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Abstract

Demonstration of the highly positive correlation between blood cholestrol levels and heart

disease has made consumers wary of the fats in meat, milk and eggs. The egg, as perhaps

the single largest common source of cholesterol, has been cited by many members of the

medical and scientific world as a food contributing to heart disease.

In light of decreasing per capita egg consumption and continuing dietary egg cholesterol

controversy, many researchers have focused their efforts on egg nutrition. The results re-

ported, however, are often contradictory.

In spite of the disputable scientific evidence, the

egg has been labelled (erroneously) as a highly cholesterogenic food.

The objective of this presentation is to present a general picture of the problem and

discuss our laboratory findings relevant to the problem.

An isotope technique was utilized to incorporate !C-cholesterol into egg yolk lipoproteins

and study the metabolic fate of dietary ovo-cholesterol in rats.

micro-curies of 4-C-cholesterol,

emulsified in corn oil,

Two hundred and fifty
were orally administered to five

Single Comb White Leghorn laying hens. Eggs were collected, hard-boiled, and the hot dried

egg yolk powder (HEY) was prepared.

Total radioactivity excreted via feces was determined. The rat groups fed egg yolk

powder excreted more than 95% of the ingested ovo-cholesterol,

whereas the rat chow group

excreted only 47%. No difference was observed between HEY and CEY treatments. Therefore,

an unknown lipid factor present in egg yolk accelerates cholesterol turnover rate and excre-

tion via feces.

Cholestrol controversy

Cholesterol is a complex fatty substance found
in the body structure of all animals including
humans. It is an essential part of the structure
of cell membranes in the body. cholesterol is
also the starting material from which the body
makes its own supply of sex and adrenal hor-
mones. The body can also convert cholesterol

to vitamin D which is essential for calcium

metabolism. Hence, the body requires choles-
terol, and in fact certain lower forms of ani-
mal require cholesterol supply in their diets
as an essential nutrient because they have no
It

therefore that animals and humans

ability to produce their own requirement,
is clear,
alike must have some cholesterol for mainte-
nance of life and normal functions.

Usually, we hear, however, about what is

bad for us about cancer causing agents, heart
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disease, obesity or sometimes all of these.
That may be one reason why research on cho-
lesterol has captured the medical and popular
imagination. It traces back to the feeding of
cholesterol to rabbits exactly 75 years ago and
the extrapolation of the results to humans.
There has been a flood of contradictory research
on the cholesterol.

The common view of cholesterol is the patho-
genesis of atherosclerosis due to high cholesterol
in the diet which increases blood levels and
leads to deposits in the coronary arteries, It
seems oversimplified and somewhat misleading,
but it has been widely accepted in the scientific
community and by laymen for years.

The highest death rate is due to artery-heart
disease among all causes of death particularly
in North America, Therefore, epidemiological
demonstration of a highly positive correlation
between blood cholesterol levels and heart di-
sease has forced the scientific community to
spend millions of dollars for cholesterol re-
search.

It has been known for many years that a
wide variety of experimental animals can be
employed to produce experimental atheroscle-
rosis by feeding cholesterol. The amounts of
cholesterol required to induce the disease, how-
ever, are usually 15 to 30 times the amounts
found in the average human diet, Such experi-
mentation results in extremely high blood cho-
lesterol levels and deposits of lipids in the walls
of the blood vessels. The effect of these lipid
deposits is to reduce blood flow and weaken
the wall of the blood vessel with the eventual
result that in fact, a stroke or an aneurysm
take place. Many clinical studies have shown
a statistical association between higher concen-
trations of cardiovascular disease, On these
bases, a sharp restriction of dietary cholesterol
has been recommended. The average cholesterol
content of a medium egg is 250 to 300mg and

a low cholesterol diet has been defined as one
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containing less than 300mg of cholesterol per
day per person. This has resulted in restricted
egg usage in many diets including those for
senior citizens who need a highly digestible

form of protein.

Cholesterol in egg yolk

Eggs are probably the most nutritious food
item presently available for human consump-
tion. The biological value of other food has
often been determined by using eggs as a re-
ference standard. It is probably the only food
item in the animal kingdom which supports
growth alone and leads to the formation of
new life. However, one of the major nutritional
problems related to egg consumption is the
presence of a high level of cholesterol. The
current unsettled status of the relationship be-
tween dietary cholesterol and heart disease has
an impact on egg consumption by the human
population at large. There has been a general
recommendation both from laymen and physi-
cians that the dietary cholesterol be restricted
as far as possible. In fact, it has been recom-
mended to Canadians that they should “eat no
more than four than four eggs per week per
person including eggs used in cooking” (5).

Inlight of decreaing per capita consumption
and continuing dietary controversy, considera-
ble efforts have been made to reduce the amount
of cholesterol in the egg by nutritional and
genetic means. It has been known for many
years that the degree of unsaturation in egg
volk lipid can be changed by dietary means,
but has been only recently shown that choles-
terol can be reduced by dietary manipulation.

A number of lipid factors and drugs have
been tested for their ability to reduce choles-
terol level in blood and egg by feeding or
treating laying hens. It is, however, clear that
the hypocholesterolemic activity of a drug or

dietary agent is not necessarily related to a
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reduction in egg yolk cholesterol (9). Feeding
plant sterols have been widely studied as a
potential dietary manipulation in reduction of
egg cholesterol levels by as much as 35 percent
(2, 11, 13). The reduction of cholesterol level
is merely of statistical significance. No drugs
or dietary agents have proved to produce a

cholesterol-free or low-cholesterol egg (14).

Dietary ovo-cholesterol and its
metabolic fate

In view of the relatively high cholesterol
content, egg yolk has been implicated as having
extra cholesterogenic properties (8). Eggs have
been frequently used as dietary cholesterol sour-
ces to induce hypercholesterolemia and athero-
sclerosis developments in rabbits (1). A search
of current literatures, however, indicates mini-
mal or even no changes in human serum chole-
sterol at different levels of egg in the diet
(4, 7). Many investigators have focused their
efforts on human subjects to induce hyperchole-
sterolemia by feeding eggs with their normal
meal. However, only limited information is
available in the recent literature on an animal
model testing the cholesterogenic property of
egg yolk cholesterol in a direct comparison
with equal amounts of the crystalline form.

In our laboratory, a comparative study on
the cholesterolemic property of two dietary
sources of cholesterol, egg yolk powder vs.
the crystalline from, was conducted by feeding
two different age groups of chickens (12). The
correlation coefficient between dietary and serum
cholesterol levels were r=0.97 ane 0.77 for the
crystalline and egg yolk powder respectively
(Fig. 1).
produces significantly higher serum cholesterol

Crystalline cholesterol in the diet

than that of egg yolk powder at the same level.

These results indicate that egg yolk choleste-
rol is either not available or depresses the
serum cholesterol elevation after consumption,

RS R AERG

[543
o
(=}
-

&~
Q
(=]

3001

200} o
=07 EGG Yok

Y=U690X ~19.90

SERUM CHOLEST EROL (mg/100mi)

Py
o
(=

4]

00 025 050 075 100 125 150
DIETARY CHOLESTEROL (%)

Fig. 1. Regression line of serum choleste-
rol levels plotted against dietary choles-
terol levels of the crystalline form and
egg yolk form. The difference between
the slopes is highly significant(p<{0.01).

The concept remains valid that serum choleste-
rol levels depend primarily on the physical-
chemical nature of fats which are co-admini-
stered (3, 5). The ability to absorb dietary
cholesterol is highly dependent upon the nature
of dietary lipids co-administered, other than
cholesterol itself. ’

Ovo-cholesterol exists as an integral part of
the lipoprotein structure in the low-density
particles and lipoproteins of egg yolk (6). The
egg yolk lipids are firmly associated with the
protein. Thus, the dietary ovo-cholesterol is
expected to act differently from the free from
of cholesterol in the matabolic system. There-
fore, we have examined the metabolic fate of
dietary ovo-cholesterol by developing an isotope
technique which will permit one to draw de-
finite conclusions regarding the fate of ingested
egg yolk cholesterol.

By force-feeding !C-cholesterol to actively
laying birds, radio-active cholesterol was in-
corporated into egg yolk lipoproteins(Fig.2).
The *C-cholesterol egg powder (HEY) was fed
to a group of adult rats (13). They were paired
with a control rat group fed equal amounts of
4C-cholesterol added to cold egg yolk powder
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Fig. 2. Flow Sheet For Ovo-Cholesterol
Study.

(CEY). Rat Chow (#5012, Ralston Purina Co.)
was ground and used as a control (C). Total
radio activity excreted via feces was deter
mined. The fecal excretion rates of “C-chole-
sterol were 92.7 and 98.1% for CEY and HEY

diets respectively. In contrast, the rat group
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fed rat chow control (C) diet excreted only 47
% which is significantly lower (P<{0.01) than
those fed egg yolk powder (Table 1). No
significant difference, however, was observed
between the CEY and HEY-fed groups. This
indicates that the accelerated fecal cholesterol
excretion is due to the presence of dietary egg
yolk and not necessarily attributed to the phy-
sico-chemical structure of intact ovo-cholesterol
in the egg yolk lipoproteins. Therefore, results
clearly ruled out a possibility that the biomo-
lecular structure of ovocholesterol in the egg
yolk lipoproteins is a contributing factor, be-
cause simple addition of MC-cholesterol to the
egg yolk diet was as effective as the bioclogi-
cally enriched “C-ovo-cholesterol in the fecal
cholesterol excretion. These results imply that
egg yolk contains a factor (s) responsible for
accelerated cholesterol metabolism and excretion
of the egg yolk-fed rats. The published work
to date, however, fails to provide an explana-
tion for the exact role of the dietary egg yolk

complex on cholesterol metabolism.

Table 1. The Metabolic Fate of !*C-ovocholesterol in the Egg Yolk Fed Rat (Trial 2.)

Experimental Diets?

c? CEY HEY
Feed Intake (g) 40.541.4 36.640.5 38.0+2.0
Total Feces (g) 8.9%0.1 6.2+1.1 5.610.4
Dry Matter Digest. (%) 78.140.5 83.073.2 85.20.4
Eecal Recovery of “C (9%)3 47.343.2(a) 93.7-74.2(h) 98.1+1.9(b)
Sp. Activity (DPM/ng cholesterol)
Cholesterol Fed 77,057.9 6,542.6 7,624.3
Cholesterol Excreted 18,768.2 5,942.7 7,463.5
Ratio 4.1: 1.0 1.0: 1.0 1.1:0
Plasma "C (DPM/100m¢) 157,216.6 — -
Total Plasma Cholesterol Level 65.0+1.0 60.04-0.7 59.0+1.3

(mg/100m6)

! Values are expressed as Mean+S.E. of three rats.

2 C (control diet as 100% rat chow), CEY (mixture of equal amount of cold egg yolk powder
with rat chow) and HEY (mixture of equal amount of hot egg yolk with rat chow).

* Means within a row followed by the same superscrcipt are not significantly different at 19

level of probability,
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Earlier research demonstrated acceleration of
the bile cholesterol output and a rapid disap-
pearance of tissue cholesterol when egg yolk
powder was fed (10, 16). Lecithin, one of the
rich components in egg yolk has been suggested
as the responsible factor.

Results of this study present a number of
questions related to the alleged atherogenic
property of eggs in the human. It may also
be the reason that many investigators have
failed to increase the plasma cholesterol level
in man by including eggs in the normal meal.

The exact biochemical role or mechanism of
dietary egg yolk accelerating turnover rate of
dietary cholesterol cannot be sufficienctly elu-
cidated with the present experimental observa-
tions, however, a hypothesis is suggested that
egg yolk provides a certain physico-chemical
milieu active at the post-absorptive site that
enhances cholesterol turnover causing removal

from blood.

Dietary egg yolk and regress of
atherosclerosis

There is evidence that atherosclerosis lesions
in man may regress. Leary (17) has stated
that atheromatose lesions need not advance
and, indeed, may regress, after the disappea-
rance of cholesterol from the lesions. Horlick
and Katz (18)
atherosclerosis in cholesterol-fed chicks. Within

demonstrated regression of

three weeks after cessation of feeding choleste~
rol, little or no gross evidence of atherosclerosis
remained in the aorta, a finding that suggested
a complete remission. Reversibility of choles-
terol-induced aortic lesions seems related to
the total amount of cholesterol ingested and to
the duration of the cholesterol feeding (18).
Recent research interest in this laboratory
has been concerned with the the possible effect
of dietary egg yolk on the regression process
of the advanced stage of atherosclerostic le-

RREEARSBE

sions. Male cockerels are prone to develope
spontaneous atherosclerosis with a high degree
of lesion severity without dietary insult when
they are older than 12 months of age. A group
of adult cockerels selected from a large breeding
rooster population which developed ‘spontaneou-

sly advanced stage of arterial lesions were

employed (Fig.3).

Fig. 3. Naturally occurring atherosclerosis
of the abdominal aorta of mature White
Leghorn cockerels fed cholesterol-free
control diet. Note: focal fibrous intimal
plaque adjacent to the very narrowed media
(arrows) Hematoxylin-eosinx 110.

These studies included a group of cockerels
fed an atherogenic diet containing 1.0% of
either cystalline cholesterol dissolved in animal
fats or egg yolk powder with an equal amount
of cholesterol. A cholesterol-free group was
the control. After nine weeks on these diets,
12 birds from each treatment group were sacri-
ficed at random to determine the severity of
atherosclerosis according to the procedures of
Katz and Stamler (18). The aortae were rapidly
removed, trimmed of extraneous tissue, opened
longitudinally, and grossly graded.

The progression and regression of atheros-
clerostic lesions in the aorta was assessed by
the score system ranging 0 to 4 for the degree
of severity. Results revealed that feeding egg
yolk powder diminished or halted the develo-
ping atherosclerostic lesions from the score of
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3.1 to 2.4, while the atherogenic diet containing
crystalline cholesterol worsened from 3.1 to
3.62 (Fig.4). We were quite amazed because
such results were not expected on the basis of
information present in the literature. This
observation brings up two important questions.
Spontaneous atherosclerosis lesions developed
in the aged cockerels may serve as a best

model to human condition and may answer the

question: Is aged atherosclerosis lesion rever-
sible ?

Fig. 4. A view of opened aortae disected
from birds fed 1% ecrystalline from of
cholesterol (left) and egg yolk powder
from of cholesterol (right). Degree of
severity in vascular sclerosis and typical
lipid plaques in the area of thoracic and
abdominal aortae is found comparable.
Diminished fatty streak (open arrow) is
comparable with the fatty plaque at the
abdominal arteries with crystalline cho-
lesterol treatment (solid arrows).

There is clearly a good deal of confusion
about the question of reversibility of advance
arterial lesions. The second aspect of questions
is whether oral administration of egg yolk is

atherogenic or anti-atherogenic to human. It
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is important indeed to determine whether the
reversiblity action of dietary egg yolk is species
specific or age related.

An earlier study with rats demonstrated a
rapid disappearance of tissue cholesterol when
egg yolk powder was fed (10). These workers
suggested that the lecithin-rich egg lipids are
the reponsible factor. Cholesterol removal rate
has been found to vary directly with the bile
acid secretion rate and more recently it was
proposed that bile acid synthesis rate is deter-
mining factor on the rate of cholesterol secre-
tion into bile (19, 20, 21).

Although the published work to date fails to
provide an exact explanation for the role of
dietary egg yolk complex on cholesterol meta
bolism and atherogenesis, results of this study
present a number of questions related to the
alleged atherogenic property of eggs in the
human (8). It may also be the reason why
many investigations have failed to increase the
plasma cholesterol level in man by including
eggs in the normal meal (22, 23, 24, 25).

Further work is in dire need.
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