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CHAPTER I

INTRODUCTION

The various arteriopathies hove been defined snd classified as

follows: (Report, Nomenclature Committee, American Soclety of
Arterioselerosis, 1953)

A. Degeneratine Arteriopaties

1.

Atherosclerosis .

A disease characterized by plague-like deposits in
the intima which contain cheolesterol, neutral fat
lipophages. The lesions tend to enlarge, become
fibrotic and sometimes caleified, msy encro=ch upon
the lumen of the artery and develop deggg¥ration

on the intimal aurfaeu;whiah may lead to thrombotio
occlusion. Factors which may be concerned in the

pethogenis are heredity, disturbances in lipoid and




2,

3

2,
sarbohydrste metabolism, high csloriec end fat intekel
and various endoorine disturbences.

Madisl irteriosclercosis (Moenckeberg's)

A dicense characterized by wide spre~d deposition of

caleium snd fibrous tisaue in the medin, usually in

small eress end sometimez in cirocumferentisl rings.

It occurs rsrely in infents, ehildren =nd young

adults snd 1= most commonly a disercza of 1later life

which tends to progress with aging. The etiology 1s
unknown and msy be multiple. Reduotien of the
arterisl lumen m=sy occur but i= rare. (in peripheral
arterien)

Arterioneorosls

2., Cystio medioneoroasais, 4 disesse cherscterized
by oyatic degenerstion of the medinl coat of the
Aorts lesding frequently to diaaﬁetlng;aneuriau
and sometimes sortic insufficlency. The etiolosy
is unknown and the conditlion mmy oecur in young
or middle aged sdults snd sometimes in the
terainnl months of pregnsnoy.

b, Toxio Arterionecrosis. A dimesre chorsoterized
by degenerative =snd neerotic lesions in wvarious
parts or sll of the ¢oats of the arteries
attributable to toxie substances of exogencus

origin, substences elaborrted by dlzenced or




3
injured kidneys or excess of subetsnoes of
suprsrenal origin, |

8. Arterionecrosis of physiosl origin. ‘rterionecros
ais produced by agroas meédhaniceal or therasl Srswm,
B. Productive or Hyperplratic Arteriopetnien,
A disease primarily ilnvolving the small arteries -nd
erteriolaes chracterized by hyperpleeia of the medisl cost and
to a leccer extent of the intiamsl sost. It 1% ~anpeistsd with or
resulting fromw increaszed arterisl pressure. (The Pulwmonsry
arteries wny be involved in some typen of congenital heert dinesse)]
Ce Infl=nmntory srteriopnthies,
1. Ilunfestious
2, JSyphilitie., & lesion pvoduaéﬂ by splirochets
pallids involving primarily the thoraoic asorts,
Rarely other asrteries, tending to produes
&ﬁsurysma snd asortio velve insuffiocisnoy. The
disensé Involvea primarily the waszs vasprum
with perivasoulsr ¢ellulsar collsctlions and
sscondary atrophy znd neorosls of the muadle
flbers ol the meiisl cont.
be Baeteriel. 4 dlsease cherscterized by leoel
inflawuatory and deatructive chonges in arterles
of various prritz of ths bedy, produesd by looel
lavazion of wmetsalstic dissesin-tion of warious

bacteria perticulsrly streptoccoci, stsphyleococeoll,
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de

Eyperasenasitivity,

Ba

De

4,
pnsumpcocol and others, Hreotie sneuryseo
develop frequently »t the zite o’ involvenent,
Pleemodisl, This type of arteritis asuslly
involven smell srteries a~scei~ted with severe
or terminal melsplal infections.

Virel, Arteritis usuelly ths smesl)l srteriss in
verioua ports of the bedy produced by rioketsial

and other virus Infections,

Persrteritic Hodose {(esnentierl polysrteritis),
It 12 ohrragterized by widesprasd involvemant of
gonll arteries with szegmentslenscroszisz of the
medi~1 gort with exgerusive lécaliaeﬁ parisrterial}
celiuler gollection® snd heeling by fibroasiz er
oblliteraiion. It 15 wncertain whether sll cenes
represent o true hypersensidivity resotion
elthough 1% is guite probsbly thet this 4+ the
wtiolony in soms such cmres, The hypersansitivis
ty may be te drugs, antiblotlaz, forelign protein
or other unknown agents.

arteritias sssoolieted with systemice Lupus
srythewmtosus., In 43 port of 9 more widespresd
colingen dicunre choreoisrized Ly nearosis of
he vollsgen substunces isading to sepsr=tion

ef musele fibera, low srade inflemwstory ehanpes




injury of arteries either due to locsl contact from injection of

chemicsl solutions or absorption of toxie chemicals of verious

types.

Ce

d.

3. Chemical

Arteritis sssoeinted with or resulting from chemleal

5.
and sometimes intimsl proliferation and thrombosis
of smenll arteries,

Arteritis assoclsted with scleroderms =nd
acrosclerosis., A disescse of amell =snd medium
sized sarteries, usurlly of the extremities,
charsoterized by fibrosis of the adventitia, slow
endothelisl proliferation =»nd arterial oe®lusion
which may lead to tissue ischemls and somstimes
gangrene. | '
Arteritis asseclated with rheum=tic fever
pertlceularly involving the coronary arteries,
Thrombotic thromboeytopenic purpurs. 2
relatively uncommon diserse of arterioles and
capillaries characterized pathologleal.y by
collagen chenges in the endottelium leading to
localized endothelisl proliferation, extensive
platelet deposition and occlusion of the involved
vessels with secondary thrombocytopenia and

purpuric changes.
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A, Physiosl

Inflaematory chonger in the srterie: rezulting froam
exposurs to varlour phystesl agentas light, heet, 0014 xerey,
radionetive substznoes,

S« HMechonionl Trauss

spteritis secondory to machaniesl injury.

6+ Undertermined or unmcert~in origin.

a, Thromboenglitis eblitersns, & recurrsnt
secmentsl, obliterative prnmzlitis involving the
arterises and veing of the sxtraneties ond rarely
the viscera, cocurring 2lmocst erxclunively in
young »dults meles and tending to lend te
isehesis of tlsguesr and sometimes ganarens. The
pomplete atiology 1= unknown but ocurrently the
use of tobsceo In sensitive individusle is
gonsidered the mest important etiologlis frotor,

b. Craniel “rteritin., £ loeslized pansrteritia
involving chiefly the srteries of the head =nd
soalp snd ocorsionally those of other part of
the bedy. It ir seen almo-t evclusively in
slderly individuals, tends te produce esudden
loss ef viaton, mors rarely lese of hesping,
The lsalonz have ths histolorlie apnsaprance of
gsranulonar, econtain ziant aells, produce

conaldernble perisrterisl inflanmation ~nd




Te
sometimes ccclusion by endothslisl oroliferntion
and finslly thrombosia. The ettolagy’ia unknown
and ne rel=tion to infectious oruznisws has been
esteblished,

¢. Obsours priwary pulmonary endosrteritis,

de Combined Fgrus ef ‘rterigpsthies
Combinstion of sny of the »forementioned 2rterio-
pethien., The combinstion of atheronsglerosis and
nedisl srteriosclerosis or arterionecroszia ia
frequent and sugrestes thet medlsl lecion: msy
often determine the loerlization of ntherems in
susceptible individunls,

There iz a slanificent divergence or'cpintan conoerning
the etloloxy nnd hlstochemloerl chanesss whioch ocour Juring the
vaprious forsz of srteriopethy.

4 surerry of seleoted pertinent experimentsl, ¢liniesl
and prtholoziosl findings will be presented 2s thae Tipst section
of this report.

The coabination of atheronclerosies and medial arterio-
selerosis 1a frequent and sugrests thet medial leclon: may often
deteraine the looalization of stheromn 1ln 2uscentible individusla,
(tmericen Soclety for the Study of ‘rterlosclero=is, (19%53%),.

Bell (195z) stotes that serious clinlesl dissbllity is
due to intlaeel atheroselerosis, not to 2edizl eslolificetions but

the forzer 1=z so frequently superimposed upon the lotter thet =




8.
distinetion is diffioult,
5. Theories gf Xtiolagy
1. lenanesnoce
4 highly rsgerded thesry ie one vwhich meintsins
thet the depsnerntive, debllitstinz, cupdioves-
oulay chunges nre 28m9ly raflsations af the axing
argeern, (‘sechoff, 1924, Josne, 1904, Hnapar,
1944, and Coutschiow, 193%). % nurher of footes
ars alesn to suppeart this oremisaeg
R “ith age, tho vesselr themselves undarge
thicrening =nd widenine (Mlenz -« 1647 and
Hueper - 194%), |
b, Concurrently, there is 2 merisi degensrstien
of the elestio elewentz. (2ell « 1933, Covdry
1923, Hueper - 1944, and illens - 1947).

e« 7ith sge thers 1+ fibrotic thickeniomy of tha
intime with # loosening of the binding sube
stenos of the elnatic mexbranes of the tunies
medls. (fschof? 1948, Cowdry 1944, Huspsp
1944, and #ilennr 1945),

The follewing arsussments have been ralsed reninet the
seneé-cengs theorve
1. The diffu-se achenges in grars morphelogy, "nd even
the =svers aloeroseeple prthology vieldble in the

rred arterioseleratic individusl =2re net sube




e
stentially dinzimilsr from the foenl leslone whioh
prevail initially.

e Arteriloscleresis i+ not » unigue clrcuwstrnee of the
ezed, On the contrary, theare is excellent evidencs
that 1ts occurence 17 common, even in the very younsg.
{Bordley 1926, Cewdry 193%, Oeuld 1951, Hendlesmsn
1906, =2nd Huepsr 1984),

3¢ The nwe theory alse fsils to explein the wide
veriations in the inclidence of this disensze namely,
ite less frequent cocurencers iu the Negro =nd in
WOREBY »

4s Toxin Theory.
The precence in the body of sndogenonsly or sxszevously

ortgin-ting 2utotoxio subztepces damsxing to ths ¥osgulapr uall,
has besn advsnoed =e the csuse of srieriorcleresis. {Mber 1949,

Huepsr 1944, usltykew 1908, snd Jinternitz 1957).

3. Heohsnieal Prayme,

23gholl, 19-4, Lerry, 1938 Jelowvew, 1070 ond pthars hove

experizentslly indused lesions im the w-soulsar tree by such

diverse procedures as sdventitial divasction, snnliention of silven
nitrate, turpentine, zinc ehlerids, or hest to the vazaylar y=11
and even pulverizntion or cerushing of the artery. “uch traume
uruslly resulted 1n mediap negrosie mnd intiwe1l thickentne, which
13 only in & limlted mense, hiztolozleslly comnrrible ta the human

form of srterioesclsrosis, Jpuld, 1981 and Jp: 132..1951 hnve




12,

mede relerencs to =mechsniczl er prreohle tresuses 2- nlaylng an
sdditive roll in the solcroganic process. The preeiee n-ture of
this postulsted trrum: was not explalned,

4, YHypexia (and ite influence on meilsl srteriascleronic),

A wvant furd of litersture has scoumlnted deroribing o

nuaber of speeifie ﬁ@l@?@g@ﬂi@ agente shich heve uroduced thelr
particulsr lesions, presumably by perszistent inlsrferange with
lthe sxid-tive meteboliss »nd nutrition of 4he wenguler wall, w%ilﬁ
|sclerost: 1- the snd preoduet, the routs by whloh these various
szents produce thelr respeetive deslruelive pethology i® not cleard
The hyporis (or ancxenmis) theory of arterieselerpzis hns been
relrted to numerous etlologie femetors. Beth hypotonic and
hypertonic »gente hrve besen sussented ne frotore In the orefvetion
of sueh hypoxia, These nrecursers ar prseursinsc esncitlane hrve
been elz=sifled by Huepsr - 194, Accerding to Hueper 1044,
hypotonic conditions of endogenous srigla lesd to s strenont »no¥iq
rfollowsd by incrensed perassbility of the releved wnroulsr well,
Hypertenie condition® of endogenens orizin wy be fellows! by
dsorease’ permsability snd sonstrioetive inohemle (onexis). Hueper
goneludes *hst the evidsnee avallisble indicrtes thet loesl or
genersl vraculer hypertanis of suffielent intencity =nd dupstion
gaurar the development of Fflbrous intirel thiokonings npnd wsdiel
dezsnerations of fikresing, hyslins nnd erxlicinotic tyoas,

%, Heraonsl Feetors

2. Epinepghrine




1l.

There are numbsrous experiaments relstins epinevhrine
end other hormong2 to the producticen of srterioscler-
otla, Repented injections of epinephrine wers rirst
uved to preduce sclerosie of the norts by Josue in
1503. His experi=ental results hove been conflrmed
and elaborsted by Revauld and Houysset 1928, Laorts$
1904, Waters and de-~lute ¥agy 1950, Eulbs 1921,
fleinberzar 1907, Pesrce 1905, Loe: 1907, fachoff
1908, Handelsmen 1906, Xeiserling 1907, Coumins 1906,
Lanve 1624, Reabdb 1939, snd Peul 1931, Qester and
mvls 1952 and msny others. Theorstical considerae
tions involved in the production of such aortie
solerosls included zenerslized interferance with the
oxidstive metabolism of thes sorts, or more apecifi-
oslly, 8 lowsrinz of tha oxidetion enzyme concentra=
tion in the sorts, (iiueper 1944) Rasks 1944 ably
surrcunding this theoretlesl contentlon by demonntratd
ing that the eytoohrome ¢, edeninerlloxazine dinucleos
tide, »nd coenzyme 1 and II, were definitely lower in
the epinephrine induced nortie sclarcnin. There la
not enoush evidence to szsursdly ldentify this
pirticul«r type of lesion with the foram cowmuon teo
humans,

The direet phorwncolorie af'sets of epinephrine

on cytachroms levsln, however, sre not clesrly knewn.




Bs Thyroxine
Mardoner, Monsalve, ~nd Plaza de 1lns Rever 1951 werking

with tir~us enzyse cvtoshrome U, have demonutreted the rellowinms

L3

b,

There hna been much epeculotion concerning the roll cof thyreld, ss
well ss other hormones, in the process of =olero~is of arteries,
e ntetus of thyreld produets in predueine or inhibiting

arteriosclerosis is apnarently persdoxiesl.

12.
Adrenaleotony in rats prevent the cordlovesouler
hyalinosis and sclerosis otherwiae preduced by
snterior pltultary prepapstions. .Phins &+ aso,
sven in anim=le keot in mood condition by the
adminiatration of meintansnce dorer of sdreno-
sortisel extrsot». (Selys 19%0)

Cace report: of huwnn children (14 yesre) with
phaeochronocytons 2nd concomitant stharosclerosis
further benr on the rel-tionshio of epinephrine
to arteriopathy. In one 14 yesr old child, the
ntherorenloc progess was unconmonly extensive and
gevere, snd wss attridbute? to circulsting enine

ephrine, (XKrewser o, H, 1936)

Thyrold hornone concentr=tion =nd eytochrowe C
goncentrotions ars positively correlated.

Low levels of c¢ytnchrome C yileld » quloker

and more savere cholestsrsl induced stharoe

selaroanina,




13.

In 1940, Lertst =pnd Sabareasnu by suprglesl extirpstion of
the thyrold glend, ilahiblited the sortle sclerosnt= whieh they
othsrw!se produced with repested injeotlons ¢f enlnephrine. More
recently, thyroid horaons hoa beeén emploved aa =n szent Lo inhibit

e ferm2tlon of eholestercl induced rmtherosa.
| oynaler and co-workera, ot 2l sdwinlatersd thyrold
preparetions to spimals on o cholezterel dlet such that ardinerily

atherozoleronris would be produced., The resulis wers »n »lmost
inysriable inhibitien of the hypercholes-terglesies snd retsrdstion
or complete stonpaze of the opegnt of sclerotio
plsaues.

Stamler, ot ol, 1949, showed such inhibitlions by thyroid
were not produced in the ohlek.

Oester snd Hikullcich 1981, have sxmgzerstasd the sclerge
tio lesiens induced by soinephrise, with the concomltnant injection
of thyreld. shen thyrold slone wss Injected, these authers oould
not producs sclerotlc lesions in the anlwtles tested. Friedm-n
195% injected 0.15 mg/ug of thyrexine subecutaneously for n period
of two wesks to & group of 15 rabbite. Only one robiit rhowed
any acrtic ohsngens Thias result is nsarplexing beoause thyroid
inorencar the level of the cytochreome C (“srdenes, et =21 1651).

C. 2drensl Cortex

} gnygned arterioaclerosis in

animals by implantatien of adrentl cortex,

340 preduged sortic selsrosis with




14,

desoxycortoosterona scetste (0CA),

D¢ Misgellanesous Etioleosy

Arterisl vessasl exhibliting sclerotio leslons heve bheen

gaspointed with long standing disbetes, Gibbs, Buekner et =l

{1923%) reported thet the ssrus cholesterol concentration of

dinbetics with mdvonoed artericsclerosis is ralsed,

Rebinawitsch (1938) attributed the arteripsclerosis of

disbetes to the hyperlipemis sceompanying the latter Adlsenne,

Examination of aorteas and pulmonsry vessels by Reot

(1976) indieated thst nelther hypertensiver nor disbetics exhibite

&1 2 grerter incldence or dsgree of arteriosoleroslis,

Parhapn the hert resume of the relatienship between

dlabetes mellitus and sritsriasclerasice 42 the work of M¥Moschooeowiiz

(1951), who resches the followins eonclusion:

1.

2,

Je

HMabetes mellitus does not osuse hyperplsstic
srtariosclerosis, Hyverplasstic mrtaricsal%r&aia as
rhetorioslly defined by Mosohowlitz 1 an entity
asparate in worbdid snatomy as well =8 nmathorenssis
from srterionclerosis,

2labetion eéxhibit noe zrester desree of artario=
scleronis,

Increnned hyslinization, due to diebetes 1taelfl, or
perhaps to hypertension, doe= yleld mrscter nrterial
lesionz in the panerera snd in the Ialsts of

Iangerhans (capillary sclerosis),




15,
¥1lens (1947) noted that the incidence of arterionclero-

|sls was lower $n chronlce ~lcholiee, Thlis wns teken to menn thet
[Bamese to the liver weas a protection =geinet the stheroselerotioe
l:mcc%. However, Fabinowltsch (1948) witnensed n prem-ture onset

f arterioncoleroris in disbetion with liver damexe, UJGofusn and

P erce (1?51) conclude tht during prtholesiesl conditions, the
liver say be » depot for the farmtion of 3f 10-20 moleoules but
they dlsagree with the supvgestion that heprtlitlis protects against
ptheroscleronis, In thirs respect the oredonder=nce of evidence
1a avninat 2 protective effect by liver dswnge,

Wilens 1981, reinvestiesmted snd then restnte! an olier
theory of ‘nitsehkow {(1933). This stote= thnt there 1= a aonzisant
[pazenge of fluld through the walls of the =arterlies in the 3iree-
tion from the luzen to the adventitia, and thot arteriongleronis
results when there 13 2 disturbenes in this transport.

The axact relstionship of xanthomntosls and naghroﬁia to
[arteriosclerosis 13 not knewnj but the lipideprotein distridbution
1a strivingly similar te thnt of stherorclerosis, (Fuss, Berr,
Fder, 1951).

E, Spontanegus aclerosis

Listed below 12 & survey of the litersture nertrining to

the socurrence of apentansenues artarisl dtresss in rebhits,

"Spontaneocun arteriel disense heam not been

bserved in rabbits ap fer as 1z shown by =11 the litersturs, ‘e,

Touraolvaa, have neysp found sueh leesion: in sbout 100 rabhite




17.

that wers lnvestizsted with thot in view". Lasions were mest
freguently seen that hrve been described by others in the
shdominsl agrys, #nd lesa frequently in the 1lisc arteries, There
was 8 greeter tendeney fer the lesions (te nopemr sbout the mouths
of the branchins veessela, (As in thae thernole region). "It is by
ne meaaa'nncamﬂen to nse leslons in the middle or deeper portions
pf the medi» or, lsss fregquently, involving the outer portion of
the medls and ndventitis, The leslonz of "normel” robbits
sonzlated ol

a) enxloified srea

b) cellular inflltration

s) Hyalins and granuler degenaration of musels

apd geluatle tlssue.

reported thet 17 or (34.7%) of 48 revbits

showed spontaneous arterinsl lesions ss compered to 17 or (27.8%)
of 61 rabblits that receivsd adrenslin. )

Hill, Miner 1910 The occurrence of npont=nescus srterinl
dtcease in the rabblt is =n imporisant fagtor in the exnerisental
study of vnsculsr 4iseese, nnd » factor the statur of which sust
be definitely detersmlned befors the result of exneriventation
slonz thie line enn be definitely moccentei. Iloontrnaous lezlona
were foun? in 157 of 210 presumably normel animels, Histologliceslll
the commnon type of spontansous-aclarosls cammet be distinrulehed
from that dus to adrenrlin. “mcorosonpleslly, the lanions sre

11m1ted te 2 Tow foel at the orizin of the sarte. Theze
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g$pontaneous lesione spparently explain the results previously
42cribed to single injections of adrenslin for = number of
tepetitions of the "single injection” experiments have given

hegative results.

‘Davis, Qester snd Friedmsn 1954 report that spenteneous

Lesions were found in only 1 of 71 animals or 1.4%.

Miller, J, L. 1907, summarizes several large series of
bbservations on normel animels without the discovery of spontaneous

es B

Pearce, R, M. 1908 in his study found lesions in 6% of

khe animals examined.
Levin, 1909-10 On gross exsminatlon, 31 of 240 rabbits
lesions of the arteries. Of the

emaining 209, 78 or 57.3% presented minuts lesions visible under
he mlcroscope. The lesions showed either the degenerstion of the
lnedie including ths muscular fibrous tissue coat with the‘elastie
fibers preserved, or the same degeneration of the media with less
lof muscular and elastic fibers znd deposition of calclum. In
lother vezsels, the msin condition was proliferation of the en-
liothellnal cells of the intiwme.

Selmann - 1948 reported (3-30% Spontaneous sclerosis in
rabbits). "There it a spontaneous atheroma in rabbits of 3-30%
that 1s identical to the stheruws produced by epinephrine.”

Qester and Davis 19585 reported that no aelerosis was

found in twelve rabblits that were injected intravenously with a




19.
solution of sodiun ehloride, benzyl sleohol, sodlum carboxy-
methyleellulose and tween B0,

The above Tindings geexm to indic-te thst grose
gpontonaous =rterial disesse 12 not s slznificant factor in thils

study.




CHAZPTER IT

Jesue in 1903 uyased repente’ injsctiens of evinsphrine
to produce a aclerosls of the roabbit aortn. Many other investe
1entors {(Lanve, 19794, and Heuper, 1G44) heve confirmed there
experimentsl rezultas, Miullcieh and Qecter (1951) ohbaerved that
combined injections of eplneshring =nd thyvroxine regult?ﬁ in sn
apnarently grenter productlion of experinzentsl sglerosls in the
apris of ths rebbit. Davis eand Cester (19%52) extended these
resulta. Uring epinephrine and thyroxine, they obisined s Q0
per ¢snt inoldence of 2clsrosis, sy compsred to o J0-580 percent
incidence when epinephrine slone 1e used,

in 1942, von Euler dennnstrated the nrezence of lavo-
arterencl (also known =& l-artersnel, nor-epinsnhrine, nor-

piren2lin) in mawmlisn tizeue. Levo-arterenel worz first detected
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tn extraets of oresns, such n8 the spleen, the heart, and the
liver, and 1t was subsequently ahown thot 1t wes a constantly
pocurrinz =nd speelfioc constituent of sdrenersglc nerves (von Hulen
1944, 1948). ‘uveh svidence provided the basie support for the
thecry that levo-arterencl 1e one of the aipenersic neurotrsnse
mittsrs {con Suler, 1951). Tailnter, Tullar, nnd luduens, in 1?#84
succseis? in the senaration of the lzomers of the synthetleslly
prepare’ srterenols. This razelution openal un intensive and
wids=snreed investiration into the physioleogic and pherancolocie
1mportance of arterenol.

“inge 190%, epinephrine h’s bDesn uced by meny investimas
tors, to proiuce arteriopathy. /fa frr o= osn be Jetermined, 21l
of this wor: has been errrised ocut using an eplnephrine which
cont~inad soms percentare of wrterenocl %7 an unknown constituent.
In 1949, susrbroh and ‘n2ell showsd thst reutine Usels
eninephring, extracted from the adrensl meijulle of oattle,
conteined between 10 to 1f per cent srterenol. Goldenberg (1948)
and Opldenberz snd others (1949) hsve reported results which ~re
in agreement with thls finding,

Atk there faots in oind, the purpose of our worit was
teo produce srteriosclserotic lesiens o7 the norts snd to compare
the affecta of 100 nercsnt epinephrins and 100 percent artsrenel,
41tk mnd without thyrexine, in the production of arteriopathy in
the panbit. It 10 of ohvious intasrert to lsoleote the e Tecte

6f thece two clonely related compounds, 17 novslible.
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A tetel of 125 younz adult robbits, of bhoth asexes,
welzhing 2.5 to 3.5 klloxrrms, wers used. Arteriopathy was

produce ng followes each rabblt wss given 25 negfkﬁ» of

epinephrine or artsrenol. This wne injected very slowly byVaapf

veln for two consscutive days. On the third dey, the dose xs&

incressed to 40 moz/kg. On the fourth day, 1t wse ;gﬁ?@%aaa to
50 meg/wz. [he resiwmen waa maintorined fer almvan»ymra dnys,
mokinz ¢ total of fifteen doys of trentzent, Thyra%inﬁ”ﬁas
adsinistersd rubcutenseusly in the revion ef the ﬁ;ﬁﬁla of the
brei, dnily Ter fifteen deys, st o eanstent doze aryé;lﬁ meg/ag.
of body wslght. All the animelr survivins on th&}a;ﬁﬁkﬂﬂth dey
sere sporificed by intrevenous lath~l dosnre of p&ﬁtethal' e

heart =and the aorts down to the 1llse plfurteation weres ranoved.




23,

Gross exmminsation wis mnde for asrtic prtholezy. The observntiony
with whlch we eers moinly concernsd were the fraquancy and severs
tty of aroas leslonz in the roris, in sccurste camperison of
aglerotic placquen in dV 77 erent anlmnla 12 not ensily ﬂeenmpliﬁh@du
For purpgnes of dlfferanti-tion, however, we undertook thailr
aradotion on the followlnz brals: O, no pleequesy 1 mild single
prtohes (plscquess) 2, mild, =cettersd prichasy 3, nevers,
sxtensive pemtche~y 4, widesprend, confluent 7nd sxtensive potohend
The neortss were sre-erved in 10 per cent formmlishyde, and
alerosonplc =ections were prepsred of saleotel specimenz, Routing
herstoxylin-eonin stelning wes used.

Other croupa of raphits were treasted in n 3anner =imilay
to tiet derceribsd sbove, except the sartsriopsthy wee induced by
41 "Terent reginens listed below. The domeges of the reversl -
subshanges ware the asde in =1l groups, An sddttione) group of
15 rebbite, which had not received =sny drue or trestment, wone

exsmined for pessible spontanspus seleresia,
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Reaults

The results of Toble VII show that with eseh 2roup
tested, » zalerosls of sowe of the rabblts {rexted w2 fount in
gegn ovee.  Jhen comneprclel epinephrine (with 1to 10-157 of
artsrenol) wou Injecteld there wng an svernce derrse of selsrorle
af 0.8, dhen thyroxing wera sdded tn the en=rarcinl aaiﬁaghrina,

.

the avercre da~rge of sglerosis waz lagrenced to ©.7, This group
sleep showed the grentsest nusber of third sad feurth degree
solerasio. In eontrast, the 100 pear cent eninzphrine hed en
svarsze desrae of pelerosie of 0.8 #ith no thres or four decres
salarores,

the aprtaranol arosup of aniwmals shewel »n ~veprsse dsuree
of aglerosi= of Q.5 but hnd twe third dexres and pne Tourth
Jexprse sclerosis. hen hryroxine was alled trn the srtersnpl ihere
in faund, 23 with epinenhrine, 22 incre=ze in the ~var+vre derrse

24
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of sclerosis to 2,0. There were also seven third degree
scleroses and two fourth degree sclerosas,

The Contrel group of thirtecsn r-bbits showed no gross
arterlosclerosic changes with an sver-ge degree of sclerosis
therefore of zero.

Table VIII 1s 2 statistlesl evalu~tion of the dnts
wlth reference to the per cent incidence of macroscopic sclerosisd
The probatllities 1llstesd were obtained by using the Chl 3quare
Test with the Yates correction. " volue of less than 0.05 is
ac¢sumed significant. & value of more than 0.05 is assumed not
slgniflecant. 2nimals whose death occurred before the 5th dry
of treatment were not incluied in this blometric snalysis.

From this dat~ we again see t-an in esch group of
anlmale treot-d, some per cent incid&nc; of sclerosis was
produced. The commercial epinephrine procuced = sclerosis in
ten of twenty animals for 2 50% incldence of sclerocis. When
thyroxine was added a sclerosis was produced in seventeen of
twenty enimals an 85% incldence of seleresis. The probabllity
for both zroups was 0.0l when compared to the control group of
zero per cent aclercsis., The 100% pure epinephrine alone
produced a 48% incidence of sclerosis with ten of twenty one
rabbits exhibiting zross selerotic chansges. The probability for
this group was lee: than 0.05 and we=3s sssume? =iznifiecont.

Arterenol animals had a 17% incldence or four of twenty

three rabbits heving secleresis. This group showed a probability
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of sreatar than 0,1 snd w3 tharefare not alonifliesnt, This

£

r in the 21 o2uznion.

LECY

result 1o eonsidared [uprthe
Jpen the niiltion of thyroxine to the arteromel resiaen
& solérosls wns proluced in ceventeasn of tvanty tws antwale, s
77% inelience of selers-ic, Fus probability for thic arous was
lers than 0.01 whieh 1= 3venlfteant,
The fellowlng sroups of =salatles were u-adg
droun l.  splaaphriae hydroenlerlide (Connereind
and Thyroiing LeT.
Srpae e Jpinershrioe bydrochlertde {(Comterclnrl il
Jroun 3a ACO per cent Iplnanhrine Bltortente - B8
sroun 4, 100 per aent ‘rterensl Bltartrate - &
Anthrop-.tearn-Levophed
irous 5, 100 per cent ‘rtersnel Gitertrote and
hyroiline - Gl
2roug &, Ho trentmant - O
The gommarcin) epinenhirine which w=3 uyrel wos fgund teo
cont2in 10-1% opsr c+nt of arterenocl Ly mesas of =2 spsetrophoto-
setric Jdeteralustlon. Ihis sgrees <ith ths Tindings of others,
28 to the a2uount of sriersnol preave st in roubtine cozmereial
Je s e epinephrine., Tables I to Vil proviie » auwsnery of the
orotocols of thers exparimeénts. Table VIII 1s o sunamsry of the

duts from thess experigents.




SHAPIER W

S OUELI0OH AN COHGLUCIOR

In this wori, msjor emphnsis wan plasced on the Incidence
of zromsly evident selero+ic not, however, to. the exclusien of
wleroacople studies, Tule eriterion wes uned for the practicsl
reason that ocliniesl =prterial disesss of =ny type lnvokss lis
crenteat demnge when the petholorie~l deéporits or ehsnzes
encrosch on the lumen of the vessel =2nd thereby 1ntar?§}¢ with
delivery of blood.

Jhile exserisents]l arterissclerosls of the =medl~r ls not
eonmenly saspeinted with patholexierl escroschuent on the srieris}
lumsen, it 13 perhaps noteworthy to resffira th~t the tunien meiis
15 of gresat jmportancs in the ohvsionl composition of the artery.
Tuis zrester iaportance of ths =medls i: net nlens restriectsd te

1ts grenter size, but with 1ts musels content (except zmall

27
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onlibre ve-nels) there 1» every rensen tec helieve 1t 13 & more
netive center of metabellie setivity then 13 the intims or =dventld
tin,

Clintesl asthalowtes]l studies (Crnuford nnd Lsvena)
19%%, show in =ore than 100 csaes, a thinning of the medis in
stherwles uncomplioented stherpoclaresis, In view of thess ong
other findines end obrervotions {imerican ‘oclety of ‘rteriesclerd
osin, Nome-pleture Conmittea, 1952) At ne lonzer ssenn wiee to
conalder olinltcesl ar s perizents) aritariopsthy in taras af the
intime exclusively, but rather of the ~ptery »o a2 totsl entity,

it hos besn damonctr=ted often thet arierenal has sn
agtion on many tissuss rimll-r to eoinachrine. ™hiz may =lng
anoly te s2alerousnio pronerties. Jith refarence to the severity
foetors In Tabls VIII 1t omn be 22en thet the aseverlitr fsoter for
aplnephring (cosmereinl) of 42.5 13 hisher than the aavaﬁity
fretary of pure epinenhrine 8.8 2nd beth of theca epinephrins
factors are hivher thwn the aeverity factor of sriersnol nlone,
8.5, 4rmin 1t oan be pbuervaed that the rsaverity frotor for
enlrephrins snd thyrexine is 195,% s» comprra’ to = agverity
fagtor of 154 for arterennl -ad thyroxine.

The aarllier work previously =antioned har estshlishad
the effect of covaarelally m:risted epinephrine in roloation te
the production af srtsrionethy in rebbits,  “ueh srteriopethy 10
aopapently susmented when thrrexine 1z adied to the zolersrenie

aghiedule (Mixulielon and Oeeoter, 1251). Comaercial eninephrine
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hee been chown, by the renorts of 2evers] werkera, ts contaln
from 10 to 18 per eent sriersnel. Before the nrezent wory it
428 entirely peossible thnt thi-s eentaminating srterencl =2y heve
bean rezponsible for the snlerasis,

fhe resultas, as reported here Indtonte thet both
epinephrine and apterencl e¢on produce 8 sclercals of the sorts of
the ranbit, ‘rtarenel (107%) sroduced » lsaser inctience of
selaresls that slther 100 per cent epinenhrine or commerci-l
aninashrine, T™he 100 per cent artsrensl produced a 17 per cent
incldence ef soleroeis, while 100 per cent epinephrine produced
8 48% ineldence af n 2imllsr selare=ls, The 17 por eent inocldenod
of sclercsis with srterenol 1o not atrtictioslly signifieant,
Heweaver, this srierenol sclercvis azsuass » probability of laan
thean 0.0 when the ravults frow nrevious contrals of ane sclerssis
in 71 snimals =sre added to thir astudy. The 48 per cent incidence
of aclerosls with epineohrine {100 per cent) wns com;mr;ble to
the 50.0 per cent incidence of sgleresl=» which wss obtaine? when
gomnereisl sninephrine (epinephrine plus 10-18 per cent artersnel)
was ucad, <hen thyroxine wsn =dded to e~ch af the s2bove sgents,
there wre nn inersase in the incldencs »nd nsverity of the
erteriopsthy. Uoon the addition of thyroxine, the per cent
incldence of scleronls with srterennl w=re inoreased fron 17 ber
cent to 77 per cent, while the ner cent ineldsnce of ng¢lerosis
with commercisl epinsphrine was incrsased frem S0 te BS par cent.

Mils 85 per cent lnclience i gomparsble to the 90 per cent
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inetdence resc: ~3d by Savia and Oeoter, 1082,

The lesions of ths »erte sroduced by @ggn&whrinﬁ;
thyroxine =nd arterensl =2re histolsvloelly, éscentlally si=llsr.
yggg reprezant, srimerily, ° medisl selerosi- end anscrosta, A
comperison ef these leslons 1o shown in Flgure 3 and Fleure 4 of
roatbit sortss with mediel sad intlael dowave.

There <78 ne ¢rons snontinsoun arteriopsathy 1n the group
of eniasls which recelve’ no trestnent of =any kind. This lesds
to the conclusion thet <nentensous seortic lseions nre not a
#lontfleant factor in this experiment. This 1 Purther confirqed
by orsvious saline contral stulies from the same rabbit
pepule tion.

iven 17 we choose to tznore or minisize the non-routine
fiadings »e have seen in the intimn, ths investistionsz intoe the
nrotuetion of madial scleresi: have mueh fundementz] sisnificencey
Thie 1= ecnecially trus when we consilar the correlitions which
spre 314 to exiat in mon betwesn medial nclergsi= »nd intimal
ethererclerosls, ns rsported by #ell (1952), Urawferd snd Levene
(1953), nnd the ‘meric-n soclety for the tudy of ‘rterosclerosis
(1957},

It hos been demonatrated thet both spinephrine and
srtarenol mny be uted to induce n foru of experimentnl ms5iisl
arteriesclercsis in the rort=s of the rabbit, Thers 1~ soms

svidencs that intimsl vreoliferation aty 2lso be induced by this
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technique (Fizure 3 and rlcure 4}, although this 1= not an
inynrlable finllne, The zenersl apsesvanes of peilal =clerosis
nnd tre less frequent intlmsl preliferstion <ere srcentislly the
aone {(excent for ineldenes), whethsr thyroxine was ussd or not.
Frow the presnlts renortsd hers, 1t 13 not rhown #hat

tha ev~et role of spinephrine =nd/or thyrozine is.
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GRAPTAH VI

UL Y

ihe effect of epinaphrine (10C per eant) in produeing sartie

srteriopethy in rebbits 1o sisilne to th=t of Cownercial
e e U4 eplnaphrine {epinephrine plus 10-18 ner eent
arterenol}.

srterenol (100 par esnt) projuges o tyose of srtsriopsthy
2imllsr to thet of ¢olnephrine. Thiv invelvensnt 14 of a
pargsdly leacer Inecldence than tint preolusel by alther 100
per cent eplnephrine or comrereinl spinsohrina,

Ingrorine, nifel tn the 100 per csnt artsrenol resimen,
ineressed tne inclience oY srtarionpsthy, stenificantly,
Sowmerelsl eplnephrine nnd therorine produce! sa lncidence
ot srterippetiy whieh corresponde clorsly with tiz "iport

of previeur investi steors,
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€, ihe arterispothy preducsd by epinephrins or srterenocl alone,
or in comninatian with thyroxine, 1¢ easgniislly o wmedisl
aglerasis »al necreoire Thare 13, 1n some inst=neas, ulso

2 ¢concoritsnt tntisal proliferation.
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Zploepbrine 20d Thyroxine

Janusry, 1952

38,

Beginning Fins) Total Humber Dearse of
Antmal dhefBeTs. %el8ale0f Sglerasis
101 Cel 244 11 4
102 <ol 1.9 15 4
103 Lod “al aQ 0
104 Lol 240 15 3
10% 1.9 1.8 15 2
1056 741 2.0 3 Alsrec rd O dlare=
zard
Zotel ‘ninele used - 8 ed
Haroh, 1952
1 2.0- 1.8 15 2
2 FeS Fek 10 2
3 Z ol Ze3 15 1
4 2.4 2o 15 « 3
) Eo? St 12 3
5

Jatal Anlpels - 6

1.8

2

gotenbher, 10852
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TBLE I (eont'd)
Epinephrine and Thyrpxing
fupunt, 1953

Btopting i, Wts/ KeGa Totsl number Degres of
‘nimal iteltelts ; af inlsgtions gg;grgﬁzg

1 "ol 1.9 15 c
2 25 Pee 15 2
3 et - 5 (diaregard)
L3 2.1 1.8 15 3
5 Sed 1.9 7 3

Total animals - B

Totals
Kumber of “abbits Jssth befrre dgath 6 Number of snimal
G daye 10 15 daye cagrificed |
e 2 8 12
Jegres of J‘olsronis .
Lot 11l 21 31 &
fuznber
of 3 1 & 7 3

tnimnle
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I oin
fotel Xumber degrse of

3 f of iniections lerosis

1 8 3

z del - Aaprerard

2 2.0 2.1 11 3

4 2.1 242 13 0

5 Zobt ‘ o3 15 0

5 1.9 240 15 2

7 Zalt Eoht 7 s
Total inimnls - 7 —
January, 195

1 2.1 2,2 15 1

2 ’ 242 - 2 Maremsard -

3 240 del 15 1

3 2.1 242 15 "o

5 243 2.3 15 1
Jot»l fnlanlas -8
June, 1952

1l 2es 243 15 0

2 2.0 1.9 9 2

3 2.1 2.2 18 1

4 1.8 2.0 11 0

5 23 - 10 0

Total inlamnls - 5
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exuring - (commerglel) - Contld,

Decembtier, 1053
Starting Fading Tots) Humber Jegree of

Animal StalBaGe. Abe/BeGe of Anlagtlions  Zelerosi:

1 b 2.4 18 0
z a3 243 15 1
3 Z2e1 2.1 15 O
4 1.8 €40 15 0
5 BeR 243 15 2

Total ‘nisnls - 5

Totals
wurper of Sabbite Jerth Before Desth & to ¥umbar of
% dmys 15 days Animela
‘nerificed -
2 2 7 13
Degree of “clerosis
‘ gﬁ | 10 20‘ 33' &5
Rumber
el 10 5 3 z ]

‘ninsls
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Paple X117
Epinephrine (pure)

January, 1953

Starting snding Nunbher of Jamres of

mlmel  ite/S.3,  48./8.0, Inleotions olsroels
1 2.4 2ok 15 2
2 2,0 2.1 15 0
3 2.1 2.2 15 0
4 1.8 1.8 12 1
5 1.9 1.8 1% 0
1.7 13 2
7 1.9 2.1 15 o
8 243 Y 10 0
9 2.1 2.1 15 1

10 2.2 241 15 0 .

11 2,0 149 13 1

Jotal ‘nimale = £




TeBLE EIL
ipluspbringe - (pure) Zont'ds
Juns, 1954

“terting snding Hyaber of Jerree of
hodmel  iba/Rele. sfe/E.3. Lolsctlops  iclerpsis

1 Zeld Cal 15
f‘ C e i § 15
1.8 1.8 15

Faied

2¢5 R 15
15

ZeB 243 15

o Y S S
S| M
- »
® o)
n ")
» *
D i
N0 e O D e pe

o o~
VI ! ;
»

3
o
»

A3

15 0
2e3 2% 15 1
10 2.5 2uk 15 0

43,

fotal uenth Befnre Sesth & to Furher of ‘nimnls
ipimel ___& days 15 dava S apt f

21 s 4 17

3@ 40




June, 195«

Thgia IV

‘terting tmding Numbher of Dagres of
injeal  sAsih/Keds sta/8ad. indegtions  glerpeis

5 241 242 15 ¢}

5 243 2e3 12 0

7 2.0 2,1 15 0

8 1.9 2.1 15 0

9 a2 de3 15 0
Saptesber, 19%Z

1 2.2 2.3 15 0

2 2,1 2o 15 1+

3 2,0 2,0 15 3

4 “el 245 15 o

5 1.9 2.0 10 o]
fot2d inlapls = 5
#arceh, 1953

1 2e3 2473 15 0

2 “el 247 15 0

3 240 2e% 15 o

3 2,0 2.1 15 0
Iots) ‘nimale = &
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TABLE IV
Arterenogl (cont'dal

Jecenber, 1953

Htarticg Endiog Humter of Jepree of

snlwel  selobb/E.de sbe/E.us indections  Csleresie
1 24,0 240 15 0
¢ 2,2 244 15 0
2.1 Sod 1% 4
2ol ©el 15 0

1054

1.7 2¢O 15
1.6 o1 15
1.9 2.0 15
2,2 el 5

5 2.1 el 15
Iotal inimals = 5 :

TOYEa L

P B M
O ~ W O O

wamber of Hanth Defore Jenth 8 to Kumber of ﬁaimalg
Fabblts 6 days , 1% dsys Saerificed
o3 0 2 21

Humber
of 19 1
snimnle
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ThBLA V

June, 19%2
sterting endin - Humber of , degree of
¢ 241 - 2 dlaregnord -
1 Zeh Pe3 15 3
2 1.9 1.9 § 3
3 Qe 240 14 L
4 24l 2.0 10 ¢
5 263 248 15 )
Iotsl snimels - 5
Ympeh, 1952
1 245 2e5 15 2
2 241 2.0 15 1
Zed 2e8 11 -1
2.0 1.9 15 2
Ze3 2e3 10 3

Janunry, 1953

13
15
15
11

Y B .
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TABLE V
Qotober, 19%3
EIndineg Humber of Jegree of
snimal itelieds Injectionz  iglercsis
1l 240 9 2
2 2.2 12 o
3 1.9 2.0 15 0
4 240 240 15 2
g 2.1 - 4 Adleresgsrd =
Zotsl ipimels = 5
February, 1954
1 1.8 1.7 15 2
P el 240 15 3]
3 2o Q.2 1% 2
4 242 2.1 15 3
TOT 5 L
ﬁ;zgzz&gf 3»§t2£§§fgrﬁ hﬁigadfyga Euﬂger of ﬁzimnla
“4 i 10 12
f o® i 1° i 20 | =0 ’ 49
Rumber '
3 ng;ﬁ le > i ¢ § ?




483,
ThBLA VI

ipontanecus
1 0
2 2eh 0
3 1.0 0
4 2e2 0
g 2.0 Q
6 2o 0
7 2okt o
8 1.9 o
9 2.0 0
10 el 0
il 248 ¢
12 2o o -
13 240 0

Previous Controls l_gut aof 71 or 1.2% Uelersnte, {Cester, 'nvie
1955}
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48 5 i gﬁ%m

TN T P gy A TRy AL
SEOIPC Moy oF SHTLEROLETHY

I T R a

&

SEPHRINE (40 SRIERANOL

49,

T lm" S I e e e 2 R e S e S e
Treastment Humber Dsathe g@azha ¥unber of DJegree of /verage
of Before 6 to 1% Animals Qﬁ}ggggz% Degras
Habbita £ deys unys norificel 01 2 3 of
on_15th Day Selerp:1s
E le? 22 2 g 12 31671753 243
E 1 (Comnero- 22 2 7 13 105320 0.9
121}
E ¢ (100 per- 21 0 4 17 117300 0o
g8ot) |
A 23 0 2 21 1291021 G5
b =T 24 2 10 12 52672 20
¢ 13 - - - 120000 0

% 1 =2 Commereisl Epinephrins HCL

I g Tayroxine

)

B 2 = Epinephrine (1007) Bitartrets

4 g Levo=nrterenc! {(1007) Bitartrote

3
]

= Ho Treatment
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Tres toent | Humber | Par Cent | Nusmher |Per Cent | Jeverity | 2
"ree of| ¥ree aof with [Incidence| Frotor 'ProfieBilis
ijeleraapkiolarariz| ‘olerang {Par CentRy(Compar,
i2 to 1% %o Inctidencs ed to
Totol Totel tines nvgl, Oreun O
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e - - claresiel oo
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En {Purs) 11/21 52% 10/21 &85% 28.8 0+05
A 19/23 83% /2% 17% 8.9 0.1
B oe T 8/e2 23% 17/2% 774 154 . 0.01

13/13  100¥ 0/13 04 0~ -
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D= dbrroxine o gz Mo Irsatsent

2¢ Obteined uning Chi Squere test with Yetes Correotion. £ velue
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Zevers sclerosin, Hedirl selerpsiz and intianl
proliferstion and madinl :demsge, (Hemmtoxvlin »nd
eosin stain) - x 200.

Arterencl /lene
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sand intims] proliferation (hematoxylin and eosin
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Figure 2

Epigephrine - ‘pyrexige (Gross) severe sclerosis
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Figure 3

Epinephrine - Thyrnxine

a2, Medinl selerosls zand intimsl nreliferation =2nd

(Hematoxylin and ecsin stain) - x 200,
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tion (hemstoxylin oad eosin staln) - x 200
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Figure 5

Arteranocl 7 lone
fielerosls induced by arterensl medisl soleregsis nnd intimal

proliferation (hematoxylin and ecein staln) x 40C.
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