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INTRODUCTION

The progress made by science for humanity has brought with it
an aging population and attending tﬁis au ever increasing ineidence of
arteriosclerosis. This disease 1is beginning to play a serious rols in
the world so that it is now the commonest cause of death in the older
age group. It therefore becomes imperative to deal with the problem.
Many advances have alreadv been made in this field of exverimental re-—
search. Of these the importance of the serum lipid interrelationships
in the genesis of experimental atherosclerosis have been repeatedly eme
phasized. A great step forward was taken when it was found that expe-
rimental cholesterol atherosclerosis in rabbits could be inhibited by
rendering them diabetic with "alloxan?(el’sz’ss) or by injecting them
intravenously with the detergent Tween 80(67,68,69), This inhibition
was accompanied by a particular lipid pattern. The seme pattern was
observed followirg the administretion of Cortisone clinically(50'5l’52055’54)
ard in experiments irdependent of those on atherosclerosis(so). This
suggested that Cortisone might also inhibit the development of athero-
sclerosis. An experiment was undertaken to study this effect with the

kope that it might lead to further understanding of the disease,




REVIEW OF THE LITERATURE.

1. Historical Backg;ound(l)

As far back as Aristotle, descriptions of bone in the heart
of certain animals suggested arteriosclerosis and it is somewhat sur-
prising that he did not note these findings in his comparative studies
of the human body; nor was this analogy made until the sixteenth centu=-
ry anatomists encountered ¢alcified aortic valves. Although the ancient
papyrus did not report the disease, its presence in the XVIII Dynasty
was established by Rnrfer(z) in his gross and microscopic studies ef
Egyptian mummies. A step forward was taken by Crell in 1740 when he
described the tophaceous (atherematous} nature of the lesions which sub-
gequently hardened. He asseciated this condition not merely with se-
nescence but also the "intemperate youth®., Boerhaave named the harden=
ing and constriction of the vasa vasorum responsible for the subsequent
degeneration of the vessel proper. An impertent contribution made by
Morgagni from his studies of merphelegical and clinical cerrelations
was the asseciation of "ossification®™ ef the coronary arteries with an-
gina pectoris. Hodgson deseribed the common atherosclerotic lesions
clearly and leocated them in the intima. He advanced the view that this
was a true disease and not a natural process of aging. Carl Rekitansky
speculating on the pathogenesis of the disesse took the stand that an
endogenous product from the blood mass. became deposited on the intima
with subsequent hypertrophy, atheroma and ossifieation. A few years

later Virchow introduced the primary imbibition theory by postulating




that through some constitutional dyscrasia substances passed from the
blood stream into the intima which loosened the ground substance and
led to further degenerative changes. Thoma (1883) felt that the inti=
mal thickening was a compensatory response to medial degeneration which
in its turn was due to nutritional disturbances of age. He was support-
ed by Marchend (1904) who also stressed the influence of elevated blood
pressure. Oskar Klotz (1911) dealt with the concept of ™medial arterio~
sclerosis" in which he stressed the importance of infections and stress
and straine Since this time great strides were taken toward more mo-
dern advances in arteriosclerosis which will be discussed as they occur

in the pages that follow.

2. Definition of the Term Atherosclerosis.

The state of qonfusion begins at once with the term "Arterio-
sclerosis™ which had been coined by Lobstein(l) and means merely harden-
ing of the arteries (Gr. skleros = hard). William Boyd!3) considers
this an "omnibus term" which carries a variety of non=inflammatory ar-
terial diseases which may or may not be related to each other:

l. atherosclerosis - a patchy lipoidal degeneration of the intima;

2. medial calcification or M#nckeberg!s Degeneration; 3. diffuse ar—
teriolar sclerosis. Hneper(4) uses it also as a collective term for

the degenerative and sclerosing arterial diseases. Atheroma (Gr.Athere

= mush) was for a long time used to denote any closed sac filled with
gruel-like material from which Marchand(12(1904) devised the name YAthero—
sclerosis®.to include the lipoidal, degemerative and sclerotis changes

which occur in the atheromatous type of arteriosclerosis. Although he




considered Monckeberg's medial calcification and arteriosclerosis related,
he treated them separately because they occurred in different portions of
the arterial tree. The term does no longer include syphilitic affections
of the vascular tree, mycotic aneurysms, physiologic narrowing, thromboe
angiitis obliterans, periarteritis nodosa and rheumatic fever.

Since “atherosclerosis"™ did not prove to be a true definition
from a clinical or eticlogical point of view it was deemed wiser to con-
sider it as a descriptive morphological term to denote the characteristic
thickenings of the intima in which 1lipids were deposited, while the
term atheroma was reserved for an atherosclerotic lesion in which the
centre was a grumous mixture of lipid material and necrotic tissue

debris ( 5) .

3. The Morphology of Atherosclerosis in Man.

The Fatty Streaks: At six months of age fatty streaks appear
in the aorta frequently and become,according to Zihserling(s),constant
after four years;increasing in size and number with advancing age.
Since he found that the localization of these streaks corresponded to
those of artieriosclerosis he considered them an early stage of that
disease. Ribbert(7), who contested this, stated that the fatty spots
were independent lesions due to a semiphysiological deposition of
lipid material which could be reabsorbed, whereas atheromatous lesions
were distinctly pathological from the beginning since they were ac-—
companied by the development of new fibrous tissue and necrosis. HOw=
ever, the absence of fibrosis and necrosis should not rule out a patho-~

logical lesion and it is now generally accepted(5v5’8) that the fatty




spots are the early atherosclerotic lesions which may retrogress or de-
velop into more advanced forms. For, in the common atheromatous aorta
a variety of lesions(g) appear together as various stages of the same
process. Since the least involved areas present the simplést lesions,
they are assumed t0 be the eérliest and since they closely resemble the
fatty streaks the latter are likewise considered.

Grossly(gts) the fatty flecks appear as small round or oval,
8lightly elevated, greyish or yellowish spots, a few mm. irn diameter.
They coalesce to form larger irregular plaqneé and longitudionally
orientated streaks. Ophuls found them most commonly in the valves of
the left side of the heart, at the base of the aorta, in the sinuses
of Valsalva or just above them where their long axis ususlly runs trans-
versely, while others found them more commonly along the posterior tho-
racic aorta with a tendency to arrange themselves between and around the
intercostal orifices. Thence they might continue into the abdominal
aortae.

Some of the fatty flecks or streaks retrogress leaving a gross—
ly normal intima or tiny fibrous plaques free from lipids. The greater
the thickness of the plaque the less likely is the 1lipid to be removed,
though some resorbed plaques of moderate size may be found.

Those which develop further accumulate more lipid material
and become covered by smooth connective tissue caps. As time goes on
the central areas most rich in lipids break down to form a necrotic
yellow atheromatous lesion which shines through the thickened grey trans=

lucent fibrous covering which protrudes into the lumen. This necrotic




process spreads in all directions to coalesce with ad jacent lesions in
various stages of development or break through the intimal surface spil-
ling its grumous contents into the blood stream or through the fragment-
ed internal elastic membrane into the media. The ragged defect becomes
covered with thrombus material although necrotic remnants always remain
in the depths or the surface may be sealed by the development of a cal=
careous plate. In these stages the abdominal aorta is usually more in-
volved than the thoracic and in advanced cases the process extends into
the iliac arteries, to the base of the aorta and even into the proximal
parts of its larger branches.

Microscopically(s), the earliest lesions or fetty streaks show
an increase and swelling of the intimal metachromatiec ground substance
within which are scattered fine droplets of sudanophilic lipid material
which may also be scattered alongside the subjacent elastic lamellas.
The intracellular deposits occur in globular maerophages which becoming
filled with lipd appear as "foam cells" and in spindle=-shaped or stel-
late mesenchymal cells which are best seen in sections cut parallel to
the surface. The lining endothelial cells seldom contain any stainable
lipid. As these develop further a moderate diffuse fibrosis of the in=-
tima occurs which is thicker at the site of the gross lesion. This
fibrous tissue from the very beginning undergoes a particular type of
necrosis which breaks the fibrillated collagen into fine pale basophilic
granules (hematoxylin stain)e. This may possibly be calcareous material.
It occurs in a patchy fashion usually in the deeper layers of the intima.

This change may appear prior to the fatty degenerations. The amount of




1lipid material varies and bears no relation to the amount of fibrous
tissue but as the latter is increased in the superficiasl parts, lipid-
filled foem cells are increased in the deepér parts. There are also
present many stellate comnective tissue eells filled with minute fat
froplets. The fatty change usually starts in the musculo-elastic layer
but on occasion may be more conspicuous in the superficial layers of

the intima. Many of the lipid-filled foam cells degenerate into an athe-
romatous mass of finely granular necrotie debris through which are scat-
tered fat droplets of varying size and precipitated cholesterol crystals.
Surrounding the necrotic zone are large numbers of fosm cells, a few
stellate connective tissue cells and.lymphocytes. The necrogis extends
to involve the internal elastic membrane which becomes fragmented and
allows the atheromatous process to invade the media,at first superfi-
cially, but in far advanced cases,deeply.

The cap of proliferating fibrous tissue with its increased
amounts of metachromatic ground substance(l3) undergoes a hyaline dege-
neration and fibrinoid necrosis(14}. This covering becomes destroyed
in the wake of the degenerative process which discharges its contents
into the blood stream. Thrombi attempt to cover the ragged ulcer in
whose depths are found remnants of necrotic debris and cholesterol
crystals,while in other areas a calcareous plate may be formed to seal

the lesion. Thus the variegated picture of atherosclerosis is developed.

4., The Nature of the Cellular Elements.

The Foam Cells: Particularly attractive in the picture of athe~

rosclerosis are the foam cells. They have also been called(15) lipophages,




lipoid cells, xanthoma cells or cholesterol phagocytes. These(IG) ar

e
round or polygonal with a small round deeply staining centrally placed
nucleus around which the narrow rim of pale basophiliec cytoplasm in the
smaller cells becomes voluminous, reticular and foamy as the cells en=
large. Duff feels certain that they are macrophages which have ingested
lipids, for they resemble in both form and function the large monenuclear
phagocytes in the animal body and take up colloidal dyes as do other
macrophages. Duguid(l7) believes that they are wandering macrophages
which are normally present in the arterial intima prior to the appear-
ance of lipids upon which they increase in number by multiplication and
phagocytose the lipid materiale Others(18,19) think that they represent
desquamated fat-laden phagocytes of the reticulo-endothelial sysfém
which enter the blood stream either actively or passively and penetrate
the lining endothelium to lodge in the subendothelial layers. Hhsper(4),
finding foam cells in the blood stream, offered to support this view.
Altschnl(15) maintains that the endothelial cells develop into foam
cells, He describes their presence in the lining endothelium and their
amitotic division and migration to the subendothelial layer whers they
actively or passively take up lipoids. He speaks of "dedifferentiation®
in which the endothelial cells become stellate mesenchymal connective
tissue cells and fibroblasts which settle in the awmorphous ground sub-
stance. In tissue cultures(zo)endothelium has been shown to ingest
particulate matter and to migrate and become identical with the mesen=-
chyme. This Altschul feels is equivalent to dedifferentiation in ar-

teriosclerosis‘ls’Zl). Hematoidin, hemosiderin, fat droplets and eho-




lesterol crystaels have been demonstrated within endothelial cells as
evidence of their phagocytic activity while others would attribute this
to irritation phenomena. McGlung(zz) states that an endothelial cell
which is not phagooytic may become so if damaged, against which Altschul
argues that damage does not exclude phagoeytosis nor is it necessary for
phagocytosise. Same(le) beliefe that all intimal foam cells are macro=-
phages or fibroblasts and that foam cells of so-called endothelial ori-
gin are degemerated rather than phagocytic elements. The branched cells
are usually considered to be derived from fibroblasts although others

state they arise from endothelial cells(?l),

Se The Lipid Composition of Atherosclerotic Ilesions in Man.

| Atheromatous sortae have been shown to contain increased
amounts of total cholestercl, phospholipids and fatty acids which rose
progressively with the severity of the lesions{(23,2¢), windaus(25)
showed that the cholesterol ester values in atheromatous aortas were
20 = 26 times as much as normsl aortas, while the free cholesterol was
6 = 7 times as muche. From analyses made on the intima and inner portions
of the media Schoenheimsr‘zs} reported that the cholesterol esters com-
prised lo% of the total lipids in normal aortas and rose to 60% in those
with atherosclerosis while the average amount of free cholesterol remaine
ed constant. Iahnherr(25’ from his studies added that the changes in
diabetic atherosclerotic aortas were similar but more marked. Meeker and
Jobling(24) analyzed the atherosclerotic plagues which they had removed
from the intima. Compared to normal sections similarly prepared they

found that the phospholipid proportion was constant; fatty extract and
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total cholesterol increased with the severity of the lesions; the rise
in the ester cholesterol was greater than that of the free cholesterol
except, in the more severe lesions,when the free cholesterol was greatly
increased. They(27,28,29) attributed this release of free cholesterol
to a splitting of the cholesterol esters. In noting that the lipid com=~
position in the normal intima and in the early atheromatous plagues cor-
responds to their proportions in the blood(aooal) very persuasive evi=
dence was introduced to suggest that the lipids emter the aorta by a

method of non-selective infiltration.

6. Experimental Cholesterol Atherosclerosis in Rabbits.

(32)

Origin and Development: ¥hile studying the effects of un=-

natural foods such as meat, milk and egge in rabbits Ignatowski in 1908
discovered lesions in the aorta which resembled humen atheroscleresis.
These were attributed to the protein in the diet until Stuckey and
Wesselkin were able to demonatrate that the fatty substances were ro-
sponsible. Approaching the problem more closely, Anitschkow (1912) to=-
gether with Chalatow (1913) showed that the feeding of pure cholesterol
dissolved in oil produced the characteristic lesions of experimental
atherosclerosis in rabbits. When the work of previous investigators was
examined in the light of this finding,it was seen that those who attri-
buted the resultant lesions to protein or those who incriminated the
toxic effects of staphylococci injections or alcohol poisoning hed at
the same time, fed diets containing cholesterol. Wacker and Hueck added
further to the role played by cholesterole. They showed that the lesions

were produced when cholesterol was fed in solid form with the ordinary
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food and that this was accompanied by a hypercholesterolemia which was
largely due to the cholesterol ester fraction.

Since that time the many cholesterol feeding experiments which
were conducted produced lesions in rabbits which approached those of hu-
man atherosclerosis so closely as to warrant their comparisons. Dufr(le)
has chosen to call this experimental disease of the arteries "Experiment-

al Cholesterol Arteriosclerosia".

Methods of Production: In the earlier studies substances rich

.1n cholesterol(le’as) such as egg yolks, brain tissue, liver or hydrous
wool fat were mizxed with the ordinary food or administered in liquid form
by means of a stomach tube. When cholesterol glone was shown to be ef=
fective, it was used mixed with the food or in oily solution via stomach
tube. Wacker and Hueck(34) showed that so0lid cholesterol would produce
experimental atherosclerosis but that a larger dose ard longer period

of time was required (1.25 gm. per day for at least 5 months). However,
dry cholesterol (29) mixed with the deily food has beer. more successfully
used. A daily dose of 1.0 gm. for at least 60 days was required before
well=marked gross lesions appeared. The cholesterol dissolved in ether is
mixed with the food and then the ether is allowed to evaporate. However,
if administered in an oily solution the lesions appear much sooner (6.g.
075 gms of cholesterol per day dissolved in 15 cc. of corn oil mixed
with the daily food per os will produce definite atherosclerotic lesioms
in 40 days) Because of the objection sometimes encountered on the part
of the rabbit to take the unnatural food,the stomach tube has been used,

but then again a longer time is required and the danger of perforation
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of the oesophagus or aspiration pneumonia create their owm disadva;tages
which, however, should be reduced to a minimum with skill. Whatever me=~
thod is used, a certain amount of time must elapse before the lesions

are demonstrable. Otherwise,the larger the dose of cholesterol, the more
prominent will be the lesions. The microscopic foam cells and lipoid de-
posits may appear one month before the gross lesions, the earliest of which
require sbout six weeks and the more obvious ones from three to s8ix months
of cholesterol feeding(5). Hueper attributes this "incubation period" in
the early stages of cholesterolemia to the ability of the liver cells and
the suprarenal cortical cells to store excess cholesterol until their ab=
sorptive power is exhausted when the histiocytes take over this functione.
Schurmann and MacMahon noting thet connective tissue phagocytes take up
lipids late postulate that the common endothelium of lymph and blood ves=-
sels create a "blood-tissue barrier" whosé resistance breaks down in

time to allow substances from the blood t¢ invade the subendothelial
tissues. In an attempt to produce earlier lesions Klotz{35) used I. V.
injections of a colloidal solution of cholesterol in 5% sodium oleate.
This work has been recently undertaken again using sodium stearate(se)
with which extensive lesions appear in 36 days; injections of oxidized
cholesterol (37) will work still more rapidly and it is claimed that sus-
pensions of cholesterol in deproteinized rabbits! serum(38) will at once

deposit cholesterol in the intima of the rabbit's aorta. These experi-

ments await further development.




Morphology: Experimental cholesterol atherosclerosis lipids
are first deposited(sz’la) in the cells of the reticulo-endothelial
system in the liver, spleen, lymph nodes and bone marrow. When these
and the suprarenal cortex become filled,the fatty deposits appear in
the arteries, the heart valves, the veins; in the skin, subcutaneous
tissue and tendons; in the interstitial tissue of the kidneys and in
the eyes. In the aorta(ls) the earliest gross lesions occur in the
arch as minute yellowish white opaque spots, elevated slightly above
the normal intima., These tend to be disposed about the mouths of the
vessels arising from the aorta or just above the sortic valve ring.

At first, the fatty flecks fade off imperceptibly into the surrounding
intima, but as they increase in size they become more sharply outlined,
rounded or irregularly-shaped and protrude into the luman as glisten-

ing yellowish-white nodules. As they incresse in number they eapread

onto the posterior aspect of the thoracic aorta and gather about the
mouths of the intercostal arteries, but may also be found on the ante-
rior and lateral aspects. The lesions progress to involve the abdomi-
nal aorta and the nodules coalesce to form large irregular plaques with

a warty surface which may impinge upon the patency of the lumen, although,
in still later stages, when the elasticity of the vessel has hecome great-—
ly reduced, it undergoes dilatation, particularly in the arch. The main
trupk of the pulmonary artery may, early in the disease, also show nodular
intimal thickenings. When the lesions in the aorta become well-estab-
1ished, isolated plaques appear in its larger branches (namely, the in-

nominate, common carotid, subclavian, common iliac and femoral arteries)
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where they are usually at the points of bifurcation. ZLater, when the
lesions spread into the smaller branches of the arterial tree, the coro-
nary arteries are frequently involved(sg).

The earliest microscopic change in the intima is described as
a swelling of the subendothellal metachromatic ground substance(4o), cone
trary to the views of earlier observers who maintained that the alter-
ation in the ground substance was secondary to the lipoild deposits. Argu-
ments were then held to determine the primary site of deposition of the
lipoids. Some claimed that in the earliest lesions anisotropic lipoid
material was present in the subendothelial cells but not in the ground
sugstancé(le). others(41:42) gpgerved it first in the endothelial and
subendothelial c¢ells but still not in the ground substance. Duff(40)
presents very persuasive evidence that the earliest lipid deposits occur
in the swollen subendothelial ground substance whence they are subse-
quently taken up by the prolifering cellular elements(45). From his ob-
servations he feels certain that extracellular lipid material precedes
that of any intracellular lipid. Indeed, the interstitial lipid depo=-
sits may become abundant with very little cellular proliferation.

In experiments, at present underway in this laboratory(43),
rabbits were fed cholesterol in oil and microscopic lesions of the ninth
day were examined. In vertical sections, intracellular sudanophilic li-
pid deposits were found in the subendothelial layer, while a smaller quan-
tity of anisobropic cholesterol crystals appeared in the deeper intima.
(Conments on any intercellular lipid material were reserved at this stage

in respect of technique and artefact). In later lesions anisotropic ma=
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terial began to accumulate in greater quantity in the subendothelium
layers while sudanophilic droplets were deposited intracellularly as well.

In experiments currently conducted in this 1aboratory(44),
large surface areas of the sortic endothelium of cholesterol-fed rabbits
were stained with toluidine blue. Microscopic lesions of the fourth day
disclosed sudanophilic droplets in the intercellular ground substance
but lipoid material was not demonstrated within the cells.

However, the later microscopic lesions may vary considerably.
Thus the prominent feature of the intimal thickenings mey be the ground
substance, the foam cells or the fibroblastic reaction(40), A4s the le~
sions develop they nearly always contain a large number of cells, Of
these, the foam cell is the most conspicuous and is in form and function
apparently identical with that deseribed in atherosclerotic lesions of
human arteries. Duff(ls) feels that they are macrophages since they re-—
semble the large mononuclear phagocytes elsewhere in the animal body and
actively take up lipids and colloidal dyes. But he admits also the pos~
s8ibility that they may arise from wandering mononuclear phagocytes pre—
sent in the intima prior to the appearance of lipoids. Others still
elaim that these macrophages migrate from the media «~ yet foam cells
do not accompany the occurrence of anisotropic lipid deposits in the
medise. The fat—laden cells may become so prominent as to mask the extra=~
cellular lipoids. Scattered about between the foam cells are smaller
spindle-shaped or stellate cells which are indistinguishable from fibro-
blasts and are therefore identified as such. These increase in number

when the lesions are advanced. The lining endothelial cells play roles




which differ according to the various observers. Anitschkow believed
that they merely formed a single thin layer of flat cells as a lining
for the blood vessels. Others, having noted fat granules in the lining
cells, attributed to them a more active role. But this was considered
with some reservation since the lining endothelium in the normal rabbit's
aorta is difficult to see and easy to wipe off while preparing the ma-
teriale.

With the advent of many cells in the intima the ground sub-
stance may become still more abundant. The lipoid material may be
scattered in finely-divided granules or diffusely spread through the
ground substance. The foam cells become greatly filled with sudano-
philic fat droplets which are also contained in many of the mesenchymal
connective tissue cells., A large portion of the fatty material is an-
isotropie, consisting chiefly of cholesterol and its esters.

As the lesions develop(5,16,40) fyrther the foam cells in the
deeper layers disintegrate, scattering their fatty granules amidst ne-
erotic debris. In this way atheromatous lesions are formed. The fibro~
blasts proliferate considerably in the deeper intimal layers. The fie
broblasts may proliferate to a lesser degree in the superficial intimal
layers to form a little fibrous cap for the necrotic lesions. Many foam
cells are still scattered freely about but tend alsc to surround the
#pool? of free fatty substances.

The process extends to involve the underlying elastic lami~
nae which shows splitting and the formation of many new elastic fibrils.

Eventually the necrotic and lipid material may break through the elastica.




to invade the media which itself shows degenerative fatty changes and

areas of focal necrosis which mav be independent of the intimal changes.

7. The Serum Lipids in Atherosclerosis.

The term M™ipid" or lipoid will be used to inelude those sub=-
stances which in their chemical, phvsical and solubilitv properties re-
gemble the true fats, which are included also(ls’ 72).

Whatever role the lipids may play in the genesis of atheroscle-—
rosis, the fact still remains that the development of atherosclerosis in

’16’40’65’99), guinea-pig, chicken(46,47,48) and dog(49’78)

the rabbit(®
is associated with a sustained dietary elevation of the blood cholester—
01(98), Clinically an increased severitv of atherosclerosis is found
in those conditions which are associated with hypercholesterolemia, such
as diabetes mellitus, essentinl xXanthomatosis, myxedema and in the neph-
rotic stege of nevhritis. Steiner reported that in a large percentage
of cases with atherosclercsis there is a significant hypercholesterol-
emia(100) | althoush others have questioned this(101). Morrison found
that the blood cholesterol levels rose above 260 mg% in 68% of patients
under 60 years of age with coronary occlusion(102), Hyvercholesterolemia
was demonstrated more particularly in young men(los) and women(104) with
coronary heart disease. Gubner and Ungerleider suggest that a marked ele-
vation of blood cholesterol predisposes to the development of atheroscle-
rosis in humans while low levels seem to offer some protection(98,105).

In experimental cholesterol atherosclerosis in rabbits all the

lipid constituents in the blood are elevated, particularlv the total,

ester and free cholesterol. The phospholipids were elevated to a lesgser




degree than the total cholesterol(5’10’28’29’65’99). Although the abh-
solute levelg of the individual lipids varied considerably, their pro-
portions presented a similar pattern. The greatest elevation was in

the total serum cholesterol, for which the cholesterol ester was large-
ly responsible, while that in the free cholesterol was considerably less.
These lipid elevations appeared soon after the beginning of cholesterol-
feeding. As feeding was continued,the concentration of all the lipids
increased so that the ratio of total cholesterol to the phospholipids
also incresased. The neutral fat rises also, but again %o a lesser de-
gree than the ester or total cholesterol. Essentially the same pattern
was observed in rabbits fed cholesterol in oil or pure cholesterol, in
cholesterol-fed birds(”9) and in dogs fed cholesterol and thiouracil(78),
Although hypercholesterolemia admittedly plays a role in experimental
cholesterol atheroscierosis,the nature of this role is not obvious.
Whether it is merely an associastion of atherosclerosis or more direct~
ly related to the genesis of the disease remains to be disclosed. Fur-
thermors, the interrelationship of the various 1lipid fractions appear

to be more important than the level of hypercholesterolemia in itself.
Particular emphaesis has been placed on the phospholipids and the total
cholesterol/phosprholipid ratio(78:79,80) | gnrens and Kunkel (80 )main-
tain that the deposition of lipid compounds are not determined by ab-
solute levels of total lipid concentration or of anv single lipid
fraction. Thev emphasize particularly the importance of the ratio of
cholesterol to phospholipid and the ability of high concentrations.of

phospholipids to *solubilize" the hydrophobic cholesterols and neutral
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fats and hold them in colloidal dispersion. A decreased cholesterol to
phospholipid ratio will result in a deranged colloidal state of the serum
lipids which vermits the deposition of cholesterol in the intima. ZThis
featurs will be discussed again later when its relationship in the lipe—
mia of Cortisone is considered.

By repeated injections of polyvinyl alechol and other macro=-
molecular substances Huneper was able to produce lesions which were mor=-
phologically like those of experimental cholesterol atherosclerosis ex-
cept that the lesions contained the foreign substance injected instead
of the lipids. He termed this disease "Macromolecular Atherosclerosis™.

liore recent studies suggested that the size snd physical state

of the lipid molecules may be even more important in the genesis of athe-
rosclerosis than the concentration or interrelationship of the serum li-
pids. Gofman, Jones et al. (63,115} yged this approach to the study of
atherosclerosis. They submitted %0 uvltracentrifugal flotation the se-
rum lipids of normal persons of various ages and those of patients with
coronary artery disease, diabetes mellitus and other states commonly as-
sociated with premature and more severe degress of atherosclerosis.
By this method they wera =2ble to ident;fy and quantitate groups of mo-
lecules of various demsities as they undergo flotation. A study of the
various macromolecular complexes disclosed that one class of molecules
in particular appeared to be related to the atherosclerosis in humans.
These included at least three specigs which migrate with rates between
10 and 20 units.expressed in terms of flotation rates Sf (= Svedberg

units). Fach of the three species contained approximately %0% of chole=-
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sterol by weight. The class of molecules with rates between 3 - 8 Sp units
carried a major fraction of the serum cholesterol and did not appear re-
lated to atherosclercsis. In 230 males with myocardial infarction 91%
showed the presence of Se 10 - 20 molecules as compared with approximate-
ly 50% in normal controls. This suggested that trese macromolecules are
in some way associated with the development of atherocselerosis. Since
they were also found in 40% of 226 normal males between twenty and thirty
vears of age, the possibility that these are the persons more readily
destined to develop atherosclerosis was entertained. Although with higher
serum cholesterol levels there is a tendency toward higher concentrations
of Sp 10 - 20 molecules, it is not possible to predict from the serum cho-
lesterol value in the individual patient the concentration of Sp 10 = 20
molecules. A group of men and women placed on a low fat, low cholesterol
diet showed consistent trends toward lower concentrations of the Sp 10 - 20
molecules over a period of weeks to months. Moreton(117) found that there
were much greater numbers of lipid macromolecules in the serum following
ingestion of a fatty meal than in normal fasting plasma or after fat-free
meals. From this observation he postulated that a eumulative effect of
this phenomenon might bhe the underlying cause of intimal lipid deposition
in human atherosclerosise. He suggests further that due to the increase

in size of the lipid particles they are retained by the barrier of the
internal elastic membrane. However, his theories are as yet not support-
ed by evidence, whereas Gofman and his collaborators have observed a cor=-
relation between the presence of increased numbers of Sp 10 = 30 molecules

and an increase in the severitv of experimental cholesterol atherosclerosis.
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Although the relative importancé of the role which the giant lipoprotein
molecules may play in the pathogenesis of atherosclerosis is not apparent
they more than suggest that a derangement of the 1lipids is an important
factore.

8. The Influence of Lipotropic Agents on Experimental Cholesterol
Atherosclerosis.

Studies of the effects of lipotropes on experimental cholester-
01 atberosclerosis have produced contradictory results. Steiner(107) re=-
ported that choline tended to delay the anpearance of gross atherosclero-
tic lesions in the aorta but did not vrevent its eventual appearance.
Baumen and Rusch(los), however, from their experiments reported that there
was no effect on the blood cholesterol and atherosclerosis in the rabbit,
even with large amounts of choline. Himsworth(log)also failed to produce
any irnhibition on the development of atherosclerosis in cholesterol-fed

(112) produced suggestive evidence

rabbite. However, Kesten and Silhowitz
that soybean lecithin or choline in equivalent smounts will delay the de=-
velooment of experimental cholesterol atherosclerosis, Morrison and

(113) Jere also able to inhibit the develovment of atherosclerosis

Rossi
in cholestercl-~fed rabbits by feeding them choline for a period of 92
davs. With larger doses the lesions were prevented in a larger number
of animals at the same time. TRegression of atherosclerotic lesions in
cholesterol-fed rabbits trsated with choline have also been reported(lloalll).
This occcurs more readilv when the initial blood cholesterol is not very

high. Regression of lesions in these cases is accompanied by normal le-

vels of blood cholesterol.
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9. The Influence_of Surface-Active Agents on Experimental Cholesterol
Atherosclerosis. = xrol

Kellner and Correll(67,68) studied the relationship of blood
lipids to the development of experimental cholesterol atherosclerosis by
using the surface-active agents Tween 80 and Triton A 20. Chelesterol=
fed rabbits were given repeated inpravenous injections of Tween 80 and
Triton A 20, This produced a hyperlipemia which was characterized by a
greatly elevated serum total cholesterol over and above that of the cho=-
lesterol-fed control rabbits, but which was accompanied by a proportionate
or even greater rise in the serum phospholipids. This was further accom-
panied by an inhibition of the development of experimental cholesterol
-atherosclerosis as compared to the choledterol-fed control rabbits in
whom more severe degree of atherosclerosis was accompanied by a decreased

phospholipid to cholesterol ratio. Duff and Payne(sg) conducted similar

experiments in which they also observed in rabbits injected intravenously
with the detergent Tween 80 a rise in the serum cholesterol above that of
normal and a proprotionate increase in the lipid phosphorus, while the
fatty acids were not greatly elevated. The rise in the total serum cho-
lesterol was due less to the ester than the free fraction - a reversal

of the situation found in the cholesterocl—fed controls. This was accom-
panied by an inhibition or minimal degree of atherosclerosis. They stress-
ed the importance of the interrelationship of the serum lipid fractions
and of their relationship to the serum proteins. For, in the lipemiec sera
of the rabbits treated with Tween 8Q the greater proportion of serum lipids
was "readily extractable"® (i,e. unbound or only loosely bound to the serum

proteins). This suggested that loosely-linked serum protein-lipid bonds




were conducive to lipid deposition in the intima. However, the increag=
ed oroportion of loosely-bound or unbound serum lipid~protein complexes
was present in the sera of Tween 80 injected rabbits whether atheroscle-—
rosis developed or note. Therefore, other conditions must also determine
the intimal lipid deposition. In cholesterol-fed rabbits treated with
oral Tween 80 the rise in total serum cholesterol was accompanied by ele-
vations of the other lipids. But the raties of total cholesterol/lipid
phosphorus: neutral fat corresponded to those of the control rabbits.

The rise in the serum total cholesterol was due more to the ester fraction
than the free cholessterol. This was associated with a degree of athero=-
sclerosis like that of the control animals,

The mechanism whereby the surface-active agents induce the hyper-
lipemia is not c¢learly understood. These agents may act direetly by in-
ereasing the capacity of the plasma to hold lipids in stable emulsion, or
they may interfere with enzyme systems which are essential for the inter=—
mediary metabolism of fats, or by accelerating the synthesis of cholester6fl
or retarding its degradation.

The mechanism whereby the surface-active agents injected intra-
venously in rabbits modifies the development of atherosclerocsis is also
not known. Whether the pressence in the blood of the surface-active agents
themselves are responsible for the inhibition of experimental cholssterol
atherosclerosis or whether they exert their effect through the elevated
serum phospholipids is yet not certain. But the evidence in favour of
the importance of the ele;ated phospholipids is strong. For it has been

shown in vivo and in vitro that elevated phospholipids exert a "stabilizing"
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irfluence on lipid emulsions in hyperlipemic blood(so’llg). Also athe=

rosclerosis in cholesterol-fed rabbits was consistently accompanied by
a decreased phospholipid to cholesterol ratio. A similar deraneement

(98,118)

has been observed in chickens{12l} and in humans with elinical

evidence of atherosclerosis.

10. The Effect of Diet on Atherosclerosis.

Many(gs) observations and studies have been made in man to
determine the effect of diet on the development of atherosclerosis.
Since the importance of cholesterol in this condition has attracted
much attention dietary restriction of cholesterol was attempted. Where
cholesterol itself was restricted little or no effect was produced on
the level of the blood cholesterol. Since fat was found to be inm-
portant not onlv in cholesterol synthesis but in cholesterol asbsorption
as well(llg), in that sbsorption of cholesterol occurs only in the
presence of fatty acids, the effects of alterations of the fat in the
diet were studied. The administration of fat alone resulted in a hyper-
cholesterolemia which was parallel to the increase of blood fatty aéids
while on a fat-free diet choleéterol could be recovered quantitatively

(124,125) 106 findings reflected the importance of the

in the feces
fattv acids for intestinal absorption of cholesterol. Rabinowitch(lzs)
maintains that high fat diets in diabetics favour and low fat diets re-
tard the appearance of hypercholesterolemia and arteriosclerosis. Sig-
nificant decresses in blood cholesterol have been abserved with the

Kempner rice diet(127),which has a very low fat content of approximately

5 gm. But there is little or no effect on blood cholesterol unless




dietary restriction of fat is extreme.

Cholesterol levels(®8} in the blood may be altered by the in-
creased degradation of cholesterol in the intestines bv bacterial flora
alkaligens faecelis and Escherichia Coli. Cholesterol mesy thus he re-
duced to cholestenone, at which stage the nrocess is still reversible.
However, it mav go on, finally, to coprosterol which is a non-revers-
ible degradation product. The pathway taken by cholestenone depends on
factors in the g i. tract and on the diet. A high protein diet was
found to favour the vredominance of coliform organisms and the degra-
dation of cholesterol. Studies on the Americen population have indi-
cated that their higher fat diet is associated with higher cholesterol
levels in the blood and a greater incldence of arteriosclerosis than
in peoples with very low fat diets. However, these differences attend
extreme differences in the fat content of the diset, so that moderate
restrictions would be of little wvalue in lowering the blood cholesterol
levels. Firstbrook(95) stressed the importance of weight loss and under
nutrition in the inhibition of atheroselercsis in rabbits but he con-
gidered this in relation to other factors which are associated with the

development of arteriosclerosise.

1l. The Influence of FEndocrines.

It has been observed clinically that hvpothvroidism is fre-
quentlv associated with an increased degree of severitv of atheroscle-~
rosis while patients with bvperthyroidism are relativelyv free from this
disease. Leary(l28) sugcested that a derangement of thvroid function

altered the intimal ground substance in preparation for the deposition

of cholsesterol.
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In experimental cholesterol athercsclercsis in animals Dauber

et al (129)

found that dessicated thyroid decreased the severity of athe-—
rosclerotic lesions in cholesterol-fed chicks,as compared to controls.
Horlick and Hhvel(lBO)were unable to vroduce atherosclerosis in rats by
feeding vwropvlthiouracil to cholesterol-fed rats. Steiner and Kendall(49)
were able to vproduce atherosclerosis in dogs by feeding large doses of
cholesterol and thiouracil.

(151)found that in cholesterol-fed

Bruger and his collaborators
rabbits the thyrotrovic hormone of the anterior pituitary produced in-
creased deposits of cholesterol in the aortae of rabbits. They failed
to alter the development of atherosclerosis with desoxyvcorticosterone
acetate(132), However, using testosterone propionate and estradiol di=
propionate,there was a decreagsed deposition of cholesterol in the aorta
of the female., When the gonads were removed this effect was also re-
moved(lzs). No effects were produced in male rabbits with testosterone
or estradiol(154). Chaikoff et al(79) and Horlick and Katz(l35) found
that diethylstilbestrol would produce atherosclerosis in the aortae of
cockerels without cholesterol feeding. KXellner and Gorrell(lssx found
that cholesterol-fed, adrenalectomized rabbits continued to develop
atherosclerosis if maintained on DCA, suggesting,therefore, that the

other adrenal hormones were not essential for the development of athero-

sclerosise




12. Cortisone as Related to Atherosclerosis.

Many clinical observations and experimental studies revealed
that Cortisone produced well-defined changes in the serum lipids. In
the gera of patients receiving prolonged Cortisone therapy Adlersberg
and his associates(50’51'52’53)noted that there was a consistent ele-
vation of total serum cholesterol, esterified cholesterol, and phospho-
lipids. The level of hypercholesterolemia appeared to be directly re-
lated to dosage: it developed more frequently in prolonged than in
shorter courses; withdrawal of dosage resulted in the return of chole-
aterol to control levels, even when hypercholesterolemia was maintaine-
ed for a long time; fluctuations of the serum cholesterol occurred with
changes in dosage, and hypercholesterolemia developed more slowly in
patients in whom there was a low serum cholesterol coﬁtrol level. They
stated that there was a decided "parallelism™ between the changes in
serum cholesterol and phospholipids, in that hyperphospholipidemia ree
gularly accompaenied hypercholesterclemia and a drop in serum phospho-
lipids almost always occurred when the serum cholesterol decreased.

It is worthy to note here that the "parallelism™ between the serum
cholesterol and phospholipids described by Adlersherg 1s not a true
one geometrically or mathematically. More correctly the rise in serum
phospholipids is concomitant, rather than parallel,with that of the se-
rum cholesterol. The significance of this point will be considered
shortly. These hyperlipemic states were grossly manifested by opal=-

escence of the sera and this frequently occurred even when serum neuw

tral fat was at a very low level. The turbidity of "fasting sera™ was




observed often at normal levels of serum neutral fat. They thought that
this might possibly be due to the production of a lipid of decreased so-
lubility, or of macromolcular particles,or to an altered ratio between
the free and conjugated lipoproteins.

Further studies(54) of the interrelations of the serum lipids
in patients treated with Cortisone were made in which three ratios were
determined: Free/total cholesterol; total cholesterol/phospholipids;
and free/total cholesterol:phospholipids. These disclosed consistent
alterations: - there was a definite lowering of the free/total chole-
sterol; there was a less marked rise in the total cholesterol/phospho~
lipid ratio (largely due to a disproportion in the elevation of total
serum cholesterol to serum phospholipid); and a marked and consistent
reduction of the free/total cholesterol:phospholipid.

This suggested that a change in the rate of esterification of
cholesterol and synthesis of the phospholipids was responsible for the
altered interrelationships of the serum lipids. These results were in
keeping with other clinical and experimental findings that lipid meta~-
bolism is disturbed in adrenal hypercorticalism. For in Cushing's syn=
drome there is a characteristic sustained elevation of serum cholester-
¢l and phospholipids with an abnormal distribution of body fat. This
has been found to occur frequently in patients treated over long periods
of time with adrenal cortical hormones.

In animal experimentation it was shown that fatty infiltration
of the liver and ketonuria produced by various means could be prevented

by adrenalectomy(°2»%6)}, 10, in the raddit(57), adrenal homotransplan=

tation resulted in hypercholesterolemia.
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Rich ot al.(%8) studied the ability of Cortisone to induce
lipemia in albinq rabbits who were given 7;5 egm., of Cortisone for 16
days. Spectrophotometric turbidity readings were in keeping with the
visual estimetions of the grossly turbid sera. Chemical analysis of
the hyperlipemia disclosed that both the total fatty acids and chole-
sterol were elevated, but were not accompanied by a lowering of the
plasma proteins, while the livers showed a considerable deposition of
fat droplets. The simple explanation which they offered for the lipe-
mia was that the excess cortical hormone mobilized excess fat from the
depotse. Other studies(sg), although in mice, suggested that mobiliza=
tion of fat for the liver depends at least in part upon exogenous or
endogenous adrenocortical hormones.

In view of his findings and the assumed relationship between
hypsercholesterolemia and atherosclerosis,Adlersberg(51’suggested the
possible development of premature atherosclerosis in patients treated
with Cortisone. And this idea he supported further by the observations
that atherosclerosis does frequently develop prematurely in patients
with Cushing's syndrome.

Kobernick and More{60), while studying the effect of Cortisone
on tissue lesions produced by foreign serum proteins in rabbits, observe
ed changes in carbohydrate metabolism and serum lipids, which accompanied
by "hydropic changes"™ in the islets of Langerhans,bore a strong resem-
blance to a true diabetic state. They reported an increase in the serum
lipid phosphorus, total and free cholesterol, and fatty acids of neutral

fat which they stated presented a pattern similar to that deseribed by




Payne and Duff(61) in alloxen diavetes in the rabbit, but reaching some-
what higher levels. This would suggest that Cortisone might have an in-
hibitory effect on experimental cholesterol atherosclerosis similér to
that produced by alloxan diabetes.

Although, in experimental cholesterol atherosclerosis, we re-
cognize the importance of hypercholesterolemia per se, its effect seems
to depend upon the relative proportions of the other serum lipid fractions.
It would be wise, therefore, at this stage, to examine these relationships
in the hyperlipemia produced by alloxan diabetes and by Cortisone, since
these states have suggested the hypothesis upon which the present investi-
gation was undertaken.

In alloxan diabetes the expected development of atherosclerosis

in rabbits fed cholesterol was 1nhib1ted(62’65’64).

Still more surpris—
ingly this occurred in the presence of extremely high levels of hypercho=
lesterolemia. However, it was later found that his hypercholesterolemia
was accompanied by a concomitant and marked elevation of the serum phos-
pholipids and neutral fat{65), As a corollary to this, it was observed
that in those diabetic rabbits in which the serum phospholipids and neu=-
tral fat were not markedly elevated in the presence of hypercholesterole—
mia, atherosclerosis developed. Also, if the diabetic rabbit was treated
with insulin, the serum lipid ratios became like those of the cholesterol-
fed control rabbits and the inhibitory effect on atherosclerosis was withw
drawn(ee). Consistent with these findings were those obtained by the intra-
venous injections of the detergents‘sv,ea’eg) Tween 80 and Triton A 20 to

cholesterol=fed rabbits. There was a considerable rise in the serum chole-




sterol which was paralleled by an increase in the phospholipids, whereas

the rise in the fatty acids of neutral fat was moderate. In keeping with
these findings, atherosclerosis was again strikingly inhibited. Conversely,

in those rabbits which developed lesions,the phospholipid to cholesterol
ratio tended to be decreased. With further respect to these relationships

it is worthy of note that a decreased phospholipid to cholesterol ratio

is frequently observed in young patients with coronary artery occlusion(7°’71)
and in those diseases which are associated with hyperlipemia and excessive
atherosclerosis such aes diabetes mellitus, hypothyroidism and hyperchole-
sterolemic xanthomatosis.

Further study(61) of the absolute lipid levels of alloxan dig-
betic rabbits disclosed that all the serum 1lipid fractions were elevated
but not to the same degree. Relative to their normal proportions, the
increment in the fatty acids of neutral fat was greatest. This also oc-
curs in the hyperlipemia of diabetes in man. The rise in lipid phospho-
rus was least while that of the total serum cholesterol was intermediate.
The free cholesterol was more responsible for the eslevation of the totsl
cholesterol than was the ester fraction. Determinations made of the
troadily extractable™ portions of the lipids showed that in the hyperli-
pemia of alloxan diabsetic rabbits the increase of lipids was largely in
those fractions not closely bound with the serum proteins. In the dia-
betic rabbit there was a loss of body weight concomitant with the ele=~
vation of serum lipids, while the appetite was maintained. In view of
this, Payne and Duff postulated that the hyperlipemia was due to mobili-

zation of fat from the tissue fat depots and related to the severity of

the diabetes.
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It would seem, therefore, that, although hypercholesterolemia
is a sine qua non for the development of experimental cholesterol athe=
rosclerosis, hypercholesterolémia per se is not alone responsible. Both
tlinical and experimental evidence would indicate that in the presence
of hypercholesterolemia the development or inhibition of atheroseclerosis
further depends upon the colloidal stability of the serum lipids; and in
turn, the colloidal stability of the serum lipids depends on the proper
interrelationship of the various lipid components and on their affilia=-
tion with the serum proteins.

In the normal sers of hnmans(75’74)and animals(75) there are
wide variations in the absolute levels of the individuval constituents.
However, the various lipid components maintain a constant interrelation~
ship with each other and a close association with the serum proteins.

The blood remains clear when its colloidal stability is thus maintained(72),
In normal sera the ratio of total cholesterol to lipid phosphorus(Ve) and
of free to total cholesterol(77) tends to remain fixed. When the total
lipid content in the rabbit(75) is elevated within the normal range the
individual 1ipid constituents rise relatively so that the normal ratios

are maintained.

The importance of the phospholipids has been emﬁhasized in this
regard. As a group they are mors soluble in water than the other lipids(72).
This emulsifying property enables them to form stable suspensions or col-
loidal solutions, thus they may play an important part in keeping the hydro-

vhobic colloid cholesterol in suspensione
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However, it seems that the ability of the nhospholipids to act
as stabilizers of the other serum livids depends upon the constancy of
its ratio to the total cholesterol. Davidson et al.found that in normal
dog the molar ratio of cholesterol to phospholipid was approximately
1:1(78), 1n the serum of dogs fed cholesterol and thiouracil, all the
lipids were elevated, but not proportionally, so that the molar ratio
of total cholesterol to phospholipid became 5:1. In cholesterol-fed
rabbits(29)and biras(79)a similar 1ipid vattern was obtained. There was
an increase in all of the lipid fractions. The greatest rise was in the
total cholesterol for which the ester cholesterol was largely responsible.

There was a lesser rise in the neutral fat and phospholipids so that the
ratios between total cholesterol, neutrsl fat and phospholinids were in-
creased as compared to normal controls. Associated with this type of de-
ranged 1lipid vattern was the development of atherosclerosis. In more re-
cent experimental studies Ahrens and Khnkel(eo) have produced further
evidence to support the view that the phospholipids stabilize the other
serum lipids. With a decrease in the phospholipid/cholesterol ratio
there is a decrease in the colloidal stability of the serum lipids and
with that is essociated the deposition of lipoids in the intimal cells.

We find a corollary support to these views if we return agaln
to the experimerts discussed earlier in this section. Closer examination
of the hyperlipemic patterns of the cholesterol-fed alloxan-diabetic rab-
-bits(61’65)and of the cholesterocl-fed rabbits injected intravenously with
the detergents Tween 80 and Triton A 20(69) ngyeals a phospholipid/chole-

gsterol ratio which approaches that of the normal "stable™ sera.




Associated with these serum lipid patterns was the inhibition of athero-
sclerosis. The Cortisone-induced hyverlipemia in rabbits, described by
Kobernick and More(eo), presented a lipid pattern similer to that of the
alloxan-diabetic rabbit. In fact, with the higher l1ipid levels, seen

in the later stages of the experiment, the phospholipid to cholesterol
ratio approached the ratio of "gtable™ normal sera more closely than
that in the alloxan-disbetic rabbit. It seemed reasonable to assume,
therefore, that Cortisone might inhibit the development of experimental

cholesterol atherosclerosis.

Two publications have come to my attention since this investi-
gation was undertaken. ZEtheridge and Hoch—Ligeti(137) studied the lipid
deposition in aortas in younger age groups following Cortisone and adre-
nocorticotropic hormone administration. Thirty-four cases were selected
under twentv-one veers of age. Most of them had died of leukemia. Thevy
were compared with a control group which included twelve cases of leuke-
mia who received similar treatment with X-ray irradiation and anti-folic
compound. An apparent increase of lipid deposition wes noted in the in-
tima of the aortae in those patients under eleven vears of ages. The re-—
sults in the older age groups were equivocal, since lipid deposition was
found so0 frequently in the aorta of the controls. However, in view of
the many uncontrolled variable factors the results of this study could
not be evaluated.

More recently Cook(lse) and his co-workers reported the effects
of Cortisone and DCA on total serum cholesterol, lipoproteins and athero-

sclerosis in the rabhit. In cholesterol-fed rabhits they reported that




Cortisone did not significantly affect the levels of serum lipoproteins,
cholesterol concentration, or degree of atherosclerosis, as compared to
controls. In view of the high absolute mean value obtained for the se-
rum total cholestercl, it would be interesting to know the relative rise
of the phospholipids and neutral fats. Howevef, their results must be
considered with the greatest reservation since examination of their data
disclosed that the observations and statistical determinations were made
on only three Cortisons cholesterol~fed animals and since the arbitrary
grading of gross atherosclerotic lesions is too crude to determine ac-

curate differences.
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PART II
REPORT OF EXPERIMENT.

1. Experimental Procedures.

It was proposed to conduct an experiment which would determine
the effect of Cortisone on the development of atherosclerosis in the rab-
bit. The morphological and metabolic studies which were undertaken were
those which suggested to yield information concerned with the pathogene-
8is of atherosclerosise

The Animals: The experimental animals selected were litter
mates of pedigreed, New Zealand albino rabbits, which were young, thriv-
ing and long-eared. Both sexes were represented, but the animals in
cach litter were of the same sex. These preroquisites were chosen to
control hereditary differences and to insure as hardy a constitution as
possible to meet the demands which the experiment might make upon the
animal. Their age on arrival ranged from ten to sixteen weeks and their
weight from 1.5 t0o 3.0 kilograms. They were housed in separate metal
cages, given a diet of Miracle Rabbit Pellets (prepared by the Ogilvie
Flour Mills Co., Imd.), and water ad libitum. During this sixteen-day
period of acclimstization the animals were bled on two occasions in or-
der to establish a base line control of their serum lipids, blood sugars
and hemoglobins, with which abnormal values might later be compared.
These are shown in Table II1I.

Animal Groups: Seventy-two of the more robust rabbits were

chosen for the experiment. These consisted of nine sets of quadruplets
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and twelve sets of triplets. These were arranged in four groups which
were to be treated simultaneously, to control factors which the time and
season might influence, particularly since hormonal mechanisms were be-
ing considered.

Group I received cholesterinized food and the vehicle of Cortisone.
Group IX " " " "  and Cortisone.

Group III normal food and Cortisone.

Group IV " normal food and the vehicle of Cortisone.

Group II was the eésential experimental groupe.

Group I served as a cholesterol control for group II.

Group III served as a Cortisone control for group Il.

Group IV served as a normal control for groups I, IT and III.

Each animal in Group I was compared with a litter mate in
Group II and in Group IIl. In addition there were nine normal control
animals in Group IV. These were also litter mates of rabbits in each
of the other three groups. Although both sexes were represented, the
litter mates in each set were of the same sex. In this manner sex dif-
ferences were controlled.

A housing plan was arranged to facilitate working conditions
and identification of the animals, each rabbit being represented by its
litter mate in a comparable cage location. A schematic diagram of this
plan is shown in Table II.

Feeding Regime: To control as far as possible any influences
which diet might bear upon the development of atherosclerosis each ani-

mal was given 100 gm. of food per day per os, an emount found through
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experience in this laboratory to be sufficiently nourishing for healthy
young rabbits. The cholesterinized food given to Groups I and II was
allotted in such a manner as to accommodate certain difficulties which
were anticipated. Since the experiment was originally planned to run
ninety days, it was felt that a dose of 1.0 gm. of cholesterol per day
might produce a degree of atherosclerosis severe enough to mask the ex=
pected influence of Cortisone. To allow atherosclerosis to develop to
a moderate or marked degree over a period of sixty to ninety days,it
was decided aerbitrarily to use 0.75 gm. of cholesterol as a daily dose
for each rabbit ,for six deys of the week. Another problem to be con-
sidered was that rabbits finding the cholesterol diet distasteful fre-
quently refrain from eating it(le). Therefore the daily dose of chole-
sterol was included in only 35 gm. of normal food. This was given ear-
1y in the morning with the hope that through the length of the day the
animal would become hungry enough to eat such a small amount of food,
even though it was not so palatable; thus the intake of cholesterol was
better assured. In the late afternoon the remaining 65 gm. of normal
food was given to Groups I and II to bring the total daily food consump-
tion up to 100 gm, for each rabbite 100 gm. of normal food was given
each morning to Groups III and IV. The daily intake of cholesterel and
of normal food was calculated end recorded. The total cholesterol and
normal food intake was determined at the end of the experiment and listed
in Teble X,

Another dietary feature which was critically considered in

this experiment was the effect which oil might bear on the blood and tissue
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lipids in those animals receiving cholesterol. For it had become the
preference of this laboratory to prepare the cholesterinized food with
0il, since the latter enhanced the development of atherosclerosis(16:32)°
Therefore, to avoid introducing any more extraneous factors in one group
than another, it was decided not to use 011(29'54). A solution of chole-
sterol in ether was sprinkled evenly over the normal food which was thin-
ly spread in enamel trays. This was rapidly stirred to assure even dis=~-
tribution of the cholesterol on the food, which was then allowed to

stand until all the ether had evaporated. To allow for loss along the
sides of the containers during this preparation 0.80 gm. of cholesterol
was used per 100 gm. of food, instead of 0.75 gme It was found practic-
al to use 16 gm. of cholesterol dissolved in 150 cc. of ethexr for 684 gnm.
of food. Therefore it was assumed that 35 gm. of this preparation con=
tained 0.75 gme. of cholesterol. This was the daily dose used for each
rabbit in Groups I and II. The daily ration of the 7th day comnsisted of
100 gme of normal food to each rabbit in every group and this was given
on the evening of the 6th day.

Cortisone Administration: Cortisone was given to Groups II and

III. To coantrol any effects which might be attributed to the vehicle in
which Cortisone was suspended, a preparation of the vehicle was obtained
and this was given in the same manner and comparable dose to Groups I and
1V, The Cortisone and vehicle were given intramuscularly via a tubercu-
1lin syringe in which small amounts of the fluids could be measured more

accurately.

In short-term qxperiments(so’el), there was a high mortelity
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rate within a period of thirty days in rabbits receiving 20 mg. of Cor=
tisone intramuscularly per day. Since a longer-term experiment was
undertaken it was necessary to reduce the dose of Cortisonse to levels
which would produce definite metabolic changes in the animal but which
would, nevertheless, allow them to survive long enough for atheroscle-~
rosis to develop grossly to a moderate or marked degree. Recently,
Adlersberg‘ez) reported that there were definite elevations of the se~
rum lipids in rabbits given Cortisone in doses identical to,or slightly
higher than,the therapsutic doses given to man(50’51’55’85’84’85).
Therefore, the dose decided upon was 3 mg. per kilo body weight per day.
The animals were weighed weekly and the dose of Cortisone or wvehicle
was adjusted accordingly. A dally record wes kept of the Cortisone ad-
ministration and at the end of the experiment the total Cortisone re-
ceived by each animal was determined as shown in Table XI. The injec-
tions were given in the thigh mhscles. The overlying skin was first
cleansed with 70% alcohol and throughout the experiment no inflemmetory
or traumatic complications resulted from this procedure.

Animal Weights: The animals were weighed on arrival and week-

ly every Wednesday thereafter. At autdpsy the final weight and carcass
weight were taken and the per cent weight gain or loss was calculated
for each animal thus: =

Finel Weight - Initial Weight v 100 =
Initial Weight

+ per cent weight change of initial weight.
(+ = weight gain; ~ = weight loss).

See Table XII.




Bleeding Schedule: During the period of acclimatization all

the animals were bled on two occasions for determinations of serum li=-

pids, blood sugars, electrolytes and hemoglobins, in order to establish

a base line with which abnormal values could later be compared. Since

i1t was not feasible to bleed all the animals on the same day, they were

divided arbitrarily into two groups "A"™ and "B" as shown in Table II.

This was planned in such a way that litter mates of groups I, II and III

were not broken ﬁp. On the fourth experimental day the rabbits in group

"A" were bled for determination of serum liplids, blood sugar, hemoglobin

and serum electrolytes; on the fifth experimental day the rabbits in

group "B" were bled also for these determinations. Then groups "A"™ and "B®

were bled on alternate weeks for serum lipids. Weekly blood sugar determi-

nations were made since they were to be used as an indication of the meta-

bolic state of the animal(eo’el). A final bleeding was performed prior to

autopsy for serum lipids, blood sugars, electrolytes and hemoglobins.

Blood was taken for electrolyte studies on fewer occasions than for the

other chemical analyses. The sera for these were stored in a "daep-~freeze".
The animals selected for groups "A™ and "B" are shown in Table II.

The bleeding schedule 1s shown below: =




BLEEDING SCHEDULE

erimentaﬁ
. DAY

«10

(Mcm.) 4

(Tues) 5

(MQno ) 11

(Tues) 12

(Mon.) 18

(Tues) 19

Animsl
Groups

Chenmical

"A_ﬂ

HBO'

"Al'

"Bﬂ

"B"

!IA”

Determinations

Serum Lipids
Blood Sugar
Hemoglobin

Electrolytes

Serum Lipids
Blood Sugar
Hemoglobin

Electrolytes

Serum Lipids
Blood Sugar
Hemoglobin

Electrolytes

Serurm Lipids
Blood Sugar
Hemoglobin

Electrolytes

Serum Lipids
Blood Sugar
Hemoglobin

Electrolytes

Serum Lipids
Blood Sugar
Hemoglobin

Eleetrolytes

Serum Lipids
Blood Sugar
Hemoglobin
Blood Sugar
Serum Lipids
Blood Sugar
Hemoglobin

Blood Sugar

-4l -

Determinations
for a
Normal
Base

Line

The above schedule was continued till the end of the experiment.
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Blood was obtained by nicking the central artery of the ear
with a sharp razor blade. Approximately 10 cc. were taken for lipid
chemistry, 5 cc.for electrolytes, l/10 of a ce. was drawn up into g
micro~-pipette for blood sugar estimation and 2 ml. were drawn up in a
specially calibrated pipette for the hemoglobin determination.

Chemical Determinations: Determinations were made of the total

and free serum cholesterol by a modified Schoenheimer-~Sperry method(ss).
From the values obtained the ester cholesterol was readily derived by
merely subtracting the free from the total cholesterol.

The serum phospholipids were extracted with a 3:1 95% alcohol-
ether solution. From & 10 cc. aliquot of the resultant filtrate lipid
phosphorus determinations were made by a modified method of Ybungburg(BV)’
A 25 cc. aliquot of the same filtrate was used for the determination of
the total fatty acids. These were o btained by the method of Stoddard
and Drury(88) as modified by Man and Gildea(89),

Values for the total and free cholesterol, phospholipids and
fatty acids were first obtained as colorimetric galvanometer readings.

By applying these to their respective standard curves the cholesterol
readings were converted to mg.%, the phospholipids fo mg.% and the
fatty acids to M.Eq./Litre.

The fatty acids of neutral fat were estimated by the formula
of Peters and Man(76):

Fatty acids of neutral =

Total fatty acids ~ [ (cholesterol ester 1123 + (1ipid phosphorus X 0.58
( 386

expressed in milli-equivalents per litre.
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The blood sugars were determined by a modified Folin's micro
method(90’91’92’93'94}. The colorimetric values obtained were converted
to mg.% by applying them to a standard sugar curve.

The sera obtained for the electrolyte estimations were care-—
fully sealed and stored in a "deep-freeze" for future use.

Autopsy Technique: An autopsy was performed on each animal.
When a rabbit died during the course of the experiment the litter-mates
were sacrificed at the same time (except those for the first few mor-
talities which were allowed to survive until the experiment was termi-
nated). Most of the animals were killed by intravenous nembutal while
a few received a blow on the head. Final bleedings were performed for
lipid and sugar determinations. The total body weight and carcass weight
were taken. (Carcass weight = body weight - the intestinal tract, urina=-
ry bladder, spleen and pancreas).

Weights were recorded of the pituitary, adrenals, spleem, liver,
kidneys, lungs, heart, brain. Sections of the following tissues were
placed in a 10% formelin solution to be kept in stock for future use:
adrenal, spleen, kidney, liver, lung, heart, diaphrasgm, gastrocnemius
nuscle, pancreas, skin, thymus, gall-bladder, braine. A knee joint was
exposed and fixed in 10% formalin. The entire pituitary and sections
of the above tissues, except the knee-joint, were also fixed in a 1/4
solution of "pure® formalin/Zenker base for 24 hours,following which the
tissues were washed for 24 hours with freely-running tap water, then

put into iodine alcohol in preparation for the H.P.S. stain (Haemalum,

Phloxin and Saffron).
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One-half adgenal and an aliquot of spleen and liver were placed
in absolute alcohol for chemical determinations of their lipid content.
The last half of adrenal was placed in a dry test tube for future determi-
nation of the ascorbic acid content.

The aorta was severed immediately below the heart valves and
opened. A small vertical section of its uppermost portion was taken
for microscopic examination. This was fixed in a 5% lead subacetate
solution for 18«24 hours after which it was washed under freely running
tap water for 24 hours. Then it was placed in absolute alecohol in pre=-
paration for the toluidine blue stain in order to demonstrate the ground
Substance.

Schematic diagrams were made of the degree of atherosclerosis
observed in the intima. The adventitia was carefully stripped and the
remaining intima and media immersed in absolute alcohol for chemical

analysis of its lipid content.




2. Results.

When we consider each of the four animal groups as a whole,
some striking characteristics and differences were manifested during
the course of the experiment.

General Considerations: Throughout the entire experiment all
the normal control animals (Group IV) thrived. They presented no
problems, were well-adjusted to their new environment and cooperative
during experimental procedures. They maintained a good appetite and
weight-gein and suffered no mortality until the animals were sacrificed
for autopsy. There were no changes produced which could be attribuped
to the "vehicle™ administration.

Many members of Group I - the cholesterol-fed control rabbits =
showed a distaste for the cholesterinized food during the first few days
of the experiment and refrained from eating it. Several of these animals
lost appetite also for the normal food,which was given separately at the
end of the day, while a few animals cleverly learned to avoid the chole-
sterinized food in the morning and await the normal food, which they ate
freely. However, most of the animals in this group readjusted to the un-~
natural diet in a few days and by the end of the first week all the rab=-
bits ate their entire daily ration as heartily as their litter mates in
Group IVe Very infrequently, thereafter, did these animals leave any
food uneaten.

The cholesterol-fed animals grew and gained in weight at a
rate similar to that of the normal control rabbits. They presented cli-

nically a state of good health but for the few exceptions described below.




There were two spontaneous deaths in Group I {cholesterol-fed).
W-23 died at the end of thirty-three experimental days. She had refused
her food on the previous day and became drowsy and finally comatose. At
autopsy a patchy bilateral consolidation of both lungs was found. V=52
died at the end of fifty~five days. This rabbit was the only one with
whom rapport was difficult to establish. He was highly strung, nervous
and uncooperative. He was poorly groomed since he suffered throughout
the entire experiment from diarrhoea which was treated with frequent
intramuscular injections of 125 mg. of streptomycin. This at first ime
proved his condition considerably so that until the last two weeks prior
to his death he maintained his appetite and weight. Then these decrease
ed rapidly as his diarrhoeas increased so that his final weight showed
a 17.6% loss over his initial weight. At autopsy his extreme emaciation
was accompanied grossly by a marked degree of pyonephrosis.

Particularly during the first two weeks of the experiment many
animals suffered from varying degrees of diarrhoea which would respond
well to one or two intramuscular injections of 125 mg. of streptomycin.
On a few occasions, early in the experiment, all of the animals were
injected with streptomyein. This was done for two reasons: one was for
a prophylactic measure in an attempt to keep the disease from spreading;
the other was to maintain the experiment under control and not introduce
any more extraneous factors in one animal than in another. However, this
procedure became impractical and had to be abandoned . Thereafter the
rabbits were treated for diarrhoea individually and as time went on the

condition appeared less frequently.
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The Cortisone cholesterol—-fed rabbits (Group II) menifested
some interesting clinical features soon after the first injection of
Cortisone. If they felt any distaste for the cholesterinized food they
did not show it but ate all their rations with greater appetite than
their normal control litter mates. In addition they developed behaviour
patterns which were more readily obvious when compared with Groups I & IV.
The increased appetite and personality changes were similarly manifested
by the Cortisone control animals (Group III). They were more active and
interested in their appearance and surroundings. This state of "well=
being™ continued for two weeks following which the rabbits in Groups II
and III began to lose weight and appetite and became listless.

The first mortality in the Cortisone groups occurred on the
thirteenth experimental day when a Cortisone control rabbit, V-90, died.
On the twenty-first day of the experiment W-18 of Group II died. TFol-
lowing this the mortality rate in both Contisone Groups II and III rose
rapidly. The manner of death in these animals seemed similar. For a
day or several days prior to death the rabbit would lose appetite, be-
come listless, drowsy and finally semi-comatose. At autopsy, the adre-
naels were strikingly reduced in size, the liver larger and fatty in ap-
pearance and the kidneys enlarged and pale, suggesting a biothemical
death.

By the end of the third experimental week,the rabbits of Groups
II and IIT had lost significantly in weight while their litter mates in
Groups I and IV were gaining. In an attempt to keep the litter mates

comparable it was decided to increase the food intake of Groups II and III




that their weights might be maintained. Therefore, each Cortisoms treat-
ed animal was given an extra ration of 50 gm. of normal food per day.
Except for those animals who became too ill to eat, this increase in diet
did increase the body weights but not to their former leveld or to those
of their litter mates in Groups I and IV. Since their poor appetites
did not seem to warrant further increase in diet, it was necessary to re-
sort to other measures to maintain their weight and prolong their life,,
for the condition of the Cortisone-treated rabbits suggested that they
would not survive for the length of time necessary for gross atheroscle—
rotic lesions to develop. Therefore the dose of Cortisone was reduced
gradually to evoid withdrawal symptoms and increased again to0 one-half
of the original dose. At this level they still showed the effects of
Cortisone in that the blood was lipemic and t he urinalyses positive for
sugar and acetone. (The blood sugars were not greatly elevated above
those of their litter mates in Groups I and II, and only rarely was a
blood sugar elevated to diabetic levels = 300 mg#%). The animals now
showed mors promise of survival. From the forty-fourth experimental
day onward, as each animal died, his litter mates in the other groups
were sacrificed at the same time, so that comparable studies could be
made according to the procedures outlined in the preceding section of
this report.

Detailed charts were made. Table I shows a list of the animals
according to their sex, experimental number, experimental group, and the
number of experimental days the animal survived. From this list we can

see those animals which can be comparably studied. With the aid of this
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chart it can be seen in the housing plan, as arranged in Table II, how
readily the animals in each group could be identified and compared with
their litter mates in each of the other groups. This arrangement proved
to be of great value throughout the performance of the experiment.

Table X shows the total food consumption and cholesterol con~-
sumption for each rabbit at the end of the experiment. This is arranged
s0 that the groups and litter mates can be compared. It is important to
note that the differences are due not only to the length of time which
the animal lived but also to the fact that from the fourteenth experi-
mental day onward Groups II and III received an increase of 50 gm. of
normal food per day, above that of Groups I and IV, in an attempt to
maintain the body weight. The total cholestercl intake was aspproximate-~
ly the same in thoss litter mates of Groups I and II who survived the same
length of time,

A similar chart for the total Cortisone and vehicle admini-
stration was drawn up in Table XI 80 that the animals in each group and
the litter mates in each of the four groups can be compared. Here agailn
it must be recalled that the differences in the total amount of Cortisone
or vehicle given was not only due to the period of survival (which in-
formation is also shown in the chart) but to the fact that the Cortisone
was given in mg. per kilo body weight as described in section l. of this
report (Experimental procedures). The change of dose which was discus-
sed above in this section, under general comsiderations, will be mention=-
ed again here to show the absolute dose values. The Cortisone was given

in mg. per kilo body weight thus: =




Experimental Day: 4 22 25 28 39 4]
Dose of Cortisone
in mg. per kilo 3 2 172 Y2 | 1 1172

Body Weight:

Thus, although the total amount received by each animal varied and the
dose was altered,each rabbit reallv received a comparable amount of
Cortisone since it was given according to the body weight.

Weekly blood sugars were determined on every rabbit according
to the schedule outlined in the previous section on experimental proce=
dures. The values were arranged in Table XIII so that the groups and
litter mates could be compared according to the experimental day, and
t0 the dose of Cortisone. Although the blood specimens were taken every
Monday and Tuesday morning, since the rabbits were allowed to eat their
food ad libitum, fasting blood sugers were obtained only if the rabbit
had not been eating for the larger part of the day prior to obtaining
the blood. Again, the animal may have eaten the greater part of his dai-
ly ration just before the blood was drawn. Then his blood sugar would
be at its highest levels So that the range of values obtained in the
normal animals and the experimental animals had to be teken into consi-
deration from this point of view. The normal blood sugar levels, as de-
termined in all the animals on the two occasions during the period of ac-
| climatization and of the normal control animals (Group IV) during the ex-
periment, ranged from 77 mg% to 185 mg% with mean values of 101 - 122 mghe
The blood sugar levels of the cholestsrol=fed rabbits fell within these

ranges also. The Cortisone cholesterol-fed rabbits and the Cortisone
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control rabbits showed blood sugar levels which were elevated when com-
pared with those of their rormsl control litter mates and with the chole-
sterol-fed litter mgtes. But these elevations were not verv high and, in
fact, fell within the normal range as shown in both the individuel and
mean values. Rarely a level of 200-250 mg% was reached and only one level
of 398 mg% was obtained in a semi-comatose rabbit (V-69 of Group III} who
died the following dav. Since in the rabbit the normal blood sugar range
allowed is greater than that in the human and since only one frankly dia-
betic level (i.e. above 300 mg%) was obtained,although a few approached
slightly diabetic levels, (200-250 mg%), the individual differences and
mean differences as shown in Tables XIIT ard XIV were not considered a
sufficiently good indicstion of the metabolic state of the individual
animale. With higher doses of Cortiscne used in previous exveriments the
blood suger level appeared to be a very useful guide to the metabolie
state of the rabbit since their values rose to diahbetic levels and were
considerably differeut then those of the control animals.

One can only sav, therefore, that in the present experiment,
the blood sugar in the Cortisone animels tended to rise slightly above
those of the cholesterol~fed and normal control rabbits. This became
more evident when litter mates were compared. But the trend is shown
also in the mean valuss. As the dose of Cortisone was lowered this ten-
dency was withdrawn and as the dose of Cortisone was egain increased,
the tendency of the blood sugars to rise was again increased.

It mav be noteworthv trat the daily injections of Cortisone

were given after all the blood smecimens had been taken, so that the




level of Cortisone in the animal body would be at its lowest at the time
of bleeding and with that the blood sugar might be correspondingly lower.
In retrospect it would be interesting to know if the blood sugars would
have been significantly elevated if taken shortly after the injections of
Cortisone. This may very well be possible « so that the same dose of Core
tisone used in this experiment may have produced higher levels of blood
suger than those actually obtained.

Those animsls who survived during the second month of the ex=
periment were on two occasions placed in metebolism cages (again litter
mates were studied at the same time). Urinalyses in both Cortisons
groups disclosed the presence of sugar in the urine which varied from a
trace {frequently} to three plus (occasionally) according to Benedict's
Qualitative and Quantitative methods(97). The cholesterol and normal cone
trol rabbits did not show the presence of sugar in the urine+ Also both
Cortisone groums (II and III) showed varying amounts of albumen in the
urine which was only infrequently seen in the normal and cholestercl-fed
animals. These findings when present reflected the effect of Cortisone.

Table XII shows the body weights according to animal groups,
litter mates and experimental day. The weights were taken at weekly in-
tervals and the final weight was taken just prior to autopsy. The per
cent weight change and carcass weight were derived as described in section
1 of this report. Groups I and IV showed a 10 to 30% (approx.) weight
gain which was more closely comparable in litter mates. The weight gain
wes changed to a loss in V-52 who suffered from diarrhoea and anorexia.

A few animals who had a high initial weight (approx. 3.0 kilograms)
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showed a slight weight gain or loss ( +8.7%, +2.1%, +0.2%, =5.3%). The
animals who were receiving Cortisone suffered almost invariably a weight
loss which varied considerably in the different rabbits from =4.1% to
21.9%. When the food was increased and the dose of Cortisone reduced,
in en attempt to increase their weight, these animals began to regain
their initial weight. Some even showed a final increase which, however,
was minimal except in a few cases which rose from 10 t0 15% (approx.)

The pessibility that this weight loss in the Cortisone rabbits
fed cholesterol might influence the development of atherosclerosis was
considered.

The Cortisone-treated rabbits and the cholesterol-fed rabbits
treated with Cortisone constantly had lower body weights than the cor-
responding litter mates (with the exception of those mentioned above)
This weight change was invariably assoclated with hypéreholesterolemia
and, in Group II, with a lesser degree of gross atherosclerosis in the
aorta (as compared with the cholesterol-fed controls).

These findings correspond to those observed by Firstbrook(gs)
who concluded that relative undernutrition or weight loss lsads to
partial inhibition of the devdlopment of atherosclerosis.

Experiments in this laboratory(gs) were undertaken to study
the effects of undernutrition on the development of atherosclerosis in
the rabbit. These showed that undernutrition was associated with loss
of weight, higher levels of hypercholesterolemia and a decreased seve-
rity of gross aortic atherosclerosis than in the control animals. No

correlation was found between the state of nutrition or degree of weight




loss or weight gain and the severity of atherosclerosis when the serum
cholesterol levels wers not taken into account(ge). At present there is
no conclusive evidence that weight loss inhibits the development of athe~
rosclerosis. In this experiment it may be that the weight changes are
factors which are merely constantly associated with nutrition, hyperchole~

sterolemia, the dose of Cortisone and the degree of atherosclerosis, in

view of which.weight changes, in themselves, are not necessarily the direct

cause of the experimental results.

Serum Lipid Studies: Examination of the serum lipids revealed

several interesting results. These showed consistencies and trends in
the different experimental groups which suggested certain associations
in the genesis of experimental cholesterol atherosclerosis in the rabbit.
In all three experimental groups (Cortisone rabbits fed chole-
sterol, cholesterol control rabbits and Cortisone control rabbits) there
were elevations of all the serum lipid fractions. However, the absolute
levels and proportionate rise of the lipid constituents were different
in each group. These hyperlipemic states were accompanied by a grossly
visible lipemis in both the Cortisone and cholesterol-fed rabbits which
varied from a mild to marked degree in the individual rabbits of each
group but did not present any striking differences between the groupse.
The serum total cholesterol in the cholesterol-fed control
rabbits (Group I) rose to abnormally high levels soon after cholesterole
feeding was begun. On the fourth experimental day these values ranged
from a normal level of 40 mg% to a peak of 460 mg%. Four of these were

well within the normal range, five closely approached or were hordering




on abnormal levels (110 - 150 mg%) while the remaining twelve in that
group were above the normal limitse. On subsequent bi-weeckly deter=
minations these values rose considerably showing in most ceses a mode~
rate to marked elevation (200 - 700 mg%) and on a number of occasions
levels above 1000 mgs were reached. Rarely a value which fell within
normel limits was obtained. There were wide individual variationé in
the total serum cholesterol levels. Those animals who attained a high
serum total cholesterol level early tended to increase and maintain
those high levels, while those animals who developed a slight or mo-
derate elevation of the total cholesterocl increased their levels accord-
ingly. Yet on subsequent bleeding dava, in each animal, levels both
above and below those of the previous week were observed, although chole-
gterol feeding was contimmed daily. These alterations might be related
to the time of bleeding in relation to the time of cholesterol consump=-
tion or to the degree of weight change. Table IV a, b, ¢, and 4 show
the serum total cholesterol levels of the rabbits in each group accord-
ing to the experimental day. In each of these tables the litter mates
are in a comparable seouence.

The mear values of the gerum total cholesterol levels of each
bleeding day were obtained and the standard error of the mean was cal-
culated. These are shown in Table III. The normal mean value of the cho-
lesterol-fed rabbits (Group I) was 64.7 mg%. This rose rapidly to 191.7
meg%. on the fourth exverimental day and to 431 mg%. one week later. There-—
after Group I maintained markedly elevated mean levels of serum %otal cho-

lesterol until the experiment was terminated at sixty days, with a pesk of
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606 mg% on the twenty-fifth experimental day. From the experience of
this laboratory this pattern of hypercholesterolemia is considered
sufficient to produce a mild to moderate degres of experimental chole-
sterol atherosclerosis in rabbits in forty-five to sixty days.

The cholesterol-fed rabbits injected with Cortisone (Group II)
showed elevations of the serum total cholesterol considerably and almost
consistently lower than those in the cholesterol-fed control rabbits.
This difference was more consistent when litter mates were compared and
was also clearly demonstrated by the mean values of the total serum cho-
lesterol levels of these two groups. Graphs 1 to 11 show these features
in comparable litter mates while Graph 12 is similarly drawn up from the
mean values of the animals in each group. On each bleeding day the mean
value of the serum total cholesterol of Group II rose less rapidly and
to a much lower sbsolute level than that of Grouvr I. This pattern was
consistent until day forty-five - forty-six of the experiment when the
mean serum total cholesterol of Group II was 425 mg% as compared to
325 mg% in Group I. Several explanations may be offered for this change.
In Group I the number of values used for the mean determinat}on was
eleven with a standard error of 172.7, while the mean value of 425 mgh
in Group II at that time was derived from only six figures with a
standard error of ¥163.7. Other factors, however, may be responsible
for this. For at this stage of the experiment the dose of Cortisone
had been reduced, and associated with this was a more rapid rise in the
serum total cholesterol levels of the Cortisone cholesterol-fed rabbits

which approached more closely, and in some cases even surpassed, the
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levels of their cholesterol-fed litter mates. This appeared as a "com—
pensatory rise™ of serum cholesterol attending the withdrawal of Cortisonse.
Actually this elevation of the serum total cholesterol in Group II toward
and above those levels in Group I appeared as a delayed reaction. For
upon the first reduction of the dose of Cortisone there was frequently a
fall in the total serum cholesterol below that of previous levels, and
occasionally a slight t0 moderate rise above previous levels. Subsequent-
ly,when the Cortisone was increased sgain to l/2 the original dose almost
all the animals in Group II showed a general rise in the serum totel cho-
lesterol.

The serum total cholesterol levels of the Cortisone control
rabbits (Group III) rose slowly and to lower levels than those of their
cholesterol~fed Cortisone litter mates. In fact, until the twenty-fifth
day of the experiment their levels fell within the normal range. Then
they rose gradually to levels slightly above normal. Only one animal
reached a peak of 346 mg% while on a few occasions normal values were
still obtained during the last thirty days of the experiment. The mean
values showed the same trend with a gradual rise to a final level of

198.9 mg%h.

The serum cholesterol levels of the normal control litter mates
remained within normal limits throughout the experiment.

Again these patterns may be seen in Graphs 1 to 11 where they
can be compared to those of their litter mates in the other experimental
groups, while Graph 12 shows their mean values.

The elevation of the serum total cholesterol in the cholesterol




control rabbits was always due to a greaster rise in the serum cholesterol
oster than in the free cholesterol. With higher absolute values of serum
total cholesterol the proportionate rise of the ester fraction resulted
in a greater difference between the levels of the ester and free chole-
sterol. In the cholesterol-fed rabbits injected with Cortisone the ele=
vation of ester cholesterol was also greater than that of the free chole-
sterol, except on several occasions when the free cholesterol rose above
that of the ester. These are shown clearly in Graphs 1, 2, 3 and 1l.

The reversal of the proportions of the free to ester cholesterol occurred
even more frequently in the Cortisone control litter mates. This pate=
tern begins to approach that of the alloxan diabetie rabbit(sl)in which
the elevation of the total cholesterol was due much more to an increase
in the free cholesterol than to an increase in the ester fractiong Al-
though in the glloxan diabetic rabbit the serum total cholesterol reached
much higher levels than those of the Cortisone treated rabbits in this
experiment, the change in the free to ester ratio occurred also in those
alloxan diabetic rabbits which showed a lesser rise or no increase in the

total cholesterole.

Tables XV and XVI show the ratios of the mean values of the se=-
rum cholesterol fractions in each of the four groups throughout the expe-

riment.

In each experimental group the elevation of the serum total
cholesterol waes accompanied by an elevation of the serum phospholipids.
The proportionate rise of the serum phospholipids to that of the serum
total cholesterol was not the same in the three groups. The different

total cholesterol to phospholipid ratics were due to the difference in




the absolute elevations of the serum total cholesterol since the phospho-
lipid elevations in the three groups were similar. With alteration of
the dose of Cortisone there were fluctuations in the lipid phosphorus
levels but the elevation above the normal levels was maintained. The
lipid phosphorus as related to the other serum lipids is shown in

Graphs 1 to 11 whers the experimental groups can be compared according
to their litter mates, while Graph 12 shows that the mean values obey
similar phsopholipid patterns. Closer studies of these ratios, as seen
in Table XVII, show that in Group I (cholesterol-fed control) the total
cholesterol rose out of all proportion to the serum phospholipids. In
Group IIT (the Cortisone control rabbits) the phospholipids ran a course
more closely parallsl to that of the total cholesterol so that the total
cholesterol/phospholipid ratio closely approached that of normal rabbit
sers, while the total cholesterol to phospholipid ratic of the Cortisone
cholestérol-fed rabbits was between that of Group I and Group Il.

It may be noteworthy to mention here that the alloxan diabetic
and alloxan diabetic cholesterol-fed rabbits present serum total chole-
sterol to phospholipid ratios which appear to be similar to those de-
scribed ahove, even though the absolute lipid values were much higher
in the alloxan rabbits. So that, for purposes of comparison, if we sub-
stitute the alloxan diabetic rabbit for the Cortisone rabbit, and the
alloxan diabetic cholesterol-fed rabbit forthe Cortisone cholesterol-fed

rabbit and compare them with  cholesterol-fed and normal controls, a

comparable pattern of total cholesterol to phospholipid ratios is ob-

tained. That is, the alloxan diabetic rabbit shows a total cholesterol
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to phospholipid ratio whieh closely approaches that of normal, and this
ratio is approached less closely by the alloxan-diabetic cheolsterol-fed
rabbit. It is possible that with higher doses of Cortisone the lipid
patterns of the Cortisone cholesterol-fed rabbits may resemble more close-
ly those of the alloxan-diabetic cholesterol-fed rabbits, in absolute
values as well as in proportionate values. For the lipid patterns ob-

served by Kobernieck and More(so)

in rabbits with higher doses of Corti=-
sone were more similar to those of the alloxan~diabetic rabbits. The
importance of these observations will be discussed further.

A study of the total serum fatty acids and fatty acids of
neutral fat produced additional facts which may prove to have an importe—
ant bearing on the problem of the genesis of atherosclerosis. As all the
other lipid constituents in each of the three experimental groups rose,
the total serum fatty acids and fatty acids of neutral fat were also in-
creased. But they presented a strikiﬂgly interesting disproportion to
the other lipid fractions in their respective expérimental group and to
each other. The data of the fattv acids has been arranged to show these
features in Tables IIX, VIII, IX and XVIII.

The serum total fatty acids of the Cortisone cholesterol-fed
rabbits and their Cortisone control litter mates rose rapidly and steeply
above the normal control base line, while in the cholesterol-fed controls
the elevation was only moderate and roughly one-third that of the Corti-
sone groups, in which the levels of fatty acids were to all intents and

purposes the same. These lipid patterns were consistently obtained,

and even moreso wher litter mates were compared. Graph'lV also dsmon-
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strates these features as they are observed by the mean values. Com=
parison of Tebles VIII and IX will show that the elevations in the
serum total fatty acids are relative to the fatty acids of neutral

fat, both presenting the same picture - a moderate increase in the
cholesterol-fed rabbits and much greater elevation in the Cortisone
cholesterol-fed rabbits and their Cortisone control litter mates.
Indeed in the latter the fatty acids of neutral fat showed a tenden-

¢y ‘toward levels still higher than those of the Cortisone cholesterol-
fed rabbits.

In view of the striking difference between the fatty acids
in the Cortisone rabbits fed cholesterol and the cholesterol-fed con-
trol rabbits the possibility arises that these lipids may play an im=-
portant role in the genesis of experimental cholesterol atherosclero-
sis. It became, therefore, prerequisite to submit these values to
statistical analyses to debermine their significance. The "T-tesi"
was applied to the mean values of the serum total fatty acids of the
Cortisone cholesterol-fed rabbits and their cholesterol-fed controls

of each bleeding day. Using the formula

T = ___ V1= V2
\/ (SV1)2 + (SVp)7

to be very significant.when the rrobability of error was derived as

the values were found

shown on the following page.
At this point certain fatty acid lipid patterns observed

in the alloxan-diabetic rabbits{61,65) and in rabbits injected intra-

venously with the detergent Tween 80(67’68’69’114) are brought to mind.
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In the alloxan-diabetic rabbits and in the alloxan-diabetic
rabbits fed cholestercl the fatty acids of neutral fat showed a rise
which was much greater in proportion to that of the total cholesterol.
when compared to cholesterol-fed control rabbits or "alloxan-recovered"
rabbits. Also, relative to normal proportions, the fatty acids were
increased more than the phospholipids. This pattern of lipid propor-
tions was accompanied by inhibition of atherosclerosis even in the
presence of marked hypercholesterolemia. Except for the absolute le-
vels of the hypercholesterolemia, the fatty acid patterms in the present
experiment resemble those of alloxan~diabetic and alloxan-diabetic cho-
lesterol=fed rabbits.

In cholesterol-fed rabbits injected intravenously with Tween
80 (polyoxyglkylene sorbitan mono-oleate) the serum cholesterol rose
to higher levsels than in the cholesterol-fed controls. This was ac~
companied by a markedly elevated lipid phosphorus which paralleled
the total cholesterol as compared to the decreased phospholipid/total
cholestercl ratio in the controls. However, the fatty acids of neutral

(69}, Ty tnis last respect the rabbits

fat were not greatly elevatsed
injected with intravenous Tween 80 differed from both alloxan-diabetic
rabbits desceribed above and the Cortisome injected rabbits reported
herein. Each of these experiments were accompanied by inhibition of
experimental cholesterol atherosclerosis (which finding is established
in the former two,but not definitely in the latter). This suggests
that the fatty acids of neutral fat do not play as important a role as
the phospholipids, the latter being consistently and proportionately

elevated in all three types of inhibition experiments. But neither
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does it rule out the possibility that the fatty acids of neutral fat

are important in the genesis of experimental cholesterol atheroscle~
rosis, varticularly since it has been suggested that Tween 80 may pro-
duce an inhibitory effect on the devslopment of experimental cholesterol
atherosclerosis independent of the charfges produced in the serum lipids.
To add to this thought Ahrens(so), in his studies, found that the serum
neutral fats were considerably elevated in cholesterol-fed rabbits in=-

jected intravenously with Tween 80.
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5. Discussion.

In cholesterol~fed rabbits injected with Cortisone certain
lipid patterns were obtained which were associated with a modification
of the development of experimental cholesterol atherosclerosis. These
patterns are in many ways comparable to +those of cther experiments
which produced inhibitory effects on experimental cholesterol atheroscle-
rosis in rabbits. Of these,the importance of the serum phospholipids is
again stressed. In the Cortisone treated rabbits the phosvholipid in-
crement wes more proportionate to that of the serum total cholestserol
than in cholesterol-fed controls. This was associated with a lesser de-
gree of atherosclerosis in the Cortisone cholesterol-fed rabbits than in
their cholesterol-fed litter mates. This asscciation has been more strik-
ingly demonstrated in the alloxan-diabetic cholesterol—fed rabbit and in
the cholesterol-fed rabbit injected intravenously with the detergent
Tween 80, in both of which the inhibition of the development of athero-
sclerosis was definitely established. The mechanism whereby these simi=-
lar effects and associations are produced is far from c¢lear and may be
quite different in the three tynes of experiments. Tween 80, via its
detergent qualities, may improve the state of colloidal suspension of the
hyperlipemic sers and thus inhibit the deposition of lipids in the intima,
or it may exert its effect largely through the elevated serum phospholi-
pids. It is also possible that Tween 80 may in itself in some as yet un-
known way be responsible for the inhibition. The lipid patterns of the
Cortisone~treated rebbits fed cholesterol bore a closer resemblancs to

those in the alloxan-diabetic rabbit in that the total fatty acids
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and the fatty acids of neutral fat were in both markedly elevated, in
addition to the other 1ipid fractions. Since Cortisone nroduces a dia-
betic state similar to that in the alloxan-diabetic rabbit, it is pos-
sible that the inhibitory effect of Cortisone on experimental cholester-—
ol atherosclerosis is through this diabetic state. Even if this were so,
the mechanism whereby Cortisone inhibits the development of atherosclero-
sis would not be clarified, since the relationship of alloxan diabetes to
the inhibition of atherosclerosis is far from eclear. It may be that Cor-
tisone by altering the carbohydrate metabolism causes an increased com—
bustion of fat(lzs). For this purpose the fat depots would he mobilized
and their depletion would be marifested by a loss of weight, such as was
demonstrated in the Cortisone-treated rabbits. The avpearance of increas-
ed amounts of lipids in the serum would be a reflection of this altered
metabolisme. Cholesterol esters are formed in the intestine as a vehicle
for fatty acid absorption and transport and are brought to the liver
where they are transferred to choline phosphatids (i.ee lecithin) in
preparation for further fat metabolism. Sinee the liver occupies a key
position in the regulation of cholesterol metabolism Cortisons may in-
duce its effect through its influence on this organ by altering the turn-
over rate of liver phospholipids. For the livers of Cortisone~treated
rabbits become larger and paler and filled with glycogen.

It is possible that Cortisone may exert its influence by inter-
fering with the intestinal absorption or by increasing the excretion of
cholesterol, thus giving rise to the lower absolute levels of serum cho-

lesterol seen in the Cortisone cholestercl-fed rabbits in this experiment.
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However, further studv of these mechanisms are beyvond the scope of this
work e

Having acknowledged the presence of those serum lipid relatioms
which are shown as important factors in the inhibition of experimental
cholesterol atherosclerosis, we are still faced with three grave problems
in this experiment: the absolute levels of serum cholesterel, the reduced
number of animals, and the weight change., First we must reconsider the
absolute levels of the serum total cholesterol. Although hypercholester=-
olemia per se is not as important in the development of exverimental cho-
lesterol atherosclerosis as the serum lipid proportions, it must, never-
theless, be present in sufficient levels in order to produce atheroscle-
rotic lesions at all, irrespective of the lipid interrelationships. Re-
viewing the data in this light, according to previous observaetions in
this laboratory, from the absolute levels of cholesterol we can estimate,
roughly, that within forty-five to sixty days an expected degree of athe-
roselerosis from fone to two plus"™ would develop in the Cortisone rabbits
fod cholesterol. If that is the case,this development was modified in
these rabbits, since none developed lesions much larger than a trace or
low one plus. When the aortae of litter mates were compared the Cortisome
cholesterol-fed rabbits consistently showed a lesser degree of atheroscle~
rosis than their cholesterol~-fed litter mates. These differences are de-
finitely shown in the litter mates V-64 - V=65, V-88 ~ V-89, W-5 = W-6,
W-9 - W-10 (diagram 1} in which the cholesterol-fed rabbits have develop=
oed a degree of ™two plus™ atherosclerosis compared to minimal lesions in

the Cortisone cholesterol-fed litter mates. Of the remaining litter mates
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which survived long encugh for atherosclerosis to develop, V-77 and V-79
were both refractory (which phenomenon in itself shows the importance of
using litter mate controls in these experiments). The differences between
the litter mates V-52 - V-53, V-67 - V-68, V~71 - V=72, V-84 - V-85,
V-97 = V=98, W-1 - W-2, W=-29 = W-30 (diagrams 2 and 3) showed also a les~
ser degree of atherosclerosis in the Cortisone cholesterol-fed animals
than in their cholesterol-fed litter mates. However, the significance
of the difference between these rabbits was greatly reduced by the fact
that only slight lesions were being compared to minimal lesions. Never-
theless, consistency was maintained in that no Cortisone cholesterol-fed
rabbit developed any more than a "one plus®™ atherosclerosis and no cho-
lesterol-fed rabbit developed more atherosclerosis than his cholesterol
control litter mate. The importance of using litter mates repeats it-
self in these observations as well as in those of the serum lipid pat-
terns.

It still remeins to decide whether the difference in the ab-
solute serum total cholesterol levels alcne would be sufficient to
cause the differences in degree of athercsclerosis which were described
above. This possibility cannot be denied since we have been reducsd to
comparing such small differences in so few animals. However, the possi-
bility that Cortisone may inhibit the development of experimental cho-
lesterol stherosclerosis is still suggested, since the Cortisone chole=-
sterol-fed rabbits developed phosvholipid and fatty acid (or neutral fat)
patterns which are considered important in the inhibition of atheroscle-

rosis. If this experiment could be conducted over a longer period of




time with sufficiently high doses of Cortisone this possibility might
be more definitely established,

The problem which the weight loss introduces in this expe-
riment has oreviously been discussed. Although Cortisone may produce
weight loss indevendent of the inhibition of atherosclerosis, the re-
lationship of weight loss to inhibition of atherosclerosis may be more
closely related(gs’lzo).

| This report has repeatedly emphasized the importance of the
interrelgtionship of the serum lipids and their relationship to the
serum proteins, rather thar the ahsolute levels of the total serum cho=-
lesterol, in the genesis of experimertal cholesterol atheroselerosis.
Of the various lipid constituents the phospholipids seem to be particu-
larly important in their relationship to the serum total cholesterocl,
for, when thev were proportionately increased with the cholesterol ele-
vations, there was an inhihition of atherosclerosis irrespective of the
absolute levels of the cholesterol. This influence has heen attributed
to the emulsifving property of the hydrophilic nhospholipids which en-
ables them to "solubilize® the hvdrophobic cholesterol(80) and main-
tain a state of colloidal suspension. When the phospholipid to chole-
sterol ratio is reduced the colloidal state of the lipids is deranged
so that the cholesterol is not kept as much in suspension, but becomes de-
posited in the intima. The influvence of the elevated phospholipids on the
colloidal state of hyperlipemic sera has been frequently referred to
as "stabilizing®" since this state was accompanied by inhibition of the

development of atherosclerosis., However, it is important to note
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that hyperlipemic states are not in the true sense of the word "stable"
even though the lipid ratios may approach those of normal sera. But
with regard to atherosclerosis hyperlipemic states are referred to as
being "stable" or Minstable" insofar as they are associated with inhi-
bition or potentiation of the deposition of lipids in the intima.

It should be noted also that factors other than the phospho-
lipids influence the solubility of livids and the stability of their
colloidal states in bodv fluids. Cohn{122) and his collaborators have
shown that in human plasma almost all the lipid is in combination with
an alpha and a beta globulin - approximately 25% as an alpha and 25%
as a beta lipoprotein. The beta lipoprotein is under certain conditions
solubls in aqueocus media despite the fact that it is composed largely
of lipid. It is probable that these lipoproteins greatly influence the
solubility and colloidal stability of the blood lipids and therefore
play an important role in the zenesis of atherosclerosis. This field

awaits further investigation.
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SUMUARY AND GONGIUSIONS

An experiment was undertaken to study the morphological and
metabolic effects of prolonged treatment with Cortisone on Exverimental
Cholesterol Atherosclerosis in the Rabbit. Control measures were taken
to validate as much as possible the experimental results. Pedigreed
rabbits were arranged in groups so that litter mates could be compared.

Group I  received Cholesterinized food

Group II received Cholesterinized food and Cortisone

Group III received Cortisone

Group IV served as a normal control.
From this study a number of striking and consistent results were obtained
which suasgested persvasively that Cortisone inhibits the development of
experimental cholesterol atherosclerosis in rabbits. Of these, the nro-~
portionate elevations of the serum phospholipids and neutral fats to the
total cholesterol, in the Cortisone treated cholesterol-fed rabbits, were
the most outstanding. The lipid patterns were in many respects like
those which were found to be associated with the inhibition of atheroscle~
rosis in other experiments, namely the alloxan-diabetie cholesterol=fed
rabbit(61962»65) and the cholesterol-fed raebbit injected intravenously
with the detergent Tween 80(67:68:69), However, the inhibitory effects
of the cholestsrol-~fed rabbit treated‘with Cortisone could not be proper=-
ly established since the high mortalitv rate shortened the experimental
term and rednced the number of comparable animals below significant values.

The possible interference of other <factors which escaped the

bounds of control were conslidered, particularly that of weight change.




- 73 -

It was also sugeested that with an adequate dose of Cortisone
over a longer meriod of time the possibility that Cortisone msyv inhibit
the development of experimental cholesterol atherosclerosis in rabbits
might be more definitely established. The importance of the interre-
lationships of the serum lipids is further emphasized.

Studies of the morpholozy and chemical compositon of the aortae

and other tissues are still underway.
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TABLE I

INDEX OF EXPERIMENTAL ANIMATS

Sex of Total Sex of Total
litter | Animal | Exper Experim. litter | Animal Experim* Experim.
mates | number| Group Days. mates number | Group Days.
Male V=52 I 55 Female W=-1 I 49
litter| V=53 II 56 litter W-2 II 49
mates V=54 I11 56 mates W=-3 111 49
V=55 IV 56 Wt IV 49
Male V=56 I 61 Male W=5 I 46
litter | V=57 II 29 litter W~6 11 46
mates V=58 III 24 mates W=7 II1 46
V59 IV 61 W-8 IV 46
Female | V=60 I 61 Female W-9 I 54
litter| V-61 I 25 litter #-10 II 54
mates V=62 III 40 mates W-11 III 54
V63 Iv 61 Wel2 IV 54
Male V-64 I 57 Female W-13 I 57
litter | V=65 IT o7 litter W-14 II 29
mates V=66 II1 57 mates W=15 I11 57
Male V=67 I 55 Male W=16 - Rejected
litter | V-68 II 55 litter W17 I 61
mates V=69 ITI 55 mates W-18 IT 21
V=70 Iv 56 W19 II1 26
Female | V-71 I 44 Male W=20 I 56
litter | V=72 11 44 litter W=-21 II 24
mates V=73 J11 - 41 mates W-22 III 55
Female | V=74 I 61 Female W=-23 I 33
litter | V-75 IX 24 litter W-24 I 29
mates V=76 I1I 61 mates W=25 I11 26
Female | V=77 I 60 Mals W=-26 - )
litter | V=78 - Rejected litter W=27 - 9 all
mates V-79 II 60 ' mates W~-28 - rejected
V=80 IIT 60 Female W=-29 I 61
Female | V=81 I 61 litter W30 I 60
litter | V=82 II 4l mates W=31 111 60
mates V-83 III 39 W32 IV 61
Male V=84 I 55
litter | V-85 I 55
mates V=86 - Rejected
V=87 1] 55
Male V-88 I o7
litter | V=89 II 57
mates V=90 III 13
Male V=91 - }
litter | V=92 - ) s
mates V=93 - ) Rejected
Female | V@894 I 61
litter | V=95 II 24
mates V=96 - . Rejected
Male V=97 I 45 ’
litter | V=98 II 45
mates V-99 IIX 45
V=100 IV 45




TABLE II

SCHEMATIC HOUSING DIAGRAM OF ANIMAL GROUPS

-2 =24 W26
2‘7—88 V=94 [ W=-13 | W=17 | W=20 V=89 V=05 |W=-14|W=-18|W=~21] [V=-90| V=96] W=15]W=-19 w-zz!
=71] V=74 | V=77 ]| V=81 | V-84 V=72] V=75 |[V=79]| V=82 | V=85] [V=73]| V=76 V-80|V-83 V—B‘?I ‘
-=E==:# T 2 e
-1 | Web | W=9 | W29 | V=64 #=2 | W=6 }W=10|W=30]| V=65 [W=3 |W-7 W=-11 |W=31|V-=66 4 |ws |w=12lw-32 ’
'v-sz V=56 | V=60 | V=67 ] V=97 V-5q v-57|v-61| v-68] v-98| |[v-54| V-5 V-62|V=69|V=99| V-55|v-59] v-63|v-70| v-100 :
I II III Iv
Cholesterol Cholesterol Normal Food Normal Food
+ + + +
Vehicle Cortisone Cortisone Vehicle



TABLE IIT

MEAN VALUES AND STANDARD FRROR OF THE MEAN VALUES OF THE SERUM 1.IPIDS

Serum [Expm. E x p e r i m e mn t a 1 D a v e
Lipid |Group -10 4 11 18 25 30-32 38-39 45-46 49-60

M, S.EJ M. | S.EJ M. | S.E.| M. | S.E.| M, | S.E.] M. | S.BE.| M, | S.E.| M. | S.E. | M. | S.E.
Total I |64.7(£12.0 191.7|%27.2(431.1{£69.5]446.0 ($81.4 [606.0|1113.1 |366.0 [£77.8 61.0 [¥105.2 |325.2 £ 72.7]598.1|174.5
Chole= II |51.1|* 6.0 113.5|%10.4 |265.2|£55.6 |209.0 |£79.6 R68.0|L 68,8 1117.0 | 9.9 [193.0 [ 64.7 [425.6 |£163.7|229.6|£33.0
sterol | III [51.1(% 4.7 | 46.0|% 4.4] 59.8|% 9.9]|108.2($14.9 L26.0| 25.0]109.7 tzz.?,,; 135,1 (£ 20.7 [193.0 |t 22.1]198.9|%26.2
|_mg% IV _|39.5t 7.1 ]|35.8/% 6.1} 34.0|% 5.0| 55.6 *15.5 | 39,2| 7.0[128 ~ |1 case}] 50,0/t 8.8| 77.0 [ 14.5]153.3|+p5.5
Ester I |49.9|% 7.3 L45.0(%20.2 |328.8|%53.3|329.0 |£56.1 ¥57.9|t 85.3 |275.1 |¥66.1 B24.8 |t 70.9[|241.5 |* 56.2|433.7|158.2
Chole~ II |42.0{t 4.7 | 89.5|% 8,3 [192.7 [£40.4|137.0 |£56.8 [167.8 | 40.6 | 65.7 | 6.4 [127.8 |t 49.8[259.2 |t 99.5|143.0|125.2
sterol | IIT |4l.4(* 2.9 35.3|% 4.0 32.8|% 6.6 57.6 % 6.6 | 58.7 |t 11.7 | 58.7 |$14.5 [ 76.7 £ 16.0107.1 1 8.1} 8}.9|% 7.1
ng% I |29.11% 7.7 | 30.8|% 5.6 | 24.8(% 4.2| 37.5%12.4 | 36.8]* 14,3 | (11341 case] 36.7 [+ 10.9]| 58.2 £ 14.1)110.0]{%24.7)2)
Free I |14.8/£5.9]46.3| 7.3 N02.3(116.7|118.0/%26.4 148.1 1% 28.8 | 90.9 |£14.3 [136.3 X 39.9| 83.7 [+ 17.3|164.4|£17.6
Chole~- II 9,21 1.6 124.5|t 2.6 72.6|£15.,9] 73.0(£23.0 ﬁoo.g t 25,9 | 59.,0({%13,5 | 66.0 [ 17,5 |166.4 | 67.8] 92.1|%16.2
sterol | IIT |11.5|% 1.4 | 10,7t 1.1 |27.0 % 6.2 50.7 [£10.5 | 67.3 (% 18.9 | 51.0|t 8.4 | 58.4 £ 11.8| 85.8 | 33.3|117.0(£23.3
_mg% IV _|10.9% 3.2]| 5.0+ 0,9] 9.2t1.7| 6.5/ 0.3]13.0% 4.5|15.0/% 0.0)]13.3/% 5.1]|18.8/% 5.5| 43.5/% 3.2
Phos- I 5.2/ 07| 7.5\t 0.4 | 10.8t 13| 12.2/t 2.0 13.2|2 2.0| 9.9/ 0.9 |15.5% 3.1| 9.3 1.3} 10.2|* 1.1
pho- II 4.9 0.3 6.9\ 0es | 1102/t 0.9] 10,9 1,5]|15.2/t 2.4 |10.5{% 0.8 |12.1 F 1.4] 17.4/% 4.3] 10.2{% 2.1
Xipids | III 5.1 0.2 5.7/ 0.4 7.5/ 0.8| 10,72 1.8}12.,5(% 2.3]| 9.9(f 0.9 [10.9% 1.1| 15,5 3.3| 14.6[% 2.5
_mg%h IV | 47t 05| 3.6/ 0.2 4.0 4.280.2]| 3.6/t 0.2] 4.0/* 0.8 3.6 0.a] 3.6 t 0.4] 3.9 0.5
Total I {10.2{%2.0|210.1[t 0.7 |17.1/E 2.0] 18.2/% 2.7 |24.5/% 4.1 |13.4[E 1.8 |22.0% 5.011.8 [£ 2.2 17.2|t 1.8
Fatty I 8.7 1% 047 |14.4 |t 1.3 |38.2 | 4.8| 41,5t 6.2 | 73.1 X 14.4 | 3044 |E 4.3 | 29.0/% 7.2]| 45.0|F 7.1] 42.5 [£13.0
Acids III 8.5/F 0.3 (12,7 (% 1.2 |31led 1t 2.5 46.1 |t 9.6 | 65.5 ﬁ 17.9 | 31.8 [t 3.9 | 28.9% 5.0| 70.8 |t 17.3]| 67.8t18.9
MEQ./L] IV | 7.5/t 0.8 | 5.3 0,5] 6652 0.7| 5.6|s 004 | 59| 0.4 | 6,32 0.6 5.3 0.3 5.8 0.9] 5.1/t 0.1

Mean values of Serum Fattv Acids of Neutral Fat are included in the text.
* 1 case only.




Formulae used in computing the Standard Deviations

apé Stapdard Errors of the Mean Values.

«
s = Ev vEv
N -1
where: S -~ standard deviation
E « sum of
v - variable
Vv - mean of the variables
N = number of wvariables.
St =_8S
VvV N=1

where: Sv - standard error of the mean
S = gtandard deviation
N - number of variables.



TABLE IV-a

SERUM CHOLESTEROY, ~ TOTAL - ggﬁ.
Group I - Cholesterol

Animsl Experimental Day

No. |~10| 41 11| 18] 25| 32 38 39| 45| 46 53] 56| 57 | 60
v-52 |150 590 168 560

V=56 ezzp 460406 480 76 140 230
V=60 | 40 |114|578 1190 1062| 1050 660
V=67 | 48 | 208400 726 124 518

V-97 |52 [118|114 632 210 | 90

W-1 |60 162198 150 154 220

W~5 | 90 | 320|904 1190 920 |

W=9 [140 | 210|340 526 400 490

W-29 232 {480 820 300 590 474
V=64 |36 |134|502 930 720 972 1362

V=71 | 26 {400 380 | 190

V=74 |44 | 40 650 - | 220 450 710

V=77 | 52 {190 70 278 154 150
V=81 | 62 | 406 890 670 470 660
V-84 | 44 | 200 284 180 140
V=88 |40 |180 406 246 394 670
V=94 (54| 30 626 546 780 820
W-13 258 584 626 430 700
W=-17 | 64 182 ls2 216 350
¥-20 | 54 | 110 388 526 128 598
W23 _ 401230 250

Dose Corm

tisone = 0

pg/kilo

Body Wt.




TABLE IV-b

SERTM CHOLESTEROL ~ TOTAL - mg%.

Group II - Cholesterol + Cortisone.

Animal Experimental Day
Noo. |-10 | 4 | 11| 18| 2532 |38 | 39| 45| 46 [50 [ 53] 56 [ 57 | 60
V=53 | (3)? 90({150 196 300 200 | 368
V=57 |54 |218|710 844
V61 |52 |104|230
V=68 | 26 54136 168 1124 310
V-98 |60 |110(356 190 620 | 474
W=2 36 (118|250 140 254 210
W5 48 96 1180 224 182 972
" W=10 | 60 |144 (230 320 920 278
w-30 | 40 52| 82 182 40 46 100
V=65 | 48 | 200 414 50 64 346 | 120
V=72 |72 140 (60) | 460
V=75 130 |1l4 188
V=79 180 |lo4 80 110 182 258
V-82 (48 140 146 140
V-85 | 26 50 114 124 310
V=89 | 40 30 60 70 190 290
V=95 | 48 |[118 182
W=14 154 340
W-18 140 76
W-21 |53 |114 844
W=24 | 48 94 1180 182
Dose Com~
nefeito| | ° | M|
Body Wt.




TABLE IV-c

SERUM CHOLESTEROL = TOTAL = mgd.

Group III = Cortisone

Animal Experimental Day
No. =10 4 11 18 | 256! 32 | 38 39 46 | 53 | 56 | 60
V=54 20 | 20 20 82 176 118 | 224
V=58 60 | 62 30
V=62 60 | 48 82 268 160
V=69 20 | 12 70 162 _ 80 546
V-99 48 | 68 120 100 110 -
W3 40 | 60 60 136 76
W 62 | 64 70 186 200 160
Well 80 | 72 36 160 274
W=-31 86 | 46 70 100 46 140 162
V=66 48 | 82 40 60 208 216
V=73 60 | 46 82 | 40
V-76 60 | 36 170 118 190 140
V-80 48 | 52 68 86 258 170
V-83 68 | 34 52 68
V-87 36 | 24 140 68 250
V=90 36 | 20
V-96 52
W-15 80 128 118 150
19 54 | 62 146
W-22 60 | 36 124 200 150
W=25 60 | 26 64
Dbse Cor-
tisone - | O 3 1 1/2 1
mg/kilo
Body Wt.




TABLE IV-d
SERUM CHOLSTEROL - TOTAL - mg%.

Group IV -~ Normal Control

Experimenta

Animsl 1 Da
No. =10 4 |11 | 18 | 25| 32 | 38 | 39 | 45| 46| 53 | 56| 60
V=55 54 |30 |30 30 82 112 | 106
V=59 10 | 48 | 40 24 56 118
V=63 20 | 68 36 | 56 100
V=70 52 |16 |46 | 40 | 52 36 130 | 136
V=100 40 (30 |20 34 50 | 46
W=l 36 |24 20 90
W-8 68 |40 |34 |118 24 30
w-12 70 52 82 | 128
W-32 36 |30 50 128 114 100




TABLE Ve-a

SERUM CHOLESTEROL = ESTER = mgh.

Group I - Cholesterol

Animal Experimental Day
No [ =10 4 [ 11] 18] 25|/ 32 38 | 39 45 [ 46 | 49] 53] 56 | 57 | 60
V=52 31 | 119453 145 485
V=56 118 | 344|308 365 58 114 157
V=60 33| 88431 865 746 825 457
V=67 38| 161| 336 566 69 368
V=97 45| 92| 88 495 169 72
W=-1 57 | 119/138 132 109 125
-5 80 | 255|689 917 505
W9 120 | 138| 256 356 285 348
W=-29 170} 360 642 215 408 524
V=64 18 | 104|385 695 520 751 1027
V=71 25 | 300 282 147
V=74 41 | 33 443 130 345 459
V=77 42 | 140 60 178 09 91
V-81 49 | 296 627 520 333 463
V=84 37 | 150 222 105 106
V=88 31 {138 326 196 303 507
V=94 47 | 24 456 412 613 585
W=-13 198 445 499 285 522
#-17 56 139 147 151 245
W=20 36 | 90 290 426 108 464
=23 30173 170




SERUM CHOLESTEROL - ESTER - mg%.

TABLE V-b

Group II - Cholesterol + Cortisone.

Animal Experimental Day
No. { =10 | 4 |11 18| 25| 32 | 38 | 39 | 45 | 46| 49| 53 | 56 | 57 | 60
V=53 | (3)? 63| 86 76 175 145 | 248
V=57 | 47 |178(524 519
V-61 | 37 77 (165
V=68 | 23 471108 93 79 130
V=98 | 53 90 (251 115 481 |349
W-2 35 |110(182 102 137 150
W-é 43 6A8 135 174 105 56.'7
W=10 | 51 |113|185 205 é; 185
W=30 | 27 47| 72 112 23 18 62
V=65 | 41 |153|285 12 39 301 | 79
V=72 | 54 |114 Sé 315
V=75 {100 89 123
V=79 | 71 78 27 62 102 124
v-82 | 35 (108 96 59
V-85 | 23 38 80 76 173
V-89 | 33 23 37 47 105 153
V=95 | 38 84 117
- W=14 llé 211
W~18 117 48
w21 | 42 92 595
W-24 | 41 74127 123
Dose Cox
tisone 4 0 | 3 1 M 1
kilo J‘
ody Wt




TABLE V—c

SFRUM CEDLESTFROL - ESTIR - mg#h.

Group III - Cortisomne.

Animgl Experimental Day
No. -10 4 11 18 25 32 | 38( 39| 46]53| 56| 60
V=54 17 10 13 75 101 54 | 109
V-G8 55 53 22
V=62 45 | 35 48 82 69
V=69 17 8 15 71 46 97
V=99 39 53 75 41 60
W-3 3l 50 45 41 28
W=7 47 47 17 126 77 98
¥=11 56 62 21 95 80
w-31 66 31 44 47 36 67 100
V=66 38 49 28 20 178 77
V=73 40 62 25
V=76 50 24 70 63 90 56
V=80 30 34 33 38 116 97
V-83 50 28 40
V=87 35 17 52 33 140
V=90 26 13
V=96 47 32
W-15 62 69 59 lo2
w-19 44 43 87
We22 50 | 28 69 119 97
W-25 47 | 23 44
Dose Cor-
tisone = [ o 3 1 e 1
kilo .
Body Wt.




TABLE V-4

SERUM CHOLESTEROL - ESTER - mgb.

Group IV - Normal Control

Animal Experimental Day
No. | -10] 4 [11 |18 25 B2 | B8] 39 | 45 | 46 | 55] 56 | 60
V=55 4 | 25 |22 23 70 67 | 66
V=59 9| 43 |25 14 48 88
V-63 10 | 58 30 93
V=70 | 12 | 36 37 2(1) 92 | 101
v-100 | 33| 27 |13 24 | B
Wed 17 13 49
w-8 42| 37 | 28 86 17 20
W12 64 37 59| 75
W-32 20 | 27 43 113 97 45




TABLE Vi-a

SERUM CHOLESTEROL - FREE - mg#.

Group I -~ Cholesterol

Anime] Experimental Day
No. (-10| 4| 11| 18| 25| 32| 38| 39 | 45 46] 45 53 [56 | 57| 60
V=52 5| 31| 137 43 75
V=56 [104)116 | 98 115 18 26 73
V=60 7| 26 | 147 325 316 225 203
V=67 10| 47 | 64 160 55 150
V=97 7| 26| 26 137 41 | 18
W=1 3| 43| 60 2?{18) 45 95
W5 10| 65 | 215 273 415
W=-9 20| 62| 84 170 115 142
W=29 62 (120 178 85 182 150
V=64 18| 30 | 117 235 200 221 335
V=71 1]100 98| 43
V=74 3| 7 217 20 105 251
V=77 10| 50 10 100 55 59
V=81 13|110 263 150 137 197
V-84 7 50 62 75 54
V=88 9| 43 80 50 91 163
V=94 7| 6 170 134 167 235
w-13 60 139 127 145 178
w-17 8 43 35 65 105
W-20 18| 20 98 100 20 134
W23 10| 97 80




TABIE VI-h

SERUM CHOLESTFROY, = FREE - mg%.

Group II - Cholesterol + Cortisone

Animal ,  Experimental Day

No. [-10 [4 [31] 18] 25| 52] 38 | 39 | 45] 46 [ 49 | 53] 56] 57 [ 60
v-55 | (0?) | 27 | 64 120 125 | 115 120

v-57 | 7 |40 nes 325,

v-61 | 15 |27 |65 ' |

V-68 | 3 | 7!28 75 | 45 180

v-08 | 7 |20 3105 75 139 [125

W-2 1| 8|68 38| 117 60

Web 5 | 28|45 50 77 405

w10 | 9 |31 |45 115 26 115

w-30 |13 | 5|10 70 *17 28 38
V=65 | 7 |47 D29 38 25 45| 41

v-72 | 18 |26 34 | 145

V-75 | %0 |25 65

w79 | 9 |26 53 48 ' 80 154
v-g2 | 13 |32 50 81

V-85 | 3 |12 54 48 157

vee | 7 | 7 23 23 85 157
V=95 | 10 | 34 65

Weld 38 129

¥-18 23 28

w-21 | 10 | 32 249

w-24 | 7 |20!53 59
Dose Cors
tisone =| 0 |3 1 {2 1
mg/kilo
Body Wt.




TABIE VI-¢
SERUM CHOLESTFROL - FEEE ~ mg#.

Group III - Cortisone.

Animal Experimental Day
No. 1-30 1 4 111 716725 [327 381 39 46] 53] 56 | 60
V=54 3 10 7 7 75 64 | 115
V=58 ] 9 8
V=62 15 13 | 34 186 91
V-éQ 3 4 |55 9l 34 249
v-99 9 15| 45 59 50
W3 9 10 |15 95 48
W=7 15 17 |53 60 123 62
Well 24 10 |15 65 194
W=31 20 15 Zé 53 10 73 62
V=66 10 13 (12 40 30 139
V=73 20 20 1|15
V-?é 10 12 100 55 100 84
V=80 18 18 35 48 142 73
V=83 18 6 20 28
V=87 3 7 88 35 110
V=90 10 7
V-96 5
®-15 18 59 59 48
w-19 10 9 59
W-22 10 8 55 81 53
W=-25 13 3 20
:::ngof- 0 3 lé 1
kilo !
B .




TABLE VI-d

SERUM CHOLESTEROL — FREE « mg%.

Group IV « Normal Control

Animal Experimental Day

No. [ =IO 4] 1118 | 25] 3555 [ 30 14b] 46] 49 | 53 [ 56] 60
V-55 10| 5| 8 7 12 45 | 40
7-59 1| 5| 15 10 8 (45)7 30
V=63 10| 10 6 | 4 7 (35)?
V=70 15| 410 15 (35) 9 38 |35
V=100 | 3] v 10 3 15

Weud 9 7 41)(59)2

W-8 26 | 3| 6 32 7 10

W-12 6 15 23 53

W—32 7| 3 7 15 17 55




SERUM PHOSPHOLIPIDS = mg%.

TABIE VII-a

Group I - Cholesterol

Animal E x e r i m e n t a % D a y

No. =10| =3 =2 4 11| 18 25| 30| 32| 38 39 | 45| 46 | 49| 53| 55| 56 | 57 60
V-52 4.Q 601 809 605 31.6

V=56 15.2 11.9 12.5 11.9 6.3 7.5 8.0
V-60 4.1 843 12.7 22«5 25.2 16.6 16.8
V=67 4.5 7.0 10.0 13.8 9.5 13.6

V=97 3.7|4.9 72| 4.8 10.9 6.1 110.9

W=-1 3¢5 3.6 962 | 648 645 7.5 Se%7

w-5 4.7 6691102044 162 26.0

w-9 6.2 | 8461044 10.3 13.4 Be3

W=-29 4.9 8461249 22 .5 11.6 843 10.3
V=64 4.3 9.5 " Q5.0 18.0 14.0 16.0
V=71 5.5({7.8 148 8.7

V-74 4.814.]1 6.1 21.4 9.0 10,6 18.2
V=77 4.4 4.4 64 59 8.9 6.0 7.2
V-81 5.2 3.1|11.3 214 13.8 10.7 2.6
V-84 4 .0 6 .0 906 7 06 4 07 6 .O

V=88 4.4 6.l 74 5.9 6.2 7.2
V=94 4.7 5.6 16, 14.5 17.3 14.1
W-13 3.6 S8 93 113 13.3 13.8

W=-17 5.0 5.9 5.9 53 5.5 6.8 763
W=20 545 73| 73 8.6 942 5.7 5.9

W23 663 59| 93 7.5




—————rr

Group 1T - Cholesterol + Cortisone

Animal E X p er {f m e nt a 1 D a ¥y
No. -10 -3 -2 4 11 18 25 30 352 38 39 45 46 49 53 | 56 | 57 |60
V"53 207 509 1304 16 4 1606 808 11.0
V=57 4.6 642 16.8 2845
V=61 4.1 8.0 | 13.6
V-68 4.1 4,5 9.2 12,6 10.8 24.4
V=98 4.8 4.3 ) 1.2 13.8 16.2 | 12.4
W=2 5.7 5 05 6 o7 lO .O 9 4 8.0
W-6 5.1 4.2 | 8,0 10.1 10.0 14,0 2444
W-lO 502 602 8.8 845 18 S 9.2 1508
W30 4.2 444 | 4.3 6.4 12.1 9.7 546 3¢5
V=65 4.6 8.0 14.6 75 863 2.1 | 3.5
V=72 6.5 | 6.8 7.6 6.8 1l1.4
V=75 5.1 | 5.l 8.0 13.8
V=79 10,5 5.9 10,7 8.8 12.2 15,8
V-82 509 509 740 1006 1306
V-85 2.4 4.7 83 943 29.0
V-89 4.5 | 4.5 6.6 75 8.0 9.2 13.8
V-95 4 08 6 o" 6 04 10 .0
W-14 4.4 6.5 |10.2 14.5
W-18 4.8 4.0 | 7.4 6.5
W-21 5.0 566 | 8.6 2046
W-24 507 603 703 11.0 1502
Dose Cor-
tisone =
kilo
dy Wt. 3 1 | % 1 |1%




TABLE VII-c

SRRUM PHOSPHOLIPIDS = mg%.

Group III -~ Cortisone

Animal Ex p er i me n t al D a vy
No. =10 =3 -2 4 11 18 25 30 32 38 39 46 53 55 56 60
V=54 3.1 2.7 2.4 4.6 10,6 7.6 9.9
V=58 4,0 5.6 5.9
V=62 5.5 3.9 9.3 22.5 18.2
V—69 4.8 5.6 10.1 14.5 904 50.0
V-99 401 505 6.4 11.1 1100 ll 02
W=3 5.” 7.0 7.4 8.8 15.6 1004
W-’? 500 800 801 905 908 1103 9.0
W-ll 507 903 7.0 5.5 15.0 12.0 22.0
W-31 6.9 3¢5 | 2.9 8.9 9.7 7.4 10.6 12.0
V—GS Se7 309 5.8 908 706 1804
V"73 605 600 5.6 602 507
V=76 7.3 7.3 5.1 17.6 10.9 2346 13.0
V-80 5.2 5.2 4.9 8.1 10.7 23.8 5.0
V-83 Sl 3.8 5.9 7.0
V=87 4.3 5.7 15.0 10,0 19.0 17 .4
V=90 4.1 2.5 6.2
V-96 5.1 63
W=15 5.6 5.1 5.3 11.0 8.2
W-19 5.7 5.9 743 12.8
W22 5.6 7.5 57 9.0 9.2 9.1
W25 | 4.7 8.1[ 4.1 | 4,9
Dose Cor- |
tisenn -
In;g/kilo 3 1 /2 1 1l/2
BOELW. )




TABLE VII-d
SERUM PHOSPHOLIPIDS ~ mghe.

Group IV - Normal Control

Animal E X p er imen +t a l D a
No. =10 -3 -2 4 11 18 25 32 38 39 45 46 49 . 53 56 60
V-55 3.7 2.8 | 2.1 3.0 207 4.3 | 25
V=59 Sed - Bed 4,0 36D 4.8 23 B35
V=63 5.9 5.5 4.6 2.0 4.2 7.2
V=70 4.4 | 5.0 37 3.8 4.0 3.7 | 3.l
V=100 3e4 | 3.5 37 | 2.2 3e2 | o4
W=t 3.8 5.8 | 4.1 37 3k 2.9 | 245
¥-8 5.9 5.7 | 3.8 | 4.0 3.9 | 3.5 33
W-12 79 9.7 4.4 5.6 f 4,8 5.2
L W=32 4.1 34 | 3.8 4.2 4,9 , 2.7 4.8




TABLE VIII-2

SERUM TOTAYL FATTY ACIDS - M. Eq./L.

Group I — Cholesterol

Animsl ' E X p e r i m e n t a 1 D a y

No. =10 -3 -2 4 11 | 18 25 30 32 | 38| 39 |45 46 (49 53 55 56 57 60
V=52 765 7.5 |23.75 75 45

V=56 |42.5 22.5 21.25 75 10 7.5 12,5
V=60 725 8.75 20.0 40.0 35 22.5 22,5
V=67 75 75 16.25 26 .25 11.25 17.5

V=97 7.5 |5.0 12,2 | 745 17.5 6.25| 5
W1 12.5 |(6.25 15 {13.75 13.75 7.5 10
=5 10.0 10.0 |12.5 |30.0 30.0 45

W-9 5.0 {10.,0 |10.0 20.0 15 13.75
W-29 5.0 [12.5 |17.25 45.0 20 17.25 13.75
V=64 7.5 5.0 16.25 32«5 25 25.00 35
V-71 75 |7.25 175 7.5
V=74 8.75 |7.25 12.5 S1e5 12.5 13.75 27.5
V=77 |10.0 [5.0 7.5 5.0 15.0 6.25 6.25
V-81 8.75 5.0 [10.0 275 18.75 15.0 18.75
V=88 6.25 [7.25 745 1375 7.5 8.75 15
V—94 7 025 8 075 27.25 25 00 20 .O 27 025
W-13 7.5 7.5 [12.5 17.5 18.75 25.0 20
w-1% 8.75 75 | 6.25 1125 8.75 11,25 75
W=-20 | 8,75 11.5 |12.,5 15.0 15.0 6425 13,75

W—ZS 7.5 7.5 1205 1205




TABLE VIII-b
SERUM_TOTAL FATTY ACIDS - M. Eq./L.

Group II - Cholesterol + Cortisone.

Animal E X p e r i m e n t a1 D a ¥y

No. =10 -3 -2 4 11 18 25 30 32 38 39 | 45 46| 49] 53 56 57 60
V5?7 7«25 12.50 55.00 160

V=61 10.00 17.,50| 67,50
V-68 7.25 8,75 35.00 55 325 150.00

V=98 8.75 7 50| 35.00 70 32.5| 30

W-?. 7 025 5.00 8075 55000 40 50

W-6 10.00| 8.75 22.50(32.50 23.0 65 .00

w=-10 7.50 6.25(18.75{25.00 70 22,5 55.00

W=-30 725 6.20/10.00{17.25 35.00 15.0( 23.50 5.00
V=65 11.25 17.50 45.00 40 12,5 6.25| 8,75
V=72 8.75] 7.50 15.00 28.75 30.00
V=75 10.00 {10.00 20.00 45.00

V~79 22.50 12.50 42,50 22.50 17 .50 65.00
V-85 7650 | 7.25 5.00 32.50 22.50 50 .00

V-89 8.75| 8.75 20,00 28.75 25.00 B2 .50 50

V=95 725 7.50 10.00 43.75

W-14 5.00 10.0027 .50 62.50

w-18 7.25 5.00(12.50 23.75

W-21 7.25 7.50(12.50 82,50

W-24 7 .25 6.25/15,00|35.,00 70
Dose Core
tisene =

kilo 3 1| 12 1 pl/z
dy Wt.




TABIE VIII-c
SERUM TOTAL FATTY ACIDS - M. Eq./L.

Group III - Cortisone

Animal E x p e » 1m e n t a1l D a ¥y
No. =10 -3 -2 4 11 18 25 30 32 38 39 46 53 | 55 56 | 60"
V=54 | 5.00 7 50 750 8.75 21.25 16.25 21.25
V=58 | 7.25 11.25 |20.00
V=62 {11.25 12.50 45.00 145.00 45
V-69 | 11.25 7 ¢S 57 «50 75.00 27.50 200
V=99 | 7.256 | 5.00 15,00 | 35.00 60.00 25.00
W=3 ? .50 8475 [ 17.50 | 45.00 90,00 37450
W=7 7 .50 7.50 | 17.50 |30.00 40.00 55 32.5
W-11 [10.00 750 | 20,00 |20,00 45.00 17.50 105
W-31 | 7.25 6625 | 6.25 |33.50 40,00 13.75 30 37.5
V=66 | 7.25 5.00 21.25 27 .50 17.50 75
V=73 | 8.75 |7.25 10.00 20,00 15.00
V=76 | 5.00 |8.75 10.00 97 .50 45,00 103.5 32.5
V=80 | 8.75 |8.75 12.50 32,50 3750 110.0 55.0
V=83 | 7.50 |7.25 5400 17.50 16.25
V=87 | 7.50 |5.00 20,00 76 .25 35.00 103.5 105
V=90 | 8,75 |5.00 7.50
V=06 | 7.50 |7.50
W-15 | 8,75 7.50 |13.75 31.25 37.50 30.0
W-19 | 7.50 750 |17.25 55,00
W=22 [(10.00 11.85 [11.85 54.50 27.50 45.0
W-25 | 7.50 10,00 | 8.,75 30,00
Dose Cox-
tisone
/kilo 3 1 1/ 1 11/2
Body Wt




TABLE VIII-d
SERUM TOTAL FATTY ACIDS - M. Eq./L.

Group IV - Normal Control

Animal E x p e r 1 m e n ¢ 1 D _a

No. =10 -3 -2 4 il 18 256 | 32 | 38| 39 | 45|46 (49 | 53 [56 | 60
V=55 7 .25 3.75 | 6.25 6.25 i 5.00 5.00 (5

V=59 5.00 5.00 6425 5.00 5 5.00 | 5
V=63 725 5.00 6.25 I 6.25 5 5
V=70 7,50 | 7.50 625 6.25 6 +25 5.,00| 5
V=10C | 8.75 | 5.00 5.00 | 8,75 5.00 |10

W~a I 725 6425 | 6.25 5.00 5.00 5 |5

W=-8 | 5.00 6.25| 5.00 | 5.00 6.25 5.00 5

W=12 {12,50 11.50 6.25 750 5 6.25

W=-32 7 .25 6.25] 6.25 5.00 6.25 5 5




TABIE TX-a
SERUM FATTY ACIDS OF NEUTRAL FAT - M. Eq./1 L.

Group I = Cholesterol

Animal E X p e r i m e n t a1l D a vy
No. =10 4 11 18 25 32 38 39 46 49 53 | 60
V=52 4.40 0.88 685 14.14
V=56 30.60 625 4.80 0.30 6.80
V-60 4,00 1,43 4,50 1.07 1.00
V=67 3.92 1.75 3.58 3.96 0.10
V-97 4.18 5.94 2442
’W-l 7095 6062 6028 6-65 0028 3.46
W-5 502 0.55 16 082
W=9 l.44 4.78
w=-29 3.10 0e43 25.27 773 1.85
V=64 0.75 5.80 1.13
V-’?l 5066 l 035
V=74 4.91 8.15 737 3.93 5.10
V=77 6.31 0.17 0.05 5.19 0.19
V-81 4.48 0.17 5.25
V-84 4.22 0.11 4.90 4.13 0.80
V=88 2.90 0.45 1.00
V-94 5030 5 .25 5094 4020
W13 1.99 9.62
’N—l‘? : 1,38 4.55 125 3.44
W=20 4.63 5.94 , 2.49 1.15
W23 3430 2.62 3,70 !




TABLE TX~b

SERUM FATTY ACIDS OF NEUTRAL FAT - M. Eq./L.

Group II = Cholesterol + Cortisone

Animal E x p e r i m e n t a 1l D a ¥y
No. =10 4 11 _18 25 32 | 38 39 45 46 53 56 57 60
V=53 5.60 12.45 68453 50.87 36.2 | 17.20
V=57 3,30 31.70 130.06
V=61 6.70 10.87 |} 55.33
V-68 4.26 4.92 | 27.00 45,29 24.15 132.5
V-98 4.60 2.67 | 22.00 59.02 10.64 [13.76
W-2 4.19 2.00 | 24.49 31.86 21.51
W=6 5.93 16.14 | 23.20 12.18 | 36.281
W-10 3.16 10.72 115.31 53.99 15.54 41,6
W-SO 4011 6028 11069 8-80 1908 1040
V-65 7 .50 29.12 35,29 F.GQ 4.75
V=75 4.41 13.00 33.81
V=79 [4.57 7,08 35.60 15.80 37.76 52.60
V=82 3.19 5.60 16.41 38.07
V=85 5445 1.32 25.63 16.53 28,72
V-89 529 15.57 23.39 24 .48 38
V=95 3.49 4.11 34.92
W-14 18.57 48.63
w-18 5.17 18.71
W-21 3426 5.13 55.19
W24 2.88 8.86 (25,31 58.01
Dose Corw
tisone -
kilo 3 1 |12 1 pl/e
Body Wte




TABIE Tf-c
FATTY ACIDS OF NEUTRAL FAT - M, Eq./L.

Group III -~ Cortisone

dy #t.

Animal E X p e r imen t 1 D
No. =10 4 11 18 | 25 32 38 39 46 53 56 60
V=54 2.80 1.48 5.76 4.11 12.53 10.45| 12.75
V-58 3.50 6.64¢ | 16.03
V=62 6.98 38.36 129.78 32.41
V=69 8.01 51.31 64.76 20.81 180.10
V=99 3.86 9.93 | 26,66 52,54 16.95
W3 338 ]11.90 | 38.83 79.94 30,77
W=7 5.38 ]11.68 | 24.16 31.04 46 .40 24.76
¥=-11 5.2¢4 |14.34 |16.25 8.04 90,10
W-31 1.54 3.75 | 26.16 33.17 8.52 22.20 27.9
V=66 4.17 |17.13 8.49 62,30
v-73 4.06 " 14,80
V-76 648 85.49 37.07 87 .47 23.8
V-80 4.98 8.82 26.95 3032 93.20 49.6
V=83 Se24 2.08 13.27 11.11
V-87 4.16 |16.26 66 .20 28.35 88,87
V=90 5.70 3.57
V-96 3.32
W-15 9.07 29.59 22.66
w=19 3,05 [J11.91 45,35
W=-22 5.46 7422 47.51 19.12 37.29
W=25 3.55 5.75 26.06
Dose Gore= :
tisone =
kilo 3 1 10 1 1172




TABLE IX-4

FATTY ACIDS OF NEUTRAL FAT - M. Eq. /io
Group IV -« Normal Control

Ahimal E x p e r iment a l D a ¥y
Noe =10 4 11 18 25 o2 38 39 45 46 53 56 60
V=55 4.00 4.48 3.95 1.59 0.80 |1.75
V=59 2.80 3.30 2.64 0.96 0.7
V=63 3.60 2.77 0.19
V=70 3.99 3.22 3.09 3.92 0.50 |0.70
V=100 5.93 | 2.20 7.11 1.88 | 7.2
¥4 3440 253 2.03
W=-8 049 | 1.84 1.90 1.72 2.56 2.58
W-12 1.99 0.67 1.35
W=32 4.12 | 3.35 1.49 0.52 0.89 1.0




TABLE X

TOTAL FOOD CONSUMPTION - gm.

Group I. Group II. Group III Group IV
i-|Norm. Expe | Ani-| Norm. Exp.| Ani=~|Norm.|Expd Ani=|Norm.|Exp.
1l JFood |[Chol.|day |mal | Food.|CholiDay. mal |Food [Day | mal |Food |Dey
Oe No. Noo No.
V=52| 5111 | 31 55 |V-53| 6735 | 31 |56 |V-54|5624 |56 [v-55 |5600 | 56
V-56] 6095 | 38 61 | V=57 3397 | 16 |29 |V-58]|2746 24 [V-59 |B100 | 61
[V-60] 6033 | 37 él VLél 2651 14 |25 v;éz 4551 }40 v;és 6100 él
V-67]5278 | 32 55 VhéB 7354 | 34 |55 V;ég élOO 55 V=70 5600 56
V-0714488 | 28 45 | V=98] 6170 | 27 |45 | V=99 5650 45 TV-lOO 4660 45
W-1 14835 | 30 49 | W-2 | 6650 | 30 |49 {|W~3 |6408 |49 MW=4 [4900 | 49
W5 |4511 | 27 46 |VW-6 | 6200 | 28 |46 |W~7 |5787 |46 [W-8 |[4600 | 46
W-9 |5394 | 33 54 |W-10] 6436 | 30 |54 |W-11|5705 |54 12 5400 | 54
W=29]5600 | 32 61l | W-30| 6255 | 27 |60 |W~31]7368 |60 [W-32 5871 | 61
V-64]15612 | 35 57 | v=65] 6684 | 30 |57 |V~-66 6662 57
V=~71]4365 | 27 44 | V=72] 4670 | 23 144 |V~73}3211 |44
V=7415683 | 34 61 | V=-75]| 2750 | 14 |24 |V-76]6913 |29
V-7715648 | 35 60 V=79 ) 8273 | 37 |60 |V~80}7496 |60
V=81 6008 36 61 | V-82| 4862 | 23 |41 |V-83]5150 |39
[V-84]5402 | 32 55 | V-85 6600 32 |55 |V-87]7439 |55
V-88| 5656 ( 3¢ 57 1V=89] 5867 | 27 |57 [V-90]11300 113
V-04|5322 | 33 61 | V-951]2613 | 13 |24 |V-96] - -
W-13]5568 | 34 57 |¥W-14| 3508 | 17 |29 |W~15|7395 |57
W=-1715853 | 35 61 | W-18| 1917 8 [21 |W-1913200 {26
JWG20 5486 33 56 |W-21]12785 | 15 |24 |W-22]|7462 |55
W-23|3113 | 19 33 |W-24]3585 | 18 |29 |W-25|3140 |26




TABLE XI

TOTAL CORTISONE & VEHICLE ADMINISTRATION - ng e«

Group I Group II Group III Group IV
Animal|Vehi-|Exph. [AnimalfCorti- |Expme | Animal]Corti- | Expm.| Animal|Veni< Expm.
No |cle Day No. |sone Day No. | sone Day No, jcle | -M-q
V=52 | 218 | 55 V=53] 313 56 V=54 | 249 56 V-85 | 313 | 56 -
V=56 | 303 | 61 V=57] 157 29 V=58 | 178 24 V=59 | 335 | 61
V=60 | 303 | 61 V=61] 199 25 V=62 | 234 40 V=63 | 303 | 61
V-67 | 308 | 55 V-68] 304 55 V=69 | 246 55 V-70 | 313 | 56
Va97 | 213 | 45 V=98] 189 45 V=99 | 222 45 V=100 263 | 45
W-1 197 | 49 w-2 | 259 49 W=-3 197 49 W-4 231 | 49
W5 194 | 46 W-6 | 186 46 W=7 186 46 w-8 19é 46
W-9 254 1 54 W=-lo] 210 54 W-11 | 202 54 W-12 | 239 | 54
W-29 | 335 | 61 W=30| 278 60 W=31 | 326 60 W=-32 | 335 | 61
V=64 | 317 | 57 V65| 267 57 V=66 | 317 57
V71 | 209 | 44 V=72] 230 44 vV-73 | 189 41
V=74 | 266 | 61 V75| 145 24 V=76 | 294 29
V=77 | 331 | 60 V=79| 246 60 V=80 | 246 60
V.81 | 335 | 61 V-821 245 41 vV-83 | 293 39
V-84 | 308 | 55 V-85| 249 55 V-87 | 291 55
V=88 | 317 | 57 V=89 | 219 57 V=90 | 123 13
V=94 | 261 | 61 V=-95| 188 24 V-96 | -
w-13 | 285 | 57 W=-14] 157 29 W=15 | 233 57
W=17 | 285 | 61 W-181] 181 21 W-19 | 154 26
W-20 | 243 | 56 W-211 145 24 W=22 | 213 55
W-23 | 161 | 33 W-24| 157 29 W=-25 | 151 26




TABLE XII

BODY WEIGHTS.- gm.

Experimental Day %Wt.changeTCar-

Group 4Animal Finall of cass
No. | -1 | 6213 [20 |27 | 34] 41|48 | wt,|initial Wt Wt.

I.] V=52 |2159]2087|2135 |2270]2500]2483| 2465|2225 | 1779 =176 1550
I1.| V-53 |2852]|2830]|2593|2615]|2720)2630|2675|2735 | 2627 - 7.9 1940
III. | V=54 |2640]2720]2250[2143|1975}2000|188042110 | 2279 =13.7 1590
IV. | V=55 |2780]2785]2880)2915]2975|3050| 318313170 } 3240 +16.5 2605
I.] V=56 [2450]2375]2500 |2570]12750|2730]2805]2908 | 2857 +16.6 2265
IT. | V=57 }2382]2300]2160 |2220]2485 2090 -12.3 1525
III.| V=58 |2600]2600]12400 2400 2050 =21.2 1740
IV | V=59 |3114]3010|3035 ]|3145]|3125[3265]3428]3395 | 3345 +13.8 2803
I.| V=60 ]2518]2455|2620|2750]2770|277012930/2938 | 2956 +17 +4 2439
II. | V=61 [2895]2728|2500 |2450 2075 =283 1608
III. | V=62 |2897]2790|2620 |2623|2440}2330 2445 =15.6 1589
Iv. | V=63 |2458]2420]259512605]26802670]|2930}2710 | 2981 2143 2322
I.| V=64 |3368]3288|3395|3375(3440|3448]3585|3583 | 3720 +10.5 2785
IT. | V=65 |2690]|2565|2385|2533]|2445]248812497}2455 | 2248 -16.4 1296
IIT. | V-66 |2932]|2812|2735]2650]|2585]|2645)2800][2865 | 2290 =21.9 1668
I.| v-67 |2968|2884|2967|3030|3140{3165|3235]|3245 | 2975 + 0.2 2295
II. | V-68 |2810|2808|2550]2543]|2485}2599|2760]|2770 | 2690 - 4.3 1881
IIT. | V-69 |2585|2585]|2405|2380{2362{1915}2230]|2265 | 2004 -22.5 1521
IV. | V=70 |2655] 2674]272512790]|2860]|2910|2965}2990 | 3329 +25.4 2530
I.| V=71 [2293]| 2315]{2425]2525]2625| 2655 | 2845 2717 +18.5 2121
II.| V=72 |2810] 2760|2526|2485]1960]|2157|2343 2345 | ==16.5 1492
III. | V=73 ]2360] 2560]229011765§1775]1770 1425 «39.6 1085
I. | V=74 |2335) 2120] 2315|2390 2485| 2620|2700| 2763 | 26882 +23.4 2299
IT. | V=75 | 2440| 2295|2150|2283|. 2245 - 8.0 1360
III. | V=76 | 2605] 2515| 2357] 2380| 2385| 2615] 2685| 2610 | 2497 - 4.1 1749
I. | V=77 | 2600] 2570] 2625] 2770] 2715| 2675]2875| 2895 | 2955 +13.7 2274
1I. | V=78 | 2315| 2298| 2170] 2170| 2100 2275} 2390 2510 | 2540 + 9.7 1852
ITI. | v-80 | 2400| 2470] 2350] 2370] 2280| 2440} 2400] 2520 | 2576 + 73 1700
I. | v-81 | 2787| 2740] 2875|2950 3040 3104 | 3075] 3205 | 3349 +20.2 2639
II. | v-82 | 3225| 3055] 2860| 2770] 2785| 2765 2740 «-15.0 1966
III. | V=83 | 3195] 3068| 2940| 2845] 2830} 2925 2835 =11l.3 2010
1. | V-84 | 2935| 2823] 2835| 2960] 3080] 3055] 3110{ 3180 | 3191 + 8.7 2518
11. | V-85 | 2545| 2469| 2340| 2443| 2405| 2460} 2570} 2520 | 2400 - 5.7 1754
IIT. | v-87 | 2900] 2760] 2490| 2635| 2635] 2670] 2770} 2885 2962 + 2.1 2080
I. | v-88 | 2860| 2863| 2925| 3040] 3025| 3110]3267| 3510 3440 +20.3 2762
11. | V-89 | 2450| 2455| 2303| 2355 2345| 2210} 2325| 2210 | 1985 =19.0 1341
| III. | V=90 | 2835| 2850] 2675 2570 - 9.3 1730




TABLE XII

- BODY WEIGHTS. (Conttd)- gm.

Experimental Day % Wt.change| Car-
Group|Animal _ Final of cags
No -l 6] 13] 20 [ 27 34 | 41| 48 WT, |initial Wt. Wt.
I.| V=94 |2455] 18821 2210] 2340] 2470] 2470|259]] 2765| 2949 +20.1 2254
II.] V=95 |2760] 2550] 2389) 2600 2525 -8.5 1715
III.] V=96 ]2605 - — -
I.] V=97 }2167]|2330] 2440| 2595| 2635]2670] 2860 2798 +29.1 2145
II| V=98 ]2445]2460] 2265] 2383] 2370| 2415] 2522 2720 +11.2 1975
III] V=99 |2620] 2693] 2455| 2435] 2405| 2430|2679 2690 + 2.7 1755
IV] V-lo0|2575] 2596] 2690] 2765] 2750] 2855 297§J 3010 +16.9 2410
I.[ w=1 (1884]1985}2180|2260]2255{2418|2475] 2617 2572 +36 45 1935
IXI.| W=2 |2751]2750] 2470} 2560] 2535} 2480 2730] 2835 2475 =10.0 1983
IIT.| w=3 |2165]|2125]|2065| 2150} 2135} 2280| 2480] 2505| 2485 +14.8 1855
IV.] W=4¢ [2205]|2372]2460] 2640{2700]2720| 2945 2930 2890 +31e1 2236
I.] w=5 ]2042}1960]2095]2215]2330]2473] 2560 2595 +27.1 1788
II.| W=6 22051 2170] 2009} 2100] 2235] 2295 242. 2460 +11.6 1649
IIX.| W=7 19901 1970]1825]| 191011970] 1944|2065 2145 + 7.8 1155
IV.| W=8 |2020|2120] 2225} 2315] 2375] 2525] 2755 2735 +35 .4 . 2058
I.| w9 ]2310]2359]2415}2670]2695]|2805]2930] 2880] 3035 +31.4 2337
IT.| W=1lo |2420] 2377]2235] 1990} 2055{2077] 2310] 2330 2482 + 2.6 1493
III.| W-11 |1643]1620]1450] 1435]1360]1320| 1500} 1670 1571 - 444 1081
IV.| w12 | 2188} 2260]2345] 2495] 2535] 2753 2745 2805] 2910 +33.,0 2290
I.| w=13 | 2440] 2378 2510] 2645] 2705| 2830| 2850| 2903| 2885 +18.2 2309
II.] W=14 ] 2025]2140}1965) 2115} 2030 2032 + 063 1350
IIT.] W=15 | 2327|2277 2180“2205 2260] 2353]| 2420] 2535] 2330 + 0.1 1520
I.| W-17 |2375]2263|2410] 2540]| 2580|2655} 2840| 2835 2952 +24 .5 2322
IT.| w-18 | 2038] 2180]19656| 1850 1591 =219 1227
ITI.| W=19 | 2393} 2345] 2350] 2365 2253 - 5.9 1636
I.| %20 | 2230| 2185|2255 2340} 2440] 2505] 2695] 2683 2747 +23.2 2072
II.| W=21 | 2285|2290 2125| 2180 2142 - 643 1500
IIT.| W=22 | 2032] 2060§1970] 2040) 2040]2148] 2325] 2330 2452 +20.7 17835
I.] W-23 | 1984]2040}2160] 2275|2400 2390 +2065 1620
II.| w=24 | 2293] 224212140 2145( 2150 2200 - 4,1 1471
IIX.]| W-25 | 2418] 2465|2330} 2385 2249 - 7.0 1480
I.| W=29 | 3650| 3628|3475] 3695] 3200] 3250| 3380]| 3370| 3455 - 543 2630
IT.| W-30 | 2888| 2817|2598| 2340 1860| 2003| 21901 2320} 2435 =15 67 1818
IIT.| w=31 | 2845| 2700]2683| 2625] 2526|2388{ 2710] 2695] 2853 + 063 1995
Iv. | w=32 | 2685| 2753] 2805{ 2850] 2880] 2935] 3020] 2960] 3040 +13.2 2509




TABLE XIII-g

BLOOD SUGAR = mg#%.

Animal

——

—

_ I x p er I m e n t a I D & y
No. |10 | =3 |4 | 5 [ 111 12| 18] 19| 25| 26 ] B2 55| B9 40| 46 47 ] 53] 64 | 57| 60
1 V=52  |124 | 139 146157 121 {108 [108 138 | 144 119 | 136 X
11 V-53 (122 | 190 155 193 222 133 | 116 150 | 115 143 X
188§ V-5¢ 113 | 103 (138 ‘113 164 123 110 99 115 | 139 164 | X
IV V-55  |179 99 121 107 |140 114 | 104 130 ; 116 92! X
I V-56 97 91 [120 127 102 91 127 | 118 122 1106 118
1I V=57 (115 | 109 (153 171 108 203 | X
IIT V=58 96 | 98157 134 126 | X
Iv V-59 77 | 101 107 103 100 85 103 | 103 129 | 125 110
I V-60 [106 | 93 111102 104 | 931 93 124] 98 102 | 115 104
11 V-61 86 | 108 [252 187 143 X
111 V-62  |117 | 153 (208 151 127 114 115 102 X
| IV V-63 1100 | 106 96 106 | 110 83 | 103 97 | 107 98 98
, I V-64 [104 | 115100 89 110 103 106 | 104 : 118 | 110 95 X
II V=65 {104 | 110 [160 113 132 128 122| 91 104 | 107 96| X
[III V-66 1114 | 113 177 197 135| 90| 96 113 | 89 123 | 190 X
I V-67  [137 | 121 113 114 108 116 144 | 121 126 | 134 X
1I V-68 |107 | 104 [244 143 113 |143 133| 121 186 | 106 X
11 V-69 [120 | 107 164 136 150 [131 115 118 159 | 398 X
Iv V-70 132 | 108 | 99 111 130 [118 115 101 143 (121 92| X
I v-71  [120 | 83 95 a1 | 91 100 | 107 94| X
11 V=72  |l24 | 114 166 170 | 145 92 | 91 105 X
111 v-73 126 | 102 157 126 | 137 73 | 99 47| X
i V-4 (113 | 91 93 102 93 102 | 107 86| 96 108 114
I v-75 {107 | 101 123 149 | 142 X
IIX V-76 1120 | 106 178 127 185 18 | 114 113 | 133 194 152
1 V=77 |111 | 98 140 107 | &4 90 | 99 100| 110 121 107
11 V=79 (128 | 92 160 151 | 192 140 | 164 106 | 156 170 266
oz V-80 {112 | 93 145 98 | 131 | 84 | 104 121 | 148 119 160
5333 Cortisene~
mg/kilo Body Wt 3 1 1/2 1 | 11/2




TABLE XIII~b

BLOOD SUGAR = mg%.

Animal E x p e r ime n t a l D a vy
Groupe| No. <10 | =5 5 (11 ] 12 [ 18 [19 [25 | 26 | 32 |33 | 39] 40| 46 | 47 52 | 57 60
I. | ve81 117 |118 98 105 |116 111 120 111 | 117 140 116
II. | V-82 127 |107 149 203 193 127 |136 127 X
III. | V=83 131 110 214 184 195 121 [119 X
I. | V=84 117 |104 91 88 | 64 91 |105 102 | 104 119 | X
II. | V-85 114 |123 140 156 |189 123 104 107 | 144 238 | X
| III. | v-87 116 |110 189 132 95 109 127 | 168 244 | X
I. | V-88 133 | 120 114 115 | 106 114 | 100 104 | 124 125 |116 X
II. | V-89 113 | 120 100 175 |160 119 | 90 115| 120 116 | 83 X
III. | V=90 122 126 213 203 | X
Dose Cortisone +
]:mg/kilo Body Wt 1 1/2 1 11/2




TABLE XIII-c

BLOOD SUGAR - mgd.

Animal _ _E x p e r i m e n t a 1 D a ¥y -
Groupd No. -9 -2 4 5] 11| 12] I8 19] 25] 26] 32| 331 99| 40| 46] 4v] 49] 53] 54] 57] 60
I.| V=94 |115] 180 87 116 | 128 118| 141 110} 121 114 120
II. | V-85 |152} 117 166 175] 139 X
IIT. | V-96 ]153 | 236 X
I.| V=97 113 | 104}125 113 115 114 | 128 116| (45 days - X)
II. | V=98 |111] 148|162 135 120} 118 164 | 126 239|(45 " «X)
III. | V=99 |130 147 131 101 79 131 | 124 X
IV. | V=100 |113 92 99 111] 124] 99 1281 102 991(45 days = X)
I. | w-1 97 | 113|114 126 | 103 119 115| 110 133|104] X
II. | w-2  |104 ]| 115|156 | 107 102 a7 104 <1 1381111 X
III. | W3 112 § 139 170 | 183 142 | 129 1721 107 208 X
Iv. | W-4 121 100 121 1114 96| 128 103] 142 93| X
I. | w-5 139 | 185|130 109 106 | 110 133 | 121 100 X
II. | wW=-6 123 | 1051166 145 142 | 127 141 | 121 X
IOI. | w7 98 § 1361114 149 120 82 123 77 148| X
IV. | W-8 143 | 1231112 108 118 107 144 | 113 118] X
I. | ¥=9 108 | 109|120 107 104 107 113 | 110 113 113 X
II. | w-10 }l24 | 122|189 173 97 76 101| 91 127 157 X
III. | w-11 |111 | 106|153 177 136 | 106 | 128 123 | 114 142 132 X
IV. | W-12 1104 | 172 111 1121 511113 1241 121 116 X
b)ose Cortisone
hmg/k:llo Body Wt. 3 1 1/2 1 1l/2




BLOOD SUGAR = mg%.

TABLE XIII-d

Animal E x e r i m e n t a 1 D a Yy
Group. No. -9‘ -2 4 5 11 12| 18 19 25 26 32 33 39 40 46 471 49 5 54 57] 60
I. W-13 112| 129 104 111} 111 104} 120 114] 123 115} 113| X
II. %14 97 1 103 151 169 136 165 X
III. W=-15 1181 123 157 163] 175 961 113 100} 113 144 X
I. W17 111] 113 94 991 106 102] 113 104} 115 109 121
II. w-18 119 | 113 101 1181 104
III. W-19 1117 ] 108 106 142 137 X
I. W=20 111 § 103 96 125] 101 119] 121 109] 115 107 1110
II. W-21 120|112 246 2551 219
III. W=22 104 | 118 127 150 | 172 1091 115 1371 197 216
I W=23 103 | 114|124 103 1101 100
II. W=24 125 | 134|136 172 200 ] 140
I1I. W=-25 109 | 154 98 183 | 129
I. W29 991101 112 96 | 161 92 96 104 91 104
II. W-30 123 | 124|157 113 136 145 124 | 104 145 102 188
IIT. W-31 113 178 180 122 127 135 | 108 125 131
IV, W32 136 | 120 116 127 | 112 107 | 123 119§ 118 133 117
oge Cortisone 1
1lo Body Wt 3 1 /2 1 11/2




TABLE XIV

BLOOD SUGAR - MEAN VALUES =~ mge.%

E x p e r ime n t a 1l D a ¥y ] '
Group | -9,-10 | -2,-3 | 4,5 |[11,12 | 18,19 | 25,26 | 32,33 | 39,40 | 46,47 | 49,53,54 | 57,60
I 113 .4 115.,3 | 110.3 | 110.9| 104.8| 107.3| 117.0 | 109,5 114.6 115.7 111.4
I 116.4 117.7 | 163.9 | 158.8 | 147.9] 134.7| 123.6 | 109.3 146.3 135.8 155.2
III 116.8 123,1 | 159.1 | 153.0 | 143.6 | 105.,6| 119.4 | 106.2 150.4 190.1 151.8
Iv 122.8 121.7 | 102.6 | 111.9 } 113.7 | 101.0 119.0 107.3 123.0 114.6 101.8




TABLE XV

RATICS OF THE MPEAN VAIUES OF THE SERUM LIPIDS

Experimental D a
Ratio Experim.
Group -10 4 11 18 25 30=32 38=39 45=-46
I 1.3 1.3 1.3 1.4 1,3 1.3 .:L-_4_ Led
l 1 1 1 1 l 1 1
II 1.2 1.3 l.4 1.5 1.6 1.8 1.5 1,6
1 1l 1 1 1 1 1l 1
T *
E I 1.2 1.3] 1.8 | 1.9 | 2.1 1.9 1.8 1.8
1 1l 1 1 1 1l 1 1
IV 104 102 1.4 105 1.1 - 104 105
1 1 1 1 l l l
* 7 = Serum Cholesterol-Total
E = Serum Cholesterol-Ester




TABLE XVI

RATIOS OF THE MEAN VAIUES OF THE SERUM LIPIDS

B Experimental Da
Ratio Experim,

Group ~10 4 11 18 25 30=32 3839 45-46

I 0630 10432 | 031 | 0436 | 0.32 0.33 0,42 0,35

1l 1l 1 1 1l 1l 1l 1

II 0622 | 0627 |0.38 | 0653 | 0.60 0,90 0.52 0.64

1l 1l 1 1 1 1l 1l 1

F * _

E I1I 0628 | 0430 |0.82 | 0,88 | 1.15 0,87 0,76 0,80
1 1 1l 1 1 1 1l 1

IV 0.37 0016 0057 0017 0.55 b 0.36 0032

1l 1l 1l 1 1l 1l 1l

¥ F = Serum Cholesterol - Free.
E = Serum Cholesterol - Ester




TABLE IVII

RATIOS OF THE MEAN VAIUES OF THE SERUM LIPIDS

Experimental Day

Ratio Experim,

Group =10 4 11 18 25 30-32 38-39 4546
I. 1244 | 256 | 39.9| 3646 | 45.9 37..0 29.7 35.0

1 1 1l 1 1l 1l l 1l
1I 104 [16e4 | 2363 | 1962 | 177 1l.l 16.0 24.5

1l 1 1 1l 1 1 1 1l

T X

P IIX 10.0 | 8.1 | 8.0110.1 |10.1 1l.l 12.4 12.5

1l 1 1 1 1 1 1 1

* 7 = Serum Cholesterol - Total

P = Serum Lipid Phosphorus.




RATIOS OF THE MEAN VALUES OF THE SERUM LIPIDS

TABLE XVIII

Ex erimental Day
Ratio | Experim,
" Group -10 4 11 18 25 30~-32 38=-39 45-46
020 0.07 0.05 | 0.06 0.05 0.05 0.07 0.05
I 1 1 1l 1 1 1 1l 1
II 0.21 0.16 0620 | 0,30 | 0,44 0,46 0.23 0,17
l 1l 1 1 1l 1 1 1
F.AK
-ir' 111 8,20 0.36 | 0,96 | 0,80 | 1l.12 0.54 0.38 04,66
1 1l 1l 1l 1 1l 1 1
Iv 0.26 Q.17 0.26 0,15 | 0.,1l6 - 0,14 0.10
1 1 1 1l 1l 1l 1
* F.A. S Serum Total Fatty Acid
E. = Serum Cholesterol-Ester.
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Scatter graph of the Serum Total Cholestero)l levels in the

animals of comparsble experimertal and control groups on

respective bleeding davs.
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GRAPEH 19

Scatter graph of the Serum Ester Cholesterol levels in the
animals of comparable experimental and control groups on

respective bleeding days.
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G R AP H 20
Scatter graph of the Serum Free Cholesterol levels in the
animals of comparable experimental and control groups on

respective bleeding days.
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Scatter graph of the Serum Phospholipid levels in the animals
of comparable experimental and control groups on respective

bleeding davse
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G R AP H 22

Scatter graph of the Serum Total Fatty Acids in the animals of

comnarable experimental and control groups on respective bleed-

ing days.
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Diagrams 1, 2 and 3 which follow show the degree
of atherosclerosis in the aortae of the Cortisone
cholesterol~fed rabbits and their cholesterol-fed
ccentrols. These are compared according to litter

mnates.,
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Diagrams 4 and 5 which follow are photomicrographs
which show the characteristic aortic lesions of erperimental
chole stercl atherosclerosis in rebbits. The intimal thicken-
ings in the cholesterol~fed control rabbits, W5 and W=9,
contain an abundance of large, pasle, spongy, lipid-filled
foam cells. W~6 and W-10 are their resmective cholesterol-
fed Cortisone treated litter mates which do rot show these
lesiong, although there was in each a minimal degree of
groes atheroscelerosise. In each case the section was taken
from the proximal 3 mme of the aorta immediately below the

aortic cugnse










PROCTOCGCGLS

Group Group I Group_II| _ Group III Group IV
| Animal No. V-52 V=53 V=54 V=55

Progression

period-days 55 _ 56 56 56
Normal food

intake«gm. 5111 6735 5624 5600
Cholesterol _

intake-—om. R 5 ) S - -
Cortisone mg.

Gr.II & III. - 313 249 -
% wt.change of

initial wt. =17 o6 =749 =137 +1645
Mode of death " [spontaneous|I.V.Nembutal}Il.V.Nambutal]l I.V.Nembutal
Tobal body

weight-gm. 1779 2627 2279 5240
Carcass whb.=2m. 1550 1940 1590 2605

ORGAN WEIGHTS
Heart-gn. 5.9 4.4 647 7 48
I‘mgs-aﬂo 10.4 79 1l.8 9.6
Spleen-gm. 0442 0438 1.25 1430
Liver-gm. 67,1 126.8 164.5 10245
Kidneys—=gm. 19.5 19.4 20.9 14.2
Adrenals—gme. 0.3506 0.,1183 0.0887 0.1993
Pituitary-gm. 0.0156 0.,0232 0.0088 0.0260
Brain-gm. 8.16 7452 7 .26 8.65




PROTOCOILS

Group Group 1 Group IT Group ITI Group IV
_Animal No. V-56 V=57 V-58 V=59
Progression
period-days 61 29 24 61
Normal food
intake-gm. 6095 3397 2746 6100
Cholesterol
intake—gm. 38 16 - -
Cortisone-me. - 157 178 ~
9wt .change of
initial wt. +1646 s P RY] =212 +13.8
Blow on Spon- Spon- Blow on
Mode of death head taneous. taneous head
Total body
weight-ame. 2857 2090 2050 3545
Carcass wbe.—gm. 2265 1525 1740 2803
ORGAN WEIGHTS
o — —F e e — - ..
Heart-gn. 6ol 65 7.8
Iangs=gm, 12.2 19.8 17.6 2045
Sgleen-gm. 1«5 0.8 0.4 1.2
| Liver—gm. 126.1 101.9 9542 98.6
Kidneys=gm. 2645 2149 21 44 168
Adrenals-gm . 0.5325 0 .1260 0 +2583
| Pituitary-gm. 0.0262 0.0240 0.0337
Brain-gm. 8.10 8.80 8.0 8.90




PROTOCOLS

Group Group I Group II Group II1 Group IV
Animal No. V=60 V=61 V=62 V=63
Progression
~period-days 61 25 40 61
Normal food
intake-gm. _6033 2631 4551 6100
Cholesterol
intake=gm,. 37 14 - -
Cortisone-mg. - 199 234 -
% wt.change of
|__ initial wt, +17 44 =283 =15 46 +2] o3
Blow on Spon=- Spon- Blow on
| Mode of death head taneous taneous head
Total body
weight—ome 2956 2075 2445 2981
Carcass wh.—gm. 2439 1608 1589 2322
ORGAN WEIGHTS
T Beal
_H;Gar‘b-ﬂgg 5.?_‘___ 8.9 6e3
JTungs=gm. 9.3 22.6 10.2
S:Qleen-@o log lol 200 102
Iliver-gno 100 og 140 08 15805 85 00
Kidneys~gme. 247 2045 19.8 123
Adrenals—gm. 0.4113 0.2930 0.1605 0.2042
Pituitary—-gm. 0.0374 0.0280 0.0373 0 .040%7
Brain-gm. 9.7 8.8 9.6 9.1




PROTOCOLS

Group Group 1 Group IT Group III
Animal No. V64 V+65 V-66
Progression

period—days 57 57 57
Normal food

intake-gm. 5612 6684 6662
Cholesterol

intake-gme. 35 30 -
Cortisone-mg. - 267 317
% wt .change of

initial wty e +10.5 =164 ~21.9

I.V. Nem=— I.V. Nem~ Spon=-

Mode of death butal. butal taneous
Total body

weight—gm. 3720 2248 2290
Carcass Wbte=ge 2785 1296 1668

ORGAN WEIGHTS
Heart-gme. 748 54 —_ 5.9
Tangs—-gme 11.9 943 9.0
Spleen~gm. 2.0 0.9 Q44
Liver-@. 106.2 76 .8 85,5
Kidneys=gm. 15.7 14.9 19.5
Adrenals-gme. 0.6385 0.0997 0.2308
Pituitary-am. 0.,0360 00,0224 0.0303
Brain-gm. 8.6 6.7 8.2




PROTOCOLS

Group III

Group Group 1 Group II Group 1V
Animal No. V=67 V-68 V=69 V=70
Progression
~ period=days 25 55 55 56
Normal food
intake-gm. 5278 7354 6100 5600
Cholesterol
intake-gme 32 34 - -
Cortisone-mg. - 304 246 -
% wt.change of
initial wt. +0 .23 =443 ~2249 +25 ¢4
J.V. Nem=- I.v. Nem~ Spon- IoVa Nem=
Mode of death butal butal taneous butal
Total body
woight-gm, 2975 2690 2004 3329
Carcass wt.—gm. . 2295 1881 1521 2530
(RGAN WEIGHTS
__I_:Ieart-gm. 545 5.8 5.8 7ed
Tungs—agme. 19.0 9,7 9.3 11.7
Slleen-sm.o 105 007 0.5 1.6
Kidneys—gm. 1545 212 216 15.)
Adrenals—gme. 0.3105 0.0777 0.1468 0.0630
|agarenass:
Pituitary-gm. 0.,0247 0.0246 00,0172 0.0265
Brain-gme 9.2 75 7.9

g




PROTOCOLS

Group Group I Group II Group IIX
Animal No. V=71 V=72 V=73
Progression
~period-days 44 44 41
Normal food
intake-gm. 4365 4670 3211
Cholssterol
intake-gm, 27 25 -
Cortisone-mg. - 230 189
% wt.change of
initial wt. +1845 =16.5 ~39.6
T.V. Nem= Spon= Spon-
Mode of death butal taneous taneous
Total Wody
weight—gme 2717 2345 1425
Carcass whb.—-gm. 2121 1492 1085
ORGAN WEIGHTS
Heart_—_@g._(_n o 57 9.5 . 4.4
Tungs-am. 9ed 173 1243
Spleen~—gn. 2ed 1.1l 1.1
1 Liver—gn. 78.8 9343 51l
Kidneys—gm. 14 .4 1647 18.7
| Adrenals=gm. 043460 041220 0.0893
Pituitary=-gne. 00340 0.0230 0.0301
Brain-gnm. 8.4 8al 962




PROTOCOLS

Group Group 1 Group I Group IIT
Animal No. V=74 V-75 V=76
Progression
_period-days 61 24 29
Normal food
intake~agme. 5683 2750 6913
Cholesterol
intake-gme 34 14 -
Cortisone-mg. - 145 294
% wt.change of
initial wt. +23¢4 -840 -4.1
Blow on Syon-
Mode of death head taneous I.V.Ether
Total body
welght~gm. 2882 2245 2497
| Carcass wt.-gm. 2299 1360 1749
ORGAN WEIGHTS
Heart—gm. 64 5.6
Lungs—=gm, 16.2 1642 1l.2
Spleen=gm. 1.3 0.7 0.8
| Liver=gm. 108.2 131.0 136,9
Kidneys—gme. 14 .3 23.8 2246
Adrenals—-gm. 0.3790 0,2360 0.1l062
Pituitary-gm. 0.0352 0.0275 0.0239
Brain-gm. 8.7 6.9




PROTOCOLS

Group Group I Group IT Group III N
imal No. V=77 V=79 V-80
Progression
reriod-days 60 60 60
Normal food
intake-gm. 5648 8273 7496 _
Cholestercl
intske-gm. 35 37 -
Cortisone-me. - 246 246
% wt.changs of
initisl wt. +13.7 +9.7 +7 3
I.V. Nem=- I.V. Nem-
| Mode of death butal butal I.V.Ether
Total body
weight—gm. 2955 2540 2576
Carcass wh.—gm. 2274 4 1852 . _|_1700 _ o
ORGAN WETIGHTS
Heart-gm. Sed 7'.§—..—..~ 7 o4 e ]
Lungs-em. 13.3 10.02 200
Spleen-gm. 1.6 0.6 . 0.7 _
D — — DO.0 _ 4+ _
_I..__i_vg;t‘__—g_mw._” R R 117.9 194.5 20545
Kidneys~gme. | 15.6 25,1 227 e
_Adrenals—gm. _ | 0.3888 0.1648 0.1225 |
Pituitarv=gm. | _ _0.0308 0.0268 0.0
Brain-gm. 7.9 7.4 7.6




PROT

CCOLS

Growp . | _TGromp I | T Grow IT [ Growp 111 _
| Animal No. =8l =82 V=83
Progression
period-davs .8 .41 39 .
Normal food
_ _intake-gm. 6008 4862 | 5150
Cholesterol
- . intake-gm. 36 R IS I A
cortisone-mg. - 245 L.B9% .
% wt .change of
.. ipitiel wt. | _  _+20.2 =15.0 _ 1.3
Blow on Spon=- Spon=-
| Mode of death head | _ taneous _ taneous
Total body
~ welght-em. | 3349 L2740 12835 . . ..
| Carcass wh.—mme | 2639 1966 2010
ORGAN WEIGHTS
 Heartegm, 1 8.9 943 ST -
| Tungs~gm. | _ _ _21.3 8.5 . _18.4
Spleen-gn. 2.4 13 _ 1.0
Liver—-gm. 145.9 111.5 10643
e
Kidneys~gme I 14.3 __ 24 .5 19,1
| Adrenals-gm. 0.5766 _ 041533 0.2285
Pituitarv-gnm. 0.0861 0.0402 | _ 0.0343
Brainegm. 9.1 9.1 845




Group ] Group I Group II Group 111
Animal No. V-84 V-85 v=-87
- - e e
Progression
..period-days | _ = .55 __ ..99 .55
Normal food
| intake~gm. 5402 | 6600 7439
Cholesterol
intake-gm, 32 32 -
| Cortisone-mg. = 249 1. 291
% wt .chenge of
| _. Ainitial wt. +8.7 ~5.7 +2.1
Mode of death I.V. Nem~— Spon- I.V. Nem=
butal taneous butal
Total body
weight—-gme 3191 2400 2962
Carcass wt.-gm. 2518 1754 _°080 _ __
ORGAN WEICHTS
Heart-gm. 7 o8 7.2 6,9
| Lungs—-gm. A543 19.5 _ el
Spleen-gm. 2.3 0.6 -
Liver-gu. 89.1 110.5 197.1
Kid.neys-gna . l}@_&S 28 02 2209 —
| Adrenals—gm. _ 0.1307 0.1298 0.1641
| Pituitary-gme | . __ . _._0.0289 | 0.0232 0.0385
Braim—ame. 9.8 7.7 7 45

—




Group ] Group I Group IT | _ Group IIT .
 Abimal No, v-ee__ | . _.¥-89 | _ . _ __V=90__ __
Progression
-period-days | Y A EEUR - A RN *-
Normal food
| intake—am, 5656 5867 1300
Cholesterol
. intake-cm,. 34 _ Y =
| Cortisone-mg,. | - 219 __ 125 o ]
% wte.change of
initial wbt. 4203 | ~19,0 =943
I.V. Nome Spon- Sponw
| Mode of death _butal _. taneous taneous
Total body
weight-gm. 3440 1985 2570
Carcass wb.—gm. | 2762 1341 __1730
CRGAN WEIGHTS
T i TR SR AT
| Heart-gn. 6ol LTt SN R X S—
Lungs—em. __ 10.8 S A3 O I - 1
Spleen—gm. ____| 1.4 0.8 _ 0.8
Liver—gm, 108,7 72.0 100.6
}Enqy_-%-m. 16.5 — _lé.a& 22+ s ]
| Adrenals—gm,. 0.2874 0.0853 0.1270
Pitultarv—gn. | __ . _0.0422 0.0307 [ __ =
Brain-gme. 7.8 7 44 -




Mode of death

Growp_ __ T arous I | T “aroup 11

Animal No. | =94 _ V=95  __

Progression

|_-Deriod-days 2 S ——c4

Normal focd

|__intake-gm, 5322 2613

Cholesterol

. intake=gm. | . _ 33 15 .

Cortigone-mg. | ':“""'—T_' 188

% wt.change of

| _initial wt. +20.1 =845 _
Blow on Svon-

_._hesd

baneous |

———

Total body
. weight-om. 2949 2525
 Carcass Wb.-gns 2254 1715
ORGAN WEIGHTS
Heart-gme 5.9 -
| Lungs—gme 10.1 18.4 _ |
| Spleen—gme. 1.6 06 _ |
| Liver—-gm, 117.1 148.0
Kidneys-gm. 14 .4 20.0
Adrenal s—gm. 0.6451 0,2150
Pituitary-gm. Q .0568 0.0230_ |
Brain-am. 9.1 8.8




PROTOCOLS

Group 'Group I Group II Group IIT Group IV
Animal No. V=97 V-88 V-99 V=100
Progression
period-days 45 45 45 45
Normal food
intake~gm. 4488 6170 5650 4600 _ __|
Cholesterol
intake-gm. 28 27 —-— —
Cortisone-mg.,. - 189 222 -
% wt.change of
initial wt. +29.1 +11.2 +2.7 +16.,9
I.V. Nem~ I.V. Nem=- Spon- I.V. Nem-
Mode of death butal butal taneous butal
Total body
weight-gm, 2798 4 2720 - 2690 __ %010
Carcass wt.-gme 2145 1975 1755 2410
ORGAN WEICHTS
Hear‘b-—gm. 849 o — _5__0_9_'-__'“ 'g_o_g_ — 8.4 -
| Lungs=-zm. 9.6 8.3 19.5 __10.5
Spleen~gme 1.9 0.8 047 Qe6
Liver-gm. | 111.5 | 189.0 110.,2 99,1
Kidnqys-ﬂo 1205 20 06 20 .O 14 o4
Adrenal s—-gn. ___0.2655 0,1420 | 0.1455 0.1582
Pituitary-gm. | 0.0367 0.0162 00210 0.0243
Brain—gm. 9.2 8.7 8.2 8.5




PROTOCOLS

Growp i "Group I __|_Group IT Group III | Group IV ]
Animal No. W-1 W=-2 W-3 d_¥W-4 -
Progression ‘
period=days .49 o149 49 49
Normal food
intake—gme 4835 _.16650 _ 6408 4900 |
Cholesterol
intake-ome. 30 30 — -
Cortisone~mg. - 259 - 197 -
% wt.change of
initial wt., +36 45 -10.0 +14.8 +31.1
I.V. Nem= [I.V. Nem- Spon® I.V. Nem=
Mode of death butal butal taneous butal
Total body
wolght-am, 2572 2475 2485 2890
| Carcass wb.-gm. 11935 1983 _1855 2236
ORGAN WEIGHTS
Heart-gm. ~_§:2 9.4 8.5 Bed
Lungs—-gm. 8.2 9.9 12.9 9.4
Spleen—gile 0.9 lel _ 0.3 1.0
Liver-gzm. 82.4 163.3 116.8 9367
| Adrenals-gm. 0.3303 0.1100 0.,0800 041624
Kidneys=gm. | 10.2 _18.3 21,3 15,1
Pituitary-gm. 00,0287 0.,0277 0.0150 0.0300
Brain-gm. 8.8 745 745 8.2




PROTOCOLS

Group Group I Group II Group IIT Group IV
Animal No. W-5 W6 W=7 -8
Progression
period-days 46 46 46 46
Normal food
intake-gm. 4511 6200 5787 4600 _
Cholesterol
intake-am. —_— 27 28 - -
Cortisong-mge - 186 186 -
% wt.change of
| 1nitial wte +27 .1 +11 '6 +7.8 +35 .4
I.V. Nem= Spon=- I.V. Nem~ I.V. Nem—~
Mode of death butal fanoous | butal _ | butal
Total body
| weight-am. 2595 _2460 2145 3735
Carcass whb.—gm. 1788 1649 1155 2058
ORGAN WEIGHTS
Heart-gno 4.8 D.6 77 540
_Lungs-&zm. 8.7 11l.2 13.6 943
Spleen-gm. l.8 0.3 1.0 1.3
| Liver—gm, 102.9 142,.,7 141.5 106.1
(Kidneyg=gma. _ 1646 2347 22.8 15.4
Adrenals—-gm. 0.4180 0.1602 0.1001 0.2095
Pituitary-gm. 0.0428 0.0294 0.0212 0.0292
Brain-gm. 8.9 8.4 7.5 8.6




PROTOCOLS

[Group Group I Group II Group III | Group IV
Animal No, W=-9 W=10 W=11 W=12
Progression ‘

_..reriod-davs 54 54 L. 54 __ __|._ 54
Normal food

|__ intake-gm. 5394 6436 5705 54.00
Cholsterol

intake~-gm, 33 30 - -
| Cortisone-mg._ - 210 202 -
% wt .change of
1nitial whe +31 .4 +2 46 =4 o4 +5§_¢_0
I.V. Nem- I.V. Nem- Spon=~ 1.V, Nem-
Mode of death butal butal taneous butal
Total body
woight=gm. 3035 2482 1571 2910
Carcass wt.-gme 2337 . J493 | 1081 __ 2290
ORGAN WEIGHTS
p. &L — - F ]
Heart-gm. 7.5 842 643 5.l
Lungs=gm. 9.2 13.1 12,0 8.3
Spleen—gm. 1.0 - 0e9 (%) 0.8
Liver—-am. 120.7 119.4 9242 104 .8
r_K_j_..dnels—gﬂ-a 14.3 19.6 18,1 13¢5
Adrenals-gm. 0. 3697 0.1746 0.1215 0.1380

| Pituitary—om. 0.0436 0.0298 0.0282 0.0217

Brain-gm. 8.8 B3 8.6 8.9




-G_gzup__: :_T_group I -(}_roujg T ] Group TIT
Animal No, | W-l3 W14 | ¥-15
Progression

veriod-davs 57 29 57
Normal food
—.Aintake—gm. ___ | 5568 805 _ ..l 7395 _ _ __|
Cholesterol

. intake—sm. 34 17 -
Cortisone~mg. - 157 233
% wt .change of

__dnitial wt. | +18.2 40,34 +0.12

I.V. Nem= Spon~ Spon-
Mode of death _ | _butal tansous - taneous
Total body
weight—-cm. 2885 ‘ 2032 2330
| Carcass wh.—gm. 2309 1350 1520
ORGAN WEIGHTS
e ———]

._Hsvart"@lo 71 5.9 6.0 —
Lungs—gn . L 10 .o 10,6 15.2
Spleen—~gm. 0.9 - 1.1 _ 0.9

Xdver-gm. __ _ 79.0 1001 _ 111.0

__K_i_@.nevs-gn ° 12 .0 19.3 16.7
Adrena'];S:gmo 03409 — 0.1622 . 00126_?__
Pituitary-gm. 0.0350 _ | 0.0335 | _ _ 0.0273

Brain--me. 8.0 . 77 7.8




‘Groun Group I Group IT Group IIT
Animal No. W-17 W-18 W=-19
Progression
period-days 681 21 26
Normal food
intake-gm. 5853 1917 3200
Cholesterol
in‘bake—gn. 35 - _ 8 S -
Cortisone-ma. - -_ 131 154
% wt.change of
. initial wt, +24 ,3 ~21,.9 =5,9
B Blow on Spon=- Spon=-
 Mode of death =~ ] ~ head _ | __ taneous taneous
Total body
weight—gme 2952 _ _ | __18°1 | __ 8838
| Carcass whbe—-gm. | 2322 1227 1636
ORGAN WEIGHTS
Heartwam, 5.9 - 9.1
| Lungs—gm. _ 9.2 6.4 23.6
Spleen-gme | _ _Le7 | 15 0.5
Liver=eme _ _ . ___| 85.3 ___108.2 177 .8
Kidneys—gm. 12.9 19.8 18.3
Adrenal s—gme 0 04647 yin e
Pitvitary-gm. | _ ___0.0237 —— —

Brain—gmo 842 —— 9.9




PROTOCOLS

—Group IIT |

Group Group I Group IT
Animal No. W=20 W=21 W-22
Progression
- period~days 56 24 55
Normal food
intake-gm. 5486 2785 7462 —
Cholesterol
intake~gm. 34 15 [ .
Cortisone-mg. - — 145 213
% wt.change of
_ _in'ﬂ'.ial WE'. o _“_""'2502 =503 +20,7
I.V. Nem~ Spon=- Spon-
Mode of death | butal taneous taneous
Total body
weight-gm. 2747 2142 2452
| Carcass wt.-gme| =~ 2072 | 1500 __ | 1785 _
ORGAN WEIGHTS
ST T
| Hearb-gm, et — 7.1
r‘Inu_n”g_S_QnL\ 10.0 12 D 16.8
| Spleen—gm. 1.5 1.0 1.0
| Liver—gm, 99.6 178.0 175.0
Kidneys—gm. 1446 21.2 24.1
Adrenals=gm. 0.2700 0.1750 0.0879
Pituitary-am. 0.0317 0.0120 0.0257
Brain-gm. 8.0 8.0 746

hense




PROTOCOLS

|
|

Group Group 1 G:?oup 1T Group IIX
Animal No. W=23 W~24 w=25 N
Progression
__Ypsriod-days 33 29 26
Normal food
___intake—gm, 3113 3585 3140 _
Cholesterol
intake-gam, 19 18 -
As ]
Cortisome-mg. | __ = ., s 151 ]
% wt.change of
- __i_n:i&_i_g_l_wt. +20.5 -4 41 -7 oo
Spon- Spon- Spon~-
Mode of death taneocus taneous taneous
Total body
weight-gm, 2390 2200 2249
Carcass wh.—gm. 1620 1471 1480
ORGAN WEIGHTS
Heart-gm. 647 69 12.1 N
I.ungs-g,m. 14,5 7.7 14.7
_Spleen-gm, 1.1 1.3 1.1
Liver—-gnm. 9646 152.9 130.6 _ ]
Kidneys=gm. 13¢5 19.4 18.1
. Adrenal s—giie - 0.1175 0.1070
Pituitary-gm. - 0.0270 0.0250
Brain-gm. 7.7 745 8.2

— " e——




PROTOCOLS

Group Group I Group II Group IIT Group IV |
Animal No. W=-29 W=-30 W-31, W=32
Progression
period-days 61 80 50 61 |
Normal food
intake-gm. 5600 6255 7368 5871 _ﬂ
Chelesterol
__intake-gm, 32 27 - -
Cortisone-mg. - 278 326 -
% whe.change of
- initial wbt e =Ded 15,7 4043 +13.2
Blow on I.V. Nem=- I.V. Neme Blow on
Mode of death head butal butal head
Total body
___ weight=gm, 3455 | 2485 | 2855 3040 _ __
_Carcass wt.-gm. 2630 _. 1818 1995 2509
ORGAN WEIGHTS
Heart-@. 746 64 7.5 7.1
mn&s‘:%n . - J:l_a_?_ 0.3 20.1 9.4
_Spleen—gme. 1.5 | 049 1.3 1.0
Liver—gm. L 112.0 202.3 173.1 85.2
_Kidnevs—gm, _ 18,7 19.9 2646 15.4
; Adrenals—gm. _0.7496_| _ 0.1399 0.2056 0.2074
Pituitary-em. 0.0430 | _ 0.0258 _.._0.0266 0.031
Bmin"gnlo __J 809 7.5 808 9-9




TABLES
I TIndex of Expsrimental Animals
II  Schematic Housing Diagram of Animal Groups

JII Mean Values and Standard Error of the Mean Values of
the Serum Lipids.

Formulae Used in Computing the Standard Deviations
and Standard Error of the Mean Values.

IV-g Serum Cholesterol levels = Total = Group I

-b " " " ® - Group II
- " " " ® = Group III
-d, " ” " " - Group IV
V-a Serum Cholesterol - Ester — Group I
=b tt " L] - Group II
-c " " "  « Group III
-4 " n "  ~ Group IV
VI-a Serum Cholestercl =~ Fres - Group I
- " ® - Group II
-c M " " « Group IIIX
-@ " " " = Group IV
VII-a Serum Phospholipids = Group I
- " " - Group II
-C i " = Group III
-4 " n = Group IV
VIIT-a Total Serum Fatty Acids - Group I
-b " " " # - Group II
-C " " " ? - Group III
-4 " " n " - Group IV
IX-a Serum Fatty Aeids of Neutral Fat = Group I
=-h " " " " " _ Group IT
~-C " " " " " o Group III
_d " " ” " " - G'I'O'U.p IV'

X Total Food and Cholesterol Consumption
XI Total Cortisone and Vehicle Administration.

XII Bodv Weights.




TABLES
XIIT Blood Sugar
XIV Mean Values of Blood Suzars

XV Ratios of the Mean Values of the Serum Lipids.

XVl " " " ” " " ”
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XVIIT H " " L] " " "

1 - 11 Serum Lipid Levels of Litter Mates
12 = 17 Mean Valuss of the Serum Lipid levels

18 -~ 22 Scatter Graphs of the Serum Lipid Determinations.
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