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There is evidence to show that injections of foreign proteins
in conjunction with high fat diets will produce athero-
sclerosis in rabbits. Furthermore, it has been suggested
that patients with heart disease have higher levels of
circulating milk antibodies than controls and that immuno-
logical injury might initiate the process which eventually
leads to atherosclerosis.

An experimental programme was designed to investigate the
possibility that a regular intake of food antigens (soya bean
proteins) together with a high intake of fat might produce
atherosclerosis, and an arterial disease was produced by
feeding cholesterol-free, semi-synthetic diets to rabbits for
eleven months. The histological features of this disease
were unusual in that there was evidence of an inflammatory
infiltrate with mononuclear cells and occasional giant cells.
In most of the rabbits food antibodies were detected and
there were significant positive correlations between plasma
cholesterol levels and atherosclerosis scores and between
food antibody titres and atherosclerosis scores.

The above experiment was repeated to investigate more
closely the immunological processes that might be dinvolved in
the development of arteriosclerosis using similar diets. The
rabbits sacrificed after three months on the diets showed no
arterial disease, but after nine to twelve months on the
diets some disease was evident, more predominant in the nine
than in the twelve month feeding trial. The arterial
disease produced in the first experiment and the level of
food antibodies was also lower. There was a significant
correlation between plasma cholesterol levels and the athero-
sclerosis scores and between immune complex levels and
atherosclerosis scores. A further experiment with low
unsaturated fat, high starch diets was carried out. No
arterial disease was produced in these rabbits, which pro-
duced food antibodies but had normal plasma cholesterol
levels.

Clearly, from the first experiment food antigens appear to
play a role in the atherogenic process but due to the lesser
extent of the disease in the second experiment this role
could not be confirmed, probably because the rabbits were
immunologically tolerant to the soya proteins as their
mother's diet had also contained soya. The weight of
evidence suggests that soluble immune complexes may be
responsible for causing injury to the vessel walls. There
is a need for further investigation into the effect of feed-
ing food antigens on atherogenesis.
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ATHEROSCLEROSIS

1 LITERATURE REVIEW

Introduction

Atherosclerosis 1is a pathological condition of the arteries
characterised by a variable combination of changes in the
intima including focal damage and the accumulation of
lipids, complex carbohydrates, blood and blood products,
fibrous tissue and calcium deposits.1’2’3 It is further
characterised by fdcal intimal thickening consisting of
proliferated connective tissue and medial changes.4 Thé

disease is both degenerative and proliferative.

The Lesions in Atherosclerosis

The lesions which characterise the early development of
atherosclerosis in humans are called fatty streaks. These
are recognisable as tiny deposits of lipid which are visible
in the intima of large arteries. GThe next stage is recog-
nisable as gelatinous lesions which are seen under the micro-
scope as oedematous separation of somewhat thickened collagen
fibres. The archetypal lesion is the fibrolipid plaque which
is an area considerably elevated above the surface of the
intima and is seen microscopically as a yellow lipid-rich
basal pool covered by a connective tissue cap of variable
thickness.4 The ultimate stage is ulceration, which shows
adherent thrombi, and fibrous tissue associated with damage

to the muscle and elastic tissue.7

The occurrence of large quantities of plasma-derived lipids
and other constituents in the lesions suggest that the pro-
cess of development must be accompanied by either a focal
increase in permeability of the endothelial barrier or a
decrease in the mechanisms which keep blood constituents
out of the arterial wall. Several theories have been put
forward as to how the process leading to the development of

atherosclerosis can be initiated.



Thrombogenic Theory of Atherogenesis

The Encrustation Theory8 postulates ‘that plaques are merely
transformed mural thrombi. This has been subsequently
modified9 to posulate that encrustation of fine platelet
deposits and films of fibrin on the endothelium pfovokes

an inflammatory reaction. According to this revised theory,
now called the Thrombogenic Theoryg, the thrombi would become
incorporated into the arterial wall due to the endothelial
cells growing over the thrombus. An invasion of vascular
cells from underneathlowould then scavenge away the thrombic
mass and replace it by scar tissue. The method by which fat
deposition subsequently occurs remains unclear. No inter-
mediate stages consisting of thrombi in the atheroma itself

can be found.

Filtration Theory

The second theory to be put forward is based on the thesis
that most of the arterial wall is nourished by diffusion from
the lumen. Under normal circumstances, most of the lipid
molecules in the percolating filuid pass straight through the
wall and drain into the lymphatic system. 1In cases of hyper-
lipidaemia, the l1lipid molecules do not all pass through but

a proportion become trapped and hence cause an inflammatory
reaction in the tissue surrounding them. This theory was
first called the Lipid Imbibition Theor§;but is more commonly "’

known as the Lipid Filtration Theorylz.

This theory has been accepted for many years without serious
challenge. The fact that the arterial wall depends on dif-
fusion for its nourishment could explain the way in which the
fat was deposited. In addition, the fat that is deposited

is not generated in the arterial wall, but comes from the

13
plasma .

The Smooth Muscle Cell

A more complete understanding of the disease requires an
appreciation of the function of the components of the arter-

ial wall. The arterial smooth muscle cell plays a fundamental
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role in the response of the arterial wall to endothelial

15’16’17The smooth muscle cell is versatile and

damage.
metaplasia enables these cells to become endothelial-like
cells, or as fibrocytes to produce collagen and ground
substances. They are prone to fatty change and accumulate
intracellular lipid in the presence of an increased concen-
tration of extracellular lipoprotein, becoming fatty foam
cells. They may also promote the deposition of 1ipid in

the extracellular matrix.

When endothelial damage occurs, the smooth muscle cells
migrate to the intima and there they can proliferate. This

proliferation is dependent on a platelet factor becoming

1,18,19 platelets adhere to the focal areas of the

19,20

released.
injured endothelium and release the platelet constituents
into the subendothelial space21’mzcausing proliferation of

the smooth muscle cells.

Response-to-Injury Hypothesis

This led to another theory of atherogenesis to be proposed;
the so-called Response-to-Injury Hypothesis.zs’%4This theory
encompasses the two prévious theories. It is based on the
similarity between atherosclerosis and the response of the
artery to experimental injury. Factors such as hyperlipid-
aemia, hormone dysfunction and the increased shear stress in
hypertension may injure the endothelium and alter the nature -
of the endothelial barrier to the passage of blood constit-

uents into the arterial wall.

The relationship between the cells in the endothelium and
between endothelial cells and the underlying connective
tissue is thus altered allowing desquamation of the endothe-
lium and exposing the subendothelial tissue to the plasma.
The platelets in the plasma will then adhere to the sub-
endothelial collagen, aggregateszs’mLZ7and then release the
contents of their granules?slhis infiltration of plasma
constituents such as platelets, plasma lipoproteins and
hormones leads to proliferation of arterial smooth-muscle
cells which can lead to the formation of a connective tissue

matrix and the deposition of lipid within and between the
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cells. If the instigator of injury is then withdrawn, the
lesion thus produced will regress. However, if injury to

the endothelium persists, or is repeated, further prolif-
eration of smooth-muscle cells and accumulation of connective

tissue and lipid will occur.

Thus, the progression or regression of the lesion is held

in a critical balance. Risk factors can possibly interfere
with this balance by tipping it towards cell proliferation
and destruction. They may not only initiate an injury, but
also convert what might have been a limited tissue response

to injury into what is recognised as atherosclerosis.

Risk Factors

Many risk factors are recognised as being conducive to the
development of atherosclerosis. These factors can be split
into two main categories: dietary and others. Dietary fac=
tors which predispose the body to atherosclerosis include
saturated fat,zsdietary fibre,zg’mhslprOtein,BzcarbOhydrateS
especially sucrose33and trace elements.34The other factors
include hypercholesterolaemia35 and hypertension, which
might owe its effect to the action of Angiotensin 11?6’37
Excessive smoking is a risk factor working either through
carbon monoxide or the nicotine produced when smokingssor
through the allerginicity of tobacco.m;Haemodynamic stress,40
heredity, diabetes mellitus,41ma1eness,42disturbances in the ~
hormonal balance and disease either bacterial or viral43are

considered to be risk factors in certain individuals.

It can be seen that many factors have been suggested to pre-
dispose an individual to atherosclerosis. However, a single
risk factor seldom shows a good correlation with athero-

Sclerosis. 14,44,45,46

The Role of Diet in Atherogenesis

(i) Cholesterol:

Most of the initial research was conducted to demonstrate
lipid deposition in the arterial wall and the involvement

of hypercholesterolaemia. Hypercholesterolaemia was



(ii)
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considered to be the best indicator of atherosclerosisf"6

although a strong relationship was not always shown. 7
The earliest work on rabbits showed that diets contain-
ing meat, milk and eggs produced an arterial disease48
and subsequently, feeding fat and egg yolk also produced
a disease.49Both these types of diets contain cholesterol
and these experiments led many researchers to utilise

the cholesterol-fed rabbit as the experimental model for
atherosclerosis.soﬁﬂThis model produced fatty streaks
similar to human streaks and also fat in the intima lying
between the endothelium and the internal elastica. No
lesions resembling the human fibrous plaques or other
advanced lesions were found.m)It was further criticised
because the advanced disease it produced was grossly dis-

52’53’54.’55The disease

similar to that produced in humans.
produced in the cholesterol-fed rabbit was likened to a
cholesterol storage diseaseldue to the massive accumula-
tion of cholesterol in the body organs and tissues.52’53
The plasma cholesterol levels in these rabbits were up
to forty times higher than normal plasma cholesterol

2
1eve1s.5’56

Fat:

The fact that the cholesterol-fed rabbit produced a chol-
esterol storage disease and not a human type athero-
sclerosis led researchers to investigate other means of
producing an arterial disease without the use of dietary
cholesterol. It is well established that semi-synthetic
diets containing saturated fats but no cholesterol can
induce atherosclerosis?s’shss}km@ver, a commercial diet
seemed to protect rabbits from atherosclerosis as the
addition, to the commercial diet, of saturated fat did
not induce the disease.mslt was shown that the complete
commercial diet was required for this protection,59 there-

fore saturated fat cannot alone produce the disease.

Work was carried out to establish which fats were most

atherogenic when fed with cholesterol-free, semi-synthetic
. . 47,60

diets to rabbits. '

saturated oil, was shown to increase cholesterol and

Coconut o0il, which is a highly
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triglyceride levels in the plasma. It was also shown

to be most atherogenic when compared with peanut oil,
maize oil or butter fat. Maize o0il, a predominantly
unsaturated oil, was found to be the least atherogenic.
Thus, it was shown that saturated fats are more athero-
genic than unsaturated fats. Investigations were then
initiated to ascertain which other dietary factors could

influence the development of atherosclerosis.

(iii)Carbohydrate:

@iv)

(v)

Carbohydrates, especially sucrose:32 have been implicated
as risk factors; high levels were fed to rabbits in order
to see if they would have an influence on the develop-
ment of arterial disease. Starch, fructose and sucrose

were found to be most atherogenic with glucose as the

least.sl’Gz’The carbohydrate constituent of the diet has
been shown to effect plasma triglyceride 1eve1s63but not
cholesterol levels.64

Fibre:

Some types of fibre have been shown to be protective
when included in a potentially atherogenic diet.zo’so’31
Some sources of roughage like wheat straw and peat were
found to reduce both plasma cholesterol levels and the
degree of atherosis substantially, whereas other sources
such as cellophane and solkafloc tended to give higher
plasma cholesterol levels and higher degrees of atherosis
in rabbits.29 The protective effect of fibre depends on

the quantity and type of roughage included in the diet.65

Protein:

The other major component shown to be involved in athero-
sis is the protein. In humans the incidence of athero-
sclerosis was shown to be correlated with protein.sz’66
Many of the early feeding trials which investigated the
use of protein to produce atherosclerosis used proteins
such as meat, milk, eggs48and powdered beefﬁiall of which
contained cholesterol which had been shown to produce an

arterial disease in rabbits.48’490ther research produced
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an arterial disease in rabbits with proteins which did
not contain cholesterol?1’6sﬁﬁhnimal proteins were found
to be more hypercholesteraemic and atherogenic than plant

. 51,69,70,71
proteins.” 7’ 77’

wi) Interaction of dietary components:

Although these dietary components can individually affect
the degree of atherosclerosis, some dietary factors
interact in ways which may negate or exacerbate deleter-
ious effects. Interactions between protein and fibre
have been established. Casein, a milk protein, was found
to be more atherogenic than soya protein when fed with
most fibre sources, but they were found to be of equal
atherogenicity when fed with alfalfa.72Casein was also
shown to give higher cholesterol levels and a greater
degree of atherosclerosis than soya protein or soy protein
isolate when fed with dextrose or wheat starch but not
with potato starch.73The increase in cholesterol levels
produced by casein could not be prevented when the fat

in the diet was unsaturated,74neither could it be pre-
vented by increasing the fibre content of the diet?®

even though fibre has been shown to be hypocholesterol-

. 47
aemlcC.

The results of these studies show the importance of con-
sidering the diet as a whole and taking into account

interactions between dietary components.

Endothelial Injury

Although it has been shown that by the use of cholesterol-

free diets fed to rabbits a disease resembling athero-

. 1 .
sclerosis can be produced,5’68’69these experiments do not

answer the question of how the initial injury actually occurs.
It is known that hyperlipidaemia can cause arterial injury,
but damage can be produced when plasma lipid levels are

normal.10

As endothelial damage plays a critical role in the patho-
genesis of atherosclerosis and the earliest fat deposits

occur at the "site of injuryzs’ﬂh77 in cholesterol-fed rabbits
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the effects of agents which would induce endothelial injury
were studied.78 After direct perfusion of the arteries with
agents thought to cause injury, sections of arteries were
examined with an electron microscope. It was shown that the
inter-endothelial cell junctions, which are composed of
glycoproteins, are destroyed by extremes in pH or anoxia?
The endothelial cells contain myosin in their cytoplasm and

3,7

have been shown to be contractile. 9The cells contract in

. . . . 78
response to extremes in pH, changes in osmolarity and anoxia.

Arterial damage has been produced by abrasion with a catheter%

and the intima in pigs was thickened to twelve times normal

thickness by gentle abrasion 50 Other work has shown that

23,81 .
' A major

chemical injury can cause endothelial cell loss.
criticism of inducing endothelial damage by these methods is
that the doses of the agents required to cause injury are

far greater than those occurring spontaneously§2

Immunological Theory

An explanation of the mechanism by which arterial injury
could arise has been put forward in a new hypothesis called

0 Red blood cells were shown to have

the Immunological Theory?
a negative chargePvaich was decreased in ischaemic vascular
disease.&4This decrease in charge was positively correlated
with platelet stickinessssand was found to be independent of
serum cholesterol 1evels?3’&;This behaviour was attributed to
alterations in plasma activity87and the discovery that an
increase in gamma globulin in patients with heart disease
compared to control patientssssuggested that the stickiness

5 . 8
of blood particlées could be caused by immunoadherence.

It was then considered how this increase in gamma globulin
could come about and the mechanisms by whic¢h injury could be
caused to the arterial wall; this injury increasing endo-

. . 90
thelial permeability, hence, lipid entry to the intima.

Absorption of Dietary Protein

It is well established that dietary proteins can be antigenic
and produce specific antibodies.glConsequently, it was

suggestedgzthat an allergy to certain compounds, for example,
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antibiotics and other drugs, food proteins or an individual's
own tissues, may be a causal factor in arterial disease. It
was little considered or supported by experiments at this

time.

Absorption of whole dietary protein across the gut in anti-
genic quantities has been shown.gSThis can occur in a mature

mammalian intestine, 94-98 through which 2% of the protein

remains immunologically 1ntact99]DOalthough it is insig-
nificant nutritionally. However, if this absorption is
normal it need not lead to disease, as the absorption of
intact protein across the small intestine causes local anti-
body production. Further absorption of antigens is inhibited
by these antibodies present either on the intestinal surface
Oor possibly within the intestinal lumenIOIJOZThus deleterious
consequences of antigen-antibody interactionlozare prevented;

these actions will be discussed later.

Experimental Serum Sickness

Experimental evidence supporting the immunological theory
has been produced by inducing an immune-complex disease in
rabbits: 50% of rabbits receiving a diet containing 1%
cholesterol and given one injection of bovine serum albumin
rapidly developed aortic lesions, compared to 20% receiving
the injection alone and 1% receiving cholesterol alone.103
Recent evidence has shown that administration of a single
antigen can cause a reaction in the blood vessels manifested
in’ the stimulation of vascular connective tissue synthesigp4
confirming the evidence that vascular injury in vivo can be
caused independently of cholesterollO3This immunologically-
1nduced vascular injury potentiated atherogenesis 1n rabbits
fed a cholesterol diet 105 and in baboons fed a high fat dletlo6
These results were reproduced in cholesterol-fed rabbits by
administering four injections of horse serumlo7108 The
cholesterol diet plus injections produced fatty proliferative
arterial degeneration, which resembled human lesions, the
injections alone gave proliferative changes, and fatty
lesions were produced when the cholesterol with no injections

was fed to tﬁé rabbits}07
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Mechanisms of Immunological Injury

Therefore, it has been shown that the synergy of immuno-
logical injury and hypercholesterolaemia can lead to
atherosclerosis in rabbits. These lesions are similar to
human lesions and the immune response to foreign proteiné
occurs normally in humans.losIn these experiments, injections
of antigenic foreign proteins produced immune-complex

disease because the antigen persisted in the circulation
until an antibody response occurred. The antigen and anti-
body then combined to form pathogenic immune complexes. 1In
animals, serum sickness can accelerate the developmeht of

. . 107,1 11
arterial disease. 07,109,110

It has been shown that the increase in vascular permeability
was brought about in part by vaso-active amines and
histamineloreleased from tissue reservoirs such as mast cells
and platelets by the action of immune complexes}ll;Mast cells
have been shown to accumulate around chronic inflammations

and in atherosclerosis.112 The damage to the arterial wall

can cause a deposition of large molecules in the arterial

wall and this could be prevented by antagonists of histaminel.l3
The action of immune complexes in rabbits causes complement
dependent accumulation of platelets, mast cells and neutro-
rhils and aggregate anaphylaxis}l4'rhis leads to cell 1ysis,115
and then to the secretion of vaso-active amines which cause
an increase in vascular permeability as a result of the :
contraction of endothelial cells.

16

. . . . . . 117
which can cause neutrophil mediated inflammation reatxions

. . 1
Non immune processes can stimulate complement components

and a hypothesis has been put forward that involves complement
in the pathogenesis of arteriosclerosis.118Comp1ement is
composed of a group of nine proteins which circulate in the
blood in an inactive form. The system can be activated
specifically by infection and non-specifically by aggregates
of macromolecules}lgenzymes32011poproteins}21Viscosity and
turbulence?llzlt has been shown that experimentally induced
infection can produce arterial damage reminiscent of
arteriosclerosis.123 There is evidence that activated com-

- . 124
plement can cause arterial damage.
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Even in complement-depleted animals, arterial damage can
occur, hence, there is more than one mechanism involved by
which immune complexes can cause increased permeability.
Immune complexes can deposit in glomeruli in complement-
depleted animalsﬁzs’In rabbits after an injection to induce
serum sickness, immune complexes appear in the serum. 1In
addition, IgE antibody is formed which binds to the surface
of basophils. When these basophils combine with the specific
antigen a soluble factor,126ca11ed platelet activating
factor, is released which can clump platelets and stimulate
the release of vaso-active amines}27This leads to increased
permeability in the endothelium, allowing immune complexes

111,

greater than 1985 in size to be deposited in the arterial

wall. The deposited complexes can then induce inflammatory
injury.

The presence of polymorphonuclear lymphocytes (PMN) are
essential for the development of cardiovascular lesions in
serum Sickness}szzg’1m%Disruption of the internal elastic
lamella was associated with the presence of PMN. It secemed
that the internal elastic lamella acted as a barrier to the
outward spread of inflammation and that this is an important

substrate of PMN action.

The damage produced by immune complexes in the absence of
lipid feeding results in a necrotising arteritis, with
endothelial proliferation, subendothelial fibrinoid deposi-

113,12
! 8Complement

tion, medial necrosis and PMN infiltration.
and PMNs are required in the rabbit for full arterial damage

to occur.

This destruction of the wall may lead to the liberation of
proteins with autoantigenicity. The presence of antibodies
directed against antigens derived from the arterial wall has

131,132 5ince the elastic elements of the arterial

been noted.
wall are the most changed in atherogenesis, investigators
have tried to show the presence of antielastin antibodies.
When human and porcine aortic elastin was injected into
rabbits more than 70% of the rabbits showed macroscopic
lesions compared to none in the uninjected controls. All

the lesions were characterised by early massive destruction
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of the elastic tissue, which became fragmented and

calcified}33

immunised with homologous aorta but only in 25% injected

Arterial lesions were produced in 70% of rabbits

with liver or heart extracts}34The rabbits injected with
homologous aorta produced aortic antoantibodies}35Another
study has shown antoantibodies were produced against heart,
kidney and splenic tissues in rabbits fed cholesterol.
However, the antibody titres were not correlated with the

. . 136
degree of aortic lesions.

. . . . . . 13
Autoimmune reactions have been implicated in atherogenesis. 7

In human arterial disease, autoantibodies against aortae are
present138 but only in the advanced disease. However, elastin
antibodies were found to be lower in heart disease patients
than normal patients.l391t was considered that autoantibodies
were secondary to the disease state and that advanced stages
may be accelerated by their presence. Autoantibodies arise
from the appearance of new antigens which might occur as a
consequence of atherosclerotic changeﬁAoGlycoprotein was
isolated from a sclerotic human media and used to immunise
rabbits. The antibodies so produced were found not to react
with glycoprotein from a normal artery}Alshowing that only

the altered determinants were immunogenic.

Antigenicity of Food Proteins

The significance of producing an arterial disease in rabbits
using immunological methods can be seen when the incidence

of an immune response to common food proteins is examined.

Antibodies produced against cow's milk proteinshm’143and

142,144,145, 146

some foods have been detected in healthy

children. An allergy to food pvroteins has been displayed in

. 147-153 .
a large number of infants under the age of one 5 and in

small children}54This allergy is shown to be maximal in small

. . . 155
children and that, as age increases, the severity decreases.

Alongside cow's milk protein allergies there has been a

.. . . . . . 151 156-158
rising 1ncidence of allergy to soya proteins in 1nfants5l

15 157,160

childreﬁ 9and adults.
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Epidemiology

Heart disease is more prevalent in humans who have been fed
on cow's milk as infants than in those who were breast—fed}sl
Abnormal arteries in infants examined at autopsy were found
more in infants that were given cow's milk rather than being
breast-fed, conversely, normal arteries were found to come

more from breast-fed infants.l62

In a survey of the occurrence of milk antibodies, using a

passive haemagglutination test for measuring antibodies, it
was found that patients with ischaemic heart disease had an
increased titre when compared to control patients.16&164
However, using different assays for detecting antibodies,

these results were refuted in other studies which showed no
relationship between ischaemic heart disease and antibodies

to milk pro’[:eins.ms’166

Circumstantial evidence for the involvement of milk protein
in the aetiology of atherosclerosis has been produced. It
was shown that an increase in the incidence of ischaemic
heart disease occurred soon after the introduction of Holder
Pasteurisation, which involves heating milk for a relatively
long period of time.167The consumption of milk proteins is
positively correlated with ischaemic heart disease, an
example being Finland which has the highest coronary
mortality rate and the highest per capita intake of total
milk}GBJﬁQIt was suggested that a high intake of milk might
be harmful to health, but that this might not only be due to
the antigenicity of the milk proteins (3.28g/100ml milk),

but also the level of fat (3.79g/100ml milk) in milk.

However, milk proteins might not be the only antigens
involved, and an immune response might be induced by other
antigens. A heart transplant recipient, who at the time of
the transplant operation had hypercholesterolaemia, was found
nearly two years later to have severe atheromaﬁjo It is
thought that rejection of the heart was brought about by an
immune response and, together with the hypercholesterolaemia,
induced the development of atheroma. This type of arterio-
sclerosis has been called graft arteriosclerosis (GAS), which,

in the above case, led to atherosclerosis. However, it has
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been shown that GAS and spontaneous arteriosclerosis (SAS)
are similar, and it is suggested that a unifying hypothesis
can explain their similarity.l5 Both SAS and GAS are typified
by the accumulation of modified smooth muscle cells, which
is non—spécific and would occur with many forms of arterial
injury. However, in GAS, the cause of damage to the
endothelium is suggested to be an immune reaction and it is

hypothesised that the same might occur in SAS.

As circulating immune complexes are thought to be the
pathogenic form of the immune response then their detection
in humans would be of prime importance. Circulating immune
complexes have been detected in infants who are fed cow's
milk}71The presence of immune complexes containing
B-lipoprotein as the antigen with its respective antibody

has been noted in patients with autoimmune 1ipoproteinaemia,172

and in rabbits fed an atherogenic diet}7zﬂj3 The occurrence
of immune complexes was shown to be greater in patients with

vascular disease than in control patientsﬁj4

Another common antigen which might be implicated in the
development of an immune response is tobacco, since there is
evidence that antibodies are raised to tobacco.BQIt was shown
that 68% of patients with thrombo-angiitis obliterans had
antibodies to tobacco. This disease is related to athero-
sclerosis in that the lesions in the advance stages are

similar in both diseases.

Experiments have shown that a synergy between foreign protein
injections and subsequent fat feeding will produce athero-
sclerosis in rabbits.104410This disease produced in rabbits
is broadly similar to the human disease. A series of
experiments is required to establish if dietary proteins,
shown to produce an immune response, with a high fat content

in the diet will also produce atherosclerosis in rabbits.
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CHAPTER 2
EXPERIMENT 1

2.1 Materials and Methods

Sixteen New Zealand White rabbits were weaned from

a commercial stock diet (App.1, Table 1), (Labsure
Animal Foods, Christopher Hill Group Limited, P.0O. Box
6, Castle Street, Poole) and were allocated in groups

of four, to one of four isonitrogenous, isoenergetic
diets for eleven months. These diets are shown in
Appendix 1, Table 2. They were high fat diets contain-
ing 190g/kg diet of either maize oil (MO) (C.P.U. (U.K.)
Limited, Trafford Park, Manchester) which contains pre-
dominately unsaturated fatty acids or coconut oil (CO)
(Keira Trading Company, West Midlands) which is composed
predominantely of saturated fatty acids. The diets con-
tained 20% dry weight of either one of two soya proteins.
One was a soy protein concentrate called Promosoy 100
(Ps), (Central Soya, Chicago, I11l., USA) which has been
shown to be non-antigenic in preruminant calves.lm)The
other protein was a soy protein isolate called Promine D

(PD) , (Central Soya, Chicago, Ill., USA) which has

180,181

been shown to be highly antigenic in preruminant

calves.

PD is a sodium proteinate and no NaCl was added to the
diets in which PD was included; however, it was neces-
sary to supplement this protein with potassium in the

form of KCl. All diets contained 150g wheat bran/kg diet

as the source of fibre.

There were thus four dietary treatments identified thus:
Ps-MO, Ps-CO, PD-MO, PD-CO. The diet Ps-MO containing
the non-antigenic protein and the non-atherogenic fat
was regarded as the control diet. However, two addi-
tional rabbits were fed the stock diet throughout the

experiments to provide further controls.
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The ingredients of the diets were mixed and then mois-

tened with water, pelleted and dried overnight at 36°cC.

During the course of the feeding trial the rabbits were

given food and water ad libitum. Food intake and weight

gain were recorded each week.

2.1.1 Blood Analyses

Fasting blood samples were taken at monthly inter-
vals from the ear vein of the rabbits using Heparin
(BDH Chemicals, Poole, Dorset) as anti-coagulant
when plasma was required. Blood taken for serum
was allowed to clot at room temperature. All
samples were then spun at full speed on a bench
centrifuge (Measuring & Scientific Equipment

Limited, Sussex).

Total cholesterol and triglyceride concentrations
(App.1, III) were determined with an Auto Analyser
IT (Technicon Instruments Company Limited, Basing-
stoke, Hampshire) using Clinical Method AAII No.24
(1972).

Antibodies to the soya proteins were determined by
a turbidimetric assay (App.1, I) which utilises
the fact that when antigen and antibody combine in
solution a precipitate is formed. On the final
bleeding a passive haemagglutination assay was

also used (App.1, II).

Tissue Studies

The animals were killed with an injection of
Nembutal (Sigma, London). A large portion of the
aorta was removed, stained for 1lipid using Sudan
Black (George T. Gurr Limited, London) and then
scored macroscopically on a 1-5 scale, 1 being

no atheroma and 5 being very advanced lesions
(App.1, IV). Samples of abdominal aorta, kidneys
and one renal artery were removed for calcium
analysis by atomic absorption spectrophotometry
(App.1, V). Other samples of renal and carotid
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arteries and aorta were fixed in buffered formalin
for histological examination (App.1l, VI). All
animals with a score of 3 or more were examined
histologically by a pathologist who had no know-

ledge of the treatment the animals had received.

2.2 Results

The experimental results, which are tabulated fully at
the end of this chapter, were statistically analysed
using the analysis of variance technique. There were no
differences in food intake (Table 2.1) or live

weight gain (Fig.2.1, Table 2.2) between the rabbits on
each of the four diets. Towards the end of the exper-
iment some rabbits appeared to have digestive distur-
bances. \Mainly as a result of this, one rabbit was lost
from each dietary treatment before the completion of the
experiment. The plasma cholesterol levels were high
(6.46-15.52 mmol/1) in three of these rabbits lost and of
these, two had high aorta scores (PsCO, PDMO). The other
rabbit (PsMO) had sores on its face which would not heal,

the plasma cholesterol in this rabbit was low (0.9 mmol/1).

2.2.1 Plasma Cholesterol and Triglycerides

The plasma cholesterol concentrations measured were
variable from month to month. At six months, shown
in Table 2.3, the plasma cholesterol levels showed
no difference between the four treatments; however,
at the final bleeding there were significant diff-
erences in plasma cholesterol levels between diets,
the CO-fed rabbits having significantly higher
levels than the MO-fed animals. No differences

were found between the two proteins.

The plasma triglycerides levels also showed great
variability from month to month and there were no
differences due to protein or fat at either six

months or the final bleeding. These results are

shown in Table 2.3.
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2.2.2 Food Antibodies: Turbidimetric Assay

2.2.

The results shown in Table 2.4 are the measurements
taken in the last three months of life. No statis-
tical differences were obtained on analysis except
in the eleventh month where there was a significant
interaction (p<0.05). This indicates that when Ps
was fed, MO gave lower titres than CO but that when
PD was fed the reverse occurred. 1In all the meas=
urements of food antibody titre by this method PsMO

gave the lowest titres.

Using the mean titre for the last three months,
analysis of variance indicated that PD gave signif-
icantly higher mean antibody titres than Ps
(p<0.05)and the fat versus protein interaction was
also significant (p<0.05) as in the eleventh month
titres. Antibodies to the two proteins were
undetectable in the rabbits fed the stock diet.

Food Antibodies: Haemagglutination Assay

The results shown in Table 2.4 were obtained from
the final blood samples taken at death, or in the
case of those that died unexpectedly, the penulti-
mate sample. There were no significant differences
between the proteins or the fats. However, seven
rabbits in the groups fed PD had a measurable food
antibody titre whereas in only three of the rabbits
in the groups fed on Ps could food antibodies be
detected. The rabbits fed the commercial stock
diet had no detectable antibodies to either protein.

Aorta Scores

These results are shown in Table 2.4. Appreciable
arterial disease was detected in 75% of the rabbits.
Main treatment differences were found to be non-
significant; however, there was a significant inter-
action (p<0.05) reflecting the fact that, when the

proteins were fed in conjunction with MO, the scores



.2.

2.

.2.

19

of PD-fed animals were higher than Ps-fed animals,
but when CO was fed then Ps gave higher scores than
PD. ©No atheroma was found in the rabbits fed the

stock diet.

Liver Cholesterol and Liver Triglyceride

These results are shown in Table 2.5. No differ-
ences were seen between the four dietary treatments
in the liver contents of either cholesterol or
triglyceride. Total liver cholesterol ranged
between 7.54-20.54 umol/g and liver triglyceride
ranged from 8.5-32.3 mg/g tissue.

Tissue Calcium

Macroscopically, at post mortem, some arteries
appeared to be highly calcified but calcium was
determined only in the tissues of the animals that
survived to the end of the feeding trial. The
results shown in Table 2.6 indicate no significant
differences due to treatment in any of the vessels
analysed. The inter-animal variation in calcium
concentrations ;n the arteries was very large. A
ranking—ofder procedure, followed by analysis of
variance, showed that in the renal arteries there
was no difference between the proteins but that thé
CO-fed animals had significantly more calcium than

the MO-fed animals (p<0.05).

The calcium content of the kidneys was uniformly
low suggesting that deposition of calcium in the
arteries was not a result of generalised soft-

tissue calcification.

Relationship Between Aorta Scores
And Other Experimental Parameters

A summary of this data can be found in Tables 2.7
and 2.8. The product-moment correlation coeffi-
cients between aorta scores and the other exper-

imental data are shown. There was a highly
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significant negative correlation (p<0.01) between
final live weight and aorta score. Live weight is
a good index of general health and well-being in
rabbits and this correlation suggests that advanc-
ing arterial disease was having an increasingly
deleterious effect on the health of the experimen-

tal animals.

There were significant positive correlations
between plasma cholesterol and plasma triglycerides
and aorta score (p<0.05). There was a positive
correlation which was not statistically significant
between aorta score and food antibody titre by the
haemagglutination assay but this was significant

(p<0.05) using the turbidimetric assay.

There was a positive correlation between aorta
score and calcium in the renal artery (p<0.05) but
not in the other two tissues (aorta and kidney)
that were analysed for calcium. Also, there was no

correlation of aorta scores with liver lipids.

Histological Observations

Only animals which showed macroscopic changes were
further examined microscopically. It can be seen
from Table 2.9 that none of the animals in the PsMO
group showed any of the changes observed in the
other. three dietary treatments and the arteries
from these rabbits and those fed the stock diet
were normal (Fig. 2.2). Significant microscopic
changes were present in either the aorta, the renal
or the carotid arteries of all of the animals which
registered an atherosclerosis score of 3 or more.
The chief morphological features were intimal thic-
kening, intimal and medial calcification and frag-
mentation of the elastic lamellae (Fig. 2.3A).

The extent of intimal thickening varied consider--
ably from animal to animal, but was generally
within the range of 25% to 100% of the thickness of
the medial muscle. Intimal thickening was more

prominent in the renal arteries (Fig. 2.3A) and
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and calcification was more extensive in the aortae
(Fig. 2.4) thus confirming the chemical analysis.
Only small to moderate amounts of fat were iden-
tified in appropriately stained frozen sections.
No cholesterol clefts or aggregates of foamy

macrophages were identified.

It can be seen from Table 2.9 that in six rabbits
there were significant numbers of chronic inflam-
matory cells. These were mainly present ini the
renal (Fig. 2.3A) or carotid (Fig. 2.5) arterial
walls and were also present to a lesser degree in
one aorta (Fig. 2.6). Lymphocytes and macrophages
could be clearly recognised, but plasma cells,
eosinophils and neutrophil polymorphs were absent.
In four of the rabbits (three of which were fed PD),
there were appreciable numbers of giant cells (Fig.
2.3B) and a single focal cluster of giant cells was
noted in two more rabbits fed Promine D. The

giant cells were centred around both internal and
external elastic lamellae, often in assocition

with disrupted fragments of elastin. These changes
were extensive in the renal arteries (Fig. 2.3),

but only focal in the aortae (Fig. 2.4) and carotid

arteries (Fig. 2.5).

There was no evidence in any of the arterial or
aortic sections of either a necrotising arteritis

or a thrombus formation.

2.3 Discussion

Arteriosclerosis with hypercholesterolaemia has been
produced in rabbits fed on cholesterol-free diets, high
in soya proteins and both saturated and unsaturated fats.
Published evidence has also shown that arteriosclerosis
can be produced in this species with cholesterol-free
diets}szand high in saturated fats§7’&L183There is also
evidence to show that CO will produce extensive athero-
matous degeneration of the aorta and coronary arteries

7,28,184-186
but that MO will not produce these changes,4 T
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and that by feeding hydrogenated CO, hypertriglycerid-
aemia will occur in rabbits}84JB7However, the plasma
triglyceride levels of the MO-fed rabbits were also

high (2411.5 * 646 mg/1) when compared to rabbits fed

15% CO for five months (1170 * 150 mg/1) -87

Most of the rabbits (75%) had elevated levels of plasma
cholesterol. Those rabbits fed MO had raised cholesterol
levels (2.76 * 1.5 mmol/1) when compared to other work47
where rabbits were fed 20% MO with 25% casein diet

(0.78 * 0.1 mmol/1) for 8.5 months. However, the rabbits
fed CO had the same cholesterol levels (6.27 * 1.7 mmol/1)
as the rabbits *'fed a diet containing 25% casein, 20% CO
for 8.5 months (8.16 ¥ 0.59 mmol/1). Plant proteins have
been shown to have no significant influence on choles-
terol levels 73and casein has been shown to increase the
plasma cholesterol levels in rabbits.73The diets used
here contained 150g wheat bran/kg diet and it is known
that fibrous materials of plant origin exert a hypo-
cholesterolaemic action in rabbits.z9 However, it was
reported subsequently that wheat bran will not affect the
hypercholesterolaemia in rabbitszllproduced by high fat

diets}84J88Wheat straw has been shown to have a hypo-

cholesterolaemic action in rabbitszgand in the experiment‘
reported above this might cancel out the hypercholester-
olaemic effect of casein, thus making the cholesterol .

levels similar in the two experiments in the CO-fed

animals.

Two of the rabbits (Table 2.10) fed PDMO had high levels
of plasma cholesterol, plasma triglycerides and athero-
sclerosis score. These two rabbits also had high anti-
body titres (by the haemagglutination assay) and maybe
the immune response was having some effect on the lipid
levels. The increase in plasma lipids might be due to

some interaction of PD with the unsaturated fat.

In planning this experiment it:was anticipated that Ps
would be of low antigenicityuﬁﬁnd PD of high antigen-
icity}SOJBIThis difference in antigenicity is thought to

be due to the different ways in which the proteins are
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processed. PD contains 900g protein/kg and consists
largely of globulins prepared from the original heat-
treated, solvent extracted soya-bean flakes by extracting
with mild alkali followed by iso-electric precipitation
at pH 4.5. The precipitated protein is then suspended in
dilute sodium hydroxide at pH 7.0, separated and spray
dried. Ps contains 600g protein/kg and is produced by
extracting the soya-bean flakes with 60-80% ethanol at

GSOC; the residue is steam-treated and ground to a meal}go

Thus, Ps would be expected to contain proteins of the
same primary structure as those present in PD fogether
with other less soluble ones, but their antigenicity
might be reduced due to the alcohol treatment. Converse-
ly the alkali treatment of PD may have enhanced the anti-
genicity of the native protein. Since both proteins
evoked antibodies that precipitated with a solution of

PD then the antigenic determinant must have been the

same or similar.

180,181

The increased antigenicity of PD was not shown

conclusively; however, more rabbits fed PD (88%) had
detectable food antibodies compared to rabbits fed Ps
(38%). Arteriosclerosis was shown to be more predomi -
nant in rabbits that had produced antibodies, when the
turbidimetric assay was used (Table 2.7). Three of the
five rabbits with the highest scores also had high levels
of food antibodies (Table 2.10). Four of these high
scoring rabbits also had high levels of plasma choles-
terol and plasma triglycerides.

Previous experiments have shown that atherosclerosis is

produced by evoking an immune response in rabbitslzsfed

on atherogenic dietsloe{uwby injecting foreign proteins.

The postulated mechanism by which the food antibodies can

accelerate the development of atherosclerosis in rabbits

. . . 107,109,110
is through the action of immune-complexes. '’ ! These

. 1 .
complexes can adhere to the endothelial 11n1ng,251nduce

1and

. . 11

the release of vasoactive amines from platelets
. . s q s 10,
cause an 1ncrease in vascular permeability, thus initia-

ting the‘damage to the arterial wal1l13:128
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The histological picture observed in the animals in
Experiment 1 is very different from that produced in

the cholesterol-fed rabbit. In the cholesterol-fed

rabbit a "cholesterol-storage disease" is produced and

the plasma cholesterol levels would usually. be ten to
twenty times normal 1evels.1 In rabbits fed a cholesterol-
free, saturated fat diet an arterial disease 1is pro-

duced which is characterised by intimal proliferation

60

with some evidence of lipid deposition. The arterial

disease produced in rabbits 106’107by foreign protein
injections and fat feeding was characterised by intimal

thickening and fat deposition.

The disease produced in Experiment 1 was characterised by
intimal thickening, calcification, fragmentations of the
elastic lamellae and dense mononuclear infiltrates with
giant cells. There was very little focal lipid deposition
The marked difference between the histological evidence in
this experiment and that from other dietary induced
arteriosclerosis experiments is the appearance in some
rabbits of appreciable numbers of mononuclear and giant
cells associated with the ruptured elastic lamellae.

These histological features are strongly reminiscent of

the human disecase giant cell arteritis.

Four of the seven rabbits that had giant cells also had
high aorta scores (Table 2.10). The other three rabbits
with giant cells had moderate aorta scores showing a
presence of atherosclerosis. Therefore, there might be
some connection between the presence of giant cells and
arteriosclerosis. The unusual pathological features of
temporal arteritis are found superimposed on progressive
intimal thickening and occasional discrete atherosclero-
tic plaque in the intima of aging arteries.189 Fatal
coronary disease in young people is associated with vary-
ing degrees of inflammation in the occluded arterial

1190
segment.

The abundant mononuclear and giant cell infiltrates

indicate an active inflammatory process. Although there
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is no histological evidence in this experiment of an
acute arteritis, the mixed chronic inflammatory infil-
trate observed here is sometimes seen in an immune-
complex mediated disease. Granulomata-containing giant
cells; macrophages, epithelial cells and lymphocytes
were recognised when immune-complexes at equivalence

were injected intradermally into rats.lgl

The close association of the inflammatory infiltrate
with fragmented elastica from the internal and external
lamellae reinforces the possibility that damage might
be mediated by ecither an antibody reacting directly with

189,192

elastic tissues or a cell-mediated response invol-

ving lymphocytes and macrophages reacting to the elastin}89
Atherosclerosis has been produced by prolonged immun-
isation in rabbits with elastin-rich extracts of both

. . 1
procine and human aortic walls. 33

The excessive amounts of calcium in the tissues raises
the possibility of a disease induced by hypervitaminosis D.
Some workers have produced arterial disease by giving
large amounts of vitamin D,194but the present diets con-
tained 2000 iu. vit. D3/kg which is below the level at
which harmful effects would be expected. The recommended
level of vitamin D for rabbits is 744 iu. vit. D3/kg
diet.l96 A vitamin D3 intake of 7260 iu/kg diet produced
calcium deposits in the major arteries and calcification
of the medium and small arteries of rabbits.]'96 As the
levels of vitamin D used in Experiment 1 are above the
recommended 1evels195 it cannot be completely rejected

as a factor in this multifactorial disease.

In conclusion, an arterial disease has been produced in
most of the rabbits fed a cholesterol-free, semi-sythetic
diet. The disease produced was not essentially a fat
storage disease and was characterised by intimal thicken-
ing, calcification and an inflammatory infiltrate with
giant cells. It is clearly important to elucidate which,
if any, immunological mechanisms are responsible for the
arterial damage; the progression of the disease produced

in this way must therefore be more closely analysed.



GRAPHS AND TABLES

Legend for graphs

Symbol Diet

Promosoy 100 and maize oil (PsMO)
Promosoy 100 and coconut oil (PsCO)

Promine D and maize oil (PDMO)

P D e o

Promine D and coconut oil (PDCO)
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CHAPTER 3

EXPERIMENT 2

3.

1

Introduction

Many questions remain unanswered from the results of the
first experiment, in that no conclusive evidence could
be shown for the cause of the extensive arterial disease.
It was decided that the experiment should be repeated,

by feeding to rabbits diets broadly similar to the ones

used in Experiment 1, and examining more closely bio-
chemical and histological events which take place during

the development of arteriosclerosis.

Materials and Methods

Details of materials and methods are given in Appendix 1.
Special note can be taken of the difference in the diets
(App.1, Table 4) given in Experiment 2 compared to

those given in Experiment 1 (App.1, Table 2). The
vitamin D content was reduced from 2000iu. to 10004 u. /kg
diet as it seemed possible that the higher level of
vitamin D might have been a factor in the calcification
of some tissues in Experiment 1. Due to the high
incidence of digestive disturbances in Experiment 1 the
fibre content of the diet was increased from 150g bran/
kg diet to 200g bran/kg diet. The diets were mixed and
each one was given to five weanling rabbits as in Experi-
ment 1, The biochemical analyses used in Experiment 1
were also used here (App.1l, II, III, V). 1In addition to
food antibodies, immune complexes (App.l, VIII) and
total serum complement (App.1l, VII) were measured.

Serum calcium (App.l, V) was also monitored. In order
to have a more detailed histological picture of the
development of the arterial disease produced in rabbits
by these dietary treatments the rabbits were to be sac-
rificed three, six, nine and twelve months after weaning
onto the diets. The aorta scoring method (App.1, IX)
was a modification of that used in the previous experi-
ment in that the whole aorta from the aorta valves to
the junction of the aorta with the iliac arteries was

used. Organ weights were recorded to indicate the
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health of wvarious tissues., The animals were killed with
a lethal dose of Nembutal (Sigma, London) and the tissues

removed were processed as given in Appendix 1, X.

Results

The biochemical results for all four parts of this
experiment showed similar trends, they were therefore
pooled and the results from one part of the experiment
are presented here as being representative of the whole
experiment (the results from the other parts are given in
App.2). All the results were analysed statistically

with the use of Analysis of Variance.

It can be seen from Table 3.1 that the food in-
take, taken from the twelve month feeding trial,
is similar in all four dietary treatments.

Figure 3.1 (Table 3.2) shows the live weight gain,
from the same feeding trial. It can be seen that
all the rabbits gained weight at a good rate
after weaning and reached a maximum weight at
about five months after weaning, the weight gain

being similar in all the treatments.

It can be observed (Fig. 3.2, Table 3.3) that

there was a slight variation, from month to month, -
in the six month feeding trial in the serum cal-
cium levels (2.4-3.0 mmol/1). However the levels
were similar on all diets and there were no sig-

nificant differences between treatments.

3.3.2 Plasma Cholesterol and Plasma Triglycerides

The plasma cholesterol levels from the nine month
feeding trial are shown in Figure 3.3 (Table 3.4).
The graph shows that from the first plasma sample
taken at half a month after weaning the rabbits
fed CO had significant higher plasma cholesterol
levels than the MO-fed rabbits (p<0.001). It can
also be seen that cholesterol levels in CO-fed
animals remained higher throughout the feeding
trial (p<0.001).
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Plasma triglyceride levels from the nine month
feeding trial are shown in Figure 3.4 (Table 3.5).
There was a decline of plasma triglycerides in alil
four treatments for the first five months after
weaning followed by a small increase before a
constant level was attained. There were no sig-
nificant differences in plasma triglyceride levels
in the first month;. however, a difference was
observed in the second (p<0.01) third (p<0.001)
fourth (p<0.01) and fifth (p<0.01) in that the
CO-fed animals had significantly higher plasma
triglyceride levels than the MO-fed animals.

- Immunological Parameters

Food antibodies titres for the twelve month feed-
ing trial are given in Figure 3.5 (Table 3.6).
There were large variations from month to month
especially in PD-CO fed rabbits and significant
differences between treatments appeared only for
months ten and eleven, in which the food anti-
bodies in the rabbits fed PD were significantly
higher than in those fed Ps (p<0.05 in both
cases). The occurrence of antibodies to food
proteins is greater in rabbits fed PD (70%) than
in those fed Ps (27.5%). Levels of soluble immune -
complexes in the sera during the nine month feed-
ing trial are shown in Figure 3.6 (Table 3.7).

The immune complexes did not appear in the sera
until the rabbits had been fed the diet for one
month. Immune complexes increased gradually from
the end of the first month in the groups fed PD
and from the middle of the second month in the
rabbits fed Ps. Significant differences were
found between the two proteins for four and a half
months between month 2.5 and month 7, the

rabbits fed PD producing higher concentrations than
those fed Ps. The level of significance was
greatest (p<0.001) at three months and then fell
off subsequently, until at the seventh month the
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level of significance was p<0.05. There were no
significant differences between the four treat-

ments in the eighth and subsequent months.

The total serum complement levels are shown in
Figure 3.7 (Table 3.8) from the nine month trial.
The serum complement levels remained constant
throughout the first seven months on the diet and
then they appeared to rise slightly. No contin-
uous significant differences were noted between

the four treatments except for the seventh month
where the rabbits fed MO had higher complement
levels than those fed CO (p<0.05). This difference

was not repeated in the following months.

Aorta Scores

The atherosclerotic scores for all three feeding
trials that were terminated by killing the rabbits
are given in Table 3.9. The rabbits which were
fed the diets for only three months did not show
any extensive lesions. Only one rabbit had a
small lesion and this was in the group fed PD-CO.
Rabbits were not killed after six months on the
diets as those rabbits killed after nine months

on the diet exhibited little evidence of an
advanced disease. The nine and twelve month feed- -
ing trials both produced some lesions but gener-
ally the disease was not extensive. There were

no significant differences between the four treat-

ments in either of these two feeding trials.

Organ Weights and Liver Lipids

As an indication of the health and weights of selected
organs were recorded; these are shown in Table 3.10
from the nine month trial. The weights for the

right kidney,heart, spleen and adrenals were similar
in all the rabbits and ranged from 8.5-9.8¢g,7.3-8.9¢g,
1.5-2.2g and 0.5-0.95g respectively. The rabbits fed
CO had increased liver weights (p<0.001) ranging

from 101-117g whereas those fed MO were normal,

ranging from 77-82g weight.
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The liver 1lipids from the twelve month feeding
trial are shown in Table 3.11. There were no
significant differences in the liver cholesterol
between the four treatments. In contrast the liver
triglycerides were higher in rabbits fed CO
(p<0.001) than in those fed MO.

" Tissue Calcium

Table 3.12 shows the tissue calcium levels
recorded from the twelve month feeding trial
except for aortic calcium values which are
derived from the nine month feeding trial. The
calcium contents of the carotid artery (5.17-9.67
umol/g tissue), the renal artery (31.0-79.9
umol/g) and kidney (1.45-4.52 umol/g) were simi-

lar and no significant differences occurred

between treatments. No significant differences

could be detected in aorta calcium.

Relationship Between Aortic Scores

" And Other Experimental Data

The product moment correlation coefficient was
calculated from the final data collected as an
indication of any relationship between the amount
of arterial disease and other experimental para-
meters. Table 3.13 shows that final live weight
gain gives a negative correlation in both experi-
ments although these are not significant. Also
shown in Table 3.13 are the correlation coeffi-
cients between scores and organ weights. It can
be seen that heart and spleen weights cannot be
correlated with aorta scores. The liver weights
showed a positive correlation with aorta score
(p<0.05) 1in the twelve month feeding trial but
in the nine month experiment this correlation was
not significant, reflecting the fact that liver
weight increases with advancing arterial disease.
Adrenal weights were significantly increased
(p<0.001) with advancing arterial disease in the
nine month but not in the twelve month feeding

trial.



47

Table 3.14 gives the relationship between aorta
scores and lipid levels. Plasma cholesterol
levels increased with the development of lesions
in both feeding trials (p<0.001). Plasma tri-
glycerides however only showed a positive corre-
lation with aorta scores in the nine month feed-
ing trial (p<0.05). The liver cholesterol and
triglyceride levels were not significantly corre-

lated to aorta scores.

Table 3.15 records the relationship between

aorta scores and the immunological estimations.
Food antibodies were not significantly correlated
with advancing disease. Immune complexes on the
other hand showed a strong positive correlation
with aorta score in the nine month trial
(p<0.001) and a positive correlation which was
not significant in the twelve month feeding
trial. Serum complement showed no correlation
with aorta scores in either of the feeding

trials.

The relationship between calcium determinations
and aorta: scores is shown in Table 3.16. No
correlation was found between serum calcium
levels and aorta score. With tissue calcium
differences occurred between the two feeding
trials. In the twelve month feeding trial aorta
score did not show a relationship with the cal-
cium content of any of the tissues. However, in
the nine month feeding experiment a positive
correlation was found between aorta scores and
the calcium content of the carotid artery
(p<0.001), ‘the kidney (p<0.001) and the aorta
(p<0.001). The calcium content of the renal
artery did not show a correlation with aorta
scores. The sex of the rabbits did not influ-
ence the amount of arterial disease produced.
The male rabbits had a mean aorta score of
11.37%0,96 and the females a mean score of
14.5+1,8: these were not statistically differ-

ent ,
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Histological Observations

The rabbits in the three month feeding trial had
entirely normal arteries (Fig. 2.2) except for
one rabbit fed PD-CO. This rabbit had a minimal
foam cell accumulation and calcification in the
subintimal region of the media in the carotid
artery. The renal artery from this rabbit fed

PD~-CO was normal.

The animals fed the diets for nine months showed
overall the most atheromatous disease. Some of
the rabbits had firm depressed atheromatous areas
with areas of normal aorta (Fig. 3.8), an aorta
from one rabbit (Fig. 3.9) showed marked athero-

sclerotic fleckening.

From this group representative sections were
examined from 1) the renal arteries of all the
animals; 2) the carotid arteries of all those
animals whose aortae contained atheromatous
plaques; 3) the aortae of these same animals;

4) the kidneys and hearts of all the animals fed

PD and of selected ones from those fed Ps.

A summary of the arterial histology can be seen
in Table 3.17. The majority of the sections were
entirely normal (as in Fig. 2.2). 1In occasional
animals minimal intimal thickening and redupli-
cation of the internal elastic lamellae could be
seen. In two rabbits, one fed PDMO (Fig. 3.10)
and one fed PDCO (Fig. 3.11), there could be seen
more advanced intimal thickening, disruption of
the internal elastic lamella and a slight asso-
ciated inflammatory infiltrate (Fig. 3.12). 1In
two rabbits one fed PDCO (Fig. 3.13) and one fed

PDMO a single focus of giant cells was seen.

The histological appearances of the majority of
lesions of the aortae were similar in all four
dietary treatments. The plaques generally showed
focal fibrous intimal thickening, underlying

calcification of the elastic lamellae and small

numbers of intimal or superficial medial foam
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cells. The changes were similar to lesions prev-
iously reported as spontaneous atherosclerosis.
However, in two of the animals a significant
inflammatory infiltrate was also seen which
included mononuclear (Fig. 3.14) and giant cells
(Fig. 3.15B).

Occasional animals from all groups showed small
foci of dystrophic mineralisation at the cortico-
medullary junction of the kidney. This is a nor-
mal finding in the Southampton University labora-
tory colony. In two of the rabbits, those fed PD
showing giant cells in the arteries, marked calci-
fication was present. Most of the deposits were
centred around the proximal renal tubules in the
cortex and at the cortico-medullary junction.
There was no evidence of glomerular disease in

any animal. None of the animals showed myocardial
changes. One rabbit fed PDCO had marked intimal
thickening in the coronary artery, this rabbit
also showed significant changes in other arteries
(Table 3.17). All other animals had normal coro-

nary arteries.

Sections of some tissues from rabbits at the end
of the twelve month feeding trial were also exa-

mined histologically.

The arteries examined from this group were all
normal. Representative sections of aortae were
examined from all the animals that showed more
than one diseased area. The histological changes
did not vary significantly from group to group.
The changes noted included: focal calcification of
the superficial medial elastic tissue with slight
fibrous intimal thickening. Occasional clusters
of sub-intimal mononuclear cells were seen in two
animals, one fed PsMO and one fed PDMO. It must
be stressed that the degree of intimal thickening
was only slight and that there was no evidence of

a giant cell reaction.
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The renal histology was normal and no myocardial
changes were noted. All animals showed normal

coronary arterial histology.

" Discussion

An arterial disease with hypercholestolaemia was once
again produced in rabbits by feeding cholesterol-free,
semi-synthetic diets with soya proteins as the protein
sources. The plasma cholesterol levels in animals fed
CO were elevated (4.79-7.59 mmol/1) compared to the ones
fed MO (1.5-2.5 mmol/1). This agrees with evidence that
CO produces hypercholesterolaemia in rabbi’cs.M’28’184'186
CO has also been shown to produce hypertriglyceri-

1 . . ;.
184, 87and here the plasma triglyceride levels

daemia,
from CO-fed rabbits were significantly higher than in
rabbits fed MO for quite a long time during the feeding

trial (Table 3.5).

The aim of this experiment was to look more closely at
immunological events which occur during the development
of the arterial disease. However as no disease was pro-
duced in the three month feeding trial and since no pro-
gression in the disease process occurred from the nine

to the twelve month feeding trial no definite conclusions
can be drawn about the relationship between the immuno-

logical events and the arterial disease.

The incidence of soya antibodies was greater in the PD
than in the Ps rabbits. However, compared to the results
obtained in Experiment 1 using the identical haemag-
glutination technique it can be seen that the titres were
lower in Experiment 2, The reason for this remained
unclear until the serum of some stock animals, that had
been born one year previously, were examined for the
presence of antibodies to soya. It was found that they
had just detectable levels in their serum, and analysis
of the stock diet used at that time was made. It was
found that the mothers of the rabbits used in Experiment
1 were fed on a stock diet (App.1, Table 1) which used
fish meal as the protein source whereas the rabbits used

in Experiment 2 had mothers that were fed on a stock
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diet (App.1, Table 3) which had soya as a protein source.
It might be suggested that in the rabbits in Experiment
2, which had already been exposed nutritionally to soya

. . . 197
protein, a state of immune tolerance ex1sted.9

Despite this immune complexes assayed with the anticom-
plementary assay198 were detected in the latter rabbits.
Immune complexes are known to activate the complement
System,114and SO an increase in immune complexes levels
might be associated with an increase in serum complement
levels. However, the serum complement levels remained
relatively constant throughout the nine month feeding
trial.

The immune complex levels were strongly correlated with
the advancing atherosclerosis in the nine month feeding
trial in which the most advanced lesions occurred. This
correlation was not reproduced in the twelve month part,

in which the disease was less extensive.

In three of the rabbits (Table 3.19) there was evidence

of a scanty giant cell infiltrate. However, these were
either a small focus of giant cells or a single giant cell.
This again suggests that since there was a reduction in
the immune response compared to Experiment 1 giant cell
arteritis might have an immunological origin in that
immunofluorescent techniques have shown immunoglobulin )
deposits along the elastic lamella in arteries with tem-
poral arteritis.24OTwo of the rabbits which had giant cells
in their arteries also had a high atherosclerosis score
(Table 3.18). All three had high levels of circulating
immune complexes and one of them (PDCO-8) had high levels

of plasma cholesterol and triglycerides. The two with giant
cells in the PDMO group had food antibodies but compared to
Experiment 1 (Table 2.10) these were not particularly high.
The rabbits with the highest aorta scores also had high
levels of plasma cholesterol (except PDMO-10) and immune
complexes and one had a very high plasma triglyceride

level (PDCO-8). The levels of food antibodies were low

with only 30% of the rabbits in this feeding trial hav-

ing food antibodies at the end of the experiment.
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The content of calcium in the tissues of the rabbits in
Experiment 2 (nine months) did not differ significantly
from that in Experiment 1 except for the kidneys (Expt.1:
8.13 + 1.63 ng/g; Expt.2:66.5 = 16.1 pug/g (p<0.001)).

The dietary vitamin D levels in Experiment 2 were 1000 iu
vitamin D/kg diet compared to 2000 iu/kg in Experiment 1.
This did not cause a reduction in arterial calcification.
Therefore, the calcification in Experiment 1 was not the
result of hypervitaminosis D-induced atherosclerosis.l94
The excessive calcification noted in the renal arteries
and aortae of some of the animals in Experiment 1 (Table
2.10) might have been the result of advancing athero-

. 1,2,3
sclerosis. '’

A limited amount of arterial disease was produced,
however, and this could be attributed to increased immune
complexes and high plasma cholesterol and triglyceride
levels produced by feeding high fat, (cholesterol-free)
semi-synthetic diets. No conclusions can be drawn as to
the relative importance of these injurious agents as

they all increased at the same time during the experiment,

well before any arterial disease was detected.
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CHAPTER 4

EXPERIMENT 3

4.1

Introduction

It could be argued that the arterial disease produced in
Experiments 1 and 2 was mainly the result of the high
fat content rather than the antigenic protein of the
diet. High fat diets have been shown to produce an
atherosclerotic disease in rabbits?7 Experiment 3

designed to examine this possibility.

Materials and Methods

The materials and methods used in the experiment are the
same as in Experiment 2 and are detailed in Appendix 1.
The only difference was in the diets. Five weanling
rabbits were fed a diet containing either PD or Ps (App.1,
Table 5) for ten months. The fat content of the diet
was 20g MO/kg which provided the essential fatty acids;

the diet was made up to 1 kg with maize starch.

4,3 Results

4.3.1 Food Intake, Live Weight and Serum Calcium

All the rabbits gained weight satisfactorily but
the group fed PD gained more weight than those

fed Ps as shown in Table 4.1. This was not a
result of an increased intake of the PD diet as
shown in Table 4.2 because there was no consistent
increase in intake of the PD diet. One rabbit was
lost in the Promine D fed group, the cause of which
was unclear. The serum calcium shown in Table 4.3
stayed within narrow limits (2.34-3.35 mmol/1) and

were similar in both groups.

4.3.2 Plasma Cholesterol and Triglycerides

It can be seen from Table 4.4 that the cholesterol
levels were not particularly elevated except in

the first two months in the rabbits fed Ps. The
levels ranged from 0.7 to 2.6 mmol/1l.
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Differences between treatments in plasma trigly-
ceride concentrations occurred in a particular
three month period (Table 4.5). Ps appeared to
elevate the plasma triglycerides. However, if
these levels are compared to those in the high
fat-fed animals (Table 3.5) then it would appear
that PD had a lowering effect on the plasma tri-

glycerides.

Immunological Parameters

The PD-fed group did not have significantly higher
levels of food antibodies as can be seen in Table
4.6 but the incidence of detectable antibodies was
greater in the PD-(80%) than in the Ps-fed group
(40%). Immune complexes were similar in both
groups (Table 4.7) and the serum total complement
varied from month to month with no consistent dif-

ferences being found (Table 4.8).

Aorta Scores

There was no extensive arterial disease found in
any of these rabbits although there was a signif-

icant difference between the two groups (p<0.05),

(Table 3.9).

Organ Weights

Organ weights are shown in Table 4.9. The PD-fed
group had higher kidney (p<0.05), liver (p<0.001),
heart (p<0.05) and spleen (p<0.05) weights. How-
ever, when these organ weights were expressed as

percentages of final live weights these differences

disappeared as PD-fed rabbits had higher final live

weights.

Tissue Calcium

No differences were found beiween the two diets in
tissue calcium levels which can be seen in Table
4.10. The levels appeared normal when compared

with those from Experiment 2 (Table 3.12).
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4.3.7 Histological Observations

All the renal and carotid arteries from these rabbits.
were examined microscopically. All these vessels
were normal in appearance. The aorta from one

rabbit fed PD showed inner media calcification.

4.4 Discussion

There was no appreciable arterial disease produced in
rabbits fed the low fat, high starch diet. The high fat
content of the diet used in Fxperiments'l and 2 appears
to be necessary for the development of atherosclerosis.
Cholesterol feeding was found to be a necessary adjunct
to foreign protein injections in rabbits 051n order to

. . . 1
produce fatty-proliferative 1e81ons.07’108

If the injec-
tions of foreign proteins were given without the
cholesterol feeding then only proliferative lesions were
found}07In baboons a high fat diet was necessary in
addition to foreign protein injections to speed up the

development of arterial lesions.lo6

Atherosclerosis and hypercholesterolaemia (5.28-18.13

mmol/1) has been produced in rabbits using a cholesterol-

free, low fat diet (20g MO/kg diet).l82

terol levels during Experiment 3 were normal (0.7-2.6

The plasma choles-

mmol/1). The reason for this difference in results

might be that the rabbits which produced hypercholestero-
laemia were fed casein as their protein sourcelszwhereas
those with normal cholesterol levels had soya proteins

as the protein source. Soya proteins have been shown not
to affect plasma cholesterol levels in rabbits whereas

casein has been shown to be hypercholesterolaemic?3

Other Workerszghave shown that high starch (430g wheat
starch/kg diet), low fat diets (4.7g MO/kg diet) produce
atherosclerosis to a greater extent than a high unsatu-
rated fat diet (200g MO/kg diet). The degrece of athero-
sis in the high starch diet was 9.5 # 1.6 compared

with 0.7 *# 0.62 in the high fat group.
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The aorta scores from the rabbits fed a high unsaturated
fat diet in the twelve month part of Experiment 2

(10.8 £ 0.5) were significantly greater (p<0.025) than
those produced using the high starch diet in Experiment 3

(8.7 + 0.37). The plasma cholesterol levels in rabbits2>

fed the high starch diet (2.11 + 0.26 mmol/1) were higher
than those fed the high fat diet (0.61 * 0.1 mmol/1).

In contrast, the rabbits in Experiment 2 fed the MO diet
had significantly higher (p<0.025) plasma cholesterol
levels (1.53 * 0.13 mmol/1) than those in Experiment 3
fed the high starch diet (1.05 * 0.17 mmol/1). Other
workers have also shown that a substitution of complex
carbohydrates for polyunsaturated fat causes an increase
in serum cholesterol?4 The difference may occur because
the dietary constituents are different, hence, the inter-
actions between them are different. In the experiment29
where an increase in serum cholesterol was noted when the
unsaturated fat (MO) was substituted by a high starch
diet (wheat starch) the protein source was casein. In
Experiment 3 the protein source was either a soya concen-
trate or a soya isolate and the carbohydrate source was
maize starch. The plasma triglyceride levels in the
rabbits were normal (210-550 mg/l) throughout most of

the experiment, when compared to rabbits fed a commer-

cial diet (420 * 30 mg/1) 87

No difference could be found between the two groups fed
different proteins in terms of the immunological para-
meters meesured, whereas in Experiment 2 some differ-
ences between the proteins were observed during the
course of the experiment. It might be concluded that
the fat may have had an effect either through the absorp-
tion of the proteins or through the actual immune res-
ponse. If there had been an effect of the fat on the
immune response then a difference in the titre of food
antibodies between the two experiments would be observed,
however, no difference was found between the titres in
Experiment 2 (39 + 18) and those of Experiment 3 (48.9 *

23). This does not agree with evidence that shows that
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hypercholesterolaemia will reduce the immune response

to injected foreign proteins.200

It must be concluded that high starch diets containing
soya proteins and low levels of unsaturated fats do not

produce atherosclerosis in rabbits in ten months.



GRAPHS AND TABLES

Legend for ‘ graphs

Symbol Diet

Promosoy 100 and maize oil (PsMO)

Promosoy 100 and coconut oil (PsCO)

o

L

A Promine D and maize oil (PDMO)
A Promine D and coconut oil (PDCO)
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Figure 4.1: Weight Gain
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CHAPTER 5

MAIN DISCUSSION

It is evident from the results of Experiment 1 that an
arterial disease was produced in rabbits by feeding semi-
synthetic (cholesterol-free) diets, but the extent of the
disease was not reproduced in Experiments 2 and 3. No

single cause of the arterial disease was apparent, but rather
a combination of causes, including hypercholesterolaemia,
hypertriglyceridaemia, the production of food antibodies,

the higher levels of dietary vitamin D, and digestive dis-

turbances.

In designing these experiments, PDCO was expected to be the
most atherogenic treatment and PsMO the least, with the

other two diets falling somewhere in between with equal
atherogenicity. This could only occur if the atherogenicity
of the saturated fat and the antigenic protein were equiv-
alent. There were no significant differences in aorta scores
between treatments in any of the high fat feeding trials.

In Experiment 1 PsMO, as expected, had the lowest mean aorta
score (2.0 £ 0.4); however, the other three trecatments had
similar aorta scores (PsCC:4.0 * 0.4; PDMO:3.5 * 0.7; PDCO:
3.25 ¥ 0.3). This pattern was reproduced in the twelve month
feeding trial of Experiment 2, (PsMO:9.2 * 1; PsCO:14.6 % 3.8;
PDMO:12.4 * 1.2; PDC0O:13.2 * 0.7) but not in the nine month
feeding trial where PDCO had the highest mean score (20.8 #*
5.4) and the other three treatments had similar mean aorta
scores (PsMO 10.8 * 2.1; PsCO 10.0 * 1.1; PDMO 12.2 + 3.2).

The individual aorta scores of Experiment 1 (Table 2.10) show
that although saturated fat is known to be more atherogenic
than unsaturated fat; '®% two of the rabbits fed PDMO had high
aorta scores. In Experiment 2 (Table 3.19) it can be seen that
a rabbit fed PDMO had one of the highest aorta scores. Clearly
the protein i1s also having an effect on ithe development of the

disecase and the salurated fat is not additive to this effect.
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A high fat diet, giving rise to hypercholesterolaemiaf7’60

seems to be necessary for an atherosclerotic lesion to
progress into a fatty proliferative 1esion?ﬂ7 Only 30% of
rabbits fed the low fat diet produced any lesions compared
to 75% of rabbits on the high fat diet in Experiment 2.
Hypercholesterolaemia was not the only factor involved as
the mean plasma cholesterol levels in Experiment 1 (4.52 %
0.9 mmol/1l) were not significantly different from those in
Experiment 2 (3.18 * 0.9 mmol/1), whercas the incidence of
lesions in Experiment 1 after 11 months (94%) was greater
than in Experiment 2 (75%) in which the diets were fed for
twelve months. 1In these experiments only total plasma chol-
esterol concentrations were measured. Recent evidence
published since these experiments were carried out has drawn
attention to the fact that different fractions of the total
cholesterol have different effects on arterial disease, SO
that determinations of total cholesterol provide only

limited information about the risk of arterial disease.

A factor that has now been shown to be inversely proportional
to the risk of coronary heart disecase in humans is the level
of high density lipoprotein (HDL) cholesterol?z’sz204It has
also been shown to be an anti-atherogenic factor experimen-

205,206
tally.

208

than males and maleness is known to be a risk factor of

heart disease.‘lz

HDL-cholesterol levels are higher in females

Patients with myocardial infarction have lower HDL-cholesterol
levels than healthy subjects?071t has been postulated that

the protective effect of HDL may relate to a role in the
removal of cholesterol from peripheral tissues, including

the arterial wall. The cholesterol in the wall is thought

to originate in part from low density lipoproteins (LDL)

that filter into the arterial intima from the plasma?07 As
both IDL 208, 209and HDL42’ 203, 204a
the risk of coronary heart disease, the cholesterol concen-

trations in both HDL and LDIL must be determined in futlure

re related independently to

if individuals with increased risk of coronary hecart discase

are to be identified.
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Hypertriglyceridaemia has also been implicated in athero-

. 209,210
genesis.

In Experiment 1 and Experiment 2 (nine months)
plasma triglycerides are positively correlated with athero-
sclerosis score. The plasma triglyceride levels in Exper-
iment 1 (2184.4 * 390.4 mg/l) are significantly higher
(p<0.001) than those measured in the nine month part of
Experiment 2 (358.5 * 40.83 mg/l). As the arterial disease
was more advanced in Experiment 1 the results agree with evid-

X 210
ence that shows high plasma triglycerides in heart disease.

During the course of Experiment 1, four rabbits had severe
digestive disturbances and several others had minor digestive
disturbances. It was suggested that the fibre level in the
diet might have been too low in relation to the energy content
of the diet. In Experiment 1, the fibre content of the diet
was 150g wheat bran/kg; this was raised to 200g wheat bran/kg
in Experiment 2. No digestive disturbances were noted in
Experiment 2. The extent of the arterial disease was
decreased in Experiment 2 and it could be that the increase

in fibre content of the diet might have had an effect on the
development of the disease. There is evidence to suggest a
relationship between the fibre content in the diet and athero-
sclerosis.29_31 The effect of fibre is suggested to be through
a lowering of cholesterol levels.zg’alIt has been shownzgthat
some roughage sources have a hypocholesterolaemic action in
rabbits, particularly wheat straw, and that the degree of
atherosis is markedly reduced when compared to other fibre
sources such as cellophane and Solkafloc. It was suggested31
that one mechanism of action of the dietary fibre might be

to decrease the reabsorption of bile salts in the gut, thus

increasing faecal excretion and reducing hyperlipidaemia.

The increase in fibre in the diet from Experiment 1 to
Experiment 2 might be expected to have a lowering effect on
the plasma cholesterol 1eve1529and hence a reduction in
arterial disease.zg—BlThe plasma cholesterol levels in the nine
month part of Experiment 2 (MO diet: 1.53 + 0.13 mmol/1;

CO diet: 3.76 * 0.52 mmol/1l) were significantly lower (p<0.05)
than those in Experiment 1 (MO diet: 2.76 £ 0.7 mmol/l;

CO diet 6.26 £ 1.5 mmol/1). The plasma cholesterol lcvels

of i1he rabbits in the twelve month vart of Experiment 2
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(MO diet: 2.01 * 0.44 mmol/1; CO diet: 6.63 ¥ 1.1 mmol/1)
did not differ significantly from the cholesterol levels in
Experiment 1, agreeing with evidence that an increase in
wheat bran does not exert an influence on hypercholesterol-
aemia?lllf the increase in fibre in Experiment 2 had a
significant effect on decreasing the arterial disease, it
might not be entirely through its action on plasma choles-

terol levels.

The possibility that the high calcification in some of the
tissues of the rabbits might be due to hypervitaminosis D
induced atherosclerosis was discussed earlier in Section

3.4. Tissue calcification was not reduced when the dietary
vitamin D levels were halved. It would appear that the
higher level of vitamin D in Experiment 1 did not induce
atherosclerosis with extensive calcification, but rather that
the calcification was a result of the advanced athero-

sclerosis.

Food antibodies were not shown to be significantly correlated
with arterial disease when the passive haemagglutination
assay (App.2, II) for detecting antibodies was used. However,
in Experiment 1 (Table 2.7) a significant positive correl-
ation (p<0.05) was found when the turbidimetric assay (App.2,
I) was used. The haemagglutination assay was only used in
the later experiments because it was found to be more sen-
sitive and reliable. The turbidimetric assay was based on
the fact that when antigen and antibody are mixed in solution
a precipitate is produced. However, the soya proteins used
in the diets were found to come out of solution on the
addition of some control sera samples and consequently, the
results were misleading. The standard curve for this assay
is shown in Figure 5.1a which differs from that produced in
most antigen-antibody systems (Figure 5.1b). It was therefore
decided that as the soya proteins acted unusually in solution
a solid phase assay must be used. In the haemagglutination
assay the antigen (soya protein) is attached to red blood
cells and any precipitate formed by the soya protein coming

out of solution can be washed away.
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When planning these experiments, the two soya proteins used
were chosen because PD had been shown to be antigeniclsoJﬁl
and Ps had been shown to be of low antigenicity in pre-

. 8
ruminant calves%

0The present experiments do not corroborate
this evidence as the mean food antibody titres to Ps (Exper-
iment 1: 360.0 * 205; Experiment 2 (12 months): 6.67 * 4.7;
Experiment 3: 64.0 * 39.2) did not significantly differ from
antibodies raised in response to PD (Experiment 1: 355.0 %
162; Experiment 2: 72.0 t 32.6; Experiment 3: 24.0 + 16) at
the end of each cxperiment. Therefore, in these experiments

Ps has been shown to be antigenic in rabbits.

The animals in Experiment 1 had a significantly higher mecan
food antibody titre (p<0.01) of 357.5 * 126 than those in
Experiment 2 which had a mean titre of 39.0 # 18. The
reduction in arterial disease in Experiment 2 might be assoc-
jated with the lower antibody titres. The reason for this
reduction in immune response in the rabbits of Experiment 2
and 3 might be due to a state of immunological tolerancelg7

to soya proteins in some of the rabbits.

Immunological tolerance can be produced when a potential
antigen reaches the lymphoid cells during their developing
phase in the perinatal period, at a time when the lymphoid
cells are immunologically immature. If this antigen is later
presented to the mature immune system then the normal res-
ponse to the antigen will be suppressed. It was hypothe-
sised212that the mature lymphocytes carry a record of
patterns of 'foreign' proteins. When a 'foreign'’ protein is
introduced into the immature immune system, this causes
lymphoid cell depletionFIBand if the 'foreign' protein is
reintroduced it will be treated as a 'self' protein. The
immune system does not normally raise antibodies to 'self'
protein, hence the 'foreign' protein will not stimulate
antibody production. It is now suggested that this is a
simplistic view of immunological tolerance?14as fully com-
petent lymphoid cells have been shown to remain in a state
of suppression, both in artificially induced tolerance to
foreign antigens, and in natural toleramce towards self-
antigens. This suppression is dependent on T-cells and

possibly macrophages. The mechanism suggested by which the
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tolerance is induced is that the antigen or antigen-antibody
complex activates suppressor T-cells to release factors
which stimulate the macrophages to release non-specific
suppressor factors which act on the B-cells, so suppressing
the antibody response. It has been shown, in newborn mice,
that regeneration of antigen surface receptors on B-cells
can be prevented by cross-linking by antigen, or by anti-
immunoglobulin, so resulting in a state of tolerancé?s
There is no single mechanism which can explain how tolerance
to an antigen is brought about but rather a complex set of
interactions between T- and B-cells, their products and pos-

sibly macrophages.z15

Immunological tolerance can be induced in rabbits to foreign
protein antigens by injections of these proteins during neo-
natal 1ife%99’201The continuing state of tolerance to the
antigen depends on the physical state of the antigen that is
presented to the immune systenuzozTherefore, it might be that
the rabbits in Experiments 2 and 3, which had already come
into contact with the native soya protein in their mother's
diet, either across the placenta or through the breast milk,
would not raise antibodies to Ps or PD because they were tol-
erant to the soya proteins. However, in some rabbits, an
antibody response was detected; this may have been caused by
the soya protein crossing the intestine in a different con-
formation after partial digestion, and so reversing the state
of immunological tolerance. Another possibility is that there
might be more than one antigenic component of soya, and the
rabbit is raising antibodies to a component of soya proteins
that it had not previously come into contact with, that is
peculiar to Ps or PD but not the soya meal given to the
mother. To eliminate any effect that soya proteins present
in the mother's diet might have on the immune response to
soya antigens, rabbits would have to be raised from concep-
tion on a soya-free diet and then given a diet containing
soya from weaning, thus repeating exactly the conditions used

in Experiment 1.

Due to the occurrence of detectable levels of food antibodies

in Experiment 1 coupled with the presence of arteriosclerosis
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a mechanism whereby the food antibodies could cause the
initiation of the disease has to be worked out. It was sug-
gested;03that the pathogenic agents mainly concerned in the
arterial damage would be circulating soluble immune complexes.
One mechanism by which they cause damage can be through the
activation of complement. In Experiment 2 these two immuno-
logical parameters were measured in addition to food anti-
bodies to try to assess which were the pathogenic agents. It
was found that the levels of immune complexes were signif-
icantly correlated (p<0.001) with aorta score in the nine

month part but not in the twelve month part (Table 3.15).

There is therefore some evidence to show that immune com-
plexes might be associated with arteriosclerosis in rabbits.
Total serum complement remained fairly constant in Experiment
2 and 3 after the first month. No correlation between serum
complement and aorta score was found, this docs not confirm
the suggestiion that complement is a factor involved directly

in atherogenesis.ll8

The arterial disease produced in Experiment 1 was character-
ised by intimal thickening, calcification, disruption of the
elastic-lamellae and a dense mononuclear infiltrate with

giant cells associated with the internal and external elastic.
lamellae. This differed from the arterial disease produced

in a cholesterol-fed rabbit1 as it was not a cholesterol-
storage disease. In fact, there was a distinct lack of fat

in most of the lesions except for a few small deposits of fat;
this differs from the typical lesions produced in rabbits

fed high saturated fat, cholesterol-free diets. In rabbits
fed a 25% casein, 14% CO, cholesterol-free diet’ there was
extensive intimal proliferation with extracellular lipid and
foam cells. The lipid deposition extended to the superficial
media. Rabbits fed 14% MO had minimal intimal proliferation
with only focal lipid deposition in the intima and innermost
media,soclearly a very different histological picture from

that described above.

The design of Experiment 2 was to investigate a progressive
development of the disease from the initiation of lesions

after threc months on the diets, progressing to advanced
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lesions after twelve months. However, this did not occur;
no lesions were found in the rabbits on the three month feed-
ing trial and the most extensive lesions were produced 1in
the nine month part of this experiment. The disease produced

in the rabbits in the twelve month part was minimal.

The arterial disease in the renal and carotid arteries of the
rabbits in the nine month feeding trial was characterised by
intimal thickening, calcification, disruption of the elastic
lamellae, a mononumclear infiltrate with occasional giant
cells. This was similar to the disease produced in Experi-

ment 1 described above but the lesions were not so advanéed.

There was some arterial disease produced in the twelve month
part of Experiment 2. Some of the lesions produced here
though could have been spontaneous. Spontaneous lesions have
been noted in sexually mature rabbits which resemble those
produced in the early stages in cholesterol-fed rabbits. The
feature of these spontancous lesions is an accumulation of
lipid within the intima?lsAnother type of spontaneous lesion,
more similar to the condition found in the twelve month
rabbits, is characterised by slight medial degeneration and
calcification. These spontaneous lesions are not of an
atherosclerotic variety as they do not develop into athero-
sclerotic 1esions?l7A further group of rabbits (Experiment 3)
fed on a low-unsaturated fat, high starch diet did not produce

any significant disease.

The occurrence of an infiltration of giant cells in the
experiments suggests a possibility ceither of a connection
between giant cell arteritis and atherosclerosis, or of a
common initiator of processes which will lead to the two
conditions.

Giant cell arteritis,lgzis a condition in which the intima of

the arteries becomes grossly thickened. Macrophages, lymp-
ocytes, PMN, giant cells and fibroblasts all infiltrate into
the arterial wall; this infiltration is most florid at the
site of the internal elastic lamella. The giant cell accum-

ulation is related to the elastic tissue}89J93which is
markédly fragmented and deficient. There is evidence192 to

show that in humans the presence and severity of arteritic
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involvement correlates well with the amount of elastic tissue
in the arteries. The maximal inflammatory reaction and the
presence of giant cells are both linked to the remains of
elastic tissue. It has been suggestedlgzthat the disease is
an allergic arteritis in which the arterial elastic tissue

acts as the antigen.

Arteritis is an established component of immune complex
diseasezlland, in acute serum sickness produced experimen-
tally in rabbits, the distribution of the lesions is remark-
ably similar to that of atherosclerotic lesions, affecting
the coronary arteriés and the branch points of the aorta.l28
This is probably because similar haemodynamic and permea-
bility mechanisms affect the arterial deposition of both
immune complexes and lipoproteins. In hypervitaminosis D
induced atherosclerosis in rabbits, some inflammatory cell
infiltration is also seen in the systemic arteries with frag-

mentation of the internal elastica with calcified deposits.

Arteritis, produced by inducing immune complex disease in
rabbits, begins with a mild proliferation of intimal endo-
thelial cells. This is followed by an infiltration, caused
by acute inflammation, of mononuclear macrophages and foreign
body giant cells.ZH)Neutrophils enter the reaction site and
rapidly degrade the underlying membranes, notably the interal
elastic lamella, to gain entrance to .the media and adventitia,
fibrinoid necrosis then develops in the arterial wall. The
pathogenic agents, which in this case are immune complexes,
are removed extremely rapidly and are not seen under histo-
logical examination.zzolnduction of immune complex disease by
injection with subsequent fat feeding in rabbits leads rap-
idly to atherosclerosis}osJﬂglt might be that atherosclerosis
and giant cell arteritis have a unifying mechanism of initia-
tion in the arterial wall to start a process which then

becomes self-perpetuating.

The use of diets for the induction of atherosclerosis by
immunological means is necessary so that conditions which
could occur in humans may be reproduced in the rabbit. A
small, but immunologically significant amount of dietary

. . . . 94-98 .
protein can cross a maturce mammalian intestine and remaln

antigenic in experimental animals?31eading to the wproduction
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of antibodies}42460 By injecting foreign proteins into exper-

imental animals, the levels of antigen far exceed those which
could normally cross the intestine in humans. Although the
absorption of proteins across the intestine in adults is very
small, immune complexes containing very little antigen are

capable of causing amine release from plateletszzland arter-

ial damage in animals.l11

The intestine,though,is supposed to break down proteins soO
that they can be absorbed and utilised; therefore for anti-
genic quantities to be absorbed some mechanism must be not
functioning properly. In order to find out how proteins can
cross the intestine in antigenic quantities and so stimulate
a systemic immune reaction, mechanisms by which the intestine
keeps these antigens out of the circulation must be under-
stood. Prqteins should arrive at the small intestine epith-
elium as oligopeptides, containing 2-3 or probably more
amino acids.z22 Some of these oligopeptides must be antigenic,
since the optimal size of antigenic determinants is 3-6

amino acids?zafm arrival at the epithelial surface it has
been suggested224that there are intestinal antibodies on the
mucous coat which act as receptors to link the antigen to the
cell surface proteases?zsthus immobilising the protein and
aiding its breakdown. This process occurs either in the
mucous coat of the cell or within digestive Vacuoles.z22
Supportzzsfor this hypothesis is that pre-immunisation of
rats with bovine serum albumin (BSA), causes further ad-
ditions of BSA, the BSA to bind to antibodies at the cell
surface and be rapidly broken down. In the absence of anti-

bodies BSA was found intact on the serosal side of the gut.

The antibody at the mucosal surface has been shown to be IgA
which is thought to be produced in lymphoblasts populating
the lamina propria. These are probably derived from gut-
associated lymphoid tissues (GALT) and are precommitted to

IgA production before becoming distributed along the mucosal
surface?27Activation of GALT is dependent on stimulation by
antigens. Access to intestinal contents seems to be facili-
tated by clusters of specialised epithelial cells (M—cells)‘.?28
After uptake into M-cells the antigen is rapidly released

into the interstitial space and processed by the lymphoid
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cells. Lymphoblasts committed to IgA synthesis then ulti-
mately 'home' in on epithelial surfaces, particularly the

lamina propria of the small intestine?27

A deficiency of IgA will cause malabsorption?24A partial
deficiency in intestinal antibodies will give rise fo small
antigen-antibody complexes. The complexes will activate
complement which will opsonise them, attract phagocytes to
the site and the rcsult will be an inflammation. This local
inflammation will cause an alteration in the permeability of
the gut causing an increased uptake of antigens which can
then reach the serosal side of the intestine aﬁd cause a Sys-

temic immune reaction.

A newborn infant is deficient in IgA but when it receives
colostrum from its mother it gets antibodies against antigens

. . . 231
in the maternal dlet?zg’zsosmall amounts of antigen 31 and

immunocompetent cells.zmaThus the newborn infant is immunised
both actively and passively to prepare it for its eventual
introduction to antigenic food. If, however, the infant is
bottle-fed, the antibodies in the cow's milk are destroyed
by the heating and drying proceSS?33the antigens in the
bottle-feed are given to the infant unapposed. The infant
does develop antibodies but until then neonatal tolerance:234
may occur, in that no antibodies will be produced later as
the antigen has been introduced to an immature immune system.
There is increased permeability at this time and under-
degraded antigens may reach the circulation and 'so stimulate

235 11 this case, re-exposure at a time

systemic antibodies.
later in life when there is much less macromolecular absorp-
tion occurring, minute quantities of antigen may be absorbed

and result in allergic Symptoms.zs6

Therefore, the mechanism by which food antigens can reach
the systemic circulation and hence initiate immune reactions
might be either through a sensitisation process which occur-
red in infant life or via a partial deficiency of intestinal
antibodies. If during a feeding trial of antigenic protein,
a systemic antibody response is noted it might also be

impoftant to measure the level of secretary IgA levels.
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If the antigen is constantly reapplied to a susceptible
individual then the circulating immune complexes will not

be cleared from the circulation and so damage to the arterial
wall can result. Even if no more of the antigenic protein

is applied to the system, once the immunological damage has
occurred, other risk factors can aggravate the situation%3’24

If this additional risk factor is fat then atherosclerosis

may develop.

It is clear from these experiments that atherosclerosis can
be produced by feeding diets which contain antigenic proteins
and are high in fat. On the basis of these experiments,
however, it is not possible to attribute the initiation and

development of the discase to any single factor.

As dietary constituents are implicated in atherogenesis,
there is a requirement for an experimental model which will
produce atherosclerosié by the use of diets. The animals
used must be started on the treatments under optimum cond-
itions with no previous contact with the dietary protein and
with regular monitoring of the serum for all the parameters

which are known to affect the development of atherosclerosis.
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APPENDIX 1




*
TABLE 1 Stock Diet RAG

Content

g/kg diet
Maize 175
Wheatfeed 360
Oatfeed 100
Apple Pomace 100'
Linseed 50
Grass 100
English White Fish 100
RAG Premix etc. 15

Metabolizable Energy 7.85 MJ/kg
178.7 g/kg

Crude Protein

124

*
Labsure Animal Foods, Christopher Hill Group Limited,

P O Box 6, Castle Strecet,

Poole,

Dorset.
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TABLE 2 Composition of Diets (Experiment 1)
Content Content
g/kg diet g/kg diet
Promine D 332 Promosoy 100 426
Wheat bran 150 Wheat bran 150
0il 190 0il 190
Maize starch 163.8 Maize starch 61.5
Sucrose 100 Sucrose 100
* *
Minerals 54 Minerals 54
)k . * %
Vitamins 10 Vitamins 10
Methionine 6 Methionine 4.2
KC1 2.2 NaCl 4.3
Metabolizable Energy 18.6 MJ/kg
Crude Protein 312 g/kg
*

*k

to provide /kg diet: 11.86 g Ca; 5.89 g P; 0.79 g Mg;
0.5 mg I; 10 mg Cu; 100 mg Fe; 100 mg Mn; 80 mg Zn,
0.1 mg Mo; 0.9 mg Cr; 0.1 mg Se.

to provide /kg diet: 1500 pg retinol; 50 ug cholecal-
ciferol; 7.75 mg =-tocopheryl acetate; 1.76 g choline
chloride; 52.8 mg nicotinic acid; 26.4 mg calcium
pantothenate; 8.8 mg pyridoxine hydrochloride; 3.52 mg
menapthone; 8.8 mg riboflavin; 3.52 mg thiamin
hydrochloride; 0.26 mg biotin; 2.64 mg folic acid;

35 pg cyanocobalamin; 1.76 g myo-inositol.
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I

TURBIDIMETRIC ASSAY FOR FOOD ANTIBODIES

This assay utilised the fact that when antigen and antibody

are mixed in solution a precipitate is formed. Serum was col-
lected and stored at —200C. The antigen used for precipitat-
ing the antibodies was a solution of Promine D (PD) (Soya Cen-
tral, Chicago, I1l.) prepared by shaking a suspension of 500 mg
of the protein in 100 ml of 0.1 M phosphate buffer (3.468 g/1
NaH2 PO4; 10.096 g/1 NazHPO4) at pH 7.4 for 5-6 hours at room
temperature. Undissolved material was removed by centri-
fugation and the supernatant was diluted with an equal volume
of 0.1 M phosphate buffer. 1.9 ml of antigen solution con-
taining 2.25 mg protein/ml was added to 0.1 ml serum, incubated
for 1 hour at 37°C and then read in a spectrophotometer (Unicam
SP600) at 450 nm against a blank containing 1.9 ml buffer and
0.1 ml of the same serum. Precipitation of the solution of PD
by serial dilutions of a standard serum; that is the serum of

a rabbit that had been immunised against PD by intradermal
injection; gave a straight line relationship and the unknown
titres were calculated as percentages of the titre obtainred
with the standard serum (2.34 mg antibody/ml). This assay was
only feasible when the antibody titres observed in the experi-
mental animals were high and the concentration of antigen was
such that all precipitates were below the equavalence point.
Solutions of PD were used as the antigen because preliminary
experiments showed that animals fed Promosoy 100 (Ps) (Central
Soya, Chicago, I11.) in the diet had mean titres to PD approx-
imately 8 times greater than to Ps (32.0 and 4.0 respectively).
Using rabbits fed on PD the differences were even greater (40.0:

3.2).
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II

PASSIVE HAEMAGGLUTINATION ASSAY

This assay utilises the principle that cross-linking of cells
by antibody directed against surface antigens results in
agglutination. The cells used here are chicken cells coated
with a food protein after first modifying their surface with
tannic acid. A modification of an earlier haemagglination

287
assay was used .

Preparation of Formalinised Chicken Erythrocytes

Chicken blood was drawn into 4% sodium citrate (1:9 v/v with
0.1 M phosphate buffer pH7.2 (PBS) (8.0 g/1 NaCl; 0.2 g/1lKC1,
1.15 g/1 NazHPO4; 0.2 g/1 KH2P04)). The citrated cells were
then washed with PBS until the supernatant was clear, the
cells were then suspended at a 7% suspension in PBS. An
equal volume of 7% formaldehyde solution in PBS was prepared
and one quarter of this was added to the cell suspension.

The mixture was incubated with gentle shaking for 1 hour at
37OC, then the remaining formalin solution was added and the
suspension was further incubated for 24 hours at 37°C with
occasional shaking. The cells were then washed ten times in
PBS and resuspended as a 10% solution in PBS containing 1:1000

sodium azide as an anti-bacterial agent and stored at 4°c.

Tanning and Antigen Sensitization of Erythrocytes

The formalised cells were washed and resuspended in PBS as a
3.75% solution. Equal volumes of cells and 0.005% tannic
acid (Sigma Chemicals, St. Louis, Miss.) in PBS were mixed and
incubated for 15 minutes at 37OC. The cells were then washed
three times in PBS and resuspended at a 3.75% solution. One
volume of 3.75% tanned cells was mixed with one volume of 0.5
mg/ml water-soluble soya protein (see below) in PBS and incu-
bated for 30 minutes at 37°C with occasional mixing. The
cells were then washed once in PBS and resuspended as a 2.5%
solution in PBS containing 1% normal horse serum. The horse
serum had been previously heat inactivated for 30 minutes at

56°C and absorbed against chicken erythrocytes.
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Preparation of Water Soluble Soya-Proteins

A 20% soya protein (either Promine D or Promosoy 100) solution
in distilled water was stirred overnight at room temperature.
The suspension was allowed to settle and the supernatant was
then decanted and spun for 3 hour at 18000 r.p.m. on a centri-
fuge (MSE 18). The supernatant was placed on a freeze-drier
until all the liquid has disappeared and the solid was then

o
stored at 4 C in a dissicator.

ASSAY

Serum samples were taken and stored at ~20°C until used. The
frozen serum was defrosted and then heated in 0.05 ml aliquots
to 56°C for 1 hour to remove complement. It was then incu-
bated with formalized chicken erythrocytes for 15 minutes at
room temperature to absorb and agglutinating agents. The
cells were then spun down and 0.05 ml supernatant was used

for one in two serial dilutions on V-shaped microhaemaggluti-
nation plates (Flow Labs, Ayrshire) using PBS. To these cells
was added 0.05 ml sensitised erythrocytes. A control cell was
also set up, this contained 0.05 ml supernatant and 0.05 ml
washed non-sensitised erythrocytes, this is to make sure the
serum does not agglutinate non-sensitised cells. Two more
control wells containing either washed cells or sensitised
cells and PBS were made up to check that no haemagglutination
occurred in the absence of antibody. The cells were left to
descend for a few hours at room temperature and then read.

The titre of the serum was given as the highest dilution in
which the cells had descended to give a carpet pattern. The
cells at the bottom of the control wells should be button-

like in appearance.
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TISSUE AND PLASMA CHOLESTEROL AND TRIGLYCERIDES
Total cholesterol and triglyceride concentrations were deter-—
mined with an Auto-analyser II (Technicon Instruments Co. Ltd,

Basingstoke, Hants.) using Clinical Method AAII No. 24 (1972).

Plasma Cholesterol and Triglycerides

Blood was collected from the marginal ear vein in heparin (BDH
Chemicals, Poole, Dorset) and then spun. O.1 ml of plasma was
added to 1.9 ml isopropanol with 2.0 g zeolite (Technicon) and
then mixed for % hour at room temperature. The samples were
spun and the content of the supernatant was then determined
with an Auto-analyser II (Technicon Instruments Co. Ltd,

Basingstoke, Hants.).

Liver Cholesterol and Triglyceride

A known weight of liver was homogenised in 10 ml of distilled
water. 0.1 ml of this homogenate was then added to 1.9 ml
isopropanol and 2.0 g zeolite and then processed the same as

the plasma samples.
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SCORING OF ATHEROSCLEROSIS

130

The aorta was removed from the rabbit from the aortic valve

to the abdominal aorta fixed in 10% buffered (PBS see II)

formalin and stained with Sudan IV for fat (George T Gurr

238

Limited, London) and scored with grades 1-5 as follows:

Score

Condition

No atheroma

Flecks - small raised
plaqgues

Fatty streaks

Large patches of cal-
cified atheroma

Whole area calcified
and ulcerated with
atheroma

Macroscopic appearance

of aorta
had o
p= ]
D
(=]

O

/1
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CALCIUM ESTIMATIONS

Calcium measurements were carried out using atomic absorption

spectrophotometry.

Serum Calcium

0.1 ml fresh serum sample was mixed with 5.0 ml of lanthenum
chloride buffer (10 mM LaClS; 50 mM HC1l) and the solution was
read on a flame spectrophotomecter (SP90, Pye Unicam, Cambridge)
at 422.7 nm using a Ca++cathode lamp. Standard solutions of
inorganic calcium were used to make a standard curve which is
linear and from which the test readings can be converted to

concentrations.

Tissue Calcium

Known weights of tissue were deposited in 10 ml of concentrated
nitric acid until all the tissue was dissolved. 0.1 ml of the
mixture was then added to 5.0 ml of lathenum chloride buffer

and then treated as the serum samples.



132

VI

HISTOLOGICAL METHODS - EXPERIMENT 1

Samples of renal and carotid arteries and aortae from each
animal were fixed in 10% buffered (PBS see II) formalin for
histological examination. The tissues were then routinely
processed into paraffin and stained with haematoxylin and
eosin stain and with an elastic van Gieson stain. From a
small number of rabbits with high aorta scores frozen sec-
tions of aortae and renal arteries were stained with oil Red O

or Sudan Black (George T Gurr Limited, London) for fat

depostion.
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*
TABLE 3 Stock Diet RAG (M)

Content

g/kg diet
Maize | 175
Wheatfeed 322
Oatfeed 100
Apple Pomace 100
Soya 88
Linseed 50
Grass 100
English White Fish 50
RAG Premix etc 15

Mctabolizable Energy 7.85 MJ/kg diet

Crude Protein 178.7 g/kg diet

*
Labsure Animal Foods, Christopher Hill Group Limited,
P O Box 6, Castle Street, Poole Dorset.



134

TABLE 4 Composition of Diets (Experiment 2)
Content Content
g/kg diet ~g/kg diet
Promine D 305 ' Promosoy 100 405
Wheat bran 200 Wheat bran 200
0il 180.5 0il 173
Maize starch 142.3 Maize starch 49 .48
Sucrose 100 Sucrose 100
*Minerals 54 *Minerals 54
**Vitamins 10 **Vitamins 10
Methionine 6 Methionine 4.2
KC1 2.2 NaCl 4.32
Metabolizable Energy 16.93 MJ/kg
Crude Protein 306.6 g/kg diet
*

*%

to provide /kg diet: 11.86 g Ca; 5.89 g P; 0.79 g Mg;
0.5 mg I; 10 mg Cu; 100 mg Fe; 100 mg Mn; 80 mg Zn;
0.1 mg Mo; 0.9 mg Cr; 0.1 mg Se.

to provide /kg diet: 1500 ug retinol; 25 pg cholecal-
ciferol; 7.75 mg =-tocopheryl acetate; 1.76 g choline
chloride; 52.8 mg nicotinic acid; 26.4 mg calcium
pantothenate; 8.8 mg pyridoxine hydrochloride; 3.52 mg
menapthone; 8.8 mg riboflavin; 3.52 mg thiamin
hydrochloride; 0.26 mg biotin; 2.64 mg folic acid;

35 pg cyanocobalamin; 1.76 g myo-inositol.
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VII

TOTAL SERUM COMPLEMENT DETERMINATION

Total serum complement was determined by use of the complement
fixation assay239, The complement pathway is activated by
antigen-antibody complexes which are represented in the assay
by antibody-coated erythrocytes. As complement is added to

the cells an increasing proportion of them are lysed.

Complement Fixation Test

Fresh or stored serum in 0.05 ml volumes was incubated for 15
minutes at 37°C with 0.1 ml 6-10 MHD (minimal haemolytic dose,
see below) haemolytic serum (Wellcome Rcagents Limited,
Beckenham, Kent) and 0.7 ml complement fixation diluent (CFD)
(Oxoid Limited, Basingstoke, Hants). 0.1 ml of a 3% suspension
of sheep red blood cells (Oxoid Limited, Basingstoke, Hants)
were then added and the mixture further incubated for 15
minutes at 37°C. The remaining cells were spun down and the
supernatant was read at 450 nm on a spectrophotometer (SP 600)
for haemolysis. By using the reading of complete haemolysis
of the cells; percentage haemolysis can be worked out. A
standard curve (see below) using known concentrations of com-
plement was constructed and the complement concentrations in

the serum read off,

Minimal Haemolytic Dose (MHD) of Antibody

The guinea pig complement (Miles Labs. Limited, Stoke Pages,
1

Bucks.) was diluted to a solution in PBS and 0.1 ml volumes

of this was added to 0.1 ;g of serial dilutions of haemolytic
serum and made up to 1.0 ml with CFD. This mixture was then
incubated for 15 minutes at 37°c. 0.1 ml of 3% sheep red
blood cells which had been washed in PBS were added to the
mixture and this was incubated for a further 15 minutes at
37°C. The remaining cells were spun down and the supernatant
read at 450 mm on a spectrophotometer (SP 600) for hacmolysis.
The MHD of haemolytic serum was the highest dilution that

gave maximal haemolysis.
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Estimation of 1CH50 Unit of Complement

0.1 ml of 6-10 MHD of haemolytic serum was incubated with 0.1
ml of increasing volumes (0-100 nul) of %7 dilution of guinea
pig complement for 15 minutes at 37°c. 0.1 ml of 3% suspen-
sion of washed sheep red blood cells were added to this and
then incubated for a further 15 minutes at 37°C. The remain-
ing cells were spun and the supcrnatant read at 450 nm in a
spectrophotometer (SP 600) for haemolysis. A tube was
included in the protocol with red cells and distilled water
which represented 100% haemolysis. A curve was then con-
structed of percentage haemolysis against volume of complement
(Fig. Al). One CH50 unit of complement was the amount which
caused 50% lysis of the sheep red blood cells. A curve of
percentage haemolysis against concentration of complement (CHS50
units/ml) was then constiructed by repeating the assay using

known concentrations of complement (0-2.5 CHS5O units/ml).
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VIII

IMMUNE COMPLEX DETECTION

This assay utilises the fact that immune complexes fix comple-
ment: it is called an anticomplementary assay19 .  Serum
samples, either fresh or after storage at —7OOC, were heated
to 56°C for 30 minutes in 0.1 ml volumes. 2.5 CH50 units of
guinea pig complement (Miles Labs Limited, Stoke Pages, Bucks)
was added to each sample and incubated for 30 minutes at 4°¢.
3% red blood cells (Oxoid Limited,Basingstoke, Hants) sensi-
tised with haemolytic serum (Wellcome Reagents Limited,
Beckenham, Kent) were added to the mixture and incubated for
15 minutes at 37°C. The samples were then diluted to 1.0 ml
with CFD (Oxoid Limited, Basingstoke, Hants) and after centri-
fugation at 3000 rpm for 5 minutes the haemolysis in the
supernatant was mcasured at 450 nm on a spectrophotometer (SP
600). TUsing the standard curve construction using known
amounts of complement, the loss in haemolytic activity due to
immune complexes was determined. The amount of complement
consumed provides a measure of immune complexes present in the

serull.
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IX

ATHEROSCLEROSIS SCORING SYSTEM

This section is a more detailed procedure than the one
described in IV. The whole aorta was removed from the rabbit
and the intimal surface was subdivided into 8 sections as fol-
lows 7: (i) the semilunar valves, (ii) the junction of the
aorta with the coronary arteries, (iii) the aortic arch, (iv)
the junction of the innominate artery with the aorta, (v) the
ductus arteriosus, (vi) the thoracic aorta, (vii) the antero-
renal abdominal aorta, (viii) the postero-renal abdominal
aorta. FEach region was then scored individually as in IV and

the scores were then totalled.
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X

HISTOLOGICAL METHODS - EXPERIMENT 2 AND 3

Samples, from all animals, of renal and carotid arteries,
aortae and kidneys were fixed in either 10% buffered (PBS)
formalin or 6% cacodylate buffered (PBS) glutaraldehyde. The
tissue fixed in formalin was routinely processed into para-
ffin and stained with haemotoxylin and eosin stain and with an
elastic van Gieson stain. Samples of renal artery and kidney
were frozen in liquid nitrogen for immunohistochemical study.
The brain and samples of heart, ileum and colon were fixed in
10% buffered (PBS) formalin.
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TABLE 5 Composition of Diets (Experiment 3)

Content Content
g/kg diet g/kg diet
Promine D 254 .65 Promosoy 100 338.14
Wheat bran 167 Wheat bran 167
0il 20 Oil 20
Maize starch 398.07 Maize starch ' 314.26
Sucrose 100 Sucrose 100
* *
Minerals 43.94 Minerals 43.94
* % * %
Vitamins 8.14 Vitamins 8.14
Methionine 6.0 Methionine 4.2
KC1 2.2 NaCl 4,32

Metabolizable Energy 13.93 MJ/kg diet

Crude Protein 313.15 g/kg diet

to provide /kg diet: 9.65 g Ca; 4.79 g P; 0.64 g Mg;
0.407 mg I; 8.14 mg Cu; 81.4 mg Fe; 81.4 mg Mn; 65.12 mg Zn;
0.08 mg Mo; 0.733 mg Cr; 0.08 mg Se.

* %k
to provide /kg diet: 1221 pg retinol; 20.35 ug cholecal -

ciferol; 6.31 mg =-tocopheryl acetate; 1.433 g choline
chloride; 42.98 mg nicotinic acid; 21.49 mg calcium
pantothenate; 7.16 mg pyridoxine hydrochloride; 2.87 mg
menapthone; 7.16 mg riboflavin; 2.87 mg thiamin
hydrochloride; 0.212 mg biotin; 2.15 mg folic acid;
28.49 pyg cyanocobalamin; 1.433 g myo-inositol.
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APPENDIX 2
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