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~ ABSTRACT

it is widely accepted that the occurrence of myocardial
infarction (MI) among Black South Atricans is much lower

than that of South Africans of European or Asian

‘anceStry.“ Over the past decade, this disease among

Black Africans in urban areas appearshkc,be increasing.
The prevalence of MI among Black Africans acmitted'to
Baragwanath Hospital (BGH) over a four year psriod
(1984-1987) was determined by computer identification of
all patients demonstrating elevated creatine kinase
1soenzymes. Diagnosis of MI was confirmed by reviewing L . @

the hospital bedletters. The yearly ratio of hospital - 3155

~admissions for MI to total hospital admissions has

increased since 1975 however it was not possible to
demonstrate population incidence due to a lack of
demographic data. In conjunction with the hospitai

survey;“selected biochemicai risk determinants were

measured in 25 black African outpatients with a

confirmed diagnosis of MI. _These values were compared L i

SRR

to those of a pormal control group. In an attempt to

B

demonstrate differences in dietary habits between the
two groups, the fatty acid content of platelet poor

plasma (PPP) and whole washed red blood ce11s (RBCs) ﬁ o ‘jgkft
were measured. QTotalocholesterol (TC) was higher in a

the patient group (5.82 + 0.85 mMol/L vs. 4.99 mMol/L #*
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0. 77), as was low density 1ipoprotein cholestercl
(LDL-C) (3. 86mMol/L + 0. 99 vs. 2 92mMol/L + 0.93) and
; apolipoprotein B (apo B) (1 13g/L + 0.25 vs. 0. 86g/L f
0.24). No differences were seen in the levels of high
density lipoprotein cholesterol (HDL-C) (1.09mMol/L +
0.44 vs. 0.93mMol/L + 0.35) or apolipoprotein Al (apo
Al) (1.27g/L + 0.39 vs. 1.35g/L * 0.55). In the patient
grcup, platelet total satuﬁated fatty acids were
increased’ (45. 87% +3.2 vs. 42 .64% + 2.9) and platelet
total . polyunsaturated fatty acids were decreased (34 52%
+ 2 3 vs. 37.11% + 2.8). Eicosapentaenoic acid (EPA)
Xwas slightly but siqnificantly decreased in the
platelets, PPP and RB s of the patients. No differences
were seen in the total saturated or total .
polyunsaturated,tatty acids of PPP or RBCs indicating
similar dietary habits. Serum fibrincgen was
significantly higher in the patient group (4399/LJ1
127.2 vs. 275 + 120.4). Elevated levels of fd, LDL-C,
apo B, fibrinogen and saturated fatty acids in p]atelets
appear to be significant risk determinants in this
‘group; as do decreased 1evels of EPA in platelets,
plasma and red blood cells. Elevated levels of
saturated fatty acids in platelets do not appear to bek

caused by differences in dietN
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It has been well documented and highly publicized that L

the major cause of death among’industrialized'urban
populations is coronary artery disease (CAD). In the
United States,kat the beginning of this century,
diseases of the vascular system were the major cause of
mortality and accounted for 14.2% of all deaths. By
1940, after death rates from most infectious diseases
had fallen sharpiY, coronary artery disease accocunted
for 37% of all deaths, and by 1960, the incidence of
ischemic heart disease had risen to 48% (Norris 1982).

Since 1960 the incidence of vascular disease,

N
&

specifically ischemic heart disease, seems to have a
leveled out and has in fact declined to some extent in
certain populations. The reason for this apparent rapid

T

rise and gradual decline of CAD has become the topic of -
much discussion. While some feel that it is the result

of fluctuating trends in disease classification (Harper

1983), others argue that it is caused by changing trends
in diet (Walker 1978). Still others propose that it is

directly related to changing patterns of medical care

and public awareness of causative factors (Kuller 1986).

In South Africa today, ischemic heart disease is the
major cause of death among the Asian and Caucaéian
populations. ”Among the black population“df South

Africa, as among the black population of North America

4
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the progression of CAb over the past 50 years seems to

w

éf 'kﬁ %ave followed quite a different pattern from that bfi?
) : ' = ~ observed in other ethnic populations. Reasons for this ';
, ; ‘k are highly speculative. ’ 39
njBeoker (1946) was the first to examine the extent and E
- patho}oglcal consequence of atheroma in the Black %yf
A : ,Afr;g;n. Since that time a number of studies have been ;f‘
‘vcoﬁducted”on the epidemiology and biochemical specifics ;ih
; Ejﬁ." - of coronary artery disease in this ethnic group and all :
1;:; | ; researchers svem to agree on only two points: the %;
%” ) incidence of coronary artery disease in the black . %#fk
population is much lower than that of the white ;
population; and the incidence of coronary heart disease i?f%
Tf g : ’among urban blacks is increasing. =L
The intopt of this study is twofold and will be presented ;'
in two parts. ;4 b
;;

Part :
To establish the current prevalence of myocardial
infarction at Baragwanath Hospitai,Aon attempt will
w(bn mooﬁ to 1dent1§y all 1nd1vxduals admitted for
this disease over a four year period Inpatientf
rgcords will be retrieved 1n order to verify a

diagnosis of MI. A,cllnlcah\profile of these o

~  patients will be attempted, depend1ng on the depth

BNy : . -
\\{\ * . o //Q . @ ) R
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of informabiéq\availgble from the charts. The world

4

wide incidence of the progression of coronary artery

disease will be reviewed with specific emphasis on.

black populations. Discussion as to how various

socioeconomic and ethnic factors may relate to the

i

population will be offered.

part 2:

purrent‘levels of this disease in the Black African

In order to establish the impact of the major known

risk factors on the black population, a biochemical

profile will be determined in an urban Black African

male group with a diagnosis of myocardial

infarction.

These values will be compared to a

“matched normal black control group. What is

currently known concerning the biochemical

mechanisms behind the various risk factors will Se

kit

A

rewﬁewed with emphasis on fatty acids and lipids.
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2. Clinical Qhﬂ;gg;g;izgtigg and Prevalence of Black
pfricans with Myocardial Infarction. A Pilot
study.

2.1 Coronary Artery Disease in Different Ethnic

ulations. Review the

2.1.1 Introduction.

Following the Second World War, the apparent dramatic

increase of death from coronary artery disease (CAD) in
the USA began to attract the attention of medical health
care workers. Beginning in 1948 and extending into the
1970's a multitude of lcng term prospective studies were
jnitiated in an attempt to pinpoint any factors which
might predispose to the occurrence of this disease.

Each of these studies were designed and instigated by
independent researchers and therefore various aspects
and conclusions are not comparable. Certain ccmmon
results'however, have lead to our current understanding
of risk factors. A related number of these studies will
be briefly reviewed as they apply to the hi¢ébrica1
progression of the incidence of this disease in bilack

and white populaticas.

2.1.2 Coronary Artery Diseage in White and Asian

Beginning in 1949 a general population sample of 5209

white men and women aged 30 to 62 years were followed up




N

~J

N\

biannually in Framingham, Massachusetts to determine the
relationspip of personal attributes and living habits to
developmeét of CAD (Gordon and Kannel 1971). Follow-up
continued for over 20 years and during that time
approximately twenty different variables were measured at
each examination. These ranged from serum cholesterol
content to electrocardiogram. Due to the éize, length of
follow-up and quality of data collection, the Framingham
Study has been used as a standard model when discussing
the progression of and contributing factors for the many
manifestations of coronary artery disease. Some of the
findings of this study will be briefly reviewed.

One of the initial findings of tae Framingham Study was a
significant difference in occurrence of CAD between the
sexes. The overall disease rate was lower in women than
men, and men tended to disélay more overt manifestations
of the disease. Myocardial infarction and sudden death
were more common in men while the chief presentihg
complaint in women’was anginal pain (Karnel and Feinleib
1972). The incidence of myocardial infarction incréased
kwith age in both sexes so that the risk of infarction in
women at age 55-59 was about the same as in men aged

\
b

35-39.

4

Aside from sex and age, of all the variables studied,

five were found to make independent contributions to the
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progression of CAD. The single most important risk
factor after age was hypertension. Cigarette smoking and .
serum cholesterol came next.and displayed approximately
equai effects. Impaired glucose tolerance and left | p
ventricular hypertrophy as demonstrated by ECG were
important but demonstrated 1e$sor effects. It was
furthermore shown that risk factors tend to be additive
r " in their effect so that a coronary risk profile based on

a risk factor score could be calculated for any

individual. {Kannel 1976).

Anothér important finding of the Framingham Study was
thatﬁin the first fourteen years of follow-up 23% of
subjécts were found to have had a myocardial infarction
that went unrecognized by the patients and their
docf%é;.i Of these unrecognized infarctions almost half
5  & - in both sexes produced no symptoms. The remainder were so
= ‘ - atypical in symptomatology that neither the patient ror

| the attending physician had considered the possibility of

myocardial infarction. This problem was re-examined e

';EQQ\ ' "after four.édgitional years of follow-up study and once :5
| again the inciﬁence was found to be 23%. Thus despite
the more wide spread use of electrocardiography and an
apparent increase of physician awareness of the problem,
the incidence remained the same as it was in 1950 ' L

- (Margolis et al., 1973, Kannel and Abbott 1984). %;

While the Framingham Study served as a model for
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epidemiologists and has shown the way for acchrate
assessment of risk factors and the possibility of primary
intervention, the findings can not accurately be applied

to other, more diverse populations.

The first large scale multinational prospective study to
determine varying incidences of CAD between different
population groups was the Seven Countries Study (Keys
1980). The study followed sixteen cohorts of men in
Finland; Greerce, Italy, Japan, the Netherlands, the
United States, and Yugoslavia for a ten year period and
examined test subjects for the various risk factors which
had been pinpointed by previous prospective studies.

This study was also one of the first to include an
analysis of the chemical composition of the various diets
consumed by the populations under observation, and it was
shown for the first time fhat the amount of saturated fat
in the diet was,perhaps the environmental factor most

closely associated with CAD (Keys 1975).

The Keys sﬁudy demonstrated that among the Seveq ‘5

populations, Japan had the overall lowest incidence of

CAD. In order to determine if some genetic influence was

n&qunsible for this Rcbertson et al., (1977) examined /

first and second geﬁeratioﬁ Japanese populations living

-in Hawaii and California. It was found that the

incidence of CAD in Japanese living in Hawaii was twice

e T T Jx\‘\\;un\::ﬂ.‘ e
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as high as Japanese living in Japan and that the
incidence increased another 50% in those who migrated to
California. This increase correlated positively with

increases in serum cholesterol, relative weight, serum

triglycerides and systolic blood pressure. Also, the

additive risk of smokiig was insignificant in Japan but

marked among the migrants to Hawaii. ‘1en statistical

analysis was applied to the four comm:1: variables

however, there was an over predictior for incidence of

CAD in both the Hawaiian and Californian cohert. This

suggested that there was still somc unknown factor
protecting against the occurrence of the disease in the
Japaﬁ&se. Furthermore, the Japanese in California
contiﬂueﬂ to have an incidence of CAD that was four times
lower than that of the White Californian population.
Since the initiation of the Framingham Study a multitude
;f*scientific investigation has been undertaken in a
search for missing risk factors. These investigations
have examined literally every aspect of human physiology
in an attempt to explain the world wide differences in
the occurrence of CRS; fhe search has focuéed.primarily
on blocd lipids and their interaction with other ‘blood
componznts and the vascular endothelium; diet and its
effect on ‘the blood lipids; plasma proteins involved in

tﬁe coagulation ‘process; and blood platelets and their

A .
/ rélationship to all of the above. Harper (1283) noted

f
/
/

i
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that since the Framingham Study at least thirty-sevemb
vériables have been positively co:related with
atherosclerosis. It is important to note however, that
correlation‘analysis impliés only that these variables
are associated with an increased risk of occurrence of
the disease in a population. They have not been
established as causative agents of the disease. With
this final point in mind it seems that there are at least
three points that can be drawn from the various early
epidemiological studies. These are: 1) certain factors
within a population cause certain members of that
population to be at an elevated risk fbr CAD; 2) these
factors vary between populations thus causing a variation
in the incidence of CAD; 3) some populations have a

greater incidence of CAD than would be expected based on

“known risk factors while others seem to be protected.

Iﬁ the following sections, comparisons of the progression

'~ of CAD in Black and White American populations and a

Black African population will be examinad .

2.1.3. Coronary Artery Disease in Black Americans.

_The earliest account of heart disease in Black Americans

appearedtalmést 60 years ago in a paper published by
Stone and Vanzant :(1927). Their report focused on the
incidence and etiology of heart disease in blacks and was

based primarily on‘é&ﬁnical ohservations and autopsy
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fiﬁdings of pétients admitted to a hospital in
Galviston, Texas. ?he conclusions of the study were
that heart disease oécurred to a much greater extent in
the blac& population and resulted mostly from rheumatic
fever aﬁd syphilis; It was further observed that
hypertensivé heart disease océurred more frequently in
the biqu patient as i was nofed that "hypertension is
ushaliy frequent in persons pﬁrforming hafd work." The

authors also reported that most complaints of angina

originated ;rom the private (white) rooms while reports
of thisvfrom the charity (black) wards were rare. These
observations were confirmed by Schwab and Schulze (1931)
wha‘also-alluded to the higher incidence of heart
diseéée yetylower incidence of angina and
atherosclerosis in black patients. He also d&mmented on'
the fact fhat most blacks do not report to fhe‘charity
wards until they“afe in dire need of hospitalization.

He offered no explanation for this final observation,

however. Finally, Weiss (1939) in ‘an article published

in the American Heart Journal explained the lack of

angina in the black patient as foliows: "We do‘hot find

- angina pectoris in the Negro because he is not able to

~give an adeqque descripfion of the sensations which the1

attack produces. Every clinician knows how difficult it~
) a F ) , ) ‘ /,. /

is to oktain a good‘h;sto:y from a Southerﬁ Negro." . /

Furthermore: "morg than mbronic“intalligence is

necessary to pérceivé'the sengation Qf péin."
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It seems reasonable to assume that the clinical attltudes
of the time were swayed by reports such as these
puklished in reputab;e sc1ent1f1c journals. Also, it is
conceivable that when black patlents presented for

examination, coronary artery disease would be placed low

on the list of diagnostic considerations. The result of

this type of preconccived notion was that blacks were
much less likely to be hospitalized to rule out

myocardial infarction than were whites.

ihe first important community based comparative study
designed‘to determine the distribution of CAD in a
?opulation ofASOuthern American Blacks and Whites was
conducted by McDonough g;_31;5,41965) in the rural area
ofvaans County, Georgia. The~Evans County Study
determined the relationship between blood pressure,
cigarette smoking and serum lipid levels on the incidence
and prevalence of CAD. In this study prevalence estimates
were determined by presence of angina, or ECG evidence of
myocardial infarction. Overall, the rates for CAD were
found to be approximately four times higher in white

males than in black males and rates between white and

black females were about the same. When blacks were

compared to "lower class" rural whites no differences

were found between either choleSterol or CAD prevalence. ﬁ

i

The number of whites in thls category however, were

_considerably lower than numbers in the other cohorts.

Neither dletary fat 1ntake, cholesterol level, cigarette
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smoking nor physical activity could totally explain the
differénces in CAD prevalencé between blacks and whites
or high and low social class, indicating the contribution

of some other factor(s)

"
154

Another‘lohgitudinal population study of CAD in blacks,
the Charleston South Carolina Heart Study (Keil et al.,
1985) differed from the Evans County Study by the

inclusion of a predominately urban cohort. Criteria for

i
i

CAD were similar in both studies as were the stz ..stical
models for determining‘prevalence and incidence rates.

The study populations included a random sampling of

‘ blacks and whites above the age of 35 years. As in the

Evans County Study, at entry, black and white women had

similar prevalence rates. Among the men prevalence

ZHJgstiWates were slightly more than twice as high in

whites. At the follow-up period fifteen years later,
black women and white men had experienced the highest
incidence of CaAD; 161/1,000 and 188/1,000 respectively.

In black men the incidence was 132/1,G00.

e

-thege two studies demonstrated higher iacidence rates for
- i}

CAD among white men compared to biack men and similar
rates aang black and white women. These findings are
surprising given that hypertension is both more prevalent

and more severe in adult blacks (Gillium 1982) and

.obesity isxﬁandemic in black females (Mchonough et al.,

i

S




Ry

aaaaaa

i
Ly
i
"

s Sy
\\t\ RN

16
1965).v This low incidence in black males may be
explained by the finding that they have higher high
density lipoprotein cholesterol and nigher apolipoprotein
,A—l; along with decreased levels of serum trigiycerides
,l/andﬂlow density lipoprotein cholesterol (Tyroler et al.,
‘1?803) Black}femalés on the other hand, show smaller
black-white différgnées in these levels (Tyroler et al.,
1980b). More will be SAid on the protective and
métherogenic properties of lipoproteins and
apolipoproteins in the following sections.
2.1.4. Crronary A;ée;z Disease In Black South Africans.

The first investigation concerned with heart disease in

=
av
. R

Black South hfriéahs was conducted by Becker (1946) who
= :perfofmed post mortem studies on 3000 subjects. Becker
determined that while atheroma was relatively common in

bracks, it was the direct cause of death in only 0.4

X,

ﬁ/v percent. He further indicated that the incidence of
atheroma up to the age of 45 years in blacks was not far

B

removed from that found in other races.

Soon after Becker's initial study some conflicting
- reports concerning the extent of atheroma in blacks
;pégaréd in the literature. Higginson and Pepler (1954)
pé;formed a number of post mortem studies on both black
and- white patients and repdrted almost a total lack of

P

atheroma at any age in the aorta and coronary arteries of

VN
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the blacks. COnvérsely, a few years later Laurie and
Woods (1958), who performed post mortem‘examinations on
only black subjects from the poor rural areas of Natal,
found atherosclerosis and cerebral vascular disease to be
common. Furthermore, they reported that black women
demonstrated as high an incidence of atherosclerosis and
its complications as that commonly fcund in women of
European descent. in response to Laurie's findings
Wainwright ‘and Sheff (1961) conducted an independent
study in Durban to determine the degree of atheroma
present in the three major racial groups found in that
area, namely: Africans; Europeans; and Indians. They
reported that Europeans had the most extensive amount of
atherosclerotic disease while Africans had the least and
Ihdians were intermediate. . Age groups were from 40 to 70
years. Wainwright commented that possibly Laurie's
findings could have been tainted due to lack of
comparative control since they rated tissue originating

only from blacks.

The first clinical studies of CAD in African Blacks were
conducted in the Cape Town area. Vogelpoel and Schrire
(1955) reviewed 5000 electrocardiograms taken over a one
vear nmerind at Granto Rnhm;r Hnsnital. a multirgcial
S LA SO S U |

population onCape TownJ{VOf the 5000 ECGs requested
during this time period twiceAasbmany were requeéfed for
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whites as non-ﬁhites, although more than twice as many of
the latter attended the hospital. The adjusted
percentage of ECGs demonstrating myocardial infarction
was 13.5% 6.8%, and 0.9% for whites, coloureds and
blacks respectively. dut of the 5000 ECGs however, only
224 were performed on blacks. At this same time,
Bronte-Stewart et al., (1955) conducted a clinical trial
which determined the serum cholesterol levels of the
three racial groups. They found Ligh, medium and low
levels in the white, coloured and black groups

respectively and this correlated well with the amount of

animal fat in the diet.

In order to observe the changing pattern of cardiac
disease in Africans over the preceding fifteen years,
Isaacson (1977) reviewed autopsy records from death at
Baragwanath Hospital and compared these to the 1954
findings of Higginson and Pepler. The variability seen
between the major causes of cardiac disease is

considerable over the relatively short time period.  The

most variation occurs betwzer idiopathic heart failure

(33.0% to 17.0%) and myocardial infarction (0.9 % to
11.7%). Idopathic heart failure was (and remains) a
poorly defined nutritional disease similar to Beri Beri .

which/ results in revefglble congestive failure and'

. gene;glized cardiomegaly; ‘Isaacson commented on the fact

that this low mortality from myocardial infarctica is
. U
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surprising given the extent of obesity, hypertension,

diabetes and smoking habit in the blaék,population.

The first study to specifically examine myocardial QG

y = infarction in blacks of the Johannesburg area was

conducted by Seftel et al., (1963). They reviewed o

a0 clinical records over a ten year period at Baragwanath
Hospital (BGH) and uncovered thirty cases of myocardial
infarction (27 men and 3 women). 1In fifteen of these
patients, the dia- 7 8 was made post mortem. A history
was obtained on twenty-six of these patients, either from
the patient or from close relatives, and it was found {; v
that most demonstrated one or more of the previously t
defined risk factors. An analysis of the post nortem

T f data from the fifteen deceased patients showed that in f e
only six out of the fifteen was atherosclerosis the
primary cause of occlusion. In the other nine, the

i occlusion consisted largely of thrombus indicating that

invtreased coagulability or decreased fibrinolytic

activity was the primary cause. This differs
considerably from patterns found in white populations
where the critical lesion is most often caused by %{'
.‘O%i fj-fh} atherosclerosis. Several years later $eftel et al.,
1 “§ (1970) repeated his original study at the Johannesburg
' non-European Hospital which caters to a more affluent
class of blacks and determined that the incidence of

‘S s "myocardial infarction was approximately twenty times that

found at BGH. Seftel g;_gluL suggested that some reasons

X FGRA  e
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for this.increasetén incidence could be: an increased
awareness of CAD among the black community; new

diagnostic procedures that were not available during the

previous study, and finally, admissions to 3GH were not

selected whereas those at the non-European Hospital were

biaged in faver of teaching‘end research programs.

A
o7

The most recent study to examine the occurrence and
clinical attributes of Black Africans with myocardial

infarction at BGH was conducted by diBisceglie et al.

;(1982), This was a retrospective study in which numbers

of individuals admitted to the BGH intensive care unit
(ipU) over a six year period were recorded. Clinical
information on these patients was acquired from ICU notes
anﬁ patient bed letters. It was shown that the numbers
oﬁ‘Black Africans admitted to ICU for myocardial
infarction steadily increased over this six year periocd.
ALl patients with available laboratory results (50%) had
raised serum cardiac‘emzyme levels. Hypertension was
described in 50% of the patients, diabetes mellitus in
11-1% and other forms of vascular disease (peripheral
veecular disease and cerebro-vascular disease) in 14.8%.
The ratic of males to females was 3:1. An interesting

observatlbn in this study was that most of the pa!;ents

}were admltted to ICU twc or more days after the onset of.

: symptoms whlle in other centers, patlents are admitted

wg:mln a few, Jhours of the onset of pain. ©
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2.2. Materials and Methods.
2.2.1. ntifi ion atie wit \'4

The Baragwanath Laboratory computer hisyory files were
accessed. These were reviewed, and the names and
hospital numbers of patients who demonstrated a serum
creatine kinase greater than 195 U/L and/or a serum
creatine kinase MB greater than 12 percent of total were
extracted. Computer data was only available from 1984
onwards. There were;, for the years 1984 through 1987,
582 such cases. The inpatient charts for these cases
were retrieved manually and reviewed for information

which was pertinent to this study.

2.2.2. Inclusion Criterija.

‘In this study, the diagnostic criteria for determining

acute myocardial infarction (AMI) was that established by
the World Health Organization (1959), and is now referred
to as the "two out of three criteria." AMI is assumed if
two or more of the following are present: chest pain;

elevated cardiac enzymes in cifculating plasma; or new Q

waves or S-T segment abnormalities on the

electrocardiogram. Of the three, the most sensitive and

specific diagnostic marker for AMI is -an elevation of
total creatine kinase, and the creatine kinase isoeni&me

MB (CK/CKMB) (Pierce 1986) however, an increased CK/CKMB

o vt iy, R 2
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may be found in a number of clinical settings not
assoc1ated with cardiac muscie damage (Chan et al.,
1986). These are Preseiice of muscular or skeletal
trauma, neuromuscular disease, hypothyroidism,
myocarditis or malignancies. A most important
y consideration in the interpretation of enzyme elevations %
f M&iiA are the peak intervals following myocardial infarction. |
‘ CK/CKMB levels pPeak an average of 18 hours after the
onse’ of AMI and decline rapidly, usually within two to
- four days after infarction. Thus serial measurement of
total CK and of percent CKMB every twelve hours for 48
hours is necessary to ensure accurate assessment of 5. »lﬁc
results. Suétained increases without the characteristic | o |
temporal pattern are unlikely to be due to AMI and are ;'iﬁskv
more likely the result of on going muscle damage. :
Normal CK/CKMB values in the presence of aMI may also
v occur although these are most often related to errors in

Sampling time rather than lack of- analytical accuracy

! (Pierce, 1986; chan et al., 1986).

R TR

From the records reviewed; the patient was deemed te

| -have had an AMI if either upon admission, or sometime i

‘ é ; L during the~hospit61 stay, he or she experienced either ’ é»

E . QL chest pain or thé pPresence of §iT secment deviation vg
 § and/or Q wave abnormalities on the elecﬁrocardiogram g .

';}ﬁ (Rude 1983), accompanied by an elevated CK/CKMB (Pierce é:

’ii h 1986). No inpatient records were available on g
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approximately ten percent (61) of patients with elevated
CK/CKMB. Of these, if a discharge diagnosis of AMI was
listed on the”compﬁter printout and serial enzymes
demonstrated the usual temporal pattern of ﬁfocardiallﬁ
infarction (Pierce 1986) they were included in the

study. There were eight patients in this category.

2.2.3. W&ﬂ_

Of the 582 records reviewed, 120 fit the criteria for

. inclusion. The only information available on all 120

ﬂ records was sex and age. Of these 120, 85 contained a

patient history giving information concerning seven
common risk factors. These were history of diabetes,

hypertension, peripheral_or cerebral vascular disease,

- gout, obesity, tobacco use and alcohol use. Very few of

the records offered information on diegary habits,

. -occupational history or family history of cardiac

disease. Most of'the records indicated that laboratory
tests (blood glucose, uric acid, lipogram, etc:) had
been requested however, very‘feﬁ of the records
contained the results of these tests. 'Of the 462
recor&, not included in the study, 55 had to be rejected

due to illegible handwrltlng, missing pages or

‘ incompletefhxstory.
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2.3. Results.

2.3.1. Qccurrence Of Myocardial Inisrction si

Baragwanath Hospital From 1984 £o 1787,
Figure 2.1 illustrates the occurrence cf myoéardial

infarction at Baragwanath Hospital in Soweto cver a four

The only demographic data available was a

year period.
These

monthly breakdown of total hospital admissizi::.
admissions included maternity, pediatrics and St. Johns

Eye Hospital. Values are reported as a percer.tage of

the total hospital admissions, adjusting possibly for

fluctuations in population density. Actual numbers of

patients are given for each year.

2.3.2. characterjstics of Patients Presenting with a
Diagnosis of Myocardial Infarctjon at
t spi v
For the yeérs 1984, 1985,-1986, and 1987 one hundred and
twenty patients presented with myocardial infarction at

‘Baragwanath Hospital, and their bed letters were

reviewed. As can be seen in figure 2.2 the ages were

normally distributed with the majority of patients in
both ¢roups occurring iﬁ‘the_50-59 year age group. The
1.4 ye;rs and for

{
L

mean age (+S.D.) for males was 54
females was 55 + 1.4 yeaf%, and these were not

statistically different. Of these subjects,
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OCCURRENCE OF MI AT BGH
1984 to 1987

022 - S\§

1984 1ges 1987

YEAR

Figure 2.1. Four year occurrence of Myocardial
Infarction at Baragwanath Hospital. Levels
are given as percent infarctions in total
hospital admissions.

eighty-oné were male and thirty-nine were female, giving

a ratio of two to one.

In eighty-five of the bed letters history was available

5

'on seven common risk factors. These are given in table

2.1. A history of dizbetes was reported in 18% of the
males and 28% of the females, while hypertension was
present in 34% of the males and 46% of the females. The

possible existence of gout was mentioned in only eleven

v
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bed iétte:s (3 female, 8 male) and in these, uric acid
1évels wefé orderad. 1In those bed letters mentioning
gout; however, none contained the resulting uric acid

valueé and none made further mention‘of‘the condition.

The patient was considered to have a history of cerebra1 

vascular disease (gvb)~or peripheral vascular disease
(PVD) if he or she presented with a neurologic#l
deZicit, hemiparesis, intermittent ulaudicatioﬁ or
dgcreased pericheral pulses. ‘Histhy of CVD or PVD were
f&und in 15% of the males and 28% éf the females; Th;
degree of obesity, tobacco use, and alcohol consumption

were most often indicated in the chazt‘by a series of

----\————-——————-———--——-——-—-———-——---;.——--—----o-————-.————

Table 2.1 Risk Factor Tnventory of Patients with
~ Myocardial rr.farction Presenting at
Baragwanath Hospital Over a Four Year

Period.

: MALE FEMALE
Numbe:r Of Subjects . 62 23
History of Diabetes 5 i8% 28%
History of Hypertension ' - 34% 46%
History of PVD or CVD : 15% 28%
History of Gout ] 2 0%
Obesity . 10% 55%
Tobacco Use 82% 55%
Alcohecl Use - ‘ ; - 53% 5%
None Of The Above ‘ ' 1 10% ‘ 0%
-"'"""‘"1‘-““"“'-:"“""-";\‘""""""-“-""-"""‘“‘\r"-“’-"“"-"" ------
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“pluses.“ The patients were included in these
categories if they raéed a "one-plus" or greater.
Obesity was a condition in 10% of the males and 55% of

the females. Tobacdo was used by 82% of the males and i 3

' - o 558 of the females. Alcohol was consumed by 53% of the

males andvonly 5% of the females. No risk factors were

found in_16§ of the males and all of the females had

i

one or more of the risk factors.
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2.4. Riscussjon

The bed letter review of patients presenting at BGH with

] : myocardial infarction over a four year period was a dual

purpose pilot study. The first objective was to

5emonstrate the incidence of MI in an urban black
pbpulation, and to determine the degree to which this i
disease has progressed in the population over a given
time period. The second objective was to describe the N
clinical characteristics of this disease in the black
population based on informatior found in patient bed i

letters.

* .
¥

In the bed letter review it was found that the ratio of
males to females wés similar to that seen in white
populations. The mean age between the two groups

however, was identical and in white populations, females

[ S

tend to demonstrate the disease at a much older age
(Gordon and Kannel 1971). In white populations, certain
‘ disease states and life styles have been shown to

fﬁ%ﬁ predispose to the occurrence of MI. The finding that ‘ %
black females may experiencé a MI at an age similar to i
their male counterparts is méét probably related to a !
v ;Q7i~ ) disparity in:the occurrence of these diéeasg states and
life sfy}és between the two groups.‘ It was found in the i

:§‘}kﬁ ‘ bed letter review that black females had higher levels

U of diabetes, hyperténsibn and otter forms of vascular

S &, i ~ disease, and this was most»probabiy related to the
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finding thét five times more of the females were
considered to be obese. It is nct known to what extent
these fihdings are representative of the population at
large since ten percent of the records could not be
located and ten percent of chose which were located, had

to be rejected due to poor quality.

It was not poss;ble, based on the findings of this study
to determzne actual disease incidence in the populatlon
of Soweto. The flrst reason for this is the 1nab111ty
to identify the population at risk due to a lack of
appropriate demographic data. ihe‘second reascn is’that
the numbers detected in this study must represent a |
severe underestimation of the disease occurrence.
Reasons for his are that individuals with MI and normal
CK/CKMB,‘and individuals with MI whose racords were lost
or ‘inadequately maintained would not be detected;
In order to give some idea of the progression of MI at
BGH over a meaningful time period, in figure 2.3 the
find;%gs of the current study are compared to the
findihgs of diBisceglie et al., (1982). 1In this earlier
study, numbers of individuals with MI admitted to BGH
‘inten51ve care unit over a six year per;od were
(xecqr@ed No other recent study of MI occurrence at BGH
- has been conducted. It appearSJfrom‘figure 2.3 that the

occurrence of MI since 1975 has indeed increased,
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OCCURRENCE OF MI AT BGH
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Figure 2.3. Thirteen Year Occurrance of Myocardial
Infarction At Baragwanath Hospital. Levels are given as
percent Infarctions in Total Hospital Admissions. Data
from 1976 to 1980 Reported by DiBisceglie et al., 1982.

however these findings may be misleading in that the

numbers have not been properly adjusted, and the

methodology in detecting individuals with MI in the two

studies is quite different.

Given the severe limitations of this study, it appears
that the detected occﬁtrence of MI at BGH is very much

lower than that of the white hospitals in South Africa.

i
i

Currently, about 40-50 cases of MI per year arg5
N -

N

diagnosed QE Béragwanath. This hospital serves a black
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commuhity with an estimated population of 1-1.5 million,

giving an éstimated'incidence of 5 per 100,000 per

year. 1In the same general area, the incidence of MI in

the WhitefJohannesburg population is 1000 per 100,000

- per year (Chetty et al., 1988), Differences in

diagnosﬁic capability and manpower resources between
these institutions, and how this might effect detected
levels will be discussed; as wili ethnic differences in
attitude toﬁard seeking out modern medical care, and the
possible effects of childhood mortality due to

infectious disease.

Since 1970, the majority of pPublications ¢ealing with

. CAD in Black Africans consist of repetition of earliier

work (Eoock and wvanStaden 1983), informative editorials
(Walker 1980) ang Surveys of government Publications of
vital statistics (Wyndham 1979). 1In the current study,
it was demonstrated that the detected occurrence of MI
in the Black South African population is about one-tenth
that of the white Population. Some feel that this low
incidence can be explained almost entirely on the basis
of exposure to currently defined risk factors (seftel
1978), while others‘suggest the existence of some yet
undefined racial factor that imparts a considérable
degree of immunity (walker 1980). _while both of these

arguments are well Presented and convincing, there seem

to be at least two aspects that have been ignored.
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First, it is assumed that the incidence of CAD in the

black population has been effectively demonstrated.

Second, the enormous difference in economic availability
between the two populations and the effect that this may
have on the difference in disease patterns seems to have

been overlooked. B . j o

One‘aspect that would tend to mask the true incidence of
CAD is the level of medical care afforded this segment
of South African society. The adequacy of this service
comes under question when publizhed statistics (Wyndham ‘j,'
1979) indicate that one of the leading causes of death

in the black pcpulation is categorized as "ill defined

disease," and that there are thirteen times more blacks fif
in this division than whites. Under the broad
classification "disease of the circulatory system,"

‘ﬂirﬁ ‘whites had twice the mortality of blacks however, within
o the subclassification "other forms of heart disease"
blacks out numbered whites by six to one. This
subclassification contains a number of unrelated heart

diseases and also two categories where a definite

diagnosié was not made. This black to white- o g@,
disproportion in regards to loosely defined "catch all" o
catégories reflects more a disparit{fin medical and

’ diagnosﬁic services rather than soméﬁbiochemical or

'?ﬁft ‘genetic influence.
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A further indication that medical services for the black
population are less than adequate is offered by a recent
letter published in the South African Medical Jourpnal and
signed by seventy medical doctors employed at Baragwanath
Hospital. In describing the conditions at Baragwanath
they write: "The state of affairs is inhumane.
Facilities are completely inadeqﬁéte. Many patients have
o ! nd beds and sleep on the floor at night and sit on chairs

during the day. The overcrowding is horrendous. Nurses

e
B

areiallocated according to the number of beds and not the

numhe: of patients. Ablution facilities are far short of

o v ‘accepted health requirements and ethical standards are
dndoubtedly compromised." (Abkiewicz, et al., 1987). : e
Conditions such as these must have a considerable bearing {}

on any hospitals' ability to effectively interpret and
’E record the existing medical specifics of the community to
{

. which it serves.

o

One other aspect that bears consideration is the
willingness of the black community to present their
medical problems to established medical care facilities i
"and how this might effect the level of undetected CAD. éf
Schwab noted in his 1931 clinical study of CAD in Black :
Americans that black patients did not tend to report to
the Texas charity wards until they were in dire need of
hosPitalization. That the condition of these wards |

during the depression years in America were far worse
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than those currently found at Baragwanath Hospital is

quite likely. In South Africa however, the Black African
culture offers an alternative to modern medical care that

probably was not available to the American Black. 1In the

black urban townships and rural villages a large portion
of the population stiil take their medical problems to
local indigenous healers (Buhrmenn 1985). According to
one text: "In most rural and many urban areas,
traditional herbalists and witch doctors still have
considerable influence over their fellow tribesmen. 1Ill
health or the need to obtain suitablé medicines to bring
fortune or ward off evil leads significant numbers of
conservative blacks to visit tribal healers long before
seeking help at a hospital orxr clinic" (Campbell et al.,
1982).

In the Framingham Study, t'enty-five percent of
myocardial infarctions which occurred in ‘the population
were not detected in a clinical seiting~(xanne1 and
Abbottti984). This was demonstrated in a society that
has perhaps the ‘Tiighest per capita availability of
medical care in the world. This availability is further
augmeﬁi3§ by fréqueht media campaigns which cajole all
indi?idu;f§§9ver the age of thirty-five to have annual

‘ | N~
medical examinations. 1In South Africa, considering the

influencé'of the indigenous healer coupled with ignorance

Of'symptomgtology and fear of modern medical services, .

i
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the level of undetected CAD in the Black African
population could be much higher than that reported for

other populations.

‘As noted previously, the detected occurrence of MI in the

white population of Johannesburg is very much greater

Eﬁén'that observed for the black population. While

,JaVailﬁbility of medical services and ethnic differences

in seeking out modern medical care surely contribute to

,?fhis‘difference in recorded disease incidence, other

- explanations are required in order to account for such an

enormous disparity.

'The aspect which may have the greatest bearing on the

occcurrence of CAD in any population is that which may

most profoundly effect the constituency of the population

‘at risk. Recent data published by the South African

Medical Research Council (1984) indicate that out of all
deaths in the black population, apbroximately 45% occur
under the age of 18 years. This is compareéd to a figure
of 12% in the white population. Black infant mortality
rate is 94 to 124 per 1000 with 12.3 per 1000 reported
for whites. These differences are almost‘eﬁtirely
accounted for by diffefénces in parasitic and infectious
diseases. Given this enormous level of early life
moétafity in the black poﬁ&lation, it is riot difficult to

imagine why the occurrence of a later life degenerative
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disease such as CAD is considerably less tharn that of the

white population.

S

It has been suggested that current childhood mortality

rates in blacks residing in highly urbanized areas such
as Soweto are similar to those of the whitekpopulation

residing in Johannesburg. Current levels however, are

‘not of concern in this context. It is of greater

relevance to consider what the levels were 30, 40 or S0
years ago and how this has eff=c¢.#3 the population which

now constitutes the age group at risk for the disease.

Anothei variable in this complicated equation is the
question ¢f the effect on the surviving population from
exposure to infectigus diseases. Are blacks which
survive to middle\éée generally a healthier group of
individuals? Are the ones which die at a young age the
same ones who woulé otherwise succumb to CAD at an older
age? Is expcsure tc a certain pathogen 2+ a young age
resuliting ink*mmunity to CAD at an older age’ There
certaialy seems to be a strong worldwide inverse
association between the incldence of CAD and levels of
| poverty. malnutrltlon, overcrowding\and»inadequate
hcus;ng Also, in 'white populatzoné{it is known that the

2

rap;d rise in mortality from CAD closely paralleled the

sharp declzne in mcr*ality £rom infectious diseases. How

N3

these factors nay influence the actual incidence of CAD

3
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is complex however, they cannot be ignbred when
”F“nﬁ, '_\ k'_ discussing differences in the disease pattern between

v ;‘ first and third world populations.
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3. F cids and iserse. A Review
of the Literature.

3.1. Introduction

Since the early years of this century, it has been known
that fatty acids are an important source of oxidative
energy. It was another thirty years before Burr and

Burr (1929) established the essential physiological need

. for certain long chain polyunsaturated fatty acids in

the diet. During the early part of the 1950s
developments in gas liquid chromatography made rapid,
accurate fatty acid analysis possible on small
quantities of material and soon after, the various
structures of the long chain fatty acids were
established. Later, Bergstrom et _al., (1964) izolated
and described the structures of the classical
pfdstaglandins,' and the relationship between these
substances and fatty acids became apparent. Since the
1950s an enormous amount of research has been conducted
on the pharmacology, biochemistry, and physical
chemistcy of fatty acids and their cyclic derivatives.
This chapter v:wili attempt to give a brief description of
the phy‘sical {b’ropelxties and bi‘ochemistry of fatty acids,
followed by the phys:LologJ.cal effects of fatty acids and

their precurscrs 'as they relate to CAD.

* As with any -rapidly changing field; fatty acid

\
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% terminology has developed :.1 a random and haphazard \ng

fashion. It is not uncommon to see the same fatty acid

referred to }by‘ three or four different systems of

| nomenclature in the same journal article. There are
three accepted systems of fatty acid identification:
fhe_trivial system; the systematic system; and the t
structural system (Gurr and James 1976). In this

‘ thesis, as in the literature, all three systems will be

: g . ) used, conseqyuently, an orientation to all three systems \ ”.;i%\. |

| will be offered. |

£

S Y s
, Trivial names for the fatty acids were most often taken
from the tissues from which they were first isolated.
An example of these are the polyunsaturated eighteen

~carbon fatty acids which all begin with the prefix
lin‘o-, since they occur in livge amounts in linseed
oil. This system offers nothing in the way of
structural information and confusion between similar

named species is easy. The systematic method is based
on numerical prefixes indicating the number of carbon
atoms followed by the number (if any) of the double
bonds. At the beginning of the name are the numerical

- positions of the double bonds relative to their disténce

from the carboxyl group. With this systeﬁi{ oleic acid

becou;gs 9-octadecenocic, indicating an eighteen‘'carbon -

molecule with one double bond located between carbons

nine and t;en]couvnting from the carbonylv carbon.
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Although this system leaves no doubt as to structure,
names tend to be long and cumbersome. Also, naming from

the carboxyl group makes the recognition of related

S §

% i compounds with different chain lengths and degree of
| unsaturation difficult;. The abbreviated, or structural
o ) sys'tem’identifies the fatty acid simply by giving the
| number of carbon atoms followed by the number of double
"I bonds. Position of the double bonds are indicated by
" the cérbon number of the first double bond counting from
thé me,thyl terminal {(or omega) carbon. Thus,
cis-5,8,11,14,17-eicosapentaenoic acid becomes C-20:5
w-3 (Davidson and Cantrill 1985). Figure 3.1 gives the
s common, systematic, and abbreviated names of the more

frequently encountered fatty acids.

3.3. hysic ti t

Fatty acids consist of carbon, hydrogen, and oxygen
atoms. They exist mostly as stra‘ght aliphatic chains.
Most naturally occurring fatty acids are even numbered
due to the mode of the acetyl CoA/malonyl-CoA synthase
system but odd numbered species occur in small amounts.
Many of these fatty acids are polyenoic containing
double bonds which are almost exclusively in the cis
configuration. The doqple bonds always occur
~consecutively and are séparated by single methyl gif’;oups,
an arrangement that has been termed polyallylic. This

arrangement is also the result of the specific mechanism

of de novo synthesis (Gurr and James 1976).
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sio.u.usm SYSTEMATIC ABBREVIATED ’
Saturated ég;g‘ s ' |
Lauric Dodecanoic 12:0 o
Myristic Tetradecanoic 14:0 ,
Palmitic Hexadecanoic 16:0
Stearic - QOctadecanoic 18:0
Arachidic Eicosanoic 20:0
Behenic ‘ Docosanoic 22:0
Lignoceric Tetracosanoic 24:0
M ic Acids
Palmitoleic cis-9-Hexadecenoic 16:1 w-7
Palmitvaccenic cis-li-Hexadecenoic 16:1 w-5
Oleic : cis~9-0Octadecenoic 18:1 w-9
o 4 Vaccenic cis-11-Ocladecenoic 18-1 w-7
i : Gadocleic cis-11-Eicosenoic - 20:1 w-9
e ‘ Erucic cis-13-Docosenoic 22:1 w-9
: ce‘toleic cis-11-Docosenoic 22:1 w-11
Linoleic cis-9-12-0Octadecadienoic 18:2 w-6
No Common Name cis-11-14-Ecosadienoic 20:2 w-6
N alpha-IL.inolenic cis-9-12-15-Octadecatrienoic 18:3 w-3 -
N ; gamma-Linolenic cis-6-9-12-Octadecatrienoic 18:3 w-6 ,:3
B f : dihomo-gamma- cis-8-11-14~-Eicosatriencic 20:3 w-6 Vi
iy Linolenic
; | Arachidonic c¢is-5-8-11-14-Eicosatetraenoic 20:4 w-6

N . Timnodonic cis-5-8-11-14-17-Eicosapentaenoic 20:5 w-3
SRR Clupanodonic cis-4-7-10-13-16-19-Dccosahexaenoic 22:6 w-3

o ) Figure 3.1. The Commcn, Systematic, and Abbreviated
ol . Names of Fatty Acids.

In 1972 Singer and Nicolsen proposed a unifying theory

of membrane structure zalled the Fluid-Mosaic Model.

They suggested that cell membranes were basically a : i'fs,
e polar lipid bilayer which was a non-rigid structure
because the ilydrophobic tales of polar lipids consist of

an appropriate mixture of saturated and unsaturated

S ST “ 5
SRR R

fatty acids that are fluid at the functional temp‘erature‘

i
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of the cell. Proteins, part hydrophobic (immersed’
within the bilayer), part hydrophilic (exposed to the

outer portions of the membrane), which inciude enzymes

i; and various transport systems are suspended within the

bilayer. Due to the absence of covalent bonding between

the’se proteins and the lipid molecules, they are able to

“ move laterally within the membrane structure. This

movement of proteins is regulated partly by the fluidity

- of the membrane and partly by the presence of other

proteins .

> The physical properties of the individual fatty aciés

effect the Physical properties of acyl lipids which make
up the lipid bilayer. The most readily demonstrable
effect being the phase transition, or the temperature at
which 'thé membrane changes from a liquid state to a
rigid crystalline state (Stubbs and Smith 1984). The

phase transition decreases with the degree of

‘unsaturation due to kinks produced in the chain by cis

dzuble bonds which disrupt the close packing that is

possible with the saturated chains. The presence of even

a single double bond is sufficient ‘to exert a profound

influence on the physical properties of the acyl lipid.

The position of the double bond system within the chain

is also important. As can 'be seen from the melting

D

: pilz)ints' of the thirteen péssible cis isomers of

gctadecddiencic acid, the nearer the double bond te the
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center vcsf the chain, the lower the melting point. The
position of the double bond may be a more important
influence on melting point in some cases than the actual
number of double bonds. The melting point of 18:3 w-6
is not markedly different from that of 18:2 w-6 but is
some 28 degrees C lower than that of 18:3 w-3 (Stubbs
and Smith 1984). It can be uhderstood then, that the

fatty acid makeup of the lipid bilayer between warm

'~ blooded vertebrates, cold blooded vertebrates, and

plants must be considerably different, given the
different temperate environments in which these

organisms exist. -

3.4.. Physiological Effects of Fatty Acids.

Apart from supplying the structural integrity of the
iipid bilayer, fatty acids also impart a considerable
pharmacological influence. The twenty carbon essential
fatty acids, 20:3 w-6, 20:4 w-6, and 20:5 w-3 become

oxygenated in the presence of various enzymes to form

‘what have been termed the one-series, two-series, and

three-series prostaglandins respectively. The
pFostaglandms are biologically active substances that
are only produced in stimulated cells and tissues. They
are "not”storéd, but must be newly syntheéized in
response to stimulation. They have been implicated in
the involvement of regulation of vascular tone,

contraction and relaxation of muscle, stimulation and

%
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inhibition of platelet fuhction, activation of
leukocytes, regulation of renal blood flow, and possible ;
control of growth and sprecad of malignant cells

(Needleman et _al., 1986). The next several sections

will deal with the formation and actions of the

prostaglandins.

3.4.1. Endcperoxides
SR : Early studies on the mechanism behind the transformation
- of polyunsaturated fatty acids (PUFA) into
e prostaglandins indicated that endoperoxide structures
.c),,x,. ' were involved. When prostaglandin E1 (PGE;) was
. , ‘biosynthesized from 20:3 w-6 in an environment of
[502]/[802] and enzymes from ram seminal

vesicules, it was found that the oxygens of the keto and

hydroxyl groups at C-9 and C-11 of PGE, originated

from either [502] or [802]. This indicated the )
likelihood of forwmation of a cyclic peroxide |
intermediate (Samuelsson 1972). Later it was
determined that arachidonic acid may be transfc.:ed into L
» the'\bprostag'lan‘din endoperofide substances (PGG, and
PGHy) by arachidonic acid induced platelet aggregates

(Hamberg and Samuelsson 1974). This was determined by:

P
3 '*"""Wﬁ' L
e AR

time dependent extraction of formed products into
acidified methanol; and isolating the resulting methyl

ester substances by TLC and identifying these substances

[ P
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by mass spectrometry.

The formation of PGH, and PGG, were found to be

- facilitated by an endoperoxide synthase in a two step

reaction. < Arachidonic acid was first oxygenated to form

PGGz, and PGG, was reduced to form PGH,. These

- cyclo-oxygenase and peroxidase activities reside in a

single protein which has been termed prostaglandin

-endoperoxide synthase (PES) (Samuelsson et al., 1975).

Pagels et 3l., (1983), using antibodies prepared against

PES determined that in ram seminal vesicle microsomes,

PES is a membrane associated protein with a molecular

-weight of 72,000. He further determined that each

subunit requires a molecule of heme for maximal

T
/’/'/

- catabolic activity., Non-steroidal anti-inflammatory

drugé (asp{irin, indomethacin, flurbiprofen, flufenamic
acid, "mgff‘e’;namic acid, sulindac sulfide and clidanac)
selectively inhibit the cyclo-oxygenase activity of this
enzyme. The hydroperoxide activity however, is scarcely
effected by any of these drugs (Mizuno et al., 1982).

It appears that aspirin acetylates the cyclo-oxygenase

" portion of the enzyme, and this causes irreversible

inhibition, _Iaterestingly, it has been shown that °
treatment Dy aspirin or indomethacin, actually protects

the hydroperoxidase activity of the enzyme from

~ inactivation at higher temperatures or alkaline pH

o

N o



_hand, the ability of PGG, and PGH, to stimulate é \
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3.4.2. Thromboxanes

(Mizuno et al., 1982). [

The prostaglandin products of the endoperoxides, PGE;

(from 20:3 w-6) and PGE, (from 20:4 w-6) differ ' o
radically in their actions. It was shown that PGE; 4
is a vzry active inhibitor of platelet aggrega*“on

whereas PGE, stimulated ADP induced aggregation of

rat, rabbit énd human platélétsi (Samuelsson et _al.,

1975). When comparing the physiological effects of the

active 2-series prostaglandins to those of the

'endoperoxides it was shown by Samuelsson {(1975) that the

two*§§au’§s of substances had a similar ability to

contract gastrointestinal smooth muscla. On %the ctheyr

vaséﬁlar and airway smooth muscle of rabbits and guinea
pigs were considerably greater than those of PGE, or
PGFé-alpha. Intravenous administration of P66, and
PGHé to guinea pigs produced an increase in blood
pr‘essure/which was greater than that found for PGE, or

PGF,-alpha.”

Wheri ‘ind;mathacin treated washed human plarelets were

incubated with [1-14c)-arachidonic acid for five

Ff‘ig‘?."b. S A Y

o

minutes and the reaction terminated by addition of

'&‘ﬁiﬂ‘

acidified methanol, chromatographic analysis of the

resulting methylated structures revealed the formation
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of the previously described substances thromboxane B2
(TxB,), HHT, and HETE. Termination of the same
reaction after thirty seconds revealed the formation of
an additional product. Consequent mass spectrum
analysis and cxygen labeling found the substance to be a
highly unstable epiiﬁer of TxB,. This instability was
due to the presence of an cxetane ring which bridged
carbons nine and eleven of the pententane ring. The
oxetane ring of the unstable substance spontanecasly
hydrolyzes (tq /2=30 sec) to the hemiacetal TxB,.

'.l'he unstable substance was termed thromboxane A,
(TxA,) and was postulated to be the same as the rabbit
aorta contraction substance (RCS) which had been

" described by Piper and Vane (1969) several years earlier
’ (Hamberg et al., 1975). TxA, not only contracts

" smooth muscie but also induces platelet aggregation and
s/"k’érotonin release at nanomolar concentrations. TxB,

:j,s virtually :nactive. In the platelet, TxA, is the
principal metabolite of PGH; (Needleman et al.,

1986). Recently, TxA, has been synthesized, ard the

_ ‘"original structure proposed by Hamberg et al.. (1975)
( - was proved correct (Bhagwat et _al., 1985).

- The exact mechanism by which TxA, induces platelet
aggrééé‘fion and vascular contraction is not known
" however, it appears to be involved in a host\(:-of

biological reactions which result in both normal
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main.tehance of vascular hemostasis, and cardiovascular
.disease (Fitzgerald et al., 1987). Evidence suggests
that some cases of myocardial ischemia which occur while
at rest result from constriction of the larger coronary
arteries (Ogletree 1987). An acute reduction in flow
resulting from coronary constriction could also
cdnceivably trigger myocardial infarction or cardiac
arrhythmia‘s (Coker gt,___gl., 1981). Several studies have
v’in fact shown/ that TxA, dces increase significantly
during both animal induced and human acute myocatdial
infarction (Smith =t al., 1982; Coker et al., 1981;
Brezinski et al., 1985).

3.4.3. Prostacyclin
Following the discovery of the thromboxane pathway
vinves“tigations were conducted to determine if this
substance was produced in tissues other than platelets.
Mpncéda et _al., (1976) described a labile substance
fquny‘d in micresomal fractions of blood vessels which was
enzymatically metabolized from the endoperoxide PGHj.
Ty \:vgather‘: than displaifing activity similar to a thromboxane
: ) however, this substance relaxed stiips ’o_f rabbit -
‘mesenteric and coeliac arteriez and inhibited platelet
aggregat’ion;f to arachidonic acid. This substance was
' "!;,,_'la‘ter termed prostacyclin (PGI,) and was de,termined to
| be ah enol-ether which was the primary me"‘tabolite:v of

~+ arachidoniclacid in vaséular endothelial cells (Johnson
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et al., 1976). It had an in vitro haif-life of ten

minutes at pH 7.4 and 23 degrees C, an in _vivo half-life

of three minutes, and spontapeously hydrolyzed to
6-keto-PGF;-alpha (Moncada and Vane 1978). 1In later
work, PGI, was shown to relax coronary as well as

splanchnic vascular’ strips in vitro, dilate vascular

beds jn_vivo, and had strong antithrombotic activity in

vivo (Dusting et al., 1982). Weksler et al., (1978)

demonstrated that cultured human endothelial cells were

induced to secrete PGI, when stimulated with sodium
atachidonaté, thrombin, the ionophore A231867 or
trypsin. >»roduction of PGI, activity was abolished by
treatment of the cells with indomethacin,

tranylcypromine, or 15-hydroperoxy arachidonic azid.

PGI, inhibits platelet aggregation by stimulating

adenylate cyclase which in turn leads to an increase in

intracellular cyclic édenosine 3' 5'-monophosphate

(CAMP). cAMP inhibits platelet activation by' a number

of mechanisms. It inhibits phospholipases through

‘activation of a protein kinase, and.this in turn

inhibits the liberation of arachidonate from membrane

phospholipids. It also inhibits the conversion of i

arachidonic acid to endoperoxides by ihhibiting EBS‘. i

Furthermore, it causes irtracellular membrane

: sequ‘estratidn of free calcium ions which impairs

phospholipasq activity and the (platelef,i/fy contractile
L ) -y '
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process (Gorman et al., 1977). Finally, cAMP appears to
have an inhibitory effect on the action of TxA, since
it blocks aggregation induced by PGG, and PGII; but
does not interfere with the formation of TxiA, from the

PG endoperoxides (Fitzpatrick ai:d Gorman 1979).

‘While the ~exact mechanism behind TxA, induced platelet
aggregation is not known, it is believed that human
: ﬂlﬁtelet ihvolved haemostasis is to an extent controlled
by the reciprocal regu.ation of cyciic AMP levels by
PGIZ and TxA, (Tateson et_al., 1977). Agents that
“ele»vat%‘o‘.‘. cyclic AMP such as PGI, (and PGE4) block
beth PES dependent and PES independent aggregation. 1In
fact’, PGI, inhibits platelet aggregation regardless of %
the aggregating stirulus (Gorman and Sparks 1982). 1In
‘ :éonttast to PGI,, TxA, inhibits platelet adenylate
cyclase and promotes haemostasis by acting as a
 vasoconstrictor and inducer of platelet aggregation. .
The dynamic balance of production of \}ascular PGI, and

platelet TxA, is an important determinant of the state

T S S p

B A R Y N

of piatelet-vessel wall interactions and primary

haemostasis.

A corfelation between circuiating levels of PGI, and

~myocardial infarction has been demonstrated in a number

P
S

of studies, Coker et al.. (1981) found that both TxA,

and PGI, are released from thé acutely ischemic
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‘méreased’ stability of PGI, when bound to serum

. g"‘albut“nin. Pe’thaps the decreased stability could be

:'Since the discovery that the thromboxane/prostacyclin

‘ratio to a large extent regulates pﬂlateiet to -
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myocardium in dogs, and that the balance between TxA,
and PGI, release in the period immediately following
coronary artery ligation is related to the occurrence of
arrhythmias. The animals which demonstrated the most
ventricular ectopic activity also showed the largest
increases in local coronary venous TxB,

concentration. In humans, a prolonged increase in the
in !_;J_I_Q synthesis of TxA, and PGI, during the acute
pﬁése of myocardial infarction has been demonstrated
(Hexiriksson et _al., 1986). Also, increased levels of

PGI, sensitive platelet aggregates have been

‘:\&"emonstrated in whole venous blood of patients with

acute m;yocardial infarction (Splawinska et al., 1987).

)}

Finally, PGI, has been shown to have a considerably ;

19y
%
)

deq“:ea'sedl half-life in individuals who have recently

experienced a myocardial infarction. The half-life

’ returned to normal fifteen days after the occurrence of

the infarct and in fifteen angina patients, no change in
,?.GIZ half-life was detected (Sinzinger et _al)., 1987).
Jaschcmeli et al., (1986) however, demonstrated an -

related to a fall in serum albumin following an MI.
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vessel wall interactions, attempts to alter this ratio
tc favor a non-thrombotic situation have been
intensively studied. Various thromboxane synthase
inhibitors and TxAér agonists have proved most useful.
An«tkalternat;(e sti‘ategy that may have considerable

poténtial would be to employ dietary supplementaticn

' with certain faftty acids. The fatty acids which could

replace arachidonic acid could alter platelet metabolism

and thereby reduce aggregation and thrombotic‘.eve"nts.

This next séction will review the various effects of,
and postulated mechanisms behind, the anti-thrombotic

nature of the omega-3 fatty acids.

Following elucidation of the actions and mechanisms of

the 2-series prostaglandins, Needleman et al., (1976)
) giemonstra,ted that 5,8,11,14,17-eicosapentaenoi§ acid
(EPA) was enzymatically converted by sheep seminal
vesiclg PES into the PG endoperoxide PGH3. The
purif:/;/;éd PGH3 was enzymatically converted by human
plateiets into thromboxane A3 (TxAj3), or by blocd
vessel microsomes into delta-17-prostacyclin (PGIy).
It was subsequently found that PGH3 or TxAj did not
cause platelet aggregation, while PGI, and PGI4
(,,exerte,d similar effects both on vascular smooth muscle
qnd on platelets'(Needleman et al., 1979).

: | . :
The findings of !ﬁ,‘eedleman were given physiological ,
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significance by the findings of Dyerberg et al.,
(1978). Through epidemiolog:ical studies in North
Greenland they determined that Eskimos have a very low
incidence of acute myocardial infarction. They live on
a traditional marine. diet which is rich in iong chain
oinega-3 polyunsaturated fatty acids. 1In subsequent
studies it was found that in Certain plasma and platelet
lipids, arachidonic acid was partly replaced by EPA and
in certain in vitro systems, tissue formation of the
three-series prostaglandins occurred. Finally it was
shown that with EpPaA feeding in man, PGI3 dinor

products could be detected in the urine, indicating jip

Yivo metabolism of EPA (Fisher and Weber 1984).

Fbllowing these early findings, studies have been
conducted on the effects \ « fish fatty acid diet on
virtually every variable which has been p’ositively
cdrrelated with the occurrence of CAD. Many

inveitigators have determined that EPA feeding decreases

platelet aggrégation (Thorngren and Gustafson 1981;

Goodnight g;,_a_;) A decrease in TxB, formation has

‘been oi:servéd (1981; Siesé et al., 1980; Lorenz et al.),

as have de’creasesrin platelet count (Hay et al., 1982),
platelet retention to glass beads (Goodnight et a].,
1981), blood pressure (Singer et al., 1984) and blood
visi\%osity (Kcbayashi et _al., 1981). Many studies report

\ N
a fa\};l.l in serum triglycerides and very low density
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lipoprotein cholesterol (Mortensin et al., 1983; Terano
et al., 1983; Bradlow et al., 1983; Sanders et a).,

1983; Fehily et _al., 1983; Rogers et al., 1984). Fewer
report decreases in total serum cholesterol (Goodnight
et al., 1981; saynor et al., 1984). Interestingly, one
Teport indicated a decrease in total serum cholesterol
which correlated with an increase in platelet membrane
cholesterol and platelet membrane cholesterol/protein
ratio (Goodnight et al., 1981). EPA feeding has been
-shown to increase heparin thrombin clotting time (Rogers
et al., 1987), decrease plasma levels of platelet factor
four (PF,) and decrease plasma beta-thromboglobulin

x(Ha.y et _al.,, 1982).

While it is obvious that marine lipids cause profound
changes in various homeostatic profiles, the mechanism
of action behind these changes remains a clouded issue.

Most theories concerning the effect of fish oils revolve

~(around the observation that increased levels of EPA

b

""r'esult in a shift from the oxygenated products of
arachidonic acid (TxAz and PGI,) to those of EPA
(Tx’z-\3- and PGI3). Dyetberg et al., (1978) proposed
th,at this shift is created by increased intra-cellular
E?A/arachidonate ratio, while Needleman et _al., (1980)

,,,.f;":roposed that the shift was caused by a reduced

' convgrsion of released arachidonic acid by competitive

inhibition of EPA for the PES enzyre. Finally Siess ei
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al., (1980) argues that the shift is created by a
reduction in tﬁe amount of arachidonate liberated from
phospholipids in stimulated cells. More recent studies
have shown that while EPA does change the balance of
intra-cellular prostaglandin content, this may not be
the whole story behind the effect of fish fatty ac;lds on

cells in vivo.

~Unstimulated platelets have an active deacylation/

reacylation pathway which allows the fatty acid in the
2-position of the phospholipid to be replaced

continually (Lands and Samuelsson 1968). By this

' mechanism, dietary fatty acids may be incorporated

rapic’ily‘ into platelet phospholipids. This incor»oration
is selective, with specific fatty acids being esterified
to specific phospholipids (Shattil and Cooper 1979). On
the inneg,;leaflet of the platelet membrane, arachidonic
acid is estérified mostly to phosphatidylethanolamine
(PE) and is fairly evénly distributed among
phosphatidylcholine (PC), phosphatidylserine (PS) and
pho§phatidylinositol (PI) (Chap et _al., 1984).

g
The turnover of arachidonate is most active in PI
(Stubbs and Smith 1984). While EPA appears to be taken
up by PI in platelets jin vitro, the degrees of

iné'c)rporat;ion differs drastically depending on whether

the cells are incubated with EPA in buffer, in buffer
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plus albumin, or in platelet rich plasma (Weaver and
Holub 1985; Ahmed ¢t al., 1983). With fish oil feeding
in normal volunteers, EPA is incorporated into PC and PE
at the expense mostly of arachidonate however, EPA is
not incorporated into PI or PS and the arachidonate
content of these two latter phospholipids is not
effected by the presence of EPA (Galloway et al.,

1985). If this is truly the case jn vivo, then the
reported beneficial effects of EPA on hemostasis cannot
be explained exclusively on the basis of its turnover in

tihe platelet membrane pool in place of arachidonate.

Needleman et al., {1979) determined that in order to
achieve a 50% reduction in arachidonic acid
cyclo-oxygenation in vitro a i:1 ratic of arachidonate
to EPA was required. It was shown by vonSchaky et _al.,
(1985) that a 50% reduction of TxB2 synthesis jn vivo
could be achieved with a 20% increase in total omega-3
fatty acids in platelets. This tends to support the
notion that a change in the arachidonate to EPA ratio in
phospholipids cannot be the only factor effecting the
production ,;;f"c’y/clo-oxygenation products jin_ vivo.
Further proof of this was given by foomgren and
'Gustafson_; (1981) who deiéi;g :.2d that aspirin given
before a long term fish fatty.acid diet prolonged

bleeding time by as much as did the diet alone. Aspirin

given éu"rjng“ the diet prolcaged bleeding time by

LN e

*M‘W"ﬂfﬁ*}‘w#; SPR “‘;‘,’ i

J—




o

=y

bl

P

60
somewhat more than the sum of the increases caused by

aspirin and by the EPA diet separately. Also, Chetty ?g_t,_

al., (1988) demonstrated that aggregation and serotonin 9',/
releasie by washed platelets in vitro were similarly
_~

inhibited by EPA and indomethacin. Inhibition by EPA
plus indomethacin to aggregation and seroténin release twf
by U46619 stimulus, was considerably greater than |
inhibition with EPA and indomethacin alone. Finally,
when washed human platelets are ircubated with EPA or
doéosahexaenvoic: acid (DHA) or EPA plus DHA, the
strongest inhibition is observed with the longer chain
fish fatty acid. Also DHA is poorly liberated from
phcessgholipid compared to EPA when ’platelets are
stimulated with thrombin or the calcium ionophore. DHA
is a.lsoas‘a much poorer substrate for PES than is EPA
(Croset and Lagarde 1986). This final bit of evidence
may indicate that EPA exerts a considerable part of its

effect through modification of the platelet membrane.

- This could”lead to certain physio-chemical changes such

as membrane receétor availability or affinity, lateral
movement of membrane bound proteins or enzymes, or 1
changes in membrane dependent intra-cellular signaling

devices. -

3.6. Endogenous Fatty Acid Synthesis. .

De novo synthesis of sixteen and eighteen carbon
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B end of the chain therefore means that linoleic acid must L

aecid by a series of alternate desaturations and

i e e

saturated fa®ty acids occurs by means of an acetyl
Co\:g&/malonyl CoA synthase system, and this mecha'nism is
id;ntical in plants and animals. Also both plant and
animal enzymes are able to introduce a double bond to
the omega-9 position of olezic acid. Animals, however
are only able to intrcduce additional double bonds
between the existing doui:le bond and the carboxyl
group. Plants on the other hand only introduce the new
double bond between the existing double bond and the

terminal methyl group. When indicating position of the

double bond in relation to the methyl terminal carbon

only three separate families of fatty acids can by
achieved. These are termed the omega-9, omega-6 and

omega-3 series of. fatty acids, and the first members of

Sty
.
‘!\bl’ }

each family are oleic acid {(18:1w-9), linoleic acid
(18:2w-6) and alpha-linolenic acid (18:3w-3)
respectively (Gurr and James 1976).

Linoleic acid and its metabolites are necessary to
maintain anima.ls in a healthy condition. The isomer
1§:2w-9, 1s in'adequa_te in this respect. The inability L
of animals to desaturate oleic acid towards the methyl
be supplied in the diet from plant sources. 1In this
respect, it is known as an essential fatty acid (Holman

1978). Animals can, however convert dietary linoleic

elongations into other members of the omega-6 series.
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j Thez theoretical sequence of animal synthesis of longer i
| 4) chain fatty acids from the plant omega-6 and omega-3
precursors are as follows: | r
o . 18:2w-6 ’ 18:3w-3 B
’ delta-6 desaturase *
18:3w-6 V 18:4w-3
’ » elongation *
‘ [PG1] < 20:3w-6 B 20:4w-3
* . delta-5 desaturase * ,
[PG2] < 20:4w-6 20: 5w~ 3= [PG3] o
’ elongation ;
22:4w-6 22:5w-3 ‘
* delta-4 desaturase ; ~
22:5w-6 , 22:6w-3
Two of the metabplites of linoleic acid, alpha-linoleic
and arachidonic écids, are the precursors of the ‘
one-series and two-series prostaglandins respectively. i

It has been known for some time that patients with CAD

g
A

B - tend to have a low linoleic acid content in plasma

cholesterol ‘éster (CE) (Lawis 1956). More recently, low

PR i WM»».@N& o :;,r'r::;», i
7 . )

i .; : levels of linqleié acid in platelets, red blood cells:
and adipose. tissue';have been correlated with the
occurrence of CAD {Simpson-2t al., 1982; Wood at_al.,

1987). Also, several cross-sectional population surveys
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between locallties demonstrating varying rates of CAD
have fourgd decreased levels of lincleic acid in the
populaéions demons,tratix{g‘ higher levels of CAD (Nikkari
et al., 1983; salo et a)l., 1985). These low levels of
linoleic acid may reflect dietary differences, however
other ekplenations have beern ‘considered. These include
differences in patterns of absorption, mctabolism and

storage in individuals prone to CAD.

The mechanism by which high levels of linoleic acid
protect against the occurrence of CAD are unknown

however, some suggestions have been offered.

()

‘!Nordoy (1979) incubated various fatty acids bound to

albumin with platelet rich plasma (PRP) plus endothelial

cell monolayers (Ecﬁ). The four fatty acids of the

linoleic acid metabolic sequence, 18:2w-6, 18:3w-6,
20:3w-6 and 20: 4w-6, had an inhibitory effect on ADP, and
collagen induced platelet ‘aggregation when both
platelets and endothehal cells were present. Only

20: 3w-6 had such an leffect: when the pre-incubation was
perfomed thhout the: p*‘esence of ECM however, this

effect was not as pronounced as when ECM was included.

The saturated and monounsaturated fatty ac:.ds 18:0 and

18:1 had no exfect urider any c1rcumstances. These.

i results indicate that while platelets probably ao not co

any great extent convert less saturated fafty acids to
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arachidonic acid, ~adothelial cells {at least in vitro)

may readily acCompr:sh this with subsequent production

of PGI,.

In a recent study by Bobe rg et al., (1985) correlatioh
" : A | analysis among platelet phospholipid fatty acids and

fatty acids in plasma lipid esters was carried out.

This group determ:aed that in plasme CE there is a

negative correlation between linoleic acid and its

metabolites 18:3w-6, 20:3w-6 and 20:4w-6. This suggests

that the relationship between linoleic acid and its

metabolites in the plasma is primarily a dietary one and

that there exists a limited capacity of desaturation

between linoleic acid and 18:3w-6. This observation was

confirmed by Singer et al., {(1986) who examined serum “’
Lo lipids following linoleic acid feeding in humans.
S Boberg also demonstrated that in the platelet, there is
| a positive correlation between linoleic acid and
20:3w-6, and no correlation between linoleic acid and
R 20:4w-6. This suggests a limitation in desaturation
L i | between 20:3w-6 and 20:4w-6. Given this data, Boberg
c;__; % | - .' suggested that high dietary intake of linoleic acid
A | : would not lead to high levels of 20:4w-6 in plasma or
pl/a\telets, however it could lead to elevated levels of [
Zd 3w-6 in the platelets. As mentioned, 20:3w-6 is the ;

precursor of the one-series prostaglandias which have

a

been shown to lead to inactive or non-thrombotic £
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substances in platelets.
“Given the data from Nordoy (1979) and Boberg et al., )
i {1385) the sé‘quence of events which may lead to a :
1 i‘ non-thrombotic state with high levels of linoleic acid
| R could Lbe as follows:
N

)5 o ' 18:z2w-6 ™~ 18:2w-6 18:2w-6 4

¥ ¥ 'l

o 18:3w-6 18:3w-6

¥ | 0
e IR 20:3w-6 0:3w-6 WP [PG, ] |
o | £ ” -
FR : [PGI 2](-20:4w-5 T |

It can be seen from these reaction sequences that high
o o levels of serum linoleic acid would lead to increased
levels of PGI2 in the endothelium, and one-series
s prestaglandins in the platelet, both of which could lead
Y to a non-thrombotic state. Furthermore, several studies l

have shown negative correlations between linoleic acid

) RS and 20:4w-6 in various serum lipid fractions., This

T
Gt e
T S

B , Would tend to decrease 20:4w-6 availability to the el
platelet (Boberg et al., 1985; Valles et al., 1984). i
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4.1. Introduction,

Lipigs cati be divided into two general groups, the acyl
‘lipids, and sterols. Acyl lipids are a large
getetoggneous?group of c¢ompounds which are toya greater

or lesser extent soluble in organic solvents. They are

primarily responzible for the storage and trahsport of

/:metabolic energy and serve as structurai and functional

components of biological membranes. Acyl lipids are

basically divided into the neutral lipids and the polar

~lipids. ' The neutral lipids are fatty acid esters of

glycerol and there may be one to three fatty acyl groups
esterified ;o the glycerol moiety. The fatty esters may
be the same or different, and it is the nature of the
fatty esters that impart the characteristic physical
traits such as melting point and solubility. The polar

lipids are those which contain an electrically charged

“functional group. The largest class of polar lipids are

the 91YCerophosphatides or phospholipids. These consist
of a polar head group (an amirio alcohol or inositol)

esterified to diacylglycerol by a phosphate grcup at the

number three carbon of the glycercl backbone. Finally Eﬁ-

-there are the steroids. _These are water insoluble

substances which are derived from a four.membered‘ring

compound termed fhe,cyc10pentanoperhydtopenanthrene
i

v
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ring system. Sterols are those members of the steroid

class which contain a hydroxyl group (usually at carbon

number 3 of the ring system) capable of forming an ester

I - linkage. The stexol, cholesterol is an important member 5 -

ST
R
e

“? | of this class as it is the precursor of a number of
essential“metabolitesy namely the bile acids,
adrenoccortical hormones and the male and female sex 5;
normones (Lehninger 1982). Also a strong association has ;
been establlshed between the incidence of CAD and

L | n;: 1Hcreased levels of total serum cholesterol (Gordon and

Kannel 1971' Keys 1975).

This reviewaill focus primarily on the biosynthesis,
absorption physical chemistry, laboratory analysis ana

proteln association during transport of the triglycerides

: ’and cholesterol. Alsn, it will included an overview of -

) ° . what is currently known concerning these substances and :

ey é" their involvement in CAD. |
. 4.2. Nomenclature of ripids. 5

f, . The lipid terminology used in this text will follow that
| Tsuggested‘by the IUPAC-IUB conmissiOn on biochemical
- B nomenclature (1977). The neutral fats, which are mono,
i di, or tri esters of glycerol will be termed | ;;;

monoacylglycerol diacylglycerol or triacylglycercl as j

appropriate. In order to designate the configuration of g

glycerol derivatives, the carbon atoms of glycerol are ’ E
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numbered stereospecifically. The carbon atom that

R

appears on top in that Fischer projection that shows a
vertical carbon chain with the hydroxyl group at carbon -i
2 to the left is designated as C-1. To indicate that
this pafticular numbering system is in use, the prefix

"sn" (for stereospecifically numbered) is used. o

4.3. jos si jac c S, 7
The two common precursors of Triacylglycerols (TG) are
fatty acyl groups in their activated CoA thiolester form
(fatty acyl-CoA) and sn-glycerol 3-phosphate. Fatty
acyl-CoAs can be supplied either from dietary ingestion

of acyl lipids or from de novo synthesis from acetyl-CoA

in the presence of the acyl carrier protein (ACP).

Glycerol phosphate car be formed either from
dihydroxyacetone phosphate {DHAP) which is generated
2 during glycolysis or from glycercl plus ATP by the g;
S action of a glycerol kinase. The sn-1 and sn-2 free |
hydroxyl groups of glycerol phosphate are acylated by
two molecules of fatty acyl-CoA to vield

diacylglycerol-sn-3-phosphate which is more commonly e

termed phosphatidic acid. Phosphatidic acid is then

s

hydrolyzed by phosphatidate phosphatase to form
qﬁ sn-1,2-diacylglycerol. At this point
_Sn-l,z—diacylglycerol can béqome esterified by another

N \ molecule of fatty-acyl-CoA to form the triacylglycerol

or it can react with various pyrimidine nucleotides to
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form the phospholipids. This mechanism of TG synthesis
iurteferted ﬁb as the glycerol phosphate pathway and it
has been shown to occur in the endoplasmic reticulum of
liver cel%s; mammary gland and adipose tissue (Packter
1973). Aﬁother pathway, which occurs mainiy in the
endoplasmic reticulum of the small intestinal mucosal
celié of q?ny species including man, involves the
sequentialkacy;ation of a monoacylglycerol and is

usually referred to as the ﬁonoglycerol pathway. 1In

. this pathway fatty acyl-CoAs are consecutively acylated

uP a monoacylglycerol by monoglycerol and diglycerol
acyltransferases (Gurr and James 1976). The synthesis
of triacylglycerol involves a sequence of enzymes which
are capable of handling water-insoluble intermediates.

In nigher animals, the cell has developed a multienzyme

complex similar to the fatty acid acyl carrier protein

termed diacylglycerol acyltransferase (DGAT) which may
be regulated by cAMP (Maziere gt al., 1986).

4.3.1. Ether Linkages.

As mentioned previously, the three carbon glycerol
backbone of T& may arise from the dehydrogenation of
DHAP. In the presence of fatty acyl-CoA, aTP, Mglt,
and coenzyme A a fatty acid can be esterified directly

to the sn-1 position of. DHAP In a subsequent reaction,

the fatty acyl group of acyl-DHAP can exchange with a

long chain fatty alcohol creating an ether linkage at

|
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the sn-1 earbon rather than an ester linkage, forming
alkyl-DHAP.  Alkyl-DHAP may then form either TGs or
phosphoiipids by the previously discussed mechanisms
(Natarajun et al., 1983). Plasmalogens are
phospholipids with a vinyl ether linkage at the sn-1
position of the glycerol backbone and they are formed
from 1-alkyl-2-acyl-sn-glycerol (Gurr znd James 1976).
The substance 1-alkyl-2-acetyl-sn-glycerol-3-
phosﬁhochoiine (commonly termed platelet activating
factor or PAF) is a potent stimulator of the aggregation
and degranulation of buth platelets and neutrophils.
PAF represents the first bona fide example of a

biologically active phospholipid (Hananhan 1986).

4.3:2. Regulation of Triaclyglycerol Oxids*icn and
Synthesis. |

Biosynthesis and oxidation of TG océy?i;n a steady state
and are regulated to a certain extent by metabolic needs
and caloric intake. If carbohydrate, fat or protein are
consumed in excess, the excess calories are stored in
adipose tissue in the form of TG. Both carbohydrates
and the carbon chains of amino acids can give rise to
acetyl-Cok resulting in increased biosynthesis of fatty

acids and TGs. The rate of TG biosynthesis/oxidation is

kregulated by the action of ‘several hormones which are in

turn influenced by the cellular requirement for high

’
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energy'nucleotides.y Insuiin for example promotes the
conversipn of carbohydrate into TG. TG metabolism is
also influenced by the secretion of pituitary growt%
hormone, adrenal cortical hormones and by glucagon

{Martin 1687).

4.4. Biosynthesis of Cholesterol.

Since the discovery: -of cholesterol in galls;ones during
the early 18005,\Eontributions toward the understanding
of cholesterol synéhesis have resulted from a series of
world wide~investigations. Beginning in the 1940s
various epidemiological studies demonstrated a
correlation hetween clevated serum cholesterol levels
and CAD. Soon after, with the development of radio
isotope techniques knowledge of the de novo synthesis of
cholesterol developed rapidly. This work was pioneered
by Rittenberg and Block (1945) who monitored the
metabolism cf [14C]-acetate in mice. The 2lucidation
qf the complete biosynthetic pathway (one of the most

compiex known) was the result of numerous investigations

led mainly by Cornforth et al., (1960).

- The Qg_nqgg'synthesis of cholesterol is a complex

mult‘-step sequenre of events that involves over ten

,different!pnzymes’ Also several nonsteroid products
,which areﬂessentzal to cell survival are produced from

the metabolltes of cholesterol Given this lengthy
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_metabolic process, cholesterol synthesis can be

regulated by a 1arge‘numher of enzymes. The Kkey

requlatory enzyme has been found to be 3-hydroxy-3-

methyl-sn-glutryl Co-enzyne A (HMG CoA) reductase (Brown

and Goldstein 1980). Many 6f the other enzymes in the
sequence have also been shown to exhibit regulatory
control however the amount of@inhibition is less and the

response time is slower (Clark et al., 1987).

All of the regulatory enzymes of cholesterol synthesis
may possibly be controlled by a single substance or
regulatory factor. This common controlling factor
appears to.be activated by the presence of low density

lipoprotein cholesterol (LDL-C) (Brown and Goldstein

1980;.

4.5. Lipid nalysis.

Lipids are most easily extracted by procedures which
ope:ate on the principal that orgahic and inorganic
Qéivents, when mired, form two phases. If biological
‘material is present, the polar constituents migraie to
the inorganic solvent while the nonpolar ones migrate to
the organic solvent (Gurr and James 1976). No
extraction system based on diffe:ential solubility
provides 100% separation-of all classes however, various

techniques offered by Folch et al., (1957) and Blign and
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Dyer'(i959) give totai‘lipid recoveries of 90% to 95%

with most animal tissues (2weig and Sherma 1984).

Separatlon of the various components of the crude lipid

extract are most often carraed out by thin layer

chromatography us1ng bonded silica as the stationary

phase. D;rect *dentlrzcatlon of the structural
components of the crude lipid extract may be
accomplished by acid hydrolysis of the constituent
lipids, methylation of the liberated fatty acids, and
identification of the resulting fatty acid methyl esters

by gas liquid or capillary gas chromatography.

?aéty acid hydrolysis can be -accomplished by a number of
methods. Those using a strong Lewis acid in methanol
are most convenient. Boron trifluoride-methanol has
served as a reliable reagen% for the rapid
esterification of lipids‘énd,demonstrates a minimum of
undesirable side reactions (Morrison and Smith 1964). A
level of 14% boron trifluoride in methanol does not
cause double bond hydrolysis of unsaturated fatty acids
or polymer formation when used at the recommended
reaction temperature (85-95 degrees C). The reaction of
lipid and methanol producing glycerol (or a lecerol
like compound) and fatty acid methyl ester (FAME) in the

presence of boron trifluoride can be likened to a simple

N
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acid/base reaction asﬁgi#ﬁn by: .
0
" , .
H2-C-0-C-R 4 y . BF3 CH20H R
H-C-OH + CH30H -q—z»i:nori + CH3-0-C-R
H2-C-OH CH20H

STRONGER BASE STRONGER ACID WEAKER ACID WEAKER BASE
Due to the extreme electropplarity of boron trifluoride,
nethanol acts as a strong acid and at 100 degrees C, the
reaction proceeds 97% to 99% to completion. Boron
trifluroide functions as a true catalyst in the reaction
medium as can be seen by the reaction mechanism given in
figure 4.1. (Solomons 1980). ﬁ
During the methylation procedure dimethylacetals (DMA)
are formed/ﬁrom plasmalogens. As discussed, most
plasmalogens are composed of long chain hydrocarbons
bonnd to the sh—l positioh of glycerol by a vinyl ether
iinkage rather than an ester bond. The vinyl ether
linkage is Qrobably‘cleaved by boton}@rifluoride with
the fgrmatié& of an oxonium séit‘intéfmediate resulting
in t?e ﬁltimate formation of a long chain aldehyde. An

unstable hemiacetal is formed via the nucleophilic

. addition 6f“methanol to the carbonyl group of the

aldehyde. With boron trifluoride acting as a catalyst,

~ the hemiacetql reacts with another molecule of methanol

1

~ forming a DMA which is stable in ééueoua,yase,(Solomohs
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nzc|:—g-c~n nze-g-c-R H2C-0-C4+-R g
HC-OH 4 BF3 =  HC-OH = HC-OH HG-CH3 {
'H2C-OH. H2c-on H2C-OH ;f {
gii I
BF3 BF3 BF3 W
! 4 i
:0: 10! 20: f
»e ‘ e ‘ oo ) '} :
C-0--C-R =t nzc-c')—-c-n = H2C-OH + C-R ==
1 f |
H20C H-O+-CH3 nzo'c H o-cB¥ ;|  HC-OH 0
e
!
H20HC © H20HC H2C-OH CH3 {
h "d.
e S
BF3 ¢ CH3-0-C-R

Figure 4.1.

Reaction mechanism of the
transmethylation of a monoacyl lipid in
boron trifluoride methanol.

BF3 BF3
('J <') ' OH
n—!: it n-!:zo -CH3 ‘=t n—!:—owcna
tel + CH30H ~~#= -~ H :‘1 S ;:
Aldehyde | Hemiacetal
1'1 -OH a\ \1‘ /cna
.\o — /c:o—cm —
n—'c—o-gg; -~ H CH3-OH <= n—i:-o—cm

Lo /

-H+ 'O-CHS
b o R-f-O-CKS o4

i
i

120

. Dimethylacetal

Figure 4.2.

Reaction mechanism of DMA fotmation from
a long chain aldeayde in boron trifluoride
methanol.
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1980). If extracted into an acidic or neutrz” medium
the DMA will revert back to an aldehyde and is lost in
the final extraction procedure. The mechanism of DMA

formation is given in figure 4.2 (Solomons 1980).

crude extractions of whole lipid contain cholesterol.

In the presence of boron trifluoride fatty acid residues
esterified to the 3-beta pesition of cholesterol are
hydrdlyzed gnd transformed to fatty acid methyl esters
via the same mechanism as transesterification of lipids,
leaving cholesterol in its native 3-beta sterol form.
Cholesterol at this point acts as an alcohol, and in the
strong acid medium dehydrates in an equilibrium reaction
with the formation of 2,5-chclestadiene,
3,5-cholestadiene and H,0. 3,5-cholestadiene is the
major product of the two cholestadienes due to the
inherent stability of the conjugated unsaturated
system. At a concentration of 14% boron trifluoride in
methanol the ratio of cholesterol to cholestadiene

formation will be 1:1 (Solomons -1980).

4.6. -Lipoproteins.
4.6.1. MLW

All lipid molecules are amphiphatic to a ce#taiu
degree. The oxygen of hydroxyl, carbonyl of ether

‘gioﬁps‘can take part in hydrogen bond formation while

the hydrocQgE@g‘chains of fatty acyl residues and the
o . W g; .
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ring syqtem of sterols bind together by Van der Waals
forces. Although triacylglycerol contain estér groups
which are permanent dipoles, the hydrocarbon chains of
the fatty acyl groups override this polar tendency and
render the molecule aimost completely nonpolar. The same
is true for eholesterfl ester. These substances tend to
associate with each other in an agueous environment and
form spherical droplets whose surface area is minimal

{(Gurr and James 1976€).

Phospholipids in water behave quite differently. Due to
their highly polar head groups they tend to form
characteristic patterns in which their charged groups

associate with the water molecules while their fatty acyl

R

tails associate with each other. These arrays are termed
micelles and they can take on lam.llar, hexagonal or
spherical forme. If phospholipids or cholesterol are
introduced into a2 nonpolar lipid/water system, they will
tend to arrange themselves at the lipid-water interface
with their nonpolar groups buried in the lipid droplet
and their polar groups at the surface. This interaction
among lipids of increasing polarity results in a more
A%Q g o stable dispersion of the fat termed an emulsion. %
: ; , s N“
| "The,férces which stabilizg_large protein,moleéules and
maintain their secondaty ahd tertiary structuregfare

similar to thdse which cause lipids to form emulsions and I <
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‘miﬁelles.‘ Proteins with appropriately polarized domains

will bind to the outer layer of the lipid globule and -
render further'étabilization. These lipid—proteln
structures are termed 1ipop£oteins and the sarface
protein units are called apolipoproteins. Lipoproteins
represent the functional unit of trénsport for water
inséluble lipids iﬁ»the blood. Classes of lipoproteins
contain,different ratios of lipid types and different
types of proteins. This heterogeneity causes variations
in electrophoretic mobility, density and water
solubility. Lipoproteins are currently classified
according tQ their densities, however it must be

born in mind that lipoproteins ip vivo are not static

' substances. Due to the rather loose arrangement of

lipids and proteins these cd@gonents readily exchange
with other substances in th? blood such as endothelial
cells, red blood cells, plaéelets and other
lipoproteins. Furthermore, 1ipoproteins‘are
continuously being altered by an array of enzymes and
transfer proteins. The five major groups of
lipoproteins, in their order of increasing density are
chylomicrons, very low density lipoproteins (VLDL), low
density lipoproteins (LDL), high density lipoproteins

(HCZL) and albumin-fatty acid complexes (Assman 1982).

4.6.2. Apolipoproteins.
Apolipoproteintgl (apo Al) ié the major protein
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constituent of HDL. HDL levels have been inversely
cortelated with susceptibility to CAD (Miller and Miller
1975) and recently the same association has been
demonstrated for serum apo Al (Brunzell et al., 1984).
Apo Al is thought to participate by two mechanisms in
the reverse transport of cholesterol from tissues to the
liver for excretion: (1) apo Al can promote cholesterol
efflux from tissues; and (2) apo Al displays co-factor
acti%ity for the lecithin cholesterol acyltransferase
(L.CATj) enzyme thch is responsible for almost all plasma
cholesterol esterification (Miller and Small 1987).

This later reaction is thought to play a role in

transforming nacent HDL to mature HDL particles.

Apolipoprotein AII (apo AII) is the second most abundant
protein in HDL comprising approximately 20% of its polar
surface structure. Apo AII is able to displace apo Al

frow~ 4DL particles (Lagocki and Scanu 1980). Also it is

an activator of hepatic lipase.

Abolipoprotein B (ape B) is the major protein

constituent of LDL and is also found in chylomicrons and

VLDL. Human apo B is a glycoprotein which occurs in two

’ forms,~designated‘8-1oo and B-48 (Deeb et al., 1985).

Apo B-100 is the predominant structural apoprotein in

LDL.and VLDL and is synthesized continuously in the

‘liver. Apo B-48 is produced by the mucosal cells of the
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e gut and is the major structural protein of chylomicrons

(Packard et al., .1984; shepherd and Packard 1987). The
clearance of LDL and VLDL from plasma is mediated by a
receptor which is specific for'apo B-100 and Apo E. The
production rate of Apo B-100 is instrumental in

regulating plasma LDL levels. Obese patients and scme

E ..;f{.‘

~ patients with premature CAD have high VLDL and LDL apo B
r / levels (Kesaniemi et al., 1985). Monoclonal antibodies
: which bind to apo B-100 inhibit ceilular uptake of LDL
however, anti-apo B-48 moncoclonal antibodies do not
’block uptake of chylomicron remnants suggesting that apo
B-100 b»t not apo B-48 contains the domain respons;ble gf‘
for the cellulagwrecognitionﬂof lipoproteins (Schonfeld |

et al., 1987). |

Apo E is e single polypeptide chain containing 299 amino
| ; acids. Abnormalities in Apo E result in defective

receptor binding of VLDL, LDL and chylomicrons.

Apolipoprotein CII (apoiCIlj comprises about 10% of the
‘gﬁﬁ ‘total protein of VLDL as well as 1-2% of the total ' 3?
protein of HDL. It is an important activator of |
lipoproteiqglipase, which catalyzes the hydrolysis of

- ' triacylglycerol in chylomicroﬁs and VLDL. The

' physiological importance . of apo CII in activating {
|

lipoprotein lipase has been established by the finding
of patients with inherited apo CII deficiency who are

3
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severely hypertriglyceridemic and have functional

lipoprotein lipase deficiency (Havel et al., 1979}). .;@

Apélipoprotein,CIII (apc CIII) is a constituent of VLDL

‘and HDL and comprises about 50% of VLDL protein and 2%

of HDL protein. In vitro, Apo CIII has been shown to

inhibit the activities of both lipoprotein lipase and ' ,’«n

hepatic lipase.

4.6.3. Chylomicrons.

Nacent chylomicrons are formed exclusively in the
intracellular endoplasmic reticulum compartments of

i intestinal elniterocytes. They are composed of 90% TG, 5%
phospholipid, 3% esterified and nonesterified
cholésterol and 2% protein. The fatty acid content of
chylomicron TG and phospholipid closely resemble that of
exogenous (dietary) fat. The principal apolipoprotein

components are Al, AII, and B-48. (Assman 1982).

i 2fter entering the general circulation via the thoracic
{%ﬁ ’ duct, chylomicrons undergo several major compositional
changes. Both apoproteins and lipids are exchanged

between the chylomicron and plasma elements such: as red

gt e ety byt bRy e i
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blood cells and other lipoproteins. Cholesterol is
L : " transferred from blood components to -chylomicrons

O | ; }xndependentIYhof protein carrzers probably via ' %/'

spontaneous deement along m _concentration gradzent




(Pyorala 1987). Cholesteryl ester and phospholipids are

delivered to HDL by the actions of cholesteryl ester
transfer protein (CETP) and phospholipid transfer °
protein (PTP) respectively (Tall et al., 1987). Also
apo Ai transfers from chylomicrons to HDL when nacent
lipoproteins are incubated with plasma and it is likely
that a large portion of phosphplipid is carried over in

this exchange.

Apo CII and E peptides transfer from HDL to

chylomicron. When chylomicrons become activated by apo
CII in thé peripheral circulation, they attach to the
capillary walls and undergo degradation by lipoprotein
lipase which is bound to cell surface glycosaminogliycans
and can be released from its binding site by heparin
(Neste; et al., 1987a). As a consequence of this lipase
action, a large percentage (>75%) of the chylomicron TG
is degraded to fatty acids and monoacylglycerols which

eventually enter muscle or fat cells. A small portion

of the chylomicron phospholipid is also cleaved to fatty

acid and lysophospholipid by‘lipoprmtein lipase.
Following degradation of the nacent chylomicron to the
core reannt, apo C peptide is‘tranﬁferred back to HDL
thus haltihg delipidation. Th# chylomicron remnant is
now taken up by the livér and %he recognition by the

hepa;ic«receptoyﬁof the chylomicron remnant is mediated

by apo E. The chylomicron rereptor is distinct from
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receptorsxthat bind other lipoproteins and apo B-48 does
not;gppgé;:§a be involved (Schonfeld et al., 1987). The
chylomicron raceptor may however be involved in hepatic
uptake of large VLDL remnants,és’will be discussed in

the next section.

4.6.4. Very Low Density Lipoproteins.

VLDL particles are the soluble carriers of endogenous

{liver synthesize lipids. The density of these

lipoproteins rai,- frum 0.95 to 1.006 g/ml (Sf 20-400)
indicating a large diversity of chenical content. on
average, VLDL con}a;n 60-70% TG, 10-15% phosphclipid,
8-10% cholesterol ester, 3-5% cholesterol and about
7-10% protein. The protein content consists of 30-35%
apo B-10C, 50% C apoproteins (c1, cIi, c1ii), and about
108 apo E (Assman 1982). Intermediate density
lipoproteins (IDL) result from the delipidation of VLDL
and are the precursors of LDL. IDL span the density

range of Sf 12-20 (Miller and Small 1987).

The intracellular steps in VLDL assembly include
synthesis of the individual lipid and protein components
to form the nascent lipoprotein. TG synthesis occurs
via the g%icerol phosphate pathway and the requisite
fatty agﬁds'may originate either from~p1asma albumin
bound fatty acids or from hepatic de novo synthesis.
QItimately, the synthesis of VLDL is dependent on the

,&:
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syntheais of thé*époproteins. This was demonstrated by
Marcel et al., (1981) who effected a complete block-of
VLDL SYnthesis in rats following administration of”
cycloheximide, an inhibitor of protein synthesis. Also,
individuals with abetalipoproteinemia who are unable to
produce apo B have no chylomicrons, VLDL or LDL

partxcles resulting in extremely low plasma TG levels

(Malloy et al., 1981).

piet also has a profound effect on VLDL synthesis. As
noted ‘in a previous section, studies on the effects of
dietary fish oils have found that VLDL levels are
considerably reduced following long term fish diets.
Nestel et al., (1984) determined that this VLDL lowering
effect was the result of decreased apo B synthesis and
%? while this occurs to a certain extent with omega-6 PUFA
feeding, the results are not nearly as dramatic. Also,
as will be discussed below, carbohydrate feeding
indreases the overall size of VLDL while cholesterol
feeding tends to decrease the size. This may be a
! ' 'stﬁong determining factor in the metabolic fate of VLDL
| reﬂnants in the plasma.
‘%ﬁ - o ' %
Thé;intravascular catabolism of VLDL is regulated, at

least initially in a manner similar to that of .

chylomicrons. Tnere is early txansfet of apo €II and .

o f;;’ apo E ftoﬁiﬁbb and this controls the rate at which Ay N
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delipidation and remnant removal takes place.

Remodeling of VLDL remnants is also required and this
involves the transfer of unwanted surface lipid and
protein to HDL. It was originally believed that nascent
VLDL were relatively homogenous in size and chemical
composition and that the wide range of densities seen in
VLDL were exclusively the result of catabolism. It was
demonstrated by Havel et al., (1979) however, that
hepatocytes in culture synthesize and secrete nacent

particles which cover a broad size range. More recent

' studies have determired that these heterogenecus nacent

particles follow quite different metabolic channels.

it has been known for some tinme that the basic scheme of
VLDL catabolism involves delipidation of VLDL to form.
IDL and remodeling of IDL to form LDL. Recent studies
however, have added several modifications to this
initial model. Packird et al., (1984) followed the
transit éf radio labeled apo B-100 (a non-exchangable
protein) from naceit VLDL to LDL in man and found that
little of the radioactivity reached LDL however, the
labeled protein was cleared from the plasma in a normal
fashion. Following separation of several classes of
particles within the VLDL density spectrum it was foun?
that 90% of all the 125r-labeled Sf 100-400 VLDL
‘appeared in the Sf 12-100 density range. There after,
it failed to progzess into the Sf 0-12 LDL density.
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range, but was cleared from the circulation.
?urthermore, when arginine residues on the B protein
were modified, 1t’did not effect the rate of large

particle delipidation kut 1t«d1d retard the clearance of

“ thedlarge particle ren%ants (Peckard et al., 1985).

From this it was,concfuded‘that metabolic channeling

within the VLDL flotation interval most likeiy occurs

and that LDL cannot criginate from large VLDL but is

pdssibly derived from smaller particles in‘the Sf 20-100

fraction. 4Furthermore, it was shown that apo B was

7{ditectly jnvolved in clearance of the large VLDL derived

remnants. These findings may explain the observation

tﬁat carbohydrate feeding ﬁhich leads to large VLDL

vresultscdn a decrease in LDL, whereas dietary

cholesterol loading decreases the size,ot ViDL and at
the same time raises the plasma LDL concentration

(Shepherd and Packard 1987).

4.6.5. Low Density Lipoproteins.

Low density lipoproteins are the primary tfansport units
of cholesterol in mza. The part;cle size and |
comﬁosition of LDL are less heterogeneous than that of
VLDL and the density range is considerably narrower
(1. 019 to 1.063 g/ml) (sf 0-12) (Assman 1982). As
discussed LDL or-g;nate from the catabolism of mostly
snall VLDLQ This involves loss of TG from the core of -

VLDL and IDL with the subsequent transfer of surface
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lipid (phospholipid and cholesterol) and apoproteins E

and C to HDL. This leaves a particle that is composed

- primarily of cholesteryl ester and apo B-100. 1In the

absence of metabolic disease in man all of the LDL
arices from the catabolism of VLDL however, in states of
abnormal 1ipoprotein metabolism some LDL may possibly be
seq:gted directly by the liver (Nestel 1987a). The
conversion‘of small VLDL and IDL to LDL occurs mainly
within the hepatic circulation and this involves the
activity of hepatic TG lipase (Rubinstein et al.,

1985). This was demonstrated in vivo in monkeys where
the blocking of hepatic lipase delayed the conversion of
IDPL: to LDL. Also, patients with hepatic TG lipase
deficiency'demonstrate an accumulation of IDL. It is
not known to what extent hepatic receptors are involved
in the conversion of IDL to LDL however, it is known
that IDL particles bind with high affinity to hepatic
LDL receptors (Brown and Goldstein 1983a).

Cellular uptake of cholesterol occurs mainly via
endocytosis of LDL and this is mediatéd by the LDL
receptor. The LDL recsptor in the liver is often termed
the B/E receptor however, this protein in all tissues
has been shown to be'the same molecule (Brown and

Goldstein 1983a).

lPlaSmaiﬁpL are catabolized primarily in the liver. This

was dramatically demonstrated when a liver transpiant
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fromja'nermal donor into a FH homozygote child resulted
in a lowetzng of plasma LDL cholesterol 1pvels from 958
to 184 mg/dl (Bilheimer et al., 1984). .  biochemical
basis of receptor mediated clearance of LDf and its
subsequent regulation of cholesterol metahsiism was
characterized by Brown and Goldstein“who received the.
Nobel Prize for Medicine and Physiology in 1985 for this
achievement (Brown 1985). The following .~ & brief .

review of their findings.

The LDL receptor is expressed on virtually every celi
which has been tested for its presence however, it
occurs in varying levels depending of the cells.
cholesterol requirement. When the cell requires
cholesterol, synthesis of the LDL receptor protein is
jncreased and it is inserted into the plasma membrane.
Most of these receptor proteins associate spontaneously
with coated pits and those that do not are induced to
migrate to coated pits by the binding of LDL. Coated
pits are regions of the cell membrane which contain

large amounts of the protein clathrin. When these

4 regions become saturated-with LDL molecules, they

16 invaginate to form coated vesicles which become the
T ] \ LDL/LDL receptor intracellular transport vehicles. The
foe 77 coated vesicles rapidly lose their clathrir coat and

| o fuse with other vesicles to form larger vesicles caLled
o endosomes.> Upon fﬁsing with an endosome, the LDL
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dissociates from the receptor. The receptor recycles to

the surface and the unidated vesicles fuse with

1ysosomes‘where both apoprotein and lipid are degraded

by lysoscmal enzymes.
' i u ;
‘The;LDL cholesterol released upon lysosomal hydrolysis
by an acid cholesteryl ¢ster hydrolase suppresses
further syntliesis of the receptor whisl limits continued
; uptake of LDL. The released cholesterol also
i down-regulates HMG-CoAireductase. Excess cholesterol
not needed for membrare or steroid hormone synthesis iu
re-esterified by acyl CoA:cholesterol acyltransferase
(ACAT) which is activited by LDL uptake and stored é

primarily as cholesteryl oleate in the cytoplasm. The

BN
AN
N
N

efficient down regulation of the LDL receptor,

N

especially in extra-hepatic tissues, followed by
inereased LDL in circulation, with increased hepatic
I uptake and consequent. down regulation of hepatic HMG-CoA

mrductase serves to feedback regulate the cholesterol

| synthetxc pathway in the liver according to the derand
Ngéﬁ for peripheral cholesterol supply.

LDL receptors can by activated by thyroxine and by

decline'when rabbxts are fed a diet composed mostly of
casein and in’ dogs, hepatic receptor& decline with

;fft; 8 ‘ ageing. All of these changes in LDL receptor activity

‘are reflected by plasme‘LDL levels. Whenever hepatic

e

S,

i

pharmacologic doses oi estrogen Hepatic LDL receptors ,f,e;t:
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LDL receptors are depressed plasma LDL levels rise.
Conversely, when the receptors are stimulated, plasma
LDL levels fall.
LDL which has been chemically modified ipn vitro with
acetic anhydride or malondialdehyde (MDA) is no longer
recognized by the LDL receptor but is bound in a high
affinity by the scavenger receptor (Brown and Goldstein

1983b). The scavenger receptor, which was first

discovered on macrophages, appears to be present on only

a few cell types. Among these are endothelial, Kupffer

and parenchymal cells. It was demonstrated by

Négelkerke et al., (1963) that endothelial cells take up

acetylated LDL five times more readily than Kupffer

cells and 31 times more readily than hepatocytes.

Macrophages in culture can be converted into foam cells
bv the uptake of acetylated or MDA modified LDL (Brown
and Goldstein 1983b). Foam cells are cells which are

laden with cholesteryl esters and which are found to be

. a predominant component of atherosclerotic plaques in

vivo. The scavenger receptor leads o an accumulation
of cholesterol in the macrophage because it is not
subject to the same feedback regulation as is the :LDL

receptor.

It has been,postulated‘that in vivo modification by MDA,
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which’is released as a consequence of Txaé formation

by the platelet, may give rise to a modified LﬁL that:
would be recognized by the sczavenger receptor (Fogelman
et al., 1980). Also, incubation of LDL with endothelial
cells generated an altered LDL which is a substrate for
the scavenger, receptor (Soutar and Knight 1982). The
medification okaDL by endothelial cells is accomplished
by extensive hydrolysis of phosphatidylcholine to
lysophospnatidylcholine and this can be completely
inhibited by the presence of antioxidants (Steinbrecher
et al., 1984). Furthermore, endothelial cell
modification of LDL was accompanied by the generation of
thiobarbituric acid-reactive material indicating that
lipid peroxidizing agents, possibly arisiﬁg from
endotﬁeiial cell fatty acid oxidaticn-reduction, may be
‘involved.

Serum LDL' levels appear to vary ccnsiderably among the
varigus populations. This phenomenon was addressed in a
recent study in which 35 to 49 year old men were
reef%ited at random in the United Kingdom, Finland,
Italy, Spain and South Africa (Lewis et al., 1986). kIn
each population LDL cholesterol {LDL-C), LDL apo B

turnover and LDL-C fractional clearance ‘rates (FCR) vere

~ determined. The highesL LDL-C 1evels were observed in

the United Klnqdom and F;nland, rand the lowest were seen

.in thefb;ack populatlon of Cape Town. In each
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population, the higher the LDL-C level, the greater was

the LDL apo B synthesis. Also, in each population there

was an inverse correlation between FCR values and LDL-C
levels. The variations between LDL-C levels among the
European populations were best explained by variations
in the LDL FCR rather than by the LDL ap» B production
rate. 1In contrast, the South African Blacks were able
to maintain very low LDL leveis solely by very low-LDL

apo B production rates.

in all the countries except Finland, these differences

could be explained solely on the basis of diet. After

further investigation in Finland, it was fourd that the
émgvated LDL-C levels correlated positively with

iricreased levels of cholesterol absorption. This data

.“suggests that, at least within the Finnish population,

effective absorption of cholesterol may overload the

liver cells with cholesterol resulting in a shut down of

the hepatiu LDL receptors with a subsequent decrease in

the LDL FCR and an increase in the plasma LDL-C.

4'6'6;/ ) Sy

The basic structure of HDL resembles that of the other

~lipébroteins.: The mature particles contain a neutral

-1ipid core surrounded by a surface monolayer of

pho§pholipid, choleétegoi and apoproteins. A property
which dis#%nguishes HDD,from the other lipoproteins is
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that its particle mass consist of about 70% surface
components (Assman 1982). The two major apolipoproteins
in HDL are apd A-1 and apo A-II with smaller amounts of
the apo C proteins. Apo A-1 is the major protein
component and constitutes about 60-70% of the surface
mass. While both apo A-1 and apo A-II are capable of
activating LCAT, apQgA—i is the most potent (Lagocki and

‘
Scanu 1980).

HDL particles vary in respect of size, composition and
density. The HDL density fraction ranges from 1.063 to
1.210 g/ml, and with movihg boundary ultra-
centrifugation, two major fractions can be isolated.
These are termed HDL, and HDL3;. HDL;, is the

larger and less dense of these subfractions (Groot ard

Scheek 1984).

Mature or spherical HDL particles are derived from
precursor HDL particlés. The precursor particles are

formed in one of three ways. The liver and intestine

' are capable of synthesizing nacent HDL and these are

secreted into the circulation. Nacent HDL may also
arise from the components of triglyceride rich
lipﬁproneins dufﬁng lipolysis. Finally, HDL can be
formgd by'spontaneous interaction between free
apolipoproteins aqd phospholipid in the circulation.

All of these precursor HDL are disk shaped bilayers
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composed of phospholipid, cholesterol and

apolipoproteins and are consaquently termed discoidal

- HDL (Patch and Gotto 1987).

There are several theories as to why HDL levels

negatively correlate with the occurrence of CAD. One

‘;tﬁébry~cezsxders.ﬂnn to have a primary influence in

prdtecting against the disease by scavenging excess
cholesterol from the peripheral circulation (Glomset
1968). Another suggests that HDL levels may simply be a
measure of an effective lipid transport system and that
high levels of HIL are the result of the phenomenon
which protects against atherosclerosis rather than the
cause of it (Patch and Gotto 1987). A brief review ef
HDL metabolism and enzyme involvement in HDL maturation
and subspecies formation and how these may relate to the
above theories of HDL involvement in CAD will be

reviewed.

The transformation of discodial HDL to spherical HDL is
primarily due to the activity of LCAT. At the disk
surface, LCAT transesterxfzes a fatty acid from the sn-z
pasxtlon of phosphatxdylcholxne to the 3-beta hydroxyl
group of cholesterol. Due to its increased
hydophobicity, cholesteryl ester migfates to the
particle coreétPus splifﬁing the bilayer disc until a
sphericai particle is fogmed (Fielding et al., 1983).
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The findings in patients with Tangier disease (absence

of apo A-1) and LCAT deficienég suggest that both apo

A-1 and LCAT are absolute requirements for the formation

of spherical HDL (Patch and Gotto 1987). As a result of

the action of LCAT, there is little reciprocai transfer
of cholesterol back from HDL to cells. This forms the
tms1s for the idea that ‘the prxmary’funﬂtlon of HDL is

to transfer cellular and dirtary «¢xcess cholesterol for

.removal.

In most clinical laboratories HDL levels are estimated
by measuring cholesterol levels of fasting serum after
ptecipitation of apo-B containing lipoprdteins and
subtracting this from the total serum cholesterol
measurement. The mechanisms controlling plasma

distribution of HDL subfractions therefore may be of

- considerable importance in that measurements of

HDL-cholesterol (HDL-C) cbrrelate strongly with HDL,
levels since it is this frdction which carries the bulk
;; cholesterol (Hamsten et al., 1986). The ratio of
‘HDLZ to HDL; may be primarily the result of the

actions of_lipoprotein lipase and hepatic lipase with

involvement of LCAT and lipid transfer proteins.

The clearance of triglyceride’rich lipoproteins are

“latgeli due téythe activity of triglyceride'lipase and

hepatic lxpase ~Patchoand Gotto (1987) proposed a
|

echanism whereby lzpoprotexn lzpase may cause the
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conversion of HDL; to HDL,. According to this
hypothesis; surface components liberated'from the
triglyceride rich lipoproteins undergoingylipolysis are
transferred to HDL3 which then become enriched in
lipid with a consequent decrease in density to that of
HDL,. LCAT is most certainly involved in this process
by altering the neutral lipid core of HDL; (Saku et
al., 1985).:

Given/hormal lipoprotein metabolic activity,
chylomicrons are efficiently cleared from the
circulation resulting in low postprandial lipemia.
Under these conditions, chylomicron derived
phospholipids are transferred to HDL;. Hepatic lipase
serves to reundve the excess phospholipid from HDL;
allowing it to be recycled to participate in further
chylomicrra metabolism. Given an active hepatic lipase
and low postprandial lipemia, HDLj levels remain at a
steady state (Nestel 1987b). In conditions of high
postprandial lipemia (for whatever reason) chylomicrons
accumulate in the blood. This results in a lipid

transfer protein mediated exchange of triglycerides and

cholesteryl ester between chylomicrons and HDL,

resulting it increased levels of cholesteryl ester being

deposited in cells from chylomicrors. Also, in this
instancé, hepatic lipase not bnlyﬁéemoves phospholipic

from the surface of HDL, but also triglycerides from
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the core resulting in transformation of the particle to

HDL3 (Fielding 1987). o

Given these latter two theories of HDL metabolism it can
be seen that low postprandial lipemia coupled with an
active lipoprotein lipase and hepatic lipase would
result in elevated levels of HDL, with consequent
increases in HDL-C measurements. Conversely, either

high postprandial lipemia or decreased activity of

lipoprotein lipase would result in lower levels of

HDL-C.
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5. Materials and Methods.

5.1. Patient Selection.

Patient volunteers for the study were obtained from the %
‘Baragwanath Outpatient Cardiology clinic in Soweto under

the supervizion bf,Dr; P. Serali and under the approval

of the Unxversxty of the Witwatersrand Ethics committee.

These patients presented to the clinic most often on a

basisﬂpf need, frequently to obtain renewal of

medication. There was no scheduling of patient visits

by appointment and the cardiology clinic did not ‘ . i
maintain documentation of cardiology patients. The |
patient charts were filed in a central repository by

name with no cross reference to diagnosis. No

reasonable method existed for contacting patients once

they left the hospital. Over a 12 month period 24 male
patients who hed experienced an MI were found by
reviewing the eutpatieﬂé charts ot all cardiology
patients as they presented to the clinic. All patients ;
had been instructed to fast before visits to the :
cardiology clinic because of routine blood coagulation
tests. Diaégssis of MI was based on typical history,
recorded“cardiac enzyme elevation (Ck > 195U/L or CKMB >
12% of tonél) and positive ECG. Diagnosis had been
confirmeﬂ in 12 of the patients by anglography All
patient between six and eighteen months post MI, were

-\\

not on’ anficeaaulant therapy, and were in a good general
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state'of health as determined by the cardiology
registrar. Sevgn patients were taking no medication.
Moséuof the othér 17 were taking dipyridamol (25mg
7id), a furosemide diuretic (4bmg Bid) and nitroglycerin
PRN for chest pain. No lipid lowering drugs were used, o

Q}_ A and no dietary advice had been given to the patients.

T

All patients that had previcusly smocked had been advised
to quit, althsugh compliance was seen to be very low.
The details of the study were fully explained to each i‘

volunteer and signed consent forms were obtained.

5.1.2. Normal Control Selection.
These patients were compared to 26 apparently healthy

male subjects who were employed by the SOutthfrican
Institute for Medical Research as cleaners, laboratory % iﬁ
assistants and security guards. Volunteers had been '
instructed to fast from midnight the day before. They
admitted to no medication and none were under the care
‘of a physician. On all individuals, informed consent ;

was obtained.,

1 ’ 5.1.3. Phlebotomy. :
O | The puncture site was cleaned with ethanol swabs and
4 E blood was drawn with a nineteen gauge butterfly needle.

] @ " ' )
Fasting blood was withdrawn into two 50 ml plastic

syringes and aliquoted into wvarious containers within

| o )
A two minutes. Bloods were drawn on pégients'and




® °
a °
[} 1 i
N \ S - £
5 g
» 1
: ! 102 i
L/ i
NUMBER OF FINAL CONCENTRATION :
CONTAINERS | TYPE OF OF ANTICOAGULANT IN :
TEST x AMOUNT/ CONTAINER BLOOD (mg/ml BLOOD) :
CONTAINER i
=7 - - Ek
PLATELET, YLASMA 3 x 10ml 1% ml plastic E.D.T.A. 1.5 mg/ml j
& RBC FATTY ACID with screw (Zucker and Borrelld i
ANALYSIS tocp (Falcon) 1958) |
k
§
i PLATELET CHOLESTEROL | 3 x 10ml 15 ml plastic E.D.T.A. 1.5 mg/ml :
- & PRNTEIN ASSAY with screw X i i
% top (Falcon) (Zuckerl;;g)Borrelli ?n
, ¥ !
s ig1‘;-
LIPOGRAM, URIC ACID 2 x8ml siliconized g
& APOLIPOPROTEINS glass None
vacutcaliner
CLOTTING FACUTORS 2 x 9ml !Eim[ plastic ZITRATE 3.8 mg/ml
& INHIBITORS o XEl merew Dacy & Lewis
) top (Falcon) (1984)
FULL BLOOD 1 x 3ml siliconized E.D.T.A. 1.5 ma/ml
COUNT giass (Zucker and Borrelli
vacutainer 1958)
Figure 5.1. Disposition of Blocds and Anticoagulants ;
Usad. !
controls between eight and ten in the morning. The §
amount of blood per tube, anticoagulants used and ;
disposition of kloods are listed ir figure 5.1.
B
; 5.2. Fatty Acid Analysis.
5.2.1. i . F
: * !
All centrifugations were done a\ 4 degrees C. using a
refrigerated Mistral 6L preparative scale centrifuge
‘(model RJ450). The radius of the rotor head to the
center of the angled centrifuge tubes waz 20.0 cm.
Calculitions of revolution per minute (RPM) to g force /
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\inewis, 1984). All tubes were capped or covered with

. the Falcon tubes viere removed by suction, and these plus

103

S

were determined by: g force = 1.18 x 1079 x £ x

(RPM)2 where r = radius of the rotor head (Dacie and v {
aluminum foil during centrifugation.

5.2.2. Sample Preparatijoi § .
EDTA blood in 15ml graduated plastic tubes (Falcop) was

b o i S 5

centrifuged at 135 x g for 10 minutes and the upper 2
platelet rich plasma was transferred into a glass 30ml i

éentrifuge tube. The remaining plasma and buffy coat in

the platelet rich’plasm& containing tube were

centrifuged at 950 x g fég 15 minutes. A 5.0 ml aliquot
of the platelet poor plasﬁa from the glass centrifuge
tube was placed in an acid washed ground glass top tube i E§
with 10.0 ml 2:1 (v/v) chloroform-methanol and stored at
-20 degrees C for fatty acid analysis. The remaining
‘plasma supernate was discarded and the platelet button
re-suspended in 10.0 ml cold normél s2line and gently
ggitated with a Pasteur pipette. The upper plasma
fraction and a portion;of the red blovd cell fraction
from the Falccn tubes was. once again removed by suction

and 3.0 ml of the concentrated red biood cell sediment

R R T A T T

vas placed into a 30 ml glass centrifuge tube. The red
cells»were’:e—sﬂspenﬁed in 10.0 ml cold normal saline

’and~gent1y'agitated‘with a Pasture pipette. - The red

cells and piateletsywere washed~twicg;ag§ih in 10.0 ml ﬁ;vg

Vi
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cold normal saline and spun at 950 x g for 15 minutes.

~Prior to the third centrifugation a platelet count was

obtained_from a 1:3000 dilution of platelets in Isoton-I

with a Coulter Thrombocounter.

Foiﬁowing centrifugation the platelet button was
re-suspended in suffiéient saline to give a platelet
count of 1 x 10%/ul. 1.0 ml of the concentrated
platelet suspension was placed in a 3.0 ml glass screw

top vial and the platelet count was checked again in a

1:6000 dilution of platelets in Isoton-I. This platelet

count, multiplied by a factor of 2, was used in the

final protein and cholesterol calculation. The remaining

E platelet and red blood cell sediments were stored at -20
? degrees C in“10.0 ml 2:1 (v/v) chloroform-methanol for

ffatty acid analysis.

5.2.3. Solvent and Glassware Preparation.
All organic solvents used in the lipid extraction,
methylation, CG anal}sis and cholesterol determination

were fractionally re-distilled using a 45 cm jacketed

© coil cé@denser with ground glass connectors. De-ionized
A

water used in reagent preparation was also twice

distilled using a similar apbdratus. Boron trifluoride

_in methanol was aliquoted into 10 ml glass'screw top

vials and stored at -20 degrees C in a desiccator with

de-humid%fihg granuy§§\; All glassware that came into -
/=3 : \
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contact with organic solvents was soaked in a dichrémic

vacrd solution (20% dlchromate Jn 2M HCl) for 48 hours,

rinsed in de-1onlzed water, oven dried and storad in .
either heat sealable plastic bags,or air tight plastic

containers. After cleaning, rubber gloves were used at

all times when handling the glassware.

'5.2.4. Lipid Extraction.

Lipids wﬁre extracted by the method of Folch et al.,
(1957);ﬂ Platelets and red blood cells were
fréeze-rhawed to -20 degrees C. three times in
zehloroform-methanol to effect cell rupture. To the
platelet, red blood cell and plasma samples in
chloroform-methanol was added 2.0, 2.5 and 3.0 ml (.2 x
the volume) of 0.73% NaCl respectively. This was
vortexed for 15 to 20 seconds and centrifuged at 950 x g
for 15 minutes. The lower lipid containing phase was
remcved with a volumetric pipette and filtered through
chloroform washed No.l Watman filter paper into 50 ml
graduated glass centrifuge tubes. TheAremaihing upper
phase was re-extracted by adding 0.66 it's volume of
pure lower phase, (PLP) (chloroform-methanol-water;
86:14:1 v/v) mixing, and centrifuging. The resulting
lower phase was removed and filtered as was the first
1lipid extract. 1Inorganic contaminants were removed from
the combined filtrates by washlng three *1mes with 1.5

volumes of pure&gpper phase (PUP) (chloroform-
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methanol-.58% NaCl; 3:48:47 v/v). After each

centrifugation, the upper phase was removed as
completely as possible. Following the third washing,
remaining upper phase was reconstituted to lower phase :
by addition of 0.5 ml of methanol. The resulting é‘
complex lipid extract was stored under nitrogen in a B

Teflon lined screw cap vial at -20 degrees C.

5.2.5. Lipid Transmethylation.

Lipids were transmethylated by the method of Morrison

and Smith (1964). A 1.0 ml aliquot of the complex lipid

mixture was blown to dryness with nitrogen in a 32 mm X
12 mm glass reaction vial. Boron trifluoride-methanol
14% (w/v) (Supelco) was 2dded under nitrogen in an

o amount to ensure at least 1.0 ml reagent per 10.0 mg of
lipid, and the vial was crimp-sealed with a Teflon
coated septum cap. The vial was heated in a 95 degree C

glycerol bath for 90 minutes. The vial was removed,

O P AC L SR WD W S

cooled to room temperature with tap water and the

contents placed into a 10 ml ground glass test tube with

‘>;ﬁ§ E 2.0 ml hexane. After one minute of gentle agitation ' /

h .é ‘yith a Pasteur pipette, 2.0 ml of 5N N20OH was added I

?f?g ;Elowly and the tube was shaken for one minute, :
';w;é : ' centrifugedwat 4 degrees C while stoppered, and the ’
‘1¥?'é uppef hexane layer was removed and placed into a tare
'%1357:: L weighéed Z.O‘ml seruqytype reaction vial. The vial was |
;’%?3% | crimp sealed with a feflon coated septum cap and stored 4
A L o
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at -20 degrees C?for later analysis. - For CG analysis,
the cap was gentiy removed from the tare weighted vial,
thz hexane blown to dryness with nitrogen and the weight
of the contents determined with a Sartorius model 2442
analytical balance to the nearest 0.1lmg. The contents
were re-suspended in an amount of hexane to give a
concentration of 10.0 ug/ul. 1.0 ul of the samplé was -
injectgd for CG analysis with a Hamilton 10 ul syringef
which had been pre-rinsed with hexane, and the remaining

sample stored at -20 degrees C.

5.2,6; Gas Chromatography of Fatty Acid Methyl

k s
5.2.6.1. Cchromategraphy Procedure.
All chromatographic separations were performed with a
Hewlett Packard r:»del 5890A gas chromatograph equipped
with a hydrogen flame ionization detector. The
injection port was maintained at 220 degrees C and the
outlet manifold at 220 degrees C. The carrier gas was
helium with a flow rate of 0.6 ml/min. Column head
pressure was 30 psi. The detector was operated at 17
psi hydrogen and 31 psi compressed air. Gas pressures
were maintained at the gas tanks with two stage
stainless-steel diaphragm pressﬁre regulators supplied
by Afrox. Helium was passed through a model 6063 Qas
filter located distill to the pressure regulator and was

also supplied by Afrox. The chromatograph was fitted

5 i
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Vwith a 100 m glass capillary column of 0.25mm I.D.
coated with the cyanopropylsiolxane SP2340 (Supelco).
The oven temperature program was as follows: 50 minutes
Yo at 175‘degrees C then increase to 200 degrees C at 1
K degree/min and hold for 35 minutes, then increase to 220 5:

degrees C at 1 degree/min and hold until end of run.

Split vent ratio was 1:50 and total time of run was 160

a

minutes with cholesterol and its breakdown products

eluting last.

5.2.6.2. Calculatjions.

Peak rgtention time and area were determined with an SF
4270 computing integrator (Spectro Physics). Relative
1 . | peak percentage was calculated from peak integrals on a
) D Base III computer program. The amount of DMA was
calculated as a percentage of the integrated total fatty
E ‘ 5 o acids plus the two contributing DMA peaks. The relative
percent of each indiviijual fatty acid was calculéted
independently of both the DMA peaks and cholesterol.
The fatty acid to cholesterol ratio was the sum of the
integration of the total fatty acids over the sum of the

cholesterol peak and the two cholestadiene peaks.

%

5.2.6.3. Chromatogram Interpretation.
Fatty acid peaks were identified by comjiaring retention ;f;‘ .
times to known standards, plotting the log of the ; ]
~adjusted retention time (t'R) against the carbon numb%;

]
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and comparison of reported values in the literature.

5.2.6.3.1. §Standards.

The major fatty acid peaks were identified by comparing
retention times with those of Nu Check Prep (Elysian NM,
USA) reference standard GLC 68A, which contained the
following FAMEs: 14:0, 14:1, 16:0, 16:1, 18:0, 18:1,
i8:2, 18:3, 20:0, 20:1, 20:2, 20:3, 20:4, 20:5, 22:0,
22:1, 22:6, 24:0, 24:1. The omega-3 esters were

identified with a methylated sample of Maxepa (Efamed),

a pharmaceutical fish oil preparation. The amounts of

gach fatty acid present in Maxepa were reported by
Sanders and Younger (1981} and we demonstrated goed

agreement with these vaiues in our lab.

§.2.6.3.2. Log Plot.
As illustrated by figure 5.2, the elution times of a

homologous series of FAMEs separated on a capillary
column do not yield a linear plot when the log t'R is
plotted against the number of carbon atoms in the fatty

acid chain, but demonstrate a gquadratic relationship

' {Nelson 1974). Nelson offers an equation which utilizes

~ the retention times of three members of a series to

calculate the retention time of consecutive members
however, such standards are not readily available. Such
a graph does however, offer a device whereby unknown

peaks can logically be identi@ied based on the elqtion

" =
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LOG ADJUSTED RETENTION TIME Vs. CARBON NUMBER !
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pattern of known compounds and likewise the retention

times of unknown compounds can readily be estimated

The major peaks were f&entified in numerous isothermal
runs of platelets, red blood cells and plasma by
comparison to the retention times in the standards. The
retention times for these peaks were adjusted according
to the retention time of 18:0 in each individuzl run and
thg adjusted retention times combined to give peak
identification numbers that coincided to all known peaks
in all runs. The log t'R was calculated for all peaks
by: Log [(R.T. peak/R.T.18:0)100] and this was plotted
against the carbon number of the saturated FAMEs.
Homologous FAMEs were lined up according to the base
line curve demonstrated by the saturated species. FAMEs
identified by known standard and those by structure
retention relationships to known standards are

characterized in figure 5.1.

5.2.6.3.3. [Literature Values.
The order of elution of FAMEs on a 100m SP2340 wail

c6ated capillary column with an isothermal oven
temberature of 180 dEQrees C was determined by Slover
and tanza (1979). Retention time for a given series of
FAME is increased with degree of unsaturatiﬁﬁvand
décfeased as the location of the double bonds approach

the carbonyl carbon. Thus for the 18 carbon series, the
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order of eiution would be 18:0, i8:1, 18:2, 18:3 and
among the double bond positional isomers of 18:3 the
elution order would be 18:3w-9, 18:3w-6, 18:3w-3. Fatty
acids in platelets, red blood cells and plasma were

identified based on levels reported by Boberg et al.,

-{(1985), Heckers et al., (1977) and Holman et _al., (1979)

respectively, who used similar GC apparatus. The fatty
acid composition of Maxepa was cbtained from Sanders and

Younger (1981).

5.2.6.4. Quality Control Data for Fatty Acid

Lipids were éxtracted from ten 5.0 ml portions of PPP
prepared from human bank blood. Lipids were
transmethylated, and FAMEs were stored in hexane at -20
degrees C. These ten preparations were analyzed on ten
consecutive GC runs over a three day period.
Extractions,,transmethylétions and GC conditions were
exactly as described for patient and control platelets,

RBCs and PPP.

5.3. Platelet Protein and Cholesterol
5.3.1. Protein Assay.-
The Folin-Ciocalteu photometric assay (Lowry et al.,

1951) was used to determine platelet protein

 concentration. This procedure employs two cuvlor Iorming

reactions. The first involves the reaction of alkaline
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"Q copper ions with the peptide bonds to form the

characteristic biuret color. The second involves
reduction of the phosphomolybate-phosphotungstinate
salts in the Folin reagent by tryptophan and tyrosine
"}esidnes giving a blue-green color (Clark and Switzer
1977). Rather than give a gquantitative determination of

total platelet protein, the Lowry assay provided a

consistent colcr reaction which was dependent primarily =

on platelet concentration and in this study, served as a
constant in the expression of total platelet cholesterol

content. . -

The procedure for this assay was identical to that given

. by Lowry et al., (1951) with the exception.of protein

denaturation in 2% deoxycholate and initial volumetric
sﬁspension of 40.0 ul of the 10%/m1 piatelet solution

il :
/in calcium free, phosphate free tyrodes (pH 6.4). All

T

" assay reagents were mixed thoroughly for 10-15 seconds

when added to the platelet suspension. The amount of
protein in the unknown was always 100 to 200 ug and the
-standard range was 20 to ébo ug using serial dilutions
of BSA (1 mg/ml calcium free phosphate free tyrodes).

At 45 minutes following the addition»of the Folin
reagent, the optical density was determined at 750 nm on
a Pye Unicam SP-éiBSO dual channel sbectrophotoﬁéte%

using matched glass curvets. The'ambuntnof protein in

109 platelets was calculated by: jﬁg protein in ' -¥
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“was determined by the method of Zlatkis et _al.,
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- sample/40)/platelet count.

5.3.2. Cholesterol Assay.

The quantitative rcholesterol content of whole platelets
(1953)
in which cholesterol reacts with “erric ions in acetic
acid followed Jy*the addition of concentrated sulfuric
acid. A 100. 0 u) aliquot of the platelet suspension was
taken to 0.5 ml with re-distilled isopropanol in a 5 ml
glass test tube. 1.0 ml of FeCly in glacial acetic
acid (1 mg/ml) was added and the contents mixed well.
1.0 ml of concentrated H,804 was slowly layered
under the acetic acid-isopropainl mixturs and the

contents were mixed immediately and thoroughliy. Color

‘developmenit was determined after 10 minutes at 540 nm on

a Pye Unicam SP-6-350 dual channel spectrophotcocmeter
usiﬁg matched glass curvets. Standards were run with
each individual assay and the range was 0 to 32 ug
cholesterin ﬁBoehringer Mannheim) in isopropancl. The

amount of chc lesterol in 102 platelets was calculated

by: (ug cholgsterol in sample/.1l)/platelet count.

1
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Platelets were prepa*ed from 15.0 mi fresh citrated

blood taken from a umtﬁmi fasting volunteer From the

I’

‘cxﬁrated blood 1 5 mil of PRPF (platelet count adjusted to

1x 06/m1 wlth “P?} wag prepared. The PRP was
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divided int® 10 100.0 ul, and 10 40.0 ul portions.
Total cholesterol and total protein conteiit were
dgtérmihed on ten each;bf the platelet preparations
(cholésterol on 100.0 ul portions and protein on 40.0 ul
portions) over a four hour perxad PRP preparations and
cholesterol and probezn analysis were conducted exactly

as described for patients and controls.

5.4.  Lipogram, Apolipoprotein, Uric Acid, and
Routine laboratory enzymatic colorimetric methods were

used to determine serum lipids and uric acid. Blood

 glucose levels were determined on an IL 50B

(Instrumentation Laboratory! cherrical analyzer, which

‘measures_the optical density gradient generated by a

giucOse oxidase/peroxidase reaction. These were
performed by the staff of the SAIMR Biochemistry
Dé%brtment at Baragwanath Hospital. Kits for serum
lelds (with the/exceptlon of triglycerides) and.uric
ac;d were supplled by Boehrxnger Manzheim. The kit for
triglyceride determination was supplied by Bic Merieux.
HDL-cholesterol was determined by precipitation of apo B
containing lipoproteins with phosphotungstic acid and
mzénesium followed by enzfﬁatic'determination of
choléSterol. LDL and VLDL—cﬁblesterol)wgre estimated by
calculations. using HDL-cholestero3 totéi rholeStProlv

N

and total trlglycerldes after the method of Frxedewald

et al., (1972). Apolzpop”otexn Al and B immuno-chemical
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assays were done by the SAIME Central Laboratories using

kits supplied by Orion Diagnostica on a Multistat III

analyzer. ‘ i

5.5. Coagulation Factors and Inhibitors.

' Fibrinogen And factor VI1 assays were performed by

conventional techaique. Plasminogen and protein C were

'perform%d by the staff at the Johannesburg General

Hospital. Methods used are described by Dacie and Lewis

(1984).

4

| 9
5.6. Statistical Fvaluatijon.

A datz base was created using the D Base III. program by

Dr”I,A.F. Dukes, and statistical analysis was performed
on a Sperry PC using the epistat programme. For
1orma11y distributed data, the Student-t test was used.
For nonfparaméﬁric data, the Wilcoxon rank test was

used. Differences were considered significant at a p

value of less than 0.05 (Siegel 1956).
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6. Results ‘ 5
6.1. haracteristijcs ses and t L
) by
Characteristics of controis and patienits with previous é
history of myocardial infarcticn can be seen in Table = K
6.1. There was an eleven year difference in the mean ' !
age of the two groups. Two patients were over the age ?
of seventy and no matching normal volunteers could be :
found. Consequently, the age distribution was '%
nonparametric, and with the Wilcoxon rank test, the ages
¢id not show to be statistically different. Patients {
E and controls differed little in their body mass index ?
T
(BMI), blood pressure, and smoking habits. é
Socioeconomic background, as judged by the weekly ;
Py
take-hcme salary of those currently employed, was also W
similar. None of the test subjects maintained knowledge
of parental or sibling history of CAD however, of those
whose parents were deceaséd, many 4id not know ‘;
exactly how they had died. :
f Table 6.1. Characteristics of Cases and Controls.
oy Mean + SD.
| o CONTROLS PATIENTS
R Of Number Of Subjects 26 - 24 Q
o Age (mean) 45 + 10 56 + 11 .
L Age Range 32 - 65 28 - 72
i BMI {kg/m2) ~ 26.0 £ 6.1 25.9 + 8.6
o "~ Blood Pressure (mmHg) :
‘ Systolic 138 £ 20 141 + 24
o’ ; Diastolic 90 £.10 , 89 + 14
: " Weekly Take Home Salary R190 + 25 R165 + 22
felal Smoking > 10 Cigarettes/Day 88% (22) 92% (22)
Famlly History of CAD None 'None
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6.2. Gas Chromatogram Analysis of Platelets,

In table 6.2, the saturated fatty acids myristic (14:0)

and stearic (18:0) were significantly elevated in the
case platelets (p<.05). Also in the case platelets, the

total saturated fatty acids were significantly higher

Table 6.2. Relative Percent of Individual Fatty Acid
Methyl Esters (FAME), Combined Dimethyl
Acetyls (DMA) and Cholesterol to Total
Fatty Acid Ratio of Case and Control
Platelets. Mean + SD.

. - . T —— T ——— A . - ——— — W . P . ——, > —— - - ——— v -

FAME CONTROLS PATIENTS
n=25 n=23
14:0 * 1.08 + 0.87 1.53 + 0.53
16:0 18.26 + 2.5 19.07 + 2.4
16:1 w-7 0.91 + 0.45 0.87 + 0.30
18:0 * 17.96 + 2.1 19.44 + 2.0
18:1 17.58 + 2.5 16.72 £ 2.3
18:2 w-6 8.24 + 3.1 6.83 + 2.8
18:3 w-3 1.80 + 0.28 .89 + 0.28
20:0 1.50 £ 0.24 1.05 + 0.21
20:1 0.45 + 0.12 0.43 + 0.11
20:2 w-9 J.14 + 0.40 0.15 + 0.10
20:2 w-6 0.46 + 0.08 0.57 £ 0.32
20:3 w-9 0.07 + 0.04 .10 £ 0.09
20:3 w-6 1.04 + 0.24 1.05 + 0.23
20:4 w-6 19.38 1+ 2.8 20.06 + 2.7
20:5 w-3 ok 0.44 + 0.17 0.24 + 0.09
22:0 2.87 + 0.40 .95 + 0.62
22:4 w-6 1.73 + 0.37 1.91 + 6.52
o 22:5 w-6 0.21 + 0.04 0.29 + 0.28
22:5 w-3 1.32 + 0.28 1.16 + 0.28
22:6 w-3 1.78 + 0.36 1.72 + 0.43
24:0 1.48 + 0.24 1.39 + 0.47
24:1- 1.20 +£ 0.20 1.20 + 0.33
Total DMA $5.52 + 1.7 4.72 + 2.3
Cholesterol/FAME 6.17 + 0.08 0.14 + 0.04
"~ Total Saturated * 42.65 + 2.9 45.87 + 3.2
Total Monoenoic 20.24 + 2.9 19.48 + 2.9
Total PUFA *x ‘37:11 + 2.8 34.52 + 2.3
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than the controls while the total polyunsaturated fatty
acids (PUFA) were significantly decreased (p<.05). This
v trend was also seen in plasma (Table 6.3), although it
o
5 was not statistically significant. There was little
, .
difference in the total saturated and total :
TABLE §.3. Relative Percent of Individual Fatty Acid
~ : ; Methyl Esters (FAME), Combined Dimethyl
’ : , Acetyls (DMA) and Cholesterol to Total Fatty
! Acid Ratio Of Control and Case Rlatelet
Poor Plasma. Mean * SD.
FAME CONTROLS PATIENTS
n=25 . n=23
14:0 1.27 + 0.80 1.13 + 0.62
16:0 24.79 + 3.2 25.20 + 2.7
16:1 w-7 3.37 + 1.8 3.06 + 1.4
18:0 8.15 + 0.85 &.73 + 1.5 :
18:1 21.04 + 4.3 21.60 + 3.9 ;
18:2 w-6 24.27 + 7.2 22.44 + 5.5 Lo
‘ 18:3 w-3 0.35 £ 0.15 0.33 + 0.14 Ry
: 20:0 1.18 + 0.50 1.25 + 0.43
20:1 0.13 + 0.04 0.13 + 0.037 I
20:2 w-9 0.45 + 0.15 0.52 + 0.38 i
| 20:2 w-6 0.22 + 0.15 0.19 + 0.09
I 20:3 w-9 0.22 + 0.10 0.18 + 0.09
A 20:3 w-6 ‘ 1.62 + 0.45 1.72 + 0.33
‘ 20:4 w-6 6.61 + 1.3 7.11 + 1.8
E 20:5 w-3 **  0.85 % 0.27 0.47 + 0.19
A ' 22:0 0.68 + 0.30 0.87 + C.33
W ' 22:4 w-6 © 0.26 £ 0.05 0.32 + 0.09
2 _ 22:5 w-6 0.21 +# 0.20 0.21 + 0.19
T B 22:5 w-3 0.57 £ 0.15 0.56 + 0.14
P 22:6 w-3 ~2.41 % 0.70 2.40 + 0.81
E B 24:0 0.58 £ 0.25 0.71 + 0.28
i 24:1 : 0.77 + 0.25 0.87 + 0.38
70 Total DMA 0.97 + 0.40 0.82 + 0.19
Co {  Cholesterol/FAME 0.17 % ©.15 0.23 + 0.09
i . . '~ Total saturated 36.65 + 279 37.89 + 3.8
b o " Total Monoenoic  25.31 % 2.4 25.66 + 3.1
Total PUFA 38.04 &+ 3.1 36.45 + 3.5
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polyunsaturated fatty acids in RBCs which are shown in

table 6.4.

Linoleic acid was decreased in the patient

platelets and plasma but it was nonsignificant.

Linoleic acid levels were very similar in the RBCs of

cases and controls. Only eicosapentaenoic acid (20:5

w-3) demonstrated a statistical difference in all
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24:1
Total DMA
Cholesterol /FAME * 0.56
. Total Saturated 45.90

. Total Monoenoic 18.72
. Total PUFA

CONTROLS PATIENTS
n=25 n=23

0.37 + 0.13 0.32 + 0.14

25.76 + 1.6 24.38 + 2.2
0.68 + 0.30 0.64 + 0.28

11.47 + 0.83 12.98 + 1.5

14.36 + 1.8 13.97 + 1.3

10.97 * 1.6 10.07 + 2.2

0.s *+ 0.20 0.65 + 0.21

1.03 ¥ 0.20 0.94 + 0.45

0.17 * 0.05 0.15 + 0.04

0.38 * 0.08 0.37  0.11

0.12 + 0.08 0.10 + 0.05

0.15 + 0.23 0.13 * 0.14

1.33 + 0.36 1.42 % 0.21

11.73 * 1.9 12.12 * 1.4

*k% 0.85 + 0.32 0.52 % 0.25
1.71 + 0.46 1.93 + 0.47

2.16 + 0.48 2.42 + 0.52
0.89 + 0.37 0.98 + 0.61

*o 1.91 * 0.28 1.70 + 0.23
4,87 * 0.86 4.82 * 1.3

4.87 + 0.82 5.70 + 1.7

3.51 + 0.39 3.33 + 0.57

6.91 + 1.5 5.01 + 2.3

+ 0.09 0.46 + 0.08

+ 2.3 46.25 + 3.4

.72 + 2.1 18.09 + 2.2

35.38 + 3.1 35.66 + 3.0

w-9
w-56
w-9
w-6
w-6
w-3

w-6

w-6

w3

w-3

Relative Percent of Individual Fatty Acid
Methyl Esters (FAME), Combined Dimethyl
Acetyls (DMA) and Cholesterol to Total
Fatty Acid Ratio Of Control and Case Red
Blood Cells. Mean # SD.
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three tissues studied and it was found to be decreased
in the patients!(p<.05 in platelets and plasma; p<.001 ’
in RBCs). There was a tendency for the cholesterol to
FAME ratio to be decreased in the platelets of the
patients and increased in the plasma of the patients but
it was not significant. The cholesterol to FAME ratio
was significantly decreased in the patient RBCs.

- ———— —— T — . ———— - - . - Y — " T —— o . " —

Table 6.5. Quality Control Data on the Determination
of Relative Percent FAME, combined Dimethyl
Acetyls (DMA) and Cholesternl to Total Fatty
Acid Ratio from Bank Blood Platelet Poor

Plasma.
COMPOUND MEAN + S.D c.V. c.v
(Rel %) n=10 (%) (%)* ;
14:0 0.i8 + 0.07 38.0 - :
16:0 18.59 + 1.20 6.4 3.5 i
16:1 w-7 1.72 + 0.18 10.5 -
18:0 11.78 + 0.31 2.6 4.8
18:1 28.45 + 0.29 1.0 3.0
18:2 w-6 19.00 + 0.13 0.7 1.9
18:3 w-3 0.37 + 0.12 32.4 -
20:0 0.26 + 0.01 3.8 7.8 ¢
20:1 0.21 £ 0.02 9.5 - §
20:2 w-9 0.13 + 0.04 7.6 -
20:2 w-6 0.31 + 0.05 16.1 10.2
20:3 w-9 0.19 + 0.03 15.8 -
20:3 w-6 1.66 + 0.08 4.8 6.5
20:4 w-6 9.73 + 0.38 3.9 3.1
20:5 w-3 0.55 + 0.02 3.6 -
22:0 0.14 + 0.02 14.3 4.5
22:4 w=6 0.03 + 0.006 20.0 -
22:5 w-6. 0.39 + 0.02 5.1 -
22:5 w-3 1.14 £ 0.20 17.5 4.6
22:6 w-3 4.37 + 0.29 6.6 7.0
24:0 0.05 + 0.009 18.0 4.0
24:1 0.74 + 0.14 18.9 2.9
Total DMA 0.36 £ 0.19 52.7 -
Cholesterol /FAME 0.17 +£ 0.12 76.5 -
Total Saturated 31.00 + 1.01 3.2 -
Total #fonoenoic 30.01 + 3.08 10.3 -
Total PUFA 37.98 + 0.98 3.2 - :
o i
_
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GC quality control data for within-run precision are
given in Table 6.5. The CV for the major FAMEs
demonstrated good within-run precision and agreed well
with quality control data generated by other
laboratories (Muskiet et _al., 1983). Native cholesterol
demonstrated poor reprcducibility on the polar SP 2340
column. Also, the DMA to total fatty acid ratio
demonstrated unacceptable reproducibility possibly due

to the inherent instability of DMAs.

6.3. Serum Lipids, Lipoproteins, Apolipoproteins, Uric
Acid _and d ucose.

Serum lipids, lipoproteins, apolipoproteins and uric

acid values for 24 controls and 25 patients are shown in

Table 6.6. The two values most strongly associited with

CAD among the serum lipids and lipoproteins were total

-—-——-—"’.—'——-‘--——----————-—-—-———--———--—-—_-——--—---u.——-—

Table 6.6. Serum Lipids, Lipoproteins, Apolipoproteins
and Uric Acid. Mean # SD. Lipid and
Lipoprotein Values glven in mMol/L.
Apclipoproteins are given in g/L.

- e - S S e e - i i b i A . Y VS Y A W T e > R SR TGS SN M S AN SR S G - o

CONTRCLS PATIENTS

Number Of Subjects 24 25
Total Serum Cholesterol ** 4.99 + 0.77 5.82 + 0.85
Serum Triglycerides ‘ 2.10 + 1.5 2.30 + 1.4
Serum HDL Cholesterol 1.09 + 0.44 0.93 + 0.35
Serum VLDL Cholesterol : 1.09 + 0.68 1.06 + 0.65
Serum LDL Cholesterol * 2.92 + 0.93 3.86 + 0.99
Serum Apolipoprotein Al 1.27 + 0.39 1.35 # 0.55
Serum Apolipoprotein B * 0.86 + 0.24 1.13 + 0.25
Serum Uric Acid %% 0.37 + 0.05 0.47 + 0.10

+ 1.12 6.05 + 2.42

Blood Glucose kkkx 4 47

sl seeind.
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| : P
serum cholestgrol and serum LDL cholesterolﬂ(p<.01 and

p<.0S respéct;vely). In the patients, the total serum
cholesterol ahd LDL cholesterol were elevated. Of the
apolipoproteins, only serum apolipoprotein B was
significantly different and was found to be 1ncreased in
the patients (p<.05). Serum uric acid and blood glucose

were also shown to be elevated in the patients (p<.001}.

6.4 Platelet Cholestercl, Platelet Protein and

: “ chelesterol to gm;gm‘ Ratio

As can be seen from table 6.6, there was a significant

difference in the cholesterol to protein ratioc, with an
decreased level found in the patients (p<.001). The
large variation seen in the total platelet cholesterol
is probably the result of problems encountered in |

acquiriﬁg a consistent day to day platelet count of the

. D W i - - - - T S o e W G - N S S G A e S o S

Table 6.7. Total Platelet Cholesterol and Protein
content. Cholesterol to Protein Ratio. Mean

+ SD. Values are Given as ug/lo9
' Platelets.
/, CONTROLS PATIENTS .
Number of Snbjects , 15 - 18
Total Cholesxerol 251.6 + 65.0 214.7 * 65.7
‘Total Protein. ‘L 3.46 + 1.1 3.36 + 0.89
Cholesterol/Protein *xx 74.8 t 7.4 64.0 £ 10.1
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saline washed platelets. As indicated in Table 6.8, the
cholasterol to protein ratio deronstrated acceptable

within-run precisicn.

Table 6.8. Quality Control Data on the Determination
of Platelet Total Cholesterol, Total Protein
and Cholesterol togprotein Ratio. Values
are given as ug/10 Platelets.

COMPOUND MEAN + SD C.vV.(%)
n=10

Total Cholestero. 182.7 + 15.87 8.7

Total Protein 3.62 + 0.27 7.5

Cholesterol/Protein 49.8 + 1.65 3.3

6.5 Coagulation Factors and Inhibitors.

Selected coagulation factors and iphibitors were
analyzed and these results are given in table 6.9.
Fibrinogen demonstrated a large variation in both groups
but appeared to be normally distributed. Fibrinogen was
significantly higher in the patiénts (p<.001). Factor
VII was also slightly elevated in the patients although
this was not statistically'significant. ‘Of the
inhibitors, only plasminogen demonstrated a significant
difference, and was elevated in the patients (p<.0l).
Protein C was similar among the two groups. There was a
large variation of the numbers of subjects in each group
because some of the samples were lost while in transit

to"the Johannesburg General Hospital.
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Y Table 6.9. Selected Coagulation ?aetoxs anﬂ
Inhibitcrs. Mean % SD.
‘ No. Of CONTRCLS No. Of PATIENTS
Subjects Subjects
: Fibrinogen(g/L) *** 23 275 + 120.4 18 439 & 127.2
; Factor VII(%) 21 125 + 54.0 15 164 + 72.0
' Plasminogen(s%) ** 26 84 + 12.8 20 98 + 13.5
Protem C(%) 26 103 + 32.1 16 122 + 32.9
* p<.05  ** p<.01  *** pc.001
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7. Discussion and‘Conclusions,u

7.1. Discussion.

7.1.1 Fatty Acids.

The detected occurrence of MI among urban Black Africans
of the Witwatersrand area has, over the past decade,

incresased steadily. Many feel that the emergence of CAD

fin white populations is largely the result of increased

consumption of animal protein and animal fat. (Keys
1975; Fenaud et al., 1986). Intrapopulation studies
havé determined that dietary intake of saturated fat is
the environmental factor most closely associated with
CAD (Keys 1975). Also, a number of studies conducted in
white populations have associated interpopulaticn
variaticn in ‘the saturated anf polyunsaturated fatty
acid content of platelets, plasmé and RBCs with the
occurrence of MI (Renaud et al., 1970; Valles et al.,

1979: .Lea et al., 1982; Wood et al., 1984; Boberg et

- al., 1985). 1In order to determine the extent of dietary

influence on the progression of MI in the urban black

ﬁppulation, the total fatty acid content of platelets,

-plasma and RBCs was determined in Black African males

who were between six and eighteen months post MI. These .

values were compared to a normal urban black group of

similar age, geographical location and socibeconomic

status. -

Mpiié variations in methodology and availability of
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patient and control material make comparisons difficult,
the platelet fatty acid profile of post MI Black
Africans is similar to that found in white male patients
who: have experienced.an MI. The levels of total
saturated fatty aciﬂs were increased in the African
group and this resulted almost entirely from inc Jeased
levels of myristic (14:0) and stearic (18‘'J) acids. The
levels of total PUF: were significantly decreased in
patient platelets and this was mostly the result of

decreased levels of linoleic acid (18:2 w-6).

Elevated levels of 18:0 in platelets of white males with
MI have been demonstrated in whole platelet preparations
by Renaud et al., (1970) and in the platelet

~ phospholipid fraction by Valles et al., (1979). The
mechanism whereby saturated fats infiuence platelet
function is not known however, cause and effect
relationships indicate that increased levels of
saturated fats in the diet lead to hyperaggragable
platelets (Renaud et al., 1986; Hornstra et al., 1973).
Also, in vitro, 12:0 is & more potent inducer of
platelét aggregation than are the unsatureted fatty

acids (Hoak et al., 1967).

Decreased levels »f linoleic acid in platelets have been
demonstrated in white post MI males (Renaud et al.,
1970;/ Valles et al., 1979; Nikkari et ali, 1983; Wood et

al., 1987). In the Black African group linoleic acid
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was decreased in platelets however it was
nonsigrificant. It should be mentioned that these

studiﬁs%conducted in white populations had access to

‘large numbers of individuals with the disease and

because of this, were able to closely match cases and
cohtrols. There was a difficulty in matching cases and
controls in the current study due to the low incidence
of the disease, an inability to contact patients on an
appointment basis and a lack of normal volunteers in the

appropriate age group.

From what is known about the metabolism of fatty acids
to prostaglandins, arachidonic acid in platelets has the
greatest potential to create a thrombotic tendency
(Needleman et al., 1986). It has been suggested that
differences in thrombotic disorders among populations
may partially be due to differences in dietary intake of
arachidonic acid (Meade et al., 1985). Whily; it has
been shown that the arachidonic acid content in
platelets is highest in urban White South Africans,
lower in urban Black South Africans and lowest in rural
Black South Africans \Chetty et al., 1988), the
involvement of arachidonic acid in the development of
CAD remains questionable. While it is known that
arachidonic acid aggregates platelets in vitro, the
release of arachidonic acid in gigg is dependent on
phospholipase activityyandythis has not been shown to be

effected by dietar?%fats.' Furthe@more,,thefe is a
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propensity for the agg%egating effects of free
arachidonic acid ;g_gégg to be counteracted by
endothelial production of PGIz'from arachidon;pﬂacid.
There was nc difference in the levels of arapbgdonic
acid in either platelets, plasma or red blood ceils,
indicating that differing levels of this substance may

not contribute to the occurrence of MI in this

population.

In the current study, eicosapentaenoic acid (20:5 w-3)
was decreased in the patient platelets. Greenland
Eskimos who ingest large amounts of omega-3 fatty acids
have low inéidences of thrombotic disorders {Dyerberg
and Bang 1979). This observation was given a
biochemical rationale by the finding that 20:5 w-3 is a
competitive inhibitor of the cyclo-oxygenation of 20:4
w-6, and is itself metabolized by the platelet to

TxA3,
et al., 1978; Needleman et al., 1980) The extent to

a non-stimulating prostaglandin (Dyerberg

which 20:5 w-3 is affecting platelet function in the
African group is difficult to surmise given that the
levels in both groups were very low. During fish eating
trials, changesfin platelet function have been '
associatedﬁwith considerably increased levels of 20:5
w=3 and 22:6 w-3 together with a significant decrease in
the levels of the w-6 fattf acids in platelet
phospholipids (Thorngren and Gustafson 1981). 1In

Greenland Eskimos, the 20:5 w-3 to 20:4 w-6 ratio in
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platelets is near unity (Dyerberg and Bang 1979). While
the therapeutic dose of 20:5 w-3 has not been
established, slight but significantly lower levels of
26:5 w-3 in the platelets of white males who have had an
MI has been demonstrated (Boberg et al., 1985).. Also, a
recept study  indicates that platelet omega-3 fatty acids
have a higher discriminating power between high risk and
low risk patients with MI and normal cbntrolsfthan the
polyunsaturated 18 carbon fatty acids (Aursnes et al.,
1986). The omega-3 fatty acids may effect platelet
function by means other than the prostaglandin pathway
(Thorngren et al., 1984), possibly by inhibiting
formation of the inositol phosphates (Chetty et al.,
1988). These recent findings may suggest a mechanism

whereby 20:5 w-3 could influence hemostasis even though

levels are very much less than that of 20:4 w-6.

The possible effects of dipyridamole (Persantine) on the
levels of platelet total fatty acids must be mentioned

as 17 out of 24 members of the patient group were

receiving 75 mg/day of this antiplatelet medication.

While the exact mechanism for the antiplatelet effect of
dipyridamole is not known, the hypothesized mode of
action involves two separate yet related aspects.

First dipyridamole inhibits the active uptake of -

/
allowing for the increased passive diffusLon of this
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~adenosine by red blood cells and endothelief’/cells thus ™ =
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substance into platelets. Adenosine inhibits platelet
function via stimulation of adenylate cyclase. Second,
dipyridamole may inhibit the degradation of cAMP via
inhibition of phosphodiesterase (Fitzgerald gg_g%.,
1987). This is believed to be potentiated mainly in the
presence of FGI, (Moncada et al., 1978). 1In vivo,
dipyridamole is bound to an acid glycoprotein that
limits its availability to bind to platelets (Mahoney et
al)., 1982). Consequently, high doses of the drug are
required to demonstrate reduced platelet function in

vitro.

Increased levels of cAMP in platelets may effect the
turnover rate of eicosancid producing fatty acids via
inhibition of phospholipases Az and C (Needleman et

al., 1986). However, the possibility of this altering
the absolute levels of individual platelet
polyunsaturated fatty acids”as measured in the current
study is doubtful. In well nourished individuals,
characteristic fatty acid levels are maintained by a
rapid deacylation-reacylation cycle, with precursor
being acquired primarily from the dietary fatty acid
pool (Lands and Samuelsson 1968; Neufeld et ql., 1983).
Becausé of this, measurements of depletion or sparing of
specific platelet fatty acids have not proven tc be
accurate indicators of platelet activation (Prescott and
Maje;ﬁs 1981) or deéctivation (Chetty, personal

. o
communication 1990). Finally, no study has demonstrated
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that treatment with grygs which alter platelet
metabolism cause shifts in the ratio of PG precursor L e
fatfy acids (e.g., 20:4 p-6/18:2 n-6 or 20:4 n-6/20:6 . |
n-3) in a manner similar to that seen in long term

dietary alterations.

In the current study, the'platelet mean EPA level of
patients receiving dipyridamole (0.21 + 0.07, n=17) was
compared to the mean of the patients not receiving the
‘ drug (0.26 + 0.08, n=6). These ievels were not
,E significantly different (p=0.246). Also, when the mean
" EPA level of the individuals not receiving the drug was

compared to that of the control group (0.44 + 0.17,

~i . n=25) the difference remained significant (p=0.007).

4.

Finally, studies which have shown decreased platelet

g T S

) aggregation to ADP and collagen following oral doses of
‘% 200 to 400 mg/day of dipyridamole have been unable to

! demonstrate increéses in intracellular levels of CAMP
(Gregov et al., 1987; Tsien and Sheppard, 1981; Mehta
et al., 1982; Weiss et al., 1981). It seems unlikely
that free drug concentrations suificient to increase

=,Q\= _platelet cAMP levels would be achieved with a dose of 75

- mg/day.

The fatty acid content of platelets in normal subjects

may not accurately reflect the dietaiy intake of f%km

polyunsaturated fatty acids (PUFA) (Dougherty et al.,

3
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1987); While plasma 1ipid esters have been shown to
¢iffer between éatients with CAD and normal controls
(Kirkeby et al., 1972a; Miettinen et al., 1982), plasma
may not be augooé indicator of fatty acid intake due to
fast turnover, hepatic involvement in fatty acid
synthesis and variations in plasma lipase activity. Due
to i lack of metabolic activity the fatty acid content
of red blood cell (RBC) acyl lipids is controlled almost
exclusively by dietary fat intake (Pittman and Martin
1966; Farquhar and Ahrens 1963). Moreover, the fatty
acid levels are unlikely to be altered by the presence
of vascular disease or recent dietary intervention. The
evaluation of RBC total fatty acid composition is a
valid indicator of dietary fatty acid intake due to the
somewhat uniform distribution of fatty acids among the
vacious phospholipid classes (Dougherty et al., 1987;

Farguhar and Ahrens 1963).

Many retrospective studies conducted in white
populations, by measuring the fatty acid content of
fatty acid stable tissues such as RBCs ox adipocytes,
have related differences in the occurrence of MI to
differences in dietary fatty acid intake (Kirkeby

et al., 1972b; Lea‘gg;gl., 1982; Simpson et al., 1982;
Wood et al., 1984; Rapley et al., 1987). The fatty
acids most ofter implicated have been 18:2 w-6 (Simpscn
EE_Elfy 19$2;kWood gg;g;;; 1984;Ikap1ey et al., 1987)
and/or 20:5 w-3 (Kirkeby et al., 1972b; Lea et al.,
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