-diabetic obese subjects. 

The rate constant for the removal of exogenous tri..:. 

glyceride, K2 , correlated inversely with serum triglycerides, 

and in many cases was towards the lower end of the normal 
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ra.ngeo Diabetic control, whether by die t alone , or by di.et 

and insulin, resulted in a reduction of serum triglyceride 

concentration to,.vards normal e At t he same time, K2 values 

increased significc,ntlyo The cha.nges in K2 were paralleled 

by changes in t he rate constant for the removal of exogenous 

triglyceride operating under conditions of saturation kinetics 

(K1 ). Plasma F'FA turnover also fell during diabetic control. 

Weight reduction in obese non-diabetics resulted in a 

reduction of serum triglycerides; associated with this, FFA 

turnover increased , in marked contrast to the obese diabetic 

patients. 

It was concluded that diabetic hypertriglyceridaemia may 

be associated with impaired removal of endogenous triglyceride 

from plasma, although simultaneous increased input of t1"i­

glyceride into plasma was not excluded. 

Alcoholic hyp_erlipidaemia was found to occur cornmonly 

amongst patients attending a clinic for disorders of lipid 

metabolism.- K2 values tended to be low and did not correlate 

,.vi th serum triglyceride levels. 

Alcohol withdrawal resulted in a significant lowering of 

s erum triglyceride concentration; no associated change in 

fractional removal rate of triglyceride was found , in sharp 

contras t to the significant increase associated with correc­

tion of diabetic hypertriglycer:i.daemia. 
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It is concluded that correction of alcoholic hypertri­

glyceridc1cuic1 is -not due to cu-1 en.}1 anccd fractiona l r2-1te of 

rcmovaJ. of triglyceride fr om plasma. The findings are con­

sistent with the vi ew that alcohol results in an increased 

input of triglyceride into plasma. It is proposed that a 

limited capacity for removal of triglyceride from plasma. , makes 

an individual susceptible to the triglyceride elevating effect 

of alcohol. 

Diets rich in polyunsaturated fat and low in saturated 

f a t, lowered serum cholesterol and especially serum triglyceride 

concentrations in normal subjects and hypertriglyceridaernic 

men. The reduction in triglyceride levels was due mainly to 

a change in very low density lipoprotein triglyceride. The 

.fall in cholesterol was, however, associated with a signifi­

cant reduction· of both low density m1d very low density lipo­

protein cholesterol; a change in the lipid composition of very 

low density lipoprotein was detected. 

Neither K2 , nor post-heparin lipolytic activity changed 

significantly when triglyceride concentration fell on sub­

stituting a poly1.;msaturated fat diet for one in which the fat 

content was predominantly saturated. It was concluded that 

the fall in serum triglyceride concentration induced by poly­

unsatVJ:."'ated fat could not be accounted for by enhanced tri­

glyceride uptake from plasma, and must, therefore, have been 

due to reduced input . 

The relative rates of incorporation of a saturated and 

a polyi.:msaturated fatty acid into very low density lipoprotein 
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t r i glyceride was measured dur i ng their simul t cmeous infus i on 

i n to normolipaemic men .· The r esnl ts sugge~~ ted tha t pal mi t ic 

acid was pr ef erenti ally incorporated c ompared with l i nol eic 

acid. As the feed i ng of polyunsaturated fa t results in an 

increased ratio of fr ee linoleate to f ree palmita te in plasma 1 

this may imply t hat di e t ar'y polyunsa turated fat decreases the 

rate of secretion of very low density lipoprotei:n triglyceride 

into plasma. 

Figure 39 shows the effect of diabetes, alcohol and diet­

ary fat on serum triglyceride and on fractional removal rate 

of triglyceride from plasma, in diagrammatic form. In normal 

individuals, serum triglyceride levels appear to vary inversely 

with fractional removal rate. Low K2 values are associated 

with high serUF.J. triglycerides. A similar situation appears 

to exist amongst , diabetics. In the uncontrolled state, tri­

glyceride levels tend to be higher and K2 values lower than 

normal individuals. Alcoholic hypertriglyceridaemia tends to 

be associated with low K2_ values, which r emain unchanged when 

alcohol withdr awal results in a r eduction of serum triglycerides 

Dietary fat-induced changes in s erum triglyceride also tend to 

occur without effect on f ractional removal rate. 

The alimentary lipaemi~ following ingestion of dietary 

fat by normolipaemic men , was due to an increase in both 

chylomicron and very low density lipoprot (~ in triglyceride. 

After large fat loads, chylomicronaemia pr edominated, but 

after smaller more physiological loads, t he increase in very 

low density lipoproteih triglyceride was s imilar to or even 

399 



• 

I 

400 



• 

exceeded that in chylomicron triglyceride. It is concluded 

that bnth chylomicrons cmcl very low clensi ty lipoprotein play 

an important role in diet aTy fat trani;port in rrw .. n· . 

No evidence was found that either of these lipoprotein 

cl asses showed a differential contribution to alimentary 

lipaemia when saturated and polyunsaturated fat meals were 

compared . Serum triglyceride fluctuations throughout the day 

were, however, lower after a period of polyunsaturated fat 

feeding than after a period of feeding saturated fats The 

24 hour increment above base-line levels did not differ signifi­

cantly on the two diets, yet the increment correlated signifi­

cantly with the endogenous triglyceride level. It is suggested 

that the differences in levels throughout the day on the two 

diets could largely be attributable to differences in endogenou~ 

triglyceride levels. 
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APPENDIX 1 

1000 CALORIE BRE AKFASTS CONT1\INING DIFFEF<ENT A!'-'!O lJNTS OF FAT 

+ "O"g. fc'lt breakf_ast (fat content l.7g.) 

1 piece fruit 
1 packet marmalade 
4 packets sugar 
1 oz. cornflakes 
7 oz. skimmed milk 
2 slices bread 
1 bottle 'Hycal' 
½ oz. 1 Marvel' 

?Og. fat breakfast 

7 oz. milk 
1 oz. cornflakes 
4 packets sugar 
1 slice bread 
-½oz.butter 
1 packet marmalade 
1 bottle 'Hycal' 

2.2.sl· fat breakfast 

11 oz. milk 
1 oz. cornflakes 
4 packets sugar 
2 slices bread 
1 packet marmalade 
1 oz.double cream 
l piece fruit 
1 oz. butter 

100g. fat breakfast 

l+ slices bread 
"' 5 oz. double cream 
4 oz. milk 
1 oz. butter 



APPENDIX 2 

750 CALORIE , 50g. FAT EXPERIMENTAL MEALS 

Saturated 

1 pint milk 
60g. d ouble cream 
Artificial flavouri~g 
1 slice bread 
1 packet marmalade 

Unsaturated · 

) 
) 

10 ml ) 

2 oz. 'Marvel' ) 

Homogenised 

50 ml. pure sunflower oil ) Homogenised with 500 ml water 
Artificial flavouring 10 ml ) 
1 slice bread 
1 packet marmalade 



APP I:~NDI X 3 

·, 
1000 CALORIE EXPERIMENTAL BREAKFASTS CONTAINING DIFFERENT 
AMOUNTS OP SATURAT~D AND POLYUNSATURATED FAT 

20g. saturat e d fat 

7 oz. milk (210 ml) 
1 oz. cornflakes 
4 packets sugar 
1 slice bread 
f oz. butter (15g.) 
1 packet marmalade 
1 bottle 'Hycal' 
Tea or coffee with sugar and milk from allowance 

50g. saturated fat 

11 oz. milk (330 ml) 
1 oz. cornflakes 
4 packets sugar 
2 slices bread 
1 oz. butter (30g.) 
1 packet marmalade 
1 oz. double cream (30g.) 
1 piece fruit 
Tea or coffee with sugar and milk from allo~ance 

l00q. saturated fat 

1-½ slices bread 
1 oz. butter (30g.) 
3 oz. double cream (taken with coffee) (90g.) 
4 Oz. milk (120 ml)+ 2 oz. double cream (60g.) 

mixed with a drink 

20g. unsatur ated fat 

Soup contai ning 20 ml pure sunflower oil and·l 
bouillon cube 

2 slices bread 
2 packets marmalade 
1 bottle 'Hycal' 
3 packets sugar 
7 oz. fruit juice (210 ml) 

50a . unsaturated fat 

50 ml pure sunflower oil --
1 J. 

,:'. slices bread 
1 packet marmalade 
1 bottle 'Hycal' 

JOOg. unsatur a ted . fat 

25 ml 
25 ml 

as soup with one bouillon cubE 
mixed with tomato juice 

100 ml pure sunflower oil - made into a soup with bouillon cube 
1 slice bread 
1 packet jam 
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