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Experimental Atheromatosis 

The production of lesions in the aorta of experimental animals 

pathologically similar to those occuring spontaneous4r in the aorta of 

man has created renewed interest in this morbid anato~ because of two 

reasons. It bas offered some clue to the etiology of this condition 

about which little is known and it has offered optimum opportunity to 

stuqy the pathogenesis of this lesion. Scientific control of aqy morbid 

process will on4r be arrived at by a clearer understanding of all of the 

etoilogical factors and the mechanism by which they operate. The goal 

of all workers has been to clarify these two factors. The extent to which 

that has succeeded will be reviewed. 

From the time when the earliest records are available on 

arteriosclerosis, shortly after the time of Vesalius until Ignatowski 

(1908) noted yellow intimal thickening in some rabbits whiCh he had been 

feeding a high protein diet will be covered brief4r. The ancients were 

probably familiar with arteriosclerosis but none of them have left aqy 

records to show that they were interested to any extent in this lesion. 

Aristotle speaks of "bone in the heart II which I!IIJ.ve rise to considerable 

speculation_ (9) That this lesion did exist in ancient people is veri

fied by the work of Marc Armand Ruffer who, working with the Cairo Medical 

Scbool. examined IDa.ny IllUlllIllies and found this lesion to be poss 1bly more 

frequent at that time than it is at the present. (35) From the time of 

:Vesalius up until about the middle of the eighteenth century there was 

little written about arteriosclerosis. What was written about the arterial 

lesions was largely merely a passing reference about an observation. 

Most men who left any records during this time were familiar with 



"ossification" of the arteries but a great deal more time was consumed 

in stuq,ing aortic aneurysma. The onlJ description of an arterial lesion 

worthy of note made during the seventeenth century was made by Brenner. 

Describing an arteriosclerotic aorta Brenner said, lithe internal coat 

in several places was ruptured, lacerated and rotten like fruit, and 

hurt the fingers when thrust in it, from the roughness of the bone". 

Johann Friedrich Crell (1'/40) was the first man to outline the patho

genesis of atherosclerosis. He was also the first to note that the 

calcifications of the arteries were not bone but were from pus. His 

ideas were that sluggish blood tended to obstruct the arteries and this 

led to suppuration of the wall of the artery. this accumulation of pus 

tended to separate the inner and the outer coat, the liquid fraction was 

absorbed, the particulate matter formed scales. He was also one of the 

first to suggest etiology. He maintained that these changes occured in 

the aged and the intemperate young. 

Albrecht von Haller (1755) was one of the first men to describe 

the atheromatous Character of arterial lesions. From some of his necropsy 

experience he described some soft lesions which elevated the aortic intima 

and which when cut into yielded a yellow fluid. He found other like lesions 

which were harder and had no liquid in them. These changes he believed to 

be a part of the process of arteriosclerosis. 

Morgagni (1761) described in minute detail the changes found in 

the arteries. His description dealt not on~ with the aorta but he des

cribed calcareous deposits in the subclavian, carotid and iliac arties. 

He speculated on how these changes might hinder the passage of blood 

through the vessels but he drew no relation between the leSions and 
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arteriosclerotic gangrene. Be was also one of the first to note that 

arteriosclerosis was not an inevitable senile change, he describing a 

necropsy on a lady ninety one years old who did not show any 

arteriosclerosis lesions. He speculated at length upon whether or not 

the calcareous particles were bone or not, finally inclining to the 

latter. Morga.gn1'was the first man to point out the relationship be

tween what is known to~ as an atheromatous abcess and a dissecting 

aneurysm. Scarpa (1804) a student of J!orgagni 1St was the first man to 

reason that a degenerative lesion of the aortic wall preceeded an 

aneurysm. 

Brihat (1801) came to the conclusion that the "ossification" 

in the arteriosclerosis was in the inner lqer. He SEWS nothing about 

atheromatous changes except in connection with aneurysms. He definitely 

connected arteriosclerosis with senility by observing that arteriosclerotic 

lesions occured in seven bodies out of every ten in the aged. Laennic 

(1819) wrote at length on aneurysms. Be believed that the lesion in 

arteriosclerosis lq between the intima and the mdia. 

Edward Jenner, Caleb Parr,y and Matthew Baillie correlated 

coronary arteriosclerotic Changes with the disease angina pectoris. 

None of these men contributed anything to the pathogenesis of arterios

clerosis. Hodgson (1815) considered atheromatous lesions true pus, he 

believed the lesion to occur in the inner coat. Hodgson wondered about 

the chemical composition of the calcareous material occuring in the aorta 

and wa.s the first man to have a chemical analysis made of them. He had 

a chemist friend analyze these lesions and found them to be 65.5% 

phosphate of lim and 34.5% animal matter. No carbonate of lime was 
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found so Hodgson considered the material to be eartlw and not true bone. 

He was the first man to note what is toda7 called Monkeberg sclerosis. 

Hodgson was puzzled as to whether or not these changes in the arteries 

were merely a consequence of life, that is were an inevitable occurenee 

in the aged or whether they were a distinct disease. 

Carswell and Hope (1837) were alive to the pathology brought 

about by' arteriosclerosis publishing articles on gangrene of the 

extremities as a result of tJossems" change in the arteries. They were 

the first to note the relationship between encephalomalacia and 

arteriosclerosis of the cerebral vessels. They did not however contribute 

anything to the pathogenesis of the arterial lesions. 

Lobstein of Strasbourg (1829-33) is to be remembered as being 

the one who first coined the word arteriosclerosis. He had Lassaigne 

maie an analysis of calcified arterial pl~es in which he reported 

mu.cus animal matter 50%. carbonate of lime 2% and sulphate of lime in 

tra,ces. 

Jean Cruveilhier believed that the pultaceous matter in the 

atheromatous lesions were carried by the blood. Be believed that 

calcification was a protective reaction to atheromatous arterial change. 

Be was one of the first men to compare arteriosclerosis with the 

phySiological closure of the UIIibilical vessels, calling attention to the 

fact that the same thing occurs when an organ atrophies, but he could 

not decide if it was the atrophy which caused the arterial obliteration 

. or whether it was the arterial obliteration which caused the atrophy. 

Carl Rokitansky in Vienna in the 1840's contended that blood 

dyscrasias were one of the etiological factors in atherosclerosis. 
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This Qyscrasia terminated in two forms, atheroma and ossification. 

Be thought that this substance was deposited on the int~ rather than 

in it. He said, "the deposit can not be regc~ded as an exudate from 

inflammation of the artery. It is an endogenous product from the blood 

mass, and one derived preponderantly from the fibrin of the arterial 

bloodll • He did not attempt to name the blood condition responsible for 

arteriosclerosis. He thought that it WaS not due to old age alone but 

that old age predisposed to this lesion. 

Virchow (1856) was one of the first histopathologists to 

contradict Rokitansky when he maintained that the lesion occured in and 

not on the surface of the blood vessel. He described the swelling of 

the ground substance of the connective tissue of the int~ and an in

crease in the cellularity in these leSions, these changes oc cur ing be-

fore the fatty metamorphosis began. He observed that this lesion occured 

more often in the straight and elastic arteries close to the heart where 

tearing and stretching is more prone to take place. He favored the opinion 

that a blood Qyscrasia must aleo be present to carry out the complete 

pathogenesis. (9) It is interesting, that later on Aschoff in 1924 

intrepretating the work of Virchow said that Virchow considered all of 

these changes as being a defensive reaction on the part of the artery to 

some noxious influence. (2) Rindfle.isch a pupil of Virchow's elaborated 

his ideas. In this work the original lesion was an overgrowth of connect

ive tissue of an inflammatory ethiologr which in turn was due to the 

irritation of the blood pressure on the affected point of the intima. 

This scarring of the intima resulted in poorer nourishment to the intima 

underlying the thickened spot which resulted in fatty degeneration of the 
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connective tessue cells, and ~pregnation of the intercellular substance 

with calcium salts. The etiology was suggested as being free living, 

advanced age and alcoholism. (9) 

The work of George Johnson as English histopathologist is of 

interest in that he contributed some ideas on etiology. He had observed 

the hypertrop~ of the arterioles in the contracted kidney in Brights 

disease. He thought that thickening of the arteries was due to poor 

renal function which allowed the metabolites to pile up in the blood 

resulting in more work for the heart and a sumultaneous hypertrophy of 

both the heart and the arteries. (lull and Sutton at about the same time 

contradicted Johnson in that they did not believe that it was a ~ertrop~ 

of the muscular coat of the arteries which caused this vascular disease 

but that it was a ~aline fibroid change in the muscularis that resulted 

in a narrowed lumen. 

Although luetic endarteritis had been described a number of 

times by ~ authors beginning with ~mond Vieussens of Montnellier in 

1715 it remained for O. Huebner in Germany in 1874 and F. H. Welch in 

England in 1875 to clear~ distinguish between luetic aortitis and 

arteriosclerosis. Schmorl (1907) of Dresden was the first man to dis

cover the Treponema pallida in the lesions of aortic mesaortitis. (9) 

Klotz in a paper published in 1906 goes over some of the 

earlier experimental work and concludes that there is only one type of 

arteriosclerosis that can be produced in laboratory animals similar to 

any lesion that occurs in man and that is the one produced by the 

intravenous injection of adrenal in chloride. He goes over the earlier 

work of Gilbert and Lion (1889 and 1904) in which they had apparent~ 



,., 

produced intimal lesions by the inoculation of bacteria and their 

toxins. In commenting on this he is of the opinion that their results 

were not consistent enough to warrant any hope of solution of the 

problem along these lines. (17) Later on the Sa.II2 year he published 

an account of some of his work on the production of arterial lesions 

in laboratory animals. In this paper he disagrees with Thoma who be

lieved that all true arteriosclerosis began in the int i:ma and that the 

Monkeberg type of lesion should not be called arteriosclerosis. Klotz 

was of the opinion that this the l40nkeberg type which could be produced 

in laboratory animals by the injection of adrenalin chloride was as 

much an arteriosclerosis as was that of intimal origin. 

Klotz reviews the work of Malkoff and Fabres who produced 

lesions by pinching the arteries either through the skin or Opening 

the skin and injuring the vessel directly. Malko!f ligated the carotid 

artery in two places then placed increased pressure on it then allowed 

the blood to return to it. Malkoff claimed that this proceedure produced 

arterial lesions but Czyhlarz and Bebling repeated the experiment and 

reported that the arterial change WaS simply an inflammatory one extend

ing inward from without. (18) 

Kubt, Ziegler and Klotz were the first to compare the lesions 

induced by adrenalin and to point out their resemblance to the Monkeberg 

type of arteriosclerosis. The degeneration of both instances is of the 

nature of fatty emtamorphosus of the involved tissue, which later on 

undergoes calcification. Ziegler held that such lesions are of a nutrition

al character or rather due to lack of nutrition. Torri anQ. others on the 

other liand.,rega.rded them as the outcome of heightened blood pressure 
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while Fischer considers the process as pure necrosis due to the direct 

action of the drug on the muscle cells. Observations in favor of the 

degenerative or necrotic theory have been recorded by Braun. (18) 

Klotz used adrenal in chloride, alone, adrenalin chloride 

with nitroglycerine, barium chloride, saline suspensions of Bacillus 

typhosus, staphlococcus, and diptheria toxin. He used adrenalin 

chloride 0.3 cubic centimers to 2.0 cubic centimers of a one to one 

thousand solution. He found that with this treatment many of the animals 

diad with acute pulmonary edema. during the experiment and that the best 

results were obtained by using large doses at intervals of two to three 

~s. This type of treatment caused diffuse sclerosis of the media of 

the elastiC, musculo-elastic and muscular arteries rather consistent~ 

in two to three weeks. Aneurysmal dilatation of the thoracic aorta 

was frequently observed in these animals. The results obtained with 

the barium chloride were exact~ the same as those produced by the 

adrenalin chloride. The similarity of the two lesions is such that they 

can not be destinguished between. When adrenal in was used in conjunction 

with nitrog~cerine which pharmacologically should contract the 

vasoconstrictor effect of the adrenalin the same lesion occured in the 

media, however it was not near so severe. The inoculation of digitalin 

intravenously produced a lesion which resembled the mild adrenalin lesions. 

In regard to the preceeding experiments Klotz says, "In no instance have 

I found a primary change occuring in the intima after any of the above 

treatments, though in one of two specimens., I did note a slight thicken

ing of the intima at the margin of the aneurysm. 

Bacillus typhosus and Streptococci Was used to induce lesions 



9 

by their intravenous inoculation into rabbits. With this proceedure 

the first part of the pulmonary artery and the ascending limb of the 

aorta showed warty thickenings of the intima. There were no aneurysmal 

sacs nor any sigh of calcareous de~neratlon of the media. Microscopical

l1 there was a fatty degeneration of the subendothelial tissue while 

there was however much connective tissue advancing into the de~nerated 

area. A small celled infiltration was wanting as was also ~ Sign of 

calcification. At the areas of thickened intima it was found that the 

.internal elastic lamina had split into several parallel la.vers and the 

fibers so formed were stretched between the proliferating cells. 

The inoculation of diptheria toxin caused no proliferative 

chan~s but simpl1 a de~nerative change in the media of the arteries 

not unlike the early changes in those animals given inoculations of 

adrenaline (18) 

Ignatowski in 1908 published the results of his experiments 

on the effect of animal food on the rabbit. :ar feeding milk and egg 

yoik he produced various lesions of which atheroma of the aorta, 

cirrhosis of the liver ~d enlar~ment of the adrenals were the most 

conspecuous. In the following year Starakadomsq and Ssobolew by 

using the same diet and animals produced. the same results. They also 

reported atheromatous lesions in the inominate, the carotids the 

subclavians and the iliac arteries. Ignatowski was of the opinion that 

it was the protein in the diet which produced these results. Stukey 

confirmed Ignatowski I s results and attempted to determine exactlT 

what it waS in the diet which produced these lesions. He found that 

these lesions could be produced onlT with egg yolk. In following up 
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experiments he fed rabbits various animal and plant fats, fish liver 

oil, beef fat, and sunflower seed oils with negative results. He was 

successful in producing atheromatous lesions of the aorta in rabbits 

by feeding them on brain. Wesselkin fed rabbits on various diets 

and concluded that it waS the cholesterol in the diet which produced 

the atheromatous Change. AnitsChkow and Chalatow were able to produce 

atheromatous lesions in the rabbit aorta by feeding of cholesterol.(3) 

Adler. who was one of the first man in this countr,y to conduct 

experiements on atheromatosis began his experiments in 1908 and publish

ed his first reports in 1914. He used dogs for the most part of his 

experiments. The first part of his work dealt with the introduction by 

J::wperderm~c inoculation of noxious substances either subcutaneously 

or intravenously. These substances were triet~lacetate of lead, 

nicotine, diphteria toxin, live cultures of Staphylococcus aureus in 

saline solution, live cultures of Streptococcus pyogenes albus, Bacillus 

coli, Baccillus typhosus and sodium sale of chrondroitin sulphuric acid. 

He used all of these on dogs all with negative results so far as produc

ing a~ aortic lesion was concerned. With the feeding of cottonseed oil 

to dogs he was able to produce fine fatty striae on the aortic wall in 

two dogs out of three. It is interesting here that the cholesterol 

content of the blood was determined and found to be 0.00228 which I pre

swm means 228 Mgm. percent and is markedly above the normal as compared 

with other figures the author gives. Uranium nitrate administered sub

cutaneously was combined with oil feedings with negative results. Two 

dogs were fed 0.5 of a gram of pure cholesterol ever,y other day or two 

and a half and one and half months respectively. In both instances the 
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aorta of these animals showed fine fat ty striae in the int ima.. He was 

apparently able to produce these intimal lesions in dogs by the feeding 

of dilute hydrochloric acid. At this time the stress and strain of an 

active life were supposed to be an etiological factor in arterial 

pathology so Adler placed some of his animals on a treadmill giving one 

animal adrenal in and using the other as a control. So far as aortic 

pathology was concerned his results were negative. He did however 

observe that the dog which received the adrenalin waS tireless and did 

not develope glycosuria whiCh the control animal did develope. 

Concerning the histo-pathology of the lesions in this series 

Adler reports that the very earliest lesion is a proliferation of rather 

large flat cells in all probability of endothelial origin. No cells 

resembling macropha~s or amoeboid leucoa.ytes could be found. Similtaneous

ly with the proliferation of these cells elastic fibers begin to be split 

off of the elastica interns. between these fibers there developes a more 

or less swollen succulent connective tissue. At the base of the lesion 

these endothelial like cells line up with their long axis perpendicular 

to the elastica interna on which they lie. The fibers of the media 

immediately ajacent to the lesion begin to give w8'3" and this area becomes 

swollen. No aggregation of leucocytes or anything reseIDbling an in

flammatory reaction could be made out. With the first appearance of the 

proliferating cells Sudanophil droplets begin to appear in the upper 

portions of the proliferating cells and also lying free both above and 

between them. Very soon these same droplets appear in the media and the 

adventitia. As the process proceeds the droplets become larger but never 

of the size as described in man or the rabbit. In conclusion Adler 
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advances no theories or ideas as to the mechanism involved in the produc

tion of these lesions. He observed that the Sudanophilic droplets found 

in the lesions are optically ~inactive and therefore are probably not 

Cholesterol. (1) 

Bailey who fed rabbits cholesterol and egg yolks in different 

amounts noted an enormous intimal thickening. In the earliest lesions 

the greater part of the double refracting fat -was intracellular. A 

collection of fine fat droplets is however seen along the intimal l~er 

of elastic tissue this fat being for the most part extracellular. The 

fat containing cells especially in the early lesions vary considerably 

in size, form and fat content and it seems possibly to follow gradations 

from the spindle cells with a few cat droplets to the large cells filled 

with fat. It is believed that the fibroblasts in the intima as elsewhere 

plq a part in taking up the fat. but from the appearance of gradations 

mentioned it does not necessarily follow that the fibroblasts swell up 

to form the large cells described. As the lesion progresses there is an 

increased proliferation of fibroblasts and an abundant formation of collagen 

and fine elastic fibers especially in the upper portion of the lesion. 

The large collection of fat containing cells in the lower portion breaks 

down and areas of degeneration are formed in the lower intima with an 

abundant deposit of cholest-erol crystals and in some cases ca.lcification 

capped by fibrous tissue. The lesion is mainly confined to the intima 

but not entirely so. Often both intracellular and extra.cellular fat is 

seen extending outward half w~ through the media. The same degenerative 

steps ~ follow this early change in media as it did in the intima. 

Bailey summarized his work a.s follows: tfTbe feeding of egg yolk 
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or pure cholestrol to rabbits produces an abundant deposit of anisotropic 

fat in the various organs. From this deposit characteristic lesions 

secondari~ result in certain organs. Prominent amount these lesions is 

an atheroma. of the aorta very smilar to the gross and histological~ to 

the human lesion. Lesions of other vessels are also produced conspicuous 

amount which are those of branches of the pulmonary artery. There is a 

large deposit of anisotropic fat in the liver whiCh produces a cirrhosis. 

Enlargement of the adrenals occurs probably" due to the storage of fat. 

In a certain proportion of rabbits conspicuous leSions are produced in 

the kidneys consisting of nodular deposits of anisotropic fat in the 

medullary portion, the fat being contained for the most part in endothelial 

cells and fibroblasts in the interstitial tissue. Later softening occurs 

in these areas as in the aorta. the cells break down; there is an abund

ant deposit of cholesterol crystals, some calcification and a proliferation 

o'f connective tissue. Scars frequently extend outward from these lesions 

through the cortex but the nodular deposits of anisotropic fat are never 

seen in the cortex. It is impossible to determine definitely from these 

experiements whether or not these deposits are dependent on preexisting 

interstitial lesions". (3) 

Klotx in a review of the material up to 1914 was of the opinion 

that experimental atheromatosis was yielding disappointing results. Bis 

chief criticilUIl of what had been reported so far was the lack of consist

ent results. Be returned to postmortem material and wrote a paper on 

the necropsy stu~ of arterial lesions in twenty three bodies 1n age fvom 

ten to fifty six in all of which death was caused by an acute infectious 

desease. He found in this stu~ that the reactions of the intima. in maDy 
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acute infectious diseases ~ occur independent~ though simultaneous~ 

with the inflammator.y reaction about the vasa vasornm. The intimal 

reactions of the aorta are more marked about the mouths of the smaller 

vessels, particularly the intercostals but they do not usual~ advance 

along the lumen of the branching vessel. The reaction in the intima. is 

an inflammator.y one, in which the wandering cells, ~hoc.rtest some 

plasma cells and po~orphonuclear leucocytes ~ be best observed 

when the intima iB cut flat. This inflammator.y process is accompanied 

by progressive as well as by degenerative changes in the tissues of 

the intima. Repair is accomplished by a proliferation of the connective 

tissues of the inner l~er of the intima and ~ show some nyperplasia 

of musculo-elastic l~er. Splitting of the internal elastic lamina 

into multiply bands occurs in reactions of a pure~ inflammatory nature 

in the absence of hyperplasia of the deep IllIl.scle layer. Fatty degener-

, ation is a common accompaniment of the pure connective tissue thickening 

of the intima, and is found to involve particularly the connective tissue 

cells, the elastic fibers and the endothelial-like cells found in the 

intima, deep areas m8¥ also show medial involvment. The late stages 

of the lesion can't be differentiated from tr£ process of atheroma with 

superficial endarteritic thickening. It is superfluous to differentiate 

atheromatous softening of the intima by the particular tissue cells which 

show fatty degeneration and which on subsequent destruction liberate fatty 

materials in the intima of the arteries. The etiology of these changes 

is probably bacterial toxins, once these have set in nutritional changes 

maT occur which are important. "The entire process ~ be classed as one 

of arteriosclerosis in which proliferative and degenerative reactions 

are closely associated." (19) 
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Again in a paper published in 1915 Oskar Klotz called attention 

to the fact that the early degenerative changes in atherosclerosis was 

an important facter that was being generalljn overlooked. After describ

ing this l\Yaline c:hange in tr...e ground substance of the intima together 

with the splitting of the fibers of the internal elastic lamina he 

summarizes by s~ing. "Thus in truth whether the important factor in 

arteriosclerosis is of a mechancial, bacterial or Chemical character, 

the degenerative reactions in each plan an important part in the progress 

of the disease •. In the later atheromatous softening with its complex 

chemical constitutents, the deposition of calcareous salts is directly 

associated with the presence of these fatty bodies, Such athermoatous 

areas have their beginning in and their progressive enlargement due to 

the destruction of a variety of cells whiCh by disintegration liberate 

their fat content.1t (20) 

Newburgh and Squires (1923) thought the term atherosclerosis 

should be clarified before they reported their work, because of its 

clarity it is here given verbatum. "The term atherosclerosis as is used 

in dealing with the diseases of arteries occuring in human beings is 

intended to designate a primary lesion of the intima and to exclude 

lesions of the intima whiCh result from disease of the media and vasa 

vasorum. The process presents itself to the naked eye in its most 

Characteristic stage in the form of discrete or confluent slightly 

raised pale yellow opaque plaques and streaks. This earlier form of 

the lesion may later be altered by softening of the contents of the 

nodule and the loss by ulceration of the caseous material thus formed. 

The deposition of calcium salts in large amounts converts the base of 
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the ulcer into a hard but brittle depression. But these well recognized 

gross appearances are not always sufficient to permit the observer to 

distinquish between primary atherosclerosis and other vascular lesions 

which affect the intima secondarily, in particular syphilis of the aorta; 

and in experimental work, the microscopic features should be used in 

reaching a decision. The histological picture presented by this primar.y 

disease of the tntUna depends on the stage at which it is seen. 

The intitial lesion consists essential~ of a necrosis or 

fatty degenerative change in the endothelium or the fibroreticular cells 

of the intima. The yellow elastic fibers are separated and pushed apart 

bY' the SWollen fatty cells. With increasing injury the elastic fibers 

undergo a granular degeneration and break up into a granular detritus. 

Following the stage of primary injury, a regenerative compensator" 

fibrosus occurs with the production of new elastic fibers. The growth of 

new elastic fibers is often marked and usua1~ occurs chiefly on the 

lumsn side of the lesion so that the degenerated area comes to appear to 

be located nearer to the media tl~ to the lument. 

A secondary degeneration of this sclerotic area occurs and ~ 

result in rupture of the atheromatous patch into the lumen. of the vessel 

forming the so-called atheromatous ulcer. In advancing lesions there is 

a progressive fatty degenerative change involving not only the intima but 

extending into the fibrorect iculum of the media. At any time calcification 

~ be an added factor. The two processes, the degenerative and the 

regenerative-compensator" go hand in band and in old progressive cases 

~ lead to the most marked changes of the vessel wall extending even to 

the adventitia. 
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When one wishes to determine whether an experimental vascular 

lesion is atherosclerotic in type it is always desireable to examine the 

earlier stages of the lesion.. In priIDa.I7 disease of the intima it will 

be noted that this coat has undergone great thickening and that its 

increased width is chief~ due to the presence in it of large cells 

loa.ded with fat imbedded in a lw'perplastic elastic tissue. The coexist

ence of enormous amouts of fat and the J:ln>erplasis of the elastic tissue 

stamp the lesion in question as a true disease of the intima, an 

atherosclerosis tl • 

In summarizing the work that had been done before them 

Newburgh and Squires came to the conclusion that of all the methods 

tried only the intravenous injections of bacteria and the feeding of 

animal food has consistent~ resulted in the production of experimental 

. atherosclerosis. Animal diets are abnormal for rabbits in at least two 

ways. They contain an excess over herbivorous diets of both protein 

and cholesterol. A number of workers have tried to prove that the 

vascular lestions occuring in rabbits fed aninal diets were caused by 

the Cholesterol. It has however not yet been shown that a Simple 

lw'percholesterolemia can produce atherosclerosis. The literature con

tains no record to date (1923) of a systematic investigation of the 

possible effect of the protein in the diet on the arteries of rabbits. 

Oonsequently' they undertook t he following experilEnts. 

TWo different diets were made up thus~. The first contained 

. one thousand grams of powdered beef from which trte lipoid had been re

moved mechanically; two thousand grams of flour bran mixture; twenty 

grams of sodiu.m chloride; fifty grams of baking powder and then spread 

thickly and baked. The second diet was the same except only half the 



amount of beef was used as in the first diet. On analysis the first 

diet contained 36.2% protein, the second 26.8%. In addition to the 

above diet s the animals were allowed one hundred grams each of fresh 

greens a me a week. 

Twenty four animals lived for four weeks or more on the 

diet containing 36% protein. They ~ convenient~ be divided into 

three groups by the duration of tIle experiment. In the first group 

are ten animals that lived from four to eight weeks on the diet. Two 

of these rabbits showed early intimal disease. !he remaining eight 

rabbits ate the high protein mixture from eighteen to thirty six 

weeks and all of them presented marked and extensive atherosclerosis. 

18 

Fifty one animals were fed the diet containing 27% protein. 

These rabbits fall naturally into two groups. forty that lived for less 

than six months on the diet containing 27% protein showed atherosclerosis 

of the aortajwhereas eight of the eleven animals that ate this diet 

for more than six months presented aortic lesions which were grossly 

and histologically typical of true atherosclerosis. The lesions in 

seven of the eight rabbits were advanced and severe. The description 

of the lesions corresponds closely to the critera laid down by the 

authors previously. 

In 1;the discussion of the spontaneous atherosclerosis these 

authors present figures from several sources suCh as Rosenow finding 

atheromatous lesions in three rabbits out of a total of 1,548 animals 

examined; Loeb examined 483 finding no arterial change. Out of the 

116 rabbits in this stu~ none showed spontaneous intimal changes. 

In regard to the age of the animals being a factor it was 
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found that the control rabbits which showed no arterial c~ were in 

general older then the experimental group. 

Infection. that is spontaneous infection is not a factor 

according to these authors because they report finding IIIal'.Iy' of the 

common infections amount the controls during the experiment. There 

was no effort made to isolate an animal when it became sick. 

In discussing the role of cholesterol the authors calculate 

the amount of cholesterol ingested b.1 their animals on this diet would 

be a maximum of 28Mgm. daily. They find that the amount of cholesterol 

consuned by their rabbits as being 22% of the amount fed by Starokadomsq 

44% of that used by Wesselkin and 58% of that eaten by Saltykow t s 

rabbits. These amounts which were fed by Newburgh and Clarkson were 

then much less than the miniimal &mOuts said by previous workers to be 

necessary to produce atherosclerosis. 

In summarizing their experiments they sa,y. "our experiments 

have shown that the prolonged ingestion of excessive amounts of protein 

b.1 rabbits will result in extensive atherosclerosis of the aorta and 

several other arteries. Stu~ of sources of error has demonstrated 

that the atherosclerosis found in the rabbits that ate the high protein 

diets was not spontaneous; was not the effect of laborator,y environment, 

age or infection; could easily be distinguished from the spontaneous 

calCification of the media; and was not caused by the small amount of 

cholesterol in the diet". (28) 

Aschoff in his lane lecture in this country in 1924 gives 

quite comphrehensively his ideas on the pathogenesis of human 

atherosclerosis. Aschoff goes back to what he calls the concept of 

Virchow which Is, the first morbid change consists of a swelling of 



the ground substance of the intimal connective tissue. This swelling 

mu.st be due to an imb ib i tion from the blood stream of the aorta. It 

is recognized mlcroscopical~ b~ the increased width and homogeneity 

of the connective tissue spaces. Aschoff believed that Virc:how has 

been misunderstood, he sa;rs, II he Virchow, thought not of defensive 

endarterities but of a reparative endarteritis which resulted from 

the pri.mary injury to the intima determined by its meChanical loosen

ing and the infiltration of blood plasma". Following this there is 

the deposition of cholesterol esters in the injured intima. It is 

interesting to note here that he makes no mention of cholesterol 

having any part in the process. 

According to Aschoff there are three age grou:ps. The first 

group of the ascending period from birth to thirty three years of age; 

the second of the summit extending from thirty three to forty five 

years, the last or the descending period from forty five years old to 

death. In discussing the descending period he makes the statement 

that. "senile ectasis is a disease of old age which no living individual 

escapes". He believes that too much stress has been laid on size of 

aorta in the determination of constitutional types and warns that the 

dilatation of the aorta which begins in the fourth decade and becomes 

increasing~ more marked should alwSiY's be borne in mind when one speaks 

of a normal or abnormally wide or narrow aorta. He had examined 685 

bodies of war time material and could determine no relationship between 

the size of the aorta and the constitution. 

Senile overstretching can be attributed to a diminution of 

elastiCity of the aorta. When cut the ends of a young aorta will 
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contract several centimeters which is not true of old aortas. Young 

aortas can be stretched several centimeters, old aortas can be stretch

ed practical~ not ~t all depending on their age. This loss of perfect 

elasticity, this increase to elastic resistance is due to a Chan~ 

which the elastic undergoes with age, a change whioh is manifest not 

on~ in the aorta but wherever there is elastic tissues, in the bronchi 

and in the skin for example. OverstretChing would probablY be much 

greater were it not that the intima with advancing age and tension 

becomes invaded with more and more connective tissue. Atheromatosis 

~ be observed at any age but atherosclerosis is observed only during 

the declining period of life. Be observed that senile ectasis ~ be 

marked but no sigh of atherosclerosis is found. From this it is 

reasoned that atherosclerosis is an engrafted or ver.y fr~quent~ 

assooiated or disease of the aorta which is seco~dary to atheromatosis. 

With this close assooiation it is necessary to understand atheromatosis 

before atherosclerosis can be understood. The atheromatosis of infancy 

and childhood is suCh an easi~ reversible process, is so transitor.y 

that its patho~nesis is not discussed. 

In the atheromatosis of puberty the gross changes are a 

streaking of the posterior wall of the arcus and the thoracic aorta, 

these areas ~ be raised above the surrounding intima or as most 

usually they are level with the surrounding intima. Microsoopical~ 

a fatty change occurs deep in the intima conSisting of a granular 

deposition of cholesterol esters in the cement substance of the elastic 

fibers which comprise the stria teminalis. The entire process can 

be intrepreted on~ as a sort of loosening and swelling of the cement 
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substance with a simultaneous deposition of fat droplets. The rest of 

the intima shows practically no changes or at most a slight loosening 

and swelling of the tissues. As this process progresses there is an 

increase in the fat droplets. At the same time there is a diffuse 

finely granular fatty deposition and precipitation of fat /droplets 

between the elastic and the connective tissue fibrillae of the over

lying intimal coat and finally there occurs an accumulation of fat 

droplets in the intimal cells themselves. In other words the fatty 

change is both interstitial and parencbymatous, characteristic of 

which is the predominating interstitial change.· With the increase in 

deposition the whole thing finally reaches the endothelium. II No 

further changes take place in the atheroma of the ascending period 

of the vascular system". Betrogression of any of the steps in this 

process ~ take place. The cholesterol involved in this process is 

denTed from the blood and it gets into the intima by the simple process 

of imbibition. Of the physical factors involved it is admitted that 

the constant tug at the openings of the intercostal arteries must 

be of some importance l:ecause this is a favorite site for atheromatous 

lesions. "There is a second factor that must be present before these 

atheromatous spots mq appear. This it seems to me, is a sufficient 

concentration of lipoids especially of cholesterol esters in the plasma. 

From plasma of low cholesterol content no deposition of lipoids will 

ocCur even though mechanical conditions are favorable"_ 

In the atheromatosis of age the site of the lesions is the 

same in general as it is in the younger groups. The arcus &ortus, over 

the obliterated ductus arteriosus, about the intercostal openings 
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and about the bifurcation of the abdominal aorta are in the aged as 

in the young favorite sites for the appearance of intimal thiokening. 

In the older group the oolor of the gross lesion is different; in 

the young it is alwa.vs yellow, in the older group they often are a 

pale gra.v oolor and ma:y' be oartilagenous in consistency. Miorosoopically 

the ohanges are the same as they were in the younger group but there 

is a greater tendency to the overgrowth and ~alinization of oonnective 

tissue and in this way the intima is thickened by la.ver after la.ver. 

At first the patohes are gre,rish in oolor but later assume a oartilagenous 

white appearance. The prooess of swelling is aocompanied by a JlX)re or 

less widespread fatty change. this begins exactly as in the atheromatosis 

of puberty in the elastic stria terminalis. it is of finely granular 
. 

nature and affects in partioular the oement substanoe, gradully an 

inoreasing number of oonneotive tissue oells become involved until 

finally there appears under the JlX)re or less swollen and ~allnized 

surface la.ver an enormous fatty patch. The mechanism is the SaJre in 

both oases. "thus we have formulated a oonoeption of atheromatosis 

oommon to the asoending and desoending period of life. This same 

prooess involves two tissues; in one case the young, in the other case 

the ageing intima whioh reaots in a totally different manner". 

The entire prooess begins in the elastic stria terminalls. 

henoe there must exist conditions favorable to swelling and preoipitation. 

The conditions are favor4ble at this point beoause the elastic stria 

terminalis 1s the first densely wooven menibrane that the invading plasma 

meets and thereby serves as a filter. In it ~ be followed the first 

process of loosening of the fiber net-work of the elastio fibers, it is 
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not an actual tearing of the fibers but only an apparent one, in that 

the single fibers are separated more and more from one another as a 

result of the increasing change in the cement substanoe. 

In ooncluding Aschoff makes some observations on the part 

metabolism pl~s in atherosclerosis. In the aged the cholesterol 

esters break down forming cholesterol which causes fat necrosis, 

thus the atheromatous ulcer, when the products of this fab necrosis 

form soaps particularly with calcium then sclerosis ensues. The 

character of the diet is an important factor. This metabolism pla,vs 

an important part is witnessed by diabetic and cachetic pthisis 

atheromatosis. He accepts unqualifiedly the idea that rabbit chol

esterol feeding is valid. He sa,ys, "of great significance are the 

investigations of Murata and Katanaka who were able to demonstrate 

that the artificial so-called ailmentary atheromatosis which can be 

produced according to Kohle by lanolin feedings appears much more 

rapidly in castrated then in non-castrated animals". Murata was further 

able to demonstrate that the castration atheromatosis with lanolin 

feeding could be completely inhibited by simultaneous administration 

of thyroid gland substance. "one sees therefore how great a part the 

metabolism plays in the atheromatous ateriosclerotic changes". (2) 

Clarkson and Newbuth could not accept the idea that the 

intimal lesions occuring in rabbits fed cholesterol was simply due to 

the cholesterol and that the protein in the diet of an animal which 

normally gets little protein in its diet is of no consequence. 

According1y the" began an experiment on several groups of 

animals. They divided their rabbits into five groups. Group one served 
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as a control and provided normal blood cholesterol values. All of 

the animals used were young rabbits. Group II consisted of twenty 

rabbits which were fed 25Mgm of Cholesterol dai~ over a period last

ing from fifty one to· two hundred eighty eight days. In no instance 

did the postmortem examination of the aortae of these animals show 

a single lesion. Group III received 113 ~ of Cholesterol dail1 

from twelve to three hundred two ~s. One of these nineteen rabbits 

which had ingested cholesterol dail1 for three hundred two ~s showed 

an aorta with slight atherosclerotic lesions. Gr~p IV consisted 

of twenty ftve rabbits which received 253 Mgm. of cholesterol dail1 

for a period of from thirty three and two hundred forty six ~s and 

eight of the latter animals (62%) showed definite atherosclerotic 

lesions in their aortae. Of twelve animals in this group fed thirty 

three to one hundred tWBllty five da.vs, eleven or 92% had normal aortae. 

When one compares the level of blood cholesterol with the st~te of 

the aorta one finds that four of the eight arteriosclerotic rabbits 

had abnormally high:;,readings and that in the case of the other four 

the readings were all well within the normal. 

Group V consisted of seven rabbits whiCh were fed 507 Mgm. 

of cholesterol dail1 from forty seven to eighty six days. Five of 

this group bad marked aortic lesions but the remainder had small 

lesions "that even histological~ they could not be pronounced postive 

for atherosclerosis". This experiemnt is I believe important in that 

the authoIts fed cholesterol in capsules, thus they could be sure of a 

fived ingested amount. 

These workers then prepared a diet containing 36% protein 
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as they had previous~ used (28) ~o produce atherosclerosis. A 

blood cholesterol determination was made just before each animal was 

placed on this diet and another determination was made at the end of 

six months, the rabbi t s killed and the aortae ey,amined. The ini tia.l 

blood cholesterol determinations were within normal limits, the later 

ones showed half of the animals bad blood with a very much elevated 

cholesterol level. The rabbits with the low or normal blood cholesterol 

levels showed no aortic pathology, while the four showing elevated 

blood cholesterol did show some intUnal change. 

In the discussion these authors pointed out that in this 

protein diet there was 10 to 15 Mgm. of cholesterol da.i~ ingested b.v 

the rabbits. 'his intake of cholesterol in the protein fed animals com

pares in amount with Group II in none of which ~ aortic lesions were 

found. In a comparison of the results in the cholesterol fed group it 

was' found that 75% of the rab-bits in the 500 Mgm. daily cholesterol 

intake group developed arterosclerotic lesions with a total of 25 Gn4 

ingester cholesterol. B.1 the same standards on~ 20% of those in the 

253 Ygm. daily intake of cholesterol group developed any aortic lesions 

while noe of the seven in tr£ 113 Mgm. series which reached a total 

of 25 Gros. total cholesterol intake showed any aortic lesions. They 

found there was little correspondence between the blood cholesterol 

level and the occurence of lesions in the aorta. 

Olarkson & Newburgh reach the following conclusions. "The 

range of free cholesterol in the blood of rabbits, as determined by 

'f,he Windaus method va.ried from 35 to 125 ldgm percent with a mean of 

71 Mgm per 100 cubic centimeters of blood. The small amount of 
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cholesterol contained in tbe high protein diet used by us in earlier 

work and causing atherosclerosis does not affect the blood cholesterol • 

nor does it cause arterial disease. In order to produce atherosclerosis 

it is necessary to feed at least ten times that amount of cholesterol. 

In rabbits receiving such amounts both hypercholesterolemia and 

atherosclerosis occur but it is not possible to establish any close 

parrallelism between the two. High blood readings were found on rabbits 

with normal aortae and atherosclerotic rabbits in this series sometimes 

have shown a normal blood cholesterol. With still greater doses of 

cholesterol one finallT reaches an amount which regularlT produces 

hypercholesterolemia and atherosclerosis within a few weeks. A new 

series of rabbits fed the high protein diet shows that those rabbits 

which become atherosclerotic also develope hypercholesterolemia. We 

attribute this elevation of the blood cholesterol to a metabolic 

distrabance dlrectlT referable to the excess of protein in the diet and 

not to its cholestero~ content". (8) 

Franklin 11. Nuzum, Margaret Osborne and William D. Sansum 

had been working with dietarT changes in the rabbit for some time and 

were principal*Y' interested in the blood pressure changes and kidneT 

damage theT were able to produce when the animals were placed on a 

protein diet. (29) Later on (1926) the same workers ran a series of 

experiments to determine the effect of such a diet on the aorta. 

A group of seven rabbits kept on a diet of liver for from 

three to eleven months presented extensive arterosclerosis. Three 

rabbits kept on this diet for less then three months did not present 

evidence of blood vessel change. According to the gross picture given 
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these animals showed the typical atherosclerotic changes; intimal 

thickening with yellow discoloration of the placques. There was no 

evidence of spontaneous medial sclerosis in this group. The blood 

pressures of this group were elevated and of the group. they were 

highest in the animals showing the most severe atherosolerosis. In 

each of these animals there was also evidence of kidney injUI7 as in4. 

dicated by the oasts and albumin in the urine and by an inorease in the 

blood non-protein-nitrogen. The urines of these animals were decided~ 

acid the pH ranging from 5.0 to 7.0. The carbon dioxide conibining 

power of the blood serum was reduced. 

The aortas of seven of eleven rabbits kept on a diet of 

oat protein with ocassional greens for two years presented marked 

sclerosis along the thoracic and down into the abdominal aorta. The 

atherosclerosis was especially marked about the openings of the 

intercostal arteries. Medial sclerosis was present in three of the 

seven. The most prono\ll1ced changes were in the animals which bad been 

on a protein diet for the longest time (2 years) the maximum blood 

pressures ranging between 90 and 100 W. of lD3rcury. The blood 

pressures of the controls averaged 74 Mi4 of mercury. This group gave 

that same evidence of kidney injury t the urine was acidt the pH ranging 

from 6.0 to 6.8, the oarbone dioxide combining power of the blood 

serum was decreased and the non-protein-nitrogen was increased. 

Of twelve animals kept on soy bean protein for two years 

(weekly intervals greens were given) not one of the group presented 

true atherosolerosis. Three of this group showed medial sclerosis. 

This diet was given because the soy bean protein diet produces an 
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alkaline urine, the urine pH of this group being 9.0. This diet averaged 

36% protein. This group also showed increased blood pressure and 

evidence of kidney damage. 

The controls for this group of experiments were perfect~ 

normal at the end of the experiment having been kept on a mixed grain 

and green diet. These authors therefore. conclude that diets rich~ in 

cholesterol are not necessary to produce atherosclerosis in the rabbit , 

which seems to bear out the work of llewburgh and Clarkson (30) 

In an article by Moon published in 1926 there is an interest-

ing theoretical relationship between hypertension and atheroma of the 

aorta. In this article he attempts to explain the process on a basis 

of hydrodynamics. He begins the elaboration of his theory by ~ing 

down the following premises. 

"1. Fluid will flow through a collapsible tube on~ so long 

as the fluid pressure within the tube is equal to or greater than the 

sum of the pressure within the tube is equal to or greater than the 

sum of the pressures exerted external~ on that collapsible tube. 

2. Blood pressure in the cappilaries of the basa vasorum 

of an arter.y is less than diastolic blood pressure in that artery. 

3. In hypertension the increment in capillary blood pressure 

is less than the increment of arterial blood pressure. 

4. Circulation of blood through the cap~llaries of the vasa 

vasorum normal~ occurs except in the intimal portion of the artery 

wall. II 

If the above premises are so then accordingly there is a 

place in the depths ·of the intima. which gets insufficient blood from 



the vasa vasorum because of the increased pressure on the vess$ls 

of the aorta due to I:wpertension. This s~ area also gets in

sufficient nourishment from the aorta because of its distance from 

it. According to this theory the etiolog,v of the primary morbid 

change in atheroma, the wcoid degeneration of the intima. is an 

ischemia. 
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This idea of Moon's although he recognizes the purely 

theroretical nature of it does according to the author explain various 

observed facts in connection with atherosclerosis, some of these are, 

the consistent early occur~nee of atheroma at the mouths of the inter

costal arteries. In applying this principle here atheroma takes place 

in this location because the intima about the orifice of these vessels 

is subjected to the increased blood pressure both in the aorta and the 

tributary artery. !"his would also apply to the openings of the 

abdominal vessels and the bifurcation of the aorta to fo~ the iliac8.(27) 

Duguid is inclined to the idea that the cause of the earli

est change in atheroma is a tearing of the intima. from the nedia as 

the intima is thrown inco folds as the pulse wave passes downward, this 

he believes to be the cause of the edema and hyaline change which occurs 

at the base of the intima.. Following this there is a deposition of 

lipoid material in the intima. and a compensatory firbosis. Anything 

which will accentuate the pulse wave will increase the response in the 

intima, the most important factor in this connection is hyperpiesis. (10) 

In a report given by Joslin he discusses the etiology of 

arteriosclerosis in the diabetic. He believes that a protein element 

in the et iology of diabetes should be assumed. n General acceptance of 
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the statement can be expected that an excessive protein diet is not 

only harmful to the diabetic but to normal individuals and tends to 

produce directly or indirectly arterosclerosis lt • He offers little in 

proof for this statement. Of 6arbobydrate he presumes that 

hyperglycemia might be an important factor but he grants that this is 

not proven by any experimental work. Acidosis is thought to be an 

important element in arteriosclerosis but here again no experimental 

observations are quoted nor are any available. In this connection he 

thinks that the ketogenic diet given to epileptics ~ in time develope 

more about acidosis as a factor. Fat and cholesterol are thought by 

Joslin to be very important factors. He lists several articles which 

when included in a diet cause of hypercholesterolemia in diabetics. 

He believes that hypercholesterolemia and hyperlipemia go hand in hand. 

(16) 

Sweeney and Smith (1930) used adult albino rats as animals 

in which to produce experimental arterosclerosis. In the first group 

of animals one of the experimental group was given high salt diets 

consisting of sodium bicarbonate and sodium chloride. At the end of 

several months the findings were negative, there WaS no apparent arterial 

change. The use of Staphlococcussuspensions in saline solution also 

produced negative results as far as morbid change in the arteries was 

concerned. A third group received viosterol 1.5 to 2.0 cUbic centimeters 

in their daily diet this caused the death of one animal after fifty tive 

days of experiment, one after Sixty seven ~s and the third Was killed 

after seventy four ~s. X~~ pictures taken late in the experiment 

showed a dark shadow along the route of the aorta. Microscopic exandn-
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ation of the l~ers of the aorta revealed the intima to be the chief 

site of deposition with involvement of the media in the most extensive

ly and thicklY calcified areas. "The amount of calcification was in 

direct proportion to the amount of viosterol which had been consumed 

by the'animals lf • 

One animal was given the same treatment and then allowed to 

rest for a month without treatment then killed, examined and the same 

results were found. It was then attempted to decalcify the aortas by 

the use of parathyroid hormone but without results. It was then conclud-

ed that the consumption of approximately 50 cubic centimeters of 

viosterol over a twenty five ~ period is sufficient to cause definite 

arteriosclerosis in the adult rats. (38) 

That the secretion of the posterior lobe of the pituitary 

by virtue of it s effect on fat and ca.rbohydrate metabolism might also 
, 

pl~ a part in atherosclerosis was the idea behind the work of Moeblig 

and Osis (1930). They used four groups of rabbits, one a control, one 

fed a diet rich in cottonseed oil and lanolin. one fed on the same 

diet as that given the second group and in addition receiving 

hypodermically 1.0 cubic centimeters of posterior pituitary extract, 

the last group was carried on a control diet but received the pituitary 

extract. The two groups receiving the high fat diet had an abrupt and 

larg~ rise in the blood cholesterol, it averaging about 440 Mgm. per 

cent. Both of these groups showed 'intimal thiCkening with a deposition 

of cholesterol in the intima, the process being more severe in those 

animals whiCh also received the posterior pituitary extract in addition 

to the high fat diets. Of the go~·th group or the one which received 
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the basal diet and the pituitary extract six of the ten animals showed 

normal aortas. Four of this last group showed changes suggestive of 

ear~ arteriosclerosis. As there is no description of picture of the 

lesions in this last group one cannot be· sure just what these changes 

Ilsuggestive of ear~ arteriosclerosis" means. One thing of value in 

this work might be that the pituitrin in addition to the high fat diet 

might make the aortio lesions more severe in a shorter time. (26) 
. 

In following up the work of artificial~ produce arterial 

lesions in experiloontal animals by the introduction of vitamins the 

wrokof Vandeveer is of note. He used young rabbits and gave them 

trl-wee~ subcutanteous injections of ergosterol ~5 cubic centimeters 

per kilogram of boCW weight. one cubic centimeter of which was equal 

to 10,000 D units, he believes the lesions so produced to alw~s lie 

in the media. The earliest lesion he was able to observe was a lq1ng 

down of calcareous particles along the elastic fibers just outside the 

internal elastic lamina. He found this calcareous deposits in the media 

before there was any demonstrable degenerative changes. The intima was 

practically never involved and when it was the location of such that 

there could be no relation between the intimal lesions and those of the 

media. The favorite sites geographically were the arch of the aorta 

particularly the outside of the arch and less frequently on the inside 

of the arch. He found no lipoid deposits in the media or the intima 

at any time during the experiment that were of any consequence. In 

this connection it might be noted that the animals as a whole when 

autopsied were practically devoid of any gross fat. Any malformations 

of the intima which did occur he was able to demonstrate that they were 
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due to calcification of the underlying media. One of the a.mina.ls which 

received not only the ergosterol but also calcium gluconate showed a 

perfectly normal aorta. (41) 

Benson and others after observing severe atherosclerotic 

lesions in a young girl who had died of gangrenous stomatitis decided 

to try some experiments to determine the effect of cultur~s of bacteria 

inoculated intravenously into rabbits. In ma.ny instances in which death 

was due to coronary arteries when the blood stream in general was negative 

to culture. Most of their experiements were conducted with organisms 

obtained in this wq from human autopsy mater1al. 

A liter of seven rabbits was inoculated intravenously with 

streptococci obtained from a case of coronar,r thrombosis. They were 

given a massive dose, observed for a week, then killed and e~ination 

of the aorta was negative. 

Of a second littler of seven rabbits, five received seven 

inoculations each from a culture of "Streptococcus fecalis" over a period 

of five and half months. Rabbit number five in addition to its 

inD.culatiol13ha.d thirty three cholesterol feedings of 0.5 Gm. each, 

rabbit number six had only the thirty three cholesterol feedings, rabbit 

number seven served as a control. All were killed at the end of six 

months. On examination rabbltnumber five was the only one which showed 

a.rJY gross changes in the aorta. The -ascending aorta of t his animal 

contained thiCkened yellowish ulcer like plaques in which the intima 

was considerably raised. There was also a more diffuse irregular thick

ening of the whole ascending aorta and to a lesser extent the des~ending 

aorta. Microscopic examination disclosed a decided thickening and 
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il·regularity of the intima. with considerable fibrous increase and 

scarring with obscuring of the internal elastic lamina. Fibriblasts 

were scattered throughout the intima and a few vacuoles were present. 

The intima also contained elon~ted streaks of blue staining material. 

Sudan III ,and hematosylin staining disclosed a diffuse infiltration by 

small globules of lipin throughout the intima. 

Litter three consisted of two young rabbits without controls. 

Each animal received three inoculations of nStreptococcus fecalis" 

in a period of two months, at autopsy one showed small arteriosclerotic 

patches in the ascending aorta, one did not. 

Litter four consisted of six rabbits two of which were used 

as controls. Three animals received two inoculations each of 

Streptococci and another received four. The inoculated animals, were 

also given a subcutaneous implanation of 2 an. of asceptic rabbit aorta 

in the hope of inducing absorbtion of enough aortic substance to in

fluence the electivity of the injected organism for aortic tissue. The 

organisms used had been repeated~ cultivated over a period of many 

da¥s in dextrose infusion broth containing a prot ion of sterile rabbit 

aorta. One rabbit died a month after inoculation with arterosclerotic 

plaques in the aorta, the other five rabbits including the controls 

lived from one to three months and showed no gross lesions. 

Litter f'ive consisted of five animals which received two 

inoculations. Four months later at autopsy none of these animals showed 

~ gross lesions. 

Litter six consisted of six animals three of Which were 

inoculated twenty seven times with Streptococci, two had one hundred 
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twenty seven and one hundred thirty one cholesterol fee4ings one with 

the Streptococci and one without inoculations. The results were in no 

wise conclusive. One animal which received the bacteria alone showed 

no lesions, the animal which received the cholesterol alone snowed no 

lesions. two of those animals receiving the bacteria along showed some 

aortic lesions, the animal which had been given both the Cholesterol and 

the bacteria also had aortic lesions. 

Some experiments along the same line were done by the same 

workers along the same line using Macacus rhesus but they were few in 

number and inconclusive. As a result of these experiements it was con

cluded that atheroma of the aorta could be produced by the intravenous 

inoculation of Streptococci. They were of the opinion that feeding of 

cholesterol to these animals in addition to the bacterial inoculations 

induced more severe leSions. (5) 

Turner, in 1933 became interested in the prevention of 

Cholesterol, induced atherosclerosis in rabbit. He set out to determine 

the effects of whole thyroid substance and potassium iodide. He divided 

a group of animals into two groups, an experimental and control group. 

All of these rabbits were between four and five months old. The 

cholesterol was administered by the mixing of one gram of the crystals 

in the food three times a week. Ey this method it was possible to in

duce atheromatous changes in the aortas of one hundred percent of the 

animals in from eighty seven to one hundred fourteen days. 

The first experiment consisted of fourteen rabbits whiCh were 

on the cholesterol diet. On examination all of these animals showed 

atheromatous change. The blood cholesterol averaged 520 Mgm. percent. 
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The o~gen consumption per gran per hour was 0.472 cubic centimeters. 

The second experiment consisted of nineteen animals which in 

addition to the cholesterol in the diet also had 0.4 GIn. of dried 

thyroid substance mixed with the food three times a week. At post

mortem only two of the animals showed 'slight and moderate atheromatous 

change. The blood cholesterol averaged 178 Mgm. percent. ~he oxygen 

consumption per gran per hour was 0.799 cubic centimeters. ~ne 

rabbits which did show the atheromatous change in the aorta had a 

hypercholesterolemia; one had a blood cholesterol level of 291 Mgm. 

percent, the other 261 Mgm. percent. 

The third experiment consisted of eleven rabbits. In addition 

to the cholesterol in the food they received 1.2 Mgm. of thyroxin in

jected subcutaneously' once a week. In this experiment six of the rabbits 

died in forty four to eighty days. Of the entire eleven, three showed 

marked atheromatous change of the aorta, four showed moderate change, 

one slight change and three showed no change. The average blood 

cholesterol level during this period was 399 Mgm. percent. mbe o~gen 

consumption was 0.626 per gram per hour. All of the animals showing 

atheromatous change ~ad a hypercholesterolemia. 

In the fourth experiment seven animals were used as controls. 

Twelve rabbits were given a gram of potassium iodide in aqueous solution 

three times a week in addition to the cholesterol diet. In only' one 

animal of this group was there any atheromatous change, in this animal 

it was marked. The average cholesterolemia was 183 Mgm. percent. 

Another experiment was tried in which potassium bromide was substituted 

for potassium iodide. In this series of seven rabbits only one showed 
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any atheromatous change. The average cholesterolemia of this group 

was 428 Mgm. percent. In another experiment along this same line 

potassium chloride was substituted for the iodide. Of' this group of 

ten animals on~ one failed to show aortic lesions and this animal had 

a normal blood cholesterol. ~ne blood cholesterol of the entire group 

averaged 429 Mgrn. per dent • 

From these experiments it seems obvious that there is a direct 

relationship between the blood cholesterol level and the degree of' 

aortic pathology. Thyroid substance is a better inhibitor of atheromatous 

change than is crystalline -tl\Y'roxine. Both thyroxine and thyroid 

substance increase the basal metabolic rate, this the ipdided do not do. 

A.9parently ionic iodides and bromides have the Salm effect as thyroid 

gland and thyroxine. chlorides do not have this capacity_ (39) 

With the relation between the iodides, t:twroxine thryoid 

gland and the bromides and eXperimental atheromatous change established, 

Turner and Kb.qat conducted SOIlS experiments to determine the effect that 

thyroidecto~ might have on experimental atherosclerosis. In this 

experiment a complete t:twroidecto~ was done. the rabbits were fed a 

stock food of oats, alfalfa, mallasses mL~ture and fresh vegatables. 

The animals were likely to eat poorly for a short time following the 

operation and lost some weight for a week or two. Following this they 

ate well and gained back the lost weight but did not become obese. 

Group one consisted of the control rabbits, seven of which 

had been thyrOidectomized and five normal ones. These animals were 

given the regular diet without the cholesterol. Of the normal animals 

there was no atherosclerOSis, the blood cholesterol level varied from 
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the one hundred tenth da;r of the experiment. Of the tb;yroidextomized 

animals nona showed any atherosclerosis, five of these were killed on 

the one hundred tenth d~ of the experiment, one died on the seventy 

fourth da;r and one was transfered. The blood c:holesterol level varied 

from 156 to 97 Mgm. percent. 

The third group consisted of five animals which received one 

granl of cholesterol in the diet three times a week. None of these 

animals had been tQyroidectomized. All of these animals except one 

Showed aortic lesions and that one died on the forty second ~ of 

the experiment. Blood cholesterol varied from 107 Mgm. percent ear~ 

in the experiment to 536 Mgm. percent later in the course, showing in 

general a progressive rise. 

The fourth group consisted of seven thyroidectomized animals 

fed on the cholesterol diet. Of the four who lived the full one hundred 

ten ~s of the experiment all showed aortic lesions. The blood 

cholesterol rose pregressively from 130 Mgm. precent to 606 Mgm. percent. 

Group five consisted of six normal ,rabbits fed Cholesterol 

and potassium iodide. All were killed on the one hundred and tenth 

day of the experiuent and none showed aort ic lesions. The average 

Cholesterolemia varied from 146 to 218 Mgm. percent. 

Group six consisted of eight thyroidectomized animals who 

were fed cholesterol and potassium iodide. Of the eight animals only 

three lived to the one hundred and tenth day all of which showed some 

aortic lesions as did one which died on the fifty sixth~. The others 

either were removed from this group or died early and did not show any 
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aortic lesions. The cholesterolemia varied from 117 to 582 Mgm. percent 

it becoming progressivel1 higher as the experiment progressed. The two 

amina.ls removed from this group on the thirith and the forty third 

~ of the experiment after showing a hypercholesterolemia were then 

put on a control diet for one hundred ten days during which time no 

significant rise in blood cholesterol occured. At autupsy there were 

no gross aortic lesions, each animal showed a mass of regenerated 

thyroid tissue as large if not larger than that of a normal thyroid. 

From these experiments it would appear that the potassium iddide exerts 

its inhibitory effect through the thyroid. (40) 

In an article published by Leary in 1934 he re'll!ews the subject 

of experimental atherosclerosis particularl1 from a standpoint of 

comparison with the same lesion occuring spontaneousl1 in the human 

coronar,y arteries. He induced the atheromatous condition of coronary 

arteries of the rabbit by the ingestion cholesterol, this he gave to 

the experimental animals by catheter. He found that few of the animals 

would tolerate more than one gram dail1. It is interesting to note 

here that he at that time thought that the earliest lesion seen in the 

experimental animals was the tWPibtion of 0» at least the collection of 

cholesterol under the endothelium. In a later paper he changes this 

somewhat. The similarity is very marked when one takes into consideration 

that the lesions seen in the human are much later than those seen in 

the experimental animal. 

He concludes that the lesions of human atherosclerosis can 

be produced in the rabbit by the feeding of cholesterol, that the 

fibrosis that is characteristic of human coronar,y lesions in the young 



is the characteristic lesion in cholesterol atherosclerosis in young 

rabbits. Fibrosis is therefore a reaction of youth and not of species. 

He is of the opinion that the pathogenesis can be studied to much 

greater advantage in the rabbit than in the numan because the lesion 

progresses so slow~ in the human. He believes that there is much 

data to support the contention that atv~rosclerosis in the human is of 

cholesterol etiology. He cites several references which would seem to 

indicate that while cholesterol forms a part of every animal cell still 

there is none of it s~nthesized within the boq" that tr~ on~ source 

of cholesterol that man has is from the outside. He states. "man is 

the only animal. that ingests milk and eggs throughout its life time. 

Man is also the only animal as fez as is known which dies in early life 

from coronary sclerosis, and which aquires atherosclerosis almost 

universally' in advanced life". He believes that the recent high fat 

diets given to diabetics was the cause of the large percentage of 

arterosclerosis occuring in diabetics. (22) 

Rosenthal in a recent article (1934) uses the statistical 

method in his stuq, of human atherosclerosis. His material consisted 

of five hundred autopsies performed at Cook County Hospital in Chicago. 

All of these bodies were over twenty five years of age. His work 

properly speaking is not in the field of experimental atherosclerosis 

but he developes some ideas which have some bearing on this subject. 

He begins by criticising the present method of classification 

of atherosclerosis; what might be called mild atheromatous change in 

one place which be called moderate or slight by others. In this case 

the aortae were removed by cutting as close to the valves as pOSSible, 
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cutting the branChes off flush with the aortic wall, the adventitia was 

carefully stripped awe.;r and the whole aorta examined for fat. It was 

found by this method that the total amount of extractable fat was 

directly proportional to the degree of atherosclerosis. that the lipoid 

was mainLy composed of free cholesterol aId its ester in atherosclerotic 

aortas the relationship between these elements was constant, that is 

twenty five to fifty seven percent respective~. He concluded by this 

summary tbat the aortic fat increased with age and when a sufficient 

number of cases were had in a homogenous group the ascent approached a 

straight line. From this stu~ he evolved what he calls- a fat angle of 

the aorta or in short a F.A.A., that ls; the tangent of the angle is 

equal to the grams of fat in the aorta times one hundred minus two; 

divided by the age of the bodJr minus fifteen. This is not only the 

fat angle of the aorta but is also the inolination of atherosclerosis. 

By this method the angle of 19.3 degrees indicated a smooth aorta, 

an angle of 48.1 degrees a slight to moderate atherosclerosis, an 

angle of 71.4 degrees a moderate to severe atherosolerosis. 

In Rosenthals discussion of exogenous cholesterol as a 

factor in atherosolerosis he oites some statistios which would seem to 

indicate that in general the higher the dietary protein the greater 

the inoidence of atherosolerosis and hypertension. A notable exception 

to this is the Eskimo. He then tries with indifferent success to fit the 

(fat angle of the aorta) to the negro in the nobth and the negro in the 

south where the standard of living is lower and less protein in the 

diet and to show that where the protein in the diet has increased the 

atherosolerosis has also inoreased. (34) 
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Pa~ and Bernhard studied the effects of organiz iodide on cholesterol-

induced atherosclerosis. The animals were divided into two groups. 
, 

One received 200 Mgm. daily of cholesterol disolved in warm olive oil 

six ~s a week. Another group in addition to this received the 

di-iodide of ricinsterolic acid. The experiment lasted from one 

hundred nine to one hundred eighty days. All of the rabbits fed 

cholesterol showed an extensive deposit of cholesterol in the intUna 

of the aorta while those animals which received in addition the di-

iodide of ricinsterolic acid showed no deposition of Cholesterol in 

the intima. Persistent lipemia developed in both groups of animals 

but the lipemia was more marked in the group which was fed the organic 

iddide. (31) 

In determining the effect of alcohol on cholesterol induced 

atherosclerosis Eberhard found that in animals fed both Cholesterol 

and alcohol that the cholesterol level of the blood rose more rapid~ 

and to a higher level than it did in animals receiving cholesterol 

alone. but that the deposition in the tissue of the liver and aorta 

occured in the inverse ratio. It was also found that a group of 

rabbits that received only alcohol in addition to a basal diet of 

grain showed a slightly higher blood cholesterol and a definitely lower 

Cholesterol content of the aorta than the control group. (11) 

Jobling and Meeker made an unsuccessful attempt to 

accelerate and increase the developement of Cholesterol lesions in the 

aorta of the rabbit by the intravenous injections of Streptococcus 

toxin, production of artificial fever, ammonium chloride feeding. 

intravenous injections of peptone, induction of anaphylactic shock, 
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and the intravenous injection of uric acid. One of these proceedures 

were done simnltaneous~ with the feeding of Cholesterol,in each 

experimental group. No affect at all could be shown on the blood 

vessels of the cat when fed cholesterol and in addit ion were inoculated 

with peptone and histamine intravenous~ or were fed ammonium chloride. (lS) 

Short, Bruger and Jaffe studied the effects of acetonemia 

on the aorta of rats. The animals were divided into various groups, 

one serving as a control, one receiving 500 Mgm. of aceto-acetic acid, 

dai~, one 1.SOO and one 2,500 Mgm. of aceto-acetic acid in their diet 

daily. The experiment lasted six months, at this time only one of the 

experimental animals showed any intimal lesions and these were in the 

femoral artery. To make sure that an acetonemia was produced the 

expired air was tested and found postive for actene. While the authors 

admitted that they had not produced the ketonemic state such as exists 

in diabetes they concluded that acetonemia alone would not produce any 

intimal change in the rate. (37) 

To Leary we are indebted for the best account of the patho

genesiS of atherosclerosis to data_ In a recent article of his he goes 

over the lesion and describes the appearance of it in detail from the 

time of the ear~ lesion in youth to the adult lesion. In this 

article he states that the earliest lesion that he has observed is in 

the ground substance of the intimal connective tissue, this change he 

refers to as a mucoid degeneration. The next change is the occurance 

of finely granular lipoid substance in the interstices of the connective 

tissue of the intima. At this time this fatty material is isotropic. 

Next in order globular ~iscrophages occur in the intima and become fi11-
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ed with fat which then becomes anisotropic. This change in the refration 

of the lipoid substance he believes is due to the formation of cholesterol 

esters from the lipoid which originally' was found in the intercellular 

spaces of the int im. Following this there appears a spindle shaped 

cell in the deeper l~ers of the intima which become filled with lipoid 

material and in which the fat becomes isotropic again. Up to this point 

the reaction for all of the age groups are about the same except the 

rapidity of the severity with which it may take place. In the younger 

age groups from this point on the lesion ~ be removed with little or 

no scarring. ThiS, Leary believes to be due to these spindle shaped 

cells metabolizing the cholesterol. He called these cells the 

fibrolipophages. He does believe that some of the cholesterol is re

moved from the lesion by the migration of these cells into the lym 

phatics of the aorta, having found SOIlE of them in the ly'mph channels of 

the media and the adventitia ajacent to a lesion which he considered 

to be undergoing resolution. The important thing about the process 

in youth is that the lesion undergoes complete resolution with little 

or no scarring. The fibrolipophages become fibroc,rtes of the intima 

again. As we progress into the lesion as it occurs in the middle age 

there are some differences principal~ in the later phases of the lesion. 

This leary believed to be due to two factors; the individual as he 

grows older has not the ability to metabolize cholesterol to the same 

extent as he dil when younger, there is a greater tendency for the 

connective tissue to form collagen and this when actual scarring occurs 

interfers with the nourishment of the lower levels of the intima which 

must obtain all of its nourishment from imbibition from the lumen of the 
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artery. Thus when this lesion occurs in the older individual there 1s 

a greater tendency to form the atheromatous ulcer. In this connection 

Leary does not like the word ulcer and substituted the work 

(atherocheuma.) which he says meets all of the requirements which the 

term atheromatous ulcer does not. In the aged this same tendency is 

manifest on~ to a greated extent. 

The whole article is well done and well illustrated with 

photomicrographs. There is no qnestion of the pathogenesis as presented 

in this paper. There are some inferences which are not well founded 

lbowever. He infers that because the ova of rna.ny animals is rich in 

cholesterol that the young individual has greater capacity to methabolize 

it and thus explains the cells he finds deep in the intima of the lesions 

which in appearance resemble the fibroblast as being the ones which 

metabolize the cholesterol. 

In his discussion of the factors which influence the deposit 

of cholesterol in the arteries, he is of the opinion that a high 

cholesterol content of the diet is an important element. He discounts 

the fact that in bodies containing quite severe atherosclerosis there 

has been found a normal or below normal cholesterolemia as not being 

significant because he states the cholesterol level of the blood under 

goes rapid and great fluctuations and the atheromatous lesions occur 

only with long cont inued lI1'percholesterolemia. He reviews of work 

of Murata and Kataoka and furner and recognises the part that iodine 

must plan in the developement of these lesions. "::eased on the observa

tion that the cholesterol content of the boad tends to be low in sub~ects 

, with hyperthyroidism and high in those with ZIWxedema. Turner's 



experiments established the poten~ of feeding of whole t~roid 

in checking the arterial deposit of dietary cholesterol and the 

inefficancy of iodine in this respect in tqyroidectomized rabbits". 
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Of the early mcoid degenera.tion Leary s~s,"wm none 

considers the association of atherosclerosis with ~xedema. the report 

of advanced atherosclerosis in cachexia t~reopriva following total 

ablation of the gland in the earl¥ days of surgery of the t~roid 

gland, the occnrence of atherosclerosis after t~roidecto~ in 

antmals, the power of thyroid feeding to prevent atherosclerosis is 

cholesterol fed animals, the efficiency in this respect of the adminis

tration of iodine in the presence of the thyroid gland, and its in

efficienc,y after thryoitecto~ one is led to believe that the mucoid 

change in the subendothelial l~er of the intima ~ be, the result of 

some form of insufficienc,y of the thyroid gland that is not marked 

enough to give rise to the clinical disease II\Vxedema." 

Age he does not consider to be significant because of the 

occurance of atheromatous change in the young. Be does point out the 

connection between the diminution of the function of the thyroid 

gland with age as fitting into his diea of less efficient cholesterol 

metabolism. Be considers stress as being a factor because of the fact 

that the earliest lesions alw~s occur at the orifices of the intercostal 

arteries. 

Infection and injury of the intima are accepted by Lear,y as 

being probable causitive factors but he discounts this approach because 

of the improbability of it operating in man such as it has been used in 

experimental animals. 
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Toxic factors he rules out completely' as being too ill 

defined. Be sC\Vs that he was unable to confirm the work of Newburgh 

and Clarkson, consequently' he does not believe that toxioity due to 

feeding a high protein diet is a factor. (23) 

Under the heading "Evidence that Cholesterol is the 

Etiologic Agent" Leary sC\Vs the following. 

"1. (a) Cholesterol is constantly' present in the lesions of the disease. 

(b) It can be isolated from {he lesions. 

(c) When fed in purity to rabbits, it will give rise to the 

. lesions of the disease. 

(d) It is constant~ present in the experimental lesions. 

(d) No other known a.gency wil-l produce even suggestive results. 

Were this a question of a disease of bacterial causation cholesterol 

would fulfill all requirements as the specific etiological agent. 

2. It has been shown in a preceeding paper that the variation 

in the character of the aortic lesions in atherosclerosis is dependent 

on the relative ability of phagocytic cells to metabolize cholesterol. 

In other words, human atherosclerotic lesions apart form the initial 

~coid change are produaed because of the presence of cholesterol and 

the varied appearances these lesions present are the results of differ-

ences in the reaction to cholesterol of tbe tissue in which that sub-

stance lies, differences which depend largely on the age of the subject 

or of the lesions. 

3. In connection with no other dieease has there been such wide 

spread human experimentation in pathogenesis as was carried out by the 

feeding of diabetic diets high in fat rich in cholesterol in the decade 
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1920 to 1930. The results were as definite as these obtained in the 

experimental rabbit. (24) 

Since Hodgson had aortic lesions analyzed in 1815 and the 

analysis by Lassaigne somewhat later, (9) 13aldaug (1906) at the beginning 

of what rrJtq be called the modern era (4) and up to the present time 

biological chemistry has placed an im-portant :part in the reserch con~ 

eerned with atherosclerosis. Most of the earlier work was done on 

calcified arteries, the later work has been to a large extend concerned 

with the lipoid content of the blood, the arteries and with cholesterol 

metabolism. :Bloor (7) and :Bloor and Yasuda (42) in this country are 

responsible for working out the best methods of cholesterol analytical 

methods. 

In regard to analysis of ~~olesterol in the atherosclerotic 

lesions different authors are at a variance. In the work of Rosenthal 

(34) formerly refered to he maintained that the only accurate method 

of classification of lesions was by chemical analysis. Zeek (43) 

on the other hand believes that aortas which appear alike microscopical

ly are alike chemically. In a series of studies made by Kirk, Page 

and Van Slyke it was concluded that the averages for total blood 

cholesterol in the different age groups do not differ significantly.(32) 

~thorn and others found that there is a consistent increase in the 

calcium contained in the aorta With age, what this might have to do 

with atherosclerosis is not suggested. (12) (13) 

BillS, in a comphrehensive review of the literature on the 

biochemistry of cholesterol made in 1935 was unable to aSSign any 

definite metablolic role to cholesterol. He sq, "the following 
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suggested roles seem important enough to be m3ntioned in review. :By 

force to repeated citation. some of these have come to be regarded as 

established, but the facts do not warrant such categorical conclusions ll • 

A p~siological relation between the sterols and the physiologically 

important substances which are chemical~ related to them is a possi

bility of intriguing interest. Cholesterol ~ have a conditioning 

action on the skin, hair and feathers. Cholesterol may function as 

a conveyer in the absorption of fats. Oholesterol ~ function as an 

insulating medium for the nvelin sheaths. Cholesterol ~ have some 

function in regard to cell permeability. It has been infered that 

cholesterol ~ function as a food supply for the developing ovum. 

Cholesterol ~ ~unction as a detoxifying substance. Cholesterol ~ 

have SOm3 part in the prevention of anaphylactic shock. While the 

above mentioned possibilities ~ occur, Bills in his analysis of the 

literature failed to find any conclusive proof for any of them. (6) 

When experimental atherosclerosis was first produced there 

was considerable dis~~ssion as to whether or not the lesion was similar 

to that'occ~g spontaneously in man. There was even some confusion 

as to the various types of arterosclerosis and their relationship to 

each other. As early as 1906 Klotz was in disagreement with Thoma 

who maintained there was a direct relationship between the sclerosis 

of the medial coat of the arteries and atherosclerosis. (18) Klotz 

by his experiments was instrumental in proving that no such relation

ship existed. (18) Since that time practically all workers have been 

in agreement on this point. That the cholesterol-induced lesions of 

the itema of the rabbit aorta were not similar to those occuring 



spontaneously in the hwnan has been and still is a live issue. The 

wrok of Newburgh and o larks on raises this objeotion. (8) It seems 

unlikely though that after the work of Leary (22)(23) (24) that 

this objection is a valid one and that the experimental method is 

suoh that one must oonolude the increased ingestion of oholesterol 
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or the persistent hyperoholesterolemia is one of the main etiological 

factors. (24) This is contrary to the work of Lande who on a 

numerous series of postmortem examinations on bodies whose death 

was caused by trauma oould find no relationship between the incidence 

of atherosclerosis and the blood cholesterol level. (21) Tl~ work of 

Page and Bernhard would also question the validity of a hyperoholesterolemia 

as being the important etiological factor but in this work additional 

elements entered the picture. (31) The results with other methods 

of experimental atheroscl~rosis; trauma, acetonuria~ protein diet, 

intravenous injections of bacterial oultures and toxins are for the 

m:)st part either insufficient or too inoonsistent to be aocepted as 

important etiologioal factors in plaoe of cholesterol. 

According to Aschoff, Virchow was the author of the idea 

that ttdema. and hYalinization of the intima preoeeded the deposition 

of oholesterol in the atherosolerotic lesions. This has been quite 

generally aocepted as being true but the mechanism by whioh it was 

p~oduced has varied somewhat. Many of the earlier workers and some 

of the present one are of the opinion that it is produced by some toxin 

the nature of whioh is unknown. (19) Duguid was of the opinion that 

it was due to the stretohing of the artery whioh tore the lower l~ers 

of the intima loose from the internal elastic lamina. he also though 



that by'perpiesis accentuated this condition. (10) Shapiro proposed 

the diea that stagnation of the blood in the smaller arteries was 

the important factor in the produotion of edema and hyaline change 

in the intima. (36) He did not however try to fit this principle 

to the aorta. Leary believes after a review of the more recent work 

of the inhibition of atherosclerotic change by the use of iodides 

that this early intimal change is bound up with deficient thyroid 
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met abolisIIiit' that this represents a very early ll\Yxedematous change. (23) 

The pathogenesis of the experimental lesion is quite 

definitely known. Beginning with the description of: Klotz ("17)(18) 

and ending with the elaborate description of leary'se (23) It is 

now quite generally accepted that the different picture one sees 

in the human is simply due not to a different etiology but to the 

different reaction of a older tissue to the same noxous influence. 

The metabolism involved in atherosclerosis is not very well 

understood, because there is so little known about the metabolism of 

cholesterol. The work of various men in inhibiting atherosclerosis by 

the use of iodides, tby'roid, thy'roxine and alcohol~ in the future cast 

some light not only on the mechanism of atherosclerotic chan~ but also 

on the metabolism of: cholesterol. 

The etiology of atherosclerotic change is in some w~ bound 

up with either intake of cholesterol or persistent high blood choleste~ol 

levels. The earliest morbid change in this process is an edema and 

~line change of the connective tissues of the intima which may be due 

to some alteration of tby'roid metabolism. The pathogenesis from this 

point on is well known. There is nothing def:inite known about the 
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metabolism of cholesterol, this fact seems to be the greatest 

challenge in the field of experimental atherosclerosis at the present 

time. 
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