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5.2.2 BExperimental design

The astudy consisted of three phases:

(i) The acute effect of a single dose of 150 mg aspirin
(Bayer) on platelet function was studied 2 hours after
administrations

(ii) the time course and pattern of recovery from this

single dose was studied over the subsequent 7-10 days;:

and

| .

(iii) the effect on platelet function of the daily
administration of l62mg aspirin (Angler) was studied

after 7 and after 28 days.

All blood samples for determipation of platelet activity

Y [

were drawn by venepuncture after an overnight fast. All
patients and control subjects ware instructed not to
smoke on the morning of blood sampling. All patients
had abstained from using aspirin or other analgesic
drugs known to affect platelet function for at least 2
weaks before admission to the study. None was taking
any other medicatlions known to affect platelet function
or count, All were given a supply of paracetamol
(argtaminophen) to use as necessary in the event of

occasional headache or other pain.
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5.2.3. Methods

5.2.3.1. Platelefr Agqgregation

-

Platelet aggregation was measured as described in
section 3.3 with * .& following modifications:

'On the first day uf the study blood was collected before
and again 2 hours after the administration of 150 mg
aspirin. PRP was prepared from both samples immediétely
after collection. The PRP from the first sample w;s
kept at room temperature for 2 hours; by which time PRP
from the second specimen had been prepared. Aggregation
studies were then cuiried out on both preparations and
on mixtures of the two. The pre-aspirin PRP was tested
for sensitivity to each of the aggregating agents to be
tested, and the lDWeSE concentration that gave'maximum
aggregation in each case was used for all subsequent‘
aggregation studies on the pre-~ and post-aspirin PRP

mixtures,

The concentration of agonists used and, the proportions
of the mixtures of aspirinized and non-. aspirinized plateiets
were as described in section 4.2.2.(1). Full response
was defined as more than 75% and partial response as
more than 25% of the height in pillimeters of the maximum

response recorded for the platelets prior to aspirin.

ingestion.
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Aggregation responses were then tested daily, using the
concentrations of agonists determined as above. The day
on which the aggregation response had fully recovered
was determined for each subject. Full aggregation
response was defined as above.

After full recovery of the responss the subjects were
given 162 wg aspirin daily for 4 weeks. Aggregation
responses were determined after 7 and 28 days using the
concentrations of agonists determined on the first day

(see above).

For each agonist the height of the maximum aggregation
response above the baseline at the chosen concentration
was measured in millimetres before and at intervals
after giving the dose. Each post-aspirin observation
was expressed as a percentage of the pre-aspirin
response. In the case of ADP only the height of the

secondary wave was measured. Many of the post-aspirin

responses to ADP showed a primary wave followed by
disaggregation. When this occurred the response was
recorded as zero. For the other three agonists the
maximum response, whether a single wave or two waves of

aggregation, was measured.
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5.2.3.2 Beta-Throwboglobulin (B-TG) and Circulating

Platelet Aggregates {GPA)

B-TG and CPA was measured in bot.. groups before
ingestion of Aspirin, after full recuvery of a single
dose of 150mg aspirin and again 4 weeks after the daily

adwinistration of 162 my Aspirin (see methods).

5.2.3.3. Thromboxane B

2

—

In some subjects thromboxane B8 (TXBz) was also

2
measured., After aggregation had occurred the specimens
were centrifuged for 30 minutes at 1800g to produce
PPP. erB2 in the PPP was measured by Radioimmuno

assay (See sec¢tion 3.5).

5.3. Results

5.3.1. Platelet aggregation

The proportion of normal platelets required to restore
partial and full aggregation responses to mixtures of
normal and aspirin~inhibited platelets in the normal
subjects and in the F.H. patients is shown in Figs 5.1
and 5.2. There was no gignificant difference betweeh
the normal subjects and the patients.

Figure 5.3. shows the day on which £ull recovery of
platelet function occurred after a single dose of 150 mg

aspirin, The differences between the normal subjects and
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5.2.3.2 Beta-Thronboglobulin (B-TG) and Circulating

Platelet Aggregates (CPA)

B~TG and CPA was measured in both groups before
ingestion of Aspirin, after full recovery of a single
dose of 150mg aspirin and again 4 weeks after the daily

administration of 162 mg Aspirin (see methods).

5.2.3.3. Thromboxane B,

In some subjects thromgéxane B, (TXBz) was also
measured. After aggregation had occurred the specimens
were centrifuged for 30 minutes at 1800g to produce
PPP. TXB2 in the PPP was measured by Radioimmuno

agsay (See section 3.5).

5.3, Results

5.3.1. Platelet aggregation

The proportion of normal platelets required to restore
partial and full aggregation responses to mixtures of
normal and aspirin-inhibited platelets in the normal
subjects and in the F.H. patients is shown in Figs 5.1
and 5.2. There was no significant difference between
the normal subjects and the patients.

Figure 5.3. shows the day on which full recovery of
platelet function occurred after a single dose of 150 mg

aspirin. The differences between the normal subjects and
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the patients were not significant. Figure 5.4. shows
the percentage of the initial agygyregation for each
agonist at the end of 7 days of daily ingestion of 162
mg aspirin and Figure 5.5. the percentage of initial
response at the end of 28 days. A statistical analysis
comparing the patients with the normal subjects is shown
in table 5.2. None of the comparisons differ

A

significantly.
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Fig. 5.1. Percentage of pre-aspirin platelets
necessary to restore full aggregation to mixtures of

pre-aspirin and post-aspirin platelets in normal

subjecta (N) and F.H. patients (P) (normal platelets = ijﬁ:«ﬂ

pre-aspirin platelets; COLL = collagen; EPIL =
epinephrine. Full aggregation was defined as more than

75% of the pre-aspirin responge (height of the curve in

mm) .
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PARTIAL AGGREGATION
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Fig 5.2. Percentage of pre-aspirin platelets necessary
to restore partial agygregation to mixtures of G
pre-aspirin and post-aspirin platelets in normal ;ﬂﬂﬁf
subjects (N) and F.H. patients (P) (abbreviations as in }\fﬁi
Fig. 5.1.). Partial aggregation was defined as more than }f' 2
25% of the pre-aspirin response (height of the curve in ;f\_g
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Fig.5.3 Number of days after administration of a single
150 mg dose of aspirin before full aggregation (75%) was %thf
restored in normal subjects (N) and FU patients (P)

(abbreviations as in fig 5.1).
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‘éﬁatients and Control Subjects

Table 5.2 Platelet Aggregation Responses After Aspirin 162mg/d for 1 and 4 weeks in FH

& Controls Patients
L Mean SD N Mean SD N Significance
= | AA 3,75 5,52 8 9,00 14,74 8 P=0, 36
= |l Week COLL 22,88 22,18 8 35,00 26,04 8 P=0, 33
a3 EPL 31,00 782 8 37,175 17,66 8 p=0,34
o ADP 57,12 26,36 8 65,62 27,13 8 P=0,51
_ },

4. AA 3,83 4,88 6 12,63 9,87 8 P=0,07
# | 4 Weeks COLL' 17,67 18,99 6 43,25 25,20 8 p=0,06
1l EPI 31,00 12,03 6 45,75 15,64 8 p=0,08
ADP 81,00 22100 6 65(12 26(16 8 P=0125

' One subject from each group did not complete this part of the study,; and by week 4 a
further 2 controls had been lost to follow-up. The mean values shown represent the
percentage of the initial (prewaspirin) aggregation response in millimetres (See
%/ methods) P values of 0,05 or more indicate that the patients' responses were not
{if significantly different from those of the control subjects.
= Coll=collagen; EPI=epinephrine (adrenaline).
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5.3.2. Circulating platelet aggregates

Circulating platelet aggregate ratios are shown in
table 5.3. All patients had normal ratics
before and after aspirin ingestion., Wilcoxons sign
ranked test did ncot reveal any significant

differences between the groups.

5.3.3. Beta-Thromboglobulin (B-TG)

B-TG values are shown in table 5.4. The normal

subjects (28+7) are much lower than the F.H. patients
(51+18) indicating platelet hyperreactivity of F.H.
patients. Aspirin therapy had no influence on B-TG

values in both groups.

5.3.4. Thromboxane 82 (TXle

Thromboxane Bz production after stimulation with
each of four agonigts was measured in the normal
subjects (5.5) as well as the F.H. patients (Table
5.6), before aspirin ingestion, after aspirin, and 7
and 28 days after continuous aspirin therapy. The
degree 9f inhibition of TXB, production was the same

in both groups.
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‘Table 5.4. Beta thromboglobulin (ng/mt) before and after aspirin therapy.

i—---—-»----—n—«-n—--u-c;-e--t.-_--u-n-—-—-—m-—-——---n—-—-—-——--...a..~.-..c-..—-u..-.-o—--,——--a--—---—m-——u.-.—--n—-m—-.—-—-—-—4.——.-.-
Normal subjects F.H. Patients
Before After Acute *Afrer 4 Before After ’ After 4
therapy phase waeks therapy acute SR Y weeks
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I
|
|
|

1 R - - T A T (Y TS W S O o S .

'Mean 28 30 25 51 54 53
IsD 7 9 11 18 27 23
N 9 8 6 9 8 8
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*After 28 days continuous ingestion of 163 mg Aspirin.
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Thromboxane 82 production of normal subjects before and after aspirin (ASA) Therapy.
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SION:

The benetficial effect of aspirin in preventing arterial
thrombosis is recognized in a number of conditions
(salzman, 1982). There are differences in the
literature regarding optimal dosage of aspirin which
will achieve the desired combination of inhibiting
platelet thromboxane A, production while leaving
endothelial prostacyclin secretion intact (Burch et al.,
1978; Magotti et al., 1979; Patrignani et al., 1982;
Marcus, 1983). The dosage required to inhibit platelet
thromboxane Az synthesis has generally been reported

to be small and very much less than that necessary to
block vascular endothelial prostacyclin production,
although one recent report suggests that a mere doubling
of the daily dose from 40 mg to 80 mg may be all that is
vequired for this differential effect to disappear

(Hanley et al., 1981).

In view of these considerations; the efficacy of daily
low-dose aspirin in patients with FH was investigated;
gince this treatment might provide some protectien
against the seguelae of cononary atherosclerosis.
Furthermore these patients' untreated platelets exhibit
increased agygregation in responsa to various stimuli
(Carvalho et al., 1974; Shattil et al., 1975; Shattil

et al., 19773 wuoist et al., 1979; Bradiow et al.,

L ﬁﬁm Fats “ [ e 5 ~ m.ﬁﬂ&. .
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1982), and platelet survival is reduced (Corash, 1u76).
In addition, the snrichment of platelets in vitro with
cholesterol enhainces production of thromboxane B2
(Stuart et al., 1980).

The major point of interest in this study is that

despite the previously demonstrated hyperaggregability
of the platelets in P, aggregation and thromboxane 32
production can be inhibited by a small dose (150 mg) of
aspirin to the same extent as occurs in normal
platelets. This was true for all four of the agonists
tested. There was also no significant difference
between the results after 1 and 4 weeks of daily
ingestion of 162 mg aspirin, although statistical
analysis (Table 5.2) showed that after 4 weeks of
aspirin therapy the platelets from the FH patients did
have ygreater aggregation responses to some stimuli.
Howaver, the probability that this difference was
significant was only between 90% and 95%. Nevertheless;
significant inhibition of platelet aggregation did
persist throughout the 4 week study period. It must be
pointed out that platelet aggregation in two patients
with FH was only very slightly inhibited by the aspirin
after 4 weeks, indicating that while FH patients as a
group are sensitive to the antiplatelet action of
asplr.n a minority may be somewhat resistant. The B~7G

levels of the FH patients were signiicantly higher than

- Ay . " ¥ N e T S .
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in the normals. This indicated that the platelets were
hypereactive in vivo. This supports the findings of
zahavi et al., (1979) and Simons et al.,(1981) who also
reported that the B-TG levels were elevated in FH.
However, low dose aspirin therapy had no effect on
circulating B~TG. The concept that platelet aggregates
may develop in the circulation and interfere with the
vagcular supply in the microcirculacion of vital organs
is obviously of interest. However, we detected no
increase in circulating platelet aggregates in the FH
patients whereas, Wu et al., (1975) and Lowe et al.,
(1979), reported increased circulating platelet

aggregates in FH.

Wnether the method of Wu and Hoak (1974) of detecting
circulating platelet aggregates in blood that hasg just
been removed from a vein actually detects platelet
aggregates that are circulating in vivo or what.ir the
aggregates form after the blood is removed; has not been
resolved. But it seems that if platelet
hypersensitivity in vivo does result in the formation of
circulating platelet aggregates, it ig desirable to have

tegts that would detext them.
A putative role for platelets in the process of

atherogenesis itself, owing to the stimulation of

myo~intimal proliferation by platelet-derived growth

. o — . T % - Ny o Bl
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factor, has also been sugyested (Ross and Glomset,
1976). If aspirin or other antiplatelet drugs affect
this process too, an additional benefit to patients with

FH and other 'prothrombotic states' would follow.

In conclusion, low dosage uspirin (150-162 mg) inhibits
the aggregation of platelets of patients with FH as
effectively as those of normal subjects. Considerable
individual variation in response to aspirin exists, so
that in some pexsons this dose may be inadequate.
Whether the long term addition of a small daily dose of
aspirin to the conventional treatment of patients with
FH will prove beneficial in reducing the incidence of

myocardial infarction needs to be investigated.
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SUMMARY
Since e platelets of patients with familial
hypercholesterolaemia (FH) are hyperaggregable, the
inhibitory effect of low-~dose agpirin on platelet
agregation in response to adenosine diphosphate,
collagen, adrenaline and arachidonic acid wag tested in
9 young adult patients with FH and compared with that in
9 normal subjects. After a single oral Jdose (150mg) of
aspirin the degree of irhibition of platelet aggregation
was the same in the two groups, as was the recovery time
(in days) for full restoration of platelet aggregation.
In a second experiment in which 1l62mg aspirin was
administered daily for 28 dayw. inhibition of platalet
aggregation was sustainable in bwoith the patient and uie
control groups. These results sugdest that despite tha
recugnised hyperaggregability of plateleiy from patients
with FH, daily low-dose aspirin ingegstiocn gffectively
inhibits their in vitro aggregation and way %i:grefore

prove beneficial as supplemental therapy ts radiv e the

rate of myocardial infarction in this high-uisk group.
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6. THE EFFECTS OF A MIXED FISH DIET ON

PLATELET FUNCTION, PLATELET FATTY ACIDS AND SERUM

LIPIDS

6.1 Introduction

Dietary supplementation with fatty acids that replace
avachidonic acid or inhibit arachidonic¢ acid metabolism
in platelets and thus manipulate the Thromboxane and
prostacyclin balance play a role in the prevention of
coronary and cerebral thrombosis. A prime condidate
for dietary manipulation in this regard is 5,8,11,14,17
~ elcosapentaensvic acid (EPA n-~3), the precursor of the
triene PG's. Comparative studies of the actions of
metabolites of arachidonate and eicosapentaencate on
platelets in platelet~rich~plasma (PRP) produced the
following results (Raz et al ., 1977:; Needleman g&_gi.,
1979). Arachidonate, and it‘s metaboliteas; fﬁﬁz and
thromboxane Az, were found to be potent aggregators

of human platelets; in sharp contrast, neirher
eicosapentaenoic acid nor exogenous addition of its
purified metabolites, PGBa or thromboxane A3,

caused platelet aggregation wiitth other agonigts.

When FPA is substituted for AA in the platelet membrane

the two fatty acids compete for cyclo-oxygenase

(Needleman, 1982). Though EPA and AA have
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approximately equal affinities for cyclo-oxygenase, EPA
is transformed much more slowly than AA to cyclic
endoperoxides. (Needleman et al., 1979). At least part
of the action of EPA on platelet function is thus
mediated by competitive inhibition of cyclo~-oxygenase
(Jakubowski and Ardlie, 1980; Needleman et al.,

1979). Some EPA is probably metabolised to thromboxane
A3 (TXAa), which is not only much less active than

TXA, but also may inhibit the action of”TXA2 by

competitive inhibition (Thorngren and Gustafson, 1981).

The effect of EPA on platelet function was first
observed by Dyerberg and colleagues {Dyerberg and Bang;,

1979 (a); Dyerberg and Bang, 1979 (b); Dyerberg and
Bang, 1978: Dyerberg et al., 1978). fThey found that,

in platelets stimulated with ADP, aggregation was

enhanced by preincubation with arachidonic acid but

diminished with EPA (Dyerberg and Bang, 1978). They

also observed that in Eskimos in whom no
secondary-phase platelet aggregation could be induced
even after stimulation with wollagen, incubation with
arachidonic acid induced normal aggregation so that
there was normal ability to synthesise prostaglandins,
bleeding times were prolonged, platelet counts low, and
serum fibrinogen high; while platelet adhesiveness and
prothrombin time were normal. 1In platelets n-6 fatty

acids were partly replaced by n-3 fatty acids. On the
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basis of these findings they suggested that EPA might
be responsible for the above changes and thus prevent
thrombosis and atherosclerosis (Dyerberg et al., 1978).
Sinclair (1982) likewise attributed the absence of
ischaemic heart disease in Eskimos on their ftraditional
diet to their very low arachidonic acid and high EPA;,

intake which gives rise to a thromboxane-~TXA.-that

3
does not aggregate platelets (Raz et al., 1977)., On a
diet strictly limited to marine animal food (seal,
fish; and crustaceans) with water for 100 days
($inclair, 1982), the linolejc acid in Sinclair's serum
fell dramatically in all three lipid fractions
(Cholestercl esters, phospholipids, triglycerides) of
all four lipoproteins (VLDL, IDL, LDL, HDL), in
erythrocyte phospholipids; in platelets, in adipose
tissue, and in skeletal muscle; simultaneously EPA
rose. VLDL decfeased, LDL rose slightly, HDL increased
so that the ratio of HDL to LDL rose from 0.76 to 0.96,
both values being compared with a normal of 0.55.

TXAZ and PGI, decreased in plasma. Prostaglandins
decreased significantly in seminal fluid and small
amounts of the 3-geries appeared. The platelet count
fell dramatically and giant forms appeared. Platelet
function was studied in great detail: bleeding time
increased significdantly (over 50 minutes later

returning to 15 minutes) with spontaneous

haemorrhages; aggregation induced by ADP, thrombin,

.- . L AR o . N [ o m,ﬁﬂ»’ Ry,
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ristocetin, or adrenalin was unaffected but aggregation
by ccllagen was reduced. Subsequently, experiments
with diets enriched with EPA have been done in man (Von
Lossonczy et al., 1978; Siess et al., 19807
Bronsgeest~Schoute et al., 198l; Goodnignt et al.,
1981; Thorngren and Gustafson, 198l; Sanders et al.,
1981; Hay et al., 1982), Sanders and Roshanai, 1983;
Mortenson et al.,1983; Galloway et al.,1985),

pigs (Ruiter et al., 1978), cats (Black et al., 1979)
dogs {Culp et al., 1979: Culp et al., 1980), rabbits

(vas pias et al., 1982) and rats (Hormstra et al.,

l981).

Von Lossonczy et al., (1978), found in 42 volunteers
that mackerel providing about 8g of n-~3 fatty acids

daily caused a considerable fall in serum triglycerides

and VLDL, a slight fall in LDL, and a slight rise in

HDL. In a second trial (Bronsgeest-Schoute et al.,

1981) similar results were obtained with volunteers

over 4 weeks. Siess et al., (1980), with seven g

volunteers for one week used a mackerel diet that va

provided between 7 and llg of EPA daily. Platelet : ﬁ?:ﬁ*

aggregation and thromboxane synthesis induced by low

dose collagen stimulation were significantly reduced .

after the mackerel diet. Sanders et al., (198l1), gave 7 ?sf¢

12 males a supplement of cod-liver oil for 6 weeks.

The HDL, bleeding time, and platelet aggregation with
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ADP were increased, while plasma triglycerides and
antithrombin III were decreased. In a subseguent
experiment, Sanders and Roshanai, (1983), gave
supplements rich in long-chain n-~3 fatty acids to 5
subjects for 2 or 3 weeks and similar results were
found. Thorngren and Gugtafson (1981) enriched the
diet of 10 male volunteers with mackerel and salmon for
11 weeks. This diei provided between 2-3 g EPA per
day. Within 3 weeks the fish diet produced prolonged
bleeding times and reduced platelet aggregability to
¢ollagen and ADP. The changes in platelet phospholipid
fatty acid composition consisted of increases in the
n~3 series (C 20:5 and €22:6) and decreases in the n-6
series (C18:2 and C20:3). Goodnight et al., (1981),
fed normal subjects large amounts of salmon (about
500g/day) and salmon oil (60-~90 ml )" day) which
corresponded to approximately 3.5¢ EPA daily. This
diet led to the incorporation of EPA into platelets
with a reduction in AA. Bleeding times were prolonged
and platelet retention on glass beads was mildly
reduced. Platelet aygregation in response to dilute
concentrations of ADP was inhibited. Hay et al.,
(1982) gave an oil rich in EPA to 13 patients with
ischaemic heart disease. The fish oil provided 3.5qg
EPA a day. After 5 weeks the fish oil caused a 10%
lengthening in platelet survival time, a 15% fall in

platelet count, a 75% fall in plasma levels of platelet

A g N I " S " . .

Y e i Y e e P iy



166

factor 4, and a 30% fall in plasma B-thromboglobulin
B~TG. Extensive uork has been done by a group of
Japanese workers comparing a fishing with a farming
village (Hirai, et al., 1980; Kobayashi et al., 1981)
and giving a suppleassnt of purified EPA to volunteers
(Hiral et al.,1982). Platelet aggregation, blood
viscosity, and ischaemic heart disease were lower in

the fishing village, and the supplement of 1,49 EPA
daily to each of 8 volunteers for 4 weeks datreased
platelet aggregation by collagen and ADP and <llagen
induced TXB, production. In rats Hornstra (1981)
found that the occlusion time in vascular prostheses

inserted into the aorta was prolonged by feeding of cod

liver oil.

Saynor et al.,(1984) supplemented the diet of 107
volunteersg with 20 wls MaxEPA for 2 years. They found a
significant decrease in triglycerides and total

cholesterol and a significant increase in HDL.

Ahmed and Holub (1984) fed 30 ml of cod liwsr oil to 7
volunteers for 2 weeks. The bleeding times increased by
8l% and there was a significant reduction in thrombin
induced aggregation. EPA rose significantly from 0,3%
to 2.9% phosphatidylcholine.
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Kromhout et al., (1985), reported an inverse relation
between fish consumption and 20 year mortality from
coronary heart disease. This relation persisted after
multiple logistic - regression analysis. Mortality
from CHD was found to be more than 50% lower among
those who consumed at least 30 mg of fish per day than
among those who did not eat fish. Phillipson et al.,
(1985), reported a reduction of plasma lipids,
lipoproteins, énd apoproteins following supplements of
fish oil (Salmon oil -~ 30g of n3 fatty acids) in 20
patients with hypertriglyceridaemia. They found that
f£ish oils, compared with vegetable c¢ils (each for 4
weeks), resulted in major falls in plasma cholesterol,

triglycerides and VLDL

In conclusion it seems that fatty fish, such as
mackerel or salmon, can greatly lower plasma
triglycerides and VLDL, loweyr LDL, usually raise HDL,
and decrease platelet aggregéﬁion probably by altering
the fatty acids in platelet membranes and by decreasing

platelet production of thromboxanes.

The present study was undertaken in order to assess the
effects of a mixture of £ish rich in EPA, other than
mackerel or salmon, on platelet and plasma fatty acid

composition, platelet aggregation, thromboxane B2

production, platelet count, plateletcrit » mean platelet
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volume, platelet distribution width, serum
triglycerides, serum cholesterol and serum LDL and HDL
cholesterols. The amount of fish in this diet was kept
at a low level that could be maintained for prolonged

periods if desired.

Before conducting the study; the fatty acid composition
of fish available in South Africa was determined.

While data for fish overseas 1s available (Paul and

Southgate, 1978) such information was not availlable for
fish obtained locally. Moreover, the fatty acid |
composition of a fish may vary depending on its diet,
sea water temperature and other factors. Only fish

with a high 20:5/20:4 ratio were selected for the diet.
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6.2 Materials and Methods

6.2.1.Fatty acid composition of Fish

A random selection of fresh and canned fish available
inland (Johannesburg) was analysed. Maputo prawns were
included for comparison. A portion of the fish (lg) was
extracted with chloroform—methanol (2:1 v/v) by the
methoa of Folch et al., (1957). Fatty acid methyl
esters were prepared by the method of Morrison and
Smith (1964). Esters were separated in a Packard

Becker 417 Chromatograph (see methods, section 3.9.2.}

6.2.2. Subjects

Eight volunteers aged 21 to 37 years (mean 29 years

3 males and 5 females) participated in the study. All
nave informed consent and the study was approved by the
ethics committee of the University of the Witwatersrand
Medical Scheool. The subjects agreed not to take any
medication including aspirin for two weeks prior to and
during the study. Each subject was venesected on two
separate occmsions while #till taking the diet normally
consumed prior to commencing the fish diet. They all
ate a mixed diet containing meat,; poultry, dairy
products, eggs, frult, vegetables and cereals. At the
commencement of the test period the experimental diet
wag taken and maintained for periods of 8 - 21 days
(mean = 16 days). At the end of the test period a

further blood sample was taken,

i




6.2.3. The Experimental Diet

The diet was designed to increase the EPA and reduce
the AA content of the food, All animal products
including meats, poultry, dairy foods and eggs were
eliminated. Unrestricted quantities of soft margarine
containing at least 50% polyunsaturated fats and a
dried polyunsaturated 'filled' milk containing 65%
linoleic, 23% oleic, 7% palmitic and 5% stearic acids
(Mendelsohn, 1982-personal communisation) (manufactured
by Continental HKthicals, Johannesburg, S.A) were
permitted in place of butter and milk respectively.
Fruit, vegetables and cereals including bread were not
restricted., Al. foods containing dairy products or

eggs werd excluded from the diet.

In addition, the subjects were asked to eat at least
one helping of 300 =~ 4009 of one or more of the
selected fish specles every day. The fish selected had
an EPA content of at least 7% of total fatty acids and
an EPA:AA ratio of at least 7 (see table 6.1).
Sardines, pllchards, herrings and kaheljou were used
and were prepared according to the individual taste and
skill of the subjects. The amount of XPA in the diet

was estimated to be l~4 g per day.
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6.2.4 Platelet aggregation

Platelet aggregations were performed as described in
section 3.3. Platelet aggregation was tested twice
prior to commencing and again at the end of the
experimental peried. On the first occasion the lowest

concentration of each of the agonists that produced a

maximal aggregation response was determined. This
concentration of agonist was used for all subsequent ;Qﬁf;
aggregation studies. The concentrations used were :
ADP from 2,1 to 10,6 uM, EPI from 1.3 to 55 uM,
collagen from 1 to 4 ug pet ml, AA from 0.4 to 0.8 nM.

Aggregation responses were quantitated by measuring the

maximum height in cms of the aggregation response above
the base line of the aggregation recordings. When a  [:f;g
primary and secondary wave occured the height of the (f e |

latter was measured. R

The mean value of the twc observations prior to the B

experimental period was recorded. ot

6.2,5. Thromboxane B, Assay ; ‘fi
After aggregations had occurred the specimens were ¥
centrifuged for 30 minutes at 1800g to produce platelet
poor plasma (PPP). ‘Thromboxane Bz in the PPP was wbqjé

measured as described in section 3.5.
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6.2.6 Platelet Indices
Blood samples for platelet indices were collected in
1.5 ug potassium EDTA péer ml blood. 2ll samples were

run on a Coulter S. Plus (Coulter Electrornics)

6.2.7. Serum Lipids

Total and low density lipoprotein (LDL) cholesterol and
triglyceride levels {(Lipid Research Clinics, 1974) and
high density lipoprotein (HDL) chclesterol (Burstein
et al., 1970) were measured in serum after an overnight
fast. Serum lipids were measured twice prior to
ccmmenCing and again at the end of th. experimen;al

period.

6.2.8. Fatty acid analysis

Lipids were extracted from platelets and plasma (Folch
et al., 1957) in solvents containing the antioxiaant
2,6 - di-tert- butyl-4-methylphenol (BHT, 0,005%, W/V)
Fatty acid methyl esters of the lipid extracts were
prepared (Morrison and Smith, 1964) using 14% (wW/V)
boron trifluoride-methanol reagent. By continuing the
methanolysis for 75 mins, fatty acids derived from
triglycerides, phospholipids as well as sphingolir ds
were obtained. The wethyl esters were separated by
gas-liquid chromatography, (Section 3.9.2.).

fhe dimethylacetals (DMA) obtained from fatty aldehydes

were *dentified after GLC and excluded from trhe
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calculations. The DMA were identified by comparing retention
times with those of known standards.

6.2.9., Statistical analysis ”

The Wilcoxon sign ranked matched paired test was used
for comparison of platelet aggregation, thromboxane
production and serum lipids before and after the diet.

Students "t" test was used for comparison of the fatty

acid results and the platelet indices.
6.3 Results

6.3.1.Fish Analyses

The fish were listed according to the ratio of 20:5 to
20:4 (Tables 6,1 and 6.2.). Smoked salmon had the
highest ratioy followéd by pickled herring, canned
sardines and pilchards. Canned pilchards had the
highest percentage of 20.5 (22.3%). 1In general, all
the fish studied had high percentages of 20:5 and low
percentages of 20:4. The data clearly illustrats the
suitability of marine foods as a source rich .a

eicosapentaenoic acid,
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6.3.2 Platelet Aggregation

Figures 6.1 - 6.4 show the aggregation patterns of one
of the subjects before and after 14 days on the fish
diet. There was a marked reduction in the height of
the aggregation responses to ADP, EPI and collagen but
a marked increase in the response to AA. The results
for the group of 8 subjects are shown in figs 6.5 - 6,8
and summarized in table 6.3. The responses to ADP, EPI
and collagen were significantly reduced after the diet
but there was no significant change in the groups
response to AA. Were it not for one subject who showed
a very marked and unexplained decrease in her response
the group response to AA would have been significantly

increased after the diet.
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Fig 6.1, A rewpresentative experiment shovwing platelet
aggraegation of one subject in response to ADP before

(B) and after (A) the fish diet.
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Fig 6.2. A representative experiment showing platelet _*{7(; r
agyragation of one subject in response to collagen
before (B) and after (A) the fish diet. e
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Fig 6.3. A representative e¢xperiwent showing platelet
aggregation of one subject in response to epinephrine

before (B) and after (A) the fish diet.
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Fig 6.4. A representative experiment showing platelet ' ‘;Sif

aggregation of one subject in response to Arachidonie

Acid before (B) and after (A) the fish diet.
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Fig 6.6 MAggregation responses of all 8 subjects in
response to Epinephrine before (B) and after (A) the

fish diet.
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Fig 6.7. Aggregation responses of all 8 subjects in o

response to collagen before (B) and after (A) the fish T}f
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ARACHIDONIC ACID

HEIGHT OF AGGREGATION RESPONSE (cm}

Fig 6.8. Aggregation responses of all 8 subjects in
response to arachidonic acid before (B)and after (&)

the fish diet.
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Table 6.3 Platelet Aggregation before and after a
"fish diet".

P T e e Ry ]

ADP EPI COLLAGEN AA
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Before  7.13+0.76  6.75+0.8 7.4 +0.68  7.13+0.74
After 5.75+1.29  4.19+1.88 3.81+3.01  7.11+3.18
P *0.05 *0.05 *0.02 =0.07
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Values shown are the mean + SD of the height of the

aggregation response in cms.
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6.3.3. Thromboxane 82 Production

Production of Thromboxane 82 (TXBZ)

subjects in response to the different agonists is shown

in all 8

in figqures 6,9 - 6,13. There was a significant
decrease in the mean TXBZ production after the diet

in response to stimulation by EPI,; collagen and AA but
in response to ADP the mean change was not

significant. 8Six of the eight cases did show a fail in
TXB2 production after ADP stimulation but two showed

a marked increase. The responses to the other three
agonists were reduced after the diet in every subject
except for one who showed a slight increase in response

to EPI.
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Fig 6.9. Thromboxane B, production in all 8 subjects

2
in response to ADP stimulation before (B) and after (A)

the fish diet.
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Fig. 6.10. Throwboxane B2 production in all 8
subjects in response to epinephrine stimulatien before

(B) and after (A) the flsh diet.
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Fig 6.1L. Thromboxane B, production in all 8

2
subjects in response to collagen stimulation before (B)

and after (A) the fish diet.
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Fig 6.12 Thromboxane B, production in all 8 &. j.cots

in response to Arachidonic Acid stimulation before (B)

and after (A) the fish diet.
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6.3.4. Platelet Indices

The platelet counts bhefore and after the fish diet are
summarized in table 6.4. The difference was not
significant (P»0,05). 1In one case the platelet count
roge by 21% but in all the others thexre was a decrease
ranging from 1 to 29% (mean = 14%) of the initial

count.

The platelietcrit before and after the diet is
summarized in table 6.5. The mean platelet volumes
are shown in table 6.6. and the platelet distribution
width of all 8 subjects are summarized in table 6.7.
There were no significant changes in any of the

rasults.

Table 6.4. Platelet counts before (B) and after (A) a

“pish Diet". Results expressed as counts/ul.

B A
S TN Wk S M S D T W IS S O o R SO0y e Ay S e it R Vs el gk sk T A o ol A SO B g St et s o A
Mean 253,500 231,500
WD e D WKE Ve S ) ik Meif BV B O I I A W i N YW i e g Ve B e g G e e e I Sk e S I el S el B e . e s
SD 38,890 64,360
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P »0.,05
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Table 6. 5 Plateletcrit Before (B) and After (A) a
"Fish Diet"
B A
Mean - 0.219% 0.203%
S.D. 0.03 0.03
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