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DIETARY EFFECTS ON PLATELET AGGREGATION

by Peter David Winocour

A major limitation to Single-cell protein (SCP) as a human food is its
high nucleic acid content, the purine moiety of which is metabolised
to uric acid. Rats given a Fusarium mould (SCP) in diets containing
oxonate, a uricase inhibitor, developed elevated plasma and kidpey uric
acid concentrations after 21 d, which were related to the level of
dietary mould.

An association between hyperuricaemia and cardiovascular disease
has been suggested, but the results of experimental and epidemiological
studies remain equivocal. Platelet aggregation was measured in hyper~—
uricaemic rats and a significant correlation was demonstrated between
plasma uric acid concentration and platelet aggregation (maximum rate
of aggregation (VAmax) for ADP-induced aggregation r = 0.88; thrombin-
induced VAmax v = 0.74). A linear relationship was shown between the
level of dietary mould and platelet aggregation (ADP-induced VAmax
p < 0.01; thrombin-induced VAmax p < 0.001). Furthermore a time lag,
exceeding the life-span of rat platelets, was observed between the

development of hyperuricaemia and the increase in aggregation.

The effect of other dietary components on platelet aggregation in rats
has been examined. Aggregation was reduced progressively when rats were
given low-protein diets (50 g casein/kg), but not when 90 or 130 g
casein/kg diet was given.

Neither the degree of saturation of dietary fat, nor the level of
dietary fat, nor the nature of the dietary sugar (glucose, fructose or
sucrose) altered platelet aggregation significantly, although with a
high dietary sugar content aggregation tended to be reduced.

The possible interaction between dietary protein, fat and carbohydrate

in their effects on platelet aggregation was examined. Platelet



aggregation was substantially reduced in low-protein groups regardless
of the dietary sucrose or fat content. Among low-protein groups,
aggregation was increased in high~fat groups, but this effect was

not observed when the dietary sucrose was also increased. WNo other

effects were observed.
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CHAPTER 1

REVIEW OF THE LITERATURE



Section A

1) Origin of platelets.

Mammalian platelets are formed by subdivision of the cytoplasm
of megakaryocytes, which are large cells with polyploid nuclei found
in the bone marrow (Wright 1906). The thrombocytopoietic system
consists of precursor or stem cells in addition to recognisable
megakaryocytes at several stages of maturation. Recognisable mega-
karyocytes have been classified according to cytoplasmic morphology
by light microscopy into three types. Stage I megakaryocytes have
basophilic cytoplasm without granulation and a high nuclear—to-
cytoplasm ratio. Stage II megakaryocytes are more mature, have more
cytoplasm with less basophilia, and some granules may be present.
Stage III cells have many granules, a low nuclear~to~cytoplasm ratio,
although the nucleus is multilobed, and are the most mature platelet~
producing megakaryocytes (Ebbe 1970). The complete disintégration of
a single mature megakaryocyte results in the production of several
thousand platelets.

Platelets appear to undergo an aging process after they are
released from megakarvocytes and the age appears to determine in
part their distribution, and their haemostatic effectiveness. The
young platelets are usually larger and more dense than older platlets.
Platelet life-span varies between species; man 7-14 days, rabbits
2-5 days, and rats 4-5 days. (Ebbe 1971). The bulk of senescent
platelets are destroyed in the reticulo-endothelial system of the
spleen, liver and bone marrow (Aster 1969).

After their release from the bone marrow, platelets do not
enter a pool in which they are evenly distributed throughout the
circulation, and the spleen appears to be the major area in which
platelet concentration exceeds that of peripheral blood. The size of
the splenic pool has been estimated to be about one-third of the total
platelet mass in man (Aster 1966). Platelet production from mega~-
karyocytes appears to be controlled by the number of circulating
platelets. This control is thought to be mediated by a humoral
thrombopoietic stimulating factor (thrombopoietin). However the site
of action, the site of production and the chemical nature of thrombo-

poietin remain unknown (Shreiner and Levin 1973).



ii) Morphology and functional physioclogy of platelets

Figure ! is a diagrammatic representation of a normal human
platelet sectioned in an equatorial plane. Platelet anatomy is
organized into three functional divisions including the peripheral
zone involved in adhesion and aggregation, the sol-gel zone involved
in cytoskeletal support and contraction, and the organelle zone
involved in storage and secretion (White 1971).

Structural elements of the peripheral zone are the exterior
coat, the unit membrane, and a submembrane area containing submembrane
filaments. Platelet factor 3, made available during platelet aggrega-
tion and involved in the acceleration of blood coagulation, is believed
to reside in the lipo-protein rich unit mewmbrane (Marcus, Zucker-
Franklin, Safier and Ullman 1966). Submembrane filaments are also
included with the circumferential band of microtubules and micro-
filaments as the three major fibre systems constituting the matrix
of the sol-gel zone. Functionally the submembrane filaments may
co~operate with circumferential microtubules to maintain the disc
shape of normal platelets, play a role in the extrusion and stabiliza-
tion of pseudopods during shape change, and interact with other
elements of the platelet contraction mechanism to enable the platelet
to undergo activation (viscous metamorphosis) and clot retraction
(White 1971). All three types of fibre contain an actin-like con~
tractile protein, which has ATP~ase activity associated with it,
known as thrombosthenin (Luscher and Bettex—~Galland 1971).

In the organelle zone numerous granules are found, which are
rich in phospholipids and hydrolytic enzymes similar to those in
lysosomes (Marcus et al 1966). Other studies have suggested that these
granules = are storage sites for platelet fibrinogen, thrombosthenin,
5-hydroxytryptamine (5-HT), catecholamines, glycoproteins and a non-
metabolic pool of ATP and ADP (Baker, Blaschko and Born 1959; Helmsen,
Day and Stormorken 1969; Day, Holmsen and Hovig 1969). Dense bodies
are found, but appear to vary in number according to the mammalian
species depending on the 5-HT content in the cells. Platelets with
abundant 5-HT have many dense granules (Tranzer, Da Prada and
Pletscher 1966). It is suggested that dense granules are storage
organelles for most of endogenous products secreted by platelets
during the release reaction (Holmsen et al 1969). A few platelet mito-

chondria occur in the organelle zone and are structurally simple, but












The scheme shows that phospholipid, made available by the platelets
(platelet factor 3), is required for the Intrinsic activation of
prothrombin. In the Extrinsic system tissue damage activates plate-
lets, causing the platelets to make available this phospholipid for
the prothrombin~converting complex.

Later it was shown that there was a requirement for phospholipid,
furnished either by the platelets or from the plasma itself, in the
reaction of activated factor IX with factor VIII to form factor X
activator (factor VIIIa) (Schiffman, Rapaport, Chong 1966).

Platelets have recently been shown to participate in reactions
with blood coagulation factors at every stage of intrinsic clotting,
from contact activation to fibrin formation. Platelets can trigger
intrinsic coagulation by two alternative pathways, the first of which
involves factors XII, and XI, and adenosine diphosphate (Walsh 1972a),
and the second of which bypasses factor XII providing factor XI and
collagen are present (Walsh 1972b) (Figure 3). These appear to occur
in unstirred platelet suspensions, where aggregation does not take
place, and platelet factor 3 is not made available. Additional evidence
(Walsh and Biggs 1972) indicates that subsequent coagulation reactions
occur on the platelet surface, where active clotting factors are
protected from inactivation by naturally occurring inhibitors. It was
these pieces of evidence that prompted Walsh (1974) to postulate a
hypothesis in which the events of primary haemostasis (platelet
adhesion, aggregation, and release) and blood coagulation are linked.
As platelets aggregate to form a haemostatic plug, they provide a
protective and catalytic surface for activation of the clotting

mechanisms and fibrin formation.

iv) Haemostasis

An outline of the steps invelved in haemostasis is shown in
Figure 4., Fifteen seconds after bleeding begins, contact between
red blood cells and the injured vessel, results in haemolysis of the
red blood cells releasing the ADP, which was converted from tri-
phosphate, and the partial thromboplastin. The haemoéﬁﬁgie factors
in plasma interact with the partial thromboplastin to activate plasma
prothrombin to thrombin responsible for the conversion of the fibrin-
ogen to fibrin adjacent to red blood cells (Johnson 1971). The

concentration of the released ADP and newly formed thrombin both of



Figure 3

Platelet triggering of intrinsic coagulation

Release of Nucleotides

Exposure of Collagen

ADP Collagen
I
PLATELET
Contact~product Collagen~induced
YT forming activity coagulant activity

(CPFA)

XIa

(CICA)

I

‘\

PLATELET



8
Figure 4

Haemostasis

Major injury to vessel wall

L/\\

tissue thromboplastin release haemolysis of red
blood cell on contact

with foreign surface -
degradation of
red blood cell
¥ ATP to ADP
plasma prothrombin activation €— partial thromboplastin
v
/ ADP
3-15 secs. | THROMBIN
3 | Platelet aggregation
15 secs. platelet factor 3
Mo .
fibrin formation
30 secs several fibrin loci
extensive platelet aggregation
| min platelet degranulation; confluence of fibrin loci;
platelet disintegration; RBC clump and haemolyse.
3 min. advanced platelet disintegration

red blood cells entrapped in fibrin network emanating

from platelet aggregates.



which bring about aggregation of platelets is built up steadily.
Platelets flow into this area and aggregation begins. The first
aggregates to form are small and some attach to the damaged lip of
the vessel while some are free in the lumen, as the concentration

of these aggregating agents increases in the plasma. These platelets
in newly formed aggregates contain many granules.

Thirty seconds after bleeding begins very extensive platelet
aggregation has taken place. The haemostatic area has a high concen~
tration of ADP and thrombin and all of the platelets flowing inte the
turbulent area are drawn into aggregates. Much more fibrin is seen
due to release of tissue thromoplastin from exposed smooth muscle.
(Kwaan 1969). Interstitial collagen fibres are exposed and are
frequently seen adjacent to fibrin fibres. The plasma prothombin is
probably activated to thrombin by the changes in plasma factor XII
as it comes into contact with collagen. (Niewiarowshi 1967).

After one minute many fibrin loci have come together. Opaque
areas of fibrin are beginning to form between the aggregated platelets.
Platelet aggregates are very large and the platelets are degranulated,
having releasedtheir o~granule contents including platelet factor 3.

By three minutes when bleeding stops and haemostasis has been
achieved, the haemostatic plug, consisting mostly of platelets in
capillaries, but of platelets, fibrin, and redblood cells in small
arterioles,has completely sealed the gap in the vessel wall. Fibrin
fibres have come together in cords made up of several fibres and form
a network, which entraps redblood cells. Many platelets have disin-
tegrated in aggregates, but some remain as a nucleus or focal point
for the fibrin network. (Johnson 1971)

Clot retraction then occurs in which the coagulum shrinks until
it occupies only one—guarter or less of its original volume. Retrac-
tion depends on the reaction between ATP in platelets and their con-
tractile protein thrombosthenin, which has ATP-ase activity. (Bettex-

Galland and Luscher 1961) Its function in viveo is uncertain.

v) Thrombosis

Thrombosis is the accidental expression of haemostasis. However,

the mechanisms of blood coagulation, formation and release of ADP



from ATP, liberation of material from vessel wall and blood cells
into the lumen of the vessel, platelet aggregation and finally arrest
of blood flow are evoked in both haemostasis and thrombosis. When
these mechanisms are initiated without external bleeding the abnormal
situation of thrombosis occurs and the normal flow of blood is
obstructed. Both haemostasis and thrombosis are initiated by injury
to or disease in the vascular wall. All cellular layers must be severed
in haemostasis for external bleeding to occur so that endothelial

and smooth muscle cells are ruptured and contribute material to the
blood. Connective tissue, including basement membrane, elastin and
collagen is also exposed. (Johnson 1971)

In simple thrombosis only the endothelial cells are altered to
release enzymes and other cell constituents into the plasma to bring
about changes in the red and white blood cells and platelets. Athero-
sclerosis, which leads to much clinical thrombosis, damages layers
deep in the vessel wall, so thromboplastin may be released and connec-
tive tissue exposed, thus more closely mimicking the conditions
leading to haemostasis. (Duff and McMillan 1951).

The haemostatic blood clot is a structure formed in static blood
consisting of red and white blood cells and platelets randomly dispersed
in a fibrin network. A thrombus is formed in moving blood and is
composed of a head and a tail. The head consists of masses of agglut-—
inated platelets with numerous white cells, but very few red cells and
only small amounts of fibrin. Beyond the white head of agglutinated
platelets, the red tail consists of fibrin with entrapped red cells.
(Poole and French 1961) The distinction between the blood clot and
a thrombus is not absolute, since the intermediate grades exist. In
the arterial thrombus the major component is usually the platelet
head, with the fibrin tail making only a small contribution. The
venous thrombus on the other hand consists only of a small platelet
head attached to the vessel wall, with a much larger red tail streaming
away in the direction of the blood flow. (Douglas 1969)

Platelets play an important role in the pathogenesis of both
arterial and venous thrombosis, although there appears to be significant
differences in the contribution that platelets make to these varieties
of thromboses. 1In arteries the interaction between platelets and
collagen, or collagen—~like material in a ruptured atherosclerotic

plaque is of primary importance. Other factors involved include the



I

rate of blood flow, the level of circulating catecholamines, level
of ADP inhibitors in the blood and the rapidity with which fibrin

is formed to stabilize the platelet thrombus. Changes in blood flow
from laminar to non-laminar or turbulent flow due to irregularities
in the vessel wall or bifurcations are also important determinants.
Increasing evidence occurs that platelet thrombosis occurring on a
ruptured atherosclerotic plaque is frequently the culminating event
in the development of overt coronary disease. The exposure of fatty
atheroma gruel and collagen-rich material to flowing blood results
in the rapid development of a platelet thrombus, which in a coronary
vessel already narrowed by atheroma may be sufficient to severely
reduce or stop blood flow. However, it must be said that the formation
and dissolution of thrombi is a highly dynamic process and most
thrombi do not persist.

Venous thrombi begin at selective foci, especially valve cusps,
where flow conditions are slow and there is the production of local
eddy currents. Contributing factors in the development of wvenous
thrombi include the effects of stasis, the local generation of thrombin
and its precursors, platelet aggregation with release of platelet
contents, and finally conversion of fibrinogen to fibrin. The crucial
step appears to be the generation of thrombin with its dual ability
to aggregate platelets and to convert fibrinogen to fibrin. Thrombin
is generated locally through the intrinsic coagulation mechanism by
activated clotting factors, which are not diluted because of local
stasis and not cleared by the liver. What causes activation of norm~

ally inactive blood clotting factors remains uncertain. (Thomas 1972)

vi) Platelet adhesion
a) Theory

As mentioned the primary events of haemostasis are the adherence

of platelets to the site of damage in a vessel, and then to each other
to form a haemostatic plug. The former process is known as platelet
adhesion, and is defined as the sticking of platelets to a non-platelet
surface, and is to be distinguished from the latter process, where
there is the sticking of platelets to each other, a process known as

platelet aggregation.



12

It is generally agreed that normal platelets do not react with
intact endothelial cells. When small vessels are injured mechanic-
ally, thermally, or electrically mural thrombi do not form unless
the site has been denuded of endothelial cells. The specific substrate
exposed by traumatization of the vessel wall is collagen, the adhesion
of platelets to collagen first being shown by Bounameaux in 1959 and
Hugues in 1960, Platelets also react, but to a lesser extent with
amorphous material (basement membrane) (Tranzer and Baumgartner 1967),
to a lesser extent still with microfibrils (Stemerman, Baumgartner,
and Spaet 1971), and some workers report adherence to elastin (Hugues
1960, French, Macfarlane, and Sanders 1964).

It appears that many physiological surfaces are available for
platelet adherence and that their reactions differ in important
respects. Variables affecting adherence include the nature of the
reacting material itself, associated intercellular materials that
may render the surface less available, and the participation of plasma
proteins or other substances that may enhance or retard the adhesion
properties of the surface (Spaet and Stemerman 1972). Adhesion is
also markedly increased (in vitro) by several substances, which are
present in normal vessel walls, such as the catecholamines adrenaline
and noradrenaline, and particularly adenosine diphosphate (ADP), a
constituent of all cells, which tends to be increased by any form of
cellular injury. Another potent agent is thrombin, the formation of
which is initiated at injury sites by tissue thromboplastin (Biggs
1972), The effects of all these substances on the platelets, at least
in vitro, depends on ADP. In vivo this implies that when a circulat-
ing platelet is thrown into contact with collagen, it induces the
platelet to adhere until the ADP mechanism comes into play.  The
effectiveness, however, of agents potentiating adhesion is diminished
by blood flow, which dilutes the agents and washes them away. What
happens in different vessels is determined by their blood flow.

About the mechanism of adhesion very little is known except that
it has been reported to be calcium independent (Hellem and Sté@orken
1969). It has been reported that an enzyme, collagen:giucosyl
transferase, is present on the platelet surface and an enzyme~substrate
bond was postulated as being responsible for platelet-collagen adhesion

(Jamieson 1971).



b) Tests of platelet adhesion

Most methods for estimation of platelet adhesiveness are based
on one of two original methods. Wright's method (Wright 1941)
measures the fall in platelet count in citrated or heparinised blood
rotated in a glass container under standard conditions, whereas
Hellem's original method (Hellem 1960) determines the percentage of
platelets retained, when citrated blood is passed through a glass-
bead column. "Adhesiveness" is used to describe results obtained with
Wright's test and "retention” to describe results obtained with
glass-bead columns. Haematocrit, flow velocity, anticoagulant, timing
and mixing procedures, age of the glass—bead column, and the type of
plastic used influence results of both types of test.

Hellem originally described low retention using platelet-rich
plasma and suggested that erythrocytes liberated a substance (factor
R), essential for platelet adhesiveness (Hellem 1960). Factor R
was subsequently shown to be ADP (Gaardmer, Jenson, Laland, Hellem
and Owren 1961). Since the low retention found using platelet-rich
plasma could be increased by addition of ADP or erythrocytes prior
to testing, the defect was attributed to the absence of erythrocyte-
derived ADP, which makes the platelets sticky. However retention is
also increased in platelet-rich plasma brought to a normal haematocrit
with erythrocyte ghosts even though they do not contain significant
amounts of ADP (Zucker et al 1972). Erythrocytes probably promote
platelet contact with the glass beads by their effect on flow
(Goldsmith 1971). McPherson et al demonstrated that ADP and ATP are
released from platelets rather than from erythrocytes (McPherson et al
1974) . The released ADP is essential for normal retention, as enzyme
systems that destroy ADP markedly inhibit retention.

Salzman suggested that two processes are involved in retention:
platelet adhesion to glass and the sticking of platelets to each other.
(Salzman 1963). The glass bead column therefore acts as a filter of
platelet aggregates and measures a degree of aggregation as well as
adhesion.

An ideal test for platelet adhesiveness should distinguish
adhesion from aggregation, be carried out on native whole blood,

involve a minimum of abrasion and manipulation, and avoid errors
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inherent in the platelet count by direct counting of platelets
adhering to a test surface.

Recently McPherson and Zucker have developed a method for
separating platelet adhesion to glass from subsequent platelet~
platelet interactions and therefore enabling them to define the
requirement for platelet retention. (McPherson and Zucker 1976) .
Their findings suggested that platelet adhesion to glass requires
fibrinogen but not ADP or von Willebrands factor. This adhesion
results in ADP release and a period when platelets stick to each
other, but still does not require ADP. However during the period
following this ADP is required for further platelet-platelet inter—
actions. This requirement for fibrinogen is in agreement with other
reports that a fibrinogen layer must first be adsorbed to glass for
platelets to adhere. (Packham, Evans, Glynn and Mustard 1969,
Zucker and Vroman 1969). However it has been reported in a patient
with Congenital Afibrinogenaemia that adhesion to connective tissue
particles was normal, but that behaviour of the patient's platelets
on glass surfaces was abnormal. This defect was normalised in vitro
by adding small amounts of fibrinogen. (Gugler and Luscher 1965} .
This exemplifies one of the problems in ascribing platelet behaviour

in retention tests to in vivo behaviour.

vii) Platelet aggregation

a) Thecgz

Adhesion of platelets is followed very rapidly by aggregation.

The initial adhesion process cannot really be validly imitated
outside the vessel wall so that the mechanism is difficult to
investigate experimentally. The process of aggregation, on the other
hand, can be observed in vitro by various methods in which it appears
to operate much as in vivo. Much more is known, therefore, about
aggregation than about adhesion.

It is generally conceded that the chemical mediator of the
process in mammals is adenosine diphosphate (ADP) (Born 1962, Born
and Cross 1963, Haslam 1964) released from the platelets in response
to various extrinsic stimuli. An excellent review of the factors
affecting platelet function is that of Mustard and Packham (1970).
Stimuli causing ADP release and aggregation include ADP itself {(Born
and Cross 1963), thrombin (Haslam 1964) collagen and other vessel
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wall constituents (see adhesion), and numerous other physiological
substances and non-physiological substances (Mustard and Packham 1970),
although not all agents are active in all species (Mills 1970).

The aggregation~disaggregation system may be a two phase system.
ADP in particular will induce a first phase of aggregation or primary
aggregation, the degree of which is dependent on the concentration
to which the platelets are exposed. This primary aggregation is
followed by disaggregation until, at a critical concentration of the
extrinsic ADP, the platelets themselves are induced to release their
own ADP to produce a self-propagating irreversible aggregation (Born
and Cross 1963, Macmillan 1966). This second phase of aggregation
is largely dependent on the source of platelets (Macmillan and Sim
1970), and the concentration of stimulus needed varies with individuals
within a species (Macmillan 1966). Adrenaline has also been shown
to induce a similar biphasic aggregation of human platelets (Mills
and Roberts 1967), although Haslam claimed that ADP is involved in
both phases (Haslam 1967).

ADP-induced aggregation is preceded by a morphological change
in the platelets, where they change from smooth discs to spheres
with pseudopodia of varying lengths protruding from the surface
(Macmillan and Oliver 1965). This reaction is very rapid (3-4 seconds)
and does not require the cofactors calcium and fibrinogen, which are
required for subsequent aggregation (Born 1970, Michal and Born 1971).
The rigidity of the protrusions may be due to microfibrils, which can
be seen in electron micrographs of the protrusion. The microfibrils,
which encircle the platelets beneath the outer membrane and are supposed
to provide a cytoskeleton, apparently disappear during the change in
shape, possibly they provide the elements of the microfibrils in the
protrusion (Born 1970, Born 1972), Microfibrils are composed of a
contractile protein, thrombosthenin, that has all the characteristics
of actomyosin (Luscher and Bettex~Galland 1971). The change in shape
is brought about by other agents except collagen and adrenaline, which
have a lag phase associated with them (Biggs 1972).

The change in shape is rapidly followed by primary aggregation.
This process has an absolute requirement for calcium and fibrinogen

(Born and Cross 1964, Bang 1972). Other plasma proteins including
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Hageman factor (factor XII), gamma-globulins, and possibly factor V
also promote aggregation (Bang, Heidenreich, and Trygstad 1972).

This first phase of aggregation is completely reversible and dis-
aggregation ensues if insufficient aggregating agent is added to
cause secondary or irreversible aggregation, or if secondary aggrega-
tion does not occur in the species being studied. Some conflict
exists as to the cause of disaggregation. It was originally thought
to be due to the breakdown of ADP in plasma by enzymic reactions
producing inhibitory derivatives (Born and Cross 1963, Haslam 1967,
Salzman, Chambers and Neri 1966). However more recently platelet
disaggregation has been shown not to be correlated with loss of ADP
(Packham, Ardlie and Mustard 1969). Disaggregation has also been
shown to require the presence of magnesium ions, although excess can
inhibit (Born and Cross 1964).

Above critical concentrations of ADP, secondary aggregation occurs
and is associated with the release of platelet endogenous ADP. Second~
ary aggregation is also associated with the release of other substances,
including 5-hydroxytryptamine, adenosine triphosphate, fibrinogen,
and platelet factor 4 (anti-heparin factor), as well as the making
available of platelet factor 3 for blood coagulation. This release
reaction can also be induced by most other aggregating agents includ-
ing thrombin, comnective tissue particles, and adrenaline, the latter
which potentiates the action of other agents. Thrombin can in addition
release amino-acids, lysosomal enzymes and metallic ions, this effect
being known as Release II. (Day and Holmsen 1971). Secondary aggreg-
ation is associated with a contraction of aggregates already formed
rather than with the formation of new aggregates, and it, in vivo, may
increase the effectiveness of the platelet plug as a barrier against
further blood loss.

Several hypotheses have been proposed to explain the mechanism
of ADP-induced platelet aggregation which are well reviewed (Mustard
and Packham 1970, Born 1970).

b) Tests of platelet aggregation

The method, which has provided most information about platelet
aggregation is a simple adaptation of a spectrophotometric technique

(Born 1962). The method depends on the continuous measurement of
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changes in optical density of a suspension of platelets either in
plasma or in isotonic saline. When platelets aggregate, due to the
addition of an aggregating agent, the optical density decreases and
when the aggregates disperse the optical density increases. Shape
change is recorded as a rapid small increase in optical density,
which is quickly followed by an effect in the opposite direction due
to small platelet aggregates forming and then the small aggregates
come together to form larger ones.

For further study of shape change the addition of ethylene
diamine tetraacetic acid (EDTA) is necessary to prevent aggregation
by chelation of calcium ions; also necessary is dilution of the
plasma and increased sensitivity (Born 1970).

A method has recently been developed for measuring shape change
without inhibiting aggregation (Michal and Born 1971). Advantage is
taken of the change in light scattering of the platelet suspension.
The aggregometer is modified to record changes in light transmitted
through the suspension for aggregation and light scattering at right
angles to the incident beam for the shape change. By recording on
a twin channel chart recorder, both shape change and aggregation can
be monitored.

Recently a new in vivo method for measuring platelet aggregation
has been developed by Hornstra and Lussenburg (1975) in which ADP-
induced aggregation in circulating arterial blood of rats was deter—
mined by means of a "filter-loop technique"n This technique is based
on the continuous measurement of the blood pressure, in front of and
behind a microfilter connected via an aorta-loop to the arterial
circulation. Aggregation is induced by infusing ADP in front of the
filter. The obstructing aggregates cause a change in the pressure

ratio across the filter.



18

Section B.

i) Single Cell Protein, Gout and Cardiovascular Digease

With the recent interest in the development and use of microbial
sources of protein (single cell protein) as a source of food for man,
concern is being shown for the nutritional risk factors involved in
feeding such materials.

A high nucleic acid content is a characteristic of rapidly growing
cells. Micro~organisms contain 8 -~ 25 g nucleic acid per 100 g of
protein. Dietary nucleic acids are depolymerized by nucleases in the
pancreatic juices and converted to nucleosides by intestinal enzymes
prior to absorption. The purine bases guanine and adenine are
metabolised to uric acid in the liver. (Figures 5, 6). This results
in increased plasma uric acid and excretion of uric acid in the urine.
Since uric acid is sparingly soluble, it can be suspected that an
increased plasma uric acid may result in the precipitation of urate in
tissue and joints analogous to the condition of gout. Also stones may
be formed in the kidneys and bladder. Several human studies have been
performed feeding single cell protein material and results showed a
significant increase in plasma and urinary uric acid concentrations
(Kihlberg 1972). Other human studies involving the feeding of nucleic
acid material suggested that the daily intake in healthy adults should
not exceed 2 g/d. (Waslien, Calloway and Margen 1968; Edozien, Udo,

Young, and Scrimshaw 1970).

Gout is a chronic disease due to an inborn error of purine metab-
olism. It is characterised by raised blood uric acid concentrations
caused either by increased production of uric acid or by interference
with its disposal. Although foods rich in purines may initiate an
attack of gout, it is generally accepted that they do not cause it.

An association has been postulated between gout and vascular disease
since the nineteenth century. More recently a number of publications
have contributed conflicting information as to the association between
serum uric acid concentrations and established coronary heart disease,
and its precursors. Gertler, Garn and Levine (1951) noted significantly
increased plasma uric acid concentrations in a group of young patients

with coronary heart disease. Kohn and Prozan (1959) subsequently
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Figure 5

Sources of purines
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Figure 6

Metabolic route for the degradation of purines.
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suggested the use of serum uric acid concentrations in assessing
coronary proneness. Several other reports (Ask-Upmark and Adner 1950;
Kramer, Perilstein and De Medeiros 1958; Drefus 1960; Spring, Cavusoglu,
Chu and Artymowske 1960; Eidlitz 1961; Hansen 1966), have noted the
association between hyperuricaemia and the manifestations of athero~
sclerosis. The original stimulus for some of the studies appeared

to be the clinical observation that atherosclerosis and its manifesta-
tions, were more common in gouty patients. Yet, at least one authority,
based on his longtime study of gout, believes that gouty subjects are
no more prone to coronary heart disease than non-gouty persons.

(Talbott 1964). A report from a major epidemiological study comcluded
that there is a higher incidence of coronary heart disease in gouty
subjects, but that the association between the risk of coronary heart
disease and hyperuricaemia disappears when people with clinically
overt gout are removed (Hall 1965). Myers, Epstein, Dodge and Mikkelsen
(1968) also found that serum uric acid concentrations of persons with
coronary heart disease were not significantly different from the mean
of the population studied. Allard and Goulet (1973) studied the
relationship between serum uric acid concentration and suspected
coronary artery disease as assessed by the severity of lesion shown

by performing a coronary arteriogram and found no correlation. The
data of Dosman, Crawhall and Klassen (1975) suggested that an abnormal-
ity of urate metabolism was present following myocardial infarction
This defect was characterised by an increase in the urate pool size

and turnover rate regardless of whether the serum urate concentration
was increased or not. This might explain the conflict of results in
previous studies. However it does not answer the question of whether
the abnormalities of uric acid metabolism were related to the acute
myocardial infarction, which the patients had sustained, or whether
they were part of the metabolic adjustments of the body to the insult

of myocardial infarction .

ii) Uric acid effects on platelet function and blood coagulation.

The initial clue to abnormal platelet behaviour in gout came in
1963 when Mustard, Murphy, Ogryzlo and Smythe showed an increased
platelet turnover and adhesiveness in gouty patients. When gouty

patients were treated with sulfpyrazone (a uricosuric agent), platelet
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adhesiveness was decreased. However, in contrast, Darlington, Shaw
and Scott (1971) found no significant differences in platelet adhesive-

ness between gouty and control subjects.

Newland (1968) showed that altered blood concentrations of uric
acid influence the incidence of ADP-induced platelet thrombosis in
the rat. With hyperuricaemia produced by intravenous uric acid
injection, the incidence of thrombosis was significantly increased
and with hypouricaemia, produced by intraperitoneal administration
of sodium warfarin (a uricosuric agent), the incidence of thrombosis
was significantly reduced. It was hypothesized that the blood con-
centrations of urate influence the stability of ADP~induced platelet
thrombi by an effect on the rate of degradation of the ADP in the blood,
uric acid itself being a metabolite in the degradation of the adenine
nucleotides. In conflict with this hypothesis, Packham, Ardlie and
Mustard (1969) showed that platelet disaggregation was not correlated
with loss of ADP.

Bluhm and Riddle (1973) studied the in vitro effect of uric acid
on platelets at different final uric acid concentrations. They did
microscopic determination of the percentage of round and dendritic-
type platelets, spread-type platelets, and small platelet aggregates
per 100 single consecutive platelets counted. It was found that as the
concentration of uric acid was increased, the platelet surface activa-—
tion was accelerated and the tendency to aggregation increased, 1In
contrast Bologna (1968) showed in vitro that addition of uric acid
to citrated humen platelet-rich plasma produced a significant fall in
ADP-induced platelet aggregation.

Mustard, Glynn, Nishizawa and Packham (1967) reported that uric
acid crystals induce release of ADP, AMP and 5-HT from platelets in

the presence of gamma-globulins.

In considering the effect of uric acid on blood coagulation
factors, Kellermeyer and Breckenbridge (1965) postulated that uric
acid may activate Hageman factor (factor XII) and that this could be
the mechanism for initiating the inflammatory process in acute gouty
arthritis. Glass or similar negatively charged surfaces can activate
Hageman factor and these workers showed that urate crystals have a

negatively charged surface and can activate Hageman factor in vitro.
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In contrast Mustard et al (1963) showed no evidence for abnormal
intravascular coagulation in gouty patients. Also Newland's (1968)
experiments with warfarin indicated that the uric acid effect on
ADP-induced platelet thrombosis was not mediated by alterations in

the clotting mechanism.

iii) Fructose-induced hyperuricaemia

Several workers have reported considerably elevated plasma and
urinary uric acid concentrations after administration of D-fructose
in man either intravenously (Perheentupa and Raivio 1967; Stirpe, Della
Corte, Bonmetti, Abbondanza, Abbati and de Stefano 1970; Heuchenkamp
and Zollner 1971; Kogut, Roe, Ng aad Donnell 1975), or orally (Emmerson
1974) . Increased plasma and urinary uric acid and allantoin concen-
trations have also been reported in rats after intravenous fructose
(Maenpaa, Raivio and Kehomaki 1968). These workers suggested the
reason being that, as the intracellular level of inorganic phosphate
falls due to fructose phosphorylation, the enzyme adenylate deaminase is
strongly activated and a transient increase in substrate (AMP) concen-
tration favours the accelerated breakdown of the adenine nucleotides.

This results in increased uric acid production.

iv) Use of Uricase inhibitor

It is only in man, higher apes and dalmatian dogs that the enzyme
uricase, for the conversion of uric acid to allantoin is absent.
Birds also excrete uric acid, but this is produced mainly as a result
of surplus amino nitrogen breakdown, whereas in other animals this is
excreted as urea.

A method has been devised to simulate hyperuricaemic and hyper-—
uricosuric conditions in more routine laboratory animals involving
the feeding of a uricase inhibitor. This is a substance known as
oxonic acid, which is an s-triazine and is a competitive inhibitor of
uricase (Johnson, Stavric and Chartrand 1969, Kihlberg 1972). This
method has also been used in several studies as an experimental model
in the study of gouty nephropathy. The feeding to rats of diets
supplemented with oxonate and uric acid produced significantly elevated
plasma uric acid concentrations, urinary uric acid output, and deposi-
tion of uric acid crystals in the kidney. There was also found to be

severe nephritis associated with urate deposition. Dietary acetyl



24

salicylate (aspirin) prevented the inflammatory effects without
preventing the deposition of urate (Stavric, Johnson and Grice 1969;
Klinenberg, King and Waisman 1971; Waisman, Bluestone and Klinenberg
1973; Bluestone, Waisman and Klinenberg 1973; Klinenberg, Bluestone,
Schlosstein, Waisman and Whitehouse 1973; Waisman, Bluestone and

Klinenberg 1974),
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Section C

Proteins and platelet function

No studies appear to have been reported in the literature concern~-
ing the effects of protein feeding on platelet function, although it
has been reported that low-protein diets reduced platelet production
in rats (Brown 1954). All the blood coagulation factors are proteins.
As to wéﬁther protein deficiency has any effect on the efficiency of
the circulating factors appears not to be known. Fibrinogen, Hageman
factor and gamma-globulins are all capable of restoring aggregation
capability of washed human platelets. All three of these proteins are
cationic in nature and it was postulated that the rate of aggregation
is regulated in part by the equilibrium between cationic and anionic
proteins in plasma and on the platelet membrane surface (Bang,
Heidenreich and Trygstad 1972).

Plasma albumin concentrations are sensitive to levels of protein
in the diet and albumin tends to decrease the aggregating effects of
the fatty acids (see section on fats and platelet function). This isg
particularly true when unsaturated fatty acids are studied, since in
vitro these acids are bound more rapidly by albumin than are long-

chain saturated acids (Hoak, Warner and Comnor 1967).
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Section D
i) Fats

a) Fats, blood coagulation and platelet function.

During the past 15 years evidence has accumulated, which suggests
that eating certain fats in excessive amounts may cause or enhance athero-
sclerosis and thrombosis. Fatty acids appear to have two potential
thrombogenic effects: platelet function and the activation of clotting

factors involved in the early stages of blood coagulation.

It is well established that lipids are closely associated with the
coagulation process. The activation of Hageman factor and subsequently
factor XI can be accelerated by long chain saturated fatty acids (Botti
1963) . 1In this way long chain saturated fatty acids can act as a
trigger in the initial stage of intravascular coagulation.

Phospholipids, mainly derived from blood platelets, play an important
catalytic influence on at least two reactions in the blood coagulation
sequence; namely the interaction between the two antihaemophilic factors
VIII and IX, and when activated factor X interacts with factor V.

To what extent excess fat can lead to an enhanced coagulation is
still under debate. Kim, Merskey, Deming, Adel, Wolinsky, Clarkson and
Lofland (1976) showed that congenitallyhyperlipidaemicrats had signif~-
icantly shorter coagulation and prothrombin times and higher plasma
concentrations of coagulation factors II, V, VII, VIII and X than controls.
Congenitally hypolipidaemic rats had significantly longer coagulation
and prothrombin times and lower plasma concentrations of factors II, V,
VII, X and XII and of blood platelets than controls. There was greater
thrombosis tendency, as assessed by Hornstra's obliteration time
(Hornstra and Vendelmans-Starrenburg 1973) in the hyperlipidaemic group
and lesser in the hypolipidaemic group than the controls. These workers
also showed that rhesus monkeys with diet-induced hyperlipidaemia had
shorter prothrombin times and higher factor X concentrations than controls
on normal diet. In agreement with these findings Renaud and Gautheron
(1974) found hypercoagulability, atherosclerosis and a high concentration
of plasma cholesterol in rabbits fed butter.

With in vitro studies, in general, it appears that studies involving
the addition of a variety of 1lipid materials to clotting systems, show
that most of the unsaturated fatty acids have an enhancing effect on blood
coagulation. As the saturated fatty acids increase in chain length (from
Cg to 622) they progressively shorten the recalcified clotting time
(Verstraete 1972).
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Several studies have been reported concerning the effects of lipid
feeding on platelet adhesiveness, the most common method being the use of
glass bead columns (Hellem 1960). Matteus, Wolf, Cevallos and Holmes
(1968) demonstrated increased platelet adhesiveness in rabbits fed a
stock diet supplemented with 6% coconut oil and 2% cholesterol for 3~7
weeks, when compared to animals fed on stock diet only. Kloeze (1966a)

induced hyperlipidaemia in fasting rats by feeding them daily in a
single dose through a stomach tube, a high fat diet containing coconut
0il, corn oil, linseed oil, whale oil, soyabean oil, or butterfat for
4 days. Despite large variations in the degree of induced lipidaemia,
no significant differences were found in platelet adhesiveness. In
1969 Kloeze, Hautsmuller and Vles fed rabbits three diets; one in which
essential fatty acids (linolenic, linoleic and arachidonic acids) were
deficient, but containing 40% hydrogenated coconut 0il; one in which
10%Z of the hydrogenated . coconut oil was replaced by linolenic acid:
and one in which 10% of the hydrogenated coconut o0il was replaced
by linoleic acid. Results showed no difference in adhesiveness between
the diets, although atherosclerosis was more severe and plasma choles~
terol concentrations were higher in the hydrogenated coconut o1l fed
group. Cucuianu, Papilian, Barelidc and Crisnic (1969) reported decreased
platelet adhesiveness on infusing sodium palmitate into dogs.

Nordoy (1965) showed an increased platelet adhesiveness in rats
given a saturated fat and cholesterol diet. Addition of corn oil (high
in oleic, linoleic and palmitic acids) to the diet further increased
platelet adhesiveness, whereas addition of linseed oil (high in linolenic
acid) normalised the platelet adhesiveness. Owren (1964) also claimed
that the addition of linolenic acid to a normal diet reduced platelet
adhesiveness. Corn oil and safflower oil, which have a high linoleic
acid content, and cod liver oil, which has a high pentaenoic and hexaenoic
acid content, had no effect. In 1965e0wren fed rats on a saturated fat
diet that was deficient in linolenic acid and reported that they developed
increased adhesion-aggregation tendency and an increased incidence of
experimental thrombosis in the jugular vein. Supplements of linseed
0il reduced adhesiveness and the incidence of throwbosis to the same
level as observed on a standard normal diet. However in the same year(1965b)

Owren reported that his experiments were not reproducible. Also Berg
(1965) found that linolenic acid did not seem to reduce platelet

adhesiveness in patients with coronary heart disease. Geill and
Dybkaer (1969) in fact found a slight increase in platelet adhesiveness

on oral treatment of subjects with linolenic acid.



Butterfat Whale oil

g/100 g total fatty acids g/100 g total fatty acids
Lauric 2.5 Lauric 0.2
Myristic 1.1 Myristic 9.3
Palmitic 29,0 Palmitic 15.6
Stearic 9.2 Stearic 2.8
Oleic 26.7 Oleic 35.2
Linoleic 3.6
Coconut oil Corn oil
Lauric 45 .4 Myristic 1.4
Myristic 18.0 Palmitic 10.3
Palmitic 10.5 Stearic 3.0
Stearic 2.3 Oleic 49 .6
Oleic 7.5 Linoleic 34.3
Linseed oil Safflower oil
Palmitic 6.3 Myristic Trace
Stearic 2.5 Palmitic 4.5
Oleic 19.0 Stearic 2.5
Linoleic 24,1 Oleic 17.0
Linolenic 47 .4 Linoleic 76.0
Soyabean oil sunflower-seed oil
Lauric 0.2 Palmitic 5.6
Myristic 0.1 Stearic 2.2
Palmitic 9.8 Oleic 25.1
Stearic 2.4 Lincleic 66.2
Oleic 28.9
Linoleic 50.7
Linolenic 6.5
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Composition of Fats

Federation of American Societies for
Experimental Biclogy. 1972)

(Biology Data Book Vol |
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Fattz Acids

Saturated
Lauric acid CH.,(CH,)} COOH
377200
Myristic acid CHS(CHZ)12 COOH
Palmitic acid CH,(CH.,) COOH
3 2 14
Stearic acid CH,{(CH,) COOH
Behenic acid CH. (CH.) COOH
3 2
20
Unsaturated
Oleic acid CH,(CH,) CH=CH(CH.) COOH
3 2 7 2 7
Linoleic acid CH,(CH,) (CH.CH=CH) (CH.) COOH
3 2 3 2 9 2 7
Linolenic acid CHS(CHZCH:CH) (CHZ) COOH - (several isomers)
3 7
Arachidonic acid CH3(CH2) (CHZCHmCH) (CHZ) COOH

3 4 3
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A number of studies have been published concerning the in vitro
effects of fatty acids on platelet aggregation. Haslam (1964) reported
that the long chain saturated fatty acids caused rapid aggregation of
washed human platelets in the presence of calcium ions, when suspended
in tris buffer, and suggested that fatty acids mediated these effects
by the release of ADP from platelets. Shore and Alpers (1963) found
that the addition of stearic acid and other long chain saturated
fatty acids to rabbit platelet-rich plasma caused clumping of platelets
with the release of 5-HT and histamine. Kerr, Aulay, Pirrie and
Bronte-Stewart (1965) found that most sodium salts of free fatty acids
dissolved in lecithin, caused aggregation of platelets in platelet~-
rich plasma. These workers found that linoleic and linolenic acids
were ineffective. They also found that linolenic acid inhibited the
effects of behenic acid. Ardlie, Kinlough, Glew and Schwartz (1966),
using low concentrations of stearic acid, found that it enhanced
platelet aggregation in platelet-rich plasma by adrenaline and
adenosine triphosphate (ATP), but had no effect by itself. Hoak,
Warner and Connor (1967) using microscopic assessment of aggregation
found all fatty acids had the ability to produce aggregation when added
to washed platelets, but stearic acid was more potent than the unsatur-—
urated acids when added to platelet-rich plasma. Calcium was required
and aggregation was irreversible. Evidence from a number of in vitro
studies including Hoak, indicates that fatty acids bound to albumin
have little activity, but it has been postulated that when all the
albumin-binding sites become saturated, unbound fatty acids would be
present in plasma. Hoak concluded that fatty acids bound to albumin
were thrombogenic, but less so than unbound fatty acids.

The variability of results found in the literature concerning the
effects of fatty acids on platelet aggregation, probably reflects the
different concentrations used and the influence of binding of the
fatty acids by plasma albumin. This is particularly true when un~
saturated fatty acids are studied, since in vitro these acids are
bound more rapidly by albumin than are long chain saturated acids
(Hoak, Warner and Connor 1967). More recently Hoak, Spector, Fry
and Warner (1970) studied the influence of the free fatty acid/albumin
molar ratio on the response of platelets to ADP. Palmitic and stearic

acids were most potent, myristic acid produced a moderate enhancement



31

of the ADP response, and lauric acid had little or no effect. Thus
enhancement increased with increasing chain length. The unsaturated
free fatty acids, oleic and linoleic acid, caused little or no enhance-

ment even at high molar ratio values.

Positive effects of fat feeding on platelet aggregation have been
reported by a number of workers. Renaud, Kinlough and Mustard (1970)
observed that platelets from rats fed a diet rich in butter were more
sensitive to thrombin-induced platelet aggregation, but not to ADP- or
collagen-induced aggregation, than platelets from rats fed a diet rich
in corn oil or low in fat. More recently a number of in vivo techniques
have been developed to study platelet function, and have been used to
study the effects following feeding high fat diets. Hornstra (1971),
by measuring the rapidity of thrombosis in aortic loops (obliteration
time) in rats, showed that dietary sunflowerseed oil, and the linoleic
acid fraction in particular, decreases the thrombogenic properties of
rat platelets. It was suggested that this possibly occurs by way of
an increased biosynthesis of prostaglandin EI’ which is a highly potent
inhibitor of platelet adhesion and aggregation. Hornstra, Chait, Lewis,
Turpenfen,Karvonen and Vergroesen (1973) using a filtragometer procedure
for in vivo measurement of platelet aggregation, found a signifigant
reduction in aggregability on feeding male volunteers a high in poly~-
unsaturated fat (linoleic—~acid enriched) and low in saturated fatr diet.
Although platelet adhesiveness as measured by the rotating bulb method
(Wright 1941) showed a slight increase with the diet. These results
were confirmed in studies (Fleischman, Justice, Watson and Bierenbaum
1974; Fleischman, Bierenbaum, Justice, Stier, Sullivan and Fleischman
1975) in which the same subjects were placed on both a saturated diet
and a linoleic acid-enriched diet so that comparisons were made within
an individual rather than between independent groups. In contrast
with these findings Nordoy and Rodset (1971) reported insignificant
changes in platelet aggregation in men fed soyabean oil (high in
linolenic acid) or oleum vegetable oil (trioleate). Also McGregor
(1974a)found reduced rate of aggregation and rate of shape change in

rats red hydrogenated coconut oil.

b) Prostaglandins and platelet aggregation

The strong inhibitory action of prostaglandin E, (PGEI) on

ADP-induced platelet aggregation in rat, pig and human platelet-rich
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plasma was first reported by Kloeze (1967), an observation which has
been confirmed subsequently. It has been shown also that PGEI

inhibits the aggregating action of platelets induced by a large number
of other compounds including thrombin, collagen, noradrenaline, ATP,
5-HT, antigen—antibody complexes and y-globulin coated polystyrene
particles (Emmons, Hampton, Harrison, Honour and Mitchell 1967;
Chandrasekhar 1967; Kinlough~Rathbone, Packham and Mustard 1970). When
platelets, which had been incubated with PGE}, were washed and resus-
pended in fresh medium, they aggregated normally in response to ADP

and, since PGE. was not taken up by the platelets, it was suggested

I
that PGE, must be in the ambient fluid to exert its effect (Kinlough-

Rathbonelet al 1970). Similar inhibitory effects of PGE1 have been
demonstrated in vive. In rats given a prior intravenous injection of
PGEI, thrombocytopenia was inhibited and the LD50 increased, following
the intravenous administration of ADP, the PGE} having inhibited the
platelet thrombi, which are normally formed in animals dying after an
injection of ADP. (Kloeze 1970).

There is less agreement about the effects of prostaglandin E2
(PGEZ) upon platelet aggregation. The discrepancy in results may be
explained by some of the preparations of PGE2 being contaminated with
small concentrations of PGEI (Kloeze 1969), since it is very difficult

to purify the preparations of PGE, completely. As increasingly purified

2

preparations of PGE, have been produced the weight of evidence now

2

favours PGE2 having a weak stimulatory effect on platelet aggregation.

The mechanism whereby PGE, inhibits ADP-induced aggregation is

not yet fully understood, but ihe most widely held hypothesis is that
PGEI exerts its influence on platelet aggregation by increasing the
intracellular concentration of 3'5' cyclic AMP (¢ AMP). In this system
¢ AMP is formed from ATP by the action of adenylate cyclase, an enzyme
located in the platelet cell membrane, which is sensitive to wvarious
platelet aggregating agents. The enzyme phosphodiesterase can destroy
¢ AMP, so that agents, which inhibit or potentiate phosphodiesterase .
can influence levels of ¢ AMP within the platelets (Salzman 1972).
There is evidence to suggest that substances, which inhibit platelet
aggregation initiate a rise in ¢ AMP and that those which cause
platelet aggregation result in a fall in ¢ AMP (Salzman and Levine 1971},
Recent studies have shown that PGE2 and PGan are formed during

blood clotting and platelet aggregation and that these prostaglandins
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are released by the platelets. (Silver, Smith, Ingerman and Koscis
1972; Smith, Ingerman, Kocsis and Silver 1973). These observations
when considered with the stimulatory effect that PGE, is shown to

have on platelet aggregation raise the possibility tﬁat PGE2 and

PGan may play a part in normal platelet aggregation. Alternatively,
precursors of these prostaglandins may be important, since arachidonic
acid, a precursor of PGE, and PGF, (Fig. 7)), is capable of stimul~
ating platelet aggregation. An endoperoxide intermediate (PGRZ), which
is formed from arachidonic acid and is readily converted into PGE2 or
PGan (Fig. 8 ), has been shown to be released during platelet
aggregation induced by arachidonic acid, collagen and adrenaline and
appears outside the platelet before collagen-induced aggregation occurs
and may therefore be the trigger to the platelet release reaction.
(Smith, Ingerman, Kocsis and Silver 1974). Willis (1974a) proposed
that PGR2 may serve as a trigger for arterial thrombosis, since aspirin,
which inhibits the conversion of arachidonic acid to PGR2 and PGE,
(Fig. 8 ) (Willis 1974b), has antithrombotic properties in laboratory
animal models of arterial thrombosis. Willis, Vane, Kuhn, Scott and
Petrin (1974) suggested that platelet biosynthesis of PGR2 and PGE.,
mediated, in part or in full, irreversible platelet aggregation and
the release reaction induced by collagen, thrombin, arachidonic acid,
adrenaline or ADP.

In contrast the corresponding endoperoxide intermediate (PGRE)
formed from dihomo-y-linolenate during the biosynthesis of PGEI and
PGFla (Fig. 8 ) (Nugteren and Hazelhof 1973) has no effect on
platelet aggregation (Willis et al 1974), 1In addition PGEl is a very
potent inhibitor of platelet aggregation (Kloeze 1967). However no
detectable biosynthesis of PGRI or PGE} occurs in platelets due to a
demonstrable lack of the dihomo-y-linolenate substrate (Marcus, Ullman
and Safier 1969). Oral feeding of dihomo~ ~linclenate to rats led
to its accumulation in plasma and platelet lipids, so that it can
compete with arachidonic acid for PG synthetase, which redirects PG
biosynthesis thus producing PGR1 at the expense of PGR2 (Fig. 8 )
(Willis, Comai, Kuhn and Paulsrud 1974). Also PGEi is produced,
which inhibits aggregation at the expense of PGEZ, which potentiates
PGRZ*induced aggregation.

A possible explanation to the finding of Hornstra (1973) of the

antithrombotic effect attributed to dietary linoleic¢ acid, could be an
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Figure 7

Prostaglandin biosynthesis
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Figure 8

Outline of the mechanism through which orally ingested
dihomo—y~linolenate could inhibit platelet aggregation
‘ and hence arterial thrombosis
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increased biosynthesis of PGEI, being a potent inhibitor of platelet
aggregation. Since the feeding of increasing amounts of linoleic

acid does not result in increasing concentrations of arachidonic acid
in platelet cell membranes, it is possible that the observed increased
urinary excretion of PG metabolites resulting from diets rich in
linoleic acid (Vergroesen and Gottenbos 1975),is indicative of a

stimulated PGE1 biosynthesis from dihomo-y-linolenic acid.

ii) Carbohydrate and platelet function

It has been suggested that high levels of sucrose in the diet may
play an important role in the aetiology of ischaemic heart disease
(Yudkin 1957; Yudkin and Roddy 1964; Yudkin 1972). Szanto and Yudkin
(1969) found that in human volunteers eating a diet rich in sucrose,
the plasma insulin concentration, the body weight and platelet sticki-
ness, as measured by Wright's rotating bulb method (1941) were all
increased, in one-third of the volunteers. Later it was found that
both serum insulin concentration and platelet adhesiveness correlated
significantly with sucrose intake in men with peripheral vascular
disease, but not in men without this disease. (Yudkin, Szanto and
Kakkar 1969; Yudkin and Szanto 1970). In 1970 Szanto and Yudkin used
the measurement of electrophoretic mobility of platelets in the presence
of ADP (Hampton and Mitchell 1969) as a test of platelet function.
Subjects, who showed "sucrose-induced hyperinsulinism" had, after
feeding a sucrose diet for 14 days, a pattern of electrophoretic
behaviour of platelets in the presence of ADP; that is characteristic
of individuals with atherosclerosis. They postulated that hyper-
insulinism is an early manifestation of atherosclerosis, that only a
portion of the population show(sucrose~induced hyperinsulinism: and
that only these will be susceptible to the effect of dietary sucrose
in producing occlusive atherosclerotic disease. In contrast, McGregor
(1974b)compared the effects of sucrose, starch and glucose feeding
in rats, on platelet ADP-induced and thrombin-induced aggregation
and shape change. Increased rate of shape change with ADP was found
in the rats given starch, but no other effects were found. Hormstra
(1971) found more rapid thrombosis of arotic loops, as measured by
the obliteration time, in rats given starch compared with those given

sucrose.,
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Bridges (1965) showed that increased platelet stickiness in
diabetics could be normalised by administering oral glucose. Also
it was found that adding glucose, in vitro, caused increased platelet
stickiness. Bennett (1967), in contrast, showed no effect on platelet
adhesiveness after ingestion of glucose. However this discrepancy
may be due to the use of different platelet adhesiveness measurement
techniques. Bridges used the Wright's rotating bulb method (Wright
1941) , where platelets are in contact with glass for 20 mins, and
Bennett used Hellem's glass bead column technique (Hellem 1960), the
contact time being only 26 seconds. Davis, Wilson and McField (1967)
showed that, in vitro, addition of glucose to citrated platelet-
rich plasma from diabetic and non-diabetic subjects, had no significant
effect on ADP-induced platelet aggregation. However oral glucose
significantly decreased aggregation in both diabetic and non-diabetic
men, even after blood glucose had returned to normal. This suggested
that some other factor was involved, possibly plasma non-esterified

fatty acids known to fall after glucose ingestion.



CHAPTER 2

EXPERIMENTAL
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i) Animals and diets

Female Wistar albino rats were used throughout. Animals were
weighed and litter matched at weaning to form groups of ten animals,
which were housed five animals to each cage and rumbered by ear
marking.

After weaning, the animals were fed for 25 d on stock diet in
experiments described in Section A and for 10 d on stock diet for
experiments described in other sections. This initial pre-experimental
period was followed by a period of 21 d on experimental diet unless
otherwise stated. Analysis was performed over 5 days; 2 animals
from each group each day.

Animals were given food and tap water ad libitum in all experi-
ments unless otherwise stated. Animals were weighed every 3-4 days
throughout the experimental period.

The composition of the experimental diets is shown in Tables
1-12., The dry powdered constituents of the diet were mixed briefly,
the o0il added slowly, any supplements added and the diets then mixed

for a further | hour. All diets were stored at 4°C.
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The composition of experimental diets

Experiment |
Table 1
Group No. I
(g/kg)
Casein 200
Maize Starch 400
Sucrose 150
Corn oil * 100
Vitamin mixture* 10
Mineral mixture 40
Salka floc 100
Oxonate -
* See table 12,
Experiment 2
Table 2
Group No. I
(g/kg)
Fusarium Mould 400
Maize Starch 250
Sucrose 150
Vitamin mixture® 10
Mineral mixture® 40
Corn oil 100
Solka floc 50
Oxonate -
* gee table 12.
Experiment 3
Table 3
g/kg
Casein 200
Maize Starch 550
Sucrose 50
Safflower oil N 50
Vitamin mixture* 10
Mineral mixture 40
Solka floc 100
* gee table 12.

(g/kg)
200
370
150
100

10
40
100
30

(g/kg)
400
220
150

10
40
100
50
30



40

Experiment 4

Table 4
Group No. 1 2 3 4
g/kg  g/kg  g/kg  gl/kg
Casein - 50 125 200
Fusarium Mould 400 300 150 -
Maize Starch 220 257 307 370
Sucrose 150 150 150 150
Vitamin mixture} 10 10 10 10
Mineral mixture 40 40 40 40
Corn oil 160 100 100 100
Solka floc 50 63 88 100
Oxonate 30 30 30 30
* sgee table 12,
Experiment 5 diet as for Experiment 2 (Table 2)
Experiment 6 diet as for Experiment 2 (Table 2)
Experiment 7
Table 5
Group No. 1 2 3 4
g/kg  g/kg  gl/kg  glkg
Casein 200 200 200 200
Maize Starch 200 170 200 170
Fructose 400 400 - -
Glucose - - 400 400
Safflower oil N 50 50 50 50
Vitamin mixture* 10 10 10 10
Mineral mixture 40 40 40 40
Solka floe 100 100 100 100
Oxonate - 30 - 30

* gee table 12.
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Experiment

]

Experiment

Group No.

Casein

Maize Starch
Sucrose

Corn oil
Vitamin mixture
Mineral mixture
Solka floc

see table 12,

*

Group No.

Casein
Maize Starch
Sucrose
Safflower oil

Vitamin mixture*

Mineral mixture
Solka floc

see table 12.
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Table 6
1 2 3 4
glkg glkg g/kg glkg
200 130 90 50
500 570 610 650
50 50 50 50
100 100 100 100
10 i0 10 10
40 40 40 40
100 100 100 100
Table 7

1 2
g/kg  glkg
200 50
500 650

50 50

100 106

10 10

40 40

100 100



42

Section C

Experiment |
Table 8
Group No, 1 2 3 4
g/kg g/kg g/kg g/kg
Casein 200 200 200 200
Maize Starch 550 400 550 400
Sucrose 50 50 50 50
Safflower oil 50 200 - -
Coconut oil - - 50 200
Vitamin mixture* 10 10 10 10
Mineral mixture¥® 40 40 40 40
Solka floc 100 100 100 100
* gee table 12,
Experiment 2 Table 9
Group No. i 2
g/kg  glkg
Casein 200 200
Maize Starch 550 200
Sucrose 50 400
Fat 50 50
Vitamin mixture* 10 10
Mineral mixture* 490 40
Solka floc 100 100
* gsee table 12,
Experiment 3
Table 10
Group No. I 2 3 4
g/kg g/kg g/kg g/kg
Casein 200 200 200 200
Maize Starch 200 550 200 550
Fructose 400 50 - -
Glucose - - 400 50
Safflower oil 50 50 50 50
Vitamin mixture* 10 10 10 10
Mineral mixture* 40 40 40 40
Solka floc 100 100 100 100

* gee table 12.
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Section D
Table 11
Group No. i 2 3 4 5 6
g/kg glkg glkg glkg glkg glkg
Casein 200 50 200 50 200 50
Maize Starch 50 200 200 350 400 550
Sucrose 400 400 400 400 50 50
Safflower gil 200 200 50 50 200 200
Vitamin mixture* 10 10 10 10 10 10
Mineral mixture 40 40 40 40 40 40
Solka floc 100 100 100 160 100 100
* see table 12,
Table 12

Composition of Mineral and Vitamin mixtures

Mineral mixture

KH2P04

CaCO3

NaCl
MgS0

4
FeSO4

.7H20
.7H20

Dry constituents were finely powdered and mixed slowl

Vitamin mixture

benzoic acid
HC1
A+ D

p-amino
Choline
Rovimix
Rovimix E
Tnositol
Ca pantothenate

Nicotinic acid

g/kg

366.63
359.35
131.32
110.67

25.41

gl/kg

11.000
11.000

5.000
5.000
3.900
1.160
0,980

MnSO4
KI
CuSOé,SHZO
ZnCO3

CoCl

.4H20

2g6H20

Menaphthone~K

Riboflavin

Thiamin HC

Folic acid

Pyridoxine
Biotin

Vitamin B]

1

2

Maize Starch

7 8
g/kg glkg
200 50
550 700
50 50
50 50
10 10
40 40
100 100
g/kg
5.01
0.75
0.45
0.22
0.02

y for 2 hours.

glkg

0.200
0.193
0.058
.039
.039
004
.001
430

OO O 0O

961

Dry constituents were finely powdered. Vitamin BIZ and Choline HC1

were dissolved in 10 mls of absolute alcohol and mixed slowly with

the dry constituents.
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ii) Methods

Preparation of platelet-rich plasma (PRP)

Blood samples (2.0 ml) were collected by cardiac puncture from
rats, under light ether anaesthesia, using 21 G syringe needles, into
one-tenth volume of trisodium citrate (20 g/l)?%ﬂ%ﬁgﬁsamples were
mixed by gentle inversion and transferred to 5 ml plastic vials. A
sample (0.1 ml) was taken for measurement of whole blood platelet
count. The remaining 2.0 ml of blood was centrifuged for 7 secs
at 3000 rpm, and then for 9 mins at 140 ¢ in a bench MSE centrifuge.
The supernatant PRP was carefully pipetted off using an Eppendorf

pipette. Contact with glass was avoided at all times.

Platelet counts

Platelet counts were performed using a model ZBi Coulter Counter
fitted with a 70 u orifice tube. The best settings were found to be:
Reciprocal of Amplitude }, Reciprocal of Aperture }, Aperture Matching
Switch 20 X0 and Gain Trim 3. The size of sample counted was set at
0.1 ml. The Upper Threshold was set at 50, and the Lower Threshold
at 6. TIsoton (Coulter Electronics Ltd.) was used as the diluting
fluid dispensed from a Zipette to produce minimal agitation, and
allowed to stand in the cuvettes overnight to minimize the background
due to air bubbles and dust particles. Platelet counts obtained were

corrected for coincidence using a 70 u coincidence chart.

a) Whole blood platelet count

Citrated whole blood (0.1 ml) was diluted to | ml with Isoton
containing 2.5 mg dipotassium ethylene diamine tetraacetic acid
(K2 EDTA) (50 ul of 40 g/1) per ml Isoton. Samples of this dilution
(20 pl) were further diluted to 5 ml with Isoton. This dilution was
centrifuged for 11 secs at 3000 rpm, and then for 40 secs at 520 G
in a bench MSE centrifuge to sediment red blood cells. 3 ml of the
supernatant was then diluted to 9 ml in Isoton and mixed by gentle
inversion, producing a final dilution of 1:7,500. This final dilution

was counted on the Couflter Counter.
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b) Platelet-rich plasma (PRP) platelet count

‘ Samples of PRP (20 pl) were added to 20 ml of Isoton containing
2 mg K, EDTA. (I ml of 40 ¢ KZEDTAfl in 19 ml Isoton). After mixing
gently I ml of this dilution was added to 9 ml of Isoton giving a

final dilution of 1:10,000. This was counted on the Coulter Counter.

Platelet aggregation studies

Aggregation was measured in an EEL 169 Aggregometer (Evans
Electroselenium Ltd.) linked to a Servoscribe pen recorder, set at
chart speed 30 cm/min, Sensitivity 5 mV and Zero 400%. Platelet-rich
plasma was prepared and ADP-induced aggregation was measured 40 min
after initial blood collection and thrombin-induced aggregation meas~
ured 50 min after initial collection. Samples of PRP (0.2 ml) were
diluted to | ml with isotonic saline (pH 7.4) in a cuvette and placed
in the aggregometer. The stirrer was set at speed 70 and, after
allowing 2 min for the sample to reach 37OC, the aggregating agent
was added using a Hamilton syringe. Using adenosine diphosphate
(ADP) (Sigma) as the aggregating agent, 40 ul of 50 uM ADP was added,
producing a final concentration of 2 uM ADP. Using thrombin (Diagnostic
Reagents Ltd.) as the aggregating agent, 40 ul of 10 U thrombin/ml
was added, producing a final concentration of 0.4 U thrombin/ml.
Measurements taken from the aggregation trace recorded were the maximum
rate of aggregation (VA max) and the maximum extent of aggregation
(A max)%fggzéwere corrected for PRP platelet count after performing

the aggregation studies [Secpbde-9

Kaolin-Cephalin clotting time

The Kaolin-Cephalin clotting time (KCCT) is a development of the
partial thromboplastin time, the recalcification time and the whole
blood clotting time, and measures deficiencies of factors I, II, V,
VIII, IX, X, XI and XII (Biggs 1972).

Platelet-poor plasma was prepared by centrifgging at 1250 G for
15 min the blood remaining after the platelet-rich plasma had been
removed. Samples of platelet-poor plasma (0.2 ml) were placed in the
aggregometer cuvette and 0.4 ml of kaolin/platelet substitute added
(Diagnostic Reagents Ltd.). The cuvette was immediately placed in

the aggregometer and the stirrer set at the slowest speed (speed 30).
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At the end of exactly 2 min, 0.2 ml of 0.025 M calcium chloride was
added and the 'start' switch on the aggregometer switched to 'read'
and immediately back to ‘start', which begins the timer. At the end
of about 30 sec a rapid change in optical density occurred due to
fibrin formation and deposition on the stirrer, resulting in the
automatic timer cutting off. The Kaolin-Cephalin clotting time was

taken as the time recorded on the timer.

Collection of samples for other analyses

After the initial collection of blood for aggregation studies,
the rat thorax was opened to expose the heart from which a further
blood sample (! ml) was taken into one-tenth volume of trisodium
citrate (31 g/1). This blood sample was centrifuged and the super-
natant plasma stored in a deep freeze pending analysis.

The kidneys were excised and deep frozen for uric acid analysis.

Plasma uric acid

Frozen plasma samples were thawed and uric acid was determined
using an Autoanalyzer II (Technicon Instruments Corporation 1971
Method sheet N~13a).

Kidney uric acid

Frozen kidneys were thawed, weighed and homogenised in 20 ml
lithium carbonate (5 g/1) to solubilise uric acid deposits (Norrlind
and Kihlberg 1972). The homogenates were centrifuged and filtered,

and uric acid determined on the filtrate by the method used for plasma.

Kidney histology.

In  some experiments kidney slices were taken immediately
following excision, fixed in ahsolute alcochol and stored at 4%¢.
After embedding in wax sections were taken and stained for uric acid
with Gomori's stain (Gomori 1951) with a background of Eosin and

Haematoxylin.
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Oxonate synthesis

Synthesis from uric acid was performed by the method of Branden-
berger (1954), with slight modifications. During the purification
steps, the product was washed with glass distilled water at &OC,
alcohol and diethyl ether. This produced a final yield of approx-
imately 35%. The purity of the product was checked by comparing its
spectrum at 200-300 nm with an oxonate spectrum published by Fridovich
(1965) .

Triglyceride and Cholesterol determinations

Frozen plasma samples were thawed and cholesterol and triglyceride
concentrations were determined using an Autoanalyser II (Technicon

me thods sheet AA TI-24).

Kidney protein determinations

Sections of kidney weighing about 100 mg were weighed accurately,
homogenised in 5 ml trichloroacetic acid (50 g/1) and allowed to stand
for 10 min. The samples were centrifuged and, after discarding the 7
supernatant, the precipitated protein was washed twice with I:1 Ether/
Acetone mixture, being allowed to stand for 15 min before centrifuging
each time. The precipitate was then dissolved in 1 ml of 0.4 M KOH in
a 70°C water bath. Biuret reagent (6 ml) was added and after standing
for 45 min the optical density was measured at 540 nm. This is a modi-

fication of the method of Lowry, Rosebrough, Farr and Randall (1951).

Statistical analysis of results

The Standard Error of the mean for each group of results was

calculated from the formula:-

Yix - 0?2
Standard Error = Ty
n{n - 1)

(SE)

where x is the observation

% is the mean of the observations in that group

n is the number of observations in that group.
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The statistical difference between two groups of observations

(1 and 2) was evaluated by the Students 't' test, where:-

2 2
/(SEI) + (SE,)

The value of p, the probability that two groups of observations
were statistically different, was obtained from the appropriate
tables. Unless otherwise stated statistical differences were found

to be non-significant.
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Development of aggregation methods

Experiment to determine the effect of time after initial blood collection

and of citrate concentration on ADP-induced aggregation uncorrected for
PRP platelet count

The object of this experiment was to study the effect of using

different concentrations of citrate as an anticoagulant on subsequent
ADP-induced aggregation and to study the effect of éllowing the platelet-
rich plasma to stand at room temperature for different periods of time

on subsequent aggregation. Whole blood samples were taken by cardiac
puncture from stock 200 g male rats into one-tenth volumes of 15, 20, 25,
31 or 38 g trisodium citrate/l. Platelet~rich plasma was prepared from
each blood sample and allowed to stand at room temperature for 20, 30,

40 or 50 min after initial collection and before aggregating with 2 uM
ADP final concentration. The maximum rate of aggregation (VAmax) and
the extent of aggregation (Amax) were measured. Results were obtained
for 6 animals at each citrate concentration and are presented in the

tables below and the figures on pages 48C and D.

The effect of time after initial blood collection and citrate
concentration on the maximum rate of ADP-induced aggregation

(VAmax) (cm/min)

Time (min) 20 30 40 50
Final citrate
concentration
(g/1)
Fedkde Fok &k
3.8 1.2620.,19 1.57+0.17 2.22+0.,20 3.82+0.41
Rk &%
3.1 2.18x0.39 3.13+0.46 4.6740 .50 6.38:0 .63
ok *
2.5 5.58%1.10 7.00+1.03 7.63:0.92 9.,25%1.42
k% %k &k
2.0 7.72+0.57 9.77+0 .74 11.08£0.53 12.15+0 .69
1.5 10.32+1.08 11.22+0.82 11.7720.93 11.9210.91

Significance of difference from 50 min by paired Student 't' test -

* Rk dedede
p < 0.05 p < 0.01 p < 0.001
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The effect of time after initial blood collection and citrate

concentration on the extent of ADP-induced aggregation (Amax) (cm)

Time (min) 20 30 40 50
Final citrate
concentration
(g/1)
dede ok dededk
3.8 1.15¢0,18 1.63+20 .14 2.2080.22 3.46%0 .27
kkdk Ffede *k
3.1 2.28+0.35 3.0020.41 4 ,20+0,42 5.60£0.33
Fok E-3 &
2.5 5.00+0.81 5.900.71 ©  6.78+0.64 8.20+0.94
% ek % &
2.0 7.27+0 .37 8.92+0.57 9 .44:0,37 10.03+20 .44
1.5 8.80%0 .86 9.,88+0 .89 10.3280.72 10.63+£0,71

Significance of difference from 50 min by paired Student 't' test -

* ook sk ok
p < 0.05 p < 0.0l p < 0.001

As the concentration of citrate was increased the rate and extent
of aggregation decreased. The slopes of increasing rates and extents of
aggregation with time were more marked at higher concentrations of
citrate. At lower concentrations of citrate (2.0 and 1.5 g/1) the slopes
of the curves were greatly reduced at 40 min. For this reason 40 min
was the time chosen for ADP-induced aggregation. Thus thrombin~induced
aggregation was able to be carried out subsequently at precisely 50 min
after the initial collection of blood. The concentration of citrate
chosen for aggregation studies was 2.0 g citrate/l since some coagula-
tion was found to occur at 1.5gcitrate/l. This rather low concentration
of citrate compared with more conventional concentrations of 3.1 or
3.8 g citrate/1, is however similar to that used by Macmillan and
Sim (1970) (1.9 g citrate/l) in a comparative study of platelet aggrega-
tion in man and laboratory animals including the rat. In another
comparative study (Sinakos and Caen 1967) the rat was found also to
require a lower concentration of citrate than other mammalian species

for the study of platelet aggregation.

Correction in aggregation studies for platelet-rich plasma
(PRP) platelet count.

Aggregation values were corrected for PRP platelet count after
performing the aggregation studies, as described in the schedule for
the EEL 169 aggregometer. This correction enabled direct comparisons
of aggregation per 108 platelets to be made between experiments and

between treatments within experiments even when whole blood platelet
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count was shown to be different. It was observed that the ratio
platelet-rich plasma platelet count:whole blood platelet count was

relatively constant for all dietary procedures within experiments.

Example of calculation

Dilution of PRP (0.2 ml) in saline (0.8 ml) = x5
PRP platelet count = x x 108 platelets/ml
. . x x 108
« « Diluted platelet count = T platelets/ml
VAmax (uncorrected) =y cm/min
.. VAmax corrected = m"wi;mg.x 5 x 108 cm/min
x x 10

per 108 platelets
= é% cm/min per 108 platelets

In some experiments the significance of the differences between
treatments was increased by correcting to a standard platelet count,
in others the differences were greater for the uncorrected counts
but in no experiment did the correction procedure alter the direction
of the observed treatment effects when significant differences were

observed,



CHAPTER 3

RESULTS
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Section A

Introduction

The increasing pressures of population and predicted increase
in world food shortages have created a demand for new sources of
human food. Research to develop feasible means of producing and
utilizing, on a large scale, protein from single~cell organisms offers
one of the best hopes for major new protein supplies independent of
agricultural land use. Single-cell protein (SCP) is a source of
protein derived from unicellular organisms such as bacteria, veasts,
fungi, algae and protozoa. The choice of a particular micro-organism
depends upon a complicated balance between nutritional, engineering,
food technological and economic factors, because a major objective is
to produce not an ideal protein, but an adequate and cheap one. There
has been some acceptance of the concept of micro-organisms for human
food, when grown on various carbohydrates substrates, however there
is, at present, a certain reluctance to sanction the use of SCP grown
on petroleum fractions or derived hydrocarbons (Scrimshaw 1975) . The
major nutritional problem concerning the choice of SCP is not the
nutritive value of the material, but its acceptability to the consumer.
In human feeding trials, several SCP sources have led to a wide range
of gastrointestinal symptoms from the relatively mild such as bulky
stools and flatulence to the more serious such as nausea, vomiting
and dierrhoea. It is unfortunate that some SCP material causes these

adverse reactions in man, but not in laboratory animals (Calloway 1974).

One of the major limitations to the use of SCP as food for man
is the high nucleic acid content of the cells. A high nucleic acid
content is a characteristic of rapidly growing cells and micro-
organisms contain between 8 and 25 grams nucleic acid (NA) per 100 g
protein. The highest ribonucleic acid (RNA) content in animal tissue
is found in intestinal mucosa, the pancreas, liver and kidneys. Liver
contains about 4 g NA per 100 g protein, while some minor dietary
components, such as sardines and fish roe contain 2.2 and 5.7 g NA
per 100 g protein respectively (Miller 1968} . Several methods have
been developed that are designed to reduce nucleic acid content of
SCP material. These methods include regulation of growth rate,

chemical extraction processes and enzymic degradation of RNA. However
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efficient extraction seems to require cell disintegration, which may
be associated with loss of amino-acids and proteins. (Kihlberg 1972).
The final metabolic product formed in man from the purine
moiety of the nucleic acids is uric acid (Figure 5,6). Uric acid
is only slightly soluble at physiological pH's and, if the blood uric
acid concentration is elevated, crystals may form in the joints as
in the condition of gout. With excessive uric acid excretion,
solubility of uric acid in the urine may be exceeded and stones may
be deposited in the urinary tract. These problems do not exist in
experimental animals, because in contrast to man, other higher apes
and dalmation dogs, other mammals possess the enzyme uricase, which
converts uric acid into the soluble and easily excretable metabolite
allantoin (Figure 5,6). Because of the unique blockage in the purine
metabolism in man, animal experiments for studies concerning dietary
RNA effects are not directly applicable. However an animal model has
been devised, for the study of the effects of feeding nucleic acid
rich diets, involving the feeding of a specific uricase inhibitor,
oxonate (Johnson et al 1969). In such a system changes in plasma
uric acid concentration have been studied after the administration

of RNA or SCP (Kihlberg 1972),

Expt. Al The effects of feeding oxonate per se in the diet

Before considering the effects of feeding oxonate with nucleic
acid-rich diets, it was essential to establish that oxonate had no
effects per se on the variables it was intended to study.

Two groups of female rats were fed for 21 d on normal diets,
with casein as the protein source: 30 g oxonate/kg diet was included
in the experimental diet at the expense of maize starch (Table 1).

There was a 367 increase in the plasma uric acid concentration
in the experimental, oxonate fed, group, compared to the control
group (Table 14). The oxonate appeared therefore to be functional
in its ability to inhibit the enzyme uricase, resulting in an increase
in plasma uric acid concentration. Apart from this effect of oxonate,
there were no other effects on any of the observations made, and
therefore oxonate per se appears to have no detrimental effects on

any of the variables it was intended to study (Tables 15,16).
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Table 13

Expt. Al The effect of feeding oxonate per se on

body weight and energy intake

Addition Initial body wt. Final body wt. Energy intake
to diet (g) (g) (kJ/100 g.per day)
None (10) i76 + 3 206 £ 5 128.0
Oxonate (10) 175 = 4 195 + 5 116.7
Results are the mean * SEM for the number of observations in
parenthesis.
Table 14
Expt. Al The effect of feeding oxonate per se on plasma

uric acid concentration, kaolin-cephalin clotting

time and whole blood platelet count

Addition Plasma uric acid Raolin—-cephalin Whole blood
to diet clotting time platelet count
(mg/1) (seconds) (x 108/m1)
None 18.4 £ 1.9 (10) 36.0 £ 2.3 (7) 6.5 0.2 (7)
*
Oxonate 25.1 = 1.5 (10) 33.6 £ 1.6 (8) 6.7 £ 0.3 (8)

Results are the Mean * SEM for the number of observations in
parenthesis. Significance of difference from oxonate~free group -
* p < 0.02
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Table 15

Expt. Al The effect of feeding oxonate per se on ADP-induced

and thrombin-induced aggregation

Addition VAmax (cm/min per lO8 platelets Amax(cm/qu platelets)
to diet ADP-induced Thrombin-induced ADP-induced Thrombin~induced
None (7) 6.22+0.37 7.28+0.37 5.34%0.18 6.63%0.09
Oxonate (8) 5.45%0.40 6.64%0,33 5.06%0.40 6.18+0.33

Results are the Mean * SEM for the number of observations in parenthesis

Table 16

Expt. Al The effect of feeding oxonate per se on

kidney weight and uric acid concentration

Addition Kidney wt. Kidney uric acid Kidney uric acid

to diet (g/100 g body wt.)  (mg/100 g. body wt.) (mg/g tissue per
100 g body wt.)

None (10) 0.61 * 0.02 0.19 + 0.01 0.15 = 0.0t
Oxonate (10) 0.64 = 0.01 0.20 £ 0.01 0.16 = 0,01

4

3

Results are the Mean * SEM for the number of observations in parenthesis.
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Table 14A

Expt. Al The effect of feeding oxonate per se on platelet-rich

plasma platelet count (PRP) and on the ratio to whole

blood platelet count (WB)

Addition Platelet-rich plasma Ratio PRP:WB
to diet platelet count
( x 108/m1)
None (7 14,9 + 0.7 2.3
Oxonate (8) 14,7 * 0.9 2.2

Results are the Mean * SEM for the number of observations in

parenthesis.

Table 15A

Expt. Al The effect of feeding oxonate per se on ADP-induced

and thrombin-induced aggregation (uncorrected)

Addition VAmax (em/min) Amax (cm)

e et oot o [— -, B ——
to diet AbP~induced Thrombin~indu;;a ADP-induced Thrombin-induced
None (7) 18.69+1.80 26 .771.,76 15.46+0.74 18.15+1.00
Oxonate (8) 16.,00+1.99 18.35£2.80 12.69+1.66 14.54%£2.21

Results are the Mean * SEM for the number of observationsg in

parenthesis.
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Expt. A2

The effect of feeding nucleic acid-rich diets (Fusarium mould)

containing oxonate

Two groups of female rats were fed diets containing 400 g
Fusarium mould/kg diet for 21 d prior to investigation: 30 g oxonate/kg
diet was included in the experimental diet at the expense of maize
starch (Table 2).

In the experimental, oxonate~fed, group the final body weight
was reduced (p < 0.001) associated with a 267 reduction in energy
intake. (Table 17). This was further investigated in Expt. A3.

There was an 837 increase in plasma uric acid concentration in
the oxonate-fed group, reflecting the effectiveness of oxonate to
inhibit uricase in animals given the high nucleic acid-rich diet.

Kaolin -~cephalin clotting time was increased (p < 0.05) and the whole
blood platelet count was increased by 237 in the oxonate fed group
(Table 18).

The maximum rate of aggregation (VAmax) for ADP-induced aggregation
rose from 5.27 cm/min per 108 platelets in the control group to 7.09
cm/min per 108 platelets in the oxonate-fed group (p < 0.01). VAmax
also rose for thrombin-induced aggregation from 6.19 cm/min per 108
platelets in the control group to 7.52 cm/min per 108 platelets in the
oxonate-fed group (p < 0.05) (Table 19). There was also a small,
non—-significant, rise in the maximum extent of aggregation (Amax)
for both ADP-induced and thrombin-induced aggregation,

Significant correlations between plasma uric acid concentrations
and VAmax for ADP-induced (p < 0.001) and for thrombin-induced
(p < 0.01) aggregation were demonstrated. Correlations between plasma
uric acid concentration and Amax for ADP-induced (p < 0.01) and |
thrombin-induced (p < 0.05) aggregation were also significant (Table
20).

There was a 427 increase in kidney weight in the oxonate-fed
group. Kidney protein and water concentration were, however, unchanged
(Table 21). Kidney uric acid (mg/100 g body wt.) was increased 7 fold
in the oxonate-fed group (Table 21), but this increase was insufficient
to account for the increase in kidney weight.

In an attempt to identify the areas of the kidney, where the

highest concentrations of uric acid occurred, histological studies were
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Table

I

7

The effect of nucleic-acid rich diets containing

Expt. A2

oxonate on body weight and energy intake

Addition .
to diet

Initial body wt.

Final body wt.

Energy intake

None (10)
Oxonate (10)

(g) (g) (kJ/100 g per day)
176 + 4 208 + 5 102.1
dodess
171 * 175 = 4 75.3

Results are the Mean * SEM for the number of observations in parenthesis.
Kkk

Significance of difference

from oxonate-free fed group -~

p < 0.001

Table 18
Expt. A2 The effect of nucleic-acid rich diets containing oxonate
on plasma uric acid concentration, kaolin-cephalin
clotting time and whole blood platelet count
Addition Plasma uric acid Kaolin~cephalin Whole blood
to diet (mg/1) clotting time platelet count
(seconds) (x 108/m1)
None 19.5 + 1.7 (10) 34.3 £ 0.5 (7) 6.1 £ 0.1 (7)
ik % kkk
Oxonate 35.6 £ 4.3 (9) 38.3 £ 1.5 (8) 7.5 £ 0.2 (8)

Results are the Mean * SEM for the number of observations in

parenthesis.

%
Significance of difference from oxonate-free fed group - p < 0.05

*%p < 0,01 *%*p < 0,001
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Table 19

Expt. A2 The effect of feeding nucleic acid-rich diets (Fusarium

mould) containing oxonate on ADP~induced and thrombin-

induced aggregation

Addition VAmax(cm/min per 108 platelets) Amax(cm/108 platelets)

to diet ADP-induced Thrombin-induced  ADP-induced Thrombin~induced
None (7) 5.27 £ 0.25 6.19 * 0.35 4.84 + 0,17 6.06 £ 0.19

%k %
Oxonate(8) 7.09 % 0.56 7.52 & 0,42 5.33 % 0.58 6.67 £ 0,21

Results are the Mean * SEM for the number of observations in parenthesis
Significance of difference from oxonate~free fed group = *p < 0.05
k%p < 0,02

Table 20

Expt., A2 Relationship between platelet aggregation and plasma

uric acid concentration

Correlation coefficients (r)

VAmax Amax
. . TR Rk ek
ADP-induced aggregation 0.88 0.82
ki %
Thrombin—induced aggregation 0.74 0.65

Significance of differences *p < 0.05 **%p < (.01 whkp < 0,001
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Table 184

Expt. AZ The effect of feeding nucleic acid-rich diets (Fusarium

mould) containing oxonate on platelet-rich plasma platelet

count (PRP) and on the ratio to whole blood platelet count (WB)

Addition Platelet rich plasma Ratio PRP:WB
. platelet count
to diet (x 108/m1)
None (7 13.4 + 0.4 2.2
Kk
Oxonate (8) 16.5 + 0.6 2.2

Results are the Mean * SEM for the number of observations in

parenthesis.
khk
Significance of difference from oxonate-free fed group - p < 0.001

Table 19A

Expt. A2  The effect of feeding nucleic acid-rich diets (Fusarium

mould)containing oxonate on ADP-induced and thrombin-

induced aggregation (uncorrected)

Addition VAmax (cm/min) Amax (cm) o
to diet ADP~induced Thrombin"induced ADP-induced Thrombin-induced
None {(7) 14.1520.98 16 .64%1.25 12.97+0.66 16,260 .84
kkk k%
Oxonate (8) 23.34%1.80 264 .86+ 1 .64 16.32¢1.15" 19.66+0.32"

Results are the Mean * SEM for the number of observationg in parenthesis
%
Significance of difference from oxonate-free fed group - p < 0.05
*k *dek
p < 0.01 p < 0.001
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performed. Heavy black deposits of uric acid were seen confined to
the tubules of the pyramid region and less severe brown deposits
were found in the tissue surrounding the tubules (Plates 2,3).
Plate 1 shows a kidney taken from a rat fed the control diet, which

had undergone identical staining procedure.

Expt. A3

The effects of food restriction

There was a reduced food intake in rats fed nucleic acid-rich
diets containing oxonate compared to the oxonate~free control animals
(Expt. A2). The effect of food restriction per se on platelet
aggregation was therefore studied.

Two groups of individually caged female rats were fed 200 g
casein per kg diet (Table 3) for 21 d prior to investigation. The
control group was fed ad libitum, while the experimental group was
restricted to a daily intake of 9 g/rat per day.

The final body weight was reduced in the food restricted group
(p < 0.001) (Table-22).

There was a reduction in VAmax in the food restricted group for
both ADP-induced (p < 0.01) and thrombin-induced (p < 0.001) aggrega-
tion. Similarly Amax was reduced for both ADP-induced (p < 0.01)
and thrombin-induced (p < 0.05) aggregation in the experimental group
(Table 23).

The increase in aggregation tendency in animals fed nucleic
acid-rich diets containing oxonate, observed in Expt. A2, cannot
therefore be explained by the reduced food intake of the group, since
reducing food intake per se decreases the tendency of platelets to

aggregate.

Expt. A4

The effect of increasing the proportion of mould in

oxonate-supplemented diets

Feeding rats on nucleic acid-rich diets (400 g Fusarium mould/
kg diet) containing oxonate led to an increase in ADP-induced and
thrombin-induced aggregation (Expt. A2). The proportion of mould
in oxonate-supplemented diets needed for this effect to occur was

therefore investigated.
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Table 23

Expt. A3 The effect of food restriction on ADP-induced

and thrombin-induced aggregation

VAmax(cm/min per 108 platelets) Amax(cm/l()8 platelets)

Ao, e

P oy vt

ADP-induced Thrombin~induced ADP-induced Thrombin-induced

i+

0.25 5.40 £ 0.23 3.88+0.18  4.63 + 0.20
0.16%

Control (16) 414
Restrictedf(}O) 2.98 £ 0.19%% 4,21 + 0.16%%% 3.02+0.14%% 4 .00

I+

t Food Intake - 9 g/rat per day.

Results are the Mean * SEM for the number of observations in parenthesis,
Significance of difference from Control group — *p < 0.05 *kp < 0,01

*%% p < 0.001
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Table 22A

Expt A3 The effect of food restriction on platelet-rich plasma

platelet count (PRP) and on the ratio to whole blood platelet
count (WB)

Platelet—-rich plasma Ratio PRP:WB
platelet count
( x108/m1)
Control (16) 12.5 £ 0.6 2.0
Restricted’ (10) 12.2 + 0.4 2.0

t Food intake =~ 9g/rat per day

Results are the Mean * SEM for the number of cbservations in

parenthesis,

Table 23A

Expt. A3 The effect of food restriction on ADP-induced and thrombin-

induced aggregation (uncorrected)

VAmax (gm/min) Amax (c?)
fADPminduced Thrombin~induced ADP-induced Thromhin“indué;a
Control (16) 10.64%1.00 13.76%1.09 9.81:0.73 11.73£0.84
Restricted (10) 7.2980.63°  10.22¢0.52°  7.41%0.59%  9.70+0.49

Food intake ~ 9 g/rat per day

Results are the Mean * SEM for the number of observations in

parenthesis,

* ki
Significance of difference from Control group - p < 0.05 p < 0.02
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Four groups of female rats were fed for 21 d prior to investiga-
tion , on diets containing 0, 150, 300 or 400 g Fusarium mould/kg diet,
the protein content of the diets being balanced with casein. All
diets also contained 30 g oxonate/kg diet (Table 4).

There was a progressive increase in plasma uric acid concentration
with increasing levels of mould in the diet. The whole blood platelet
count was elevated (p < 0.01 ), when the level of mould in the diet
was 400 g kg diet (Table 25).

The maximum rate of aggregation (VAmax) for both ADP-induced
and thrombin-induced aggregation increased progressively with
increasing levels of mould in the diet (Table 26, Figures % and 10),
There were slight, but less marked, rises in the maximum extent of
aggregation (Amax) with increasing levels of mould.

Kidney weight increased by 297 when animals were fed 300 g mould
per kg diet and when 400 g mould per kg diet was fed the increase
in kidney weight was 35%. There was a 2 fold rise in the concentration
of uric acid in the kidney (mg/100 g body wt.) of rats given 300 g
mould/kg diet and rose to a 5 fold increase when rats were fed 400 g

mould/kg diet (Table 27).

Expt. A5

The effect of the time during which oxonate is

included in nucleic acid-rich diets

Feeding rats on nucleic acid-rich diets containing oxonate for
21 d led to an increase in ADP~induced and thrombin-induced aggrega-
tion (Expt. A2). The time—course of this effect on aggregation
tendency was therefore studied.

Four groups of female rats were fed on diets containing 400 g
Fusarium mould and 30 g oxonate per kg diet (Table 2) for 0, 4, 14
or 21 d prior to investigation. Animals were fed in such a way that
all animals finished their period on experimental diet at the same
time. The 0 d control group and other groups, when not on experi-
mental diet, were fed diets containing 400 g mould per kg diet, but
no oxXonate.,

There was a reduced final body weight in all groups compared to
the O d control group (4 d p < 0.05; 14 d p < 0.001; 21 d p < 0.001)
(Table 28) resulting from a reduced food intake as found in previous

experiments.
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Table 26

Expt. A4 The effect of increasing the proportion of mould in

oxonate-supplemented diets on ADP-induced and thrombin-—

induced aggregation

Mould addition VAmax(cm/min per 108 platelets) Amax(cm/108 platelets)

to diet -~

(g/kg) ADP~induced Thrombin~induced ADP-induced Thrombin~induced

0 (5) 3.99 + 0.25 4.68 + 0.35 3.96 + 0.22  4.92 + 0.20
150 (8) 4.37 % 0.16 5.22 + 0.17 4.38 + 0.16  5.30 + 0.06

E
300 (8) 4.72 £ 0.200  5.58 + 0.19°  4.71 £ 0.15° 5.28 + 0.13
k%

400 (30) 5.49 £ 0.27° .31 * 0.22 4,58 + 0.16  5.42 + 0.17

Results are the Mean # SEM for the number of observations in parenthesis.

Significance of difference from 0 addition group - *p < 0.05 ** p < 0.0

Table 27

Expt. A4 The effect of increasing the proportion of mould in

oxonate-supplemented diets on kidney weight and uric

acid concentration

Mould addition Kidney wt. Kidney uric acid Kidney uric acid
Eo/glit (g/100 g body wt.) (mg/100 g body wt.) (mg/g tissue per 100 g
B/XE body wt.)
0 (10) 0.75 + 0.03 0.28 + 0.02 0.20 £ 0.01
150 (10) 0.77 £ 0.03 0.28 + 0.02 0.20 £ 0.01
Kk Kk Kk
300 (10) 0.97 + 0.04 0.60 £ 0.08 0.34 £ 0.04
Kkk *dk dode e
400 (40) 1.01 £ 0.03 1.43 £ 0.12 0.79 £ 0.06

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from 0 addition group ~ **p < 0,01 *%**p < 0.001,
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Table 25A

Expt. A4  The effect of increasing the proportion of mould in oxonate-

supplemented diets on platelet-rich plasma platelet count (PRP)

and on the ratio to whole blood platelet count (WB)

Mould addition
to diet

(g/kg)

Platelet~rich plasma
platelet count

( % 108/m1)

0 (5)
150 (8)
300 (8)
400 (30)

Results are the Me

2.3+ 0.3
12,3 £ 0.5
12,1 + 0.5

*
4.6 £ 0.4

i+

Ratio PRP:WB

an * SEM for the number of observations in parenthesis

*
Significance of difference from O addition - p < 0.05

Table 26A

Expt. A4 The effect of increasing the proportion of mould in oxonate-

supplemented diets on ADP~induced and thrombin~induced

aggregation (uncorrected)

Mould

addition VAmax (cm/min)

to diet ~
(g/kg) ADP-induced

Thrombin~induced

Amax (cm)

ADP-induced Thrombin-induced

0 (5)  9.82+0.70
150 (8)  10.77+0.74
300 (8)  11.48+0.88
400 (30) 16.14+1.06"

11.46+0.78
12.80+0,74
13.53+0.87
%k
18.51+1.03

9.77+0.72 12.1140.57
10.81£0.74 12.99£0.60
11.41£0.67 12.79%0.75
12.860.58"  14.98+0.69

Results are the Mean * SEM for the number of observations in parenthesis.

* Rk
Significance of difference from O addition - p < 0.05 p < 0.01
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Plasma uric acid concentration increased progressively with
increasing time on diets containing oxonate (Table 29). Kaolin-
cephalin clotting time was increased in the 21 d fed group {p < 0.05).
Whole blood platelet count was increased by 127 in the 4 d fed group
and became further increased with longer durations on the experimental
diet (14 d 147 increase; 21 d 197 increase).

The maximum rate of aggregation (VAmax) for both ADP-induced
and thrombin-induced aggregation did not increase until after 21 d
on experimental diet (ADP-induced p < 0.01; thrombin-induced p < 0.02)
(Table 30). Nor was the maximum extent of aggregation (Amax) for
ADP-~induced aggregation increased until after 2! d on experimental
diet (p < 0.05). There appears therefore to be a time lag between
the increase in plasma uric acid concentration and the increase in
aggregation tendency.

Kidney weight had increased by 287 in the 14 d group and was
increased by 337 in the 21 d group (Table 31). Kidney uric acid
concentration (mg/100 g body wt.) increased progressively with time

on oxonate diet and was increased 4 fold after 21 d on this diet,

Expt. A6

The effect of withdrawing oxonate from the diet

after an initial 21 d feeding period

A time lag existed between the increase in plasma uric acid
concentration and the increase in aggregation tendency (Expt. AS5).
This time lag was further investigated by studying the decay in
increased aggregation tendency, resulting from feeding nucleic acid~
rich diets containing oxonate for 21 d, when oxonate is withdrawn
from the diet.

Five groups of female rats were fed diets containing 400 g
Fusarium mould per kg diet, the experimental diets also including
30 g oxonate per kg diet (Table 2). The control group was fed the
diet unsupplemented with oxonate for 21 d prior to investigation
and the other four experimental groups were fed diets with added
oxonate for 21 d followed by periods of 0, 5, 10 or 22 d on control,
oxonate~free diets prior to analysis.

Plasma uric acid concentration had increased (p < 0.001) after

21 d on oxonate diet compared to the oxonate-free control fed group,
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Table 28

Expt. A5 The effect of the time during which oxonate is included

in nucleic acid-rich diets on body weight and energy intake

Oxonate in Initial body wt. Final body wt. Energy intake
diet for
(d) (g) (g) (kJ/100 g per day)
0 (30) 162 =+ 3 204 + 3 110.5
%
4 (20) 155 + 2 194 = 3 78.6
*kk
14 (20) 156 + 2 183 £ 3 85.4
Kk
21 (40) 160 = 2 178 £ 3 90.3

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from 0 d ; *p < 0.05 #&%p < (0,001

Table 29

Expt. A5  The effect of the time during which oxonate is included

in nucleic acid-rich diets on plasma uric acid concentration,

kaolin-cephalin clotting time and whole blood platelet count

Oxonate in Plasma uric acid Kaolin-cephalin Whole blood
diet for clotting time platelet count
(d) (mg/1) (seconds) ( x 108/m1)

19.3 1.1 (29) 29.5 £ 0.9 (22) 5.9 £ 0.2 (22)
kkk *
34.6 %3.,2  (20) 31.2 £ 1.1 (16) 6.6 + 0.2 (16)
kk dek
14 39.2 £3.8 (20) 31.6 £ 0.6 (15) 6.7 = 0. (15)
Kk %* sk
21 44,0 2.4 (38) 32.7 £ 1.0 (30) 7.0 £ 0.2  (30)

Results are the Mean & SEM for the number of observations in parenthesis.

Significance of difference from 0 d =~ *p < 0.05 **p < 0.01 *%%p < 0.001
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Table 30

Expt. A5 The effect of the time during which oxonate is included

in nucleic acid~rich diets on ADP~induced and thrombin-

induced aggregation

Oxonate in VAmax(em/min per 108 platelets) (Amax(cmf108 platelets)
diet fOZ‘ e e T— F el
(d) ADP-induced Thrombin~induced ADP-induced Thrombin-induced
0 (22) 4.51+0.,19 5.58 £ 0,19 4,11 £ 0,16 5.09 £ 0.20
4 (16) 4.460+0.12 5.63 + 0.20 4,25 £ 0,14 5.246 £ 0.13
14 (15) 5.02+0.24 6.06 £ 0,21 4,47 + 0.14 5.19 £ 0.13

Kk *
0.22 4.58 + 0.16 5.42 £ 0,17

+

Kok
21 (30) 5.49%0,27 6.31

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from 0 d - *p < 0.05 *%p < 0,02 **k%p < 0,01

Table 31

Expt. A5 The effect of the time during which oxonate is included

in nucleic acid-rich diets on kidney weight and uric acid

concentration
Oxonate in Kidney wt. Kidney uric acid Kidney uric acid
diet for
(d) (g/100 g body wt.) (mg/100 g body wt.) (mg/g tissue per 100 g

body wt.)

0 (30) 0.76 + 0.02 0.36 + 0,02 0.24 £ 0.01
dek ok Kk

4 (20) 0.80 + 0,03 0.52 £ 0.03 0.34 + 0.03

kK Kk %

14 (20) 0.97 £ 0.04 0.58 + 0.08 0.34 + 0,04
Kok e ok e kk

21 (40) 1,01 £ 0.03 1.43 + 0,12 0.79 + 0,06

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from 0 d ~ *p < 0.02 *¥%p < 0.01 **%%p < 0,001
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Table 29A

Expt. AS The effect of the time during which oxonate is in duded in

nucleic acid-rich diets on platelet-rich plasma platelet

count (PRP) and on the ratio to whole blood platelet count (WB)

Oxonate in Platelet-rich plasma Ratio PRP:WB
diet for platelet count
(d) (x 108/m1)
0 (22) 12.3 £ 0.5 2.1
4 (16) 13.1 £ 0,5 2.0
14 (15) 13.1 £ 0.5 2.0
*k
21 (30) 4.4 £ 0.4 2.1

Results are the Mean * SEM for the number of observations in parenthesis.

e
Significance of difference from 0 d ~ p < 0.0l

Table 30A

Expt. A5 The effect of the time during which oxonate is included in

nucleic acid-rich diets on ADP-induced and thrombin~induced

aggregation (uncorrected)

Oxonate in VAmax (cm/min) Amax (cm)
diet for / ~ \ p .
(d) ADP-induced Thrombin~-induced ADP-induced Thrombinfinduced
0 (22) 11.30+0.87 13.9140.99 10.32+0.78 12.45+0.92
4 (16) 11.57+0.,653 14.80+0 .84 11.17£0.65 13.69+0.58
14-(15) 13.26%0 .87 15.94+0.88 11.75£0.61 13.61+0.59
%k %k &k *
21 (30) 16.14%1.,06 18.52+1.03 12.8620.58 14,9840 .69

Results are the Mean * SEM for the number of observations in parenthesisg.

* *k
Significance of difference from 0 d - p < 0.05 p < 0.0
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and had fallen to its original concentration after 5 d withdrawal

of oxonate from the diet (Table 33). Whole blood platelet was
increased (p < 0.001) after 21 d on oxonate diet, and had fallen
slightly, though non-significantly, after 22 d on oxonate-free diet.

The maximum rate of aggregation (VAmax) , which was elevated
after 21 d on the experimental diet, had fallen from this elevated
level after the 10 d oxonate-free period for both ADP-induced (p < 0.05)
and thrombin-induced (p < 0.01) aggregation (Table 34). There appeared
to be a time-lag between the fall in plasma uric acid concentration,
which occurred after 5 d oxonate~free diet, and the fall in aggregation
tendency, which occurred after 10 d oxonate—free diet.

The elevated kidney weight and uric acid concentration, which
occurred after 21 d on the oxonate diet, had fallen, when oxonate was
withdrawn from the diet for 5 d (kidney uric acid p < 0.001) and fell
further after 10 d (kidney weight p < 0.001; kidney uric acid p < 0.001)
(Table 35).

Expt. A7

The effect of feeding oxonate-supplemented diets

rich in fructose or glucose

It has been reported that administration of fructose either by
single oral dose or intravenously resulted in elevated plasma uric
acid concentrations (Emmerson 1974; Perteentupa and Raivio 1967;
Stirpe et al 1970; Heuchenkamp et al 1971; Kogut et al 1975). An
experiment was therefore performed to investigate if hyperuricaemia
could be induced in rats by chronic fructose feeding with or without
oxonate and, if so, what the effect on platelet aggregation might be,
in view of the demonstrated increased aggregation tendency in
animals made hyperuricaemic by feeding nucleic acid-rich diets
containing oxonate (Expt. A2).

Four groups of female rats were fed diets containing 400 g
fructose or 400 g glucose/kg diet with or without 30 g oxonate/kg
diet (Table 5) for 21 d prior to analysis.

Plasma uric acid concentration was increased in the fructose
plus oxonate (p < 0.05) and the glucose plus oxonate (p < 0.01) fed

groups compared to the oxonate~free control groups, but there was no
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Table 32

Expt. A6 The effect of withdrawing oxonate from the diet after

an initial 21 d feeding period on body weight

Initial body wt. Final body wt.

(g) (g)
21 d mould (30) 162 + 3 204 £ 3
21 d mould + oxonate (40) 160 = 2 178 + 3
plus 5 d oxonate free (10) 149 = 2 183 = 3
plus 10 d oxonate free (20) 159 = 4 205 £ 5
plus 22 d oxonate free (10) 167 + 4 223 £ 5

Results are the Mean * SEM for the number of observations in parenthesis.

Table 33

Expt. Ab The effect of withdrawing oxonate from the diet after

an initial 21 d feeding period on plasma uric acid concentra-

tion, kaolin-cephalin clotting time and whole blood platelet count

Plasma uric acid Kaolin—cephalin Whole blood
clotting time platelet count
(mg/1) (seconds) (x 10 /ml)
dede % kkk
21 d mould 19,3411 (29) 29.5 + 0.9 (223 5.9 + 0.2 (22)
21 d mould + oxonate 44,0224 (38) 32.7 & 1.0 (30) 7.0 % (30)

I

1.5 (7) 6.7 £ 0.4 (7)
(13)
(7

Kk

plus 5 d oxonate free 21.2%1.5 (9) 29.1
dded

plus 10 d oxonate free 25.2%#1.0 (20) 32.3 &£ 1.0 (13) 6.8
Kk %

plus 22 d oxonate free 21.6%2.5 {(10) 38.1 2.0 (1) 6.5

4

i+
(e}

I+

R
(e}
AN

Results are the Mean * SEM for the number of observations in parenthesis.
Significance of difference from '2! d mould + oxonate' - *p < 0.05

#xkp < 0.001,
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Table 33A

Expt. A6  The effect of withdrawing oxonate from the diet after an

initial 21 d feeding period on platelet~rich plasma piatelet

count (PRP) and on the ratio to whole blood platelet count (WB)

Platelet—-rich plasma Ratio PRP:WB
platelet count

( x 108/m1)
21 d mould (22) 12.3 + 0.6** 2.1
21 d mould + oxonate (30) 14.4 + 0.4 2.1
plus 5d oxonate free (7) 12.4 % 0.4 1.9
plus 10d oxonate free(13) 13.0 + 0.4" 1.9
plus 22d oxonate free (7) 12.9 £ 0.5 2.0

Results are the Mean * SEM for the number of observations in parenthesis
%
Significance of difference from '21 d mould + oxonate' ~ p < 0.05
dok
p < 0.01

Table 34A

Expt. A6  The effect of withdrawing oxonate from the diet after an initial

21 d feeding period on ADP-induced and thrombin-induced

aggregation (uncorrected)

VAmax (cm/min) Amax (cm)
£ e 4 * i
ADP-induced Thrombin~ ADP-induced Thrombin~
induced induced
Ek ke Fk *
21 d mould (22) 11.30+0.87 13.91+0.99 10.32+0.78 12.45%0.92

21 d mould + oxonate(30) 16.14+1,06 18,52+1.03 12.86+0.58 14.98+0.69
plus 5d oxonate free (7) 12.64%1.10 15.69%1.45 11,23+0.71 12.87+0.95
plus 10d oxonate free(13) 11‘27i0.6§* I2.92i0.93* 11.83£0.50 13.26%0.61
plus 22d oxonate free (7) 11.21x1.04" 12.34:0.91T" 11.15:0.75 12.7641.24

Results are the Mean * SEM for the number of observations in parenthesis.
*
Significance of difference from '2l d mould + oxonate' ~ p < 0.05
*k
p < 0.01
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difference between the oxonate fed groups (Table 37). Whole blood
platelet count was increased in the high glucose plus oxonate fed
group (p < 0.05) compared to its oxonate—free control group, and
the same trend, although non-significant, existed in the fructose fed
groups .

No significant differences were observed in any of the aggregation
studies performed (Table 38).

Kidney weight was raised by 167 in the fructose fed compared

to the glucose fed groups (Table 39).
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Table 36

Expt. A7 The effect of feeding oxonate-supplemented diets rich in

fructose or glucose on body weight and energy intake

Initial body wt. Final body wt. Energy intake
(g) (g) (kJ/100 g per day)

High fructose (10) 142 + 3 185 + 4 124 .7
High fructose

plus oxonate (10) 148 = 4 177 £ 5 108.0
High glucose (10) 148 = 1 192 = 3 126.4
High glucose

plus oxonate (10) 149 = 3 184 + 4 116.2

Results are the Mean * SEM for the number of observations in parthenesis.

Table 37

Expt. A7 The effect of feeding oxonate-supplemented diets rich in

fructose or glucose on plasma uric acid concentration,

kaolin-cephalin clotting time and whole blood platelet count

Plasma uric acid Kaolin-cephalin Whole blood
clotting time platelet count
{mg/1) (seconds) (x 108/m1
High fructose 13.6 £ 1,7 (9 27.1 £ 1.5 (D) 6.4+ 0,2 (7)
High fructose "
plus oxonate 20,9 = 2.5 (10) 26.2 + 0.9 (6) 6.8 0.3 (&)
High glucose 13.2 £ 1.3 (10) 27.5 % 1.4 (8) 6.4 + 0.2 (&)
High glucose
plus oxonate 26.8 + 3.47T(10) 28.1 & 1.4 (8) 7.1 + 0.2 (8)

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from High fructose — * p < 0.05

tt

Significance of difference from High gluccse - T p < 0.05 p < 0.01
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Table 38

Expt. A7 The effect of feeding oxonate-supplemented diets rich in

fructose or glucose on ADP~induced and thrombin-induced aggregation

VAmax(cm/min peg\IOS platelets) Amax(cm/108 platelets)
ADP-induced Thrombin-induced ADP-induced Thrombin-

induced
High fructose (6) 3.82 % (.33 5.18 £ 0,28 3.74 = 0,12 4.48 = 0.40
High fructose
plus oxonate (6) 3.71 % 0.39 5.16 £ 0,33 3.56 £ 0.20 4.59 % 0,21
High glucose (6) 3.39 + 0.11 4,94 = 0,22 3.56 = 0.24 4,40 * 0,28
High glucose
plus oxonate (8) 3.76 = (.26 5.14 £ 0,20 3.94 £ 0.20 4,67 £ Q.11

Results are the Mean * SEM for the number of observations in parenthesis.

Table 39

Expt. A7 The effect of feeding oxonate-supplemented diets rich in

fructose or glucose on kidney weight and uric acid concentration

Kidney wt, Kidney uric acid Kidney uric acid

(g/100 g body wt.) (mg/100 g body wt.) (mg/g tissue per
100 ¢ body wt.)

High fructose (10) 0.78 £ 0.03 0.31 £ 0,03 0.22 £ 0.02

High fructose

plus oxonate (10) 0.79 £ 0.03 0.35 + 0.03 0.25 £ 0.02
k%

High glucose (10) 0.67 £ 0.02 0.28 £ 0.02 0,22 + 0.02

High glucose 4

plus oxonate (10) 0.68 = 0.02 0.33 = 0.02 0.27 = 0.03

Results are the Mean * SEM for the number of observations in parenthesis.
Significance of difference from High fructose - ** p < 0.0l

High fructose "
plus oxonmate - p < 0.01
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Table 37A

Expt. A7 The effect of feeding oxonate-supplemented diets rich in

fructose or glucose on platelet-rich plasma platelet count

(PRP) and on the ratio to whole blood platelet count (WB)

Platelet-rich plasma Ratio PRP:WB
platelet count
( x108/m1)

High fructose (6) 1.8 £ 0.3 1.8
High fructose

plus oxonate (6) 12.5 £ 0.5 1.8
High glucose (6) 11.8 + 0,7 1.8
High glucose

plus oxonate (8) 12.5 £ 0.8 1.8

Results are the Mean * SEM for the number of observations in parenthesis.

Table 38A

Expt. A7 The effect of feeding oxonate-supplemented diets rich in

fructose or glucose on ADP~induced and thrombin-induced

aggregation (uncorrected)

VAmax (cm/min) Amax (cm)

o s <

ADP~induced Thrombin-  ADP-induced Thrombin-
induced induced

High fructose (6) 9.02+0.86 12,23t0.80 8.81+0.34 10.54+0.89

High fructose
plus oxonate (6) 9.38%1.14 13.05+x1.23  9.00x0.88 11.5240.72

High glucose (6) 8.01+£0.63 11.65+0.95  8.40+0.83 10,4241 .11

High glucose
plus oxonate (8) 9.48+1.05 12.87:0.94  9.87+0.81 11.75+0,92

Results are the Mean * SEM for the number of observations in parenthesis.
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Sections B, C and D

The effect of alterations in dietary protein, fat and

carbohydrate on platelet aggregation

Introduction

Arterial thrombosis is the main lethal complication of athero-
sclerosis in cardiovascular disease, and there is increasing evidence
that thrombosis may play a role in atherogenesis (Hornstra 1975} .

Coronary heart disease is extremely uncommon in most tropical and
subtropical countries, except among those small sections of the community,
who are affluent and following a way of life resembling that found in
most economically developed countries (Shaper 1974). One of the most
striking differences between communities of developing and developed
countries showing such diversity of susceptibility to ischaemic heart
disease is in the dietary habits and in particular the proportion of
total energy obtained from protein, fat and carbohydrate. It is there-
fore valuable to study the effect of dietary alterations on arterial
thrombus formation and more particularly on blood platelet function,
which is an essential component of thrombus formation. However there
seems to be little uniformity in the methods used to test platelet
function under different dietary conditions and this is probably a
major reason for the variation in the results reported.

Tests of platelet function fall into two main categories. Firstly
those tests which measure platelet adhesiveness,which is the ability
of platelets to stick to a foreign surface and tests of adhesiveness
are based on one of two original methods. Wright's method (1941)
measures the fall in platelet count when citrated or heparinised blood
is rotated in a glass container under standard conditions, whereas
Hellem's original method (1960) determines the percentage of platelets
retained, when citrated blood is passed through a glass—bead column.
'Adhesiveness' is the term used to describe the results obtained with
Wright's test and 'retention' used to describe results obtained with
glass-bead column methods. Results from both Wright's (1941) and
Hellem's (1960) tests of platelet adhesiveness are influenced by

haematocrit, flow velocity, anticoagulant, timing and mixing procedures,
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age of glass-bead column and the type of plastic used. Salzman (1963)
also suggested that both the adhesion of platelets to glass and the
sticking of platelets to each other are involved in tests of retention.
The glass bead column acts as a filter of platelet aggregates and
measures a degree of aggregation as well as adhesion. The initial
adhesion processes cannot be validly imitated outside the vessel wall
so that the mechanism is difficult to investigate experimentally.
Shaper (1974) reported that there were no differences in platelet
adhesiveness, as measured by the methods of Wright (1941) and Hellem
(1960), between middle~aged European, Asian and African men living in
Uganda, even though coronary heart disease is a major cause of death
in Asians and Europeans living in East Africa, but is virtually non~
existent in the African population. It was suggested that platelet
adhesiveness as measured by these methods was of doubtful importance
in distinguishing between coronary-prone and non-susceptible groups.

The second main type of test of platelet function that has been
used to study the effect of dietary alterations, is one which measures
platelet aggregation, which is the sticking of platelets to each cther.
This test measures the change in optical demsity in a suspension of
platelets either in plasma or in isotonic saline, which occurs when
an aggregating agent is added (Born 1963). Aggregation can be observed
in vitro more readily than adhesion and therefore much more is known
about aggregation than about adhesion and this test is the one used
in the present studies.

In view of the implications of dietary involvement in the aetiology
of ischaemic heart disease suggested above, a study has been carried
out in rats to examine the effects of alterations in the protein, fat
and carbohydrate content of the diet on platelet function, which is an
essential component of thrombus formation. The test of platelet
function used was one which measures platelet aggregation, which, as
suggested above, is considered a more useful in vitro test of platelet
function than tests, which measure platelet adhesiveness.

In Section B are described experiments in which casein is the
protein used and the effect on platelet aggregation of different levels
of protein included in the diet and the duration for which they are
given is compared to a group of rats maintained continuously on a

control diet containing 200 g casein/kg diet.
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In Section C are described experiments in which alterations in
the proportion of total energy supplied by fat and carbohydrate were
made. In Expt. Cl alterations were made in both the amount and type
of fat included in the diet using safflower oil as a source of poly~
unsaturated fat and coconut oil as a source of highly saturated fats
and the effects on platelet aggregation were examined. In Expts C2
and 3 experiments are described in which the amount and type of carbo-
hydrate included in the diet was altered and the effects on platelet
aggregation examined.

In Section D an experiment is described, which was carried out
to examine the possible interaction between the effects of dietary

protein, fat and carbohydrate on platelet aggregation.
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Section B

Expt. B] The effect of level of protein in the diet

Four groups of female rats were fed on diets containing 50, 90,
130 or 200 g casein/kg diet for 21 d prior to investigation following
an initial period of 10 d on stock diet. (Table 6)

Final body weight was reduced when 90 g casein/kg diet was included
(p < 0.05) and further reduced when 50 g casein/kg diet was included
(p < 0.001) compared to the control group (200 g casein/kg diet)

(Table 40).

There was a progressive reduction in kaolin-cephalin clotting
time with decreasing amounts of dietary casein (130 g casein/kg diet
10%Z; 90 g casein/kg diet 18%; 50 g casein/kg diet 21%) compared to the
controls (200 g casein/kg diet). Platelet count in the blood of rats
given the diet containing 50 g casein/kg diet was significantly reduced
(p < 0.001) compared with control values, but no significamﬁ changes
occurred with the other experimental diets (Table 40).

ADP was the only aggregating agent used in this experiment. The
maximum rate of aggregation (VAmax) was reduced from 6.01 em/min per
108 platelets in the rats fed the control diet (200 g casein/kg diet)
to 3.80 cw/min per 108 platelets in the animals fed 50 g casein/kg diet
(p < 0.01). No significant differences for VAmax values were observed
between the control and other experimental groups. A similar reduction
was observed for the maximum extent of aggregation (Amax) between the
group fed 50 g casein/kg diet (p < 0.01) and the control group, but no
other differences were shown for any of the other groups. (Table 41).

Plasma albumin concentration was reduced in animals given the 90 g
casein/kg diet (p < 0.05) and in those animals given the 50 g casein/kg
diet (p < 0.05) compared to those rats on the control diet. There was
a 237 reduction in the plasma triglyceride concentration in animals
given a diet containing 90 g casein/kg diet compared with the controls
and remained low when animals were given 50 g casein/kg diet., Plasma
cholesterol concentration was increased 167 in animals given 50 g
casein/kg diet (p < 0.05) compared to control animals, and increased
by 117 in animals given 90 g casein/kg diet although non-significantly

(Table 42).
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Table 41

Expt. Bl  The effect of the level of protein in the diet

on ADP-induced aggregation

ADP-induced aggregation

P

. \ VAmax Amax
Casein in diet 8 8
(g/kg) (cm/min per 10 platelets) (em/ 107 platelets)
200 (9) (Control) 6.01 * 0,40 5.01 £ 0.20
130 (9) 5.56 £ 0.54 4.95 £ 0,22
90 (9) 5.37 £ 0.51 4.94 + (.33
50 (7) 3.80 &£ 0,39%% 4,05 £ 0,25%%

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from Control *%p < 0.0l

Table 42

Expt. Bl  The effect of the level of protein in the diet on

plasma albumin, triglyceride and cholesterol concentrations

Casein in diet Plasma albumin Plasma triglyceride Plasma cholesterol
(g/kg) (g/1) (mg/1) (mg/1)

200 (Control) 25.9 £ 0.9 552 = 31 547 & 22

130 26,9 £ 2.0 523 + 38 572 £ 25

90 23.7 £ 0.5% 408 = 19%% 622 + 37

50 23,1 £ 0.8% 424 + 26%% 634 £ 21%

Results are the Mean * SEM for nine rats per treatment.

Significance of difference from Control *p < 0.05 *%p < 0,01
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Table 40A

Expt. Bl  The effect of the level of protein in the diet on platelet-

rich plasma platelet count (PRP) and on the ratio to whole

blood platelet count (WB)

Platelet—-rich plasma Ratio PRP:WB
Casein in diet platelet count
(g/kg) ( x108/m1)
200 (9) Control 4.4 + 0.6 2.2
130 (9) 13.9 £ 0.5 2.1
90 (9) 13.2 £ 0.6 2.2
kK
50 (7) 10.4 + 0.6 2,0

Results are the Mean * SEM for the number of observations in parenthesis.

*edk
Significance of difference from Control = p < 0.001

Table 41A

Expt. Bl  The effect of the level of protein in the diet on

ADP-induced aggregation (uncorrected)

ADP-induced aggregation

Casein in diet VAmax Amax
(g/kg) (em/min) (cm)
200 (9) Control 17.59 £ 1.65 14.54 + 0.94
130 (9) 15.53 £ 1.73 13.81 £ 0,88
90 (9) 14,34 = 1,61 13.20 = 1,15
fkk kg
50 (7) 7.98 + 1,01 8.50 £ 0.82

Results are the Mean * SEM for the number of observations in parenthesis.

dekoe
Significance of difference from Control - p < 0.001
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Expt. B2 The effect of .duration on low protein diet

It was established in Expt. Bl that rats fed on diets containing
50 g casein/kg diet for 21 d had a reduced ADP-induced platelet
aggregation compared to animals fed the control diet (200 g casein/kg
diet). An experiment was therefore carried out to examine if a
similar response occurred with thrombin-induced aggregation and to
investigate the time course of the effect of low protein diet on ADP-~
induced and thrombin-induced aggregation. Four groups of female rats
were fed initially for 25 d following weaning on stock diet. Animals
were then fed on a diet containing 50 g casein/kg diet for periods of
0, 4, 12 or 21 d. When not on low protein diet animals were given a
200 g casein/kg control diet and feeding was arranged so that all groups
finished their period on low protein diets at the same time (Table 7).
Data presented in the control (0 d) and the 21 d groups includes values
from another trial performed on a different occasion, but carried out
under identical conditions and which produced similar values for each
of the variables studied.

No significant differences for kaolin—cephalin clotting time
(KCCT) were observed between the animals given the control diet (0 d)
and those given the low protein diet, even when given for 21 d. This
finding casts some suspicion on the results for KCCT observed in
Expt. Bl where a progressive reduction in KCCT values was seen with
decreasing protein content of the diet compared to the control diet
(200 g casein/kg diet). Whole blood platelet count was reduced after
4 d on the low protein diet (p < 0.01) and remained reduced in animals
given low protein diets for longer periods, when compared to those
animals given the control diet all the time (Table 43).

There was a progressive fall in the maximum rate of aggregation
(VAmax) with increasing time on the low protein diet for both ADP-
induced and thrombin-induced aggregation compared to the controls
(4 d 13%7; 12 4 23%; 21 4 29%7). A similar trend existed for the maximum
extent of aggregation (Amax) (Table 44).
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‘Table 44

Expt. B2 The effect of duration on low protein diet on

ADP~induced and thrombin-induced aggregation.

Time on low  VAmax(cm/min per 108 platelets) Amax(cm/108 platelets)

protein diet N o~ -
(d) ADP-induced Thrombin-induced ADP~induced Thrombin-induced

0(19)(Control) 4.80x0.16 6.15+0.19 4,69+0 .09 5.66£0.18

4(8) 4.18+0,21% 4.87x0.31% 4 ,03+0.,25 4 ,83x0.17%

12(8) 3.68+£0,15%% 4,670, 115% 3.4710,15%%&. 4 290, 17k%%

21(10) 3.42£0 ,21%%% 4,5920,28%%% 3 9240 ,16%%% L 57+(, 19%%k%

Results are the Mean * SEM for the number of observations in parenthesis.
Significance of difference from Control values *p < 0.05 **p < 0.01]

*%%p < 0,001,
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Table 43A

Expt., B2 The effect of duration on low protein diet on platelet-

rich plasma platelet count (PRP) and on the ratio to whole

blood platelet count (WB)

Time on low Platelet—rich plasma Ratio PRP:WB
protein diet platelet count
(4) (x_10%/m1)
0 (19) Comtrol 13.2 £ 0.5 2.0
4 (8) 11.6 £ 0,7 2.1
12 (8) 11.1 & 0.4" 1.9
fdk
21 (10) 8§.8 0.7 1.7

Results are the Mean * SEM for the number of observations in parenthesis.

* dek ¥k
Significance of difference from Control - p < 0.02 p < 0.001

Table 44A

Expt. B2 The effect of duration on low protein diet on ADP-induced

and Thrombin-induced aggregation (uncorrected)

Time on low Vamax (cm/min) Amax ( cm)
protein diet . 4 ok
(d) ADP-induced Thrombin-induced ADP-~induced Thrombin-induced
0 (19) Control 12.82+0,77 16.34:0.91 12.45+0.59 15.07+0 .83
* %
4 (8) 9.71&0.82* 11.41£1,17 * 9.42+0.89 * 11.3411.02*
o fodkok kkk Fodede
12 (8) 8.19+0 .53 10.36+0.53 7.71%0.48 9.51%0.50
dekk Kok Fekk kick
21 (1) 6.20+0.83 8.22+1.02 7.00+0.,77 8.06%0.76

Results are the Mean < SEM for the number of observations in parenthesis.

* dede okk
Significance of difference from Contrel - p < 0.05 p < 0.01 p < 0.001
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Section C

Expt. Cl The effect of feeding diets rich in unsaturated

or saturated fat

Four groups of female rats were fed for 2! d prior to investigation
on diets containing high or low levels of safflower (highly unsaturated)
or coconut (highly saturated) oil (Table 8) following an initial
period of 10 d on stock diet. Data from animals given diets containing
high levels of safflower or coconut oil alsc contains results from a
trial performed on a different occasion, but carried out under identical
conditions and which produced similar values for the variables studied.
Statistical treatment of data was performed by two factorial analysis
of variance and the results of this are presented below each table of
data to which they are related.

Analysis of variance revealed no significant effect due to either
the level of fat or the type of fat in the diet in live weight gain,
kaclin-cephalin clotting time or whole blood platelet count. (Table 45).

No differences were observed between groups for any of the aggrega~—
tion studies carried out (Table 46).

Plasma triglyceride concentration was increased in the group fed
on the diet high in coconut o0il, when compared to either the low
coconut group (p < 0.01) or the high safflower group (p < 0.001). There
was a significant increase in plasma cholesterol concentration in
animals given diets containing coconut oil compared to animals given
safflower oil, (p < 0.001), but the level of fat given had no effect
(Table 47).

Expt. C2Z The effect of the level of sucrose in the diet

Two groups of female rats were fed on diets containing 50 or 400 g
sucrose/kg diet replacing starch (Table 9) for 21 d prior to investi-
gation following an initial period of 10 d on stock diet;

The final body weight was reduced in animals given 400 g sucrose/kg
diet (p < 0.001) due to a 107 reduction in energy intake in the group
compared with animals given fhe diet containing 50 g sucrose/kg diet,
There was a 297 increase in kaolin-cephalin clotting time in the group
given the diet rich in sucrose compared to animals given the diet poor

in sucrose. No differences in the whole blood platelet count were
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Table 46

Expt. Cl  The effect of feeding diets rich in unsaturated

or saturated fat on ADP-induced aggregation

ADP-induced aggregation
s
VAmax Amax
(em/min per 108 platelets) (em/10° platelets)

P

~

Low safflower oil (8) 5.26 * 0.42 5.28 £ 0.34
High safflower oil (26) 5.40 £ 0.19 5.06 £ 0,11
Low coconut oil (9) 5.53 £ 0.44 5.21 £ 0,19
High coconut oil (26) 5.03 £ 0,22 4.78 £ 0,16

Results are the Mean + SEM for the number of observations in parenthesis,

Analysis of Variance

ADP-induced aggregation
A

VAmax Amax
Type of fat NS NS
Level of fat NS NS

Interaction NS NS
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Table 45A

Expt. CI  The effect of feeding diets rich in unsaturated or

saturated fat on platelet-rich plasma platelet count (PRP)

and on the ratio to whole blood platelet count (WB)

Platelet-rich plasma Ratio PRP:WB
platelet count
(x 108/m1)
Low safflower oil (8) 14.6 + 0.7 2.1
High safflower oil (26) 15.1 £ 0.3 2.2
Low coconut oil (9) 14.9 £ 0.6 2.2
High coconut oil (26) 15.6 £ 0.4 2.2

Results are the Mean * SEM for the number of observations in parenthesis.

Table 46A

Expt. Cl The effect of feeding diets rich in unsaturated or

saturated fat on ADP-induced aggregation (uncorrected)

ADP-induced aggregation

Vamax Amax

(em/min) (cm)
Low safflower oil  (8) 15.53 + 1.54 15.47 £ 1,25
High safflower oil (26) 16.30 = 0.64 15,29 + 0.43
Low coconut oil (9) 16.50 £ 1,63 15.24 £ 0.76
High coconut oil (26) 16.77 + 0.81 15.47 + 0,52

Results are the Mean * SEM for the number of observations in parenthegis.
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Table 47

Expt. CI  The effect of feeding diets rich in unsaturated

or saturated fat on plasma triglyceride and

cholesterol concentrations

Plasma triglyceride Plasma cholesterol
(mg/1) (mg/1)
Low safflower oil (9) 551 + 48 522 £ 17
High safflower oil (27) 543 + 38 498 + 12
Low coconut oil (10) 594 = 50 580 + 21
High coconut oil (28) 1005 = 64 620 £ 15

Results are the Mean * SEM for the number of observations in parenthesis.

Analysis of variance

Plasma triglyceride Plasma cholesterol
Type of fat RkK Kk
Level of fat ok NS
Interaction kk NS

Significance of difference **p < 0.01 k%kp < 0,001
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observed between the two groups (Table 48).

There was a small, non-significant decrease in the maximum rate
of aggregation (VAmax) (117 decrease) and a larger significant decrease
in the maximum extent of aggregation (Amax) ( 157 decrease; p < 0.05)
for ADP-induced aggregation in the group given 400 g sucrose/kg diet
compared to those animals given 50 g sucrose/kg diet. This decreased
ADP-induced aggregation tendency when animals were given a high
sucrose diet compared to those animals given the low sucrose diet,
was not observed for thrombin-induced aggregation, in fact there were
small, non-significant increases in the VAmax (67 increase) and Amax
(87 increase) values for thrombin-induced aggregation in the group
given the diet containing 400 g sucrose/kg diet compared to those
animals given 50 g sucrose/kg diet (Table 49).

Plasma triglyceride concentrations were significantly increased
in animals given the diet rich in sucrose compared to those animals
given the diet poor in sucrose (p < 0.01). No significant changes were
observed in plasma cholesterol concentrations between the groups.

(Table 50).

Expt. C3 The effect of feeding high or low levels of

fructose or glucose

Four groups of female rats were fed on diets containing fructose
or glucose at levels 50 or 400 g/kg diet replacing starch for 21 d
prior to investigation following an initial period of 10 d on stock
diet (Table 10). Statistical treatment of data was performed by two
factorial analysis of variance and the results of this are presented
below each table of data to which they are related.

Analysis of variance revealed no significant changes, due to
either the type of carbohydrate or the level of carbohydrate, in the
live weight gain, kaolin-cephalin clotting time, or whole blood plate-
let count (Table 51).

There were small, non-significant decreases in the maximum rate
of aggregation (VAmax) and the maximum extent of aggregation (Amax)
for both ADP-induced and thrombin-induced aggregation when animals
were given diets containing high levels of fructose or glucose compared
to those animals given low fructose or glucose diets (Table 52).

Results from Expt. C2 also suggested a lower ADP-induced aggregation
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Table 49

Expt. C2 The effect of the level of sucrose in the diet on

ADP-induced and thrombin-induced aggregation

Sucrose VAmax(cm/min per 108 platelets) Amax(cm/108 platelets)
in diet - .
(g/kg) ADP-induced Thrombin-induced ADP-induced Thrombin-induced
50 5.02 £ 0.26(25) 5.43 = 0.68 (8) 5.06+0.17 (24) 5.07 + 0.34 (6)
400 4,46 = 0.27(25) 5.74 £ 0,35 (22) 4.40+0.18%(23) 5.49 + 0.36 (14)

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from 50 g/kg values *p < 0,02

Table 50

Expt. C2 The effect of the level of sucrose in the diet on

plasma triglyceride and cholesterol concentrations

Sucrose in diet Plasma triglyceride Plasma cholesterol
(g/kg) (mg/1) (mg/1)
50 (27) 573 = 27 563 £ 13
400 (25) 788 = 60%% 586 £ 13

Results are the Mean * SEM for the number of observations in parenthesis.

Significance of difference from 50 g/kg values **p < 0.0l
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Table 48A

Expt. C2 The effect of the level of sucrose in the diet on

platelet-rich plasma platelet count (PRP) and on the

ratio to whole blood platelet count (WB)

Sucrose in diet Platelet-rich plasma Ratio PRP:WB
platelet count
(g/kg) (x IOS/ml)
50 (25) 14.5 = 0.4 2.1
400 (25) 16.2 + 0.7 2.2

Results are the Mean * SEM for the number of observations in parenthesis.

*
Significance of difference from 50 g/kg values - p < 0.05

Tabla 49A

Expt. C2 The effect of the level of sucrose in the diet on ADP-

induced and thrombin-induced aggregation (uncorrected)

Sucrose VAmax (cm/min) Amax (cm)
in diet ks s d S
(g/kg) ADP~induced Thrombin-induced ADP-induced Thrombin~induced

50 14.85:1.01(25) 15.93+2.78 (8) 14.69+0.68(24) 13,60+1.50(6)
400 14.49£1.,01(25) 18.23+1.33(22) 13.79%0.76(23) 15.2621.13(14)

Results are the Mean * SEM for the number of observations in parenthesis.
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tendency in the high sugar (sucrose) group than in the low sugar
group, although values for thrombin~induced aggregation suggested
an effect in the opposite direction.

There was a significant effect on plasma triglyceride concentration
due to the type of carbohydrate in the diet (p < 0.05); fructose
produced higher plasma triglyceride concentrations than glucose.

The significant interaction reflects the fact that raising the dietary
level of fructose increased the plasma triglyceride concentration
whereas the opposite effect was observed for glucose., 1In Expt. C2

a higher plasma triglyceride concentration was observed in the group
fed on the diet high in sucrose compared to those animals given the
low sucrose diet. This suggests that it is the fructose moiety of
sucrose, which is associated with the increased plasma triglyceride
concentration, which occurred in animals fed the sucrose~-rich diet,
No significant changes were observed in plasma cholesterol concentra-
tions due to either the type of carbohydrate or the level of carbo-
hydrate (Table 53).
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Table 52

Expt., C3 The effect of feeding high or low levels of fructosc

or glucose in the diet on ADP~induced and thrombin-

induced aggregation

VAmax (cm/min per 108 platelets) Amax(cm/}Og platelets)
ADP-induced Thrombin-induced ADP-induced Thrgﬁbinwinduce&\
High fructose (7) 4.19 + 0,29 5,06 + 0,31 4.58 £ 0,26 5.80 = 0,20
Low fructose (6) 4.65 * Q.44 6.26 * 0.58 4,60 £ 0.12 5.84 £ 0.22
High glucose (9) 4.37 + 0,44 5,23 + 0.35 4.57 £ 0,33 5,39 + 0,22
Low glucose (6) 4,78 £ 0.18 5,53 % 0,23 4.78 £ 0,22 5,72 £ 0.18

Results are the Mean * SEM for the number of observations in parenthesis.

Analysis of variance

VAmax Amax
A i

ADP~induced Thrombin-induced ADP-induced Thrombin-induced

Type of

carbohydrate NS NS NS NS
Level of

carbohydrate NS NS NS NS

Interaction NS NS NS NS
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Table 51A

Expt. C3 The effect of feeding high or low levels of fructose or

glucose in the diet on platelet-rich plasma platelet count

(PRP) and on the ratio to whole blood platelet count (WB)

Platelet~rich plasma Ratio PRP:WB

platelet count
(x 108/m1)
High fructose (7) 2.5 + 0.5 2.0
Low fructose  (6) 13.7 £ 1.3 2.0
High glucose (9) 12.6 £ 0.6 2.0
Low glucose (6) 11.9 £ 1.1 2.0

Results are the Mean * SEM for the number of observatioms in parenthesis.

Table 52A

Expt. C3 The effect of feeding high or low levels of fructose or

glucose in the diet on ADP-induced and thrombin-induced

aggregation (uncorrected)

VAmax gcm/min) Amax (cm)
gﬁP”induced Thrombin-induced ADP”induced\ Thrombin-induced
High fructose (7) 10.53%1.00 12.74%1,19 11.46%0,88 14.41£0.61
Low fructose (6) 13.28£2.60 17.80£3,27 12.71£1.40 14.87+1.34
High glucose (9) 11.16%1.40 13.3941.44 11.62+1.12 13.21£0.75
Low glucose (6) 11.48%1.42 13.36%1,83 11.44%1.32 13.65%1.,42

Regults are the Mean * SEM for the number of observations in parenthesis.
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Table 53

Expt. C3 The effect of feeding high or low levels of fructose or

glucose in the diet on plasma triglyceride and cholesterol

concentrations
Plasma triglyceride Plasma cholesgterol
(mg/1) (mg/1)
High fructose 547 £ 45 539 %+ 19
Low fructose 556 £ 32 544 + 17
High glucose 460 £ 21 544 = 21
Low glucose 565 + 25 502 £ 17

Results are the Mean * SEM for ten rats per treatment

Analysis of variance

Plasma triglyceride Plasma cholesterol
Type of carbohydrate * NS
Level of carbohydrate NS NS
Interaction #k NS

* ok
Significance of difference p < 0.05 p < 0,01
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Section D

The interaction between the levels of casein, safflower

oil and sucrose included in the diet

In Sections B and C experiments are described in which the effects
of alterations in the level of dietary protein or the level and type
of dietary fat or carbohydrate on platelet aggregation were examined.
In the experiment described below the effects of simultaneous altera-
tions in the levels of dietary protein, fat and carbohydrate on platelet
aggregation were examined in order to study the possible interactions
between these dietary components in their effect on platelet aggregation
in rats. Casein and sucrose were the protein and sugar sources
respectively and were included in the diet at the expense of maize
starch. Expt. Cl established no significantly different effects on
platelet aggregation between safflower oil and coconut oil when included
in the diet as the fat source. For this reason safflower oil was the
only fat used in this experiment.

Eight groups of female rats were given diets containing 50 or
200 g casein, 50 or 200 g safflower oil and 50 or 400 g sucrose/kg
for 21 d prior to investigation following an initial period of 10 ¢
on stock diet (Table 11). Data was analysed statistically by two
factorial analysis of variance for unequal cell numbers and by students
"t' test.

Analysis of variance revealed that final body weight was signific-
antly reduced in the low protein groups (p < 0.001) compared to the
high protein groups regardless of the levels of safflower oil or
sucrose included in the diet (Table 54).

There were no significant differences in kaolin-cephalin clotting
time between any of the groups. Whole blood platelet count was sig-
nificantly reduced in the low casein groups, when compared to the high
casein groups, regardless of the sucrose or safflower oil content of
the diets (p < 0.001). Among the low-protein, groups there was an
effect due to the level of fat in the diet on whole blood platelet
count; in animals given diets containing a low level of safflower oil
whole blood platelet count was lower compared to those animals given a
high level of safflower oil (p < 0.05) (Table 55).

The maximum rate of aggregation (VAmax) for both ADP-induced and

thrombin~-induced aggregation was reduced in animals given low casein
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diets, compared to those animals given the diets high in casein,
regardless of the sucrose or safflower oil content of the diets

(p < 0.001). Among the low-casein, low-sucrose groups there was a
significant increase in VAmax for ADP-induced aggregation in animals
given diets high in safflower oil compared to those animals given
diets containing low levels of safflower oil (p < 0.05). There was a
significant reduction in VAmax for ADP-induced aggregation in animals
given the diets‘containing a high level of sucrose compared to those
animals given the low sucrose diet, when the diets also contained
high safflower o0il and low casein (p < 0.05). The maximum extent of
aggregation (Amax) for both ADP-induced and thrombin-induced aggrega-
tion was reduced in animals given low levels of casein in the diet
compared to the high-casein groups, regardless of the sucrose (p <0.001)
or the safflower oil (p < 0.01) content of the diet. Among the low™
sucrose, low-casein groups, Amax for ADP~induced and thombin~induced
aggregation was increased in those animals given diets containing
high levels of safflower oil compared to animals given low safflower oil
diets. (p < 0.05). At high protein no significant effects on ADP-
induced or thrombin-induced aggregation were observed, although there
was a trend towards high—sucrose diets producing lower aggregation
values than the low-sucrose groups. (Table 56).

There was a significant reduction in plasma triglyceride concen~-
tration in animals given diets rich in sucrose compared to those animals
given diets poor in sucrose, when diets were also rich in safflower
oil regardless of the protein content of the diet (p < 0.05). Plasma
cholesterol concentration was reduced in animals given high levels
of safflower oil in the diet compared to the low safflower oil groups,
when diets also contained a low level of casein, regardless of the

sucrose content of the diet (p < 0.001) (Table 57).
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Table 54

D1 The effect of the interaction between the levels of

casein, safflower oil and sucrose in the diet on

body weight and energy intake

Initial body wt. Final body wt. Energy
(g) (g) (kJ/100

intake
g per day)

safflower oil
casein
sucrose

I+
Eas

109 + 3 160

safflower oil
caseln

Low sucrose

High

Low casein

High

High

Low casein

safflower oil
sucrose

safflower oil

Low sucrose

High
High

casein
sucrose

Low safflower oil

High

casein

Low sucrose

Low safflower oil

Low casein

High

Sucrose

Low safflower oil

Low casein

108

4
Ly

Low sucrose

}
}
}
}
}
|
}

Results are the Mean * SEM for fifteen rats per treatment

160,

107 + 3 92 * 4 160,

110 = 3 164 & 4 151,

P11 £ 3 194,
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Table 55

Expt. DI The effect of the interaction between the levels of casein,

safflower oil and sucrose in the diet on kaolin-cephalin

clotting time and whole blood platelet count

Kaolin-cephalin Whole blood
clotting time platelet count
{seconds) (x 108/m1)
High safflower oil
High casein (8) 30.4 £ 2.0 7.3+ 0,2
High sucrose
High safflower oil
High casein (10) 32.1 + 1.4 6.8 % 0.2
Low sucrose
High safflower oil
Low casein (9) 28.1 £ 2.3 5.1 % 0.1
High sucrose
High safflower oil
Low casein (6) 30.3 £ 2.9 5.6 0.3
Low sucrose
Low safflower oil
High casein (12) 32,0 % 1.1 6.8 % 0.2
High sucrose
Low safflower oil
High casein (1 32.8 + 2.3 7.2 £ 0.2
Low sucrose
Low safflower oil
Low casein (7 29.1 + 1.8 5.3 £ 0.3
High sucrose
Low safflower oil
Low casein (6) 30.2 £ 1.9 4.4 £ 0,2
Low sucrose

Results are the Mean + SEM for the number of observations in parenthesis.
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Table 554

Expt. D!  The effect of the interaction between the levels of casein,

safflower oil and sucrose in the diet on platelet-rich plasma

platelet count (PRP) and on the ratio to whole blood platelet

count (WB)

High casein

High safflower oil
(8)
High sucrose

High casein

High safflower oil
(10)
Low sucrose

Low casein

High safflower oil
(9)
High sucrose

High safflower oil
Low casein (6)
Low sucrose

Low safflower
High casein
High sucrose

(12)

(11

High casein
Low sucrose

Low safflower
Low casein
High sucrose

)

Low safflower
Low casein
Low sucrose

(6)

oil }
Low safflower oil }
oil }
0il }

Results are the Mean

e

Platelet-rich plasma Ratio PRP:WB
platelet count

(x 108 /m1)
14.8 £ 0.6 2.0
13.1 £ 0.5 1.9
9.2 £ 0.4 1.8
10.9 + 0.9 1.9
13.1 % 0.6 1.9
13.7 £ 0.6 1.9
9.9 £ 0.6 1.9
7.4 % 0.4 1.7

SEM for the number of observations in parenthesis.
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Analysis of variance

Platelet~rich plasma
platelet count

B T A P

Level of sucrose
Level of casein

Interaction

é?_lﬂVnﬁﬁfE}SWﬁFm9£l
Level of sucrose
Level of casein

Interaction

At _high casein
Level of sucrose
Level of safflower

Interaction

At low casein
Level of sucrose
Level of safflower

Interaction

At high sucrose
Level of safflower
Level of casein

Interaction

Atw}owmggpgpggm
Level of safflower
Level of casein

Interaction

oil

oil

oil

oil

NS

Jodede

k%

NS
Rk

NS
NS

NS

%ok

NS

dodok

ek

k%



99

Analysis of variance

Kaolin~cephalin Whole blood Final body
clotting time platelet count __weight

At high safflower oil

Level of sucrose NS N§ NS
Level of casein NS fodedk ket
Interaction NS % NS

At low safflower oil

Level of sucrose NS NS NS
Level of casein NS ek fokk
Interaction NS * NS

At high casein

Level of sucrose NS NS NS
Level of safflower oil NS N& NS
Interaction NS NS NS

At low casein

Level of sucrose NS N§ NS
Level of safflower oil N§ % %
Interaction NS ke %

o e G e W e e e

Level of safflower oil NS NS NS

Level of casein NS Fkk khkk
Interaction NS NG NS

éﬁ_}gynggpgpgp

Level of safflower o1l NS NS NS

Level of casein NS Kbk dodd
Interaction NS i ohe

Students "t' test

Casein Sucrose Safflower oil
High  Low "High Low High ~ fow °
Final body wt. 1612 Q9+ 2%%%  130+5 1314 128+5 1334

Kaolin-cephalin 31.920.9 29.3+1.1 30.1+£0.9 31.6+1.1 30.2+1.1 31.4%0.9
clotting time

Fedok
Whole blood 7.00.1 5.1x0.1 6.,2:t0.2 6.3:x0.2 6.,33x0.2 6.2%0.2
platelet count

Significance of difference compared with ***p < 0,001

corresponding ‘'high' diet.
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Table 56

The effect of the interaction between the levels of casein,

safflower oil and sucrose in the diet on ADP-induced and

High safflower
High casein
High sucrose

High safflower
High casein
Low sucrose

High safflower
Low casein
High sucrose

High safflower
Low casein
Low sucrose

Low safflower
High casein
High sucrose

Low safflower
High casein
Low sucrose

Low safflower
Low casein
High sucrose

Low safflower
Low casein
Low sucrose

o1l

oil

oil

oil

oil

oil

oil

oil

(8)

(10)

(9)

(6)

(12)

(11}

(7)

(6)

thrombin-induced aggregation

VAmax(cm/min perA}O8 plateleta}Am&x(cm/I@g platelets)
ADP-induced Thrombin- A ADP-induced Thrombin—
induced induced
4.,90+0.30 5.78t0.,51 4,580 .16 5.430.,20
4.,98+0.22 6.35+0 .42 4.,92x0,17 6.00t0.18
2.81%0.24 4,2410.,29 3.48%0.,25 4 470,17
4.,07+0.29 4.8510.34 4 4520 ,32 5.00%0,31
4.49+0 .13 5.72+0.30 4.69%0,13 5.95%0.,17
4,84+0,18 6.3320.22 4.81£0,11 € .0620.,19
3.33+0.24 4.,4710 .31 3.68£0.23 - 4.94%0 .29
3.19%0.,28 4,2120 .34 3.79%0.,20 4 ,54%0 ,27

Results are the Mean * SEM for the number of observations in parenthesis.
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Table 56A

The effect of the interaction between the levels of casein,

safflower oil and sucrose in the diet on ADP~induced and

thrombin-induced aggregation (uncorrected)

High safflower
High casein
High sucrose

High safflower
High casein
Low sucrose

High safflower
Low casein
High sucrose

High safflower o

Low casein
Low sucrose

Low safflower
High casein
High sucrose

Low safflower
High casein
Low sucrose

Low safflower
Low casein
High sucrose

Low safflower
Low casein
Low sucrose

01l
(8)

oil
(10)

il
(9)
i

1
(6)

o}

i1
}(iZ)

il
(11)

|
}(7)
}

-

0
o
oil
oil

(6)

VAmax (cm/min)

Amax (cm)

hY

~

ADP-induced Thrombin-~induced ADP-~induced Thrombin-—

induced
14.65%1, 30 17.35£2.02 13.61+0.91 15.63%0.93
13.11x0.93 16,671 .42 12.87%0.63 15.34%0.66
5.21%£0.55 7.92+0.76 6.47t0.67 8.18%0.46
8.98+1.10 10.62%1.18 9.90%1.,35 10.31%£1,13
11.70£0.,57 15.04%1.16 12.1720.52 14.60%0.69
13.38£0.90 17.40%0.98 13.2380.65 16.62%0.82
6.70+0.83 9.04%1.10 7.40%0.86 9.97t1.16
4.75+0.55 6.21%20.56 5.60%0.42 6.69%0.49

Results are the Mean *+ SEM for the number of observations in parenthesis.
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Expt. DI Analysis of variance
VAmax Amax
- e s ¥ AN P A .
ADP~induced Thrombin~ ADP~induced Thrombin-—
induced induced

Level of sucrose NS N§ NS NS
Level of casein *okk Fded *kk Rkk
Interaction # NS % NS

At low safflower oil

i ey o o e won v i s inn

Level of sucrose N& NS NS NS
Level of casein Fkdk Ferk ok Fokk kK
Interaction % % * *k

s o e miohey srmen

Level of sucrose NS NS NS N§
Level of safflower o0il NS NS NS NS
Interaction NS NS NS N§

At low casein

o o w— oot

Level of sucrose NS NS NS NS
Level of safflower oil NS$§ NS NS NS
Interaction Hokk %% k% *ok

At_high sucrose

o ot whoen s omom e v

Level of safflower oil NS NS NS NS
Level of casein ko Kk kK bk
Interaction * NS NS N§

At low sucrose

T i wiee e s ot v

Level of safflower oil NS NS * NS
Level of casein &k *fkk kkk fkk

Interaction * % ok Fok
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Analysis of variance

VAnmax

Amax
o

Y

~

N\

ADP-induced

Amax

ADP-induced Thrombin~ Thrombin-—
_induced induced
At high safflower oil
Level of sucrose * NS b %
Level of casein Fokk Kk %k kkk
Interaction * NS NS NS
é:”}QWW?EfE}QWEFwPi}
Level of sucrose NS NS %k NS
Level of casein Rkk *kd Kk kkik
Interaction NS NS NS NS
At high casein
Level of sucrose NS NS NS *
Level of safflower oil NS NS NS NS
Interaction NS NS N§ NS
éﬁ*}gywpéﬁgig
Level of sucrose * NS * NS
Level of safflower oil NS NS NS N§
Interaction * NS NS NS
At high sucrose
Level of safflower oil NS NS NS NS
Level of casein kA% Fkk hkdk kk
Interaction % NS NS NS
éﬁﬁ}QVn§59£9§9
Level of safflower oil * NS NS NS
Level of casein Kk Kok okk dedek
Interaction NS NS NS NS
Students 't' test
Casein Sucrose Safflower oil
“High Low  ° High Low High Low |
Fodek = *

ADP~ 4.78+0.,10 3,29+0.15 3.94+0.,18 4.,44+0.16 4,20+0.,20 4.16%0,15

induced

Thrombin~ sk

induced 6.05x0.18 4.42+0.16 5,1240.21 5.68+0.23 5.36£0.25 5.41+0.,20

fok ok

ADP~ 4.76+0.07 3.81+0.14 G,17£0.13 4.60+0,12%% 4 ,36+0.15 4.,38+0 .11

induced

Thrombin- Fedek %

induced 5.82+0.10 4.72+0.13 5.17+¢0.13 5.58+0.16 5.30£0.15 5.44+0.15

Significance of difference

*p < 0.05

*i(p < 0.

compared with corresponding 'high' diet.

02

k#kp < 0,001
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Table 57

Expt. DI The effect of the interaction between the levels of casein,
safflower oil and sucrose in the diet on plasma triglyceride
and cholesterol concentrations.

Plasma triglyceride Plasma cholesterol
(mg/1) (mg/1)

High casein (15) 528 + 19 459 * 16

High safflower oil}
High sucrose

4+

High casein (14) 485 * 24 463 + 28

High safflower oil
Low sucrose

473

I+
N

(10) 618

=+
o)

Low casein

High safflower oil
High sucrose

I+
0

Low casein (11) 518 + 23 498

High safflower oil
Low sucrose

Low safflower oil
High casein

High sucrose

S

32 457 25

i

(15) 558

i+

High casein (13) 504 & 27 478 + 30

Low sucrose

Low safflower oil
Low casein
High source

i+

(8) 519 %+ 29 410

Low safflower oil }

Low safflower oil
Low casein {8) 476 + 22 416
Low sucrose

I+

34

Results are the Mean * SEM for the number of observations in parenthesis



Analysis of variance

At high safflower oil

Plasma triglyceride

Plasma cholesterol

Level of sucrose %
Level of casein NS
Interaction NS§
ép*}gymggﬁﬁ}gngmpi}
Level of sucrose N§
Level of casein NS
Interaction NS
At high casein_
Level of sucrose NS
Level of safflower oil NS
Interaction N§
éﬁuﬁgymgéggjg;
Level of sucrose NS
Level of safflower oil NS
Interaction NS
AT high sucrose
Level of safflower oil NS
Level of casein NS
Interaction NS
éﬁw}gw;pgpngg
Level of safflower oil N8&
Level of casein NS
Interaction NS
Students 't' test
Casein Sucrose
High Low  High Low
Plasma

triglyceride  520%13 53621

Plasma

cholesterol 464112 455+12 453210 467+14

5535118 4971]2%%

NS
NS
NS

NS
NS
NS

N5
NS
NS

NS
&k

NS

NS
NS
NS

NS
N&
NS

Safflower oil

High Low

532+17 52015

472410 447+14

Significance of difference compared with corresponding **p < 0.0}

'high' diet.
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DISCUSSION



104

Section A

Single cell protein and Hyperuricaemia

A Massachusetts Institute of Technology (MIT) conference on single
cell protein (SCP) held in 1967 was one of the first to call attention
to the problem of the high nucleic acid content of all rapidly growing
cells, which if ingested by man, must be excreted mainly as uric acid.
Too high an intake of nucleic acid could therefore increage the risk
of gouty arthritis in persons with a tendency tawardsthié disease and
even precipitate gout in persons not genetically prone to it. It was
necessary for this reason to determine the levels of SCP nucleic acid
that could be added to the usual diet of populations without an
appreciable influence on the risk of hyperuricaemia and gout arising
from the deposition of sodium urate crystals in the joints or the

formation of uric acid stones in the urinary tract.

Waslien et al (1968) found that, when male human subjects were
fed 0, 2, 4 and 8 g. of yeast RNA per day for 5 consecutive days added
to otherwise purine~free basal diets, the mean plasma uric acid con~
centrations were 49, 60, 77 and 94 mg/l respectively. Edozien et al
(1970) fed four male MIT students for 9 consecutive days on 0, 45, 90
and 135 g. yeast per day, contributing O, 2.9, 5.8 and 8.7 g. veast
nucleic acid, in addition to a low-purine basal diet. Plasma uric
acid concentrations were 45, 72, 88 and 94 mg/l respectively. On the
basis of these results and the fact that 70 mg/l is considered the
plasma uric acid concentration, which separatesmost patients with
primary gout from most normal subjects (Grayzel, Liddle and Seegmiller
1961; Gutman and Yu 1957), Edozien et al (1970) proposed a maximum
intake of 2 g. SCP nucleic acid per day. The figure of 70 mg/l, which
is considered the plasma uric acid concentration defining hyperuricaemia,
is based upon statistical analysis of the distribution of plasma uric
acid concentration in Western Europe and North America. However, a
more logical definition of hyperuricaemia might be one based upon the
limited solubility of sodium urate in extracellular fluid. Extra-

cellular fluid is saturated when the urate concentration reaches about
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64 mg/l (Peters, and Van Slyks 1946). Above this concentration
extracellular fluids are supersaturated with sodium urate, and the
potentiality for precipitation of urate crystals exists. Using this
definition of hyperuricaemia, the safe limit of SCP nucleic acid
intake might well be less than 2 g. per day.

Pinto and Aranjo Neto (1972) point out that the studies of
Waslien et al (1968) and Edozien et al (1970) measured nucleic acid
added to an otherwise purine-free diet, whereas the purine content of
the usual diets consumed by different populations varies greatly. The
data of Udo (1969), based on the addition of various amounts of yeast to
the usual diets of students and staff at the MIT, support the proposal for
a limit of 2 g RNA/man per day, and this figure was accepted in a 1972 PAG
guideline as a provisional tolerance limit.

The plasma and urinary uric acid concentrations of 136 volunteers,
fed for 3-6 months 1.5 to 2.0 g RNA daily as SCP in addition to their
usual diets, were within the acceptable limits of 80 mg/l and 1000 mg/24
h respectively recommended by a 1975 PAG Working Group. However it
was suggested that people with a tendency to gout should include SCP
in the list of high purine foods to be avoided. (Scrimshaw 1975).

Waslien et al (1968) fed male subjects purine-~free diets containing
0~75 g. protein per day as egg albumin. In subjects given protein-free
diets, plasma uric acid concentration was 60 mg/l and urinary uriec acid
excretion was 354 mg/24 h compared to 47 mg/l and 392 mg/24 h respect-
ively in subjects given 75 g protein per day. A reduced dietary
protein intake may therefore result in an increase in the plasma uric
acid concentration.

Plasma albumin, the concentraﬁion'of which has been shown to
vary with dietary protein levels, may bind to circulating uric acid
(Klinenberg and Kippen 1970). A reduced protein intake could therefore
lead to a reduction in plasma albumin concentration, which may result
in a reduced binding of albumin to uric acid and an increase in plasma
free uric acid concentration. In this way a reduced dietary protein
intake may influence the solubility of uric acid in plasma and the
plasma uric acid concentration at which urate deposition occurs, and
thus influence the extent to which hyperuricaemia is complicated by
gout.

Existing information on uric acid concentration in the blood
and urine in relation to the diet has been derived mainly from studies

on people consuming Western European or North American diets. It
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would seem inappropriate to apply data from these studies to regions
of the world where dietary protein deficiency is known to exist in
large segments of the population, in view of the possible influence

of dietary protein on the concentration and solubility limit of plasma

uric acid suggested in the above studies.

Several human groups appear to have hyperuricaemia that cannot
be attributed to dietary or other known environmental factors and
therefore must be attributed to genetic determinants. For example,
the natives of Pukapuka, an island in Polynesia, are not westernised,
are not obese or hypertensive and consume no alcohol, which are all
factors often associated with hyperuricaemia, yet 407 of males have
serum uric acid concentrations greater than 70 mg/l (Wyngaarden and
Kelley 1972). Other groups have a strong genetic predisposition to
hyperuricaemia so that they respond quickly to dietary factors
favouring hyperuricaemia.

Therefore genetic factors present in any population selected for
SCP supplementation will have to be ascertained as well as the
response of plasma uric acid concentration to the chosen level of
supplementation determined in order to assess the potential for

development of hyperuricaemia and gout.

The use of experimental animal models enables a controlled study
of the effects of dietary SCP on plasma uric acid concentration to
be carried out in the absence of possible genetic or envirommental
factors, which may influence the solubility or concentration of uric
acid in the blood.

There was a significant rise in plasma uric acid concentration
in female rats given diets containing a Fusarium mould, as the source
of SCP, and oxonate for 21 d. The increase was found to be related
to the length of time the oxonate was included in the diet, and to
the level of mould fed. When the level of mould was only 150 g/kg
diet, supplying about 1.2 g NA per kg diet, the plasma uric acid
concentration rose by 36%, and, when 400 g mould/kg diet was fed,
supplying about 3.2 g NA per kg diet, the plasma uric acid concentra-
tion was elevated by 70%, compared to casein—fed control animals.
Therefore even small increases in dietary nucleic acid intake result

in marked increases in plasma uric acid concentration.
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Clinical conditions associated with hyperuricaemia

A. Gout

Gout is the syndrome, which results from the crystallisation of
the sodium salt of uric acid in the body, Primary gout occurs when
the body fluids become supersaturated with sodium urate because of
a genetic defect, which results in either excessive synthesis, or
diminished excretion of uric acid, or a combination of both. Primary
gout is initially asymptomatic and may remain so, but in some affected
individuals the disorder becomes clinically manifest by recurrent
attacks of a characteristic type of acute arthritis or by renal
lithiasis or both. Secondary gout is an acquired form of the disease
in which hyperuricaemia occurs as & result of some other disorder.

In a person at genetic risk of primary gout, plasma uric acid
concentration is normal in childhood, but rises excessively at
puberty. In men the uric acid concentration frequently exceeds the
solubility limit in plasma; this is about 64 mg/l. However in women
the plasma uric acid concentration rarely rises beyond the solubility
limit until the menopause., In the Western world the mean plasma uric
acid concentration in men is about 5! mg/l and in premencpausal women
is about 42 mg/l (PAG Bulletin 1975). At the menopause, however, the
mean concentration in women rises and thereafter approximates that
found in men. One of the factors protecting women against hyper-—
uricaemia is a high renal clearance of uric acid, perhaps due to
cestrogens (Wolfson 1949). However there was a dramatic rise in
plasma uric acid concentration in studies described above in which
female rats were fed diets containing Fusarium mould as the SCP. This
rise in plasma uric acid concentration might have been even greater
had male animals been used.

Primary gout is predominantly a disease of men, 967 of reported
cases occurring in men. The usual age of onset is about 45 yrs, which
therefore follows about 30 yrs of postpubertal hyperuricaemia. Primary
gout is rare in women and if present, generally occurs after the meno-
pause. Some of the best data available for the incidence of gout in
men at different serum uric acid concentrations and age comes from a
twelve year study of the population of Framingham, Mass., USA (Hall,
Barry, Dawber and McNamara 1967). The table below, which also includes



values from another study conducted in France (Zalokar, Lellouch and
Claude 1972), shows that the incidence of gout in men increases as a
function of both the serum uric acid concentration and the mean age.
The occurrence of gout therefore depends on the degree and duration

of the hyperuricaemia.

Incidence (%) of gout in men related to serum uric acid

concentration and age.

Serum Uriec acid Mean Age
concentration
(mg/1) 49 yrs 58 yrs
70-79 4,77 167
80~89 11.47 257
90-99 31.67%
100 or above 47 .67 907

However it is possible to have extensive tophaceous urate
deposits with a plasma uric acid concentration of about 70 mg/1,
whereas with higher plasma uric acid concentrations there may be no
external signs of gout in some instances. Alsaker (1965) demonstrated
that some of the circulating uric acid is loosely bound to plasma
albumin, low density beta~lipoproteins, beta-2 macroglobuling, and an
alpha l-alpha 2-globulin (alma2~glohulin), He postulated that & 0,
globulin serves as a specific transport protein for urie acid and
demonstrated a deficiency of this protein in 7 patients with primary
gout (Alsaker 1968). It is possible that this binding of uric acid
to plasma proteins may affect the renal clearance of uric acid and
may also play a role in preventing the deposition of urate in the

tissues,

Dietary purines appear to be relatively unimportant in deter-—
mining the plasma uriec acid concentration when normal diets are
eaten, so the treatment of gouty patients on normal diets by reducing
dietary purine intake has little effect on the plasma uric acid
concentration. However the supplementing of normal diets with SCP
with its characteristically high purine content could constitute a
risk to people with a tendency to gout and with elevated plasma

concentrations of uric acid.
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B. Renal Factors

Other clinical conditions reported to be associated with hyper-—
uricaemia are hyperuriceemic nephropathy and renal stones. The kidney
is the organ most affected by gout and kidney disease is the cause of
death in many patients with chronic gout (Talbott and Terplan 1960).
In rats fed diets supplemented with oxonate and uric acid, as an
animal model for the study of gouty nephropathy,urate crystals were
found to be deposited in the kidney and there was nephritis associated
with this deposition. (Stavric et al 1969; Klinenberg et al 1971;
Waisman et al 1973; Bluestone et al 1973; Klinenberg et al 1973;
Waisman et al 1974). 1In the present work in rats fed Fusarium mould,
as the source of SCP, together with oxonate, kidney uric acid concen-
tration was increased 7 fold and histological studies showed uric
acid to be concentrated intratubularly in the collecting ducts of the
pyramid region of the kidney. There was also an increase in kidney
weight, which was too great to be explained solely by the uric acid
deposits. Kidney protein and water determinations showed no differ—
ences in the hyperuricaemic animals compared to control arimals and
therefore, it appeared that the increase in kidney weight was attribut-

able mainly to hypertrophy.

These considerations therefore suggest that any increase in
plasma uric acid concentration might be a potential risk in pre-
disposing individuals to clinical conditions associated with hyper-

uricaemia such as gout, hyperuricaemic nephropathy and renal stones.

Hyperuricaemia and Cardiovascular diseases

The epidemiological association between gout and cardiovascular
disease has long been known, but attempts to demonstrate that the
effect results from the higher plasma uric acid concentration affect-
ing thrombus formation or more specifically affecting platelet function,
have produced equivocal results in both epidemiological and experimental
studies. It is probable that not all the contributions of blood
platelets to the development of arterial vascular disease have been
elucidated, but the central importance of platelets as the initial
structural elements involved in the formation of arterial thrombosis

is established. It is therefore not unreasonable to consider blood



platelets as a possible mediator in the association between hyper-
uricaemia and arterial vascular disease. '
Several experimental studies have shown increased platelet
activity with increased plasma uric acid concentrations. Newland
(1968) found that the intravenous injection of uric acid in rats
was followed by an increase in the incidence of ADP-induced platelet
thrombi in the pulmonary arteries. The hypothesis was put forward
that alterations in the blood concentration of uric acid influenced
ADP-induced platelet thrombosis by an effect on the rate of degrada-
tion of ADP in the blood, uric acid itself being a metabolite in the
degradation of the adenine nucleotides. In conflict with this
hypothesis, Packham, Ardlie and Mustard (1969) showed that platelet
deaggregation was not correlated with the loss of ADP in plasma.
In suspensions of washed rabbit platelets, deaggregation occurred
before there had been a significant amount of ADP conversion to AMP
and adenosine. Also it seemed unlikely that deaggregation could be
attributed to the formation of AMP and adenosine because the amounts
formed in plasma at the time of deaggregation were much less than
those required to ivhibit ADP-induced platelet aggregation. Bluhm
et al (1973) studied the in vitro action of uric acid on human
platelets. They carried out microscopic determinations of the
percentage of round and dendritic-type platelets, spread-type platelets
and small platelet aggregates per 100 single consecutive platelets
counted at different final plasma uric acid concentrations. As the
concentration of uric acid was increased, the platelet surface
activation and the tendency to aggregation increased. Using the
same method, patients with primary gout, were found to have a pattern
of relationship between plasma uric acid concentration and platelet
activity similar to that found in the in vitro studies. On the other
hand Bologna (1968) found a fall in ADP~induced platelet aggregation
when uric acid (final corncentration 150 mg/l) was added to citrated
human platelet rich plasma followed by incubation at 37°C for 60 mins.
However in none of the studies reported was hyperuricaemia
induced by dietary means and this must be considered a more physiolo-
gical basis for the study of the effects of hyperuricaemia on platelet
function. Also this enables hyperuricaemia to be induced over a

relatively long period of time without the complication of genetically
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determined gout. This is particularly important as it has been
suggested that, although there is a higher incidence of coronary

heart disease in gouty subjects, when figures for clinically overt
gouty subjects are removed, the association between the risk of
coronary heart disease and hyperuricaemia disappears (Hall 1965).,
Dietary-induced hyperuricaemia in experimental animal models also
enables the effect of raising the plasma uric acid concentration to

be studied in the absence of possible gemetic or environmental factors,
which may influence uric acid binding to plasma proteins as suggested
above.

There was a significant increase in platelet aggregation induced
either by ADP or by thrombin in rats made hyperuricaemic by feeding
for 21 d a nucleic acid-rich diet supplemented with oxonate. A high
correlation existed between the plasma uric acid concentration and the;
aggregation tendency. The whole blood platelet count was algo increased
in animals made hyperuricaemic compared to oxonate-free control animals,
which might further increase the risk of aggregation in vivo. Both the
platelet aggregation tendency and the plasma uric acid concentrations
increased progressively with increasing levels of nucleic acid mould
in the diet.

It is possible therefore to suggest that the platelet may be a
prime reactant linking hyperuricaemia with the greater incidence of
cardiovascular disease in primary gout. Also if rat and human plate-
lets behave in a similar way any increase in the dietary nucleic acid
content must be regarded as potentially increasing the risk of
ischaemic heart disease in man. This must point towards the importance
of dramatically reducing the nucleic acid content of any single-cell

protein material before it is marketed for human consumption.

Further studies in which rats were made hyperuricaemic by feeding
a nucleic acid-rich diet supplemented with oxonate, showed that plasma
uric acid concentration was related to the time during which oxonate
was included in the diet, although the increase in platelet aggregation
tendency did not reach statistical significance until after 21 d of
feeding oxonate., This was true for both ADP-induced and thrombin—
induced aggregation. Therefore there was a time-lag between the

increase in plasma uric acid concentration and the increase in aggrega~
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tion tendency. The existence of this time lag was confirmed in
another experiment in which oxonate was withdrawn from the diet after
an initial period of 21 d during which hyperuricaemia and increased
platelet aggregation tendency had been induced. Plasma uric acid
concentration had fallen 5 d after withdrawal of oxonate, but the
increased aggregation tendency did not decrease until after 10 d of
feeding oxonate-free diet.

The life-span of rat platelets is about 4 days (Maupin 1969) and
therefore the time lag between the increased plasma uric acid concen-
tration and the increased platelet aggregation tendency considerably

exceeds the platelet life-span.

In considering a possible mechanism of action of uric acid on
platelet aggregation, it is of value to consider some of the properties
of other agents, which affect platelet aggregation. Salzman and
Levine (1971) put forward the hypothesis that agents, which inhibit
platelet aggregation do so by initiating a rise in platelet 3'5'
cyclic AMP (¢ AMP) concentration and that those agents, which cause
or potentiate platelet aggregation do so by stimulating a fall in
platelet ¢ AMP concentration. Direct measurement of ¢ AMP content
of platelets has supported this hypothesis; Salzman and Neri (1969)
found platelet ¢ AMP increased by caffeine, which inhibits platelet
aggregation, and reduced by adremaline and by ADP, both of which
stimulate platelet aggregation. Prostaglandin Eig which is a potent
inhibitor of platelet aggregation, has been reported to increase
platelet ¢ AMP concentration by stimulating platelet adenylate cyclase
activity (Wolfe, Muenzer and Shalman 1970). Uric acid, which potenti-
ates ADP-induced and thrombin-induced aggregation, may act therefore
by inhibiting platelet ¢ AMP production.

Adrenaline is similar to uric acid, in its effect on platelet
aggregation in that it potentiates aggregation induced by either ADP
of thrombin, although its action on thrombin—induced aggregation may,
at least in part, represent potentiation of the ADP effect, since
thrombin causes the release of ADP from platelets. However, the action
of adrenaline, unlike that of uric acid, occurs within a few minutes
of administration and is lost when adrenaline disappears from the
circulation (Ardlie et al 1966).

Methyl Xanthines, such as caffeine, are structurally similar to

uric acid and therefore might be expected to exhibit similar effects
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on platelet aggregation. However unlike uric acid, methyl xanthines
are inhibitory in their action on ADP~induced and thrombin-induced
aggregation and their effect occurs within a few minutes of admini-
stration,

Acetyl salicylate (aspirin), unlike uric acid, is a powerful
inhibitor of ADP~induced and thrombin-induced secondary aggregation
and the release reaction without affecting primary aggregation. The
effect of aspirin on platelet aggregation occurs within 2 hours of
administration and continues for up to 6 days after its disappearance
from the circulation ( O'Brien, 1968 ). This continued effect of
aspirin after its disappearance from the circulation might be thought
initially to be similar to the continued effect shown to occur with
uric acid. However the experiments with aspirin were performed in
humans. The human platelet life-span is 7~14 days and so the effect
of aspirin persists, unlike that of uric acid, only for the duration
of the platelet life-span and normal function of platelets returns
when a new generation of platelets emerges.

Acetyl salicylate is thought to exert its effect on platelet
aggregation by inhibiting the release of prostaglandin E2 (PGEz) from
the platelet. This inhibition has been shown to result from the
blocking of the enzymatic conversion of arachidonic acid to an
endoperoxide intermediate (PGRZ) which is readily converted into PGE2°
PGE2 has a weak stimulatory effect on platelet aggregation and its
precursors arachidonic acid and PGRZ have more potent stimulatory
effects. PGR2 has been shown to be released during platelet aggrega-
tion induced by several agents including arachidonic acid, collagen,
and adrenaline and appears outside the platelet before collagen—~induced
aggregation occurs. (Smith et al 1974). Tt has been suggested that
platelet biosynthesis of PGRZ and PGEZ mediates, in part or in full,
irreversible platelet aggregation and the release reaction induced by
collagen, thrombin, arachidonic acid, adrenaline or ADP (Willis et al
1974) . In view of PGR2 being considered as a common mediator in the
action of so many aggregating agents, it is possible that the effect
of uric acid on platelet aggregation could also be mediated by an
effect on PGR2 production in platelets. Uric acid could potentiate
the ability of ADP or throwbin to release PGRZ, which in turn would
potentiate the effect of ADP or thrombin on aggregation. However it

is not possible to suggest how this occurs or why there is a delay



in the effect of uric acid on aggregation,

The fact that the delay in the effect of uric acid on platelet
aggregation exceeds the platelet life-span in rats may indicate that
uric acid is not having an effect directly on circulating platelets,
but more probably on a site of platelet production. The major site
of platelet production is from the megakaryocytes in the bone marrow.
One possibility is that it may be necessary for deposits of uric acid
to accumulate in the bone marrow and reach a certain concentration
before any effect on the megakaryocytes occurs. However preliminary
histological studies on the bone marrow of rats fed nucleic acid-rich
diets supplemented with oxonate for 2! d showed no detectable
deposits of uric acid. Further studies are needed to elucidate the

possible mechanisms involved,



Section B

The effect of alterations in dietary protein on

platelet aggregation

There appear to be no experimental studies reported in the
literature concerning the effect of the level of protein included in
the diet on platelet function, although in an epidemiological study
involving seven countries Keys (1970) claimed that no relationship
existed between the proportion of total energy intake derived from
dietary protein and the incidence of coronary heart disease.

If the plasma concentrations of the blood coagulation factors,
which are all proteins, are semsitive to levels of dietary protein,
it might be expected that feeding a low protein diet could result in
a reduction in the concentrations of the plasma proteins fibrinogen,
Hageman factor and gamma globulins, which have been shown to be
necessary for normal platelet function (Bang et al 1972) and might
therefore result in a reduction in platelet activity.

On the other hand plasma albumin, the concentration of which has
been shown to vary with dietary protein levels, binds free fatty acids.
Hoak et al (1970) have shown in vitro that an increase in the free
fatty acid : albumin molar ratio resulted in the uptake of free fatty
acids by platelets and an increase in platelet aggregation. A reduced
protein intake could therefore lead to a reduction in the plasma albumin
concentration and an increase in free fatty acid : albumin molar ratio
and thus an increase in the uptake of free fatty acids by platelets.
This in turn could lead to an increase in platelet aggregation.

In the present study carried out to determine the effect of low
protein diets on platelet aggregation in rats (see Results - Expt. BI)
ADP-induced and thrombin-induced platelet aggregation were reduced in
animals given the low protein diet (50 g casein/kg) compared with the
control group given 200 g casein/kg diet. However aggregation was
not reduced in animals given 90 or 130 g casein/kg diet compared to
the control group. Whole blood platelet count was also reduced in the
group given 50 g casein/kg diet, which is in agreement with the find-~
ings of Brown (1954), who reported that in rats given low protein
diets there was a reduction in platelet production in the bone marrow.
It is possible that the reduced aggregation observed in animals given
low-protein diets could result from a reduced concentration of the

plasma proteins fibrinogen, Hageman factor and gamma globulins as



suggested above. However in the present work plasma albumin concen~
tration was found to be reduced in those animals given the 90 and 50 g
casein/kg diets compared to the control group. This would suggest that
in vivo an increase in the free fatty acid : albumin molar ratio

does not result in an increase in platelet aggregation. In a further
study (see Results — Expt. B2) in which the time course of the effect
of low-protein diets on platelet aggregation was examined, both the
reduction in aggregation tendency and the whole blood platelet count
were found to occur after 4 d of feeding the low-protein diet and
became further reduced with duration on the low-protein diet. The
mechanism by which low-protein diets reduce platelet aggregation

needs further study, however it is interesting to note that the time
course of the reduction in aggregation when rats were given low-protein
diets was much more rapid than the time course for the increased
aggregation observed in hyperuricaemic rats, which resulted from giving
nucleic acid-rich diets supplemented with oxonate (see Discussion -
Section A). This would suggest that different mechanisms are involved

in the action of these agents on platelet aggregation.



Section C

i) The effect of alterations in dietary fat on platelet

aggregation

Dietary oils and fats have long been thought to influence arterial
thrombosis. However epidemiological studies have reached equivocal
conclusions and the interpretation of the data is open to much
criticism,

There appears to be no agreement on the effect of dietary fats
on platelet function, no matter whether the fats are administered as
a single oral load, by intravenous infusion, or by continuous feeding.
The conflicting results cannot be ascribed to differences in fatty
acid composition, but are probably due to the different methods used.

When fatty acids are added in vitro to platelet rich plasma or
a suspension of washed platelets, there is enhanced platelet aggrega—
tion. However the relevance of these results to clinical thrombosis
remains obscure as the fatty acids were administered in the unbound
form, and it is known that fatty acids circulating in the body are
bound to plasma albumin. The experiments of Hoak et al (1967)
suggest that thrombosis does not result from the effect of "bound"
fatty acids until the concentration is such that the two tight "binding"
sites on the albumin molecule are no longer available. Goodman (1958)
found that each albumin molecule has two tight binding sites for
fatty acids, such that albumin effectively competes with other plasma
proteins and blood cells and takes up available fatty acids until these
two binding sites are completely filled. The albumin molecule has
five other binding sites with a lesser affinity and a larger number
with much less affinity for fatty acids. If the plasma albumin con-
centration were 40 g/l,saturation of the tight binding sites would occur
with a plasma free fatty acid concentration of 1150 to 1200 vEq/1.
Plasma free fatty acid concentrations of this level or greater have
been found in a number of physiological and pathological conditions
in which there is an increased frequency of thromboembolic complica~-
tions (Rifkind 1966). 1If the free fatty acid concentration increases
further the next five binding sites of albumin for fatty acids might
not completely take up the fatty acids and binding sites of other

plasma proteins and blood cells might compete effectively with albumin.
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When this happens, fatty acids might affect the coagulation mechanism
through the activation of some coagulation proteinas (Connor et al
1961) and increase the uptake of free fatty acids by platelets, which
is associated with enhanced platelet aggregation (Hoak et al 1970).
Long chain, saturated fatty acids have the most pronounced in vitro
effect on platelet aggregation culminating in the release reaction,
which produces further aggregation through the release of ADP from
the platelets (Shore et al 1963; Kerr et al 1965; Ardlie et al 1966;
Hoak et al 1967). A possible explanation for saturated fatty acids
being more potent agents of platelet aggregation than unsaturated
fatty acids might be because saturated fatty acids are less rapidly
bound by albumin than unsaturated fatty acids (Warner et al 1967).

In vivo evidence in support of the hypothesis that fatty acids
can produce hypercoagulability and thrombosis under more physiological
conditions has been provided by studies in which subcutaneous inject-
ions of adrenocorticotropin (ACTH) were given to rabbits. Animals
exhibited hypercoagulability and thrombosis at 1| hr after the injection
and associated with these events there were high plasma free fatty
acid concentrations due to mobilization of endogenous lipid by the
ACTH (Warner et al 1967).

When free fatty acids are taken up by platelets, they are metab~
olized or incorporated primarily into lecithin, although also into
other lipids (Spector, Hoak, Warner and Fry 1970). The fact that
platelets are capable of metabolizing fatty acids has promoted specu-
lation as to the possible relationship between the effects of free
fatty acids and prostaglandins. Prostaglandin E}, which i8 a potent
inhibitor of platelet aggregation and the release reaction, is neither
contained in, nor synthesized by the platelets. However prostaglandin
EZ (PGEZ), which is a platelet constituent, has a weak stimulatory
effect on platelet aggregation and PGEZ precursors, arachidenic acid
and an endoperoxide intermediate (PGRZ)” have more potent stimulatory
effects on platelet aggregation. Fatty acids, therefore, by function—
ing as the precursor molecules of the prostaglandins, in particular
PGEZ’ may well play an important role in the control of platelet
activities in relation to their aggregation and to thrombosis.

Hyperlipidaemic produced by fat feeding seems not Lo exert a
pronounced direct effect on platelet aggregation, in particular ADP-

induced aggregation. Renaud et al (1970) found an increased suscept~



ibility to thrombin-~induced aggregation of platelets from rats given
diets rich in butter (380 g/kg diet) for 10 weeks, when compared to
platelets from animals given diets rich in corn oil (320 g/kg diet).
However the converse was observed for ADP-induced and collagen-induced
aggregation. In another experiment two groups of rats were given a
high butter diet (320 g/kg diet) supplemented with either oleic or
stearic acids (50 g/kg diet) for 6 weeks. Thrombin-induced aggregation
was greater in the platelet~rich plasma (PRP) from rats given stearic
acid than in PRP from rats given oleic acid. Conversely collagen-
induced aggregation was more extensive in PRP prepared from rats

given oleic acid. 1In a third experiment butter-rich diets (380 g/kg
diet) were given to rats for 5, 7 or 10 weeks. Thrombin-induced
aggregation increased progressively with increasing periods on the
thrombogenic diet; however after 5 weeks the extent of aggregation,
calculated by the area under the tracing of platelet aggregation, was
only 7% of that observed after 10 weeks, and after 7 weeks the extent
of aggregation was still only 197 of that observed after 10 weeks on
the high butter diet. It would therefore appear that it was only

after 7 weeks on the higher butter diet that the dramatic rise in
thrombin-induced aggregation occurred. MecGregor (1974a) gave two
groups of rats diets rich in either hydrogenated coconut oil or maize
0oil (400 g/kg diet) for 8 weeks and found that the maximum rate of
aggregation (VAmax) and shape change (Vsmax) for ADP-induced aggregation
was slower in the PRP from rats given the high hydrogenated coconut

oil diet compared to the high maize o0il group. When animals were given
these diets for 4 weeks, similar but less striking results were obtained.
In the present work (see Results - Expt. Cl), in which a similar

method of assessing platelet function to that used by Renaud et al
(1970) and McGregor (1974e) was employed, diets containing high (200 g/
kg diet) or low (50 g/kg diet) levels of either safflower oil or
coconut oil were given to rats for 21 d. No differences were observed
between any of the groups for ADP-induced aggregation. Hornstra (1975)
also found no differences in ADP-induced aggregation nor in thrombin-
induced or collagen—induced aggregation in rats given high sunflower
seed oil or hydrogenated coconut oil, although no mention is made of

the duration for which diets were given.



A possible reason for the discrepancies in results obtained from
experiments in which platelet aggregation was measured in PRP from
rats made hyperlipidaemic by dietary means, could be the differences
in duration for which the high fat diets were given and the level
of fat included in the diet. In both the studies of Renaud et al
(1970) and McGregor (1974a), where a decreased ADP~induced aggregation
was observed in rats given the thrombogenic diets compared to the
non~thrombogenic groups, the fat content of the diet was 380 and
400 g/kg diet respectively and the duration of the experiment was 10
and 8 weeks respectively., In the present work, where no differences
between the thrombogenic and non-thrombogenic groups in ADP-induced
aggregation were observed, the fat content of the diet was only
200 g/kg diet and the duration of feeding these diets was only 21 d.
However in general it would appear that the stimulatory effects on
platelet aggregation of saturated fatty acids compared to unsaturated
fatty acids suggested when fatty acids are added in vitro, are not
confirmed when hyperlipidaemia is induced by dietary means.

The rather few experiments examining the effects of dietary fats
on the formation of arterial thrombi in vivo suggest that saturated
fats enhance thrombus formation, whereas unsaturated fats do not or
are even antithrombotic. Hornstra (1975) by measuring the rapidity
of thrombosis in aortic loops in rats (obliteration time) found that
thrombotic tendency was related to both the amount and type of dietary
fat; long chain saturated fatty acids with 14 or more carbon atoms
being most thrombogenic. The results of plasma coagulation studies
made it appear unlikely that changes in coagulation contribute to
enhanced arterial thrombotic tendency on feeding a thrombogenic
saturated fat diet. The filter loop technique was developed to meas-
ure thrombus formation in circulating arterial rat blood (Hornstra
1970) . This technique involves continuous measurement of the blood
pressure in front of and behind a microfilter connected to the extra-
corporally extended arterial circulation. When circulating platelet
aggregates obstruct the filter, a pressure difference develops and
from these changes the degree of aggregation is determined. From
studies using this method Hormstra (1975) found a much higher degree
of aggregation in animals given diets rich in hydrogenated coconut

0il than in those animals given diets rich in sunflower-seed oil.
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The conflict in results obtained from in vitro and in vivo methods
used for assessing platelet function in rats fed saturated and
unsaturated fats is probably because different methods assess different
aspects of platelet function. Also in vivo methods tend to measure
thrombus formation whereas in vitro methods specifically measure
platelet function. This emphasizes the importance of standardising
a technique of study when making comparisons between the effects of

different dietary alterations on platelet activity.

ii) The effect of alterations in dietary carbohydrate on platelet

aggregation

It has been suggested that high levels of sucrose in the diet may
be an important and possibly vital factor in the development of
ischaemic heart disease (Yudkin 1957; Cleave 1974), a view which is
controversial. Yudkin and coworkers suggest that a possible mechanism
of action of sucrose in causing coronary heart disease and diabetes
might be through a rise in the circulating insulin concentration. In
human volunteers given high sucrose-diets for 2 weeks, platelet
adhesiveness (Wright 1941), electrophoretic mobility of platelets in
the presence of ADP (Hampton and Mitchell 1969), and plasma insulin
concentration were all increased in about 307 of the subjects. The
suggestion was made that the persons in whom sucrose produces "hyper-
insulinism' were also those, who were susceptible to the action of
sucrose in producing ischaemic heart disease (Szanto and Yudkin 1969;
Yudkin, et al 1969; Yudkin 1971). This prediction was tested in two
groups of subjects, The first was a group of patients with peripheral
vascular disease, the second was a group of apparently healthy males
from which those with signs of diabetes, or of hypertension, or of
ischaemic heart disease as revealed by electrocardiology had been
excluded. The sucrose intake of the two groups was similar. Both
platelet adhesiveness and the plasma insulin concentration were higher
in the patients with peripheral vascular disease than in the controls.
Furthermore there was a significant correlation between the sugar
intake and platelet adhesiveness, and plasma insulin concentration in
this group. There was no such correlation in the group of healthy
controls (Yudkin and Szanto 1970).

Opie (1975) suggested that a possible explanation of the 'hyper-

insulinism’ in some subjects eating sucrose~rich diets, but not in
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others, might be a higher level of exercise in the susceptible
individuals. He suggested that the amount of exercise could alter
the metabolic response of the body to increased dietary sucrose and
reduce the circulating blood glucose concentration for a given
concentration of insulin.

Keys (1970) in an epidemiological study entitled "Coronary heart
disease in seven countries' observed a significant relationship
between the incidence of coronary heart disease and the proportion of
total energy supplied by sucrose. However Keys also noted that there
was an even more significant correlation between the incidence of
coronary heart disease and the proportion of total energy supplied by
dietary saturated fatty acids. The correlation between sucrose and
saturated fatty acids in the diet was high and was considered to be
adequate to explain the observed relationship between sucrose and
coronary heart disease. Even so however experimental studies are not
unanimous in supporting the relationship between coronary heart disease,
as assessed by platelet aggregation tests, and saturated fatty acid
intake (see Discussion - C(i)). A United Kingdom Medical Research
Council (MRC) working party was set up in 1970 (Bennett, Doll and
Howell 1970) in which sugar consumption of men with myocardial
infarction was compared with that of matched controls in four different
centres., The average sugar consumption was slightly greater in
patients with myocardial infarction than among the controls, but the
differences were not statistically significant. Findings in one
centre suggested that the slightly higher sugar intake in patients
with myocardial infarction was likely to be due to an association
between the consumption of sugar and the smoking of cigarettes.

Cleave (1974) suggested that an inaccuracy in many epidemiological
studies, relating carbohydrate intake to the incidence of coronary
heart disease, including the studies of Keys (1970) and the MRC
(Bennett et al 1970) described above, is that only sucrose intake is
considered and perhaps all forms of refined carbohydrate should be
considered.

In view of the lack of agreement in relating sugar intake to the
incidence of coronary heart disease and the fact that in epidemiolog-
ical studies so many other uncontrolled envirommental factors, apart
from the one in question, as well as genetic determinants are involved,

the use of experimental animal models offers an ideal means of investi-
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gating the effect of dietary sucrose on platelet function, a factor
of major importance in thrombus formation. An experiment was there-
fore carried out to examine the effect of dietary sucrose on platelet
aggregation in rats (see Results -~ Expt. C2). Rats were given diets
containing high (400 g/kg diet) or low (50 g/kg diet) levels of
sucrose for 21 4, maize starch being substituted in the control group.
A small decrease in ADP-induced aggregation was observed in the rats
given the diet containing a high level of sucrose compared to the

low sucrose group. Thrombin—induced aggregation showed a small trend
in the opposite direction. In another experiment high (400 g/kg diet)
or low (50 g/kg diet) levels of fructose or glucose were included in
the diet of rats for 21 d (see Results - Expt. C3). . No differences
were observed between the two types of sugar in their effect on ADP~
induced or thrombin~induced aggregation. However there were small,
non-significant decreases in aggregation induced by both aggregating
agents in the groups given high levels of sugar compared to the low
sugar groups. In a similar study McGregor (1974b) gave rats diets
containing 690 g sucrose, starch or glucose/kg for 56 d. No differ-
ences were observed in the maximum rate of aggregation (VAmax) for
ADP-induced aggregation, but the maximum rate of shape change (Vsmax)
was significantly increased in the group given starch compared to the
other groups. In a second experiment rats were given diets rich in
sucrose or starch for 18 d. No differences in VAmax or Vsmax for
ADP-induced or thrombin-induced aggregation were observed between

the groups. When animals were meal~fed for 4 hr/d diets containing
high levels of either sucrose or maize starch for 84 d, again there
were no differences in platelet behaviour between the groups.

It would therefore appear that the type of sugar included in the
diet does not affect platelet function as assessed by tests of platelet
aggregation in rats. High dietary levels of all sugars appear to
have a slight inhibitory effect on platelet aggregation. This does
not support the suggestion that high levels of sucrose per se in
the diet is a determining factor in the development of ischaemic

heart disease via an effect on platelet function.
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Section D

The effect of dietary interactions between protein, fat

and carbohydrate on platelet aggregation

Very little work has been reported in the literature concerning
the interaction between dietary protein, fat and carbohydrate in
their effect on platelet function. To test the possible interactions
between these dietary components in their effect on platelet aggrega-
tion, an experiment was set up on a 2 % 2 x 2 block factorial design
(see Results — Section D). Rats were given diets containing 50 or
200 g casein, 50 or 200 g safflower oil and 50 or 400 g sucrose/kg
for 21 d and ADP-induced and thrombin~induced platelet aggregation
was measured. There were reductions in ADP-induced and thrombin-
induced platelet aggregation and whole blood platelet count in rats
given the low-protein diets compared to the high-protein groups and
these effectyg occurred regardless of the sucrose or safflower oil
content of the diets. In rats given low-protein, low-sucrose diets
ADP-induced aggregation and whole blood platelet countwere increased
in those animals also given the diets containing a high level of
safflower oil compared to the low fat group. This effect of fat was
however lost when the low protein group also contained a high level
of sucrose. Therefore when low protein diets are given to rats,
high levels of sucrose appear to be protective against the increased
aggregation, which occurs when high levels of safflower oil are
included in the diet. When rats were given high protein diets no
significant differences were observed in ADP-induced oy thrombin-
induced aggregation between the groups regardless of the sucrose or
fat content of the diet, although there was a trend towards diets
containing high levels of sucrose being protective against platelet
aggregation when compared to high-protein diets containing low levels
of sucrose. This trend compares favourably with the results from
Expts C2 and 3, where high-protein, high-sugar diets produced slightly
reduced aggregation compared with high-protein, low~sugar groups.

No differences in kaolin—cephalin clotting time were ocbserved between
the groups, which suggests that any effects observed on platelet
aggregation were due to effects on the platelets themselves rather

than to effects on the plasma.
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Ball, Clower, Williams and Jackson (1965) reported that mice
given diets contéining a high level of fat (280 g lard/kg) and a
low level of protein (80 g casein/kg) for 7 weeks developed a higher
incidence of atrial thrombosis than animals kept on adequate commercial
diets. A striking feature of the low-protein, high-fat diet of
Ball et al (1965) was a severe chronic anaemia, which was readily
reversible on refeeding a normal diet. Ashburn, Weaver and Summers
(1972) showed that prevention of anaemia by intraperitoneal injection
of red cells also prevented the development of atrial thrombi. It was
suggested that the combined local and general hypoxia due to the anaemia
and endothelial oedema are the thrombogenic factors on feeding this
type of diet. In the present study increased platelet aggregation
was found, when diets containing low levels of protein and high levels
of safflower were given, but this was only when compared with the low-
protein, low-fat group; compared with the high-protein groups platelet
aggregation was reduced in all the low-protein groups including the
high fat, low protein group. It would appear therefore in the present
study that the level of safflower oil only had an effect on platelet
aggregation when diets were low in protein, and this effect was only to
counteract some of the reduced aggregation, which occurred as a result

of giving low protein diets.
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