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CHAPTER I

INTRODUCTTIOHN



CHAPTER T

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 in
this field, the nature of this association is still poorly under-
stoods 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 plasma lipid 1eve1$, 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 prevention of THD has obvious attractions.,

Another major landmark was the publiéation by Fredrickson,
Levy and Lees {(1967) of an improved classification of the clinical
hyperlipidaemias which relied on typing patients on the bésis 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.




Initially, attention was focused largely on serum
cholesterol in falaﬁion to JHD. This is largely because of the
ease with which sevum cholesterol values could be-determined,
With the advent of widely available methods for the determination
of serum triglycerides, in recent years cocnsiderable interest has
been paid to serum triglycerides and the chief triglyceride beav-
ing lipoproteins; their relationship to IHD is now widely accepted
and factors conitrolling 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
serunm trigiyceride metabolism has béen 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 nen-polar molecules with very low
solubility in aqueous solutions, their presence in plasma is made
possible by the formation of soluble complexes with specific
protéins; such water soluble macromolecules are termed lipo-
proteins., In general, they serve to transport livids Ffrom sites

of absorption and synthesis to sites of storage and catabolism,

Lipids and Lipormroteins of Plasma

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 aibumin to its major binding sites; a




larger numbare of weaker binding sites avre also present (Goodman,

1958

Four main classes of lipoproteins are detectable in plasma;
within each, the relative amcunts of cholesterol, triglyceride,
phospholipid and protein differ, leading to physicechemical
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 yuch coantroversy (Schumaker and Adams, 1969; Forte and Nichols,
1972). The lipid-protein bonding is relatively weak; hydrophobic

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

Thae most widely employed methods for the separation of lipo-
proteins are electrophoresis and ultracentrifugation. The Fformer
method rélies on the molecular charge and, although uscfui
quaiitatlvely,»quantification of lipoproteins by this method is
difficult and is not widely practised., Perhaps the most widely
used method of qﬁantitating lipoproteins is preparative ultra-
centrifugdtion (Havel et al, 1955), After serial runs against
background solutions of different densities, 1lipid 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 genevally available due to the

high costs of the apparatus. Other methods of separation of
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lipoprotein which are usaed, include Cohn fracticnation (Cohn
et al, 1950), ultrafiltoation with nephelometry of the filtrate
(stone and Thorpe, 1966), and wvarious 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 Figh, 1924); the other three 1i§oprotein classes dérive
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 lipoprotein (VLDL) or prebeta lipoprotein.
Fifty-seven to sixty-eight per ceunt of this lipoprotein class
consists of triglyceride, with cholesterol contributing 15 - 18%.
Although originally believed to carry endogenous triglyceride
only, this/lipoproteiﬂ class is to-day believed to play a wider
role as will be discussed in detail in Chapter VI. Beta or low-
density lipoprotein (LDL) is the chief cholesterol bearing lipo-
protein of plasma. It has a higher density than VIDL, 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 cousists roughly of 50%

'Protein, 30% phospholipids, 15% cholesterol and 5% triglyceride,



TABLE T

PHYSICAL CHARACTERISTICS OF MAJOR LIPOPROTEIN FAMILIES

. B * Density P » Molecular . °E
LlPOprOteln Sf gm/m1 Mobility Weight Size A
Chylomicrons > 400 < 0,95 Origin 103 - 104 X 106 750 - 10,0G0
VLDL 20 - 400 0.95 - 1.006 Pre-B 5 -10x10° ° 300 - 800
LDL 0 - 12 1.019 = 1,083 B 2.1 - 2.6 x 10° 205 - 220
HDL - 1.063 = 1,21 a 200,000 75 ~ 100

13

* -
Lipoprotein flotation rate in Svedberg units (10
tion of density 1.063 gm/m1(26° C).

:’- »
“Paper electrophoresis.

?As determined by electron microscopye.

cm/sec/dyne/gm) in a sodium chloride solu-




A further aspect of lipoprotein composition which is at
present being intensively investigated in many laboratories, is
that of the protein component of 1ipopi*oteinsa These so~called
apoproteins may be divided into three main groups, including
some eight or more individual peptides (Scanu, 1972; Alaupovic
et al, 1972). Within each class of lipoprotein as separated by
electrophoresis or ultracentrifugation, from one to several

polypeptides'may be demonstrated.(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 Heart Disease

Within many Western communities, the incidence of IHD appears
to be rapidly increasing (Epstein, 1965; Stamler, 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 hyrerlipidaemias have attracted consider-

able attention.



A risk factor for the development of IHD, is én attribute
which increaseé the probability of an individual subsequently
developing the disease., This definition does not include the
necessary assumption that the relationship is causal; the
characteristic may be predicted by virtue of one of its associa-
tions which is directly causally relevant. étrictly 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 ét al,
1948; XKannel et al 1961; Stamler et al, 1960, Keys et al, 1963),
although the nature of the relationshipvstill needs to be clearly
defined., With widespread availability of serum triglyceride
determihations for only a decade, attention has recently been
focused on its role as a risk factor for IHD, Barly work in this
field came from Albrink and her co-workers. In 1959, Albrink
and Man reported a higher prevalence of elevated serum tri-
glyceridé céncentrations among survivors of myccardial 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. Eighty4two
per cent of the IHD group, however, had triglyceride 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 cholesterol. 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 conélusi@ns 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, 1964; Lewis 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 IHD, were found tc have

higher levels of triglyceride than whites under 40, or than

—- 12 -



African men of allJages¢ They suggested that white men in the
older age group could be divided in%o corcnary-prone and 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 XKroman et al (1964). Although Rifkind et al (1968) found
the frequency of hypertriglyceridaemia in IHD to exceed that of
hypercholesterolaemia by more than a factor of three, combined
cholesterol and triglyceride levels were found to best segregate
IHD 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 péint for triglycerides (125 mg/dl)‘is
probably too low by current thinking. Serum choiesterol eleva=-
tion above 250 mg/dl was only detected in two cases. Elevation
of prebeta lipoprotein in IHD had, in fact, been documented
considerably earlier (Basterman, 1957), the sera of subjects
with ITHD having significaatly higher levels of prebeta lipo-
.protein than normal. Serum triglyceride concentrations were,-
however, not measured in this study. The relationship between
IHD and serwn lipid concentration has again been studied in two
recent investigatidns. ratterson 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 two standard deviations in controls. In a large

study involving 500 conszecutive survivors of myocardial infarction

- 13 -



Goldstein et al (1973) compared 1lipid levels with a large group

of controls using the 95th percentile as a cut-off point, Hyper-
lipidaemia was detected in nearly one-third of patients of all

- ages. Younger subjects had a higher frequency, 60% of male
survivors below the age of 40 being affected. Hypertriglycerid-
aemia with or without asscociated 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 more,
than cholesterol as a risk factor for the development of IHD and

atherosclerosise.

Before this can be regarded as cleariy established, the
association will need to be studied prospectively in 1ongitudinal
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
Prospective Study of Carlson add Bgttiger (1972), 1In 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 ﬁore than three thousand men free from evidence
of IHD at the time of recruiiment, an elevated serum triglyceride
concentration was found to be a risk factor for IHD, the con-
centration of triglyceride appearing tc be at least as important
as that of serum cholesterol. Men under the age of 60, whose
serum triglyceride levels were in the top gquintile of the popula-
tion studied, had a four times greater chance of developing a
new IHD event than did men in the bottom quintile. The study

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

appeared to be of predictive value ia its owa rignt,

The degrece of the problem is perhaps put into perspective
when one considers the frequency distribution of serum tri-
glycerides within a population. We receantly reported the results
of a survey of serum lipid levels in a 'normal' working popula-
tion in London (Lewis et al, 1974). Cut-off points defining
normality were intenticnally 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 &riglyceride
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 meon and 8% of
women had hyperlipidaemia. Elevated serum triglyceride levels were
also shown to occur more frequently then elevated serum
cholesterol levels amongst "healthy" Swedes (Micheli et al, 1973).
In view of the asscociation between IHD and hyperlipidaemia, the
high prevaleance found in apparently healthy populations,
especially in terms of hypertriglyceridaemia, is of public health

importance.

In receant years, a vast volume of research has centred around
triglyceridé metabolism, Of particular interest has been the
factors controliing serum triglyceride corncentrations; 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,






of recent fat ingeg@ion (Baxter, 1966; COckner et al, 1969%a).
The intestine thus probably contributes to the transport of
endogenous as well as exogenous triglyceride; the fraction of
endogenous itriglyceride turnover derived from intestinal lymph
appears to be less than from liver, but may very well vary in
different animal species (Havel, 197Ca). 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)e The source of the fatty acid components of triglyceride
synthesized in the liver varies according to the species aund
nutritional state. 1In the postabsorptive state, VLDL triglyceride
fatty acids in man derive mainly frombfree fatty acids (FFA)
taken up by the liver from plasma (Freidberg et al, 1961; Havel,
1961)e In man, after an overanight fast, FFA are mobilized into
plasma by lipolysis of adipose tissue stores (Goodman, 1958);
uptake of plasma FFA by the liver appears to depend on plasma
FFA concentration in the physiological range and even at most
faised levels encountered pathologically (Van Haxrken 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 water, and some partially oxidised
to form ketones; a further proportion is esterified to form tri-
glyceride., Other sources of FFA may also be important; during

carbohydrate feeding, fatty acids syunthesized in the liver, and
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during fat ingestion, Ffatty acids from chylomicron triglyceride,
may enter the hépatic FFA pool 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, f961; 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 of our knowledge of the hepatic synthesis and release
of lipoprotein derives from studies with the isolated perfused
liver. 1In the hepatocyte, the enzymes necessary 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 moat 11ke1y, as toxic agents which damage the rough endo-
plasmic retlculum 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 Fformed

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 1lipo-
protein secretion (Jones et al, 1967). After synthesis in the
rough endoplasmic reticulum, the protein passes to the smooth
endoplaémic reticulum where combination with 1lipid 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 aminocacids into the
apoproteins of VLDL (Ruderman et al, 1968). Finally, release

of the newly synthesized 1ipoprotein molecule appears to occur

via the microtubular system (Néutra and Leblond, 1966).

Removal of Triglyceride from Plasma

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 cpinion 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 triglyceride 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 Ffollowing reinjection (Bragdon and Gordon, 1958; Stein
and Shépiro, 1960), as much as 35% being recovered in the liver
soon after injection (Borgstrdm and Jordan, 1959; Olivecrona,
1962)., The triglyceride appears to be taken up intact, little
evidence existing for hydrolysis (Borgstrtm and Jordan, 1959;
Stein and Shapiro, 1960; Reiser et al, 1960). Histological
studies were in agreement that at least sdme of the lipid seen
in hepatic sinusoids and in the perisinusoidal space were seeh

as intact particles (Ashworth et al, 1960).

It was believed that chylomicrons passed through large
fenestrations up to 5 u in width in the capillary endothelium,
as seen undef the electron microscope (Bennett et al, 1959;
Majno, 1965); éntry into the subendotheliai species of Disse
would be feasible, after which they could come into direct con-

tact with liver pareﬁchymal 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 rembval of triglyceride fatty acids from plasma
in dogs. These findings suggested the possibility that after
pulse injection, the liver was reversibly taking up chylomicrons
by trapping them in the space of Disse, More recent studies
(Wwisse, 1970) suggests that the gaps seen in the capillary
endothelium are, in fact, artefacts due to fixation. When tissues
were fixed by perfusion of the liver with gluteraldchyde, multiple
fenestrated sieves'éj 0,1 p diaméter 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 lipoprotein lipase which has been
shovn to exist in liver (Le Quire et al, 1963; Mayes and Felts,
1966; Xngelberg, 1966)., Hydrolysis of triglyceride under these
unphysiological conditions may thus have accounted for the uptake
in the presence of heparin. The liver is, however, the major

site of removal of chylomicron cholesterol (Nestel et al, 1963),
almost all radiocactivity being recovered in the liver after

- infusion of chylomicrons containing labelled cholesterol. Exclud-
ing the 1ivef from the circulation also resulted in a marked
reduction in the rate of removal of chylomicron cnolesterol,

Havel (1970a) has suggested thaf 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 lipoprotein 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 triglyceride. 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
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metabolism to be extrahepatic triglyceride removal, probably by
lipoprotein lipase, followved by removal of the cholesteryl
ester and remaining triglyceride in the remmant particle, by the

liver,

Lipoprotein Lipase

Electron microscopic studies of capillaries have shown
chylomicrons to be confined within the vascular lumen (Williamson,
1964; Schoefl and French, 1968). When the endothelial cells are
damaged by vascular enzymes (French, 1963), or when separated
as in nevborn animals (Suter and Majno, 1965), chylomicra still
do not penetrate to extravascular 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). The main
evidence comes from studies involving triglyceride labelled in
glycerol and fatty acid moeities with different isotopes,
'Following thevinjection 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 (Olivecrona, 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

i
e
O

i




not capable of removing triglyceride fatty acids from plasma.

In the fed state, a high proporticn 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 triglyceride, 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 from the blood other than after
its release from tissue sites by heparin, In adipose tissue and
muscle, the enzyme is present in the capillary 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 functiomnal enzyme at the endo-
thelial cell surface to where it must be transported (Cunningham

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

Chylomicrons and artificial triglyceride emulsions have been
shown by electron microscopy to be attached to the luminal surface
of the capillary endothelium and sometimes to be partially
enclosed by capillary endothelium;  no particles have, hovever,

been visualized in the fat cell or extracellular space (Suter







re-esterified; glycerol and the now triglyceride-pcor remnant
(Redgrave, 1970) are released back to the blood stream., 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,

1972).

FFA Uptake

The FFA released by hydrolysis of lipoprotein triglyceride
crosses thé 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 faﬁty 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 taken 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 activiiy 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-




tion of triglyceride uptake in respouse to a need, is during
lactation. Mammary gland lipoprotein lipase and triglyceride
uptake increase markedly following parturition, at which time
there is a vastly increased requirement of lipid for milk

formation (Barry et al, 1963; McBride and Korn, 12964),

The correlation of lipoprotein lipase activity and tissue
triglyceride uptake thus permits of a system with the potential
of determining the site of removal of triglycerides by varying
the activity cof 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 factors are probably involved in that insulin increases
lipoprotein lipase activity, whereas the catecholamines, ACTH:
(Wing et al, 1966; Wing and Robinson, 1968), glucagom and thyroid
stimulating hormone (Nestel and Austin, 1969), inhibit the enzyme,
The effect of these hormones on lipoprotein lipase is thus
opposite to their effecit on the 'hormone-sensitive lipase!
responsible for the hydrolysis of adipose tissue triglyceride..
Catecholamines, ACTH and glucagon thus tend fo mobiliza fat from
adipose tissue stores, whereas lipoprotein lipase promotes uptake
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 tissue while simultaneously
inhibited in another, in response to a hormone, is hovever, not

clear.

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

IJ
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environmental factors with other factors in the genetic con-
stitution, In addition, underlying causes knowin 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 metabolisms In Chapter III
the effect of diabetes mellitus is investigated., Diabetes hés
frequently been regarded primarily as a disorder of carbohydrate
metabolism; disturbance of plasma lipids and lipoproteins,
however, also occur remarkably frequently, and may be an import-
ant factor predisposing to the premature vascular disease seen
commonly amongst diabetics. The pathogenesis of the 1lipid dis-
turbances are thus of interest with a view to their therapy and

possible benefit in the preveantion of atherosclerosis,

Two nutritional factors which I have studied are alcohol
and dietary fat. A well-known hazard of excessive alcchol
intake is.the development of fatty liver; alcohol may also fesult
in hypertriglyceridaemia, although this probably only occurs in
a minority of drinkers., Nonetheless, alcohol-induced elevation
of serum lipid lévels may be a factor predisposing the drinker
~to yet another ill-effect of alcohol, that of the development
of atherosclerosis. Identification of individuals particularly
susceptible to the effect of alcohol on serum triglycerides
might, therefore, be of value in the prevention of atherosclerosis
and the associated IHD and peripheral vascular disease (PVD),
The effect of alcohol can serum triglyceride is discussed in

Chapter IV,
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of disappearance of 140 and 3H from the endogenously labelled
triglyceride was diécernible. In view of this, the linear
increase in radioactivity was taken to be a mecasure of incor—
poration of free fatty acid into triglyceride for the purpose
of calculating the ratio of incorporation of palmitate and

linoleate into VIDL-TG.

Preparation of the labelled PFA for infusion

(9, 10 - 3H) ~ palmitic acid and (1 ~ 14C) -~ linoleic acid
(Radiochemical Centre, Amershan, Bﬁcks.) were converted to their
potassium salts by blowing off their benzene carrier, dissolv-
ing in 3 ml. absolute alcohol, adjusting to pH 8 with potassium
hydroxide, and dissolving in 0.15 M saline to a final volume
of 10 ml. The 14@ linoleate was sterilized by autoclaving for
15 minutes at 15 psi and stored at -20°c, Tritiwm labelled
compounds are known to be less stable to autoclaving and deep

3H Ffrom

freezing, becth processes being capable of removing the
the parent compound; 3H palmitate was thus sterilized by pas-
sing through a micro-filter aad stored at 4°¢, 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 P ci

14 3

C linoleate and 25 Wwci “H palmitate were added slowly with

mixing to a solution of Ffatty acid poor human albumin (Lister
































































Syathaesiy of freo Fatty acids occour mainly extramitachond-

although an intramitachondrial system also exists

(viazoro, 1963)s, Acetyl CoA, generated within the mitachondria,
meinly from carbohydrate utilization, is the main building block
for Fatty acid synthesis. Malonyl CoA is generated from acetyl

Coh, the recaction being catalyzed by acetyl CoA carboxylase

following which the 'fatty acid synthetase' complex catalyzes

the formation of long chain fatty acids (Wakil, 1961)., FFA
synthesls is markedly depressed by fasting and stimulated by
foading (Goldman and Cahill, 1964). Insulin could affect hepatic
lircgenesis by altering the supply of precursors such as acetyl
cod, by stimulating hepatic glucose utilization, or it could

have a more direct effect on the enzymes of fatty acid synthesis
and of glycolysisg; an inducing effect on the latter enzymes is
known to occur (Weber and Hird Convery, 1966). In vitro experi-
monits suggest that insulin increases hepatic lipogenesis; early
exporiments (Medes et al, 1952) showed insulin to increase ace-
tate lipogenesis in liver slices from fed animals. Fasted animals
wera alsoc showvn to demonstrate this effect if glucose was added
to the medinm (Masvli et al, 1952), insulin alcne 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; Haft, 1967; 1968). Haft
(1967) has shown insulin to increase both acetate and glucose
lipogenesis in livers of fed and fasted rats, in the presence

of physiclogical concentrations of glucose in the medium. The
Increased glucose oxidation in this study was insufficient to

account Ffor increased lipogenesis. Conflicting results have,
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Antoratios, the inovoooats 10 cornm triglycerido concentrations

R . TN SR . S A 4 ; 3.y oy - TS ~ T4y 1
vora alottod end thio arcas woenoured wuadon tho curves, 1_)uvflllg

N
. . | N e s J- )

saturated Fat FPeeding, the avrea was 31 = 13 am. (mean = 33),

ianreas aftor unsaturated feedis ng it was 64 = O Cil, ;  ail

incignificont differcnce (p > 0.71). hen the 24 hour incre-—

ments were olotted against fasting triglivceride levels, a
highly sigaificant positive correlation (r = +Oo49,'p < 0,01)

wvas observaed (see Figure 35).

This suggests that the difference in post-prandial tri-
glyceride levels observed was due to differences in base~line
levels rather 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 vere

L and 45 £ 10 cm.2 during saturated and polyunsaturated

56 ~ 12

O

fat Feeding respectively. This difference was also not sig-

nificant (p % 0.1).

4, DITTANY PAT TRAUSPORT T HYPERLTCOPROTEINATHTA

As discussed on page 3464 ‘Type V hyperlipoproteinaemnia is
ecgarded by some authorities as severe endogenous hypertri-
glycerideenia, whereas others believe both endogenous and

plasma obtained

.

excgenous triglycerides to occur in excess in
in the fasted state., Two patients with Type V hyperlipo-
proteinacmia were studied in order to ascertain the effect of
diectary nodification on their serum triglyceridesvand lipo-

protein patterns,












g blonsl sonnles wvoee obbainoed at intervals on the

e S Lay cholosierol st Trdlglsoooide content was deter-
pined and Vipoprotoin clacimonhioresis of the ~orum was carried
Le W preseuce of chylonilcrons was assessod by inspection

, . e . . .
seriiy stored oveenlight at 4°C and by lipoprotein electro-

Ty ’\()“\ =k , <

D S L]

Yf\x;l.’ 1—-
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The results are shown in Figure 36 . Reduction of both

ralorie and fat intake in the first part of the study decreased

e

sorum triglyceride levels, as well as being associated with

o by B -
COe dlsdapoedd

nce of chylomicrons from fasted plasma., Vhen

calorie intake was increased on the second diet, the chylo-

microns reappearved despite the same daily inteke of fat.

In the final stage, waich was roughly equivalent to his

usual diet, no fuirther elevation of triglyceride level was
achioved by raising the fat content of the diet, while keeping

*

calorie intake constant. Chylomicronaemia persisted,

Caso 2

L -,

1. R. aged 48, presented with planar xanthcomata and

a Type ¥V lipoprotein pattern with cholesterol and triglyceride

levels of 370 mg./dl. and 1,590 ng./dl. respectively. Dense

sre-beta and chylomicron bands were present on lipoprotein

electrophoresis of fasting serum, and chylomicron and VLDL



do lavals of 1,155 wg./dl. and 420 wuo,/dl. res-
poctivaely, wvore dotected alter separation in the preparative

ulteacentrifuge.

In order to determine whether dietary fat appeared in both
cnylomicron and VIDL fractions in plasma, 25 uCi3H tripalmitin
(Radicchenical 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 VIDL
separated ultracentrifugally. After extraction of the lipid
in these fractions by the Folch technique (rolch et al, 1957),'
the chloroform phases were evaporated to dryness under a
nitrogen stream and the radiocactivity counted in a Tricarb
Liquid ¢cintillation Spectrometer (Packard Co., U.5.A.) using
Toluene/POPOP/Pr0 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 VILDL fraction, although by
cight hours after the meal, no reduction in count rate was

observed in this fraction.

Dietaryvy modification

A series of dietary manoeuvres vere then performed which

a

differed from those carried out in subject 7. ¥, The follow-
ing diets were fed after a run-in period of one week on his

usual 1,800 calorie 100 g. fat diet:
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(a) &n dsccaloric diot contaiaing less than 5 g. fat,
(b) An 300 calorie 40 ¢g. fat diet,

Llood was sampled daily For estimation of triglycerida content

of tho chylomicron and VIDL fraction severated ultracentri-

a
L

fugally as previously described., The results are shown in
Figure 38, At the time of institution of the die

ing less than 5 g. of fat, triglyceride concentration in both
chylomicrons and VILDL was increasing. It can be seen that
during the isocaloric dietary period (1,3C0 calories « 5 g.
fat), triglycerides in both VIDL and chylomicron increased
further despite a virtual absence of fat from the diet. These
'chiyrlomicrons' must thus have been of 'endogenous‘ origin,
During the next dietary period, twriglyceride concentration in
both fractions fell during calorie restriction despite increas-

ing the fat content of the diet to 40 g. per day.

SUITIARY OF RESULTS

During alimentary lircaemia in man, chylomicronaemla was

ccompanied by a simultaneous rise in VLDL triglyceride in

oS}

lasma. After large oral fat loads, chylomicronaemia pre-—

rd

dominated but after smaller, riore physiolcygical meals, the
increase in VIDL triglyceride was similar to or even exceeded
that in chylomicron triglyceride, 1In one study in which lymph
was collected from a thoracic duct fistula, the triglyceride
concentration of both chylomicrons and VIDL increased follow-

ing ingestion of a fatty meal.
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o o conclusive ovidence wvas fovnd For odther of t

suowving a diflorentiol contribntion to

Lipoprotein classes 1]

alimentary livaemia wion saturated and polyunsaturated fat

o s
meals were fod,

The diuwrnal fluctuation of serun triglyveeride concentra-—
tion was greater alter a period of saturated fat Ffeaeding than

after a polyunsaturated fat feeding period, This difference

4

could largely be attributable to differences in base-line

(endogenous) triglyceride levels.,

Two subjects with Type V serum linoprotein patterns

underwvent dietary manipulations which resulted in changes in

(R

thelir serun triglyceride concentrations. In one, fat and

(J
jan
=
{

calorie restriction led to the disappearance of chylomicrons
from plasma. They returned when calories were increased despite
fat intake being kent constant. In the other subject, tri-.
glyceride concentrations in VIDL and chylomicrons actually
LwcvvaJed'vnlje on an isocaloric fat free, high carbohydrate
diet; they fell again once calories and cerbohydrate were

restricted, despite an increase in dietary fat content.



SR G VEDT, TN ODTEPARY AT O TRANSPORT

Ffinding that VIDL {»iglyceride rises during ali-

A

mzainny lipacmia could be attributed to a primary role of
tivie lipopeotein class in dietary fat transport. This is in
acoond with findings in the rat where VILDL has been shown to

uhateantially to fat absorption in the rat (Ockner

CONLLD

et 2l, 1969b; Boquillon et al, 1972). Studies of the relative

rolas of chylonicrons and VLDL in dietary fat transport in

hunong have been few; because of the difficulty in obtalnlng

saxpieys of lymoh, most studies in humans have measured the

nce of linid and linoprotein in perinheral bdlood Ffollow-
RS - & Y -

VUYL
iyl 17 i A

3

ins the ingestion of a fat containing meal. VIDL as well as
~ poe) o

votooicra have been shown to appear in human lymph in response
13 YL &

(Bergstrdm et al, 1972) as well as in plasma

o =2

(5221in et al, 1968; oSchlierf and Raetzer, 1972). The present

i) 3y
ctudy ds in accord with these, and points in favour of dietary
fat tronsport being a primary function of VILDL as well as its
better knovn role in the transport of endogenous triglyceride

et al, 1967).

The post-prandial rise in vLDL could alternatively be due

to endogenous triglyceeride derived from the recycling of

\) [

fatuy 801d3. The latter concept gains some support

from the obhservation that Pplasma only assumes the fatty acid

oM Ul



cottern of dretary fat some hours after pea Livaenia, suggeste
ing an cndooenous kaOOQ“W to the linasmia (2vogdon and
carmen, 1060).  Chvionmicrons have also been shovm to ph¢‘oct
the dietary fatty acld composition more rapidly than do VLDL,
following the ingestion of fat with a differcnt fatty acid
composition to that of plasma and adipose tissue (Bdelin et

al, 1968), However, the similarity in time course of the

chylomicrons and VLDL curves in the present study favours the

former explanation. Furthermore, chylomicron and VLDL peaks

u

in the diurnal variation study of 3Schlierf 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 viewv of
current knowledge of triglyceride and FFA kinetics (Baton et
al, 1969), recycling'of dietary fat acids is likely to be

superirposed; the cxtent of the VILDL peak due to recycling,

however, remains speculative,

The presence of chylomicrons as well as VIDL in human
thoracic duct 1lymph both in the present study, and in that of
Bergstrdm et al (1972), as well as in mumérowq studies in ani-
mals (Zilversmit et al, 1966; Cckner et al, 1969b; COckner and
Jones, 1970; Ockaecr et al, 1972; Bocuillon et al, 1972) also
favours a primary role of VIDL in dietary fat transport in
humans. Because the amount of triglyceride recovered in the
thoracic duct lymrh of the patient studied, only represents
a small fraction of the amount fed, and because the lymph

volumes wvere small, it is likely that the bulk of lymph was

5till reaching the blood stream. °3ﬂu3tanoouv blood sampling



. P -, as D N P A caa . “ .,‘,,‘..ﬁ - A . -
vas untortunaltoly not noclormao, Cesoomnk oo aclutoon that can

thus be drawii fron thin o

¢ K aumiyies i DN S O e
tion of both saturated aud polius cooernien Jdiotary Dat, lymph
contains both cuylomicrons and V0L, ou Jiing the drportance

of both these lipoprotein classen 1o dietary fat transport,

Thile in the prescnt study, the triglyeeride concentrations:
in the 5p 20.—~ 100 and 5o 100 - 4050 fractions were similar in
the fasted state, the increase in itho Sp 100 -~ 400 component
accounted largely for the nise iun VILDL Juring fat absorption;
it is possible, therefore, thal the Sp 20 - 100 component

contains triglycerides of origin., Harlan

"J

and Bleischer (1963) did, howevor, observe an incrcase in the
Sp 20 - 100 conwonent of VIDL in additicn to a rise in Sp 100 -
400 during fat absorption; it ig ovcoogibdle that the larger

dose of fat fed (120 g.) nay account for the discrepancy

@

between their findings and those of the nrecent study,

Most fat tolerance tosts raly on the ingestion of fat
loads larger than are usually eaten at 2 single meal and may

be the equivalont of a whole day's intale. The hicgh doses

SOd are tth clearly unphysiological, Thaoy did, howvever,

provide suitably high plasma triglyceride lavels for The pur-

n

pose of studying fat tolarance hofore a maliable intravenous

fat tolerance test became available, but are not ideal for

the study of intestinal fat absorntion. For the purposes of
the present study, it seeaned more portincut to test a range
of fat loéds some of which would be approxinately eduilvalent
to a normal sized meal. Studies in rate have suggested that

the fat load may be of importance in deteraining the anature



choved Toloclonicront of Coodnerenss An rabbito with droroas-
Ny orat tood, el g olaoacntasy Livacenta, thoracic duct

verticle sioe riccs cud falls, beins lergest at the time of

peak Yizscenia (Fracor et al, 1988; Forte end ildichols, 1972).

n

In the present study, when 100 g. of fat were fod, about one-

the ircraoment in plasma triglyceride at four hours

.

quarter of
was due to VIDL. Hovever, the relative contribution of chylo-

microns and VLDL to alimentary lipeemia was altered by the size
of the fat load; the rise in VLDL triglyceride at 4 hours was
pout one-half of the rise in total plasma triglyceride during
the abgorption of 50 g. of fat, After the ingestion of the.

20 g. fat meal, almost three-quarters of the increase in plasma
de concentration occurred in the VIDIL fraction.
Particles lowest in density, and presumably aighest in tri-

glyceride, thus secm to predominate vhen very large loads of

the spectfum £ triglyceride rich liponroteins of plasma tends
to drift tovards VIDL., Waen Schlierf and Rectzer (1972) fed
physiological amounts of fat divided into three equal ”caTS,
similar quentities of chylomicrons and VLDL accounted for the
incr éhewta above basce-~line triglyceride levels over the 24-hour
period, 3y doubling the number of meals and hence reducing
he fat load per meal, the contribution of VLDIL to alimentary
lipaemia rose to about two-thirds of the total. The finding
in the present study of a greater chylomicron contribution at
high fat loads, is also consistent with that of Fresor et al
(1968) vho showed an increased fat load to result in the

oppearance of larvger chylomicrons in rabbit tho ic duct lymph,

-~
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Sy alae toad gunnoot Lo Cho hyvotbhonis of intoestine 5 Lipo-

- ~ b e H o r ey - . A\ RIS N et -y + RS -1 -3 - ol
croledng Loeeng A dynanie cvaston casablo of ranoouding to

T I m way b SV 3 P Vo g - PR . " A
Al leront ol loads by producing lipoproteins of varicus sizes

and trigiyesride content. A continuous spectrum of tri-

- “

Jlyeeride bearing linoproteins has been snovm to be presont
in rat intestinal lyvaph (Ccdacr and Jones, 1970; Windmueller
et al, 1970), which shifts tovards the larger non-triglyceride

rich molcecule on ingestion of fat.

AT CCMI-OZTTION AND TL,OAD

Ockner et al (1972) have proposed a mechanism whercby
e diffcrences they observed oetwﬂﬁn the absorption of satu-
rated and unsaturated fats in rats, could fit in with this con-

cept. They showed linoleic acid administered by ducdenal
intubation, to result in the appearance of mainly chylomicrons
in intestinal lymph whereas palmitic acid resulced in VILDL

as well {Ockner et al, 1969b). They suggested that as the
uneaturatad fatty acid is abgorbed more proxinally and by‘a
shorter 1engtn of intestine than was required for the absorp-
tion of palmitic acid, more of the former would then be avail-
able per intestinal cell Ffor lipoprotein formatilon; larger

b}

particles might then be anticipated. These findings have not
been borne out in the present study in humans after oral fat
administration, After 50 g. fat foriula Ffeeds which were
identical in every respect other than in fat composition, no
lifference was detected in the relative proportions of chylo-
nmicrons and VIDL in plasma between butterfat and sunflover oil,
Roughly 30y of the increase at 4 hours was contributed to by

VILDL after both test meals. This 1s a sonievhat lowver value
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50 g falt weal appearvcd as VLWL, : ot s 00 the
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meal were, novever, noc equal and conld oosalblsr socount for

+

the difference. . The latter exporiacital oeals coninined only

three—-quarters of the calorie content of Lhe earlicy expori-

nent; protein content was als rerr cnd carboln
In the three subjects who had seturated and uwnsaturated fat
meals of varying load, sampling for 8 hcurs after ithe ﬁeal
again showed no consistent difference between saturated and
unsaturated fat. Vith the 20 g. meal, VILDL contributed the
greater proportion of fat load, the opposite holdiag for the
100 g. meal. Only after the 50 g. meal were differcences
detected; whereas the alimentary lipaemia during saturated fat
absorption could be accounted for by a proportionately larger
contribution by VLDL, the chylomicron increment was greater
during unsaturated fat feeding. Closer cxamination of the
graphs show the Ffour hour values not to be in dizajreement
with the earlier experiment; the peak lipeemia afler the wnsatu-
rated meal occurred sonewhat lator by which tine the relation-

4
14
‘

ship of chylomicrons to VILDL had alterad., Furthor studies

should perhaps attempnt to compare chyloriicron with VLDL tri-

glyceride increments at the pealk of lipacmia, and also compare
f Xz A ? iy

e

arcas under the peaks following single neals of satuvrated and

unsaturated fate.

‘e

’.,l
C)

|_-

sults available at precent, however,
fail to denmonstrate a definite differenticl effect of the
saturated and unsaturated meals on the relative oroduction of
chylomicrons and VLDL in man., Tals conformns VltH the findings

of Zilversmit et al (1966), who showed no differences in

particle size in thoracic duct lymph in rats fed cream or corn



Anothior point of dnteraest is thae observation that poak
Tipaenin Followving the dingestion of sunflovor oil, occours
loter thoan after ingestion of the sama anount of butterfat,
The reason for this is not clear and would tend to be in con-
£lict with the observation of Ockner ot al (1972). Thoy
demonstrated more rapid anl more proximal absorption of
mnsatucated fatty acids, which might be expected to result
in the reverse of what was fouad in the present study. They,
however, adninistered their fat by interduodenal infusion,
thefeby elininating potential effects of these triglycerides
on gastric motility and emptying. FPat ingestion is known to
delay gastric emptying, unsaturated fats being more efficieht
inhibitors than saturated (Roberts, 1931; Tidwell and Cameron,
1942), This may exPlain the present indings of a later peak
lipaemia occurring after feeding unsaturated fat. It may
also explain the lack of difference in distribution of chylo-
rmicrons and VLDL found following the ingestion of the two
types of fat; delayed gastric emptying after polyunsaturated
fat Eeediﬁg might tend to counteract the gre atcr fat load per

11 which has been postulated by Cckner et al (1972) to result

in chylonicron formaticn during its absorption.

DIURNAL VARTATION

Studies of levels throughout the day on a three nmeal feed-
ing pattern confirmed the findings of Schlierf and Raetzer
(1972) that VIDL triglyceride contributes substantially to
diurnal fluctuations in serum triglyceride concentration.,

Not only base-line triglyceride levels, but levels throughout



the day were lover after Cho Ffoocing of panaimeotel cat,  Euo
and Corson (T959) had proviovsly <owsm @ coon ol diost to
result in lovor and pore sooni-lioed olavations of soruun Ll
glyceride throuwhout the day hon <id o tyoicel Jaonerilcan

e obasoprvations could eliiase reflect differential

diect. Thes

L’)

absorption of the two fats or simply be due to differences
in endogenous triglyceride levels, Although the arvea between

the peaks and the base-line levels did not differ significantly

on the two diets, thus cuggesting differential absorption not-

to occur,‘values were hicher after the saturated feeding period.
The number of subjects studied wvas small, and by studying
larger nuﬁbﬂvs, levels of significence may have been achieved,
Fasting serun triglyceride concentration did, however, corre-
late significently with the diuwrnal change in triglyceride
(i.e. the arca between the peaks ¢“d the fasting level) as

seen in Figure 35 . This suggests that the chief determinant
of diurnal changes may be the fasting level, high triglyceride
levels tending to be associated with larger lipaemic peaks
during fat feeding. Tt is of interest that Schlierf and
Ractzer (1972) also noted alimentarj‘linaemiabto be more marked
in hvoertrigly idaeﬁic subjects than in normals and Meruhana
et al (1947) showved the fasting triglyceride level to be a

good predictor of the degree of diurnal fluctuations.
Denborough (19G63) also showed a tositive correlation between

nd noxdmal values obtaeined during

Q)

asting triglyceride levels
an oral fat tolerance test. These observations could possibly
be explained by the slover triglyceride removal rates seen in
association with high triglyceride levels (Boberg, 1971),

As X, does not change vhen triglyceride concentration falls

2
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during polyunsaturated fat foadine (soo pade 283), this line
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Of reascuing could, howover, not emploin the Findings il1lus—

trated in Migure 35. The present ctudy, nevertheless, lends
support to the concept that triglyveeride levels throuchout
the day are dependoat on cndogenous ti ln1vg<vvu levels;

nodification of the diet by increasing the polyvimsaturated fat
content could then reduce not only endocenous levels, but
diurnal fluctuations as well., It also lends further credence
to the lack of advantage in measuring diurnel triglyceride

fluctuations, over simple measurements of fasting levels in

the assessment and managenent of the hyperlipidaemic individual.

CLINICAT, STUDINS TH RELATION TO CLASSIFICATICN OF

HYPIRLTIPOPROTETIADMTIA

The studies of dietary modification in two patients with

Type V hyperlipoproteinacmie patterns in their serum, raises
SomeAinteresting points, The serum of the first patient was
transfeormed into a type IV pattern by restriction of calories,

carbohydrate and fat (see Pigure 36 ). When fat content was
kept constant and caloric intake elevated by increasing the
amount of carbohydrate fed, the serun triglyceride concentra-
tion again increased end chylomicrons reappeared in serun
obtained after an overnight fast., As the fat content of the
diet remained unchanged viiile carbohydrate content increased,
these cnjlomicrons vere likely to have been of endogenous
origin due to carbohydrate induction (Ahrens et al, 1961;

Glueck et al, 196%; Mancini et al, 1973). It is, however,

possible that the increased carbohydrate load, by slowing



/

volol coride veosoval (Coneind et o1, 1973), rosultod daoa
SOl clearasos of cono dletary fak. Ao inereasad input
Of JLOY into ploaswa consoduent on carbohvdrate induction
could thas concelvably have resulted in saturation of chylo-
picpon removal nechanisms, therceby inhibiting the rceuoval of
chiylovicrons forsed in raesponse to the 40 ¢, of fat fed.

Tads suggestion is rendeced less likely by the results of the
study in the second patient. In this case, chylomicron (and
VIDOL) triglyceride increased substantially, despite virtual
absence of fat from the diet. Carbohydrate induction of both
VLDL and chylonicrons 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 fat being ircreased to 40 g. per day.

Both cases could thus be made to alternate between the
Type ¥V and Type IV pattern by modifying the diet. In the
socond case, thae Type V pattern, which is claimed to be due
to aroess endodenous and exogenous triglyceride, was present
even during the consumption of & virtually fat free diet;
Brunzell et al (1973) also showed Type IV and V patterns to
'be intarchengeable, by verying the calorie and carboaydrate
contont of the diet while keeping fat calories constant,.
Therapeutic implications may be of importance, Whereas many
authorities treat endogenous hyvertriglyceridaemia by calorie
end carbohydrate restriction, and exogenous hypertriglycerid-
acmia by fat restriction (e.g. Levy, 1972; La Rosa, 1972),

this distinction may not be necessary in Type V hyperlipo-—

proteinaemla,
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e el oballed toioalmitin together with
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a rfat contolning »ood.,  Ohwr cossible 2onlanation would be
rocycled dietory Sobilv acido

1969).  Howoever, as the »oioval raite of chylomicron triglyceride

exceeds thot of
at the site of rorcvyal could also contribute to the later

VILDL peak obgserved in this case, Chylonicron and VLDL tri-

hi

glyceride peaks neasuvrad chonically were, hovever, found to

E

n T

ocauxr at cqual tines in the oxperiments described on page

and also in the studies of dchlierf and Raetzer (1972).

A functional overlap baotveen p

oy

ticles classified as

either 'cuylomicrceans’ or 'WOLL!' on phaysiochemical grounds

thus apped to exist. Both chylemicrons and VILDL appear to

contribute to diectaxny fat in agreement with similar

studies in man (Schlinrf and 2actzer, 1972) and with studies
of dietory fat trinsoort {hooudh intestinal lywaph in animals

(#ilversmit et e et al, 1969b; Cckner and

These observations,
taken in conjunction with tho related trend of a shift of

particlas towards lower deasity triglyceride rich

endogenons
particles during corbohydratoe induction in the two cases
studied, as well as in those reported by Ruderman et al (19717)

phasize the flexibility of the

L

and Mancini et al (1973), en
triglyceride-~bearing lipoproteins. Classification systems of
disorders of the hyperlipoproteinaanic state based on such

flexible foundaticns must, therefore, clearly be regarded as
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s om0 diaond e off thie clindld metoholiom soom
ol A antoor Lo won ., they tend to vosult in

S h to ‘They have, however,
posulied in this croup of diseases being thought of in lipo-

protein roather thon 1ioid terms, withh obvious advantages.

A moce nanageable vocabulary has been provided,

type TIa pattern have obvious

advantages over tho more tongue-twisting alternatives., The

however, not be forgotten and such

I

tions should be regarded as provisional, pending a

more rational classification based on a pathogenetic and
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Blevated plasma triglvceeride levels are associated with
an iancreased incidence of ischaenic heart disezse, The DrO-
resses by which plasma triglyceride concentration is controlled

in health end disease are incompletely understood,

This thesis describes studies on some of the major deter-
minants of plasma triglyceride metabolism, viz. dietary fat,
alcohol and diabetes mellitus, aad the mechanisms whereby

they affect plasma triglyceride concentration.
A ney intravenous fat tolerance test, waich relies on
measurement of the removal rate of a triglyceride emulsion from

plasma, has been applied,

In uncontrolled diabetes mellitus, more than a half of

the patients studied had hypertriglyceridaemia, vhether 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-depaendent cases; turnover was also somewhat elevated

in non-diabetic obese subjects.

The rate constant for the removal of exogenous tri-
1lyceride, X correlated inversely with serum triglycerides,
/ ? 2 ’ - ™)

and in many cases was towards the lower end of the normal




range,  Diabetic control, whether by diet alone, or by diet
and insulin, resulted in a reduction of sernn triglveeride
concantration towards nermual, AL The samne tinme, Kg values
increased significantly. The changes in K, were paralleled
by chances in the rate comstant for the removal of exojenous

triglyceride operating undnf conditions of saturation kinetics

(K1). Plasma FFA turnover also fell during diabetic control.

@, educti i ese non-~diabetics resulted in a
WJeight red on in obe on bet P lted

reduction of serum triglycerides; assocciated with this, FFA

turnover increased, in marked contrast to the obese diabetic

patients.

It was concluded that diabetic hypertriglyceridaemia may
be asscciated with impaired removal of endogenous triglyceride
from plasme, although simultaneous increased input of tyi-
glyceridae into plasma was not excluded,

Alcohelic hyperlinidaemia was found to occur cormonly

amonyst natients attending a clinic for disorders of 1lipid

VE

metabolisme K, values tended to be low and did not correlate

with serum triglyceride levels,

Alcohol withdrawal resulted in a significant lowering of
serum triglyceride concentration; no associated change in
fractional removal rate of triglyceride was found, in sharp |
contrast to the significant increase associated with correc-

tion of diabetic hypertrlmlycorldaemla.



It is concluded that correction of alcoholic hyveriri-
glyceridacnia 1s not due to an enhanced fractionsl vete of
rosoval of triglvceride from plasma,  The findings are cone
sigtent with the view 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 suscéptible to the triglyceride elevating effect

of alcohol,

Diets rich in polyunsaturated fat and low in saturated

fat, lowered serum cholesterol and especially serun triglyceride
concentrations in normal subjects and hypertriglyceridaenic

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 and very low density 1ipo-
protein cholesterol; a change in the 1ipid composition of wvery

low density lipoprotein was detected.

Neither KQ, nor post-heparin lipolytic activity changed
significantly when triglyceride concentration fell on sub-
stituting a polyunsaturated 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-
unsaturated 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 polyunsaturated Ffatty acid into very low density lipoprotein
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triglyeepride was measured during their sinuwltanecus in
into novmolivacmic mon, The resnlis suggasied that palmitic
acid was preferantially incorporated compared with linoleic
acid., As the feeding of polyunsaturated fal results in an
increased ratio of free linoleate to Free palmitate in plasna,
this may imply that dietar®y polyunsaturated fat decreases the

rate of secretion of very low density lipoprotein 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 X, values are associated
with high serum triglycerides. A similar situation appears
to exist amongst diabetics. In the uncontrolled state, tri-
glyceride levels tend to be higher and K, values lower than
normal individuals, Alconolic hypertriglyceridaemia tends to
be associated with low K, values, which remain unchanged when
alcohol withdrawal results in a reduction of serum triglycerides
Dietary fat-induced changes in serum triglyceride also tend to

occur without effect on fracticnal removal rate,

The alimentery lipaemia following ingestion of dietary

fat by normolipeemic men, was due to an increase in both
chylomicron and very low density lipoprotein triglyceride.
After large fat loads, caylomicronaemia precominated, but
after smaller more physiological loads, the increase in very

iow density lipoprotein triglyceride was similar to or even
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exceaded that in chvlomicron triglyceride. It is concluded
that both chylomicrons and very low density lipoprotein nlay

an important role in dietary fal transport in man.

o evidence was found that either of these lipoprotein
classes showed a differential contribution to-alimentary
lipaemia when saturated and polyunsaturated fat meals were
compared. Serum triglyceride fluctuations throughout the day
were, however, lowver after a period of polyunsaturated fat
feeding than after a period of feeding saturated fat. The
24 hour incremeﬁt 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 BREAKFASTS CONTAINING DIFFERENT

AMOTINTS

OF FAT

"Ong. fat breakfast (fat content = 1.7g.)

piece fruit
packet marmalade
packets sugar
oz. cornflakes
o0z. skimmed milk
slices bread
bottle 'Hycal'
0z. 'Marvel!

MRS = N < D

20g. fat breakfast

oz. milk

oz. cornflakes
packets sugar
slice bread

0oz. butter
packet marmalade
bottle 'Hycal'

SRSV SYEFIN S

50q. fat breakfast

11 oz. milk

oz. cornflakes
packets sugar
slices bread
packet marmalade
oz.double cream
plece fruit

0z. butter

L el o B A S AN ]

100g. fat breakfast

14 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. double cream ) Homogenised
Artificial flavouring 10 ml ) -
1 slice bread
1 packet marmalade

Unsaturated -

2 oz. 'Marvel! ) : ‘
50 ml., pure sunflower oil ) Homogenised with 500 ml water

Artificial flavouring 10 ml )

1 slice bread

1 packet marmalade
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