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ABSTRACT

A metabolic study !,las undertaken to examine the response

of serum lipids and serrm cholesterol specific activi¿y i_n healthy
young men to cholesterol i¡takes of 113 to 1g1! per day. Five diets,
a o-Egg ¡ l-Egg, 2-Egg, 3-Egg and 6-Egg d.iet were d.esigned to differ
ir¡ the cont ent of egg yolk chol_esterol- onÌy. A mixbure of fats,
form¡l_ated to simu]-ate the fatty acid. composition of the average

canadian diet, provided three-quar.Lers of the carories from fat
i¡ each of the experimental diets. This mi:rtr:re r,ras prepared from

lard, tal]ow, corn oi1, butter and hydrogenated soybean oil. Thè

remaiaing one-quar+er of the calories from fat i¡as prorrided by egg

yolk lipid, si:rn¡l-ated yolk fat prepared by combÌning palm oiL
and hydrogenated soybean oil_ in a 2:l mi,.ture. , or a combi_nation

of these depending upon the nurnber of whole eggs i¡ the diet.
Usi-ng these fat mixtures ensured that fat provided laT/o of Lle
calories Íl the l0O0 keal diets and that the fatty acid conposition

of the five diets was similar.

The subjects were 10 young men 1g_2! years of age.

They resided in their o¡^¡n homes and. mai-ntained their usuar actirrities
throughout the study, but were required to eat their rnear-s i¡r the
Home Economics facil-ity on the university campus. Approximately 2J

days prior to conmencing the study, subjects r,rere i-rlfused. with !O uc.
of tritiun labelLed chofesterol. T:ne l+2 day metabol_ic trial was

divided into 2 three-week diet periods. Ti4¡o subjects were rand.o¡rùy

assigned to each of I,he J diets for the first three h,eeks.
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"A't the end of this d.iet period subjects r^rere reassigned to different
diets. This Incomplete Tatj¡r Square Design prorided l.¡ replicate
obserwations for each diet. Fasting venous blood sanpfes were taken

at the begi-n¡ìing of the study and at weekly i¡rterwafs thereafter.

TLle level of chol-esterol i-n the diet had a significant
effect (P(c.05) on ssum cholesteror- revers. The rer-ationship between

dietary cholesterol and serum cholesterol was linear (p(0.01) and

higþly correlated (r2+ O.9O). The rel-ationship between the number

of whole eggs consumed and serrrm cholesteror concentration is defined

by the equation: s erum cholesterol (mg/af) = !+7.7 + 11.9 (the

number of whole eggs per day). Thus, for each adùitional egg in
the diet (3OO rg cholesterol) senrm chol-esterol- irrcreased. by

approximateþ a2 ng/dl- . The effect of dietary chol_esterol_ on

serum phosphofípids and triglycerides was not significant. The

paitern of response jl serum phospholipids was simifar to that of
serum cholesterol butthe magnitude of response was more varj_abl_e.

With an i-ncrease i_n egg consumption the proportion of chofesteïyl

alachj-donate in the cholesteryl esters ilcreased. slightly, less

than J/", but consistentty and this appeared. to be primarily at

the expense of ehofesteryl- fi_nofeate. The propor"Lion of saturated.,

monounsaturated and polyunsaburated fatt¡" ¿g1¿, of chol-esteryl-

esters was not alte.recl b;r' a change in egg consumpticn.

There v¡as no significant ,hange i-r¡ Lhe slope of the

p1-asma specific actiuity - tine curve for any subject when the fevel_

of cholesterol i¡l the diet was changed. However, for several of the
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subjects the change j¡r serum cholesterol, consequent to a change i-rl

clietary cholesterol i'take, was accompanied by a small change in the

slope of the plasrna specific actirrity _ ti:ne curve. These changes

are likely to be a result of an i-rtcrease or dec"ease i_n absorption

of cholesterol and thus an i¡rcrease or d.ecrease in the dilutíon of
the plasma 1abe1, respectively. The transient nature of these

changes suggests that in the hunan compensation for an j¡rcrease

or decrease i_n absorption of cholesterol occurs rapidly.
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I NTRODUCTI ON

Death as a consequence of a compromised cjr"culation to the

heart, brain, kidneys and limbs is the most prominent cause of mortal-

ity operating in affluent societies today (Kannet , L974). There is

much evidence to suggest that modification of our life-styìe by modern

technology - which has replaced manpower with machines thus d.imìnishing

the need for physicaì exercise while at the same time providing a

surfiet of rich food and drink - has contributed to the increased toll
by cardiovascular disease. That atherosclerosis is the leading.cause

of death in North Ameri ca and that alteration of our environment may

be promoting it demands some kind of action.

Atherosclerosis is a disease characterized by the accumulation

of Iipid substances in the walls of large blood vessels (Gresham, 1972).

The disease is manifest as myocardial infarction or angina pectoris

when the coronary arteries are involved and as stroke when the cerebral

arteries are involved. It is a disease that evolves under the infìuence

of multiple contributors and to date no single essentiai factor, without

which the disease fails to occur, has been identified. While the

general tendency to deposit ìipìd in the arterial walls is ìargely

determined by the ìevel of blood lipids and blood pressure, dynamics

of blood flow, artàrial calibre and the integrìty of the vascular intima

also influence whether and where atheromata will form (Aitshuìe, 1974).

These parameters are under the influence of genetic, cultural

and environmental factors. 0f the cultural and environmental variables

known to increase the risk of atherosclerosis many are under the control



2

of the i ndi vi duaì ; di etary habi ts , sedentary I ì vi ng habi ts , smoki ng

habits and emotional stness. Genetic influences regarded as predis-

posing factors in atherosclerosis are generally not perceived as

responsive to preventative intervention; raciaì influences, sex differ-
ences, familial history of vascular disease and diabetes meliitus.

The concept of muìtiple continuous interrelated variables has

confounded delineation of the degree to which each of these contributes

to the atherosclerotic process. Abnormalities considered atherogenic

are more a matter of degree than kind - blood lipids, blood pressure

and glucose tolerance. These biological factors are graded chalacter-

istics of normaì body constituents, continuously djstributed with.in

the population with no discernible critical vaì ues separating diseased

fron non-diseased individuals. As well, the compiex tissue histology

and haemodynamics infjuencing the evolution of atherosclerotic lesions,

the inabìlity at present to accurately assess the presence and extent

of the disease in living persons and the lack of a satisfactory experi-

mental animal model for study of the d.isease process have further

compììcated efforts to identify and isolate these predisposing factors.

Aìthough cardiovascular disease has been correlated with a

number of risk factors the one that stands out more than any other in

cl inical tests, animal exper-imentation and epidemioìogical observations

is the association of coronary disease with blood lipid elevations.

All serum lipids have been incriminated in atherogenesis: cholesterol ,

triglycerides, phospholipids and fatty acids as well as the associated

lipid-protein structures which exist for ì.ipid transport.

A disproportionate amount of coronary heart disease in the



general population develops among individuals with serum cholesterol

vaìues greater than 250 mg/ dt. (Dawber, 1962; Kanneì , lg7li
Schrimshaw and Gunzman, 1968). And, hypercholesterolemia appears to

be a factor common to all forms of coronary heart disease, hence interest
has focused on serum cholesteroì. Ep.idem.iological studies such as the

Framingham Enquiry and the National Diet Heart Study have shown that

diseases associated with hypercholesterolemia are also associated with

premature atherosclerosis and that the risk of developing coronary heart

disease' is proportional to the eìevation of btood cholesterol (Gordon,

1971; National Diet Heart Study Research Group, 196g). Countries with

high average serum chojesterol values among their inhabitants report

high coronary death rates, those with low values report lower rates

(Epstein, 1965; Car'lson and Bottìger, 1972). This association between

blood choìesterol and atherogenesìs has also been substantiated by

clinical tests and animal experimentation: persons with inborn e*ors
of cholesteroi metabolism exhibit precocious deveìopment of atheroscl-

erotic disease (Kanneì , 1974); atheroscierotic deposits have abnormaì1y

high cholesteroì concentrations and concentrations as high as 500% of
those in normal aorta have been reported in fatty streaks of human

aorta (Insu11 and Bartsch, 1966); movement of cholesterol from blood into
atherosclerotic deposits has been demonstrated by Jagannathan et al (197a);

inducing hypercholesteroìemia in experimental animals produces athero-

sclerotic deposits and studies with dogs, fowl and primates indicate that

these deposits can be made to regress by lowering serurn cholesterol

(Wissler et al , 1968; Armstrong et al , 1970).

Although the most intense focus has been directed toward serum
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cholesterol and its reìationship to atherosclerosis several other blood

lipids have also undergone scrutiny in this regard. Turpeinen et al

(tgOS) have stated that the risk for coronary disease can be shown to

rise in relation to the serum phospholipid levet. The significance of

thìs is difficult to establish as phosphoìipid levels have been found

to paral lel those of serum cholesteroì (Connor et al, 1961; Erickson

et al , 1964; and Anderson et al ,1976). Insull and Bartsch (1966) have

also reported phosphoìipid values in atherosclerotic deposits which are

150% of those in adjacent normal intimae. since 1959 when Albrink and

Mann suggested that elevated serum trigìycerides might be related to the

pathogenesis of heart disease severaì investigators (Brown, l9S9;

Albrink et aì, 1961; Allard and coulet, 1967; and Albr.ink, 1973) have

demonstrated a firm reìationship between elevated serum triglycerides
and coronary heart disease. carlson and Bottiger (1972) and Allard and

coulet (1967) have reported that coelevations of serum trigìycerides and

cholesterol are more criticai in producing morbìdity than an increase

in either lipid component alone. And, Ho et a] (1974) has observed that
serum phospholipìd and trigìyceride levels of US whites are linearly
related to serum cholesterol leveìs even in the presence of elevations

in serum chol esterol .

Results of numerous controlled clinicaì trials have establ ished

that dietary lipidi have an effect on serum ìipid patterns ìn man. Diets

high in saturated fats, containing hìgh proportions of C12:0, C14:0 and

C16:0 fatty acids have been shown to elevate serum cholesterol (Grande

et a1 , 1972t Cobden, 1975). Diets containing high proportjons of poìy-

unsaturated fats are generaìly conceived of as having a cholesterol
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depressing effect (Sodhi et al , 1967; Nestel et al , 1975). Studies

have also shown that dietary choiesterol has a cholesteroi eìevating

effect (Mattson et al , 1972; Anderson et al ,1976). The changes induced

in serum cholesterol by a change in dietary lipids are generally paralì-

elled by changes in the serum phosphol ipid concentratìon (Connor et al ,

1964; Grande et al , 1965i Cobden, 1975). It has also been suggested

that the serum triglyceride concentration is responsive to changes in

dietary fat and dietary cholesterol intake (Connor et al , 1964; Grande

et ai, 1972) and that the serum cholesteryl esters, phosphol.ipid fatty
acid esters and trigìyceride fatty acid esters can be altered by changìng

the fat component of the diet (Ahrens, 1957; Nestel et al , 1965).

To counteract the present ìncidence and mortality from athero-

sclerosis in North America, the diet should be modified to minimize

elevations of serum lipids. Epidemiological studjes have shown that
populations who consume diets low in fat, such as those which characterize

tribal African and rural Japanese populations, have a much lower incidence

of atherosclerotic disease (Wynder et al , l97Z). Metabolic studies have

indicated that dietary alterations should include, besides a decrease in

total fat, replacement of animal fats with vegetabìe oils in order to

increase the proportion of polyunsaturated fatty acids and to decrease

the proportion of saturâted fatty acids and choìesterol in the diet.
But generally thesê diets tend to be ìess acceptable to the North Arìerican

popu lati on at ìarge.

Many of the earìy studies which implicated various fats in
the diet as being atherogenic were conducted with instjtutionalized
subjects who were fed formula diets or with subjects with manifest hyper-
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lipidemia and/or atherosclerosis. It now seems appropriate to invest_
igate the effects of these dietary fats on serum lipid patterns in
heaìthy free 'l iving individuals in order to determine which dietary
alterations are truly beneficial with respect to serum tipid ìeveìs.
At the same time it is imperatìve that it be determined by what mechanism

the dietary alteration effects these changes in serum 1ìpids. That is,
it is unacceptabte if a decrease jn serum lipids is brought about by

deposition of iipid in tissues as it is likely that locaìized accretion
of lipid in arterial waìls is critical in the development of athero-
scierosis. with these facts resorved it wiI be possìbìe to make rearistic
recommendations with respect to preventative measures that wifi be bene-

ficial to the North Arnerican society at large.

A very important food, in terms of the canadian economy as werl

as the nutrient needs of canadians, which contains a high ìeveì of dìetary
cholesterol is the egg. sínce the general recommendation to canadians is
to decrease their" egg consumption to 3 eggs per week the effect of egg

yoìk choìesterol on serum ìipids of hearthy free riving individuars needs

to be better defined to justify these practices. The present study
investigated the effect.of egg york choresteror on serum ripìds in heaìthy
young men consuming a mixed diet and the mechanism whereby dietary cho'i-
esterol effects a change in serum cholesterol levels.



OBJECT IVES

The primary objective of this research was to .investigate the

effect of dìetary choresteror from egg york on cholesteror metaborism of
heaìthy young men. Five levels of cholesterol intake were achieved by

incorporating 0, L, 2,3 and 6 whole eggs into diets consìsting of
natural foods in which 40% of calories were supplied by egg yoìk .lìp.id

and a mixture of fats simirar to those in the canadian diet. The diets
resembled the average canadian diet with respect to propontion of carories
from fat, protein and carbohydrate and fatty acid composition but provided

five levels of dietary choìesterol (i13,441,78i, 1058 and 1819 mg/day).

The effects on choresteror metaborism were assessed by determining serum

cholesterol levels and changes in the specific activity of serum choresteror.
secondary objectives incruded examination of the response of serum trigìy-
cerides ' serum phosphoìipìds and fatty acid patterns of serum choresteryi
esters to egg cholesterol .



PART I

THE EFFECT OF DIETARY CHOLESTEROL ON STRUM L]PID PATTERNS

REVIEl¡, OF LiTERATURE

A. SERUM CHOLESTEROL

The experiments of Anitschow in 1933, in which dìets high in
cholesterol caused increased plasma Iipid levels and produced in rabbits
and chickens Iesions anaiogous to atherosclerotic lesions. seen in humans,

made this substance suspect as a factor in human food of etiorogicar

importance in human atherosclerosis. And, untir choìesterol was shown

to be synthesized in the body by Rittenberg and shonheimer in 1937 it
was considered that the cholesterol of the diet was the primary deter-

minant of serum cholesteroì levels. In fact, in 1933 Shonheìmer had

demonstrated that a choresterol free plant fat diet caused a marked

decrease in the serum choìesteror concentration of one hyperchoìestero-

lemic female patient. Further invest.igation of vegetarian dìets by

Groen in 1952 and Hardinge in 1954 indicated that strict vegetarians had

lower serum cholesteror vai ues than partiaì vegetarians who ate eggs and

dairy products and that non-vegetarians had the highest serum choresteror

values. Kinsell, in 1952, reported that diets high in vegetable fat
produced dramatic decreases in serum cholesterol leveìs, whereas iso-
caloric substitution of animar fats ìn these diets caused the revers to
rise promptly. Kinsell also observed that addìng cholesterol to the

vegetable fat diets did not reverse these effects (Ahrens, 1957). These
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findings were confirmed by Ahrens et al (1954) and about this time the
emphasis shifted from the effect of dietary choresteror on serum chores-
terol to the effect of animaì versus plant fats and subsequen y to
saturated versus unsaturated fats in the diet.

prior to 1960 the greatest numben of reports in the literature
supported the hypothesis that dìetary cholesterol was insignificant in
the determination of serum cholesterol concentration (Ahrens, 1957). Turner
et al (1939) added 10 gm of crystaìline cholesterol in milk to the daily
diet of a group of patients for six weeks without arter.ing sìgnificantìy
the serum choresteror iever. Ahrens et ar (tgs4) nave denonstrated that
when serum cholesterol ìevels were depressed by feeding d.iets high in
corn oir the addition of 2 gn per day of crystar rine choresteroì produced

no significant erevation in serum choresteror revels and the administra-
tion of 4 and 8 gm per day red to sma| but significant increases in
cholesterol revers. The addition of 600 mg choresteror per day to formura
diets containing 40% of calories as lard a.lso fajled to bring about
further increases in serum choresteroi. Beveridge et ar (1955) noted
that when vegetabre fat diets, with added choresteror and without chores-
terol added, were ingested the prasma choresteror fer i at approximateìy
the same rates. Bronte-stewart et al (1956) added 3 gm of cholesteroî
per day to diets without losing the cholesterol depressant action of
unsaturated fats. And, Keys et al (1956) after extens.ive investigation
of the effect of dietar"y choresteror on serum choresteror reported a rack
of effect on the basis of (1) long term observations of men eating diets
low and high in choìesterol; (2) epidemioìogical survey data; (3) exper_
iments in which free livìng men halved or doubled their cholesterol
intakes for many months; (4) experiments in which 500 - 600 mg crystaììine
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cholesterol per day was added to a rice fruit dìet; and (5) experiments

which tested threefold variations in cholesterol intake in mixed diets
containing 66 gm total fat per day.

Studies concerned with the effect of dietary cholesterol on

serum cholesteroì have taken two forms: crystalline cholesteroì has

been added directìy or a naturaì food that contains a high concentration

of cholesterol , such as, egg yoik or butterfat, has been incorporated

into the diet. From the above discussion it can be seen that the ingestion

of even large amounts of crystalrine choiesteror had reguìarìy faired to
induce significant elevations in serum choiesterol

0n the other hand, the feeding of cholesterol in the form of
egg yoik has resulted in increased senum values. 0key et al (1933)

observed a rise in the mean serum cholesterol level of young women when

egg yoìks were added to low choìesteroì , low fat diets. Steiner et al

(1941) fed patients diets contain)ng 2.4 gm choresteror .in the form of
egg yoìk daiiy for 6 - 10 weeks and obtained an average increase of 102

mgldl in serum cholesteroi concentration. Messinger et ar (1950) found

that a diet containing 3.75 gm of choresterol per day in egg yolk resurted

in an increase in serum cholesterol fron 27 to 61 mgldl whereas 30 gm

of crystal line cholesterol per day had little effect. Bronte-Stewart

et al (1956) reported a pronounced rise in serum chojesterol of 60 mg/dì

when 10 eggs repìaced a fat with a row iodine varue in a choresteror

free diet. The results of these metabolic trials were largeìy disreg_

arded as addition of egg to the diets generalìy altered the amount and

type of dietary fat as well as dietary cholesterol . And, it was concluded

that if crystal line cholesterol in the diet couìd not effect this change
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then some other component of egg yol k was ùhe hypercholesterolemic

agent.

A number of reports by Beveridge et al (1959, 1960), Connor

et al (1961a, 196lb, 1964), Erickson et al (1964) and Bronte-Stewart et

al (1963) which indicated that serum cholesterol was significantìy
affected by feedìng egg yoìk, beef steak and butterfat, when onìy the

choiesterol content of the diet was aìtered, reopened the question of
the importance of dietary cholesterol in the determination of serum

cholesterol . These studies together with the observations by Bronte-

Stewart et al (1963), Steiner et al (1962), connor et al (1961bi and Grande

et a1 (1965) indicated that the quantitative relationsh.ip between dietary
and serum cholesterol were dependent upon the degree of soìubility of
cholesterol in various fats and oils. That is, in order for cholesterol

in the diet to exert its full effect it must be incorporated in the diet
in a form suitable for digestion - dissolved in or closeìy associated with

enough fat of the right type.

Bronte-stewart and Wells (1963) and Beveridge and coworkers

(1960) not only concluded that dietary cholesteroì had a s.i gnificant

effect on serum cholesterol but also that the cholesterol response curve

was linear over a range of intakes up to 500 - 600 mg dietary choìesterol

per day. Upon reinvestigation of the problem, by feeding crystaìlìne
cholesterol to maìe subjects, Grande and associates (1965) concìuded

that serum cholesterol was a rinear function of the square root of the

cholesterol content of the daiìy diet over a range extending beyond 500 _

600 mg per day. They subsequently extrapolated thjs reìationship to
describe the effect of changing the rever of choresteror in the diet,
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such that, the change expected in serum choresteror was expressed by

the equation: change in serum cholesteroì (mg/dl )=L5 (ZZ_ZL) where Z,
was the square root of the mg ch o I esteroì /1000 kcar in diet 2 and Z, was

the square root of the choresteror content of diet l in rngÁ000 kcar

These researchers have arso stated that resurts obtained by Beveridge

(1960), Steiner et al (1962), Connor et al (1964) and Erickson et aì

(1964) were consistent with their prediction equation (Keys et al, 1965).

However, in the same year Hegsted et al (1965) reported that
serum cholesterol was a linear function of the absolute level of choles-

terol in the daily diet. These investigators concluded that cholesterol
fed as a component of egg yolk and butterfat was a significant variable
in determination of serum cholesterol . In this study the effect observed

was an increase in serum cholesterol of approximateìy 5 mg/dì for each

additional 100 mg of dietary cholesterol . Mattson and coworkers (1972)

also demonstnated that dietary choresteror fed as egg yoìk at revers of
0, 126, 2L2, to 3u mg/1000 kcar had a pronounced effect on serum chores-

terol levels and that the rerationship was ìinear. These researchers

noted that the change in serum cholesterol was related to a change in
dietary cholesterol by the equation: change in serum choresteroì (mgldr )

= 1.60 + 0.118 (dietary cholesterol mg,i1000 kcal). Thus, for each

additional 100 mg dietary cholesterol/1000 kcal serum cholesterol was

increased by approiimately 12 mg/dl .

These latter two studies are in close agreement with respect

to the nature of the rerationship between dietary choresterol and serum

cholesterol . 0n the other hand, the relationship described by Grande

and associates (1965) overestimates the effect of dietary choresterol

on serum cholesterol at low intakes and underestimates this effect at
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high intakes of cholesterol comparêd to the results obtained by Mattson

and Hegsted. As regression equations are primariiy descriptive of the

information from which they are derived, these differences may in part

be attributed to the use of crystalìine cholesterol in the dietary trìals
caffied out by Grande and associates as opposed to the use of cholesterol
'in egg yolk and butterfat in the studies by the other two groups.

Several metabolic trials have been undertaken in order to

establish if the effects of dietary cholesterol on serum cholesterol are

independent of the effects of varying the fatty acid composition of the

diet. Hegsted et al (1965), using multiple regression analysis, separated

the effect of dietary cholesterol from the effects of total saturated,

monounsaturated and polyunsaturated fatty acids as well as specific fatty
acids on serum cholesterol . These authors observed that the response to

dietary cholesterol was independent of the effects induced by dietary fats.
similar findings have been reported by Grande et ar (1965), connor" et al

(1964), Erickson et at (1964), Anderson et al (1976) and Nestel et al

( 1e75 ).

A recent report in the literature by Slater and associates (1976)

has chal'lenged the hypothesis that dìetary cholesterol has a significant
and independent effect on serum cholesterol concentration in healthy

free living individuals eating a mixed diet. These authors reported

a series of three studies in which the addition of one or two eggs to

the usual diets of free ìiving subjects failed to cause significant
increases in serum cholesteroì concentration. In the fi rst study reported,

fifteen heaìthy male college students, aged 20 - 30 years, were fed 2

eggs per day in addition to their usual diets for six weeks. The pìasma

cholesterol concentration showed no change as determined by anaìys.is of
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variance' however, when each man served as his own contror and paìred

differences were measured, during the third and fourth weeks of eating

extra eggs the serum cholesterol values were signif.ican y increased.

After three weeks, on extra eggs, the cholesterol concentrations decreased

so that by the end of the sixth week serum cholesterol values had returned

to pre- expe rimen tal I evel s.

In the second study reported by Sìater, a group of older men

with a mean age of 51 years ate 1 additional egg per day for five weeks

and then 2 additionaì eggs every second day for a three week period. It
was found that I additionaì egg per day resulted in signif.icant increase

in serum cholesterol again onìy when the resurts were anaryzed having each

subject serve as his own control . Surprisingìy though, whiìe subjects

consumed 2 additionar eggs every other day serum cholesteror varues

returned to pre-e xperi menta I levels. A comparìson of the calculated

cholesterol intake from either a protein check list kept by subjects whi.le

they ate extra eggs or from a one day diet record kept in the same time
period with a two day diet record kept by subjects in the pre-expe ri men ta l
controi period indicated that only 7 or g of the 21 subjects whose data

was reported actually increased their cholesterol consumpt.ion by 250 mg

per day. The authors assumed the cholesterol content of one egg was

250 mg choìesterol , thus, if egg consumption was actually .increased 
as

beiieved it was at the expense of other cholesterol containing foods.

In the third study of this series a group of coìlege students

with a mean age of 24 years ate two addjtionaì eggs per day in their
dìets for eìght weeks. The resurts of this triar suggest that ùhe addition

of two eggs per day to the diet caused no significant increase in serum

cholesterol values. But, during the fifth, sixth and seventh weeks of
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eating extra eggs serum cholesterol values were significan y decreased,

By the end of the eighth week cholesteÈol values approached the pre_

experimentaì control levels. The difficulties with this type of method-

ology are cìearly demonstrated by the observation that dur.ing the pre-

experimental and post-experimental control periods the serum cholesterol

values for subjects were significantly different despite the assumption

that their diets were the same in these two periods.

This series of studies strongly suggests that further evaluation

of the effect of dietary cholesterol on serum cholesterol levels in
healthy free Iìving subjects is required but aìso that greater control

of the dìetary variable under investigation must be exerciseá in subse-

quent trìals.

B. SERUM PHOSPHOLIP]DS AND TRIGLYCTRIDES

Connor and associates (tgOta; 1961b) reported that a change in

dietary cholesterol resu'lted in a change in serum phospholì.pids comparable

to the change observed in serum cholesterol concentration. They have

reported that the addition of 475 mg of egg yolk cholesterol to the diet
produced a mean increase in serum cholesterol of 66 mg/dl and in serum

phospholipid of 46 mgldl . The addition of 950 mg of egg yotk choìestero;l

to the diet produced a mean increase in serum cholesterol of 64 mg/dl

and in serum phosphoììpid of 45 mg/d1 whiìe the addition of 1425 mg of
egg yoìk cholesterol increased serum cholesterol 7l mgldl and serum

phosphol ipids 34 mg/dl. Results obtajned with crystalìine cholesterol

in the diet, although of considerabìy lower magnitude, also .indicated

that changes in serum cholesterol were paral1eììed by changes in serum

phosphoìipids. 0n the other hand, these authors reported that changes

in serum triglycerides were variable and unrelated to changes in dietary
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cholesterol . Again, in 1964, Connor and associates reported that the

addition of 729 ng of cholesterol to a diet containing a high proportion

of unsaturated fats resulted in a significant increase in serum choles-

terol of 28 mg/dl and serum phosphoììpids of Z0 ng/ dlr. A small increase

in the mean serum trigìyceride concentration of 14 mg/dl was observed

but this was not found to be significant. The removal of cholesterol

from diets containing 729 mg choìesterol and a high proportion of
saturated fats was found to decrease serum cholesterol 3g mg/d1 , serum

phospholipids 34 mgld1 and serum tr.igìycerides 16 mg/dl; aìì decreases

were s i gn i fi cant.

Erickson and associates (196a) stated that the addìtion of 742

mg of cholesterol as egg yoìk to the diet resulted in a mean serum

cholesterol increase of 23.8 mgldl and an increase in serum phospholípids

of 18.4 mg/dl in the presence of diets containing partial ìy hydrogenated

soybean oil and 26.6 ngl d1 and 22.1 mg/dl , respectively, in the presence

of diets containìng unhydrogenated fats. These researchers reported that
the, plasma triglycerides response to the various dietary treatments did

not follow a definite pattern.

Grande et al (1965) reported that the addition of crystalline
cholesterol and egg yol k cholesterol to mixed diets resulted in signif-
jcant ìncreases in serum cholesterol and that the changes in serum

phosphoìipids, although they paraìreì red changes in serum choìesteror,

were smaller. However, in most cases the changes in serum phospholipids

were signÍficant. Again, no signìf.icant changes were observed in the

concentration of serum trìgìycerìdes in relation to the changes in
cholesterol intake. A rack of effect of dietary cholesteror on serum

trigìycerides has also been noted in the National Diet Heart Study
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Report (1968) and by Nestel et al (1975) and Slater er al (1976).

Hegsted and coworkers (1965) observed that changes in serum

triglycerides and serum phosphoi ipids to changes in dìetary lipids

incìuding cholesterol , wene in the same direction as changes in serum

cholesterol . Although no values were reported for" either serum phos-

phoìipids or triglycerides, the authors stated that the changes .in

these lipid fractions were less consistent than the changes in serum

cholesterol and that the standard error of the differences were ìarger,

thus, signìficant differences are more difficult to establish.

Anderson and coworkers (1976) compared the effects of changing

the level of dietary cholesterol in the presence of saturated and

unsaturated fat diets on serum cholesterol , triglycerides and phospho-

lipids. They reported significant elevations .in serum choìesterol when

291 mg crystalline cholesterol was added to both the saturated and

unsaturated fat diets. Aìthough the mean increase in serum phosphoìipids

was essentially the same as the mean increase in serum choìesteroì, the

change was only significant in the presence of the unsaturated fat diet.
The lack of significance jn the presence of the saturated fat djet was

due to the larger standard error for subjects with respect to serum

phosphol ipids as opposed to serum cholesterol . The increase in serum

trigiycerìdes, in response to an increase in dietary cholesteroì , was

aìso significant in the presence of the unsaturated fat d.iets onìy.

Thus, there appears to be generaì agreement that serum phos-

pholipid leveìs paralìel those of serum cholesteroì w.ith respect to

direction of change in response to a change in the level of cholesteroì
'in the daily diet. At the same time there is disagreement as to the

magnìtude of change in phospholìpids relative to the magnìtude of change
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in serum cholesteror as severaì authors have found the changes to be

approximateìy the same while others have noted smaller changes or less
consistent changes. Although there is a discrepancy about the effect
of dietar"y cholesteror on the serum trìgìyceride concentration, several

studies have indicated that changes, although small, have occunred in
the same direction as. changes in serum cholesterol and phosphol ipids.
It is feasible that the paralìer changes which occur in the serum chores-

terol' phosphoìipids and possibry trigrycerides refrect a change in a

specific plasma ìipoprotein fraction in response to dietary choìestero.l ,

such as, the low density ìipoproteins as has been found by Nestel et al
(1e75).
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EXPERIMENTAL MITHODS

A. DIET COMPOSITION

Fjve diets were designed to provide approximately 40% of total
calories from fat and to differ only in the amount of egg yoìk cholesteroi;

they were designated as the 0-Egg, l-Egg, 2-Egg, 3-Egg and 6_tqs díets

on the basis of the number of whole eggs contained .in each diet.

All eggs used in the study were obtained from a single pen

of Shaver hens housed in the Animal science Department at the university
of Manitoba. Anaìysis of a sarnpre of eggs from these hens reveared an

average total yolk ìipid of 5.75 gm per egg.

To ensure that the lipid and protein components were sjmilar
among the five diets, a mixture of fats designed to simurate the fatty
acid composition of egg yolk lipid (similated yolk fat) and egg albumin 1

were added to the 0-,1-,2-,3-ESg Diets so that egg lipìd and eqg

protein were equivaìent to the amounts present in the 6_Egg diet. Thus,

approximateìy 34 gm or one-quarter of the calories from fat was provided

from either egg yolk lipid, simuìated yoìk fat or a combination of the

two depending on the number of whole eggs in a particular diet. The

simulated yoìk fat (svr) was prepared by combining hydrogenated soybean
'))oil 'and palm oil " in a 2:1 m.ixture. The fatty acid composition of the

SYF and egg yolk ìipid are compared in Table 1.

lspray dried albumin obtained from Export packers, Wìnnipeg, Manitoba.2C.ir.o, Proctor and Garnbìe, Toronto, 0ntario.
38leached, deodorized, Canada packers Ltd. , Toronto, Ontario.
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TABLE 1

PERCENT FATTY ACID COþ1POSITION

OF EGG YOLK LIPID AND SIMULATED YOLK FAT1

FATTY ACID

MYRISTIC, C14:02

MYRISTOLEIC, C14:1

PALMITIC, C16:0

PALMITOLEIC, C16:1

HEXA DECADIEN0IC, 16:2

HEPTADECANOIC, C17:0

STEARIC, C18:O

OLEIC, C18:1

LINOLEIC, C18:2

LINOLENIC, C18:3

ARACHIDONIC, C20:4

EGG YOLK LIPID

.3
TT

tr
25.0

3.0

tr
tr
7.6

45.8

13.7

1.5

't?

tr
tr
22.1

tr
tr
tr
oo

40.9

21.4

2.L

tr

1. Composition determined by gas-ìiquid chromatography and
reported as a percentage of totaì methyl esters.
All values are means of duplicate analyses.

2. Carbon number: number of double bonds.

3. Represents those values less than 1.0%.
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The other three-quarters of the calories from fat (9g.5 gm fat)
was suppìied from a mixture formujated to simulate the fátty acid

composition of the average canadian diet and was the same as that used

in previor.rs metabol ic studies (Cobden, 1975). The formula used to
prepare thjs fat m'ixture, which was comprised of butter, corn oil 5

lard,6 beef tal low 7 and hydrogenated soybean oil 2, was derived from

domestíc fat disappearance figures provided by Dr. paul Simms 8. 
The

fatty acid composition of the fat m.i x is presented in Table 2. The

butter oil and corn ojl were used as table spread and saiad dressing,

respectively. The other fats, lard, beef tal low and hydrogenated soy,

were mixed together and incorporated into snacks and menu entrees (for
recipes see Fuller, unpublished thesìs). A summary of the sources of
fat in the experimentar diets is presented in Tabre 3 and the fatty acid
composition of the total dietary fats in Table 4.

Substituting SyF and egg albumìn for whoìe eggs insured that
the protein and fatty acid composition was qualitat.ively and quantitativeìy
similar among the five diets while cholesterol content differed. The

quantity of cholesteroì provided by each diet is presented in Tabre 5.

4Lr.u.n", 
Safeway Brand, I,linnipeg, Manitoba.

SMazola, Best Foods Division, Canada Starch Company Ltd., Montreal ,
Quebec.

A-Tenderflake, Maple Leaf, Canada packers Ltd., l^linnipeg, Manitoba.
'Bleached, clarìfied, deodorized, Canada packers Ltd., Winnipeg,

Man i toba .

SPersonal 
communication, Agr.icuiture Canada, Ottawa, 0ntario.



TABLE 2

COMPOSITION OF THE FAT M]X 1'2

FATTY ACID PERCENT OF
FATTY ACIDS

MYRISTIC, C14:03

MYRTSTOLEIC, C14:1

PALMITIC, C16:O

PAL|IIITOLEIC, C16:1

HEPTADECANOIC, C17:0

HEPTADECTNOIC, C17: 1

STEARIC, C18:O

OLEIC, C18:1

LIN0LEIC, CL8:2

LiNOLENiC, C18:3

3.0

t.7

20.L

¿.+

0.8

0.7

14.5

JO. J

13.4

0.9

2.

?

1. 14ixture.contained by weight: 30% hydrogenated
soy, 20% lard, 25% beef taj 1ow, 1,5% butter oij
and 10% corn oil.
Compos it ion_determi ned by gas-i iquid chromatography,
Cobden, 1975.

Carbon number: number of double bonds.



TABLE 3

FAT COMPONENT OF THE EXPIRIMINTAL DIETS

DI ET EGG YOLK LIPID

- gm-
Fåi^iiî- rorRr rRr 1

-gm- - gm-

SYF

-gm-

o Egg

1 Egg

2 Egg

3 Egg

6 Egs

0. 00

5.75

i1. 50

17 .25

?¿ qn

34. 50

28.75

23.00

77 .25

0. 00

98.5 i33.0

98.5 133.0

98.5 133.0

98.5 133.0

98.5 i33.0

1. Total fat to provide 40% of da.i ìy caìorìes.
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TABLE 5

MEAN CHOLESTEROL CONTINT OF

THE O-, 1-, 2-, 3- AND 6-EGG DIETS t,2

DIETARY REGIMEN CHOLESTEROL
(mg/day )

O EGG DIET

1 EGG DIET

2 EGG DIET

3 EGG DIET

6 EGG DIET

113

44I

781

1058

1819

1.

2

Values are the mean of dupì icate analysesfor Menu I and þlenu II.
Anaìyzed by the method of Mìetennen et al
(1965).
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A two day aìternat.ing menu (Appendix Table 1) was planned

for each of the diets. Each menu incruded three mears prus between-

meal snacks, Subjects were instructed to consune no other foods.

Meals were served in the Home Economics Building on the university

campus.

Each menu was designed to resemble the customary Canadian

diet except that the protein complement was comprised of soy protein
(Bontrea 9 and TVp 10¡, rki, milk and egg albumìn. The diets consisted

of the same foods except that egg albumin and SyF repiaced all of the

whole eggs in the 0. Egg diet and some of the whole eggs .in the 1_,

2-, and 3-Egg diets. The SyF and egg albumin were incorporated into
menu items as shown in Table 6 on the bas.is of 5.75 gm SyF and 5.0 gm

dried egg albumin for each Whole egg replaced.

In menu I, three whole eggs were scrambled for breakfast
'in the 3- and 6-Egg diets. In the 1- and 2-tgg diets egg albumin and

SYF were mixed with one and two whole eggs, respectively, and in the

O-Egg diet egg albumin and syF repraced ar whore eggs ìn the scrambred

egg entree. Egg albumin was also incorporated into the orange juice

and meringue cookies or a meringue shell in the 0_, 1_,2_ and 3_Egg

diets. SYF was incorporated into the macaroni entree, rice and peas

as shown in Table 6. One hard boiled whole egg and a Rum and Butter
Eggnog, containing two whole eggs, were added to the 6-tgg diet menu.

gDehydrated 
soy protein isolate, Regìstered Trade Name, General Mills

.^1nc.,5000 Pìymouth Avenue North, úinneapolis, Mìnnesota 55427.
lOTextured..Ve 

getabi e protein, Archer Daniels Mid.land Co. , 733 Marquette
Avenue , Minneapoìis, Minnesota 55440.
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In Menu II, scrambled eggs were served at breakfast as

described for Menu I. A chocojate eggnog containing two whoìe eggs

and baked custard containing one whole egg were included in the 6-Egg

diet. These were repìaced wjth an eggnog and rice puddi.ng prepared

with SYF and egg albumin in the remajning diets. SyF also was incor-

porâted into the spaghetti in the 0-Egg diet and mashed potatoes in

the other di ets.

Bread was included at each meal to utilize the butter and to

permit subjects to absorb any vjsibìe fat remaining on the serving

dishes. Condiments incìuding l^lorchestershire sauce, Hp sauce, ketchup

and dil1 pickles were available for subjects to use at meals in moder-

ation. Diet soft drinks, clear tea and coffee were allowed ad libitum.

All food servings were weighed or measured and were prepared according

to standardized recipes (Ful ler, unpubl ished thesis).

Each menu was designed to provide 3000 kilocalorìes da.i ìy

and to meet the nutrient needs of young men based on the recommendations

of the 1975 Revised Canadian Dietary Standard for males 19 - 35 years

of age. The calculated nutrient compos.ition of the five diets is
compared with the recommended daily intake in Appendix Table 2. The

actual daiìy intakes of fat, protein and energy were determined and

the results are compared with the calculated values in Table 7.

Each subject weighed himself daily before breakfast and in

order to maintain body weight total calorjes were adjusted by increasing

or decreasing the number of snack items permitted such that fat intake

rvas maintained at 40% of ingested calorjes.
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B. SUBJ ECTS

lhe subjects were eleven healthy young men, age 1g - 29

years (i = 24 years) selected from volunteers who responded to notices

posted on the university campus. The subjects were chosen on the

basis of an interview, a phys.icaì examìnation, expressed cooperat.ive_

ness and acceptance of the experimental diets as judged by pre_

experimentaì tasting sessions. The subjects were judged to be in good

health. Heights, weights and jnitial serum cholesterol , phosphoiipid

and triglyceride values for each subject are recorded in Tabre g. A

but one of the subjects (H¡4) were students at the University of
Manitoba; HM was a member of the Technical Staff at the university.
During the study the subjects maintained their normar activities and

resided in their own hornes.

Nine of the ten subjects continued for the durat.ion of the

study. One subject had to be replaced on day 29 of the experiment.

His repìacement, subject BH, completed the entire period II by contin_

uing for one week after the main group had compìeted the metaboljc

study.

C. ]SOTOPI INFUS]ON

Approximateìy 25 days prior to the metaboljc study the

subjects were infused with 50 mjcrocuries of cholesteroj _ | _ Z _
? 11
"H(N) " (0.¡o ug cholesterol in 0.5 rnl sterile saìine). The infusions
were carried out by l,fs. Helen Bowan, under" the supervisìon of Dr. John

l1t 
9t lto. 787-764 obtained Ju]y, 1975 from New Engìand Nucìear, 575Albany Street, Boston, Massathusetts 02118.
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Moorhouse, in the metabolic unjt at the Health Sciences Centre,

Winnipeg, Manitoba. A detailed descrìption of the method for .isotope

admjnistration has been outlined by Cobden (1975).

D. EXPERI¡4ENTAL DESIGN AND STATISTICAL ANALYSIS

The six week metabolic trial .was divided into two ihree-week

diet peniods designated as Diet Period I and Diet period II. Two of

the ten subjects were randomìy assigned to each of the five experimental

diets for Diet.Period L At the end of the Diet Period I, the.subjects

were reassigned to different diets and over Diet Period II, each of the

five diets agaìn was consumed by the two subjects. This Incomplete

Latin Square Design provided four repìicate observations; each replicate

consisted of five subjects who consumed the five different diets for

three weeks. Hènce, each diet per.ìod provided two of the four replicates.

The experìmental design is diagrammed in Fìgure 1.

The data were subjected to analysis of variance for txtended

Incomplåte Latin Square Design (Cochr"an et al , 1957) to determ.ine

whether the level of dietary cholesterol fed had any sign.ificant effects

on serum cholesterol , trìglyceride or phospholipid levels. Regression

analysis was used to defìne the relationship between cholesterol intake

and serum cholesterol levels. Anaìysìs of covarjance of the logrO

specìfic actìvity was used to test the homogeneìty of regression for

the rate of decrease of the specifjc activity of serum cholesterol for

the two levels of cholesterol intake for each subject.

E. DIET AND INGREDIENT ANALYSlS

A number of rnenu items were prepared in advance, frozen and
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stored at -10oC for up to four months. Stew, chili and spaghett.i in

tomato sauce were prepared, stored, heated and served in indivjdual

foil container s 12. Macaroni was frozen and stored in heat sealed

polyethyìene pouches 13, it *u, removed from these pouches wh.i ìe

fnozen and heated on servìng dishes in a microwave oven prior to

servì ng.

Fats for the exper.imental diets were purchased as single ìots

and stored in sealed containers at 7oc in a refrigerator until required.

Eggs were delivered biweekìy from the Animal Science Department. Skim

nilk, fresh fruit and vegetables, and bread were obtained from s.ingìe

local sources on a weekìy basis. 0ther staples and frozen foods were

purchased in single lots and stored under appropriate condit.ions.

Composites were made of each daìly menu for each of the five
experimental diets. The individuaj frozen foods were thawed and to

these the remaining food items were added, weighed according to menu

specìfications using a Satorius top-loading balance lUoa.t ZZS+¡ 14.

The composìtes of meals for each day were homogenized with approximately

200 mi of distilled water in a one-gal 1on l,larìng commercial blender

lUoaut Ca-S¡ 15. The homogenate was weighed and an aliquot was ìyoph-

ilized in a Model 10-140 MR-BA Vìrtis Freeze D"yur 16.

12ECf0 foil Coniainers with Lids, price l^lilson Ltd., 830 King EdwardStreet, lJi nn'ipeq, Mani toba.
l3Scotchpak 

Kapak Pouches, Kapak Industrjes inc., 9809 Logan Ave.
South, L ivi ngton , l"tinnesota 55431.

14Suto"iu, - Herke AG, Gottingen, Germany.
15l,,laring Products Co. , !,Jinsted, Connecticut.
16Vi.ti, Co. Inc., Gardiner, New york 12525.
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The dried sampìe was crushed to a fine particle size and stored in Whirl-

Pak plastic bags (#8992, 510-30 gm) 17 at -t0oc for later anaìysis.

A chloroform : methanol : water mjxture (Bligh and Dyer, 1959)

was employed to extract total lipid from lyophilized food samples and

from egg yolk. An aìiquot of the lipid-containing chloroform ìayer was

dried for total ìipìd detei-mination and the remainìng chloroform ìayer

was transferred to a screw-top vial , flushed with nitrogen and stored

at -10oC until required for fatty acid anaìysìs.

Fon fatty acid analysis the i ip.id-containing chloroform was

evaporated to dryness under a stream of nitrogen and, after saponìfì-

cat.ìon with methanolic-Na0H, methyì esters of fatty ac.ids were prepared

with BFr- methanol according to the method of Metcalfe et al (1966).

Samples of the SYF were saponified and methyìated direc y, wjthout

prioì" extraction. Fatty acìd anaìyses were completed with a Varjan

Aerograph gas chromatograph (Modeì 1740-1) 18 equìpped wjth dual

columns, flame ionization detectors, a Varian Aerograph recorder

(lYodel 20) 18 und u Varian Aerograph dig.itaì integrator 1Noa"t +ZZ¡ 18.

The fatty acids were resolved on 2.7n x 3.2 mm steel coìumns packed

with 10% EGSS-Y on lOO /I2O mesh GAS CHROM Q 
19. Flow rates for the

gases were: 30 ml/min for helium 20,2s 
^1 

¡^in for hydrogen 20 
and

250 mllmin for ajr 20. The columns lvere operated isothermìcally at

1950C with injector and detector temperatures of 2300C and 2500C,

1'7" Canl ab Laboratory Equi pment, I'li nni peg, Mani toba.
10
'"Varian Aerograph, 6358 Viscount Road, Malton, 0ntario.
19"- Applled Scjence Laboratories Inc., p.0. Box 440, State Col ì ege ,

Pennsyì van ia 16801 .
20l^l"lder's Supplies, 25 Mcphillips Street, l^1i nni peg, Mâni toba.
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fatty acids were identified by comparìson

retention time versus carbon number of fattv
2l

For cholesterol anaìysìs the ìipid t,as extracted from the

freeze-dried meaì cornposites by the method described by Folch et al

(1957). Extraction efficìency was dêtermined on the basis of recovery

of a known amount of 14C-.hol.rtu"ol 22 added to the samples. Choles-

terol was separated from the ìipid mixture on Silica Geì H in an

ethylether hep.tane solvent system and siìyl ethers of cholesterol were

prepared according to the method of Mietennen et al (1965). Cholesterol

anaìysis was completed with a Perkin Elmer gas chromatograph (Model

3g2OB) 
23 equipped with a dual flame ionization detector and a Hewjett

Packard reporting integrator luoaut SaeO-s¡ 24. Cholesterol r^ras resolved

on a 6 ft. x \4 )n. 0D gìass coiumn packed wìth Z% QF-l on 100/120 mesh

Chromasorb l^l 
24. Flow rates for the gases were: 30 ml/min for helium 20,

35 mllmin for oxygen 20 and 550 ml/min for air 20. The column was

operated at 2300C with injector and detector temperatures of 250oC and

2600C, respectìvely. The cholesterol concentration was caìcuìated by

comparison wìth the peak area obtained for a known quantity of choles-
.25tane -' added as an internal reference.

21Ho.r.l Institute, Lipids Preparation Laboratory, 801 - 16th Avenue
N.E., Austin, Minnesota 55912.

22cholesterol 4 - 14c , obtained from New Engìand Nucìear, 575
Aìbany Street, Boston, Massachusetts 02118.

23Perkin Eìmer (Canada) Lid., 120 Norfinch Drive, Downsview, Ontarjo.
24Hewlett Packard (Canada) Ltd., iTBS l^ioodward Drive, 0ttawa, 0ntar.io.
25fOntiea 

Science Laboratories Inc., p.0. Box 440, State College,
Pennsy'lvani a 16801.
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Protein content of the cliets was determined by the boric ac.id

modificatjon (AACC, 1962) of the AOAC (1960) rueldahl procedure for

total nitrogen except that mercuric oxide and potassjum suìphate catalysts

were replaced by 10.5 gm titanium dioxide. The factor of 6.25 was used

to calculate the percentage protein present.

Gross energy of the diets was determined us.ing a parr Adjabatjc

Calorimeter (Model U30M) 
26 eqripp"d with a parr # 1241 oxygen bomb

calorimeter 26 und u Parr # 1541 water heater 26.

F. BLOOD ANALYS]S

Blood samples were taken on day 1of the study and at one week

intervals thereafter, samples were taken between 7:30 and B:30 a.m.,

following a 10 hour fast. From each subject, approximately 50 ml of

blood was drawn from the antecubical vein into three 15 ml BD vacutainer

tubes (# 4796) 27 and one 7 ml BD vacutainer tube containjng 15% EDîA

solution (il 4759) 27 
whi ch was used for whole blood anaìysis. Biood

used for serum analysis was allowed to clot for one hour at room

temperature. After clotting, the three sampìes were centrifuged 28

at 1400 xg for five minutes. Four 2 - 3 ml and one 5 ml portion of

clear sera were pipetted into screw-top gìass vials, flushed with

nitrogen and stored at -100C untìì analyzed.

Prior to analysis, sera were thawed for one-half hour at

room temperature. Sera from each subject were analyzed in dupì.icate

for total cholesterol , radioactivity, trigìycerides and ì ipid phosphorus.

te
'"Parr Instrument Co., 211 Fifty Third Street, l4ol ine, Illinois 6162S.t1''Canlab Laboratory Equìpment, 1.,/innipeg, Manitoba.ta
'"lviodel HN-2368P-2 Centrifuge, International tquipment Co., Needham

Heì qh ts , Massachusetts.
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Sera samples collected at the start of the study and at the end of

Diet Period I and Diet Period II were also analyzed for the fatty

aci d patterns of the chol esterol esters. Haemogl obì n, haematocri t,
leucocyte counts and pìatelet counts of whole blood were monitored

at the Haematologìcal Laboratories, Health Sciences Centre, Winnipeg,

Manì toba.

G. ANALYS]S OF SERUM

2.

Cholesterol: Total cholesterol was determìned by the Mann proce-

dure (1961). The optical densìty of the colour compìex which deve-

ìoped by reaction between cholesterol and the ferrous sulphate

reagent was measured at 560 nm in a Coleman Junior Spectrophoto-
.29meter --. The micrograms of sterol ìn the solution were obtained

by comparìson with a standard curve for choles¿erol 30.

Radioactjvity: Two ml of serum were extracted for total lipid by

the method of Folch et al (i957). The chloroform layer was trans-

ferred to a scintillation vial and the chìoroform evaporated under

a stream of nitrogen. Ten ml of scintillation fìuid, prepared by
11 7.tdissolving 5.0 gm PPO "'and 0.3 gm p0p0p "'in 1.0 litre scintil-

lation grade toluene 33, was added. The sampìes were counted for

29Modul No. 6A-36715, Coleman Instrument Inc., Maywood, Illinois.
3oChol esterol reference from Fj sher Sc ientj fi c Company, l^linn.i peg,

lvla n i toba.
3lDiph"nyIoxuzole, 

Amersham/Searle Corp., 26365 Cìearbrook Drive,
Arl ington Heights, Illjnois 60005.

').t"-1,4 - bis - 2 - (5 - phenyl azdyl ) benzene, Packard Instruments
Corporati on Inc. , 2200 l^larrenvi l l e Road, Downers Grcve, I lì ì no.is
60515.

-l-rsher Scientific Company, l.linnìpeg, Manjtoba.
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20 minutes or 4000 counts in a ì.iqu.id scintillation spectrometer 34

using the foìlowing settings: Data H.V. and Gate H.V. _9.0; dial

A, leveì 3 -0.5 and level 5 -9.9; and djal B, levels 3 and 4 -0.5

and 2.3 respectively. The data attenuator was set at zero.

Quenched tritium standards were used to determjne the effìcìency

of counting by the spectrometer. Disintegrat.ions per minute were

adjusted for extraction losses, IS%,on the basis of recovery of a

known amount of 14c- cholesterol 22 analyzed in the same manner.

3. Triglycerides: The phosphoì.ipids in blood serum were adsorbed,

directìy onto florisil and the phosphoì ipid-free ììpid was extracted

with diethyì ether and isopropanol according to the meihod of Ryan

and Rasho (1967), except that 0.2 ml serum were used for each

determination. The saponification with ethanolic KOH and the corour

reaction between chromatropic acid and glyceroì were by the method

of Van Handel and Zilversmit (1967), except that the sodium bisul_

phite replaced sodium arsenate as suggested by Jagannathan (1964) .

The opticaì density of the coroured sor.ution was measured at 570 nm

in a Coleman Junior Spec t rophotome te r 29 standardized by a reagent

blank. A serum blank, unsaponif.ied sample, was anaìyzed to

correct the opticaì density reading for each serum sample. Millj_
grams of trìglyceride were determ.ined from a standard curve.

4. Lipid Phosphorus: The phosphoì ipids in serum were anaiyzed by

the rnethod of Chen et al (1956) except ashing was caffied out by

heating in sulphuric acid at 2500C in a heatìng block (Model 120C) 35

'Oryggqt 725, Nuclear Chìcago Corp., 333 East Howard Avenue, Des plaines,
Illìnois.

35Hullikuin"n 
Instrument, Slaco Division, Rìchmond, Cal jfornja.
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for one hóur. The colour complex produced by the reaction of free

phosphorus with ascorbic acid and ammonium molybdate in sulphur.ic

acid, was measured at 820 nm in a Unicam Sp600 Series 2 Spectro-
?Ã

photometer "" standardized wìth a reagent b1ank. l4icrograms of

phosphorus were obtained by comparìng the samples to a single

phosphorus standard prepared from reagent grade potassium phos-

phate I'lonobas i c.

5. Cholesteryl ester fatty acid patterns: Total ìipid was extracted

from 2 ml serum by the method of Folch et al (1957). Choìesteryl

esters were separated on silicic acid microcolumns wìth l% elhy)

ether under nitrogen as described by Lis et al (i961). Saponifì-

cation was camied out according to the procedure of Mann (1961)

as modified by Tu et al (1967). After addition of I% Thymoì Bìue

ìndicator, the saponified mixture was acidified to a red end point

with 50% HCL and the fatty acids were extracted in 10 ml petroìeum

ether. The petroìeum ether was evaporated and the fatty acids

nedissolved in 5 ml methanolic NaOH and methylated wíth 3 ml

BF3- methanol as described by Metcaìfe et al (1966). The fatty
acid methyl esters were separated and quantif.ied as previously

outlined under section E) Diet and Inqredient Analysis.

36ban.la¡ Laborator:y Equipment, }linnipeg, Manitoba.
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, 
RESULTS AND DISCUSSION

A. SUBJECTS

The subjects remained in good health throughout the dietary

trials and appeared to adjust welj to the experimental diets as no

unusual digestive problems were reported. Although some weìght

fluctuation occurred, for most subjects, body weight was essentially

unchanged over the six week metaboìic trial. However, subject tsD

lost 3.5 kg and subject HM lost 2.2 kg. These losses may have had

some bearing on the changes seen in serum lipid values. Nestel et al

(iSOO) have reported a decrease in serum cholesterol .in response to

a decrease in body weight. It has also been found that for nen who

lost weight serum cholesterol remained at that lower leve'l even when

their weight had stabilized or when they were actualìy gaining

(National Djet Heart Study Gr"oup, 1968). Galbrajth et al (1964)

reported that negative calorie balance had a greater influence upon

serum Iipids than dietary cholesterol .

One subject (SD) djd not serve successfully for the

duration of the study and was replaced by subject BH for the entire

Diet Perìod II. 0nly data for subject BH are included in the analysis

as it was believed ihat SD did not compìetely adhere to the exper.im-

ental regì men,

B. TOTAL SERUM CHOLESTEROL

The level of cholesterol in the diet had a si gni f i cant.,#Utl

SF MÄN¡TÕFA
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(P< 0.05) on serum choresteror levers. The rerationship between

dietary cholesterol and serum cholestero.l was linear (p ( 0.01) and

highìy correìated (r"2=0.90). For each additional egg in the diet
(:OO mg cholesterol ) serurn cholesterol increased by approxìmateìy

12 ng/d1. The re:lationahip between the pure treatment effects
(Appendix Table 3) and the number of whore eggs consurned is diagrammed

in Figure 2 and js defined by the regression equat.ion: serum chole_

sterol (mg/dl serum) = 147.7 + li.9 (the number of whole eggs in
the diet).

Weekly serum choìesterol values for each subject are presented

in Table 9 and statistical analysis of the data is shown in Appendix

Tables 3 and 4. The experirnental design, an Incomplete Latin Square,

did not permit the feeding of all diets to aìì subjects. As all
subjects do not respond .identÍcalìy to a given level of dietary choì_

esterol statistical adjustments in the calculated treatment means

were necessary (Cochr an and Cox, 1957). The mean serum choles.teroì

levels, adjusted for intersubject variability, were 141, 165, 1g4,

172, and 220 ng/ dl serum for subjects fed the 0-, l-, 2_, 3_ and

6-Egg diets, res pe cti ve ì y.

The adjusted mean serum cholesteroì values are compared

with preducted values, obtained from the regression equation, in Table
10. There exists an apparent discrepancy between observed and

predicted serum cholesterol values when subjects were fed the 2_Egg

and 3-Egg diets. The predìcted value for the 2_E9g diet was 172

mgldi serum and the observed value was 1g4 mg/dì. The predicted
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TABLE 10

OBSTRVTD AND PREDICTED ADJUSTED I4EAN

FOR SUBJTCTS FED D]FFERENT,qTOUNTS OF

SERUM CHOLESTIROL

EGG YOLK CHOLTSTEROLl

Dì e tary
Regi men

0bs e rve d
Va I ues

mq/d I

Predi cted
Val ues
msldl

0 - tgg Diet

1 - Egg Diet

2 - Egg Dìet

3 - Egg Diet

6 - Egg Diet

i41

165

184

172

220

148

160

772

183

21.9

1. For statistical adjustment of mean serurn cholesterol
values see Appendix Table 3.
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value for the 3-Egg diet was 183 mgldl serum and the observed value

was 772 ng/ d1 . This disagreement can be expia.ined to some extent,

by the response of the oniy subject (eD) who was assigned to both

of these diets. The serum cholesterol for this subject was 195 mgldì

(l ot week 2 and week 3 results) while consuming the 2-Egg diet in
Diet Period I and L77 mgldì whiìe consum.ing the 3-Egg diet in Djet

Period II. The atypicaì response to an increased intake of dietary

cholesterol is in part the result of weight loss exper.ienced by

this subject throughout the dietary trials.

Aìthough it has been unequìvocaì ly demonstratea tnat s"ru,
cholesterol levels are influenced by the presence of cholesterol in

the diet, controversy exists over the rinear responsiveness of serum

cholesterol to incremental increases of cholesterol in the diet. As

early as 1960 Beveridge and coworkers reported a linear reìationship
between dietary cholesterol and serum cholesterol over a range of 0_

634 mg cholesterol per day. These authors also reported that when

synthetic cholesterol was added to a formula diet, which provided 30%

of calories as fat, serurn cholesterol did not increase further as

dietary cholesterol was increased from 634 to 1300, 2500 and 4500 m9

per day. Wells and Bronte-Stewart (1963) observed that incrernental

supplements of crystaìline cholesterol from 25 to 500 mg per day were

associated with increasing concentrations of cholesterol in the serum.

These authors reported that at levels of dietary cholesterol greater

than 500 mg per day, there was not a further increase in serum

cholesterol concentratìon. A mathematìcal description of the relation-
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ship between dietary and serum choresteror was not reported in either
study.

Later dietary trials denonstrated that cholesterol in the
serum uJas a rinear function of choresteror in the diet at revers above

500 - 600 mg per day. Mattson and coworkers (1972) demonstrated that
dietary cholesterol , fed as egg yoìk, at levels of 0, 126,2IZ and

317 mg/1000 kcaì had a pronounced effect on serum choresteror reveìs.
These researchers found that the change in serum choresteror was rerated
to a change in dietary cholesteroì by the equation: change in serum

cholesterol (mg/dl serum) = 1.60 + 0.118 (dietary cholesterol rnS/lOO0

kcal). Thus' for each additionar 300 mg choresteror in a 3000 kcar

diet they predicted an increase in serum cholesterol of 12 rng/dl . In
the present study it was observed that for each additiona.l egg (300 mg

cholesterol) in the 3000 kcal diets serum cholesterol was increased

11.9 msldl .

Hegsted and associates (1965) also reported that serum chol_

esterol was a linear function of the levei of cholesterol in the daily
diet' These investigators observed that choresteror fed as a component

of egg yoìk and butterfat in a mixed diet was a s.i gnificant variabre
in the determination. of serum cholesterol . They concluded that the

effect was an increase ìn pì.asma cholesterol of approximately 5 mg,1dì

for each additional 100 mg of dietary cholesterol . Thus, for each

additional egg or 300 mg choìesterol in a diet an increase of 15 mg

cholesterol per dì of serum woujd be expected.
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Grande and coworkers (1965) reported that changing the

cholesterol content of the diet produced a change in serum cholesterol

in the same direction. They derived a prediction equation, by regres-

sion anaìysis, to express this relationship. In this predìction

equationr serum cholesterol is a linear function of the square root of

the amount of chojesterol in the daiìy diet. They have subsequentìy

extended this relationshìp to predict the change in serum cholesterol

which would result from a change in cholesteroì intake: change .in

serum cholesteroj (mg/dl serum) = I.S (ZZ-ZL)37 . From Figure 3, it
can be seen that the prediction equation derived by Grande et al

underestimates the effect of a change in dietary cholesterol on serum

cholesterol at higher intakes and overestimates thjs effect at lower

intakes with respect to the studjes by Mattson ei al (1972), Hegsted

et al (1965) and the study reported here.

It has often been cautioned that regression equations are

primarily descriptive of the jnformation from whìch they are derived.

The much lower response to high levels of cholesterol intake observed

in the study by Grande and coworkers (tsos) was influenced by a var.iabìe

in the diet that sets that study apart from the other three presented.

Synthetic cholesteroì was fed to subjects rather than cholesterol as

a natural component of foods such as egg yoìk, butterfat or meat. The

use of crystal line cholesterol in dietary trials undertaken to obtain

quantitative information on the serum cholesterol response to different
levels of dietary cholesterol has been questioned. Many earì.y studies

the square root of the cholesterol content in
1 and diet 2, respectively.

37_t1 and L. repres en t
mö/1000 kcal of diet
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were unable to demonstrate a signìficant effect on serum choiesterol

by adding ìarge quantitìes of synthetic cholesteror to diets (Keys et al ,
1956; Turner et al , 1939; Ahrens et al , 19b7). !.lells and Bronte_Stewart

(1963) clearly demonstrated that crystaìI ine cholesterol has Iit e

effect on serum cholesterol unless fed with a suitable amount and type

of fat' connor and associates (i961) reported that egg yoìk cholesterol

was a more potent hypercholesterolem.ic dietary component than pure

crystalline cholesterol dissolved in oiì. Grande and coworkers (1965)

reported that an egg diet containing 144 mg cholesteroì/1000 kcal

produced a somewhat higher cholesterol response than a diet containing

200 mg crystalline cholesterol/1000 kcal.

It has been repeatedìy reported that the major changes in

serum cholester"ol , follorving a change of diet, occurs within two to

three weeks (Nationaì Diet Heart Study Gr"oup, 1968; Hegsted et al

1965; Erickson et al , 1964; Grande et al , 1965). The present study

appeaì's to suppont this observation. For most subjects, serum cholesterol

levels had reached a stable piateau by the end of the second week ìn

each experimentaì period. The effect of weeks was not sìgnificant
(Appendix Table 4) when serum cholesterol values determined at the

end of week 2 and week 3 of each experinental period are jncluded .in

the statistical anaìysis of the data. However, serum cholesterol did

not appear to stabjlize within thjs time for three subjects (JÌ!, BH

and DG) during Dìet Period II as the largest change in cholesterol

values occurred after the end of the second week (Tabìe 11). Durìng

the thjrd week in Diet period II serurn choìesterol increased 27 ng/dj

for JM compared to an increase of only lZ mg/dj over the fjrst two



TABLE 11

CHANGE IN SERUM CHOLESTEROL (mgldl ) IN RESPONSE

TO DIFFERENT AIqOUNTS OF DIETARY CHOLESTEROL

Subject Diet Peri od I D iet Peri od II
[^leek 1

+
Week 2

Week 3
Week 1

+
l.,ieek 2 Week 3

JM

BD

LL

HM

LC

BS

DG

RE

JB

BH2

-Ão

-11

-7

+19

-5¿

-27

+2

+29

-3

-9

0

0

-14

-6

0

+t2

-72

_1Ã

-19

+40

+2I

_?

+2!

-JJ

-1.6

+27r

-¿

-¿

-o

-4

-3

+zSL

+11

-¿

- 191

2.

1. Major change in serum cholesterol occurred after the end of
the second week in the diet period.
Subject participated in Diet Period II on'ly.
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weeks. For subject BH serum cholesterol decreased 19 mg/dl in the

third week compareci to a decrease of 16 mglcil over the first two

weeks. And, for subject DG a sudden increase .in serum cholesterol of

25 ng/d1 was observed during the final week of Diet perìod II. A

slower rate of stabjlization has also been reported by other laborator-

ies. l4attson and coworkers (1972) have reporred that up to four weeks

a¡e required before serum cholesterol concentrations were stabilized

following a change of diet. Dam et al (1S20) reported that serum

cholesterol values were more elevated after six weeks than three weeks

when subjects were fed increasing amounts of cholesteroì as egg yolk.

A recent report by Slater and associates (1976) has also shown that

serum cholesterol does not stabil ize within two to three weeks when

there is a change. ìn dietary cholesterol . This group of investigators

fed free-living subjects one or two additional eggs per day wìth their
regular diet for a period of eight weeks. In the fi rst of the series

of stud'ies reported serum cholesterol values were significantìy

elevated at the end of three weeks for subjects who had consumed two

additional eggs per day. But, following this peak, serum cholesterol

values decreased untiI by the end of the eighth week they were no

longer significantly elevated. From these fìndings, jt appears that

control led metabolic studies to investigate the long term effect of a

change in dietary cholesterol on serum cholesterol are in order.

The data from the present study supports the hypothesis that

serurn cholesterol is a linear function of the level of cholesterol in

the daily diet. However, jt must be noted that at levels of cholesterol

intake greater than 1800 mg per day there were no subjects lvho had a
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serum cholesterol which was elevated beyond that which is considered

the normal physiological range for heaìthy young Canadian men, that

is, 240 mg/d1 (National Health and l^lelfare Canada, 1973).

C. SERUM LIPID PHOSPHORUS

The level of cholesterol in the daiìy diet did not have a

significant effect on the level of serum ìipid phosphorus (Appendix

Table 6). The mean serum lìpid phosphorus values, adjusted for inter-
subject variability (Appendix Table 5) , were 7.57,7.88,7.72,8.10 and

9.63 mg/dj for subjects fed the 0-, l-,2-,3- and 6-Egg dìets, respec-

tìveìy. Corresponding serum phosphol.ipid values (Table 12) were

calculated by muìùìplying serum fipid phosphorus values by a factor of

25 (Ti erz , 1970 ) .

Weekly serum Iipid phosphorus values for each subject are

presented in Table 13. As wjth the serum cholesterol results, serum ìipid
phosphorus values determined at the end of week 2 and week 3 of each diet
period were included in the statisticaì analysis of the data.

Aìthough the serum phosphol ipids were not signìficantìy aìtered

by the 1eve1 of dietary cholesterol , they generaìiy paraììeìied changes

which occurred in serum cholesterol . In 1s of 19 observations a decrease

or an increase in serum cholesterol was acconìpanjed by a corresponding

decrease or increase jn serum phosphoì ipids (Table 14). This observation

is consistent wjth results reported by a number of other ìaboratories

(Connor et al , 1961a, 1961b1 1964; trickson et al , 1064; Grande et al ,

1965; Hegsted et al , 1965; Anderson et al , 1976). The magnitude of change

ín serum phospholipids w'ith respect to the magnìtude of change in serum

cholesterol llas variable. For some of the subjects the degree of change



TABLT 12

ADJUSTED I{EAN SERUI4 LIPID PHOSPHORUS AND PHOSPHOLIPIDS

FOR SUBJECTS FED O, 1,2,3 OR 6 EGGS PER DAY1'2

Dietary Regi men Serum Lìpid
Phosphorus

mg/dl

Serum
P hos pho I ì pi dr

mg/dl

0 Egg Diet

1 Egg Diet

2 Egg Diet

3 Egg Diet

6 Egg Diet

7 .57

7. 88

7 .72

8.10

9. 63

189

197

193

203

241

1.

t

J.

Values are means of dupìicate anaìysis.
For statistical adjustments see Appendix Table 5.
Phospholìpid = 25 X serun ìipid phosphorus.
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IABLE 14

CHANGE IN SERUM TRIGLYCERiDES, PHOSPHOLIP]DS AND

CHOLESTEROL ]N RESPONSE TO THE NUMBER OF EGGS IN THE DiTT

Subj ect
and

Di et

Tri gìyceri des Phosphol ipids Cholesterol

rng/d1 mg/dl ng/d1

BH

0 Egg Diet
1 Egg Diet

JM
1Egg Diet
6 tgg Dìet

BD

2 Egg Dìet
3 tgg Diet

EC

3 Egg Diet
0 Egg Diet

HM

6 Egg Diet
2 Egg Diet

tn
0 Egg Diet
2 Egg Diet

BS

1 Egg Diet
3 Egg Diet

DG

2 Egg Djet
1 Egg Diet

RE

3 tgg Diet
6 Egg Diet

Jó
6 Egg Diet
0 Egg Diet

:.-¿+

_ 1Ã

+ 61

- 108
+25

-39

-70
+ ¿,'a

-66
+12

-20
1a

-:s

-20
-L4

+ 19

-64
À ?o

-7
-t7

-28
+6

-28
-8

-49+1

-68
+30

-20
-8

-46
+8

-30
+18

-B
+22

-15
+ 19

-19
-14

-i6
_?

- 15
+ 16

-77
+36

rE

-3
+37

-39
+ 35

+2
+32

+26
-35
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in both lìpid fractìons was comparable but for other subjects the

magnitude of change was very different for the two lipid elements,

This variability in the magnitude of response may explain why dietary

cholesterol had no effect on serum phosphoìipìd levels whereas senum

cholesterol. levels wene correlated with dietary chojesterol.

D. STRUM TRIGLYCERIDES

The level of cholesterol in the diet did not have a signìfi-
cant effect on the level of serum trigìycerldes (Append.ix Table g).

The adjusted mean serum triglyceride vaìues (Appendix Table 7) were

67, 73, 94, 79 and 82 mg/ d1 for subjects fed the 0-, 1-, 2-, 3- and

6-Egg dÍets, respectively (Table 15).

Weekìy serum triglyceride values for each subject are presented

in Table 16. Serum triglyceride values determined at the end of weeks

2 and 3 of each diet period were included in the statistìca1 anaìysis

of the data.

The response of serum triglycer'ìdes to a change of diet more

closely paralìelled changes in serum phosphoì ipids than changes in

serum cholesterol (Tabìe 14). For 16 of the 19 observations a decrease

or an increase in serum phospholipids coincided with a corresponding

decrease or increase in serum triglycerides whereas, the serum trigìy-
ceride response parallel-led that of serum cholesterol in 12 of the.19

observations. The magnitude of response in serum trìglycerides was

variable with respect to the magnitude of response of either serum

phosphol i pi ds or cholesterol .

i, CHOLESTERYL ESTER FATTY ACID PATTERNS

The proportion of arachidonic acid in the serum cholesteryì



TABLE 15

ADJUSTED MEAN SERUM TRIGLYCTRIDES FOR SUBJECTS

FTD O, 1, 2, 3 OR 6 EGGS PER DAY1

Dietary Regi men Serum Tri glyceri de
mg/dl

0 Egg Diet

1 Egg Diet

2 Egg Dìet

3 Egg Diet

6 Egg Dìet

67

'71

94

79

at

1. For statÍstical adjustments see Appendix Table 7.
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esters increased slightly as egg consumption increased and it appears

that this was primari ìy at the expense of cholesteryl linoleate.

This change in cholesteryl esters cannot be attributed to a change

ìn dietary fatty acids as there were essentjalìy no differences in

the fatty a.cid composition of the diets (Table 4). The proportion

of polyunsaturated, monounsaturated anci saturated fatty acids of the

ôhoìesteryl esters was unaffected by a change in the nunber of whole

eggs in the diei. .The fatty acid patterns of the serum cholesteryl

ester fraction, determined at the beg.inning of the dietary trial and

at the end of Diet Period I and Diet period II ane presented in Table

17 and Table 18.

The fatty acid profiles of the cholesteryl esters reported

here are in agreement wjth relative values observed in humans in

other laboratories (Goodman, 1965; Sweìl et al , 1960; Allard et aj,
1g73). in alì species, the esters of poìyunsaturated fatty acids

predominate in pìasma. However, the relative proportions of the

different polyunsaturated fatty acids of cholesteryl esters differ
substantiaiìy from species to species. In alI specìes, other than

the dog and mouse, choìesteryl arachidonate conrprises less than 10%

of plasma cholesteryl esters and choìesteryì linoleate ìs the major

plasma fatty acid ester (Goodman, 1965).

A number of studi es wi th humans have .indicated that condi ti ons

associated with hÍgher levels of plasma cholesterol are general ìy

associated with decreases jn the relative proportion of totai poìy-

unsaturated fatty acids in the cholesteryì esters, and spacificalìy

choìestery'ì linoleate. These conditions include advancing age,
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TABLE 18

PERCENTAGE POLYUNSATURATED, MONOUNSATURATED

AND SATURATED IATTY ACIDS OF CHOLESTERYL ESTERS

Subject and
Di etary
Regi men

Po lyuns atu rated
Fatty Aci ds

BH

Initi al -
0 Egg Dìeti
1 Egg Diet

JM
Ini ti al

I Egg Diet
6 Egg Diet

BD

Initial
2 tgg Diet
3 Egg Diet

BS

Initial
l tgg Diet
3 tgg Diet

RI
Initial

3 Egg Diet
6 Egg Diet

LC
Initial

0 Egg Diet
2 Egg Diet

Initial
3 Egg Diet
0 Egg Diet

HM

Initial
6 Egg Diet
2 tgg Diet

DG

Initial
2 Egg Diet
1 Egg Diet

JB
Initial

6 Egg Diet
0 Egg Diet

1.2.5

10. I
t2.6
1i. 6
13. 0

13. 0
11. 5
11. 3

1¿ ?

i6. 5
!¿. ¿

13. 5
11.7
12.4

13. 9
i1.3
11.8

13. 3
12.3
12.2

14.1
13.4
11. I
11. 3
17.2
11.2

L2.0
12.1
10. I

27.0

¿¿.3

28.2
2t.6
L'. J

28.5
22.1
22.1

30. 9
30. 0
¿5.3

25.8
22.I
22.0

28. 3
2L.2
22.7

¿t.y
23.6
24.6

25.2
24.5
2?L

¿/.5
20.2
2't ¿.

24.5
21.6
2nq

59. 0

65 .8

57.4
65 .3
64.2

64.2
65 .6

Ã2 0
50. 9
61.0

59.7
65.2
64.8

EE 7

65.9
64.7

57 .6
58.2
63.7

60 .0
61.1
63.8

60. 3
67 .6
66.8

62.7
64. 4
65 .5

i. Subject partjcipated in Diet period II only.
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diabetes mellitus, atherosclerotic heart disease and id.iopathic hyper-

lipemia (Goodman, i965; Kingsbury et al , 1969). In most cases the

differences have been smal I and approximately proportionaì to the

degree of elevation of pìasma choiesterol . Not alì reports in the

literature are in agreemeni with th.is observation. Laudat and assoc-

iates (1966) and Allard and coworkers (1973) observed that atheroscle-

rosis was not associated with a.decreased proportion of either total
polyunsaturates or linoleic acid in the cholesterol ester fraction.

According to Nestel and associates (1966) ch.anges ìn the

composìtion of choiesteryl esters are evident within twenty-four hours

after a change in diet and the changes are apparent in all classes of
ì ipoproteins. Both the type and amount of dietary fat have been shown

to influence the composition of cholesteryì esters (Nesteì, 1970). It
has also been reported that in the rat, rabbit, guinea pig, monkey and

gerbiì, additional cholesterol in the diet resulted in a marked decrease

in the proportion of polyunsaturated cholesteryl esters with jncreased

plasma cholesterol ester concentratjon (Goodman, 1965). In contrast to

this fìndìng in animal experimentâtion, in the present study an increase

in dietary cholesterol intake and the subsequent increase in serum

cholesterol was not associated with a proportional decrease in the

polyunsaturated fatty acids of the cholesteryl ester fractjon. The

increase or decrease in choìesteryl arachidonate in response to a

corresponding increase or decrease ìn egg consumption, although small,

ìess than 5%, was consistent.
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PART II

THE EFFECT OF DIETARY CHOLESTTROL ON THE RATE OF

CHANGE OF SERUI1 CHOLESTTROL SPECIFiC ACTIViTY

REV]El4 OF LITERATURI

. The observation that the concentration of cholesterol in the

serum can be altered by diet manipulation (Grande et al, 1965; Mattson

et al , 1972) has created an interest in the effect of dietary cholest-

erol on tissue cholesterol turnover (Nestel , 1970). As it is bel ieved

that localized accretion of cholesterol in tissues is critical in the

deve'lopment of atherosc'lerosis, it is imperative that it be determined

if a decrease in serum cholesterol is affected by increased deposition

or a decreased ìate or removal of cholesterol from soft tissue.

Turnover of choiesterol reflects the balance between input

of cholesterol , from endogenous biosynthesis and from absorption of

dietary cholesterol , and the loss of cholesterol which occurs in the

feces in the form of bile acids and neutral sterols. Pìasma, as one

of the more accessible tissues, has been used extensively to study the

rate of turnover of cholesterol . It has been consistentìy shown

(Nesteì et al , 1969; Noble et al , 1973; Quardford et al, 1973) that

durìng the first four weeks after a single intravenous infusion of

radioactìve cholesterol the semììogarithmic plot of the pìasma choles-

terol specific activity versus tjme is curvilinear and after the

fourth week the rate of disappearance of specjfìc activity becomes

essentìaì ly ììnear (Fìgure 4).
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Cholesterol exjsts in the body as a number of separate tissue
pools that tunnover at different rates (chobanian et al , Lg62a, 1962b).

The cur'¡il inear portion of the specific activity time curve, durìng

the first foun weeks after isotope adminìstration, reflects the different
rates of equiìibration between the pìasma pool and other tissue pooìs

of cholesterol.' Goodman and Noble (1968) described the plasma specific
activity die-awäy curve in terms of two general body poors of choresteror

with different exchange rates. In this modeì, pooì A, estimated to
contain one-third of the totar body exchangeabìe choresteror, compr.ises

the liver, bi1e, piasma, erythrocytes and possibly some of the cholest_

erol in the intestine, ìung, spleen and kidney. The frux of cholesteror

among these tissues is rap.id as the body moves to a new equ.i ìibrìum.

The equiì ibratíon of subpooìs within pool A accounts for the rapid

decline of pìasma specific activity during the first four days after
i sotope admi ni s trati on.

Tìssues which have a srower rate of choresterol turnover were

designated as Pool B. This pooì includes the remainder of the cholest-

erol in viscena, that in skeletal muscìe, skin and adjpose tissue. The

changing slope of the plasma choresteror specific activity time curve

during the first four weeks reflects the slower rate of equil ibration
between cholesterol in the plasma and that in the tissues which comorise

Pool B.

Dietschy and l^lilson (1970) and Goodman et al, (1973) have

modjfied this model by the addìtion of a third pooì, pool C, made up

of neural tissue, with negl .ig.ibìe exchange rate. It appears that the

three pooì model fits the specific activity data for ìong term cholest_

erol turnover studies. However, data from the specif.ic activity dìe-
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away curve for studies of less than twelve weeks duration are best

described by the two pool model (Goodman et al, 1973).

With the two pool model of cholesterol turnover it.is assumed

that a steady state equilibrium between tissues in pool A and pool B

has been attained when the iog-specific actìvity time curve becomes

ìinear (Figure 4); approximately four lveeks after intravenous admini-

stration of labelled choìesterol . The subsequent removal of cholesteroj

from the plasma represents the turnover of the sìowly miscìble pooi of

cholesterol . ïhe rate of turnover is reflected by the slope of the

1og-¡i¡s.. portion of the plasma specific activity curve (Nestel , 1965;

Grundy et al , 1966).

Grundy and Ahrens (1966) proposed that a.change in dìetary

regìmen would effect a change in the sìope of the ìog-ìinear portion

of the plasma specjfic activjty curve (Fìgure 4). Entry into and exit

from the total miscible body pooì of cholesterol occurs almost exclusi-

veìy through Pooì A (Figure 5). In the steady sta¿e, the production

rate of Pooì A (endogenous synthesis plus absorption of dietary choles-

terol) equaìs the rate of cholesterol excretion from Pool A. A change

'in the sìope of the log-linear portion of the piasma specific activity
curve can be brought about by changing the production rate of pool A.

After a change in dietary regirnen, and attainment of a new steady state,

an upward inflection or decreased slope of the curve wou'ld indicate an

increase in the tctal body choìesterol pooì or a decrease in the rate

of endogenous biosynthesis or cholesterol absorptìon (Grundy et al ,

1966). An increased slope or downward deflection of the curve would

ìndicate a faster fractional turnover rate as a result of a decreased
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body pooì of cholesterol or an increase in the rate of endogenous

synthesis or cholesterol absorption. The fractional turnover rate

of tissue cholesterol is directìy proportionaì to the total body

turnover rate of cholesterol (Nestel , 1965).

This technique has been used by Nestel (1965),r Grundy and

coworkers (1969) and Sodhi et al , (1973) to assess the effects of
varîious drugs and dietary manipulations on the turnover rate of tissue

cholesterol. In the study reported by Grundy and associates (1969)

it was observed that an increase in the level of dietary cholesterol

resulted in an increase in the plasma cholesterol concentration. A

new steady state was achieved, foi lowing the change in cholesterol

intake, and measurement of the plasma specific acti.v.ity revealed an

increased slope of the ìog-ìinear port.ion of the pÌasma specìfic

activity curve. They concluded that more nonlabelled cholesterol

entered the body pooìs per day when cholesterol intake increased.

Hence, the production rate of pooì A had increased which, in the steady

state, is equivalent to an increased metabolic turnover rate of choles-

teroì.

In the study reported here an attempt was made to assess the

effects of dietary choìesterol on cholesterol turnover by a combination

of analysis of plasma specific activity time curves and a sterol balance

technique.3S

38The sterol bal ance portion of this study
be submitted by 1,1s. Marie Fuller and wi-i lin tbe present thesis.

is the topic of a
not be discussed

thes i s to
fu rth er



RESULTS AND DISCUSSION

PLAS¡4A SPEC]FIC ACTiVITY

The rate of change in pìasma specif.i c activity was monitored

by measuring the radioactive 3H-cholesterol (dpm) and expressìng it .in

terms of total serum choiesterol . As isotope administration was caried
out four weeks prior to the start of the experimentaì dietary periods

'it was assumed that equi libration between cholesterol in tissues in
Pooi A and Pool B was compìete; the rate of change in the ìogr, of the

piasma specific activity (Figure 4) was ìinear. An F test for the

homogeneity of regression (Appendix Table.9) ind.icated that the rate

of change in the log-serum specific activity did not differ significan_

t1y between Diet Period I and Diet per.iod II for any subject despite

the change in dietary cholesterol intake and serum cholesterol levels.

Values for serum radioactivity (dpm/ml serum) and specific activity
(dpm/mg serum cholesteroì) for each subject are presented in Tables 19

and 20, res pecti ve1y.

In the steady state, a change in the log-plasma specific
actìvity would reflect a change in cholesterol turnover rate (Nesteì,

1965). It is assumed that the metabol ìc steady state is present when

the following conditions are met: a constant pìasma choiesterol concen-

tration' unchanging fecal excretion of sterols and constant body weìght

(Grundy et a] , 1969). In ¿he present study, foì'lowìng the change in

dietary regimen in Djet period I and Diet period Il, the p.lasma choles-

terol concentration was not constant for subjects prior to sampling for
measurement of serum specific activity. when the size of the plasma pooi
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of cholesteroì was changed a new steady state would only be achieved

after four weeks due to the slow rate of equiìibration between pìasma

cholesterol and cholesterol in tissues which contribute to pool B.

As stated previousiy, it is only in the steady state conditjon that

the slope of the log-ì inear portion of the cholesteroì specific activity
curve refìects the fractional turnover rate of cholesterol . Hence,

conclusions about the quantitative effect of dìetary cholesterol on

the rate of cholesterol turnover cannot be drawn from the results of

this study as the metaboìic steady state conditions were not present.

Nevertheless, monitor.ing of the specific act.ivity of the

plasna can be useful in isoìating the possible mechanisms by wh.ich the

size of the pìasma cholesterol pooì is altered by a change in dietary

cholesterol . In the present study, cholesterol intake was found to

affect the plasma pool of cholesterol in a linear fashion. There are

several mechanisms whereby dietary choìesterol may effect thìs change.

A Fly perchoì este rol emi c response may be brought about by (a) an increase

in the amount of dìetary cholesterol absorbed (Figure 6 1), (b)a-

failure to excrete this additional cholesterol or an overall reduction

in the excretion of cholesterol from the plasma pool (Figure 6.2),
(c) a net flux of cholesterol from other tissues to the plasma (Figure

6.3a and 6.3b) or (d) a combination of these mechan.isms. Alternatively,

a decrease in cholesterol intake resulted in a decrease in the size of
the pìasma pool of cholesterol and this could be caused by similar

mechanisms operating in the opposite direction.

It'is onìy possìb1e to specuìate on whjch of these mechanisms

was operative. Analysis of the fecal steroids shouìd heìp to resoì ve
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the mechanisms. Results of the quantitative and quaììtative patterns

of fecal neutral and acidic sterols, obtained from sterol balance data,

will be reported elsewhere (Fuìler, unpubl ished thesìs). If the change

in plasma cholesterol resulted from a change in the absorption of non-

labelled dietary cholesterol then the rate of decljne of pìasma specific

activity would be expected to change because the ratio of the radioactive

label to total choiesterol in the plasma would be altered. The sìope of

the piasma specific activity - tir" .r.u". did not change significantly

in response to changes in dietary cholesterol intake despite changes in

the size of the pìasma cholesterol pooì of subjects. However, fo1 lowing

the change in the diet, there were small shifts jn the slopes of the

plasma specific activity - time plots which reflected the change that

had occurred in the pìasma cholesterol concentnation for several of the

subjects (Figure 7.1, 7,2, 7.3, 7.5, 7.6, 7.8) These changes were

undetected by the statistical test used and cannot be considered signìf-
jcant but, nonetheìess, are apparent from the semi-log piot of specific

activjty versus week of the study.

For three of four subjects (HM, EC, JB) a decrease in dietary

cholesterol intake resulted in a marked decrease in serum cholesterol

concentration. For these subjects the decrease in serum cholesterol

was accompanied by a decrease in the slope of the plasma specific actì-

vity - time curve (Figure 7.L,7.2,7.3). The slower decline ìn plasma

specific activity for EC and'JBduring the week fo1ìowing the dìet change

and the increase in pìasma specific activity for HM suggest a decreased

rate of dilution of the plasma labelled cholesterol either as a result

of decreased absorption of nonlabelled dietary cholesterol , the entry
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of hjgher specific activity cholesterol from the tissues into plasma or

a combination of these mechanjsms. According to Sodh.i et al (i973)

only the rapìdly exchanging tissue pooìs of cholesterol have the same

specìfic activity as the plasma pool of cholesterol . After iabelìing

the plasma cholesterol , the specific activity of some of the tissue pools

in rats, r"abbi'us, baboons and man have been shown to be greater than

that of pìasma choìesterol . After labelìing the plasma choìestero'l

pool and equiìibratìon of pìasma and tissue cholesterol , the spec.i fic
activity of the pools of cholesterol in some tjssues will remain higher

than that of plasma. The magnitude of difference in their specific

activitjes depends upon the relative size and the rate of equi ìibration
between plasma and the tìssue pool . The more rapid the equilibrat.ion

and the smaller the tissue pool , the closer are the specific activity
vaìues of the pìasma and tissue pool. Thus, the tìssue pooìs expected

to have higher specific activity than pìasma cholesterol are the sìowly

exchanging pools of the tissues that comprise pooì B (Sodhì et al , 1973).

Hence, an increase in the rate of exchange of cholesterol between tissues

wìth a hìgher cholesterol specifìc activìty than plasma and the pìasma

wouid result in a slower declìne of pìasma specif.ic activity. Rather

than an increase in the rate of exchange between plasma and other tissue

pools, the change in the rate of decrease in the specific activity ìn
the plasma may have resulted because of a net flux of cholesterol out

of the tissues with a higher specific activity than pìasma. In this

instance, as the plasma cholesterol concentratjon decreased wjth a

decrease in cholesterol jntake, the additional cholesterol was not held

in the pìasma conpartment. Preìimìnar.y observations of the fecal steroid
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data suggest that the absolute amount of cholesterol absorbed decreased

with a cìecrease in cholesterol jntake. However, if the changes ìn

serum cholesterol leveis, in response to diets .in the present study, are

found to be partìaììy due to redistributìon of cholesteroì between plasma

and tissue pools, it will not be possible to determine from the data

gathered the mechanism by which the new equiìibrium between these pooìS

was es tabl ished.

For the fourth subject (DG) the sìope of the specific activity
- time plot decreased with a decrease in dìetary cholesterol (Figure 7.4).

However, it must be noted that a decrease in dietary cholesterol from

781 to 441 mg per day (ie. a change from the 2-Egg to the 1-Egg diet)

did not result in a decrease in serum cholesterol for this subject. Thus,

if decreased absorption of nonlabelled dietary cholesterol was the reason

for decreased dilution of the pìasma label then decreased excretion of

cholesterol or a net flux of cho:lesterol from tissues to plasma must also

have occurred in order for the subject's serum cholesterol concentration

to remai n con s tant.

The response of five subjects to an increase in dietary chol-

esterol was iess uniform. For four subjects (RE, BS, .jM, LC) an increase

in dietary cholesterol intake caused a marked increase in serum choles-

terol ìn the first week following the diet change. For two of these

subjects (RE, BS) the increase in serum cholesteroì was accompanìed

by a more rapid rate of decrease ìn plasma cholesterol specific actjvity
durìng this week (Figure 7.5,7.6). This more rap.id decline in specific
activity most ìikeìy resulted from jncreased dilution of the labelled

plasma cholesterol as a result of increased absorptìon of nonlabel'led
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dietary cholesteror, but may arso refrect a decreased rate of exchange

of cholesterol between tissues in pool B and pìasma.

The increase in serum cholesterol observed for subject JM

did not result in any change in the rate of decrease of serum specific
activity (Fìgure 7.8) . 0n the other hand, the observed increase in serum

cholesterol for subject LC was accompanied by a transient decrease in
the rate of dilution of the pìasma raber in the week foÏowing the change

in dietary regimen (Fìgure 7.2). If dietary cholesterol absorption

increased with increased intake then one would expect either the exchange

between pìasma choìesteror and choresterol of tissues in pool B was

increased or that there was a net frux of choresteror from tissues with
a higher specific activity than prasma choìesteror. This would have

occurred only to the extent that it countered the effects of increased

entry of unlabeiled dietary choresteror into the pìasma for JM. In the
case of subject LC there appears to have been an overcompens a t i on in
these mechani sms.

The remaining subject (BD) exhibited a decline in serum chol_
esterol and a slower rate of decrease in serum specific activity when

dietary cholesteror was increased (Fìgure 7.9). The mechanism whereby

this occurred is uncertain but it is possibìe that weight loss exper_

ienced by this subject had a greater effect on cholesterol metabolisrn

than had an increase in dìetary cholesterol .

Grundy and associates (1969) have observed that an increase
in the level of dietary choresteror resuìted in an increase in the
plasma cholesterol concentration as wei r as an increase in the rate of
dilution of the plasma laber and hence have concruded that more non-
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labelled cholesterol entered the body pooìs per day when cholesterol

intake was increased. This finding is consistent with reports in the

lìterature rvhich indicate that the percent cholesterol absorption .is

consistent over a broad range of intakes (Kudchodkar et al , 1973;

Nestel et al , 1975; Ho et a] ,1974). Wilson and Lindsey (1965) reported

that a change in dietary cholesterol intake did not affect the rate of

cholesterol turnover in the two subjects studied.

For subjects RE, BS, EC, JB and LC the transient change in

the slope of the specific activity - time piot coincided with the week

fo1 ìowing the diet change. After that time the slope became the same

as it was prior to the change in the diei which indicates that compen-

sation by alteration of cholesterol synthesis, excretion, absorption

or turnover occurred rapidly. in some of the subjects. For subject JM

no change in the sìope of the specific activity - tìme curve, despite

an increase in serum cholesterol concentration which was likely to be

the resuìt of increased cholesterol absorption wouìd suggest that

compensation occurred within less than one week. Metabolic compensat-

ion to a change in cholesterol intake, however, was incomplete as the

changes in the serum cholesteroì concentration were not transjent

over the three week period investigated.



SUMMARY AND CONCLUSIONS

The present study investigated the effects of d.ietary chol_

esterol , fed as egg yolk, on serum Iipid patterns and the mechanjsms

by which dietary chdlesterol effects a change in serum cholesterol in
healthy free-living young men. Mixed diets, containing 40% of calories

as fat, were designed to provjde five levels of d.ietary cholesterol by

the addition of 1,2,3 or 6 eggs to the basal diet which contajned

113 mg cholesterol. The choresterol content of the five experimental

diets was determined to be 113, 441,781, 1058 and 1819 mg cholesterol

and from these data the average cholesterol content of the eggs was

calculated to be 300 mg. The study, a  l-day metabolic trial , included

two three-week diet periods. In Diet perìod I two subjects were fed

each of the experimental dìets and for Diet period II subjects were

reassigned so that no subject consumed the same d.iet .in the two djet
perì ods .

Serum cholesterol was found to be a linear function of the

level of cholesterol in the daiìy diet. The relationshìp between the

level of serum cholesteroì and the number of whore eggs consumed was

defined by the regression equation: serum cholesteroì (mg/dì) =

I47.7 + 11.9 (number of eggs in the diet). Thus, for each additional

egg in the diet (300 mg cholesterol) serum cholesterol was increased

by approximately 12 mg/dì.

Although the level of serum phosphol ipids was not signific-
antìy aìtered by a change in dietary cholesterol intake the overall

pat.tern of response was simjlar to that of serum chojesterol , l^lhen
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the level of dietary cholesterol increased or decreased, serum phos-

pholipids were co*.spondingìy erevated or decreased. The magnitude of
response in serum phosphoìipids was variable, however, compa.red to the

magnitude of response in serum cholesterol . The level of serum trigly_
cerides was not significantly affected by a change in dietary cholesterol

intake and changes in serum triglycerides were less consistent than serum

phospholipids with respect to the corresponding changes in serum choles-

terol .

Serum cholesterol levels had stabilized for most subjects by

the end of the second week after the diet change. Ho,¡/ever, as cholesteror

levels had not completely stabi iized for all subjects, studies of Ionger

duration are indicated if the quantitative effects of dietary cholesterol

on serum cholesterol are being investigated. This would make allowance

for subject varìabiì ity in the rate of adaptation to a change in dietary
cholesterol intake and, therefore, the true effect of dietary cholesteroi

on serum cholesterol to be measured, Such a change in methodoiogy nray

be of particuìar ìmportance when ìarge variations in dietary cholesterol

intake are beìng investigated w.ith jn one subject.

An increase in d.ietary cholesterol intake and in many cases

an accompanying change in serum cholesterol was not accompanied by a

change ìn the proportion of polyunsaturated, monounsaturated and satur-

ated fatty acids in the pìasma choìesteryì esters. There was a small,

less than 5%' but consistent increase in choresteryl arachidonate with

an increase ìn egg consumptjon. This increase in arachidonate appeared

to be at the expense of linoleate.

Approximateìy four weeks prior to the start of the study,
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each subject was infused wjth 50 microcuries of tritium-label led chol-

esterol and the decline in pìasma specific activìty was monitored through-

out the dietary trials. There was no signìficant change in the slope of

the specific activity-time curve for any subject when two different

ìevels of dietary cholesterol were fed. However, smaì l changes in the

rate of decline of plasma specific activ.ity were appa.rent for many of
the subjects fol lowing the ciiet change. !,,lhen dietary cholesterol intake

was decreased serum cholesterol concentration decreased and the slope of

the specifìc activìty curve showed a small transient decrease. Thl's

result suggests thãt the decrease in serum cholesterol was consequent

to a decrease in cholesterol absorption and hence a decreased rate of
dilution of the plasma ìabel . When dietary cholesterol intake was

ìncreased the effect on pìasma specific act.ivity was variable. For two

subjects the increase in plasma cholesterol was accompanied by a smaì l

transient increase in the rate of decline of plasma specific activity,
'I ikely as a result of increased absorptìon of unlabelled dìetary choì-

esteroì. For two other subjects the increase in serum cholester"ol ,

consequent to an increase in dietary cholesterol , coincided with either
a small decrease in the rate of decline of the plasma specif.ic actìvity
or no change in the rate of decline. Anaìysis of fecal steroids will
help to further resolve which mechanisms provided the additional source

of serum cholesterol jn these subjects.

The data obtained in the present study indìcates that in
heaìthy young men metabolic compensation for an jncrease or decrease

ìn dietary cholesterol occurs rapidìy, that is, within one to two weeks,

but, that this compensation is incompìete as sì gn.ificant changes in
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serum cholesterol concentration also occur,

The results of the present study indicate that dietary

cholesterol has a measureable effect on serum Iipids. However, it must

be emphasized that in heaìthy young Canadian men the ingestÍon of more

than 1800 mg cholesterol per day did not result in lipìd values that

exceeded the normal physiological range for serum cholesteroì, phospho-

lipids or triglycerides. These findings do not discredit the theory

that a restriction in dietary cholesterol consumption wouid be beneficial

in contro] ling serum ìipìds in persons with eìevations.beyond the .level

considered as high risk in connection with the incidence of atheroscle-

rotic heart disease. The ìmportance of a restricted cholesterol intake

will become increasìngìy clear once it has been established what const-

itutes a desireable serum cholesterol level as opposed to a normal

serum cholesterol concentration. A normal senum cholesterol is generaì ly

regarded as being less than 240 mg/ d1 for healthy young Canadian men,

but some investigators (Connor et a1 , IglZ; Wynder et al , 1972) continue

to insist that a desireable serum cholesterol concentration would be

less than 200 ng/d1 .
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APPENDIX TABLE 1

COMPOSITION OF THE 6-EGG DIET

¡4e nu I

Breakfastl
Orange Juice
Scrambì ed Eggs
Toas t
Jam or"Jeì ìy
Butter'

Lunch I

Macaroni and Chþese3
Peas 50 gm

Bread 1 slice
Strawberries, frozen 130 gm

Skim Milk 8 ounces

1

Dr nner'
CL r'l Ñ
Ri ce 60 gm

Tossed Sal ad
Lettuce 50 gm

Tomato 50 gm

Egg, hard cooked 1 whole
Corn Oil 10 gm

. Vi negar 5 gm

Bread 1 sl ice
Peaches, canned 130 gm

Rum and Butter Eggn ogr

l-!-c!¡J
7 Up or Fruit Juice 1O.ounces
Pì neappi e-Carrot Squa reJ

Menu iI

Apple Jui ce
Scrambl ed Eggs
Toast
Jam or Jeìlv
Butter2
Skim Milk

Spaghett i in
Tomato SauceJ

Col es I aw
Cabbage
Green Peppe r
Corn 0il
Vì negar

Brea d

Fruit Cocktail
C hoco I ate Eggnog3

TVP Beef Stew3
Mashed Potato
Ceì ery
Bread
Baked Cus ta rd3
Skim Mi I k

Amo unt

6 ounce s
3 whol e
1 sl ice
14 gm

18.5 gm

Amount

6 ou nces
3 whol e
1 slice
14 gm

18.5 gm

B ounces

50 gm

15 gm

10 gm

5gm
1 sl ice
150 gm

40 gm

20 gm

1 slice

B ounces

l0 ounces
2
l medi um

7 Up or Fruit Jqice
0atmeal Cook i esJ
0ran ge

L.

)

3.

Clear coffee and tea allowed ad 'l ib.

Butter at breakfast to be used throughout the day.

For amounts see recipes, Ful ler (unpubì ished thesís).
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