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Thrombosis in Association with Atherosclerosis

Induced by Dietary Perturbations in Dogs

Abstract. The distribution, severity, and complications of diet-induced atheroscle-
rosis in dogs can be altered by changing the source of fat in the diet. Thrombosis and
thromboembolic disease associated with atherosclerosis occurred with diets con-
taining beef tallow and lard or coconut oil but were absent in dogs fed cottonseed oil
as a source of fat. Experimental animals with and without thrombosis are of value as
models in elucidating the role of platelets and thrombostatic mechanisms in athero-

sclerosis.

Atherosclerosis is the major cause of
mortality and morbidity in the United
States. It is characterized by local fibro-
muscular proliferation and lipid deposi-
tion in the tissue layer that lines the arter-
ies. These overgrowths of tissue are
called atherosclerotic plaques. The dis-
ease becomes symptomatic when the
size of the plaques causes significant ob-
struction to blood flow or when thrombi
form on the plaques. Despite the identifi-
cation of various dietary, metabolic, and
environmental factors as contributors to
the genesis of this disease, little is known
on a molecular or cellular level about its
causative mechanisms. The roles of the
platelet and hemostatic mechanisms in
the etiology of the disease have been de-
bated for decades. Most investigators
agree that thromboembolic events are
frequent and often fatal sequels of athero-
sclerotic lesions, but there is major con-
troversy concerning the contribution of
platelets to the primary or secondary
events of the disease process (/). Diets
high in saturated fat have been impli-
cated in causing thrombosis, and it has
been suggested that increased sensitivity
of platelets to aggregation results from al-
tered platelet membrane cholesterol or
fatty acid content, or both (2). However,
investigations of the roles of the platelet
and coagulation in atherosclerosis have
been hampered by lack of a suitable ani-
mal model. We now describe an animal
model that develops significant throm-
bosis in association with atherosclerosis
and suggest that such a model may be
useful in the elucidation of the role of he-
mostatic processes in atherosclerosis.

The dog is a suitable model for studies
of atherosclerosis. There is much to rec-
ommend the species, including ease of
handling, availability, and a size large
enough to provide sufficient blood and ar-
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terial tissue for analyses. In addition,
dogs do not develop spontaneous athero-
sclerosis; thus, any disease observed is
the direct result of the imposed experi-
mental conditions. However, dogs are re-
sistant to the development of hyper-
cholesterolemia and atherosclerosis and
require experimental maneuvers beyond
simply feeding them a high cholesterol
diet. Two different protocols have been
demonstrated to be successful in the pro-
duction of canine atherosclerosis. In one
protocol the hypothyroid dog is fed a
high fat, high cholesterol diet in associa-
tion with a bile acid (3, 4). We have used
various dietary fats in this protocol to de-
termine the effects of changes in tri-
glyceride content on the type and distri-
bution of atherosclerosis and the occur-
rence of thrombosis. In the second
protocol (5), euthyroid dogs are fed a
semisynthetic diet containing cholesterol
and hydrogenated coconut oil as the only
sources of fat. Dogs on this diet have not
been reported to develop thrombosis.
Atherosclerosis was shown to develop
) in surgically thyroidectomized dogs
fed a commercial diet supplemented with
cottonseed oil, cholesterol, cholic acid,
and propylthiouracil. The most severe
disease occurred in dogs with concentra-
tions of cholesterol in the plasma in
excess of 750 mg per 100 ml and a
characteristic hyperlipoproteinemia. The
atherogenic hypercholesterolemia was
characterized by the occurrence of beta
very low density lipoproteins (3-VLDL),
an increase of low density lipoproteins
(LDL), and the presence of a unique lip-
oprotein, the HDL. (6). A similar type of
hyperlipoproteinemia has been described
in association with accelerated, choles-
terol-induced atherosclerosis in swine
(7). The atherosclerosis in the dog fed
the cottonseed oil diet involved the

thoracic and abdominal aorta and the
coronary arteries with only moderate pe-
ripheral artery disease. The lesions were
of the intimal proliferative type and were
associated with lipid deposition. Evi-
dence of thrombosis was not observed
).

In sharp contrast to the above, when
beef tallow or a mixture of beef tallow
and lard was substituted for the cotton-
seed oil in the diet, there were significant
changes in both the type and distribution
of the disease. Moreover, thrombosis be-
came a prominent component of the ath-
erosclerotic disease process. To investi-
gate the role of saturated fats in the pro-
duction of atherosclerosis, 48 purebred
foxhounds (NIH colony) were divided in-
to two groups, which were maintained
for 12 months on diet. One group of 24
euthyroid dogs was fed (8) a standard
dog chow supplemented with fat (an
equal mixture of lard and tallow). The
other group of 24 dogs was surgically
thyroidectomized and placed on the
same diet except that cholesterol, tauro-
cholic acid, and propylthiouracil were
added (8). The euthyroid dogs did not de-
velop significant hypercholesterolemia
or atherosclerosis. The hypothyroid
dogs developed atherosclerosis which
was associated with a hyperlipopro-
teinemia that was similar to that of the
dogs fed cottonseed oil. However, the
distribution of this disease, urilike that
in dogs fed the cottonseed oil, was re-
stricted primarily to the terminal ab-
dominal aorta, while the thoracic aorta
was spared. An additional, not pre-
viously seen, difference in the pattern of
disease was an extensive, often occlu-
sive, involvement of the peripheral arter-
ies, including the iliofemorals, mesenter-
ics, internal carotids, and coronaries.
Histologic study of the lesions of the ter-
minal aorta revealed severe intimal pro-
liferative disease with lipid deposition,
occasional necrosis, calcification, and ad-
ventitial inflammatory response. The pe-
ripheral arteries showed an even more
fulminant disease process associated
with extensive necrosis, lipid deposition,
and rapid progression to medial in-
volvement. Of particular interest was the
occurrence of thrombosis in association
with many of these atherosclerotic le-
sions. ; ,

At autopsy, grossly visible thrombosis
was found in association with arterial le-
sions in six of the 24 dogs. This occurred
in the iliofemorals, terminal aorta, and in-
ternal carotids. A large, virtually occlu-
sive thrombus in the iliofemoral artery is
shown in Fig. 1A. Histologic exam-
ination of the arteries of many of the ani-
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mals showed some evidence of prior oc-
currence of thrombosis in association
with lesions in the terminal aorta and the
peripheral and coronary arteries. For ex-
ample, many recanalized peripheral and
coronary arteries were found (Fig. 1B).
Myocardial infarction was seen on rou-
tine histologic examination of one heart
(Fig. 1C). Associated with this infarct
was a small intramyocardial arteriole,
which was occluded and appeared to
have three recanalized channels. Anoth-
er example of thromboembolic disease
was the occurrence. in one dog. of gan-
grene of the foot. which required amputa-
tion of a toe.

The second dietary protocol with

which thrombosis and atherosclerosis
were associated in dogs was a semi-
synthetic diet containing 16 percent coco-
nut oil and 5 percent cholesterol [Teklad

Mills, Madison, Wisconsin (5)]. Seven
purebred, euthyroid foxhounds were fed
this diet for up to 12 months. The hyper-
cholesterolemia and hyperlipoprotein-
emia were similar to those in the hypo-
thyroid dogs on cottonseed oil and tal-
low-lard diets. In three of the seven dogs
the cholesterol in the plasma was, on the
average. less than 700 mg/100 ml. and the
disease. as judged by gross examination.
was only minimal. In the other four dogs.
the cholesterol in the plasma was be-
tween 700 and 1200 mg/100 ml. These
four dogs had significant atherosclerosis.
which involved the terminal abdominal
aorta. the iliofemorals. mesenterics. in-
ternal carotids. cerebral arteries. and
coronaries. The topographic distribution
and morphologic characteristics of this
disease closely resembled those found in
the group of dogs fed the tallow and lard

diet. Gross thrombosis was observed in
the internal carotid arteries of two dogs
and in the basilar artery in one dog. The
basilar artery (Fig. 2A) was virtually oc-
cluded at several locations. Gross hemor-
rhage had occurred into several of these
plaques. with thrombotic occlusion of
the vessel. An example of a thrombus
that totally occluded the internal carotid
artery is shown in Fig. 2. Band C.

The above result—that an apparently
identical disease was produced in eu-
thyroid and hypothyroid animals with
and without added dietary bile salts—
suggests that the bile salts and the hy-
pothyroidism were not essential to the
pathogenesis of the observed events and
points instead to factors associated with
the manipulation of the diet. Two factors
common to both diets are the deficiency
in essential fatty acids and the high con-

Fig. 1 (left). Tissue from dogs fed the tallow-lard and cholesterol diets. (A) The left iliofemoral artery (top of photograph). opened and pinned out,
reveals a large, occlusive thrombus (arrowheads). The trifurcation of the aorta with the internal iliacs (middle) and the right iliofemoral artery
(bottom) reveals small thrombi and plaque hemorrhages (dark patches). (B) Recanalized coronary arteries indicative of the resolution of thrombi
(scale bar, 250 um). (C) Myocardial infarction (left center) approximately 2 months old as dated by histologic reaction. Note the recanalized,
partially calcified intramyocardial arteriole (arrowheads) (scale bar. 250 um). Fig. 2 (right). Tissue from dogs fed the coconut oil and
cholesterol diet. (A) Extensive thrombosis at the junction of the vertebral and basilar arteries (arrowhead) and at several sites in the basilar
artery as it crosses the brainstem. When viewed through a microscope, the vessel showed severe atherosclerosis associated with hemorrhage and
occlusion associated with recanalization. (B) Sudan staining of the opened carotid artery and major branches reveals atherosclerotic lesions
(dark patches). An occlusive thrombus (arrowheads), which prevented opening of the vessel, is present in the internal carotid. (C) Frozen section,
stained with oil red 0 and hematoxylin. of the internal carotid artery pictured in (B). The original lumen (upper left) is extensively recanalized.
Severe atherosclerosis with lipid deposition and cleft formation involves the entire wall of this vessel (scale bar, 250 um).
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tent of saturated fat. Thus it is possible
that these or other yet unidentified diet-
ary factors present in both regimes are re-
sponsible for the thrombosis.

Our model provides an opportunity to
determine whether the thrombotic ten-
dency is the result of altered hemostatic
mechanisms and therefore is a possible
progenitor of the atherosclerotic lesion it-
self, or whether this tendency is simply
secondary to a particularly virulent form
of atherosclerosis induced by these diet-
ary factors. Apart from the fulminant na-
ture of the disease that occurred under
the two dietary regimes, the observed
pathologic events appear to be similar to
those that occur in man. The availability
of an animal model in which it is possible
to study these important questions may
represent a key discovery that will allow
final clarification of the role of hemo-
stasis in the genesis, progression, mor-
bidity, and mortality of atherosclerosis.
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Chloramine Mutagenesis in Bacillus subtilis

Abstract. Chloramine (which occurs widely as a by-product of sanitary chlorina-
tion of water supplies) is shown to be a weak mutagen, when reversion of trpC to trp*
in Bacillus subtilis is used as an assay. Some DNA-repair mutants appear to be more
sensitive to chloramine, suggesting the involvement of DNA targets in bactericide.
The influence of plating media on survival of cells treated with chloramine suggests a
bacterial repair system acting upon potentially lethal lesions induced by chloramine.

Chloramine (NH,CIl), the reaction
product of chlorine and ammonia in aque-
ous solution, is widely used directly for,
oris generated as a by-product of, the dis-
infection of public water supplies and
swimming pools. Nevertheless, little is
known of the biological mechanism of ac-
tion of chlorine or of possible genetic ef-
fects. Our own study (/) has shown that
chloramine reacted with Bacillus subtilis
DNA in vivo and in vitro; however,
Boyle (2) did not obtain auxotrophs by
treating Escherichia coli cells with
chloramine; and a preliminary experi-
ment with bacteriophage lambda by Hay-
atsu (3) did not show mutagenicity of hy-
pochlorite. On the other hand, while this
manuscript was in preparation, Wlod-
kowski and Rosenkranz (¢) reported that
sodium hypochlorite was a weak base-
substitution mutagen in Salmonella
typhimurium. We now report the mu-
tagenicity of chloramine, using reversion

of trpC to trp™ in B. subtilis as an assay.
The strains used in this study were de-
rivatives of indole-requiring B. subtilis
strain 168 (5). As an index of the in-
volvement of DNA targets in bactericide
by chloramine, the sensitivity of differ-
ent:B. subtilis strains carrying various
DNAfrepair mutations was examined.
Cell concentrations of each mutant and
of its control for chloramine treatment
were adjusted to about the same. In
addition, the mixed cultures of strains
168 + SB879 and strains BDI170 +
BD194 were treated with chloramine and
their survivors were sorted out by their
respective nutritional markers. The sur-
viving fractions of a representative test
for each mutant as a function of
chloramine doses are shown in Fig. 1.
While uvr (SB879) and recB (BDI191)
showed no evident increases'in sensi-
tivity, rec3 (BD193), recA (BD194),
and polAS (SB1060) were consistently

Fig. 1. Chloramine sen-
sitivity of different B.
subtilis strains. (a) @,
168 (uvr*, trpC); O,
SB879 (uvr, trpC, his B);
(b) ®, BD170 (rec*, trp-
C, threo5), 0O, BDI191
(recB, trpC, threoS); A,
BD193  (rec3, trpC,
threo5); O, BD194 (rec-
A, trpC); (c) @, SB1058
(pol*, pheA, trpC, his-
B); O, SB1060 (polAS5,
pheA, trpC, hisB). For
the chloramine treat-
ment, NaOCl was diluted
in 0.05M phosphate
buffer, pH 7, to dif-
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and one part of 0.1M NH,CI at 37°C for | hour. The prepared early stationary phase cells (/)
were diluted ten times into chloramine solution and treated for 30 minutes at 37°C. The reaction
was stopped by the addition of one volume of 0.02M sodium thiosulfate. Viable cell counts were
scored by averaging the colonies of two plates (amino acid media, see Table 1) after incubation at
37°C for 2 days. The minimum number of colonies per plate was 161 * 8 percent.
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