SOME DIETARY STUDIES ON THE METABOLISM

OF CHOLESTEROL AND BILE ACIDS

by
Juliet R. Gray, B.Sc., S.R.D.

A thesis submitted in accordance with
the requirements of the University of
Surrey for the degree of Doctor of )

Philosophy.

AN

Department of Biochemistry,
1'Univepsity-of‘5ufréy,"

Guildford, Surrey. _ December 1978



##234

#H#2.
1

## $%& %

+ -

) -

(710)

<= ;<

#H#2.

0

, t)

% (

2



Acknowledgements

I SHould like to extend my sincere ‘thanks to my sunervisors,
Professor D. V. Parke and Dr. D.L. Williams, for their guldance
and encouragement durlng these studies

I should also .Yke to thank Dr. R.K. Lowing and thekStaff
of the Pétholdgy Laboratory, St. Peters Hospital, Chertsey, who
were responsible.for the analyses of sefuﬁ triglyceride concentra-
tions in Chapter 3. I am alsp most grateful to'Mr.vM.G. Wright
of the British Industrial Biological Research~Associatioh in
preparation of tissuee‘fOrkhistology and to Dr. P.>Grasso for
examining these. preparations.

My thanks are also extended to my fellow students for
dlscuss1on, partlcularly Mr. R. Rueh who also gave me valuable
assistance in the terminal experiment of Chapter 2. I am also
grateful to Mr. P.VScobieeTrumper,ahd the staff.of the Universify
Animal Unit for their assistance in caring for my animals.'
Thanks are also due to Mrs. M. Whatley and her secretarial staff
and to the technieal staff, nofabl& Mrs. K. Cremwell;‘for_confinued‘
assistance. | | | | |

Finally, I am indebted to Mrs. Cleovatra ioanhides-for
typing this fhesis and te the~Seience Research Council for

: financial support.



-iie

T0 Y PARENTS AND

TO TIM



~iii-~
Abstract

Some dietary studies have been carried out on the metabolism
of cholesterol and bile acide,~in an attempt to elucidate the
roles of three nutrients, namely, polyunsaturated fats, ascorbic
acid and iron, whichvare known to influence the incidence of
hyperlipidaemia and atherosclerosis. The rate-limiting enzyme
of bile acid biosynthesis, cholesterol 7A~hydroxylase, is a member
~of the mixedvfunction.oxidase group of enzymes, in which cytoohrome;
P-450 acts as the terminal oxidase. ‘Thus, the infiuenoe of these
nutrients on some parameters of mixed function oxidase metabolism
was also'examined; |

The hypercholesterolaemla and atheroma, induced by feedlng
a diet containing 20% saturated fat to rabbits, was prevented
by giving a 20% polyunsaturated fat diet. However, the mechanism
.0f the observed‘hypocholesterolaemia was shown not to be due fo
the influence of'fne»unsaturated fat on. the activity of cholesterol
' Z&rhidfoxylaee. B |

- Ascorbic acid deficiency was shown to:impair the metabolism -
of both cholesterol and foreign compounds in the guinea pig.
HoWever, thefe is‘apparently a cfitical,threshold levelpof dietary
' intake required to permit normal metabolism which shows an inter-
1nd1v1dual and 1nter-spe01es varlablllty. "Megadose" quantltles
of ascorblc acid did not appear to adversely affect cholecterol
or forelgn compound metabollsm. |
| " The admlnlstratlon of an 1ron-deflclent diet to rats was
4shown to influence serum.cholesterol ooncentratlons, at least

'partly,by.an effect on cholesterol'Z*phydroxylase activity;



‘however the direction of this effect was not consistent. It is
possible that the influence of dietary iron_défiéiency on
cholésterol and foreign compound metabolism may be dependeﬁf

on the relative depletion of iron stores and/or on an interaction

 ‘with other trace minerals such as copper.

Finally, a hypothesis has been proposed, which suggests
that cytochrome P-45O may play a central role in the pathogenesis

of atherosclerosis.
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General Introduction
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Introductioh

I Diet, Atheroccler031s and Coronary Heart Dlsease

Cardlovascular dlseases, notably coronary heart disease,

| are considered to be the maaor cause of death in the Western
world today. Twenty five percent of all deaths in‘Engiand.and
Wales (Lancet, 1375) and as many as 50% of deaths in the United
States (Gotto et g;., 1976) have_beeﬁ attributed to this cause.

'»Coronary'heart disease results from atherosclerosis of
the coronary arteriés and may present clinically as angina
pectoris, myocardial infarction or sudden death. The ferm
atherosclerosis was introduced by Marchand in 1904. It has been
defined by WHO (1958) as "a variable combination of changes of
the,intima of arteries, consisting of the focal accumulation
of.lipidé, complek carbohydrates, blood and.blOOd products;
fibrous tissue and calcium deposits and associated with medial
changes". The arteries involved in human atherosclerosis are
the aorta and its immediate large branches, together with the
coronary and cerebral,arteries; in animals the distribution
of lesions 1s more variable (Roberts and Straus, 1365) .

Varlous cla331flcat10ns of the dlsease process have been
made, based on the morphology of these lesions (WHO, 1958;

" Haust and More 19723 Strong et al., 19?2) It ;s thus possible- '
to défine four to six stages in the development of thé athero;
matous piaque, each progressing to the nexf,‘according tO'thé

‘ degroeof‘fatty infiltration and subsoquent calcifioation ahd

necrosis.
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Whereas in experimental atherosclerosis, a two-stage
classification of fatty streaks and fibrous plaqueé‘suffices
(Armstrong, 1976), in man, the classification of the early
lesion as a fatty streak has been questioned (McGill, 1968;
Haust and More, 1972)..}The fatty stréék may be considered}as
a collection 6f_smdoth muscle cells assuming a lipid storagé"
function i.e "foam cells". vFibrous‘plaqﬁes are a similar
collection of‘smooth muscle cells which synthesise 1afge
amountscﬁ‘collagen,'elastin_énd'variousinhﬂstﬁiai glycoproteins.
-rhére would appear td be'aigradual transition from one type
of lesion to the other, occurring in the firsf two td three
Vdecades of life. It hQS‘thus been suggested that, to be |
effective, any intervention studies shéuld be established prior
to this (Hermus, 1975). |
| Current theories_of thé ﬁathogenesis of atherosclerosis
have la;gely evolved from the original hypothesis of Virchow -
(1856); concerning the imbibition of lipid, ahd'of Rokitansky
(1852), who considered the initial lesidn to_result from the
incorporation of formed elements from the blood. -The former
has undefgone modification to become thevlipid or infiltration -
hypothesis which suggests that lipids traverse_the,arteriél |
wall'fromfthe plasma andvsubsequently'interéct with glycoproteins
within therintima, thus promoting'intimal.prdliferation. There
| is evidence that accumulation of lipid.could result from an
’increaéed uptake of plasma lipids,vtheir.decfeased eliminatioh,
or both (Pbrtmén, 1970; Bqndjers and Bjorkerund,‘l977; Niéhéué
gﬁ,g_;., 1977) . -

Both original theories have been united to form a second
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important hypothesis, the "response-to-injury hypothesis"

i.e. that atherosclerotic lesions are geﬁerated as a result

of injury to the arterial ehdofhelium (Ross and Glomset, 1976;
Ross et gl.,'lQ??). The cause of injufy may be hyperlipidaemia
(Ross and Harker, 1976); other factors such as uraemia, infection
or immunologicalrinjury (Minick and Murphy 1974); mechanical
injﬁry éuch’as the increased shear stress in hypertension or
arterial dilatation (Ross and. Glomset, 1976; Helin g§ g;,,-197l)
or a combination of these. Injﬁry to the endothelium may alter
both its nature as a barrier to blood constituents and also
endothelial cell-cell or cell-connective tiséﬁe attachment,
‘such that éheér in the blood flow causes focal desquamation
VOf the endotheliﬁm. Subsequent to this platelets may'adhere‘
_and:aggregate'at the site of injury. Infiltration of platelet
factors and other plasma constituents such 1ipopro£eins and
“hormones may then lead to’smédth muscle cell proliferation.

A'further theory of atherogenesis is that proﬁosed by
Benditt and Benditt’(l973). This is known as the "monoclonal
hypofhesis“;_which suggests that each lesion results from the
p:oiiferatiqn of a single smooth muscle cell. Each leéion is
~considered to be a benign neoplasm, defived_from a cell‘trans—'
"'formed‘by’é‘mutagenic stimulus such as é‘virué; cigarette smoke
or other environmental contaminant (Benditt,‘197?). |
In recent yeérs,,it has become épparent that to some |

extent, régression'of these atherosclerotic lesions ié possible‘
The réversal of athefosclerosis, which hés,been reviewed by
Prichard (1974) and Armstrong (1976), has been’demonstrated 

in rabbits, birds, swine and primates (Vesselinovitch et al.,
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1974; Clarkson et al., 1973; Doaud et al., 1974; Friedman et al.,
}1976 and:VesSelinovitch et al., 1976). Reports based on

athpsy data and on angidgraphic evalﬁation?of the cordnary

and peripheral’circulation'of'human subjects indicate regfession
‘of atherosclerosis afte:‘suitéble dietary or drug therapy
(Barndt, 1977 Wissler and Vesselinovitch. 1977). This empha-
gsises the impdrtance of elucidating risk factors associated

with the disease, in the hope that treatment at an early stage

may enable reversal or retardation of the disease process.

Risk Factors:Eor Coronary Heart Disease

The epidemic increase in coronary heart disease amongst
young and middle-aged mén has led to an immense research
efforf'to élucidate its pathogenesis. As a result,'thefconcept
of the disease as beiﬁg multifactorial in origin and associéted
with certain"risk-factofs hés'emerged (Epstein et al.,1965;
Truett et al., 1967). The presence of such factors, or more
precisely indicators, in an individual or his envirohment, may |
be used to predict the likelihood of development of clinical
disease. | i o

There has_béen'much discussion in the literature ab§ut
thé relative impdrtanCe:of these risk indicators and their}
classification. ' Stamler‘gi al. (1972) used the following i
clagsification: -

»(a) Those involving sébial environment and life style
e;g.udiet habitually high in saturated fat,'choleéterol and
'calofies; cigarette smoking; sedentary 1iving. |

(b) 5Those»in?olvihg endogenous biochemical - physiological
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regulatbry mechahisms, but amenable to exogenous influences
e.g. diet,vpharmaceutiCals, hypeflipdproteinaemia, hypertension,
hyperglycaémia, hyperuricaemia'and rapid resting heart réte.

(ec) Those involving organ pathology e.g. ECG abnormalliles,.
hypothyroidism and renal disease. | |

(d) Those 1nvolv1ng fundamentallbiology and not generally
amenable to exogenous influences e.g. age and sex.

The Ffamingham-study, a prospective longitudinal cohorfi
study, was}eétabiished in 1948 with the aim of bbsérving the
evolution of}cardiovascular disease in a genefal populatibn
sample (Kannel et al., 1971). It is from this study that the
~ three primary'risk indicators have emerged: elevated serum .
cholesterol, hypertenSion and cigarette sﬁoking. Factors of
secondary importance are heredity, sex, hypertriglyceridaemia, .
obeSity; diabetes, physical activity, stfess and péfsonality’\
type, there is also a considerable interrelationship between
these factors (Gotto et al., 1976). ‘However, the'felevance of .
these risk 1nd1cators, especlally hypercholesterolaemla, to the
prophylaxis and treatment of cardlovascular disease is still

widely debated.

The Relatlonshlp Between Atheroscler031s, Coronary Heart Disease

and Llpld Metabolism

There is a well-establishedfrelatiohship between an eleva-
tion in plasma 11p1d notably plasma cholesterol concentratlon
and the deVelopment of atheroscler031s., As discussed by Kaunltz.
(1977) the number of secientific investigations presentlng ev1dence '

supporting this assoclatlon 1s legion, but the ev1dence may be



summarized in four main areas.

(i) The atherosclerotic lesion itself has a high choles-
terol content._-Windausv(l9lO) reported that human atheromatous
'“aortas"contained-about six times as much free cholesterol and
“twenty times as much esferified'cholesterol as normal aortas.

(ii) Numerous.studies in experimental animals have demon-
‘strated the development of atheroma as a consequence of hyper-
cholesterolaemiaAindﬁced by cholesterol feeding, although there
is considerable inter- and intra- species variation in this
response (Clarkson et al., 1976)

(iii) Epldemlologlcal studies have demonstrated a definite
statistical relatlonshlp between elevated plasma-cholesterol
ooncentration and an incfeased incidence of coronery heaft
disease (Keys et gl., 1963; Dayton et al., 1970; Kannel et al.,
1971; Carlson and Botfiger, 1972). | |

 (iv) Patients suffering from familial hypercholesterolaemia
».have'a high'risk of developing'atherosclerotic complicatiohs
(Aldersbergh, 1951 Epsteln et al., 1959; Fredrlckson eu al.,
1967 Olsson, 1975)

The maJorlty of lipids clrculate in the plasma assoclated
with sp901f1c protelns-ln the form of soluble llpOprotelns.
These complexes contain a core of non polar llpld (trlglycerldes
and cholesterol esters), a surface layer of more polar llpld
(free cholesterol and phosphollplds), together with the
i-a§0proteins (MorriSett‘gjlgl;, 1975; Jackson et g;}, 1976).
‘_Lipoproteins Can”be classified accordingvto density, a property
determined by'the relative ratios of lipid.to.protein'in the

“molecule. wo schemes of nomenclature which are used inter-
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_ changeably'have been derived from their principal methods of
separation i.e. ultracentrifugation and electrophoresisybn
paper or cellulose acetate. In order to understand the role
of;thése lipoproteins in lipid transport as related to athefos-
clerosis, their structure and function will be briefly described;
fhe_subject has been reviewed in detail by Jackson and his | |
~ colleagues (1976).

| The properties of these lipoproteins are summarized in
Table 1.1. Their chemical composition has;beenvextensivély
investigated (Lindgren et-al., 1955; Ewing et al., 1965; Levy
et g;;, 1967) . éhylomicronS'are the largest lipoproteins,
composed mainly of exogenous triglyceride in transit from the
small intestine to the liver and adipose tissue.. Endogenous
triglycerides comprise 50%-70% of the very low'density lipo-
proteins together with 10-25% cholesterol. Théir role is to
tranSport this trig}ycéride from the liver and to some'extent
the intestine to other’tissues_such as adipose tiséue“and
muscle. During‘their breakdown,:there is an'interchange of
' apoprotein’With other lipoproteins. The remnant particles,
known as intermediate density lipoproteins,deli#er thé bulk of
their cholesterol to the liver ahd are subSequently degraded. .
into 1owfdensity'lipoproteins. These aie largely composed - |
of cholesterol (40-45%)>and are thus the majbr»vehicle,for

- cholesterol transport in plasma. High dénSity lipoproteins
.:dompriée“50%’protein, 35% Phosphﬁliﬁid'énd}onlyv15-20%
cholesterol. Neveftheless; it has become apparent that these
parficles play an importantvrole in tfanspoft of cholesterol

to the liver for subsequent catabolism and excretion, as they
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interact with_lecithinzVcholesterol acyl transferase in plasma,
taking up cholesterol in the ester form}(Glomset, 1968) .

| Early studies linking circulatory lipid to coronary heart
disease, emphasiaed the importance of elevation of the low and
very Low density lipoprotein fractions. Thus, Fredrickson
et al. (1967) in their classification of the hyperlipoprotein-
aemias noted that in both Type II (elevated low. density) and
Pype IV (elevated»verj low density) there was an increased
incidence of coronary heart disease. Similarly, an increasedr
»concentraticn of low density lipcproteins and fheir subsequent
filtration to the arterial intima have been implicated'as
pathogenetic in the disease, possibly as a result of low
densityblipcproteinv receptor deficiency (Brown and Goldstein,
1974; Brown and Goldstein, 1976). | |

vIn recent years however,‘the‘emphasis'has'changed to the

association of high density. lipoprotein with the incidence of
coronary heart disease, as the'two are apparently inversely
correlated. ‘This observation was made several years ago (Barr
et al., 1951; Nikkila e_‘g_a_l 1953; Jencks et al., 1956;
Brunner et al., 1962) but was not-ccnsidered importanteuntil
1975.when Miller and Mlller proposed that a reductlon "in high
~ density- llpoproteln was llkely to accelerate ‘the develonment
of atheroscler031s cy impairing the clearance of cholesterol
from the arterlal wall. Thus, a decrease in hlgh den31ty
lipoprotein levels may be considered as an addltlonal and
flndependent rlsk factor in coronary heart disease’ (Castelll
et al., 19?7, Cooperatlve Llpoproteln Phenotyplng Study;
Gordon.gg al., 1977, Framlngham Study).A Similarly, the findings
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of the Tromsg Heart Study indicate that high density lipoprotein
concentrations may be a better predictor of coronary heart

disease than serum cholesterol itself (Miller et al., 1977).

Diet in Relation to Hyverlipidaemia and Atherosclerosis

The observed association between4atherosclerosis and serum
lipids has made them the focus of attempts to limit the disease.
Results}from numerous animal experiménts, epidemiological inves-
tigafions and studies of populations subjected to changes in
their habitual diets, have emphasised the role of diet as a
major'determinant'of~serum lipid conceﬁtration. The majority
of these investigafions have been concerned with the influence
of dietary lipid.. ' Thus, the “iipid theory" of coronary heart
diseaée, whereby a reduction in serum cholesterol concentration
in an individual by modification of dietary fat intake is
thought to diminish the risk of a coronary event, has become
widely accepted (Ahrens, 1976). The importanéerof'dietar&
1lipid will berfurther,conSidered in Chapter 2. However, may
it Suffice to‘say‘that on the basis of existing experimental
-and'epideﬁiolqgical data, despite considerable shepticism and
uncértainty on the part of some of the le§dingvinveétigators,
(Ahrens, 19?6; Mann, 1977), :gcommendations have been made
‘both in this country and the United 'Stafes for an overall
,modificétion'in'diet, particularly with‘reépect to dietary
lipid (D.H.S.S.l974;Royal College of Physicians, London, 1976;
_Select Cbmmittee on Nutrition and Human'Needs,U.S,Senate;1977).

~ In addition tovlipid, certain other dietary components |

such as carbohydrate, protein and fibre are known to influence
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serum lipidbconcentration. Deficiencies of some vitamins,
notably éscorbic acid, and minerals,may affect the degree of
lipidaemia; their importance will be dischssed in Chapters 3
and 4 respectively.

Thus, as observed by Kritchevsky (1976), whilst the change
in'type and quentity of dietary fat hes been implicated in the
epidemic increase in cerdiovascular disease, our diet has
changed overall. He sﬁmmarizes the data of Ffiend((l967)y
Rizek et al., (1974):and Gortner (1975), which demonstrate trends
in nutrient intake in the United States between 1909 and 1974.'
From fhis he concludes that: |

(a) Although protein availability has not changed, the
ratio of animal to vegeteble'protein'has doubled.

(b) Carbohydrate availability has fallen by 21%.

-(e¢) Dietary fibre intake has.fallen by 30%.

(d) Fat availability has'increased by 20%, -although the
polyunSaturatedz_saturated fatty acid ratio has risen from
0.21 to 0.43. N |

(e) Cholesterol intakes have risen only Siightly frem
509 to 540mg pef day. | B i

~ These trends have also been observed in the U,K.ahd other
Western countries>and correlate with an increased death rate

. }(Masireni, 1970).

Relationship Between Dietary Protein Intake and Hyperlipidaemia

Yudkin'(1957) andeerushalmy and Hilleboe (1957) demon-
strated,a strong positive correlation between the intake of

animal protein and the incidence of heart disease. Vegetarians
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are known to have lower plasma lipid levels than the average
pbpulatidn, although this could also result from difference

in fibre, vitamin or mineral intake (Sacks et al., 1975).

Young women consumlng a diet contalnlng 50g of vegetable

protein were shown to have lower serum cholesterol concentrations
than those eatlng an equivalant amount of animal proteln

(Walker et al., 1960). Similarly, Hodges et al., (1967)
substituted SOya protein for mixed protein in the diet of human

volunteers,with a consonant decrease in mean serum cholesterol
level from 300mg to ZOOmg/looml. More recently the substitution
of soya for animal protein in the‘diéts of normolipaeﬁic -

(Carroll et al., 1978) and hyperiipidaemic‘(Sirtéri gi‘g;.,
1977) individuéls,-has been shown fo lower serum cholesterol.

Many early feeding studies in animals, particularly the

rabbit, provided evidence for a hypercholesteroléemic effect of
casein and beef proteiﬁ (reviewed by Kritcﬁevsky, 1976 and Carroll,
1978). Othef_workers (Lofiand et al., 1961; Clarkson et al.,
1962; Middleton et al., 1967) varied the quéntity of both
holesterol and proteih in'diéts fed to pigeons or squirrel
monkeys and found that the hlgh proteln dlets were most
atherogenlc- Howard et al (1965) observed that the hypercholes-

.terolaemla and atherosclerosis induced in rabblts by feeding

a cholesterol-free, hlgh fat.purlfled diet could be reduced

by:substiiuting soya flour or soya bean meal for casein. These
resultsvhave.béen confirméd by.other wdrkeré (Carroil’and

- Hamilton, 1975; Hermus, 1975; Hamilton and Carroll, 1976).

In general, proteins derived from animal sources gave a

hypercholesterolaemic response, although pork’ahd albumin were



- I

exceptions to this (Carroll and Hamilton, 1975). It has also
been shown in rabbits that the serum cholesterol concentration
may be influenced by the amino acid content of the diet (Huff

et al., 1977).

Relationship Between Dietary Carbohydrate Intake and Hyperlipid-

aemia

As a'result_of finding correlations between coronary heart
disease mortality and sucrose intake, Yudkin has proposed that
sucrosé consumptibn is of prime importance in the aetiology
of coronary heart disease (Yudkin, 1957; Yudkin, 1963; Yudkin
- and Roddy, 1964; Yudkin, 1966). He has postulated that sucrose
may act by iﬁfluenéiﬁg serum lipid levels, platelet adhesivéness

or hormbnal balance (Yudkin, 1972). In general, sucrose intake
does not'appear.to affecf serum cholesterol levels, although
it does elevate serum triglycerides (Anderson et g;..'1963;
Denbestéﬁ et al., 1973). Yudkin'shypothesis has been criticised
(Grande, 1967; St.Héiler et §;41972)and there is apparently .
considerable interaction between the influenées_of'Sucfose and
saturated fat (Macdonald,,l96?§ Macdonald, 1972). Thefe is a
definite variation in responsevto sucrose feeding infexperiméntal
animals/énd man. Yndkin has thus suggested}that if may oniy

be atherogenicjih some individuals (Worcester et al., 1975) .

Relationship Between Dietary. Fibre Intake and Hyperlipidaemia
Recently attention has been focussed on the_rolé of complex

carbohydrates and non-nutritive fibre in coronary heart disease.
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Many experiments, carried out in rabbits fed semipurified diets,
showed some interaction between the fibre and protein components of
these diets with respect to hypercholesterolaemia (Kritchevsky
et al., l977b). It has been proposed (Trowell,-lQ?Z} Burkitt
et al., 1974) that‘a deficiency of dietary fibre may be a
causafivé factor in coronary heart disease. |
Human studies designed_td test this hypothesis give
conflicting results. Some workers have observed an hypocholes-
terolaehic effect on feeding rolled oats (deGroot et al., 1963),
bengai gram (Mathur et gl., 1968) or lignin (Thiffault et al.,
1975), whilst others using wheat bran, have Been unsuccessful
(reviewed by Truswell and Kay,'19?6),-Jenkins gz'gl.(1975)
shdwedrthat dietary pectin'and guar gum significantly reduced
~ serum cholesferol concehtrations in healthy volunteefs whilét
»wheat fibre was withﬁut effect. The_hypbcholesterolaemic action
of pectin has also been demonstrated by Judd et g;.‘(1977). Thﬁs,'
>in humans the response woﬁld seem to depend on the nature of the
" dietary fibre. |
Similar conclusions can be drawn from experimental studies
| invanimais. In the;rat,'boih pectin-and lignin were hijcholeste-
rolaemic (Judd et al., 1975;.Chang and Johnson,fl??é), wﬁereas
~wheat fibre had a minimal effect (Kay and_TrusWeil,'lQ?U). In
the rabbit, wheat straw and alfélfa-were moré hypocholesterolaemic
~ than pure cellulose (Story gj'gl;,197é); VThese éxpefimentsvwill

be,discussedvin greater dgtaii in Chapter 2.

1T CholesterdlvMetabOlism and its Control

The pathways of cholestérol'metabolism which influence



-16-

tissue and plasma cholesterol concentration are summarized in
Fig 1.1.

Methods used to 1nvest1gate these pathways have been whole
body sterol balance studies and analyses of plasma cholesterol
kinetics (Sablne, 1977). Data derived from these studies has
facilitated the understanding of the three major aspects of
chdlesferol metabolism i.e. absorption, synthesis and catabolism

and their interrelationships.

Cholesterol Absorption

Dietary cholesterol mixes in the small intestinal lumen
with cholesterol derived from the bile and desquamated_mucosalv
cells and with sterol newly synthesised in the»inteStine itSelf_
'(Dietchsky and Wilson, 1970b), although a more receht study"
in rabbits (Rudel et al.,1972) showed that within the mucosal
cell, absorbed and newly synthesised cholesterol remained
separated. Choiesterol is incompietel& absorbed and transported
in the.splenié circulation to the liver via the thoracic duct
as very low density‘lipoprotein and chylomicrons (Borgstroh,'
1969; Quintao et _a_;_.', 1971; Kudchodkar _e_1_; al., 1973).

) Absorbed chOlesterol is used in the synthesis of plasma
lipoproteiﬁs (8-12mmol/day) and bile acids (lmmol/day)'or‘is
re-exereted in the bile (2. 5mmol/day)~(Angelin, 1977). The
' percentage of cholesterol absorbed is dependent on various
factors: spe01es, age and sex (Lutton and Chevalller, 1972),
the nature of dletary fatty acids and rate of bile flow -
}(Dietchsky-and wiison,r1970b).' The size of the bile.acid pool

also influences cholesterol absofpfion. Decreased bile acid
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