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(in ne peut préfendre que ifarctys dany le myocarde
coit remplecd par du Bssu de granulation sens dooner
une fausse impressien de la réalité, A li rémon peri-
pherique d'un’ infaretus se trouve une Lsiére de tissu
dans Jaquelle l= stroma survit Dans eette tisiére le muoscie
mort est rapidement absorbé, 'absorpbion Atant complétes

_ S Ca.nnd.l!..'...l'./

Jaly 13, 1953, vol. 77

vers Je diviems jour. L'endamysium gui reste se condense
pracuellement en perdant son liguide d'cedéme, mais &
n'y a aucune ereissance de tissu conjoactl ou vasculawe
qui pourrait formier ume cicatrice. La partie centrale d=
Iinfarctus est absorhée plus ientemert par les macro-
phages et sa trame d'endomesivm est envahie par Jes
Ebrablastes et les celiules endnthéliales. Leas fbres réticu-
Inires s'épaississent et deviennent hyolines avec le temps
mais conservent leur onentztign et peuvent Ere Feoaotes
dans les coupes apsversales. Le teut illustre la remarqua-
bie capacite duwn organe a sadapter 3 nne infirmits
aver relativemnent peu de pecturhatian dans sa sTucture
et aucure interruption dans sa fonction. La périnde de
repas devrait étre déterminée beauecovp plus d'apres
P'évaluntion clinique de ja fonctien cardiague gue d'aprés
les alterations histologiques.

"THE REVERSIBILITY OF
ATHEROSCLEROSIS®,

G. C. WILLIS, D T.M&H, MACF.(Edin.),
. F.REC.P.[CS, Montrea!

The guesTIoN whether or not it iy possible for

experimentallv induced atherosclerotic plagues
to be resorbed has been investigated several
times. An early study by Anitschkow! indicated

that withdrawzl of cholesterel from cholesteroil- :

ted rahbits was followed by a gradual disappear-
ance of lipid from the plagues. In large plaques
it took two to three years for this to ocour. In
a recent study by McMillao and his colleagues?
along the same lines, histological renrganization
of plaques was noted but no decrease in arterial
lipid content was detected chemieslly in animals
killed at intervals up to six manths. Indeed, their
work demonstrated that atherogenesis in the
cholesterol-fed rabbit proceeds for some time
after withdrawal of chelesteral from the diet.
They attribute this to the persistence of hvper-
lipzmia, the etiologica] mechanism i this ex-
perimental procedure. This explanston would
appear to bhe_valid, as it is well recognized that
atherosclerosis of chalestero] feeding is ae-
companied by extensive lipid deposits through-
out the body, particularly in the rebculo-endo-
thelial system_ Except in such conditons as
xanthomatosis, this state of cholesterol satura-
ton has no counterpart in atherosclerosis in
man? It is not eticlogical in human athero-
sclerosis and does not offer a barrier to resorption

. diffcrant experirmen

of plaques in the way that it does in the
cholesterol-fed rabbit, .

"Any approach to the study of resorption of
atherosclerosis in experimental animals should
thus have as its basis a method of inducing
atherosclerosis without cholesterel feeding. As
this has now become possible through the
medium of scurvy in the guinea-pig,* ascorbic
acid treatment of such animals forms an. ideal
means of studying -the reversibility of atherc-

sclerosis,.

MATERIALS AND METHODS

A total of 77 male and female adult puinea-pige was
rendered searhutic in the manner deseribed in o previens
communication.t Afier intervals of trom 21 to 30 days,
30 of these animals were given ascerbic seid therapy
and the remaining 27 were sacrificed. Ascorbic acid
therapy consisted of a single intraperitonea] injection of
75 mg of sodium ascorbate followed by the liberal
addition, of ascorbie acid powder o the basic scorbuto-
cenic diet, The animals in this oeated group were then
saerificed at intervals of vme varving from 1 ta 27 days.

Twelve additional animals employed as controls were
placed on the scorbutogenic diet for 42 days. with
powdered ascurbic acid liberally added From the be-

Fnnmg. : -
All animals were sacrificed by stunning and the
thoracic aorta was dissected out and fixed in 109%

formalin. Frazes sections were then made through the
acrtic arch and ascending and descending portioms. As
many sections as possible were abtained fram each anro
and stained with Scharlach R ‘for lipid.

The extent of depesition of stainable lipid in the
agrtic intima was graded as in the previous communicas-
tion (i, = represented the earliest depasit of lipid
+-+++ was solid Elling of the intima with lipid, an
+<4 and <—- were inteymediate). Careful note was
mede a5 to the mt:g:ho'lngy of the plaques under the

circumstances. :

. Bestirs -~ _ :

Mo arbherosclazesis oy, faund in the ety



Y e 3

e o o M sBe R TR S TN [T P W VREEETUEN TR S - tee b o el

Canad R A J.

July 15. 1987, vel, 77

Wus: ATHEROsCLEROSs 107

TABLE 1—INpIcATING THE NUMBESR or ANIMALS IN THE Vamiovs Exremuestat Grours

Wrra ano Wrmn

otT ATHEROSCLEROSIS AND THE DEGREE OF THE LEsions 1x Tnost Saowinc TREM

Towal With Without Arverape degree of
Erperiment animals ' atheroaclerons atheroeclerons
diet 42 days with ascorbic acid added

fmmﬂuwn; ......................... 12 0 12 0
Scorbutogenic diet for of from 21 to 30 days 7 11 - 16 2.5+
Scorbutogenic diet for 21 to 30 days, then ascorbic

seid for 1 mau,w ......................... 25 16 2.5+
Seorbu ic diet for 21 to 30 days, then ascarbic

acidfor 700 2T days. ....ccnviuninaannnnanas 25 18 - z.5+

atherosclerosis in the various groups and the
average degree of their lesions is set forth in
Table 1. Variations in the morphology of the
lesions were as follows:

Atherosclerotic Lesions of Scurvy

The earliest lesions were characterized by a
diffuse deposit of stainable lipid along the in-
ternal elastic membrane and in the immediately
adjacent intima. This staining faded out gradu-
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Fig.l.—High power view of an early stherosclerotic
elastic

lesion In a pcorbutic guines-pig. The dark internal
membrane and adjacent intima represents swained Lipid
(Scharlach R).

ally at the extremities of the plaques, blending
into apparently intact internal elastic membrane.
A heaping up of lipid in the middle portion of
such early lesions eventually extending to in-
volve the whole thickness of the intima was seen

.in the intermediate and advanced plaques (Fig.

1). Macrophages were noted in small numbers
only. Each individual plaque appeared as a cop-

fluent mass of stainable l:pul Wlﬂ'l no fat-free

armawmted.

Aﬂumukmﬁ:LuiﬂmﬂfTr;ﬂdSmw
After as little as two days of ascorbic acid
therapy, the early atherosclerotic plaques stained

less intensely with Scharlach R and soon lost
~ their diffuse lipid deposit completely. Numerous

macrophages meanwhile became apparent, some
on the intimal side of the internal elastic mem-
brane and some on the medial side (Fig. 2). All
these macrophages stained intensely . for fat
Later stages of the process were characterized
by a decrease in the bulk of lipid within macro-
phages. The end stages of lipid resorption were
not detected, as this degree of atherosclerosis
appeared to heal rapidly without permanent
sequele. -

Advanced lesions of atherosclerosis presented
quite a different pattern, being coasiderably
more resistant to resorption. After a period of
about seven days, large plagues were found to
be no longer a confluent mass of lipid flling the
intima. Instead, the lipid was aggregated into
separate islands with lipid-free areas intervening
(Fig. 3). Sometimes such islands had a few
macrophages around them but often none were
noted. Sometimes there appeared to be diffusion
of lipid into the inner laver of the arterial media.
Even after a further pericd of nine days, very
little further change could be noted in such
plaques. Although animals killed as long as 27
days after the initiation of ascorbic acid therapy
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F 2.—High view of & simllar 1o that
m#-mm { Tmumuumuumum
under the influence of two days of ascorbic acld therapy.
Note tlll..t.l:: ﬂlﬂﬁ:ﬂ:ﬁr stainable lipid i3 almost -I=
mmummwﬁummﬂmmm
intimal and medial surfaces (Scharlach R).
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Fig. 3.—A low power photomicrograph of an advgnced
lerion af atheroaclarcsis bnoa Iormely scorsutic puiness
Eig. Thia animal receirad mscorbie aoid therapy for 16
day¥s, The li?id la now colleced i fools with wress of

lipid-free intUme intervaning.

showed no lesions, the number of such animals
was too small to warrant the conclusion that all
lesions are reversed in this time. It was true,

however, that there was z steady decline in the

incidence of lesions in direct propertion to the
duration of therapy,

Discussion

The obstacle of hyperlipemia, which has
thwarted the studies of resorption of lipid from

atherosclerotic plagques of the cholesterol-fed
rabbit, was avoided in this studv and some in-

sight was gained iato the reversibility of athero- -

sclerosis comparable to the human type.

The results of this investigation indicate that
eatly lesions of atherosclerasis are quickly re-
sorbed. The stages in this process are first o
fading of Hpid staining in the region of the
Internal elastic membrane with later a disappear-
ance of all extraceilular fat. Active phagorytosis
of lipid by macrophages oceurs, and when these
- macrophages finally disappear no evidence of
the lesion remains,” C '

Morc advanced lesions are considerably mare

resistant to reversal. Extensive lipid deposits
clear in some parts of a plague but islands of

intensely staining lipid persist in other parts.
- The macrophage response to such areas is oaly
slight . - '

Assembling all these various phases of re.
- versal of the atherosclerotic plaque, a certain
impression is gained as to the mechanism in-
volved. It would appear that lipid diffusely de-
posited in the intimal ground substance is easily
resorbed. Such resorpion is rapid, and as it i
essaciated with 2 macrophage response of only

moderate’ degree, it may well be that a portion

" atherosclerosis  with  that

in this present studv with guinea-pigs.

S oCaned. M A T
©ouly Lk, 1867, wol. TF

of the lipid ig dealt with In some other way, The

independent islands of lipic observed in the

~ healing of advaoced plagues appear to be no

longer in & stratim of ground substance nor are
they intracellular, Rather they seem to be inert
pools of fat similar to the “chalestero] abscesses™
deseribed in human atherosclerosis. Cnly the
surface area of such pools is in contast with
resorplive processes and this may account for
their resistance to healing.

The reversibility of human atherosclerosis is,
of course, a vital guestion. Following the ob-
servation that total ascorbic acid depietion is
common in human arteries* and that ascorbie
acid therapy is able fo replace this deficit® it
was possible to make some correlation of human
observed in the
scorbutic guinea-pig. On this basis, human

-atheroselerosis was studied by seral arten-

ography in 16 cases.' Ten of these cases received
ascorbic acid therapv and six were untreated.
OF the 10 treated cases, the plaques visualized
radiologically became larger in three, remained
unchanged in ore and became smaller in sir.
There was no diminution in the size of the
plagues in any of the six untreated cases while
in three of them they became bigger.

It seems likely that the histological changes
associated with resérption of atherosclerosis ino
the human would be along the lines observed

© 7 SUMMARY -

Former studies into the reversibility of experi-
mentally induced atherosclerosis had heen
seriously hampered by the persistence of the
hypercholesterclamia essential for the produc-
tion of the lesions. This hypercholesterolomia
actually causes atherogenesis to proceed even
when cholestercl feeding is stopped, =

In the present study this difficulty is avoided

"~ by employing scorbutie Buinea-pigs in which it

had previously been shown that atherpsclercsis
develops rapidly without eholestercl feeding.
When ascorbic acid {s given to scorbutic guinea-
pigs, the early atheroscleratic lesions resorb
quickly. The advanced lesions are considerably”

~ more resistant to reversal, apparently becanse of .
 the islands of lipid whose only contact with the .
- resorbing process is at the gurface, '

- A correlation is made betweep the athero-

sclerons of the scorbutic guinea-pig and that
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HeMMIMMMM-WMM“ Cette difficulté a été contournée dans le présent travail
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