


'1.~LEFF.ECT OF mo~~ CORTISONE ~ 

~.li~ R:ABBITS AND .ON THE DEVELOBŒ~ Q! 

ElÇP~lM:ENTA!:. ATffiROS.Q..:r.mO~_IN RABBITS 

by 

Dina Gordon, M.D. 

li! .Sc. Thesis Patho1ogy 

AUgust, 1952. 



This wor~ wes o8rried out lmder the di~qction of Professor 

G. Lyman Duff for whose guidance l am deeply gnteful. T}1e experiment 

was supervised bv Dr. S. D. Kobernlck and Dr. G. C. McMillan who so 

p,enerouslv gave of their experience 8nd knowledge. The Cortisone was 

obtai:red through .g;rants and allocations from tl-1.e Commi ttee on Cortisone 

and AOTH of the National Research Council of Canada. 

l wish to tha.nk the following 'People, who at different times, 

perfor.med the numerous technical procedures involved in this project, 

with diligence and care: 

Mrs. Irene Armstrong, Miss Edna Birch, Mrs. llze Berzi~s, Miss Vera 

Kostelowa, Mrs. An~el1ka SUngaila, and Mr. H. A. T. Nye. 

l A.ID indebted to Mr. Harold Coletta who went out of his way 

to take aIl the ~hotogranhs and to Mrs. Margaret Paasuke to whom fell 

the arduous task of tyPing the enttre thesis. 

l would 1ike to mention pa:r:-ticu1ar1y the kindness of Miss 

Jacqueline Chausse who worked by my side weIl bevond the calI of dut y 

during the IDoststrenuous hours of the experiment. 

The forebearance of aIl those about me ~nd the patience of 

mv family is not forgottan. 



The ~rogresB made by science for h~nity has brought with 1t 

~n ag1ng population and attending this an ever increasin~ incidence of 

arteriosclerosis. This disease is beginning to play a serioua role in 

the world so that 1t ia now the commoneat cause of death in the older 

a~e group. It therefore becomea imperat1ve to deal with the problem. 

Many advances have alreadv been made in tbis field of ex~erimental re-

search. Of these the import~nce of the serum lipid interrelationships 

in the geneais of expertmental atheroscleroais have been repeatedly em-

phaaized. A great step forward was taken when it was found that expe­

rimental cholesterol atherosclerosia in rabbita could be inhibited by 

rendering them d1abetic with "alloxann (61,62,65) or by injecting tham 

intravenoualy with the detergent Tween 80(67,68,69). This inhibition 

was accompanied by a particular lipid pattern. The same pattern wes 

observed followir'g the administre.tien of Oortisone c11nically(50,51,52,53,54) 

and in experiments independent of those on atherosclerosis(60). This 

S11.67,g9sted that Oortisone mlght also 1nh1b1t the development of athero­

sclerosis. An exper~~nt was undertaken to study th1s effect with the 

hope tbat it might lead to turther understanding of the djssase. 



Rli.VIEW OF THE Ll'l'JŒATORE. 

1. Bi.tori"l Background(l) 

As tar back as Aristotle. descriptions ot bone in the heart 

ot certain animals sugge8te4 arteriosclerosis and it is somewhat sur-

prislng that he did not note these tindtngs in hi. comparative studies 

ot the human body; nor wa. thi. analogy made untll the sineenth eentu-

ry anatomiste encountered calcitied aortic valve.. Althoush the aneient 

papyrus did not report the disease. its presence in the XVIII ~ast7 

was established by Rutter(2) in his gro •• and microscopic studies ot 

Egyptien mummies. A step forwar4 was taken by Crell in 1740 when he 

deser1bed the tophaceous (atheromatQus) nature ot the les10ns wh1ch sub-

sequently hardened. Re asseciated this condition not merely With se-

neseence but also the "intemperate< youth". Boerhaave D8lIl8d the harden-

ing and constriction ot the vasa vasorum responsible tor the subsequent 

degeneration of the vessel proper. An important contribution made by 

Morgagni trom his etudies of morphologieal and elinical cerrelation8 

W8S the association ot "ossitication" ef the coronary arter1es With an-

gins pectoris. Hodgson described the common atheroselerotic lesions 

clear17 and located them in the intima. H. advanced the vie. that th1. 

was a true dis&ase and not a nature.! process ot aging. Carl RekUansk:7 

speculating on the pathogenesis ot the disease took the stand that an 

endogenous product trom the blood masabecame deposite4 on the intima 

with subsequent hypertrophy. atheroma and ossification. A fn years 

later Virchow introduce4 the prtmary tmbibition theory by postulating 
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that through same constitutionsl dyscrasia substances passed trom the 

blood str~ toto the intima which loosened the ground substance and 

led to turther degenerative changes. Thome (1883) telt that the inti­

mal thickening wes a cOllpensatOry reaponse to medial deganeration whicl:l 

in its turn wes due to nutritional. disturbances ot age. He was support­

ed by Marchand (1904) who alao stressed the influence ot elevated b100d 

pressure. Oskar ilotz (1911) dea1t with the concept ot ~edial arterio­

sclerosis" in which he stressed the importance ot intections and stress 

and strain. SiDce this tille great strides were taken toward more mo­

dern advances in arteriosclerosis which will be discussed as they occur 

in the pages that tollow. 

2. Detinition ot the Term Atherosclerosis. 

The state ot contusion begins at ODce with the tera "Arterio­

sclerosis" which had been coined by Lobstein(1) and means Ilerely harden­

ing ot the arteries (Gr. skleros = hard). William BOyd(3} considers 

this an "omnibus tera" which carries a variety ot non-intlammatory ar­

terial diseases wh1ch may or may not be re1ated to each other: 

1. atherosclerosis - a patchy lipoidal degeneration ot the intima; 

2. medial calcitication or 14enckeberg t s Degeneration; 3. dittuse ar­

ter10lar sclerosis. Hueper(4) uses it also as a collective ter.œ tor 

the degenerative and scleros1ng arterial diseases. Atherama (ar.Athere 

• wah) was tor a long time used to denote auy closed sac tilled 111 th 

gruel-like material trom wh1ch 14arcband(l} (l904) devised the name "Athero­

sclerosis".to include the l1po1dal. degenerative and sclerotis changes 

wh1ch oceur in the atheromatous type ot arterioscleros1s. Although he 



considered Monckebergts med1al calcification and arterioaclerosis related. 

he treated them separately because they occurred in different portions of 

the arterial tree. The ter.. does no longer 1nclude syphilit1c affections 

of the vascular tree. mycotic aneurysms, physiologie narrow1.ng, throllbo­

ang11t1s ob11terans, periarter1t1s nodosa and rheumat1c tever. 

Since "atheroselerosis" d1d not prove to be a true definition 

trom a clinioal or etiological point of vie. it W8S deemed w1ser to con­

aider it as a descriptive mOrphologieal ter.m to denote thecharacteristie 

thickanings of the intima in Whioh lipids .are deposited. while the 

ter.m at~eroma was reserved for an atherosclerotic lesion in which the 

centre was a grumous mixture ot lipid material and necrotie tissue 

debris(5). 

3. The lIorpholos:y ot Atherosclerosis in Man. 

The Fatty streaks: At six monthe of age tatty streaks appear 

in the aorta trequently and become"according to Zinserling(6). constant 

atter tour years.increas1ng in size and nUJllber w1.th advaneing age. 

Sinee he tound that the localization ot these streaks corresponded to 

those of art1er1oscleros18 he considered them an early stage ot that 

disease. R1bbert(7). who contested this, stated that the tatty spots 

.ere 1ndependent lesions due to a sem1pbys1olog1cal depoa1t10n of 

l1p1d mater1al which could be reabsorbed, whereas atheramatous les10ns 

.are dist1nctly pathologie al trom the beg1nning sinee they .. ra ac­

eompan1ed by the developaent ot new t1brous tissue and necros1s. Ho.­

ever, the absence ot fibrosis and necros1s should not rule out a patho-

10g1cal les ion and it 1a now generally accepted(5,6,S) that the tatty 
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spots are the early atherosclerotie les10ns wh1ch may retrogress or de­

velop into more adTanced torma. For, in the common atheromatous aorta 

a varlet y ot lesions(9) appear together as var10UB stages ot the s&me 

process. Since the least involved areas present the stmplest lesions, 

they are assumed to be the earliest and sinee they 010se11 resemble the 

tatty streaks the latter are likewise consldered. 

Grossly(9,5) the tatty tleoks appear as small round or oval, 

s11ghtly elevated, greyish or yellowish spots, a tew mm. in diameter. 

They coalesce to torm larger 1rregular plaques and longitud1onally 

orientated streaks. OphÜls tound thea most cammonly 1n the valves ot 

the lett s1de ot the heart, at the base ot the aorta, in the sinuses 

ot Vals al Ta or Just ab OTe th811. whera the1r long u1s uaually ruIlS trans­

versely, wh11e others tound them more cammonly along the poster1or tho­

raeic aorta with a tendency to arrange themselves between and around the 

intercostal oritices. Thance they might oontinue into the abdominal 

aorta. 

Some ot the tatty tlecks or streaks retrogress leaving a gross-

1y normal intima or tinY tibrous plaques tree trom lipids. The greater 

the thickness ot the plaque the less 1ikely is the lipid to be removed, 

thougb some resorbed plaques ot moderate size may be tound. 

Those which develop turther accumulate more lipid mater1al 

and become covered by smooth connective tissue caps. As time goes on 

the central areas most rich in lipids break down to tor.m a necrotic 

yello. atheromatous lesion which shines through the thickened gray trans­

lucent tibrous covering which protrudes into the lumen. This necrotic 
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process spreads in all directions to coalesce with adjacent lesions in 

varioUB stages ot development or break through the intimal surface ap1l­

ling i ts grumous contents into the blood stream or thrOUgh the tra8llent­

ed internal elastic membrane into the media. The ragged detect becomes 

covered With thrombus material although necrot1c remnants alwsys rema1n 

in the depths or the surtace may be sealed by the development ot a cal­

careous plate. In these stages the abdaninal aorta ls usually more in­

volved than the thoracic and in advaBCed cases the process extends into 

the 1l1ac arteries, to the base ot the aorta and even into the pronmal 

parts ot 1ts larger branches. 

K1crosCop1cally(5), the ear11est les10ns or tatty streaks show 

an increase and swelling ot the intimal metachromatlc ground substance 

w1 th1n 1Ihich are scattered tine droplets of sudanophl1ic llpld materl&! 

wb1ch may also be scattered alongside the Subjacent elast1c lamellae. 

The intracellular deposits occur ln globular Dlaerophages which be.coming 

tilled with l1pd appear as "toam cells" and ln splndle-shaped or stel­

late mesenchymal cells whlch are best seen in sect10ns cut parallel to 

the surface. The linlng endothellal cells seldom contaln &DY stalnable 

lipld. As these develop turther a moderate ditfuse f1br081s ot the 1n­

tima ooeurs wh1ch ls thloker at the slte ot the gross les10n. This 

fibrous tissue trom the very beginn1ng undergoes a partioular type ot 

necrosis Wh1ch breaks the t1brillated collagen into fine pale basoph1lic 

granules (hematoxylin stain). This may possibly be calcareoUB materlal. 

It oeeurs in a patcby tash10n usually in the deeper layer. of the intima. 

This change may appear prior to the tatty degenerations. The amount ot 
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l1pid material varies and bears no relation to the amount 01' tibrous 

tissue but as the latter is lncreased in the supert1cial parts, llpid­

tllled toam cells are increased in the deeper parts. There are also 

present many stellate connective tissue cells f1lled with ainute tat 

troplets. The tatty change usually starta in the mueculo-elastic layer 

but on occaslon may be more consplcuous in the supertlcial layers of 

the intima. Many of the llp1d-tllled foam cella degenerate into an athe­

romatous mass of finely granular necrotle debris through wh1ch are seat­

tered fat droplets 01' varying s1ze and prec1p1tated cholesterol crystals. 

SUrrounding the necrot1c zone are large numbers 01' foam cells, a fe. 

stellate connective tissue cells and -lymphocytes. The necros1s extends 

to involve the internal elast1c membrane which becames tragmented and 

allows the atheromatous process to inv.de the media,at f1rst supert1-

cially, but in far advanced cases,deeply. 

The cap of proliterating tlbrous tissue with 1ts increased 

amounts 01' metachromat1c ground substance(13] undergoes a hyallne dege­

nerat10n and fibrlnold necrosls(14}. This coverlng becomes destroyed 

in the wake 01' the degenerat1ve process wh1ch d1scharges its contents 

1nto the blood streD. Thrombi attempt to coyer the ragged ulcer ln 

.nose depths are tound remnants of necrot1c debris and cholesterol 

crystals, while in other -areaS a calcareous plate may be t'oraed to seal 

the les10n. Thus the varlegated p1cture 01' atherosclerosis 1s developed. 

4. The Nature of the Oellular Elements. 

The 'oam Cella: Particularly attractlve in the p1cture of athe­

roscleros1s are the t'oam cella. Th~ have also been called(15) lipophagea, 



llpold cells. xanthoma cells or cholesterol phagocytes. These(16) are 

round or polygonal with a small round deeply staining centrally placed 

nucleus around which the narro. rim of pale basophilie cytoplasm in the 

smaller cells becames voluminous, retieular and fosmy as the cells en­

large. Duif feels certain that they are macrophages which have ingested 

lipids. for they resemble ln both fora and funct10n the large monenuclesr 

phagocytes in the antmal body and teke up colloidal dyes as do other 

macrophages. Dugu1d(l7) believes that they are _and.ring macrophages 

which are nor.mally present in the arterial intima prior to the appear­

ance of lipids upon which thay increase in number by multiplicatIon and 

phagocytose the lIp1d material. Others(18.l9} th1nk that they represent 

desquamated fat-laden phagocytes of the reticulo-endothelial system 

which enter the blood stream e1ther actlvely or pass~vel7 and penetrata 

the lming endothelium to lodge in the subendothelial .layers. Bueper(4). 

finding foas cella in the blood stresa. offered to support this view. 

Altschul(15) maintains tbat the endothelial celis develop into foas 

cella. He describea their presence m the lining endothelium and their 

amitotic division and migration to the subendothelial layer whsœthe7 

actively or passlvely take up lipoids. He speaks of "ded1fferentiation~ 

ln which the endothelial cella become ateliste mesenchymal connective 

tissue cells and fibroblasts which settle in the amorphous ground sub­

stance. In tissue culturea(20)endothe11um bas bean shown to mg8st 

particulate matter and to migrate and become identical w1 th the mesen­

chyme. This Altschul feels 1s equivalant to deditterantlation in ar­

terioscleros1a(15.21). Hematoidm. hemos1derin. fat droplets and eho-
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lesterol crystals have been demonstrated w1thin endothel1al cells as 

ev1dence ot the1r phagocyt1c act1v1ty while others would attr1bute th1s 

to irritation phenomena. McClnng(22) states tàat an endothellal cell 

wh1ch 1s not phagooyt1c may become so 1t damaged, against wh1ch Altschul 

argues that damage does not exclude phagocytos1s nor 1s 1t necessary tor 

Phagocytosls. Same(16) belle~e that all intimal toam cells are macro­

phages or t1broblasts and that toam cells ot so-called endothe11al or1-

gin are degenerated rather than phagocyt1c elements. '!'he branched cells 

are usually cons1dered to be der1ved tram tlbroblasts althougb others 

state they arise tram endothe11a1 cel18(2l). 

5. The Lipid Compos1tion ot Atherosclerotlc Lesions in Kan. 

Atheromatous aortae have been shown to contain increased 

amounts ot total cholesterol, phospholip1de and tatty acida wh1ch rose 

progress1vely with the severity ot the lesions(23,24). Windaus(25) 

showed that the cholesterol ester values in ~eromatous aortas .ere 

20 - 26 ttmes as much as normal aortas, while the tree cholesterol was 

6 - 7 times as much. From analyses made on the 1ntima and inner port10ns 

ot the media Schoenheilller(26) reported that the cholesterol ea.urscom­

prised lo~ ot the total lipids in normal aorta8 and rose to 60~ in those 

With atherosclerosis wh1le the average amount ot tree cholesterol rema1n­

ad constant. Lehnherr(23} tram his studies added that the changes in 

d1abetic atherosclerotic aortas .are s1m1lar but more marked. Meeker and 

J'Obling(24) analyzed the atherosclerotic plagues wh1ch they had removed 

trom the intima. Compared to normal sections similarly prepared they 

tound that the phosphollpid proportlon liaS constant; tatty extra ct and 
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total cholesterol 1ncreased with the sever1ty or the lesions; the r1se 

in the ester cholestarol -as greater than that ot the tree cholesterol 

except.in the more severe lesions,When the tree cholesterol was greatly 

increased. They(27,28,29) attributed this release ot tree cholesterol 

to a splitting ot the cholesterol esters. In noting that the lip1d com­

posi tion in the normal intima and in the early atherome.tous plaques cor­

responds to their proportions in the blood(30,Zl} very persuasive evi­

dence was introduced to suggest that the lipids anter the aort. by a 

method ot non-select1ve intiltration. 

6. EXperimental Cholesterol Atherosclerosis in Rabbits. 

Or1iin and Development: (32) iVhlle studying the .ef.1"ects ot un­

natura! rooels such as meat, milk and eggs in rabbi ts Ignatowski in 1908 

discovered lesions ln the aorta whlch resembled human atherosclereels. 

These were attr1buted to the proteln in the dlet unt1l Stuckey and 

Wesselkin were able to demonstrate that the tatty substances .are re-

spons1ble. Approaching the problem more closely, AnltsQbkow (1912) to­

gether with Chalatow (1913) showed that the teeding ot pure cholesterol 

dissolved in oil produced the character1at1c les10ns ot expertœental 

atheroacleros1s ln rabbits. When the work or previoua lnvestigators was 

axamtned in the light ot this tlnding,it -as seen that tho.e who attr1-

buted the resultant lesions to protein or those Who incr1minated the 

toxic eftects ot staphylococci injections or alcQAol poisoning had at 

the same tim~ted diete conta1ning cholesterol •• acter and HUeck added 

i'Urther to the role played by cholesterol. They sho.ad that the lesions 

were produced When cholesterol was ted in solid tor.m with the ordinary 



tood and that this "as accompan1ed by a hypercholesterolemia Which .as 

largely due to the cholesterol ester traction. 
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Since that time the many cholesterol teeding axperiments wh1ch 

were conducted produced lesions in rabbits which approached those 01' hu­

man atherosclerosis so closely as to warrant their compar1sons. Dutt(16) 

ha. chosen to call this axperimental disease 01' the arteries WExperiment­

al Cholesterol Arter10sclerosis". 

Methode 01' Production: In the earlier etudies substances r1ch 

1n cholesterol (16,33) wch as egg yolks, bra1n tlssue, l1ver ar hydrous 

wool tat were mdxed with the ordlnary tood or administered in liqu1d tODa 

by means 01' a stomach tube. When cholesterol alone was shown to be et­

tectlve,lt was used mixed w1th the tood or in oily solution via stomach 

tube. Wacker and Bueck;(34} showed that sol1d cholestElrol would produce 

experimental atherosclerosls but that a larger dose aIld longer per10d 

01' time W8S required (1.25 gm. per day tor at least 5 monthe). However, 

dry cholesterol (29) mb:ed with the daily t'ood has beeI1 moresuccesstully 

used. A dally dose 01' l.() gm. tor at least 60 days lUlB required betore 

well-marked gr08S lesions appeared. The cholesterol d1880lved ln ether 18 

mlxed with the food and then the ether 18 allowed to avaporate. However, 

11' administered in an oily solution the leslons appear much sooner (e.g. 

0.75 gœ. 01' cholesterol per day dissolved in 15 cc. 01' corn 011 aix.d 

with the da11y food par os w111 produce d.finite atherosclerotic les10ns 

in 40 days~ Because of the objection sametimes encountered on the part 

01' the rabbi t to tate the unnatural t'ood, the stomach tube has been used, 

but then again a longer ·tlme le requ1red and the danger of perforation 
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of the oesophagus or aspiration pneumonia create their OWD disadvantages 

which, however, should be reduced to a minimum wi th ski1l. Whatever me­

thod is used, a certain amount ot ttae must elapse betore the les ions 

are demonstrable. Otherw1se,the larger the doee ot cholesterol,the more 

prominent will be the lesions. The microscopie toam cells and lipo1d de­

pos1ts may appear one month betore the gross lesion~the earliest ot wh1Ch 

require about six weeb and the more obv1ous ones tram three to s1x monthe 

ot cholesterol teeding(5). Hueper attributes th1s "incubation period" in 

the early stages ot cholesterolemia to the ability ot the liver cella and 

the suprarenal cortical cells to store excess cholesterol until their ab­

sorpt1ve power is exhausted -nen the h1stiocytes take over this tunction. 

Schürmann and KacKahon noting that connect1ve tissue phagocytes take up 

lipids late postulate that the common endothelium ot lymph and blood ves­

sels create a "blood-tissue barrler" whosé resistance breaks down in 

time to allow substances tram the blood to 1nvade the subendothelial 

tissues. In an attempt to produce earlier leslons Klotz(35} used l. V. 

injections ot a colloidal solut10n ot cholesterol in ~ sodium oleate. 

This work has beeu recently undertaken asain naing sodium stearate(36) 

with wh1ch extensive lesions appear in 36 daySj injections ot oxidized 

cholesterol (37) will work still more rapidly and i t is cla1med that sus­

pensions ot cholesterol in deprotein1zed rabb1ts' serum(38) will at once 

depos1t cho~esterol in the intima ot the rabb1t's aorta. These experi­

ments await turther development. 



Morphology: Experimental cholesterol atherosclerosis lipids 

a~e firet deposited(32,l6) in the cells of the reticulo-endothelial 

system in the liver, spleen, lymph nodes and bone marrow. When these 

and the suprarenal eortex 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. ln the aorta(l6) the earliest gross lesions oceur 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 aortie valve ring. 

At firs~the fatty tlecks fade off imperceptibly into the surrounding 
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intima, but as they increase in size they become more sharply outl1ned, 

rounded or irregularly-shaped and protrude into the luman as glisten-

1ng yellowish-White nodules. As they increase in number they apread 

onto the posterior aspect of the thoraeie aorta and gather about the 

mouths of the intercostal arter1es, but may also be found on the ante-

rior and lateral aspects. The lesions progress to involve the ab~om1-

nal aorta and the nodules coalesce to form large irregular plaques with 

a wa~y surface which may imp1nge upon the patency of the lumen, although, 

in still later stages,when the elasticity of the vessel has become great-

ly reduced, it undergoes dilatation, particularly in the arch. The main 

trunk of the pulmonary artery may,early in the disease,also show nod~ar 

intimal th1ckenings. When the lesions in the aorta beeome well-estab­

lishe~ 1so1ated plaques appear in 1ts larger branches (namely, the in­

nom1nate, common earotid, subclavian, eommcn 111ae and famoral arteries) 
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where they are usually at the points ot biturcation. Later, when the 

lesions spread into the smaller branches of the arter1al tree, the coro­

nary arteries are trequently 1nvolved(39}. 

The ear11est microscopie change in the intima is descr1bed as 

a swel11ng of the subendothelial metachromat1c ground sUbstanee(40), con­

trary to the views of ear11er observers who ma1ntained that the alter-

ation in the ground substance was secondary to the l1p01d depos1ts. Argu­

ments were then held to determine the primary site of deposition of the 

lipoids. Some claimed that in the earliest lesions anisotropie lipoid 

material wes present in the subendothelial cells but not in the ground 

sugstance(lS). Others(41,42) observed it tirst in the endothelial and 

subendothelial cells but still not in the ground suàstance. Dutf(40} 

presents very persuasive evidence that the earliest lip1d deposits occur 

in the swollen subendothelial ground substance whence they are subse­

quently taken up by the pro11fer1ng cellular elements(45}. From his ob-

servat10ns he feels certain tbat extracellular li~id material precedes 

that of any 1ntracellular lipide Ind.ed, the interstitial lipid depo-

sits may become abundant with very littl. cellular proliferation. 

In experiments, at present underway in this laboratory(43), 

rabbits were fed cholesterol in oil and microscopie lesions of the ninth 

dey were examined. In vertical sections, intracellular sudanophilic 11-

pid deposits were found in the subendothelial layer, While a smaller quan­

tity of anisotropie cholesterol erystals appeared in the deepar 1ntima. 

(comments on any intercellular lipid material were reserved at this stage 

in respect of technique and artefact). In later lesions anisotropie ma-



-u-

terial began to accumulate in greater quantity in the subendothelium 

layera while sudanophilic droplets were deposited 1ntracellularly aa welle 

In experiments currently conducted in this laboratory(44), 

large surface areas ot the aortic endothelium ot cholesterol-ted rabbits 

were atained with toluidine blue. Microscopie lesions ot the tourth dey 

disclosed sudanophilic droplets in the 1ntercellular ground substance 

but lipoid material was not demonstrated within the cells. 

However, the later microscopie lesions may vary considerab1y. 

Thus the prominent teature of the intima1 thickenings may be the ground 

substance, the toam cel1s or the tibroblastic reaction(40). As the le­

sions develop they near1y always contain a large number of cells. Ot 

these,the toam cell 1s the most consp1cuous and is in form and function 

apparently identical with that described in atherosclerotic 1esions ot 

human arteries. Duff(16) teels that they are macrophages since they re­

semble the large mononuclear phagocytes e1sewhere in the animal body and 

actively teke up lipids and colloidal dyes. But he admits also the pos­

sibility that they may arise trom wandering mononuclear phagocytes pre­

sent in the intima prior to the appearance ot 1ipoids. Others still 

claim that these macrophages migrate trom the media - yet toam cella 

do not accompany the occurrence of anisotropie lipid deposits in the 

media. The tat~laden cel1s may become so prominent as to mask the extra­

cellular lipoids. Scattered about betwsen the toam cella are smaller 

spindle-ahaped or ste11ate cella which are indiatinguiahable trom tibro­

blasts and are theretore identif1ed as such. These 1ncrease in number 

when the lesions are advanced. The lining endothelial cel1s play ro1es 
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which differ according to the var10us observera. An1tschkow bel1eved 

that they merely formed a single th in layer of fIat cells as a lin1ng 

for the blood vessels. Others, having noted fat granules ln the llning 

cells, attrlbuted to them a more active role. But thls was considered 

with some reservation since the lin1ng endothelium 1n the normal rabbit's 

aorta 1s difficult to see and easy to wipe ott Wh11e prepar1ng the ma­

terial. 

W1th the advent of many cells in the intima the ground sub­

stance may become still more abundant. The l1poid mater1al may be 

scattered in t1nely-dlvided granules or d1ffUsely spread through the 

ground substance. The foam cells become greatly filled with sudano­

ph1lic fat droplets which are also contained in many of the mesenchymal 

connective tissue cella. A large portion of the fatty material is an­

iaotropict cons1stlng ch1efly of cholesterol and lts esters. 

As the les10ns develop(5,16,40) further the foam cells 1n the 

deeper layers dlslntegrate, scatter1ng thelr fatty granules amidst ne­

crotlc debrls. ln this way atheromatous lesions are formed. The fibro­

blasts prol1ferate cons1derably in the deeper intimal layera. The fi­

broblasts may pro11ferate to a lesser degree in the superf1cial intimal 

layers to for.m a llttle flbrous cap for the necrot1c leslons. Many foam 

cells are still scattered freely about but tend also to surround the 

ftpoolft of free fatty substances. 

The process extends to involve the underly1ng elast1c lami-

nae wblch shows spl1tt1ng and the formation of many new elast1c fibrils. 

Eventually the necrotle and llpld materlal may break through the elastica. 
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to invade the media which itself shows degenerative fatty changes and 

aress of focal necrosis which IIlRV be independent of the intimaI changes. 

7. The Serum Linids in Atherosclerosis • 
.. _ ---- --=.;::.;;.;:..;;.;;;;.::; 

The term "llpid" or lipoid will be used to include those sub-

stances which in their chemical, phvsical and Bolubilitv properties re­

semble the true fats, which are included also{16, 72). 

Whatever role the lipids maY play in the geneais of atheroscle-

rosis, the fact still remaina that the development of atherosclerosis in 

the rabbit(5,16,40,65,99}t guinea-pig, chicken(46,47,48) and dOg(49,7S) 

ia associated with a sustained dietary elevation of the blood choleater-

01(98). Clinically an increaaed severitv of atherosclerosis ia found 

in those conditions which are asaociated with hypsrcholesterolemia, such 

as diabetes mellitus, essentiAl xanthomatoais, myxedema and in the neph-

rotic stage of ne~hritis. Steiner reported that in a large percentage 

of cases with atherosclerosis there is a significant ~ypercholeaterol-

( ) . (101) emia 100 , althou~h others have questloned this • Morrison round 

that the blood cholesterol levels rose above 260 mg% in 68% of patients 

under 60 years of age with coronary occlua1on(102). Hynercholesterolemia 

was demonstrated more particularly in young men(l03) and women(104} with 

coronary he art 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,l05). 

In erpertmenta1 cholesterol atherosclerosis in rabbits all the 

lipid constituents in the blood are elevated, -oarticularlv the total, 

ester and free cholesterol. The phospholipids were elevated to a lesser 
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degree than the total cholesterol(5,lO,28,29,65,99). Although the ab­

solute levels of the individual lipids varied considerab1y, their pro­

portions presented a s1milar pattern. The greatest elevation was in 

the total serum cholesterol, for which the cholesterol ester was large­

ly responsibl~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 

incre~sed so that the ratio of total cholesterol to the phospholipids 

also increased. The neutrel fat rises also, but again to a lesser de­

gree than the ester or total cholesterol. Essentially the sarne pattern 

wes observed in rabbits fed cholesterol in oil or pure cholesterol, in 

cholesterol-fed birds(79) and in dogs fed cholesterol and thiouracil(78). 

Although hypercholesterolemia admittedly plays a role in expertmental 

cholesterol atherosclerosis,the nature of this rol~ is not obvious. 

Whether it 1s merely an association of atherosclerosis or more direct­

ly related to the genesis of the disease remaina to be disclosed. Fur­

thermore, the interrelationship of the various lipid fractions appear 

to be more important than the leve! of hypercholesterolem1a 1n itself. 

Particular emphasis has been placed on the phosphol1pids and the total 

cholesterol/phospholip1d ratio(78,79,80). Ahrens and KUnkel(80)main­

tain that the deposition of lipid compounds are not determined by ab­

solute levels of total lipid concentration or of env single lipid 

fraction. Thev emnhasize particularlv the im~ortanc8 of the ratio of 

cholesterol to phospholipid and the ability of high concentrations.of 

phospholipids to "solubilize" the hydrophobie 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 

l1pids which permits the deposition of cholesterol in the intima. lJ:b.is 

feature will be discussed again later wh en its relationship in the lipe­

mia of Cortisone is considered. 

By repeated injections of polyvinyl alcohol and other macro­

molecular substances Htleper was able to ~roduce lesions which were mor­

phological1y like thosl3 of e::x:perime'ltal cholesterol atherosclerosis ex­

ce~t that the lesions contained the foreign substance injected instead 

of the lipids. He tem.ed this disease ''Macromolecular Atheroscleros1s". 

More recent studies suggested that the size ~nd physical state 

of the lipjd molecules may be even more important in the genesis of athe­

rosclerosis than the concentratjon or interrelati.onship of the serum li­

nids. Gefman, Jone8 et al. (63,1151 used this approach to the study of 

atherosclerosis. They submitted to ultracentrifugal 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 wi th premature and more severe degress or at,herosclerosis. 

By this method the y were ~b]e to 1dentify and quantitate groups of mo­

lecules of various densities as they undergo flotation. A study of the 

vartous macromolecular complexes disclosed that one class of mole cules 

in particular ~rpeared to be related to the atherosclerosis in humans. 

These included at least three species which migrate with rates between 

10 and 20 uni ts e 8xpressed in terms of flotatj.on rates sr (- Svedberg 

units).Each of the three species contained approxjmately 30% of chole-
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sterol by weight. The class of molecules w1th rates between 3 - 8 St units 

carried a ma~or fraction of the serum cholesterol and did not appear re­

lated to atherosclerosis. In 230 males with myocardial infarction 91% 

showed the presence of St 10 - 20 molecules as compared with appreximate­

ly 50% in normal contrels. This suggested that trese macromolecules are 

in some way associated with the development of atherosclerosis. Since 

thev were also found in 40% of 226 normal males between twanty and thirty 

vears of age, the possibility that these are the persons more readily 

destined to develop atherosclerosis was entertained. Although with h1gher 

serum cholesterol levels there is a tendency toward h1gher concentrations 

of St JO - 20 molecules, it is not possible to predict fram the serum cho­

lesterol value in the individual patient the concentration of St 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 St 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 follow1ng 

ingestion of a fatty meal than in normal fasting plasma or after fat-free 

meals. From this observation he postulated that a cumulative effect of 

this phenome~,on might be the underlying cause of intimaI lip1d deposition 

in human atherosclerosis. He suggests further that due to the increase 

in size of the 1ipid particles they are retained by the b"arrier of the 

internaI elastic membrane. However, his theor1es are as yet not support­

ed by evidenc6, whereas Gofman and his collaboratOrs have observed a cor­

relation between the presence of increased nwnbers of St 10 - 30 molecules 

and an increase in the severitv of exper1mental cholesterol atherosclerosis. 
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1\J.thougb the relative importance of the role which the giant lipoprotein 

mole cules may play in the pathogenesis of atherosclerosis 1s not apparent 

they more than suggest thata derangement of the lip1ds ls an important 

factor. 

8. The Influence of Llpotropic Agents on Experimental Cholesterol 
~.~cle . .r.2.s..!!.. 

studies of the effects of lipotropes on experimental cholester­

ol atherosclerosis have produced contradictory results. Steiner(107) re-

ported that choline tended to delay the anpearance of gross atherosclero-

tlc lesions in the aort'3. but did not tlrevent its eventual appearance. 

Bauman and RUSCh(108), however, from their experiments reported that there 

was no affect on the blood cholesterol and atherosclerosis in the rabbit, 

eve~ with large amounts of choline. Himsworth(109)also failed to produce 

any inhibition on the development of atherosclerosis in cholesterol-fed 

rabbi ta. However, Kesten and Silbowitz(112) nroduced suggestive evidence 

that soybe~n lec1 thin or choline in ermivalent amounts will delay the de-

velopment of experimental cholesterol atherosclerosis. Morrison and 

RosSi(113) were also able to inhibit the develonment of atherosclerosis 

in cholesterol-fed rabbits by feeding tham choline for a period of 92 

days. With larger doses the lesions were prevented in a larger number 

of animaIs at the seme time. Regression of atherosclerotlc lesions in 

cholesterol-fad rabbits treated with choline have also been reported(llO,lll). 

This oceurs more readily when the initial blood cholesterol is not very 

high. Regression of les ions in these cases 15 accompanied by normal 1e-

vels of b100d cholesterol. 
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9. The Influ~E..e of Surfac.e.-Acti1[e Agent~ , .O.!!... Ex.E..e.r..~a! Cholel:lte'!()l: 
Atherosclerosis. __ r ___ _ ... __ _ 

Kellner and Correll(67,68) studied the relationship of blood 

lipids to the development of experimental cholest erol atherosclerosis by 

using the surface-active agents Tween 80 and Triton A 20. Chelesterol-

fed rabbits were ~iven repeated ~E.~a~~~~ injections of Tween 80 and 

Triton A 20. This produced a hyperllpemia which was characterized by a 

greatly elevated serum total cholesterol over and above that of the cho-

lesterol-red control rabbits, but which was accompanied by a proportionate 

or ev en greater rise in the serum phospholi~ids. This was further accom-

panied by an inhibition of the develo~ment of expertmental cholesterol 

atherosclerosis as com~ared to the cholesterol-fed control rabbits in 

whom more severe degree of atherosclerosis was accompanied by a decreased 

~hospholipld to cholesterol ratio. Duff and Payne(69) 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 reversaI 

of the situation found in the cholesterol-fed controls. This was accom-

panied by an inhibition or minimal degree of atherosclerosis. They stress-

ed the im~ortance of the interrelationship of the serum lip1d fractions 

and of their relationship to the serum proteins. For, in the lipemic sera 

of the rabbits treated with Tween eq the greater proportion of serum lipide 

was "readily extractable" (i.e. unbound or only loosely bound to the serum 

~roteins). This suggested that loosely-linked serum protein-lipid bonds 
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were conducive to lipid deposition in the intima. However, the increas-

ed ~roportion of loosely-bound or unbound serum lipid~rotein complexes 

was present in the sera of Tween 80 injected rabbits whether atheroscle-

rosis developed or note Therefore, other conditions must also determine 

the intimaI lipid deposition. In cholesterol-fed rabbits treated with 

~ Tween 80 the riss in total serum cholesterol was accompanied by ele-

vations of the other lipids. But the ratios of total cholesterol/lipid 

phosphorus: neutral fat corresponded to those of the control rabbits. 

The rise in the serum total cholesterol waB due more to the ester fraction 

than the free cholesterol. This was associated with a degree of athero-

sclerosis like that of the control animaIs. 

The mechanism whereby the surface-active agents induee the hyper-

lipemla ls not clearly understood. These agents may act directly by in-

creasing the capaclty of the plasma to hold lipids in stable emulsion, or 

they may interfere with enzyme systems which are essential for the lnter-

mediary metabolism of fats, or by accelerating the synthesis of cholester6l 

or retarding its degradation. 

The mechanism whereby the surface-active agents injected intra-

venously in rabbits modifies the development of atherosclerosis is also 

not known. Whether the presence in the blood of the surface-active agents 

themselves are responsible for the inhibition of experimental cholesterol 

atherosclerosis or whether they exert their effect through the elevated 

serum phospholipids ls yet not certain. But the evidence in favour of . 
the importance of the elevated phospholipide is strong. For it has been 

shown in vivo and in vitro that elevated phospholipids exert a "stabilizing" 
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influence on lipid emulsions in hY})erlipemic blOOd(80,119). Also athe-

rosclerosis in cholesterol-fed rabbits was consistently accompanied by 

a decreased phospholipid to cholesterol ratio. A similar derangement 

has been observed in chickens(121} and in humans(98,118) with clinical 

evidence of atherosclerosis. 

10. The Effec.~ .9.f_Dle!..~ flther~s§erosis. 

Many(98) observations and studies have been made in. m.FI.n to 

determine the effect of diet on the development of atherosclerosia. 

Since the im~ortance of cholesterol in this conditj,on 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 im-

portant not onlv in cholesterol syntbesis but in cholesterol absorption 

as well(119), in that absorntion 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 acids 

while on a fat-free diet cholesterol could be recovered quantitatively 

in. the teces(124,l25). These findings reflected the importance of the 

fattv acide for intestinal absorption of cholesterol. Rabinowitch(126) 

maintains that high fat diete in diabetics favour and low fat diets re­

tard the appearance of ~vpercholeeterolernia and arteriosclerosis. Sig­

nificant decreases in blood cholesterol have been abserved with the 

Kempner riee diet(127),whiCh has a very low fat content of approximately 

5 gm. Butthere is little or no effect on blood cholesterol unlese 
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d1etary rest~1ction of fat is extreme. 

Cholesterol levels(98} in the blood may be altered by the in­

creased degradation of cholesterol in the intestines bv bacterial flora 

alkaligens faecalis and Escherichia Coli. Cholesterol may thUB he re­

duced to cholestenone, at which stagA the nrocess 1s still reversible. 

However, it mav go on, finally, to co~rosterol wbich 1s a non-revers­

ible degradation product. The pathway taken by cholestenone depends on 

factors in the g. 1. tract and on the diet. A high ~rotein diet was 

found to favour the -predominance of coliform organisms and the degra­

dation of cholesterol. Studies on the Americen po~ulation have indi­

cated that thejr hitSher fat diet 1s associated with higher cholesterol 

levels in the blood ~nd a greater incidence of arteriosclerosis than 

1n peoples with very low fat diets. However, these differences attend 

extreme differences in the fat content of the diet, so tbat moderate 

restrictions would be of little value in lowering the blood cholesterol 

levaIs. Firstbrook(95) stressed the importance of weight loss and under 

nutrition in the inhibition of atherosclerosis in rabb1ts btlt he con­

sidered this in relation to other factors which are associated with the 

development of arter10sclerosis. 

11. Th~e.}pJ·..lue!l.cE!. <?f_~.d02_~i.n.e1!.. 

It has been observed cljnicallv that h1~othvroidism 18 fre-

quentlv assoc1ated with an 1ncreased degree of severitv of atheroscle­

rOR1s while pat1ents with bvperthvroid1sm are relativelv free from this 

dj,sease. Leary(128} suggested that a derangement of thvroid f'unction 

altered the intimaI ground substance in preparation for the deposition 

of cholesterol. 
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In expertmental cholesterol atherosclerosis in animals Dauber 

et al (129) found that dit d th id d d th eas ca e yro ecrease e severity of athe-

rosclerotic lesions in cholesterol-fed chicks,as compared to controls. 

Horlick and Havel(l30)were unable to nroduce atherosclerosis in rats by 

feeding ~ropvlthio\lracil to choleste~ol-fed rats. Steiner and Kendall(49} 

were able to ~roduce atherosclerosis in do~s by feedin~ large doses of 

cholesterol and thiouracil. 

Bruger and his cOllaborators{13l}found that in cholesterol-fed 

rabbits the thyrotronic hormone of the anterior pituitary produced 1n-

creased deposits of cholesterol in the aortae of rabbits. They failed 

to alter the development of atheroscleros1s with desoxycorticosterone 

acetate(132). However, using testosterone propionate and estradiol di-

propionate,there was a decreased de~osition of cholesterol in the aorte 

of the famale. When the gonads were removed this effect was a1so re­

moved(l33). No effects were produced 1n male rabbits w1th testosterone 

or estradiol(l34). Chaikoff et al(79) and Horlick and Katz(l35) round 

that dietbylstilbestrol would produce atherosclerosis in the aortae of 

(136) 
cockerels without cholesterol feeding. Kellner and Correll found 

that cholesterol-red, adrenalectomized rabbits cont1nued to develop 

atherosclerosis if mainta1ned on DCA, suggesting,therefore, thet the 

other edrenal hormones were not essentiel for the development of athero-

scleros1s. 
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12. Cortisone as Related to Atheroscleros1s. 

Many clinical observations and experimental studies revealed 

that Cortisone produced well-defined changes in the serum. lipids. In 

the sera of patients receiv1ng prolonged Cortisone therapy Adlersberg 

and his associates(50,51,52,53)noted that there was a consistent ele-

vation ot total serum cholesterol, ester1fied 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-

sterol to control levels, even .hen hypercholesterolemia was maintain­

ed for a long timej fluctuations ot the serum cholesterol occurred with 

changes in dosage, and hypercholesterolem1a developed more slowly in 

patients in wbom there was a 10. serum cholesterol control level. They 

stated that there was a decided "parallelism" bet_een the changes in 

serum cholesterol and phospholipide, in that hyperphospholip1dem1a re-

gularly accompan1ed hypercholesteral.emia and a drop in eerum phospho­

lipide almost al-ays occurred When the serum. cholesterol decreased. 

It 1s worthy to note here that the "paral1el1sm" bet_een the serum 

cholesterol and phospholipide described by Adlersberg 1s not a true 

one geometrically or mathematioally. More correctly the rise in serum 

phospholipids is concomitant,rather than parallel,w1th that of the se­

rum oholesterol. The significance of this point will be oonsidered 

ahortly. These hYPerlipemio states were grossly manifested by opal-

esoence of the sera and this frequently oocurred even wben serum neu­

tral fat ws at a very 10. level. The turbidity ot "tasting sera" was 
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observed often at normal levels of s~rum neutral fat. They thought that 

this might poss1bly be due to the production ot a 11p1d ot decreased so­

lubility, or ot macromolcular particles,or to an altered ratio between 

the tree and conjugated l1poproteins. 

Further studies(54} ot the interrelations ot the serum lipids 

in patients treated wlth Cortisone were made in Which three ratios were 

deter.mined: Free/total cholesterol; total cholesterol/phospholipids; 

and tree/total cholesterol:phospholip1ds. These disclosed consistent 

alterations: - there was a detin1te lowering of the tree/total chole­

sterol; there was a less marked rise in 'the total cholesterol/phospho­

lipid ratio (largely due to a disproportion in the elevation ot total 

serum cholesterol to serum phospholipid); and a marked and consistent 

reduction ot the tree/total cholesterol:phospho11p1d. 

This suggested that a change in the rate ot esteritication ot 

cholesterol and synthesis of the phospholipids was responsible tor the 

altered interrelationships ot the serum lipids. These results were in 

keeping with other clinical and expertmental tindings that lipid meta­

bolisa ls dlsturbed in adrenal hypercorticalisa. For in Cush1ng's syn­

drome there 1s a characteristic sustained elevation ot serum cholester­

ol and phospholipida with an abnormal distribution ot body fat. This 

has been tound to occur trequently in patients treated over long periode 

ot time with adrenal cortical hor.mones. 

In animal expertmentation 1t was shown that tatty infiltration 

ot the liver and ketonuria produced by various means could be prevented 

byadrenalectomy(55,56). Also, in the rabbit(57), adrenal homotransplan-

tat10n resulted in hypercholesterolemia. 
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Rieh et al. (58) studied the ability ot Cortisone to induee 

lipemla in alblno rabbits who were given 7.5 gm. ot Cortisone tor 16 

days. Speetrophotometrie turbldity readinge were in keeping with the 

visual estimations ot the grossly turbid sera. Chemieal analysis ot 

the hyperlipem1a disclosed that both the total tatty acide and chole­

sterol were elevated, but were not aceompanied by a lowering ot the 

plasma proteins. while the livers sho.ed a considerable deposition ot 

f'at droplets. The Simple explanation 1IIhich they otf'ered f'or the lipe­

mia was that the excese cortical hormone mobilized exeess f'at trom the 

depots. other studiea(59), although in mice. suggested that mObiliza­

tion of' f'at tor the liver depende at least in part upon exogenous or 

endogenou8 adrenocortical hor.mones. 

In view of' his f'indings and the assumed relationship bat.een 

hypercholeaterolemia and atherosclerosis, Adlersberg (51) suggested the 

possible development of' premature atherosclerosis in patients treated 

w1th Cortisone. And this idea he supported f'urther by the observations 

that atherosclerosis does trequently develop prematurely in patients 

wi th Cushing' s syndrome. 

Xobernick and More(60), while studying the etf'ect ot Cortisone 

on tissue les ions produced by f'oreign serum proteins in rabbi ta, observ­

ed c~anges in carbohydrate metabolism and serum lipid~which accompanled 

by ffbydropic changes" in the islets of' langerhans,bore a strong resem­

blance to a true diabetic state. Theyreported an lncrease in the serum 

lipid phosphorus, total and f'ree cholesterol, and tatty aclda of' neutral 

tat which they stated presented a pattern s1m1lar to that described by 



- 29 -

Payne and Dutf(6l} in alloxan d1abetes in the rabbit, but reaching some­

wbat hlgher levels. Thls wou1d suggest that Cortlsone mlght have an in­

hlbltory effect on experlmental oholesterol atherosclerosls s1m1lar to 

tbat produced by alloxan diabetes. 

Although, in experimental cholesterol atherosclerosis, we re­

cognize the importance of hypercholesterolemia per se, its effect se8mB 

to depend upon the relative proportions of the other serum lipid fractions. 

It would be wise, therefore, at this stage, to examdne these relationships 

ln the hyperllpemia produeed by alloxan diabetes and by Cortisone, since 

these states have auggested the hypothesis upon which the present investi­

gation was undertaken. 

In alloxan diabetes the expected development ot atherosclerosls 

in rabbits fed cholesterol was inhlblted(62,65,64). still more surpris­

ingly this occurred in the presence ot extremely high levels ot hypercho­

lesterolamla. HOwever, it was later found that his hypercholesterolamia 

was accompan1ed by a concomitant and marked elevat10n 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

mi_, atheroscleros1s develOped. Also, if the d1abetic rabbit was treated 

with insu11n, the serum lipid ratios became like those of the cholesterol­

ted control rabbita and the inhibitory etfect on atherosclerosis was with­

drawo(66). Consistent with these tind1ngs were those obta1ned by the 1ntra­

venoua injections of the detergents(67,68,69) Tween 80 and Triton A 20 to 

cholesterol-fed rabb1ts. There was a considerable riae in the serum chole-



-w-

sterol wh1ch was paralleled by an 1ncrease in the phospho11pids,whereas 

the rise in the fatty acids of neutral fat was moderate. In keep1ng with 

these find1n~atherosclerosi8 wes again 8tr1kingly inhibited. Conversely, 

in those rabb1ts which developed les10ns,the phospho11pid to eholesterol 

ratio tended to be decreased. W1th turther respect to these relationships 

it 18 worthy of note that a decreased phospho11pid to cholesterol ratio 

1s frequently observed in young patients with coronary artery occlus10n(70,7l) 

and in those diseases which are associated with hyperlipemia and excessive 

atherosclerosis such as d1abetes mellitus, hypothyroidism and hyperchole­

sterolemio xanthomatosia. 

Further study(6l} of the absolute lipid levels of alloxan dia­

betic rabbits disclosed that all the serum li~id tractions were elevated 

but not to the same degree. Relative to their DOrmal proportioDS,the 

increment in the fatty acids of neutral fat was greatest. This also oc­

aurs in the hyperlipemia of diabetes in man. The ri se in lipid phospho­

rus was least while that of the total serum cholesterol was inter.mediate. 

The free cholesterol was more responsible for the elevat10n of the total 

cholesterol than was the ester fraction. Determinations made of the 

~ead11y extractableft portions of the lipids showed that in the hyperli­

pemda of alloxan diabetic rabbits the increase of lip1de was largely in 

those fract10ns not closely bound with the serum proteine. In the dia­

betie rabbit there was a 108s of body weight concomitant with the ele­

vation of serum lipids, while the appetite was maintained. In vie. of 

this, Payne and Duff postulated that the hyperlipemia was due ta mobili­

zation of fat from the t1ssue 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, hypercholesterolamia per se is not alone responsible. Both 

elinical and experimental evidence would indicate that in the presence 

of hypercholesterolem1a the development or inhibition of atherosclerosis 

turther depends upon the colloidal stability of the serum lipide; and in 

turn, the colloidal stability of the serum lipids depends on the proper 

1nterrelationship of the various lipid componenta and on their affilia­

tion with the serum proteins. 

In the normal sera of humans(73,74)and animals(75) there are 

wide variations in the absolute levels of the individusl 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 stabillty is thus maintained(72). 

In normal sera the ratio of total cholesterol to llpid phosphorus(76) and 

of tree to total cholesterol(77) tends to remain tixed. When the total 

lipid content in the rabblt(75) is eleTated within the normal range the 

individual lipid constituents rise relatively so that the normal ratios 

are matntained. 

The importance ot the phosphollpids has been amphaaized in this 

regard. As a group they are more soluble in water than the other lipldS(72). 

This emulsitylng property enables them to form stable suspensions or col­

loidal solutions, thUB they may play an important part in keeping the hydro­

phobie colloid cholesterol in suspension. 



- 32 -

However, it seems that the ability of the nhospboli~ids to act 

as stabilizers of the other serum linids 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 nhospholipid was Rp~roximately 

1:1(78). In the serum of dogs fed cholesterol and thiouraci1, al1 the 

lipids were elevated, but not proportiona1ly, so that the mo1ar ratio 

of total cholesterol to phospho1i~id became 5:1. In cholestero1-fed 

rabbits(29)and birds(79)a sim11ar li~id nattern was obtained. There was 

an increase in All of the lipid fractions. The greatest rise wes in the 

total cholesterol for which the ester oholesterol was largely res~onsible. 

There was a lesser rise in the neutral fat and phos~holipids so that the 

ratios between total cholesterol, neutra1 fat and phospho1i~ids were in­

oreased as oompared to normal contro1s. Associated with this type of de­

ranged 1ipid nattern wes the development of atherosolerosis. In more re­

oent experime~ta1 studies Ahrens and Kunke1(80) have produoed further 

evidence to support the view that the nhosphollpids stabi11ze the other 

serum lipids. With a de crea se in the phospho1ipid/oho1estero1 ratio 

there is a decrease in the coll01dal stability of the serum lipids and 

with that 1a associated the deposition of lipoids in the intimaI oella. 

We find a corollary support to these views if we return again 

to the exnerimerts discussed earlter in this section. Closer examination 

of the hyperlipemic patterns of the cholesterol-fed alloxan-diabetic rab­

bits(6l,65)and of the cholesterol-fed rabbits 1njeoted intravenously with 

the detergents Tween 80 and Triton A 20(69} reveals a phosnholipid/chole­

sterol ratio which approacnes that of the normal "stable" sera. 
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Associe.ted with these serum lipid patterns wal'! the inhibition of athero­

sclerosis. The Cortisone-induced hyperlipemia in rabbits, described by 

Kobernick and More(60), nresented a lipid patt ern aimiler to that of the 

alloxan-diabetic rabb1.t. In fa.ct, with the higher lipid levels, seen 

in the later stages of the experiment, the phospholipid to cholesterol 

ratio approached the ratio of "stable" normal sera more closely than 

that in the alloxan-diabeti.c rabbit. It seemed reasonable to assume, 

therefore, that Cortisone might inhib1t the development of experimental 

cholesterol atherosclerosis. 

Two publications have come to my attention sinee this investi­

gation was undertaken. Etherid~e and Hoeh-Liget1(137} studied the 11pid 

deposition in aortas in younger age groups following Cortisone and adre­

nocorticot'T"opic hormone administration. Thirty-tour cases were selected 

under twenty-one years of age. Most of them had died of leukemia. Thev 

were compared with a con-r·rol group which included twelve cases of leuke­

mta who received aimilar treatment with X-ray irradiation and anti-folic 

compound. AIl. apparent increase of l1pid deposition was notad :1n the in­

tima of the aortae ln those patients under elevan years of a{r.e. The re-

su1.ts in the olderage groups were equlvocal, since lipid deposltion was 

found so frequently ln the aorta of the controls. However, ln view of 

the many uncontrolled var1.a"hle factors the results of this study could 

not be evaluated. 

More recently Cook(l38) and hl s eo-workers reported the effects 

of Cortisone ~nd DCA on total serum cholesterol, lipoproteins and athero­

selerosis in the r~bhlt. In cholesterol-fed rabhits they reported that 
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Cortisone did not sign1flcantly affect the levels of serum lipoproteins, 

cholesterol concentration, or degree of atherosclerosis, as eompared to 

controls. In vlew of the high absolute mean value obtained for the se­

rum total cholesterol, It would be interestlng to know the relative rise 

of the phospholipide and neutral fats. Rowevar, thair results must be 

considered with the greatest reservation sinee examination of their data 

disclosed that the observations and statistieal determinations were made 

on only three Cortisone cholesterol-fed animals and since the arbitrary 

~~ading of grose atherosclerotic lesions la too crude to determine ac­

curate differeneea. 
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PAR T II 

REPORT OF :EOCPERII4.llNr. 

1. Experimental Procedures. 

It was proposed to conduct an axpertment which would determine 

the ettect ot Cortisone on the development ot atherosclerosis in the rab-

bit. The morphological and matabolic studies which were undertaken were 

those which suggested to yield information concerned with the pathogene-

sis ot atherosclerosis. 

~~An1mals: The experimental an1mal.s selected were litter 

mates of pedigreed, New Zealand a!bino rabb1ts, which were young, thriv-

ing and long-eared. Both sexes were represented, but the animals in 

each litter were ot the same sex. These prerequisites were chosen to 

control hereditary ditferences and to in sure as hardy a constitution as 

possible to meet the demands w.n1ch the experiment might make upon the 

animal. The1r age on arriva! ranged trom ten to sixteen weeks and their 

we1ght trom 1.5 to 3.0 k1lograms. They were housed in separate mataI 

cages, given a diet of Miracle Rabbit Pellets (prepared by the Ogilv1e 

Flour )111118 Co., Ltd.), and water ad libitum. Dur1ng this sixteen-day 

per10d ot accltmatization the animals were bled on two occasions in or-

der to estab11sh a base l1ne control ot their serum lipids, blood sugars 

and hemoglobins, with wh1ch abnormal values might tater be compared. 

These are shown in Table III. , 

Animal Groups: Seventy-two ot the more robust rabb1ts were 

cnosen for the expertment. These cons1sted 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 stmultaneously, to control factors which the time and 

season might influence, particularly since hormonal mechanisms were be­

ing considered. 

Group l received cholesterin1zed food and the vehicle of Cortisone. 

Group II'' .. If .. and Cortisone • 

Group III 

Group IV 

.. 

.. 
normal food and Cortisone. 

normal food and the vehicle of Cortisone. 

Group II was the essential experimental group. 

Group l served as a cholesterol control for group II. 

Group III served as a Cortisone control for group II. 

Group IV served as a normal control for groups l, II and III. 

Each antmal in Group l wes compared with e. litter mate in 

Group II and in Group III. In addition there were nine normal control 

animal. in Group IV. These were also litter mates of rabbits in each 

of the other three groups. Althougn both sexes were represented, the 

litter mates in each set were of the same sex. In this manner sex dif-

terence. .ere controlled. 

A housing plan wes arranged to facilitate working conditions 

and identification of the animale, each rabbit being represented by ite 

litter mate in a comparable cage location. A schematic die.gram ot this 

plan 1s shown in Table II. 

Feeding Regime: To control as far as possible any influences 

which diet might bear upon the development of atherosolerosis each ani­

mal was Si ven 100 gJII.. ot food per day per os, an amount found through 
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experience in this laboratory to be sutticiently nourishing tor healthy 

young rabbits. The cholesterinized tood given toGroups l and II was 

a110tted in such a manner as to accommodate certain ditticulties which 

were anticipated. Since the axperiment was origina1ly p1anned to run 

ninety days, it was telt that a dose ot 1.0 gm. ot cholesterol per day 

might produce a degree ot atherosclerosis severe enough to mask the ax­

pected intluence ot Cortisone. To al10. atheroscleros1s to deve10p to 

a moderate or marked degree over a period ot sixt y to ninety days,it 

was decided arbitrari1y to use 0.'15 gm. ot cholesterol as a dai1y dose 

tor .ach rabbit,tor six days ot the week. Another problem to be con­

sidered was tbat rabbits tinding the cholesterol diet distastetul tre­

quently refrain trom eating it(16). Theretore the daily dose ot chole­

sterol was included in only 35 gm. ot normal food. This was given ear­

ly in the morning With the hope that through the length ot 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 givan to Groups l and II to bring the total daily food consump­

tion Up to 100 gm. tor each rabbit. 100 gm. of nor.mal food was given 

each morning to Groups In and IV. The dally intake of cholesterol and 

of normal food was calculated and record.d. The total cholesterol and 

normal food 1ntake was determined at the end of the axperiment and listed 

in Table X. 

Another dietary teature which was critically considered in 

this experiment was the effect which oil might bear on the blood and tissue 



-~-

lipida in those animals receiving cholesterol. For it had become the 

preference of this laboratory to prepare the cholesterinized food with 

oil, since the latter enbanced the development of atheroscleros1s(16,32}. 

Therefore, to avoid introducing any more extraneous factors in one group 

than another, it was decided not to use Oil(29,34). A solution of chole­

sterol in ether was spr1nk1ed 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 a11 the ether had evaporated. To allow for loss along the 

sides of the containers during this preparation 0.80 gm. of cholesterol 

wes used per 100 gm. of food, instead of 0.75 gm. It was found practic­

al to use 16 gm. of cholesterol dissolved in 150 ce. of ether for 684 gm. 

of food. Therefore 1t was assumed that 35 gm. of this preparation con-

tained 0.75 gm. of cholesterol. Th1s was the da1ly dose used for each 

rabbit in Groups l and II. The da11y ration of the 7th day cons1sted of 

100 gm. of normal food to eaoh rabbit in every group and this was givan 

on the evening of the 6th day. 

Cortisone 4dm1nistrat1on: Cortisone was givan to Groups II and 

III. To oontrol any effects Whio~ 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 land 

r:v. The Cortisone and vehicle were given intramuscularly via a tUbercu­

lin syringe in which small amounts of the fluide could be measured more 

aceurately. 

In short-term expertments(60,8l), there was a high mortality 
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rate within a period of thirty days in rabbits receiving 20 mg. ot Cor-

tisone intramuscularly per day. Since a longer-ter.m experiment was 

undertaken it was necessary to reduce the dose ot Cortisone to levels 

which would produce definite metabolic changes in the animal but which 

wOuld, nevertheless. allo. tham to survive long enough tor atheroscle-

rosis to develop grossly to a moderate or marked degree. Recently, 

Adlersberg(82) reported that there were detinite elevations of the se-

rum lipids in rabbits given Cortisone in doses 1dentical tO,or slightly 

. (50 51 53 83 84 85) h1gher than,the therapeutlc doses given to man ' • , , • • 

Therefore, the dose decided upon was 3 mg. per kilo body we1ght per day. 

The animaIs were weighed weekly and the dose of Cortisone or vehicle 

was adjusted accordingly. A daily record wes kept of the Cortisone ad-

ministrat10n 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 th1gh muscles. The overlying skin was tirst 

cleansed w1 th 70tJ' alcohol and throughout the experiment no inflammatory 

or traumatic complications resulted tram this procedure. 

Animal Weights: The animals were weighed on arri val and week-

ly every Wednesday thereafter. At autilpsy the tinal weight and careass 

weight were taken and the par cent weight gain or loss was calculated 

for each animal thus: -

!!.~Jeight - Initial Weight X 100 • 
Initial Weight 

± par cent weight change of initial weight. 

(+ a weight gain; - = weight lOBS). 

See Table xn. 
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Bleeding Schedule: During the period ot acclimatization aIl 

the animaIs were bled on two occasions for determinations ot serum li­

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

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

it was not feasible to bleed all the animaIs 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 l, II and III 

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

"A" were bled for determinat10n ot serum lipids, blood sugar, hemoglobin 

and serum electrolytes; on the fitth expertmental day the rabbits in 

group "B" .ers bled also for these determinations. Then groups "A" and "B" 

were bled on alternate weeke tor serum lipids. Weekly blood sugar deter.m1-

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

bolic state of the animal(60,81). A final bleed1ng was pertormed prior to 

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

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

other chemical analyses. The sera tor these were atored in a "daep-treeze". 

The animals selected tor groups "A" and "B" are shawn in Table II. 

The bleeding schedule ia shawn below: -



!ExPerimental Animal 
t--- Day _ Grou:e.~ 

-10 

-9 

-3 

-2 

(Mon.) 4 

(Tues) 5 

(l4on.) 11 

(Tues) 12 

(Mon.) 18 

(Tues) 19 

"A" 

"B" 

"A" 

"B" 

"B" 

"A" 

BLEEDING SOHEDUIJ!: 

Chemical 
Determinations 

Serum Li.pide 
Blood Sugar 
Hemoglobin 
Electrolytes 

Serum Lipids 
Blood SUgar 
H~oglobin 
Electrolytes 

Serum Lipids 
Blood SUgar 
Hemoglobin 
Electrolytes 

Serum Lipids 
Blood Sugar 
Hemoglobin 
Electrolytes 

Serum Lipide 
Blood Sugar 
Hemoglobin 
Electrolytes 

Serum Lipide 
Blood Sugar 
Hemoglob1n 
Electrolytes 

Serum Li-pids 
Blood SUgar 
Hemoglobin 

Blood SUgar 

Serum Lipids 
Blood Sugar 
Hemoglobin 

Blood Sugar 

Determinations 

for a 

Normal 

Base 

Line 

The above echedule 118.8 continued -tHl the end of the experiment. 



Blood was obta1ned by n1cking the central artery of the ear 

with a sharp razor blade. Approximately 10 cc. were taken for lipid 

chem1stry, 5 cc.for e1ectro1ytes, 1/10 of a cc. was drawn up into a 

micro-pipette for blood sugar estimation and 2 ml. were drawn up in a 

apec1a11y ca11brated pipette for the hemog1ob1n determinat1on. 

Chemica1 Deter.minationa: Determinations were made of the total 

and free serum cholesterol by a modified Schoenhetmer-S~erry method(86). 

From the values obta1ned the ester cholesterol was read11y derived by 

mere1y subtract1ng the free from the total cholesterol. 

The serum phospho1ipids were extracted with a 3:1 95% alcoho1-

ether solution. From a 10 cc. a11quot of the resultant fi1trate 11pid 

phosphorus determ1nations .ere made by a modified method of Youngburg(87). 

A 25 cc. a1iquot of the same fi1trate was used for the determinatlon of 

the total fatty acida. These were 0 btained by the method of Stoddard 

and Drury(SS) a8 modified by Man and Gi1dea (89). 

Values for the total and free cholesterol, phospholipide and 

fatty acida were firet obtained as colorimetrie galvanometer readings. 

By apply1ng these to the!r respective standard curves the cholesterol 

readings were converted to mg.%, the phospholipide to mg.% and the 

fatty acide to M.Eq./t1tre. 

The fatty acids of neutral fat were estimated by the formula 

of Petera and Man(76): 

Fatty acida of neutra1 = 
Total fatty acida - ~holester~6eater x 103 + ~liPid phosphorus X 0.58~1 

expresaed in mil1i-equiva1ents per litre. 
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The blood sugars were deter.m1ned by a modified Folin's micro 

(90 91 92 93 94) . method , , , , • The colorimetrie values Obtalned were eonverted 

to mg.% by applying the.m to a standard sugar eurve. 

The sera obtained for the electrolyte estimations were care-

fully sealed and stored in a ffdeep-freeze" for future use. 

Autopsy Technigue: An autopsy wes performed on eaeh animal. 

When a rabbit died during the course of the experiment the litter-mates 

were saerifieed at the seme time (exeept those for the first few mor-

talities whieh were allowed to survive until the experiment was ter.mi­

nated). Most of the animals were killed by intravenous ne.mbutal while 

a fe. reeeived a blow on the head. Final bleedings were performed for 

lipid and sugar deter.minations. The total body weight and careass weight 

were taken. (Careass weight • body weight - the intestinal tract, urIna-

ry bladder, spleen and pancreas). 

Weights were recorded of the pituitary, adrenals, spleen, liver, 

kidneys, lungs, heart, brain. Sections of the following tissues were 

placed in a 10% formalin solution to be kept in stock for future use: 

adrenal, spleen, kidney, liver, lung, heart, diaphragm, gastrocnem1us 

muscle, pancreas, skin, thymus, gall-bladder, brain. A knee joint was 

exposed and fixed in 10% formalin. The entire pituitary and sections 

of the above tissues, exeept 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 treely-running tap water, then 

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

Phlox in and Saffron). 



One-haIt adrenal and an aliquot ot spleen and liver were placed 

in absolute alcohol tor chemical deter.m1nations ot their lip1d content. 

The last halt of adrenal was placed in a dry test tube tor tuture deter.m1-

nation ot the aBcorbie aeid content. 

The aorta was severed immediately below the heart valves and 

opened. A small vertical section ot its uppermost portion was taken 

for microscopie examination. This was fixed in a 5% lead subaeetate 

solution tor 18-24 hours after which it was washed under treely running 

tap water tor 24 hours. Then it was placed in absolute alcohol in pre­

paration tor the toluidine blue stain in order to demonstrate the ground 

substance. 

Schematic diagrams were made ot the degree ot atherosclerosis 

observed in the intima. The adventitia was caretully stripped and the 

rema1n1ng intima and media immersed in absolute alcohol tor chemical 

analysis of its lipid content. 



2. ~sults. 

When we consider each of the four animal groups as a whole t 

sorne striking eharacteristics and differenees were manifested during 

the course of the experiment. 
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General Considerations: Throughout the entire expertment all 

the normal control animals (Group IV) thrived. They presented no 

problems, were well-adjusted to their ne. environment and cooperatIve 

during expertmental procedures. They maintained a good appetite and 

we1ght-gain and suffered no mortality unt1l the animals .ere sacr1f1ced 

for autopsy. There were no changes produced which could be attribujed 

to the "vehiele" administration. 

Many mambers of Group l - the cholesterol-fed control rabbits -

showed a distaste for the cholesterinized food during the first fe. deys 

of the expertment and refrained from eating it. Several of theee animals 

lost appetite a180 for the normal food.which was giTen separately at the 

end of the dey, while a fe. animals cleverly learned to avoid the chole­

sterinized food in the morning and await the normal food, whieh they ate 

freely. However, most of the animale in this group readjusted to the un­

natural d1et in a fe. days and by the end 01' the tiret week a11 the rab­

bits ate their entire daily ration as heart1ly as the1r litter mates 1n 

Group IV. Very 1nfrequently, thereafter, d1d these animale leave any 

food uneaten. 

The cholesterol-fed animals gre. and gained in weight at a 

rate sim1lar to that 01' the normal control rabbi te. They presented cli­

n1eally astate 01' good health but tor the te. exceptions described below. 
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There were two spontaneous deaths in Group l {oholesterol-red} • 

• -23 died at the end ot thirty-three expertmental days. She had refUsed 

her tood on the previous day and became drowsy and tinally comatose. At 

autopsy a patchy bilateral oonsolidation of both lunga was found. V-52 

diad at the end of fitty-five days. This rabbit was the only one with 

wham rapport was difticult to establish. He was highly strung, nervous 

and uncooperative. He was poorly groamed sinoe he suftered throughout 

the entire expertment trom diarrhoea whioh was treated with trequent 

intramusoular injections of 125 mg. of streptomyoin. This at tirst im­

proved his condition oonsiderably so that until the last two weeks prior 

to his death he maintained his appetite and weight. Then these deoreas­

ed rapidly as his diarrhoea increased 80 that his final weight showed 

a 17.6% 1088 over his initial weight. At autopsy his extreme emaciation 

was accompanied grossly by a marked degree ot pyonephrosis. 

Partioularly during the tirst two weeks ot the experiment many 

animals suttered trom varying degreea ot diarrhoea which would respond 

wall to one or two intramuscular injections ot 125 mg •• ot streptomycine 

On a rew occasions,.arly in the expertment, al1 ot the antma1s were 

injected with streptomycine This was done tor two reasons: one was tor 

a prophylaotic measure in an attampt to keep the disease trom spreading; 

the other was to maintain the expertment under control and not introduoe 

any more extraneous tactors in one animal thaD in another. Howevar, this 

procedure became tmpractical and had to be abandoned. Thereatter the 

rabbits were treated tor diarrhoea individually and as ttme went on the 

condition appeared less trequently. 



-~-

The Cortisone cholesterol-red rabbits (Group II) manirested 

some interesting clinical teatures soon atter the tir st injection ot 

Cortisone. It they telt any distaste tor the cholesterin1zed tood they 

did not show 1t 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 l & IV. 

The 1ncreased appetite and personality changes were sim1larly manitested 

by the Cortisone control animals (Group III). They were more active and 

interested in their appearance and surround1ngs. This state ot "well­

being" continued ror two weeks tollowing which the rabb1ts in Groups II 

and III began to lose weight and appet1te and became listless. 

The tirst mortality in the Cortisone groups occurred on the 

thirteenth experimental day when a Cortisone control rabbit, V-90, died. 

On the twenty-tirst day or the expertment ~18 ot Group II died. Fol­

lowing this the mortality rate in both Cont1sone Groups II and III rose 

rap1dly. The manner or death in these animals seamed s1m1lar. For a 

day orseveral days prior to death the rabbit would lose appetite, be­

came 11stless, drowsy and f1nally semi-comatose. At autopsy, the adre­

nals were strikingly reduced in size, the 11ver larger and tatty in ap­

pearance and the kidneys enlarged and pale,suggesting a biOQhemical 

death. 

By the end ot the third experimental week,the rabbits ot Groups 

II and III had lost sign1ficantly in welght while the1r lltter mates in 

Groups l and IV were gaining. In an attempt to keep the l1tter mates 

comparable 1t was decided to increase the food intake ot Groups II and III 



-~-

that their weights might be maintained. Theretore, each CortisoDBtreat­

ed animal was given an extra ration ot 50 gm. ot normal tood per day. 

Except tor those animals who beceme too ill to ea~this increase in diet 

did increase the body we1ghts but not to their tor.mer levela or to those 

ot their l1tter mates in Groups land IV. Since the1r poor appetites 

did not seem to warrant turther 1ncrease in diet, it was necessary to re­

sort to other measures to maintain their weight and prolong their lite" 

tor the condition ot the Cortisone-treated rabbits suggested that they 

would not survive tor the length ot time necessary tor gross atheroscle­

rotic lesions to develop. Theretore the dose ot Cortisone was reduced 

gradually to avoid withdrawal sy.mptoms and increased again to one-halt 

ot the original dose. At this level they still showed the ettects ot 

Cortisone in that the blood was lipemic andthe urinalyses positive tor 

sugar and acetone. (The blood sugars were not greatly elevated above 

those ot their litter mates in Groups I and II, and only rarely was a 

blood sugar elevated to diabetic levels = 300 mg%). The animals no. 

showed more promise ot survival. From the torty-tourth experimental 

day onward, as each animal died, his litter mates in the other groups 

were sacriticed at the seme time, so that com~arable studies could be 

made according to the procedures outlined in the preceding section ot . 

th1s report. 

Deta1led charts were made. Table I shows a l1st ot the animals 

according to their sex, experimental number, expertmental group, and the 

number ot experimental deys the animal surv1ved. From th1s l1st we can 

see those animals which can be comparably stud1ed. With the aid ot this 
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chart it can be se en in the housing plan, as arranged in Table II, how 

readily the animaIs 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 througbout the perforJnellce 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 

so 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 t above that of Groups l and IV, in an attempt to 

maintain the body weight. The total cholesterol intake was approxtmate­

ly the same in those Utter mates of Groups land n who survived the sarns 

length of t1me. 

A sim1lar chart for the total Cortisone and vehicle admini­

stration was drawn up in Table XI so that the animals in each group and 

the li tter mates in each of the four groups can he compared. Bere aga1n 

1t must be recalled that the differences in the total amount of Cortisone 

or vehicle given wes not only due to the period of survival (which in­

formation 1s a1so shown in the chart) out to the tact that the Cortisone 

was given in mg. per kilo body weigbt as described in section 1. of this 

report (Experimental procedures). The change of dose which was discus­

sed above in this section, under genera1 considerations, will be ment10n­

ed again here to show the abso1ute dose values. The Cortisone was g1ven 

in mg. per kilo bod.v weight th us : -



-00-

Experimental Day: 4 22 25 28 39 41 
Dose of Cortisone 
in mg. per kilo 3 2 11/2 1/2 1 11/2 
Body We1ght: 

Thus, although the total amount rece1ved 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. 

Waekly blood sugars were dete~ined on every rabbit accord1ng 

to the 8chedule outlined in the previoUB section on experimental proce-

dures. The values were arranged in Table XIII so that the groups and 

litter mates could be comuared according to the experimental day, and 

to 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 sugars were obtained only if the rabbit 

haà 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 level. 50 that the range of values obtained in the 

normal animaIs and the experimental animaIs had to be taken 1nto cons1-

deration from this point of view. The normal blood sugar levels, as de-

termined in aIl the animaIs on the two occasions during the period of ac-

climatization and of the normal control animaIs (Group IV) dur1ng the ex­

periment, ranged tram 77 mg% to 185 mg% with mean values ot 101 - 122 mg%. 

The blood sugar levels of the cholesterol-fed rabbits tell within these 

ranges also. The Cortisone cholesterol-fed rabbits and the Cortisone 
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control rabb1ta showed blood sup,ar levels which were elevated when cam­

pared w1th those of their ~ormal control litter mates and with the chole­

sterol-fed litter mates. But these elevations were not very high and, in 

fact, fell within the normal range as shown in both the individusl and 

me an values. Rarely a level of 200-250 mg% was reached and only one level 

of 398 mg% was obtained in a semi-comatoae rabbit (V-69 of Group III) who 

died the following dav. Since in the rabbit the normal blood Bu~ar range 

allowed ia greater than that in the human and since only one frankly dia­

betin level (i.e. above 300 mg%) was obtained.although a few approached 

slightlv diabetic levels, (200-250 mg%), the individual differencea And 

mean differences as shown in Tables XIII a~d XIV were not considered a 

sutficiently good indication of the metabolic etate of the individusl 

animal. With higher doses of Cortisone used in previous exneriments the 

blood suger level appeared to be a very useful guide to the metabolic 

state of the rabbit since their vglues rose to di~betic levels and were 

considerably different thpn those of the control animaIs. 

One can only S~V, therefore, that tn the present experiment, 

the blood su~ar in the Cortisone animals tended to rise slightly aboya 

those of the cholesterol-fad and normal control rabbits. This became 

more evident When litter mates ware comparad. But the trend 1s shown 

also in the mean values. As the dose of Cortisone was lowered this ten­

dencv was w1thdrawn and as the dose of Cortisone wes again increased, 

the tendency of the blood sugars to rise was again increased. 

It may be noteworthv that the dailv injections of Cortisone 

were given aftar aIl the blood snectmens had bean taken, so that the 
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level ot Cortisone in the animal body would be at its lowest at the ttme 

ot bleeding and with that the blood sugar migbt be correspondingly lower. 

In retrospect it would be intereating to know it the blood sugars would 

have been signiticantly elevated it taken shortly atter the injections ot 

Cortisone. This may very wall be possible - so that the same dose of Cor­

tisone used in this axperiment may have produced higher levels ot blood 

sugar than those actually obtained. 

Those animals who survived during the second month ot the ex­

periment were on two occaaions placed in metabolism cages (again litter 

mates were studied at the same time}. Urinalyses in both Cortisone 

groups diaclosed the presence ot sugar in the urine which varied trom a 

trace (trequently) to three plus (occaaionally) according to Benedict's 

Qualitative and Quantitative methods(97). The cholesterol and normal con­

trol rabbits did not show the presence ot sugar in the urine. Also both 

Cortisone grouns (II and III) showed varying amounts ot albumen in the 

urine which was only intrequently seen in the normal and cholesterol-ted 

animals. These tindings when present retlected the etfect ot Cortisone. 

Table XII shows the body we1ghts according to animal groups. 

li tter mates and exper1mental day. The weights were taken at weekly 1n­

tervals and the tinal weight was taken Just prior to autopsy. The per 

cent weight change and careass weight .ere derived as described in sectbn 

l ot this report. Groups l and IV showad a 10 to 30% (approx.) weight 

gain Which was more closely comparable in litter mates. The weight gain 

waS changed to a loss in V-52,who suttered trom diarrhoea and anorexia. 

A tew animals who had a high initial weight (approx. 3.0 kilograms) 
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showed a s11ght weight gain or 106s ( +8.7%, +2.1%, +0.2%, -5.3%). The 

animals who were receiving Cortisone suffered almost invarlably a weight 

loss which varled considerably in the different rabbits from -4.1% to 

21.9%. When the food was increased and the dose of Cortisone reduced, 

in an 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 whieh rose from 10 tO 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 lit ter mates (with the exception of those mentioned above~ 

This weight change was invariably associated with bypercholesterolemia 

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(95) 

who conc1uded that relative undernutrition or weight 10ss leads to 

partial inhibition of the devàlopment of atherosc1erosis. 

~erlments in this laboratory(96) were undertaken to study 

the effects of undernutrltion on the development of atherosclerosis in 

the rabbit. These showed that undernutritlon was associated with loss 

of welght, higher levels of hypercholesterolemia and a decreased seve­

rity of gross aortic atherosclerosls than in the control animals. No 

correlation was found between the state of nutrition or degree of weight 
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lOBS or weight gain and the severity of atherosolerosis when the serum 

oholesterol levels were not taken into aooount(96). At present there ia 

no oonolusive evidenoe that weight lOBS inhibits the development ot athe­

roaclerosis. In this experiment It may be that the welght changes are 

factors which are merely oonstantly associated with nutrition, hyperchole­

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

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

cause of the experimental reaults. 

Serum LiEi~~: Exam1nation of the serum lipids revealed 

several interesting results. These showed consistencies and trends in 

the difterent ex~erjmental groups which suggested certain associations 

in the genesis ot experimental cholesterol atherosclerosis in the rabbit. 

In aIl tbree experimental groups (Cortisone rabbits ted chole­

sterol, cholesterol oontrol rabbits and Cortisone control rabbits) there 

were elevations of aIl 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 lipemia in both the Cortisone and cholesterol-fed rabbits whlch 

varied from a mild to marked degree in the individual raùbits of each 

group but dld not present any striklng dlfferences between the groups. 

The serum total cholesterol in the cholesterol-red control 

rabbits (Group I) rose to abnormally high levels soon after cholesterol~ 

feeding was begun. On the tourth experimental day these values ranged 

from a normal level of 40 mg% to a peak ot 460 mg%. Four of these were 

well within the normal range, five closely approached or were border1ng 
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on abnorrnal levels (110 - 150 mg%) while the rema1n1n~ twelve in that 

group were above the normal limits. On subsequent bi-weekly deter­

minations these values rose considerably showing in most cases a mode­

rate to marked elevation (200 - 700 mg%) and on ~ number of oocasions 

levels above 1000 mg% were reaohed. Rarely a value which fell within 

normal limits was obtained. There ware wide individual varjations in 

the total serum ohoJesterol levels. Those animaIs who attained a high 

serum total oholesterol level early tended to increase and maintain 

those hip~ levels, While those animaIs who developad a slight or mo­

derate elevation of the total cholesterol increased their levels accord­

ingly. Yet on subsequent bleedin~ days, in each animal, levels both 

abova and balow those of the nrevious week were observed, althou$ chole­

sterol feedlng was contjn11.ed daUv. These alteT'ations mi~t be related 

to the time of bleeding in relation to the time of cholesterol consump­

tion or to the degree of weight ohan~e. Table IV a, b, c, and d show 

the serum total cholesterol levels of the rabbits in each group accord­

ing to the experimental day. In each of these tables the l:ftter mates 

are in a compB.rable seouence. 

The mear' velues of the serum tot<J.1 cholesterol levels of each 

bleedin~ day were obtained and the standard error of the mean wes oal­

culated. These are shown in Table III. The normal mean value of the cho­

lesterol-fed rabbits (Group 1) was 64.7 mg%. This rose rapidly to 191.7 

mg%. on the fourth ex~er1mental day and to 431 mg%. one week later. There­

after Group l maintained markedly elev~ted mean levels of serum total cho­

lesterol until the expflrjment WAS terminated at sixt y days, with a peak of 
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606 mg% on the twenty-flfth experimental day. From the experlenoe of 

thls laboratory this pattern of hyperoholesterolemia is oonsidered 

sufficient to produoe a mild to moderate degree of experimental chole-

sterol atherosclerosis in rabbits in forty-f1ve to sixt y days. 

The cholestero1-fed rabbits injected with Cortisone (Group II) 

showed elevations of the serum total cholesterol considerably and almost 

consistent1y lower than those in the oholestero1-fed control rabbits. 

This difference was more oonsistent when 1itter mates were compared and 

was also clearly demonstrated by the mean values of the total serum cho-

lesterol 1eve1s of these two groups. Graphs 1 to Il show these features 

in com~arable litter mates while Graph 12 Is similarly drawn up from the 

mean values of the animaIs in each group. On each bleeding day the mean 

value of the serum total cholesterol of Group II rose less rapid1y and 

to a much lower absolute level than that of Grouu l. This uattern was 

consistent until day forty-five - fort y-six of the experiment when the 

mean serum total cholesterol of Group II was 425 mg% as compared to 

325 mg% in Group l. Severa1 exp1anations may be offered for this change. 

In Group l the number of values used for the mean determination waS 
• 

eleven with a standard errer of ±72.7, while the mean value of 425 mg% 

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 1eve1s of the Cortisone cholestero1-fed rabbits 

which approached more close1y, 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 Cortisone. 

Actually this elevation of the serum total cho+esterol in Group II toward 

and above those levels in Group l appeared as a delayed reaction. For 

upon the firet 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 to moderate rise above previous levaIs. Subsequent­

ly,when the Cortisone was increased again to 1/2 the original dose almost 

aIl the animals in Group II showed a general rise in the serum total cho­

lesterol. 

The serum total cholesterol levels of the Cortisone control 

rabbits (Group III) rose slowly and to lower levels than those of the1r 

cholesterol-fed Cortisone litter mates. In fact, until the twenty-f1tth 

day of the experiment the1r levels fell with1n the normal range. Then 

they rose gradually to levels slightly ab ove 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%. 

The serum cholesterol levels of the normal control l1tter mates 

remained within normal limits throughout the experiment. 

Again these patterns MaY be seen in Graphs l to 11 where they 

can be compared to those of their litter mates in the other expertmental 

groups, While Graph 12 shows their Mean values. 

The elevation of the serum total cholesterol in the cholesterol 
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control rabbits was always due to a greater rise in the serum cholesterol 

ester 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 l, 2, 3 and 11. 

The reversal of the proportions of the free to ester cholesterol occurred 

even more frequently in the Cortisone control litter mates. This pat­

tern begins to approach that of the alloxan diabetic rabbit(6l)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 fraction. Al-

though in the alloxan diabetic rabbit the serum total cholesterol reached 

much higber 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 lasser rise or no increase in the 

total oholesterol. 

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 wes accompanied by an elevation of the serum phospholipide. 

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 ratios were due ta the difference in 
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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 

Graphe 1 to 11 where the experimental groups can be compared according 

to the1r 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 l (cholesterol-fed control) the total 

cholesterol rose out of aIl proportion to the serum phospholipids. In 

Group III (the Cortisone control rabbits) the phospholipids ran a course 

more closely parallel to that of the total cholesterol so that the total 

cholesterol/phosphollpid ratio closely approached that of normal rabbi t 

sera, while the total cholesterol to phosphol1pid ratio of the Cortisone 

cholestérol-fad rabbits was between that of Group l and Group II. 

It may be noteworthy to mention here that the alloxan diabet1c 

and alloxan diabetic cholesterol-fad rabbits present serum total chole­

sterol ta phospholipid ratios which appear ta be similar ta those de- -

Bcr1bed above, even though the absolute lipid values were much higher 

in the alloxan rabbits. So that,for purposes of compariso~ if we sub­

stitute the alloxan diabetic rabbit for the Cortisone rabbit,and the 

alloxan diabetic cholesterol-fed rabbit for the Cortisone cholesterol-fed 

rabbit1and compare them with cholesterol-fed and normal controls, a 

comparable pattern of total cholesterol to phospholipid ratios is ob­

tained. That 1s, the alloxan diabetic rabbit shows a total cholesterol 
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to phospho11p1d ratio wh1ch closely ap~roaches tbat of norm~l, and this 

ratio 1s approaahed less closely by the alloxan-diabetia cheolsterol-fed 

rabbit. It is possible tbat with higher doses of Cortisone the lipld 

patterns of the Cortisone cholesterol-fed rabbits may rasamble more close-

ly those of the alloxan-diabetic cholesterol-fed rabbits, in absolute 

values as weIl as in proportionate values. For the lipid patterns ob­

served by Kobernick and More(60) in rabbits with higher doses of Corti-

sone were more sirr.ilar to those of the alloxan-d1abetic rabbits. The 

importance of these observations will be discussed further. 

A study of the total serum fatty acids and fatty acids of 

neutral fat producad additional facts which may prove to have an import-

ant bearing on the problem of the genesis of atherosclerosis. As aIl the 

other lipid constituents in each of the three axperimental groups rose, 

the total serum fatty acids and fatty acids of neutral fat were also in-

creased. But they presented a strikingly interesting disproportion to 

the other lipid fractions in their respective experimental group and to 

aach other. The data of the fattv acids has been arranged to show these 

features in Tables III, 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 cho1esterol-fad 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 a11 intenta and 

purposes the sarne. These lipid patterns were consistently obtained, 

and even moreso when 1itter mates were compared. Graph 17 also demon-
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strates these features as they are observed by the mean values. Com-

parison of Tables VIII and IX will show that the elevations in the 

serum total fatty acids are relative to the fatty acids of neutral 

fat, both present1ng the same picture - a moderate incraase in the 

cholesterol-fad rabbjts and much greater elevation in the Cortisone 

cholasterol-fed rabbits and their Cortisone control litter mates. 

Indeed in the latter the fattv acids of neutral fat showed a tenden-

cy toward lavels still higher than those of the Cortisone cholesterol-

fad rabbits. 

In view of the st ri king 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 ~ 

portant role in the genesis of experimental cholesterol atherosclero-

sis. It beca~e, therefore, prerequisite to submit these values to 

statistical analyses to datermine the1r significance. The nT-test" 

was applied to the mean values of the serum total fatty acids of the 

Cortisone cholestero1-fad rabbits and their cholesterol-fed controls 

of each bleeding day. Using the formula 

T = VI - V2 the values were found 

V (SV1)2 + (SV2)2 

to be very significant.when the probability of error waB derived as 

shown on the followin~ page. 

At this point certain fatty acid 1ip1d 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 cholesterol the fatty acids of neutral fat showed arise 

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 phosphol1pids. This patt ern of lipid propor-

tions was accompan1ed by inhibition of atherosclerosis even in the 

presence of marked hypercholesterolem1a.Except for the absolute le-

vels of the hypercholesterolernia, the fatty acid patterns in the preeent 

experiment resemble those of alloxan-diabetic and alloxan-diabetic cho-

lesterol-fed rabbits. 

In cholesterol-fed rabbits injected intravenouely with Tween 

80 (polyoxy~lkylene sorbitan mono-oleate) the serum cholesterol rose 

to higher levaIs than in the cholesterol-fed controls. This was ac-

companied by a markedly elevated lipid phosphorus wh1ch paralleled 

the total cholesterol as compared to the decreased phospho11pid/total 

cholesterol ratio in the controls. However, the fatty acide of neutral 

fat were not graatly alevated(69). In this la st respect the rabbits 

injected with intravenous Tween 80 differed from both alloxan-diabetic 

rabbits described ~bove and the Cortisone injected rabbits reported 

herein. Each of these experiments were accompanied by inhibition of 

experimental cholesterol atherosclerosis (which finding ie established 

in the former two,but not defin1tely in the latter). This euggests 

that the fatty acide of neutral f~t do not play as important a role as 

the phospholipids, the latter being consistently and proportionately 

elevated in aIl three types of inhibition exper1ments. But neither 
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does it rule out the possibil1ty that the fattv aeids of neutral fat 

are important in the genesis of experimental cholesterol atheroscle­

rosis, narticularly sinee it has been suggested that Tween 80 may pro­

duce an inhibitory effect on the development Of experimental cholesterol 

atherosclerosis independent of the changes produced in the serum lipids. 

To add to this thought Ahrens(80), in his studies, found that the serum 

neutral fats were considerably elevated in cholesterol-fed rabbits in­

jeeted intravenously with Tween 80. 
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3. Discussion. - -
In cholesterol-fad rabbits 1njected 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 ofother experiments 

which produced inhibitory effects on experimental cholesterol atheroscle-

rosis in rabbits. Of these,the import~nce of the serum phospholipids is 

again stressed. In the Cortisone treated rabbits the phospholipid in-

crament wes more ~roportionate to that of the serum total cholesterol 

than in cholesterol-fed controls. This was associated with a lesser de-

grae of atherosclerosis in the Cortisone cholesterol-fed rabbits than in 

their cholesterol-fed litter mates. This association bas been more str1k-

ingly damonstrated 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 s1m1-

lar effects and associations are produced 18 far from clear and may be 

quite differant in the three types of experiments. Tween 80, via its 

detergent qualities, MaY improve the state of colloidal suspension of the 

hyperllpemtc sera and thus inhibit the deposition of liplds in the intima, 

or it may exert its effect largely through the elevated serum phospholi-

pids. It is also possible thet Tween 80 may in itselt in some as yet un-

known way be responsible for the inhibition. The lipid patterns of the 

Cortisone-treated rabbits fe~ cholesterol. bore a closer resemblance to 

those in the alloxan-diabetic rabbit in that the total tatty aoids 
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and the fatty acids of neutral fat were in both marked1y elevated, in 

addition to the other l1pid fractions. Since Cortisone nroduces a dia­

betic state stmilar to that in the alloxan-diabetic rabbit, it is pos­

sible that the inhibitory ettect ot Cortisone on experimental cholester­

ol atherosclerosis is through this diabetic state. Even it this were BO, 

the mechanism whereby Cortisone inhibits the development ot atherosclero­

sis would not be clarified, since the re1ationship of alloxan diabetes to 

the inhibition of atherosclerosis is far from clear. It rnay he that Cor­

tisone by altering the carbohydrate metabolism causes an increased com­

bustion ot tat(123). For this purpose the fat depots wou1d be mobilized 

and their depletion would be ma~ifested by a 10ss of weight, such as was 

demonstrated in the Cortisone-treated rabbits. The anpearance of increas­

ed amounts of lipids in the serum would be a reflection of this altered 

metabolism. Cholesterol esters are formed in the intestine as a vehicle 

for tatty acid absorption and transport and are brought to the liver 

where they are transferred to choline phosphatids (i.e. lecithin) in 

preparation for further fat metabolism. Since the liver occupies a key 

position in the regulation of cholesterol metabolism Cortisone may in­

duce its effect through its influ~nce on this organ by altering the turn­

over rate ot 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

tering with the intestinal absorption or by increasing the excretion ot 

cholesterol, thus givin~ rise to the lower absolute levels ot serum cho­

lesterol seen in the Oortisone cholesterol-ted rabbits in this experiment. 
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However, further studv of these mechanisms are beyond the scopa of this 

work. 

Having aCknowledged the presence of those serum lipid relatiom 

which are shown as important factors in the inhibition of experimental 

cholesterol atherosclerosis, we are still faced with three grave prob1ems 

in this expertment: the absolute levels of serum cholesterol, the reduced 

number of animaIs, and the weight change. First we must reconsider the 

absolute 1evels of the serum total cholesterol. Although hypercho1ester­

olamia per se is not as important in the development of exnerimental cho­

lesterol atherosclerosis as the serum lipid proportions, it must, never­

theless, be present in sufficient levels in order to produce atheroscle­

rotio lesions at aIl, irrespect ive of the lipid lnterrelationships. Re­

viewing the data in this light, according to previous observations in 

this laboratory, from the absolute levels of cholesterol we can estimate, 

roughly, that within forty-flve to sixt y days an expected degree of athe­

rosclerosis from "one to two plus" would deve10p in the Cortisone rabbits 

fed cholesterol. If that ls the case,this deve10pment was modified in 

these rabbits, sinee none developed lesions mu ch larger than a trace or 

low one plus. When the aortas of litter mates were compared the Cortisone 

cholesterol-fed rabbits consistent1y showed a 1esser degree of atheroscle­

rosis than their cho1esterol-fed 1itter mates. These àifferences are de­

finltely shown ln the litter mates V-64 - V-65, v-es - V-89, W-5 - W-6, 

W-9 - W-10 (dlagram 1) in which the cholesterol-fed rabblts have develop­

ed a degree of "two plus" atherosclerosis compared to minimal 1esions in 

the Cortisone cho1estero1-fed litter mates. Of the remaining litter mates 
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which survived long enough for atheroBclerosis to devèlop, V-77 and V-79 

were both refractory (which phenomenon in itself shows the importance of 

using 1itter mate contro1s in these experiments). The differences between 

the litter mates V-52 - V-53, V-67 - V-68, V-7l - V-72, V-84 - V-85, 

V-97 - V-98, W-1 - W-2, W-29 ~ W-30 (diagrams 2 and 3) showed a1so a 1es­

serdegree of atherosclerosis in the Cortisone cholestero1-fed anima1s 

than in their cho1estero1-fed litter mates. However, the significance 

of the difference between these rabbits was great1y reduced by the fact 

that on1y slight lesions were being compared to minimal lesions. Never­

the1ess, consistency was maintained in that no Cortisone cho1esterol-fed 

rabb1t developed any more than a "one plus" atherosc1erosis and no cho-

1esterol-fed rabbit deve10ped more atherosc1erosis than his cholesterol 

control 11tter mate. The tmportance of using 1itter mates repeats it­

self in these observations as we11 as in those of the serum lip1d ~at­

terns. 

It still remains to decide whether the difference in the ab­

solute serum total cholesterol 1evels alcne would be sutficient to 

cause the differences in degree of athercsclerosis which were described 

aboya. This possibi1ity eannot be denied sinee we have been reduced to 

comparing such small differenees in so few anima1s. However, the possi­

bility that Cortisone may inhibit the deve10pment of expertmental cho­

lesterol atherosclerosis i5 still sugges1.ed, sinee the Cortisone cho1e­

stero1-fed rabbits developed phos~ho1ipid and fatty acid (or neutra1 fat) 

patterns which are considered important in the inhibition of atheroscle­

rosis. If this expertment eould be conducted over a longer period of 
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time w1th suffic1ently high doses of Cortisone t his possibility might 

be more definitely established. 

The problem which the wei~ht 103S introduces in this ex~e-

riment has 'Oreviously been discussed. Althour.h Cortisone may produce 

wejght loss inde'Oendent of the inhibition of atherosclerosis, the re-

lation.shi'P of weight 108s to inhibition of atherosclerosis mal' be more 

closely related(95,120). 

This report has repeatedly emphasized the importance of the 

interrelationship of the serum lipids and their relationshin to the 

senlID proteins, rather thap the ahsolute levels of t~e total serum cho-

lesterol, in the q;enesis of experime"tal cholesterol atherosclerosts. 

Of the various lipid constituents the phos~holi'Pids searn to be particu-

larly important in their relationship to the serum total cholesterol, 

for, when they were proportionately increased wlth the cholesterol ele-

vatlons, tbere was an inhibition of atherosclerosis irrespective of the 

absolute levels of the cholesterol. This influence has heen attributed 

to the emulsifving 'Property of the hyd~oph11ic ~hospholipids which en­

ables them to "solubilize" the h7drophobic cholesterol(80) and main-

t~in astate 01' colloidal suspension. When the phospholipid to chole-, 

sterol ratio 1s reduced the colloidal state of the lipids is deranged 

so that the cholesterol is not ke'Pt as much in suspension, but becames de-

posi ted in the intirn"l.. The infl\l,ence 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 1s important to note 
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that hyperlipemic states are not in the true sense of the word "stable" 

aven though the lipid ratios may approach those of normal sera. But 

with regard to atherosclerosis hyperlipemic states are referred to as 

being "stable" or "instable" insofar as they are aeeociated 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 li~ids and the stabllity of their 

colloïdal states in bodv fluids. Cohn(122} and his collaborators have 

shown that in human plasma almost aIl the lipid is in combination with 

an alpha and a beta globulin - approximately 25% as an alpha and 25% 

a8 a beta llpoprotein. The beta lipo~rotein is u~der certain conditions 

soluble in aqueous media despite the fact that it ls composed largely 

of lipide It i8 probable that these lipoproteins greatly influence the 

solubility and colloidal stability of the blood lipids and therefore 

play an important role in the genesis of atherosclerosis. This field 

awaits further investigation. 
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SUMMARY AND CONOWSIONS -. .. ~ ... ~ ~. ~ ....... ". _ .... - '-'-

An expertment was undertaken to study the morphological and 

metabolic effects of prolon~ed treatment With Cortisone on Exner1mental 

Cholesterol Atherosclerosis in the Rabbit. Control measures were taken 

to validate as much as possible the experimental results. Pedigreed 

rabbits were arranged in groups 80 that litter mates could be compared. 

Group l 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 obta1ned 

which ~ma:geqted ne-rstJ6sively that Cortisone 1nhibits the development of 

experimental cholesterol atherosclerosis in rabbits. Of these, the ~ro-

portionate elevations of the serum phospholinids e.nd 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 expertments, namely the alloxan-diabetic cholesterol-fed 

rabb1t(6l,62,65) and the cholesterol-fed rabb1t injected 1ntravenously 

with the detergent Tween 80(67,66,69). However, the inhib1toryeffects 

of the cholesterol-fed re.bbit treated with Cortisone could not be proper-

ly established sinee the high mortalitv rate shortened the experimental 

term and rednced the number of comparable aniIn81s below signif1cant values. 

The possible interference of other factors which escaped the 

bounds of control were considered, narticularly that of weight change. 
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It was 8180 suggested that with an adequAte dose of Cortisone 

over a longer ~eriod of time the possjbility that Cortisone may inh1bit 

thA development of experimental cholesterol atherosclerosis in rabbits 

might be more definitely established. The importance of the interre­

lationshi~s of the serum lipids is further emphas1zed. 

Stud1es of the morpholo~y and chemical compositon of the aortae 

and other tissues are still underway. 
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~IA...! 

,lNDEI OF :EXPER:IlIŒNrAI. ANIMAIS 

Sex ot Total Sex ot Total 
litter Animal Experim EJ:per1m. Utter Animal EQer1m 1- Exper1m. 
mates number Group Days. mates number Group Days. 

Male V-52 l 55 Female W-1 l 49 
1itter V-53 II 56 litter W-2 II 49 
mates V-54 In 56 mates W-3 III 49 

V-55 IV 56 W-4 IV 49 
Male V-56 l 61 Male W-5 l 46 
litter V-57 II 29 l1tter W-6 II 46 
mates V-58 III 24 mates W-7 In 46 

V-59 IV 61 11'-8 IV 46 
Fema1e V-60 l 61 Fema1e .-9 l 54 
1itter V-61 n 25 Utter W-10 II 54 
mates V-62 III 40 mates W-l1 III 54 

V-63 IV 61 ... 12 IV 54 
Male V-64 l 57 Fema1e W-13 1 57 
11 tter V-65 II 57 1itter W-14 II 29 
mates V-66 III 57 mates W-15 III 57 
Male V-67 l 55 Male .-16 - Rejected 
Utter V-68 II 55 11tter W-17 l 61 
mates V-69 ID 55 mates W-18 n 21 

V-70 IV 56 W-19 III 26 
Female V-71 l 44 Male W-20 l 56 
11tter V-72 II 44 11tter W-21 II 24 
mates V-73 III 41 mates W-22 III 55 
Female V-74 l 61 Fema1e W-23 l 33 
Utter V-75 TI 24 11tter W-24 n 29 
mates V-76 III 61 mates W-25 III 26 
Female V-77 l 60 Male W-26 .;.. 

litter V-78 - Rejected litter W-27 - all 
mates V-79 n 60 mates W-28 - rejected 

V-80 III 60 Fema1e W-29 1 61 
Female V-81 1 Sl 1itter w-30 n 60 
litter V-82 II 41 mates W-31 III 60 
mates V-83 nI 39 W-32 IV 61 
Male V-84 l 55 
litter V-85 II 55 
mates V-8S - Rejeoted 

V~~_ In 55 
Male V-88 -î" 57 
11tter V-e9 II 57 
mates V-90 III 13 . 
Male V-9l - I~ 
11tter V-92 - All 
mates V-93 - ) Rejected 
Female V~94 l 61 
l1tter V~95 II 24 
mates V-96 - • Reject~ 
Male V-97 1 45 . 
litter V-98 II 45 
mates V-99 III 45 

V-1OO IV 45 



i=23 
V--aa 

B 
V-'ll 

W-l 
A 

V-52 . 

V-94 W-l~ W-17 

V-74 V-77 V-81 

W-5 W-9 W-29 

V-56 V-60 V-67 

l 

Cholesterol 
+ 

Veh1cle 

TABLE II 

SCHEMATIC HOUSING DIAGRAl4 OF ANIMAL GROUPS 

w:2i 
W-20 V-89 

V-84 1V-72 

V-64 W-2 

V-97 V-52 

V-95 W-14 lI-18 

V-75 V-79 V-82 

W-6 W-10 ll-30 

V-57 V-6l V-68 

n 

Cholesterol 
+ 

Cortisone 

W-2l 

V-85 

V-65 

V-98 

-11 W-~l 

V-62 V-69 

III 

Nom.al Food 
+ 

Cortisone 

V-66 W-4 
V-99 V--55 

.-

w-a W-12 W-~ 

V-59 V-6~ V-70 
.-

IV 

Normal Food 
+ 

Veh1cle 

--. 

~ 

-~ 

V-1OO ; 
- -- - -- - --



Serum 
L1'Pid 

Total 
Oho1e-
sterol 
~ 

Ester 
Oho1e-
sterol 

mgS'& 

Free 
Oho1e-
sterol 
~~ 

Phos-
pho-
lipids 

~" 
Total 
Fatty 
Ac1ds 
M.Eq.!L 

.. 

TABLE .nI 

l4E.AN VAIllES AND STANDARD mROR OF THE MEAN VALUES OF mE SERUM LIPIDS 

~. E x 1) • r i m e n t a 1 
Grou'P -10 4 11 18 25 30-32 

)4. S.E )4. S.E M. S.E. M. S.E. M. S.E. M. S.E. 

l 64.7 :1:12.0 ~91.7 :1:27.2 431.1 ±69.5 446.0 iS1.4 ~06.0 ±113.1 366.0 ±77.8 
II 51.1 :!: 6.0 ~3.5 ±10.4 265.2 :1:55.6 209.0 :1:79.6 ~68.0 :1: 68.8 117.0 ± 9.9 

nI 51.1 :1: 4.7 46.0 1 4.4 59.8 :1: 9.9 108.2 ;b.4.9 ~26.0 ± 25.0 109.7 t22 .. ~ 
IV 39.5 ± 7.1 35.8 :1: 6.1 34·9_ !~_O 55.6 ±15.5 39.2 :!: 7.0 128 - l case 

l 49.9 :1: 7.3 145.0 :1:20.2 328.8 :1:53.3 329.0 t56.1 !l.57.9 t 85.3 275.1 ±66.1 
n 42.0 1 4.7 89.5 :1: 8.3 r192.7 140.4 137.0 ±56.8 167.8 ± 40.6 65.7 1 6.4 

In 41.4 :1: 2.9 35.3 :1: 4.0 32.8 :t 6.6 57.6 ..t. 6.6 58.7 t. 11.7 58.7 :!:14.~ 
IV 29.1 :t 7.7 30.8 t. 5.6 24.8 :t 4.2 37.5 !12.4 36.8 ± 14.3 (113- 1 case 

l 14.8 t. 5.9 46.3 :1: 7.3 ;1.02.3 :1:16.7 118.0 :!:26.4 ~48.1 ± 28.8 90.9 :1:14.5 
II 9.2 ± 1.6 24.5 ± 2.6 72.6 :1:15.9 73.0 :1:23.0 ~00.9 :t 25.9 59.0 ±J.3.5 

III 11.5 :1: 1.4 10.'1 t. 1.1 2'1.0 :1: 6.2 50.'1 :1:10.5 67.3 :1: 18.9 51.0 :1: 8.~ 
IV 10.9 :t 3.2 5.0 :t 0.9 9.2 t 1.7 6.5 t 0.3 13.0 ! 4.5 '15.0 ± o.o~) 

l 5.2 1 0.'1 7.5 :1: 0.4 10.8 ± 1.~ 12.2 t 2.0 13.2 ± 2.0 9.9 ± 0.9 
n 4.9 ± 0.3 6.9 t. 0.4 11.4 ± 0.9 10.9 ± 1.5 15.2 t 2.4 10.5 :1: 0.8 

nI 5.1 10.2 5.7 :t 0.4 7.5 ± 0.8 10.7 * 1.8 12.5 ± 2.3 9.9 :t 0.9 
IV 4.7 ± 0.5 3.6 ± 0.2 4.0 + 4.2 t 0.2 3.6 ± 0.2 4.0 ± 0.8 

l 10.2 ± 2.0 10.1 :1: 0.7 17.1 1 2.0 18.2 t 2.7 24.5 ± 4.1 13.4 t. 1.8 
n 8.7 ± 0.7 14.4 t. 1.3 38.2 ± 4.8 41.5 ± 6.2 73.1 ! 14.4 30.4 :1: 4.5 

III 8.5 ± 0.3 12.7 :t 1.2 31.4 :t 4.5 46.1 :1: 9.6 65.5 ; 17.9 31.8 :t 3.9 
IV 7.5 t 0.8 5.3 :t 0.5 6.5 :1: 0.7 5.6 :1: 0.4 5.9 - 0.4 6.3 ± 0.6 

Me"1n values of Serum Ff'lttv Acids of Neutral ]'at are included in the text. 
* 1 case only. 

D a 
38-39 

)4. S.E. 

4:61.0 :!:105.2 
... 93.0 :t 64.7 
... 35.1 t 20.7 
50.0 t ef.8 

524.8 t 70.9 
127.8 1 49.8 
76.7 · :1: 16.0 
36.7 t 10.9 

~36.3 ± 39.9 
66.0 :t 17.5 
58.4 :1: 11.8 
13.3 ± 5.1 

15.5 1 3.1 
12.1 ± 1.~ 
10.9 :1: 1.1 

3.6 ! 0.4 

22.0 + 5.0 -29.0 :1: 7.2 
~ .. 9 :t 5.0 
5.3 :t 0.3 

y 
45-46 -""49-60 

14. S.E. M. S.E. 

325.2 ± 72.7 598.1 :1:74.5 
425.6 tl63.7 229.6 :1:33.0 
193.0 :1: 22.1 198.9 :1:26.2 

77.0 t 14.5 153.3 :1:25.5 

241~5 ± 56.2 433.7 158.2 
259.2 :1: 99.5 143.0 125.2 
107.1 t. 8.1 8~.9 :t 7.1 

58.2 :1: 14.1 0.10.0 ±24.7)?) 

83.7 :t 17.3 164.4 117.6 
166.4 :1: 6'1.8 92.1 :1:16.2 

85.8 :1: 33.3 117.0 t23.3 
18.8 + 5.5 43.5 ± 3.2 -

9.3 :t 1.3 10.2 t 1.1 
17.4 1: 4.3 10.2 1 2.1 
15.5 ± 3.3 14.6 t. 2.5 
3.6 ± 0.4 3.9 :t 0.5 

11.8 :1: 2.2 1'1.2 ± 1.8 
45.0 :1: 7.1 42.5 :1:13.0 
70.8 ± 17.3 67.8 :1:18.9 
5.8 ± 0.9 5.1 :t 0.1 



Formulae used in camputing the Standard Deviations 

sni Standard Errors ot the Mean Values. 

S=j~Ev2 - TEv 
N - 1 . 

where: S - standard deviation 
E - sum of 
v - variable 
i - mean of the variables 
N - number of variables. 

st: S 
v'N-l 

where: si - lItaildard error of the mean 
S - standard devlatlon 
N - number of variables. 



SJ!RUM CHOLESTEROL - TOTAL - m4. 
Group l - Oholesterol 

Animal EX'Der1mental DaY 
No. -10 4 11 18 25 32 38 39 45 46 5C 53 56 59 60 

l ' ! 
V-52 36 150 5901 188 560 : l , 1 

1 , 
1 V-56 ~2~ 460 406 480 96 140 230 

V-60 40 1114 578 1190 1062 ~050 660 
1 

V-69 48 2081400 926 124 518 

V-99 52 1181114 632 210 90 

W-1 60 162 198 150 154 220 

11-5 90 320 904 1190 920 

W-9 ~40 210 340 526 400 490 

W-29 232 480 820 300 590 474 

V-64 36 134 502 930 920 972 1362 

V-'11 26 400 380 190 

V-94 44 40 650 220 450 910 

V-79 52 190 90 298 154 150 

V-81 62 406 890 690 490 660 

V-54 44 200 284 180 140 

v-sa 40 160 406 246 394 6'10 

V-94 54 30 626 546 760 820 

.-13 258 5&. 626 430 700 

lf-1'1 64 182 182 216 350 

11-20 54 110 388 526 128 598 

.... 23 40 230 250 
Dose OO! 1-
t1sone • 0 
jmgIk110 
:Body ft 



TABLE IV-b 

BmtIII CliOI.ESTmOL - TOTAL - !if. 
Group n - Cholesterol + Cortisone. 

AniM1 EX'Derillenta1 Day 
No. -10 4 11 18 25 32 38 39 45 46 50 53 56 5'1 60 

V-53 (3)? 90 150 196 300 200 368 

V-57 54 218 710 844 

V-61 52 104 230 

V-68 26 54 136 168 124 310 

V-98 60 110 356 190 620 4'14 

11-2 36 118 250 140 254 210 

.-6 48 96 180 224 182 9'12 

. • -10 60 144 230 320 90 278 

.-30 40 52 82 182 40 46 100 

V.-65 48 200 414 50 64 346 120 

V-72 '12 140 (60) 460 

V-75 ~30 114 188 

V-79 80 104 80 110 182 258 

V-82 48 140 146 140 

v-a:; 26 50 1l.4 124 310 

V-89 40 30 60 '10 190 290 

V-95 48 U8 182 

W-14 154 340 

'1-18 140 76 

W-21 53 114 844 

W-24 48 94 180 182 
Dose COl t-
tisone • 0 :3 1 1/2 1 
mg/kilo 

1\ Body wt 



TABLE IV-c .'-_ ... - ."---
SliRUM CHOLESTmOL - TOTAL - !!d. 

Group III - Cortisone 

An1mal. Experimental Day 
No. -10 4 n 18 25 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 50 346 

V-99 48 68 120 100 110 -

W-3 40 60 60 136 76 

... 7 62 64 70 186 200 160 

.... 11 eo 72 36 160 274 

W-31 86 46 70 100 46 140 162 

V-66 48 12 40 60 208 216 

V-73 60 46 82 40 

V-76 60 36 170 118 190 140 

V-SO 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 

11-15 eo 128 n8 150 

W-19 54 52 146 

W-22 60 36 124 200 150 

W-25 60 26 64 
Dêse Cor-

1/2 tison. - 0 3 1 1 
mg/kilo 
Bottv lit. 



TABLE IV-d 

SERUl4 CHOIBTEROL - TOTAL - md. 

Group IV - Normal Control 

Animal Experimental Day 
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-4 36 24 20 90 

W-a 68 40 34 118 24 30 

... 12 70 52 82 128 

W-32 36 30 50 128 114 100 



TABLE.b!, 

smw CHOLl!3TEROL - lrS'l'.1!R - 'IIJI!$. 

Group l - Cholesterol 

Animal Experimental Da 
No -10 4 11 18 25 32 38 39 45 46 49 53 5i 5? 60 

V-52 31 119 453 145 485 

V-56 118 344 308 365 58 114 15? 

V-60 33 88 431 865 ?46 825 45? 

V-6? 38 161 336 566 69 368 

V-9? 45 92 88 495 169 ?2 

W-1 5? 119 138 132 109 125 

.-5 80 255 689 91? 505 

lf-9 120 138 256 356 285 348 

\1-29 1?0 360 64! 215 408 324 

V-64 la 104 385 695 520 751 1027 

V-71 25 300 282 147 

V-?4 41 33 443 130 345 459 

V-77 42 140 60 178 99 91 

V-Sl 49 296 627 520 333 463 

V-54 37 150 222 105 106 

v-sa 31 138 326 196 303 507 

V-94 47 24 456 412 613 585 

W-13 198 445 499 285 522 

11-1'1 56 139 14? 151 245 

.-20 36 90 290 426 10a 464 

W-23 30 1?3 1?0 



TABLE V-b 

SEœ CBOLESTmOL - ESTm - md. 

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 5'7 77 165 

V-68 25 47 108 93 79 150 

Î 
V-98 53 90 251 115 481 349 

.-2 35 110 182 102 137 150 . 
W-6 43 68 135 174 105 567 

. . .0 

W-I0 51 113 185 205 64 163 

W-3O 27 4'1 72 112 25 18 62 

V-65 41 155 285 12 39 301 79 
-

V-'12 54 114 36 315 

V-'15 100 89 123 

V-79 71 78 27 62 102 124 

V-52 35 108 96 59 

V-85 23 38 80 76 173 

V-89 33 23 3'1 47 105 153 

V-95 38 84 117 

W-14 116 211 

... 18 11'1 48 

W-21 42 92 595 

W-24r 41 '14 127 123 
Dose 00.1 ~ 

1/2 rtisone • 8 :3 1 l 
~k110 
Body 1ft 



TABLE V-c 

SERUM CBOLESTmOL - ESTllR - md. 

Group m - Cortisone. 

Animal Ex >eriaenta1 Da7 
No. -10 4 11 18 25 32 38 39 46 53 56 60 

V-54 17 10 13 75 101 54 109 

V-58 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 31 50 45 41 28 

\1-7 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 33 17 52 33 140 

V-90 26 13 

V-96 47 32 

11-15 62 69 59 102 

\1-19 44 43 87 

Yl-22 50 28 69 i~g; 97 

W-25 47 23 44 
Dose Cor-

1/2 tisone - 0 :3 1 1 
~k110 
1:BodY ft. 



TABLE V-d 

SERUM CHOLESTEROL - ESTER - mg%. 

Group IV - Normal Control 

Animal Ex"Oer1mental Day 
No. -10 4 11 18 25 32 38 39 45 46 53 56 60 

! 
V-55 44 25 22 1 23 70 67 66 

1 

V-59 9 43 25 1 14 48 88 1 

V-63 10 58 30 
1 

93 
1 

V-70 37 12 36 i 37 ?(1) 92 101 
! 

V-100 33 27 13 i 24 47 31 1 
1 

Y-4 17 13 i 49 
l 

w-a 42 37 28 86 17 20 

Jl-12 64 37 59 75 

W-32 29 27 43 113 97 45 



TABLE VI-a 

smma: CHOL1!.ETEROL - P'REE - mg~. 

Group l - Cholesterol 

Animal Experimental Day 
No. -10 4 11 18 25 32 38 S9 415 46 49 5$ 56 5'1 60 

V-52 5 31 137 43 '15 

V-56 10. 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 13'1 41 18 

'W-1 3 43 60 ?(18) 45 95 

lf-5 10 65 215 273 415 

W-9 20 62 84 170 115 142 

.-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 90 105 251 

V-77 10 50 10 100 55 59 

V-81 13 110 263 150 137 197 

V-84 7 00 62 70 54 

V-88 9 43 80 50 91 163 

V-94 7 6 170 134 167 23:5 

.-13 60 139 127 145 1'18 

W-17 8 43 35 65 105 

.-20 18 20 98 100 20 134 

W-23 10 57 80 



TABLE Y..I:-~ 

s:mtJI( CHOLESTEROL - !REE - M~. 

Group II - Cholesterol + Cortisone 

An1ma1 Ex 1> e r i li e n t ' a 1 Day 
No. -10 4 11 18 25 :52 :58 1 39 45 46 49 53 56 57 60 

1 1 

V-53 (O?] 27 64 120 i125 1115 120 
~ 

~86 
1 

i V-57 7 40 325 . , , , 
! 1 

V-61 15 27 65 
1 

, 
, .. 

V-68 3 7 '28 75 1 1 45 180 

20 ~O5 i 
V-98 7 75 ' 139 125 

... 2 1 8 68 38 117 60 

w-6 5 28 45 50 77 405 

... 10 9 31 45 115 26 115 

W-30 13 5 10 70 '·17 28 :58 

V-65 7 47 1L29 38 25 45 41 

V-72 18 26 34 145 

V-75 30 25 65 , 
V-79 9 26 53 148 1 80 134: 

, 

V-82 13 32 50 81 

V-85 3 12 34 ~ 137 

V-89 7 7 23 23 85 137 

V-95 10 34 65 

... 14 38 129 

W-18 23 28 

W-21 10 32 249 

.-24 ." 20 53 59 
!Dose Cor 1-

~/2 tisone - 0 3 l 1 
jmg/kil0 
BodY ft. 



!ABLE VI-e 

BmW CHou.:sT1!ROL - F.BEI!: _ mg~. 

Group nI - Cortisone. 

Animal Experimental Day No. -10 4 11 18 25 32 38 39 46 53 56 60 

V-54 3 10 7 7 '15 64 115 

V-58 5 9 8 

V-62 15 13 34 186 91 

V-69 3 4 55 91 34 249 

V-99 9 15 45 59 50 

w-3 9 10 15 95 48 

'1-7 15 17 53 60 ~3 62 

lf-li U 10 15 65 194 

... 31 20 15 26 53 10 73 62 

V-66 10 13 12 40 30 139 

V-73 20 20 15 

V-76 10 12 00 55 100 84: 

V-80 18 18 35 48 142 73 

V-83 18 6 20 28 

V-8"1 3 "1 88 35 110 

V-90 10 7 

V-96 5 

1f-15 là 59 59 48 

11-19 10 9 59 

1f-22 10 8 55 81 53 

W-25 13 3 20 
~se Oor-

l~ 
1 

!tisone - 0 3 1 1 
~k110 1 

1 lBodY ft. 



TABLE VI-d -_ ..... . .. -
SERUM CHOLESTEROL - l!REl!: - md. 

Group IV - Normal Control 

Animal Experimental D • '1 
No. -l.U 4 li 18 25 32 38 39 45 46 49 -~- 56 60 

V-55 10 5 8 7 12 45 40 

V-59 1 5 15 10 8 ( 45}'i 30 

V-63 10 10 6 4 7 (35)? 

V-70 15 4 10 15 (35)-; 38 35 

V-1OO 7 3 7 10 3 ~5 

W0.4 7 7 41 (59)? 

.-8 26 3 6 32 7 10 

W-12 6 15 23 53 

W-32 7 3 7 15 17 55 



!.ABLE VII-a 

SEROJ4 PHOSPHOLIPIœ - ad. 

Group l - Cholesterol 

Animal. li: x 1 • r 1 m ., n t • D • y 

No. -10 -3 -2 4 li 18 25 30 32 38 39 45 46 49 53 55 56 57 60 

V-52 4.Q 6.1 8.9 6.5 31.6 
V-56 15.2 1l.9 12.5 11.9 6.3 7.5 8.0 
V-60 4.1 8.3 12.7 ~2.5 25.2 16.6 16.8 
V-67 4.5 7.0 10.0 ~3.8 9.5 13.6 
V-97 3.'1 4.9 7.2 4.8 ~0.9 6.1 10.9 
W-1 3.5 3.6 9.2 6.8 6.5 '1.5 5.7 
W-5 4.'1 6.9 11.0 20.4 tL6.2 26.0 
W-9 6.2 8.6 10.4 ~0.3 13.4 8.3 
W-29 4.9 8.6 12.9 ~2.5 11.6 8.3 10.3 1 

V-64 4.3 9.5 . ~5.0 18.0 14.0 16.0 
V-71 5.5 7.8 14.8 8.7 
V-74 4.8 4.1 6.1 21.4 9.0 10.6 18.2 
V-'17 4.4 4.4 6.4 5.9 8.9 6.0 7.2 
V-81 5.2 3.1 li.3 2L4 13.8 10.7 2.6 
V-84 4.0 6.0 9.6 '1.6 4.7 6.0 
v-as 4.4 6.1 704 5.9 6.2 7.2 
V-94 4.7 5.6 16.~ 14.5 17.3 14.1 
W-13 3.6 5.8 9.3 l.l.5 13.3 13.8 
.-1'1 5.0 5.9 5.9 5.3 6.3 6.8 '1.3 
.-20 5.5 '1.3 '1.3 8.6 9.2 5.7 5.9 
11-23 6.3 5.9 9.3 '1.5 
~---~--



TABLE VII-b ------
8mUM PHOSPHOLIPIœ - md.. 

Group II - Cholesterol + Cortisone 

.AXl1mal. 11: x p e r 1 m e n·t • l D • Y 
No. -10 -3 -2 " 11 18 25 30 32 38 39 45 46 49 53 56 57 60 

V-53 2.7 5.9 13.4 16.4 16.6 8.8 11.0 
V-57 4.6 6.2 16.6 28.5 
V-61 4.1 8.0 13.6 
V-66 4.1 4.5 9.2 12.6 10.8 24.4 
V-ge 4.8 4.3 1l.2 13.6 16.2 12.4 1 

W-2 3.7 5.5 6.7 10.0 9.4: 8.0 1 , 

11-6 5.1 4.2 8.0 10.1 10.0 14.0 24.4 1 

! 

.-10 5.2 6.2 8.8 8.5 16.5 9.2 15.8 

... 30 4.2 4.4 4.3 6.4 12.1 9.7 5.6 3.5, 
V-65 4.6 8.0 14.6 7.5 8.3 2.1 3.5 

1 

V-72 6.5 6.8 7.6 6.6 11.4 1 

1 

V-75 5.1 5.1 8.0 13.8 
V-79 10.5 5.9 10.7 8.8 12.2 15.81 

V-82 5.9 5.9 7.0 10.6 13.6 
V-85 2.4 4.'1 8.3 9.3 29.0 
V-89 4.5 4.5 6.6 7.5 8.0 9.2 13.8 
V-95 4.8 6.7 6.4 10.0 
W-14 4.4 6.5 10.2 14.5 
.-18 4.8 4.0 7.4" 6.5 
W-21 5.0 5.6 8.6 20.6 
11-24- 5.7 6.3 7.3 11.0 15.2 

100se Cor-
tisone -
mg/kilo 

~. li Body lit. 3 ------'- l ___ 1 



TABLE VlI-c --- ... " .. ~ - •. _ ..... 

SDmI PHOSHmLIPIDS - !!!,d. 

Group III - Cortisone 

Animal E' x U e r 1 Il e n t a 1 D a .., 
No. -10 -3 -2 4 11 18 25 30 32 38 39 46 53 55 56 60 

V-M 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-6~ 4.8 3.6 10.1 14.5 9.4 30.0 
V-99 4.1 5.5 6.4 11.1 11.0 1l.2 
W-3 5.7 7.0 7,.4 8.8 15.6 10.4 
W-7 5.0 8.0 8.1 9.3 9.8 11.3 9.0 
W-11 5.7 9.3 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-66 3.7 3.9 5.8 9.8 7.6 18.4 
V-73 6.3 6.0 5.6 6.2 5.'7 
V-'76 7.3 7.3 5.1 17.6 10.9 23.6 13.0 
V-80 5.2 5.2 4.9 8.1 10.7 23.8 5.0 
V-83 5.1 3.8 5.9 7.0 
V-8'7 4.3 5.7 15.0 10.0 19.0 17.4 
V-90 4.1 2.5 6.2 
V-96 5.1 6.3 
W-15 5.6 5.1 5.3 11.0 8.2 
W-19 5.'7 5.9 7.3 12.8 
W-22 5.6 '1.5 5.'7 9.0 9.2 9.1 
W-25 4.'7 8.1 4.1 4.9 

Dose Cor-
tise. -
mg/kilo 3 1 1/2 1 11/2 
Body ft. 



TABLE VII-d 

smUM PHOSPHOLIPIDS - mg%. 
Group IV - Normal Control 

Animal E x p e r 1 m e n t li. l D li. , 
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 2.7 4.3 2.5 

V-59 3.4 3.5 4.0 3.5 4.8 2.3 3.5 

V-63 5.9 5.5 4.6 2.0 4.2 7.2 

V-70 4.4 5.0 3.7 3.8 4.0 3.7 3.1 
1 

V-100 3.4 3.5 3.7 2.2 3.2 3.4 1 

W-4 3.8 5.8 4.1 3.7 3.4 2.9 2.5 

W-8 5.9 5.7 3.8 4.0 3.9 ' 3.5 
1 

3.3 

W-12 7.9 9.7 4.4 5.6 4.8 5.2 

W-32 4.1 3.4 3.8 4.2 4.9 2.7 4.8 



TABLE !!I.I.':"_a. 

Sl!RUM TarAL F A'l'1'Y AC IDS - M. Eq. /L. 
Group l - Oholesterol 

Animal li: X p • r 1 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 5'7 60 

V-52 '7.5 '7.5 23.'75 '7.5 45 
V-56 42.5 22.5 21.25 '7.5 10 '7.5 12.5 
V-60 '7.25 8.'75 20.0 40.0 35 22.5 22.5 
V-6'7 '7.5 7.5 16.25 26.25 11.25 17.5 
V-9'7 7.5 5.0 12.2 '1.5 17.5 6.25 5 
W-1 12.5 6.25 15 13.75 13.75 '1.5 10 
W-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 '7.5 '7.25 17.2> '7.5 
V-'74 8.'75 7.25 12.5 3125 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 27.5 18.'75 15.0 18.75 
V-84 '7.5 7.25 '7.5 16.25 11.25 6.25 10 
V-ea 6.25 7.25 '7.5 13.'15 7.5 8.'75 15 
V-94 '7.25 8.75 27.25 25.0 20.0 27.25 
W-13 7.5 '7.5 12.5 17.5 18.75 25.0 20 
.-1\~ 8.'75 7.5 6.25 11.85 8.'75 11.25 '7.5 ... 20 8.'75 11.5 12.5 15.0 15.0 6.25 13.75 .-23 '7.5 7.5 12.5 12.5 

--- -- ---



~ABLE, .V:III-~ 

SERUM TOTAL FATTY ACIDS - 14. Eg./L. 

Group II - Cholesterol + Cortisone. 

Animal E x p e r 1 m e n t a l D a y 
No. -10 -3 -2 4 11 18 25 30 32 38 39 45 46 49 53 56 57 60 

V-53 7.25 17.50 80 65.0 43.50 30.00 1 

VatS'1 7.25 12.50 55.00 160 
V-61 10.00 17.50 67.50 
V-68 '1.25 8.'15 35.00 55 32.5 150.00 
V-98 8.'15 7.50 35.00 '10 32.5 30 
W-2 7.25 5.00 8.75 35.00 40 30 
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-3O 7.25 6.20 10.00 17.25 35.00 15.0C 23.50 5.00 
V-65 11.25 17.50 45.00 40 12.5 6.25 8.75 
V-72 8.'15 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 ~7.50 65.00 
V-82 '1.50 7.50 12.50 25.00 47.50 
V-85 7.50 7.25 5.00 32.50 22.50 pO.OO 
V-89 8.75 8.75 20.00 28.75 25.00 ~2.50 50 · 
V-95 7.25 7.50 10.00 43.75 
W-l4: 5.00 10.00 27.50 62.50 
W-18 7.25 5.00 12.50 23.75 
W-21 7.25 7.50 12.50 82.50 1 

W-24 7.25 6.25 15.00 35.00 70 
!DOse Cor· 
ttisene -

1 

~kllo 3 1 1/2 1 ~1/2 IBody Wt. J 



TABLE VIII-e _ ..• ---- .. : . ,._-
SEIDl4 TOTAL F~ MJIDS - K. Eq./L. 

Group III - Oortisone 

Animal 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 46 53 65 56 6() -

V-54 5.00 7.50 7.50 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 7.5 57.50 75.00 27.50 200 
V-99 7.25 5.00 15.00 35.00 60.00 25.00 
1f-3 7.50 8.75 17.50 45.00 90,00 37.50 
W-7 7.50 7.50 17.50 30.00 40.00 55 32.5 
W-ll 10.00 7.50 20.00 20.00 45.00 17.50 105 
W'-31 7.25 6.25 6.25 32.50 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 37.50 110.0 55.0 
V-83 7.50 7.25 5.00 17.50 16.25 
V-87 7.50 5.00 20.00 76.25 35.00 103.5 1'005 
V-90 8.75 5.00 7.50 
V-96 7.50 7.50 
W-15 8.75 7.50 13.75 31.25 37.50 30.0 
... 19 7.50 7.50 17.25 55.00 
.. 22 10.00 .11.25 1l.25 54.50 27.50 45.0 
... 25 7.50 10.00 8.75 30.00 

IDOse Co~ -
tisone • 
!ms/kilo 3 1 1/2 1 11/2 
Body Wt 

--'-- -- --



TABLE VIlI-d . __ ._-
SERUM TOTAL FATTY AOIDS - 14. Eg ./L. 

Group IV - Nomal. Control 

Animal E x 'D 8 r 1 m e n t a 1 D Il " No. -10 -3 -2 4 11 18 25 32 38 39 45 46 49 53 56 60 

V-55 7.25 3.75 6.25 6.25 1 5.00 5.00 5 

V-59 5.00 5.00 6.25 5.00 ! 5 5.00 5 

1 6.25 
1 

V-63 7.25 5.00 6.25 5 5 

V-70 7.50 7.50 6.25 6.25 6.25 5.00 5 

V-100 8.75 5.00 5.00 8.75 5.00 10 

'W-4 7.25 6.25 6.25 5.00 5.00 
1 5 5 

W-e 5.00 6.25 5.00 5.00 6.25 5.00 
; 

5 

W-12 12.50 11.50 6.25 7.50 5 6.25 
1 

1 W-32 7.25 6.25 6.25 5.00 6.25 5 5 



!.@..~:PC-1! 

S1iRUK FM!fi ACIœ OF NliD'mAL FAT - M. Eq./1 L. 

Group l - Cholesterol 

An1mal. E % 1) e r 1 m e n t a 1 D a y 
No. -10 4 11 18 25 32 38 39 46 49 53 60 

V-52 4.40 0.88 6.85 14.14 
V-56 30.60 6.25 4.80 0.30 6.80 , 
V-50 4.00 1.43 4.50 1.0'1 1.00 
V-57 3.92 1.75 3.58 3.96 0.10 
V-97 4.18 5.94 2.42 
W-1 7.95 6.62 6.28 6.63 0.28 3.46 
W-5 5.2 0.35 16.82 
W-9 1.44- 4.78 
W-29 3.10 0.43 25.27 7.73 1.85 
V-64 0.75 5.80 1.13 
V-71 3.66 1.35 
V-74 4.91 8.15 7.37 3.93 fS.10 1 

V-7? 6.31 0.17 0.05 5.19 0.19 1 

V-81 4.48 0.17 5.25 i 

V-84 4.22 0.11 4.90 4.13 0.80 
v-sa 2.90 0.45 1.00 
V-94 3.30 5.23 5.94 4.20 
-W-13 1.99 9.62 
W-17 . 1.38 4.55 1.25 3.44 
W-20 4.63 5.94 2.49 1 1.15 
Yl-23 3.30 2.62 3.70 

1 --



TABLE DC-b _c_~ .. _._ 
SERUM FA'rl'Y AC IDS OF NEU'm.AL FAT - 14. Eg ./L. 

Group II - Cholesterol + Cortisone 

Animal E x p e r i m e n t a 1 D a 7 
No. -10 4 il 18 25 32 38 39 45 46 53 56 5'1 60 

V-53 5.60 12.45 68.53 50.8'1 36.2 17.20 
V-57 3.30 31.70 130.06 
V-61 6.'10 10.8'1 55.33 
V-68 4.26 4.92 27.00 45.29 24.15 132.5 
V-98 4.60 2.6'1 22.00 59.02 10.64 ~3.76 
W-2 4.19 2.00 24.49 31.86 21.51 
W-6 5.93 16.14 23.20 12.18 36.21 
W-10 3.16 10.'12 15.31 53.99 15.54 41.6 
W-30 4.11 6.28 11.69 8.80 19.8 1.40 
V-65 '1.50 29.12 35.29 ~.69 4.75 
V-'12 3.58 7.'10 23.92 
V-'15 4.41 13.00 33.81 
V-'19 14.5'1 '1.08 35.60 15.8() 37.'16 52.60 
V-82 3.19 5.60 16.41 38.0'1 
V-85 5.45 1.32 25.63 16.53 28.'12 
V-89 5.29 15.5'1 23.39 24.48 38 
V-95 3.49 4.11 34.92 
W-14 18.5'1 48.63 
W-18 5.1'1 18.'11 
W-21 3.26 5.13 55.19 
W-24 2.88 8.86 25.31 58.01 

lDose Oor-
tisone -
~k110 3 1 1/2 1 11/2 
Sody Wt._ L- -



TABLE IX-e 

F ATl'Y AC IDS OF NEU'lRAL FAT - )4. Eg.IL. 
Group III - Cortisone 

Animal E x p e r 1 Il e n t • 1 D .. y 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.M 16.95 
11-3 3.38 11.90 38.83 .7.$.94 30.77 W-'1 3.38 11.68 24.16 31.04 46.40 24.76 W-11 5.24 14.34 16.25 8.04 90.10 .-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 6.48 85.49 37.07 87.47 23.8 V-80 4.98 8.82 26.95 30.32 93.20 49.6 V-83 3.24 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 ;1.1.91 45.35 
W-22 5.46 7.22 47.51 19.12 37.29 W-25 3.55 5.75 26.06 

Dose Cor-
tisone -
log/kilo 3 1 1/2 1 11/2 !Body ft. 

- -~ 



TABLE IX-d --
F J1ffY AOIDS OF Nl!Xlm.AL FAT - 14. !q. /L • 

. Group IV - Normal Control 

Ah1mal 11: % P e r 1 m e n t a 1 D a y 
No. -10 4. 1~ -18 25 32 38 ~~ 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-ô3 3.60 2.77 0.19 
1 

V-70 3.99 3.22 3.09 3.92 0.50 0.70 

V-l00 5.93 2.20 7.11 1.88 7.2 

W-4 3.40 2.53 1 2.03 ! 
1 

11-8 0.49 1.84 1.90 1.72 1 2.56 2.58 
i 

... 12 1.99 0.67 1.35 

1 1.0 
W-

32
1 

4.12 ·3.55 1.49 0.52 0.89 
-- - -..... --



TABLE X 

TOTAL FOOD OONSOMPTION - gm. 

Group I. Group n. Group III Group IV 
Ani- Norm. hIl. Ani- Norm. Eq>. Ani- Norm. Exp Ani- Norm. Exp. 
mal Food Cho1. day mal Food. Cho1 Day. mal Food Day mal Food Day 
No. No. No. No. 

~-52 5111 31 55 V-53 6735 31 56 V-54 5624 56 ~-55 5600 56 

V-56 6095 38 61 V-57 3397 16 29 V-58 2746 24 ~-59 6100 61 
.. 

V-60 6033 37 61 V-61 2631 14 25 V-62 4551 40 1V-63 6100 61 

~-67 5278 32 55 V-68 7354 34 55 V-69 6100 55 1V-7O 5600 56 

V-97 4488 28 45 V-98 6170 27 45 V-99 5650 45 ~-100 4600 45 

W-1 4835 30 49 W-2 6650 30 49 W-3 6408 49 .-4 4900 49 

W-5 4511 27 46 W-6 6200 28 46 W-7 5787 46 ~-8 4600 46 

W-9 5394 33 54 W-10 6436 30 54 W-ll 5705 54 "'12 5400 54 

W-29 5600 32 61 W-3O 6255 27 60 W-31 7368 60 Vi-32 5871 61 

V-64 5612 35 57 V-65 6684 30 57 V-66 6662 57 

V-71 4365 2'1 44 V-72 4670 23 44 V-73 3211 44 

V-74 5683 34 61 V-75 2750 14 24 V-76· 6913 29 

V-77 5648 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-as 5656 34 57 V-89 5867 27 57 V-90 1300 13 

V-94 5322 33 61 V-95 2613 13 24 V-96 - -
W-13 5568 34 57 1'-14 3508 17 29 W-15 7395 57 

W-17 5853 35 61 W-18 1917 8 21 W-19 3200 26 

" ... 20 5486 33 56 W-21 2785 15 24 W-22 7462 55 

W-23 3113 19 33 W-24 3585 18 29 .-25 3140 26 



TABLE XI 

TOTAL CORTISONE & VERICU: ADMlNISmATION _ ~. 

Group l Group II Group In Group IV 
AiÜma1 Veht- Expm. Animal Oort!- Expa. Animal Cort1- Expn. Animal V'eht- EJ:pm. 

No ole Dav No. sone Da:v No. sone DaY No. e1e Da:v 

V-52 218 55 V-53 313 56 V-54 249 56 V-55 313 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 

V .. 97 213 45 V-98 189 45 V-99 222 45 V-l00 263 45 

W-l 197 49 W-2 259 49 W-3 197 49 W-4 231 49 

1'1-5 194 46 W-6 186 46 W-7 186 46 w-a 198 46 

lY-9 254 54 W-l0 210 54 W-l1 202 54 W-12 239 54 

... 29 335 61 W-30 278 60 W-31 326 60 W-32 335 61 

V-64 317 57 V-65 267 57 V-66 317 57 

V-71 209 44 V-72 230 44 V-73 189 41 

V-74 266 61 V-75 145 24 V-76 294 29 

V-77 331 60 V-79 246 60 V-aO 246 60 

V-S1 335 61 V-S2 245 41 V-83 293 39 

V-84 308 55 V-85 249 55 V-87 291 55 

V-sa 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-18 131 21 W-19 154 26 

W-20 243 56 W-21 145 24 W-22 213 55 

W-23 161 33 W-24 157 29 W-25 151 26 



TABLE XII - BODY WEIGHTS. - gm. 

EX'Derimenta1 D a y %Wt.ohange Car-
Group Animal Final ot oaS8 

No. -1 6 13 20 27 34 41 48 Wt. initial Wt. wt. 

1. V-52 2159 2087 2135 2270 2500 2483 2465 2225 1779 -17.6 1550 
n. V-53 2852 2830 2593 2615 2720 2630 2675 2735 2627 - 7.9 1940 

III. V-54 2640 2720 2250 2143 1975 2000 1880 2110 2279 -13.7 1590 
IV. V-55 2780 2785 2880 2915 2975 3050 3183 3170 3240 +16.5 2605 

1. V-56 2450 2375 2500 2570 2750 2730 2805 2908 · 2857 +16.6 2265 
n. V-57 2382 2300 2160 2220 2485 2090 -12.3 1525 

nI. V-58 2600 2600 2400 2400 2050 -21.2 1740 
IV V-59 3114 3010 3035 3145 3125 3265 3428 3395 3345 +13.8 28~ 

1. V-60 2518 2455 2620 2750 2770 2770 2930 2938 2956 +17.4 2439 
n. V-61 2895 2728 2500 2450 2075 -28.3 1608 

In. V-62 2897 2790 2620 2623 2440 2330 2445 -15.6 1589 
v IV. V-63 2458 2420 2595 2605 2680 2670 2930 2710 2981 .21.3 2322 

1. V-64 3368 3288 3395 3375 3440 3448 3585 3583 3720 +10.5 2785 
n. V-65 2690 2565 2385 2533 2445 2488 2497 2455 2248 -16.4 1296 

In. V-66 2932 2812 2735 2650 2585 2645 2800 2865 2290 -21.9 1668 

1. V-67 2968 2884 2967 3030 3140 3165 3235 3245 2975 + 0.2 2295 
ll. V-68 2810 2808 2550 2543 2485 2599 2760 2770 2690 - 4.3 1881 

m. V-69 2585 2585 2405 2380 2362 1915 2230 2265 2004 -22.5 1521 
IV. V-70 2655 2674 2725 2790 2860 2910 2965 ~ 3329 +25.4 2530 

1. V-71 2293 2315 2425 2525 2625 2655 2845 2717 +18.5 2121 
n. V-72 2810 2760 2526 2485 1960 2157 2343 2345 -16.5 1492 

III. V-73 2360 2560 2290 1765 1775 1770 1425 -39.6 1085 

1. V-74 2335 2120 2315 2390 2485 2620 2700 2763 2882 +23.4 2299 
n. V-75 2440 2295 2150 2285 . 2245 - 8.0 1360 

III. V-76 2605 2515 2357 2380 2385 2515 2685 2610 2497 - 4.1 1749 

1. V-77 2600 2570 2625 2770 2715 2675 2875 2895 2955 +13.7 2274 
II. V-78 2315 2298 2170 2170 2100 2275 2390 2510 2540 + 9.7 1852 

UI. V-SO 2400 2470 2350 2370 2280 2440 2400 2520 2576 + 7.3 1700 

1. 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 

nI. V-83 3195 3068 2940 2845 2830 2925 2835 -11.3 2010 

1. V-84 2935 2823 2835 2960 3080 3055 3110 3180 3191 + 8.7 2518 
u. V-85 254~ 2469 2340 2443 2405 2460 2570 2520 2400 - 5.7 1754 

nI. V-87 2900 2760 2490 2635 2635 2670 2770 2885 2962 + 2.1 2080 

1. V-88 2860 2863 2925 3040 3025 3110 3267 3310 3440 +20.3 2762 

II. V-89 2450 2455 2303 2355 2345 2210 2325 2210 1985 -19.0 1341 

UI. V-gO 2835 2850 2675 2570 - 9.3 1730 



TABI.E XII - BODY WEIGHTS. (Cont td) - gm. 

Experimental D a J % Wt.change Car-
Group Animal Final ot cass 

No -1 6 13 20 27 34 41 48 ft • initial lit. wt. 

1. V-94 2455 188~ 2210 2340 2470 2470 2591 2765 2949 +20.1 2254 
II. V-95 2760 2550 2389 2600 2525 -~~-5 1715 

III. V-96 2605 - -- -
1. V-9'1 216'1 ·2330 2440 2595 2635 26'10 286C 2'198 +29.1 2145 
II V-98 2445 2460 2265 2383 2370 2415 252~ 2720 +11.2 19'15 

III V-99 2620 2693 2455 2435 2405 2430 267f: 2690 + 2.7 1'155 
IV V-100 2575 2596 2690 2765 2750 2855 2975 3010 +16.9 2410 

1. W-1 1884 1985 2180 2260 2255 2418 2475 2617 2572 +36.5 1935 
II. W-2 2751 2750 2470 2560 2535 2480 2730 2835 2475 -10.0 1983 

III. Woo3 2165 2125 2065 2150 2135 2280 2480 2505 2485 +14.8 1855 
IV. W-4 2205 2372 2460 2640 2700 2720 2945 2930 2890 +31.1 2236 

1. W-5 2042 1960 2095 2215 2330 2473 2560 2595 +27.1 1788 
II. W-6 2205 2170 2009 2100 2235 2295 2425 2460 +11.6 1649 

III. W-7 1990 1970 1825 1910 1970 1944 2065 2145 + 7.8 1155 
IV. w-a 2020 2120 2225 2315 2375 2525 2755 2735 +35.4 . 2058 

1. W-9 2310 2359 2415 2670 2695 2805 2930 2880 3035 +31.4 2337 
II. W-10 2420 2377 2235 1990 2055 2077 2310 2330 2482 + 2.6 1493 

III. W-ll 1643 1620 1450 1435 1360 1320 1500 1670 1571 - 4.4 1081 
IV. ll-12 2188 2260 2345 2495 2535 2753 2745 2805 2910 +33.0 2290 

1. W-13 2440 2378 2510 2645 2705 2830 2850 2903 2885 +18.2 2309 
II. W-14 2025 2140 1965 2115 2030 2032 + 0.3 1350 

In. W-15 2327 2277 2180 2205 2260 2353 2420 2535 2330 + 0.1 1520 

1. W-17 2375 2263 2410 2540 2580 2655 2840 2835 2952 +24.3 2322 
TI. 1'-18 2038 2180 1966 1850 1591 -21.9 1227 

In. W-19 2393 2345 2350 2365 2253 - 5.9 1636 

1. W-20 2230 2185 2255 2340 2440 2505 2695 2683 2747 +23.2 2072 
II. W-21 2285 2290 2125 2180 2142 - 6.3 1500 

In. W-22 2032 2060 1970 2040 2040 2148 2325 2330 2452 +20.7 1785 

1. W-23 1984 2040 2160 2275 2400 2390 +20.5 1620 
Il. W-24 2293 2242 2140 2145 2150 2200 - 4.1 1471 

III. W-25 2418 2465 2330 2385 2249 - 7.0 1480 

1. W-29 3650 3628 34:75 3695 3200 3250 3380 3370 3455 - 5.3 2630 
II. W-30 2888 2817 2598 2340 1860 2003 2190 2320 2435 -15.7 1818 

III. W-31 2845 2700 2683 2625 2525 2388 2710 2695 2853 + 0.3 1995 
IV. W-32 2685 2753 2805 2850 2880 2935 3020 2960 3040 +13.2 2509 



.< 
. -1- ~ 

-- Al ,1.111A 

""- No. 

1 V-52 
II V-53 

III V-54 
IV V-55 
l V-56 

II V-57 
III V-58 

IV V-59 
1 V-60 

II V-61 
III V-62 
IV V-63 

, l V-64 
II V-65 

III V-66 
1 V-67 

II V-68 
In V-69 

IV V-'10 
l V-71 

II V-72 
III V-73 

l V-V4 
II V-75 

III V-76 
1 V-77 

II V-79 
nI v-eo 
Dose Conis.ne-
mg/kilo Body B 

-10 

124 
122 
113 
179 

97 
115 

96 
77 

106 
86 

117 
100 
104 
104 
114 
137 
107 
120 
132 
120 
124 
126 
113 
107 
120 
lU 
128 
112 

-3 4 5 li 

139 146 157 
190 155 
103 138 113 

99 121 
91 120 12'1 

109 153 171 
98 157 134 

101 107 103 
95 111 102 

108 252 187 
153 208 151 
106 96 
115 100 89 
110 160 113 
113 177 197 
121 113 114 
104 244 143 
107 164 136 
lOS 99 III 

83 95 
114 166 
102 157 

91 93 
101 123 
106 178 
-- 98 140 

92 160 
93 145 

3 

TABLE XlII-a 

BLOOD SUGAR - mg%. 

.15. X P e r _1 m e n li a ~ lJ a y 
12 18 19 25 26 32 33 39 40 46 4'1 53 54 57 60 

1 1 1 

121 108 108 138 144 , 119 : 136 X 
193 222 133 116 ' 150 ' 115 143 X 
164 123 110 99 1151139 i 164 X 
107 140 114 104 130 116 92 X 
102 91 127 118 122 106 118 
108 203 X 
126 X 
100 85 103 103 129 125 110 
104 93 93 124 98 102 115 104 1 

1 

143 X 
127 114 115 102 X 

1 106 110 83 103 97 107 98 98 1 

110 103 106 104 118 110 95 X 1 

132 128 122 91 104 107 96 X 1 

135 90 96 113 89 123 190 X 
1 

108 116 1-" 121 126 134 X 
113 143 133 121 186 106 X 
150 131 115 118 159 398 X 
130 118 115 101 143 121 92 X 

lAll 91 100 107 94 X 
170 145 92 91 105 X 
126 137 73 99 4'1 X 
102 93 102 107 86 96 108 114 
149 142 X 
127 185 U8 114 113 133 194 152 
107 84 90 99 100 110 121 10'1 
151 192 140 164 106 156 170 266 

98 131 84 104 121 148 119 160._ 

1 1/2 1 11/2 
- - --- - L..-._ 



TABLE XIII-b 

BLOOD SUGAR - ms%..!. 

Animal E x p e r 1 m e n t a 1 D a '7 
Group. No. -10 -3 4 5 11 12 18 19 25 26 32 33 39 40 4"& 47 5S 64 6'1 60 

1. V-81 117 118 98 105 116 111 120 111 11'7 140 116 
II. V-82 127 107 149 203 193 127 136 127 X 

nI. V-83 131 110 214 184 195 .- 121 119 X 
1. V-84 117 104 91 88 84 91 105 102 104 119 X 

II. V-85 114 123 ~4O 156 189 123 104 107 144 238 :x: 
nI. V-8'7 U6 110 189 132 95 109 137 168 244 X 

I. V-88 133 120 114 115 106 114 100 104 124 125 115 :x: 
II. V-89 113 120 100 175 160 119 90 115 120 116 83 X 

In. V-90 122 126 213 203 X 
Dose Oortisone • 

1/2 11/2 mg/kilo Body Wt 3 1 1 



Animal 
Grou'P. No. -9 -2 4 5 11 ~2 

1. V-94 115 180 87 116 
II. V-95 152 117 166 175 

lU. V-96 153 236 X 

1. V-97 113 104 125 113 
II. V-98 III 148 162 135 

lU. V-99 130 147 131 
IV. V-100 113 92 99 

1. .-1 97 113 114 126 
II. W-2 104 115 156 107 

III. W-3 112 139 170 183 
IV. 11-4 121 100 121 

1. 1/-5 139 185 130 109 
II. w-6 123 105 166 145 

nI. W-7 98 136 114 149 
IV. W-8 143 123 112 108 

1. W-9 108 109 120 107 
II. ...10 lU 122 189 173 

UI. W-11 III 106 153 177 
IV. .-12 104- 172 111 

Dose Cortisone 
~k1l0 Body W1 • 3 

TABLE XllI-c 

BLOOD SUGAR - md. 

E Je P e r i m e n t 
1.8 1~ 25 26 32 33 

128 118 141 
139 X 

115 114 
120 118 164 
101 79 131 
III 124 99 128 

103 119 115 
102 87 104-
142 129 172 

114 96 128 

106 110 133 
142 127 141 
120 82 123 
118 107 144 

104 10'1 113 
97 76 101 

136 106 128 123 
121 51 113 

1 1/2 

a 1 D a y 
39 40 46 47 49 53 54 57 60 

110 121 114 120 

128 116 (45 clays - X) 
126 239 (45 " - X) 
124- X 
102 99 (45 clays - X) 

110 133 104 X 
91 138 III X 

10'1 208 X 
103 142 93 X 

121 100 X 
121 X 

77 148 X 
113 118 X 

110 113 113 X 
91 127 157 X 

114 142 132 X 
124 121 116 X 

1 11/2 



Animal E x , 8 

Grou'D. No. -9 -2 4 5 il 12 18 

1. W-13 112 129 104 111 111 
II. 11-14 97 103 151 169 136 

III. W-15 118 123 157 163 175 

1. W-17 111 113 94 99 106 
n. lV-18 119 113 101 118 104 

III. W-19 117 108 106 ' 142 137 

1. W-20 il1 103 96 125 101 
n. 'W-21 120 112 246 255 219 

nI. W-22 104 118 127 150 172 

1. W-23 103 114 124 103 
II. W-24 125 134 136 172 

III. W-25 109 154 98 183 129 

1. W-29 99 101 112 
II. ... 30 123 124 157 113 

In. W-31 113 178 180 
IV. W-32 136 120 116 12'1 112 

Dose Cortisone 
mg/kilo Body wt 3 
'--------

~ABLE XUI-d 

BLooD SUGAR - 1118*. 

r 1 m e n t a 
19 25 26 32 

104 120 
165 X 

96 113 

102 113 

:x: 

119 121 

109 115 

110 100 
200 140 

96 161 
136 145 
122 12'1 

10'1 123 

1 1/2 

1 D 
33 39 

92 96 
124 104 
135 108 

1 

a 'Y 
40 46 47 49 5~ 54 57 60 

114 123 115 113 X 

100 113 144 X 

104 115 109 121 

109 115 107 110 

13'1 19'1 216 

104 91 104 
145 102 188 

125 131 
119 118 133 11'1_ 

11/2 



TABLE XIV 

BLOOD SOGAR - MEAN VALUES - mg.% 

---E x 'D e r 1 m e n t a 1 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 

l 114..4 115.3 110.3 110.9 104.8 107.3 117.0 109.5 114.6 115.7 111.4 

._'- -
II 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 

RATIOS OF 'IRE MEAN VAIIJES OF THE smœ LIPIDS 

E x 1> e r i men t .a 1 
Ratio Experim. 

Group -10 4 

l 1.3 hl 
1 1 

n hl .hl 
1 1 

T * --
E nI 1.2 ~ 

1 1 
i---

IV 1.4 hl 
1" 1 

-
* T = Serum Cholestero1-Tota1 

E = Serum Cholesterol-Ester 

li 18 25 

hl hl 1.3 
1 1 1 

!.d 1.5 1.6 
1 "1 1 

1.8 1.9 2.1 
1 1 1 

.hl 1.5 1.1 
1 "1 T 

' .. ' 

D a y 

30-32 38-39 

1.3 1.4 
T ï-

!.& 1.5 
1 1 

1.9 1.8 
1 1 

._. 

- hl 
1 

45-46 

1.3 
l 

.-
hl 

1 

1.8 
"1 

1.3 
"1 i 

--



TABLE XVI --
RATIOS OF THE MEAN VALUES OF THE smUM LlPIDS 

E![J)erimenta1 DaY 
Ratio Experim. 

Grou]) -10 4 11 18 25 30-32 38-39 45-46 

1 0.30 0.32 ~ ~ ~ 0.33 0.42 0.35 
1 -r 1 1 1 --r --r --r 

II 0.22 2.!!t 0.38 .Q..~ 0.60 ~ 0.52 0.64 - --r- --r -'1 -1 1 1 1 1 
F* 

~,- ",--
E III 0.28 ~ 0.82 0.88 1.15 0.87 0.76 0.80 - -r -r --r -r --r --r 1 1 

"C' 

.L 

IV Q.&t 0.16 0.37 0.17 0.35 - .2....M 0.32 - - --y- --r --r 1 1 1 1 

* F • Serum Cholesterol - iree. 
E = Serum Cholesterol - Ester 



TAm.E ivn 

RATIOS OF THE MEAN VALUES OF THE Sl!RUId ~ 

EXJ)er1menta1 D a y 
Ratio Exj)erim. 

Group -10 4 11 18 25 30-32 38-39 45-46 

I. ~ M..'§' 39.9 ~~.2. !2..& ~ 29.7 35.0 - --r --r 1 1 1 1 1 1 

II M?..!.i 16.4 23.3 li.!! 17.7 11.1 16.0 24.5 
1 --r -r 1 -r --r 1 --r 

T* --!--.. - . --p 
In !Q.& 8.1 8.0 10.1 10.1 11.1 12.4 12.5 

l - - -- -r ---r -r 1 1 1 1 
.. 

IV hl 9.9 8.5 !.hl 10.9 - 13.9 (21.4)? 
1 T 1 1 -ï- --r rr> 

._-~-_ ... '-
* T • Serum Cholesterol - Total 

P • Serum L1p1d Phosphorus. 



!.ABLE ill!!. 

RATIOS OF THE MEAN VALUES OF THE SERUM LIPIDS 

- , E~~er1menta1 
Ratio Experim. 

Grou1> __ -10 4 li --
~ Q:Ql 0.05 -l 1 1 1 

II 0.21 hl2. 0.20 
-'1 1 1 

F.A.* - nI Q.20 0.36 0.96 
E -r -r --r 

IV 0.26 9.17 0.26 
1 1 ~ 

,-
* F.A. = Serum Total Fatty Ac1d 

E. = Serum Cholesterol-Ester. 

18 25 30-32 

Q.&2. 0.05 ~ 1"-1 1 

0.30 0.44 0.46 
-r- -r 1 

Q&Q. 1.12 0.54 --r -r 1 

0.15 0.16 --r ""'T" 

D a y 

38-39 

2.!Q1 
1 

0.23 -r 

0.38 --r 

0.14 --r 

45-46 

0.05 
-r-

0.17 --r 

0.66 -1 

~I 
1 
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Er'Y'A:t;a: TrA SP."'1ll71 ph0snhnlj"pi d tr? cin~ of V-100 - Group IV, 
cor~ected, snouJd follow ~lonr a hasB lire - 3.4, 
3.5, 3.7, 2.2, 3.::>" 3.4 m.c;%. 
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GRAPH 13 
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Scatter graph of the Se~ To~~~l~st~ levels in the 

animaIs of comparable experimeJltal and control groups on 

respective bleeding davs. 
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Scatter graph of the ~2yum Est~F_Choles~~Fol levels in the 

animals of comparable experimental and control groups on 

respective bleeding deys. 
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Scatter graph of the ~~ . . :[r~e .C;ho.l:.e~.t~.o). levels in the 

animals of comparable experimental and control groups on 

respective bleeding days. 
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G R A P H 21. 

Scatter graph of the ~e~?h~sph~lir.i~ levels in the animals 

of comparable experimental and control groups on respective 

bleeding days. 
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SCatter graph of the ~ To~~l !.~tty .A~)~~ in the animale of 

comnarable experimental and control groups on respective bleed­

ing days. 
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Di.agrams 1, 2 and 3 which fo11ow show the degree 

of atherosclerosis in the aortae of the Cortisone 

cholesterol-fed rabbits and their cholesterol-fed 

controls. These are compared according to litter 

mates. 
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Diagrams 4 and 5 which follow are photomicrographs 

whlch show the characterlst1c ~ortic leslons of eTperimental 

cho~sterol atheroBclerosis in rabbits. The intimaI thicken­

Inga in the cholesterol-fad control rabbits, W-5 and W-9. 

contain an abundance of larp:e, pale. spongy, ll'pid-filled 

foam cella. W-6 ~nn. W-IO ~re the1r res:nective cholesterol­

fad Cortisone treated l1ttar m'ltes which do r.ot show these 

lesions, although there w~s in each a minjmal degree of 

groas atherosclerosts. In each case Ua secUon waa tl'l.ken 

from the proximal 3 mm. of thA 90rta '1rmnedjl'l.taly below the 

aortic C1.18'08. 
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PRO TOC· 0 L S 

Grou12 Grou~~ ~ _ Group I~ __ . Grou~ nI Group IV 
An~l No. __ V-52 V-53 V-54 V-55 _ . --_._-
Progression 

Il~eriod-days 55 56 56 56 -"--_ ... -
Normal f'ood 
intak.~. 5111 6735 5624 5.§00 

Cholesterol 
intake-gm. - 31 31 - ... 

Cortisone mg. 
Gr.II & nI. - 313 249 -

% wt • change of' 
initial wt. -17.6 -7.9 -l~-L +16.5 

~e of' death SIl_ontaneous I.V.Nembuta1 I. V .N_buta] I.V.Nembutal 

Total body 
weight-gm. 1779 2627 2279 3240 

Carcass ~.-gm. 1550 1940 -1:.590 2605 

ORGAN WEIGHTS 

Heart-~. 5.9 4.4 6.7 7.8 -
~gs-gm.. 10.4 7.9 11.8 9.6 

Spleen-~. 0.42 0.38 1.25 1.30 

Liver-gm. 67.1 126.8 164.5 102.5 

Kidney~. 19.5 19.4 20.9 14.2 

Adrena1s~gm. 0.3506 0.1183 0.0887 0~1993 

P1tu1ta~-gm. 0.0156 0.0232 0.0088 0.0260 

Brain-gm.. 8.16 7.52 7.26 8.65 

--'---



PROTOCOLS 

GrOUl) Group l Grou~ n Group III Group IV 
Animal No. V-56 V-57 V-58 V-59 

Progression 
per1od-days 61 29 24 61 

Normal food 
intake-gm. 6095 3397 2746 6100 

Cholesterol 
intake-.J3!!! • 38 16 - -" 

Col't1sone-mg. - 157 178 --
%wt.change of 

initial wt. +16.6 -12.3 -21.2 +13.8 
Blow on Spon- Spon- Blow on 

Mode ot death head taneous. taneous head 

Total body 
we1ght-gm. 2857 2090 2050 

1--
3045 --' --

Carcass wt.-gm. 2265 1525 1740 2803 --
ORGAN WEIGHTS ==---= 

~t-2!.. 6.1 6.5 7.8 

LunAS-I7Jll. 12.2 19.8 17.6 20.5 

...§p.1een-gm. 1.5 0.8 0.4 1.2 

, .. b!:~er-w • 126.1 101.9 95.2 98.6 

Kidneys-gm. 26.5 21.9 21.4 16.8 

AdrenalB-~. 0.5325 0.1260 0.2583 

L~tuitary-gDl. 0.0262 0.0240 0.0337 

Brain-gm. 8.10 8.80 8.0 8.90 

'"---, .-



PROTOCOLS 

1-:::-Q!oup GrouE l Group II Group In Group IV 
Animal No. V-GO V-61 V-62 V-63 

Progression 
period-days G1 25 40 G1 

Normal food 
_i!!ta~ ... 67JIl. _2033 2631 4551 6100 

Cholesterol 
intake-gm. 37 14 - -

Cortison~. - 199 234 -
% wt .ohange of 

initial n. +17.4 -2~ -15.6 +21.3 _. 
Blow on Spon- Spon- Blow on 

~~e of death head taneous t .aneoUB __ he'!4 

Total body 
welght-gm. 2956 2075 2445 2981 

Caroass wt.-/2lIl. 2439 1608 1589_ 2322 

ORGI!!. WEI~ 

He~rt-Sffi~ _____ . __ 5.9 1----,- .,..-, -
. __ 8~_ G.3 

Lungs-gIll. 9.3 22.6 10.2 

Sp1een-gm. 1.9 1.1 2.0 1.2 

Liver-gm. 100.9 140.8 138.3 85.0 

Kidnel!.~ 2.7 20.5 19.8 12.3 

Adrenals-gm. 0.4113 0.2930 0.1605 0.2042 

~ltuitary-gIll. 0.0374 0.0280 0.0373 0.0407 --
Brain-gIll. 9.7 8.8 9.6 9.1 

---



-
~2Ull Group l Group il Grou'[) UI 
Animal No. V-64 V .. 65 V-66 

Progression 
period-days .2.L. 57 57 

No:rmal food 
intake-gJIl. 5612 6684 6662 

Cholesterol 
intake-grn. 35 30 -

Cortison~"1!lK· - 267 317 

% wt .change of 
initied. wty_. . +10.5 __ '_0 .. - -16.4 -21.9 

I. V. )lem- I.V. Nem- Spon-
Mode of death butal. butal taneous 

Total body 
--!:~1~~, __ 3720 2248 ~~lQ.-. ~._~._-

1--- " ~_. __ . 

Careass wt.-gm. 2785 1296 1668 . ____ ·_ 0._ 

ORGAN WEIGHTS _ ...... 

Heart-gm. 7.8 5.4_0_ 
1- ' 

5.9 -
Lunga-gIIl. 11.9 9.3 9.0 .-
Spleen-~. 2.0 0.9 0.4 

L1ver-_~. 106.2 76.8 85.5 

K1dneys-gm. 15.7 14.9 19.5 -
Adrenals-gm. 0.6385 0.0997 0.2308 

Pi tui ta_ry-gIJl. 0.0360 0.0224 0.0303 

Brain-gJIl. 8.6 6.7 8.2 

- _ .. 



?ROTOCO~ 

r:.-- _._ . _ . --Group Grou]) I Group n Gro~_ III Group IV 
.Animal No. V-67 .- V-68 __ V=-6i~_ V-70 -_ .. ---
Progression 

period-days 55 55 55 56 

Normal food 
iDtake-gm. 5278 7354 6100 5600 

Cholesterol 
intake-gm. 32 34 - --

Cortisone-lJlK. - 304 246 --- - ._- -
% wt .change of 

initial m. +0.23 -4.3 -22.5 +25.4 
I.V. Nem- I.V. Nem- Spon- I.V. Nem-

Mode ot death buta1 buta! taneous but al 

Total body 
weight-gm. 2975 2690 2004 3329 

Carcass wt.-gm. . 2295 1881 1521 2530 

ORGAN WEIGHI'S 

Heart-~. 5.5 5.8 5.8 7.3 

Lungs-gm. 19.0 9.7 9.3 11.7 

S'pleen-gm. 1.5 0.7 0.3 1.6 

~er-gm. 98.5 147.9 88.2 113.7 

Kidne~s-gIIl. 15.5 21.2 21.6 15.1 

Adrena1s-gm. 0.3105 0.0777 0.1468 0.0630 

P1tu1tary-grn. 0.0247 0.0246 0.0172 0.0265 

Brain-gIIl. 9.2 7.5 7.9 _. 



E.. ~ 0 TOC 0 L S 

Group Group l Group II Grout> In 
Animal No. V-71 V-72 V-73 

Progression 
~eriod-daY8 44 44 41 

Normal t'ood 
intake-gm. 4365 4670 3211 

Cholesterol 
intake-gm. 27 23 -

Cortisone-mg. - 230 189 

% wt.change ot' 
initial wt. +18.5 -16.5 -39.6 

I.V. Nem- Spon- Spon-
Mode ot' death buta1 taneous taneous 

Total vody 
weight-gm. 2717 2345 1425 

Carease wt.-grn. 2121 1492 1085 

~ WEIGHTS 

Heart~. __ . ___ " , 5.7._ 9.5 _--i.-4 
-- --_._-~ -

Lungs-gm.. 9.3 17.3 12.3 

t--Spleen-gm • 2.4 1.1 1.1 -
Liver-P!IIl. 78.8 93.3 51.1 

Kidneys-gm. 14.4 16.7 18.7 

~renals-gm • 0.3460 0.1220 0.0893 

Pituitary-gm. 0;0340 0.0230 0.0301 

Brain-gm. 8.4 8.1 9.2 



E,.ROTOCOLS 

Group 
._-

Group I Group II Group III 
Animal No. V-74 V-75 V-76 

Progression 
~eriod-days 61 24 29 

Normal f'ood 
1ntake-gm. 5683 2750 6913 

Cholesterol 
1ntake-gm. 34 14 -

Cortisone-mg. - 145 294 

% wt.change of' 
initial wt. +23.4 -8.0 -4.1 

Blow on Spon-
~~~~th head taneous I.V.Ether 

~,'_. .--
Total body 
~.!i@.1!=.e: 2882 2245 2497 --
..,Q..~casB wt.-gm. 2299 1360 1749 

CRGAN WEIGHTS 

Heart-gm. 6.4 5.6 

Lungs-gm. 16.2 16.2 11.2 

S~leen-gm. 1.3 0.7 0.8 

_ I4.,ver-gm. _ . _.~.2. _ 131.0 136.9 

Kidneys-gm. 14.3 23.8 22.6 

Adrenals-gm. 0.3790 0.2360 0.1062 

..l.1tu1tary-gm. 0.0352 0.0275 0.0239 .'-
Brain-p:m. 8.7 6.9 

._.L-_ 



-~" Group Greup_ l G;:eun II Greun III 
&Animal No. V-7? V-79 V-80 

..... 
.---1 

Progression 
peried-days 60 1 60 60 

Normal food 1 
! 

intak~-gJll. 5648 i 8273 7496 .-
Cholesterol 

intake-gm. 35 37 -
Cortisone-mg • - 246 246 

% wt.change ot 
initial wt. +13.7 +9.7 f-_~_7.3 

I.V.Nem- . - -I.V. Nem-
Mo,9-~()!..~eath butaI buteL I.V.Ether 

Total body 
weight-.g:m. 2955 2540 2576 

Carcass wt .-R'lIl. 22~ ___ 1852 
.~ -- 1700 -- - .• _. __ ._.- . --~ 

ORGAN WElaHTS .. : .... ~ 

Jf~a..rt-gm. 5.5 7.8 7.4 - -"". ----_ .. _---
fu..ne-m.· 13.3 10.02 20.0 ----- ._-.-.---
~1een.::.gm.. 1.6 0.6 0.7 - ._-_. 1--._----
Ltv~:_.~ .. f-- 117.9 194.5 205.5 ._-

~i.?ne~s_-:-gm •. __ . 15.6 1--_ 25_~1 22·7 ._._-1------ _ ._--

...!dre,,!lals~..!... . __ 0.3888 r-- q .1648 0.1.?25 ___ .. ._----_ .. 
P1tu1tarv-B;lTl. --_ .. .. _._ ... ,~ _., 0.0308 1-- - '- ' .-"~ ___ 9.!.0268 0.0 _. 
Brain-{l,lIl. 7.9 7.4 7.6 

---- _ .- -
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Cholesterol 
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Cort1s0p!~::-5.· __ . 

Total body 
_ _w~ie.~t.-:~..!-. 
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~~~I~ 

-A13!irt.-...&!!!. . ~ __ 

LungS-Œ· __ ._ . 

,,-------. - -1--.-
245 293 

---1-,._, -- --_. - - - --

3349 2740 2835 - -.' -- -- --f--- '_ .'- ~ - - .- _ .. -- ..... -. ~ .. -.. _-
2639 _ . .. _-+-~1:;.;9~6 . .;;.6 __ +_.....;.2.Q!.Q. _____ _ 

_+-____ 9..;. • .;;.3 __ -+-__ ._9 .l_~ __ _ 6.9 -_ .. _ .. -
21.3 18.5 18.4 _._._.-.-. __ ._-~----~_. -_.'~--

_:S'p'lee!!..~ ._-+ ___ 2 !L __ -+--__ 1.3 1.0 

Li ver::,~_. __ 
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~----_._-------,_ . __ ._ ... _-----'---



Progression 
, __ 'p_e!12!-d~_L _ __ 55____ 55 -------55 .-_._.,_ ... _-
Normal food 

t- ~i.E..~k.e~ •. , .. . 6600 7439 ._- --··---1·"--;"'::;:::',,----

Cholesterol 
1-..:1;.::;nt~~e-~ ,~~ __ ~ ___ .~L-_~. __ .=;3=.2 _____ 1--__ - _____ -1 

jJ9..r:.~3:§.~:n~. __ .... _ .. __ ._-=-___ __ l..49 __ •• , ... -.-?9l. ___ --t 

% wt .change of 
_.J!lilla1 .,.!t._.~ ___ -..!'8.7 __ -+-,,_-=-5.7_-+_~+.=.2 • .L __ _ 

Mode of death 

------ -
Total body 

l.V. Nem­
_ , .. _~ta1 

Spon- l. V. Nem-
taneou=s~ __ +---=b:.::u:.:::;t;:::;al=--__ -I 

we1ght-gm. _~ ____ ~3~1~9~1 ____ ~ __ 2~4~0~0 ______ ~~29~62 _____ ~ 

~~cass wt.-gm. 2518 _,_"-- .1;:;,.;.7 __ 54 _______ ?.q§.Q.... ___ _ 

ORGAN WEIGHTS 
"":- - -==- "' :-r-.-:...~ 

Heart:~_. _____ ~ ___ ._, ____ ~7~.~8 ____ ~ ___ 7~.~2~. ___ -+ ____ 6~.9~ __ , __ ~ 

Spleen-.g:ro.. 2.3 ____ ~_--0.6, ___ 4-____ --------~ 

~L::.1=-v:...;e;.;r--.s;;cPlU-=-. __ ~----.,.;8::.;9:..;.:.:1=--_+---=1:.::1:.;;,0.:.. 5=--_ .. ~ f---l: 97 .!.~~ ___ -I 

28.2 22.9 
~---,-,-~"._+--~._._- --

0.0289 0.0232 0.0325 ... _ .. --_. - ,, -- -_ .. --_.---_ •. _------
9.8 7.7 7.5 

____ , ..• . --.-'--,- ________ .. __ . . _____ -J _______ ,_ 



_'_~ ___ . · __ v·___ ____ _ 
.C!!:..o.uP ___ . ._~~~E.P_I_ .. · __ - _. "Group II __ 
.Ab1ma1 No. V-88 V-89 .'.' ._4 .... "'"_-'_ .... ,.~ ..... _._. __ ._ •.•.. _ .. _ ... _ .. r _. __ •• ____ •• 

Progression 
_'Pe!..~.~.daY1L . 

Normal food 
. }J1_t~ke~._ ...;:5:..;:6;.;::.5;:..6 --4-- .. 5867 

_. intake-ron=._-+ ___ ~ __ -+-~ 0, ~_ • ..J!! __ . 

__ '&1_9, _._ ~ 

% wt • change of 

13 ---_._-

1300 -=.:::.:::.._-

123 
"._----~-

_ . ..JB.!.!ï i a1..!!!.!. _____ +20·L 
l.V. Nem­

MO~.9!_ ~eath . _. __ ... .!>utal 

___ -....;19.0 
Spon-

• __ ~o .:tJ!}l~ 

-+-__ --=9.3, __ -4 

S'Don" 
_tapeous 

Total body 
.~ight~. __ .3440__ _._19.?!? _~_ 2570 ..., ... __ .-
CA.rcas.L.w.!~.!. ._~~_-+-___ -J.341 _1?30 . __ --1 

__ .4.3 __ 

8.9 - ---_._---_.-._._1~. 

__ __ .. Ï!!._-4 ___ ._--,0:..;.;..:=8:"'---I_ __ .9.!!L_. _ 

Li ver-gm •. __ . __ . _ .. _. 10~_ .. _ .. _ .. . __ .1.ê.&.._ .. ~ _ 100 • .;;.6_---1 

_ --::2:.;::2;.: • .;::.2 ... __ 

• _., __ .-2..08.f?:.;:34-_____ ...;O:..:.;.:1:.::2~7.::.0 __ 

---------j 
Brain-gm. 7.8 7.4 

'--------_. __ ._,,--_._-----~--_._. __ .. _,.-



~..... . ... -_ .. . -. , ... . _ .. .. _._-----_ ... '._"-"- ,.,---".--
Qr..9El' _____ ._ ." •. _ ._ Gr~p.t)_ ,I ___ , _J!:r:o~!l-Y , _ 
Animal No. V-94 V-95 _ .. - .-.- _ .,-- , ,"--_._'-'- - ~~ 

Progression 
I-_~~i 9.!!.":"~~.YL 61 24 _.'- - ,-_.- ._-
Normal food 
r-_i1Ltake:~ __ 5322 1------- .,-- -'- ___ 2613 

Cholesterol 
~_ ~,!l t8;,ke-gm. 33 13 - 1-----.-'-'- '. - --- .... _. ---_ .. -
. Çorti~2_~::.~, · _._ - 188 ----+2o.~l---=-% wt. change of 
f---_t1l.i tial _~.!.... __ 1--- ------ ._ ._ .. . _-"--

Blow on Snon~ 
Mode of death _ ._ , _ ,Èe~~ _ _ __ , __ .. _..:t_à.l:1.!oU~ __ 

Total body 
1-- weie;ht-gm. 2949 2525 

..,9~c~s..! ~ .-Œ,. 2254 ,_-1715 

ORGAN , WEIGHl'S 

Heart-gm. 6.9 -~-
_. 

..1..~B-gm. 10.1 18.4 - ,- ~--_._- --

~ !3-e~:-:~. 1.6 0.6 _.- '- '---
..f.i ve~=tP.l~_ 117.1 148.0 ,---
Kidneys-gm. 14.4 20.0 

Adrenals-~. 0.6451 0.2150 

Pituitary~ () .0568 -.9..!.923p_ 

Brain-gro. 9.1 8.8 

-- ._--



~_~OTOCOLS 

~-Group Group I Group II Group III Group IV 
Animal No. V-97 V-98 V-99 V-loo 

Progression 
~.;oeriod-days 45 45 45 45 

Normal food 
intake-gm. 4488 6170 _5.§.?Q .• _ 4600 --

Cholesterol 
intake-g1l!. 28 27 -- --

Cortisone-mg. - 189 222 - -
% wt .chal'l~e of 

initial wt. +29.1 +11.2 +2.7 +16.9 
I.V. Nem- I.V. Nem- Spon- I.V. Nem-

Mode of death butaI butaI taneous butaI 

Total body 
~_eight-~_ .. _. 2798 2720 ~~~-- 3010 

~--_.~--_.-1---.-----.- _ .. _._~ .• _- '-
...Q!g'~~~-~~ 2J45 19'75 1755 2410 

ORGAN WEIGHTS 

Heart-gm. 8.9 ___ '§".J_ ,. ... 9.8 8.4 -_.'_. .._- --------, 
~unes-gm. _~L- _8.3 . 1-- 19.5 10.5 .. _ .. 

Spleen-,c;mJ.. 1.9 0.8 0.7 0.6 __ ._ - _. __ .- 1-------1----

~!:=gm • .lli.-.f? __ 189.0 110..!,.2 __ 99.1 
. _.~" 

Kidneys-gm. 12.5 ~ 20.0 14.4 

...,Mrena1s-gm. _____ ~. 2~55 0.1420 0.1455 0.1582 -_. 
~~i~~E..=e. __ 0.0367 0.0162 0.0.210 0.0242 

1--- '- , . 
Brain-gm. 9.2 8.7 8.2 8.5 

- - - ---



PROTOCOLS 

------_ ... _--,-------9-rom> __ .. ~ 
Animal No. 

.. _.~ ____ G~~.E. 1.. _ . _ ~oup TI . •. 
W-1__ W-~ 

Progression 
eriod-d.~ I? __ . ~- _ . 

Normal food 
1ntake-gm • . _---

Cholesterol 
~ake-~ • 

• 

... '--
Cor.1~ne=m.g 

% wt. change 
in1 tJ.~l_.JI1i 

'-
of 
!.,-~_._-

.Mode of_ dea th --

• 

-gm. -
GHTS --

Heart- • 

. _--

Liver- • -
• --
._-_.,_ .-

Pitui~-gm • 

Brain-gm. 

49 :.. .. _ . . - _ .. - 49 
~._-_ ._-

4835 6650 -_.- _ ._ . 
'.' --~ 

30 3.L __ 

259 .._._---- 1-. __ ._----

~t36.5_ -10.0 
I.V. Nem- I.V. Nem-=-
butaI __ butaI 

2572 2475 

_1}35 1983 

5.2 9.4 -_. 
8.2 9.9 

-2.9 1.},_._ 

82.4 163.3 

0.3303 0.1100 

10.2 18.3 --_._----r-.--",-- _._--

0.0287 0.0277 

8.8 7.5 

_.- _ .~--

Group III Grou~_ 
W-3 W-4 --- -----
49 49 - - --

t-2.~08 __ . __ 4900 ---'---

- --- , 
197 --_._ .. . __ .-
+14.8 +31.1 
Spon!t I.V. Nem-

taneoUB_ butaI 

2485 2890 

1855 2236 

8.5 é.5 

12.9 9.4 . -
.<?!.3. _ 1.0 

116.8 93.7 

0.0800 0.1624 . 
1 

21.3 15.1 

0.0150 1 0.0300 --_. 
7.5 8.2 

'------~ 
._. --'_._- - . __ .... -



E.,ROTOCOLS 

G1'OU'P Group l Group . II Group III Grou~ IV 
Animal No. ... . ~ o.-~ W-5 W-6 W-7 W-8 

Progression 
peri~ays 46 46 46 46 

Normal food 
~!!.1!akE~:~..!--. 4511 6200 5787 4600 ----
Cholesterol 

___ 1ntake-gm. 27 28 - -. ._- -
C ort 1 s.2.fl.~p1P: • - 186 186 -- , .-
% wt.change of 

_ . JE.ll.1al wt. +27.1 +11.6 +7.8 +35.4 
I.V. Nem- Spon- I.V. Nem- I.V. Nem-

Mode of death . .!rutal ~!l.E.eous .- buta!.._ -- __ b.Rt~_ . __ 

Total body _. we 19ht-,Q;IIl ~ __ 2595 r-- _2460 2145 3735 ------- ..._.-
Carcal!.!. wt .-gm. 1788 1649 r-~-" 2058 _._---_._._._._.- ,-. ,._-

ORGAN WEIGHTS 
_ 5 -

r1!.~art-:-gm • 4.8 5.6 7.7 5.0 
.~-

~LunS6-a:m. r----- 8.7 .- Il.2 13.6 9.3 _. 
Spleen-gm. .-~, 1.8 O.~ . 1.0 1.3 

~ ver-..e2!l..! 102.9 142.7 141.5 106.1 

K1dnels-J!P.!..~_. 16.6 23.7 22.8 15.4 

Adrenals-gm. 0.4180 0.1602 0.1001 0.2095 -
P1tuitary-gm. __ ~.0428 - 0.0294 0.0212 0.0292 

Brain-gIn. 8.9 8.4 7.5 8.6 

-_ ........... . .. _. -



~.- - '- ----- - _.-
GrouE Groun l __ ~P II Group III Group IV 
Animal No. W-9 W-10 W-11 W-12 --' 
Progression 
_ ,. l'~!.od-da'y!!" ___ 54 54 54 ............ 5.L, --.. , '.- -_._._--1--.----- -
Normal food 
~u .intake-gm. 5394 6436 5705 5400 

Cho1stero1 
intake':.S!!!!..._ . 33 30 - -. - _. 

g9!.~J!~.o~-~_· ____ - 210 202 --, -
~ wt .change of 

..-ini tia1 wt. +31.4 __ . +2.6 -4.4 +33.0 .--,------I.V. Nem- I.V. Nem- Spon- I.V. Nem-
Mode of death buta1 buta1 taneous buta1 -
Total body 
~lght-gm. 3035 _24~2 1571 2910 

~~ass wt~,:"gm~_ "-
2337 

"" -
1493 1081 2290 _ ..... _--_ . ..... ' .... ---,. .. - '- '-'-------,--

ORGAN WEIGHTS 
:s.;;''-'~ -= 

~~eart-gm. 7.5 8.2 6.3 5.1 

Lungs-gm. 9.2 13.1 12.0 8.3 

~en-Œ· 1.5 0.9 0.5 0.8 
. . -_ ... - --

Liver-m. 120.7 119_4= __ 92.? 104.8 
' . -

~..!.dneys-gm. • 14.3 19.6 18.1 13.5 

A4renals~ 0.3697 0.1'146 0.1215 0.1380 

~itultary-QJ!l. 0.0436 0.0298 0.0282 0.0?1:1 

Brain-gIn. 8.8 8.3 8.6 8.9 

-



PROTOCOI.S . __ .... -.. __ . . .. -
_ _ • _____________ 4 ____ _ 

- . - - - ._--,- - ,-
--.Qroup 1_. __ Group II GrOUD III 

W-13 W-14 W-15 
g.rO':!L __ ._ 
An~l .!!9..!-__ ... - . -~_ . .. _--.- -- _ .. 

Progression 
:oeriod-davs ________ --.;;;;;;1 . _ 

Normal food 
_Jn'!ï.ake~:-

Cpolester01 

57 - --

-- 5568" ... _ .. _.~ 

34 . _-~ ;---=.:_ ._ .- _ . • intak!3~~ __ 

Cortison~ 

% wt.change of 
initial wt. -" _.-._--.......-.- .. ~ _. 

Mode of~.!'at~ 

Total body 
weight-gI!i.~ 

--. 

il. 

S ~GAN BIGHT 
_--..---..::::S::_ 

!ieart-gm.. __ 

Lun~6=s!!!.~ __ 

.. -
---

Bra1n-P'JIl. 

-
+18.2 

I.V. Nem-
..!.':lta1 

2885 

2391-__ 

7.1 
~ 

.. _~O.O .-
0.9 - "- --

79~.Q.. ____ 

12.0 -
0.3409 ._ . 

0.~50 __ . 

8.0 

29 57 ._---
3505 7395 ---_ ... -1-- - - - ,_ .. _ .-

17 -
157 .• ~33 _. 

_+0.34 ._ +0.12 
Spon- Spon-

taneous taneous._ -
2032 2330 --_. . .. 
1350 1520 -

5.9 6.0 

10!6 15.2 

1.1 0.9 _._---1--- _ .- ._;:'-

~_I..Q.Q...1.. __ 111.0 
~-- .. -_._.-

19.3 16.7 ._ 

0.162L- 0.1567 ------ _ .:."-

__ 2.!.Q.335 . __ . _9_~0273 

7.7 7.8 



--_ .•. -
No. 

Progres 
erio 

Normal 
~ 

Ch01ast 
intak 

sion 
d-days 

food 
e-gm. 

arc1 
e-gm. 

_ne-mg. _._ .. -
% wt.cha 

init1 
nge of 

al wt. 

Mode of death 

GrouJ2 l 
W-17 

61 

5853 

35 - "---

~._'::._-

+24.3 
Blow on 

head 

Group II Group IIr 
W-18 W-19 
~-""" "-' 

21 26 

1.91'1 3200 

8 --_. .- ' .. _-_ ., ---_ ....... --
131 154 

" 

-21.9 -5.9 
Spon- Spon-

taneous -_ ... ~ . , .,.. , . . - ... .. __ . .. " -1-- . . -_.-- - , ~a~~~s_ 
--------~ 

Total b 
wei h 

ody 
t-gm. __ .. 2952 ---
_~ • -llJ!!.!.. ___ 2322 -,--- _.' Careass 

WEIQHTS 
=::..:~ 

• 5.9 
------~ --

• 9.2 --
.~-'-, .. _._- 1,'7 1----_._--

..!,. . - -_ .•. _-- §5.3 . __ . 

• 12.9 -- -
S-gIn. 0.4647 _. _. ~a1 

-.f!!!1.!...- ._ 0.0237 1-- --_ .•. _ .'~ 

Brain-gm • 8.2 
-,-_. __ ._-

1591 2253 --- _._--- ".. -_._--- --"- ".'--
1227 1636 _ .. ' 

9.1 -- _. __ . -
6.4 23.6 

.. _---
1.5 0.5 f-------.- ._---

-- 108.2 177.2 _ 

19.8 18.3 

~ - -
- -1-._. - - '""., - , 

--- 9.9 
.--=_ ... _,_"--_...--



P R C TC C ~ L S 

GrouE .. 1- Group l GrouE II __ .. ~~u."2.._II1 
Animal No. W-20 W .. 2l W-22 

Progression 

~ 
Eeriod-dax,s .. _._ .56 ___ 24 55 

Normal food 
intake-gm_. _. 548~ 2785 7462 . ,-

Cholesterol 
~ inta~~-gm. --~ _~5_ .. ~ _ .. _.-
Sortis~~~ - 145 213 

",", _._---- .. _- _._- '- _ .. _- _ .. ---
% wt.change of 

initial wt. __ ~+?3.2 -6.3 +20 • .L._ 1-- .----- - ._- I.V. l'.Jem- Spon- Spon-
...ME2e...2!_ ,d.~a~ butaI taneOUB taneous 

Total body 
_.weip,:ht-gm. 2747 .' 2142 2452 ---
..9EQ!!~~- wt.!. -:gm. 2072 1500 1785 

~ ' _. - ... _--1- .. - - .. .. _ • . --" f----.--~ 

ORGAN WElGHT.§ .... ~ .. ,. 

f-~~r1-~ __ 5.4 - 7.l:. __ ---,- -
J.A1llJ~.s.-~~ __ 1-__ --+0 •0 _. 12.5 16.8 

t-S.:el.een-sm ___ ._ --1---- 1.5 ~._- 1.0 1.0 

~i2.rll.:.._ 99.6 178.0 1--. 17q,!.0_ - . -
~dneys-gm. 14.6 21.2 24.1 _ . -

Adrenals-é"JIl. 0.2700 0.1750 0.0879 

Pit'litary~. ___ . .2.!.<?317 . __ 2.!.Q.120 0.0257 

Brain-gm. 8.0 8.0 7.6 
,,- , .- - --



--_._- '--'-- -_. 
Q.!'oup "- Group l Group II GrOUl> In 
Ani~.lli?!. W-23 --1!=24 ___ . W-25 ---- .. ,-
Progression 

_ ~~od-days __ .. 33 29 26 1-'_ "_' ,., -_ .. ----
Normal food 

I-~ 
intake-gm. 3113 3585 3140 .-

Cholesterol 
intake-gm. 19 18 --_. " . . __ . . .. _._-

_Cory'i.s~.!l!::~ _ .. _ t- _..:. , .. 157 
1-"" 

151 . •... , -_. 
.~-'--"-

-_ . ~ ._,-

% wt.change of 
initial wt. +20·9 -4.1 -7.0 -- --<_ .~--_ ... ... --Spon- Spon- Spon-

Mode of death ~Ilneous taneous taneous . 
Total body 
-~~gm. 2390 2200 2249 _.-.._----- f-r----,-- . __ .,--
~casL!,.t~· 1620 1471 1480 . 

. C:RGAN _~I~~, 

~~-..fi!!!..!. ._ ._ 6.7 6.9 12.1 ,---
.].UDss-gm.!...--. 14.5 7.7 14.7 .. 

_~l.e2..~-:::~ ._. __ !.!.~ )._.3 1.1 . __ ._--._-

.1A!e.r-~. _ _ .9§. • .2- __ 152.9 130.6 .._-"._ .. _-- .- - -'. -
Kidneys-~. 13.5 19.4 18.1 

Adrenals-gm. - 0.1175 0.1070 

P1tuital'Y-gm. - 0.0270 0.0250 

Brain-gm. 7.7 7.5 8.2 
-,. __ ... .... - . . -



Group 
. APimal No. 

Progression 
period-d~s ______ ~ 

Normal food 
1ntake-~. 

Cholesterol 

PROTOCOLS --_.. --

Grou'P l Grou'P II 
W-29 W-3O 

61 60 

5600 6255 

32 _J.llt~ke=~~. __ -+-_-....;;; .. :; ~. 

Cortisone-mg. - 278 

% wt.change of' 

GroUl> III Group IV_ 
W-3l W-32 --

60 61 .-

7368 5871 - -_.-

- -
326 -

-5.3 -15.7 +0.3 +13.2 
Blow on I.V. Nem- I.V. Nem- Blow on 

1-' in! tia1_~_+-_~~:..--~___:::___~;..:....--+_~---:.~~-_+_-....:...:~~~ 

Mode of death 

Total body 
~ weight-gm. 

ORGAN WEIGHTS 

head 

3455 

2630 

butal 

2435 .- - -'-'- '_._'-
1818 -

butal head 

2853 3040 ._--_._- ._~-_._ ._-

1995 2509 

I~H;.;:;e,;;:.ar:;..t:;..-..... gm=.~ __ ~~-. .--:.7.;. • .=.6--+_-.........;6;;..;.:...:4=--. __ ._ . ........:.7.,:. • .=.5_--I __ ...1!1 __ 

i_Kj.~~ys-gm._-__ ._...;;.1:;,;;8;..:; • ..;.7 __ ~ __ ..:1:.:9..:. • .::.9 __ 4-_~26. 6 15.4 

LAdrena1s-œ. __ 1--_--..9.7499_ _ 0.1399 _.~ ___ . ~Q56-+ __ . .Q.:..&.074 

IJ~u! tary-sm- __ 0 .0430 i-_'-'::O~.:.O.§.?.ê. _f-._ .. -2.!.0~~,..;:.6--i-_. --2..~0!'14 
1 

~ln-gm. _,_J ____ 8_. 9_._...Io-_7_-.. 5~ ___ -,-___ 8_._8 _____ l--___ 9_. 9_~ 
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