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‘struction is & feature, a colostomy is necessary.

Whether or no! it is permissible to apply this
methnd of treatment to a youngier patient, with
an operable growth, is a question which we are
not in a position to answer at present,

SUNMMARY o

1. A method of treatment of recta] carcinoma
by dinthermy fulgurization has been described
and the limitations of the method indicated,

2, Fourteen patients who showed no evidence
of extension of the growth bevond the rectnm
have been treated and 13 of these followed for
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periodds from a few months up to ten years. In
10 the tumour appears to have been contrelled
by fulgurization alone; in the 3 opthers it was
necessary to combine radiation thempy with
fulgurizaticn and the result was then satisfactory,
A permanent mlo;tom} was necessary in two -
patients.

4. There has been ne murt.:aht}r ur serious mor-
bidity attributable to the treatment. -
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AN EXPERIMENTAL STUDY OF
THE INTIMAL GROUND
SUBSTANCE IN
ATHEROSCLEROSISP

G. C.[WILLIS, MO, Mantreal

Waen THE EXTENSNVE sTUDIES made on the suk-
ject of atherosclerosis are reviewed, it is ap-

parent that oniv the morphologic features form

a basis commun te all. These morphalogic
features are first of all a disturbance in the inter-
celiular ground substance of the arteral intima
ut points of mrchanical stress. Stainable lipids
arc then deposited in this altered ground sub-
stange.” *? Macrophages appear and phagoey-
tosc lipid, and capillary sinuscids arising from
either the media or the arterial lumen invade the
intima and may give rise to intimal h=2morrhage.
Finallv thrombosis may occlude the artery al-

~ ready narrowed by these processes.

As this earliest morphologic lesion is a

~disturbance of the intimal ground substance

jocalized by mechanient stress, it seems logical
to direct attention to the nature of this stress
and then to its effect on ground substance. For
this reason 1 have recently reviewed the physical
principles that govern the load upon arteries and
correlated them with the sites of atherasclerosis
in experimental animals, in the human with
vascular anomalies and Bnally in the common
case with atherosclerosis.t I have already made
a preliminary report of the experiments devised
to selectively injure the ground substance at
points where this kind of mechanical stress
comes into force.? '
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THE MecHANICAL FACTORS

From my study of the mechanical principles in -
atherosclerosis 1 concluded that the factor of
importance is the degree of stretching of the
arterv.' Burton® has shown that the degree of
strelching is related to the following four factors
as outlined by Laplace's Jaw: (1}. Blood pressure,
(2) Surrounding tissue pressure. {3) Radius of
artery. (1) Corvature of curved artery. Counter-
acting this stretching are the structural com-
pooents of the vessel wall. -

EXFERINENTAL ATHFROSCIEROSIS

The reproduction of atherasclerosis fulfilling
the marphelogic criteria has centred about” in-
creasing either the endogenous or exogenous
cholesterol of the experimental animal. In these
cholesterol-fed animals the localization of the
atheroscleratic Jesions may be influenced by the
mechanical methods previously described,® or by
direct injury to the artery such as freezing® or
cauterizing.* These latter methods fail to simu-
late the circumstances existing physiologically.
The same may be said of cholesierol feeding.
Although the arery is not interfered with
directly, the hypercholesterolzmia and the lipid-

. deposits in the reticulo-endothelial system have

ne counterpart in man' except in such condi-
tions as primary xaothomatosis, nephrosis,
myxedema and diabetes.™ ' -

Because the primary changes i athergsclerosis
are morphologically of the intimal ground sub-
stance at points of mechanical stress, 1 have
chosen experimental scurvy as the ideal means
of reproducing these ronditions. Wolbach®
demunstraled that sumy is a disease of the
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compare well, The table shows the results in the
various dietary groups. '

EXPERINENTAL RESULTS
Acute aod chronie scurvy were effective in

preducing lesions of the arterial intima in-

distinguishable from the lesions which have
been described in early human atherosclerosis.
These lesions developed in as little as 15 days
trom the onset of the scorbutic diet. This repre-
sents a very short time when it is recalled that
it takes about 12 days to produce ascorbic acid
depletion in the guinea pig.'* The lesions oc-

curred at normal chaolesterol levels and were un--

accompanied by lipid depasits in the spleen.
Cholesterol feeding resulted in similar lesions

. with approximately the same rapidity but with

bypercholesterolzemia and lipid deposits in the
spleen. The combination of scurvy and chol-
estercl feeding was the most potent method of
praducing atherosclercsis, being effective in all
the animals in which it was tried. Intra-
peritoneal ascorbic acid prevented the produc-
tion of atherosclerosis of cholesterol feeding in
11 of 15 animals and the lesions in the remaining

¥ were of minimum degree. Noue of the 38 can.

trol animals had atherosclerosis.

Fig. 1 shows a typical atherosclerotic lesion in
a scorbutic guinea pig without cholesterol
feeding. : -

CorMPLICATIONS OF THE CROUND SUBSTANCE
DISTURBANCE 1IN ATHEROSCLEROSIS

Once the lipid has been deposited in the

aitered ground substunce certain other processes

begin.

Intimal hamorrhage. — Normally the intima

receives its nowvrishment by diffusion from the
arterial lumen and from the vasa vasorum which
penetrate  into the outer two-thirds of the
media.’” In atheroselerosis, dilated capillaries in-
vade the mtimz from the vasz vasorum™ and
sotnetimes  directly from  the main  arterial
himen.™ These capillaries frequently rupture
and produce intimal hemorrhage.

In a recent study of intimal hamorrhage in
the lower limb arteries of 152 routine autopsies®
the nhenomenon was present 15T times in 55
of 123 cases exhibiting grossly visible athero-
sclerosis of these arteries. It was twice as common
In men as in women, and was usually assocdated
with hypertension end old age. :

Intimal hamorrhage may occlude the artery
by its bulk™ or by precipitating thrombosis.* It
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" enlarges the plaque 12 which it oecurs and prob-

ably propagates the deposition of lipid through a

‘mechanismn of further injury.® The following

factors contribute to rupture of intimal capil-
laries:

1. The ectatic nature of these capillaries pro-
duces a high tension in their walls as ¢aleulated
by Laplace’s {aw. .

2. The inter-endothelial cemnent of these capil-
laries is altered in a way similar to the alteration
of the ground substance of the atherosclerotic
plaque which they invade. They rupture like
capillaries in scurvy. - -
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Fig. T.—Aura of 2 fulnea plg fed 1he nrute ararbylie .
dist wlone. Nowe the deposit of stalnable lipid Atling the
intirea, This ievion occurred at a hormal plasina chois
eaterul level and war unacconipanied by lipad depasit in
‘h_f'. apleen. {Schatlach Bo) -

3. Those capillaries arising directly from the
arterial lJumen are exposed to high pressures.

Calcification.—Altered ground substance forms
a medium which often calgifies. ™ -

Thrombosis,=Chambers und Zweifach® dem-
custrated that injury to vascular endothelium
results in the development of a stickiness of the '
inter-endothelial cement. Samuels and Webster™
showed that platelets adhere along the kines of
inter-endothelial cement when a vessel is injured.
From this beginning, & thrombus is formed. In
scurvy thrombus formation is common.™ Ascholf
and Koch** observed thrombosis of large veins
in 33 of their autopsicd cases of scurvy, and
thrombosis of arteries has been reparted in
malnutriion.* 1t seems likely that the frequency
of thrombosis in atherosclerosis is related to the
altered ground substance of the intima and i
endothelial lining. :
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ground substance, and it has been known for
many ycars that stress Jocalizes the lesions,
Experimentally the lesions of scurvy may be
localized by the stré¢ss of ejther compression?®? or
stretching.'® The stretching of the artemal wall
by the hydrostatic pressure within its lumen is
thue a stress snitable for localizing lesions.
Where this stress is excessive the lesions will
first appear. :
Experimental atherosclerosis in scurcy. — The
guinea pig is one of the few animals in which
scurvy can be produced.’s This animal is also
acceptable for the study of atherosclergsis’ A
tRaT of T35 Euinea ngs was divided with equal
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" in @ dose of 25 mon. of “RBedoxon” { Hoffmann LaRoche ]
mﬁﬂwn_cc"?é'rm:ﬁ’m 19 days, then gradu-
e k dof 4L d

ally increa 50 that by Lhe ea Zys, the dose

was M mzm, twice o dav, )
' Cholesterol dissoived i comn oil was impregnated

inly 1he pallets to supply abont 500 mgm. of chelesterol
per animal per day. -All animals reeceived vitamin E in
the form of § mem. of zipha towg‘neml Qaily, Pecause
there is sume evidence that it is deficient in this type
of diet.’® Animabs dying of infection were exclnded from
the series. :

The guinea pigs were killed at regular inter-
vals over a periad of from 12 to 41 days in each
of the groups. After a specimen of blood was
obtained by eardiac pumncture for cholesteral de-
termnination, the animals were sacrificed by a

hinw oo the head. The aorta was removed, fixed

SHOWING THE BEsUeTs Oprarses 1x Eac o THE DMsTanT GROTES

Number of Number of  Average degreet
- Number  Plazma  Average Fa: " enimaiy animals of aﬁm@&-
of cholesterel  plasma  slarmimg with writhoud oRty In thoss
Lifet animals  range cholesterol  of spleen  clherosclerosis  athercacieroaia hding ¥
Chronie searbutie . ..., ., 20 o IEJ Ele'..Er#r -0 9 i1 2.5+
‘mgm. % mgm. 5
Chronic scorbutie wjth oral 22 26 10 105 53.5 0 0 b L
gsvoriae soad L . Lo, L. . mgo. S mgm % - '
Chronic scorbutie with oral
pacorbie acld and cholee— 18 11 ta 70 182.0 - 16 a o5+
teral .. ... .. PRI mgm. 5 mgm $ : ,
Clhrunic scorbuue with
intra-peritoneal ascorbic 18 E510301  179.4 .24 0 It .G
acid and cholesteral. | | . mEgm. S mggn Sk -
Acute seorbutie. . ... 32 1T B0 42.0 o 12 13 2+
o mgm. %, mgm %
Acuie srorbutic with oral 15 2310 4¢.0 1] : (0] 5 1]
aseorbic acid. ..., mgm. Tz mgm ' : :
Argie seorhutic with )
cholegterol, L., . L. 11 ot done Notdone I+ It : 1] 2.64
Acute scorbutie: with oral S : '
asearbic acid and cholesw
tere). . R Yol done XNotdone 3 4 4 2

FOue iy o this group was fuuril 1o Kave 1+ fal
staining of the spleen. 1t is amitted ir, the tepresoniation
of the figure 135 it was & solitary finding,

tAverage ubtained by dividing toisl of plus signs by
ihe numiwr of umimals having lesions,

distribution of the sexes into the foliowing
dietarv groups: (1) Chkronic scorbutic diet. (2)
Chronic scorbutic diet with oral ascorbic acid,
{3 Chronie scorhutic diet with cholesteral and
oral ascarbie acid. (4) Chronic scorbutic diet
with cholesterol and intra-peritoneal ascorbic
acid. (5} Acute scorbutic diet. (6) Acute scorbutic
diet with oral ascorbic azid. (7) Acute scorbutic
diet with cholestergl. (8] Acute scorhutic diet
with oral asecerbie acid and cholesterol.

The chronie scorbutic diet consisted of “Bubv Rabbit
Peflets”. The acute storburic dist consisted of “Rabbit
Peliets”, Both these feeds were ohtalned fran Qgilvie
Flour Mills, Montreal, 2nd are known to be eflective in
producing scurvy.?® 1 have produced tvpical lesions of
seuryy i the bones and teeth of guines pigs fed these

diets.
Oral ascorbic acid was given in powder form, Ybarully

sprinkled over the pellets. Intra-periloneal ascorbic geid

in 109 formalin and frozen sections from the
arch and ascending portion were stained with
Scharlach R for lipid. Sections were also ob-
tained from the spleen as a representative of the
reticulo-endothelial svstem, :

The deposit of lipid in the arterial intima and
the spleen was graded by an arbitrary system of
plus signs: ' _

1} Earliest appearance of lipid.

2-4-: Moderate stippling of lipid.

34-: Intermediate between 2-}-

4-4: Solid staining with lipid.

Plasma cholesterol levels were determined by
a modification of the Liebermann-Burchard
method; ten random samples were checked by
the Sperry-Schonheimer technique and found to

and 4
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