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INTRODUCTIOCN

In recent years biochemical studies have played an important role in
research into the pathogenesis of ischaemic heart disease. A large number
of these studies have been concerned with the relationship between serum
lipids and ischaemic heart disease (I.H.D.), which has been defined by the
World Health Organization {(1957) as "the cardiac disadbility, acute and
chronic, arising from reduction or arrest of blood supply to the myoéardium

in association with disease processes in the coronary arterial system".

Serum lipid concentrations.

Epidemiological surveys in several countries have shown a striking
correlation between the prevalence of 1I.H.D. and the level of serum choles-
terol (Keys et al 1952, 1954, 1958; Keys and Keys 1954; Bronte-Stewart et al
19553 Menn et al 19553 Toor et al 1957; Walker and Arvidsson 1954).
Several authors have reported that the concentrations of total lipid, choles-
terol, triglyceride and phospholipid in the serum are generally higher for
subjects with I.H.D. than for those apparently free from this disease {Carl-
son 1960b; Cohen et al 1960; Gertler et al 1950; Albrink and Man 1959;
Schrade et al 1960; Steiner et al 1952). However, although as & group the
values for subjects with I.H.D. are higher than for control groups, a con-

giderable degree of overlap exists.

Serum S-lipoprotein concentration.

The term A-lipoprotein is used to denote the serum lipid-protein com-
plex which has an electrophoretic mobility similar to that of A-globulin.
This serum fraction corresponds closely to the low density (S£0-400) lipo-

proteins separated by ultracentrifugation (Pezold et al 1957).
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The possible importance of the serum B-lipoprotein concentration in
providing separation bhetween subjects with 1.H.D. and healthy subjects was
first stressed by Gofman and his co-workers (Gofman et al 1950a, 19%50b,
1954, 1956). They determined the concentration of low density lipoprotein
fractions by analytical ultracentrifugation and observed an increasse in the
concentration of the Sf 5-8 fraction and the appearance of a new fraction,
3f 10-30, in the serum of rabbits with atherosclerogis. They noted that the
degree of astherosclerosis could be correlated with the increase in the con~
centration of Sf 10-30 lipoproteins. Exemination of human seruﬁ revealed a
high degree of correlation hetween the incidence of I,H.D. and the presence
of Sf 10-20 lipoproteins, (Gofman et al 1950b)}. Furthermore, subjects with
overt I.H.D. had significantly higher levels of the low-density lipoprotein fractions
Sf (0-12 and 3f 12-400 than did apparently healthy people in the same age range of
40 to 50 years. The concentration of the triglyceride-rich Sf 12-400 lipoproteins
was more strongly correlated with the incidence of I.H.D. than was that of the
cholesterol-rich Sf ©-12 lipoproteins (Gofman et al. 1954). Jones et al (1951)
showed digtinctly greater separation between groups with I.H.D. and control groups
by S£ 12-20 lipoprotein measurements than by totsl serum cholesterol measurements.
In addition, by matching patients and controls at idehtical serum cholesterol
levels, separztion bhetween them could 2till be achieved by the Sf 12-20 lipo-
protein measurements.

Other authors (Barr et al 1951; Nikkila 19%3; Oliver and Boyd 19553
Brunner and>Lobl 19583 Chapin and Proger 1959; Joubert et al 1962) have
found that tﬁere is a greater concentration of serum @-lipoprotein lipid in
subjects with 1.H.D. than in apparently healthy controls. Bronte-Stewart e$
al (1955) reported that differences in totasl serum cholesterol levels between
races with different susceptibility tc I.H.D. were due entirely to differences
in the concentration of cholesterol in @-lipoprotein. It would seem, there-

fore, that differences in lipid levels between groups with varying suscep-
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tibility to I.H.D. are more marked in the @-lipoprotein fraction than in

total serum.

The:ielationship between diet and serum lipids.

. The influence of dietary factors onm serum lipids has aroused consider-
Hable interest. While attention has been focusged primarily on dietary fat,
mdre‘recentlj the possible importance of dietary carbohydréte'has been sug-
gested (Albrink and Man 1959). |

The effect of dieﬁary fat on the concentration and composition of lipids
has been related to both the guantity and the type of fét present in the diet.
In several.gpidemiological studies it was found that in groups where the per-
centage of dietary calories consumed as fat was abéut 40%, the prevalence of
I,H.D. was high, serum cholesterol levels were high and iose ﬁith age. Con-
versely, in groups eating little fat the incidence of I.H.D. was low, serum
| chélesteroiilevels were low and the rise with age was insignificant (Eeys 19563
Eeys et al 1952, 1954, 1958; Keys and Reys 19543 Walker and Arvidsson 1954;
Bronte-Stewart et al 1955; Toor ¢t al 1957). In addition, it was noted that
»sérum cholesterol trends coﬁld be correlated with the consumption of animal
 fat but not with that of vegetable fat (Bronte-Stewart et al 1955; Hardinge
and Stare 1954).

Arising from these observations, it was shown in numerous controlleﬁ
- feeding experiments that serum cholesterol, triglyceride and phospholipid
| levels were increased by the consumption of saturated fat and decreased by
‘the congumption of unsaturated fats, particularly those rich in linoleic acid
(Einsell et al 1952319533 Kinsell 1954; Beveridge e% al 1955;1956; Bronte-
Stewart et al 1956; Malmros and Wigand 1957; Hegsted et al 1957; Ahrens

et a1 1957). The changes in serum lipid concentrations were usually paralleled
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by changes in the concentration of lipid in the g -lipoprotein (Bronte-
Stewart et al. 19563 Keys et al. 1957). In the course of various feeding
sxperiments it was shown that the fatty acid compositions of the ssrum lipid
fractions changed markediy and tended to reflect the fatty acid compositions
of the fat consumed (Iinscll et al. 1957; Ahrens et al. 19595 Hohle et al.
1961; Kingsdbury et al. 1962). Abrens et al. (1959) noted, however, that the
phospholipid fatiy aoid composition was lesst sffected by such dietary mani-
pulations. It is, thus, apparent that dietary fat may influence both the
concentration and the fatty mcid composition of serum lipids.

The relationship between dietary carbohydrate and serum lipids has not
been studied to any great extent. It 1s, however, known that breakdown of
carbohydrate to acetate occurs and that cholesterol, triglyceride and satu-
rated and sono-unsaturated fatty acids can be synthesized fros acetate
(Cantarow and Scheparts 1957; Stetten and Schoenheimer 19403 Zabin 1951
Anker 1952; Dauben et al. 1953; Lipsky st al. 1957). Several suthors
(Albrink and Man 1959; Hatch et al.1955; Ahrens et sl. 1957) have shown that
copgusption of a low-fat, high-carbohydrate diet produced a marked rise in
serum triglyceride concentration. Antonis and Bersobn (1961) found that on
feeding high-carbohydrate low-fat diets, there was a temporary rise in serum
triglyceride levels. #¥ith continued feeding of this diet the serus triglyceride
lavels fell to the initial levels within 32 weeks. A high-carbohydrate, low-
fat diet thus does not appear to give rise sfter hadbituation to increased
serus triglyceride levels.

Pairhurst and Taterbouse {1963) have suggested that lipogenesis resulting
from a high carbohydrate diet would produce predoainantly oleic and saturated
fatty scids, but not linoleic acid. It is apparent, therefore, that dietary
carbohydrate may influence serum lipid levels end the fattiy acid composition

of serum lipids.
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Egssential fatty Acids:
The term "essontial fatty acid" (E.F.A.) is applied to those fatty

acids which apparently cannot be synthesized by the animal organism and this
term, by definition, is limited to "linoleic and arachidonic acids and to
such other acids as may be derived metabolically from them" (Holman 1958).

The observations that consumption of fats rich in linoleic acid de-
creased serum lipid levels in man, together with the data showing deposition
of aafurated cholesterol esters in the organse of E.F.A.-deficient animals
(Alfin-Slater et al 1954) arcused interest in the possible relationship
between essential fatty acids and I.H.D. It has been postulated that a rela-
tive deficiency of E.F.A. might lead to the presence in the serum of saturated
cholesterol esters which would tend to be deposited and thus give rise to the
formation of atheroma (Sinclair 1956). Although only an hypothesis, this
aroused considerable interest in the content of E.F.A. in the serumof people
with differences in their susceptibility to I.H.D.

While E.F.A. deficiency in animals has clearly defined pathological
manifestations (Burr and Burr 1929), no such features have as yet been observed
in man. On the basis of the changes in fatty acid composition in E.FP.A.-
deficiont animals, Holman (1960) has suggeated that a relative deficiency of
E.F.A. may be assegssed by the ratio of trienoic to tetraenoic fatty acids,

a value of less than 0.4 for this ratio indicating that the minimum regquire-
ment of linoleate has been met. Several authors have compared the percen-~
tages of linoleic acid and of arachidonic acid in the serum lipids of subjects
with I.H.D. snd of apparently healthy controls. Some authors (Lewis 19583
Schrade et al 196la; Kingsbury et al 1962) have found that the proportions

of linoleic (dienoic) acid and of arachidonic {tetraenoic) acid in the serum

lipids were lower for subjects with 1.H.D. than for healthy controls.
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Kingsbury et al (1962) also noted that the ratio of triencic to tetraenoic
acids was lower for subjects with I.H.D. than for controls. In contrast,

other authors (James et al 1957; Caren and Corbo 1958; Smith 1962) found no
difference between the fatty acid patterns of healthy sudbjects and those of -
subjects with I.H.D. There is thus conflicting evidence regarding the possibdle

association between a relative deficienoy of E.F.A. and susceptibility to I.H.D.

Choice of Controls.

In comparative studies between subjects with I1.H.D. and healthy ocontrols,
the latter subjects are usually people who have no overt manifestations of
I.H.D. Autopsy data have, however, shown that in populations where the preva-
lence of I.H.D. is high, virtually every adult shows some degree of athero-
sclerosis (Lande and Sperry 1936; Peck et sl 1951). Thus, since there is no
simple diagnostic procedure by which to assess the presgsence of coronary
arterial disease prior to its clinical manifestations, it is possible that, in
high prevalence areas, control subjects may have guhclinical I.H.D. This might,
in part, account for the conflicting evidence regarding the percentages of B.F.A.
in serum lipids ﬁnd for the overlap found in other gerum lipid parameters between
subjects with I1.H.D. and such control groups.

In South Africa, the incidence of I.H.D. in the white popunlation is one
of the highest in the world (World Health Organization, 1956). In contrast,
the incidence of 1.H.D, in the South African Bantu population is extremely low
(Becker 1946; Elliott 19533 Higginson and Pepler 19543 Vogelpoel and Schrire
1955; Sacks 1960; Walker 1963). PFor the purpose of comparative studies the
Bantu may, therefore, be regarded as an ideal control group in assessing the
roelation between various lipid parameters and the susceptibility to 1.H.D. or

its establighed presence.



The relationship between serum lipids and the formation of atheroma.

The role of lipids in the formation of atheroma is a problem which has
challenged research workers for the last half century. Early studies drew
attention to the fatty nature and the high content of cholesterol in athero-
sclerotic lesions {Virchow 1856; Gagert 1899; Baldauf 1906; AschoXf 1906),
but it was not until 1910 that Windaus performed the first quantitative ana-
lysis of cholesterol in atherosclerotic aortas. The now clagsical experiments
of Anitschkow (1933), demonstrating that the feeding of choleasterol to rabbits
produced serum hypercholesterolemia and gave rise to the deposition of choles-
terol in the arterial wall, stimulated great interest in the relstionship
between serum lipids and the 1ipld deposits in the arteriasl wall in man.

There are two major concepts as to the mechanism whereby circulating
lipid might be incorporated into atheromatous plaques. According to the fil-
tration theory (Page 1954), 1ipid material, in the form of lipoprotein, filters
by lateral pressure, from the serum into the arterial wall and is deposited in
the intima. The thrombogenic theory (luguid 1954) favours the conecept of
initial formation on the intimal surface of a thrombus which becomes covered
with endothelium and is thus incorporated into the vessel wall. Subsequent
organization of the thrombus, accompanied by fatty degeneration, results in
thickening of the intima and the accumulation of 1lipid.

There is evidence which suggests that g-lipoprotein might be specifi-
cally involved in the formation of atheromatous plagques. In several studies,
the presence in normal and in atherosclerotic aortic intima of lipoproteins
immunologically indistinguishable from A-lipoprotein, has been demonstrated
by immuno-electrophoretic techniques {(Ott et al 1958; Tracy et al 1961;

Hanig et al 1956; Eayden et al 1959; Gero et al 1961).



On the basis of the hypothesis thet 1ipid im arterial atheromatous
plaques is dorived frem 1lipil in serum or from the S-lipoprotesin fractiom of
serus, One miy saticipate that the eomposition of 1lipid im atheromatons
plagues would resemble that of lipid in serum or the S-lipoprotein fraotion
of serum.

Ia the present staiy stheromatous plague material has been obtained from
the aorto-ilise artery by esdarterectomy. The eemposition of 1lipid in this
material has been compared wilh $hat ia total serus asd serum S-lipeprotein
from Bantu, apparentily healthy white subjectis and white subjects with 1.K.D.
Since atheressleresis is & general disease of the vascular systea and iavolve-
neni of the corevaary arteries Yat one of its manifestations, the gquestion
arises as to vhether it is valid to eompere the compesition of 1lipid in
plagues from the aorto-iliasc artery with that in serus from people with 1.H.D.
The diagnesis of I.E.D. is unequivecal and easily established, and for this
reasea subjects with preven 1.H.D. were chosen ss bdeing representative of sud-
Jeots with atheresclerosia. It may be argued that it would have deen better
to anmalyse lipid froa the sorvmary arteries. However, samples of soromary
arteries have to be obtained post-mortes and the 1lipid and fetty acid ocompo-
sition of these samples aight de altered by post-mortea auntolysis. PFor
example, triglyeeride determinations, as ptﬁomg here, are based on the
estimation of glyoercl which may de formed as the result of antolysis of
phesphelipilds. It was, Sherefere, considered mfonb;t to analyse surgieal
specinens.
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THE PURPOSE OF THIS STUDY

The purpose of this study is

To determine the composition of lipid in total serum and in the serum
fe-lipoprotoin fraction in white subjects with I.H.D., in healthy white

subjects and in healthy Bantu subjects.

To compare these findings in the three groups of subjects in order to
determnine whether any lipid parameter differentiates between subjects

with I1.H.D. and all healthy subjects.
To determine the composition of lipid in arterial atheromatous plaques.

To compare the composition of lipid in arterial atheromatous plaques
with that in the total serum and in the aerunla—lipoprotein fraction in
order to asssse which, if either, of these might be related to the

formation of atheroma.



10.

ABBREVIATIONS

Certain abbreviations will be used throughout this stﬁdy. They are =

1.8.D. Ischaemic heart disease. ' |
E.F.A. Essential fatty acid.

¢.L.C. Gas-liquid chromatography.

Fomenclature of fatty acids

The elassification proposed by Dole et al (1959) has been adopted. The
fatty acids will, in general, be designated by a number referable to the
number of Carbon atoms in the molecule. This will be followed by a colon
and the number of double bonds in the molecule, also indicated by a number.
Thus nyristic acid is Cl4:0, palmitic acid is 91630,. palmitoleic acid is
C16:1, stearic acid is C18:0, oleic acid is C18:1, linoleic aeid is c18:2,
arachidonic acid is 02014, ete. |

In some instances in the text reference will be made to di-, tfiag i
tetra-, penta-, and hexaencic fatty acids. This refers to fatiy acids
having two, three, four, five and gix double bonds respectively.

Certain statistical abbreviations used are defined in the chapter on'

statistical methods (Part I, Chapter 3).



11.

PART I

MATERIAL AND ANALYTICAL METHODS
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CHAPTER I

1. CLINICAL MATERIAL

(a) CHOICE OF SUBJECTS

It.has been shown in several studies that the incidénee'of Ischaenmic
Heart Disease is considerably lower in the Bantu than in the White population
of South Africa (Becker 1946; Elliott 1953; Higginson and Pepler 1954;
Vogelpoél and Schrire 19553 Sacks‘l9607, The incidence of I.H.D. is higher
in males than in females of comparable age and race {Bronte-Stewart 1959).
In populations with different susceptidility to I.H.D., the differences in
serum cholesterol levels are most marked in the fifth decade of life (Keys
1956). 1In this study the subjects, whose serum lipids were analysed, were
choser 80 as to include males between the ages of forty and £ifty years, drawn
from the Bantu population, the healthy White population and from»g.White group
with provem I1I.H.D.
i) The Bentu group

This group consisted of 16 volunteers who ére employed as heavy manual
labourers at a local quarry and who recently migrated from a rural area. The
average age of men in this group was 43 years and their ages ranged frcm»l
40 = 45 years. Thege subjects lived in a compound and ate a diet similar in

its compﬁsitioh and in its method of preparation to that of rural Bantu.

ii) The control group
This group consisted of 12 White volunteers drawn from the office staff
- of a large ingsurance company. The average age of the men was 42 years and their

ages Tanged from 40 - 46 years.
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iii) Oriteria for gelection

All the Bantu and control subjects chosen were apparently in a good state
of health and had not recently gained or lost weight. It was ascertained by
means of interrogation that they had no history of coronary or other vascular
disease, no family history of I.H.D. and that they were free from any endoecrine
digorders, particularly diabetes mellitus. It was, however, not possible to
perform electrocardiographic examinations on these subjects. A4ll the subjects
bad maintained a reasonably constant dietary pattern for several years prior to
this study.

Since each of these groups was drawn from a single source it may be argued
that neither is representative of the population from which they were sampled.
However, the Santu who migrate to Cape Town are not selected and the group
studied is probdadly a representative sample. The White control subjects, while
all clerical workers, are also an unsgelected group although drawn from one
section of the local White population. It is noteworthy that the serum lipid
levels found for each of these groups are similar to those found for considerably
larger groups drawn at random from the same populations (Bronte-Stewart et al,
1955). These groups may thus be regarded as being representative of the popu-
lgptions in so far as such representivity can be assesged from these serum lipid

parameters.

iv) The patients with I1.H.D.

These subjects, whose socio-~economic background was similar to that of the
White controls, were drawn from about 700 White patients who attend the anti-
coagulant clinic at Groote Schuur Hospital. The hospital records were examined
and those subjects with unequivocal evidence, boih clinical and electrocardio-

graphic, of 1.H.D. were selected. Subjects who had experienced a myocardial
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infarction less than one year prior to this study were excluded, since it has
been shown that the serum lipid pattern may be radically altered for as long
as six months after myocardial infarction (Cramer 1961). The subjects who ful-
filled the abovementioned regquirements were contacted and the first twelve who
volunteered for this study wmade up the sample. The average age of the men was
43 years and their ages ranged from 40 to 49 years. All these subjects were
taking Dindevan {phenindione) at a dosage that maintained their prothrombin
index at an optimal level of betwsen 50 and 60% of normal, with a possible
range of 40 ~ 70%. There is some evidence that Dindevan nay influence serum
1lipid levels in man and in rabbits (Krut and Young, unpublished data; Merskey
et al 1959), bdbut this effect is not fully established. While these subjects
had maintained a fairly constant dietary pattern for one year priocr to this
study, it was established that they had, without exception, altered their
dietary regime after experiencing a myoear&ial.infarction. Prior to thig they
had consumed a diet containing a higher proportion of fat, particularly of animal
fat. Their diet was modified by reducing the total fat intake and by increasing
the consumption of unsaturated fat. |

It nay therefore be argued that they are not representative of subjeocts
with I.H.D. There is no defence againgt this criticism. It is, however,
extremely difficult to find patients with I.H.D. who have not altered their
diet since, in this area, White men with a history of I.H.D. are very conscious
of the view that fat in excess quantity and animal fat in particular may be

detrimental to their health.

(v) PLAQUE MATERIAL

. Intimal materisl from atheromatous arteries was obtained from twelve male
subjects in the fifth decade who were undergoing aorto-iliac endarterectony.
Their average age was 44 years and ranged from 41 to 48 years. Detailed dietary

histories were not obtained from these subjects, but it was established that
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they were not on special diets. It has been assumed that they were consuming
the ﬁypicalkdiet of White South Africans which would correspond closely to

that of the control group.

I1I.  DIETARY ANALYSIS

| A dietaryvhistery was obtained from all the subjects wﬁose serum lipids
were studied. The details of each subject's diet were obtained by reeall.
The average quantity and speeifie tyﬁe of food, inecluding that eaten at and
in'between the thr;e maih.meals, was noted for each day of a typical week. The
subjects‘were questioned regarding the method of preparation and the amount of
fat or bil used in preparing the food. The intake of each foodstuff was esti-
mated on the basis of average portions unless theie were obvious deviations.
Therdaté thus obtained were considered to be representative of the_sﬁbject‘a
dset. | |
| For esch subject the composition of the diet as regards calories, protein,
fat and carbohydrate was calculated from food tables (Fox and Goldberg 19443
McCance and Widdowson 1946). The proportion of linoleic acid in the dietary
fat was estimated by refersnce to standard tables (POOD). These tableg were
prepared in the U.S.A. and the fatty acid compositions need not accurately
reflect the composition of loeal foods.

it ié recognised that dietary analysis based on diet histories gives, at

best, a close approximation of the actual intake and composition of the diet.
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CHAPTER 2

CHEMICAL METHODS

The chemieal methods used in the analysis
of lipids in total sernm,/galipoprotein and
atheromatous plaques will be deacribed and

discussed in three main sections, viz:-

I: QUANTITATIVE ESTIMATION OF LIPIDS
I1: THE ISOLATIOR AND EXTRACTION OF LIPIDS

II1: ARALYSIS OF FAITY ACIDS
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Is

QUANTITATIVE BSTIMATION OF LIPIDS

The concentration of lipid components was determined chemically on ali-
quets of the lipid extracts obtained from totel serum,/3-~1ipoprotein and
plagues (Sectibn 1I1). Duplicate determinations were performed on all semples.
Fbi total serum and f3~1ipopratein the results for each lipid component were
expressed as mg./100 ml. of serum.

in calculating the results of lipid déterminations in the plaque the
ptébiem arose of finding a suitable standard of reference. In some studies
comparing the content of 1ipid in arteries with different degrees of athero-
sclerosis, thé weight of lipid has been related to the total weight of tissue
(Epnk,and Rossiter 19513 Bjorntorp et al 1962; Smith 19603 BBttcher et al
119602).

In the present study sll plaque material was obtained from arteries with
a similar degree of atherosclerosis and interest was centred only om the lipid
composition and not the amount of lipid in the tissue. The results were ob-
téined as the concentration of lipid (in mé.) in the total extract from the
plaques, and the reiative pr0porti0ns of lipid components were calculated.
Expressing the lipid constituents as relative proportions of the total lipid

pioviﬂe& the basis of comparison with the serum lipids.

i) Totel and free cholegterol. was estimated by the method of Schoenheimer and

Sperry (1934) as modified by Sperry and Webb {1950). The concentration of
esterified cholestercl was obtained by subtraction of the concentration of free
cholesterol from that of total cholesterol.

ii) Triglyceride was determined by the method of Young and Eastman (1963). The
results are expressed as mg. of triolein/100 ml. serum. This method in fact

neasures tri-, di- and mono-glycerides, but since the latier two components
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are present onrly in small amounts {Eastman and Bronte-Stewasrt 1962) reference

is made to 'triglycerides!'.

1ii) Phospholipid was determined by the method of Fiske and SubbaRow {1925) as

modified for micro-analysis by Bartlett (1959). The standard aqlutian was

prepared according to the method of Marinetti et al (1959). The results are
obtained as mg. of phosphorus and are expressed as mg. of lecithin/100 ml.

serum {mg.lecithin = mg.phosphorus x 25).

The degree of reproducibility of estimation of these methods was examined
by caleulating the standard error of measurement {S.E.M.,) between duplicate
readings for 150 samples including all those analysed in this etudy. The

values are ghown in Table 1.

Total Free
Cholegtercl Cholesterol Priglyceride | Phospholipid
Hean : , e
(ng./100 mi.) 125.9 37.4 102.1 175.¢
Range ‘ ; - CAB fa
(mg./100 wi.) 54.0-374.1 12,2-13%4.0 29.0-254.7 45.68-339,6
S.EJ&- . , S
(mg./100 ml.) 31 1.8 4-% 6.5
S.E.M. (%) 3.0 4.9 4.5 3.7
TABLE 1 : The reproducibility of estimation of total and free cholesterol,

triglyceride and phospholipid.

The data in Table 1 show that, over a wide range of lipid concentrations,

the standard error of measurement for each component wes less than $%. The
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reproducibility could not be calculated for esterified cholesterol since it
was not directly estimated. 3Since the standard error of measurement for both
total and free cholesterol is less than 5%, the error in calcnlating the con-

centration of esterified cholesterol must be of a similar order.

iv) Cholesterol ester. This term will be used frequently in the text and

refers to the cholesterol plus the fatty acids with which it is esterified.
This is in contra-distinction to the term "esterified cholesterol" which refers
only to the cholesterol moiety. The concentration of ocholesterol ester has

been calculated according to the following foramula 1~

Cholesterol Esterified n
‘Bter - chol‘ﬂt‘rol x M-'tocholo “" x.'t.P-l. - lo'ton2o
(.g/loo.l) (ng/lOO nl) M.Wt. cholesterol
Esterified (386.7 + 278.0 - 18.0)
= cholesterocl X
(mg/100 ml) 386.7
Esterified

« cholesterol X 1.67
(mg/100 m1)

M.Wt = Molecular Welght
Chol.- Chalesterol

® Mean molecular weight of the cholesterol ester fatty acids
caloculated from the cholesterol ester fatty acid patterns
obtained by G.L.C. analysis of all samples.

The concentration of cholesterol easter, calculated in this manner, has
been used in the calculation of total lipid concentrations (see below). Con-
version factors of 1.68 and 1.69 have been reported by Buck and Rossiter (1951)

and by Page et al (1935) respectively.

v) Caloulation of total 1ipid concentration

The concentration of total lipid was calculated as being the sum of the

chemically determined concentrations of free cholesterol, cholesterol ester,
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triglyceride and phospholipid. The value thus obtained is not strictly acocurate.
The triglyceride has been expressed as the triglyceride of oleic acid which has
2 molecular weight of 282.4, whereas the mean molecular weight of the tri-
glyceride fatty acids, caloulated from the fatty acid patterns obtained by
G.L.C. was theoretically 271.6. The phospholipid concentration has been expres-
sed as lecithin (mg.lecithin = mg.phosphorus x 25). The factor for converting
the concentration of phosphorus to phospholipids is not strictly accurate,since
the molar ratio of phosphorus varies for sach different phosphatide. However,
since lecithin constitutes approximately 75% of the total phospholipid in serum
(Nelson and Preeman 1960) the error in such a conversion is relatively small.

In addition, the concentration of non-esterified fattj acids has not been inclu-
ded. The average concentration of this component in a fasting serum is approxi-
matoly 0.05 m.Eq/100 ml. (Rothlin and Bing 1961), i.e. approximately 14 mg./100 ml.
Non-esterified fatty acids therefore constitute only about 2 - 3% of the total

lipid.

vi) Gravimetric determination of total 1ipid concentration

At the commencement of thias study total 1lipid present in the extracts was
determined gravimetrically.

Kliquots of the lipid extracts were taken to dryness under a stream of
nitrogen, re-cxtracted with chloroform and filtered. The filtered extracts were
trangsferred to weighed planchettes fashioned from light aluminium foil, evapo-
rated to dryness under a stream of nitrogen and dried to constant weight over
CgCIZ in a vacuum desiccator. The average lipid weight in the aliquots varied
from 0.5 to 1.5 mg. Prom these weights the total 1lipid concentration in the
extracts was calculated and compared with that calculated as described above

(Table 2).
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Method 1 2 3 4 5 6 7 8 9 10

Grav. 517 227 592 208 808 566 308 608 333 850
Chen. 398 222 308 164 554 352 171 403 217 709

rav- 1 1.3 2.0 |29 |23 [2.5 |26 |18 | 1.5 1.5 [ 1.2
Chen. |

Table 2: The conoentration of total 1lipid (-g./loo ml.) as determined
gravimetrically (Grav.) and by calculation from chemical
estimations (Chem.)

It ia apparent from the data in Table 2 that the gravimetric value was
consistently higher than the chemical value and the ratio of the one to the
other was not constant. The possible error in the values obtained by calcu-
lation from chemical estimations has been discussed and found to be relatively
small. It is unlikely that this would account for the wide differences found
between the two methods. It is more likely that the differences are due to
inaccouracies in the gravimetric method. While the balance used is ocalibrated
to weigh to 0.01 mg., a certain measure of error must intrude in weighing such
small amounts of lipid, but this could not account for the marked differences
found.

It is highly probable that the 1lipid weights were erroneously high due
to contamination with non-lipids. It has been shown that 3:1 ethanoliether ex-
tracts non-lipids from serum (Bjorntorp 1960). These are only partially removed
on re-extraction with chloroform (Bjorntorp 1960) and it has been demonstrated
that, in the presence of phospholipids, glucose is soluble in chloroform (Krut
and Wilkens 1964). In addition, despite the fact that the chloroform extract

was filtered through very fine filter paper, the dried 1lipid residue contained
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a fine white preéigitate which might have heen profein, There are thus several
variable factors in this technique which could give rise to erroneocusly high
lipid ﬁeightSa In view of this, the gravimetric method was discarded and

total lipidreoncentratiene have been determined by using the method of calcu-

lation basced on chemical estimation of the component lipid fractions.
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II1. THE ISOLATION AND EXTRACTION OF LIPIDS

Venous blood samples were taken from subjects who had fasted overnight.
The blood samples were allowed to stand at room temperature(about 2o°c) for
one hour. The samples were centrifuged for 15 minutes at 3,000 r.p.m. and the
serum transferred.

(a) EXTRACTIOR OF LIPID FROM TOTAL SERUM

The lipid from a known volume of serum (2.0 ml.) was quantitatively
extracted in twenty volumes of 3:1 ethanol:diethyl ether according to the
method of Bloor (1914). The extract was brought to & final volume of 50 ml.
in a volumetric flask.

i) Recovery of 1ipid in the extraction procedure.

Aliquots of serum were added to the extracting medium. To these were then
added known amounts of standard solutions containing cholesterol, cholesterol
ester, (cholesterol oleate), triglyceride (glycerol trioleate) and phospholipid
{(lecithin). Similar aliquots of the same serum, to which no other lipid was
added, were also extracted. The concentrations of free and esterified cholesterol
(Sperry and Webb 1950), triglyceride (Young and Eastman 1963) and phospholipid
(Bartlett 1959) were determined in both extracts and the percentage recovery

calculated (Table 3).

mg. in

Lipid Fraction | original extract| mg. added | mg. recovered | % recovery
Free 0495 %.00 2.99 99.7
cholesterol 0.95 2.00 2.04 102.0
0.95 1.00 0.95 95.0
Esterified 4095 2-96 2093 99.0
cholesterol 4.95 2.37 2.39 100.8
4.95 1.78 1.77 99.4
Priglyceride 2.37 1.00 0.99 563 99.6
2.37 2.00 2.00 (5 100.3
2.37 2.50 2.47 98.8
Phospholipid 5.25 1.00 1.00 100.0
525 1.50 1.44 9%.9
5.25 2.00 1.87 100.7

Table 3t The percentage recovery of lipid fractions during the extraction of
serum lipids in 3:1 ethanol:ether.
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The percentage recovery for a range of lipid concentrations varied from
95.0 to 102.0% for free cholesterol, from 99.0 to 100.8% for esterified choles-
terol, from 98.8 %o 100.3% for triglyceride and from 95.9 to 100.7% for phospho-
lipid. Satisfactory extraction of these lipids was thus obtgined with 3:1
ethanolsether. This is in agreement with the findings of other authors (Bjorn~
torp 19605 Sperry 1955). Bjorntorp (1960) has shown that a 3 :1 ethanolsether
extract contains non~lipid components which are removed partly b} re-extraction
with chloroform. A similar effect was noted here since the totasl lipid deter-
mined by weight invariably exceeded that based on chemical determination of
the constituent lipid components (1lvi). The only nom-lipid component which may
interfere with the chemical estimations is non~lipid phosphorus. While certain
methods, e.g. that of Folch et al (1951) involve removal of non-lipid compo-~
nents by washing the extract with water, this procedure was not favoured here
in view of the molubility in water of certain phospholipids, notably lyso-
lecithin and inositol phosphatide (Hanahan et al 1954, 1958). Methods with
and without washing with water both have limitations. However, no significant
difference in phospholipid concentration was found when comparing serum

oxtracted with J:1 ethanoliether and according tc the method of Folch et al

(1951).

i1) The reproducibility of the extraction procedurs.

The reproducibility of the extraction procedure was examined by extracting

ten aliquots of a serum sample in 3:1 ethanol:iether and determining the concen-
tration of free and esterified cholesterol, triglyceride and phospholipid in

each extract. The results are shown in Table 4.
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Free Esterified

Cholesterol | Cholesterol | . riglyceride | Phospholipid

_ Mean 47.3 . 143.6 79.2 173%.2
S.D. 1.9 4.5 2.8 5.8
C.V.% 4.1 3.1 3.5 3.3

»

Table 4t The concentration (mg./10C ml. serum) of free cholesterol,
esterified cholesterol, triglyceride and phospholipid as
determined on ten aliguots of a single serum sample.

The extraction procedure is seen to give a satisfactory degree of
vreproduciﬁility. Since it gove good recoveries of the lipid fractions
analysed and a high degree of reproducibility this extraction procedure

was used throughout the study.

(v) ISOLATION ARD EXTRACTIOR OF A-LIPOPROTEIN IN SERUM

1) Definition of term 'lipoprotein'

Phe presence of lipoprotein in serum was first demenstrated in 1929 by
Macheboeuf (1929) who isolated a conjugated protein which appeared, upon
repeated precipitation, to retain a constant ratio of 1lipid to protein. Using
the technique of electrophoresis developed by Tiselius (1939), Blix and his
co-workers (Blix 19413 Blix et al 1941} found that most of.the serum lipids
were found in combination with the <« or B-globulin fractions, hence the
term o - and B-lipoprotein. Today the term lipoprotein is used to denote
a compiex formation of 1lipid and protein. The exact form in which lipid is
bound to protein is not clearly established. However, on the basis of work
by Gould {1951) Oliver and Boyd (1958) have suggested that the lipids are

neld to the peptide by secondary valence bonds of the van der ¥aals form.
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1i) Methods available for isolation of /3 -lipoprotein.

The isolation and characterization of lipoprotein depends on exploiting
various properties of the protein moiety of the complex. These properties
include electrophoretic mobility, solubility and density and form the basis
of separation of lipoproteins by electrophoresis on paper (Kunkel and Tiselius
19513 Fasoli 1953; Boyd 1954; Jencks et al 1955; Rosenberg 1952), and starch
(Kunkel and ‘Slater 1952; Ackerman et al 1954) fractionation with cold ethanol
(Conn fractionation) (Cohn 1950) and unltra-centrifugation (Gofman et al 1949;
Havel et al 1955; Green et al 1951) respectively. More recently it has been
shown that under certain conditions determined by pH, ionic strength or the
presence of metal ions such as Ca or Mg, serum B -lipoproteins react with
sulphated polysaccharides such as heparin and dextran gulphate to form insoluble
complexes (Burstein and Samaille 1956; 1958a; Bernfield and Kisselbaum 1956;
Oncley et al 1957; Antoniades et a2l 1958; Boyle et al 1959). The mechaniam
underlying this reaction, thought to involve the formation of a lipoprotein-
polyanion complex through the action of electrostatic forces has been studied
by Bernfield and his co-workers (Bernfield ot al 1957, 1960). The nature of
and the specificity of formation of lipoprotein-sulphated polysaccharide com-
plexes has been reviewed by Cornwell and Kruger (1961).

There are thus four main methods of isclating /3-11poprotein viz.: electro-
phoresis, Cohn fractionation (Cohn et al 1950) ultracentrifugation and precipi-
tation with sulphated pelysaccharides. In deciding on the method for use in
this study certain factors had to be considered. Ultracentrifugation was not
possible since at the commencement of this sﬁndy an ultracentrifuge was not
available. Cohn fractionation, which can be used to separate the lipoproteins

in large volumes of serum, requires facilities for operation at -500, which

agein were not readily available.
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Using electrophoretic techniques, the distribution of lipids in the 1lipo-
protein fractions can be determined either by staining techniquea (Flynn and
de Mayo 19513 vurrum et al 1952; Swakn 19523 Rosenberg et al 1954) or by
chemical analyais of eluates (Boyd 1954; Ackerman et al 1954; Langan et al
1955), but these methods are subject to fairly appreciable error, and are
suitable only for small volumes (up to 0.2 ml. of serum). Morsover, even
using a starch block, the volume of serum which could be separated into lipo-
protein fractions by electrophoresis is not large and would not readily allow
for detailed guantitative estimations and fatty acid analysis. The method
adopted was the precipitation of g-lipoprotein, using the sulphated poly-
saccharide, heparin, in the presence of CaCl, {Burstein and Samaille 1956).
Of the available methods, this was chosen as it did not reguire the use of

gspecial apparatus and was suitable for large volumes of serum.

111) A-lipoprotein precipitation technigue.
The method of isolation of A -lipoprotein from serum, adapted from that

described by Burstein and Samaille (1956) was performed in the following manner:-

30.0 ml. of 0.025 X CaCl, was added to 3.0 ml. of serum in a centrifuge

2
tube. To this was added 0.6 nlf of 1% heparin (1.0 ml. of heparin containing
25,000 I.U. per ml. diluted to 25.0 ml. with distilled water). A cloudy pre-
cipitate formed immediately. After standing for one hour this was centrifuged
at 3,000 r.p.m. for 30 minutes. The supernatant was removed by suction using
an Emich filter stick. A small "button™ of precipitate remsined in the centri-
fuge tube.

The lipid in the precipitated AB-~lipoprotein was extracted using J:l
ethanoliether. PFifty ml. of 3:1 ethanolsether was added to the precipitate

in the tube and the Emich filter stick rinsed several times into the same tube,
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nsing the extraction mixture. The extract was warmed in a water bath ( 60°C),
with constant stirring, filtered and the final volume adjusted to 50 ml. in a

volumetric flask.

iv) Comparison with paper electrophoresis.
In order to ascertain that the method used is specific for B-lipoprotein,

it has been ocompared with results obtained using a paper electrophoretic tech-
nigue.

The paper electrophoretic procedure wasg identical to that described by
Anderson and Keys (1956), using a Veronal bduffer (pH 8,6) and applying a D.C.
potantial of 185 V for 15 hours. 0.l ml. of serum was electrophoresed in
duplicate and a blank strip and marker strip for staining were included in each
run. The marker strip was stained with Sudan Black B (Svahn 1953) the position
of /ﬁ-lipoprotein determined and the papers from sample and blank runs cut as
deacribed by Anderson and Keys (1956). A typical strip stained with Sudan
Black B is shown in Figure 1. The extraction of lipid from the S -lipoprotein
on the paper was performed in the following way :-

The section of paper (approximately 2 inches square) was cut ont and placed in
a 30 ml. capacity test tube and extracted three times by refluxing with 8 ml.
of 3:1 ethanoliether for 15 minutes. The extracts were combined and evaporated
to dryness in a test tube fitted with a Bl4 ground glass joint, prior to
chemical estimation of cholesterol, phospholipid and triglyceride. The paper
blank was extracted in the same way. Further extraction of the paper by re-
fluxing for one hour with 20 ml. 3:1 ethanol:ether in s Soxhlet apparatus
yielded no further lipid as determined chemically, indicating that complete
extraction waes obtained with the method used. Other authors have reported

complete extraction of lipid from paper using similar volumes of 2:1 chloro-~
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form s methanol (Langan et al 1955) and 131 acetonesalcohol (Boyd 1954). The
concentration of total and free cholesterol (Sperry and Webb 1950) and phospho-
lipid (Bartlett 1959) was determined in A ~lipoprotein isolated from twenty
different sera using the paper electrophoretic technigue and the heparin—CaClz
precipitation technique. The results obtained dy the two methods were compared

by calculation of the correlation coefficient (Table 5 and Figure 2).

Regression Range of Values
Lipid r P equation (mg/100 ml. serum)
Total
Cholesterol 0.9914 <0.001 Y=0.9956x + 0.33 39 - 286
Pree
Cholesterol 0.9927 <0.001 Y=0.9940x + 0.13 15 - 94
Phospholipid 0.951% <0.001 Y=0.8545x + 12.10 79 - 209

Table 5:¢ Comparison of the concentration of cholesterol and ¢of phospholipid
in p-lipoprotein isolated from serum by paper electrophoresis (y)
and heparin precipitation (x).

r = correlation coefficient.

As seen from the data in Table 5 and Figure 2, there wag a very high
degree of correlation between the two methods. Both total and free choles~
terol and phosphelipid values were very similar although there was a tendency
for the phospholipid values from electrophoretically separated lipoproteins
to be slightly lower. This trend was, however, neither very consistent, nor
very marked (Figure 2).

In attempting to correlate the triglyceride concentration in B -lipo-
protein isolated by paper electrophoresis and heparin precipitation, technical
difficulties were encountered. In the triglyceride method (Young and Eastman

1963) the electrophoresis paper blanks gave very high readings (up to twice
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that found for 50 xgm. of triolein) and the readings for samples were also
extremely high. Moreover, the values for the paper blanks, although always
high, were not consistently of the same order and it was felt that subtraotion
of such blank values from sample readings would introduce considerable error.
It was thought that these high blank readings could be due either to the
presence of 1lipid in the paper or to contamination in handling. However,
washing the paper with 3:1 ethanoliether prior to electrophoresis and exer-
cising great care in handling the papers only with solvent-washed instruments
did not reduce the blank values to any extent. In addition, it was found that
the veronal buffer, containing sodium acetate and sodium dbarbiturate also gave
high blank readings in this triglyceride method. The 31l ethanoliether
extract of 1lipid from the papers contained appreciable amounts of buffer.
This could be removed by adding distilled water to the dried extract and re-
extracting with petroleum ether. In this way the buffer remained in the water
phase. While the blank values decreased somewhat after applying this step,
they were atill high and the number of transfers involved in this procedure
greatly increased the error. It was thus not possible to verify the precipi-~
tation technigue with respect to triglyceride, using this method of comparison.
The implications of the failure to correlate the two methods with regard
to triglyceride concentration were considered. The possibility existed that
the A-~lipoprotein isolated by precipitation could be contaminated either with
« =lipoprotein or chylomicrons. o(-lipoprotein lipid consists of approximately
15% triglyceride, 45% phospholipid and 40% cholesterol (Olson and Vester 1960).
1f, therefore, there was contamination with oC -lipoprotein, the concentrations
of cholesterol and phospholipid would be considerably nigher in S -lipoprotein

isolated by precipitation than in that isolated by paper electrophoresis. This
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was not the case. In addition, electrophoresis of the S-lipoprotein precipi-
tate, with subsequent staining of the paper for lipid, showed no trace of

« ~lipoprotein. Thus for cholesterol and phospholipid the precipitation
technique is an effective method of separating < - from [3~lipoprotein.
This is therefore probably true for triglyceride as well. These methods, par-
ticularly the staining technigue, may not be sufficiently sensitive to detect
very small quantities of < ~lipoprotein lipid. However, in view of the low
percentage of triglyceride in <« -lipoprotein, any contamination which might
vocour would result in only a very small increase in B -lipoprotein triglyceride
concentration. Burstein and Samaille (1957, 1956b) have shown that this method
is specific for A -lipoprotein and there is no evidence in this study to suggest
that the isolated A -lipoprotein is contaminated with o -lipoprotein.

Contamination of the A -lipoprotein precipitate with chylomicrons is

likely to occur. While Burstein and Samaille (1958a) have shown that the pre-
cipitation technigue is specific for g -lipoprotein in non-lipaemic serunm,

they have reported that, in chylomicron rich serum, chylomicrons may also be
precipitated (Burstein and Samaille 1960). In this study all blood samples
were taken from subjects who had fasted overnight. All sera would, therefore,
presumably be non-lipaemic and contain few, if any, chylomicrons. Contami-
nation of the B -lipoprotein precipitate with chylomicrons would thus be
unlikely to occur to any extent. While this reasoning had for the moment %o

suffice, it did not provide proof.

v) Comparison with ultracentrifugation.

Fortunately at this stage an ultracentrifuge was made available for a
limited period. Using this apparatus it was possible to determine whether any

chylomicrons in a non-lipasemic serum would be precipitated using heparin and,cac5.
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This was done in the following way :-

An aliquot of fasting serum was centrifuged in a Spinco Nodel L ultracentrifuge
using a 40.3 rotor at 10,000 r.p.m. (7,000 x g.) for 30 minutes. Under these
conditions chylomicrons from lipaemic serum were found to be removed as judged
by dark-field microscopy. The conditions chosen for ultracentrifugation were
deliberately mild in order to avoid any separation of low density lipoproteins.
After ultracentrifugation any chylomicrons present formed a greasy film at the
surface of the serum. The tube was punctured at the bottom and the clear sub-
natant withdrawn, taking care that the chylomicron film remained in the tube.
The heparin precipitation teshnigue was uased to isolate the /B-Jipoprotein
from an aliquot of the subnatant and from the unaltered parent gerum. Tri-
glyceride was chemically estimated on the two lipid extrmcts and the values
compared. Eleven fasting serea were examined in this way. The values are shown

in Table 6.

1 2 3 4 5 6 1 8 9 10 11

Serum 31.1 | 166.9 | T1.8 | 72.5| 75.2 | 21.5 [30.1 | 92.1 | 32.7| 97.3 |71.5
Subnatant | 35.9 [170.1 | 76.2 | T0.9 | 79.2 | 23.7 |34.8 | 89.T7 | 37.3 [103.8 |68.9

Table 65 The concentration of triglyceride (mg./100 ml. serum) in AB-lipo-
protein isolated by the heparin precipitation technique from fasting
serum and from serum from which the chylomicrons had been removed by
ultracentrifugation (Subnatant).

The data in Table 6 show that within the limits of experimental error,
the triglyceride concentrations agree well for Z-lipoprotein isoclated from

fasting serum and from the same serum with the chylomicrons removed by ultra-

centrifugation. This was true for-/B-lipoprotein triglyoeride concentrations
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ranging from 21.5 to 170.1 mg./100 ml. which almost covers the range found for
subjects included in this study. Several lipaemic sera were also analysed in
fhia way. The triglyceride values were consistently higher in the unaltered .
lipaemic serum, indicating that chylomicrons were precipitated in addition to

/3 ~lipoprotein. This demonstrated that it is only in non-lipsemic gerum that
chylomicrons ere not precipitated with the ﬁ-dipoproteina. All sera analysed
in this study were non-lipaemic. On the basis of the ultracentrifugal data

and the correlation found between the paper electrophoretic and precipitation
techniques for cholestercl and phoaspholipid estimations, (Table 5, Figure 2)

it may be concluded that the /3-lipoprotein triglyceride isolated in this study
was not significantly contaminsated either by oC~lipoprotein or by chylomicrons.

Several authors have compared the method of separation of A-lipoprotein

by precipitation using various sulphated polysaccharides with the methods of
ultracentrifugation (Scanu et al 1958; Oncley et al 1957; Antoniades et al 1958;
Florsheim and Gonzales 1960; Kritchevaky et al 1963), Cohr fractionation (Oncley
et al 1957) and electrophoresis on paper (Oncley et al 1957; Antoniades et al
1958) and on atarch (Oncley et al 1957). They have reported good agreement

for lipid determinations on A -lipoprotein separsted by the precipitation tech-
nique and by the other methods. The A -lipoprotein isolated by precipitation
with sulphated polysaccharides (e.g. heparin) is generally accepted as corres-
ponding closely to the electrophoretically separated /9-11poprotcin, to the
Cohn method fractions I and III° and to the ultracentrifugally separated
fraction of density less than 1.063 and Standard flotation rate 310-400

{Cornwell and Kruger 1961; Pesold et al 1957; Burstein 1961).

vi) Reproducibility of the precipitation technigque.
The /B-lipoprotein from ten aliquots of a serum sample was isolated by

precipitation with heparin and CnClz. The lipids were extracted with 3:l
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ethanolsether and the concentration of free and esterified cholesterol, tri-
glyceride and phospholipid in each extract was determined chemically. The mean
concentration, one standard deviation (S.D.) and coefficient of variation as a

percentage (C.V.%) were caloulated for each component (Table 7).

Pree Esterified
Cholesterol Cholesterol Triglyoceride Phospholipid
Mean 40.7 120.3 65.4 110.6
S.D. 1.5 3.8 2.4 3.5
C.V.% 3.8 3.2 3.6 3.2
Pable 7: The concentration (mg./100 ml.perum) of the free choles-

terol, esterified cholasterol, triglyceride, and phospho-
1ipid as determined on A-lipoprotein isolated from ten
aliquots of a single serum sample.
A high degree of reproducibility was found, the coeffioient of variation
for each component not exceeding 4%. The coefficient of variation for each
component was similar to that found for lipid extracted from total serum

(Table 4) and the results for total serum and @B-lipoprotein can thus be

compared.

{c) EXTRACTION OF LIPID FROM ARTERIAL ATHEROMATOUS PLAQUES

1) Characterigzation of plaque materisl.

Fresh samples of atheromatous artery material were obtained from subjects
who had undergone sorto~iliac endarterectomy.
The degree and distribution of atherosclerosis varies considerably between

individuals and even within the same vessel of one individual. Various authors
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(Hirsoh and Weinhouse 19433 Buck and Rosaiter 1951; BSttcher et al 19583
Smith 1960) have classified the degree of atherosclerosis according to the
pathological appearance of the intimal surfece. BStitcher and his colleagues
(BGttcher et al 1959, 1960b, 1961, 1962) have adopted the following systeam of

classification of lesions, advocated by the World Health Orgenization (1958) i~

Stage O 3 Ko atherosclerotic lesions visible at a magnification
of 10.

Stage 1 t Fatty streaks and/or spots present,
Stage II : Pibrous plaques and/or atheroma present.

Stage 111 : Lesions as above with additional complications, e.g.
ulceration, necrosis, haemorrhage, thrombosis.

Microscopic examination of sections stained with eosinr and haematoxylin and
Verhoef'!s Stain for elastic tissue showed that the material analysed included
the intima and little of the medis of the arterial wall (Figure 3). Prom _
appearance to the naked eye all the intimal materiasl analysed in this study

would correspond to Stage 1I1 as demseribed above.

ii) Extraction of 1ipid.

The fresh sample of atheromatous artery material was rinsed with normal
saline and any adherent blood removed. All atheromatous material visidble to
the naked eye, was dissected from the surrounding tissue excluding as much
media as posaible. The exciaed plague material was cut into small pieces,
transferred to a mortar containing approximately 5 ml. of 3311 ethanoltether and
ground finely with a pestle. The 3:] ethanol:ether extract was transferred to
a test tube and a2 further 5 ml. of extracting solution sdded to the residue in
the mortar. The process of grinding and extraction was repeated five times,
and the extracts combined. The finely ground residue in the mortar was trans-

ferred tc a test tube and further extracted by refluxing for 15 minutes with
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" 20 ml. 3:1 ethanolsether. All extracts wore combined, filtered, and the
fipal volume adjusted to 100 ml. in a volumetric flask.

The completeness of this extraction procedure was examined by further
extracting the residue on the filter paper by refiu;ing in a Soxhlet apparatus
with 30 ml. 3:1 ethanol:ether for orne hour and then with 30 ml. 2:1 chloroform:
nethanol for one hour. Neither the 3:1 ethancl:ether nor the 2;1 chloroforms
mgthanol extract contained any chemicaliy detectable lipid. Complete extraction
of 1lipid was thus effected by the method used. Since it is not possibleto
obtain two segments of plaque material with an identical content of lipids,

recovery of added lipids could not be formally tested.
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III. THE ABALYSIS OF PATTY ACIDS

In order to examine the fatty acid patterns associated with esterified
lipid fractions, viz. cholesterol ester, triglyceride and phospholipid, the
separation of these lipid classes must first be effected. This was performed

by the technique of silicic acid coluan chromatography.

(a) SILICIC ACID COLUMN CHROMATOGRAPHY

Aliquots from total 1lipid extracts of total serum, A-lipoprotein and
plagques, containing 5 - 10 mg. of total lipid were fractionated using the
silicic acid column chromatography method of Macdonald (1962) which is based
on the method of Barron and Hanahan (1958). On the asdvice of Antonis (1961)
the solvent uged for elution of phospholipids was methanol containing 4% water
instead of 20% (v/v) chloroform in methanol used by Macdonald. The presence
of the water ensures the elution of water soluble phospholipids. The elution

system applied is shown in Table 8.

Yolume of
Praction Lipid Eluant eluant
I Cholesteraol 15% (v/v bensene 75 ml.
ester in petroleum ether
(B.Pt. 40 -600¢C)
11 Triglyceride Chloroform 100 ml.

(and di- and mono-glycerides,
non-esterified fatty acids,
free cholesterol).

111 Phospholipid 4% (v/v)distilled 75 ml.
water in methancl

Table 8: The elution system used for separation of lipid
fractions on & silicic acid coluan.
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FPraction 1I, in addition to triglyceride, contains free cholesterol, mono- and
di-glycerides and non-esterified fatty acids (E.E.F.i.) (MacDonald 1962). 1In
fasting serum, mono- and di-glycerides constitute about 10% of the total
glycerides (Eastman and Bronte-Stewart 1962). The fatty acid compositions of
these fractions are similar to that of triglycerides (Young 1964). The concen-~
tration of K.E.F.A. in fasting serum is about 0.05 m Eq/100 ml. (Rothlin and
Bing 1961) which is equivalent to about 14 mg./100 ml. Thus, in fraction II,
between about 10 and 20% of the total fatty acids are derived from the K.E.P.A.
fraction; these non-esterified fatty acids therefore contribute in some measure
to the fatty acid composition of fraction 1I1. The fatty acid composition of
N.E.F.A. is, however, not very different from that of isolated glycerides
(Young 1964). While reference will be made to 'triglyceride' fatty acid com-
position, the complex nature of this fraction must dbe borne in mind. Free
cholesterol does not give a peak unnder the conditions used for fatty acid

analysis by G.L.C. in this study.

1) Separation of fractions.

In order to determine whether any overlap of the esterified fractions
occurred, the definition of the three fractions separated on the silicic acid
colunmn was examined. Using a fraction collector, 5 ml. fractions of the
eluates were collected and the concentrations of esterified cholestercl, tri-
glyceride and phospholipid were determined on aligquots of these fractions as
deacribed in Section I. The results obtained on fractionating an extract of
serum lipid in this way are shown in Pigure 4. Three well-defined peaks
corresponding to esterified cholesterol, triglyceride and phospholipid are

evident. In addition, no overlap of frsctions occurred.
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Figure 4: The separation of lipids by siliciec aecid
c¢olumn chromatography.

There is no overlap of the esterified fractions.



ii) Recovery of lipids.
In order to establish that all the lipid was eluted from the column, the

recovery was examined in the following manner:

The concentrations of eaterified cholesterol, triglyceride and phospholipid
were chemically determined on aliquots of three serum lipid extracts prior to
fractionation on the silicic acid column. Similar chemical determinations
were performed on the appropriate eluates from the columns and the recovery
calculated (Table 9). Aligquots of the three serum lipid extracts examined
contained approximately 5 mg., 7 mg., and 9 mg. of total lipid respectively,

which is within the range of the 1lipid locads applied in this study.

Concentration in Concentration in
Lipia unfractionated eluted fraction Recovery
aliguot
ng. Fraction ng. %
Esterified 1.200 1 1.215 101.3
cholesterol 1.725 1 1.71% 99.4
2.012 I 2.020 100.4
Triglyceride 0.800 11 0.798 99.8
1.264 11 1.287 101.8
1.738 11 1.728 99.4
Phospholipid 2.002 I1I 2.016 100.7
2.333 ' 111 2.317 99.3
3.151 111 3.159 100.3

PTable 93 The percentage recovery of esterified cholesterol,
triglyceride and phospholipid from silicic acid colums.

The data in Table 9 show that the recovery from the silicic acid columns
varied from 99.4 to 101.3% for esterified cholesterol, from 99.4 to 101.8% for

triglyceride and from 99.3 %o 100.7% for the phospholipid. Satisfactory

recovery of lipid from the silicic acid columns was thus achieved.



40.

(b)  METHYLATION

The technique used, based on ; micromethod described by Stoffel et sl
(1959) was performed as follows:

The fraction eluted from the silicic acid column was concentrated by
evaporating the solvent at 40°C under reduced pressure, using a rotary evapo-
rator. The concentrated lipid extract was transferred to a test tube fitted
with a B19 ground glass joint and the final traces of solvent remqved by
evaporation under nitrogen. 4.0 ml. of 5% (v/v) sulphuric acid in superdry
methanol and 0.5 ml. benzene (dried over sodium) were added to the lipid.
The mixture was refluxed in a silicone bath at 110 - 115°C forbtwo hours.
After cooling to room temperature two volumes of distilled water were added
and the methyl esters extracted three times rith 5.0 ml. of potroleum ether
(B.Pt. 40 - 6000). The combined extracts were simultaneously dried and neu-
tralized over a sufficient guantity of 4:1 (w/w) sodium sulphate: sodium bi-
carbonate. The extract containing methyl esters was then_traneferred to a
small gonieal tube and the solvent evaporated at room temperature under a
stream of nitrogen, immediately prior to analysis by G.L.C.

During all the procedures involved in preparing samples for G.L.C.,
great care was exercised to evoid ahy possibility of oxidation'oecnrring.
Samples were not left to stand in a dried condition, but always contained
solvent and air was expelled by nitrogen. All samples not being processed

‘were stored at 4°c under nitrogen.

(e¢) ZTHE TECHNIQUE OF G.L.C.
Analysis of fatty acids was performed using the technique of gaséliqnid

chromatography which was developed by James and Martin in 1952 and modified
by them in 1956.
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i) Apparatus
The apparatus used in this study was the Pye Argon chromatograph which

has been modified to give an uninterrupted gas flow during the loading of a
sample. This apparatus incorporates the Argon beta-ray ionisation detector
developed by Lovelock (1958) and contains a Radium~D source. The detector
signale are amplified by an electronic circuit and recorded by a Sunvio

recorder which responds linearly with mass.

i1) Preparation of stationary (liguid) phase

The stationary (liquid) phase used throughout was the polyester of
ethylene glycol adipate (E.G.A.) prepared according to the method of James
(1959). The E.G.A. was coated on to a solid support, in this instance Chromo-
gorb W, acid washed and size graded to 80 -100 mesh. Twenty percent (w/w)
E.G.A. was coated on to the Chromosord W by dissolving the E.G.A. in an excess
of chloroform, adding the proportional amount of Chromosorb W with thorough mixing
and evaporating the chloroform on & rotary evaporator. The E.G.A.-coated Chromo-
sord W was packed into a glass column which is a standard fitting for the ohro-
matograph used (Column length 4 feet; internal diameter 4 mm; external diameter
6 mm.). The constricted end of the column was plugged with a small quantity of
teased-out glass fibre and the coated Chromogsord W poured into the coiumn and
packed with gentle tapping to a height of about 3 ft. 8 ins. About 1 inch of
uncoated Chromosorb W was packed above this and a plug of glass fibre placed on
top of it. The column was conditioned by "baking"” for 24 - 48 hours at 200°¢
in an auxiliary heating jacket with argon {(gas phase) flowing ﬁnder & pressure
of 20 pounds/square inch. This conditioning process ensures the removal of any
remaining traces of chloroform and also allows any unadsorbed liquid phése to

"bleed"off. Since this "bleeding"” of the stationary phase on iritial heating
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causes temporary base line instability, it is essential that the conditioning
process continues until the base line of the recorder settles to a constant

level before starting an analytical run.

1ii) Operating conditions

The conditioned column was used at an operating temperature of 1e4°c
with an argon pressure of from 10 - 15 lba./sq.in. giving gas flow rates of
40 to 60 ml. per minute. The detector voltage was maintained constant at
1000 volts. The degree of amplification (which is contrclled by means of a
built-in sensitivity switch with a ratie of 1:3:10, corresponding to the
positions X10, X3 and X1 respectively on the instrument panel) was adjusted
according to the time of elution of the components. In general, from the time
of injection to elution of Cl8:2 was recorded on the lowest sensitivity (X10),
from elution of C18:2 to elution of C20:4 on higher sensitivity (X3) sand beyond
elution of C20:4 on the highest sensitivity (X1 ). The speed of the chart in
the recorder was 15 inches per hour. The operating temperature of 1a4°c was
chosen since it is similar to that reported in another study using the same
stationary phase (Farquhar et al 1959). It was thus possible to compare relative
retention times, which proved helpful in the identification of unknown peaks.

The gas pressure was adjusted so as to give good separation between com-
ponents. The detector voltage {1000 V) gave a satisfactory response with a
minimum of base line "noise™., The sensitivity was adjusted to give maximum
peak height which makes for greater accuracy in calculating peak areas. Simi-
larly, it was found that the chart speed used resulted in narrower peaks than
those obtained with a faster chart speed. This was particularly important for

calculation of the long chain fatty acids present in the phospholipid fraction.
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(4) STANDARDISATION AND CALIBRATION OF APPARATUS

- i) Linearity of reaponse

Whilg the detector and amplifier-recoraer systems in the apparatus are

designed to give linearity of response, it is essential to fést whether the
ibnizatian‘éurrent recardéavon the moving chart is directly proportional to
‘the amount of fatty acid methyl ester applied to and eluted from the column
ander the conditions of operatien. CGrtéin mixtures of pnfe:methyl esters of
-fatty.aeids have been devised especially for sssessing this pgrameter'of
apparatus perfprmance1 These standards‘measure the>1inearity.ef'response when
there is a wide variation in peak heights. Before commencing the enalysis and
et frequent intervals during the course of this study standard mixtures were
run on the apparatus to verify that linearity of response was being maintasined.
It was also checked by means of s suitable standard mixture that the calculated
préporﬁions'Of the fatty acid components in the mixture reflect its composition
hy weight. All the above fatty acid methyl ester standards wére obtained from
therﬁetabalism Study Section; National Institute of Health, U.S.A.

The results of repeated analysis of a standard mixture ‘are shown in

Table 10.

% by weight % by GuL.C.

Hean $.D.

€140 11.82 (9) 11.89 ~ {0.35)
€16:0 23.61 (6) 22.96  (0.49) |
€16:1 6.84 (3) 6.85  (0.23)
c18:0 | 13.08 {9) 13.00 {0.42)

£1811 44.62 (3) 45.29 {0.81)

Table 10: The percentage composition of a
standard mixture as given by weight
and determined by 6.L.C. The mean -
and standard deviation for 10 gas
chromatographic analyses are shown.
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The response of the apparatus under the operating condition can thus be
accepted as being linear to the comcentration, by weight, of the fatty acid
'methyl esters. »
_ii)vkesolving power of column |

The efficiency of separation can be determined on fhé Easis‘of the number
of.thebrefical platesbin the columns. Thie is calculated aceefding to the

formula (Farquhar et al 1959): -~

: lG(%%)z where |

n = number of theoretical plates

=
0

_tR = retention time (or distance)

&

base width of component in the same units as tR.

-1ﬁ:thi£fstudy. theorétieal plates were measured at Cl8:0 and the average value
was approximately 1600 theoretical plates, which is soméwhat. lower than the
value of 2000 advocated for maximum éffieiéncy (Farquhar.et al 1959). .However,
it has been suggested that 1t may be more meaningful in evaluating the efficiu ‘
ency ef pelyester calumns, to measure their resolution ef GlexO from 01821 and |
of 01630 from 616=1, ra%her than to calculate only the theoretical plates of
Lthe calumn (Eetabolzsm Study Seetion) Besolution is calculated accerdlng to
the formula (Farquhar et al 1959) 1= | - | o

2%
CQmpenent resolutiOn - " Yo 3 Y5

where A Y = distance between any two peak maxima

 Ya and Yb = base widths of components a and b. S e
A value greater than 1l indicates complete resolution {Metabolism Study Seotion).
The average velue for C18:0/¢18:1 was 1.05 and for C€16:0/C16:1, 1.07, indicating
that satisfactory resolution was obtained (Eigure‘s)@n When the degree'of 1

separation between these peaks fell below 1 the column was replaced.
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Figure 5t A typical chromatogram of a gtandard mixture
of fatty acid methyl esters showing the degree
of separation between components.
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(e) LOADING OP SAMPLE

The fatty acid methyl esters, dissolved in a small volume (I 0.1 ml,)
of petroleum ether (boiling point 40 - 60°c) were contained in a tapered tesat
tube fitted with a BlO ground glass joint. From 0.1 pl. to 0.5 p1., depending
on the concentration of the ssmple, was taken up ?n a Hamilton nigro-syringc

and injected through the silicone rubber gseal at the top of the glass column.

(f£) CALCULATION OF PERCENTAGE COMPOSITION OF FATTY ACIDS

Since the recording system used draws a differential curve, the areas
of the peaks represent the relative proportions of the component fatty acid
methyl esters. Areas under peaks can be measured by planimetry, by cutting out
the curves and weighing the papers, by triangulation, or by automatic inte-
gration. The method of triangulation as described by Farquhar et al (1959)
was applied here. The ares under each peak was calculated (height X width at
half height). The sum of the peak areas was obtained and each component

expressed as a percentage of the total peak areas.

(g) IDENTIFICATION OF FAPTY ACIDS

Identification of fatty acids in G.L.C, is based on the principle that
s particular liquid phase will have specific retentive properties for each
fatty acid methyl eater under given conditions of temperature and pressure.
Factors which determine the degree of retention are the chain length (number
of carbon atoms) of the fatty scid and whether the fatty acid is saturated or
unsaturated. The degree of retention increases with increasing chain length
of the saturated components. When a polar phase such as the polyester of E.G.A.
is used, the methyl esters of unsaturated fatty acids emerge later than those
of saturated fatty acids with the same chain length and increasing unsaturation

causes a progressive increase in retention. In saddition, it has been shown that
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plotting of either log retention volume or log retention volume relative to a
standard ‘substance sgainst the number of carbon atoms in the molecule, gives
& gtraight line for members of an homologous series {James and Martin 1952).
Tﬁiﬁuapplies’talsaturéted»ahd'mongasfdi;;ftri-,fetcu~ﬁhéa€ufatéﬁ’fatty'aefds
of an homologous Séries; Retention volume is obteined by multiplying the flow
rate by the retention time. Since in any run ihe fiew'rateiiﬁlbonstant; the
reteéntion volume is diréctly proportional to.thé'rétentidn-time. The log reten-
tion time4can thus be directly relate&lﬁé‘the'hum5§rwofvearbon’atoms-in the
fmalecule,:’ln.pchti&ef the”fetention time is mensured as the distance from the
point of injection=tc'theiﬁen$re of the relevant peak (Farquhar et al.1§59};
In different runs the absolute retention times will vary with differences in
gas flow rate. However, at a given temperature, the retention times of‘fatfy '
.ééid'ﬁéthyl esters.relative‘iovone andther are constant. Thus the relative
‘retention time c¢an be calculated for each component. This is commonly expressed
&s the retention time of -the component relative to that of €18:0 (stearic-acid)
(Farquhar &t al 1959).
f-Applying‘these*yrincipIES it 1s;possible-t6-identifyléémﬁonents?bj‘:'
- {1) Compaiiéévtheir absolute end relative retention times under certain on-
.f'véitidns.ﬁithbéhose.of pnré'méihyl esters of known fatty acids under the
same conditions. | | - R e i
'(Q)J’?iéﬁtihg log feiéntionAtime'or'log'relativé réﬁéﬁti0ﬁ'fiﬁéﬁag&iﬁst the
| ;‘nnmﬁér of carbon aﬁéﬁﬁ in the molecule for members of an hoﬁoiogoué'sériés.
Identifiéaticnvof the unsaturated componentscan, iﬁ‘aédiiion, be verified byt
(3) ;bfomiﬁaﬁion, and | | | ‘

(4) hydfbgenétiOn'bf the sample of natursl methyl esters..
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i) Bromination

- During bromination, broﬁine is bound at the doudble bonds of the unsatu-
rated fatty acid esters. This increases their molecular weight and they become
virtually non-volatile at the teﬁperature of’opefation (James‘and Martin 1956).
The chromatogram of the brominated sample will thus only show the saturated
ZQOmp§nents_of the original sample. The method used in thiszstudy wés that

deseribed by Farquhar et al (1959).

ydrogenation

is)
- On hydragenating,a sample oflmethyl’esters,'the_uasaturated fatty acid
esters'aré.éonverted to their respective saturated compounds. By comparing
the chromatograms beforé end after hydrogenation it can be esteblished which
compenents*éf'the»@riginal sample were unsatursted. Moreover, the relative
1?¢gegéawin the proportions of saturated components in the hydrbgenatgd“sample
is'heipful in establishing the chain length of the unsaturated components in
the original sample.  Samples of methyl esters were hydrogenatédvaccording to
the method of Farqﬁhar:é% al (1959). |

| In this study it was found that, with the exception of two componenis,
'all the fatty acids present in the cholestérol-ester’ana triglyceride fractions
1were present in*thé phospholipid fraction, which.in:additionkgontainad several
longer chain fatty acids. Identification of the fatty acids in s8ll three lipid &
fractions was, therefere, based prxmarily on the identification of these con-

penents in the phesphalzpid fract:on, using the techuzques mentioned.

(h) APPLICATION OF METHODS FOR IDENTIFICATION OF FATTY ACIDS B

i) Comgarison of ahsolute and relat ye retention times.

The absolute and relative retention times of the fatty acid components ef

the phospholipid fraction have been compared with those of pure fatty acid methyl

esters mixed in known proportions by weight. In addition, the relative retention
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times have been compared with the data of Farquhar et al (1959) who identified
fatty acids separated on E.G.A. polyester at 184.500. The values are shown in
Table 11 and the chromatograms of the standard fatty acid mixture and of the

phospholipid fraotion are shown in Figure 6.

Standard Fatty Acids Phospholipid Fatty Acids Data of fg;g;?ar ot al
Patty Identifi- Identifi-
Acid d__d4/c18:0 | Peak 4 d/Peak 9 cation 4/c1810 cation
C14:0 2.16 0.280 1 2.15 0.279 C1410 0.272 C14:0
2 2.60 0.337 Cl4:1 0.316 C14:1
3 3.00 0.390 €15:0 0.372 €15:0
4 3.52  0.457 ? 0.445 Unknown
€16:0 4.13 0.535 5 4.10 0.532 £1610 0.521 €16:0
€16:1 4.73 0.612 6 4.70 0.610 C16:1 0.590 C16:1
7 5.60 0.727 €1710 0.715 €1710
8 6.40 0.831 ? 0.805 Unknown
€18:0 7.72 1.00 9 7.70 1.00 C18:0 1.00 €18:0
C18:1 8.60 1.11 10 8.55 1.11 c18:1 1.12 cl8:1
€18:2 10.36 1.34 11 10.28 1.34 €18:2 1.35 C1812
12 14.09 1.83 €20:0 1.89 €20:0
13 20.00 2.59 €2110 2.56 €213:0
14 21.56 2.80 £20:3 2.88 €2013
C2014 23.80 3.08 15 23.75 3.08 €2014 3.17 €2014
16 27.10 3.52 ? - -
17 30.09 3.91 €2015 4.08 €2015
18  36.79 4.78 ? - -
€24:0 50.40 6.53 19 50.28 6.53 €2410 - -
20 954.65 7.18 ? - -
21 62.32 8.09 €22:6 8.59 C22:6

Table 11. Comparison of absolute and relative retention times for
fatty acid components in the phospholipid fraction with
those found for standard fatty acids and those given by
Farquhar et al (1959).

4 = absolute retention time measured as distance in cm.

4/C18:0 = relative retention time i.e. retention time (in cm.)
relative to retention time of C18:0.







The date in Table 11 and Figure 6 show that the absolute and relative
retention times of pesks 1,5,6,9,10,11,15 and 19 agree very closely with the
values found for C14:10, C16:0, Cl631, C18:0, C18:1, C18:2, C20:4 and C2410
respectively in the standard mixture and these peaks are thus identified as
shown in Table 1l1.

The relative times shown by Farquhar et al (1959) are comewhat different
from those found here. This may be due to the slight difference in operating
temperature in the two studies. However, on the basis of the fairly olose
similarity in the values for the positively identified C14:0, C1l6:0, Cl6sl,
C18:1, C18:2 and C20:4 fatty ecids, the relative reotention times for peaks
2545%512,13,14,17 and 21 have been matched with those most closely approximating
them in the data of Farquhar et al (1959) and these peaks have been tontatively
identified as shown in Table 1l. Since standards for these components were not

available, they have been identified by the methods described below.

ii) Plotting of log retention time.

The log retention time expressed as the log distance (in ocm.) has been
plotted against the number of carbon atoms in the molecule (Figure 7). It is
apparent from Pigure 7 that the values for the peaks 1,5,9 and 19, identified
as C14:0, C16:0, C1810 and C2410 respectively, fsll on a straight line. 1In
addition, the values for pesks 3,7,12,13,16 end 18 alsoc fall on this straight
line. These peaks thus correspond to the fatty acids C15:0, C17:0, C20:0,
C21:0, C22:0 and C23:0 respectively and have been identified accordingly. The
identification of C15:0, C17:10, C20:0 and C21:0 by this method confirms that
proposed on the basis of comparison with the date of Farquhar et al (1959).

On plotting the distances of peaks 6 and 10, it was found that the values

for peaks 2,4,8 and 20 also fell on this straight line (Pigure 7). Peaks 6 and 10
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Figure T:

Plot of the log distance of the peaks shown

in the chromatogram of serum phospholipid 7
fatty acids (Figure 6) againat the chain length
of the components.

Note that the saturated fatty acids fall onto a

straight line and the mono-unsaturated fatty
acids fall onto a separate straight line.
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have been identified as €16:1 and C18:) respectively. The peaks 2,4,8 and 20
which thus fall on the mono-unsaturated fatty acid line have therefore been
identified as €14:1, €15:1, C17:1 and C24sl respectively. The pdlyunsaturated
fatty acide which have been tentatively identified inc1ude only one trienoie
acid {€C20:9, one pentaenoic acid (GZQzS) and one hexaenoic.acid (Cc2216).
‘There are therefore not sufficient values to plot the lﬁg.retention‘timé

-against carbon chain length for any of these components.

iii) Bromination

?hglchromatOgrama-of natural gpd btomingteQ phosthIipidrfatty:acid_
methyl esters are shown in Figure 8. While the absolute retention times.
differ slightly, due to differences in gas pressure, the relative retention
times are similar since the column temperature remaimed conmstant. It can be
seen that all the fatty acids which were identified in thégnatural-sampie as
being unsaturated are no longer present in: the bromineted sample. Those fatty
acids identified as being seturated are present in dboth samples.. When the
percentage composition of the natural sample is calculated so as to include
only the saturated fatty acids, it shows close agreement with the percentage

composition of the brominated sample (Table 12).

| 1420 | 62520 c16s0| €17:0 | C18:0 | C20:0 [ €22:0 [ €2220 | 2320 | €2420

Natural | 0.78 | 0.43| 59.34] 0.70] 27.05 | 1.60 | 0.30 | 4:35 ] 2.33  3,13

Bromin-| i oL o
ated 0.59 | 0.42| 59.26| 0.80| 27.30 | 1.70 | 0.25 | 4.32| 2.38 ] 2.98|

Table 123 Comparison of the percentage oomposition of a natural
: © - gample {imcluding only saturated fatty acids) with
that of a brominated sample.















53.

small peaks. The close agreement between the theoretical and determined per-
centaeges for C20:0 and C22:0 supports the identification of peaks 14,17 and 21
as C20:3, C20:15 and C22:6 respectively. Since pure standards of these fatty
acids were not available, it was not posasible to establish conclusively the
identity of these peaks.

Using the methods described, all the fatty acids present in the phoapho-
lipid fraction have been identified as shown in Figure 8. Since the column
temperature remained constant at 184°c the fatty acid components of the choles-
terol ester and triglyceride fractions have been identified by comparing their
relative retention times with those found for identified pesks in the phospho-
lipid fraction. In both scholesterol ester and trigiyeeridos, 8 peak with a
relativas retention time of 0.145 was present. This relative retention time
corresponds to that of Cl1210 as determined by plotting log relative retention
time against chain length {FPigure 9). In addition, this peak occurred in both
brominated and hydrogenated samples of cholesterocl esters and triglycerides
and it has therefore been identified as C12:0.

The cholesterol ester fraction contained & peak which disappeared on
bromination and hydrogenstion and had a relative retention time of 1.72. This
value agrees closely with the value of 1.73 given by Farquhar et al (1959) as
the relative retention time of C18:3. This peak has accordingly been identified
as Cl8s3. Identification of the peaks present in the cholesterol ester and

triglyceride fractions is shown in the chromatograms in Figure 10.

(1) REPRODUCIBILITY OF FATTY ACID ANALYSIS

In order to determine the degree of reproducibility of fatty acid esti-
mations by G.L.C., a standard mixture was analysed ten times at random intervals
during the course of the siudy. The percentage of each fatty acid was deter-

mined and the coefficient of variation calculated for each component (Table 14).
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C14:0 C16:0 C16:1 Cl8:0 Cl8:l

Mean 11.89 22.96 6.85 13.00 45,29
S.D. 0.35 0.49 0.23 0.42 0.81
c.V.% 2.94 2.14 3.36 3.23 1.79

Tadble 14: The percentage composition of a standard
fatty acid methyl ester mixture as deter-
mined by ten analyses by G.L.C.
S.D. = One standard deviation
C.V.% = The coefficient of varietion expressed as

s percentage.
These data show that there is a high degree of reproducibility in estimating
the fatty acid composition by G.L.C. The error is greater for the smaller
components and this is probably due to inaccuracies in measuring the areas of
the smaller peaks. It has been reported (Farquhar et al 1959) that on repeated
analysis of a standard fatty acid methyl ester mixture containing foui compo~
nents, the coefficient of variation for any single component was less than 1.5%.
Such a high degree of reproducibility was not achieved here, probably due to
the differences in peak heights of the components. However, since the various
lipid fractions analysed in this study contain numerous fatty acids in widely
differing proportions, the degree of accuracy attained for the standard mixture
is probabdly a fairer reflection of that in actual lipid samples.

The reproducibility of the whole procedure used in determining the fatty
acid composition of each 11pid clasgs has been examined. Six 1.0 ml. aliguots
of a serum sample were extracted as descrided. The extracted lipids were frac-
tionated into the three lipid classes by silicic acid chromatography, methylated

and the methyl esters analysed by G.L.C. The mean percentage, one standard
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deviation (S.D.) and the coefficient of variation expressed as a percentage

(C.V.,%) are shown for each major component (Table 15).

Cholesterol Ester Triglyoceride Phospholipid

Patty
aocid Mean - (S.D.) C.v.% |Mean (S8.D.) C.V.% | Meam (8.D.) C.V.%
C1410 1.0 {0.05) 4.7 2.3 (0.01) 5.0 0.8 {(0.04) 5.0
Cl6:0 | 12,0 (0.45) 3.7 28.0 (0.78) 2.8 32.2  (1.03) 3.2
C16:1 4.8 (0.19). 4.0 5.0 {0.20) 4.1 1.6 (0.08) 4.8
C18:0 1.9 (0.09) 4.5 5.3 {0.20) 3.7 14.6 (0.53) 3.6
c18:1 | 22.1 (0.60) 2.7 40.6 (0.93) 2.3 10.5 (0.37) 3.5
C18:2 | 46.0 (0.83) 1.8 13.7 (0.45) 3.3 18.0 (0.54) 3.0
2034 6.6 (0.30) 4.6 1.2 (0.06) 5.1 8.6 (0.35) 4.1

Table 153 The percentages of the major fatty acids present in the

cholesterol ester, triglyceride and phospholipid fractions,
as determained on six separate aliquots of a serum sample.

The degree of reproducibility is high.

While the coefficient of variation i»

lower for the more abundant components, in no instance does it exceed 5% .

The reproducibility of estimation of smaller components was lower than

that found for the major components.

However, with the exception of certain

longer chain fatty acids present in the phospholipid fraction, these fatty

acids were not used for statistical comparison between groups.

The value

found for the longer chain fatty acids of the phospholipid fraction are shown

in Table 16.

©20:3(?) | 2230 | €2035(?) | €23:0 | C24:0 | C24s1 |C22:6(?)
Mean 2.4 0.7 1.5 0.3 1.0 1.4 2.8
S.D. 0.18 0.08 0.12 0.06 | 0.12]| 0.25 0.41
C.V.% 7.3 11.4 8.3 19.4 |12.3 | 17.7 14.6
Table 16: The percentage of the longer chain fatty acids present

in the phospholipid fraction, as determined on six
separate aliquots of a serum sample.
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The data in Table 16 show that the degree of reproducibility of estimation was
low for these fatty acids. The error incurred is due largely to the inasccuracy
in measuring the areas of these peaks, which because of their relatively small
proportions and long retention times tend to be rather low and wide (Pigure 8).
With the development of temperature programming techniques it is posaible to
decrease the retention times and consequently increase the peak height to width
ratio of these components. The apparatus available for this study does not
allow the appliﬁition of temperature programming techniques. When comparisons
are made between groups of subjects for these fatty acids (Table 16) the low

degree of reproducibility of estimation must be borne in mind.

(3) LIMITATIONS OF THE G.L.C. TECHNIQUE USED

While peaks 10 and 11 have been identified as C18:1 (oleic acid) and
C18:2 (linoleic acid) respectively, certain limitations of this identification
must be mentioned.

Using 2 non-polar stationary phese for separation of fatty acida, Hirsch
et al (1960) have shown that isomers of oleic acid are present in human adipose
tissue. While this is not necessarily so for serum lipids, it is possible that
isomers of cleic acid may be present in serum lipids, particularly in view of
the fact that such isomers are commonly produced by incomplete hydrogenation
of natural oils in the -annfactnro of edible fats. A polar stationary phase
such as E.G.A. does not separate oleic acid from its isomers. Thus, while
reference will be made to Cl8:1 as oleic acid, it must be borne in mind that
the percentages reported may include isomers of Cl8:l.

Peak 11 has been identified as C18:2 (1linoleic acid) since its relative
retention time ig identical to that of a pure methyl linolesate standard, and

also corresponds closely to that given by Farquhar et al (1959) for C18:2
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with the double bonds at the 9 and 12 positions. However, linoleic acid can
theoretically occur in four different forms, vizt: cig-cis, €is-trans, trems-eis
and trans-trans {Deuel 1955a). Thevénly form of lineleic acid whiéh occurs in
»hatnre'is cig-cigs 9-12 octadecadienoic acid. It is possible that industrial
.processesfused‘in,hardening 0ils could give rise te‘one ot‘other of the isomers
be*linoleic.aeid and it has been saggested,(Brante-&tewﬁrt 1958) that consump-
tion of fats such as margarine might result in the presence of these 1sémers
in the serum lipids. o

Since the stationary phasé nged in this study does not ieselve igomers
of oleic acid, it is similarly possible that it dces not separate isomers of
1in01eic acid. It has therefore not been possible to establish that the lino~
leic acid pregsent in the various lipid fractions is in fact natural or gig-ecig
linoleic acid. B8ttcher {1960) has established by means of ozonolytic degra-
dation and infia—reﬂ spectrophotometry that the C18:2 acid in the cholesterol
ester fraction from human stheromatous plaques is 98%‘cis-eis; ‘Althongh this
does not mean that the same holds for serum lipids, it does suggest that
uﬁnatural igomers of linoleic acid are rare. While €18:¢2 will often be referred
‘-':ta as linoleic acid in the text, the ,passivbl;e ilimitatic‘)_ns. of this reference

must be borne in mind.
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SPATISTICAL METHODS
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STATISTICAL METHODS

The following statistical formulae were employed in this study.
Heaﬁx i. = e zx/u - » . - L ] - R 4 L] - & - » - - » 0 [ ) -« L I' ] - hd - (1)

where X = eaéh obgervation and N = number of obaervations

Standard deviation (S.D.) for & variate 1.

’ 2
S"vaazx/ﬂ‘.li.00'0‘..'1000.‘0-..-0"‘000(2)>

: / 2
where 5x% = ZX° - (zx) /X

The difference betiween 2 means was analysed by t-test, t being

caleulated as 3

oa-on.-oonv.no‘(j)

t =

1 1-‘212

(N‘l‘x ‘32) (-”1 + X, - 2)

(!1 + Rz)'

Phe significance of the difference between two means was determined

by reference to standard tables™

for the distribution of t.
Differences were considered to de highly sigrnificant when p < 0.001,
gignificant when p < 0.0l and of probable significance when p < 0.05.

.5, = THNot statistically significant i.e. p > 0.05.

The correlation coefficient between two variates Xam Y were analysed as
H.EXY - ZXZ2Y ,
Vg2 - @02 Vese? - ¢1)2

The significance of 1 was similarly determined by reference to

‘r - - » » L - * » ( 4 )

standard tables T .



Regression lines were calculnted by the mothod of least squares, the

correlations having been assumed to be linear, Y = a + bx.

br x = N OZH - Z'X -EY
2 2
E ozx - (ZX)

-.-00.0-0000‘0(5)

BYx L E! - bozx
-

Po test the variability of repeated analyses the coefficient of

variation (C.V.) was calculated as 3

S.D. x 100
X

C.V. = and expressed as a percentage. . . (6)

Phe standerd error of measurement {(S.E.H.) batweon duplicate

roadings was calculated as

S.BE.H. = —'S""é"'g" oc-oocoonooooo(?)
Vv 2R

where O = difference botween two single tests performed on each sample

N = number of duplicate determinations.

x Pisher,R.A. and Yates,F. Statistical Tables for Biological Agricultural
and Medical Research, 5th Ed. Bevised and Enlarged. 1957. Oliver and
Boyd, London.
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CHAPTER I

THE COMPOSITION OF LIPID IN TOTAL SERUM
AND IN THE SERUM A-LIPOPROTEIN FRACTION

I : PHE QUANTITATIVE COMPOSITION OF LIFID
IN POTAL SERUM AND IN THE SERUM
£ =~LIPOPROTEIN FRACTION.

IIs THE FATTY ACID COMPOSITION OF LIPID IR
P0TAL SERUM AND IN THE SERUM @-LIPO-
PROTEIN FRACTION

III : THE RELATIONSHIP BETWEEN DIEST AND SERUM
LIPIDS '
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1. THE QUANTITATIVE COMPOSITION OF LIPID IN TOTAL SERUM

AXD IN THE SERUM (2 -LIPOPROTEIN FRACTIOR

The concentrations of individual lipid components and of $otal lipid have

been determined in total serum and the serum S-lipoprotein fraction from Bantu,

controls and patients with I.H.D.

Table 17 and Pigures 11 and 12.

The values are presented and compared in

I.H.D.

Bantu (B) Control (C) I.H.D. 1.H.D. c.
V8. V8. Y8.
COMPONENT mg./100 ml. | mg./100 ml. mg./100 ml. c 3 B
Mean (S.D.) | Mean (S.D.) Mean (S.D.) P p P
Total Serum
Potal lipid 476.5 (85.0) | 737.8 (97.7) |845.1 (183.0) Ns <0.001 |<0.001
Total
cholesterol 142.9 (30.1) | 247.9 (33.0) |285.5 ( 62.7) NS €0.001 |<0.001
Esterified
cholesterol 107.0 (22.1) | 178.9 (23.4) |201.7 ( 46.8) NS <0.001 |<0.001
Free
cholesterol 35.9 (8.9) ]| 69.0 (10.4) | 83.7 ( 16.7) <0.02 | <0.001 |<0.001
Priglyceride 72.0 {22.2) | 116.2 (56.9) |160.1 ( 52.0) §S <0.001 {<0.001
Phospholipid |190.0 (28.9) | 253.4 (35.9) |264.3 ( 50.6) RS <0.001 |<0.001
2 =Lipoprotein
Total lipid 266.2 (76.4) | 560.3 (79.4) |679.6 (151.5) <0.05 | <0.001 |<0.001
Total
cholesterol 92.1 (25.9) | 213.1 (26.7) |245.4 ( 56.5) NS <0.001 |<0,001
Esterified
cholesterocl 65.8 (18.1) | 152.0 (19.9) (169.8 ( 39.1) NS <0.001 [<0.001
Free
cholesterol 26.3 ( 8.4) | 61.1 ( 9.2) | 75.6 { 17.9) <0.05 | <0.001 |<0.001
Triglyceride 57.1 (18.9) {106.4 (49.1) |149.0 ( 48.0) <0.05 | <0.001 |<0.001
Phospholipid 73.0 (15.7) |139.1 (18.8) [168.6 ( 38.3) <0.05 | <0.001 |[<0.001
Table 17t The concentration of total lipid and of each lipid component

in total serum and B-lipoprotein in each group.
for each component are compared between the groups.

The values
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" TOTAL ‘
000- SERUM | A LIPOPROTEIN

M./ 160 ml.
(7,]
o}
O
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-  ——

. BANTU D CONTROL ‘ s LH.D.

22777772777,

- Pigure 1lls The concentration of total 1lipid in total serum and in the
' sernz S ~lipoprotein fraction.
Note the graded increase in concentration from Bantu through
controls to patients with I.H.D. in both total serum and
B =<lipoprotein.
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Pigure 12. The oconcentration of each lipid component in total serum
and in the serum A=lipoprotein frastion..
For easch component there is a graded increase in concen-
tration from Bantu through controls to patients with 1.H.D.
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Por both total serum and A-~lipoprotein the concentration of total lipid and
of eaoh lipid component shows an increase from Bantu through controls to
patients. In all instances the mean values for the Bantu group are strikingly
lower than those for either patient or control groups (;)(‘0.00I in all cases).
The concentration of total 1ipid and of the various lipid fractions is genearally
higher for patients than for controls. 1n total serum, only the concentration
of free cholesterol is significantly higher, while in £ -lipoprotein the con-
centrations of total lipid, free cholesterol, triglyceride and phospholipid
are significantly higher for patients than for controls.

In general, for both total serum and le-lipoprotein, the data reveal a
graded relationship bdetween the three groups, with a distinct trend towards an
inorease in the concentration of total 1ipid and of each 1lipid component from

Bantu through controls to patiohts.

i) Total 1lipid.

In total serum the mean values for patients and controls are similar,
but the values for Bantu are markedly lower than for both the other groups.
In P-lipoprotein the concentration of total 1lipid is higher for the patients
than for the controls or Bantu. The concentration of total lipid im B -lipo-
protein thus provides better separation between groups than dooes that in total
serum.

ln total serum the values for controls and patients are comparable with
those reported in the literature (Page et al 19353 Chapin and Proger 1959;
Schrade et al 1960; Hallgren et al 1960; Nelson and Freeman 1960) and those
for controls and Bantu are similar to those previously found for comparables
groups in Cape Town (Bronte-Stewart et al 1955). In A=lipoprotein the values

for patients and controls are similar to those found using an electrophoretic
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staining technique (Chapin and Proger 1959). The values for patients and
Bantu are similar to those found for atherosclerctic subjects and young white
men respectively, using Cohn fractionation for isolation of B-lipoprotein

(B8ttcher and Woodford 1961).

ii) Total cholesterol.

In both total serum and p-lipoprotein the concentration of total choles-
terol increases progressively from Bantu through controls to patients. The
mean values for Bantu are lower than those for the other two groups. While
the mean concentrations are higher for patisnts than for controls, the dif-
ferences are not statistically significant. Thus in both total serum and

;?-lipoprotoin the concentration of total cholesterol does not separate
patients from all healthy subjects.

In total serum and A-~lipoprotein the values for patients and controls
are similar to those reported by other authors (Gertler et al 1950; Albrink
and Man 19593 Carlson 1960a, 1960b; Cohen et al 1960), while those for the
Bantu are similar to the values found previously in Cape Town (Bronte-Stewart

et al 1955).

iii) Esterified and free cholesterol

| In both total serum and A-lipoprotein the mean values for esterified
cholesterol and free cholesterol show trends similar to those found for total
cholesterol (Table 17). Again, the values for Bantu are considerably lower
than for the other two groups. While the concentration of esterified choles-
terol is similar forvpatienta and controls,‘in both total serum and g-lipo-
protein the concentration of free cholesterol is significantly higher for
patients than for either of the other groups. The concentration of free choles~

terol thusg effectively separates the three groups.
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In view of the marked differences in the concentrations of free and

esterified cholesterol in each group, the distribution of total cholesterol

between the free and esterified forms has been examined.

portions are shown in Table 18.

The relative pro-

Bantu (B) |Control (C) 1.H.D. I1.H.D.{I.H.D. c
Fraction [~ vs.C | vs.B vs.B

Mean (S.D.) [Mean (S.D.) [Mean (S.D.) p P P
Egterified Serum 75.0 (2.3 ){712.2 (1.5 )|70.5 (1.9 ) | <0.02 |<0.001 [<0.001
cholesterol s T1.6 (3.6 )|T1.3 (2.5 )|69.2 {1.2 ) | <0.02 |<0.02 NS
Fr?fe Serum 25.0 (2.3 )| 27.8 (1.5 )|29.6 (1.9 ) | <0.02 |<0.001 {<0.001
cholesterol Y-, 28.4 (3.6 )| 28.7 (2.5 )|/30.8 (1.2 )| <0.02 | <0.02 BS
% Serum 3.03 (0.38) 2.61 (0.19)| 2.39 (0.21) | <0.02 | <0.001 |<0.001
yi 2.57 (0.46)[ 2.51 (0.37)| 2.27 (0.14) | <0.05 | <0.05 RS
Table 18: The percentage of total cholesterol present in the esterified

The major proportion of tofal cholesterol is present in the esterified form.

and free forms, and the ratio of esterified to free choles-
terol (E/F) in total serum and B -~lipoprotein (2) from Bantu,
controls and patients with I.H.D,

In

each group, despite the fairly wide variation noted for the absolute concentra-

tiong, the relative proportions of free cholesterol and esterified cholesterol

are rather constant and are similar for total serum and g-lipoprotein.

When the three groups are compared, for total serum the percentage of free

cholesterol shows a graded increase and the percentage of esterified cholesterocl
and the E/F ratio show a graded decrease from Bantu through controls to patients.
These parameters effectively separate each group from the others. In pB-lipo-

protein, the percentage of esterified cholesterol and the E/F ratio are signifi-

cantly lower and the percentage of free cholesterol is significantly higher for
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the patients than for controls or Bantun, and the values for the last two groups
are similar. Thus in both total serus and B -lipoprotein the percentage of
ffec cholesterol is higher and that of esterified cholestercl is lower for the
‘patient- than for the other groups.

It will be recalled that the absolute concentration of free cholesterol
~was higher for patients than for controls or Bantu. These data indicate that
the absolute concentration of free Cholesterol and the relative proportions
of free and esterified cholestercl in both total serum and SB-lipoprotein
.provide better peparation between the groups than does ths concentration of

total cholesterol.

iv) Triglyceride
It can be seen from the data in Table 17 and in Figure 12, that both in

total serum and in A-lipoprotein there is a progressive increase in the con-
centration of triglyceride from Bantw through controls to patients. The mean
levels for the Bantu are much lower than those in both other groups. In total
serum, despite an impressive difference in the mean value between patients and
controls, this difference is not significant, emphasizing the marked degree of
ovirlap between these groups. In A-lipoprotein the mean value is signifi-
cantiy higher for patients than for coantrols and the concentration of tri-
glyceride in g ~lipoprotein provides a better parameter for separating
patients from healthy subjects than does that in total serum.

The mean éorun triglyceride values found in Johsnnesburg (Antonis and
Bersohn 1960 ) for patients with I.E.D., White controls and Bantu, in the
41-50 year age group, are similar to those reported here. The mean values
for patients and sontrols agree with those reported by Carlson (1960a, 1960b)
and by Albrink and Man (1959). The values of Schrade et al (1960) are almost

double those found here and elsewhere. This discrepancy could be due to their
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method of determinntion. Tuey have apparently calculated tﬁg»trigiyceriﬂévas
being the arithmetic difference between total lipid, aeterminé& gravimetrically,
ﬁuﬁ the oum of the other lipid components, determined chemically. In the
prosent afuay it was‘fauﬁd‘that grevimetric determination of total lipid gives
errongously high values {Part I, Chapter 2, Section I). If'this is go for the
total 1ipids deteramined by Schrade et a1, this comld aceaunt far the high tri-
glyeeride values reperted by them. |

For P-lipoprotein the triglyceride concontration for controls is similar
to that found by Hillyard et al {1955) f&r.nérmal:menkin-the'ultracentria
fugally separated fraction of demsity less than 1.063, whith corresponds

elosely to the f-lipoprotein isolated in the present etudy. AQhe‘Values for
_the patients and tﬁe aahtn.are similar to these reported fomyatﬁéréacleratic
men and heclthy young men respectively {(BSttcher and %oodford 1961).

It has bYeon suggested that control groups with a socio-economic backe
grcaﬁ& similar to that of patient‘groaps‘may not form s homogenous population
with rogard to serum triglyceride concentration. Several authors {Albrink end
Han 19593 Carlson 1960sa, 1960b; Antonis and Bersohn 1960) have‘rapnrted a
tendency for a skewed freguency distribution. In the present sindy the groups

are too swall for the sssessment of frequency distribution.

v) b

spholipid.

Comparison of thé concentration of phnsghol;pi& in‘thg ﬁhree groups
shows that the trends im total serum and A-lipoprotein are not the same
_(?able 17, Pigare 12)Q PFor ,G-Aipapfotein the concentrstion incresases from
'ﬁéntu %h:ough ceatrqls to patients, and the menn value for pstients is sig-
n&fidaﬁtiy.higher than that for'aontréls. This parameter thuas geparates the
groups. In total serum, while the value for Bantu is lower, the values for

patients and controls are identical. It is noteworthy that in total serum,
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while the mean cholesterol and triglyceride concentration for patients were

both impressively, though not significantly, higher than those for controls,

the mean phospholipid concentrations are identical in these groups. The mean
phospholipid concentration in the Bantu group is equal to approximately 707 of
that found for patients, while theo cholesterol and triglyceride values for Bantu
are only about 50% of those for patients (Figure 12). The differences between
the groups are thus less marked for serum phospholipid than they are for tri-
glyceride and cholesterol.

For patients and controls the mean serum phospholipid concentrations are
similar to those reported in the literature (Gertler et al 1950; Steiner et al
1952), and the values in B-lipoprotein agree very closely with thogse found for
comparable groups, using a variety of techniques for separation of A-lipo-
protein {Barr et al 1951; Russ et al 19513 Cornwell et al 19613 Cohen et al

19603 Carlson 1960a, 1960b).

vi) The percentage compogition of lipid.

Since differences between the groups are more marked for some lipid
fractions than for others, this suggests that the proportions in which lipid
fractions are present in total serum and A -lipoprotein might be different inm
the three groups. The proportions of individual lipid components expressed as
a percentage of the total lipid, have therefore been calculated and the values

are shown in Table 19 end Figure 13.
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Bantu (B) | controi(e) | I.H.D. I;g:n' I;f:”' vg.
Component % % % ¢, B. B,
Mean (S.D.)| Mean (S.D.)| Mean(S.D.) P P D
Total Serum
ree
g£olesterol 7.5 (0.8) | 9.4 (0.9) 0.0 (0.8) . ] <0.001 <0.001
Cholestercl | 37.4 (2.8) |40.8 (3.9) [39.8 (3.0) | K] <0.0% <0.05
ester
Lriglyceride 15.0 (3.3) |15.5 (6.1) 8.8 (3.7) NS <0.01 ). £
Phospholipid| 40.2 (3.4) [34.4 (2.6) [31.4 (1.5) <0.01 <0.001 <0.001
B-Lipoprotein
Tree
holesterol | 9.7 (1.1) |11.0 (1.2) [11.1 (0.8) RS <0.01 <0.01
Cholesterol | 41.1 (3.9) |45.6 (5.4) [42.2 (3.8) K] ¥s <0,02
ester
|Priglyceride| 21.4 (4.8) |18.5 (6.3) [21.9 (4.8) NS NS . K]
Ehosphoxipid 27.8 (2.6) |24.9 (0.8) |24.8 (1.2) NS <0.01 <0.01

Table 19: The percentage composition of lipid in total serum and in B-lipo-
protein from Bantu, controls and patients with I1.H.D.

It is apparent from the data in Table 19 that for both total serum and AB-~lipo-

protein the percentage composition of lipid is relatively constant in each

group. This conatancy of compositiorn is noteworthy in view of the wide vari-

ation in the absolute concentrations of lipid fractions within each group

(Table 17).

On comparing the percentage composition of 1lipid in
3 ~lipoprotein in each group, it is apparent that, while
cholesterol ester and triglyceride are similar, the total
percentage of free cholesterol and a higher percentage of
/3 ~lipoprotein (Table 19).

When the three groups of subjects are compared, the

sition of 1lipid shows different trends in total serum and

total serum and in

the percentages of

serum has a lower

phospholipid than

percentage compo-

B -lipoprotein and
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Figure 13: The relative proportions of lipids in total serum
and in the serum B-lipoprotein fraction,
Fote the reversal in the trends for phospholipid
which shows & decrease from Bantu through controls
to patients with I.H.D.
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differences between groups are generally more marked in tqtal serum than in
: .ﬂﬂsl'ipo;;ro.t'ein . |

In p-lipoprotein the percentage eompasition of lipid is identical for
;patients:and centrols. Thus despite differences 1n the concentrat;ons of total
lipid, free cholesterol, triglyceride and phospholipid, the relative propor-
:tiona of lipid are similar for these two Eroupg. - The p@reentages of choles~
terol ester and triglyeeride tend to be similar in'all groups;'élihoﬁgh the
‘percentage of cholesterol ester is‘gréatér for the controls than for the Bantu.
The Bantu differ’markédiy:frem the'nﬁher.twe‘groups by having a lower percen-
‘tage of free cholesterol and a higher percentage of phoapholipid.

in totél serum the percentages of free aholesterol7and’choiesteroi ester .
are lower for the Bantu than for'the patien$s and controls, and for these two
groups the values are similar. The percentage of triglyceride is higher for
the patients than for the Bﬁntu, but the walues for the Bahtéland the controls
are similar. These parameters do ﬁot_separate the.thtee groups. In contrast,
the percentage of phospholipid shows a amrikiné graded deéreaée from Bantu
through controls to patieats and thevvalue for esch group differauéignificantly
fram those of the other groups. Thus, while the abaolute ebnéentration of |
phospholipid wgs similar for patients and controls the relative proportion of
phospholipid'is»greater forﬂcontrals,xana the Bantu~whoshave the lowest abgolute
concentration have the highest relative p20por£ion of phosphdliyiﬁ; »The per-
¢entage of phospholtpi& in total serum thus differentiates between patients
and apparently healthy subjects. » -

The decrease in the percentage of phospholipid initotél'Serum,bfrOm-Bantu
through controls to patients is interesting in view of the sugéestion hy.several
authors thét phospholipids may play an important role in thevéﬁébilization and

solubilizaetion of lipids (Ahrens and Kunkel 1949; Ahrens 1950; Dixon 19583
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Wilkens and Krut 1963). These data could suggest that s relative decrease of
phospholipid in relation to other lipids may produce a lesser degree of stadility
of the latter lipids. In view of this and the striking differences in the per-
centage of phospholipid in the serum of the groups in this study, the proportions
of 1lipid relative to one another and particularly in relation to phospholipiad

have been calculated. The various lipid ratios are shown in Table 20 and Pigure 14.

- Bantu (B) | Control (C) I.H.D. I;E:g' I;f:g' vf:B
Mean (S.D.) | Mean (S.D.) | Mean (S.D.) P p P
Total Serum
/g 2.09 (0.53) | 2.48 (0.86) |1.89 (0.54) ] NS ¥S
r/P 0.38 (0.11) | 0.46 (0.23) |[0.60 (0.13) NS <0.001 ) £
nc/P 0.56 (0.07)| 0.71 (0.07) {0.76 (0.07) ] <0.001 <0.001
rc/P 0.19 (0.03) | 0.27 (0.03) {0.31 (0.03) | <0.01 <0.001 <0.001
c/P 0.75 (0.09) | 0.98 (0.09) |1.08 (0.09) | <0.01 <0.001 <0.001
(?c+cn+w)/P 1.51 (0.19) | 1.92 (0.23) |2.19 (0.15) | <0.01 <0.001 <0.001
A £ -Lipoprotein. ,
c/T 1.69 (0.44) | 2.29 (0.74) |1.76 (0.57) £ AS €0.02
!/P ' 0.79 (0.23) | 0.75 (0.27) | 0.89 (0.22) NS - NS NS
Ec/P 0.89 (0.11) | 1.10 (0.12) [1.01 (0.09) XS <0.001 <0.001
rc/P 0.35 (0.06) | 0.45 (0.06) | 0.45 (0.03) NS <0.001 <0.001
c/P 1.25 (0.15) | 1.51 (0.17) {1.46 (0.11) ] <0.001 <0.001
(rc+c1-:+1')/P 2.63 (0.33)| 3.03 (0.13) | 3.04 (0.20) NS <0.001 <0.001

Table 203 Lipid ratios in total serum and -lipoprotein from Bantnu,
controls and patients with I1.H.D.

T = Triglyceride FC = Free Cholestercl
P = Phospholipid CE = Cholesterol Ester
C = Total Cholesterol EC = Egterified Cholesterol
The relative proportions of lipids expressed as lipid ratios, are different

in total serum and A -lipoprotein in each group of subjects and thus reflect the

differences in composition previously noted (Table 19). When the three groups
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of subjects are compared, different trends are found in total serua and in
/3 =lipoprotein.

In pg-lipoprotein the ratios show no grading between the groups. The
ratio of cholesterol to'triglyceride (G/!) is higher for controls than for
Bantu, but otherwise the values for the groups are similar. Despite marked
differences in the concentrations of these lipid fractions (Table 17), the ratio
of triglyceride to phospholipid (T/P) is similar for all groups. The ratios of
free cholesterol to phospholipid (FC/P), of total cholesterol to phospholipid
(C/P) and of 'neutral lipid' to phospholipid (221%22!) are similar for patients
and controls, while the wvalues for Bantu are lower. HNone of these ratios
separate the three gioups.

In total serum tho(}/r, !/P and EG/P ratios show no marked grading between
the groups. The ratio of cholesterol to triglyceride (C/T) is similar for all
groups. The relative proportion of triglyceridé to phospholipid (!/P) is
higher for the patients than for the Bantu, but this is the only difference
between groups. The ratio of esterified cholesterol to phospholipid (EG/P) is
lower for the Bantu than for the patient and control groups where the mean
values are similar. In contrast, the PC/P R C/P and !EI%EII ratios all show
s marked graded increase from Bantu through controls to patients. For these
ratios the mean values for each group are signifiocantly different from those
of the other groups. These parameters thus separate patients from healthy
subjects. Other authors have reported that thc‘e/P ratio is higher in subjeots
with I.H.D. than in healthy subjects (Morrison et al 1950, 1952; Steiner et al
1952).

Por each of these ratios phospholipid forms the denominator. If, 28 has
been suggested, the relative proportion of phospholipid is important in deter-

mining the 'stability' of lipids, one may speculate that the marked increase

PC+CE+?

P ratios reflects progressively decreasing

in the Pe/P. c/P and
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stability of free cholesterol, total cholesterocl and of noutral‘lipid in
general from Bantu through controls to patients with I.H.D.

Whatever the possible implications of these findings, these data indi-
cate that the relative proportions of lipid in total serum provide better

separation between the three groups than does any single lipid parameter.

vii) The relationship between lipid concentrations in
total serum and 3 -lipoprotein.

In many respeets the concentrations of lipid fractions showed similar
trenda in total serum ard in 2 -lipoprotein. It would, therefore, be of
interest to determine what proportion of serum lipid is present in the form
of /3—11poprotein. In addition, the concentrations of totsl lipid, free choles-
tercl ,triglyceride and phospholipid in S -lipoprotein provided separation
between the groups. The question arises as to whether not only the concen-
trations but slso the relative proportions of lipids present in the‘forn of

p -lipoprotein are different in the three groups. In 6rdor>to examine these
pointa, the percentages of total serum lipids present as B -lipoprotein have

been calculated. The values are shown in Table 21 and Pigure 15.

Bantu {B) Control (C) 1.H.D. I.H.D. | 1.H.D. c.
‘ 7 % 7 7 * '.l‘c. j".B. va.n.
Mean (S.D.)| Mean (S.D.)| Mean (S.D.) P p P
Potal 1lipid | 55.5 (6.5) | 76.0 (4.1) | 80.5 (5.9) <0.05 <0.001 | <0.001
Total
cholesterol | 63.8 (7.6) | 86.2 (4.1) | 86.1 (7.7) RS <0.001 <0.001
Esterified
cholesterocl | 61.0 (8.4) | 84.8 (3.8) | 86.2 (8.6) NS <0.001 <0.001
Pree
cholesterol | 72.4 (9.4) | 89.1 (8.9) | 90.1 (8.2) NS <0,001 <0.001
Priglyceride| 79.1 {7.8) | 92.5 (6.2) | 93.2 {4.4) HS <0.001 <0.001
Phospholipid| 38.5 (5.9) | 55.2 (6.6) | 63.6 (5.7) <0.01 <0.001 <0.001
Table 21t 7The percentage of total serum lipid present in the form of A-lipo-

protein.

% =

A=-lipoprotein concentration 5151100 nll

Total serum concentration (mg/100 ml)

x 100
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In all groups the major portion of total 1lipid is carried in B-lipoprotein,
confirming that this fraction is the chief vehicle for the transport of lipid in
serum. In each group the percentages of total cholesterol, free and esterified
choleaterol and triglyceride carried in p =lipoprotein are high, while the per-
centages of phospholipid are considerably lower. These data are in agreement
with ultracentrifugal data showing that low-density lipoproteins carry the
major proportion of serum cholesterol and triglyceride but that serum phospho-~
1ipid is distributed fairly evenly between low density (B) and high density ()
lipoproteins, with a tendency for the high density lipoproteins to carry a
greater proportion of phospholipid (Jones et al 19513 Hillyard et al 1955;

Olson and Vester 1960).

When the values for the three groups are compared, it is seen that for
total lipid and for each lipid fraction, the percventage carried in B -lipo-
protein is very significantly lower for the Bantu than for either of the other
groups. With the exception of the percentages of serum total lipid and phospho~
lipid carried in B ~lipoprotein, the mean values for patients and controls are
similar. The percentage of gerum total 1ipid carried in B -lipoprotein is
probably significantly higher for patisnts than for controls (p < 0.05). It
will be recalled that the concentration of total 1ipid in A-lipoprotein was
higher for patients than controls (Table 17). Thus both the concentration and
the relative proportion of total 1lipid carried in A -lipoprotein are higher
for patients than for either controls or Bantu and both these parameters pro-
vide separation between the groups.

The percentage of phospholipid shows a progressive increase from Bantu
through controls to patients and the mean value for each group is significantly
different from those of the other groupa. This parameter clearly separates
patients from healthy subjects. In Table 19 it was seen that phospholipid

constitutes approximately 25% of the total lipid in f -lipoprotein. The
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_iaérease in the percentage of total serum phospholipid carried in F£~lipoprotein
from Bantu through controls to patients can therefore %e'interpretéa.as reflec-
ting the increase in the absolute concentration Qf ‘ﬂ«lipoprotein 1lipid in
these groups. - | | |
| The percentage of total serum cholestercl carried in:[éaiipeprotein in
the patient group is similar to tﬁé‘valﬁesfrepQrtedlin sevefai étudigs {Barr
et al 19513 Oliver and Boyd 1955; Carlson 1960b; Cohen et al 1960)‘ The value
vfer the control éroupfis.simiiar,to the‘values.repdrtea by’éome-au%hﬁfs.(ﬁronté—
Stewart et al l9§5;lﬁramétj1952§ Gornﬁéll'éﬁfa17196i),'Sut is somewh;t higher
than that found by others (Cohen ot al 1960; Russ et al 1951 Carleon 1960as
Nikkild 1953). The walue for the Bantu group is similar to ‘that previously
féun& in Cape'To%n'(xionte-stewért et 2l 1955). The percentages of total serum
@hospholipid-carried'in,/iblipopratein for the controls and patients agree
very closely with the values caloulated from the data of severallauthors, who
uséd -3 varieiy;o% techﬁiqaesufar separation of ,B-lipoProtein (Barr et al 1951;
Carlson 1960a, 1960b; Cohen et al 19603 Cramer 1962; Cornwell et sl 1961;
Nikkilﬁ 19533 Rué"s et al 1951). Yalﬁes for the percentage of total serum tri-
glyceride £$unﬂ in ,B-lipoprateia,have:not, to our kn@wledge. been reporied.
The data in this and other studies indicate that the ﬁa;or‘portioﬁ of
gérnm,lipid4iavassociated with A~lipoprotein. In order to aéaess whether
variations in the concentration of lipid.in total serum are related ﬁo‘varia
ations in the ,6-1190pro£ein concenfration, the correlation coefficient and
the regression equation have been calculéted for totel lipid and for each

lipid component in all cases studied (Table 22, Fignreg 16 znd 17).



Component r | Regression Egunation
Total lipid 0.9666 <0.001 y = 0.9462x + 212.8
Total ' v : )

cholesterol | 0.9712 <0.001 ¥y = 0.9356x + 53.5

| Free | » s

cholesterol 0.9779 , <0.,001 ¥y = 0.9505x + 11;1
Esterified ’ |

cholesterol | 0.9599 <0.001 § = 0.9217x + 4342
friglyceride | 0.9887 | <0.001 | y = 1.0330x + = 9,05

Phospholipid 0.8853 . <0.001 v

Table 22: The felationship between the concentration of
lipid in total serum and in f3-Iipoprote1n in a1l
subjects (n = 40).
T o Correlation coefficient

y = Concentration in total serum
x = Concentration in pg-lipoprotein

The high degfee of'oﬁrrelatian between the éoncentration.of lipid in total
seram_and that in pA-lipoprotein is most striking (p <.0@061 in each instance).
_yThevcancentrgtion of total 1lipid and each lipid component in total serum is .
thﬁs diféctly related to the coneentration in f3—11peprbtein@ Furthermore
éince‘in every instance the regression line has approximately a 1l:l glope,
these data indicate that any incresee in the concentration of 1lipid inm total

gerun beyond a certain level is due almost entirely to an increase in the con-
centration in A -lipoprotein. This snégests that there is & eeriain maximum
level ofvlipid carried in o -lipoprotein and that any lipid in excess of this
'isvcarried in B =lipoprotein. One may speculate that, regardless-of differences
in total serum lipid comcentrations, the o -lipoprotein lipid concentration
would remain rather constant. .

| Similar observations have been made by other authors. In an inter-raciasl
study, despite great differences in total serum concentration, the KL ~lipoprotein
cholesterol concentration was similar in different racial groﬁps (Bronte~Stewart

et al 1955). Cramer (1962) reported a high degree of correlation between the
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glyceride cohéentration in total gerum and in @B-lipoprotein. The dats of

. Chapin and Proger (1959)vshcw a high degree of correlation between total serum
and P-lipoprotein §hosph01ipid concentrations in the serum of youné,men and
women and patiente with I.H.D. Ha§91 et al (19%5) noted = distinct positive
correlation between the concentration of cholestersl in total serum and in the
uitracentrifugally gepareted frection of density 1.019 - 1,063, This latter
darreiat{on applied only in the case of young males and females and did not
ﬁolﬁ in patients with excessively high serum lipid levels (essential hyper-
1i§id&emia}a_ In the present study, for cholestercl snd for other 1lipid com-
ponents, the correlstions are valid over the whole range of concenirations
obgerved.

viii} The influence of P-livopretein lipid on the
relative proportions of lipids in_ totsl serum.

It will be reczlled from Tsble 19 that on comparing the reletive propor-
fibna of lipid companents in p-lipoprotein, the values for patieﬁts end for
" eontrols weré gimilar, while the Bantu hed a2 lower pfaporti@n of free cholea~
terol and a‘highér propértion of phospholipid {Teble 19). Similarly, for the
lipid ratios in .palipopraiein, there was no greded relationship between the
three groups (Table 20}. 1In é@ntrast, in total serum the percentsge of phos-
pholipid showed a marked graded decreame from Bantu through conirols to
patients (Table 19). This grade& decrease in the percentoge pf phospholipid
was reflected in a grsded increase in the FC/P, C/P, and PC+CE+T/P ratios from .
Bantu through controls to patients (Teble 20). The relative proportions of :
1ipids in total serum thus provided better separation between the groups than
4id those in B -lipoprotein. An explanation for this finding becomes apparent
whén the composition and relative proportion of f3~1igcproteih Iipid is
examined.

In each group of subjects the proporticn of phospholipid is lower in

L8.~lipoprotein than in total serum (Table 19). This indicates that';OCﬁQ
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{high demsity) lipoprotein has s higher proportion of phospholipid than
/9_(10w 6ensity) lipoprotein, which is in sgreement with datas in @thér L
studies (Barr et al. 1951; Havel et al. 1955; Ghapin‘and Proger 1959)3

The percentage of phospholipid in‘total serum is therefore a reflectigﬁ of

the o«C to B ~lipoprotein ra'tiol," The dAata in Table 22 can be regarded as
suggesting that the concentration of o(-lipoprotein lipid is similar in all
groups {see page 76). Any increase in the concentration and relative pro-
portion of B ~lipoprotein lipid would, in that case, produce a decrease in
the percentage of phbsphblipia in total serum. The data in Tables 17 and 21
show that the concentration as well ms the relative proportion of /3~iipo~
protein lipid increased from Bantu through controls to patients. The decrease
in the proportion of phospholipid and the increase in the G/P, FG/P, FC+CE+T/P
ratios in total serum, from Bantu through controls to patients, are thus a
reflection of the increaging concentrations of B -lipoprotein lipld in the
three groups. This finding is in agreement with the observation made by Havel
and Carlson (1962) that an increase in the gserum G/P ratio could be related

to an increase in the concentration of low-density lipoproteins.
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CONCLUSIONS

In every subject and group the major proportion of lipid was carried in
the form of A-lipoprotein.

Beyond a certain minimum level any increase in the totsl serum concen-
tration of each lipid fraction could be ascribed to an increase in the concen-
tration of that component in the A -lipoprotein fraction.

In total serum there was a graded increase from Bantu through controls to
patients in the concentration of each lipid component. While the levels in the
Bantu group were consistently lower than in the other two groups, the difference
between patients and controls was significant only for free cholesterol. In
the B-lipoprotein fraction a graded increase from Bantu through controls to
patients was also evident in the concentration of each lipid component. Here
too, the Bantu group consistently showed levelsg significantly lower thanm in the
other two groups, while the concentration in the controls was significantly
lower than in the patients for the sum of all lipids (total lipid), free choles-
terol, triglyceride and phospholipid. There is thus dbetter separation between
the patients and the controls in the concentration of lipids in the /-lipo-
protein fraction than in the total sgerum.

The concentration of each lipid component was expressed as a percentage of
all the lipids (total lipid). In total serum there was a significant graded
decrease in the percentage of phospholipid from Bantu through controls to
patients. In the B -lipoprotein there were no differences between the patient
and control groups in the relative proportions of the various lipid components.
The Bantu, however, differed from both other groups for a number of parameters.

The sum of all the lipids (total lipid) and the phospholipid present in
B -lipoprotein, expressed as a percentage of the total serum lipids, showed a

significant graded increase from Bantu through controls to patients.
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Ih total serum, the ratios of esterified to free cholestercl, of toﬁal
"cho‘leéterol to phésyholipid,' of free cholesterol to phospholipid and of neutral
1ipid to ph_oépholipid provided good sepéfatien between the three groups. 1In

‘- /2 =lipoprotein the values for these ratios were similai for controls and
patients, while the values for the Bantu differed from those in both the other
-gréups. The differences in the relative proporiions of lipid in relation. to
phospholipid in the total serum could be related to th.e diffelrences in the

concentration of F-lipoprotein lipids in the three groups.
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II. THE FATTY ACID COMPOSITION OF LIPID IN TOTAL SERUM
AND IN THE SERUM A3-LIPOPROTBIN FRACTION

Using the technique of gas-liquid chromatography, the fatty acid compo~.
siﬁionsaf the cholesterol ester, triglyceride and phospholipid fractions have
been determined in total serum and in the A-lipoprotein fraééion-from‘Bantp,
5§aﬁtrolé and patients with 1I.H.D. The regults which are.presented give a
qualitativé and quantitative description of the fatty acids present in these
:fréQ£ith._, A1l fatty acids have been identifie& as described in Part I,
GhﬁpieIYZ, Section 111. The major fatty acids are defined as those fatty
- acids which have been positively identified, which can be estimated with
' a"saiisfac¥ory degree of reproducibility and which, on the average, consti-
tute mo¥e than 1% of the total fatty acids. In each lipid fraction the
percentages of the major fatty acids have been compared statistically bdetween
the groups. In the phosphblipid fraétion certain other fatty acids have

also been compared statistically between the groups.
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The results are shown in Tebles 23 and 2 and in Figure 18.

CHOLESTEROL ESTER FATTY ACID COMPOSITION

BANTU CONTROL I.H.D.
% % %
Fatty
| Acid | Meen (S.D.)  Range |Mean (S.D.) Renge |Mean (S.D.)  Range
C1l2:0 | 0.2 (0.2) tr- 0.5 | 0.3 (0.2) tr~ 0.6 | 0.3 (0.2) tr= 0.5
Clh:0 | 1.0 (0.9) tr- 4.1 0.9 (0.2) 0.6~ 1.2| 0.9 (0.3) tre lo&
Clh:l | O.h (0.3) tr~ 0.8 0.3 (0.2) tr- 0.6 | 0.3 (0.3) tr- 0.7
C15:0 | 0.4 (0.3) tre 1.4 | 0.2 (0.1) tr- Ou& | 0.4 (0.1) tr- 0.6
C15:1 | 0.3 (0.2) tr- 0.6 | 0.2 (0.1) tr- 0.5| 0.2 (0.2) tr- 0.5
C16:0 | 1h4al (2.0) 11.5-19.5|11.8 (1.3)  9.4~13.6| 12.2 {1.9)  8.9~1h.9
1631 | 7.3 (2.3)  f4eb~11le3 | 4e2 (0.6)  3.3= 5.8| kol (2.0) 2.9- 6.1
C17:0 | 0.6 (0.2) tr- 1.1| 0.2 (0.2) tr- 0.7] 0.4 (0.1) tr- 0.6
C17:1 | O.4 (0.3) tr- 0.9| 0.4 (0.2) tr~ 0.7| 0.2 (0.2) tr- 0.6
C18:0 | 2.1 (0.8) 1.2- 3.8 2.0 (0.6) 1oy~ 34| 1o4 (0.5) 0.7- 2.5
C18:1 | 27.7 (3.0) 23.8~34.0( 21.7 (3.6) 15.7-30.5( 18.8 (2.4) 15.2-23.1
C18:2 [ 35.6 (3.9) 30.1-43.0 | 46.8 (4=3) 35.8-52.9 52.2 (5.2) 43.5-63.0
c18:3| 0.5 (0.3) tr- 1.3] 0.8 (0.4) tr~ 1.3| 0.7 (0.7) tr- 2.4
C20:0| 0.8 (0.7) tr- 2.0 0.3 (0.2) tr- 0.8 0.3 (0.3) tr- 1.2
Cc20:3? 1.1 (0.8) tr- 3.0| 0.7 (0.3) tr~ 1.3| 0.7 (0.5) tr- 2.0
c20: 7.5 (1.2) 5.6 9.4 6.9 (1.3) 5.3 8.9| 5.8 (1.6) 40~ 9.0
€20:5?0 0.9 (0.5) tr- 2.4 2.2 (0.8) 1.2~ 41| 1.5 (1.0) 0.6~ 3.8

Table 23: The fatty acid composition of the cholesterol ester

fraction of total serum in Bantu, controls and patients
with IL.HD.

tr = trace amount, i.e, less than 0.5%.

The major fatty acids are underlined.
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BANTU CONTROL I.H.D.
a ;

r_l-?atty i % %

Acid | Meen (S.D.) Range |Meen (S.D.) Range |Mesn (S.D.) Range
C12:0 | 0.2 (0.2) tr- 0.6 | 0.3 (0.2) tr- 0.6 | 0.2 (0.2) tr- 0.5
C1l4:0 | 0.7 (0.4) tr- 2.2| 1.0 (0.1) 0.8-1.1| 0.7 (0.3) tr- 1.3
Cih:l | 0.3 (0.2) tr- 0.5 O (0s3)  tr- 0.6 | 0.4 (0.3) tr- 0.6
€15:0 | 0.3 (0.3) tr- 1.2 | 0.2 (0.1) tr- 0.4 | 0.3 (0.1) tr- 0.6
C15:1 | 0.4 (0.3) tr- 0.5 | 04 (0.2) tr- 0.6 | 0.3 (0.2) tr- 0.5
C16:0 | 13.8 (1.1) 11.8-15.8|12.1 (2.4) 9.5-18.5|12.1 (1.6) 8.7-ls.4
C16:1 | 7.7 (2.1) 5.0%12.6 | 4e2 (046) 3.3 5.1 | kol (1.2) 3.0- 6.0
C17:0 | 0.5 (0.2) tr~ 0.8 0.3 (0.1) tr- 0.5| 0.3 (0.2) tr- 0.7
C17:1 | 0.3 (0.2) tr~ 0.7 ] 0.4 (0.2) tr- 0.8 0.3 (0.1) tr- 0.5
c18:0 | 1.9 (0.6) 1.2- 3.0| 2.2 (1.4) 1.2-6.1| 1.3 (0.3) 0.9~ 1.8
C18:1 | 28.2 (4.0) 23.0~35.1[21.3 (3.3) 15.6-27.1|18.2 (2.1) 147-21.7
€18:2 | 35.7 (heh) 28.2-42.1 |47.0 (5.5) 33.5-54+9 | 52.0 (4.6) 44.1~60.9
C18:3 | 0.5 (0.4) tr- 1.6 | 1.0 (0u4) 0.5- 26| 0.7 (0.7)  tr~ 1.6
€20:0 | 0.5 (0.3) tr- 1.3 | 0.4 (0.2) tre 0.7 | O.4 (0.3) tr- 0.8
€20:3?| 1.0 (0.5) tr~ 2.2 | 0.6 (0.3) 4r- 1.1 | 0.6 (0.3) tr- 0.9
C20:4 | 7.8 (1.5) 5.2-10.0 | 6.5 (1e3) LS~ Buli| 6.3 (103) Lol 9.1
C20:5? | 0.8 (0.4) tr= 1.6 2.1 (1.3) 0.5~ 5.0 1.4 (1.0) tr- 2.9

Table 24: The fatty acid composition of the cholesterol ester

fraction of g-lipoprotein in Bantu, controls and
patients with I.H.D, |

tr = trace amount,

The major fatty ecids are underlined.

i.e. less than 0.5%.
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Figure 18. The fatty acid composition of the cholesterol ester fraction
in total serum (?) and in the serum AS-lipoprotein fraction
{#) in each group.
The values shown are means.
Fote the striking similarity in the fatty acid composition in
total serum and in A -lipoprotein in each group.
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_The dgta in Tables 23 and 24 show that in both total serum and in B-lipo~
protein £he cholesterol ester fraction has a characteristic fatty acid pattern.
in every sample analysed the same fatty acids appeared consistently and,
despite differences between groups, in each group there is a predominance of
unsaturated fétty acids, particularly €16:1, C18:1, C18:2 and £20:4. The
proportion ofvsaturated fatty acidsy; notably C16:0 and 01830, 15 considerably
lower and in all groups the sum of all saturated fatty acidsrseldom'exceeds

20% of the total fatty acids (Table 25).

Bantu -Control 1.H.D,
# % %

Mean (S.D.)| Mean (S.D.) | Mean (S.D.)

Saturated Total [ 19.1 (2.5) 15.5 (1.9) 15-’2 {2.1)
Fatty Acids B 17.7 (1.6)] 16.1 (3.7)| 15.1 (1.7)
Unsaturated | rotal | 80.6 (2.7)| 83.3 (2.0)] 84.1 (2-1)
Fatty Acids B 81.8 (1.7)| 82.6 (3.8)| 84.6 (1.6)

Tablé 25: The percentage of saturated and of unsaturated
fatty acids in the cholesterol ester fraction in
total serum (total) and in B-lipoprotein (B).

This high degree of unsaturation and particularly the high proportion of
polyunsaturated fatty acids is characteristié of the cholesterol ester fatty
acids and distinguisheé them from triglyceride and phospholipid fatty acids.
These findings are in agreemeht with early observations that cholesterol esters

show a high degree of unsaturation (Bloor 1924; Channon and Collison 1929;
Schaible 1932;' Kelsey and Longenecker 1941; Bloor et al 1938).
'In general the loc¢al data are remarkably similar to those found in studies

on human serum using the techniques of alkali isomerization (Bvans et al 19563
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Luddy et al 1958; Wright et al 1959; Kingabury et al 1962a, 1962b; Bjorntorp
et al 1962; Riley and Nunn 1960) and G.L-C. (Tuna et al 1958; Swell et al
1960a, 1960b; Hallgren et al 1960; Schrade et al 1961; Lawrie et al 1961)

for analysis of fatty acids.

i) Comparison between total serum and A-lipoprotein
The dats in Tables 23 and 24 and Pigure 18 ghow that the same fatiy

acids appear consistently in total serum and in Fklipoprotein. Farthermore,
in each group of subjects the proporiion of each fatty acid is remarkabdbly
similar in total serum and in S-lipoprotein. Thig similarity was particu-
larly marked when comparing the fatty acid patterns for each serum sample.

The remarkable similarity between total serum and pP-lipoprotein suggests

that the o(-lipoprotein fatiy acid pattern is very similar to that of AB-lipo-
protein. This has been shown to be true for lipoproteins separated by Cohn
fractionation (BSttcher and Woodford 1961) and by ultracentrifugation (Green

et al 1960; Lindgrenm et al 1961; Cornwell et al 1962).

1i) Comparison between groups
Despite the general picture of a characteristic fatty acid pattern for

cholesterol esters, differences are present between the three groups. The
major fatty acids, viz. C16:0, C16:1, C18:0, C1l81l1, C18:2 and C20:4 together

account for more than 95% of the total fatty acids (Table 26).

Bantu fontrol I.H.D.

| Mean (S.D.) | Mean (S.D.) | Mean (S.D.)

Total serum 95.2 (1.9)] 95.6 (0.8) |96.2 (1.2)
B-lipoprotein 95.9 (1.0)] 95.4 (1.2) |96.7 {(1.3)

Table 26: The percentage of the total fatty acids ropfe-
sented by the sum of the six major components.
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The percentages of each of these fatty acids are compared between the

groups in Table 27 and Figure 19.

Bantu (B) | Comtrol (C) 1.H.D. I.H.D.| I.H.D. ¢
% ‘ % | 'Soc VS.B Vﬂo'
Fatty p p P
Acid |Fraction Mean {S.D.) | Mean (S.D.) | Mean (S.D.)
€16:0 | Total | 14.1 22.0; 11.8 21.3; 12.2 1.93 ES <0.02 <0.01
B 13.8 (1.1)|12.1 (2.4)] 12.1 (1.6 §S <0.01 <0.0%
16311 | Potal 7.3 §2.3g 4.2 20.6; 4.4 21.0; §S <0.001 | <0.001
B 7.7 (2.1 4.2 (0.6 4.4 (1.2 . £ <0.001 | <0.001
C18:0 | Total 2.1 é°°8§ 2.0 éo.sg 1.4 éo.sg <0.02 | <0.02 ES
B 1.9 {0.6 2.2 (1.4 1.3 (0.3 <0.05 | <v.01 NS
C18:1 | Potal | 27.7 {3.0; 21.7 {5.6; 18.8 §2.4§ <0.05 | <0.001 | <0.001
B 28.2 (4.0)| 21.3 (3.3)| 18.2 (2.1 <0.02 | <0.001 | <0.001
€18:2 | Total | 35.6 {3.9; 46.8 §4.3g 52.2 25.23 <0.01 | <0.001 | <0.001
B 35.7 (4.4)| 41.0 (5.5)| 52.0 (4.6 .01 | <0.001 | <0.001
02014 | TPotal 7.5 §1.2§ 6.9 (1.3)!| 5.8 %1.6) Bs <0.01 RS
B T.8 (1.5 6.5 (1.3)| 6.3 (1.3) NS <0.02 <0.05

Table 273 Comparison of the percentages of the major fatity acida of
the cholesterol ester fraction in total serum (total) and
A-lipoprotein {B) in Bantu, controls and patients with
I.H5.D.

The perceantages of C16:0, C16:1 and C20:4 are significantly higher for
the Bantu than for both the other groups, but the values for patients and
controls are similar. Although the percentage of C18:0 is lower for patients
than for controls or Bantu, there is no grading between the groups. In con-
trast there is a graded decrease in the percentage of Cl8:1 and a graded
increase in the percentage of C18:2 from Bantu through controls to patients.
For both these fatty acids the value for each group differs from those of the

other groups.
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The percentages of the major fatiy acids in the cholesterol
ester fraction. ' ' |
Rote the reciprocal relationship detween the percentages of
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Bantu group. '
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fThese data suggested that an increase in linoleic acid (C18:2) may be

associated with s decrease in oleic acid (C18:1).

This has been examined in

the three groups by calculation of the correlation coeffioient (Table 28,

Figure 20).
Comparison | Fraction Bantu Contrel 1.H.D.
r P r P r P
€18:1 Potal -0.T142 <0.01 -0.9391 <0.001 | -0.9209 <0.001
v
©18:2 g -0.9014 <0.001 -0,.7808 <0.01 -0.8249 <0.001
1611 Total -0.T13%9 <0.01 -0.6547 <0.02 ~-0.6054 <0.05
v
€18:2 B -0.8039 <0.001 -0.593%0 £0.0% ~-0.6281 <0.05
£20:4 Total 0.2856 RS 0.1997 BS 0.4040 5
v
Cl18:2 B 0.4435 HS 0.3842 NS 0.5174 s
€16:0 Total =-0.0037 . £ ~0.2825 . £] -0.5602 i3
v
€1812 B «-0.1140 NS -0.6085 B3 -0.4503 &)
€180 Total 0.0958 ¥s -0.1506 NS 0;3919 RS
v ,
Cle:2 B 0.3927 NS =-0.5847 . 1 0.0943 £
Table 28: The relationship betwsen C18:2 and C1831, €16:1, C¢20:4,

€16:0 and C18:0 respectively.
Correlation coefficient.

r =

It is apparent that there is a atriking negative correlation between

C18:2 and C18:1 in each group of subjects.

However, since they are exprsssed

as a percentage of the total, the proportions of all the fatty acidas must be

dependent on each other.

In othexr words, if there is an increass in one

fatty acid, one should expect that this would, arithmetically, give rise to
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a decrease in the others. If, however, there is a preferential decrease in
certain fatty acids, one would expect to find a more marked negative corre-
lation for such fatty acids.

In order to examine whether the negative correlation between C18:2 and
Cl8:]1 is a true phenomenon or due merely to arithmetic, the correlation co-
efficients have been calculated detween ClB:2 and the four other major fattiy
acids (Table 28). The data in Table 28 show that there is no correlation in
any group between the percentage of C18:2 and that of C1610, 01836 or C2034
respectively. This suggests that any negative correlation is probably not
due only to arithmetic. In addition to the negative correlation between (1832
and C18:1 there is, however, a marked negative correlation in each group
betveen the percentage of C18:2 and C16:1 (Figure 21). It appears that a
decrsase in the proportion of ClB:2 is related to a selective increase in the
proportions of C18:1 and C161l.

It is tempting to offer some explanation for this odservation. One might
speculate that this reciproocal relationship between the proportions of C18:2
and both C18:I and Cl6:1 reflects an attempt on the part of the organism to
maintain the optimal degree of fluidity of cholesterol esters. There 1s evi-
dence to show that in plants and animals the fatty acid pattern is influenced
iy snvironmental temperature (Dean and Hilditch 1933; Henrigues and Hansen 1901j;
Cuthbertson and Tompsett 19}}). Thus 0il obtained from fish in tropical waters
tends to be more saturated tham that from fish in cold waters (Lovern 1935).
Similarly, sanflower seed 0il obtained from plants grown in cold climates
yields a higher percentage of Cl8:2 than that obtained from plants in warmer
olimates (Deuel 1955a). It would seem that these plants and animal organisms
attempt to maintain the degree of fluidity of their component esters at an
optimal level by balancing the proportion of saturated and unsaturated fatty

acids in response to envirommental temperaturs.
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In humans, bdody temperaturs is 3703. Cholesterol palmitate (melting
point 81°C) and cholesterol stearate (melting point 80°C) are solids at body
temperature, while the two cholesterol esters which liguefy at temperatures
approaching that of the human body are cholesterol iincleate (melting point
 43°C) and cholesterol oleate (melting point 49°C) (Cook 1958). The last two
esters are the most abundant in the cholesterol ester fraction of serum. It
would seem, therefore, that the human body may also attempt to regulate the’
degree of fluidity of ite cholesterol esters. However, since the human body
:dpés not appear to be adle to synthesise Cl18:2 {(Lipsky et al 1957), the amount
of linoleic acid available is dependent on the dietary factors. Both Cl8:l
and C16:1 (no melting point appears to have been determined for Cl6:1 dut on
the basis of its chain length it prodbadbly has a melting point lower than that
of C18:1l) can be synthesized (Mead 1958). It is possible, therefore, that
gsince the smount of C18:2 is the limiting factor, the body may compensate for
an unfavourable cholesterol ester fatty acid composition by synthesising more
or less C18:1 and Cl16:11 according to the amount of C18:2 available.

The reciprocal relationship observed between C18:12 and €18:1 and C18:2
and C1611 may therefore de related to differences in diet in the three groups.
This is in keeping with similar negative correlations between C1l8:2 and both
C18¢1 and C16:1 noted in the depot fat of malee and females drawn from White
and Bantu populations similar to those sampled here (Krmt 1961).

The relationship between dist and serum fatty acid patterns will be

discussed in Seetion IlI.

11i) The relationship between the percentage of 1832
and the concentration of cholesterol

In discussing the increase in the percentage of Cl8:2 from Bantu through
controls to patients, the possible role of CiB8:22 in the transport of choles-

terol must be considered. There is evidence to show that conditions which
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cause an increase in serum cholesterol level create an increased demand for
essential fatty acids, chiefly linoleic acid (Holman and Peifer 1955; Peifer
and Holman 1956; Holman 1960). On the basis of human and animal studies,
several authors (Alfin-Slater et al 1954; Deusel 1955b; Peifer and Holmanm 1956;
Ases-Jprgensen 1961) have found support for the concept that easential fatty
acids, chiefly linoleic acid, are required for the normel transport of choles-
terol. 1In addition it has been postulated from experimental evidence in
animals and man that ocholestercl is removed from the plasma more easily if it
is in the form of cholestercl linoleate (Boyd 1963). It would, on the basis
of the above evidence, bs reasonable to anticipate that, provided there is no
limitation in the availability of linoleic acid in the diet, an increase in
serum cholesterol level would d»s associated with an inoresse ia the percentage
of C18:2 in the cholesterol ester fraction. The relationship betwesen the per-
centage of C18:2 and the concentration of esterified cholesterol provides

correlative evidence in favour of this concept (Table 29, Figure 22).

Bantu Control I.B.D. All groups

r P r P b P T P

% €1832 Total [0.5301 <0.05|0.4297 NS | 0.5504 NS | 0.7845 <0.001
vs
Esterified g 0.3496 A3 | 0.5655 XS |0.5390 WS |0.7984 <0.00}
cholesterol |-

Table 29: The relationship between the percentage of £18:2 and
the concentration of esterified cholesterol in total
serum and AS-lipoprotein.
It can be seen that although there is no significant correlation inm the
control or patient groups, and a low degree of correlation for the Bantu,when

the values for all subdbjects are considered there is a significant positive

correlation between the persentage of Cl8:2 and the concentration of esterified
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cholesterol. ‘This suggests that where differences in éholesteral concentration
are great, the increase in the concentration of eholestercl is associated with
' an increase in the pereentage of C18:2.

. This suggestion is partly supported by the data of Scott et al (1963)
They found that Bew Yorkers with s mean serum choleaterol level of 212 mg.%
had a mean\linoleic acid percentage of 57.5%:in the eheles$erol estarrfraetton,
. whereas poor East Africans with a mean seruﬁ-eheiaster01 1§ve1 of 153 mg.% had
v»a méani1in01eiu acid percentage of 41.0.',Eowewer, in contradistinction té this
théy found that,despite similar cholesterecl concentrations in Hew Yorkers and
fupper c¢lass Bast Africans (212 mg. % and 211 mg.% respectively), the percentage
_ of C18:2 was oensiderably lower in the upper elass East Africans than in the
New Yorkers {57.5%). Also, despite marked differ@ncas-in‘aernm.ehalesteral
concentration betﬁe@n pocor and upper class East Africana’(iS? mg-% and 211 mg.%
respectively) the mean levels of linoleic acid, 41. 0% and 42 2%, were remarkably
similar in these two groups. They suggested that these findings may reflect
diffarences in the diet of the groups, in that the hzgher cholesterol 1ino-
1eate.va1ne for YNew Yorkers may simply be in response to higher amounts of this
fétﬁy geid in the American dies. ‘Their findings could thexefore'be'regardea.as
iilus%rating‘the 1imi£atians imposed by the dietary Ieﬁel_@f linoleate in
ﬂatermining the proportions of {1812 available for esterification with choles~
térol. They did not, however, give any dietary data.

Fairhurst and Waterhouse {1963) showed a dirée¢~reigfiéaship‘hetween
changes in cholesterol esier concentration and changes in ¢holesterol iinolaate.
 Popjak (1946) noted en increase in the Iodine ?éiue of the non-phospholipid
fraction associated with an incresse in the serum cholesterol concentration
in rabbits. Contrary to these findings, an inverse relationship between the
pgrﬁentége~ef C18s2 invthﬁ-cho;Esterol gster fraction and;ike concentration of

- serum cholesterol has been found by Swell et al {1960b), who compared these
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parameters in children and older people, both White and Negro. They also did
not report any dietary data. In a metabolism ward study we have noted (Xrut
and Young, unpublished observations) that feeding sunflower seed oil causes
& decrease in serum cholesterol concentration with a concurrent increase in
the proportion of linoleic acid in the cholesterol eater fractiorn. PFeeding of
butter causes an increase in serum cholesterol concentration and a decrease in
the proportion of linoleic acid in the cholestercl ester fraction.

It would seem, therefore, that the relationship betwsen the percentage
of Cl18:2 in the cholesterol ester fraction and the serum cholesterol concen-

tration is complex and may be influenced by several factors.

iv) Assessment of E.P.A. deficienoy
The increase in the percentage of linoleic scid (C18:2) from Bantau

through controls to patisnts has been stressed. It will be recalled that the
mean level of arachidonio acid {C20:4) was lower for the patients than for
either the controls or the Bantu (Table 27, Figure 19). While it is possible
that the decreased proportion of C2034 in the patient grounp may reflect a
relative deficiency of E.F.A., in view of the high level of linoleic acid

found for patients, this is highly improbable. The absence of grading for the
percentage of C20:4 in the three groups is noteworthy in view of the very marked
grading evident for C18:2, which has been shown to be the metabolic precursor
of C20:4 (Mead 1960). The lower percentage of C20:4 for the patient group,
which had the highest percentags of C18:2, could suggest that there may be some
fault in the mechanism for converting Cl18:2 to €20:14. Another possibility is
that in the patient group, more C18:12 may be converted to C20:4, dut the meta-
bolism and degradation of C20:4 may bde greater than in the other groups.

Yhere is no evidence to support these suggestions which must therefore remain

speculative.
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It has been suggested that the minimum requirement of E.F.A. has bLeen
satisfied when the value for the ratio of trienoic to tetraenoic fatty acids
is less than 0.4 (Holman 1960a). In the present study this ratie has been
galoulated as C18:3 + 02033/62014. While both Cl8:3 and C203:4 have been
positively identified, C20:3 ocould not be identified with adbsolute certainty.
For the calculation of this ratio it has been assumed that the fatty acid
tentatively identified as C20:313 is in fact this fatty acid. The mean values
for the triemoic : tetraenoic fatty acid ratio in the Bantu, control and patient
groups respectively are 0.22 (¥ 0.13), 0.22 (¥ 0.07) and 0.21 (¥ 0.07) in total
gerum and 0.20 (I 0.07), 0.24 (% 0.13) and 0.21 (¥ 0.15) in B-lipoprotein.
These values are similar in the three groups and are considerably lower than
0.4. Using this parameter there is no evidence of E.F.A. deficiency in any

group.

v) Comparison with other data

The data of other authors provides conflicting views on the proportions
of Cl8¢t2 and C20:4 in the cholesterol aster fatty acids of different groups of
people. Lewis (1958) reported that the percentage of dienes was lower for
subjects with I.H.D. than for either healthy White subjects or Bantu, and the
percentage of tetraenes showed a graded decrease from Bantu through White
subjects to patients. Kingsbury et al (1962a) found that the percentages of
C18:2 and C20:4 were lower and the triemcic : tetraenoic acid ratio was higher
in the serum of atherosclerotic subjects when compared with that of controls.
Similar findings were reported by Schrade et al (1961a).

In contrast to these findings other authors found no difference in the
proportions of C18:12 and C203:4 when comparing patients with I.H.D. &snd controls
(James et al 1957; Caren and Sorbo 1958; Smith 1962). Similarly Scott et al (1963)

reported that New Yorkers had a higher percentage of C18:2 in the cholesterol
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ester fraction than did poor East Africans, who have a lower susceptibility
to I.H.D. than the New Yorkers. The inconsistency of the findings in various
- studies suggests that the differences between groups may reflect other
influences, such as that of the diet, and that these parameters have no
relatié%Ship to differences in susceptibility to I.H.D. is reflected by the

data in the present study.
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(v) TRIGLYCERIDE FATTY ACID COMPOSITION
The results are shown in Tables 30
and 31 and in Figure 23.
BANTU CONTROL i.E.D,

| % % %

__Z:ﬁy Mean (S,D,)  Range |Mean (S.D.) Range |Mean (S.D.) _ Range
C12:0 0.3 (0.2) tr- 0.6 0.2 (0.1) tr- 0.5| 0.3 (0.2) tr- 0.7
C14:0 2.2 (0.5) Lok~ 3.0| 2.1 (0.6) Lok~ 3.2 | 3.2 (L5) 1.3 5.2
Clh:1 0.2 (0.1) tr- 0.6| 0.3 (0.1) tr- 0.7 0.3 (0.2) tr- 0.6
C15:0 | 0.6 (0.3) +4r- 1l.2| 1.0 (0.5) tr- 1.7 | 0.6 (0.2) tr- 0.9
C15:1 | 0.3 (0.2) 4r- 0.5| O (0.3) tr- 0.7 | 0.3 (0.2)  tr- 0.6
€16:0 | 28.5 {2.9) 23.1-32.8 [28.4 (3.9) 22.7-35.8 |28.9 (2.5) 2heis~32.2
C16:1 | 7.2 (1e3) 5.9-10.2 | 4.9 (0.9) 2.9- 6.5 | 6.1 (1L.1) 4.6- 8.1
€17:0 0.8 (0.3) tr- 1.3 | 0.8 (0.3) tr- 1.3 | 0.7 (0.2) tr- 1.1
C17:1 | 0.5 (0.2) tr- 1.0 | 0.5 (0.2) tr- 0.8 | 0.4 (0.1) tr- 0.6
€18:0 6.7 (1e6) 14.0-10.9| 5.7 (1.2) 3e7= 7.5 | 5.1 (1.5) 3.6~ 9.1
€18:1 | 39.5 (4.8) 30.7-46.7 | 404 (3.1) 35.9-44.6 | 35.8 (3.6) 29.0-4h.1
€18:2 | 10.1 (2.6) 5.6-140 | 134 (4e0) 5.9-21.0 [15.3 (5.6) 8.0-243
€20:0 | 0.7 (0.2)  tr- 1.1 | 1.1 (0.4) 0.5~ L.7| 0.8 (0.3)  tr- L.k
c20: | 2.1 (1.1)  1.0- 41| 1.3 (0.4) 0.6~ 1.7 | 1.4 (0.5) 0.8 2.5

Table 30: The fatty acid composition of the triglyceride fraction |
of total serum 4n Bantu, controls and in patients with

IOHID.

tr = trace amount,

i.e. less than 0.5%.

The major fatty acids are underlined.




A N S S |
Acid | Mean (s.n.) __ Range |Meon (S.D.) _ Renge |Mesn (S.D.) Range .
€12:0 | 0.3 (0,2) #r-0.5| 0.2 (0.1) . tr 0:6| 0.2 (0.1)  tr- 06
CL20 | 17 (6.6) 0.8 2.9| 2.2 (0.2) 06~ 32| 2.9 (L) 1.2- 5.3
Clsl | 0.2 (0.1) tre 0.6 | 0.3 (0:1)  trw 0.6| 0.3 (0.2) . tr- 0.7
C15:0 | 0.5.(0.2) . tr- 0s9 | L2 (0.6)  &r= 2.2| 0.6 (0.2)  tr= 0:9
€15:1 | 0.2 (0.1)  tre 0.6 | 0.3 (0.2)  tr- 0.7| 0.k (0.2)  tr- 0.6
©16:0 | 28k (301) 2303-35.8 | 26.7 (3.7) 21.2-35.6| 2902 (3.3) 2he0=3le?
C16:1 | 70 (.7) 4eB-11k| 5.3 (1.2)  3.6- 6.9| 6ub (1.1) Bl B3
€17:0 | 0.8 (0.3) tr- 1.1| 0.9 (0.3) tr- 16| 0.8 (0.4) tr- L.7
C17:1 | 0.6 (0.1) tre 0.8| 0.5 (0.2)  tre 1.0| 0t (0.2)  tr= 0.7
C18:0 | 5.6 (Le3) 3.8~ Bk | 5.6 (L&) 3.8 8.6| 5.0 (1.2) 3k~ 7ok
C18:1 | 40,9 (4e2) 35:5-47.6 | 39.8 (3.0) 3he7-86.3| 35.1 {(3eh) 30.7-bhse2
C18:2 | 105 (3.3) 47-15.6 |Lhe5 (4e9) 6.7-2Lk|15.7 (5.1) 9.0-2%2
©20:0 0.7 (03)  tr= 17| L1 (0.2) 0.8~ 1.5 0.8 (0.2) tr- 1.2
£203h | 2.1 (0.8) 1.1~ 3.9 | 15 (0.6) 0.8« 2.5| 1.4 (0.4) 0i9= 2.3

Tsble 31: The fatty acid composition of the triglyceride fraction of
,Golipaprotei.n in Bantu, controls and in patients w:.th I.H.D.

tr = trace amlmt, i.e. less than 0.5%.
The major fatty acids are underlined.

The data in Tebles 30 and 31 show clearly that there is a characteristic fatty
anid pattern for the triglyceride fraction in both total serum ond A-lipoprotein.
| In gll sanples anslysed, the same .ratéay soids éppeare:i consifétently,» dlthough zome
were present .inA trace amounts only. While differences are gpparent between the .
groups, in every subject fmm each group the most sbundant fatty ecids are C16:0
and 018.1. Other fatty ac:u}s preseni; in relative]gr large proport:u.ons are 016.1,
C18:0 and 018, 2. Palmitic acid and o.'beie ucid are camnly founéi in a?mm&mce
in many plant and animal trzglyceﬂdes» and palmtelem, stearic and linocleic
-ac¢ids are likcwige present i.n man;y natural tr:.glycerides (Hild.itch 1956). | The ‘
fatty acids of human serum triglyceride are ‘l:lms not unlike those found in other
naturally occurring triglycemdes.



. 964"

T TA Tp T TP Top 'rpn'rp 'r;"rp TA Tp Tp Tp
40 .
30
% 20-
10 . . .
e . ll —— - I. II - am
40 . -
.w- I
O ‘
‘o- DU
—_— 00 e 2O - DD - - DD oo ao
aw0q
. NN
01 Q ss
\ W
9 \
Jo 21 N\ N
N . NN R
10 4 s . §s \
J__ 8 e == —- NE - e S§ oo o0
SO CWUO Cui €O CiBt CWO CHI CPO CMM CBO Cist ClB2 C200 €204
.omw []eoum vum
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Note the striking similarity in the fa,tty acid composi-
tion in total sermn and in A-lipoprotein in each group.

in total serum (%) and -B-lipoprotein {A)in each group.
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The proportion of saturated fatty acids is lower than that of unsatu-
rated fatty acids, of which the mono-unsatnrated fatty acids constitute the

major portion (Table 32).

BANTU CONTROL 1.H.D.
% % %
Praction | Mean (S5.D.) | Mean (S.D.) | Mean (S.D.)
Saturated Potal 38.7 {(3.2)| 38.1 (4.2) ] 39.1 (5.1)
Fatty Acids B 37.2 (3.3)| 36.7 (4.3)] 39.0 (5.3)
Unsaturated | Total 59.8 (3.4)] 61.2 (4.3)| 60.1 (5.5)
Patty Acids B 61.5 (3.3)| 62.3 (4.7) | 60.0 (5.5)
l:no-t Total 46.6 (5.3)| 45.3 (2.8)| 41.9 (3.5)
unsaturated
fatty scids B 47.9 (4.3)| 45.2 (2.7)| 41.5 (3.2)
Poly- Total 13.2 (3.3)| 16.0 (4.5) | 18.2 (5.7)
unsaturated
fatty scids B 13.5 (3.8)| 17.2 (4.5) | 18.6 (5.4)
Table 32: The percentage of saturated, unsaturated, mono-

unsaturated and poly-unsaturated fatty acids in the
triglyceride fraction in total serum (Total) and
pB-lipoprotein (B).

This high content of mono-unsaturated fatty acids is characteristic of
the triglyceride fraction and distinguishes it from the cholesterol esters
and the phospholipids (Sections (a) and (¢)). In general, the local data
are remarkably similar to those obtained by other authors who analysed the
triglyceride fatty acids by alkali isomerization (Luddy et al 1958; Schrade
et al 19593 Bjorntorp 1960) and G.L.C. (Lawrie et al 19613 Schrade et al

1961a, 1961b; Hallgren et sl 1960; Lindgren et al 1961).
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i) Comparison between total serum end 3-lipoprotein

There is again a striking similarity between the fatty acid patterns of
total serum and /9-11poprotain. Hot only are the component fatty acids iden-
tical in both, but the proportions of each fatty acid are remarkably similar
within each group of subjects (Figure 23). Since the major portion of total
serum triglyceride is associated with S -lipoprotein (Chapter 1, Section I,
Table 21), one would have anticipated that the fatty acid pattern of total
serum and g-lipoprotein would be fairly similar. The almost identical results
obtained suggest that the fatty acid pattern of triglyceride in serum o<-lipo-
protein is very similar to that of A-lipoportein. This is confirmed by the
work of Lindgren et al (1961) who found very similar triglyceride fatty acid
patterns in the ultracentrifugally separated S£10-20 and high density lipo-
proteins, which correspond closely to A-lipoproteins and e<c-lipoproteins
respectively. BB8ttcher and Woodford (1961) reported that the triglyceride
fatty acid pattern was virtually identical in « - and B-lipoproteins separated
by Cohn fractionation although they noted a tendency for the oleic acid
content to be slightly higher in the A-lipoprotein. There is no support for

this latter obgervation in the local data.

i1) Comparison between groups

While there is a characteristic fatty acid pattern for triglycerides,
certain differences are present between the groups. The major fatty acids,
viz. C14:0, C16:0, Cl631, C18:0, C18:1, C18:2 and C20:4 together account for

more than 95% of the total fatty aoids (Table 33).

Bantu Control I.8.D.
Mean (S.D.) | Mean (S.D.) | Mean (S.D.)
Potal serum 96.3 (0.9)| 96.3 (0.9)] 95.8 (1.8)
p-lipoprotein | 96.2 (0.9)| 95.5 (1.7)| 95.8 (1.4)

PTable 35t The percentage of the total fatty acids repre-
sented by the sum of the seven major components.
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Comparison of the percentages of each of these fatty acids in the three

groups is shown in Table 34 and Figure 24.

of the triglyceride fraction im total serum (Total) and

A -lipoprotein (B) in Bantu, controls and patients with

I .E.D.

Banta (B) Control (C)| I.H.D. I.H.D | I.H.D. c.
% % % vs.0 vs.8 vs.B
_::;;’ Praction | Mean (S.D.) | Mean (S.D.) | Mean (S.D.) P p P
C14:0 Total 2.2 (0.5)| 2.1 (0.6)| 3.2 (1.5) | <0.05 | <0.05 | &)
] 1.7 (0.6) | 2.2 (0.2)| 2.9 (1.4) NS €0.01 §S
€1610 Potal 28.5 (2.9) | 28.4 (3.9)] 28.9 (2.5) §S . £} NS
B 28.4 (3.1)|26.7 (3.7)] 29.2 (3.3) NS NS £
Cl611 Total 7.2 (1.3)| 4.9 (0.9)| 6.1 (1.1) |<0.01 | <0.05 |<0.001
B 7.0 (1.7)| 5.3 (1.2)| 6.4 (1.1) | <0.05 NS ¢0.01
€18:0 | Total 6.7 (1.6)] 5.7 (1.2)| 5.1 (1.5) NS | <0.02 | ®s
B 5.6 (1.3)| 5.6 (1.4)| 5.0 (1.2) XS ) £ NS
01811 Total 39.5 {(4.8) | 40.4 (3.1)| 35.8 (3.6) | <0.01 | ¢0.05 HS
B 40.9 (4.2) ] 39.8 (3.0)] 35.1 (3.4) | <0.01 | <0.0Q s
C18:2 Total 10.1 (2.6) | 13.4 (4.0)] 15.3 (5.6) | K| <0.01 | <0.02
B 10.5 (3.3) | 14.5 (4.9)' 15.7 (5.1) NS <0.01 | <0.02
€20134 Potal 2.1 (1.1)] 1.3 (0.4)| 1.4 (0.5) | £ <0.05 | <0.05
B 2.1 (0.8)| 1.5 (0.6)| 1.4 (0.4) NS <0.05 XS
Table 34: Comparison of the percentages of the major fatty acids

While the percentage of Cl4:0 tends to be higher for the patient group

than for the other two groups, the percentages of Cl6:0 and C18:0 are generally

similar in all groups.

constant.

Bantu, but the value for controls is lower than in the other two groups.

oleic acid the mean value is lower for patients than for either Bantu or

The content of saturated fatty acids is thus rather

The percentage of Cl6:1l is not markedly different for patients and

Por
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controls , but in the latter groups the mean values are similar. Neither of
these fatty acids show any grading between the groups. Similarly, the Bantu
have a higher percentage of C20:4 than the other groups but the values for
patients and controls are similar. There is a tendency for a graded increase
in the percentage of C18:2 from Bantu through controls to patients, but while
the mean value for controls is lower than that for patients, the difference is
not significant. The only fatty acid which separates patients from both other
groups is Cl8:1. It is possible that the lower percentage of C18:1l1 for the
patients may be due to their increased level of C18:2. This, together with the
tendency towards an increase in linoleic acid percentage from Bantu through
controls to patients may be related to dietary factors and will be discussed
in Section 1II. There is no significant graded relationship between the three
groups and, in general, the similarity between the groups is more noteworthy

than the difference.

iii) The relationship betwsen the percentage of C1832
and the percentages of Cl6:1 and C183:1

It will be recalled that irn the cholesterol ester fraction the percentage
of Cl8:2 was inversely related to that of C16:1 and of Cl8:1 in each group of
subjects. In the triglyceride these fatty acids again showed some differences
between the groups. The relationship between these fatty acids has been

examined by calculation of the correlation coefficient (Table 35).

Comparison | Fraction Bantu Control 1.H.D.
T P r P T P
Cl6:1 Total ~-0.2366 S 0.1485 WS | -0,.5546 NS
v
Cl8:2 B ~-0.1378 b £:] -0.1803 NS | -0.4207 RS
Cl8sl Total -0.7956 <0.001| -0.3640 ©KS| -0.1187 NS
1812 B -0.6712 <0.01 | -0.4062 ¥8| -0.0110 WS

Table 351 The relationship between the percentages of C18:2 and C18:l
and C18:2 and Cl6:1 in total serum (Total) and P-lipoprotein(B).

r = (Correlation coefficient.
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The percentages of Cl6:1 and C18:2 are not related in any group. There
is a reciprocal relationship between the percentages of Cl8:1 and C18:2 in the
Bantu group only. This may be related to dietary factors and will be discussed
in Section III.

iv) Comparison with other data

Schrade and his co-workers (1959, 196la) compared the serum triglyceride
fatty acid composition of healthy subjects with that of patients with athero-
sclerosis and found no significant differences between them. BSttcher and
Woodford (1961) reported that the triglyceride fatty acid composition of
o« - and 3 -lipoprotein was similar in healthy young men and in patients with
atherosclerosis. In contrast to the findings of the present atudy, the data
of Antonie and Bersohn {1960) showed that subjects with I.H.D. had a lower
proportion of polyenoic fatty acids than either healthy White controls or
Bantn and that there was a tendency for a graded decrease in the percentage
of dienoic acids from Bantu through White controls to subjects with 1.H.D.
NMoreover, the mean values for dienoic and tetraenocic acids in all groups were
considerably higher than those found here and elsewhere. The groups studied
by Antonis and Bersohn were drawn from populations similar to those of the
present atudy, and the concentration of triglyceride in the various groups was
remarkably similar in the two studies. In view of these similarities, the
differences in the triglyceride fatty acid compositione in the two gtudies
are pugsling. Differences in the techniques of alkali isomerization and G.L.C.
are unlikely to account for the marked differences observed. Differences in
diet may also be responsible for the different results obtained, since it has
been shown that the gperum triglyceride fatty acid composition is markedly
affected by the composition of the dietary fat (Ahrens et al 1959). It is,

however, noteworthy that there ie very good agreement between the local data
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and that for comparable groups reported by authors in European countries
(B8ttoher and Woodford 1961 Schrade et al 1961; Hallgren et al 1960) snd
in the U.S.A. (Lindgren et al 1961). Dietary differences between subjects
in Cape Town and Johannesburg are therefore nnlikely to account for the
findings of Antonis and Bersohn (1960), which differ from all other data
reported to date.

The data of Scott et al (1963) who compared the serum iriglyceride fatty
acid composition in New Yorkers with a high susceptibility to I.H.D. and upper
clagss and poor EBast Africans with a low susceptibility to the disease, are
similar to those reported here. They found that the only significant dif-
ference between these groups was in the percentage of (Cl8:2, which was signi-
ficantly higher in the Hew Yorkers. They suggest that these findings may be
related to differences in dietary habits and this may also be the case in the

present study.

v) Comparison with depot fat triglyceride
Depot fat lipid is more than 99% triglyceride (Hirsch et al 1960) amd

a large proportion of this triglyceride pool is derived from exogenous fatty
acids (Jeanrenaud 196l; Vaughan 1961). It is noteworthy that the triglyceride
fatty acid pattern in the serum and pA-lipoprotein of the three groups studied
here is essentially similar to that in depot fat in comparable groups of
subjects (Erut 1961). This is in agreement with the opinion expressed dy
Cornwell et al (1962) who compared depot fat and serum triglyceride fatty acid

compositions from various laboratories.
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(¢)  PHOSPHOLIPID FATTY ACID COMPOSITION
The results are shown in Tables 36
and 37 and in Pigure 25.
BANTU CONTROL 1.H.D.
% % %
FPatty
Mesn (S.D.) Range |Mean (S,D.) Range |Mean (S.D.) _ Range
C14:0 0.6 (0.2) tr- 1.0| 0.9 (0.5) tr~ 1.5 0.7 (0.2) tr- 1.0
Cly:1 0.2 (0.1) tr- 0.5 | 0.3 (0.2) tr~ 0.6 0.3 (0.2) tr- 0.5
C15:0 0.3 (0.2) tr- 0.7 | 0.6 (0.3) tr- 1.0| 0.3 (0.1) tr- 0.6
Cl15:1 0.2 (0.1) tr- 0.5| 0.2 (0.1) tr- 0.5| 0.3 (0.2) tr- 0.6
C16:0 | 345 (2.5) 27.5-37.9 | 31.7 (2.4) 29.0-36.1| 34.0 (2.2) 31.0~37.1
C16:1 2.1 (0.4) 1.6=- 2.9 1.7 (0.4) 1l.2=2.5| 1.8 (0.2) 1.4~ 2.2
o 0.6 (0.3) tr- 1.2| 0.7 (0.3) tr- 1.5| 0.6 (0.2) tr- 0.9
C17:1 0.3 (0.1) tr- 0.5] 0.2 (0.1) tr- 0.5| 0.3 (0.1)  tr- 0.6
15.0 (1.8) 11.7-17.5| 4.3 (0.9) 12.9-16.2(15.1 (1.2) 13.3-17.4
15.3 (2.7) 11.4~19.8|10.6 (1.7) 9.0-15.4|11.0 (1.6) 9.1-13.6
€18:2 | 13.9 (1.9) 9.6-17.2|17.4 (1.2) 15.9-19.2|18.6 (3.2) 12.7-24.3
€20:0 0.7 (0.3) tre 1.5| 2.0 (0.4) 0.6~ 1.7| 0.8 (0.3) 0.5~ 1.4
c21:0 0.5 (0.2) tr~ 0.9 0.5 (0.3) tr- 1.0| 0.5 (0.4) tr~ 2.0
C20:3 7 2.5 (0.5) 1.5~ 34| 2.2 (0.7) 1.6~ 21| 1.9 (0.6) 1.0~ 2.8
£20:4 8.2 (1.3) 5.1-20.3| 9.1 (1.3) 6.6-11.1| 7.0 (1.5) 4.5~ 9.5
: 0.6 (0.5) tr- 1.7| 0.8 (0.4) tr- 1.6 | 0.6 (0.5) tr- 1.6
C20:57 | 0.7 {0.2) tr- 14| 1.8 (0.9) 0.8« 4.0 1.3 (0.9) tr- 3.1
€23:0 0.5 (0.2) tr- 0.8 0.3 (0.1) tr- 0.6 | 0.5 (0.2) tr- 0.7
C24:0 0.7 (0.3) tr- 1.0 1.4 {(0.4) 0.6~ 2.1| 0.8 (0.6) tr- 1.7
C24:1 1.2 (0.6) tr- 2.7 1.6 (0.3) 0.7- 2.0| 0.8 (0.7) tr- 1.8
C22:67 | 1.3 (0.6) tr- 2.6 3.4 (0.9) 2.4~ 5.0 2.4 (1.3) tr= 4.3
Table 36: The fatty acid composition of the phospholipid fraction of

totel serum in Bantu, controls and patients with I.H.D.

tr = trace amount,

i.e. less then 0.5%

The major fatty ecids are underlined.
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BANTU COVTROL I.E.D.
% % %
“Fatty '
Acid Mesn (S.D.) Range |Mean (S.D.)  Renge |Mean (S.D.)  Range |
C14:0 0.8 (0.3) tr~ 1.5| 1.1 (0.3) 0.8~ 1.8| 0.7 (0.2) tr- 0.9
Clh:1 0.3 (0.2) tr- 0.6 0.3 (0.2) tr- 0.5| 0.2 (0.1) tr- 0.5
C15:0 0.4 (0.2) tr~ 0.9 0.8 (0.5) tr- 2.0| 0.2 (0.1) tr=- 0.5
C15:1 0.2 (0.1) tr~ 0.5| 0.2 (0.1) tr- 0.5 0.3 (0.2) tr~ 0.6
C16:0 | 35.3 (3.8) 29.7-46.0| 32.2 (1.6) 29.8-35.4| 33.5 (3.0) 28.2-38.2
C16:1 2.6 (0.7) 18- 46| 1.5 (0.4) 0.9~ 2.2| 1.8 (0.5) 1.3~ 2.8
C17:0 0.7 (0.3) tr- 1.2| 0.9 (0.6) 0.6~ 1.3| 0.7 (0.4) tr- 1.9
Cl7:1 0.4 (0.1) tr- 0.6 0.3 (0.1) tr- 0.5| 0.2 (0.1) tr- 0.5
C18:0 | U3 (2.4) 9.0-19.4| 140 (2.5) 12.5-18.1 | Ul (3.0) 12.9-15.9
C18:1 | 4.8 (2.1) 11.,7-17.9|11.3 (1.7) 9.8~16.111.3 (1.5) 8.7-14.3
C18:2 | 11.8 (2.0) 8.7-16.3|17.4 (1.8) 14.7-19.8( 18.3 (3.9) 13.3-26.1
C20:0 1.0 (0.5) tr- 2.1| 1.1 (0.3) 4r- 1.4| 0.8 (0.2) tr 1.1
C21:0 0.7 (0.4) tr- 1.4| 0.6 (0.2) tr- 1.2| 0.5 (0.4) tr- 1.2
C20:37? 2.2 (0.7) 1.2- 3.5| 2.1 (0.6) 0.9- 3.0| 2.1 (0.7) 1.~ 3.2
$20:4 7.1 (1.5) 4.6-10.4| 8.3 (1.2) 6.5 9.7| 6.9 (0.9) 5.6~ 8.3
€22:0 1.0 (0.9) tr- 3.7! 0.5 (0.5) tr- 1.3 0.3 (0.3) tr- 0.9
C20:5? | 0.8 (0.2) tre 11| 1.5 (0.7)  tr- 38| 1.2 (1.1} tr 3.8
C23:0 0.6 (0.3) tr- 0.9 0.4 (0.2) tr—- 0.7 O (0.2) tr- 0.6
C24:0 1.5 (0.6) 0.7~ 2.7 1.8 (0.4) 1.1~ 2.9| 1.0 (0.7) tr- 2.3
c2y:1 1.8 (1.1) tr- 4.2 2.2 (0.4) 1.6~ 3.1| 1.5 (1.1) tr- 3.9
C22:6? | 1.1 (0.6) tr- 2.5| %2 (1.3) 1.2~ 5.1 2.4 (1.0) 0.9 4.2
Teble 37: The fatty acid composition of the phospholipid fraction of

[=lipoprotein in Bantu, controls and patients with I.H.D.

tr = trace amount,

i.e. less than 0.5%

The major fatty scids are underlined,
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The data in Tables 36 and 37 show that the phospholipid fraction of
both total serum and A-lipoprotein has a characteristic fatty acid pattern.
In every sample anslysed the same fatty acids appeared consistently, albeit
often in trace amounts. While differences are apparent between groups, in
each group the most striking features are the high proportion of C16:0, the
high percentage of C18:0 which is present in approximately equal proportions
to Cl8:1 and C18:2, and the presence, in fairly large proportions, of several
longer chain fatiy acids. The percentage of saturated fatty acids is similar

to or somewhat higher than that of unsaturated fatty acids (Table 38).

Bantu Control I.H5.D.
% % %
Praction | Mean (S.D.) | Mean (S.D.) | Mean (S.D.)
Saturated Total 52.3 (2.3; 51.7 (2.2) | 52.0 (2.4)
Patty Acids B 53.6 (3.0)| 50.7 (2.8) |50.7 (3.3)

Unsaturated | Total 46.6 iz.sg 49.9 %z.lg 46.1 §2.4g
Fatty Acids B 44.0 (2.4 2.8 4.1

Table 38: The psrcentage of saturated and of unsaturated fatty

aocids in the phospholipid fraetion in total serum

(Total) and pg-lipoprotein (B).
This high degree of saturation, particularly the high proportion of C18:0, and
the presence of very long chain fatty acids is characteristioc of the phospho~
1ipid fatty acid pattern and distinguishes it from that of the sholestersl
ester and triglyceride fatty acids. Similar findings have been reported by
other authors (Lindgren et al 1961; Nelson and Preeman 1960; Schrade et al

1960, 1961a, 1961b).
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1) Comparison between totsl serum and A~-lipoprotein
On comparing the phospholipid fatty acid patterns of total serum and

,g-lipoprotein not only are the component fatty acids identical but, for each
group, the proportion of each fatty acid is very similar. This similarity be-
tween total serum and A-lipoprotein is particularly marked for the more abun-
dant fatty acids viz:- C16:0, C18:0, Cl&:l and C18:2, and suggeste that the
f#tty acid patterns of «<-and B-lipoprotein are alike.

These findings are in agreement with the data of BBttcher and Woodford
(1961) and of Lindgren et al (1961) who separated lipoproteins by Cohn fraoc-
tionation and ultracentrifugation respectively. While emphasising the overall
similarity of the phoaspholipid fatty.acid pattern in different lipoprotein
fractions, in both these studies the authors reported that A-lipoprotein
tended tc have a greater proportion of post €C20:14 fatty acids. This was
ascribed to the presence in B-lipoprotein of larger proportions of sphyn-
gonmyelin, which has been reported by BEitcher and wOodford to have a rela-
tively high content of verylong chain fatty acids. In the present atudy the
percentages of post 020314 fatty aclids are generally similar between the groups
although there is a tendency for higher percentages of (24:0 and (24:1 in the

,@ ~lipoprotein from Bantu and controla. Since the phospholipids have not
been separated into the various phosphatides in this study it is not possible
to say whether this tendency reflects an increase in the proportion of sphyn-
gomyelin in the S -lipoprotein fraction. These slight differences do not,
however, detract to any extent from what is, in general, a remarkable simi-
larity beiween the phospholipid fatty acid pattern of total serum and A-lipo-

protein.

ii) Comparison between groups
While the existence of a characterisgtic fatty acid pattern for pkospho-

lipids has been established, differences are present between the grouwps. The
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major fatty acids, viz:s C16:0, Cl6:1, C18:0, Cl8:l, C18:2 and C20:4 together

account for somevhat leas than 90% of the total fatty acids (Table 39).

Bantu Contrel I.R.D.
Mean (S.D.) | Mean (S.D.) | Mean (S.D.)
'y Total Serum | 83.0 (1.7)| 84.8 (1.8) | 87.5 (3.2)
P-lipoprotein | 86.8 (2.6)) 84.6 (1.7)| 85.9 (2.8)
3 Total Serum 7.2 (1.4)| 11.3 (2.7)| 7.8 (2.9)
£-lipoprotein 8.4 (1.9)]| 11.1 (1.9)| 8.5 (2.6)
Table 39: The percentage of the total fatiy acids in the

phospholipid fraction represented by the sum of
the six major components (i) and by the sum of
the longer chain fatty acids (B).

The percentages of the major fatty acids ir the threo groups are COmR-
pared in Table 40 and in Pigure 26.

In addition there are certain longer chain fatty acids, including some
which have nrot been identified with absoclute certainty, which are charao-
teristic of the phospholipid fraction. These fatty acids, vis: €2013 (?),
£22:0, €20s5 (?), C23:10, €24:0, C2411 and 2216 (?) together account for about
8% of the total fatty acids (Table 39). While the degree of reproducibility
in estimating these longer chain fatty acids was low (Part I, Table 16), the
orror in ealculation is presumably similar in sll groups. In view of the
fact that these fatty acidas are found in appreciable amounts only in the
phospholipid fraction, it was felt that comparison of the mean values in the
three groups would be of interest. The mean values for the phospholipid

fatty acids are compared in Table 40.
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I.B.D. [ I.H.D.
Bantu (B) | Control (C)| I.H.D. vs.C | vs.B | Cva.B.
% % %
PFatty
Acia |Frection |4 .n (8.D.) | Mean (S.D.) | Meen (S.D.) P P P
C16:0 | Total 3.5 (2.5)] 31.7 (2.4)) 34.0 (2.2) <0.05 NS <0.01
_ B 35.3 (3.8) 32.2 (1.6)| 33.5 (3.0) NS NS <0.02
Cl6:1 | Total 2.1 go.a) 1.7 50.4; 1.8 20.2; NS | <0.05 | <0.02
B 2.6 (0.7)| 1.5 (0.4)| 1.8 (0.5 <0.05 | <0.01 | <0.001
C18:0 | Total 15.0 il.sg 14.3 §o‘.9g 15.1 §1.2) NS NS NS
B e’ (2.4)] 140 (1.5)| .1 (1.0) NS NS NS
Cl8:1 | Total 15.3 {2.7; 10.6 {1.7% 11.0 51.6) NS | <0.001 | <0.001
B 1.8 (2.1)| 11.3 (1.7)] 11.3 (1.5) NS | <0.001 | <0.00%
Cl8:2 | Total 13.9 51.9) 17.4 §1.2; 18.6 53.2; NS | <0.001 | <0.001
B 11.8 (2.0)| 17.4 (1.8)| 18.3 (3.9 NS | <0.001 | <0.001
C20:4 | Totel 8.2 §1.3) 9.1 €1.3; 7.0 21.5; <0.01 | <0.05 NS
B 7.2 (1.5)| 8.3 (1.2)| 6.9 (0.9 <0.01 NS <0. 05
C20:3 | Total 2.5 Eo.s; 2.2 50.7) 1.9 {o.s) NS | <0.05 NS
(?) B 2.2 (0.7)] 2.3 (0.6)| 2.1 (0.7) s NS NS
€20:5 | Total 0.7 Eo.z) 1.8 go.9g 1.3 io.s) NS | <0.02 | <0.001
(?) B 0.8 {(0.2)| 1.8 (0.7)| 1.2 (1.1) NS NS <0. 001
€22:0 | Total 0.6 20.5) 0.8 go.hg 0.6 20.53 NS NS NS
B 1.0 (0.9)| 0.5 (0.5 0.3 (0.3 NS <0.05 s
C23:0 Total 0.5 Eo.zg 0.3 so.l) 0.5 (0.2) NS NS <0. 05
B 0.6 (0.3)| 0.4 (0.2)| 0.k (0.2) NS NS NS
C24:0 Total 0.7 {o.s; 1.4 go.z,) 0.8 50.6) <0.001] NS <0.001
B 1.5 (0.6 1.8 (C.4)| 1.0 (0.7) <0.01 NS RS
C24:1 | Total 1.2 (0.6)| 1.6 ﬁo.;g 0.8 {o.‘;) <0.001| NS NS
B 1.8 (1.1)| 2.2 (0.4)]| 1.5 (1.1) £0.05 NS NS
Cc22:6 Total 1.3 éo.s) 3.4 (0.9)| 2.4 (1.3) <0.05 | <0.01 | <0.001
(?) B 1.1 (0.6)| 3.2 (1.3)| 2.4 (1.0) KRS <0.001 | <0.001
Table 40: Comparison of the percenteges of the major fatty acids (underlined)

Bantu, controls and patients with I.H.D.

and of the longer chain fatty acids of the phospholipid fraction in

The values for total serum (Totel) and S-lipoprotein.(B) are shown.
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In general it is apparent that for the major f&ttj acids the only dif-
fefence between pafients and controls lies in the pereentage of €204, while
the Bantu differ from the other two groups im having higher proportions of
61631 and 018:1 and a lower proportion of €18:2.

On cemparing the percentages of the 1onger chain fatty acids, it is seen
* that the propertions of €20¢3,{(?), ©€22:0 and 625:0 are similar in all groups.
While the proportion of €20:5 {?) is lower for Bantu than for controls, there
 is no other difference between groups for this aomponeuta.'?hs percentages of
2430 and €243l are higher for controls than fhr patients, but here the mean
walues for patients snd Bantu are similar. For €22:6 (?) tﬁe'Bﬁnta value is
lower than for the other groups. When the fatty acids are considered in
related groups , e«g. ezéac polyunsaturated fattyaacid§:(¢2®§5 {?), C2034,
£2035 (7)) or saturated fatty aeids (€220, €23%:0, 32410)5T&t_canfbe peen
that the 1ndividuaiffﬁtty acids in any one group do not show the same relation-
ship betweon Bantu, controls and patients with I.H.D. There is thus no con-
sistent treﬁdi

| The metabolism of these very long chain fatty aeiﬂb’ﬁgs'nbt, to our
kﬁawledge, been studied. It is.possible that they may ﬁé_é#nthesiﬂe& in the
body or be dérived from dietary sources. it has:beenwéhownfin,several stodies
,tkat~thelfat§y acid composition of the serum is infineaeeﬂuby‘thét 6f the
dietary fats‘{Ahreﬁs et.él'1959; ﬁiﬂgabury et al 1962b; Bohle et sl 1961).
The presenee of‘very long ehain fat%y aeids, similar to thase found here, has
been demonstrated in the phosphollpids extraeted from fish oils (Farquhar et al
19593 dg,Kcning 1964) which are commonly used in the indnstrial prepara$ion
of edible fats. Such fats may_thus p:§§ide‘a source of Ieagar~chqin‘£gtty

acids in the serum pheapholipid.
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111) The ratio of triemcic to tetraemoic fatty acids

1% has been suggested that the minimum requirement of linolezte has
been satisfied when the value for the ratio of triencic to tetraencic fatty
acids ie less than 0.4 (Holman 1960a). The mean values for this ratio in
the Bantu, control and patient groups respectively are 0.31 (f 0.05), 0.25
(¥ 0.08), 0.28 (% 0.10) in total serum and 0.32 (¥ 0.08), 0.25 (¥ 0.07) ana
0.31 { 0.09) in f-lipoprotein. These values are similar in the three groups
and are lower than 0.4. There ia, therefore, again no evidence of E.F.A.

deficiency in any group.

iv) The relationship between the percentage of (1832
and the percentages of C16:1 and C18:1

It will be recalled that in the cholesterol eater fraction the percentage

of Cl8:12 was inversely related to the percentages of Cl6:l and C1l8:1 in all
groups of subjects. For the triglyceride, there was a reciprocal relation-
ship between the percentage of C18:2 and Cl68:1 in the Bantu group. Here again,
the percentages of Cl6:l, C18:1 and C1812 ghow differences between the groups.
The relationship between thess fatty acids has been examined by caleculation

of the correlation coefficient (Table 41).

Bantn Control I1.H4.D.
Comparison | Praction

. 4 P r P r P
Cl6:1 Total ~-0.4684 ¥3 | -0.0172 %S [ -0.1211 ¥8

4
C18:2 B ~0.5656 <0.05! 0.09%2 K3 | 0.0504 K3
Cl8:1 Total -0.6243 <0.01 | -0.35%20 ¥s | -0.1827 &S

v
Cl8:2 B =-0.5026 <0.05| «0.2319 N8 | -0.0465 NS

Table 41: The relationship beiween the percentages of C1812 and
€18:1 and 1832 and (163l in total gerum (Total) and
B -lipoprotein (3).

r = Correlation coefficient.
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There is a negative cofrelationfhetween thé péreentage of_BlG:l and C1B:2 in
“the ﬁ-iiﬁbpnatein‘afvthe Bantu group, dbut thévpereentageﬂgof these two fatty
a¢iﬁs‘are not related ir any other group. The'percentagesﬁbf £18:1 an& €18:2
~are inversely related in the Bantu group. 'ThieAeffeét‘ﬁAy $e rolated to

‘Eigiary factors and will be discussed in Section III. -

v) Comparison with other data

The serum phospholipid fatty acid patternthas-been,szﬁmined'in several
studies by the teehniques of alkali isomerization (ﬁn&dy/e%vEI 19583 Bjorntorp
1960) and 8.L.C. {Lindgren et al 1961; Nelson and Preeman 1960; Schrade et al
1959, 1960, 1961a, 1961b; BSttcher and Woodford 1961; James ot al 1§573 Dole
et ai’19591 Hallgren et sl 1950;_Lawrie etaal'1§613 Scott et al 1963). The
:méan va1ues.f@r the major fatty acids in the eontral_gronpvqgrée closely with
-thcée roported for normal healthy subjects by seversal authpgé‘(aames et al 19%7:
Bola‘et al 1959§'ﬂallgre§ et_al'léé@; Lawrie et al 1961). Phe valuea for the
gétients are similar to those found by James et al (1957) é@d for the Bantu,
,cprrespon& fairly elogely to those for poor Bast Africggﬂ.(Scatt at al 1963).
in many stﬁ&iegithe pont @2034vfatty‘a§ids‘have »ot been individually identi-
fied or reported. However, in those atudies where valaea-aie7given for €20:5
{Hallgren et al 19603 Laewrie et al 1961), G??xé’(ﬁetraﬂe.éﬁfél 1961a; Hallgren
et al 1960), C24:10 (BSticher snd Woodford 1961; Hallgren et al 1961) or else
for pentasnoic and hexaenoic fat;y'acids>{Lﬁday et al 1958§_Bjorntar§ 1960)
they agree well with the range of values found forgthe,thrée;gzeups studied here.

On thefbasiéféfgihe‘similarity‘betweén'theii~a§ﬁa aaﬁ"fﬁét of others,
&awrié’et‘al'(1961)'sﬁggesieé:that "the phospholipid fatty scids are under the
eontrol of processes that permit relaiiyely little deviation in their patterns™.
Ahrens et al (1959) fed menbaden and sorn oil to people and found that, while.

the fatty acids of the serum glycerides and cholesterol esters weréamarkedly'
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.aﬁfectediand ﬁendeaitojtesemblé the fed fat, the phospholipid fatty meids
wére‘ieaét affected by such éxtréme‘&ietéry'manipniatiohBQ - Similarlyy Hall- '
gfén.ét a17(1§6ﬁ)'foﬁh&'fhét“the diffeiehae‘bétwean a'vééetarianfaﬁd'ﬁormal»
subjeets as regards 01832 was léss marked in the. phosphclipid than in the
-'  ohelesterol eater and triglyceride fatty acids. and ‘the - phospholipid tended

| to have the most c@nstant fatty acid pattern." While these ‘data provide smp-
- port’ for the: concept that the phospholipi& fatty aeid pattern ‘is less lahile
| than that ef triglyeeride and chalesterol ester, nevertheless in the present L
atndy aifferences between groups BYe feund. |

' Sohrede snd his co-workers (1959, 1960, 196la, 19615) have reported
that the pargentages:of 182 and €204 were'BignificantlyHLQwer‘?and that of
 6&5:0 somewhat higher in thé.a%héré@éléro%ié"subﬁeetsjﬁheﬁicbﬁpared with the
healthy subjeets. The data of Scott et sl (1963) ara in aglfe'gmem with the
" E0051 ré§n1§s.' ¥héy ceﬁpéredtihélghoﬁpholipiﬁffatti acide in New Yorkers and
ypoor and upper c¢lass East Africans. The only‘differﬁnoe'wééithatfﬁaﬁ Yorkers,
who have a eonsiderahly greater susceptibility to 1.H. B. than the East Afrieans,
1had a significantly greater percentagﬁ of €18i2 than the other two groupss In
vsame a%paieszno differances ‘have beon fourd.. James et alr(lQﬁ?)-suowe&.that
the serum 'zimezsphe‘npta" fatty acid patterns were similar in heaithywsufnseets s
and in people with eoronary arteny disease, and the ac— and A-lipoprotein
phospholipid fatty acid patterns were found to be similar for healthy young

ales and subjects with atheroaclerofals {Bsttcher and Woodfora 1961)

In cons;dering all. the available date from here and other sources, it -

veuld appear "that the fatty acid c@mpositien of the serunm phospholipids is

relatively e@nstant.
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CONCLUSIONS

Each 1ipid fraction has a distinctive fatty acid pattern; the choles-
terol ester f:ﬁa.etion is characterized by a high prop'ort"‘ieé.éf unsaturated
'£é¥£y-aaias, the triglyceride fraction by a high proportion. of mono-unsatu-
rated fatty aeiQSJand the phbapholi@id fraction by a reiaiively high content
of saturated fatiy aaids.

_ The fatti;acid @om§ositions of cholesterol ester, triglyceride anﬂ*pﬁas~
pholipid were qualitatively identical in total Berﬁmsand in A-lipoprotein and
in_each group_of subjects the proportions of fatty'aeids'wére gimilar in total v
serum aﬁd in pA-lipoprotein. R

In all 1ipid fractions the percentage of C18:2 was lower for the Bantu
"fhan.for-either patients or controls. The percentages of €1631, T18:1 and €20:4
were higher for the Bantu than for patients or controls except in the tri-
glyceride fraction, where the percentage of €18:1 was similar for Bantu and
aﬁntrais, and in the phospholipid fraction where the percentage of €20:4 was
similar for the £an£u and the other two groups. The pe:@enﬁageslof 1620 and
C18:0 were generally similasr for the three groups, except in the cholesterol
ester fraction, where the percentage of €16:0 was higher for the Bantu and the
perneﬁtage of €18:0 was lower for the patients‘thanvfor~the_other‘gf@npsg and
in the phospholipid fraction where the percentage of_CIG:O‘gas higher<for
Bantu than for controls. The patients with I§H¢§s-differaﬁmfrom”hoth other
groups in having a lower percentage of 61836 and:a higher percentage of £1812
in the ¢holestersl ester fraction, and loﬁepfpercentagesf6£‘01831'in_beth
cholestersl ester and triglyceride fractions. |

A gradéd relationship between the values for the three grounps was foﬁmd

only for the percentages of £18:1 and $18:2 in the cholesterol ester fraction.
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Irn this lipid.fraction there was a reciprocal relatidnsﬁij'betwéen tﬁe,percen—
tages of 1812 and of C18:1 and (16:1. In the ttiglyceri-§é<_and phospholipid
'."f;r.&ctiohs. there was a reciprocal relationship h‘e‘t’weeﬂv_;}til:fe{-l_fperce‘ntagea of
1n€18$2‘aﬁd €18:1 for the Bantu group cnly; S T

There was a poaitive eorreiation.between thegﬁéndentrétion of esterified
_choxa,stemi and the percentage of Qla.,f:é in the acholass‘téré}"'e'Srter :frac‘«tifqn;
| There was no evidence of E,F.A.$deficiepcy ;n.any greﬁp a5 assessed by
the ratio of trienoic to ietraen@ie fatty acids iﬁ the cholesterol ester and
phoépholipid fractions nor could a relative deficiency Qf Es?wﬁ- be related to
| azn increased susceptibility 'ta‘ I.H.D. or its establighed presence in that the

p'ereentage of €1B:2 was consistently lowest in the Bantu group. ‘
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SECTION 1iX

THE RELATIONSHIP BRT7ERN DIET AND SERUM LIPIDS

In view of the widely recognized 1hf1uence‘af dietary fat and the
passible influence of dietary earbehyﬂrate‘on serum 1lipid composition, the
composition of the diet has besn compsred in the three groups studied, in
order to determine whether the.&ifferenﬁes in their 1ipid patterns can in any

way be related to differences in their diets.

(e) THE COMPOSITION OF THE DIET IN THE THREE GROUPS

The composition of the diet was determined as described in Pert I,
Chapter 1. The composition of the average daily diet in each group is shown

as a mean in Tebles 42 and 43 and in Figures 27 and 28.

BANTO |  CONTROE |  1.H.D.
4 Hlean (S.D&) ¥ean '(s;nf) Mean (S.D.)
Potal calories | 4023 (330) 257% {39%) 1897 (411)
Pat ' 8 (1) 52 (5) | 34 (8).
Garbohydrate so (2) | 33 (5 47  (8)
Protein 12 (2) 16 (2) 19 (4)

Table 42: The total calories consumed and the percentage of
calories derived from ezch of the basic foodstuffs by
Bantu, controls and patients with 1.H.D.

1t is apparent from Table 42 that the differences in the proportion
of ealaries-&ériveﬁ from fat and carbohydrate in the three groups are striking.
Ehére is also & graded increase in the relativé-intake of protein from Bantu
through controls to patients.

The quentity, proportion and type of fat consumed is shown in Table 43.
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Pigure 27. The total daily calorie intake and the per-
ce‘htage of daily calories derived from fat,
protein and carbohydrate in each group.
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BAHTU CONTROL I.H.D.

Hean (S5.D.) | Mean (S.D.) | Hean (S.D.)
Total fat {gn/day) 31 (4) 148 (29) 70 (21)
Linocleic Acid (gm/day) 7.8 (1.8) 7.3 (2.7) | 6.8 (3.0)
% Fat Calories derived <
from Linoleic Acid 20 (3) 5 (2) 10 (5)
% Total Calories derived
from Linoleic Acid 1.8 (0.9) 2.7 (0.9) | 3.4 (1.8)

Table 433 The average daily intake of fat and of linoleic acid (gm/day)
and the percentage of total calories and of fat calories
derived from lincleic acid.

The Bantu group have a very high calorie intake. However, as these
men were heavy manual labourers, the excess ocalories were presumably utilized
in the form of energy, since none of the men was obese and all had maintained
a feirly constant body weight for at least one year prior to this study. The
Bantu diet is characteriged by & very high proportion of carbohydrste and a
low proportion of fat, of which a fairly large proportion is linoleic acid
{Pables 42 and 43).

The calorie intake in the control group was higher tharp that in the
patient group. The diet of the control group contains a relatively low
proportion of carbohydrate and a high proportion of fat, of which only a
small proportion is linoleic acid.

The diet of the patient group 1s intormediate between that of the
Bantu and controls, and contains a lower propertion of fat and g higher
proportion of linoleic acid than that of the control group. It must de
pointed out that the diet in this group of subjecis with I.H, D, is probably

atypical. The reasons for this have been discussed in Part I, Chepter 1.
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In each group of subjects the proportion of total calories derived
from protein is relatively low.

The absolute intake of linoleic acid ie similar in the three groups
and in all groups the percentags of total calories derived from lincleic acid
exceeds 1%, the value suggested as the minimum allowance for man (Pood and
Nutrition Board Report 1958). There is, therefore, no evidence that any of
the groups subsisted on a diet deficisnt in E.F.A., and, moreover, the
percentage of total crlories derived from linoleic acid was highest in the

patient group.

(v) TBE BELATIONSHIP BETWEEN DIETARY PAT AND SERUOM LIPIDS

The relationship between ssrum lipid concentrations and the gquantity,
proportion and type of fat in the diet of the three groups has been examined
(Table 44).

BARTU CONTROL 1.8.0.
Pat intake {gm/dsy) 37 148 70
% Total calories derived
from fat 8 52 34
% Pat calories derived from
lincleic acid 20 3 10
Potal cholesterol | Total 142.9 247.9 28%.5
B 92.1 213.1 245.4
Triglyceride Potal 72.0 116.2 160.1
B 57.1 106.4 149.0
Phospholipid TPotal 190.0 253.4 264.3%
B 73.0 139.1 168.6

Table 44: The fat intske, the percentage of total calories
derived from fat, the percentage of fat calories
derived from linoleic acid, and the concentration
(in mg/100 ml.serum) of total cholesterol, triglyceride
and phospholipid in total serum (Potal) and p-lipo-
protein (B). The mean values are shown.
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The Bantu whose diet has the lowest amount and proportion of fat,
containing the highest proportion of fat calories from linoleic acid, have
the lowest serum lipid levels. This ie in agreement with epidemiological
data showing thet there is an association between low fat diets, low serum
lipids and a low susceptibility to I.H.D. (Keys et al 1952, 1954, 19%8;
Bronte-Stewart et al 1955).

The diet of the patient group contained a considerably lower amount of
fat and a lower proportion of fat calories, of which a greater proportion was
lincleic acid, then that of the control group. Despite these findings, the
mean serum lipid levels for this group of patients with I.H.D. were generally
nigher than for the conirol group. This finding could suggest that elevated
seram lipid levels are not related to dietary fatvalone, but maﬁ alac be
related to other dietary factors or possidly reflect a more fundamental dis-
order of lipid metabolism in I.H.D.

{(¢) THE RRLATIONSHIP BETWEER LINOLEIC ACID IN THE DIET
ABD IN THE SERUM LIPID FRACTIONS B

The reletionship between the linoleic zoid content of the diet and the
percentage of linoleic acid in the esterified lipid fractions of the serum has
been examined in the three groups studied. The results are shown in Table 45

- and Figure 29.

BARTY GORTROL I.H.D.
C18:2 intake {gm/day) 7.8 7.3 6.8
# Pat Calories derived - o ;
from 01852 20 > 10
% Total Calories derived _ 3. 4
from C18:2 1.8 2.7 3-4
% C18:2 in cholesterol Ester | 35.6 46.8 52.2
% £1812 in triglyceride 10.1 13.4 15.3
¥ €18:2 in phoaspholipid 13.9 17.4 18.6

Table 45: The relationship between linoleic acid {C18:12) in the
diet and the peorcentage of linoleic acid in the fatty
acids of the cholesterol ester, triglyceride and phos-
pholipid fractions of total serunm.
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it is appafent.that the actual intake of linoleic acid is similar in
all groups and that the percentage of fat calories derived from linoleic acid
bears ne.relaiienship t0 the percentage of this fatty acid present in any
serum lipid component. There is, however, a very strikiﬁg relationship
'betwéen the percentage of C18:2 in each lipid fraction and the vercentage of
total calories derived from linoleic acid (Figuré 29). It is, thus, the pro-
portion of tétal calories derived from C18:2 and not the absolute intake of
C18:2 or the proportion of C18:2 in the‘dietafy fat which appears to be
related to serum lipid C18:2. It will be noted that this ﬁrend is less evident
in the phospholipid fraction. Arhie is in agreement with the data of Ahrens
et al (19%9) who showed that the composition of dietary fatty acids had the

least influence on the phospholipid fatty acids of the serum.

(d4) THE RELATIONSHIP BETWEER DIETARY -cARBoﬂYDaATE'AND SEROM LIPIDS

The possible effect of a low-fat high-carbohydrate diet leading t&
iﬁcreésed triglyceride concentrations has been discuséed in the Introduction. .
The patients with I.H.D. have a highér proportion of carbohydrate in their diet
than phevcontrols. It conld be argued that this might be regponsible for the
increased triglyceride levels in the patients. However, the Bantu, who con-
sumed 80% of their total calories in the form of catbohydrate, have the lowest
triglyceride levéls. This observation indicates that a low-fat, high-carbo-
hydrate diet does not nécessarily Eive fise to increased serﬁm triglyceride
levels and is in agreement with the findings of Antonis and Bersohn (1960).
Since the serum lipid levels for the Bantu were considerably lower than for
both other groups, it would appear that o high carbohydrate diet per se does
not produce high serum lipid levels.

Fairhurs and Waterhouse (1963) have speculated that lipogenesis resulting

from a high carbohydrate diet would produce predominantly saturated and
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mono-umsaturated fatty acids. It will be recalled that the percentages of
C16:0, C16:1 and C18:1 in the cholesterol ester fraction and of Cl6:1 and
C18:1 in the triglyceride and phospholipid fractions were higher for the
Bantu than for both other groups (Part II, Section II, Tables 27, 34 and 40).
It is thus possible that there may be preferential synthesis of these fatty
acids in the Bantu, whose diet contained a large proportion of carbohydrate.

The data showed that, in the cholesterol ester fraction the percentage
of Cl16:1 and C18:1 were inversely related to that of C18:2 in all the groups
and that in the triglyceride and phospholipid fractions there was an inverse
relationship between the percentages of Cl18:1 and C18:2 in the Bantu group
only (Part II, Section II, Tables 28, 35 and 41). Thase inverse relationships
may be determined either by inocreased synthesis of C1l6:1 and C18:1 or by the
proportion of linoleic acid in the diet or by both these factors.

It has been shown that in the patient and control groups the percentage
of C18:2 in the serum lipid components can be related to the proportion of
total calories derived from linoleic acid (Table 45). However, while the diet
of the control group contained a lower proportion of carbohydrate than that of
the patient group (Table 42) the proportions of Cl6:1l and C18:1 in the serum
lipids of controls were either similar to or greater than those of the patients
(Part 1I, Section 1I, Tables 27, 34 and 40). In these two groups the propor-
tions of these fatty acids can thus not be related to the carbohydrate content
of the diet. Tﬁe Bantu group have the lowest proportion of total calories in
the form of linoleic acid and the highest proportion of carbohydrate in their
diet. The lower level of Cl832, the higher levels of Cl6:1 and Cl8:1 and the
reciprocal relationship between the percentages of C18:2 and C18:1 and C18:2
and C16:1 in the Bantu group may therefore be related to both the percentage of
linoleic acid and the high proportion of carbohydrate in their diet and it is

not possible to separate these factors.
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- {e) THE RELATIONSHIP BETYEEN DIETARY PROTEIN AND SERUM LIPIDS

The influence of dietary protein on seium lipids in édults,has not been
étudie&_to any great extent. There is, however, evidehce to show that a low
ptopertian-of protein irn the diet can be related to-decreaéed,concentrations
of serum cholesterol and pB-lipoprotein. |
4+ Olson et al (1958) fed a control diet containing 15% protein, BQ% fat

 and 54% carbohydrate to middle>aged people. Iscealoric substitution 6f carbo-
hydrate for protein yielding a diet containing 4% protein, 30% fat and 66%
éérbohydrate resulted in a decrease in the ﬁoneentration of serum cholesterol
and of low density (p) lipoprotein. Furman et al (1959) reported that iso-
ealbr;c substitution of carbohydrate for all the protein in formula diets fed
to adult men caused a decrease in serum cholesterol and p-<lipoprotein. .In a
survey in Heiti, Sebrell et al (1959) reported that marked hypocholesterolaemia
" was seen in a population subaisting on a diet deficient in proteir but moderate
in‘fat, ‘The data in this study show a progressive increase in the proportion
of protein calofies from Bantu through controls to patients with I.H.D.

(Table 42, Figure 27). It is possible theréfare that the increasing concen-
trations of serum cholesterol and p~-lipoprotein lipid from Bantu through
controls to patients with I.B.D. may be related to the increasing proportioﬁ
of’protein calories in these groups (Figure 30).  If this is so, then the
protein content of the diet might effect a much greater influence on serum
1ipid levels than is generally thought to be the case.

While it is possible that fatty acids may de synthesized from the
breakdown products of protein, the only fatty acid which shows a graded

.increase‘fram Bantu through controls to patienta in parallel with the inereasing
proportions of protein calories is C1832. Since this apparently cannot be
synthesized in the body (Lipsky et al 1957), the intake of protein cannot be

simply related to the fatty acid composition of the serum lipid fractions.
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CORCLUSIORS

The,compositién of the diet was found to be markedlﬁ different in the
three groupss There was no evidence that any gtoup w;s-sﬁbsisting on a diet
deficienﬁ in essential fatty acids. | |

The éerqm 1ipid coneentratiqns could not be simply.réiated to the
dietary fat content in the three groups. The pfﬁpo&tion of earbohydrate:inA
- the diet was not related to the ¢oncentration cf'triglyceride'or of any other
lipid. The proportion of iatai calariesvpresentvas_protein showed a graded
~ increase from Bantu through controls to patients with I,H.D. This increase
was relaﬁed to the increase in serum 1ipid concentrations in the three groups.

The‘pereentages of linoleic acid in the serum lipid fractioms are
‘ecorrelated with the proportion of total calories derived from linoleic aeid
in the three groups. The percaﬂtages of certain fatty acids in serum from
the Bantu group may be related to the high p£0portion of'cax@ohydrate in

the Bantu diet.
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CHAPTER 2

FHE COMPOSITION OF LIPID
IF_ARTERIAL ATHEROMATOUS PLAQUES

(a) THE QUANTITATIVE COMPOSITION OF LIPID IN ATHEROMATOUS PLAQUES.

The values for the concentrations of total lipid snd of the lipid frac-

tions extracted from each sample of plaque material are shown in Table 46.

ot | cnonies Lop | Thotosterol| grsgiyceride | Phospholipid | Total lipid
mg. ng. mg. ng. T mg.
Al 22.8 68.5 19.8 23.1 134.2
A2 18.0 50.5 7.4 28.7 104.6
A3 14.7 28.6 10.7 31.9 85.6
A4 46.2 68.7 6.7 37.6 159.2
AS -9.0 29.1 2.8 8.1 49.0
A6 41.7 T4.3 8.5 31.4 155.9
A7 43.0 82.2 10.9 34.2 170.3
A8 67.0 139.2 29.6 56.9 292.7
A9 12.7 29.8 5.5 16.9 64.9
Al0 18.9 41.0 7.5 22.0 89.4
411 12,3 30.4 6.6 16.2 65.5
Al2 43.0 103.0 20.8 32.5 199.3%
Table 46. The concentration of the lipid fractions and of total 1ipid

extracted from each sample of plague material.

It is evident from the data in Table 46 that the amount of lipid
analysed varied enormously. This was due primarily toc the fact that the
amount of plaque material available for analysis varied greatly. It is pos-~
sible that another factor contributing to the variation in lipid content was
the variation in the amount of lipid present per unit segment of vessel.
Degpite the wide variation in the amount of lipid extracted it can be seen

from Table 47 that the relative proportion of each lipid component in the

Plagues tends to be fairly constant.
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Cholesterol. 1 _ N
Total Esterified Free Ester Triglyceride Phbabh@llpi&
T A ~ 4. | & | . #
| Hean | 49.7 28,4 21.2 47.4. 8.6 22.8
| 8.B. -1 3.7 4.0 ' v5r0 . 3.3 o 5.9
| Range | 37.0-55.3 19.9-35.T |17.0-29.0 33.3-59.4 4 2-12 5 | 16.3-37.1
Table 47: The percentage composition of lipid in arterial -atheromatous plagues.

(Free cholesterol + cholesterol ester + trlglyceride + phospholipid
equals 100%)

The najor constituent of plague lipid is cholesterol. Ffee cholesterol and
esterifled cholesterol are present in rather simllar proportions, although the
: percentage of esterified cholesterol is somewhat higherf This is unlike the
ratio of esterified to free cholesterol in the serum lipids {Section II, Table 18)
The proportion of phospholipid is about half that of total cholesterol., Tri-
glyceride représents the smallest 1lipid constituent and seldom exceeded 10%
of the total lipiﬁ.

Certain 1lipid ratios wili be used for comparing the composition of 1lipid
ih‘plaques with that in total serum and in P-lipeproteié;vthese ratios have

been célculated~and the values are shown in Table 48.

FC+CEAT
P
¥ean (S.D.)

By /5 ¥/

Mean (8.D.)| Mean (S.D.) | Mean (S5.D.)

1.38 (0.31)| 2.34 (0.68) | 0.99 (0.29)| 3.71 (1.13)

Table 48: Lipid ratios in arterial atheromatous plagues.

¢ = Total Cholestercl P;FC = Free Cholesterol

T = Triglyceride E = Esterified Cholesterol
P= Phospholipid CE = Cholesterol Ester.

i) Comparison with other data

The high proportion of cholesterol in plaque lipid noted in the present stud,
is in agreement with early observations that choleaterol is the predominant lipid
in atherosclerotic lesions (Aschoff 1906; Windaus 1910; Sch8nheimer 1926,19283
Kimmelstiel 1931) and this has been confirmed in more recent studies (Table 49).

The relative proportions of lipid reported here have been compared with the
values of other authors (Table 49).
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= Calculated from authors! data

Total Pree Choles-
Choles~ | Choles- | terol Tri- Phospho-
AUTHOR MATERIAL terol | terol | Ester B/FLlyceride lipsd
%
Present study 49.7 21.2 47.4 1.38 8.6 22.8
Mead and Gouze| Aorta - 4
(1961) Intima and media 50 25.1 42.4 1.0 8.6 15.7
Stage IIIX
Hirsch and Aorte -
Weinhouse Fibrous plaques 47 18.1 47.5 1.6j 15.0 14.9
(1943) Calcified tissue | 50 21.9 47.2 [1.3% 13.1 13.2
Atheromatous - =
ulcer 52 27.2 42.1 [0.9 10.4 16.0
BS8ttcher et Aorta = »
al. (1959; Aorta Stage III 44 19.8 40.2 |1.2 8.6 33.6
1960a; 1960b) Intima and x o
inner medisa 40 19.3% 33.8 1.1 9.7 38.0
Aorta Stage 1I/ .
11X 41 19 36 1.1ﬂ 10 33
BjSrntorp et Pemoral artery
al (1962§ Intime 52.5 16.3 31.3
Smith (1960) Aorta
‘ Fatty and fib-
rous nodules 53.3 16.2
Pearly plaques 42.4 14.0
Buck and Aorta
Rossiter(1951) Intime and
medis stage III| 46.8 | 29.5 29,0 | 0.6% 28.2 15.3
Luddy et al Aorta
(1958) Atheromatous ! m
plagues 56 38.9 28.0 | 0.47] 19.4 13.7
Field et nl Aorta
(1960) Phickened
intima plaques| 39.3 4%.6 17.1
Table 49: The compoaition of 1ipid in atheromatous material
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With tﬁe exception of the data of Buck and Rossiter (1951) and of Luddy et al
(1958) the percentages of total cholesterol, free cholesterol, cholesterol ester
and the ratio of esterified to free cholesterol E/F are similar in the different
studies. There is, however, some variation in the percentages of triglyceride
and phospholipid: It is possible that these latter variations may be due to
differences in the techniques of estimation. Field et al (1960) have suggested
that the high triglyceride values found by them may be due to differences in

the method of estimating triglycerides. The triglyceride value reported by
Buck and Rossiter (1951) was calculated by subtraction of all other lipid from
total 1ipid, @ method which, it is thought; gives erroneously high values

(Part I, Chapter 2,, Table 2). B&ttcher and Woodford (1962) noted that in
their studies the phospholipid was slightly contaminated with non-lipid which
would tend to make their results erroneocusly high.

Another factor which may contribute towards variatibn in the results is
the amount of media included in the sample. Hirsch and Weinhouse (1943) have
ghown that the composition of 1lipiéd is different in the intima and in the media,
the latter containing approximately equal proportions of cholesterol, tri-
glyceride and phospholipid. Inclusion of media would thus tend to give higher
proportions of triglyceride and phospholipid at the expense of cholesterol.

Differences in the composition of lipid may also be dependent upon the
vessel from which plaque material is obtained. BSttcher et al (1959, 1960b)
have found that, while the proportion of triglyceride is similar in the aorta
and in the arteries of the circle of Willis, in the coronary arteries the
proportion of triglyceride is considerably higher and constitutes almost half
the total lipid. There are therefore several factors which may influence the
lipid composition of atherosclerotic plaque material. It is, however, note-
worthy that in most studies the striking features are the predominance of

cholesterol, the trend for free and esterified cholesterol to be about equal
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in proportion and the relatively low proportion of triglyceride. In these
regspects the data of other authors are in agreement with the findings in this

study.

(b) TEE FATTY ACID COMPOSITION OF LIPID IN ATHEROMATOUS PLAQUES

The fatty acid composition of the cholesterol ester, triglyceride and
phospholipid fraétions of arterial atheromatous plagque lipid are shown in
Table 50. |

For eachblipid fraction thé same fatty acids were consistently found,
albeit some in trace amounts. In evéry sample analysed the proportions of
the major fatty acids were relatively constant. These data showed that each
lipid fraction in the plaque has a characteristic fatty ascid pattern. This
finding is in agreement with the data of sevéral authors who used the
technigues of alkali isomerization (Luddy et al 1958; Wright et al 1959;
Bjorntorp et al 1962) and ¢.L.C. (Tuna et al 19583 Mead and Gouze 19613
Swell et al 1960a; Smith 1960, 1962a, 1962b), for analysis of the fatty acids

in various lipid fractions in atheromatous plaque material.
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Cholegsterol Ester Triglyceride Phospholipid
% % %
| Acid | Mean {S.D.)  Range | NMesn (S.D.) Renge |Hean (S.D.)  Range |

c12:0| 0.2 (0.2) tr- 0.5| 0.3 (0.2) tr- 0.5
£14:0) 1.5 (1.1) 0.7- 4.1 2.3 (0.5) 1.3- 3.4| 1.2 (0.6) 0.6~ 2.1
1411 | 0.3 (0.2) tr- 0.6 | 0.3 (0.2) tr- 0.7| 0.3 (0.2) tr- 0.6
C15¢0| 0.4 (0.2) tr- 0.8 0.7 (0.4) tr- 1.8 | 0.4 (0.2) tr- 0.7
€15¢1 | 0.2 (0.2)  tr- 0.5| 0.2 (0.1)  tr- 0.5| 0.3 (0.2)  tr- 0.6
€1610 | 13.3 (2.4) 9.7-18.2 | 31.3 (5.4) 25.4-44.5|37.7 (6.7) 26.7-48.5
£1611 | 5.4 (1.3) 3.4-7.9| 5.4 (1.3) 4.3-9.1| 2.3 (1.0) 0.7- 3.8
€17:0 | 0.6 (0.4) tr- 1.7| 0.8 (0.4) tr- 1.8| 0.7 (0.4) tr- 1.2
€17:1 | 0.2 (0.1) tr- 0.5| 0.5 (0.3) tr- 1.2 0.4 (0.3)  tr- 1.0
£18:0 | 1.7 (1.0) 0.8- 4.0| 6.6 (0.5) 4.6-10.0|14.6 (5.1) 9.3-23.7
£18:11 | 27.6 (3.7) 23.0-35.3| 37.9 (4.5) 33.1-47.1|11.6 (2.8) 5.8-16.3
€18:2 | 39.7 (5.0) 29.1-45.2]10.5 (3.4) 6.5-13.7| 6.1 (1.3) 4.6- 8.9

c18:3 | 0.7 (0.6) tr- 2.4
£20:10 | 0.3 (0.2) tr- 1.3 | 0.6 (0.4) tr- 1.1 1.0 (0.3) 0.6- 1.3
€210 0.3 (0.2) tr- 0.6
c20:3%?| 0.8 (0.8) tr- 2.5 2.4 (1.3) 1.1- 4.5
c20:4 | 6.4 (1.3) 4.0-9.2| 2.4 (1.4) tr- 4.8 7.0 (3.5) 2.7-13.3

2210 : 0.5 (0.3) tr- 1.1
€20:5t| 1.0 (0.9) tr- 3.5 1.5 {0.5) 0.9- 2.2
€230 0.5 (0.3) tr- 0.9
C2410 3.9 (1.8) 1.0- 6.6
€241 4.9 {2.2) 1.3- 8.3
C22:6% 1.9 (1.1) tr- 3.6

Table 503 The fatty acid composition of cholesterol ester, tri-
glyceride and phospholipid in arterial atheromatous
plagues.

The major fatty acids are underlined.
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i) Cholesterol ester fatty acid composition

The cholesterol ester fraction is characterized by a high degree of
unsaturation. The unsaturated fatty acids constitute 80.7 (% 5.0) %‘of the
t}tlatal fatty acids, the polyunsaturated fatty scids cohsti;tnte 48.5 (¥ 3.5) 4.
The saturated fatty acids account for only 17.8 (: 4.6) % of the total faftj
acids. The most abundant unsaturated fatty acids are C18:2 {(39.7%) and
018:1 (29.6%) while the most abundant saturated fatty acid is C16:0 (13.3%).
"It is, thus, apparent that the cholesterol ester fraction of plaéue lipid has
a fatty acid composition similar.to that of the cholesterol ester fraction
in serum (Section II, Table 23).

B8ttcher et al (1960a) compared the cholesterol ester fatty acid compb-
sition of lesions with different degrees of atherosclerosis. They found that
increasing severity of atherosclerosis was 5sseciated with an increase in the
proportion of Cl8:2 and a decrease in the proportion of €18:0. They stressed
the high ratio of $18:2 to C18:0 in Stage III lesions and suggested that it
méy be regarded as being characteristic of the cholesterol ester fatty acids
of such lesions. The mean value for the C18:2/€18:0 ratio in the present
study is 25.1 (2 2.9) and agrees remarkably closely with the value of 24.2
found by BSttcher et al (1960a).

Acaording to Sinclair's hypotheéis (1956), B.F.A. deficient diets may
give rise to saturated serum cholesterol esters, and such relatively saturated
esters would tend to be depegited and thus give rise to atheroma formation.
If this is so, then one would expect to find ssturated or relatively saturated
‘cholesterol esters in plaque lipid. The data here show that the proportion
of saturated fatty acids is low. Moreover, there is a high percentage of
linoleic acid (C18:2) and a fairly large percentage of arachidonic acid

v(02034) both of which are essential fatty acids. Holman (1960a) has suggested
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that a tricnoic/tetraencic fatty acid ratic greater tham 0.4 is indicative
of E.F.A. deficiency. The mean value for this ratio in the plaque cholesterol
~esters is 0.24 (% 0.11). There is, therefore, no evidence to support the
concept that the cholesterol esters which have accumulated in the plaques
are the result of E.F.A. deficiency. | |

The local results have been compared with those of other authors who
uged G.L.C. for analysis of cholesterol ester fatty ac;ds in atheromatous
plagque material. In most studies percentages are given only for the major
fatty acid cbmponents. The mean values for these fatty acids are compared

in Table 51.

AUTHOR 1630 | C16:1 | C18:0 | C1821 | C18:2 €201 4
Present study 13.3 5.4 1.7 27.61 39.7 6.4
Head & Gouze (1961) 13.1 5.6 27.4| 42.1 7.3

Bottcher et al (1960a) 13.2 5.0 1.6 30.2| 36.0 4.7
Tuna et al (1958) 9.1 6.8 1.0( 34.5| 38.3 9.7

Swell et al (1960a) 25,1 6.7| 6.8| 37.8] 25.1| 1.8

Table 51. The perceniages of the major fatty acids in cholesterol
aster isclated from plagues, as determined by different
authors.
The similarity between the local values and those of Mead and Gouze (1961)
and of BSttcher et al (1960a) is striking, while the data of Puna et al (1958)
agree fairly closely. The data of Swell et al (1960a) differ from those of
the present astudy and of the other aunthors. It is possible that this dif-
ference may be due to the fact that they analysed "free lying lipid" and not

lipid within the arterial intima.
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ii) Priglyceride fatty acid composition.
The most abundant fatty acids are palmitic (C16:0) and oleic (C18:1)

acids. Other fatty acids present in relatively Iatge:prapértions‘are palmi~
seleie (C16:1), stearic (C18:0) and linoleie (€18:2) géidg;_ The proportion
of the saturated fatty acids (40.1 : 5%) is lower than ﬁhat of the unsaturated
fatty acids (57.2 ¥ 5.0%). The mono-unsaturated fatty acids constitute
43.2 ¥ 4.4% of the totai fatty acids as comp;red with 14.0 I 4.6% for the
polyunsaturatea fatty acids. The triglyceride fraction is thus characterized
by a high content of mono-unsaturated fatty acids, principally Cl6:l and
€18:1. The triglyceride fatty gcid composition in plagues is thus similar
to that found in serum (Section II, Table 30).

The locai results have been compared with those of other authors. The

mean values are shown in Table 52.

AUTHOR ¢14:o ¢16=0Ac;6=i ciagq 018?1 c18:2 020%47
Present study : 2.3 | 31.3 5.4 | 6.6 | 37.9| 10.0 2.4
B8ttcher et al (1960a) 2.8 | 23.0 5.2 7:3| 35.4 | 12.6 3.9
Luddy et al (1958) | 7.04 2.26
Bjarntbrp et al (1962) : 7.2 2.0

Table 52. The percentage of the major fatty acids in triglyceride isolated
from plaques, as determined by different authors.

The values reported by Luddy gtfal (1958) and by Bjdrntorp et al (1962) for
the pereéntéges of &ienoic and tetraenocic acidé agree fairly closely with
those found here for €18:2 and C20:4 respectively. There is fair agreement)
between the local data and those of BUttcher et al (1960&),valthough the local
value for €16:0 is somewhat higher and thg£ for 62034.somewhatv10wer than

those reported by them.
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iii) Phospholipid fatty acid composition

The phospholipid fraction is characterized by a high degree of saturation,
due largely to the high percentages of C16:0 and C18:0. The saturated fatty
acids together account for 59.5 X 3.3% of the total fatty acids while the
unsaturated fatty acids account for only 38.1 : 3,3%. The percentage of
polyunsaturated fatty acids (18.9 ¥ 4.8%) is similar to that of the mono~-
unsaturated fatty acids (19.2 % 3.6%). The percentage of C18:2 is remarkably
low and is lower than that of (020:4, which is present in relatively large
proportions. In addition there are several very long chain fatty acids, which
together constitute 13.2 : 4.0% of the total fatty acids. Thus the phospho-
lipid fatty acid composition of the plaques also, in general, shows a simi-
larity to that of serum phospholipid.

The phospholipid fatty acid pattern has been analysed by Luddy et al (1958),
BjBrntorp et al (1962) and BSttcher and his co-workers (BSttcher and Van Gent,
1961; BBttcher et al 1958, 1960a, 1960b). Their results are compared with

the local data in Table 53.

Reference|C16:0]C16:1]C18:0| C18:1[C18:2 [c20:4 [c22:0|C2410]c24:1 [111F] v* | vit
Present

study 37.71 2.3 14.6] 11.6] 6.1| 7.0| 0.5 3.9| 4.9]2.4 [1.5}1.9
BGttcher

et al 29.9| 1.1{ 15.1| 9.7 4.2 7.4 4.4] 6.4| 4.7

(1960a)
Luddy et 2.3 0.0%| 0.0%
Bjérntorp

et al 5.7 s5.% 2.0%[1.4% o0.8%
(1962) .

Table 53. The percentages of fatty acids in the phospholipid from plaques, as
determined by several authors.

+ 111, ¥, VI = trienoic, pentaencic and hexaenoic fatty acids
regpectively.

X Values given by the authors as dienes, trienes, tetraenes,
pentaenes and hexaenes.
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The values reported by BSttcher et al (1960a) again agree fairly closely
with the local data, although their values are lower for £16:0 and higher for
-€22:0 and C24:0Q Luddy et 21(1958) reported percentages of dienoic and tri-
enoic acids similar te those found here, but found a lower percentage of tetra-
enoic and no penta- or hexa-enoic acids. The data of BjSrntorp et al (1962)
differ from the local data ih shdwing a lower percentage of hexaenoic acids, but
are otherwise similar. |

In the present study the phoSpholipids have not been fractionated. How-
ever, several authors have shown that the phospholipid in the plagues, as in
serum, consists of a mixture of several different phosphatides inc¢luding
tcephalin', lecithin, sphyngomyelin and lysolecithin and have reported that
there is an increase in the proportion of sphyngomyelin associated with
increasing severity of atherosclerosis (Weinhouse and Hirsch 19403 Steele and
Kayden 19563 Smith 1960; BSttcher and van Gent 1961). BBttcher and van Gent
(1961) reported that the phospholipids in atherosclerotic aortas (Stage II1I)
consisted of 9.2% cephalin, 23.4% lecithin, 62.5% sphyngomyelin and 4.9% lyso-
lecithin. The fatty acid pattern of lecithin was characterized by high propor-
tions of C16:0, C18:0 and €181l and a loi‘proportion of C18§2,‘while sphyn-
gomyelin contained high proportibné 6f-016:05 €18:0, £22:0, 024:0 and‘024=1 and
no C18:2 or £20:4. In view of the high proportiqns of lecithin and sphyngo-~
myelin reported to be in the plaque, one\woﬁld expect that the fatty acid pattern
of the total phospholipids would bear a resemblance to those of these two
phospholipids. .In fact, high percéntages of 01630,‘018:0, rélatively high
percentages of C24:0 and €24:1 and a low percentage of Cl8:2 are found in the
present study. This presumably reflects the'charécteristic patterns reported

for lecithin and sphyngomyelin.
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CORCLUSIONRS.

The lipid present in arterial atheromatous plaques_haS'a fairly constant
composition, characterized by a high proportidn of-cholestérol, a relatively
low proportion of phospholipid and a particularly.low pto?drtion of tri-
glyceride. Free and esterified cholesterol are present in rather similar
proportions.

Eaéh lipid fraction has a c¢haracteristic fatty aéid composition. The
‘eholesterol ester ffaction_contains a high proportion of unsaturated fatiy
acids, the triglyceride fraction a high proportion of mono-unsaturated fatty
acids and the rhospholipids a high proportion of saturated.fatty acidsg and
a relatively high proportion of very long chain fatty acids not present in

the other esterified fractionms,
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CHAPTER 3.

COMPARISON OF THE COMPOSITION OF LIPID IK ARTERIAL

ATHEROMATOUS PLAQUES WITH THAT IN TOTAL SERUM AND

18 _THE SERUM g-LIPOPROTEIN FRACTION

(a) COMPARISON OF THE QUANTITATIVE COMPOSITION OF SERUM AND PLAQUE LIPIDS

The relative proportions of lipid fractions in plaques, in total serum

and in g-lipoprotein in the three groups have been compared.

are shown in Table 54 and Figure 31.

The mean values

Free Cholesterol Cholesterol Ester | Triglyceride | Phospholipid
% % % %

GROUP Total B Total B Total . Total B
BARTU Ts5 9.7 37.4 41.1 15.0 21.4 40.2 27.8
CORTROL 9.4 11.0 40.8 45.6 15.5 18.5 34.4 24.9
I.H.D. 10.0 11.1 39.8 42.2 18.8 21.9 31.4 24.8
PLAQUES 21.2 47.4 8.6 22.8
Table 543 The percentage composition of lipid in arterial atheromatous plagues

and in total serum (Total) and A-lipoprotein (B) from Bantu ,
controls and patients with I.H.D.

The values shown are means.

It is apparent from the data in Table 54 and Pigure 31 that the percen-

tage composition of 1lipid in the plaques does not bear a particularly striking

resemblance to that in either total serum or in pB-lipoprotein for any group

of subjects.

In total serum, only the percentage of cholesterol ester

approaches that in the plaques. In f-lipoprotein, while the percentages of

cholesterol ester and of phospholipid approach those of the plagques fairly
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cloaély, the percentage of triglyceride is considerably higher and that of
free cholesterol is considerably lower than in the plagques. The percentage
composition of lipid in the g-lipoprotein as such is thus different from that
in the plaques. It is perhaps noteworthy that with the exception of trigly-
c;ride, the relative proportions of the other lipid components in pg-lipo-
protein approach those in the plaques more closely than do those in total serunm.
The trends in the relative proportions of lipid components from Bantu through
controls to patients towards the values for the plagques are not particularly
remarkable for either total serum or pg-lipoprotein. |

It will be recalled that certain lipid ratios showed a graded relation-
ship between the three groups of subjects and provided good separation between
them (Part II, Chapter I, Table 20). The values for these ratios in total
serum and in p-&ipoprotein in each group have been compared with thoge in the

plaques (Table 55, Figure 32).

E/F ¢/P PC/P PC+CE+T/P
GROUP Total B | Total B | Total B | Total B
BARTU 3.03 2.57| 0.75 1.25| 0.19 0.36| 1.51 2.63

COFPROL | 2.61 2.51| 0.98 1.51| 0.27 0.45| 1.92 3.03
1.H.D. 2.39 2.25| 1.08 1.46| 0.31 0.45| 2.19 3.04

PLAQUES l.38 2.34 0.99 3.T1

Table 55: Lipid ratios in arterial atheromatous plaques and
in total serum (Total) and @-lipoprotein (B) from
Bantu, controls and patients with 1.H.D.

The values shown are means.

F;F.C.= Free cholesterol C = Total Cholesterol
E = Esterified cholesterol T = Triglyceride
CE = Cholesterol Ester P = Phospholipid
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For each of these lipid ratios, the mean value in the plaques is con-
siderably different from that in either total serum or p@-lipoprotein. The
valnes.forv f-lipoprotein are again closer to those of the plaques than are
" those for total éerum, but the differences between thé'values for plagues and
~those for pg-lipoprotein are, with the single exceptioﬁ'of'ihE"gg;g§1E=ratic,
still considerable.

On comparing the ratios for the three groups of éubjects with those in
the plagues, certain trends are appareht. In general, the lipid ratios in the
serum from patients show a greater resemblance to the lipid ratios in the

piaques than is the case for the other two groups.

Comparison with other data. The data of BSttcher and his colleagues {BSttcher

et al 1960as B&ttcher and Woodford 1961) show that the atherosclerotic aorta
(Stége II1) contains a greater proportion of free cholesterol and a smaller
proportion of triglyceride than is found in the p-lipoprotein of both healthy
young men and older atherosclerotic men. This is in agreement with the findings
of the present study. The data of BSttcher and his colleagues show, however,
tﬁat the proportion of ﬁhosphalipid was greater in the atherosclerétic aorta
'.tﬁan in the @-lipoprotein. This is contrary to the findings of the present
study. It has, however, been noted that the phospholipid values found by
BSttcher and Woodford (1962) in the atherosclerotic aorta may be erronecously
high (Part 11, Chapter 2). Buck and Rossiter (1951) and Luddy et al {1958)
reported that the plaques contained a higher proportion of free cholesterol
and & considerably lower proportion of phospholipid than 4id serum from normal
subjects. These findings are thus in agreement with the local data.

It can be seen from the data in this and in other similar studies that
the differences in composition between serum and plague lipids are greater than

any resemblance between them. This would suggest that, if serum lipids do
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contribute to plagque formation, thias does not occur by any simple process of
deposition of serum lipids.

Other processes which could contribute to the lipid composition of the
plagues include synthesis of lipid by the arterial wall or possibly preferen-
tial deposition of certain serum lipids. It has been shown that the arterial
wall in animals is able to synthesise cholesterol, triglyceride and phospho-
lipid. (Siperstein et al 1951; Werthessen et al 1954; Azarnoff 1958; Shore
et al 1955; McCandless and Zilversmit 1956, 19593 Zilversmit et al 1954;
Hewman and Zilversmit 1959; Newman et al 1961). The data of Newman and
Zilversmit (1959) and of Loomeijer and van der Veen (1962) indicate that syn-
thesis of triglyceride and phospholipid is quantitatively greater than that
of cholesterol. There is also evidence to suggest that the arterial wall in
man is able to synthesize cholesterol (Field et al 1960) and phospholipid
(Zilversmit et al 1961). The data of Field et al (1960) indicated, however,
that while some of the cholesterol in the humen intima was derived from syn-
thesis, the major portion was derived from serum. Synthetic processes do
therefore not appear to contribute significantly to plaque lipid in man.

The suggestion has also been made (Ahrens and Kunkel 19493 Wilkens and
Erut 1963) that preferential deposition of certein serum lipids, particularly
cholesterol, may be a mechanism contributing towards the formation of plaques.

Synthesis of lipid in the arterial wall and, or preferential deposition
of circulating lipid may, therefore, be important factors in determining the
composition of 1lipid in plaques. The relative role of these factors cannot,

however, be evaluated on the basis of the data in this study.

{b) COMPARISON OF THE FAPTY ACID COMPOSITION OF SERUM AND PLAQUE LIPIDS
For each group of subjeets, in all lipid fractions, the fatty acid compo-

sitions of total serum and p-lipoprotein were identiecal (Part II, Chapter I,
Section II). In order to simplify the presentation of results, the qualitative
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compogition of fatty acids in the plaque material has been compared only with
that found in total gerum. Statistical comparisons of fatty acid percentages

have, however, been made on both total serum and pB-lipoprotein values.

i) Cholesterol ester fatty acid composition

The mean values for all the fatty acids present in the cholesterol ester
fraction in the total serum of the three groups and in the plagues are shown

in Pable 56.

BARTU CONTPROL 1.H.D. PLAQUES
ratty Acid % % % %
Mean (S.D.)| Mean (S5.D.) | Mean (S.D.) [Mean (S5.D.)
Cl2:0 0.2 (0.2)| 0.3 (0.2)| 0.3 (0.2) | 0.2 (0.2)
C1410 1.0 (0.9)| 0.9 (0.2)| 0.9 (0.3) | 1.5 (1.1)
Cl4sl 0.4 (0.3)] 0.3 (0.2)| 0.3 (0.3) ]| 0.3 (0.2)
€15:0 0.4 (0.3)} 0.2 (0.1)| 0.4 (0.1) | 0.4 (0.2)
C15:1 0.3 (0.2)} 0.2 (0.1)| 0.2 (0.2)| 0.2 (0.2)
Cl16:0 14.1 (2.0)| 11.8 (1.3)|12.2 (1.9) |13.3 (2.4)
Clé6sl 7.3 (2.3)| 4.2 (0.6)| 4.4 (1.0) | 5.4 (1.3)
C17:0 0.6 (0.2)| 0.2 (0.2)| 0.4 (0.1) ]| 0.6 (0.4)
Cl7sl 0.4 (0.3)! 0.4 (0.2)] 0.2 (0.2)| 0.2 (0.1)
C18:0 2.1 (0.8)| 2.0 (0.6)]| 1.4 (0.5) | 1.7 (1.0)
C18:1 27.7 (3.0)| 21.7 (3.6) | 18.8 (2.4) |27.6 (3.7)
C18:2 35.6 (3.9)| 46.8 (4.3) | 52.2 (5.2) [39.7 (5.0)
C18:3 0.5 (0.3)| 0.8 (0.4)| 0.7 (0.7)| 0.7 (0.6)
€20:0 0.8 (0.7) 0.3 (0.2)| 0.3 (0.3)| 0.3 (0.2)
€20:3 ? 1.1 (o0.8)| 0.7 (0.3)] 0.7 (0.5) ] 0.8 (0.8)
£2014 7.5 (1.2)| 6.9 (1.3)]| 5.8 (1.6) | 6.4 (1.3)
C20:5 ? 0.9 (0.5) 2.2 (0.8) 1.5 (1.0){ 1.0 (0.9)
Table 56: The fatty acid composition of the cholesterol ester

fraction in arterial atheromatous plaques and in total
serum from Bantu, controls and patients with I.H.D.

Major fatty acids are underlined.
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It is apparent that all the cholesterol ester fatty acids present in
total serum and in pB-lipoprotein are present in the cholesterol eéter of the
plagues: The percentages of the less abundant fatty_acids are very similar
in the plagues and in the total serum and ,@-1ipoprotein;fr6m‘aii three groups.
The percentages.of the major fatty acid components are bémpared in Pable 57
and Figure 33.

Y

Fatty Acid | Fraction| BAN?U | CONTROL | 1.H.D. PLAQHE P vs.B | P vs.C|P vs.I.H.D.
e (® | () | (?)

Hean Mecan | Mean | Mean P p P
€16:0 Total | 14.1 11.8 12.2 1%.3 Fs s NS
B 13.8 12.1 12.1 RS NS NS
€16:1 Total | 7.3 4.2 4.4 5.4 |<0.02 | <0.05 | BS
€18:0 Total 2.1 2.0 1.4 1.7 NS NS NS
B 1.9 2.2 1.3 ' uS ~ FS qs

c18:1 Total | 27.7 21.7 18.8 | 27.6 N3 <0.001 <0.001

' B 28.2 21.3 18.2 §S <0.001 <0.001

€18:2 Total | 35.6 46.8 52.2 39,7 S - 0.01 <0.001

‘ B 35T 47.0 53.0 1 Ns <0.01 <0.001
C201 4 Total | 7.5 6.9 5.8 6.4 | <0.05 KS NS
B 7.8 6.5 6.3 <0.05 NS NS

Table 57: Comparison of the percentages of the major fatty acids
present in cholesterol ester fraction in asrterial athero-
matous plaques and in total serum (Total) and @-lipo-

protein (33 from Bantu, controls and patients with I.H.D.

Phe values shown are means.

While there is undoubtedly s resemblance between the valmes for the

- plaques and those for both total serum and PB-lipoprotein in gll groups, the
‘most striking feature is that the similarity is greatest between the values
for the plagues and those for the Bantu group. The slightly lower values for
€16:1 and €20:4 in the plaques do not detract to any great extent from this

similarity. In contrast, while the values for €16:0, C18:0 and €20:4 are
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similar for plaques and controls and patients, the percentages of C18:1 and
~Cl18:2 are significantly higher in patients and controls when compared with

the plaques.

In view of the suggestion (Sinclair 1956) that a relative deficiency
of E.F.A., might lead to the deposition in the arterial wall of cholesterol
esters and thus give rise to atheroma formation, the ratio of trienocic to
tetraenoic acids has been compared in the plaques and in total serum and

p-lipoprotein in each group (Table 58)

BARTU CONTROL I.H.D. PLAQUE
Mean (S.D.) | Mean (S.D.)| Mean (S.D.)| Mean (S.D.)
Total serum 0.22 (0.13) | 0.22 (0.07)| 0.21 (0.07

B-lipoprotein

0.20 (0.07)

0.24 (0.13)

0.21 (0.15%)

0.24 (0.11)

The ratio of trienoic to tetraenoic acids in the choles-
terol ester fraction in arterial atheromatous plaques and
in total serum and pP-lipoprotein from Bantu, controls
and patients with I.H.D.

Table 583

The mean value for this ratio is similar in the plagues and in total
serum and pB-lipoprotein from all groups, and is consistently less than 0.4.

There is thus no evidence of E.F.A. deficiency, either ebsolute or relatives.

i1) friglyceride fatty acid composition
The mean values for all the fatty acids present in the triglyceride

fraction in total serum and in plaques are shown in Table 59.
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lA;TU Cog?ROL Ii;.B. PLAQUE
_Fatty Acid | Meen (S.D.)| Mean (S.D.) | Mean (S.D.) | Mean (S.D.)
€1230 0.3 (0.2){ 0.2 (0.1){ 0.3 (0.2)| 0.3 (0.2)
€140 2.2 (0.5)| 2.1 (0.6)| 3.2 (1.5)| 2.3 (0.5)
C14:1 0.2 (0.1)! 0.3 (0.1)]| 0.3 (0.2)] 0.3 {(0.2)
€1510 0.6 (0.3)| 1.0 (0.5)| 0.6 (0.2)| 0.7 (0.4)
C15:1 0.3 (0.2)| 0.4 (0.3)| 0.3 (0.2)| 0.2 (0.1)
€16:0 28.5 (2.9)| 28.4 (3.9)| 28.9 (2.5)] 31.3 (5.4)
Cl6:1 7.2 (1.3)| 4.9 (0.9)] 6.1 (1.1)| 5.4 (1.3)
C1730 0.8 (0.3)| 0.8 (0.3)| 0.7 (0.2)| 0.8 (0.4)
Cl7:1 0.5 (0.2)| 0.5 (0.2)| 0.4 (0.1)| 0.5 {(0.3)
€1810 6.7 (1.6)| 5.7 (1.2)| 5.1 (1.5)| 6.6 (0.5)
c18:1 39.5 (4.8)| 40.4 (3.1)]| 35.8 (3.6)| 37.9 (4.5)
C1812 10.1 (2.6)| 13.4 (4.0)| 15.3 (5.6)| 10.5 (3.4)
€2010 0.7 (0.2){ 1.1 (0.4)| 0.8 (0.3)| 0.6 (0.4)
€20:4 2.1 {1.1)| 1.3 (0.4)| 1.4 (0.5)| 2.4 (1.4)

Table 59t The fatty acid composition of t{riglyceride in arterial atheromatous
plagues and in total serum from Bantu,controls and patients with I.H.D.

The major fatty acids are underlined.

All the fatty acids found in total serum and pPA-lipoprotein are consistently present
in the plaques. The percentages of the less abundant fatty acids are remarkably simi-
lar in the plagues and in the total serum and p-lipoprotein from =211 groups. The

percentages of the major fatty acid components are compared in Table 60 andPigure 34.

BANTU |CONTROL | I.H.D. |PLAQUE |P vs.B| P vs.C |P vs.I.H.D.
(B) (c) (P)

Fatty Acid | Fraction Mean Mean Mean Mean P js) 4]
Cl4:0 Total 2.2 2.1 3.2 2.3 RS NS ES
) 1.7 2.2 2.9 N3 s NS

Cl16:0 Total 28.5 28.4 28.9 31.3 NS NS KS
3 28.4 26.7 29.2 RS KS .54

Cl16:1 Total 7.2 4.9 6.1 5.4 <0.01 NS RS
B T.0 5.3 6.4 <0.01 £ KS
C18:0 Total 6.2 ;.Z 5.1 6.6 NS KS <0.0%
B 5. . 5.0 NS NS <0.0%

€cl8:1 Total 39.5 40.4 35.8 37.9 KNS HS N3
B 40.9 35.8 35.1 N3 NS RS
£18:2 Total 10.1 13.4 15.3 10.5 KS <0.05 <0.01
B 10.5 14.5 15.7 . B <0.01 <0.01
€20:4 Total 2.1 1.3 1.4 2.4 RS <0.02 <0.0%
B 2.1 1.5 1.4 NS <0.05 <0.05

Table 60: Comparison of the percentages of the major fatty acids pregent in trigly-
ceride in arterial atheromatous plaques and in total serum Totalg and
p-lipoprotein(B) from Bantu,controls and patients with I.H.D.

The overall similarity between the values for the plaque and total serum and g-lipo-
protein from all three groups is striking(Figure 34). While the percentage of Cl6:l
{8 lower for the plaque than for the Bantu,there is,however,again a greater resem-
blance between the values for the Bantu group and those for the plagues than is the

cage for the other two groups. This is particularly marked for C18:2 and C20:4 where,
while the Bantu and plaque values are similar,the percentages for both patients and
controls are higher and lower respectively.
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1ii) Phospholipid fatty acid composition
The mean values for all the fatty acids present in the phospholipid

fraction are shown in Table 61.

BANTU CONTROL I1.H.D PLAQUE
% % % %
Fatty Acid | Mean (S.D.) | Mean (S.D.) | Mean (S.D.) | Mean (S.D.)
C1410 0.6 (0.2)| 0.9 (0.5)| 0.7 (0.2)| 1.2 (0.6)
Cl4:1 0.2 (0.1)| 0.3 (0.2)]| 0.3 (0.2)]| 0.3 (0.2)
C15:0 0.3 (0.2)| 0.6 (0.3)]| 0.3 (0.1)[ 0.4 (0.2)
Cl15:1 0.2 (0.1)| 0.2 (0.1)| 0.3 (0.2)}| 0.3 (0.2)
1610 34.5 (2.5)] 31.7 (2.4)| 34.0 (2.2) | 37.7 (6.7
Cl6:1 2.1 (0.4)| 1.7 (0.4)! 1.8 (0.2)| 2.3 (1.0)
C1710 0.6 (0.3)| 0.7 (0.3)| 0.6 (0.2)]| 0.7 (0.4)
€171 0.3 (0.1); 0.2 (c.1)| 0.3 (0.1)| 0.4 (0.3)
€18:0 15.0 (1.8)| 14.3 (0.9)| 15.1 (1.2)|14.6 (1.5)
Cl81l 15.3 (2.7)] 10.6 (1.7)|11.0 (1.6) | 11.6 {(2.8)
£18:2 13.9 {1.9)| 17.4 (1.2)]|18.6 (3.2)| 6.1 (1.3)
£20:0 0.7 (0.3)| 1.0 (0.4)| 0.8 (0.3)| 1.0 (0.3)
€2110 0.5 (0.2)| 0.5 (0.3)]| 0.5 (0.4)| 0.3 (0.2)
2013 7 2.5 (0.5)] 2.2 (0.7)| 1.9 {(0.6)| 2.4 (1.3)
€204 8.2 (1.3)| 9.1 (1.3)| 7.0 (1.5)| 7.0 {(3.5)
€2210 0.6 (0.5)] 0.8 (0.4)]| 0.6 (0.5)| 0.5 (0.3)
€20:5 ? 0.7 (0.2)| 1.8 (0.9)| 1.3 (0.9)] 1.5 (0.5)
2310 0.5 (0.2) 0.3 (0.1)] 0.5 (0.2)| 0.5 (0.3)
C2410 0.7 (0.3) 1.4 (0.4)| 0.8 (0.6)| 3.9 (1.8)
C2411 1.2 (0.6)] 1.6 (0.3)| 0.8 (0.7)| 4.9 (2.2)
C22:6 ? 1.3 (0.6)] 3.4 (0.9)]| 2.4 (1.3)| 1.9 (1.1)

Table 61: The fatty acid composition of phospholipid in arterial
atheromatous plaques and in total serum from Bantu,
controls and patients with 1I.H.D.

The major fatty acids are underlined.
All the fatty acids present in total serum and in f-lipoprotein are
agaein consistently found in tﬁe plague phospholipid. With the exception of
certain long ohain fatty acids {C24:0 and C24:11) the percentages of the less
abundant fatty acids are remarkably similar in the plague and in the total serum
from all groups. The percentages of the major fatty acids and the very long chain
fatty acids are compared in Table 62. The values for the major fatty acids are

shown in Figure 35.
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"BANTU | CONTROL | 1.H.D. | PLAQUE , P v.
(B_| () | (p) | F¥B | P%C | s mp
% % % % b P p
Fatty Acid | Proction | Mean ean Mean | Mean
£16:0 Total 5 | 31.7 | 340 | 37.7 NS NS NS
" B 35.3 | 32.2 | 33.5 NS NS NS
C16:1 Total 2.1 1.7 1.8 2.3 NS NS NS
B 2.6 1.5 1.8 NS NS NS
C18:0 Totel 15.0 | W3 | 15.1 | .6 NS NS NS
B Ue3 | a0 | 14l NS NS NS
C18:1 Total 15.3 | 10.6 | 11.0 | 11.6 | <0.01 NS NS
B .8 | 11.3 | 11.3 <0.01 RS NS
cl8:2 Total 13. ] 170# 18. 6 60 1 <0, 001 <0. 001 <0. 0601
B 11.8 | 17.4 | 18.3 <0.001 | <0.001| <0.001
B 7.1 8.3 6.9 NS NS NS
€20: 37 Total 2.5 2.2 1.9 2.4 NS NS NS
B 2,2 2.1 2,1 NS NS NS
C20:57 Total 0.7 1.8 1.3 1.5 | <0.001 NS NS
B 0.8 1.5 1.2 <0. 001 NS NS
€22:0 Potal 0.6 0.8 0.6 0.5 NS NS NS
B 1.0 0.5 0.3 NS NS NS
€23:0 Total 0.5| 0.3 |” 0.5 | 0.5 NS NS NS
B 0.6 0.t 0.4 NS NS NS
02&-:0 Total 0‘7 10‘]- 0.8 3.9 <0. 001 <0.001 <0 001
B 1.5 1.8 1.0 <0.001 | <0.001| <0.001
C24:1 Totel 1.2 1.6 0.8 4.9 | <0.001 | <0.001| <0.001
B 1.8 2.2 1.5 <0.001 | <0.001| <0.00L
C22:67 Total 1.3 3. 2.4 1.9 NS <0.01 NS
B 1.1 3.2 2.k NS <0.01 RS

Table 62: Comparison of the percentages of major fatty acids
(underlined) and of the very long chain fatty scids

present in phospholipid in arterial atheromatous plaques

and in total serum and A -lipoprotein from Bantu, con-

trols end patients with I.H.D.
Total

]

total serum

= pP-lipoprotein
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The atheromatous plaque phospholipid contains a consi«
derably lower percentage of €18:2 than either total serum
or p-lipoprotein in any group. '
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While the Bantu have & higher percentage of C18:1, the percentages of
the ether major fatty acids are, with one striking exception, very similar in
Plagues and in total serum and pE-lipoprotein from the three groups. This
exception is the percentage of Cl8:2 which is consistently lower for the
plaques than for any of the three groups. The value for the Bantu is, how-
ever, much nesrer that for the plaques than that for either of the other groups.

¥hen the percentages of the longer chain fatty aclds are compared between
plagues and the three groups the percentage of C20:5 (?) is lower for the Bantu
and that of C22:6 (?) is higher for the controls. It is, however, for C24:0
and C24:]1 that a striking difference between plaques and the three groups is
again apparent. For these two fatty acids the mean values for the plagues are
‘conlistently higher than for any of the groupa. It will be recalled that the
accuracy in estimating these fatty acids was low (Part I, Table 16). However,
the differences between the values for plaques and those for total serum and

P~lipoprotein in each group are probably greater than can be accounted for

by the error of estimation alone. It is noteworthy that these longer chain
fatty scids sccount for a relatively small proportion of the total fatty acids
in serum éhoaphalipids (Part II, Chapter I, Table 39). Their relatively
greater abundance in the plague phospholipids is presumably due to sphyngo-
ayelin (Part II, Chapter.2, p.133)

The ratio of trienoic to tetraenoic fatty scida in total serum and

@ -lipoprotein from the three groups has been compared with that in the

plaques (Table 63).

BANTT CONTROL 1.B.D. PLAQUE
Mean (S.D.)| Mean (S.D.)| Mean (S.D.) | Mean (S.D.)
Total serum 0.31 (0.05)| 0.25 (0.08)| 0.28 (0.10)

0.33 (0.06)
f-lipoprotein | 0.32 (0.08)| 0.25 (0.07)| 0.31 (0.09)

Table 633 The ratio of trienmoic to tetraenoic acids in the phospholipid
fraction in arterial atheromatous plaques,in total serum and
A-lipoprotein from Bantu, controls and patients with I.H.D,
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Ii.ia apparent that the mesn values are similar in the plagues and in total
seran and pP-lipoprotein for all groups. There is agaiavno:evideaeevaf B.F.A.

deficiency, either absolute or relative.

Comparison with other data

Several authors have noted o marked resembiance betwsen the cholesterol
 ester Tatty acid pattern in plagues ond in serum {Tuna et a2l 1958; Luddy et al
1956s Bjormtorp et al 1962). The data of Tuna et al (1958), Luddy et al (1958)
and BGttcher and his colleaghes {ﬁﬁitdher et al 1960a3 ﬂ&%t@ber'anﬁ Woodford
1961) showed that the cholesteroi.ester in gerun froﬁrnaxmal ¥hite subjects
has a higher percentsge of C18:2 and & lower percentaoge of 1821 then is found
ih_plaque cholesterol ester. A similar finding is noted here whén comparing
the cholesterol ester fatiy acids in serum from the control group with that in
the plagues. In contrast, Lewis (1958) end Swell ot al (1960) have reported
that the cholesterol e#teruin‘plaques contains less dienes (C18:2) end tetracnes
{£20:4) and more saturated faﬁty acids than serum cholesterol ester.

The data of BEttcher and his colleagues {Béttcher et al 196023 Qﬁttcher
and Yoodford 1961) and of Bjorntorp et al (1962) show a strikiﬁg similarity
between the triglyceride fatty acid cempeaitien.of plagues and of serum. Luddy
et al {1958) found that the triglyceride in serum from healthy White subjects
eontained more €18:2 and less 1821 than thet in plagues and this finding is im
agrocnent with the local data.

Bjorntorp et al (1962) reported that the percentage of dienes wes con-
hiderably lower in plaqﬁe phospholipid than in serum éﬁosghﬁiipid-' Béttcher

;ama his colleagues (BSttcher et al 1960a; BBttcher and van ﬂent 1961) have
desciihed the phospholipid fatty scid composition of atheromatous pleques and
of_ocab and pB-lipoprotein from healthy and atherosclerotic subjects {B8t4cher
and Woodford 1961). When these values are compared, it is apparent thet the

percentage of C18:2 is léwér and the percentage of $2410 and C24:1 are higher
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in the plaques than in either o~ or p-lipoprotein from both groups of subjects.
These findings are in agreement with the lccal dats.

It is apparent that, in general, there is a marked similarity between ths
fatty acid compositions of lipid fractions in total serum and p-lipoprotein
and those in the plaques. The differences found in ths percentages of certain
fatty acids do not detract to any extent from the overall similarity. These
data would de in keeping with the concept that plague lipids may be derived
from serum lipids. However, the most striking feature with regard to the fatty
acid composition of 1ipids in serum and plaques is that, in general, the values
for serum from the Bantu gronp show & greater resemblance to those of the
plagues than do those for either of the other two groups. Since the Bantu
have a2 low susceptibility to atherosclerosis, it would seem unlikely that the
fatty acid composition of serum lipids per se is related to the deposition of

lipid in the arterial wall.
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CORCLUSIONS

On comparing the relative proportions of lipid components in total serum
with those in the plaques, there is no striking resemblance between the wvalues
for any group of subjects and those for the plaques. Only in the case of phospho-
lipid is there a trend from Bantu tﬁrough controlsvto patients towards the value
in the plaques. In p-lipoprotein the relative proporticnsfbf lipid components,
with the exception of %riglyceride, approach those in the plaques .moi-e closely
than 40 those in total serum. This is seen in all the groups. In general,
however, the differences in lipid composition between plaques and both total
gerum and p-lipoprotein are more striking than any resemblance between them.

In total serum, certain lipid ratios show grading between the groups and
the values for the patients tend to approach those of the plaques more closely.

The values fbr these lipid ratios in p-lipoprotein again show a greater
regemblance to those in the plagques, but there is no graded relationship between
the groups. Here again, however, the differences are greater than the simi-
larities. In general, the data suggest that, if plaque lipid is derived from
serum, this does not occur by ahy simple process of depogition of serum lipids.

The fatty acid compositions of lipid fractions in total serum and p-lipo-
protein are similar to those of the plagues. The fatty acid composition of
1ipids in serum from the Bantu, however, showed the greatest resemblance to
that of 1ipid in the plaques. This suggests that the fatty acid composition
per se need not necessarily indicate the serum origin of plague lipids.

There is no evidence of E.F.A. deficiency in the serum lipids in any
group nor does the fatty acid composition of plaque lipids suggest that E.F.A.
‘deficiency, either absolute or relative, is a contributory factor in the

formation of atheromatous plagues.
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PARF III.
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GENERAL COECLUSIONS

THE COMPOSITION OF SERUM LIPIDS

The relstionship between gerum lipid levels and the susceptibility to
I.H.D. has been examined. The data, in genersal, support the view that subjects
with 1.H.D. or groups with increased susceptibility to I.H.D. have elevated
serum lipid levels when compared with subjects with low suseceptibility to
this disease. As in most other studies, there is considerable overlap between
lipid concentrations for patients and controls, although certain 1lipid para-
meters provided separation between these twe groups. In general, the c¢oncen-
tration of lipid components in p-lipoprotein provided better separation
between the groups than did that in total serum. Any increase in total serum
lipid concentration, beyond & certain minimum level, could be attributed almost
entirely, if not entirely, to an increase in p-lipoprotein concentration.

On comparing certain 1lipid ratios, better separation between groups was
achieved than by comparing the absolute concentration of lipids. These data
would suggest that the relative proportions or "balance of lipids™ may be an
important factor in determining susceptibility to I.H.D.

In each group of subjects the fatty acid compositions of the esterified
lipid fractions were similar in total serum and in p-<lipoprotein. These data
indicate that each lipid component has a characteristic fatty acid pattern
which is not related to the serum fraction in which it is transported.

The fatty acid compositions of the esterified lipids were qualitatively
identical in the three groups of subjects. Certain quantitative differences
in the fatty acid compositions of these lipid fractions were present between
the groups, notably in the percentage of linoleic acid. There was no evidence
to suggest that a deficiency of B.F.A., either absolute or relative, might be

related to increased susceptibility to I.H.D.
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THE BRELATIOBSHIP BETWEEN DIET ANRD SERUM LIPIDS

The serum lipid coneentration could not be directly related to the dietary
fat content, either quantitative or qualitative, in the three groups. It would
seem, therefore, that the elevated lipid levels in this patient group are not
related to dietary fat alone, but could be related to other dietary factors,
e.g. the protein intake, which was directly correlated with serum lipid levels
in the three groups, or might reflect a more fundamental disorder of lipid
metabolism. There was no evidence that a high carbohydrate Aiet, as such, gives
rise to elevated serum lipid levels.

The percentage of linoleic acid in the serum lipid components was directly
related to the percentage of total calories derived from linoleic acid. The
differences in the fatty acid composition of lipids in the three groups could

be related, at least in part, to differences in their diet.

THE RELATIONSHIP BETJEEN LIPID IN SERUM AFD IN ARTERIAL éTHEROMATOUS PLAQUES

The 1ipid present in the arterial atheromatous plaques was fairly constant
-1n composition. In general the data showed that the fatty acid composition of
serum lipid fractions bears a close resemblance to that of plagque lipid. While
these data would be in keeping with the concept that the lipid in atheromatous
plaques is derived from serum, it is not possidble, on the basis of this simi-
larity alone, to conclude that the plaque fatty acids have been derived from
serum. In assessing the possible role of a particuler fatty acid composition
in determining the formation of atheroma, it is noteworthy that the greatest
resemblance between the 1lipid in the plaques and that in serum was found for
the Bantu. Since this group is least susceptible to atherosclerosis, it would
seen unlikely that the fatty acid composition per se is related to the formation

of atheronma.
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The relative proportions of various lipid fractions in the serum
p-lipoprotein fraction showed a closer resemblance to those in the plaques
‘than was the case for total serum. There w;s some trend for certain lipid
rﬁfibs.in the serum of patients to approach those found in the plaques. In
general, however, the differences in composition between serum and plaque.
iipids were greater than any resemblance. These data suggest that, if plaque
lipid is derived from serum, this does not oeccur by any simple proceas of

deposition of circulating serum iipid.
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SUNNARY

The composition of lipid in total serum, in the serum -lipoprotein
fraction and in arterial atheromatous plaques has been determined.
Blood samples were obtained from 16 Bantu, 12 healthy White subjects
(controls) and 12 patients with ischaemic heart disease (I.H.D.).
Arterial atheromatous plague material wag obtained by aorto-iliac
endarterectomy from 12 other White sudbjects with I.H.D. All gubjeots

were males between 40 and 50 years of age.

The concentration of both free and esterified cholesterol, triglycerids
and phospholipid were determined chemically and total 1ipid concentration
obtained from the sum of these determinations. The qualitative and
quantitative fatty acid compositions of cholestercl ester, triglyceride
and phospholipid were determined by gas-liguid chromatography. Dietary
data were obtained by recall.

The composition of 1lipid in total serum and in the serum pg-lipoprotein
fraction has been compared within each group and between the groups of
subjecta. The composition of 1lipid in the atherometous plaque material
has been compared with that in total serum and in the serum p-lipoprotein
fraction in each group of subjects.

In both total serum and in the serum pP-lipoprotein fraction the concen-
tration of total lipid and of each lipid fraction was significantly lower
for the Bantu than for the other two groups. Although the mean concen-
trations of the lipid fractions were generally higher for patients than
for controls, these differences were statistically significant only for
free cholesterol in total serum and for the total lipid, free cholesterol,
triglyceride and phospholipid in the pg-lipoprotein. p-lipoprotein lipid
concentrations, in general, provided better separation between the groups
than did the lipid concentrations in total serum.

In all cases the major proportion of serum lipid was present in the pP-~lipo-
protein. There was a highly significant positive correlation between the
concentrations of lipid in total serum and in pP-lipoprotein. Any increase
in the concentration of 1lipid in the total serum was due almost entirely

to an increase in the concentration in @-lipoprotein.
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The relative proportions of the lipid componentz were compared between the
gronps. In total serum only the percentage of phospholipid showed a
graded decrease from Bantu through controls to patients. In p-lipo-
protein the relative proportions of lipid were similar for patients and
controls, but the Bantu showed differences frem beth other groups for a

number of lipid parameters.

On examining certain 1lipid ratios in total serum and in p-lipoprotein,
better separation between groups was achieved than by comparing lipid
concentrations. This separation was more marked in total serum than in

P-lipoprotoin.

The cholesterol ester, triglyceride and phospholipid fractions each have
a characteristic fatty acid composition. The fatty acid composition of
these lipid fractions in total serum closely resembled those in the

B-lipoprotein in each group of subjecta. In each 1lipid fraction, the
percentage of linoleic acid was lower and the percentages of palmitoleic
and oleic acids were generally higher in the Bantu group than in either
of the other groups.

Dietary analysis showed that the concentration of serum lipid could not be
directly related to the fat or carbohydrate content of the diet in the
three groups. The proportion of protein calories was directly related

to serum lipid concentrationas. The linocleic acid intake expressed as a
percentage of total calories was related to the proportion of linoleic
acid in the esterified lipid fractions of serum.

Atheromatous plaque lipid was found to have a fairly constant composition,
characterised by a high proportion of cholesterol, of which almost half

was in the free fors.

The fatty acid compositiona of the esterified 1lipid fractions in total
serum and p-lipoprotein were similar to the correaponding fractions in
the pleques. This resemblance was particularly marked for cholesterol
ester and triglyceride, but less so for phospholipid. In general, the
fatty acid co-pbsitiona of serum lipid fractions in the Bantu resembled

those of the plaques more closely than did those from the other two groups.
On comparing the relative proportions of lipid components in serum and

in the plaques, the values for f-lipoprotein approached those of the plaques

more closely than did those for total serum. In general, however, differencea

in lipid composition were more striking than sany similarities.
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Jerum 1lipid fatiy acid data

The fatty acid compositions of the cholestercl ester, triglyceride and
phospholipid fractions of human seram reported in other studies are shown
together with the findings reported in thia gtudy (Tables 1 - 6, péges |
183 - 188).

The relevant dats reported ism the thesis are shown in Tabdbles 23, 24, 30,
31, 36 and 37 (pages 82, 83, 95, 96, 103 and 104), and on pages 84, 85, 93,

97, 101 and 111.
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Aathor Sudbjects C16:0|C16¢1|C18:0{C1821|C1B8:2|C2034
¥ean |Mean |HMean |[Mean |Hean |Mean
Present study Bantn 14. | 7.3 | 2.1 |27.7 135.6 | 7.5
Control 11.8 | 4.2 | 2.0 [21.7 |46.8 | 6.9
1.8.D. 12,2 4.4 | 1.4 |18.8 [52.2 5.8
Lawrie et al. 1961 Hormals 16-45 years 13.8 | 6.0 | 3.3 |21.7 |35.2 | 3.8
Males and females
Schrade et al. 1961 Hormel males 19-42 years 11.7 6.0 2.5 118.7 |48.4 5.0
Hormal males 46-T71 years | 12.0 | 8.4 | 3.1 [20.7 {44.9 | 3.9
Atherosclerotic subjects | 16.6 [(10.7 | 2.9 |20.0 [38.6 | 2.8
Lindgren et al. 1961 | Normal subjects 10.0 | 3.2 | 1.2 {17.8 [55.3 | 5.6
Hallgren et al. 1960 | Formal maleas 23-38 years 11.0 4.8 | 0.8 [23.2 |46.2 5.9
Scott et al. 1963 Rew Yorkers 30-4% years 10.3 3.3 1.1 119.2 |57.5 | B.4
Poor EBast Africans
30-45 years 12.6 6.0 2.0 129.1 [41.0 | B.1
Upper class East Africans
30-45 years 12.1 5.8 | 2.1 |26.9 [(42.5 | 9.2
B8ttcher and Joodhyd | Normal males ‘
1961 (F-lipoprotein) 1.2 3.4 1.2 |19.4 |56.2 4.4
Atherosclerotic males
Swell et al. 1960 Atherosclerotic males 13.7 4.1 1.3 |25.8 |43.3 T.5
Smith 1962 Healthy subjects
(5f0-12 1lipoprotein) 14.7 25.3 |47.8 | 5.1
Subjects with I.H.D.
(8fo-12 lipoprotein) 11.9 24.8 147.9 | 5.1
Pable 1: The percentages of the major fatty acids in serum chelesterol ester,

as determined by different authors, using the technique of G.L.C.
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Author

Subjects Dienes Tetraenes
Mean Hean
Present study Bantu 35.6 7.5
Control 46.8 6.9
I1.8.D., 52.2 5.8
Luddy et al 1958 Hormal males 4T7.5 8.0
Lewis 1958 Healthy Europeans 53.2 9.5
Europeans with I.K.D. 40.6 7.6
Healthy Bantu 55.4 135.86
Tuna et al 1958 Kormal subjects 41.1 8.0
Schrade et al 1959 Healthy subjects 47.1 6.3
Atherosclerotic subjects 38.0 5.0
#right et al 1959 Normal subdjects 43.8 6.;
Bjorntorp 1960 Normal subjects 42.5 5.1
22 = 77 years

Normal young msles 43.8 4.6
Subjects with essential 39.0 53

hypercholesterolemia
Riley and Nunn 1960 Healthy male 39 years 39.0 3.5
Kingsbury et al 1962 | Bormal subjecte 45.1 8.0

48 -« 70 years

"itheromatous”" subjects 30.0 4.7

51 - 74 years

Table 2t The percentages in serue cholesterol ester of dienes and
tetrasnes, as determined by different suthors, using the
technique of alkali isomerization.

Present study Dienes = C18:2
Tetraenes = C20:4
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014:01016:0

Author Subjects C16:1|C18:0|C1831]C18:2|C20:4
Hean | Hean |Hean |Mean [Hean |Heen |IHean
Present study Bantu 2.2 |28.5 | T.2 6.7 {39.5 |10.1 2.1
Control 2.1 | 28.4 4.9 5.7 [40.4 {13.4 1.3
1.8.D. 3.2 | 28.9 6.1 5.1 {35.8 [15.3 1.4
Lawrie et al. Normals 16-45 years 3.8 121.0 | 7.3 | 3.7 |26.0 {11.9 | 3.4
1961 Hales and females
Schrade et al. Normal males 19-42 years 1.5 | 27.8 | 7.7 | 3.6 |36.4 |12.7 | 3.0
1961 formal meles 46-71 years 1.7 | 28.9 1.7 4.% | 36.0 |11.3 2.4
Atherosclerotic subjects 2.3 (29.5 | 8.0 | 3.6 {38.3 {10.8 | 2.}
Lindgren et al. | Bormal subjects - |29.8 | 3.7 | 4.6 |39.1 |15.7 | 1.3
1961
Hallgren et al. | Hormal males 23-38 years 3.0 124.9 | 6.2 | 4.0 |41.4 [10.9 | ©O.8
1960
Scott et al. ew Yorkers 30-45 years 2.1 129.4 | 4.0 | 4.7 | 43.1 |16.8
19.63
Poor Bast Africans
30-45 years 2.7 | 30.5 5.1 5.6 | 44.6 [11.5
Upper claas Bast Africans
30-45 years 3.8 153,33 | 5.2 | 6.7 | 40.5 |10.5
Bew Yorkers over 45 years 2.8 |1 29.9 4.7 5.0 | 43%.2 |14.5
Poor East Africans over
45 years ’ 2.8 | 30.6 5.3 4.9 | 44.2 |12.1
Uppoer class Bast Africans :
over 45 years 3.7 | 33.1 5.0 | 6.7 40.7 |10.9
BBttcher and Hormal males
Woodford 1961 | (« -lipoprotein) 2.5 23.6 | 5.7 | 5.235.8 |15.6 | 2.8
Atherosclerotic males

Pable 33

The percentages of the major fatty acids in serum triglyceride,
as determined by different authors, using the technique of 8.L.C.
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Author Subjects Dienes Tetraenes
Hean Hean
Pregent Study Bantu 10.1 2.1
Control 13.4 1.3
IvaDo 1503 104
Luddy et al 1958 Normal nales 14.3 1.3
Schrade et al 1959 Healthy subjects 10.9 0.8
Atherosclerotic
subjects 1.2 1.5
Bjorntorp 1960 Forma) subjects 8.0 1.6
22 - 17 years ‘ *
Hormal young males 9.2 1.2
Subjectis with essential 8.1 1.0
hypercholesterolemia * .
Antonis and Bersohn 1960 Bantu males 30.7 8.%
Buropean males
18 - 30 years 26.6 5.5
European males ~
31 - 40 years 21.7 5-5
European males
41 - 70 years 20.2 5.8
Subjeots with I.H.D.
40 - 60 years 18.1 4.0

Pable 4: The percentage in serum triglyceride of dienes and tetiraenes,
as determined by different authors,
alkali isomerization.

uaing the technique of

Pregent study Dienes = (01832
Tetraenes = C20:4
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Author Subjects C1410(C16:0|C1611] C18:0|C18:1| C18:2|C20:4
Mean |Mean |Mean | Mean |Mean | Mean |Mean
Present study Banta 34.5 2.1 115.0 115.3 |13.9 8.2
Control 31.7 1.7 1 14.3 [{10.6 [17.4 | 9.1
I.H.D. 34.0 1.8115.1 §11.0{18.6 | 7.0
Lawrie et al. Normals 16-45 years v
Schreade et al. Healthy subjects 30.7 3.6 {12.1 [15.1 | 20.7 | 8.7
1961
Atherosclerotio
subjects 34.9 3.2 {11.9 |16.7 | 18.1 5.9
Lindgren et al. | Normal sudjects 33.2 1.1 | 14.3% {11.9 | 21.9 9.3
1961 '
Hallgren et al. | Normal males + '
1960 23-38 years 0.5 277 11.9 [14.3 | 20.4 8.8
Scott et al. New Yorkers 30-45 years trace| 35.2 1.2 |13.4 |11.8 | 24.% [14.2
1963
Poor RBast Africana
30 - 45 years 0.4 |35.6 1.7 115.6 |16.7 | 17.4 |12.7
Upper class Bast Africans
30 - 45 years 0.4 | 37.0 1.7 |15.3 |15.2 ([ 1T7.1 [13.4
New Yorkers over 45 years 0.6 (34.5 | 1.5 {15.0 [13.4 | 22.8 {12.3
Poor East Africans over
45 years trace| 34.4 2.0 |14.2 |15.8 | 20.0 [13.7
Upper class East Africana -
over 45 yesrs 0.5 | 38.0 2.1 |14.1 (14.4 | 19.7 |11.2
Bsttcher and Bormal males
Woodford 1961 ( f-lipoprotein) 50.8 | 1.0 |14.5 111.0 | 17.0 | 4.7
Atherosclerotic males
( p-lipoprotein) 28.4 | 1.3 {13.1 |13.4| 1T7.6 5.6
James st al. Bormal subjects 26.7 13.3 j20,8 | 18.8 | 9.7
1957 Subjecta with I.H.D, 19.6 | 9.6
Dole ot sl. Normal males and fomales 1.1 | 33.1 2.5 |12.8 |18.6 | 16.0 4.3
1959
Table 5: The percentages of the major fatty acids in serum phespholipid, as

determined by different authors, using the techmique of G.L.C.

¥ m 1610 + £1611
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Author Subjects Dienes Tetraenes
Hean Hean
Present study Bantu 13.9 8.2
Control 17.4 9.1
I.H.D. 18.6 7.0
Luddy et al 1958 Kormal nmales 14.5 8.2
Schrade et al 1959 Healthy subjecta 22,2 6.6
Atherogclerctic subjects 19.6 4.5
Green et al 1960 NHormal subjects ‘
( g-1ipoprotein) 14.2 7.4
Bjorntorp 1960 Rormal subjects
22 - 77 years 15.3 6.5
Rormal males ‘
22 - 36 years 17.3 6.8
Xanthomatous subjects 14.5 6.0
Subjects with essential 13.4 5.7

hypercholesterclenia

Table 6¢ The percentage in serum phespholipid of dienes and tetraenes,
as determined by different authors,
alkali isomerization.

using the technique of

Present study Dienes = C18:2
Tetraenes = C20:4
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The aietary data for individual aﬁhjectu sampled in this study are _;_
shown in WEbleail - 3 {pages 191 - 1935). The valng@lfor each group of "
subjects reported in this thesis in Tables 42 and 43 {pages 115 and 116) ar§
derived from these individual values. ;

_@aa mgthg&.wheméby the individuscl data were obtained is descrihei
under "Dietary inalysis® (see page 15) and the guestionnaire used in obtaining

this information is shown on pages 194 - 197.
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Subject © Daily Inteke Percentage of daily calories
| | Tbtal Carbo~ | Protein féir Linoleic | Carbo~ | Protein | Fat ﬁineléic Fat calories
Calories | hydrate Acid hydrate Acid derived from
Lincleic Acid
e o | en | gn % % % % % |
1 2031 238 83 83 4.6 47 16 37 2.0 6
2 2541 324 122 84 9.5 51 19 30 3.4 11
3 21%6 229 102 90 7.2 43 19 38 3.0 8
4 1492 145 86 63 11.1 39 23 38 7.0 1le
5 1850 296 79 39 6.2 64 17 19 3.0 16
é 2242 297 86 79 4.7 55 15 32 1.9 6
7 1570 178 77 39 4.2 52 21 27 2.8 11
8 1537 200 83 45 4.2 52 22 26 2.5 9
9 1609 149 109 64 13.0 37 27 36 7.3 20
10 - 1858 177 58 102 5.9 38 13 49 2.9 6
11 1526 156 70 69 3.2 41 18 41 1.9 5
12 2568 321 123 88 T.T 50 19 31 2.7 9
Table 1. The composition of the average dally diet of the subjects with I,H.D.
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Suhaect 'ﬁbaily Vlntake VPercéntagé §f dﬁiiﬁbééiafiéé'
| ?otai ﬁarho— VProféiﬁ Fati .Linoleic carﬂo- | Protein Faﬁ Linoiéié Fat calories
Calories | hydrate Acid hydrate Acid derived from
_ Linoleic Acid
gn gm gn e K | % K |
1 2646 | 261 119 125 5.5 40 18 42 1.9 4
2 2078 159 88 121 5.4 31 17 52 | 2.5 5
3 2338v 164 94 145 5.7 28 16 56 2.2 4
4 2513 155 92 170 6.7 25 15 60 2.4 4
5 V2492 205 92 145 6.1 33 15 52 2.2 4
6 2493 255 87 125 6.0 41 14 45 2.2 5
T 2492 192 93 150 3.2 31 15 54 1.1 2
8 2833 | 207 114 | 172 | 11.0 29 16 55 3.5 6
9 3654 301 17 220 6.5 33 13 54 1.6 3
10 2195 187 10% 114 8.% 34 19 47 5.5 8
11 2629 224 107 145 | 11.7 34 16 50 4.0 8
12 2516 220 87 143 11.1 35 14 51 4,0 8
fable 2, The composition of the everage daily diet of the control subjeots,
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Subject

Daily Intake

Percentage of daily calories

Protein

Total Carbo- Pa¢ |Linoleic| Carbo- | Protein | Pat | Linoleic | Fat calories

Calories | hydrate Acid hydrate Acid derived from

Linoleic Acigd
g gun en gn % # % % %
1 4547 934 115 39 10.3 a2 1o 8 2.1 26
2 3531 733 80 3 5.5 83 9 8 1.4 17
3 3848 746 1355 36 7.1 78 14 S - 1.7 19
4 3804 765 105 36 7.4 8l 11 -8 1.8 20
S 3871 783 106 35 6.2 81 11 8 1.5 18
6 3922 806 98 34 7.4 82 10 8 1.7 22
7T 3648 7149 91 32 . 6.3 82 10 8 1.6 20
8 4147 844 114 35 6.4 82 11 1 1.4 18
9 3172 749 113 36 7.3 79 12 9 1.8 20
10 4375 866 131 43 10.9 79 12 9 2.3 25
11 3738 729 131 34 6.1 T8 14 8 1.5 18
12 4505 883 142 45 10.3 78 15 9 2.1 23
13 3965 799 109 37 7.8 81 11 8 1.8 21
14 4603 930 11% 47 11.0 81 10 9 2.2 23
15 4001 7187 130 37 7.3 79 13 8 1.7 19
16 4095 793 143 39 8.4 17 14 9 1.9 20

2able 3. The composition of the average dally diet of the Bantu sudbjects.




DIETARY ANALYSIS HUESTIORKAIRE

FAUE

AGE

0CCUpPATION

A, %hat kind of bread do you eat, and how mueh per day?

numnber of slices

thickness of slice

White

Brosn

thole meal

Rye

Other

B. dhat do you spread on your bread?

1ls the spread thick, thin or medium?

pumber of slices

thickness of spread

Butter

Hargarine

Cheesno

Jam

Honey

Sandwich Spread

Peanut Butter

Other

Bothing
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195.

How much and how often in a week do you eat or drink any of the following?

times per week

guantity

Milk (including that with
cereals, beverages znd cooking)

Skim milk

Sour milk (Amasi)

Cheese

Creanm

Ice-cream

kilk shakes

How many eggs do you eat in a week, and how are they prepared?

Eggs per week

Boiled

Fried

SQrambled

Posached

Umelette

Jhat fats or oils are used in preparing the eggs?

Butter

Do you prefer fat or lean meat?

How often and how much of the following do you eat, and how is it prepared?

Hargarine

0il

Pype of meat

Portion
size
L{arge)
®(edium)
S(mall)

Times
per
week

Fethod of Cooking

Pried

Grilled
Stewed
Boiled

Roasted
Baked

Cooking fat or oil

ugsed

Hutton

Pork

Beaf

Sausages

Pies

Poul try

Cffal

Eiahgfresh)

Pish{tinned)

Bacon

Tinned meat

Polony, Ham
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How much and how often in a weeck do you eat any of the following?

times per weck | S5ize of portion

L(arge)
¥(ediun)
5(mall)

a) Spaghetti, macsroni, noodles

b) Rice

c) Samp

d4) Uealie Rice

e) Mealie Meal

f) Beans {dried)

g) Oats, Kaffir-corn

h) Breakfast cereals

How much and how often in a weck do you eat the following?

1s any cooking fat {e.g. butter) or cooking 0il used in preparing them?

Times per week :?::2:? 0il or Fat
mEadium) used
S(mall)

a) Potatces (boiled)

(fried)

{(mashed)

{roaated)

{ehips)

b) Vegetables (coocked)

Vegetable salad

Legumes, (peas, beans, lentils)
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d. How much and how often do you eat {or drink) tke following?

Times par week Quantity

Cakes

Biscuits

Buns

Rusks

Pagiries

Sweets

Chocolste

Ruts

Alcohol

Dried fruit

Fresh fruit

Canned fruit

Sugar {in beverages or on cereals)

1. How long have you been following the diet described?

J. Are you on sny special type of diet?






