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I N T R O D U O f I O B 

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 disability, acute and 

chronic, arising from reduction or arrest ot blood supply to the myocardium 

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

Serum lipid concentrations. 

Epidemiological surveys in several countries have shown a stri.king 

correlation between the prevalence of I.n.D. and the level of serum choles­

terol (Keye et al 1952, 1954, 1958; Keys and Keys 1954; Bronte-Stewart et al 

1955; Mann et al 1955J Toor et al 1957; Walker and Arvidsson 1954). 

Several authors have reported that the concentrations ot total lipid, choles­

terol, triglyceride and'phospholipid in the serum are generally higher for 

subjects with I.H.D. than tor 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 a group the 

values for subjects with I.R.D. are higher than for control groups, a con­

siderable degree of overlap exists. 

Serum#-lipoprotein concentration. 

The term !•lipoprotein is used to denote the serum lipid-protein com­

plex which has an electrophoretic mobility similar to that of ft-globulin. 

This serum fraction corresponds closely to the low density (St0-400) lipo­

proteins separated by ultracentrifugation (Pezold et al 1957). 



2. 

The possibl,e importance of the serum /3-lipoprotein concentration in 

providing separation between subjects with l.H.D,. and healthy subjects was 

first stressed by Gofman. a.nd his co-workers (Gofman et al 1950a, 1950b, 

1954, 1956). !he7 determined the conc,entration of low density lipoprotein 

fractions by analytical ultracentrifugation and observed an increase in the 

concentration of the Sf 5-8 fraction and the appears.nee of a new fraction, 

Sf 10-30, in the serum of ribbits with atherosclerosis .. They noted that the 

degree of e.th.erosclerosis could be correlated with the increase in the con­

centration of Sf 10-}0 lipoproteins. Examination of human serum: revealed a 

high degree of correlation between the incidence of I.R.D. and the presence 

of Sf 10-20 lipoproteins, (Gofman et al 1950b). Furthermore, cubjects w1.tb 

overt l.H • .D. had significantly higher levels of the low-density lipoprotein ft.retions 

Sf 0-12 and Sf 12-400 'tl'1an did a.pparently heal thy 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 in.cidence .of I.H.D •. than was that of the 

cholesterol-rich Sf 0-12 lipoproteins (Gofman et al. 1954). Jones et al (1951) 

showed distinctly greater separation between groups 1rith l.R.D .. and control groups 

by Sf 12-20 lipoprotein measurements than by total serum cholesterol m.ee.sure:ments. 

In addition, by matching pa.tienta and controls at identical serum cholesterol 

levelst separation between them could still be achieved by the Sf 12-20 lipo­

protein measurements. 

Other authors {.Ba.rr et al 1951; Nikk1la 195}; Oliver and Boyd 1955; 

Brunner and Lobl 1958; Chapin and Proger 1959; Joubert et al 1962) ha:ve 

found that there ie a greater concentration of serum /3-lipoprotein lipid in 

subjects with I.11.D. than in apparently healthy controls. Bronte-Stewart et 

al (1955) reported that differenceo in total serum cholesterol levels between 

races with differ.ent susceptibility to LILD. were due entirely to differences 

in the concentration of cholesterol in p-lipoprotein. It would seem, there­

fore, that differences in lipid levels between grotips with varying au.seep-



tibility to I..H.D. are more marked in the ,S•lipoprotein fraction than in 

total serum. 

The relationship between diet and serum lipids. 

The influence ot dietary fac-tors on serwn lipids has aroused consider­

able interest. Whi.le attention has been focussed primarily on dietary fat, 

more recently the possible importance of dietary carbohydrate has been sug­

gested (Albrink and flan 1959). 

The effect of dietaey fat on the concentration and composition of lipids 

has been related to both the quantity and the type of fat present in the diet. 

In several .epidemiological studies it was foand that in groups where the per­

centage of dietary calories consumed as fat was about 40%,, the prevalence of 

I.B.D. was high, serum ,cholesterol levels were high and rose with age. Con­

versely, in groups eating little fat the incidence of I.R.D .. was low, serum 

cholesterol levels were low a.:nd the r.ise with age was insignificant (K~ys 1956; 

.treys et al 1952, 1954, 1958; Keys and Keys 1954; Walker and Arvidsson 1954; 

Bronte-Stewart et al 1955; 'l'oor et al 1957). In addition1 it was noted tha.t 

serum cholesterol trends could be -correlated with the consumption of animal 

fat but not with that of vegetable fat (Bronte-Stewart et al 1955; Bardinge 

and Stare 1954). 

Arising .from these observations, it was shown in numerous controlled 

feeding experiments that serum cholesterol, triglyceride and phospholipid 

levels were increased by the consumption of saturated fat and decreased by 

the consumption 0£ unsaturated fa.ts, particularly tho.se rich in U.noleic acid 

(Kinsell et al 1952;1953; Kinsell 1954; Beveridge et al 1955;1956; Bronte­

Stewq.rt et al l95l;i; Ralmros and. Wigand 1957; Regsted et al 1957; Ahrens 

et al 1957). '!'he changes in serum lipid concentrations were usually paralleled 



by ollang•• in the concentration of lipid in the p -lipoprotein (Bront•­

Stewart et al. 1956, l:ey• et al. 1957). In the courae of 't'arioua feeding 

exporiaents it was ehown that the fatty acid coapoeitiona of the ael"UDI lipid 

fraction• changed aarkedly and tended to reflect the tatty acid coaposition• 

ot the tat conauaed (llnaell et al. 1957; .lhrena et al. 19591 Bohl• et al. 

1961; lingsbury et al. 1962). .lbrena et al. {1959) noted, however, that the 

pho•pholipid fatty aoid coapoaition ••• least affected by auch dietary mani­

pulations. It 1•, thua, apparent that dietary fat say influence both the 

concentration an.4 the tatty acid coapoaition ot serua lipids. 

!he relationahip between dietary carbohydrate and serum lipida hae not 

been studied to &DJ' creat extent. It is, however, kno1t'1'1 that breakdoWll or 
carbohydrate to ac•tate occur• and tbat choleaterol, trigl7ceride and satu­

rated and aono-unaaturated tatt7 acida can be ayntheaized fro• acetate 

(Cantaro• and 3cbepaz-ts 19571 Stett•n and Soboenbeiaer 19401 Zabin 1951, 

.Anker 1952; Dauben et al. 195); Lipat7 at al. 1957). Several author• 

(Albrink ancl ••n 1959; Batch et al.1955; Ahrens et al .. 1957) have shown tbat 

cooauap\ion of a low-tat, high-carbohydrate diet produced a aark•4 rise in 

aerua triglyceride concentration .. htonia and Beraohn (1961) toMd that on 

feeding bigb.-oarboh,Jd.rate low•fat diet•, there waa a teaporary rise in eerua 

triglyceride level•• •1th continued feedinc ot tbia diet the aerua triglyceride 

level• tell to the initial levels within }2 •••k•• A high-carbohydrate, low­

fat di•t thua doea not appear to giYe r1•• after habituation to increased 

ael'Ua tricl,ycel"id• l•••ls. 

fairlutr•t and Waterbouae (1963) ha•e •ucce•t•d tha\ lipogenesis resulting 

troa a high carbohydrate 41et would produce pred.oainantly oleic and. saturated 

~a\t7 aoida, bttt not linoleic acid. It i• appar•nt, therefore, that dietary 

carbohydrate ••1 influence ••rwa lipid levels and the tatty acid coapoaition 

of Hrua lipid.,. 
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Eas~ntial fatty Acids~ 

The term "essential tatty acid" (E.F.A.) is applied to those tatty 

acids which apparently cannot be synthesized by the animal organism and this 

term, by definition, ia limited to "linoleic and arachidonic acids and to 

such other acids as may be derived metabolically from themn (Holman 1958). 

The observations that consW1ption of fats rich in linoleic acid de­

creased serum lipid levels in man, together with the data showing deposition 

of saturated cholesterol esters in the organs of E.F.A.-deficient animals 

(Alfin-Slater et al 1954) aroused interest in the possible relationship 

between essential fatty acids and I.H.D. It has been postulated that a rela­

tive deficiency of E.P.A. migbt 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 (Sinolair 1956). Although onl7 an hl'po~hesis, this 

aroused considerable interest in the content of E.F.A. in thesen.unof 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 oomposition in E.F.A.­

deficient animals, Holman (1960) has suggested that a relative deficiency of 

E.F.A. may be assessed by the ratio of trienoic to tetraenoic tatty acids, 

a value of less than 0.4 for this ratio indicating that the minimum require­

ment of linoleate ha.a been met. Several authors have compared the percen­

tages ot linole1c acid. and of arachidonic acid in the serum lipids of subjects 

with I.R.D. and of apparently healthy controls. Some authors (Lewis 1958; 

Schra.de et al 1961a; Kingabur., et al 1962) have found that the proportions 

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

lipids were lower tor subjects with I.H.D. than for healthy controls. 
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lingabury et al (1962) also noted that the ratio of trienoic to tetraenoio 

acids was lo•er for subjects with I.R.D. than for controls. In contrast, 

other authors (James et al 1957; Caren and Corbo 1958J Smith 1962) found no 

difference between the fatty acid patterns of healthy subjects and those of 

subjects with I.H.D. There is thus conflicting evidence regarding the possible 

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

Choice of Controla. 

In comparative studies between subjects with I.H.D. and healthy controls, 

the latter subjects are usually people who have no overt manifestations of 

I.B.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 19}6; Peck et al 1951). fhus, since there is no 

simple diagnostic procedure by which to assess the presence ot coronary 

arterial disease prior to its clinical manifestations, it is possible that, in 

high preYalence areas, control subjects may have subclinical I.H.D. This might, 

in part, account for the conflicting evidence regarding the percentages of E.P.A. 

in serua lipids and for the overlap found in other serum lipid parameters between 

subjecte with I.B.D. and such control groups. 

In South Africa, the incidence of I.B.D. in the white population is one 

of the highest in the world (World Health Organization, 1956). In contrast, 

the incidence ot I.H.D. in the South African Bantu population is extremely low 

(Becker 1946; Elliott 195}; Higginson and Pepler 1954J Vogelpoel and Sohrire 

1955; Saoke 1960; Walker 1963). For the purpose of comparative studies the 

Bantu may, therefore, be regarded as an ideal control group in assessing the 

relation between various lipid parameters and the susceptibility to I.B.D. or 

its established 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 tor the last half century. Early studies drew 

attention to the tatty nature and the high content of cholesterol in athero­

sclerotic lesions (Virchow 1856; Gazert 1899; Baldauf 1906; Aschoff 1906), 

but it was not until 1910 that Windaus performed the first quantitative ana­

lysis of cholesterol in atheroaclerotic aortas. '.fhe now classical experiments 

of Anitschkow (1933), demonstrating that the feeding of cholesterol to rabbits 

produced serum hypercholesteroleaia and gave rise to the deposition of choles­

terol in the arterial wall, stimulated great interest in the relationship 

between seru.m lipids and the lipid deposit• in the arterial wall in man. 

!here are two aajor concepts aa to the mechanism whereby circulating 

lipid might be incorporated into atheromatous plaques. According to the fil­

tration theory (Page 1954), lipid material, in the to.rm of lipoprotein, filters 

by lateral pressure, from the serum into the arterial wall and is deposited in 

the intiaa. The thrombogenio theory (»uguid 1954) favours the concept of 

initial foraation on the intimal surface of a thrombus which becomes covered 

with endothelium and ia 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 lipid. 

There ia evidence which suggests thatp-lipoprotein might be specifi­

cally involTed in the formation of atheroaatoua plaques. In several studies, 

the presence in. normal and in atheroaclerotic aortic intima of lipoproteina 

iaaunologically indistinguishable from /-lipoprotein? has been demonstrated 

by immuno-electrophoretio techniques (Ott et al 1958; Tracy et al 1961; 

Hanig et al 1956; Kayden et al 1959; Gero et al 1961). 
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HE PURPOSE OP THIS STUDY 

The purpose of thia study is, 

1. To determine the ooaposition of lipid in total serua and in the serum 

,6'-lipoprotein fraction in white subjects with I.H.D., in healthy white 

subjects and in healthy :Bantu subjects. 

2. !o coapare these findings in the three groups of subjects in order to 

determine whether aD,7 lipid parameter ditterentiatea between aubjects 

with I.H.D. and all healthy subJects. 

}. To determine the composition of lipid in arterial atheromatous plaquea. 

4. To compare the coapoaition of lipid in arterial atheromatoua plaques 

with that in the total aerwa and in the seruat9-lipoprotein fraction in 

order to asseoe which, if either, of these aigbt be related to the 

formation of atheroaa. 
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ABBREVIATIONS 

Certain abbreviations will be used throughout this study. They are ·-

I.I.D. 

G.t.e. 

Iscb.aemic heart disease. 

Essential fatty acid. 

Ga.s ... liquid chromatography~ 

Nome;nclatu.re <J.f fatty .acids 

The cla.ssif.ication proposed 'by Dole et al (1959) has been adopted. 
i 

The 

fa.tty acide will, in general, be designated by a numb-er referable. to the 

number of Carbon atoms in the molecule. This will be followed by a colon j 

and. the number of double bonds in the molecule, also indicated by a number.· 

Thus myristic .acid is C:14:0, palmitic e.cld is ~16:0, palmitoleic acid is 

Cl6,l, stearic acid is 01810., oleic acid is C18:1, 

arachidonic acid is C20r4, etc. 

linoleic acid is 018:2, 
I 

In some instances in the text ref'er.ence will be made to di-, tri-, 

tetra-, penta.-, and he:xaenoie fatty .acids. This refers to .fatty acids 

having two, three, four, five and six double bonds respectively .• 

I 
Certain statistical abbreviations used are defined in the chapter on' 

statistical methods (Part I,. Chapter 3). 
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PART I 

MATERIAL. AND ANAL'!'flCAL DTB:ODS 



12. 

CHAPTER l_ 

I. CLINICAL __ MATERIAL 

(a} CHOICE OF SUBJECTS 

It has been shown in several studies that the incide_nce of Ischaemie 

Bea.rt Disease is considerably lower in the Ba.ntu than in the White population 

of South Africa (Becker 1946; Elliott 1953; Higginson end Pepler 1954.; 

Yogelpoel and Schrire 1955; Sacks 1960). 'fhe incidence of I.H.D. is higher 

in males than in females of comparable age and race {Bronte-Stewart 1959). 

In populations with different susceptibility to I .R .• D., the differences in 

serum cholesterol levels are most marked in the fifth d·eca.de of life (Keys 

lj56).. In this study the subjects+ whos-e serum lipids were ana.17.sed., were 

chosen so as to include males between the ages ot forty and tit'ty yea.rs, drawn. 

from the Bantu population, the healthy White population and from- a White group 

with proven I.B.D. 

i) 'l'he Bantu _group 

fhis group consisted of 16 volunteers who are employ-ad as heavy manual 

labourers at a. loeal quarry ant who r:e-cently migrated from a rural area.. The 

average age of men in this group was 4, years and their ages ranged from 

40 - 45 years. T.hese subjects liv·ed in a. compound and ate a di-et similar in 

its composition and i.n _its ,method ot preparation to tha.t of :rural Bantu. 

1:1.) The ,control _group 

This group eorisisted -of 12 White volunteers drawn from the office staff 

- Gf . a large insurance company. The a.vera.g.e .age o.f the men was 42 years and their 

ages ranged from 40 • 46 years. 



iii) Oriteria for selection 

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 ~amily history of I.H.D. and that they were free from any endocrine 

disorders, particularly diabetes mellitus. It was, however, not possible to 

perform electrocardiographic examinations on these subjects. All the subjects 

bad maintained a reasonably constant dietary pattern for seYeral years prior to 

this study. 

Since each of these groups was drawn rrom a single source it may be argued 

that neither is representative of the population from which they were sampled. 

However, the »antu who migrate to Cape Town are not selected and the group 

studied is probably a representative sample. The white control subjects, while 

all clerical workers, are also an unselected 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 tor considerabl1 

larger groups drawn at random from the same populations {Bronte-Stewart et al, 

1955). These groups may thus be regarded ae being representative of the popu­

lations in so far as such representivit1 can be assessed from these serum lipid 

parameters. 

iv) The patients with I.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, both clinical and electrocardio­

graphic, ot I.H.D. were selected. Subjects who had experienced a myocardial 



infarction less than one year prior to this atudy were excluded, since it has 

been shown that the serum lipid pattern aay be radically altered for as long 

as six months after myocardial infarction (Craaer 1961). The subJects who ful­

filled the abovementioned requireaents were contacted and the first twelve who 

volunteered for this study made up the aaaple. ~he average age of the men was 

4} years and their ages ranged troa 40 to 49 years. All these subjects were 

ta.king Dindevan (phenindione) at a dosage that aaintained their prothrombin 

index at an optimal level of between 50 and 60% of noraal, with a possible 

range of 40 - 7o'I,. i'here is some evidence that Dindevan may influence serum 

lipid levels in man and in rabbits (Xrut and Young, unpublished data; ••reke7 

et al 1959), but thia effect is not fully established. While these subjects 

had maintained a fairly constant dietary pattern tor one year prior to this 

stud7, it was established that they had, without exception, altered their 

dietary regime after experiencing a myocardial infarction. Prior to this they 

had consW1ed a diet containing a higher proportion of tat, particularly of animal 

fat. Their diet waa aodified b7 reducing the total tat intake and by increasing 

the consuaption ot unaaturated fat. 

It say therefore be argued that they are not representative of subjeota 

with I.B.D. There ia no defence against this criticism. It ia, however, 

extremely difficult to find patients with I.B.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 esceaa quantity and animal fat in particular ma7 be 

detriaental to their health. 

(b) PLAQUE MATERIAL 

Intiaal aaterial fro• atheromatoua arteries was obtained from twelve aale 

subjects in the fifth decade who were undergoing aorto•iliac endarterecto_,.. 

Their average age waa 44 7ears and ranged froa 41 to 48 years. Detailed dietary 

histories were not obtained from these subjects, but it waa established that 



they wer.e not on. special diets.. It has been assumed that they were consuming 

the typical diet o:t White South Africans 11hich would co.rrespond. closely to 

that ·O·f the control group. 

II. DIETARY .ANALYSIS 

A dietary history was obtained from all the .subjects whose serum lipids 

were studied. The details of each subjeot•s diet were obtained by recall. 

The average qu.a . .nti.ty and specific ty-pe of .food., including that ea.ten at and 

m:~etween the three ma.in meals, was noted for each day of a typical week. The 

subjects •ere questioned regarding the method of preparation and the a.mount of 

fat or ,oil uaed in preparing the f.ood. '.ehe intake of each foodstuff was esti­

.matod ·on the basis of average portions unle,ss there were obvious deviations. 

The data thus obtained were considered to be representative of the subject's 

diet. 

For ,ea.ch subject th.e composition ot the diet a.s regards calories, protein., 

fat and oarbohy'd.rate was calculated from food tables (Fox and Goldberg 1944; 

Mccance and Widdowson 1946). The proportion of linoleie acid in the dietary 

.fat was estimated by reference tc standard tables (FOOD).. 'rhese tables we-re 

prepared. in the U.S.A. and the f'att7 acid compositions need not accurately 

reflect the composition of local foods. 

It is recognised that dietary analysis based on diet histories gives, at 

best. a. close approxi.m-a.tion of the actual intake and oompositionot the diet. 
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CBAP'lER 2 

CHEMICAL METHO»i 

The chemical methods used_ in the analysis 

of lipids in total serum. p-lipoprotein a.nd 

atb.eromatous ·plaques will be d.escribed and 

discussed. in three ma.in sections, viz:-

1.; Q.tJJ.NTI'l'ATIVE ESTIMAT!Ofi OF LIPIDS 

II c THE ISOLA.TI ON AND EXTRACTION OF LIPIDS 

III: ANALYSIS OF FATTY ACIDS 



I.t QUAN!l:lTATIVE ESTIMATION OF LIPIDS 

The concentration of lipid components was ,determine.a. cbemicall7 on ali­

quots of th~ lipid extracts obtained from total serum. /3 -U.poprotein and 

plaques (Sect.ion II). Duplicate d:eteJ!:minations were performed on all samples. 

For total serum and /3-lipoprotein the results for each lipid ·component were 

expre·ssed a.s mg./100 ml. of serum. 

In calculating the results of lipid determinations in the plaque tb.e 

problem arose of finding a suitable standard of reference. In some studies 

comparing the content of lipid in arteries with different. degrees of athero­

sclerosis., the weight of lipid has been related to the total weight of tissue 

(:~uck and Rossiter 1951; Bjorntorp ,et al 1962J Smith 1960., B6ttcher et al 

1960a). 

In tha present ,study all plaque material. was obtained. fr.om arteries with 

a. similar degree of atherosclerosis and. interest was centred only on the lipid 

composition and not the amount -of lipid in the tissue. '?be results •ere ob­

tained a.s the concentration of lipid (in mg.) in the total extract f.rom the 

plaques, and the relative proportions ,of lipid compo.nents were calculated. 

Expressing the lipid constituen'ts as relative proportions of the total lipid 

provided the basis of .c01npa.rison with the serum lipids. 

i) 'fota.l .and free cholesterol. was estimated bt the method of Schoenheimer and. 

Sperry {19:54) as modified by Sperry and Webb (1950). The concentration of 

esterified cholesterol was obtained by subtraction of the concentration of free 

cholesterol from that of total cholesterol. 

ii) 1,l'iglyoeride was determined by the method of Young a.nd. Eastman (196J). ·The 

results a.re expressed. as mg. of triolein/100 ml. serum. This method in fa.ct 

measures tri-, ·di- and mono-glycerides, but since the latter two components 
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are presen.t only in small amoun.ts (Eastman and :Bronte-Stewa,rt 1962) reference 

i•s made to •triglycerides•,. 

iii) Phospholipid was determined by the method of Fiske an.d SubbaRow (1925) as 

modified for micro-analysis by Ba..rtlett (1959).. 'l'he sta.n.d.ard solution was 

prepared according to the method o.f ffarine t ti et al ( 19 59) • The results are 

obtained as mg. of phosphorus a,nd are expresoed a.a mg. of leci thin/100 ml. 

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

fhe degree o.f reproducibil 1 ty of es tima. tion of these methods was examined 

by calculating the standard error of l!leasurement (S.E •. J.t.) bet•een du.plicate 

readings for 150 samples including all those analysed. in this study. The 

values are shown in. 'fable 1. 

Total Free 
Cholesterol Cholesterol Triglyceride Pnospholipid 

-

Mean 125.9 ;7.4 102 .. 1 175.0 {m:g./100 ml.) 

Ran.ge 54.0-374.1 12.2-1;4~0 29.0-254.7 45.a-;39 .. 6 (mg .. /100 ml.) ' 

S.E.lt. 3.7 1 .. 8 4 .. 6 6.5 (mg .. /100 mL) 

S. E. M. (") 3.0 4.9 4.5 3,.7 

!ABLE 1: The reproducibility of estimation of total a11d free cholesterol, 
triglyceride and phospholipid. 

The data in '!'able 1 show that, over a wide range of lipid concentrations, 

the standard error of measuremen.t for each component was less than 5%• The 
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reproducibility could not be calculated tor eateritied choleeterol since it 

was not directl1 eatiaate4. Since the standard error of aeaaurement for both 

total and free cholesterol is leas than 5~, the error in calculating the con­

centration of esteritied cholesterol auat be of a siailar order. 

i•) Cholesterol ester. !his term will be uaed frequently in the text and 

refers to the cholesterol plus the fatty acida with which it ia esterified. 

This is in con.tra-diatinction to the tera "esterified cholesterol" which refers 

only to the cholaaterol aoiety. !he concentration of cholesterol ester has 

been calculated according to the following foraula •-

Cholesterol Esterified x.wt.Chol. + • 
ester cholesterol X M.Wt.P.A. -• 

{ag/lOOal) (as/100 al) ••• t. cholesterol 

Eaterified (3a6.1 + 27e.o - 1s.o) 
• cholesterol X 

(ac/100 al) 386.7 

Eaterified 
• cholesterol X 1.67 

(•c/100 al) 

•·•t • Molecular Weight 

Chol.- Cholesterol 

•• Wt.H20 

• ••an aolecular weight ot the cholesterol eater fatty acida 
calculated fro• the cholesterol eater fatty acid patterns 
obtained by G.L.C. analysis ot all samples. 

The concentration of cholesterol eater, calculated in this manner, has 

been used in the cal.culation of total lipid concentrations (aee below). Con­

Tersion factors of 1.68 and 1.69 haTe been reported by Buck and Rossiter (1951) 

and by Page et al (19}5) reapectiTely. 

T) Calculation of total lipid concentration 

!he concentration of total lipid was calculated as being the sua of the 

cheaioally deterained concentrations of free cholesterol, cholesterol eater, 
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triglyceride and phoapholipid. The Talue thua obtained ia not strictly accurate. 

!he triglyceride has been expressed as the triglyceride of oleic acid which haa 

a aolecular weight of 282.4, whereas the mean aolecular weight ot the tri­

glyceride fatty acids, calculated from the fatty acid pattern& obtained by 

G.L.O. was theoretically 271.6. The phoapholipid concentration haa been expres­

eed as lecithin (mg.lecithin• ag.phosphorus x 25). The factor for conTerting 

the concentration of phoaphorua to phoapholipida is not atriotly aocurate,aince 

the aolar ratio of phoaphorus Yaries for each different phoaphatide. However, 

since lecithin conatitutea approxiaately 75~ of the total phoapholipid in aerua 

(Belson and Preeaan 1960) the error in such a converaion is relatively ••all. 

In addition, the concentration of non-esterified fatty acids haa not been inclu­

ded. The aTerage concentration of this component in a tasting aerua ia approxi­

aatoly 0.05 a.Eq/100 al. (Rothlin and ling 1961), i.e. approximately 14 ag./100 al. 

lon-eaterified fatty acida therefore constitute only about 2 - 3~ of the total 

lipid. 

•1) Graviaetric deteraination of total lipid concentration 

At the coamenceaent of this study total lipid present in the extracts waa 

determined graviaetrioally • 

.&liquots of the lipid extract• were taken to 4ryneas under a stream of 

nitrogen, re-extracted with ohlorofora and filtered. ~he filtered extracts were 

transferred to weighed planchettea fashioned froa light alwainiwa foil, evapo­

rated to dryness under a atreaa of nitrogen and dried to constant weight over 

CaC12 in a vacuua desiccator. !he average lipid weight in the aliquots varied 

troa 0.5 to 1.5 mg. lroa these weights the total lipid concentration in the 

extracts waa calculated and ooapared with that calculated aa described above 

(Table 2). 
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Jlethod l 2 :, 4 5 6 7 8 9 

GraY. 517 227 592 208 808 566 ;oa 608 ,,; 
Chem. 398 222 ;oe 164 554 ;52 171 40; 217 

!!!:!!.• 1.; 1.0 1.9 1.; 1.5 1.6 1.8 1.5 1.5 
Chem. 

Table 2a The concentration of total lipid (ag./100 al.) as determined 
graYiaetrioall7 (GraY.) and by calculation froa cheaical 
eatiaationa (Chea.) 

10 

850 

709 

1.2 

It ia apparent from the data in Table 2 that the graYimetric Talue was 

consistently higher than the chemical Yalue and the ratio of the one to the 

other was not constant. The possible error in the values obtained by calcu­

lation froa chemical eatiaationa 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 

inaccuracies in the graviaetric method. While the balance used is calibrated 

to weigh to 0.01 ag., a certain measure of error auat intrude in weighing such 

small aaounta of lipid, but this could not account tor the aarked difterencea 

found. 

It is highly probable that the lipid weights were erroneoualy high due 

to contaaination wit~ non-lipids. It has been shown that }:l ethanolaether ex­

tracts non-lipids froa aerua (Bjorntorp 1960). These are only partially removed 

on re-extraction with chlorotora (Bjorntorp 1960) and it has been deaonatrated 

that, in the presence of phoapholipids, glucose ia soluble in chloroform (Krut 

and Wilkens 1964). In addition, despite the tact that the chloroform extract 

was filtered through very tine filter paper, the dried lipid residue contained 
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a. fine white precip.i ta.te which might have been proteino There are thus several 

variable factor.a in this technique which could give ris~ to erroneously high 

lipid w.eights. In view of this, the gravimetric met'hod wa.s discarded and 

total lipid concentrations have been determined by using the method of calcu­

lation based on chemical estimation ot the component lipid fra..ctions. 



II. 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 20°c) tor 

one hour. The samples were centrifuged for 15 minutes at 3,000 r.p.m. and the 

serum transferred .. 

(a) EXTRACTION OF LIPID FROM TOTAL SERUil 

The lipid from a known volume of serum (2.0 ml.) was quantitativel7 

extracted in twenty volumes of 311 ethanoladiethyl ether according to the 

method of Bloor (1914). The extract was brought to a final volume of 50 ml. 

in a volumetric flask. 

i) Recovery of lipid 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. '?he concentrations of tree 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 0.95 3.00 2.99 99.7 
cholesterol 0.95 2.00 2.04 102.0 

0.95 1.00 0.95 95.0 
Esterified 4.95 2.96 2.93 99.0 
cholesterol 4.95 2.37 2.39 100.8 

4.95 1.78 1.77 99.4 
Triglyceride 2.37 1.00 0.99 ~;~ 99.6 

2.37 2.00 2.00 100.3 
2.37 2.50 2.47 9e.a 

Phospholipid 5.25 1.00 1.00 100.0 
5.25 1.50 1.44 95.9 
5.25 2.00 1.a7 100.7 

!able 3t The percentage recovery of lipid tractions during the extraction of 
serum lipids in 3:l ethanolsether. 
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':l'he percentage recovery for a range of lipid concentrations varied from 

95.0 to 102.0% for free cholesterol, from 99.0 to 100.8% tor esterified choles­

terol, from 98.8 to 100.}1' tor triglyceride and from 95.9 to 100.7% for phospho­

lipid. Satisfactory extraction of these lipids was thus obt~ined with }al 

ethanol:ether. This is in agreement with the finding& of other authors (Bjorn­

torp 1960, Sperry 1955). Bjorntorp (1960) baa shown that a} al ethanol:ether 

extract contains non-lipid components which are removed partly by re-extraction 

with chloroform. A similar effect was noted here sin.ce the total lipid deter­

mined by weight invariably exceeded that based on chemical determination of 

the constituent lipid components (lvi). The only non-lipid component which may 

interfere with the chemical estimations is non-lipid phosphorus. While certain 

methods, e.g. that of Polch 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 solubility in water of certain phospholipids, notably lyso­

lecithin and inositol phosphatide (Banahan et al 1954, 1958}. Methods with 

a.nd without washing with water both have limitations. However, no significant 

difference in phospholipid concentration was found when comparing serum 

extracted with ,11 ethanolaether and according to the method of Polcb et al 

{1951). 

ii} ~he reproducibility of the extraction procedure. 

The reproducibility of the extraction procedure was examined by extracting 

ten aliquots of a serum sample in }:l ethanolaether and determining the concen­

tration of free and esterified cholesterol, triglyceride and phospholipid in 

each extract. The results are aho•n in Table 4. 
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Free Es teri.f'ied Triglyceride Phospbolipid Cholesterol Cholesterol 

Mean 47.3 143.6 79.2 173.2 

S.D. 1.9 4.5 2 .. e 5.a 

C. V .fk 4.1 3.1 ;.5 3.; 
. 

Table 4: The concentre.tion (mg./100 ml. serum) of free cholesterol, 
esterified cholesterol, trigly-cerld.e and phospholipid as 
determined on. ten aliquots of a single serum sample. 

1'he extraction procedure is seen to give a sa.tisfaetory degree of 

reproducibility. Since it gave good recoveries of the 11pi,d: fractions 

analysed and, a high degree of reprodu.cibility this extraction procedure 

was used throughout the study. 

(b) ISQLATIOti AND EXTRACTION OF ,S-LIPOPROTEIN IN SERUM 

1) ~ition of term 'lipoprotein' 

Tbe presence of lipoprotein in .serum was first demonstrated in 1929 by 

1ila.cheboeuf (1929) who isolated a. conjugated protein which appeared, upon 

repeated precipitation, to retain a. -oo.nstant ratio of lipid to protein. Using 

the technique of electrophoresis developed by Tiselius (1939), Blix and his 

co-workers (Dlix 1941; Bli:x et e.l 1941) found that most of the serum lipids 

were found in combina,tion with the ol- or /3-globulin fractions, hence the 

term o(,- and f-, •lipoprotein. Today the term lipoprotein is used to denote 

a. complex formation of lipid and protein .. The exact form in which lipid is 

bound to protein is not clearly esta.blished~ However, on the basis of work 

by Gould (1951) Oliver and :Boyd (1958) have suggested that the lipids are 

held to the peptide by secondary valence bonds of the van de.r Waals form. 
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ii) Kethoda &Yailable tor isolation of /3 -lipo2rotein. 

The isolation and characterization ot lipoprotein dependa on exploiting 

varioua properties of the protein aoiety of the complex. These properties 

include electrophoretic mobility, aolubility and density and fora the ba•ie 

of separation ot lipoprotein• by electrophoreaie on paper (Kunkel and Tiseliua 

1951; Pasoli 195}; Boyd 1954f Jencka et al 19551 Rosenberg 1952), and starch 

(Kunkel and Slater 1952; Ackerman ot al 1954) fractionation with cold ethanol 

(Cohn fractionation) (Cohn 1950) and ultra-centrifugation (Gofman et al 1949; 

BaYel et al 19551 Green et al 1951) reapeotiYely. Kore recently it has been 

shown that under certain condition• determined by pa, ionic strength or the 

presence of metal ions such as Oa or Mg, serwa ,f.3-lipoprotein• react with 

sulphated polyaaccharidea such as heparin and dextran sulphate to form inaoluble 

complexes (Burstein and Samaille 1956; 1958a; Berntield and liaaelbaum 1956; 

Oncley et al 1957; Antoniadee et al 1958; Boyle et al 1959). The mechaniaa 

underlying this reaction, thought to involve the foraation of a lipoprotein­

polyanion complex through the action of electrostatic force• has been studied 

by Bernfield and his co-workera (Bernfield et al 1957, 1960). !he nature of 

and the specificity of foraation of lipoprotein-eulphated polysaccharide com­

plexe• has been reviewed by Cornwell and Kruger (1961). 

There are tbua four aa.in aethoda of iaolating ,B-lipoprotein Tis.a electro­

phoresis, Cohn fractionation (Cohn et al 1950) ultracentrifugation and precipi­

tation with aulphated pel7•accharidea. In deciding on the method tor use in 

this study certain tactora had to be conaidered. Ultracentrifugation was not 

poasible aince at the coaaenoeaent of this study an ultracentrifuge waa not 

&Yailable. Cohn fractionation, which can be used to aeparate the lipoproteina 

0 in large voluaes of serum, requires facilities for operation at -5 C, which 

again were not readily aYailable. 
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Using electrophoretic techniques, the distribution of lipids in the lipo­

protein tractions can be determined either by staining techniques (Flynn and 

de Mayo 1951, .uurrua et al 1952; Swalan 1952; Rosenberg et al 1954) or by 

chemical analyaia of eluates (~oyd 1954; Ackeraan et al 1954; Langan et al 

1955), but these methods are subject to tairly appreciable error, and are 

suitable only for small voluaes (up to 0.2 ml. of serua). Moreover, even 

using a starch block, the volume of serum which could be separated into lipo­

protein fractions by electrophoresis i• not large and would not readily allow 

tor detailed quantitative eatiaationa and fatty acid analyaia. The method 

adopted was the precipitation of ,8-lipoprotein, uaing the eulphated poly­

aaccharide, heparin, in the preaence of Cacl2 (Burstein and Saaaille 1956). 

Of the available methods, thia was choaen as it did not require the use of 

special apparatus and was suitable tor large volumes of serum. 

iii) /J-lipoprotein precipitation technique. 

!he method of isolation of /9-lipoprotein fro• serum. adapted from that 

described by Burstein and Saaaille (1956) was performed in the following •annar1-

30.o ml. of 0.025 • CaCl2 was added to 3.0 al. of serum in a centrifuge 

tube. To this was added 0.6 al. of 1% heparin (1.0 al. of heparin containing 

25,000 I.U. per al. diluted to 25.0 111. with diatilled water). A cloudy pre­

cipitate formed iamediately. After standing tor one hour this was centrifuged 

at 3,000 r.p.m. for 30 ainutea. The supernatant was reaoved by auction using 

an Emich filter atiok. A amall "button" of precipitate remained in the centri­

fuge tube. 

The lipid in the precipitated fl-lipoprotein was extracted using 3:1 

ethanolaether. Pifty al. of 3•1 ethanolaether was added to the precipitate 

in the tube and the Ellich tilter atick rinsed several times into the same tube, 
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using the extraction mixture. The extract was warmed in a water bath ( 6o0 c), 

with constant stirring, filtered and the final volwae adjusted to 50 ml. in a 

volumetric flask. 

iv) Co•Rarison with paper electrophoresis. 

In order to ascertain that the method used is specific tor !3-lipoprotein, 

it has been compared with results obtained using a paper electrophoretic tech­

nique. 

!he paper electrophoretic procedure was identical to that described by 

Anderson and Keys {1956), using a Veronal buffer (pR 8,6) and applying a D.C. 

potential of 185 V for 15 hours. O.l ml, of serum was electrophoresed in 

duplicate and a blank strip and aarker strip for staining were included in each 

run. The marker strip was stained with Sudan Black B (Swahn 195,) the position 

of p-lipoprotein determined and the papers from sample and blank runs cut as 

deacribed by Anderson and Ke7s (1956). A typical strip atained with Sudan 

Black Bis shown in Figure 1. The extraction ot lipid from the ,e-lipoprotein 

on the paper was pertoraed in the following way,-

The section of paper (approximately 2 inches square) was out out and placed in 

a }O al. capacity test tube and extracted three tiaes b7 refluxing with 8 ml. 

of }al ethanol1ether for 15 ainutea. The extracts were combined and evaporated 

to dryness in a test tube fitted with a Bl4 ground glaaa joint, prior to 

chemical estimation of cholesterol, phospholipid and triglyceride. the paper 

blank was extracted in the eaae way. Further extraction ot the paper by re­

fluxing for one hour with 20 ml. }tl ethanol:ether in a Soxhlet apparatus 

yielded no further lipid as determined cheaicallyt indicating that complete 

extraction was obtained with the method used. Other authors have reported 

complete extraction ot lipid from paper using aiailar volWDes of 2il ohloro-
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o<.- LIPOPROTEIN 

{d - LIPOPROTEIN 

STARTING LINE 

l'igure 1. The separation of oC- and ft-li~oproiein 

b7 electrophoresis. A typical electrophoresis 

paper stained with Sudan Black B. 
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form ,methanol (Langan et al 1955) and lal acetoneaalcohol (Boyd 1954). !he 

concentration of total and free cholesterol (Sperry and Webb 1950) and phospho­

lipid (Bartlett 1959) was determined in ,S-lipoprotein isolated from twenty 

different sera using the paper electrophoretic technique and the heparin-CaC12 

precipitation technique. The results obtained by the two methods were compared 

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

Regression Range or Values 
Lipid r p equation (mg/100 ml. serum) 

Total 
Cholesterol 0.9914 (0.001 y.0.9956:x: + 0.33 39 - 286 

:Free 
Cholesterol 0.9927 (.0.001 y.0.9940:x: + O.l} 15 - 94 

Phospholipid 0.9515 (0.001 Y•0.8545x + 12.10 79 - 209 

Table 5: Comparison of the concentration of cholesterol and or phospholipid 
in ~-lipoprotein isolated trom serum by paper electrophoresis (y) 
and heparin precipitation (x). 
r • correlation coefficient. 

As seen from the data in Table 5 and Figure 2, there was a very high 

degree of correlation between the two methods. Both total and free choles­

terol and phospholipid values were very similar although there was a tendency 

tor the pbospholipid values from electrophoretically separated lipoproteins 

to be slightly lower. This trend was, however, neither very consistent, nor 

very marked (Figure 2). 

ln attempting to correlate the triglyceride concentration in ~ -lipo­

protein isolated by paper electrophoresis and heparin precipitation, technical 

difficulties were encountered. In the triglyceride method (Young and Eastman 

196}} the electrophoresis paper blanks gave Yery high readings (up to twice 

I 
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that found for 50 j{gll• of triolein) and the readings for samples were also 

extremel7 high. Moreover, the values for the paper blanks, although always 

high, were not consistently of the same order and it was felt that subtraction 

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 lipid in the paper or to contamination in handling. However, 

washing the paper with }11 ethanolaether prior to electrophoresis and exer­

cising great care in handling the papers only with solTent•washed instruments 

did not reduce the blank Talues to any extent. In addition, it was found that 

the veronal buffer, containing sodium acetate and sodium barbiturate also gave 

high blank readings in thia triglyceride method. 'fhe }tl ethanol1ether 

extract of lipid from the papers contained appreciable 8.DlOUnts of butrer. 

This could be removed by adding distilled water to the dried extract and re­

extracting with petroleum ether. In this •8.7 the buffer remained in the water 

phase. While the blank Talues decreased somewhat after applying this step, 

they were still high and the nuaber of transfers involved in this procedure 

greatly increased the error. It was thus not possible to verify the precipi­

tation technique 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 fa-lipoprotein isolated by precipitation could be contaminated either with 

oC -lipoprotein or chyloaicrons. oC-lipoprotein lipid consists of approximately 

15~ triglyceride, 45% phoapholipid and 40% cholesterol (Olson and Vester 1960). 

If, therefore, there was contamination with oG-lipoprotein, the concentrations 

of cholesterol and phoapholipid would be considerably nigher in .,8-lipoprotein 

isolated by precipitation than in that isolated by paper electrophoresis. Thia 
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was not the case. ln addition, electrophoresis of the /3-lipoprotein precipi­

tate, with subsequent staining of the paper for lipid, showed no trace of 

o(.-lipoprotein. Thus for cholesterol and phospholipid the precipitation 

technique is an effective method of separating o( - from (3-lipoprotein. 

!his is therefore probably true for triglyceride as well. These methods, par­

ticularly the staining technique, may not be sufficiently sensitive to detect 

very small quantities of oG-lipoprotein lipid. However, in view of the low 

percentage of triglyceride in oC-lipoprotein, any contamination which might 

occur would result in only a very small increase in ,S-lipoprotein triglyceride 

concentration. Burstein and Samaille (1957, 1958b) have shown that this method 

is specific for fo-lipoprotein and there is no evidence in this study to suggest 

that the isolated /3 -lipoprotein is contaminated with cG -lipoprotein. 

Contamination of the ;6-lipoprotein precipitate with ohylomicrons is 

likely to occur. While Burstein and Samaille (1958a) have shown that the pre­

cipitation technique is specific tor ~-lipoprotein in non-lipaemic serum, 

they have reported that, in chylomioron rich serum, ch,-lomicrons 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-lipaemia and contain few, if any, chylomicrons. Contami­

nation of the f3 -lipoprotein precipitate with chylomicrons would thus be 

unlikely to occur to a117 extent. While this reasoning had for the moment to 

suffice, it did not provide proof. 

v) Comparison with ultracentrifugation. 

fortunatelT at this stage an ultracentrifuge was made available tor a 

limited period. Using this apparatus it was possible to determine whether any 

chylomiorons in a non-lipaemic serum would be precipitated using heparin and CaClz• 
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!his was done in the !ollowing wa1 ,_ 

An aliquot ot faating aerua was centrifuged in a Spinco •odel L ultracentrifuge 

using a 40.3 rotor at 10,000 r.p.11. (7.000 x g.) for 30 ainutes. Under these 

conditions ch7lo11icrons froa lipaemic serua were found to be reaoYed as judged 

by dark-field microscopy. 'l'he conditions chosen tor ultracentrifugation were 

deliberately mild in order to &Yoid any separation of low density lipoproteins. 

After ultracentrifugation any ch7lomiorona present formed a greasy film at the 

surface of the serua. The tube was punctured at the bottoa and the clear sub­

natant withdrawn, taking care that the chyloaicron film reaained in the tube. 

The heparin precipitation teehnique was uaed to isolate the f-lipoprotein 

from an aliquot of the aubnatant and from the unaltered parent serum. Tri­

glyceride was cheaically estiaated on the two lipid extracta and the Yalues 

coapared. EleYen faating sera were examined in this way. The Yalues are shown 

in Table 6. 

1 2 3 4 5 6 7 8 9 10 11 

Serum 31.1 166.9 71.8 72.5 75.2 21.5 30.1 92.1 32.7 97.3 71.5 

Subnatant }5.9 170.1 76.2 70.9 79.2 25.7 34.e 89.7 37.3 103.a 68.9 

Table 61 The concentration of triglyceride (mg./100 al. aeru.m) in ,8-lipo­
protein isolated by the heparin precipitation technique from fasting 
serwa and fros serum troa which the cbyloaioron• had been reaoTed by 
ultracentrifugation (Subnatant). 

'lhe data in Table 6 ahow that within the limits of experimental error, 

the triglyceride concentrations agree well for ,8-lipoprotein isolated froa 

fasting aerua and fro• the same serum with the ohyloaiorons reaoved by ultra­

centrifugation. This was true for ,S-lipoprotein triglyceride concentrations 
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ranging froa 21.5 to 170.1 ag./100 al. which al•o•t coTera the range found for 

subjects included in this atudy. SeTeral lipaeaic sera were alao analysed in 

thia way. The triglyceride Taluea wore conaietently higher in the unaltered 

lipaeaic serum, indicating that ohyloaicrona were precipitated in addition to 

ft·lipoprotein. Thia deaonatrated that it i• only in non-lipaeaic aerwa that 

chyloaicrona are not precipitated with the ,8-lipopreteina. All •era analysed 

in this study were non-lipaeaic. On the basis of the ultracentritugal data 

and the correlation found between the paper eleotrophoretio and precipitation 

tec~niques for cholesterol and phoapholipid eatimatione, (Table 5, Figure 2) 

it aay be concluded that the ,8-lipoprotein triglyceride isolated in thia study 

was not significantly contaainated either by oe.-lipoprotein or by chyloaiorons. 

SeTeral author• have coapared the method of •eparation ot P-lipoprotein 

by precipitation uaing Tarioua •ulphated polysaccharides with the methoda or 

ultracentrifugation (Scanu,•t al 19581 Oncley et al 1957; Antoniadea et al 1958; 

Florabeia and Gonzalea 1960J (ritchevsky et al 196}), Cohn fractionation (Oncle7 

et al 1957) and electropboreaia on paper (Oncle7 et al 1957; Antoniadea et al 

1958) and on starch {Oncley et al 1957). fhey haTe reported good agreement 

tor lipid deterainationa on p-lipoprotein separated by the precipitation tech­

nique and by the other aethoda. Th• ,-lipoprotoin isolated by precipitation 

with sulphated polysaccharidea (e.g. heparin) ia generally accepted as corres­

ponding cloaely to the electrophoretioally separated p-lipoprotein, to the 

Cohn method fraction• I and III
0 

and to th• ultracentrifugally aeparated 

fraction of density leas than 1.063 and Standard flotation rate Sf0-400 

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

Ti) Reproducibility of the precipitation technique. 

The f-lipoprotein froa ten aliquots of a serwa aaaple waa isolated by 

precipitation with hepap.-in and Ca012 • !he lipids were extracted with 3tl 



ethanoltether and the concentration of free and esterified cholesterol, tri­

glyceride and phospholipid in each extract was determined chemically. The mean 

concentration, one standard deTiation (s.D.) and coefficient of variation as a 

percentage (c.v.%) were calculated for each component (Table 7). 

Pree Esterified 
Cholesterol Cholesterol Triglyceride Phospholipid 

Mean 40.7 120., 65.4 110.6 

s.D. 1.5 3.a 2.4 3.5 

o.v.% 3.8 3.2 }.6 3.2 

Table 7t The concentration (mg./100 ml.serum} of the free choles­
terol, eaterified cholesterol, triglyceride, and phospho­
lipid as determined on /3-lipoprotein isolated from ten 
aliquots of a single serWll sample. 

A high degree of reproducibility was found, the coefficient 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 resulta for total serum and p-lipoprotein can thus be 

compared. 

(c) EXTRACTION OP LIPID FROM ARTERIAL ATHEROMATOUS PLAQUES 

1) Characterisation of plague aaterial. 

Fresh aaaples of atheromatous artery material were obtained from subjects 

who had undergone aorto-iliao endarterecto11,1. 

'fbe degree and distribution of atherosclerosis varies considerably between 

individuals and even within the same Teasel of one individual. Various authors 



(Hirsch and Weinhouse 1943; Buck and Ro•siter 1951; BtSttcher et al 19581 

Saith 1960) haTe claaaified the degree of atheroaoleroaia according to the 

pathological appearance of the intiaal aurtace. B~ttcher and hia colleagues 

(B6ttoher et al 1959, 1960b, 1961, 1962) baTe adopted the following s7stea of 

classification of leaiona, adTooated b7 the World Health Organisation (1958) ,. 

Stage 0 , lo atherosolerotic lesions visible at a aagnification 
ot 10. 

Stage I 1 ratty streaks and/or apota present. 

Stage II a Jibroua plaques and/or atheroaa present. 

Stage III 1 Lesions as above with additional coaplications, e.g. 
ulceration, necrosis, haeaorrhage, throaboaia. 

Microscopic examination of sections stained with eoain and haeaatoxylin and 

Verhoet•s Stain for elaatic tissue showed that the aaterial anal7sed included 

the intiaa and little ot the aedia of the arterial wall (figure 3). Prom 

appearance to the naked eye all the intiaal material analysed in this study 

would correspond to Stage III aa deaoribed aboTe. 

ii) Extraction of lipid. 

The fresh sample of atheroaatoua artery material was rinsed with normal 

saline and any adherent blood reaoYed. All atheroaatoua aaterial Yisible to 

the naked eye, was dissected fro• the surrounding tissue excluding as much 

aedia aa possible. The excised plaque aaterial was cut into saall pieces, 

transferred to a aortar containing approxiaately 5 ml. of }11 ethanoltether and 

ground finely with a peatle. The 3,i ethanolsether extract was transferred to 

a test tube and a further 5 al. of extracting aolution added to the residue in 

the aortar. !he process ot grinding and extraction was repeated fiTe timea, 

and the extracts coabined. !he finely ground residue in the mortar waa tran•­

ferred to a test tube and further extracted b7 refluxing for 15 minutes with 
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20 ml. }:l ethanol:ether. All extracts were combined• filtered. and the 

final volume adjusted to 100 ml. i.n a volwnetri·c flask. 

The completeness of this extraction procedure was examined by further· 

extracting the residue on the filter paper by refluxing in a. Soxhlet apparatus 

w.ith }O ml. ):1 ethanol:ether for one hour and then with }0 ml. 2,1 .chloroform: 

methanol 'for one hour. Neither the l:l ethanol:ether nor the 2,1 chloroform: 

methanol extract contained any chemically detectable lipid. Complete extraction 

·Of lipid was thus effected. by the method· used. Since 1 t :ts not possible to 

obtain two segm.ents of plaque material with a.n identical content of lipids,,. 

recovery of added lipids could not be t'ormallT tested. 



III. THE ABALYSIS OF PATTY ACIDS 

In order to exaaine the fatty acid patterns aasooiated with eeteritied 

lipid fraction•• Yis. cholesterol ester, triglyceride and phoapholipid, the 

aeparation of theae lipid claaaes auat firat be effected. This waa pertoraed 

b7 the technique of silicic acid column ohroaatograpb.y. 

(a) SILICIC ACID COLUIIH CHROMA'?OG!U.PHY 

Aliquots froa total lipid extracts of total aerua, P-lipoprotein and 

plaques, containing 5 - 10 ag. of total lipid were fractionated using the 

ailicic acid coluan chroaatography method of llacdonald (1962) which is based 

on the aethod of Barron and Banahan (1958). On the advice of Antonia (1961) 

the solvent used tor elution of phoapholipida was aethanol containing 4% water 

instead of 20% (v/v) chloroform in •ethanol uaed by Macdonald. The presence 

of the water enauree the elution ot water aoluble phoapholipids. The elution 

a7stea applied is shown in Table 8. 

Praction Lipid Eluant Voluae ot 

I 

II 

III 

Cholesterol 15~ (•/v bensene 
eater in petroleum ether 

(B.Pt. 40 -6000) 
Triglyceride Chloroform (and di- and aono-glycerides, 

non-esterified fatty acid•, 
free cholesterol). 

Phoapholipid 4~ (v/•)diatilled 
water in aethanol 

Table 8: The elution syatem used tor aeparation ot lipid 
fractions on a ailicic acid colwan. 

eluant 

75 ml. 

100 al. 

75 al. 
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Fraction II, in addition to triglyceride, contains free cholesterol, mono- and 

di-gl7ceridea and non-eaterified tatty acids (N.S.P.A.) (MacDonald 1962). In 

fasting s•rua• mono- and di-glycerides constitute about 10% of the total 

glyceridea (Eastman and Bronte-Stewart 1962). 'l'he tatty acid compositions of 

these fractions are similar to that of triglycerides (Young 1964). The concen­

tration of N.E.F.A. in tasting serum is about 0.05 m Bq/100 ml. (Rothlin and 

Bing 1961) which ia equiTalent to about 14 mg./100 ml. Thus, in traction II, 

between about 10 and 20% of the total fatty acids are derived from the N.E.P.A. 

fraction; these non-eaterified tatty acids therefore contribute in some measure 

to the fatty acid composition of fraction II. The fatty acid composition of 

N.E.F.A. is, howeTer, not very different fro• that of isolated gl7cerides 

(Young 1964). While reference will be made to •triglyceride' fatty acid com­

position, the complex nature of this traction must be borne in mind. Pree 

cholesterol does not give a peak under 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 silicio acid 

column was examined. Using a fraction collector, 5 ml. fractions of the 

eluates were collected and the concentrations of esterified cholesterol, tri­

glyceride and pbospholipid were determined on aliquots of these tractions as 

described in Section I. The results obtained on fractionating an extract of 

serum lipid in this way are shown in Figure 4. Three well-defined peaks 

corresponding to esterified cholesterol, triglyceride and phospholipid are 

evident. In addition, no overlap of fractions occurred. 
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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 esterified 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 trom the columns and the recovery 

calculated (Table 9). Aliquots ot 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 lipid loads applied in this study. 

Concentration in Concentration in 
Lipid unfractionated eluted fraction Recovery 

aliquot 

11g. Fraction mg. 'lo 

Esterified 1.200 I 1.215 101.3 
cholesterol 1.725 I 1.715 99.4 

2.012 I 2.020 100.4 

'fri glyoeri de 0.800 II 0.79a 99.a 
1.264 11 1.287 101.8 
1.73e II 1.72s 99.4 

Phospholipid. 2.002 III 2.016 100.7 
2.333 III 2.317 99.3 
3.151 III ,.159 100.3 

!able 9• The percentage recovery of esterified cholesterol, 
triglyceride and phospholipid from silicic acid colum.s. 

The data in Table 9 show that the recovery from the ailicic acid columns 

varied from 99.4 to 101.}% tor esterified cholesterol, from 99.4 to 101.8~ tor 

triglyceride and from 99.3 to 100.7~ for the phoapholipid. Satisfactor7 

recovery of lipid from the ailicic acid columns was thus achieved. 
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(b). METHYLATIOB 

The technique used, based on a micromethod described by Stoffel et al 

(1959) was performed as follows: 

Th• fraction eluted from the silicic acid column was concentrated by 

e,raporating the solYent at 40°c under reduced pressure, using a rotary evapo­

rator. The concentrated lipid extract was transferred to a test tube fitted 

with a Bl9 ground glass joint and the final traces of solvent removed by 

evaporation under nitrogen. 4.0 ml. ot 5% (v/v} sulphuric acid. in superdry 

methanol and 0.5 ml. benzene {dried over sodium) were added to the lipid. 

'l'he mixture was refluxed in a silicone bath at 110 - 115°c for two hours. 

Attter cooling to room temperature two·volumes of distilled water were added. 

and the methyl esters extracted three times with 5.0 ml. ot petroleum ether 

(B.Pt. 40 - 6o0 c). '?be combined extracts were simultaneously dried and. neu­

tralized over a eu.ff'ioient quantity ot 4tl {w/w) sodium sulphate, sodium bi• 

carbonate. The extract containing methyl esters was then transferred to a 

small Qonical tube and the solvent evaporated at room temperature under a 

stream of ni.trogen, immediately prior to a.nal7sis by G.L.C. 

During all the procedures involved in preparing samples for G.L.C., 

great care was exercised to avoid any posaibilit1 ot oxidation occurring. 

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. 

(c) THE !ECBIIQUE OP G.L.C. 

Analysis of fatty acids was performed using the technique ot gas-liquid 

ohromatograph7 which was developed by James and Martin in 1952 and moditied 

by them in 1956. 
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1) Apparatus 

The apparatus used in this study was the Pye Argon chromatograph which 

has been modified to give an uninterrupted gas tlow during the loading of a 

sample. 'fhis apparatus incorporates the Argon beta-ray ionisation detector 

developed by Lovelock {1958) and contains a Radium-D source. The detector 

signals are amplified by an electronic circuit and recorded by a Sunvic 

recorder which responds linearly with mass. 

ii) Preparation of stationary (liquid) 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

sorb W, acid washed and size graded to 80 -100 mesh. Twenty percent (w/w) 

E.G.A. was coated on to the Chromosorb W by dissolving the E.G.A. in an excess 

ot chloroform, adding the proportional amount of Chromosorb W with thorough mixing 

and eYaporating the chloroform on a rotary evaporator. The E.G.A.-coated Chromo­

sorb W was packed into a glass column which is a standard fitting tor the chro­

matograph used {Column length 4 feet; internal diameter 4 mm; external diameter 

6 mm.). fhe constricted end of the column was plugged with a small quantity of 

teased-out glass fibre and the coated Chromosorb W poured into the column and 

packed with gentle tapping to a height of about} ft. 8 ins. About 1 inch of 

uncoated Chroaosorb W was packed above this and a plug ot glass fibre placed on 

top of it. The column was conditioned by "baking" for 24 - 48 hours at 200°c 

in an auxiliary heating jacket with argon (gas phase) flowing under a pressure 

of 20 pounds/square inoh. Thia conditioning process ensures the remoYal of any 

remaining traces of chloroform and also allows any unadsorbed liquid phase to 

"bleed"off. Since this "bleeding" of the stationary phase on initial heating 
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causee temporary base line instability, it ie essential that the conditioning 

process continues until the base line of the recorder settles to & constant 

level before starting an analytical run. 

iii) Operating conditions 

The conditioned coluan was used at an operating teaperature ot 1e4°c 

with an argon pressure of tram 10 - 15 lbs./sq.in. giving gas flow r4tea of 

40 to 60 ml. per minute. The detector voltage was maintained constant at 

1000 volta. The degree of amplification (which ia controlled by means of a 

built-in sensitivity awitch with a ratie ot 1,,,10, corresponding to the 

positions XlO, I} and Xl respectively on the inatrw1ent panel) waa adjusted 

according to the time of elution of the components. In general, trom the time 

ot injection to elution ot Cl8a2 was recorded on the lowest sensitivity (XlO), 

from elution of 01812 to elution of C20a4 on higher aensitivity (X}) and beyond 

elution of 020&4 on the highest sensitivity (Xl ). The speed of the chart in 

the recorder was 15 inches per hour. The operating temperature of 184°0 was 

chosen since it ia aiailar to that reported in another study using the same 

stationary phase (Parquhar et al 1959). It waa thua possible to compare relative 

retention tiaea, 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 volta .. (1000 V) gave a satisfactory response with a 

minimum of base line "noise". !he sensitivity waa adjusted to give aaximum 

peak height which aakea for greater accuracy in calculating peak areas. Simi­

larly, it waa found that the chart speed used resulted in narrower peaks than 

those obtained with a £aster chart speed. This was particularly important tor 

calculation of the long chain fatty acids present in the phoapholipid traction. 
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i) Linearity.of response 

While the detector and amplifier-recorder systems in the .apparatus.~ 

designed to give linearity or response, i·t is essential ~o test whether tl'le 

ionization eu.rrent recorded on tb,e moving cha.rt is directly proportional to 

· the am:oWlt 0£ f.atty acid metbyl ester applied to and elu'ted from th·e column 

unde.r the conditions of operation. Certain mixtures of pure. methyl esters of 

. ta.tty $Cid.s have been devised es·peci:ally for assessing this parameter of' 

apparatus perform.a.nee. l'hese standards measure th.e linearity or response when 

there is a wide va:ria.tion in peak heights.. Before ,commencing the analysis -and 

at frequent intervals during th'& course of this study .standard mixtures were 

run on the apparatus to verify that linearity of response •as oeing maintai.ned. 

It was also che-oked 'by means of a stti table standard mixture that the ·calculated 

p-roportions of the f'a.t:ty acid components in the mixture reflect its composition 

by weight.. All the above fatty a-cid methyl ·ester standards were obtained from 

t~e Metabolism Study Section; National Institute of Hea.1 th, Jl ... S, •. A ... 

'The results of repeated a.nalysi·s of ,a standard. mixture ·a.re ,shown in 

'.l'ablE? 10. 

% by l'leight % by G .•. L.·C. 
·-· -

Mean $.]),. 

Cl4a0 11.82 (9) 11 .. 89 (0.35) 
Cl6:0 2}. .. 61 (6) 22 .. 96 (0 ... 49') 
<:16:l 6.84 ts} 6.e; (0.23) 
.c1a,o l}.08 (9) ll-.00 (0 •. 42) 
ClS·tl 44.62 (5} 45.29 (o.·e1) 

Table 101 The percentage composition .of a 
standard mixture as given by weight 
and determ.ined by G. l,. a.. The mea.11: 
and standard deviation for 10 gas 
,chroma togra.phic analyses a.re .sh.own. 
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The response of the apparatus under the operating condition can thus be 

accepted a,s being linear to the concentration, by w~ight, ot the fatty acid 

methyl est,ers .. 

ii) Resolving power ot column 

'The ef.ficiency of separation. can be determined on the basis o-f the number 

of theoretical plates in the columns. This is calculated according to the 

fomula (Farquhar ;et al 1959 ): -

-where 

n • number of theor¢tical plates 

. tR = .retention ti~e (or .distance} 

. W == base width of c<:>mponen~ in the same ~.nits a·s trt. 

lil. this etudy, theoretical plates were m:easttred at Cl8:o· and the ·average value 

wa.s approximately 1600 theoretica.1·p1ates, which is somewha.t.lo11er than the · 

value of 2000 advocated for maximum ~ffieiency (Farquhar et al lt59). However:, 

it has been suggested that it. may be more meaningfu~ ~n evalua~i~g ~he eff'ici:­

ency of polyester columns, to measure their resolution ot OlfhO from Clfhl ·a.nd 

,of Cl6:0 from 016:1, rather than to calculate onlt the theoretical pla.tes of 
' . ' 

' : . 

the ,column .. (Metabolism Study Section). Resolution is calculated acccording to 

the f.ormula (Farquhar et al 1959) .: ... 
2 .D.Y 

Component resolution':' Ya+ Yb 

where L::,,. Y • distanc:e 'between any two peak maxima 

Ya and Yb = base widths of components a and: b, •. 

. ' 

A value greater than l indicates complete resolution {Metabolism. Study Section). 

The average value for Cl6:0/Cl8:l was 1 .• 05 and for: 016:0/016.:l:; 1:.07, indicating 

that sa.tisf'a.etory resoln.tion was obtained (Figure 5) .• · When the degree ot 
separ.ation between these pea.ks fell below l the column WS.$ replace4 .. 
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ot fatty acid meth)"l esters showing the degree 

ot separation between components. 
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(e) L04DI•G OP SAMPLE 

The fatty acid aetb.)"l eaters. dissolved in a small Toluae (! 0.1 al.) 

ot petrolellll ether (boiling point 40 - 60°0) were contained in a tapered test 

tube titted with a BlO ground glass joint. Proa 0.1 111• to 0.5 pl., depending 

on the concentration ot the sample, wae taken up in a Hamilton aicro-ayringe 

and injected through the ailicone rubber seal at the top of the glass coluan. 

(t) CALCULATIOI OF PIRC~TAGE COMPOSITIOK OF FA!!? ACIDS 

Since the recording aystea used draws a differential curTe, the areas 

of the peaks represent the relative proportion• of the component fatty acid 

aetbyl eaters. Areaa under peaks can be meaeured b7 planiaetry, by cutting out 

the curTes and weighing the papers, by triangulation, or by automatic inte­

gration. !he method of triangulation aa described by Farquhar et al (1959) 

was applied here. !he area under each peak was calculated {height X width at 

halt height). The sua of tbe peak areaa was obtained and each coaponent 

expressed as a percentage of the total peak areas. 

(g) IDEl!IPICATIOI OP PA'l!Y ACIDS 

Identification of fatty aoida in G.L.C. ia baaed on the principle that 

a particular liquid phase will have specific retentive properties tor each 

fatty acid aethyl eater under given conditions of teaperature and presaure. 

Factors which deteraine the degree of retention are the chain length (nuaber 

of carbon atoaa) of the tatt7 acid and whether the tatty acid is saturated or 

unsaturated. The degree of retention increaaes with increasing chain length 

ot the saturated coaponents. When a polar phaae auch aa the pol7ester of E.G.A. 

ia used, the aetb7l esters of unsaturated fatty acida eaerge later than thoae 

of saturated fatty acids with the same chain length and increasing unaaturation 

causea a progreaaiTe increase in retention. In addition, it has been shown that 



plotting o.f. ei:ther log retention volume or log retention volume relative to a 

standard. substance e.gainst the number of carbon a.toms· ·1n the- molecule.:,-- gives 

a. straight line f-or members ·of an homologous series {James an« -.Martin 19-52} .. 

'lb.is applies: to s-a.'turated and mono..;., di..;~ tri-, etcf. uns·a.turated' fatty acids 

of a.n: homologous series. - Retention- volume is obtained b;y- multiplying the .flow 

rate ''.by the retention time. :since· .i'n -any run the flow rate is :Constant, th;e 

.retention volu.me is directly proportional to . the x·etention time. :The log reten­

ticn1 time :can thus be directly rel a tell ·,to the number ot carbon atoms in the 

molecule. · 1n pr~ctic'e, tbe · reten.tion time · is -measured as th'e distance tr-c>m the 

point of .i,njection to the !Centre of' the reievant peak (Fa.rqu.bar et al 1959) .• 

1n different run.s the absolute .retention tim~·s will va:q with diffe't'ences in 

gas flow rat~. However1 at- a given tem:pera.ture, the retention times of fatty 

acid :metb.y.l ·es·ters relative· to one another are ,con·stant. Thus the relati-ve 

· retention time can be calculated for -ea.ch component. !bi& is commonly expressed 

as the retention time of ,the eomp.onent :relative to that 0£ Gl-8:o (stear10 ... acid) 

(Farquhar et al 1959). 

Appl·ying these principles 1 t is· po.ssible to identify components :by t 

(1) Comparing their absolute and relative .retention times u.nder certain con­

ditions with those of pure metn;yl esters of known't'atty acids under the 

same con di t.i-ons. 

· (2) Plotting log retention time or log relati'V'e ·retention time against the 

number o.f carbon a toms in the molecule for mQmbers of a.n homol,ogous series. 

Identification of the unsaturated componentacan, in addition, be verified byt 

(3) bromina.tion, and 

(4) .hydrogenation of the sa.mpi-e of natural methyl esters. 
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i) Bromination 

Du.ring bromina.tion, bromine .is bound at the doable bonds of the unsatu­

rated tatty acid esters. This increases their molecular weight and they become 

virtually non-volatile at the temperature of operation (James e:nd Hartin 1956). 

'?he chromatogram of the brominated sample will thus only show the saturated 

. components .of the original sample.. !he method 0:SEhi in this study wa.s that 

described by Farquhar et al (1959 ) •. 

ii} \t<1.r0gena,tion · 

On hydrogen:a.tin.g a sample of :methyl esters, the unsa.tura:ted fa.tty acid 

e.sters are converted to their respective saturated. compounds.. By ,comparing 

the chromatograms before and after hydrogenation it can be established which 

componE!nts of the original :sample were unsaturated. Moreover,, the ·r,elative 

lncreas-e i:n the proportions of saturated components in the hydrogenat,ed sa.mp1.e 

.is helpful in ,establishing the chain length. ot the un.satura.ted components in 

· the original sample·.· . Samples of methyl es·t.ers were bydrog~nat'ed according to 

the method ·Of Farquhar et al (19:59). 

bi. thi'l3 study it was found that, with the exception of two oomponen'ts, 

a.11 the fa.tty a.aids present in tb.e cholesterol eater and triglyceride fractions 

were present in'the ph:ospholipid fraction, which in addition. contained several 

longer chain fatty acids. Identification of the fatty' .a.aids in a.11 three lipi.d 

.fractions was, therefore, based primarily on the identification of these com­

ponents in the phospholipid .fraction, using the techniques mentioned. 

(h) APPLICATION OFMlilTHODS FOR 1DEN'1J!IFICATIOB .OF FATTYAC!DS 

i) Comparison ,of absolute and relative ·retention times .• 

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

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

esters mixed in known proportions by 11eight. In addition., the relative ret~ntion 
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times have been coapared with the data of farquhar et al (1959) who identified 

tatty acids aeparated on E.G.A. pol7ester at 1a4.5°c. !he values are ehown in 

!able 11 and the chroaatograaa of the standard fatty acid aixture and of the 

phoapholipid fraction are shown in figure 6. 

Standard Fatty Acida Phospholipid Fatty Acids Data of Farquhar et al 
(1959) 

:ratty 
Acid 

01410 

Cl610 
Cl61l 

Cl810 
Cl81l 
Cl812 

02014 

C24&0 

Identifi• Identif'i-
d d/c1a,o Peak d d/Peak 9 cation 4/c1e,o cation 

2.16 0.280 1 2.15 0.279 01410 0.272 c14,o 
2 2.60 0.337 c14,1 0.316 c14,1 

' 3.00 0.390 Cl510 0.372 c15:o 
4 3.52 0.457 ' 0.445 Unknown 

4.13 0.535 5 4.10 0.532 Cl6t0 0.521 Cl610 
4.73 0.612 6 4.70 0.610 01611 0.590 Cl61l 

7 5.60 0.727 Cl7i0 0.715 Cl7a0 
8 6.40 0.8}1 ? 0.805 Unknown 

7.72 1.00 9 7.70 1.00 Cl810 1.00 Cl810 
8.60 1.11 10 8.55 1.11 Cl81l 1.12 Cl81l 

10.36 1.34 11 10.28 1.34 Cl812 1.35 Cl812 
12 14.09 1.a3 c20,o 1.e9 02010 
13 20.00 2.59 C2la0 2.56 02110 
14 21.56 2.ao c20,, 2.88 c20,, 

23.ao ,.oa 15 23.75 3.08 c20,4 ,.17 02014 
16 27.10 3.52 ? - -
17 30.09 ,.91 02015 4.oe 020,5 
18 }6.79 4.78 T - -

50.40 6.53 19 50.2a 6.53 C24a0 - -
20 54.65 7.18 ? - -
21 62.32 a.09 02216 a.59 c22,6 

~able 11. Coaparison of absolute and relat1Te retention times tor 
tatty acid coaponents in the phoapholipid fraction with 
those found for standard fatty acids and those giTen by 
rarquhar et al (1959). 

d • absolute retention time aeaaured as distance in ca. 

d/Cl8a0 • relatiTe retention tiae i.e. retention time (in ca.) 
relative to retention time of Cl8aO. 
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'lhe data in !able 11 and Figure 6 show that the absolute and relative 

retention times of peaks 1,5,6,9,10,11,15 and 19 agree very closely with the 

values found for Cl4a0, Cl610, Cl61l, Cl810, Cl8al, Cl812, C20a4 and C2410 

respectively in the standard mixture and these peaks are thus identified as 

shown in Table 11. 

The relative times shown by Farquhar et al (1959) are oomewhat 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 close 

similarity in the values for the positively identified Cl4a0, Cl610, Cl6al, 

Cl8al, Cl812 and C2014 fatty acids, the relative retention times for peaks 

2,},12,13,14,17 and 21 have been matched with those most closely approximating 

them in the data of Farquhar et al (1959) and these peaks have been tentatively 

identified as shown in Table 11. 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 cm.) has been 

plotted against the number of carbon atoms in the molecule (Figure 7). It is 

apparent from Figure 7 that the values for the peaks 1,5,9 and 19, identified 

as c14,o, Cl610, Cl810 and 024,0 respectively, fall on a straight line. In 

addition, the values for peaks },7,12,1},16 and 18 also fall on this straight 

line. These peaks thus correspond to the fatty acids 01510, 01710, 02010, 

C21:0, C22a0 and 02310 respectively and have been identified accordingly. The 

identification of Cl5a0, c17,o, C20a0 and 02110 by this method confirms that 

proposed on the basis or comparison with the data of Farquhar et al (1959). 

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

tor peaks 2,4,8 and 20 also fell on this straight line (Fiaure 7). Peaks 6 and 10 
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Bigure 71 Plot ot the log distance of the peaks shown 
in the chroaatogram of serum phoapholipid 
fatty acids (figure 6) against the chain length 
of the components. 

lote that the saturated fatty acids fall onto a 
straight line and the mono-unsaturated tatt7 
acids tall onto a separate atraight line. 
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have b~en .identified as Cl6:l and 018:l respectively. ·The peaks 2,4 9 8 and 20 

which thus fall on the mono-un.satura.ted fa.tty acid lin-e have tht1refore been 

identified a.s C14:li Cl:5:1, Cl7:l and C24:l reepecti'1t'ely. The pol71111saturated 

fa.tty acids which have been tentatively ident.i:fied include only one trienoic 

acid (020:})t one penta.enoio acid {C20:5) and one hexaenoio acid (c22,:6). 

There a.re therefore not sufficient values te plot the log retentton time 

against carbon cha.in length for any of these components. 

iii) Bromination 

The chromatograms of natural and brominated phospholipid _ fa.tt7 acid. 

me~;b¥1 esterJJ a.re shown 1:n Fignre 8~ Wh~l.e the _a.bsolut~ · ret~ntion time·s 

diff'~r sJi~htly, due to difterences .in .gas pressure, the .relative retention 

times are similar since th-e ,column temperatur,e remai~ed constant .•. It can be 

seen. that all the fatty acids which w$re i,d,enti.fied in the natural sample as 

being unsaturated are no longer present in the bro.mina.ted sample... Those fatty 

ac1-ds i,den.tified as being saturated are present in both samples. when t.he 

percentag.e composition .of the natural sample is oal,~ulated so as to include 

only the saturated fatty acids, it shows clo,se agreement with. the. peroen~ge 

compos1 tion of the bro.mina ted sample (Table .12) • 

.. 

e14:o ~1;,o Cl.610 Cl7:0 018:0 Q20:0 021,0 C1!2t0 C2}t0 

Na1m.ra.1 0.78 · 0,.43 59.34 0.70 27.05 1.60 0.:50 .413; 2,.}3•· 

Bromin-
ated .0.59 0.42 59.2,6 o .. ao 21.;o 1.70 0.25 4.32 2.3a 

Table 121 Compari$on of the percentage composition -of a natural 
sa.mple (including only saturated fa.tty acids) with 
that of a. brominated sample. 

G24·:0 

'3.13 

2.98 
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Figure 81 

'typical chromatograms of natural, hydrogenated and 'brominated fatty acid 
methyl esters of phospholipid isolated tro serum. 

Bote that the unsaturated components are not present in the brominated or 
h7<lrogenatad samples. 
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These de.ta confirm the identification of saturated and unsaturated fa.tty acids 

and show tha t .t he components tentatiYely identified as C20a}, 02015 and C22t6 are 

indeed unsaturated f a tty acids. 

iv) Hydrogenation 

The chromatograms of the natural and hydrogenated samples are shown in 

Figure 8. Owing to a decreased flow rate the actual retenti on times are greater 

for t he hydrogenated than for the natural sample. However, since the column 

tempera ture was the same in both rune, relative retention times are identical. 

Plotting log retention time or log relative retention time against chain length 

produces a straight line for the components of the hydrogenated sample (Figure 9). 

As in the brominated sample, all the unsaturated fatty acids have disappeared 

from the hydrogenated sample. Here, however, there is an increase in the pro­

portions of the saturated fatty acids. 'l'able l} shows the percentage compo­

sition of the natural aaaple with the peaks identified as described. On the 

basis of this identifies. tio,n the peroen tage composition of the hydrogenated 

sample has been calculated (theoretical composition) and this has been compared 

with the determined composition of the hydrogenated sample ('?able 1}). 
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Fatty acid Natural Fatty acid Hydrogenated H1drogenated 
(theoretical) ( Determined) 

0141 0 0 .3a c141 0 0 .59 0 .81 
Cl4al 0 . 21 

c15,o 0 .21 c151 0 0 . 42 0 . 95 
Cl51l 0 . 21 

Cl6a0 2~.98 0161 0 30 . 18 30 .53 
01611 1.20 

01710 0-34 Cl7a0 0 . 46 0 .54 
Cl71l 0 .12 

Cl810 13.11 018:0 44 . 74 43 . 00 
Cl8 1l 10.47 
Cl8a2 21 .16 

C2010 o .7e C20 t0 12.80 12.85 
02013 2.86 
c2014 7.56 
C20a5 1.60 

C2la 0 u.30 C2la0 o. ;o 0 . 25 

C2210 2.27 C2210 5.70 5.71 
02216 3.43 

c231 0 1.14 C23a0 1.14 1.18 

C24a0 1.75 c2410 3.67 4. 18 
c2411 1.92 

Table 131 The percentage composition of na tural phospholipid fatty 
acids and the theoretical and determined percentage com­
position or an hydrogenated deriva tive of the natural 
sample. 

The theoretical percentage composition of t he hydrogena ted sample , ca lcu­

lated for the fatty acids identified as shown in 'l'a ble 13, agrees well wi t h the 

percentage composition found in the hydrogenated sample. There is some dis ­

crepancy between the theoretical values and the values found for 014,0, Cl51 0 

and C2410 but this is probably due to error in calculating the areas of these 



small peau. 'l'he close agreeaent between the theoretical and deterained per­

centages for C20a0 an.cl C22a0 aupporta the identification ot peaks 14,17 and 21 

as C201}, 02015 and C22a6 respectiYely. Since pure standards of these fatty 

acids were not aTailable, it was not posaible to eatablia.h concluai vely the 

1de.nti t7 of these peaks. 

Using the methods deaoril,ed, all the fatty acids present in the phospho­

lipid fraction haTe been iclentified as shown in Figure 8. Since the column 

0 teaperature remained constant at 184 C the fatty acid components of the choles-

terol eater and triglyceride tractiona have been identified by c;omparing their 

relatiTe retention tiaea with those found for identified peaks in the phoapho­

lipid fraction. In both cholesterol eater and triglycerides, a peak with a 

relatiive retention time of 0.145 was present.. 'l'hia relative retention time 

corresponds to that of Cl2a0 as determined by plotting log relatiTe retention 

time against chain length (Pigure 9). Ia addition, thia peak occurred in both 

bromina ted and hydrogen& ted aaaples ot cholesterol eaters and triglyceride.a 

and it has therefore been identified as Cl210. 

'lhe cholesterol ester traction contained a peak which disappeared on 

bromination and hydrogenation and had a relatiTe retention time of 1.72. This 

Talue agreea cloaely with the Yalue of 1.7} giTen by Farquhar et al (1959) aa 

the relative retention tiae ot Cl8a} .. Thia peak has aocordingl7 been identified 

as Cl&t}. Identification of the peaks present in the cholesterol ester and 

triglyceride fractiona ia shown in the ohromatograaa in Figure 10. 

(i) UPRODUCIBILifl' 01' 1AT'l'Y ACID ANALYSIS 

In order to deteraine the degree of reproducibility of fatty acid eati­

aations by G.L.C., a atan4ard aixture was analysed ten times at random intervals 

during the courae of the study. The percentage of each f'atty acid was deter­

mined and the coefficient of Tariation calculated for each component (~able 14). 
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Cl4&0 Cl610 Cl61l Cl8a0 Cl8Jl 

Jlean 11.89 22.96 6.85 l}.00 45.29 

S.D. 0.35 0.49 0.2; 0.42 o.e1 

c.v.~ 2.94 2.14 j.}6 }.23 1.79 

Table 14s 'the percentage composition of a standard 
tatt7 acid aethyl ester mixture aa deter­
ained b7 ten anal7ses by G.L.C. 

s.D. • ~n• atandard deTiation 

C.Y.~ • The coefficient ot Tariation expreesed as 
a percentage. 

These data show that there ia a high degree of reproducibility in estimating 

the fatty acid coapoaition by G.L.C. !he error ia greater for the smaller 

components and thia ia probably due to inaccuracies in measuring the areas of 

the amaller peaka. It has been reported (Farquhar et al 1959) that on repeated 

analysis of a standard fatty acid methyl eater aixture containing four compo­

nents, the coefficient of Tariation for any aingle component was less than 1.5~. 

Such a high degree of reproduci~ility was not achieTed here. probably due to 

the differences in peak heights of the co•ponents. However~ since the various 

lipid fraction• analysed in this etud7 contain nuaeroua fatty acids in widely 

differing proportion•, the degree of accuracy attained for the standard mixture 

is probably a fairer retlection of that in actual lipid aaaplea. 

!he reproducibility of the whole procedure used in determining the tatty 

acid coapoaition of each lipid class has been exaained. Six 1.0 ml. aliquots 

ot a serum aaaple were extracted as described. The extracted lipids were frac­

tionated into the three lipid classes by ailicic acid cb.roaatograph7, aethylated 

and the methyl eaters analysed by Q.L.C. !he mean percentage, one standard 
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deviation (s.D.) and the coefficient of Yariation expressed as a percentage 

(c.v.") are shown tor each aajor coaponent (fable 15). 

Choleaterol Eater Triglyceride Phoapholipid 
fatty 
acid ••an · (S.D.) c.' ·" ••an (s.D.) C.T." ••an (s.D.) C. V ·" 

c14,o 1.0 (0.05) 4.7 2.3 (0.01) 5.0 o.e {0.04) 5.0 

Cl610 12.0 (0.45) ,.1 28.0 (0.7a) 2.8 ,2.2 (1.03) ,.2 
c16,1 4.e (0.19). 4.0 5.0 (0.20) 4.1 1.6 (0.08) 4.8 
Cl810 1.9 (0.09) 4.5 5.3 (0.20) 3.7 14.6 (0.53) ,., 
Cl8al 22.1 (0.60) 2.7 40.6 (0.93) 2.3 10.5 (0.37) 3.5 
01812 46.0 (0.83) 1.8 13.7 (0.45) 3.3 18.0 {0.54} 3.0 
C20s4 6.6 (0.}0) 4.6 1.2 {0.06) 5.1 8.6 (0.35) 4.1 

!able 15, !he percentages of the aajor tatty acida present in the 
cholesterol eater, triglyceride and phospholipid tractions, 
aa deterained on ai% separate aliquots of a serum sample. 

fhe degree of reproducibility ia high. While the coefficient of variation ia 

lower tor the aore abundant coaponenta, in no instance doea it exceed 5~. 

!ha reproducibility ot eatiaation of saaller coaponenta was lower than 

that found for the aajor coaponents. However, with the exception of certain 

longer chain tatty aoida preaent in the phoapholipid fraction, these fatty 

acid• were not used for statietical coapariaon between groups. The values 

found for the longer chain fatty acids of the phoapbolipid fraction are ahown 

in !able 16. 

C20a}(?) c22,o c20,5(?) C2}:0 C24•0 02411 02216(?} 

••an 2.4 0.7 1.5 o., 1.0 1.4 2.e 

s.n. 0.18 0.08 0.12 0.06 0.12 0.25 0.41 

c.v." 1., 11.4 a., 19.4 12., 17.7 14.6 

!able 161 11'he percentage of the longer chain tatty acid• present 
in the phospholipid fraction, as deterained on six 
aeparate aliquots of a aerua aaaple. 
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The data in Table 16 ahow that the degree of reproducibility ot eatiaation waa 

low tor these fatty acida. !he error incurred ia due largely to th• inaccuracy 

in measuring the areas of these peaks, which beoauae ot their relatively aaall 

proportion• and long retention times tend to be rather low and wide (Pigure 8). 

With the deTelopment of teaperature prograaaing techniques it is possible to 

decrease the retention ti••• and consequently increase the peak height to width 

ratio of these coaponents. Th• apparatus &Tailable for thia atudy does not 

allow the application of teaperature progra11J11ing techniquea. When coaparisone 

are aade between groups of subjects for theae fatty acid• {Table 16) the low 

degree ot reproducibility of eatiaation auat be borne in aind. 

(~) LIMI!ATIOIS or THE O.L.C. !ECHBIQUE USED 

lhile peaks 10 and ll'haTe been identified as Cl8al (oleic acid) and 

Cl8a2 (linoleic acid) reapectiTel7, certain liaitationa of tbia identification 

auat be mentioned. 

Uaing a non-polar atationary phaae for separation ot tatty aoida, Hirsch 

et al (1960) ~Te ahown that iaoaers ot oleic acid are preaent in huaan ad.ipoae 

tiaaue. While this is not neceaearily ao for aerua lipids, it ia poasible that 

iaoaera of oleic acid aa7 be present in aerua lipids, particularly in Tiew of 

the faot that such iaoaera are coaaonl7 proiuoe4 by inooaplete hydrogenation 

of natural oils in the aanufacture of edible fata. A polar station&r"7 phaae 

such as B.G.A. doea not separate oleic acid fro• ita iaoaera. Thua, while 

reference will be aade to Cl81l aa oleic acid, it auat be borne in mind that 

the percentages reported aay include iaoaers of C18al. 

Peak 11 haa been identified•• Cl812 (linoleic acid) aince its relatiTe 

retention tiae is identical to that of a pure aethyl linoleate standard, and 

also corresponds cloael7 to that given b7 Parquhar et al (1959) for 01812 
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with the double bonds a.t the 9 and 12 positions. However, linoleic acid can 

theoretically occur in tour diff er.ent forms., via: cis-c&s, ct.s-:trans,, tra.ns-cis 

and trans-trans (Deuel 1955a). .tfhe only f'orm. of llnoleic acid which oc-curs .in 

nature, ts cis·-cis 9 ... 1.2 octadecadienoic acid.. It is possible that i'adustrial 

processes used in .hardening oils ,could give rise to one. or other of ·the isomers 

of linoleic acid a.nd it has been suggested. (:Bronte-Stewart 1958) that col;\sump­

tion of fats such e.s margarine might result in the presence ·of these isomers 

in the serum U .. p1ds. 

Since the stationary phase used in this study does not resolv,e isomers 

·ot oleic acid, it is similarly possible that it does not separate isomers f)f 

linolei.c acid. It has therefore not been possible to establish t-hat the lino­

leic acid present in the various lipid .fractions is in fact natural or cis-cis 

linoleic acid. B6ttcher (1960) has established by means of czonolytic degra­

dation and infra-red spectrophotometry that the 018::2 acid in the cholesterol 

ester fraction from human atheromatous plaques is 98% cis-cis. Although this 

does not mean that the same holds tor serum lipids, it does suggest that 

UJmatural isomers of· linoleic acid are rare. While C1'8a2 will often be referr.ed 

to as linoleic acid in the text, the possible. limitations of this r.ef.erence 

must he borne in mind. 
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STA~ISfICAL METHODS 

The following statistical formulae were employed in t~is study. 

X a •· . . .. ·• . • • • • • • • • • • • • • • • • • • • (1) 

where X = each observation and H • number of observations 

Standard deviation (s.D.} tor a variate t. 

S .. D.. • J l:x
2 
/N-l • • • 

where fx2 • ZX2 - (tl)
2
/I 

•••••••••••••••••••• (2) 

The di.tteren-ce between 2 means was analysed by t-test, t being 

calculated as: 

t • 

(Bi X B2 } (Bi. + B2 - 2) 

( I + If) · · l 2 

• • • • • • • • •••• (3} 

!he significance of the difference between two means was determined 

by reference to standard tables• for the distribution ot t. 

Differences were considered to be highly significant when p<'. 0.001, 

significant when p < 0.01 and of probable significance when p < 0.05. 

li.S. • Jlot statistically significant i.e. p > 0.05. 

i'he correlation coefficient between two variates XaniY were analysed as 

I.Ell • l:'X .• "£Y _ . .• . . . .• •• (4) 

The significance of r was similarly determined by reference to 

standard tables 11 
• 
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Regression lines wore calculated by the method of least sqnares, the 

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

.. 

8tx • 

N .~XY - l:X.'E.Y 

u.rx2 - (~x) 2 

•••••••••••••• (5) 

To test the variability of repeated analyses the coefficient of 

variation (c.v.) was calculated as 1 

c.v .• S.D. x 100 - and expressed as a percentage ••• (6) 
X 

The standard error ot measurement (s.E.M.) between duplicate 

readings was calculated as 

S.E.ll. • ~ •.....•••••.•• (7) 

where ~ • difference between two single tests performed on each sample 

B • number of duplicate determinations. 

• Pisher,R.A. and Yates,F. Statistical Tables for »iological Agricultural 

and Medical Research, 5th Ed. Revised and Enlarged. 1957. Oliver and 

Boyd, London. 
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RESULTS AND DISCtJSSIOIJ 
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CHAPTER I 

THE COMPOSITION.OF LlPID IN 'lOTAL.SERUJl 

A1fD IH THE SERUM f.i-LIPOPRO!EIB FRACTlOll 

I ·1 'fEIE QUAN~l'lA'fIVE COMPOSITION OF LIPID 

IN TOTAL SERO AND IK TRE SERUK 
/4 -LIPOPROTEIN FRACTIOW • 

. II I THE FATTY ACID COMPOSI'~IOB OF. LIPID IB 

!OTAL SERUll AND IN '.f:tm SEBO /9-LIPO• 

PROTEIN i'RACTION 

llI s THE RELA'l'IOBSBIP BETWEEN DIET AND SERUM 
LIPIDS 
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THE QUAllTITATlVE COKPOSITIOB OF LIPID IB ~O!AL SERUM 
A11D II THE SERUJI /3 -LIPOPROTEII PRACTIOI 

The concentration• ot individual lipid coaponents and of total lipid have 

been determined in total aerua and the serum ,.8-lipoprotein fraction from Bantu, 

controla and patients with I.H.D. !he values are presented and compared in 

!able 17 and Figures 11 and 12. 

Bantu (B) Control (C) I.B.D. I.B.D. I.H.D. c. 
vs. va. vs. 

COKPODff ag./100 al. ag./100 al. mg./100 ml. C B B 

Mean (s.D.) •an (s.D.) Kean (s.D.) p p p 

Total Serua 

~otal lipid 476.5 (85.0) T51 .a (97. 7) a45.1 (1a3.o) IS <0.001 <0.001 

!otal 
cholesterol 142.9 (30.1) 247.9 (33.0) 2a5.5 ( 62.7) KS <0.001 <0.001 
Esterified 
cholesterol 107.0 (22.1) 17e.9 (23.4) 201.7 ( 46.8) BS <0.001 <0.001 
Free 
cholesterol 35.9 (s.9) 69.0 (10.4) 8}.7 ( 16.7) <0.02 <0.001 <0.001 
'friglyoeride 72.0 (22.2) 116.2 (56.9) 160.1 ( 52.0) BS <0.001 <.0.001 

Phoapholipid 190.0 (28.9) 253.4 {35.9) 264.3 ( 50.6) 1'S <0.001 <0.001 

e, -Li:20:ero tein 

Total lipid 266.2 (76.4) 560., (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) IS (0.001 <0.001 

Eateritied 
cholesterol 65.s (1a.1) 152.0 (19.9) 169.e ( 39.1) •s (0.001 <0.001 

Free 
oboleeterol 26.3 ( 8 •. 4) 61.1 ( 9.2) 75.6 ( 17.9) <0.05 <0.001 <.0.001 

'l'rigl7ceride 57.1 (1e.9) 106.4 (49.1) 149.0 ( 48.0) <0.05 <0.001 <.0.001 

Phoapholipid 73.0 (15.7) 139.1 (18.8} 16e.6 ( 3a.3) <0.05 <0.001 <0.001 

Table 17, The concentration of total lipid and of each lipid component 
in total aerwa and 13-lipoprotein in each group. The values 
for each coaponent are compared between the groups. 
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, Figure 111 The concentration ot' total lipid in total serum and in 1.he 

,serum f, -lipoprotein f,racti,on. 

Note the graded increase in concentration from Bantu through 

controls to patients with I.H.D •. in both total se.rum and. 

P ~lipoprotein. 
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.figure 12. The oomentration ,of· each lipid conponent in total serum 
and in the serum fa-lipoprotein f~aot1on. . 

For each ®nponent there is a graded increase .in concen­

tration .from Bantu through controls to patients with I. B. D. 
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Por both total aerua and p-lipoprotein the concentration ot total lipid and 

of eaoh lipid coaponent ahowa an increase troa Bantu through controls to 

patients. In all instancea the aean values for the Bantu group are strikingly 

lower than those tor either patient or control croups (p < 0.001 in all caaee). 

Th• concentration ot total lipid and of the various lipid fraction• ia generally 

hicher for patients than tor controla. ln total aerua, only the concentration 

of free cholesterol is significantly higher, while in ,8-lipoprotein the con­

centration• of total lipid• tree cboleaterol, triglyceride and phoepholipid 

are significantly higher for patient• than for controls. 

In ceneral, for both total aerwa and P-lipoprotein, the data reveal a 

graded relationahip between the three group•, with a diatinot trend towards an 

increase in the concentration of total lipid and of each lipid component froa 

Bantu through controls to patients. 

i) Total li~id. 

In total aerua the aean values tor patient• and control• are siailar, 

but the values for ~antu are aarkedly lower than tor both the other groupa. 

ln p-lipoprotein the concentration of total lipid ia higher tor the patient• 

than tor the controla or .lantu. The concentration of total lipid in P-lipo­

protein thua provide• better aeparation between groupa than does that in total 

aerua. 

ln total aerua the valuea for controla and patient• are ooaparable with 

tb.oae reported in the literature (Page et al 19351 Chapin and Proger 19591 

Schrade et al 19601 Hallgren et al 1960; Welaon and Preeaan 1960) and thoae 

tor control• and Bantu are siailar to thoae preYioual7 found £or coaparable 

groupa in Cape Town (Bronte-Stewart et al 1955). In p-lipoprotein the Yaluea 

tor patient• and controls are siailar to those found using an eleotrophoretic 



staining technique (Chapin and Proger 1959). The Taluea tor patienta and 

Bantu are similar to those found for atheroacl•rotic subjects and young white 

aen re•peotively, uaing Cohn fractionation for iaolation of (3-lipoprotein 

(BUttoher and Woodford 1961). 

ii) Total cholesterol. 

In both total serua and p-lipoprotein the concentration of total choles­

terol increases progreasiYely troa Bantu through controls to patients. The 

aean Yalues tor Bantu are lower than thoae for the other two groupa. While 

the aean concentrations are higher for patients than for controls, the dif­

ferences are not atatiatically significant. !hua in both total aeru• and 

p-lipoprotein the concentration of total cholesterol doea not separate 

patients troa all healthy subjects. 

In total aer1111 and ,iS-lipoprotein the Yalues tor patient• and controls 

are aiailar to thoae reported by other authors (Gertler et al 1950; Albrink 

and •an 1959; Carlson 1960a, 1960b; Cohen et al 1960), while thoee for the 

Bantu are similar to the Yaluea found pre•iouely in Cape Town (Bronte-Stewart 

et al 1955). 

iii) Esterified and fr•• choleaterol 

In both total aerua and ,-lipoprotein the aean Yalues tor eaterified 

cholesterol and free cholesterol show trends aiailar to those found for total 

cholesterol (Table 17). Again, the values for Bantu are considerably lower 

than for the other two groupa. While the concentration of esterified choles­

terol is aiailar for patients and controls, in both total eerua and p-lipo­

protein the concentration of tree cholesterol ia significantly higher tor 

patients than for either of the other groupa. 'fbe concentration of tree choles­

terol thus effectively aeparates the three groups. 



In view of the marked differences in the concentrations of free and 

eeterified cholesterol in each group, the distribution of total cholesterol 

between the free and esterified forms has been exaained. The relative pro­

portions are shown in Table 18. 

Bantu {B) Control {c) 1.B.D. I.B.D. I.H.D. 
Fraction . TS. C vs.B 

Kean (s.n.) .llean (S.D.) Mean (S.D.) p p 

,,, 
Serua 75.0 {2.3) 72.2 (1.5) 70.5 (1.9) <0.02 <0.001 Esterified 

cholesterol p 71.6 (3.6) 71.3 (2.5) 69.2 {1.2) <0.02 <0.02 

fo 
25.0 (2.,) 27.a (1.5) 29.6 (1.9} <0.02 <0.001 Free Serua 

cholesterol /3 20.4 (:5.6) 2a.7 (2.5) 30.8 (1.2) <0.02 <0.02 

E/p Serua 3.0, (0.38) 2.61 (0.19) 2.;9 (0.21) <0.02 <0.001 

t9 2.57 {0.46) 2.51 (0.37) 2.27 (0.14) <0.05 <0.05 

C 
vs.B 

p 

<0.001 

NS 

<0.001 

lfS 

<0.001 

BS 

Table 18t The percentage of total cholesterol present in the esterified 
and tree forms, and the ratio of esterified to free choles­
terol (E/r) in total eerum and f3 -lipop1•otein (/3) from Bantu, 
controls and patients with I.B.D. 

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

each group, despite the fairl7 wide Yariation noted tor the absolute concentra­

tions, the relatiYe proportions of free cholesterol and esterified cholesterol 

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

When the three groupa are compared, for total serwn the percentage of free 

cholesterol shows a graded increase and the percentage of esterified cholesterol 

and the E/F ratio ahow a graded decrease from Bantu through controls to patients. 

These parameters effectively separate each group from the others. In P-lipo­

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

cantly lower and the percentage of free cholesterol is significantly higher for 

I 
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the patient• than for control• or Jantu, and the Taluea tor the last two groups 

are aiailar. !hue in both total ae:rua and ~-lipoprotein the percentage ot 

tree choleaterol ia higher and that of eateritied cholesterol ia lower for the 

patients than for the other groupa. 

It will be recalled that the absolute concentration of tree cholesterol 

waa higher for patient• than tor control• or Bantu. These data indicate that 

the absolute concentration of tree Cholesterol and the relatiTe proportions 

of tree and eaterified choleaterol in both total sert111 and ,S-lipoprotein 

proTide better separation between the groupa than doee the concentration of 

total cholesterol. 

iv) Triglyceride 

It can be seen troa the data in Table 17 and in ~icu.re 12, that both in 

total aeru.a and in p-11poprotein there ia a progreaaive increase in the con­

centration of triglyceride froa lant• through control• to patienta. 'fh• aean 

l•••l• for the Bantu are auch lower than thoae in both other groupa. In total 

aerua, despite an iapreaaiTe difference in the ••an Talue between patient• and 

control•~ thia difference ie not significant, eaphaaising the aarked degree of 

oTerlap between these groupa. In jl-lipoprotein the ••an Talue is aignifi­

cantly higher for patient• than for controls and the concentration of tri­

glyceride in p-lipoprotein proYidea a better paraaeter for separating 

patient• froa healthy au-Jecta than doea that in total serua. 

!he ••an aerua triglyceride Taluea found in Johannesburc (Antonis and 

Beraohn 1960.) for patients with I.B.D., White control• and JM.ntu, in the 

41-50 year age group, are aiailar to those reported here. !he aean Taluea 

for patients and oontrola agree with those reported by Carlaon (1960a, 1960b) 

and by Albrink and Jlan (1959). !he Talues of Schrade et al (1960) are alaoat 

double tho•• found here and elsewhere. Thia diacrepancy could be due to their 



method of determiruition. Tie¥ have appa..rer1tl7 calculated 'the tr:iglyeerlde as 

being the, ;aritmnetic'. dif:tereriee 'between total lipid, det~%'lni,ned (P"aVimetrica.11:,, 

and the num et the ether .lipid cu>mponents1 4.eterminetl chemically. 111 the 

present: ,stud; 1.t was found that gravimetrte de~e:mitta.t1on o't total 'lipid giv~s 

e:tron,eousJ.7 high valaes (Par-t I,t' Chapte,r 2, Section ,I).. If this .is eo for tb:e 

total lipids determined by Scbra.ie et al. this could a:ccount, tor the 'high tri­

gl;eeride v.:lttetJ rep$ttc4 by them. 

for /3-lipoprotein tbe triglyceride eoncontntio.n for ,contr.ols is aimila.r 

to tllat found by llillga~d et al c1,ss) for normal men in the ultraeentri­

.tugall,y separated f'racti,on ot density less than 1.06,. 1'hich. eor.reeponds 

closely ·to the ,S-lipoprotei11 isolated in the present study.. ifhe •alttes for 

· tb.e patients and the Bantu are similar to those reported for atheroscl:erotic 

men and heo.ltb7 young men .respectivelt (.Battcher and Woodford 1:961}. 

lt has been suggested ·that control groupa with a .eocio•econom.ic iback• 

ground similar to that of patient groups_ may not f';om a homoge:noue po·pw.ation 

with. ro.gard to serwn tri&lycertae cc>nce11trati,on,. Several authors (Albrink and 

Ian 19591 Carlson 1960a, 1960b; A1rtonis and Bersonn 1960) :he•e reported a. 

tende.ooy tor a ,skewed treg,uenc:, 4is.t:ribution. .tn the pre:aent et.ady the groups 

,~ too small tor the assessment o.f t:,:eqa:ency distribution. 

v) Pho&pholipid. 

Compari&on of the ,concentration of phospholipid. in the three groups 

shows tbat the trend.s in total s&rum and P-lipoprotein are not the sa,me 

.('fable 11, J'.igur@ l.2).. For .16 ... lipopr.otein, tbe concentra:tioti lncre~ees from 

· Ba.nt'u through controls to patients, and the m:ean value tor pattents .is sig­

n1ficuul'tl7 higher than that for controls. ~hi.a parameter th11s aepare..tes the 

.g,:oups. ln. total serum, while the value tor Bantu is lower, the values f'o:r 

pa.t1,ents and controls are 14:entioal. It is n:otewortb7 that i·n total eerwn, 
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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 To% of 

that found for patients, while the 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 oerum phospholipid concentrations are 

similar to those reported in the literature (Gertler et al 1950; Steiner et al 

1952), and the values in /3•lipoprotein agree very closely with those found for 

comparable groups, using a variety of techniques for separation ot fo-lipo­

protein (Barr et al 1951; Russ et al 1951, Cornwell et al 1961; Cohen et al 

1960; Carlson 1960a, 1960b). 

vi} The percentage composition of lipid. 

Since differences between the groups are more marked for some lipid 

fractions than for others, this sugge•ta that the proportions in which lipid 

fractions are present in total serum and p-lipoprotein might be different in 

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 and Figure 1}. 



Bantu {13) Control(C) I.H.D. I.H.D. I.H.D. C 

C onponent 'I, '1, ti, 
vs. ..... vs • 
c. ll. lL 

•ean {s.D.) •ean (s.D.1 Kean(S • .D.) 1) 'D 1) 

Total Serum 

Free 
cholesterol 7.5 (o.a) 9.4 (0.9) 10.0 (0.8) IS <0.001 <0.001 

Cholesterol -,7.4 {2.8) 40.e (3.9) 39.a (3.0) IS <0.05 <0.05 
ester 

!rigl7ceride 15.0 (3.3) 15.5 (6.1) 18.8 (3.7) 1'S <0.01 IS 
Phospholipid 40.2 (3.4) 34.4 (2.6) 31.4 (1.5) <0.01 <0.001 <0.001 

/3-Li;eo:erotein 

!Free 
cholesterol 9.7 (1.1) 11.0 (1.2) 11.1 (o.s) ffS <0.01 <0.01 

Choleaterol 41.1 (3.9) 45.6 (5.4) 42.2 {3.e) IS •s <0.02 
ester 

Triglyceride 21.4 (4.a) 1a.5 (6.3) 21.9 (4.a) BS 1'S IS 

IPhoapholipid 27.a (2.6) 24.9 {0.8) 24.e (1.2) IS <0.01 <0.01 

Table 191 The percentage composition ot lipid in total serum and in P-lipo­
protein from Bantu, control• and patients with I.H.D. 

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

protein the percentage coaposition of lipid is relatively constant in each 

group. This constancy of composition is noteworthy in view of the wide vari­

ation in the· absolute concentrations of lipid fractions withm each group 

(Table 17). 

On comparing the percentage composition of lipid in total serum and in 

p -lipoprotein in each group, it is apparent that, while the percentages of 

cholesterol ester and triglyceride are similar, the total serum has a lower 

percentage of free cholesterol and a higher percentage of phospholipid than 

/3 -lipoprotein (!able 19). 

When the three groups of subjects are compared, the percentage compo­

sition of lipid shows different trends in total serum and p-lipoprotein and 
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Figure ll1 The relative proportions .of lipids in total serum 
and in the serum ~-lipoprotein fraction, 
Note the reversal in the trends for phospholipid 
which shows a decrease from Bantu through controls 
to patients with I.l:l.D. 
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differences 'between groups a.re generally more marked in total serum tha.n in 

-(3--11.poprote-in,. 

In -,S•lipoprotein- the percentage composition ·Of lip1d .1.s· identical for 

.pg.tients and controls. -Thus ,despite diff,erenees in the ooncen:trations of tote.l 

l1p1d .• £.ree ohole-sterol 1· triglyceride and phoepho.lipld, the rela,tive propor­

tions o'f · lipid. a.re ,1m1lar for thes'Ei! two groups.. 1'/he pa"%'aentages o:f choles­

terol eater a.nd triglyceride tend to be similar in all groups<t although the 

percentage of cholesterol ester is .greater £or the cont.rols the.~ for the .Bantu .. 

''The .lla.ntu differ markedly from the· other two groups l:>y ha.vi:ne; a. lower perc.en­

tage of free chole.sterol and a higher percentage of phospholipid .. . , 

In total sel"Um the percenta,ges of free cholesterol and cholesterol ester . 

are lower for the Bantu than for the. ,patients and controls, and tor these two 

.groups the values a.re s1mila.r. The pereenta.ge of triglyceride ls higher for 

the patients than f,or the Bantu, but the values for the Bantu and the controls 

are similar .. These parameters do not separate the three groups. In contrast, 

the percentage of phospholipid shows a. striking graded. d.ecrea.se from Bantu 

through controls to patients and the value for ea.oh group differs significantly 

.from those of the other groups. thus, 'While the absolute concentration of 

phosphol1pid WtlB .similar for patients and controls the rela.U.-ve proportio1'1 of 

phospholipid is greater for controls,, and the Bantu who have the lowest absolute 

concentration have the highest relative proportion of phospholipi.d.. The per­

centage of phospholipid i'n total serum thus differentiates between patients 

a.nd apparently health: subjects. 

'fhe decrease in the percentage or phosp~olipid in tota:l serum, from Bantu 

through controls to patients is interesting in view ot the suggestion by several 

authors that phospholipids may play an important role in the stabilization and 

solubilization. of lipids (Ahrens and .Kunkel lj49; Ahrens 1950; Dixon 1958; 
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Wilkens and Krut 1963). These data could suggest that a relati•e decrease of 

phoapholipid in relation to other lipids may produce a leaser degree of etabilit7 

of the latter lipida. In Tiew ot this and the striking differences in the per­

centage of phoapholipid in the serua of the groups in this study, the proportion• 

of lipid relatiYe to one another and particularly in relation to phoapholipid 

ha•e been calculated. !he Tarious lipid ratioa are shown in Table 20 and Pigure 14. 

Bantu (B) Control (C) I.H.D. I.B.D. I.B.D. c. 
••• c Ta.I Ta.B R.l!IO 

Mean Cs.D.) •ean (s.D.) ••an {s.D.) 1) 'D 'D 

!otal Serua 

c/'t 2.09 (0.53) 2.4a (o.a6) 1.e9 (0.54) BS KS IS 

T/p 0.}8 (0.11) 0.46 (0.23) 0.60 (0.13) JS <0.001 BS 

EO/p 0.56 {0.07) 0.71 (0.07) 0.76 (0.07) •s <0.001 <0.001 

PC/p 0.19 (o.o:,) 0.27 (0.03) 0.31 {o.o:,) <0.01 <0.001 <0.001 

c/p 0.75 (0.09) 0.98 (0.09) 1.08 (0.09) <0.0l <0.001 <0.001 

(PC+OE+T)/p 1.51 (0.19) 1.92 (0.23) 2.19 (0.15) (0.01 (0.001 <0.001 

/3-Li:eo;erotein. 

c/, 1.69 (0.44) 2.29 (0.74) 1.76 (0.57) •s 11S ~0.02 

'f/p 0.79 (0.2:,) 0.75 (0.27) o.e9 (0.22) XS BS BS 

EO/p 0.89 (0.11) 1.10 (0.12) 1.01 (0.09) •s <0.001 <0.001 

PC/p 0.35 (0.06) 0.45 (0.06) 0.45 (O.O}) lfS <0.001 (0.001 

c/p 1.25 (0.15) 1.51 (0.17) 1.46 (0.11) IS <0.001 <0.001 

(rc+cE+'f)/p 2.63 (0.33) ,.o, (0.1}) 3.04 (0.20) IS <0.001 <0.001 

'fable 201 Lipid ratio• in total aerwa and /3-lipoprotein froa Bantu, 
controla and patients with I.H.D. 

~•Triglyceride 
P • Phoapholipid 
C • Total Ch~l•aterol 

The relatiTe proportions ot lipida 

re• Free Cholesterol 
CE• Cholesterol Kater 
BC• Eaterified Cholesterol 

e%preased as lipid ratios, are different 

in total aerua and p-lipoprotein in each group of subjecta and thua reflect the 

differences in coapoaition preTioual7 noted (Tabla 19). When the three groupe 

' ' 
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protein fraction. 
In total serum there is a ,graded increase from Bantu 
through controls to patients '7ith I..H.D. \7henever 
phospholipid forms the denominator. 
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of subjects are ooapared, different trends are found in total aerua and in 

p -lipoprotein. 

In ,S•lipoprotein the ratios show no grading between the groups. The 

ratio of cholesterol to.triglyceride (c/T} ia higher for controls than for 

Jantu, but otherwise the Taluea tor the groupa are similar. Despite aarked 

differences in the concentrations of these lipid fractions (Table 17), the ratio 

of trigl7ceride to phospholipid (T/p) ia siailar for all groups. The ratio• of 

tree chol•sterol to pho•pholipid (PC/p), ot total cholesterol to pho•pholipid 

(c/p) and or •neutral lipid' to phoapholipid (rc+;E+!) are aiailar for patients 

and controls, while the Taluea for Bantu are lower. lone of these ratio• 

separate the three groupa. 

In total serua the ai/,, !/p and EC/p ratio• ahow no marked grading between 

the groups. The ratio ot cholesterol to triglyceride (c/,) is aiailar tor all 

groups. The relative proportion ot trigl7cerid' to phospholipid (!/p) ie 

higher for the patient• than for the Bantu, but thia ia the only difference 

between groupa. !he ratio ot esteritied oholeaterol to phoapholipid (EC/p) ia 

lower for the Bantu than for the patient and control groupa where the aean 

valuea are aimilar. In contrast, the PC/p, c/p ant PC+;E+T ratioa all show 

a marked graded increase troa Bantu through controls to patients. For th••• 

ratioa the aean values for each group are significantly different froa those 

of the other group•· Thea• paraaeters thu• aeparate patients froa healthy 

subjects. Other authors have reported that the ·e/p ratio ia higher in subjects 

with I.H.D. th,n in healthJ' aubjecta {•orriaon et al 1950, 19521 Steiner et al 

1952). 

Por each ot tbeae ratios pho•pholipid forms the denoainator. If, aa haa 

been suggested, the relatiTe proportion of phoapholipid is important in deter­

aining the •stability• of lipids, one aay speculate that the marked increa•• 

I I ,c+CE+T 
in the PCP' C P and p ratio• retleota progresaivel7 decreasing 
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•tability of tree cholesterol, total cholesterol and of neutral lipid in 

general fro11 Bantu through control• to patients with I.H.D. 

WhateTer the possible iaplicat1ons of these findings, th••• data indi­

cate that the relat1Te proportion• ot lipid in total serum proTide better 

separation between the three groupa than doea an7 single lipid parameter. 

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

In many respeeta the concentrations of lipid fractions ahowed similar 

trends in total serum and in ;B •lipoprotein. It woul.d, theretore 9 be of 

interest to deteraine what proportion ot serua lipid ia present in the fora 

of .,S-lipoprotein. In addition,. the ooncentrationa .of' total lipid, free oholea­

terol, trigl7ceride and phoepholipid in .!3-lipoprotein provided aeparation 

between the groups. 'l'h.e queation arises as to whether not only the concen­

trations but also the relatiTe proportion• ot lipids present in the .tom of 

f -lipoprotein are different in the three groups. In order to exaaine these 

points, the percentages of total eerua lipids present a.a /3 ·-lipoprotein haTe 

been calculated. The 'f"alues are shown in Table 21 and figure 15. 

Bantu (B) Control (c) I.B.D. I.B.D. I.B.D. c. 

~ 'lo ·~ 
••. c. Ta.B • ve.B. 

Mean (s.D.) Mean (S.D.) Mean (s.D.) p p p 

Total lipid 55.5 (6.5) 76.0 (4.1) so.5 (5.9) <0.05 <0.001 <0.001 

!otal 
cholesterol 6}.8 (7.6) 86.2 <•·l) 86.l (7.7) IS <0.001 <0.001 
Esteri:tied 

(a.4) (3.8) (8.6) cholesterol 61.0 84 .. 8 86.2 IS <0.001 <0.001 

Pree 
cholesterol 72.4 (9.4) a9.1 (a.9} 90.1 (8.2) IS <0.001 <.0.001 
Trigl7ceride 79.1 (7.8) 92.5 (6.2) 93.2 (4.4) BS <0.001 <0.001 
Phospholipid 3e.5 (5.9) 55.2 (6.6) 63.6 (5.7) <0.01 <.0.001 <0.001 

!able 211 !he percentage of total serum lipid present in the form of f3-11po­
prote1n. 
'/, • J.3-lipoprotein concentration (ag/100 al) x 100 

Total ••ru• concentration (ag/100 al) 
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In all groups the aaJor portion of total lipid is carried in P-lipoprotein, 

confirming that this fraction is the chief vehicle tor the transport ot lipid in 

serum. In each group \he percentages of total cholesterol, free and esteritied 

aholesterol and triglyceride carried in ,8-lipoprotein are high, while the per­

centages ot phospbolipid 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 phoapho­

lipid is distributed fairly eYenly between low density (P) and high density (o() 

lipoproteins, with a tendency for the high density lipoproteins to carry a 

greater proportion ot phospholipid (J'ones et al 1951; Hillyard et al 1955; 

Olson and Vester 1960). 

When the Talues for the three groupa are coapared, it is seen that for 

total lipid and for each lipid traction, the percentage carried in ,8-lipo­

protein is very significantly lower tor the Bantu than for either of the other 

g%"oupa. With the exception of the percentages of serua total lipid and phospho­

lipid carried in f3 -lipoprotein, the aean Yaluea for patients and controls are 

similar. The percentage of serum total lipid carried in J3-lipoprotein is 

probabl7 significantly higher for patients than tor controls (p < 0.05). It 

will be recalled that the concentration of total lipid in /3-lipoprotein was 

higher for patients than control• (Table 17). Thus both the concentration and 

the relative proportion of total lipid carried in /3-lipoprotein are higher 

for patienta than for either controls or Bantu and both these para.meters pro­

vide aepara. tion between the grou.ps. 

fhe percentage or phospholipid ahowa a prog%"essive increase from Bantu 

through controls to patients and the mean value tor each group is significantly 

different fro• those of the other groups. !his parameter clearl7 separates 

patients from health7 subjects. In Table 19 it was seen that phospholipid 

constitutes approximately 25~ of the total lipid in p -lipoprotein. The 
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increase in the percentage of total serum phosphoU.pid carried in ,B•lipoprotein 

from Bantu through ·controls to patienti, can ·therefore be interpreted .as reflec• 

ting. the i.ncr.ease in the ·absolute concentration of ,8-lipoprotein lipid. in 

these .groups. 

The percentage ot total serum ohol~sterol ce.rr.ied in ,S-lipoprotein in 

the patient group is .similar to the values repe,rted in several studies (Barr 

et al 1951; Oliver and Boyd 1955; Carlson l960bJ .Qohen :et al 1960). The value 

for the control group .is similar to the values reported by some .authors (Bronte­

Stewa.rt et al 1955; Cramer 1962i Cornwell et ·al 1961), ·but is somewhat higher 

than that found by others (Cohen et al 1960; Rass et. al 19'51; ·Carlson 1960a; 

. lU.kkill 1953). The value for the Ban.tu group is similar to that prev.iously 

found in Cape Town (Bronte-Stewart et al. 19'55) .• fhe peroent·ages of total serum 

phospholi,pi,d ,carried in j3•lipoprot·eiu f,or the controls ,and patients .agree 

-very closely with the values calculated from the data of several authors, w.ho 

used a variet; of techntqt1Efe for ,separation of p-lipoprotein (Barr et a.l 1951; 

Oarlsoa l960a., 1960b; · Cob-en et al 1960; C.ramer 1962.; Cornwell et ,al 1961; 

ltikki.Ul l.953; Russ et al 1951) ,. Values for the percentage of tota:l serum tri-
·, 

.glyceride fQUnd in f-lipoprotein have not, to our knowledge, been reported,. 

The data in tb.i,s and other studies indicate that the maJor portion of 

s.erum .lipid is associated with. f-lipoprotein. In ,order to assess whether 

varia.'tions in the concentrati.on .of lipid .in total serum are related to va.ri­

atio~s in the f-U.poprotein concentration., the cor.relation eoeffieient and 

the regression equati,on have been calculated for total lipid and for each 

lipid component in a.11 cases studied (Table 22, Figures 16 and 17). 
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Component 1" p Regression Equation 
.. 

Total. lipid 0.9666 <0 .• 001 y ... o.9462x + .212.8 

·fotal 
cholesterol 0.9712 <0.001 y .. o.9;56x + 5;.5 

Free 
.cholesterol 0~'9779 <0 .. 001 1 "" o.9505x + llfl 

Esteritied 
.cholesterol· 0.9599 <0.001 y = 0.,211~ + 43.2 

'friglyoer.ide 0.9887 <0.001 y = l.O}}Ox + 9,05 
.Phospholipid o .• sa53 <0 .• 001 "3 •• o.9465x + 1.15 •. , 

Table 22: Tb.e relationship between the concentra'tion of 
lipid i.n total serum and in f3-lipoprotein in all 
subjects (n = 40) • 

. ,. = Correlation coefficient 
7 • Concentration 1n total serum 
x • Concentration ln p-lipoprotein 

The high degree of correlation between the concentration .of lipid in total 

serum and that in p •lipcprote.in is most striking {p <. 0 .•. 001 in each instance) .. 

The concent:rati.on of total lipid and. each lipid component in total serum is 

thus directly related to the ;concentration in P-lipoprotein.. Furthermore 

since in every instance the regression. line has approximately a le:l slope, 

tb.ese data indicate that any increae~ in the concentration of lipid in· total 

serum beyond a certain level is d.u.e almost entirely- to an increase in the con­

centration in f •lipoprotein. 'fhi.s sugogests tha.t there is a certain ma.xi.mum 

level of lipid carried in o<. -lipoprotein and that any lipid in exce.ss of t~is 

is carried. in f3 •lipoprotein. One ma,, speculate that, regardless of differences 

in total serum lipid concentrations, the o(-lipoprotein lipid concentration 

,would. remain rather constant. 

Similar observations ha.Ve been made by other authors,e In an inter-racial 

.study, despite great differences in total serum conce-n·tra.tion, the cf:. ~lipoprotein 

cholesterol concentration was similar in different racial groups (Bronte-Stewart 

et al 1955). Cramer (1962) reported a high degree of correlation between the 
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glyceride concentration in total serom and 1n ,8-lip·oprotein. Th-e data of 

Chapin and Proger ( 1959) snow a b.igh d.egree of correlation between total serum 

a.nd f3-lipoprotein phospbolipid concentrtitions in the se:r11m of young .men and 

women and patients 'iiJi th. LH.D. I!avel at al (1955} noted. a. distinct positive 

correlation between th.e cc:meen.t're,tion of eholest-erol in total serum and in the 

ultraeantrifuga.lly separated fraction of density l.-019 .:.. 1.06) .• 'fhis latter 

correlation applied only in the .case of youn.g ma..lss ana female.a and did not 

hold in patients with excessively high serum. lipid levels (essential hyper­

lipid.aemia). In the presen.t study, f'.or cholesterol anti. for other li_pid com­

ponents, the correlations are valid <>ver the 1thc>'le range of concentrations 

observed. 

viii) !he ~nfluence.9,;f. e-11popx;2,~ein lipid. on the 
,r.elat~ve proportio~s. of.~liptcs .~n .total seru.m:,, 

It will be recalled.. from Ta,ble 19 tha:t on comparing the relat1;ve propor­

tions .of lipid components i,n p-lipop.rotein, the values fo:r patients and for 

eontr,ol,s were sim,ilar, while tb-e Bantu had a lower proportion .of :free choles­

terol and a higher proportion of phospholipid. (Table 19),. Similarly, for the 

l.i.pid ratios .in f3-lipoprotein, there was no graded relationship between the 

three .grou.pa (Table 20). In contrast, in total .serum the pe:rcenta.ge of phos­

pholipid showed a mark.ed graded decrease from Da.ntu. throu.gh cotltrols to 

pa.tients (T.able 19). Thi.a graded decrease in the percentage of' phospholipid. 

was refl.ected. in a gra.d-ed increase in the FC/P, C/P, and PC+CE+T/P ratios f:roro 

Bantu through controls to patients (f:o.ble .20}. The .relative proportions of 

lipids in total seru.m thus provid,ed better separation between the groups tha:n 

did those in 13 -lipoprotein .. An ex.plana:tion f.or this finding becomes apparent 

whe.n the com_p0sition and relative proportion of p--lipoprotein lipid is 

examined. 

In each grouP._ .o.f subjects the proportion of phospbolipid is lower in 

::--,e_ ..... lipoprotein than in total serum (Table 19)., Thi.s indicates that·~b(~.: 
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(high density) lipoprotein has a .higher proport.ion of phospholipid than 

13 (low density) 11.poprotein, which is in agreement ,with date. in ,otber 

studies (Barr et al. 1951; Ravel et al,. 1955; Oba.pin and Proger 1959). 

The percentage of phospholipid in total serum i:s theref.ore a reflection .of 

the e<. to p -lipoprotein ratio •. · .ifhe ·iiata i.n !table 22 can be regarded as 

:suggesting that the concentration of c:<,-11poprotein lipid is similar in all 

groups (see page 76). Any increase b.1 the concentration and relative pro­

portion. of p -lipoprotein lipid would., in tbat case, produce a decrease in 

the per,centage of phospholipid i'n total serum.. The data in Tables 17 and 21 

show that the.concentration as well as the relative proport1on of (.3 -llpo ... 

protein lipid increased .from Bantu -through controls to pa.tien-ts,. The ,d,ecrease 

in the proportion of pb.oepholi.pid and the increase in the 1C/P,; FC/P, :FC+O.E+1/P 

ra.ti.oe in total ,serwn, from Bantu through controls to patients., are thus ,a 

reflection ·Of the increa.sin.g conce~trationa ,or /J -lipeprotein lipid in th-e 

three groups. 'This finding is 1n agreement 'tritb the observation made by Havel 

and :Carlson 1(1962) that an increase ln the serum. C/P r~ti,o could be related. 

to an .inc.rea.se .in· the concentra.tto:n ot l,ow-dens1ty lipo.P.roteins. 

--------------~----'-· -------~-'--------



CONCLUSIONS 

In every subject and group the major proportion of lipid was carried in 

the form of ,8-lipoprotein~ 

Beyond a certain minimum level any increase in the total serum concen­

tration of each lipid traction could be ascribed to an increase in the concen­

tration of that component in the f-lipoprotein fraction. 

In total serum there waa 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 /3-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 levels significantly lower than 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 better separation between 

the patients and the controls in the concentration of lipids in the /3-lipo­

protein fraction than in the total serum. 

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 fo -lipoprotein there were no differences between the patient 

and control groups in the relative proportions of the various lipid components. 

The Bantu, howeTer, differed from both other groups for a number of parameters. 

The sum of all the lipids (total lipid) and the phospholipid present in 

p -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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In total sernm$ the ratj.os of esterifi.ed to i'roe chol.esterol. -o.f total 

'cholesterol to phospholipid, of free cholesterol to phospholipid and of neutral 

lipid to pnospholipid provided good separation between the three groups. In 

13 -lipoprotein the values for these ratios were similar for controls and 

patients, while the values for the Bantu differed from those in both the other 

groups. The differences in the relative proportions of lipid in relation to 

phospholipid in. the total serum could. be related to the d1:f.ferences in the 

concentration of /3-lipoprotein lipi-ds in the three groups. 



81. 

II. THE I?A'l'TY A.ClD COJ!POSITION OF LIPI.D IN TOTAL SERUM 

AND IN THE SERUM . P-LIPOPROTEIN FRACTION 

Using the technique ef gas-liquid chromatography, the fatty acid compo­

sitionsof th~ cholesterol ester, triglyceride and phospholipid. fractions hav,e 

been determined in total serum and in the ,8-lipoprotein fraction from Bant~, 

controls and. patients with I.R.D., The results which are presented give a 

qualitative and quantitative description ,of the fat.ty acids present in these 

frac,tions. All fatty acids have been identified as descr.ibed in Pa.rt I, 

Chapter 2, Section III. The maj,o.r .fatty acids a.re defined as those fatty 

a(?ids ·which have been positively identified, which ·can be estimated with 

a satisfactory degree of reproducibility and which, on the average, consti-

tute more than 1% of the total fatty acids. In each lipid fraction the 

percentages of the major fatty acids have been -compared stati.stieally between 

the groups. ln. the phospholipid fracti-o.n certain other fatty acids have 

also been compared statistically betw,een the .groups .• 



82. 

{a) CHOLESTEROL F.5TER FAT.Ti ACID COMPOSITION 

!he results are shown in Tables 2.J and 24 and in Figure 18. 

BAffl.'U C<:mROL I.ILD. 

% % % 
l?atty 
Acid J4ean ( S. D. } Ranae Mean (S.D.} Re.ru(e Mean (s.D.) Ranae 

Cl.2:0 0.2 (0.2) tr- 0.5 0.3 (0.2) tr- o.6 0.3 (0.2) tr- o.s 
C).4:0 1.0 (0.9) tr- 4.1 0.9 (0.2) o.6- 1.2 0.9 (0.3) tr- 1.4, 

Cl4:l 0.4, (O.}) tr- o.a o., (0.2) tr- o.6 0.3 (0.3) tr- 0.7 
015:0 0.4 (O.J) tr- 1.4 0.2 (0.1) tr- 0.4 0.1+ (0.1) tr- o.6 
015:l 0.3 (0.2) tr- o.6 0.2 (0.1) tr- 0.5 0.2 (0.2) tr- 0.5 
Cl6:0 ].4.1 (2.0) 11.5,-19.5 11.8 (1.3) 9.4,-13.6 12 .. 2 (1.9) 8.9-U..9 
Cl.6:l 7.3 (2.3) /+.lti-ll.J 4,.2 (0.6) 3.3- 5.8 4-1+ (1.0) 2.9- 6.1 
017,0 o.6 (0.2) tr- 1.1 0.2 (0.2) tr- 0.7 0.4 (0.1) tr- o.6 
017:1 o.z.. (0.3) tr- 0.9 0.4 (0.2) tr- 0.7 0.2 (0.2) tr- o.6 
018:0 2.1 (0.8) 1.2- 3.8 2.0 (0.6) 1.4,- 3.4 1.4 (0.5) 0.1- 2.5 
018:1 27• 7 (J.O) 23. 8-Jlt,.O 21.7 (J.6) 15. 1-30.5 18.8 (2.4) 15.2-23.1 
018:2 }5.6 (3.9) 30.1-4.3.0 lt{).8 (4-3) 35.s-52.9 52.2 (5.2) 43 • .5-63.0 
Cl8:J 0.5 (0.3) tr- 1.3 o.a (o.z..) tr- 1.3 0.7 (0.7) tr- 2.4 
020:0 o.a (0.7) tr- 2.0 0.3 (0.2) tr- o.a O.} (O.J) tr- 1.2 
020:}? 1.1 (o.B) tr- 3.0 0.7 {0.3) tr- 1.3 0.7 (0.5) tr- 2.0 
020:~ 7.5 (1.2) .5.6- 9.4 6.9 (1.3) 5.3- a.9 5.8 (1.6) 4,.0- 9.0 
C20:5? 0.9 (0.5) tr- 2.4 2.2 (0.8) 1.2- 4,.1 1.5 (1.0) o.6- 3.a 

Table 23: The fa.tty acid conposi tion of the cholesterol ester 
traotion of total serum in Bantu, controls and patients 
with I.H.D. 

tr • trace amount, i.e~ less than 0.5%. 
The major fa.tty acids are underlined. 
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Bml"U CONTROL I.H.D. 

% % % 
Fatty 
Acid Mean (S.D.) .... ~ Mean (s.D.) Ranae Mean (s.n.) 

Cl2:0 0.2 (0.2) tr- o.6 o.; (0.2) tr- o.6 0.2 (0.2) 
014:0 0.7 {0.4) tr- 2.2 1.0 (O.l) o.s- 1.1 0.7 (0.3) 
Cl.4:l 0.3 (0.2) tr- o.s 0.4 (0.3) tr- o.6 0.4 (0.3) 
Cl5:0 o., (0.3) tr- 1.2 0.2 (0.1) tr- o.i.. 0.3 (0.1) 
Cl5:l 0.4 (0.3) tr- 0.5 0.4 (0.2) tr- o.6 0.3 (0.2) 
Cl6:0 13.8 (1.1) ll..8-15.8 12.1 (2.4) 9.5-18.5 12.1 (1.6) 
016:l 7.7 (2.1) 5.0-12.6 1,..2 (0.6) ,.,- 5.1 /+.I+ (1.2) 
Cl7:0 0.5 (0.2) tr- o.a 0.3 (O.l.} tr- 0.5 0.3 (0.2) 
Cl7:l o.; (0.2) tr- 0.7 0.1+ (0.2) tr- o.a 0.3 (0.1) 
018:0 1.9 (o.6) 1.2- 3.0 2.2 (1.4) 1.2- 6.1 1.3 (0.3) 
Cl8:l 28.2 (4,.0) 23.0-35.1 21.3 (3.3) 15.6-27.1 18.2 (2.l) 
Cl.8:2 35.7 (/+.4) 28.2-42.1 47.0 (5.5) }J.S-54.9 52.0 (J+.6) 
018:3 0.5 (0.4) tr- 1.6 1.0 (0.4} 0.5- 1.6 0.7 (0.7) 
020:0 0.5 (0.3) tr- 1.3 0.4 (0.2) tr- 0.7 0.4, {O.J} 
020:J? 1.0 (0.5) tr- 2.2 o.6 (0.3) tr- 1.1 o.6 (0.3) 
C20:~ 7.8 (1.5) 5.2-10.0 6.5 (1.3) 4,.5- 8.4, 6.3 (l.3) 
C20:5? o.e (0.4-) tr- 1.6 2.1 (1.3) 0.5- 5.0 1.1+ (l.O) 

Table 2',.: The fatty acid corxposi tion of the cholesterol ester 
fraction of !J-llpoprotein in Bantu. controls am 
patients with I.H.D. · 

tr = trace amount, i.e. less than 0,,5%. 

'the major f'atty acids are underlined. 

RAJlm!I} 

tr- 0.5 
tr- 1.3 
tr- o.6 
tr- o.6 
tr- 0.5 

8.7-1'..4 
3.0- 6.o 
tr- 0.7 
tr- 0.5 

-0.9- 1.8 
14,. 7-21. 7 
41+,. l.;.60. 9 

ti'- 1.6 
tr- o.s 
tr- 0.9 

/+.J..- 9.1 
tr- 2.9 
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'fhe fatty acid composition ot the cholesterol ester.traction 
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'(,B) in each group. 

The values shown are means. 

lote the striking .similarity in the ~atty acid composition in 

total serum and 1n p-~ipoprotein in each group. 
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The data in Tables 23 and 24 show that in both total serum and in .,S-lipo­

protein the cholesterol ester fraction has a characteristic fatty acid pattern. 

In every sample analysed the same fatty acids appeared consistently and, 

despite di.ff erences between gr.oups, in each group there is a predominance of 

unsaturated fatty acids, particularly -016:l, Cl8:l, Cl6:2 and C20:4. The 

proportion of saturated fatty acids, notably Cl6:0 and Cl8:0, is considerably 

lower and in all groups the sum of all saturated fatty acids seldom exceeds 

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

Bantu -Control I .. H.D. 

" t/o % 
J.tean ( S • D. ) .Mean (S.D.) J4ean (s.D.) 

'Saturated 1.'ota.l 19.1 (2.5) 15.5 (1.9) 15.2 (2.1) 
Fa.tty Acids B 17.7 (1.6) 16.1 (3. 7) 15.1 (L7) 

Unsaturated Total 80.6 .(2 .• 7) _a3.3 (2.0) a4.1 (2.1) 

Fatty Acids B 81.8 (1.7) 82.6 (3.a) s4.6 (1..6) 

Table 25: 'l'he percentage o.f saturated and of unsaturated 
fatty acids in the cholesterol ester fraction in 
total serum (total) and in p-lipoprotein (B). 

This high degree of unsaturation and particularly the high proportion of 

polyunsaturated fatty acids is characteristic of the cholesterol ester fatty 

acids and distinguishes them .from triglyceride and phospholipid fatty acids. 

These findings are in agreement with early obsersvations that cholesterol esters 

show a high degree of unsatura.tion (Bloor 1924; Channon and Collison 1929; 

.Schaible 1932; Kelsey and Longenecker 1941; Bloor et al 1938). 

In general the local data are remarkably similar to those found in studies 

,on human serum using the techniques of alkali isomerization (Evans et al 1,956; 
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Ludd.,- et al 195a, Wright et al 19591 ¥1.ngabury et al 1962a, 1962b; Bjorntorp 

et al 1962; Riley and Blllln 1960) and O.L-c. (Tuna et al 1958; Swell et al 

1960a, 1960bJ Hallgren et al 1960; Schrade et al 1961, Lawrie et al 1961) 

for anal7aia of fatt7 aoida. 

i) Comparison between total serum and ~-lipoprotein 

The data in 1lablea 2) and 24 and figure 18 ahow that the aaae fatt7 

acids appear consistently in total aero.a and in /3-lipoprotein. :rurthermore, 

in each group of aubJecta the proportion of each fatty aoid ia reaarkabl7 

•i•ilar in total ae:rua and in !-lipoprotein. '!:his aiailarit7 was particu­

larly aarked when coaparing the fatty acid patterns for each serum. aaaple. 

'!he reaarkable siailarit7 between total aerua and ,8-lipoprotein auggeata 

that the o<:-lipoprotein fatty acid pattern ia Tery ai•ilar to that of ,e-lipo­

protein. Thia has been shown to be t.1:'ue tor lipoproteina separated b7 Cohn 

tractionation (llttcber an4 Woo~ord 1961) and \y ultracentrifugation (Green 

et al 1960J Lindgren et al 19611 Cornwell et al 1962). 

ii) Co•pariaon between groups 

Despite the general picture ot a characteristic fatty acid pattern for 

cholesterol esters, differences are preaent between the three groups. The 

aajor :tatty acid•, Yis. Cl6,o, Cl61l, Cl8t0, Cl81l, Cl8s2 and C20a4 together 

account for aore than 9~ of the total fatty acids (Table 26). 

Bantu Control I.B.D. 

••an (s.D.) ••an {s.D.) ••an (S.D.} 

!otal aerwa 95.2 (1.9) 95.6 (0.8) 96.2 (1.2) 

/J·li po protein 95.9 (1.0) 95.4 (1.2) 96.7 (1.j) 

!able 261 The percentage ot the total fatty acide repre­
aented b7 the aua of the aix major components. 
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!he percentages of each o! these fatty acids a.re compared between the 

groups in !able 27 and Pigure 19. 

Fatty 
Acid 

Cl610 

Cl6sl 

Cl810 

Cl8sl 

Cl812 

020,4 

Bantu (B) Control (c) I.H.D. I.H.D. I.B.D. e 

s ' ' 
..... c ...... ... ..• 

Fractior1 Kean (s.n.) Mean (s.D.) 8ean (s.D.) p p p 

Total 14.1 f2.o~ 11.8 fl.}~ 12.2 !1.9~ JS <0.02 <0.01 
B 13.a 1.1 12.1 2.4 12.1 1.6 B'S <0.01 <0.05 

Total 7.3 f2·3~ 4.2 10.6~ 4.4 ~1.0~ lfS <0.001 <0.001 
B 7.7 2.1 4.2 o., 4.4 1.2 IS <0.001 <0.001 

Total 2.1 ~o.e~ 2.0 ~o.6~ 1.4 ~0.5~ <0.02 <0.02 •s 
B 1.9 o.6 2.2 1.4 l.} O.} <0.05 <0.01 IS 

Total 27.7 ~J.o~ 21.7 ~'·'~ 18.8 12.4~ <0.05 <0.001 <0.001 
B 28.2 4.0 21., 3.3 18.2 2.1 (0.02 <0.001 <0.001 

Total 35.6 ~}-9~ 46.8 f 4.3~ 52.2 ~5.2~ <0.01 <0.001 <0.001 
B 35.7 4.4 47.0 5.5 52.0 4.6 (0.01 <0.001 (0.001 

Total 7.5 ~l-2~ 6.9 (1.3) 5.e }1.6) BS <0.01 •s 
B 7.8 1.5 6.5 (1.3) ,., 1.3) :IS <0.02 (0.05 

!able 271 Comparison or the percentages of the major tatt7 acids ot 
the cholesterol ester traction in total serum (total) and 
,8-lipoprotein (B) in .Bantu, controls and patients with 

I.B.D. 

The percentages of Cl6tO, Cl61l an4 C20t4 are significantly higher tor 

the Bantu th4n for both the other «roupa, but the values tor patients and 

controls are similar. Although the percentage of Cl8a0 is lower for patients 

than for control• or Bantu, there ia no gr4ding between the groups. In con­

trast there ia a graded decrease in the percentage ot Cl81l and a graded 

increase in the percentage of Cl8t2 fro• Bantu through controls to patients. 

•or both these tatty acids the Yalue for each group differs from those of the 

other groups. 
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fbeae data suggested that an increase in linoleic acid (Cl812) may be 

associated with a decrease in oleic acid (Cl8al). Thia baa been examined in 

the three groups by calculation or the correlation coefficient (!able 28• 

Figure 20). 

Comparison Fraction Jantu Con'trol I.R.1). 

r p r p r p 

C18al Total -0.7142 <0.01 -0.9591 <0.001 -0.9209 (0.001 
T 

Cl8t2 fJ -0.9014 <0.001 -0.7808 <0.0l -0.8249 <0.001 

Cl6al !otal -0.71}9 <0.01 -0.6547 <0.02 -0.6054 <0.05 
V 

Cl8a2 ~ •0.8039 <0.001 -0.5930 (0.05 -0.6281 <0.05 

e20,4 !otal 0.2856 IS 0.1997 BS 0.4040 IS 
V 

Cl812 , 0.4435 BS 0.}842 IS 0.5174 •s 

Cl610 lfotal -0.0037 IS -0.2825 IS -o.56o2 IS 
V 

Cl812 13 -0.1140 BS -0.6085 BS -0.4503 •s 

Cl8a0 Total 0.0958 IS -0.1506 BS o.~919 BS 
y 

Cl8a2 /3 0.5927 1$ -o.5s47 IS 0.0943 as 

~able 281 file relation•hip between Cl812 and Cl81l, e161l,. c20,4,. 
Cl610 and Cl8t0 respectively. 

r • Correlation coefficient. 

It is apparent that th•r• ia a atrikin« negative correlation between 

C18a2 and Cl8sl in each group of aubjeota. Ho••••r, since the7 are expressed 

as a percen~age ot the total, the proportions of all the fatty acids aust be 

dependent on eaeh other. ln other woria, if there ia an increaae in one 

tatty- acid, one should expec\ that th.is would, arithaeticall7, ,rive rise to 



-. .,., 

60 

50 

40 

BANTU 

y•61·7 - C>944x 
r•-0-7142 

p(0-01 

87a. 

CONTROL 

y•70·9 ·- Hilz 
r•-0·9391 

P(O·OOI 

I.H.0: 

y~89•0 - 1·958X 
r•-0·9209 

p(O·OOI 

30.._ ____ .._. __ __.,.... ............ 

20 30 20 30 20 

% % °lo 
18:1 18:1. 18:1 

'rbe correlation between tb.e percentages of -Cl8&2 and 

Cl81l in the cholesterol ,ester f'racti-on. o.t total serum 

in ea-ch group. 



88. 

a decrease in th• oth•r•· It, however, there ia a preferential decreaae in 

certain tatty aoida, one would expect to find a aore aarked necatiTe corre­

lation tor such tatty acida. 

In order to exaaine whether the negatiTe correlation between Cl8t2 and 

Cl81l i• a true phenoaenoa or due ••rely to arithlletic, the correlation co­

e~ticienta have been calculated between Cl812 and the tour other aajor fatty 

acids (~able 28). Th• data in Table 28 ahow that th•re ia no correlation in 

any group between the percentac• ot C1Ss2 and that of Cl610, Cl8t0 or C20i4 

reapectivel7. Thia suggests that any negatiTe correlation ia probabl7 not 

due onl7 to arithlletic. In addition to the negatiTe correlation between Cl812 

and Cl81l there ia, howeTer, a aarked negative correlation in each group 

between the percentage of Cl8t2 and Cl6sl (Pi&11r• 21). It appear• that a 

decrease in the proportion ot Cl812 i• related to a aelectiv• increaae in the 

proportion• ot Cl81l ant Cl61l. 

It is teapting to offer aoae explanation for thi• obaer.ation. One aigbt 

apeculate that thia reoiprooal relationship between the proportion• ot Cl812 

and both Cl8rl and Cl61l reflecta an atteapt on the part ot the organi•• to 

aaintain the optillal deer•• ot tluidit7 ot cholesterol eatera. !here 1• evi­

deace ~ ahow that in plants and aniaala the fatty acid pattel"ll ia influenced 

•7 enviromaental teaperature (Dean and llilditch 1933J Henriquea and Ban••n 1901, 

Cuthbertaon and Toapaett 1933). !hua oil obtained fro• fiah in tropical water• 

tend• to be aore aaturated than that fro• fish in cold waters (LoTern 1935). 

Siailarl7, auntlower s••4 oil obtained trea plants grown in cold cliaatea 

Ji.elda a higher percentage ot Cl812 than that obtained troa plants in waraer 

cliaatea (Deuel 1955a). It would•••• that th••• plants an4 aniaal organi .. • 

atteapt to aaintain the degree of tluidit7 of their coaponent eaters at an 

optia&l leTel b7 balancing the proportion of aaturated. and unsaturated fatt7 

acida in reaponae to en•ironaental teaperature. 
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In humans, body temperature is 37°c. Cholesterol palmitate (melting 

point s1°c) and cholesterol atearate (melting point ao0 c) a.re solids at body 

lemperature, while the two cholesterol esters which liquet7 at temperatures 

approaching that ot the human body are cholesterollinoleate (melting point 

4)0 c) and oholesterol oleate (melting point 49°c) (Cook 1958). !be last two 

eaters are the most abundant in the cholesterol ester traction of serum. It 

would seem, therefore, that the human body may also attempt to regulate the' 

degree of fluidity of its cholesterol eaters. However, since the human bocly 

does not appear to be able to synthesise 01812 (Lipsky et al 1957), the aaount 

of linoleic acid a•ailable is dependent on the dietary factors. Both Cl81l 

and Cl61l (no melting point appears to have been determined tor Cl6tl but on 

the basis of its chain length it probabl7 ha.a a melting point lower than that 

ot Cl8al) can be synthesized (Mead 1958). It is possible, therefore. that 

since the amotlllt of Cl812 is the limiting factor, the body may compensate tor 

an unfavourable cholesterol ester fatty acid composition by synthesising more 

or lesa Cl8tl and Cl61l according to the amount of Ol8a2 available. 

The reciprocal relationship observed between Cl812 and Cl81l and Cl812 

and Cl61l may therefore be related to differences in diet in the three groups. 

~bi• is in keeping with similar negative correlations between Cl812 and both 

C18al and Cl61l noted in the depot tat of males and fem.ales drawn from White 

and Bantu populations siailar to those sampled here (Krut 1961}. 

~e relationship between diet and serum tatty acid patterns will be 

discussed in Section III. 

iii) !he relationship between the percentage of Cl8t2 
and the concentration ot cholesterol 

In discussing the increase in the percentage of 01812 from Bantu through 

controls to patients, the possible role ot Cl8t2 in the transport of choles­

terol must be considered. !here ia evidence to ahow that conditions which 
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caase an. increaae in aerua choleaterol leTel create an increaaed demand. for 

esaential fatt1 acid•, chietl1 linoleic acid (Kolaan and Peifer 1955, Peifer 

and Bolaan l956J lolaan 1960). On the baaia of huaan and aniaal etudiea, 

aeTeral author• (A.ltin-Slater et al 1954; Deuel 19551>1 Peifer and Bolaan 1956J 

Aaea-J,rgenaen 1961) haTe found aupport for the concept that easential tatt7 

aoi4a, chiefly linoleic acid, are required tor the no~ tranaport ot choles­

terol. In addition it has been postulated froa experiaental eTidence in 

a.niaala and aan that oholeaterol ia reaoYed froa the plaaaa. aore eaaily it it 

ia in the fora ot choleaterol linoleate (Joy4 196,). It would, on the baaia 

of the aboTe eTidence, be reasonable to aaticipate that, proYided there ia no 

liaitation in the &Taila\ility of linoleic acid in the diet, an increaae in 

aerma cholesterol leTel would•• asaociated with an. inoreaa• im the percentage 

of Cl812 in the cholesterol eater fraction. The relationahip between the per­

centage ot Cl812 and the concentration ot eateritied cholesterol provide• 

correlatiTe evidence in favour of thia concept (fable 29, Pig11re 22). 

Bantu Control I.B.D. ill groupa 

r p r p r p r 

'I, 01812 Total 0.5}01 <0.05 0.4297 •s 0.5504 •s o.7s45 ..,.. 
&aterified f5 0.5496 BS 0.5655 as 0.5}90 •s 0.7984 
cholesterol 

Table 29• !he relationahip between the peroentace of Cl8t2 and 
the concentration of eateritied choleaterol in total 
aerua aad fS-lipoprotein. 

p 

(0.001 

(0.001 

It can be •••n that although there ia no aicnificant correlation in the 

control or patient croups, and a low degree of correlation tor the Bantu,when 

the Yaluea tor all aubjecta are considered there ia a aignificant poaitiTe 

correlation between the peroenta .. of Cl812 and the concentration ot eaterified 
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.cholesterol. !his suggests that where differences in cholesterol concentration 

a.re great, the increase in the concentration of cholesterol is e.ssooiated with 

an increase in the percentage ot Cllh2. 

!his suggesti.on i:s partl7 supported by the data 0£ Scott et al (lj6J). 

!hey found that :Ne1t Yorkers witb a ,mean serum cholesterol level o.'f 212 mg.~ 

had a mean linol.e:ic acid percentage .of 57. 5% in the choie·st.erol ester fraeti,en. 

:11herea.•s po.o.r Ea.st Africans •1th a mean serum cnolesterol l••el o.t 15} mg.% had 

a. mean linolei·c aeid pe·rc:entage ot 41..0. .lowe•er.,. 1n oontra-di:stino,tion ·to this 

they f(>und tb.a.t,despit-•. similar ·Chol·esterel coacentJ:>a:ti:ons in. lfew Yorkers and. 

lipper class East .africa:ns (212 Jllg.% and 211 mg.,t re.~pecti•e'i7),. the percentage 

of Clfh 2 was considerably lower in the upper elass East Africans ·than ,in the 

Jew Yorkers ( 57. 5%). Also, .despite markei differenc'es in .serum. ehol~sterol 

.conceentre.tion betwe.en poor and upper olass Bast Africans (lS} mg,.?{> .and 211 mg .• % 

r:espect1vely) the mean levels of l:b1oleic- acid, 41.0% and 42.~, wer.\! remarkably 

.similar .in these two groups. ·'!h~y suggested that these tiadings may reflect 

d.iffe:rences in the ·diet 0£ the gr.oups, in that the higher ·~holesterol lino"" 

lea.te value tor New forker:s may aimpl7 be in response to higher amounts of this 

ta·tty aeid in the American d!et. '~air .findings cottld therefore be regarded a.e 

illastrating the limitations imposed ~Y the d.ietaq le'ltel o.f linoleate in 

4:eterm:ining the pro:portions of GlS:12 available for esterification with choles­

te.rol. 'They did not, however, give any ,d.ietar., data. 

l'airhur.st and Wate.rheuse (196}) showed a. clirect ,rela.t:ionship between 

ohanses 1:n ebolesterol ester con-centra:tioa and. chang.es bi ~holesterol U.noleate. 

PopJak (1946.) noted e.n increase in the Iodine Value o.f the non•phospholi.pid 

£,,:action associated with an i.nerease in the serum choleerte~.ol coneentration 

.in ~abbi ts. Contrary to these findings, &'ll inver:se rel,e.tionship between tbe 

percen,tage of C1S12 ,:i.n the cho~esterol ester fractten and: ·title cono'etntratton of 

ae,rum cholesterol bas been found ~Y Swell et al :(l960h}, who compared these 



92. 

paraaeters in children and older people, both White and legro. They alao did 

not report am.y dietary data. In a metabolism ward atudy •• haTe noted (lrut 

and Toling, unpubliahed obaerY&tions) that feeding sunflower aeed oil cauaes 

a decrease in aerua cholesterol concentration with a concurrent increase in 

the proportion of linoleio acid in the cholesterol eater fraction. r .. cling of 

butter causea an iacreaae in serum choleaterol concentration and a decrease in 

the proportion of linoleic acid in the choleaterol ester fraction. 

It would aeea, therefore, that the relationahip between the percentage 

ot 01812 in the cholesterol eater traction and the aerua cholesterol ooncen­

~ration ia coaplex and may be influenced by several factora. 

iv) A••••••ent ot &.P.A. deticiencz 

!he increa•• in the percentage of linoleic acid (Cl8a2} fro• Bantu 

through control• to pati•nta haa been atreaaed. It will be recalled that the 

••an leTel of arachidonio a.oid (02014) waa lower tor the patients than for 

either the control• or the :Bantu (!aale 27, Yigure 19). While it is poaaible 

that the decreaaed. proportion of C20•4 in the patient group ma:, reflect a 

relatiTe deficiency of E.P.A., in 'Yiew ot the high leTel of linoleio aoid 

found for patient•, this 1• hichly iaprobable. '!he abaence of grading for the 

percentage of C20:4 in the three groupa ia noteworthy in Tiew of the Tery marked 

era.ding eTident tor Cl812, which haa been ahown to be the aetabolic precursor 

ot C20•4 (••ad 1960). The lower percentage ot 02014 tor the patient group, 

which had the higheat percentage of Cl8a2, could suggest that there aay be aoae 

fault in the aechani .. for cenTerting Cl8a2 to c2014. Another posaibilit7 1• 

that in the patient group, aore Cl8s2 aay be conTerted to c20,4, but the aeta­

boli .. and degradation of 02014 aa7 be greater than in the other groupa. 

!here ia no eYidence to aupport these auggestiona which auat therefore reaain 

apeculati••· 
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It haa been suggeated that the minia1111 requireaent of E.P.A. has been 

•atisfied when the Talue tor the ratio of trienoio to tetraenoio tatty acids 

1a leaa than 0.4 (Bolaan 1960a). In the present etud7 thia r~tie baa been 

calculated aa Cl813 + C201}/e2014. While both Cl8t} and C20t4 haTe been 

positiTely identified, 0201} could not be identified with absolute certainty. 

for the calculation of thia ratio it haa been aaauaed that the tatty acid 

tentatiTely identified as C20a3 ia in fact thia tatty aoii. The ••an Taluea 

for the trienoic 1tetraenoic tatty acid ratio in the Bantu~ control and patient 

,roupe reapectiTel7 are 0.22 .(! 0.13), 0.22 (! 0.07) and 0.21 (! 0.07) in total 

aerua and 0.20 (! 0.07), 0.24 (! 0.13) and 0.21 (! 0.15) in J-lipoproteia. 

!hes• Taluea are aiailar in the three group• and are consid•rably lower than 

0.4. Uaing thia paraaeter there is no eYidence of &.F.A. deficiency in any 

croup. 

T) Coaparison with other data 

The data ot other authors proTidea conflicting Ti••• on the proportion• 

of Cl812 and c20,4 in the cholesterol ••t•r fatty acida ot different group• of 

people. Lewis {1958) reported that the percentage of dien•• was lower for 

subjects with I.B.D. than tor either healthy White aubjeots or Bantu, and the 

percentage of tetraenea ahowed a craded deoreaae fro• •antu throu«h White 

subject• to patients. Kingablll7 et al (1962a) found that the percentages of 

Cl8t2 and 02014 were lower and the trienoio atetraenoic acid ratio was higher 

ia the ael'UII of atheroaclerotic subject• when coapared with that of controls. 

Siailar findings were reported by Scbrade et al {1,61a). 

In contrast to th••• findings other author• found no difference in the 

proportions of Cl812 and 02014 when coaparing patients with I.H.D. and controls 

(Jaaea et al l957J Caren and Sorbo 1958; Saith 1962). Siailarly Scott et al {1963) 

reported that Iew Yorkers had a higher percentage of Cl812 in the cholesterol 
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ester fraction than did poor East Africans, who have a lower .susceptibility 

to I.R.D. than the New Yorkers. The inconsistency ,of the findings in various 

studies suggests that the differen.ees between groups may reflect other 

influences, such as that of the diet, and that these parameters have no 

relatiort'ship to differences in susceptibility t-0 I.H.D. is reflected by the 

data in the present study. 



(b) 

BAN'l'tJ 

" Fatt7 
Kean {s.D.) Acid 

012;0 o., (0.2) 

C~:O 2.2 (0.5) 

Cl.4,:l 0.2 (0.1) 

015:0 o.6 (0.3) 

Cl5:l 0.3 (0.2} 

Cl6:0 28.5 (2.9) 

Ol.6:1 7.2 (1.3) 

Cl7:0 o.a (0.3) 

Cl7:l o.s (0.2) 

018:0 6.7 (1.6) 

018:l 39.5 (4.8) 

Cl8:2 10.1 (2.6) 

c20;0 · 0.7 (0.2) 

020:~ 2.1 (1.1) 

95. 

i'BIGLEERIDE FATTY ACID COMPOSITION 

The results are shown in Tables 30 
and 31 and in Figure 2;. 

CONTROL 

~ 

I.B.D. 

% 
.... ___ _. 

Mean ( S. D. )" Ranae Kean ( S. D. ) 

tr- o.6 0.2 (O.l) tr- 0.5 0.3 {0.2) 

1.z.,.. 3.0 2.1 (o.6) 1.4,- 3.2 3.2 (1 • .5) 

tl'- o.6 0.3 (0.1) tr- 0.7 o.; (0.2) 

tr- J..2 1.0 (0.5) tr- 1.7 o.6 (0.2) 

tr- 0.5 0.4- (0.3) tr- 0.7 0.3 (0.2) 

2,.1-32.a 28.J.. (3.9) 22.7-35.8 28.9 (2.5) 

4,.9-10.2 4,.9 (0.9) 2.9- 6.4, 6.1 (1.1) 

tr- 1.3 o.a (O.J) tr- 1.3 0.7 (0.2) 

tr- 1.0 0.5 (0.2) tr- o.s o.i.. (0.1) 

i...0-10.9 5.7 (1.2) 3. 7- 7.5 5.1 (1.5) 

30 .. 7-46.7 40.i.. (3.1) 35. 9-44-6 35 •. 8 (3.6) 

5.6-JJ,..O 13.i.. (4-0) 5.9-21.0 15.:, (5.6) 

tr- Ll 1.1 (0.4,) 0.5- l.. 7 o.s (0.3) 

l..0- 4,.1 l.} (0.4) o.6- 1.7 1.4, (0.5) 

n ..... _ 

tr- 0.7 

1.3- 5.2 

tr- o.6 

tr- 0.9 

tr- o.6 
24,.4,-32.2 

4,.6- 8.1 

tr- 1.1 

tr- o.6 

J.6- 9.1 

29.0-44,.1 

8.0-24-3 

tr- l..4 

o.s- 2.5 

!able JO: The tatty acid couposition ot the tri~eride traction 
ot total serum in Bantu, controls and in patients with 
I.B.D. 

tr • trace amount, i.e. leu than o. 5%. 

The major tatty aoida are lmderlined. 
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BANTU CONTROL IoR.D. 

-~ ~ -~-

Fatty 
Mean (s.D.) Ranae __ (S.D.) R~e Mean (S.D.) :a~ Acid Sean c. 

C.12:0 0.3 (;o~~t-. tr-, 0 .. 5 'q.2 (O.l) tr- o.6 0.2 ·(O .. l) "tr-- o.6 
' 5~} CJltaO 1.7 (0.6) 

.. ,o.a- .2., 2.2 (0 ... 2) o.6- , •. 2 2.9 (1.1+) 1:.2 .. , 

OJ.J+:'l 0:.2 (0.1) tr- o.6 0~} (O:.l} t~ o .. 6 o:..J .(0 .. 2) tr- 0.7 
015:0 o·.5 (0.2) tr- 0.9 1.2 (0 .. 6} tr- 2.2 o.6 (0.2) tr-,. Oi9· 

Cl5·:l 0.2 (O~l) tr- o.6 0.3 (0.2) tr- 0.7 0.1+, (0.2) tr- .o.6 
(ll6:0 28 .. l,. (3.1) 23 .. 3-35 .. 8 26.7 (3. 7) .21 •. 2-,s~6 29.2 (;;~.:,) 2lf.. 0,..'4. 9 

'. 

016:1 7.-0 (l.. 7) 4,..8-ll.4 5.3 {l.2) 3.6- 6.9 6.4 (1~1) 4 .. 1 .. 6.3 
c17:o ' o.a (0.3) tr- 1.:t 0.9 (0.3} tr- i •.. , o.s (0.4) tr- 1.7 

.• 

(0.2) c17:1 o.6 (0.1) tr- 0~8 0.5 (0.2) tr":' 1.0 0.4 t~ 0 •. 7 
C18;G 5.6 (l..J) .3.8- a.i.. 5.6 (1..1+) .3 ... s- 8.6 5.0 (l..2) .;..~ 7.4 
018:l. 40.9 (Z...2) 35 .. 5-47.6 39.s (3.0) 31,.. 7-46 .. J 35.i (3.4) 30. 7-l+l+o 2 

' .. .. . 
Cl8:.2 10.5 {J.;J) 4-1-15.6 J.4.5 (4,.9) 6. 7•2J...4. 15.7 (!hl.) 9.0-21+-2 
'020:0 0.7 (0.3) ·ti- 1.7 1.1 (0.2) o •. a- 1.5 o.s (0 .• 2) -~ 1~2 

C20:~!t 2.1 (o,.a) J..1- ,., 1.5 (0 .• 6) o.s- 2.5 1..1+ (O~l,.) 0 .. 9- 2.;.3 

--

!able Jl: The fatty acid conposit1on of the triglyceride t~aation of 
,,8-lipoprotein in Bantu; controls and in_ patients with 1 .•. a..n~ 
tr = trace. em:nmt:, i.e. less than o .. s,L · 
The major fe."3t acids are underlined. 

!rhe data in fab1es 30 end Jl show olear]J' that t.here is a ch~acteristi~ f'atty 

acid pattern tor the triglyceride fraction in both total serum and f ... llpoproteln. 

I.n all ,sanples analysed, the same .fatty acids appeared cons1:stently, although some 

were _present in trace anounts only. While diff.erenoes are apparent 'between the . 

groups, in every .subject from each group the most abund.ant t"atty .ecids are GJ.6.:0 

and 018.:1. Other fatty acids present in relatively iarge proportions . .ere Ol.6:1, 

018:0 and.Cl8;2 .• Palm.i. tic acid and oleic aeid are commonly f'ound .in abundance . ~ . . 

.in many plant and. animal trigqcerldest and ,~toleic, stearic and ·linoleie 

. aeids .a;re likewise present in fflar\Y natural triglycerides (Hilditoh 1956),. The· 

.fatty acids of human serum triglyceride are thus not unlike those found .in other 

naturally occurring triglycerides. 
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The ~-a.tty acld co-m,posi tion ,of the triglyceride f.raetion 
ln to·tal serum ,(r) and ·,S-lipoprotein (.s) in e·ach gro~p. 

The values shown are :means. 
Rote the .:striking s1,.milar1ty in the t'atty acid: co.mpos1-

t1on in total serum and. in .p -lipoproteln in ,ea.ch group. 
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The proportion or saturated fatty acids is lower than that of unsatu­

rated tatty acids, of which the aono-unsaturated fatty acids constitute the 

aajor portion (!able 32). 

JAB!U CONTROL I.B.D. ,,, ,, 'fo 

Fraction Mean {S.D.) Kean (S.D.) Mean (S.D.) 

Saturated !otal 38-7 (3.2) 38 .. 1 {4.2) 39.1 (5.1) 
Fatty Acids B 37.2 (3.3) }6.7 (4.3) 39.0 (5.3) 

Unsaturated Total 59.a (:~.4) 61.2 (4.3) 60.1 (5.5) 
Fatty Acids ll 61.5 (3.3) 62., (4.7) 60.0 (5.5) 

Kono- !otal 46.6 (5.3) 45.3 (2.8) 41.9 (3.5) 
unsaturated B 47.9 (4.3) 45.2 (2.7) 41.5 (3.2) :fatty acids 

Poly- \total 13.2 (3.3) 16.0 (4.5) 18.2 (5.7) 
unsaturated B 13.5 (3.8) 17.2 (4.5} 18.6 (5.4} fatty acids 

Table 32t i'be percentage of saturated, unsaturated, mono,­
unsaturated and poly-unsaturated fatty acids in the 
triglyceride :fraction in total serum (Total) and 
,S·lipoprotein (B). 

This high content ot mono-unsaturated tatty acids is characteristic of 

the triglyceride fraction and distinguishes it froa the cholesterol esters 

and the phoapholipida (Sections {a) and (c)). In general, the local data 

are remarkably similar to those obtained by other authors who analysed the 

triglyceride ~atty aci4a by alkali iaoaerization (Luddy et al 19581 Schrade 

et al 19591 Bjo:rntorp 1960) and G.L.C. (Lawrie et al 1961J Schra4e et al 

1961a, 196lbJ Hallgren et al 1960J Lindgren et al 1961). 
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1) Comparison between total serum and {9-lipoprotein 

There is again a striking similarit7 between the fatty acid patterns of 

total serum and j,9-lipoprotein. 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 tatty acid pattern. of total 

serum and p-lipoprotein would be fairly similar. The almost identical results 

obtained suggest that the fatt7 acid pattern ot trigl7ceride in serum ,::,<-lipo­

protein is very similar to that of )9-lipoportein. !his is confirmed b7 the 

work of Lindgren et al (1961) Yho found very similar trigl7ceride fatty acid 

patterns in the ultracentrifugall7 separated Sfl0-20 and high densit7 lipo­

proteins, which correspond closely to p-lipoproteins and o<:-lipoproteins 

respectivel7. B6ttoher and Woodford (1961) reported that the triglyceride 

fatty acid pattern was virtually identical in ol - and p-lipoproteina separated 

b7 Cohn fractionation although they noted a tendency for the oleic acid 

content to be slightly higher in the p-lipoprotein. There is no support for 

this latter observation in the local data. 

11) Comparison between groups 

While there is a characteristic tatty acid pattern tor triglycerides, 

certain differences are present between the groups. !he major fatty acids, 

vis. Cl4a0, Cl610, Cl6sl, Cl8aO, Cl8al, Cl8t2 and C20t4 together account for 

more than 95% of the total tatty acids (Table 33). 

Bantu Control I.U:.D. 

Kean (S.D.) Mean (S.D.) Mean {S.D.) 
Total serum 96.3 (0.9) 96.:5 {0.9) 95.a {1.8) 

p-li po protein 96.2 (0.9) 95.5 (1.7) 95.a (1.4) 

Table 33• ~he percentage of the total fatty acids repre­
sented by the sum of the seven major components. 
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Comparison ot the percentages of each of these tatty acids in the three 

groups is shown in Table 34 an4 figure 24. 

l'att7 
acid 

Cl4t0 

Ol6tO 

Cl61l 

Cl810 

Cl8il 

Cl8t2 

020,4 

Jtantu (B) Control ( C) I.B.D. I.B.D I.U.D. ,,, 'I, 'I, ••• c Ts.I 

haction Mean (s.D.) Kean (s.D.) Mean (S.D.) p p 

Total 2.2 (0.5) 2.1 (o.6) 3.2 (1.5) <0.05 <0.05 
J 1.7 (o.6) 2.2 (0.2) 2.9 (1.4) ws (0.01 

!otal 2e.5 (2.9) 2s.4 (;.9) 28.9 (2.5) BS :IS 

I 2a.4 (3.1) 26.7 (3.7) 29.2 (3.3) BS lfS 

Total 7.2 (1.3) 4.9 (0.9) 6.1 (1.1) <0.01 (0.05 

B 7.0 (1.7) ~., (1.2) 6.4 (1.1) <0.05 IS 

Total 6.7 (1.6) 5.7 (1.2) 5.1 (1.5) 11S I <0.02 
B 5.6 (1.3) 5.6 (1.4) 5.0 (1.2) llS KS 

fotal 39.5 (4.e) 40.4 (3.1) 35.8 (3.6) <0.01 (0.05 
B 40.9 (4.2) 39.8 (3.0) 35.1 (3.4) <O.Ol < 0 .cx:n. 

!otal 10.1 (2.6) 13.4 (4.0) 15.3 (5.6) IS <0 .. 01 

B 10.5 (3.3) 14.5 (4.9) 15.7 (5.1) BS <0.01 

'?otal 2.1 {1.1) 1., (0.4) 1.4 (0.5) IS <0.05 
B 2.1 (o.s) 1.5 {o.6) 1.4 (0.4) I'S <0.05 

Table 34, Coapariaon of the percentagea ot the aajor fatty acids 
of the triglyceride fraction in total serum (Total) and 
~ -lipoprotein (B) in Bantu, controls and patients with 

I.H.:D. 

c. 
Ts.B 

p 

KS 
BS 

BS 

•s 
<0.001 

(0.01 

•s 
llS 

IS 

•s 
<0.02 
<0.02 

<0.05 

IS 

While the percentage ot c14,o tends to be higher for the patient group 

than for the other two groups, the percentages of Cl6a0 and Cl810 are generall7 

aiailar in all groupa. !he content of saturated tatty acids ia thus rather 

constant. The percentage of Cl6al ia not markedly different for patients and 

Bantu, but the Talue tor controls is lower than in the other two groups. •or 

oleic acid the aean Talue ia lower for patients than tor either Bantu or 
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controls, but in the latter groups the mean values are similar. Neither of 

these fatty acids show a117 grading between the groups. Similarly, the Bantu 

have a higher percentage ot C20i4 than the other groups but the values for 

patients and controls are similar. !here is a tendency !or a graded increase 

in the percentage of Cl812 from Bantu through controls to patients, but while 

the mean value for controls is lower than that tor patients, the difrerence is 

not significant. '!he only fatty acid which separates patients trom both other 

groups is c1e,1. It is poasible that the lower percentage of Cl8tl tor the 

patients may be due to their increased level of Cl8t2. This, together with the 

tendency towards an increase in linoleic acid percentage from Bantu through 

controls to patients ma7 be related to dietary factors and will be discussed 

in Section III. There is no significant graded relationship between the three 

groupa and, in general, the similarity between the groups is more noteworthy 

than the difference. 

iii} The relationship between the percentage of 01812 
and the percentages of Cl61l and 018,l 

It will be recalled that in the cholesterol ester traction the percentage 

ot Cl812 was inYersely related to that of Cl6sl and of Cl81l 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 (~able 35). 

Comparison Fraction Bantu Control l.B.D. 

r p r p r p 

Cl6al Total -0.2,66 •s o.14e5 BS -0.5546 NS 
V 

Cl8t2 B -0.1378 IS -0.1803 •s -0.4207 BS 

Cl8tl Total -0.7956 (0.001 -0.}640 NS -0.1187 KS 
V 

Cl8a2 B -0.6712 <0.01 -0.4062 18 -0.0110 BS 

~able 351 The relationship between the percentages of Cl8t2 and Cl81l 
and 01812 and Cl61l in total serwa (Total) and ~-lipoprotein(B). 
r • Correlation coefficient. 
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!he percentages of Cl6al and Cl8a2 are not related in any group. There 

is a reciprocal relationship between the percentages ot Cl8al and Cl8t2 in the 

Bantu group only. !his may be related to dietary factors and will be discussed 

in Section III. 

iv) Coaparison with other data 

Schrade and his co-workers (1959, 1961a) compared the serum triglyceride 

~atty acid composition ot healthy subjects with that of patients with athero~ 

sclerosis and tound no significant differences between them. B6ttoher and 

Woodford (1961) reported that the triglyceride tatty acid composition of 

o( • and l3-1ipoprotein was similar in healthy young men and in patients with 

atherosclerosis. In contrast to the findings of the present study, the data 

of Antonia and Bersohn (1960) showed that subjects with I.H.D. had a lower 

proportion of polyenoic tatty acids than either healthy White controls or 

Bantu and that there was a tendency for a graded decrease in the percentage 

of dienoic acids from Bantu through White controls to subjects with I.H.D. 

•oreover, the mean values tor dienoio and tetraenoic acids in all groups were 

considerably higher than those found here and elsewhere. The groups studied 

b7 Antonis and Bersohn were drawn from populations similar to those of the 

present study, and the concentration of triglyceride in the various groups was 

remarkably siailar in the two studies. In •iew of these similarities, the 

differences in the triglyceride fatty acid compositions in the two studies 

are puzzling. Differences in the techniques of alkali isomerization and G.L.Q. 

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 serum triglyceride fatt7 acid composition is markedly 

affected by the composition of the dietary tat (Ahrens et al 1959). It is, 

however, notewortb.7 that there is very good agreement between the local data 
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and that tor coaparable groups reported by authors in European countries 

(B6ttcher and Woodford 19611 Schrade et al 19611 Hallgren et al 1960) and 

in the U.S.A. (Lindgren et al 1961). Dietary differences between subjects 

in Cape ~own and Johannesburg are therefore unlikely to account tor the 

findings of Antonia and Bersohn (1960), which differ from all other data 

reported to date. 

'l'he data of Scott et al (196}) who compared the serum triglyceride fatty 

acid coaposition in New Yorkers with a high auaoeptibilit7 to I.B.D. and upper 

claas and poor Bast .lf'ricans with a low susceptibility to the disease, are 

similar to those reported here. fhey found that the only significant dif­

ference between these groups was in the percentage of 01812, which was signi­

ficantly higher in the Rew Yorkers. They suggest that these findings may be 

related to differences in dietary habits and this may also be tne case in the 

present study. 

Y) Comparison with depot fat triglyceride 

Depot fat lipid is more than 9~ triglyceride (Hirsch et al 1960) and 

a large proporti~n of this triglyceride pool is deriTed trom exogenous fatty 

acids (Jeanrenaud 19611 Vaughan 1961). It is noteworthy that the triglyceride 

fatty acid pattern in the serua and p-lipoprotein of the three groups studied 

here is essentially similar to that in depot fat in comparable groups of 

subjects {Krut 1961). !his is in agreement with the opinion expressed by 

Cornwell et al (1962) who compared depot fat and serum triglyceride fatt7 acid 

compositions from Tarioua laboratories. 
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{ c) PHOSPHOLIPID FA'lTY ACID COMPOSITION 

The results are shcmn in 'fables 36 
and 37 and in Pigure 2.5. 

BANTU CONTROL 

" " 
I.B.D. 

% 

Kean ( s.n. ) Rarute Kean (s.n.) RAnae Kean (S.D.) 

o.6 (0.2) tr- 1.0 0.9 (0.5) tr- 1.5 0.7 (0.2) 

0.2 (0.1) tr- 0.5 0.3 (0.2) tr- o.6 0.3 (0.2) 
0.3 (0.2) tr- 0.7 o.6 (0.3) tr- 1.0 0.3 (0.1) 
0.2 (0.1) tr- 0.5 0.2 (0.1) tr- 0.5 0.3 (0.2) 

Jlt.-5 (2.5) 27.5-37.9 Jl.7 (2.4) 29.0-36.1 34-0 (2.2) 

2.1 (0.4) L6- 2.9 1.7 (0.4) 1.1- 2.5 1.8 (0.2) 

o.6 (0.3) tr- 1.2 0.7 (0.3) tr- 1.5 o.6 (0.2) 

0.3 (0.1) tr- 0.5 0.2 (0.1) tr- 0.5 o.:, (O.l) 
15.0 {1.8) 11.7-17.5 U...3 (0.9) 12.9-16.2 15.1 (1.2) 

15.3 (2. 7) 11.1.,..19.8 10.6 (1.7) 9.0-1.5.4 11.0 (1.6) 
13.9 (1.9) 9.6-17.2 17.4 (1.2) 15.9-19.2 18.6 (3.2) 
0.7 (0.3) tr- 1.5 1.0 (0.4) o.6- 1.7 o.a (0.3) 

0.5 (0.2) tr- 0.9 0.5 (0.3) tr- 1.0 0.5 (0.4) 
2.5 (0.5) 1.5- :,.i,. 2.2 (0.7) 1.6- 4-1 1.9 (o.6) 
a.2 (1.3) 5.1-10.3 9.1 (1.3) 6.6-ll.l 7 .. 0 (1.5) 
o.6 (0.5) tr- 1.7 0.8 (0.4) tr-- 1.6 o.6 (0.5) 
0.7 (0.2) tr- 1.4, 1.8 (0.9) o.s- 4,.0 1.3 (0.9) 
o.s (0.2) tr- o.a 0.3 (0.1) tr- o.6 0.5 (0.2} 

0.7 (0.3) tr- 1.0 1.4, (0.4,) o.6- 2.1 o.a (0.6) 
1.2 (0.6) tr- 2.7 1.6 (0.3) o. 7- 2.0 o.s (0.7) 
1.3 (o.6) tr- 2.6 3.4 (0.9) 2.4,- 5.0 2.4 (1.3) 

Raruz:e 
tr- 1.0 
tr- 0.5 
tr- o.6 
tr- o.6 

31.0-37.1 
l.4- 2.2 

tr- 0.9 
tr- o.6 

13.3-17.4. 
9.1-13.6 

12.1-21+.3 
0 • .5- 1.4 
tr- 2.0 

1.0- 2.8 

4-5- 9.5 
tr- 1.6 
tr- ,.1 
tr- 0.7 
tr- 1.7 
tr- 1.8 

tr- 4-3 

'.fable ,36: The tatty acid CO!lposi tion of the phospholipid traction of 
total serum in Bantu, controls and patients w1 th I. B. D. 

tr s trace amount, i.e. leas than 0.5% 

The major fatty acids are underlined. 
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lWfflJ' CCJfrROL I.!LD. 

" % " Patty 
Acid Mean {S.D.) Ranae Mean (s.D.) Ranae Kean (s.D.) RJ11nae 

CJJ,.:O o.s (0.3) tr- 1.5 1.1 (o.,> o.a- 1.a 0.7 (0.2} tr- 0.9 
0}4:1 0.3 (0.2} tr- o.6 0.3 (0.2} tr- 0.5 0.2 (0.1) tr- 0.5 
015:0 0.4, (0.2} tr- 0.9 o.8 (0.5) tr- 2.0 0.2 (0 •. 1) tr- o.s 
Cl5:l 0.2 (O.l) tr- 0.5 0.2 (O.l) tr- 0.5 0.3 (0.2) tr- o.6 
016:0 35.3 (J.8) 29.7-46.0 32.2 (1.6) 29.8-35.4, 33.5 (3.0) 28.2-,s.2 
Cl6:l 2.6 (0.7) 1.a- 4,.6 1.5 (o.z,.) 0.9- 2.2 1.8 (0.5) 1.3- 2.8 
017:0 0.7 (0.3) tr- 1.2 0.9 (o.6) o.6- 1.3 0.7 (0.4,) tr- 1.9 
017:l 0.4 (0.1) tr- o.6 0.3 (0.1) tr- 0.5 0.2 (0.1) tr- 0.5 
018:0 14-3 (2.4) 9.0-19.1,. iz,..o (1.5) 12.5-18.1 ]4.1 (l..O) 12.9-15.9 
Cl8:l JJ,..8 (2.1) 11. 1-17.9 U.3 (1.7) 9.8-16.1 11.3 (1.5) 8. 7-J.4..J 
018:2 11.8 (2.0) 8.7-16.3 17.4 (1.8) J.4. 1-19.8 18.J (3.9) 13.3-26.1 
020:0 1.0 (0.5) ti- 2.1 1.1 (0.3} tr- 1.4, o.a (0.2) tr- 1.1 
C2l:O 0.7 (o.z,.) tr- 1.4, o.6 (0.2) tr- 1.2 0.5 (0.4) tr- 1.2 
C20:J? 2.2 (0.7} 1.2- 3.5 2.1 (o.6) 0.9- 3.0 2.1 (0.7) 1.4,- 3.2 
C20:!f: 7.1 (1 • .5) 4,.6-10.t,. a., (1.2) 6.5- 9.7 6.9 (0.9) 5.6- 8.3 
022:0 1.0 (0.9) tr- 3.7 0.5 (0.5) tr- 1.3 0.3 (0.3) tr- 0.9 
020:5? o.a (0.2) tr- 1.1 1.5 (0.7) tr- 3.8 .1.2 (1.1) tr- 3.8 
023:0 o.6 (0.3) tr- 0.9 0.4 (0.2) tr- 0.7 o.i,. (0.2) tr- o.6 
C24:0 1.5 (0.6) o. 7- 2. 7 1.8 (0.4) 1.1- 2.9 1.0 (o. 7) tr- 2.3 
024,:l 1.8 (1.1) tr- 4,.2 2.2 (0.4) 1.6- 3.1 1.5 (1.1) tr- 3.9 
022:6? 1.1 (o.6) tr- 2.5 J.2 (1 •. 3) 1.2- 5.1 2.4, (1.0) 0.9- 4,.2 

Table 37: The tatty acid conposition of the phospholipid traction of 
,G•lipoprotein in Bantu, controls and patients with I.H.D. 

tr = trace amount, i.e. leas than o. 5% 

!he major tatty acids are underlined. 
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!he data in Tablea ,6 and 37 ahow that the phoapholipid fraction ot 

both total aerua and .,S-lipoprotein has a characteristic tatty acid pattern. 

In eYery aaaple analyaed the aaae tatty acids appeared conaistently, albeit 

often in trace aaounta. While ditterencea are apparent between group•, in 

each group the aoat atriking features are the high proportion of Cl610, the 

high percentage ot 01810 which ie present in approxiaately equal proportions 

to Cl8tl and Cl8t2, and the preaence, in fairly large proportion•, ot eeYeral 

longer chain tatty acida. The percentage of aaturated fatty acids is aiailar 

to or aoaewhat higher than that of unaaturated tatty acids ('fable }8). 

Saturated 
htty .1cida 

Unaaturated 
Patt7 .lcida 

!'able 381 

llantu eontrol I.H.D. 

' ' ' :fraction Mean (S.D.) Mean (s.D.) ••an (S.D.) 

'fotal 52.3 (2.8~ 51.7 (2.2) 52.0 (2.4) 
I 53.6 (3.0 50.7 (2.8) 50.7 (3.3) 

Total 46.6 ~2.5~ 49.9 i2.1~ 46.1 ~2.4~ 
B 44.0 2.4 48.8 2.a 47.0 4.1 

!he percentage of aaturated and of aaaaturated tatt7 
acid• in the phoapholipid traotion in total eerma 
(total} &lld ,e-lipoprotein (B). 

~ia high degree ot aaturation, particularl7 the high proportion of Cl8a0, and 

the preaence of Tery lOJ].S chain tatty aoid• ia oharacteriatio of the phoepho­

lipid fatt7 acid pattern and distinguiahea it troa that of the cholesterol 

eater and trigl7ceride tatty aoida. Siailar finding• h&Te been reported b7 

other authors {Lindgren et al 1961; ••laon and :freeaan 1960, Schrade et al 

1960, 1961a, 1961~}. 
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i) Comparison between total serum and P-lipoprotein 

On comparing the phospholipid tatty acid patterns of total serum and 

;a-lipoprotein not only are the component fatty acids identical but, tor each 

group, the proportion ot each fatty acid is very similar. !his similarity be­

tween total serum and ~ -lipoprotein is particularly marked for the more abun­

dant fatty acids viz•- Cl6so, Cl810, Cl81l and Cl8:2, and suggests that the 

tatty acid patterns of o<.- and (B-lipoprotein are alike. 

~hese findings are in agreement with the data of Battcher and Woodford 

(1961) and of Lindgren et al (1961) who separated lipoproteins by Cohn frac­

tionation and ultracentrifugation respectively. While emphasising the overall 

similarity of the phospholipid tatty acid pattern in different lipoprotein 

tractions, in both these studies the authors reported that .,8-lipoprotein 

tended to have a greater proportion ot post C20a4 fatty acids. This was 

ascribed to the presence in ,8-lipoprotein of larger proportions of sphyn­

go)Q'elin, which has been reported by B6ttcher and Woodford to have a rela­

tiTely high content ot Tel'ylong chain tatty acids. In the present study the 

percentages ot post C2014 fatty acids are generally similar between the groups 

although there is a tendency for higher percentages of c24,o and C24:l in the 

(3 -lipoprotein from Bantu and controls. Since the phospholipids have not 

been separated into the Tarious phosphatides in this study it is not possible 

to say whether this tendency reflects an increase 1n the pJ"oportion of eph7n­

gom7elin in the ,-lipoprotein fraction. fhese slight differences do not, 

however, detract to any extent from what is, in general, a remarkable simi­

larity between the phoapholipid fatty acid pattern of total serum and JS-lipo­

protein. 

ii) Comparison between groups 

While the existence of a characteristic tatty acid pattern for phospho-

lipids has been established, differences are present between the groups. '.Phe 
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aaJor tatty acids, Tisi Cl610, Cl6al, Cl8sO, Cl81l, c1es2 and C20s4 together 

account for aoaewhat leas than 9~ of the total fatty acid• (Table )9). 

Bantu Control I. B. D. 

han (S.D.) Kea11 (s.n.) Kean (S.D.) 

J. total Serma 19.0 (1.7) a4.e (1.8) 87.5 (3.2) 
p-lipoprotein 86.8 (2.6) s4.6 (1.7) 85.9 (2.8) 

• Total S•rua 7.2 (1.4) 11., {1.7) 7.a (2.9) 
,P-lipoprotein e.4 (1.9) 11.1 (1.9) 8.5 (2.6) 

!able ,9, !be percentage of the total fatty acids in the 
phoapholipid fraction repreaented by the aua of 
the aix aajor coaponents (A) and by the aua of 
the longer chain tatty acida (B). 

'!he percentage• of the aajor fatty acids in the three group• are coa­

pared in !able 40 and 1n Pigure 26. 

In addition there are certain longer chain tatty acids, including aoa• 

which haTe not been identified with abaolute certainty, which are charao­

teriatic of the phoapholipid fraction. Th••• fatty acids, Tisa C20a3 (?), 

C22a0, C20a5 {?}, c23,o, c2410, C24•1 and c2216 {?) together account for about 

a,r. of the total fatty acid• (!able 39). While the degree ot reproducibility 

in eetiaating th••• loncer chain tatty acid• waa low (Part I, !able 16), the 

error in ealculation 1• preauaabl7 aiailar in all groupa. In Tiew of the 

tact that these fatty aci4a are found in appreciable aaounta onl7 in the 

phoapholipid fraction, it was felt that coapariaon ot the aeaa Yaluea in the 

three groupa would be of intereat. '!he aean Taluea for the phoapholipid 

fatty acida are coapared in !'able 40. 
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Bantu (B) Control (c) 
I.B.D. I.B.D. 

I.H.D. vs.C vs.B Cvs.B. 

% % % 
Fatty Fraction Mean (s.D.) Mean <s.n.) Mean {S.D.) p p p 
Acid 

Cl6:0 Total Jl+.5 (2.5) 31.7 (2.4) Jl+.O (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:l Total. 2.1 ~0.4) 1.7 ~0.4~ 1.8 fo.2~ NS <0.05 <0.02 
B 2.6 0.7) 1.5 0.4 1.8 0.5 <0.0.5 <O.Ol <0.001 

018:0 Total. 15.0 fl.8~ lJ+..3 fo.9~ 15,.1 ~1.2) NS NS NS 
B llt..3 2.4 ]4.0 1.5 JJ+.l 1.0) MS ~s NS 

018:1 Total 15.3 ~2.7~ 10.6 f1·7~ u.o fl.6) NS <0.001 <0.001 
B ].4.8 2.1 u.3 1.7 11.3 1.5) NS <0.001 <0.001 

Cl8:2 Total. 13.9 f1.9) 17.4 ~1.2~ l8.6 ~3.2~ NS <0.001 <0.001 
B U.8 2.0) 17.4 1.8 18.3 3.9 NS <0.001 <0.001 

020:~ Total 8.2 f1.3) 9.1 fl.J~ 7.0 f l.·5~ <0.01 <0.05 NS 
B 7.1 1.5) a.3 1.2 6.9 0.9 <0.01 NS <0.05 

020::5 Total 2.5 f0·5~ 2.2 fo.7) 1.9 io.6) NS <0.05 NS 
(?) B 2.2 0.7 2.1 o.6) 2.1 0.7) NS NS NS 

020:.5 Total 0.7 fo.2) 1.8 ~0.9~ 1.3 ~0.9} ?{$ <0.02 <0.001 
(?) B o.a 0.2) 1.5 0.7 1.2 1.1) NS NS <0.001 

022:0 Total o.6 ~0.5) o.a I 0.4~ o.6 fo.s~ NS NS NS 
B 1.0 0.9) 0.5 0.5 0.3 0.3 NS <0.05 NS 

C2J:O Total 0.5 ~0.2~ 0.3 ~O.l) 0.5 (0.2) NS NS <0.0.5 
B o.6 0.3 0.4 0.2) 0.4 {0.2) NS NS Im 

02,4.:0 Total 0.7 ~0.3~ 1.4 }0.4} o.a ~o.6) <0.001 NS <0.001 
B 1.5 o.6 1.8 0.4.) 1.0 o. 7) <O.Ol NS lts 

C24:l Total 1.2 (0.6) 1.6 ~0.3~ 0.8 ~0.7) <0.001 11$ NS 
B 1.8 (1.1) 2.2 0.4 1.5 1.1) <0.0.5 NS NS 

022:6 Total 1.3 ~0.6) 3.4 (0.9} 2.4. (l.J) <0.05 <O.Ol <0.001 
(?) B 1.1 o.6) 3.2 (1.3) 2.4 (1.0} NS <0.001 <0.001 

Table 40: Conparison ot the percentages of the major tatty acids (underlined) 
and of the longer chain fatty acids of the phospbolipid fraction in 
Bantu, controls and patients with I.H.D. 

The values for total serum (Total) and ,S-lipoprotein· (B) are shown. 



In genera.I it is apparent that £,or the maJor fatty acids the only a.if• 

.ference between patients and. ,controls lies in the percentage of C2(h4, while 

the .Bantu diff.er from the other two _groups in having higher pr.oportions 0£ 

016:.l and Gl8·tl and a lower proportton of Cl812,. 

On comparing the percen:tages of the longer chain ta.tty '&Ci<ls1 it .is seen 

that· the proportions. of 02013,(?), ,022 .. ,0 and e23,o azte i:,imilar in all groups. 

While. the proportion of e20:5 {?) is lower fol!" Bantu than for con:t.rols,, there 

is no other di:tf.erence between groups tor this ,component. The :percentages of 

C24:t0 and C24:al are higller tor oon:trols than for patie~ts1, but here tb.:e mean 

values tor patients. and Bantu are similar. For :022116 (?) the B'anttt value is 

:lower than to.r the other groups.. When the fa.tty acid& are ~onsidered in 

related groups , e.g. C20t0 polyunsature;ted fatty ,acids: (C:2(h5 (?), e20,4, 

C20;15 {?)) or saturated t.atty aeids (C22.,o, 02}:·0,, C:24:'0J,. t.t can be ,seen 

'that the individual fa.tty acids in any ,one group do n0t show the same relation­

ship between Bantu, c~ntrols ·and patients with I.R.D. 'there i.s thus no oon­

s·1stent trend.. 

Th,e meta.b&lism -of these very lon,g chain tatty a.o1ds ti.as not, to our 

'knowl-.edge, been studi,ed. .It .is possible tba.t they .may be :synthesised. in the 

boiy or be derived from dietary sources. It has beeb: shown ln :sev•~e.1 studies 

. tha.t 'the .ta.tty -acid compositit'>'n ,ot the .serum is intlaeno~ by that of th:e 

dletaq .f-a.ts {Ahrens et al l·,5~h Kingsbury et ·al 1962b; Bohl& •t al. 1961). 

tfhe presence o:£ very 1.ong chain .f'.atty ac14s• similar to tho.se toucl bere, has 

been demonstrated in t~, pllo~pholip1ds '1!!Jt'tra-eted from fish' ~ils (Farquhar -et ,al 

1,,·59 i de ltoni.ng 1964) which are commonly used in the industrial prepara.ti<>n 

of edible fats.. Suc'h tats ma7 thus pr~vlde a source of longer chain fat~y 

acids in the .serum phosph<>lipich 
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111} ~he ratio of trienoio to tetraenoic tatty acid• 

It has been •uggested that the mini11ua requirement ot linoleate has 

been satisfied when the Talue tor the ratio ot trienoio to tetraenoic tatt7 

acids is less than 0.4 (Bolaan 1960a). fk• .. an •aluea tor thia ratio in 

the Bantu, control and patient groupa respectivel7 are O.}l (! 0.05}, 0.25 

(! 0.08), 0.28 (! 0.10) in total eerua and o.~2 (! 0.08), 0.25 (! 0.07) and 

0.,1 (! 0.09) in f-lipoprotein. !heae Taluea are aillilar in the three groups 

and are lower than 0.4. 

deficiency in any group. 

There ia, therefore, again no evidence of E.F.A. 

iv) !he relationahip between the ;eercentap ot 01812 
and the percentages of Cl61l and Cl81l 

It will be recalled that in the cholesterol ester traction the percentage 

ot Cl8a2 was inYereel7 related to the percentages of Cl6tl and Cl8tl in all 

groupa of subjects. Por the triglyceride, there waa a reciprocal relation­

ship between the percentage ot 01812 and Cl81l in the Bantu .group. Here again, 

the percentages of Cl6al, Cl8tl and Cl8s2 show differences between the groups. 

!'he ralationahip between these tatty acids has been examined bJ' calculation 

ot the correlation coefficient (!able 41). 

Bantu Control I .Jt.D. 
Coapariaon :l'raction 

r p r p r p 

Cl6tl 1.l'otal -0.4684 11S .. 0.0172 •s -0.1211 •s 
• Cl8t2 • -0.5656 <0.05 0.0952 BS 0.0504 IS 

Cl8tl 'fotal -0.624} <0.01 -0.}520 IS -0.1827 IS 
T 

Cl8c2 • -0.5026 <0.05 -0.2;19 1lS -0.0465 BS 

!able 4lt The relationship between the percentages ot 01812 and 
Cl81l and 01812 and Cl6al in total aerua (~otal) and 

/3 -lipoprotein (•). 

r • Correlation coefficient. 
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There is a negative correlation. eetween the pel'eenta.ge 0£ e16:l and e1a,2 in 

the P-ll~protein .of the Bantu. group, but the percentages.of 'th~se two fatty 

acids are not relat~d .in an1 other group. fte per.centag.es of Cl8.al and 01812 

are in7f'.ersely :related in the Bantu greup. 'this ·effect. may be related. to 

di,eta.l"J factors and. will be diec,Hsed .in S'ection Ill. 

y.) ComPfl:r.iso.n w:i th other data 

·The serum phospholipld tatty acid. pattern has been examined in several 

studies by the i·echniques •o'l alkali isomeri.zation {Luddy et al 195&; Bj.ornto·rp 

1960) and G.t.e. (t,indgren et al 1961; Nelson and. Freeman: 1960; Sehrade et al 

19:59, 1960, l96la., 1961b; Battcher a.ad Woodford 1961; James e, al 1957.; Dole 

1at al ·195j; iallgl!'e:n et al 19,0; Lawrie .et al 1961., Scctt et .al '1963).. The 

mean valu.es .tor the maJor fatty acids in the control ,group a,gra,e ,clcs·ely 1rtth 

those ,reported tor normal :he,althy su~jects by several authors. (James et al .1'957i. 

Dole et al 1959; fla.llgren et :a.l 1960:; J.awrie et al 1961) ·• fhe v.alu:es for the 

pati~nts are: similar to those t'<Juna by .James et al (1957) and. for the. Bantu, 

c~rrespond fa.ii-11 elosely to those for poor East Afri,ea.ns (Scott et al 196J). 

ln maB7 stud·1e:s the post C20:4 fatty acids bs:ve aot been .i.cilvidually iden:ti­

f'led or reported. However,. 1n those .studies where valties are given for 020,5 

(Jllallgren et al 1960; tatti·e et al 1961), 02216 (Schra.de e~ al l96laJ Iiallgren 

et a1 1960), 02410 (Uttcher ·and Woodford 196lt !ta:llgren e;t. al 1961) or ,else 

f~r penta.enotc and .hezaenoic tatty aeids ,(Luddy et al 1958; BJo:rntorp 1960) 

they ,agree wel~ with:t~e range or ,values f.ollnd ·for. the thr~e,groups studied here. 

on the basis ot; tne similarity between the:ii a.a.ts. a.ntt tllat ot others" 

.Lawrie et al {1961) suggested that "the pho:sph.olipid fa.tty' tteids are U:nter the 

eont.rol. of pr,,ces.ses th.at permit relatively little deviation in their patterns"'. 

Ahrens et al {1959) fed met1hatlen and corn ·oil to people :and f:ounct ·tha.t, while. 

the fatty acids ot the serum glyceri.des ,and eholester-01 esters wer• .marke417 
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. affected and tended to resemble the f'.ed. £at, the phospiioliptd: fatty acids 
. . ' . 

were least a:tte,cted by such extreme dietary ma.nipul.a.tion:s, · Similarly,: Kall-
. ' .. 

gren et al (1960) 'fo'lHld that the difference between .a vegetarian· and: normal 

subjects :as regards e1a,2·was less marked 'in th~ phosphclipld than .in the 

cholesterol :es~e,r and triglyceride tatty acid.a, and th~ pl;io.spholipid ,tended 

to have the most constant tatty 'acld pat·tern~ While these.·aa.ta provide ~t" 

por·t for ·the· conc•pt ·that the: pho·spho1ipi.d f.atty a.aid. ·patterii ·is ·l,e.es l&bi1e 

tnan that ef triglyceride and cholesterol ester, nevei-thelees in the present 
, . : . ·. ':t'. . . 

study di.ff,erencee between groups are· f<hmd~ 

· · Sehrade and his· ,co-workei','s (1959, 1960, l96la. 19ole) have reportei 
. ', . . 

that the percentages ,of Cl~h2 · ant· C2Gt4 were sigtti:fi¢antly '.101rer 1 and that ot 

Cl610 somewhat higher in the .ather'Oacl.e:rotie su.lijects lll'he.n ,compared .. u.h ,the . 

. tiea.l.thy :su:b,jeets~ · the iata o.f Scbtt et al' -(lj6Jl ar• in agreement: with ih• 
l.:oeal results. *lhe;r compared: t.he phosphot1p1'4 tatty acids' i'n lew Yorkers an4 

p·oor: and upper class East Atneans.. fh& only Utfer.eno.e :was ·.that lf&11t Yorker:s,, 

who .have a considerably .greater suseeptibillty to i.H.D. :than the East Af:ri.oan-s., 

had a significantly .greater pero~nta.ge of Cl'fh2 .tha.11° the <rthet" two ,.groups.. 1n 

some stud1es :no differences have ·be&n :found., James ·•t al -(1'9'57) .sbowe«. that 

the serulll pho:spholipid. ta.tty .acid patte~s were ·similar in healthy ·subJeets 

.a.rid in .people with coro:nafy ·artery disease, and the DC,• and P~li.poprote1n 

phospholipid fa.tl;y acid p&tterns':were found to be similar ft1tr-health7 young 

males and. subj,ect,~ witli atherosclerosis (B6ttchor and Woodtord .1961). 

In ·Oonsideriag all the available data from here and other sou.roes,. it 

would· appear that the ta.tty aeid. c-omposf tion · ot the :serum phosphoU,pids is· 

r~la.tively .constant~ 
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Each lipid £r&cti,<n1 has a distinctive tatty acid. pat'tern; the choles­

terol :ester traction :is characterized by a-high proportion o-f ttnsatura.ted. 

tat"ty aoids, the triglyceride fraction b7 a. high proportionof mono-unsatu­

rated fatty .a-oids· and the phospholipid fraction 'b7 a rela,stively high· tl'ontent 

ot sat11J."atecl fat-ty acids. 

·The fa.tty acid oomposi tions of cholesterol ester, t1"icg13~ertde and.' phos• 

' " pholipid were qualitatively ident.1ca.l .in total serum ,and. iii ,.S•lipoprotein and 

1n •a.ch .group of sttb.jeots the proportions of fatty acids were similar in total 

serum and in ,8-lipopro·tein. 

In all lipid £ractiona stbe percen·tage of QUh2 was lower tor the Bantu 

tha:n for either pa.tie'nts ,or controls. 1fhe percentages ot .Cl6:l, 018.:l and C20;4 

were highe-r for the Ban:tu than :for patien:ts or .contrc,l,s •xcept in the tri­

g1yc-er1de fraction, whez.e the percentage of Cl.811 was similar for Bantu and 

:controls, and in the phospholipid. fraction •her{:) the per:centa.ge of C20s4 was 

simi.lar for the :Bantu. a.n<l 'the other two gt><>ups. fbe percentages ,of C16,o a:nd 

Cl8a0 were g~nerally similar for the three. group.s, except. in the cholesterol 

ester traction, where the percentage of Cl610 was high-er for · the ,llantu and the 

percentage ot Cl8t0 was lower tor the patient-a than for the other croups.,, and 

ill the phospbolipid fraction. where the peroenta&e ot Cl610 was higher .for 

Bantu. than .tor controls. 'fhe pa.ti.e11;ts with I.a.,, .. differed .from 1,oth other 

,groups in having a lower perc,enta.ge of ClS,tO and ,a higher percentage of Clth2 

in the eholesterol ester fraction. and lowe~ ~perc.enta.ges of Clthl i'n both 

tholeaterol este-r and triglyceride tractions • 

. A graded relationship between the values for the three giooups was f,ou.nd 

only for t~e percentages of Cl8tl and CUl:2 in the cb.olestaerol ester traction. 
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In tb:h .lipid f'raction there was a reciprocal relationship bcttween the percen­

tages of' ·,us12 and of Olthl and ¢16:l. .In the tr1glyeer1de and phospholipid 

f.raetions there was ,& t'eciprocal relationship between the perccentages o.f ·.,.•' i 

· CUh2 and Cl8il ior the Bantu group only. 

Tb.ere was a positive eorrelatio.11 between the conoentra.t1on of esterif'ied 

ehol-e.sterol aad the· percentage of 018,i2 in the -cholesterol ester fracti-on. 

!here was no evidence of B.l!' .A. ,deficiency in . any group as ass·essed b7 

the ratio ot tr1enoic to tetraenolc fatty acids in the cholesterol ester an.cl 

phospholipid tractions nor could a relative deficiency ot E.J\-A. be related to 

an i.ncreased susceptibility to I.B.D. or i.ts established pTeeence in that the 

percentage ot ·Cl812 was consistently lowest in the Bantu group. 

( 
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,SEC*l'IOD III 

Tf!EllELATIOJSHIP.nETWEEli DIET AND SERU!11 LIPIDS 

In. v.iew of the widely recognized influence of dietary fat and tb.e 

possible influence of dietary ·earbohydrate on serum lipid composition, the 

compositien of the diet has been compared tn the three groape studied, in 

,order to determine whether the differences in their lipid patterns can in any 

wa,y be related to differences in their diets. 

~he composition of the diet was d.etermined as descr.ibed in Part It 

Chapter l. 1fhe composition .ef the average daily diet in each ,group is abown 

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

.BAftU CONTROL l .. R.» • 
·-. 

!lean (s.:o..) :M.e·an (S.D.) l«-ean (s .. D.) 

'fotal ·Calories 402; (3:50) 2573 (}95) 1897 (411) 

Fat 8 (1) 52 (5) 34 (8) 

·Ca.rbohyd.ra te 60 (2'} 33 (5) 47 (8) 

'Protein 12 (2) 16 (2) 19 (4) 
. 

fable 421 . '!he total c.alo~ies consumed and the pe·reenta.ge et 
calories derived from ea.oh of the basic foodstuffs by 
.Bantu. controls and. patients with I.H .. D .. 

It is apparent from. 'fable 42 that the differences in the prep&.rt1on 

.of calories derived from :fat and carbo.h7dra.te in, the three groups a.re striking. 

fllere 1s also a graded iru,rease in the rela.ti.ve intake of protein :trem Bantu 

through controls to patients. 

'lhe quanti.ty, proportion and type ot fat consumed is shown in 'l'able 4:J .. 
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BANTU CONTROL I.R.D. 

Mean (S.D.) Kean (S.D.) Mean (S.D.) 

Total fat {gm/day) }7 (4) 148 (29) 70 (21) 

Linoleio Acid (gm/day) 7.e (1.6) 7.3 (2.7) 6.8 (;.o) 

% Fat Calories derived 20 (}) 5 (2) 10 (5) from Linoleic Acid 

% Total Calories derived 1.8 (0.9) 2.7 (0.9) ,.4 (l.8) from Linoleic Acid 

Table 43s ~he average daily intake of fat and of linoleic acid (gm/day) 
and the percentage of total calories and of fat calories 
derivei from linoleio acid. 

The Bantu group have a very high calorie intake. However, as these 

men were heavy manual labourers, the excess calories were presumably utilised 

in the form of energy, since none of the men was obese and all had maintained 

a fairly constant body weight tor at least one year prior to this study. The 

Bantu diet is characterized by a ver1 high proportion of carbohydrate and a 

low proportion of fat, of which a fairly large proportion is linoleic acid 

(Tables 42 and 43). 

The calorie intake in the control group was higher than 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 is intermediate between that of the 

Bantu and controls, and contains a lower proportion of fat and a higher 

proportion of linoleic acid than that of the control group. It must be 

pointed out thnt the diet in this ffl'OUP or subjects with I.B.D. is probably 

atypical. The reasons for this have been discussed in Part I, Chapter 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 linoleio acid is similar in the three «roups 

and in all groups the percentage ot total calories derived from linoleic aoid 

exceeds 1%, the value suggested as the minimWI allowance tor man (Food and 

Nutrition Board Report 1958). There is, therefore, no evidence that any of 

the groups subsisted on a diet deficient in E.P.A .. , and, moreover, the 

percentage of total calories derived from linoleic acid was highest in the 

patient group .. 

(b) !BE RBL!TIOWSBIP BE!WEEB Dl&,!ARY FA! AND SERUM LIPIDS 

The relationship between serum lipid concentrations and the quantity, 

proportion and type of fat in the diet or the three groups has been examined 

(Table 44). 

BANTU COli'l'ROL I.R .. D. 

Fat intake (gm/da7) :57 148 70 

% fotal calories derived 8 52 54 from tat 

f, Fat calories derived from 
20 5 10 linoleic acid 

!otal cholesterol fotal 142.9 247.9 2s5.5 
B 92.1 213.1 245 .. 4 

Triglyceride 'lotal 72.0 116.2 160.1 
B 57.1 106 .. 4 149 .. 0 

Phospbolipid fotal 190.0 253.4 264.} 
B 73.0 139 .. 1 168.6 

!able 441 'fhe tat intake, the percentage of total calories 
derived. trom fat, the percentage of fat calories 
derived from linoleic acid, and the concentration 
(in JaB/100 ml.serum) of total cholesterol, triglrceride 
and phospbolipid in total serum (Total} 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 1'a.t, 

containing the hi«hest proportion of fat calories trom linoleic acid, have 

the l,owest serum lipid levels.. This i.s in agreement with epidemiological 

data ehowing that there is an. e.saociation between low f'a.t diets, low serum 

lipids and a. low susceptibility to I.B.D. (Keys et al 1952t 1954,. 1958; 

Eronte-Stewart et .al 1955). 

ffhe d.iet of the patient group contained a considerably lower amount ot 

fat e.nd a lower proportion of fat calories, o.f which e.. greater proportion. was 

linoleic acid, than that of the control group. J)espite these f.indings, ·the 

mean serum lipid levels for this group ot patients w.ith I.it .. ». were generally 

higher than f.or the control grou.p. This finding could suggest that elevated 

seru.11 lipid levels are not related to dietary f"at alone. but may also be 

related to other dietary factors or possibly reflect a more fundamental dis­

order of lipid 1Jetabolism in Ln.n. 

(c) THE RRLATIOBSBIP BEtwiEN LINOLEIO ACID IN TREDIET 
.A.ND IN HE SERUU LI.PIO FRACTION§ 

The rela.tionship between the linoleic acid content ot the diet a.nd the 

percentage of linoleic acid in the esteritied lipid fractions of the serum bas 

been examined in the three groups studied. 'l'he results are shown in ~able 45 

and Figure 29. 

Cl8t2 intake (gm/day) 

1' Pat Calories derived 
fro.m 018t2 

'lo 1'otal Calories derived 
from Cl.812 

~ 018,2 in cholesterol Ester 

f, Cl8i2 in triglyceride 

'lo Cl8:2 i·n phoapholipid 

BANTU 

20 

1 .. 8 

}5 .. 6 
10.1 

13.9 

COlffltOL 

2.1 

46 .. 8 

15.4 
17.4 

I .Jl.D. 

6 .. 8 

10 

52.2 

15.3 
18.6 

tlable 45• The rela.tionsbip bet;naen linoleic acid (Cl8z2) in the 
diet and the percentage of linoleie acid in the tatty 
a.eids or the cholesterol ester, triglyceride and phos­
pholip.id fractions of total serum .. 
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It is apparent that the actual intake of lin<;>leic acid is similar in 

all groups a.nd that the percentage .of fat calories derived from linoleic acid 

bears no relationship to the percentage of this fatty acid present in any 

serum lipid component. There is, however, a very striking relationship 

between the percentage ot Cl8:2 in each lipid fraction and the percentage of 

total calories derived from linoleie acid (Figure 29). It is,, thus, the pro­

portion of total calories derived from ClS:2 and not the absolute intake of 

Cl8:2 or the proportion .of Cl8i2 .in the ,dietary fat which appears to be 

related. to .serum lipid Cl8:2. It will be noted th.at this trend is less evident 

in the ,phospholipid fraction. fhis is in agreement with the data of Ahrens 

et al (1959) who showed that the composition of dietary fatty acids had the 

least influence on the phospholipid fatty acids of the serum. 

(d) 'PHE RELATIONSHIP BETWEEN DIETARY CARBOHYDRATE AND SERUM LIPIDS 

The .Possible effect of a lo.w-fat high-carbohydrate diet leading to 

increased triglyceride concentrations has been discussed in the Introduction. 

!h.e patients with I.HoD. have a higher proportion o.f carbohydrate in their diet 

than the controls. It could be argued that this might be responsible for the 

increased tri.glyoeride levels- in the patients. However,, the Bantu, who con­

sumed 80% of their total calories in the form of ,carbohydrate, have the lowest 

triglyceride levels. This observation indicates that a low-fat, high-carbo­

hydrate diet does not necessarily give") rise to increased serum triglyceride 

levels and is in agreement with the findings of Antonis and Berso·hn (1960). 

Since the serum lipid levels for the Bantu were considerably lower than for 

both other groups, it would appear that a hi.gh carbohydrate diet per a does 

not produce high serum lipid levels. 

Fairhurstand Waterhouse (1963) have speculated that lipogenesis resulting 

from a. high carbohydrate diet would produce predominantly saturated and 
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aono-uasaturated fatty acida. It will be recalled that the percentages of 

Cl6:0, Cl61l and Cl81l in the cholesterol ester fraction and or Cl6:l and 

018:l in the triglyceride and phospholipid tractions 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 eater fraction the percentage 

of Ol6sl and Cl8al were inversely related to that ot Cl8:2 in all the groups 

and that in the triglyceride and phospholipid fractions there was an inverse 

relationship between the percentages of 018:l and Cl8a2 in the Bantu group 

only (Part II, Section II, Tables 28, }5 and 41). These inverse relationships 

may be determined either by increased synthesis of Cl61l and Cl81l 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 018&2 in the aerwa 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 016,1 and Cl8al in the serum 

lipids of controls were either similar to or greater than those of the patients 

(Part II, Section II, ~ables 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. '?he 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 Cl8a2, the higher levels ot Cl6:l and Cl8al and the 

reciprocal relationship between the percentages of Cl812 and Cl8al and 01812 

and Cl6:l in the Bantu group ma7 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) '?HE RELATIONSHIP BETWEEN DIETARY PROTEIN AND SERUlf LIP.IDS 

The influence of dietary protein on serum lipids in adults has not 'been 

studi,ed. to aey great extent. There is, however., evidence to show that a low 

proportion of protein in the diet ,can be related to decreased concentrations 

.of serum cholesterol a.nd 13-lipoprotein. 

Olson et al (1958) fed a control diet containing 15% protein, 30% fat 

· and 54% carbohydrate to middle;..aged people'. Isoca.loric substitution fJf carbo­

,hydrate for protein y.ielding a diet containing 4% pretein, 30% fa;t an~ 66% 

carbohydrate resulted in a deerease in the concentration of serum cholesterol 

and of low density{~) lipoprotein. Furman et al (1959) reported that iso­

caloric substitution ot 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 Haiti, Sebrell et al (1959) reported that marked hypocholesterolaemia 

was seen in a population subsisting on a diet defi.ci·ent in protein but moderate 

in fat. 'l'he data in this study show a progressive increase in the proportion 

ot protein calories from Bantu through controls to patients with L. H. D. 

(T-able 42, Figure 27). It is possible therefore that the increasing concen­

trations ·Of serum cholesterol and ~ -lipoprotein lipid :from Bantu through 

controls to patients with I.H.D. may be related to the increasing proportion 

of protein calories in these groups (Figure 30). · If this is so., then the 

protein content o-f' the diet might effect a. much greater influence on serum 

lipid levels than is generally thought to be the case. 

While it is possible that fat~y acids may be synthesized t'rom the 

breakdown products of protein, the only fatty acid which shows a graded 

increase from Bantu through controls to patients in parallel with the increasing 

proportions ,of protein calories is C:18:2.. 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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CONCLUSIONS 

The composition of the diet was f,ound to be markedlf diff.erent in the 

three groups. 'There was no evidence that a.ny .group was subsi·sting on a diet 

deficient in essentia.i fatty acids~ 

The sert?,m lipid conce.ntra.tions could not be simply related to the 

d.ietary fat· content i·n the three groups. The proportion of carbohydrate in 

· the ·diet was not related to the ooncentr.a.tion of triglyceride or of .any other 

lipid. The proportion of total calories present as protein showed a graded 

increase from Bantu through controls to patients with !.B.D. Thie increase 

was related to the increase in serum lipid concentrations in the three groups. 

The percentages of linoleic acid in the serum lipid fractions are 

·correlated with the proportion of total calories derived from linoleic acid 

in the three groups. The percentages of certain :fatty aeid-a in serum from 

the Bantu group may be related to the high proportion of car~ohydrate in 

the Bantu diet. 
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CHAP'l'ER 2 

THE COMPOSITION OF LIPID 
IN ARTERIAL ATHEROJIATOUS PLAQUES 

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

'fhe values for the concentrations of total lipid and of the lipid frac­

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

Code Free Cholesterol Triglyceride Phospholipid Total lipid number cholesterol ester 
mg. mg. mg. mg. mg. 

Al 22.8 6e.5 19.s 2;.1 1;4.2 
A.2 18.0 50.5 7.4 2a.7 104.6 
A} 14.7 28.6 10.7 ;1.9 85.6 
A4 46.2 68.7 6.7 ;7.6 159.2 

A.5 · 9.0 29.1 2.8 8.1 49.0 
A6 41.7 74.:, s.5 ;1.4 155.9 
A7 4;.o 82.2 10.9 ;4 .. 2 170.; 
A8 67.0 139.2 29.6 56.9 292.7 
A9 12.7 29.a 5.5 16.9 64.9 
AlO 1a.9 41.0 7.5 22.0 s9.4 
All 12.~ }0.4 6.6 16.2 65.5 
Al2 43.0 10;.o 20.8 ;2.5 199.J 

Table 46. The concentration of the lipid fractions and of total lipid 
~xtracted from each sample of plaque material. 

It is evident from the data in Table 46 that the amount of lipid 

analysed varied enormously. This was due primarily to the .fact that the 

amount of plaque material available for analysis varied greatly. It is pos­

sible that another factor contributing to the variation i.n lipid content was 

the variation in the amount of lipid present per unit segment of vessel. 

Despite 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 

plaques tends to be fairly constant. 
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C h •O 1 •8 s t e r o 1 

Total Esterified Free Ester 1'r1glyceride Pboeph:1ipi4 
% % 'lo. %! . 1, . ·'P 

• Mean 49.7 2a .. 4 21 ... 2 47-.4. 8.6. 22.a 

S.D. 5 .• ; 3.7 4.0 6 •. o , .. l 5.9 
'. 

Range ;7.0-55.3 19.9-;5.7 11.0-29.0 ;;.}-59-4 4.2-12.5 16.3-;7.1 
; 

.. 

,a..ble 47: 'lhe percentage. eompoei ti-on o.t lipid. in arterial atheromatous plaques. 

(Free cholesterol+ cholesterol aster+ triglyceride+ phospholipi.d 
equals 100%) 

i'he major constituent of plaque lipid is cholesterol. Free ,cholesterol and 

esterified cholesterol are present in rather similar proportions~ although the 

per.centage of esteri.fied cholesterc,l is some\That higher. Tb.is 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 represent.a the smallest l.ipid con.a ti tuent and seldom exceeded 10% 

of the total lipid. 

Certain lipid ratios will be used for comparing the ,oomposi tion of lipid 

.in plaques with that in total serum. and in f-lipoprotein; these ratios have 

been calculated ,and the values a.re shown ,in Table 48 .. 

E/F C/p FC/p FC+CE+T 
p 

Mean (S.D.) .Mean (S.D.) Metm (S.D.) Mean (S.D.) 

1.;a (0.31) 2.34 (0 .• 68) o.~9 (0.29) 3.71 (1 .• 13) 
~ 

Table 481 Lipid ratios in arterial atheroma.tous plaques. 

C = Total Cholesterol F;FC = Free Cholesterol 
T ,.,. 'l'riglyoerid.E> E = Esterified Cholesterol 
P = Phospholipid CE = Cholesterol Ester. 

i) ,Comparison with other data 

'fhe high proportion of cholesterol in plaque lipid noted in the pres~nt stud, 

is in agreement with early observation.a that cholesterol is the predominant lipid 

in atherosclerotic lesions (Aschoff 1906; Winds.us 1910; Sob6nheimer 1926,1928; 

Kimmelstiel 19}1) and this has been confirmed in more recent studies (Table 49). 
The relative proportions of lipid reported here have been compared w.ith the 
values of other authors (Table 49). 
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Total Free Choles-

AUTHOR MATERIAL 
~holes- Oholes- terol B/1 Tri-
terol terol Ester glyceride 

% "/a "/a ,, 
Present stud,- 49.7 21.2 47.4 1.3e a.6 

Mead and Gouze Aorta 
(1961) Intima and media 50• 25.1 42.4 1.0• 8.6 

Stage III 

Hirsch and Aorta 
1.6· Weinhouse Fibrous plaques 47• 18.l 47.5 15.0 

(1943) Calcified tissue 50• 21 .. 9 47.2 1.3• 13.1 

Atheromatous 
5211 0.91 ulcer 27.2 42.1 10.4 

l36ttcher et Aorta 
1.2• al. (1959; Aorta Stage III 4411 19.8 40.2 8.6 

1960a, 1960b) Intima and 
40• 1.11 inner media 19.3 33.a 9.7 

Aorta Stage II/ 
41• 1.11! III 19 36 10 

Bj6rntor) et 
al (1962 

Femoral artery 
Intima. 52.5 16.3 

Smith (1960) Aorta 
Fatty and fib-
rous nodules 53.3 
Pearly plaques 42.4 

-

Buck and Aorta 
Roesite:r(l951) Intima and o.,• media stage III 46.8 29.5 29.0 28.2 

Luddy et al Aorta 
(1958) Atheromatous 

56• 0.4• plaques 3e.9 28.0 19.4 

Field et al Aorta 
{1960) '?hickened 

intima plaques 39.3 4:5.6 

Table 491 file composition of lipid in atheromatous material 

• Caloulated from authors• data 

Phospho-
lipid 

" 
22.8 

15.7 

14.9 
l}.2 

16.0 

33.6 

38.0 

33 

31., 

16.2 
14.0 

15.3 

1:5.7 

17.1 
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With the 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 triglyceride ... The triglyceride value reported. by 

Buck and Rossiter (1951) was calculated by subtraction of all other lipid from 

total lipid., a. method which; it is thought; gives erroneously high values 

(Part I, Chapter. 2 ,) Table 2). lUittcher and Woodford (1962) noted that in 

their studies the phospholipid was slightly contaminated with non-lipid which 

would tend to make their results erroneously high. 

Another factor which ma.y contribute towards variation in the results is 

the a.mount of media included in the sample. Hirsch and Weinhouse (1943) have 

shown that the Qomposition of lipid 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. Battcher et al (1959,. 1960b) 

have found that, while the proportion 0£ 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 a.re therefore several factors which may influence the 

lipid oom:posi tion of athe.rosclerotic plaque mater.ial. It is, however, note­

wo.rthy that in most studies the striking features are the predominance of 

cholesterol, the trend for free a.nd esterified cholesterol to be about equal 



127. 

in proportion and the relatively low proportion of triglyceride. In these 

respects the data of other authors are in agreement with the findings in this 

study. 

(b) THE FATTY ACID COMPOSITION OF LIPID IN ATHEROJIATOUS PLAQUES 

'l'he fatty acid composition of the cholesterol ester, triglyceride and 

phospholipid fractions of arterial a.theromatous plaque lipid are shown in 

Table 50. 

For ea.ch lipid fraction the same fati;y acids were consistently found, 

albeit some in trace amounts. In every sample analysed the proportions of 

the major fatty acids were relatively constant. 'lhese data showed that each 

lipid fraction in the plaque has a character.istic fatty acid pattern. This 

finding is in agreement with the data of several authors who used the 

techniques of alkali isomerization (Luddy et al 1958; Wright et al 1959; 

Bjorntorp et al 1962) and G.t.c. (Tuna et al 1958; Mead and Gouze 1961; 

Swell et al 1960a; Smith 1960, 1962a, 1962b), for analysis of the tatty acids 

in various lipid fractions in atheromatous plaque material. 



Fatty 
Acid 

c12,o 

Cl!tO 

Cl,411 

Cl510 

01511 

Cl6sO 

Cl61l 

017,0 

Cl7al 

Cl810 

Cl81l 

Cl8t2 

Cl8t3 

c20,o 

C2ls0 

0201}? 

C201j 

02210 

C20a5? 

C2}10 

C24a0 

C241l 

c22,61 
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Cholesterol Ester Tri1tlYceride Phos1>holi1>id 

' Vo ' mean (s.D.) Ran..a Mean (s.:n.) Ran.Ile Mean (s.D.) Ranll& 

0.2 (0.2) tr- 0.5 0.3 (0.2) tr- 0.5 

1.5 (1.1) 0.1- 4.1 2., (0.5) 1.3- 3.4 1.2 (o.6) o.6- 2.1 

0.3 (0.2) tr- o.6 0.3 (0.2) tr- 0.7 O.} (0.2) tr- 0.6 

0.4 (0.2) tr- 0.8 0.7 (0.4) tr- 1.8 0.4 (0.2) tr- 0.7 

0.2 (0.2) tr- 0.5 0.2 (0.1) tr- 0.5 0.3 (0.2) tr- o.6 

13.3 (2.4) 9.7-1a.2 31.3 (5.4) 25.4-44.5 37.7 (6.7) 26.7-4a.5 

5.4 (1.3) 3.4- 7.9 5.4 (1.3) 4.3- 9.1 2.3 (1.0) 0.1- 3.a 

o.6 (0.4} tr- 1.7 o.e (0.4) tr- 1.8 0.7 (0.4) tr- 1.2 

0.2 (0.1) tr- 0.5 0.5 (0.3) tr- 1.2 0.4 (0.3) tr- 1.0 

1.7 (1.0) 0.8- 4.0 6.6 (0.5) 4.6-10.0 14.6 (5.1) 9.3-23.7 

27.6 (3.7) 23.0-35.3 37.9 (4.5) 33.1-47.1 11.6 (2.8) 5.s-16.3 

39.7 (5.0) 29.1-45.2 10.5 (3.4) 6.5-13.7 6.1 (1.3) 4.6- s.9 

0.7 (0.6) tr- 2.4 

0.3 (0.2) tr- 1.3 o.6 (0.4) tr- 1.1 1.0 (O.}) o.6- 1.3 

O.} (0.2) tr- o.6 

o.e (0.8) tr- 2.5 2.4 (1.3} 1.1- 4.5 

6.4 (1.3) 4.0- 9.2 2.4 (1.4) tr- 4.8 7.0 (:5-5) 2.7-13., 

0.5 (O.}) tr- 1.1 

1.0 (0.9) tr- 3.5 1.5 (0.5) 0.9- 2.2 

0.5 (0.3) tr- 0.9 

3.9 (1.8) 1.0- 6.6 

4.9 (2.2) 1.}- s.3 

1.9 (1 .. 1) tr- }.6 

!able 50• The fatty acid composition of cholesterol ester, iri­
glyceride and phoapholipid in arterial atheromatous 
plaques. 

!he major fatty acids are underlined. 

-



1) Cholesterol ester fatty acid composition 

The cholesterol ester f.racti.on is characterized by a high degree of 

unsaturation. The unsaturated fa.tty acids constitute ao.7 {! ;.o) % of the 

total fatty acids, the polyunsaturated fatty acids constitute 40.; (! ;.5) .%. 

The saturated fa.tty acids account for only 17.a (! 4.0) % of the total fatty 

acids. The most abundant unsaturated fatty acids a.re Cl8:2 (}9 .• 7%) and 

Cl8il (29 •. 6%) while the most abundant saturated fatty acid is C.16:0 (1}-<5%)• 

· It is, thus,. apparent that the cholesterol e.ster fraction of plaque lipid has 

a ta.tty acid composit.ion similar to th.at of the cholesterol -ester fraction 

in serum (Section I.I., Table 2J). 

B6ttcher et al (1960a) compared the cholesterol ester fatty acid compo­

sition of lesions with different degrees of a.tbero.sclerosis. They found that 

increasing severity of ath.erosclerosis was associated with an increase in the 

proportion of 018:.2 a.nd a decrease in the proportion of Cl8:0.. They stressed 

the high ratio of Cl8:2 to C18:0 in Stage III lesions and suggested that it 

may be regarded as being characteristic of the cholesterol .aster fatty acids 

of such lesions. Th~ mean value for. the Cl8:2/Cl8:0 ratio in the present 

study 1s 25.1 (! 2.9) and agrees remarkably ,closely with the value of 24.-2 

found by B6ttcher et al (1960a) .• 

According to Sinclair's hypothesis (1956), .E.F.A. deficient diets may 

give rise to saturated serum cholesterol esters, and such relatiYely saturated 

esters would tend to be deposited and thus give rise to a.tberoma formation. 

If this i,s so., then one would expect to find saturated or relatively saturated 

cholesterol esters in plaque lipid. The data here show that the proportion 

of saturated fatty acig.s is low. Moreover, the:re is a high p-ercen.tage of 

linoleie acid (018:2) and a fairly large percentage of a.r.aehidonic acid 

(C20a4) both. of whieh are essential fatty acids. Holman (1960a) haa suggested 
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that a trienoic/tetraenoic fatty ac·id ratio greater than 0.4 is indi.cative 

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 i:n the plaques 

are the result of E.F.A. deficiency. 

The local results have been compared with those of other authors who 

used G.L.,C .. for analysis of cholesterol ester fatty acids in atherotnatous 

plaque material. In most studies percentages a.re given only for the major 

fatty acid components. The mean values for these fa.tty acids a.re compared 

in Table 51. 

AUTHOR Cl6:0 Cl6:l Cl8:0 Cl8:1 Cl8:2 C20:4 

Present study 1,.3 5.4 1.7 27.6 ,9.7 6.4 

Mead & 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 (1956) .9.1 6.8 l.O j4.5 }8 •. 3 9.7 

Swell et al (1960a) 25.1 6.7 6.8 37.a 25.1 1 .. 8 

'!'able 51,. The percentages of the major fa.tty acids in cholesterol 
ester isolated from plaques, as determined by different 
authors. 

The similarity between the local values and those of Mead and Gouze (1961) 

and of B6ttcher et al (1960a) is striking, while the data of Tuna et al (1958) 

agree fairly closely. The data of Swell et al (1960a) differ from those ot 

the present study- and of the other autho.rs. 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 int1ma.. 
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ii) Triglyceride fattz acid composition • 

. ·The most abundant fa.tty acids are palmitie {C16:0) and oleie {('16:l) 

acids. ,Other fa.tty acids present in relatively large proportions. are pa.lmi­

toleic (016:l)., stearic (C18:0) and linoleie (C18:2) aci,ds... The proportion 

ot the saturated fatty acids (40.1 ! 5%) is lower than that of the unsaturated. 

fatty acids (57.2 ! 5.()%). The mono-unsaturated fatty aeids constitute 

43.2 ! 4.4% of the total fatty acids as compared with 14.0 ! 4.6% for the 

polyunsaturated fa.tty acids. The triglyceride .fraction is thus eharacteri.zed 

by a high content of mono-unsaturated fatty acids., principally Cl6d and 

018:1. The triglyceride fatty ~cid compositio.n in plaques is thus similar 

to that f'.ound in serum {Section II, 'Table 30). 

The local results h,a.ve been compared with those of other authors. The 

mean values are shown in Table 52. 

AUTHOR ,Cl4:0 C16:0 016:1 Cl8t0 'Cl8al 018:2 C20:4 

Present study 2 •. ; 31.3 5.4 6.6 ;7.9 10.0 2.4 

B5ttoher et a.l (1960a.) 2.a 23.0 5.2 7.3 35.4 12 .. 6 3 •. 9 

Luddy et al (1958) 7 .o; 2.26 

Bjlirntorp et al (1962) 7.2 2.0 

!abl,e 52. The percentage of the major fatty a.olds .in triglyce~ide isolated 
from plaques, as determined by different authors. 

The values reported. by I.uddy et al (1958) and by Bj5rntorp et al (1962) for 

the percentages .of dienoi.c and tetraenoic acids agree fairly closely with 

those found here for Cl8:2 and C20:4 re.speetively. There is fair agreement 

between the local data and those of Battoher et al (1960a). although the local 

value fo.r Cl6.:0 is somewhat higher and that for -020:4 somewhat lower than 

those reporte,d 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 Cl6:0 and Cl8:0. The saturated fatty 

acids together account for 59.5 ! 3.3% or the total tatty acids while the 

unsaturated fatty acids account for only 38.l ! 3.37'. 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 018:2 is remarkably 

low and is lower than that of C20t4, which is present in relatively large 

proportions. In addition there are several very long chain fatty acids, which 

+ d . 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), 

Bj6rntorp et al (1962) and B6ttcher and his co-workers {Battoher and Van Gent, 

1961; B6ttcher et al 1958, 1960a, 1960b). Their results are compared with 

the local data in Table 53. 

Reference Cl610 Cl6a.l Cl8a0 Cl81l Cl8:2 c20:4 C22:0 C24a0 C24:l III+ v+ VI+ 

Present 37.7 2.3 14.6 11.6 6.1 7.0 0.5 3.9 4.9 2.4 1.5 1.9 study 

Bl:Sttcher 
et al 29.9 1.1 15.1 9.7 4.2 7.4 4.4 6.4 4.7 
(1960a) 

Luddy et 
al(1958) 7 .z1 2.~ 

2.3x o.<f o.ox 

Bjorntorp 
5.1x 5.f 2.ox 1.1(' o.ex et al 

(1962) 

Table 53. The percentages of fatty acids in the phospholipid from plaques, as 
determined by several authors. 
+ III, V, VI• trienoic, pentaenoic and hexaenoic fatty acids 

respectively. 
X Values given by the authors as dienes, trienes, tetraenes, 

pentaenes and hexaenes. 



The values reported by B6ttcher et al (1960a) again agree fairly closely 

with the local data, although their values are lower for 016:0 and higher tor 

022:0 and C24:0. Luddy et a1(i956) report~d percentages of dienoic and tri­

enoie acids .similar to those found here, but found a lower percentage of tetra­

enoic and no penta- or hexa-enoie acids. The data of Bjorntorp et al {1962) 

differ from the local data in showing a lower percentage of hexa.enoic acids, but 

a.re otherwise similar. 

In the present study the phospholipids have not been fractionated. How­

ever, several authors have shown that the phospholipid in the plaques., as in 

serum, consi.sts of a mixture o.f several different phosphatides including 

•oephalin', lecithin, sphyngomyelin and lysolecithin and have reported that 

there is an increase in the proportion of .spbyngomyelin associated with 

increasing severity of atheroscl•erosis (W-einhouse and Hirsch 1940; Steele and 

Kayden 1956; Smith 1960; B5ttcher and van Gent 1961). B5ttcher and van Gent 

(1961) reported that the phospholipids in atherosclerotie aortas (Stage III) 

consisted of 9.2% cephalin, 23•4% lecithin, 62.5% sphyngomyelin and 4.9%, l;vso­

lecithin. The fatty acid pattern of lecithin was characterized by high propor~ 

tions of 016.:0, Cl8:0 and Cl81l and a low proportion of Cl8:2, while sphyn­

gomyelin contained high proportion~ of-Cl6:o. Cl8:0, C22t0; 024,0 and C24:l and 

no Cl6c2 or .c20:4. In view 0£ the high proporti~ns of lecithin a.nd sphyngo­

myelin reported to be in the plaque, one woµ.+d expect that the fatty acid pattern 

of the total pb.ospholipids would bear a resemblance to those of these two 

phospholipids. In fact, high percentages of Cl6:0, Cl8:0, relatively high 

percentages of C24:0 and C24:l and a low percentage of Cl8:2 are found in the 

present study. This presumably reflects the characteristic patterns reported 

for lecithin and sphyngomyelin. 



CONCLUSIONS. 

~e lipid present in arterial atheroma.tous plaques has a fairly oonstant 

composition, characterized by a high proportion of cholesteroly a relatively 

low proportion of phospholipid and a particularly low proportion of tri-

glyceride. Free and esterified chole.stero.l are present in rather similar 

proportions. 

Ea.ch lipid. fraction has a characteristic fatty- acid composition. ·The 

; ·.~holesterol e.ster fraction contains a high proportion of unsaturated fatty 

acids, the triglyceride fraction a high propo.rtion of mo:n.o-unsaturated fatty 

acids and. the phospholipids a high proportion .of saturated fatty acids and 

a relatively high propo.rtion of very long ohain fatty acids not pre-sent in 

the other este.rified fractions! 
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CHAP!ER 3. 

COMPARISON OF THE COMPOSITION OF LIPID IX ARTERIAL 

A'l'HEROllTOUS PLAQUES WITH TH.A.'!' Ill TOTAL SERUll ilD 

IB THE SERUM @•LIPOPROTEII FRA.CTIOI 

(a) COJJPARISON OF THE QUAl!ITA~IVE COKPOSITION OF SERUK All'D PLAQUE LIPIDS 

'l'he relative proportions of lipid fractions in plaques, in total serum 

and in t-lipoprotein in the three groups have been compared. !he mean valuea 

are shown in Table 54 and Figure 31~ 

Free Cholesterol Cholesterol Ester !riglyceride Phospholipid 

'I, '1, 'Ii 'I, 

GROUP Total I Total B Total B Total B 

BAli'l'U 7.5 9.7 37.4 41.1 15.0 21.4 40.2 27.s 

CON'l'ROL 9.4 11.0 40.a 45.6 15.5 1a.5 34.4 24.9 

I.H.D. 10.0 11.1 39.s 42.2 18.8 21.9 31.4 24.a 

PLAQUES 21.2 47.4 8.6 22.8 

Table 54: The percentage composition of lipid in arterial atheromatous plaques 
and in total serwa {Total) and ~-lipoprotein (B) from ~antu, 
controls and patients with I.H.D. 

The values shown are means. 

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

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

resemblance to that in either total serum or in p-lipoprotein tor any group 

of subjects. In total serum, only the percentage of cholesterol ester 

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

cholesterol eater and of phospholipid approach those of the plaques fairly 
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closely, the percentage of triglyceride is considerably higher and that of 

tree cholesterol is considerably lower than in the plaques. The percentage 

composition of lipid in the ~-lipoprotein aa such is thus different from that 

in the plaques. It is perhaps noteworthy that with the exception of trigly­

ceride, the relative proportions of the other lipid components in 13-lipo­

protein approach those in the plaques more closely than do those in total serum. 

The trends in the relative proportions of lipid components from Bantu through 

controls to patients towards the values for the plaques are not particularly 

remarkable for either total serum or p-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 tor these ratios in total 

serum. and in p-lipoprotein in each group have been compared with those in the 

plaques (Table 55, Figure 32). 

E/P C/P FC/P P'C+CE+'l'/P 

GROUP Total J Total B Total B Total B 

BANTU 3.0; 2.57 0.75 1.25 0.19 0.36 1.51 2.63 

CONTROL 2.61 2.51 0.98 ' 1.51 0.27 0.45 1.92 3.03 

I.B.D. 2.39 2.25 1.08 1.46 0.31 0.45 2.19 3.04 

PLAQUES l.}8 2.34 0.99 ;.71 

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

The Talues shown are means. 

F;F.C.• Free cholesterol 
E • Esterified cholesterol 

CE• Cholesterol Ester 

C • !otal Cholesterol 
! • Triglyceride 
P • Phospholipid 
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F.or ea.en of these lipid ratios, the .mean value in the plaques is eon­

.siderably different from that in either total serum ,or (,3-lipoprotein. 'l'he 

values for (3-lipoprotein are again closer to those of the plaque·s ·than are 

those for total serum, but the differences between the va.lu·es for plaques and 

tbose for p-lipoprotein are, with the single exception of the FC+CE:+T ratio.; p 

still ·Considerable. 

On comparing the ratios for the three groups of subjects with those in 

th-e plaques., certain trends are apparent. In general, the lipid ratios in the 

serum from patients show a .greater resemblance to the lipid ratios in the 

plaques than is the ease f.or the other two groups .. 

Comparison with other data. The data of '.B<Sttcher and his colleagues (Bottcher 

et al 1960a; B6ttcber and Woodfo.rd 1961) show tha. t the a.therosclerotic .aorta 

{Stage III) contains a .greater proportion of .free cholesterol and a. ,smaller 

proportion of triglyceride than is f,ound in the p-lipoprotein of both healthy 

y(}ung men and older atherosclerotic .men. This i.s in agreement with the findings 

of the present stud.y. The data of Bottcher and his colleagues sh.ow, however, 

that the proportion of phospholipid was greater in the atheroselerotie aorta 

than in the p-lipoprotein. This is contrary to the findings of the p.resent 

study. It has, however, been noted that the phospholipid values found by 

.B6ttcher and Woodford (1962) in the a.therosolerotic aorta may be erroneously 

high (Part II, Chapter 2). Buck and Rossiter (1951) and Luddy et al (1958) 

.reported that the plaques contained a higher proportion of free cholesterol 

and a considerably lower proportion 0£ phospholipid than d.id serum from normal 

aubj,ects. These findings are thus in agreement with the local data.. 

It can be seen from the data in this and. in other similar studies tha.-t 

the differences in composi.tion between serum and plaque lipids are greater than 

.any resemblanoe between them. This would suggest that, if serum lipids do 
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contribute to plaque formation, this does not oeour by an7 simple process of 

deposition of serum lipids. 

Other processes which could contribute to the lipid composition of the 

plaques 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 1955J McCandless and Zilversmit 1956, 1959; Zilversmit et al 1954; 

Newman and Zilversmit 1959; Newman et al 1961). 'l'he 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). 'fhe data of Field et al (1960) indicated, however, 

that while some of the cholesterol in the human 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 1949J Wilkens and 

Krut 1963) that preferential deposition of certain 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 lipid in plaques. !he relative role of these factors cannot, 

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

(b) COMPARISON OF THE FATTY ACID COMPOSITION OF SERUM AND PLAQUE LIPIDS 

For each group of subjects, in all lipid fractions, the fatty acid compo­

sitions of total serum and p-lipoprotein were identical (Part II, Chapter I, 

Section II). In order to simplify the presentation of results, the qualitative 
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composition of fatty acids in the plaque material has been compared only with 

that found in total serum. Statistical comparisons of fatty acid percentages 

haTe, howeTer, been made on both total serum and p-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 plaques are shown 

in !able 56. 

BANTU CON'l'ROL I.H.D. PLAQUES 

M'atty Acid " " % % 

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

Cl2:0 0.2 (0.2) O.} (0.2) 0.3 (0.2) 0.2 (0.2) 
014,0 l.0 (0.9) 0.9 (0.2) 0.9 (O.}) 1.5 (1.1) 

014,1 0.4 (o.;) 0.3 (0.2) 0.3 (o.;) 0.3 (0.2) 

Cl5s0 0.4 (O.}) 0.2 (0.1) 0.4 (0.1) 0.4 (0.2) 
Cl5:l o.; (0.2) 0.2 (0.1) 0.2 (0.2) 0.2 (0.2) 
Cl610 14.1 (2.0) 11.8 (1.3) 12.2 (1.9) 13.3 ( 2.4) 

01611 7.; (2.3) 4.2 (o.6) 4.4 (1.0) 5.4 (1.3) 
01710 o.6 (0.2) 0.2 (0.2) 0.4 (0.1) o.6 (0.4) 
Cl7:l 0.4 (0.3) 0.4 (0.2) 0.2 (0.2) 0.2 (0.1) 
Cl810 2.1 (0.8) 2.0 (o.6) 1.4 (0.5) l.7 (1.0) 
Cl8al 27.7 (;.o) 21.7 (3.6) 18.8 (2.4) 27.6 (3.7) 
Cl812 ;5.6 (3.9) 46.e (4.;) 52.2 (5.2) 39.7 (5.0) 
ClSa; 0.5 (o.;) o.a (0.4) 0.7 (0.7) 0.7 (o.6) 
C20s0 o.a (0.7) 0.3 (0.2) 0.3 (0.3) 0.3 (0.2) 

C20a}? l.l (o.e) 0.7 (o.;) 0.7 (0.5) o.a (o.a) 
c20,4 7.5 (1.2) 6.9 (1.3) 5.a (1.6) 6.4 (1.;) 
c20,5 1 0.9 (0.5) 2.2 (o.a) 1.5 (1.0) 1.0 (0.9) 

Table 56: 'fhe 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 p-lipoprotein are present in the cholesterol ester of' the 

plaquces. The percentages of the less abundant fatty acids are very similar 

in the plaques and in the total serum .and f3-lipoproteir1-·.trom aii three groupsi 

The perc.entages of the major fatty acid components are compared in Table 57 
and. Figure ;3. 

-· 
\ 

Fa.tty Acid Fraction BANTU ·CONTROL I.H.D. .PLAQUE p vs .. B p v,s.C P vs.LH.D .• 
(B) (G) (P) 

Mean Mean l!ea.n Mean p p p 

Cl6t0 Total 14.1 11.8 12.2 1;.3 NS BS BS 
B 13.a 12.1 12·.l NS NS NS 

Cl6:1 Total 7.3 4.2 4.4 5.4 <0.02 <0.05 NS 
B 7.7 4.2 4.4 <0.01 <0.05 NS 

Cl8:0 Total. 2.1 2.0 1.4 1.7 NS NS NS 
B 1.9 .2 •. 2 1113 NS NS NS 

Cl8:l Total 27.7 21.7 18.8 27.6 NS <0.001 <0.001 
B 28 •. 2 21.3 18.2 NS <0.001 <0.001 

018:2 Total ;5.6 46.8 52.2 ,,.1 NS <0.0l (0.001 
B 35 .• 7 47.0 5}.0 .NS <0.01 <0.001 

C20:4 Total 7.5 6.9 5.e 6.4 <0.05 NS NS 
B 7.a 6.5 ,6.} <0.05 NS NS 

Table .57: Comparison of the percentages of the .major fa.tty acids 
present .i.n cholesterol .ester fraction in arterial athero­
matous pla.9.ues and in total serum (Total) and p-11po­
protein (BJ .from Bantu, controls and patients with I .. R.D. 

'lhe values shown are means. 

While there is undoubtedly a resemblance between the values for the 

plaques and those for both total serum and P-lipoprotein in all .groups, the 

most striking feature is that the similarity is greatest between the values 

for the plaques and those for the Bantu group. The slightly lower values for 

.Cl6:l and 020:4 in the plaques do not detract to any great extent from this 

similarity. In contrast,- while the values for Cl6:01 Cl8:0 and C20c4 are 
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similar for plaques and controls and patients, the percentages of Cl8il and 

Cl8a2 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 trienoic to 

tetraenoio acids has been compared in the plaques and in total serum and 

p-lipoprotein in each group (Table 58) 

BANTU CONTROL I.B.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 

P•lipoprotein 0.20 (0.07) 0.24 (0.13) 0.21 (0.15) 
0.24 (0.11) 

fable 58a The ratio of trienoic to tetraenoic acids in the choles­
terol ester fraction in arterial atheromatous plaques and 
in total serum and p-lipoprotein from Bantu, controls 
and patients with I.H.D. 

The mean value for this ratio is similar in the plaques and in total 

serum and ~-lipoprotein from all groups, and is consistently less than 0.4. 

!here is thus no evidence of E.F.A. deficiency, either absolute or relative. 

ii) Triglyceride fatty aoid composition 

The mean values for all the fatty acids present in the triglyceride 

traction in total serum and in plaques are shown in Table 59. 
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•Al'!'U CONTROL I.B.D. PLAQUE 

" 
,, ,, CJ 

Fatty Acid ••an ( S.D.) Mean {S.D.) Mean (s.D.) Mean (S.D.) 

c12,o o.:, (0.2) 0.2 (0.1) o.:, (0.2) 0.:, (0.2) 
Cl4s0 2.2 (0.5) 2.1 {0.6) }.2 (1.5) 2.3 (0.5) 
Cl4al 0.2 (0.1) o.:, (0.1) o.:, {0.2) 0.3 (0.2) 
c15ao o.6 (0.3) 1.0 (0.5) o.6 (0.2) 0.7 (0.4) 
Cl5:l 0.3 (0.2) 0.4 (o.:,) 0.3 (0.2) 0.2 (0.1) 
Cl6:0 2a.5 (2.9) 2e.4 c~.9> 2a.9 (2.5) 31.} (5.4) 
Cl6:1 7.2 (1.3) 4.9 (0.9) 6.1 (1.1) 5.4 (1.3) 
c17,o o.a (0.3) 0.8 (o.:,) 0.7 (0.2) o.a (0.4) 
c17,1 0.5 (0.2) 0.5 (0.2) 0.4 (0.1) 0.5 (0.3) 
Cl810 6.7 (1.6) 5.7 (1.2) 5.1 (1.5) 6.6 (0.5) 
c1a,1 39.5 (4.a) 40.4 (3.1) 35.e (3.6) ,1.9 (4.5) 
Cl8a2 10.1 (2.6) 13.4 (4.0) 15.3 (5.6) 10.5 (3.4) 
C20a0 0.7 (0.2) 1.1 (0.4) 0.8 (0.3) o.6 (0.4) 
020&! 2.1 (1.1) 1., (0.4) 1.4 (0.5) 2.4 (1.4) 

Table 59• The fatty acid coapoeition of triglyceride in arterial atheromatous 
plaques and in total serum from Bantu,controls and patients with I.H.D. 

'l'he major fatty acids are underlined. 

All the fatty acids tound in total serum and P,-lipoprotein are consistently present 

in the plaques. The percentages of the less abundant fatty acids are remarkably simi­

lar in the plaques and in the total serum and ~-lipoprotein from all groups. The 

percentages of the aajor fatty acid coaponents are coapared in !able 60 andPigure 34. 

»t:ru coyTROL I.H.D. 
c) PLfjrE P Ts.B P Ts.C P Ts.I.H.D. 

Fatty Acid Fraction Kean Jlean Mean Kean l) J) p 
Cl4:0 Total 2.2 2.1 :,.2 2.3 BS IS :IS 

• 1.7 2.2 2.9 !IS •s IfS 

Cl610 Total 20.5 2a.4 2a.9 31.3 IS IS liS • 2a.4 26.7 29.2 IS !fS BS 
Cl61l Total 7.2 4.9 6.1 5.4 <0.01 1'S BS 

B 7.0 5.3 6.4 <0.01 :IS IS 
01810 Total 6.l ~:I 5.1 6.6 lfS I'S (0.05 

B 5. 5.0 NS I'S <0.05 
Cl81l '?otal 39.5 40.4 35.a 37.9 :IS IS IS 

B 40.9 39.a 35.1 IS BS I'S 
018:2 Total 10.1 13.4 15.3 10.5 BS <0.05 <0.01 

B 10.5 14.5 l5•7 lfS <0.01 <0.01 
02014 Total 2.1 1.3 1.4 2.4 IS <0.02 <0.05 • 2.1 1.5 1.4 IS <0.05 <.0.05 

Table 60: Coaparison of the percentages of the aajor fatty acids pre9ent i~ trigly­
ceride in arterial atheromatous plaquea and in total seruatTotalJ and 
/3-lipoprotein(B) from Bantu,controls and patients with I.H.D. 

The overall siailarity between the values for the plaque and total serum and p-lipo­
protein from all three groups is striking(~igure 34). While the percentage of Cl6:l 
is lower for the plaque than for the Bantu,there is,however,again a greater resem­
blance between the values tor the Bantu group and those for the plaques than is the 
case for the other two groups. This is particularly aarked for Cl8:2 and C20:4 where, 
while the Bantu and plaque Talues are siailar,the percentages for both patients and 
controls are higher and lower respectively. 
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iii) Phospholipid fatty acid composition 

The mean Talues tor all the fatty acids present in the phospholipid 

fraction are shown in !able 61. 

BAlfflJ CONTROL I.B.]). PLAQUE 

" " 
,, 

" Fatty Acid Mean (s.D.) Mean ( S .D.) Mean (s.D.) Kean (s.D.) 
Cl410 o.6 (0.2) 0.9 (0.5) 0.7 (0.2) 1.2 (o.6) 
Cl4:l 0.2 (O.l) 0.3 {0.2) 0.3 (0.2) 0.3 (0.2) 
c1510 0.3 (0.2) o.6 (0.3) 0.3 (0.1) 0.4 (0.2) 
01511 0.2 (O.l) 0.2 (0.1) 0.3 (0.2) 0.3 (0.2) 
Cl610 34.5 (2.5) 31.7 (2.4) 34.0 (2.2) 37.7 (6.7 
Cl61l 2.1 (0.4) 1.7 (0.4) 1.8 (0.2) 2.3 (l.O) 
c17,o o.6 (0.3) 0.7 (0.3) o.6 (0.2) 0.7 (0.4) 
C17•1 0.3 (0.1) 0 .. 2 (0.1) 0.3 (0.1) 0.4 (0.3) 
Cl810 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) 
Cl812 13.9 (1.9) 17.4 (1.2) 18.6 (3.2) 6.1 (1.3) 
C20t0 0.7 (0.3) 1.0 (0.4) o.e (0.3) 1.0 (0.3) 
c21,o 0.5 (0.2) 0.5 (0.3) 0.5 (0.4) 0.3 (0.2) 
02013? 2.5 (0.5) 2.2 (0.7) 1.9 (o.6) 2.4 (1.3) 
02014 8.2 (1.3) 9.1 (1.3) 7.0 (1.5) 7.0 (3.5) 
C22a0 o.6 (0.5) o.a (0.4) o.6 (o. 5) 0.5 (0.3) 
c20,5, 0.7 (0.2) 1.8 (0.9) 1.:, (0.9) 1.5 (0.5) 
C23aO · 0.5 (0.2) o., {0.1) 0.5 (0.2) 0.5 (O.}) 
024,0 0.7 (O.}) 1.4 (0.4) o.a (o.6) 3.9 (1.8) 
c24,1 1.2 (o.6) 1.6 (0.3) 0.8 (0.7) 4.9 (2.2) 
022,6? 1.3 (o.6) 3.4 (0.9) 2.4 (1.3) 1.9 (1.1) 

!able 61a The fatty acid composition of phospholipid in arterial 
athero11atoua plaques and in total serum from Bantu, 
controls and patients with I.H.D. 
'fhe major fatty acids are underlined. 

All the fatty acids present in total serlll!l and in ~-lipoprotein are 

again consistently found in the plaque phospholipid. With the exception of 

certain long chain fatty acids (C24a0 and C24al) the percentages of the less 

abundant fatty acids are remarkably similar in the plaque and in the total serum 

from all groups. The percentages of the major fatty acids and the Tery long chain 

fatty acids are compared in Table 62. 'fhe Talues for the major tatty aeida are 

shown in Pigure 35. 
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. BANTU OCffl'ROL I .. JLD • PLAQUE P T.B p T. 0 {B) (C) ( p) 

" 9& c;g " p p 

Fattv Acid Fraction Kean Kean Kean Kean 

ol.6:o 

016:l 

Cl8:0 

Cl8:l 

Cl8:2 

020:4, 

020:Y, 

020:5? 

022:0 

02}:0 

024:0 

024.:l 

022:6? 

Total 3lf..5 31.7 Jlt..0 37.7 NS NS 
B 35.3 32.2 33.5 NS NS 

Total 2.1 1.7 J..8 2.3 NS NS 
B 2.6 1.5 l.8 NS NS 

Total 15.0 :U...3 15.1 .]4.6 NS NS 
B J.4.3 JJ,..O 14.1 NS NS 

'Total 15.3 10.6 n.o U.6 <O.Ol NS 
B 14,.8 u.3 11.3 <O.Ol NS 

Total 13.9 17.4 18.6 6.1 <0.001 <0.001 
B u.a 17.4 18.3 <0.001 <0.001 

Total 8.2 9.1 7.0 7.0 NS NS 
B 7.1 8.3 6.9 NS NS 

Total 2.5 2.2 1.9 2.4- NS NS 
B 2.2 2.1 2.1 NS NS 

Total 0.7 1.8 1.3 1.5 <0.001 NS 
B o.a 1.5 1.2 <0.001 NS 

Total o.6 o.a o.6 0.5 R'S NS 
B 1.0 0.:5 0.3 NS NS 

r 
Total 0.5 0.3 0.5 0.5 NS NS 

B o.6 o.i. 0.4. NS NS 

Total 0.7 1.4, o.s 3.9 <0.001 <0.001 
B 1.5 1.8 1.0 <0.001 <0.001 

Total l.2 .1.6 o.s J«.-9 <0.001 <0.001 
B 1.8 2.2 1.5 (0.001 (0.001 

Total 1.; 3.4 2.1+ 1.9 NS <0.01 
B l.l 3.2 2./+ NS (0.01 

Table 62: Conparison of the percentages of major t'atty acids 
(underlined) and of the very long chain ta.tty acid.a 
present in phospholipid in arterial atheroma.toun plaqUes 
and in total serum and p -lipq,rotein from Bantu, con­
trols and patients with I.H.D. 

Total = total serum 
B = ,.S-lipoprotein 

p v. 
I.H.D. 

p 

NS 
NS 

NS 
NS 

NS 
NS 

NS 
NS 

<0.001 
<0.001 

BS 
BS 

NS 
NS 

NS 
NS 

NS 
NS 

NS 
NS 

<0.001 
<0.001 

(0.001 
<0.001 

NS 
NS 
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figure 35. ·The percentages of the major .fatty acids in the phospho­

lipid fraction in total ,serum, the -serum /-lipoprotein 

fra.ction and .ln arterial e.theroma·tous plaques. 

fhe ,atheromatous plaque phospholipid contains a conei­

,derabl7 lower percentage o:f Cl:fh2 than either total serum 

or p •lipoprotein in ~ group .• 
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While the Bantu haTe a higher percentage of Cl81l, the percentages of 

the ether major fatty acids are, with one atriking exception, Tery siailar in 

plaques and in total serua and ~-lipoprotein fro• the three groups. Thia 

exception is the percentage of Cl8t2 which ia consistently lower tor the 

plaques than for any of the three groups. The value for the Bantu is, how­

ever, auch nearer that for the plaques than that for either of the other groupa. 

When the percentages of the longer chain fatty acids are coapared between 

plaques and the three group• the percentage of c20,5 (?) is lower for the Bantu 

and that of C22t6 (?) is higher for the controla. It is, however, for c24,o 

and C241l that a striking difference between plaquea and the three groupe ia 

again apparent. For these two tatty acids the mean Talues tor the plaque• are 

conaiatently higher than for any of the groups. It will be recalled that the 

accuracy in estiaating these fatty acids••• low (Part I, Table 16). However, 

the difference• between the values for plaquea and those for total serum and 

p-lipoprotein in each group are probably greater than can be accounted for 

by the error of eatiaation alone. It is noteworthy that these longer chain 

fatty acid• account for a relatively small proportion of the total fatty acids 

in serua phoapholipida (Part II, Chapter I, Table 39). Their relatively 

greater abundance in the plaque phoapholipids is presuaably due to aphyngo­

ayelin (Part II, Chapter,2, p.133) 

The ratio of trienoic to tetraenoic fatty acids in total serua and 

~-lipoprotein fro• the three group• has been coapared with that in the 

plaques (Table 6}). 

).ll'flJ CONTROL I.B.D. PLJ.QUE 
Mean (S.D.) Mean Cs.D.) Mean (S.D.} Mean (S.D.) 

Total serwa 0.31 (0.05) 0.25 (0.08) 0.28 (0.10) 

0.25 (0.07) 0.31 (0.09) 
0.33 (0.06) 

~·lipoprotein 0.32 (0.08) 

Table 63• !he ratio of trienoic to tetraenoic acids in the phoapholipid 
fraction in arterial atheroaatous plaques,in total serua and 
P-lipoprotein fro• Bantu, controls and patients with I.H.D. 
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1~ i.s appa,rent that the mean values are sb1ilar in the plaques and in total 

serum and /3-lipoprotein for all groups... There ia again na evtdence ot E.f.A .. 

d.eficieticy, either absolute er relettve .• 

Compariso.n w.it.h O\ller data .. - ' -
Several authors have noted a ma.rke4 res,emblanee between. the ch.oles terol 

ester tatty aci,d patten in plaques and 1-n serum (tuna. et al 1958; Ladd,- et al 
l95S; Bjoi'l\torp et al 1962)... The data. of Tuna et al (1,sa),, .Luddy et al (1958) 

and Imttch&"r and his colleago.es (:BUttcher et al l960a; :86ttcner and Woodford 

l,01) s'bGwed that the cholesterol ester in. &er.um from ncu~mal Whit• su.bJeot:s 

ba,s a htgher percentage ot CUh:2 a1Jd. ,a, lower percenttAge ot CUhl than is found 

in plaque cholesterol. es,ter. A similar finding ie noted here when compa-ring 

the cholesterol ester fatty a:Qiis in serum from the co:ntrol group vdtb. tb.at in 

the plaques. .In ,contrast, Lewis (1958) e.nd Swell et al (1960) have r.eported 

that the cholesterol ester .in pl,e.ques contains, less dienea (Cl8J2) e.nd t,etr,umes 

(020:.4) and more saturate4 fatty etclds than serum cholesterol ester. 

!be data of .B6ttc.aer and his colleagues (Bisttche.r et al l960a.; Battcher 

ud Woodford 1'961) and of BJorntorp f!t al (1962) show a striking similarity 

between the tri.glycerid.e .tatty acid compoai tion of plaques and et' serum. Luddy 

et ,al (1958) foan.d that the trigl3ceride 1n serum from healthy White ,subjects 

contained more ·Cl8t2 and. leas ·Cl61l the.n tba.t in plaques :and. this finding is in 

agreement 1titb the local de:ta.. 

BJorntorp et al (l9o2} reported that the percentage of' di~nee we,s con­

,side.rably lo•er in plaque phosphollpid than in se:rum phospholipid.. Battcller 

. and his eollea.gttea (llattcher et al 1960.a; B5ttch-er and. van Gent 1961) hav,e 

de.scribed th-e phospholipid :ratty aei4 composi ti.on of atb.eroma.tous plaques and 

of oc.- and 13-lipoprotei:a from ·healthy and atb.eroselerotic. sub.jects (Batteb.er 

and Woodford 1961). When these values are compared., it is apparent that the 

percentage of 018,2 i.s lower and t.he percentage of C24,a0 and C24-•l a.re higher 
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in the plaques than in either o<:.- or ~-lipoprotein from both groups of subjects. 

These findings are in agreement with the local data. 

It is apparent that, in general, there is a marked similarity between the 

fatty acid compositions of lipid fractions in total serum and P-lipoprotein 

and those in the plaques. The differences found in the percentages of certain 

fatty acids do not detract to any extent from the overall similarity. These 

data would be in keeping with the concept that plaque lipids ma1 be derived 

from serum lipids. However, the most striking feature with regard to the fatty 

acid composition of lipids in serum and plaques is that, in general, the •alues 

for serum from the Bantu group show a greater resemblance to those of the 

plaques than do those for either ot the other two groups. Since the Bantu 

have a low susceptibility to atherosclerosis, it would seem unlikely that the 

tatty acid composition of serum lipids per J!.!. is related to the deposition of 

lipid in the arterial wall. 
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CONCLUSIONS 

On comparing the relative proportions of lipid components in total serum 

with those in the plaques, there is no striking resemblance b,etween the values 

.tar any group of subjects and. those for the plaques. Only in the case of phospho­

lipid is there a trend from Bantu through controls to patients towards the value 

in the plaques. In (J•lipoprotein the relative proportions .of lipid. components, 

with the exception of triglyceride, approach those in the plaques more closely 

than do those in total serum. This is seen in all the groups. In general, 

however, the d.if'ferences in lipid composition between plaques and. both total 

serum and p-lipoprotein are more .striking tha,n any resemblance between them. 

ln total serum, certain lipid ratios show ,grading between the groups and 

the values .for the pati·ents tend to appro.ach those of the plaques more closely. 

'The values for these lipid ratios in p-lipoprotein again show a greater 

resemblance to those in the plaque.s, but there is no graded relationship between 

the groups. Here .again, however, the differences a.re grea.ter than the simi­

larities. In general, the data. sugge.st that, if plaque lipid is derived from 

serum. this does not occur by any simple process of deposition of serum lipids. 

1'he fa.tty acid compositions of lipid fractions in total serum and p-lipo­

protein a.re similar to those of the plaques. The fatty acid composition of 

lipids in serum from the Bantu, however, showed the greatest resemblance to 

that of lipid in the plaques. This suggests that the .fa.tty acid composition 

per . .!!. ,need not necessarily indicate the serum origin of plaque lipids. 

There is no ·evidence of E.F.A. deficiency .in the serum lipid.a in any 

.group nor does the fa.tty acid composition of plaque lipids suggest that E.F.A. 

deficiency, either absolute or relative, is a oontributor1 factor in the 

formation of atb.eromatous plaques. 
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GENERAL C O B C L U S I O B S 

THE COJIPOSITIOB OF SERUM LIPIDS 

The relationship between serum lipid levels and the susceptibility to 

I.B.D. has been examined. !he data, in general, support the view that subjects 

with I.H.D. or groups with increased susceptibility to I.H.D. have elevated 

serum lipid levels when compared with subjects with low susceptibility to 

this disease. As in most other studies, there is considerable overlap between 

lipid concentrations tor patients and controls, although certain lipid para­

meters provided separation between these two groups. In general, the concen­

tration of lipid components in ~-lipoprotein provided better separation 

between the groups than did that in total serum. Afr3 increase in total serum 

lipid concentration, beyond a certain minimum level, could be attributed almost 

entirely, it not entirely, to an increase in r-,-lipoprotein concentration. 

On comparing certain lipid 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 ot lipids" ma7 be an 

important factor in determining susceptibility to I.H.D. 

In each group of subjects the tatty 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. '!'here was no evidence 

to suggest that a deficiency of E.F.A., either absolute or relative, might be 

related to increased susceptibili~y to I.H.D. 
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THE RELATIONSHIP BE'l'WEEN DIET AND SERUM LIPIDS 

'l'he serum lipid concentration 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 tat 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 diet, 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. 

!HE RELATIONSHIP BE'f:VEEN LIPID IN SERUM Ar.DIN ARTERIAL ATHEROMATOUS PLAQUES 

The lipid present in the arterial atheromatous plaques was fairly constant 

in composition. In general the data showed that the fatty acid composition of 

serum lipid fractions bears a close resemblance to that of plaque lipid. tVhile 

these data would be in keeping with the concept that the lipid in atheromatous 

plaques is derived from serum, it is not possible, 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 particular fatty acid composition 

in determining the formation of atheroma, it is noteworthy that the greatest 

resemblance between the lipid in the plaques and that in serum was found for 

the Bantu. Since this group is least susceptible to atherosclerosis, it would 

seem unlikely that the tatty acid composition per 1!!!. is related to the formation 

of atheroma. 
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IJ.'he 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 t:or total serum. There was some trend for certain lipid 

i-a.tios in the serum of patients to approach those found in the plaques. In 

.general, however, the differences in ~omposition between serum and plaque 

l.ipids were greater than any resemblance. These data suggest that, if' plaque 

lipid is derived from serum, this does not oceur by .any simple process of 

d,eposition of circulating serum lipid. 
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su•KARY 

1. lfhe composition of lipid in total serum, in the serum ~-lipoprotein 

traction and in arterial atheroaatous plaques has been determined. 

Blood samples were obtained from 16 Bantu, 12 healthy White subjects 

(controls) and 12 patients with isohaemio heart disease (I.H.D.). 

Arterial atheroaatous plaque material was obtained by aorto-iliac 

endarterectom.y trom 12 other White subjects with I.H.D. All subjects 

were males between 40 and 50 years ot age. 

2. The concentration of both free and esterified cholesterol, triglyceride 

and phospholipid were determined chemically and total lipid concentration 

obtained from the sum ot these determinations. '!he qualitative and 

quantitatiTe fatty acid compositions of cholesterol ester, triglyceride 

and phospholipid were determined b7 gas-liquid chromatography. Dietary 

data were obtained by recall. 

,. 11'he composition of lipid in total serum and in the serum p-lipoprotein 

traction has been coapared within each group and between the groups ot 

subjects. !he coaposition ot lipid in the atheromatoua plaque material 

has been compared with that in total eerWI and in the serum p-lipoprotein 

traction in each group of subjects. 

4. In both total serua and in the serum f-lipoprotein fraction the concen­

tration of total lipid and of each lipid fraction was significantly lower 

tor the Bantu than for the other two groups. Although the mean concen­

trations of the lipid tractions were generall7 higher tor patients than 

for controls, these differences were statisticall7 significant only for 

free cholesterol in total serum and tor the total lipid9 tree cholesterol, 

triglyceride and phospholipid in the p-lipoprotein. (3-lipoprotein lipid 

concentrations, in general 9 provided better separation between the groups 

than did the lipid concentrations in total serua. 

5. In all cases the major proportion of serum lipid was present in the p-lipo­
protein. '!here was a highly significant positive correlation between the 

concentrations ot lipid in total serum and in f-lipoprotein. Any increase 

in the concentration of lipid in the total serum was due almost entirely 

to an increase in the concentration in f-lipoprotein. 



154. 

6. The relatiYe proportions of the lipid coaponents were coapared between the 

groups. In total eerua only the percentage of phoapholipid showed a 

graded decrease froa Bantu through controls to patients. In p-lipo­

protein the relatiTe proportion• of lipid were siailar for patients and 

control•, but the Bantu showed differences froa both other groupa for a 

nuaber of lipid parameters. 

7. On exaaining certain lipid ratios in total s•ru• and in p-lipoprotein, 

better separation between group• was achieYed than by coaparing lipid 

concentrationa. This aeparation waa aore aarked in total serua than in 

p-lipoprotein. 

8. !he cholesterol eater, triglyceride and phoapholipid fraction• each haTe 

a characteristic fatty acid coapoaition. The fatty acid coapoaition of 

these lipid fractiona in total aerua cloaely reseabled those in the 

p-lipoprotein in each group of subjecta. In each lipid fraction, the 

percentage of linoleio acid was lower and the percentages of palaitoleic 

and oleic acids were generally higher in the J&ntu group than in either 

of the other groupa. 

9. Dietary analyaia showed that the concentration ot serum lipid could not be 

directly related to the fat or carbohydrate content ot the diet in the 

three groups. !he proportion of protein calories was directly related 

to serua lipid concentrations. !he linoleic acid intake expressed as a 

percentage of total calories was related to the proportion of linoleic 

acid in the esterified lipid fraction• of serum. 

10. Atheroaatous plaque lipid was found to have a fairly conatant composition, 

characterised by a high proportion of cholesterol, of which alaost half 

was in the free fora. 

11. 'l'he fatty acid coapositiona of the eaterified lipid fraction• in total 

serum and p-lipoprotein were siailar to the corresponding fractions in 

the plaques. Thia reseablance was particularly marked for cholesterol 

ester and triglyceride, but less ao for phoapholipid. In general, the 

tatty acid coapoaitiona ot serua lipid fraction• in the JSantu reseabled 

those ot the plaques aore cloaely than did thoae froa the other two groups. 
On coaparing the relative proportions of lipid coaponenta in seru• and 

in the plaques, the Talues for p-lipoprotein approached those of the plaques 
aore cloael7 than did those for total serum. In general, however, differences 

in lipid coapo•ition were more striking than any similaritie•· 
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Serum lipid fatty acid data 

'I'he fat~y acid eomposi tion.s of the cholesterol ester, triglyceride and 

phospholipid fractions of human se.rum reported. in other studies a:re shown 

together w1 th the findings reported i.i'.l this study (Tables 1 - 6 t pages 

185 ... 18'8) .• 

The rele,rant data reported in the theais are shown in Tables 23, 24, 30t 

31, 36 and 37 (pag.es 82, 83, 95, 96, 1.03 and 104), and on pa.ges 84, 85, 9.h 

97, 101 and 111. 
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Author Subjects Cl6:0 Cl6tl 018:0 Cl8cl Cl8:2 

?ttean tl.ean Rean llean .llean 

Present etud7 Bantu 14.1 7.3 2.1 27.7 35.6 
Control 11.8 4.2 2.0 21.7 46.8 
LB.D. 12.2 4 .. 4 1.4 18.8 52.2 

Lawrie e\ al. 1961 Rormala 16-45 years 13.8 6.0 :,.:, 21.7 35.2 
Kales and females 

Schrade et al. 1961 Normal males 19-42 years 1L7 6 .. 0 2.5 1s.7 4s.4 
lormal males 46-71 years 12.0 e.4 3.1 20.7 44.9 
Atherosclerotic subjects 16.6 10.7 2.9 20.0 }8.6 

Linctsren et al. 1961 Normal subjects 10.0 ,.2 1.2 17.a 55.3 

Hallgren et al. 1960 lormal males 23-38 years 11.0 4.s 0.8 23.2 46.2 

Scott et al. 1963 Bew Yorkers }0-45 years 10.3 ,., 1.1 19.2 57.5 
Poor East Africans 12.6 6 .. 0 2.0 29.1 41.0 30-45 years 

Upper class East Africans 12 .. 1 5.s 2.1 26.9 42.5 30-45 years 

.Battcher and W'oodfbrd lormal males 11.2 :,.4 1.2 19.4 56.2 1961 ( P-lipoprotein) 

Atheroaclerotic males 11.8 4.6 1.5 21 .. 8 4a.5 ( p-lipoprotein) 

Swell et al. 1960 Atherosclerotic males 13 .. 7 4.1 1.3 25.a 43., 

Saith 1962 Healthy subjects 14.7 2,., 47.8 (Sfo-12 lipoprotein) 

Subjects with I.B.D. 11.9 24.a 47.9 (Sfo-12 lipoprotein) 

'fable l: fhe percentages of the major ratty acids in serum cholesterol ester, 
as determined by different authors, using the technique of G.L.C. 

c20,4 

Kean 

7.5 
6.9 
5.a 

,.s 

5.0 
:, .. 9 
2.8 

5 .. 6 

5.9 

e.4 

8.1 

9.2 

4.4 

5.4 

7.5 

5.1 

5.1 



184. 

Author Subjects Dienes 'fetraenea 

•ean Kean 

Present stud7 lantu ,5.6 7.5 
Control 46.8 6.9 
I.B. l). 52.2 5.8 

Luddy et al 1958 loraal aales 47.5 8.0 

Lewis 1958 Healthy .Europeans s,.2 9.5 
Europeans with I.H.D. 40.6 7.6 
Healthy :aantu 55.4 13.6 

-
Tuna et al 1958 loraal subjeots 41.1 a.o 

Sohrade et al 1959 Healthy subjects 47.1 6., 
Atherosolerotic subjects ,a.o 5.0 

fr1cht et al 1959 loraal eubjects 43.a 6.1 

Jjorntorp 1960 •oraal subjects 42.5 5.1 
22 - 77 years 

Joraal young sales 43.e 4.6 
SubJeets with essential 39.0 5.3 
hypercholesteroleaia 

Rile7 and lunn 1960 Healthy as.le 39 years 39.0 ,.5 

llngsbu17 et al 1962 loraal aubjecta 45.1 8.0 
48 • 70 7ears 

"J.theroaatous" subjects 30.0 4.7 
51 - 74 7eara 

Table 2i The percentage• in serum cholesterol ester of dienes and 
tetraenea, aa deterained by different authors, using the 
technique ot alkali isomerization. 

Present study Dienes• Cl8r2 
fetraenes • C20r4 
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Author Subjects Cl4:0 01610 Cl6tl Cl8t0 Cl81l Cl8s2 

Mean Mean ttean Mean dean Hean 

Present study Bantu 2.2 26.5 7~2 6.7 39.5 10.1 
Control 2.1 28.4 4.9 5.7 40.4 13.4 
1.u.n. ,.2 28.9 6.1 5.1 35.a 15.3 

Lawrie et al. Normals 16-45 years }.8 21.0 1., ,.1 26.0 11.9 
1961 .Maleo and females 

Schrad.e et al. Normal lllales 19-42 years 1.5 21.a 7.7 5.6 36.4 12.7 
1961 normal males 46-71 years 1.7 28.9 7.7 4.3 36.0 11.:, 

Atherosclerotic eubJects 2., 29.5 8.0 3.6 ,a., 10.8 

Lin4gren et al. Bormal subjects - 29.s ,.1 4.6 39.1 15.7 
1961 

BallgTen et al. Worm.al males 23•}8 years ,.o 24.9 6.2 4.0 41.4 10.9 
1960 

Scott et al. new Yorkers }0-45 years 2.1 29.4 4.0 4.7 43.1 16.8 
19.63 Poor East Africans 

,0-45 years 2.7 30.5 5.1 5.6 44.6 11.5 

Upper class East Africans 3.a 33., 5.2 6.7 40.5 10.5 30-45 years 

Bew Yorkers ovor 45 years 2.8 29.9 4.7 5.0 43.2 14.5 
Poor East A!ricans over 2.8 30.6 5.3 4.9 .44.2 12.1 45 years 

Upper class Bast Africans 3.7 ,,.1 5.0 6.7 40.7 10.9 over 45 years 

BSttcher and Normal males 2.5 2:,.6 5.7 5.2 35.e 15.6 Woodford 1961 (-<-lipoprotein) 

Atherosclerotic males 2.6 21.} 7.6 4.9 34.3 14.6 { ~ -lipoprotein} 

~able 3t The percentages of the major fatty acids in serum trigl1ceride, 
as determined by different authors, using the technique of O.L.C. 

c20,4 

Mean 

2.1 1., 
1.4 

,.4 

,.o 
2.4 
2.1 

1., 

0.6 

2.8 

;.1 



186. 

Author Subjects Dienes Tetraenea 

Jlean Mean 

Present Study Bantu 10.1 2.1 
Control 13.4 l.} 
1.H.D. 15., 1.4 

Luddy et al 1958 lor11al males 14.:, 1., 

Schrad.e et al 1959 H.eal thy subjects 10.9 0.8 

Atherosclerotic 11.2 1.5 subjects 

Bjorntorp 1960 Normal subjects 8.0 1 .. 6 22 - 77 years 

Normal young males 9.2 1.2 

Subjects with essential 8.1 1.0 hypercholesterolemia 

Antonis and Bersohn 1960 Bantu males 30.7 a., 
European males 26.6 5.5 18 - ,o years 

European males 21.7 5.5 }l - 40 years 

European males 20.2 5 .. a 41 - 70 years 
Subjects with LU. D. 18.1 4 .. 0 40 - 60 years 

fable 4: The percentage in serum triglyceride ot dienes and tetraenes, 
as determined by different authors, uaing the technique of 
alkali isomerization. 

Present study Dienes• 01812 

!'etraenes • C20:4 
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.luthor Subjects Cl4t0 01610 Cl61l 01810 Cl8:l Cl812 

Jlean Mean •ean Mean Mean Mean 

Preaent study Bantu ;4 .. 5 2.1 15.0 15.3 1;.9 
Control ;1.7 L,7 14.; 10.6 17.4 
I.a.?>. ;4.0 1.8 15.1 11.0 lB.6 

Lawrie et al. •ormala 16-45 years o.e 26.7 2.4 10.; 16 .. 7 17.2 1961 Males and female• 

Schrade et al. Healthy subjects 30.1 ;.6 12.1 15.1 20.7 
1961 ithero•clerotio 

subJects 34.9 3.2 11.9 16.7 18.l 

Lind,ren et al. Woraal aubi)ects ;;.2 1.1 14.; 11.9 21.9 
1961 

Hallgren et al. loraal me.lea 0.5 27.7+ 11.9 14.3 20.4 1960 2}-38 7ears 

Scott et al. ••• Yorkers 30-45 year• trace ;5.2 1.2 1;.4 11.8 24.3 
196; Poor last African• 

30 - 45 7eara 0.4 ;5.6 1.7 15.6 16.7 17.4 

Upper class Baat Africans 0.4 37.0 1 .. 7 15.3 15.2 17.1 
30 - 45 7eara 

le• Yorker, oTer 45 years o.6 ;4.5 1.5 15.0 13.4 22.8 

Poor Sa•t African• over trace 34.4 2.0 14.2 15.a 20.0 45 years 

Upper claaa Ka.at Atricana 0.5 ,e.o 2.1 14.1 14.4 19.7 over 45 7eara 

Uttcher and loraal aales 30.e 1.0 14.5 11.0 17.0 loodtord 1961 ( P-lipoprotein) 

4therosclerotic aale• 2a.4 1., l}.1 1.5.4 17.6 ( .,B-lipoprotein) 

Jaaea et al. Boraal aubjecta 26.7 1,., 20.8 18.8 
1957 Subjecta with I.H.D. 19.6 

Dole et al. loraal males and teaalee 1.1 ;3.1 2.5 12.e 18.6 16.0 
1959 

Table 5• The percentac•• of the aajor fatty aoida in serum phoapbolipid, as 
deterained by different authors, using the technique of C.L.C. 

+ • Cl610 + Cl61l 

C20•4 

Mean 

8.2 
9.1 
7.0 

6.2 

a.7 

5.9 

9.; 

8.8 

14.2 

12.7 

1;.4 

12.; 

13.7 

11.2 

4.7 

5.6 

9.7 
9.6 

4.3 
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Author Subjects Dienes Tetraenes 

lfean Jlean 

Present stud7 Bantu 1:,.9 8.2 
Control 17.4 9.1 
I.B.D. 18.6 7.0 

Luddy et al 1958 llormal males 14.5 e .. 2 

Schrade et e.1 1959 Health7 subjects 22 .. 2 6 .. 6 
Atherosclerotie subjects 19.6 4.5 

Creen et al 1960 loraal subjects 14.1 7.4 ( f-lipoprotein) 

Bjorntorp 1960 lformal subjects 15.} 6 .. 5 
22 - 77 years 
Normal males 17 .. 3 6.8 
22 - 36 years 

I.anthome.tous subjects 14 .. 5 6.0 

Subj.ects with essential 1:5.4 5.7 hypercholesterolem1a 

Table 6a '!he percentage in serum phospholipid .of dienes snd tetraenes, 
as de-termined by different author,s, using the technique of 
alkali ieomeriza.tion. 

Present study Dienes• Cl8a2 

'fetraenes • C20r4 
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Die tag . dat~ for . ittdi vid11al aubjeC'\§ 

!-he dleta:ry data tor ind1v1:d:u.a1 su:bJecta sampl.ed in this atu~y are 

shown in Tables 1 ._ , (pages 191 ... 19.5). fte valuf!t1l tor ,each group ot 

eu'bJect.s reported in this 'thesis tn 'fables 42 and 43 (pages .115 and 116) are 

derived tr.os these ind.i,vi.dual values. 

fhe method whereby tbo indi,tidual data were obtained: ls desc~ibed 

~tuler 0 Die·tary oa'lyai.a0 (s.ee page 15) and the q:uestionoire tt$eil i:n obtaining 

tb:ia tntormati.on is shown on pages 194 - l~J?. 
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,-t 

°' ,-t 

-

Subjeot 

l 

2 

' 4 

5 

6 

7 

e 

9 

10 

11 

12 

Total 
Calories 

20,1 

2541 

2156 

1492 

1850 

2242 

1}70 

1537 

1609 

1858 

1526 

2568 

Table 1. 

Daily Intake Percentage of dai1y oalories 

Carbo- Protein .Pat Linoleic Carbo- Protein Fat Linoleio Fat calories 
hydrate Acid hyd.rato Acid derived from 

Linoleic Acid 

SIil gm gm sm " " " " " 
2:58 85 83 4.6 47 16 37 2.0 6 

524 122 84 9.5 51 19 :so ).4 11 

229 102 90 7.2 43 19 38 ,.o 8 

145 86 6:, 11.1 :S9 2, :58 7.0 18 

296 79 39 6.2 64 17 19 3.0 16 

291 86 19 4.7 5:S 15 )2 1.9 6 

178 77 ,9 4.2 52 21 27 2.8 11 

200 83 45 4.2 52 22 26 2.5 9 

149 109 64 1;.o ,1 27 ;6 1., 20 

177 58 102 5.9 ,a 1; 49 2.9 6 

156 70 69 3.2 41 18 41 1.9 5 
;21 12, 88 7.7 50 19 :51 2.7 9 

!he oompoai t1on of the average daily diet ot the .subjects with I. Ii. D. 



N 

°' r-4 

Subject 

l 

2 

' 4 

5 

6 

7 

8 

9 

10 

ll 

12 

Total 
Calories 

2646 

2078 

2;;a 
251; 

2492 

.249} 

2492 

28}3 

3654 

2195 

2629 

2516 

Ta.ble 2. 

Daily Intake Percentage of d.e.ily calories 

Garbo- Protein Fat Linoleio Carbo- Protein lat t.inoleio Fat calories 
hydrate Acid hydrate Acid derived t:rom 

Linoleio Aoid 

p p gm gm 'I, ~ " 'I> I " . .. ' 

·261 119 125 5.5 40 18 42 1.9 4 

159 88 121 5.4 ,1 17 52 2., 5 

164 94 145 5.7 28 16 56 2~2 4 

155 92 170 6.7 25 1; 60 2.4 4 

205 92 145 6.1 '' 15 52 2.2 4 

255 87 125 6.0 41 14 45 2.2 5 

192 9; 1.50 ,.2 :n 15 54 1 .. 1 2 

207 114 172 11.0 29 16 55 3.5 6 

301 117 220 6.5 )5 15 54 1.6 ' 187 105 114 e.5 54 19 47 ,.5 s 
224 107 145 11.7 34 16 50 4.0 a 
220 81 143 11.l 3S 14 51 4 .. 0 8 

. 

The composition of the average daily diet of the control subjects. 

,. 
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Subject 

l 

2 

' 4 

5 
6 

1 
8 

9 
10 

11 

12 
13 
14 
15 
16 

fotal 
Calories 

4547 
,531 
3848 
3804 

3871 
:5922 
3648 

4147 
3772 
4)75 
3738 
4505 
3965 
4603 
4001 

4095 

fable 3. 

Daily Intake Percentage of daily calories 

Carbo- Protein Fat Linoleic Carbo- Protein Pat Linole1c Fat calories 
hydrate J\.Cid hydrate A.old derived from 

Linoleic Acid 

gm gm em 8111 " % ,£ " % 

934 115 39 10., 82 10 8 2.1 26 
1,, 80 ,1 ,., 8:S 9 8 1.4 17 
746 1,5 36 7.1 18 14 8 1 .. 7 19 
765 105 :56 7.4 81 11 8 1.8 20 

783 106 :55 6.2 81 ll 8 1.5 18 
806 98 34 7.4 82 10 8 1.7 22 

749 91 32 . 6.5 82 10 8 1.6 20 

844 114 ,5 6.4 82 11 7 1.4 18 

749 115 56 7.5 79 12 9 1.8 20 

866 131 4, 10.9 79 12 9 2., 25 
729 131 34 6.1 78 14 e 1.5 18 

ae, 142 45 10., 78 1, 9 2.1 2, 

799 109 ,1 7.8 81 11 8 1.8 21 

9}0 115 47 11.0 81 10 9 2.2 2, 
787 130 37 7.3 79 l} 8 1.7 19 
795 14:S ,9 s.4 77 14 9 1 .. 9 20 

The composition ot the average daily diet of the Bantu subjects • 

.. , 
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194. 

nIETARY AB4LYS1S ~OESTIONBA!RB 

J!l.Ii.E ----------------
MJE ·--------

s~x. _____________ _ OCOUPAflOM ______________________ ~...-..-

A.. What kind of bread do you eat, and how rauch per day? 

-
number of slices thicknosa of slice 

\'Jb.ite 

.Brown 
.-...,e _, I aw 

Ohole meal 

Rye 

Other 

.B. i:ihat do you spread on your bread? ls tho spread thick, thin or medium? 

number ot slices thickneea ot spread 

Butter 

Jaarg~rine 

Cheese 

Jam 

Honey 

Sandwich Spread 

Peanut Butter 

Other 

Nothing 
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195. 

c. Row much o.nd how often inn. week do you eat or drink any of the following? 

times per week quantity 

~ilk (including that with 
cereals, beverages and cooking} 

Skim milk 

Sour milk (Amasi) 

Cheese 

Cream 

Ice-cream 

lJilk shakes 

J. llow mal'l1 eggs do you eat in a week:, and how are they prepared? 

Eggs per week Boiled Fried :.>orambled .Poached Omelette 

Jhat fats or oils are used in preparing the eggs? 

Butter ~argarine 011----~-------

J. Do you prefer fat or lean meat?--------~--

Row often end bow much of the followins do you eat, and how is it prepared? 

Times Portion ~ethod of Cookin~ Cooking fat or oil Type of meat per size Grilled used week L(arge) Fried Stewed Roasted 
M{edium) Boiled Baked 
S(mall) 

mutton 
Pork 
Beof 
Sausa«es 
Pies 
Poultrv 
Cffal 
Fish{f'reah.) 
.Fisb.(tinned) 
Bacon 
Tinned meat 
.PolonY. Ram 
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196. 

P. llow much and how often in a week do you eat any of the following? 

times per week Size of portion 
L(arge) 
M(ediwn) 
s(mall) 

a) Spaghetti, macaroni, noodles 

b) Rice 

c) Samp 

d) Ilenlie Rice 

e) Mealie tloal 

t) Beane (dried) 

g) Oats, Katf'ir-corn 

h) Breakfast cereals 

G. How much and how often in a weok do you eat the following? 

Is an, cooking f'at (e.g. butter) or cooking oil used in preparina them? 

Times per week Portion Oil or Fat L(arge) 
M~edium) 

used 

Small) 

a) Potatoes (boiled) 

(tried) 

{mashed) 

( roasted) 

{ cbil:>s) 

b) VeRetables (cooked) 

Ve.iretable salad 

Legumes, {peas, beans. lentils) 
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H. How much and ho• often do you eat (or drink) the following? 

'rimes f"r week: Quantity 

Cakea 

Biscuits 
-

Duna 

Ruelto 

Pastries 

Sweeta 

Chocolate 

Buts 

Alcohol 

Dried fruit 

Fresh fruit 

Canned fruit 

Sugar (in beverages or on oereals) 

1. How long have 7ou been following the diet described? ------------

3. Are 7ou on any special type of diet?~----~~-~~~~~~~~~~--~~---




