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Coronary, Aortic and Cerebral Atherosclerosis
in Swine of 3 Age-Groups: Implications*

H. L. RATCLIFFE,1 H. LUGINBOHL 2 & L. PIVNIK 3

Coronary, aortic and intercranial atherosclerosis has been compared in swine maintained
under the following conditions: (1) adequate food and housing but animals held in test
social situations for I year; postmortem examination at ages of 13 to 15 months; (2) food
and management designed for high productivity; postmortem examination at ages of
6 to 9 years; (3) an outdoor system ofhusbandry and a cooked garbage diet ; postmortem
examination at ages of 8 to 14 years.

Extramural coronary, aortic and intracranial atherosclerosis was most advanced in
swine that were fedgarbage. Cerebral infarction (cerebromalacia) also was most advanced
in these swine but developed in swine of the younger groups in which it was associated
with atherosclerosis of small intracranial extracerebral arteries rather than with stenosis
of the larger intracranial extracerebral arteries as in the oldest swine. The lesions of
atherosclerosis in swine of these 3 age-groups form a continuous series and are morpho-
logically identical with corresponding stages of atherosclerosis of man.

It is concluded that swine can replace non-human primates as subjects for studies of
atherosclerotic vascular disease, and that experimental designs must allow for age and
behaviour patterns of the species.

The World Health Organization has, for several
years, sponsored studies of spontaneous athero-
sclerosis in swine as potential aids to understanding
atherosclerosis in man (Luginbuhl & Jones, 1965a,
1965b; Luginbuhl, 1966a, 1966b). In this report the
frequency and severity of atherosclerosis and associ-
ated lesions of the coronary arteries, aortas and
aortic vasa vasorum and cerebral arteries of female
swine from breeding herds in Czechoslovakia are
described. These lesions are also compared with
lesions found in the corresponding arteries of older
female swine from a breeding herd in New Jersey,

USA, and of younger swine of both sexes from an
experimental series (Luginbiihl & Jones, 1965a,
1965b; Luginbiihl, 1966a, 1965b; Ratcliffe et al.,
1969).
Animals of these 3 groups had been maintained

under different systems of husbandry. Therefore,
environment as well as age will be considered as a
factor in the pathogenesis ofatherosclerosis. Our pur-
pose is a critical evaluation of swine as an experimen-
tal model for studies that may provide a more com-
plete understanding of atherosclerosis as a disease
of man. This material is adequate for this purpose.

MATERIALS

SWINE FROM CZECHOSLOVAKIA

Hearts, aortas and brains were received from
15 female swine (5 from one litter) of the Czech
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Three animals weighed less than 200 kg on the day
of slaughter; the weights of others ranged from
215 kg to 300 kg. Actinomycosis mammae had
developed in 2 animals, and bronchopneumonia
in 2. Minor lesions of the liver or kidneys were found
in 4 but the remaining 7 were free from recognizable
lesions, except for inconspicuous aortic changes.
With 1 exception, the oldest of the series, housing

for these animals was rated " very good " to " excel-
lent ". All of them had been fed rations of high
quality developed for swine production.

SWINE FROM NEW JERSEY, USA

Corresponding tissues were available from about
50 female swine from the New Jersey herd which had
been crossbred mainly from Chester White, Hamp-
shire and Poland China breeds (Luginbuhl & Jones,
1965a, 1965b; Luginbuhl, 1966a, 1966b). This herd
was maintained by an outdoor system of husbandry
by which 5-8 females and 1 male occupied 1 en-
closure.
Cooked garbage from military installations and

restaurants was the customary diet of the herd,
supplemented seasonally by wastes from vegetables
and fish. Samples of this garbage collected at weekly
intervals during a 1-year period gave the following
mean values: protein, 6.62%; fat, 12.59%; nitrogen-
free extract, 6.34%; moisture, 71.63% (Vander Noot,
1963).
Ages of females culled from this herd ranged

from approximately 96 months to more than 144
months. Some of the animals were weak and
emaciated, apparently as a result of chronic stephan-
uriasis and multiple abscesses. Weights ranged from
120 kg to 200 kg.

SWINE OF THE EXPERIMENTAL SERIES

These were Chester White swine and were held in
one or other of 3 social situations from 6 to 8
weeks of age until killed for study at ages from 13 to
15 months (Ratcliffe et al., 1969). The animals were
housed in an unheated wooden barn, floored with
concrete and were fed whole milk from the BF herd
of Jersey cattle (Marshak, Abt & Cohen, 1966) at
50% or more of intake. Milk was supplemented by
whole-corn and a protein-mineral concentrate.

Thirty-six of the animals were from S females by
I male and 4 were unrelated. Two males and 1 female
developed localized infections and were killed at
ages from 6 to 10 months. Evidence of infection was

not found in the others. Weights ranged from
225 kg to 275 kg on the day of slaughter.

METHODS

All tissues were fixed in 10% buffered neutral
formol. Hearts were inspected for myocardial
necrosis and fibrosis, lesions of the valves and
stenosis of the extramural coronary arteries. Extra-
mural coronary arteries were examined after having
been opened longitudinally to points that seemed to
be stenotic, then examination was continued by
transverse cuts at intervals of about 3 mm-5 mm.
Grades of atherosclerotic stenosis were estimated

from microscopic examination of transverse sections
of these arteries and expressed numerically. For
example, grade 1 signifies that lumina had been
reduced by less than 25 %, grade 2 by more than 25%
but less than 50% and grade 3 by more than 50%
but less than 75 %. The numerical grade assigned to
each animal (Table 1) for extramural coronary
stenosis was the maximum lesion found.
When lesions were not visible macroscopically, the

intima of the arteries was examined under the
dissecting microscope and foci that seemed to be
abnormal were taken for histological sectioning.
The extent and severity of intramural coronary

atherosclerosis was graded according to the " heart-
score" method, which has been described and its
validity established (Ratcliffe & Snyder, 1965, 1967;
Ratcliffe et al., 1969). Heart-score values are
estimates based upon 2 factors: (1) counts of cross-
sections of arteries greater than 15 ,u-20 Iu luminal
diameter in sections of a complete standard trans-
verse block of each heart cut through the walls of
both ventricles at approximately the level of the
mid-portions of the left papillary muscles; (2) esti-
mated grades of stenosis in these arteries and the
numbers of arteries affected by each grade.

Values for stenosis represent estimated luminal
reduction by atheroma formation, whether con-
centric or not. In these estimates values of 1 are
equivalent to less than 25% luminal reduction;
2, less than 50%; 3, less than 75 %; 4, more than 75 %;
5, occlusion. Counts of arteries and estimates of
stenosis are combined to derive heart-score values;
e.g., lx23+2x20+3x21+4x25 * 164=1.38,
where 1, 2, 3 and 4 are grades of stenosis, 23, 20, 21
and 25 the number of arteries so classified, and 164
the total arterial cross-sections (75 without lesions)
for a sample of myocardium. Values so derived are
increased by 1.0 for convenience in statistical
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TABLE 1
CORONARY, AORTIC AND CEREBRAL ATHEROSCLEROSIS AND ASSOCIATED LESIONS

IN OLDER FEMALE CZECH MIDDLE WHITE SWINE
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a EMC = extramural coronary arteries.
b Severity of intramural coronary artery stenosis.
c VV = stenosis of vasa vasorum.
d L = macroscopic.
e S = microscopic.
f MAS = stenosis of meningeal arteries.
° CM = cerebromalacia.
h LM = litter mates.

analysis, which, in this example, would be " rounded "
to 2.40. A heart-score of 1.0 would mean that no
lesions were found. Values increase with the number
of arteries found to be stenotic and the degree of
stenosis in each.

Aortic atherosclerosis was graded from 0 to 5
according to (1) the area of intimal surface involved
by lesions visible macroscopically without the use of
stains for lipids, and (2) their stages of development,
combined with (3) changes found in microscopic
sections taken at longitudinal and transverse loca-
tions in the thoracic and abdominal segments and
including the whole range of lesions. Each section
was graded individually and the total was combined
with the estimate of macroscopic lesions to obtain
grades shown in Table 1.

Numerical values for grades of stenosis of aortic
vasa vasorum were not attempted but the presence or
absence of stenosis ofthese arteries has been indicated
by appropriate signs. Similarly, no attempt has been
made to grade myocardial fibrosis or atherosclerotic
stenosis of the intracranial arteries or the associated
cerebral lesions. Instead, the presence or absence of
these lesions have again been indicated by appropriate
signs, the more extensive being given double signs.

Tissues were embedded in paraffin, sectioned at
5 ut-6 u and stained routinely by haematoxylin and
eosin and by the Van Gieson elastica method for
collagen and elastic fibres. Selected specimens also
were stained by Movat's pentachrome and alcian
blue-PAS. Frozen sections were stained for lipids by
Oil Red 0.
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OBSERVATIONS 1

CZECH MIDDLE WHITE SWINE

Frequency and severity of lesions
Table 1 lists the 15 Czech Middle White swine

according to their ages in months when killed and
gives estimates of atherosclerosis and associated
lesions of hearts, aortas and brains (1 heart and
1 brain were not satisfactory for study because of
damage during shipment). Numerical values are
quantitative measurements that may be compared
directly with corresponding measurements of lesions
in other animals.
The occurrence and, to some extent, the develop-

mental stages of other lesions are not intended to be
quantitative. These values apply only to the material
of this report. Neither the occurrence of infectious
disease nor organic disease in these animals cor-
related with atherosclerosis.

Heart. Pericardial, epicardial and myocardial
fibrosis was not recognized during macroscopic
inspection of the hearts of this series. Athero-
sclerosis of extramural coronary arteries was found
in 7 animals, only 1 of which had developed a lesion
that reduced the arterial lumen by more than 25 %.
This was one of the 5 litter-mates (91 months of age)
of which 1 other had developed a lesser lesion and
3 had none.

Heart-score values ranged from 2.40 to 3.05, with
a mean of 2.76. Five of the individual values were
less than this mean and 9 were greater. However,
mean ages for these subgroups differed by less than
6 months. Heart-scores of animals in which athero-
sclerosis of the extramural coronary arteries occurred
were, with 1 exception, greater than the mean.
The relative severity of myocardial fibrosis in this

series (Table 1) ranged from minute scattered foci to
scars (3 mm-4 mm in diameter) visible macro-
scopically in the stained section. These notations
apply only to the ventricular myocardium. The
auricular myocardium of more than half of the series
also contained fibrotic foci. However, the auricular
myocardium was not subjected to the systematic
examination given the ventricular myocardium, but
fibrosis was always associated with intramural
coronary atherosclerosis.

1 The photographic illustrations are taken from each
series of observations but reference to them is made chiefly in
the section dealing with Czech Middle White swine.

The microscopic changes that characterized athero-
sclerosis of the coronary arteries, the aorta and the
cerebral arteries were identical in all essentials.
Descriptions are therefore condensed and given
below under the heading " Histological character-
istics of atherosclerosis ".

Aorta. The values given in Table 1 for the severity
of aortic atherosclerosis indicate minor grades of
disease in 11 of the 15 animals. In fact, at least
1 aorta would have been given a negative score on the
basis of macroscopic appearances. In this instance,
microscopic sections demonstrated intimal thickening
in the abdominal segment. In the 4 instances listed
in the table as grade-2 severity, less than 10% of the
intimal surface was affected and lesions were limited
largely to the abdominal aorta, distal to the renal
arteries. The records in Table 1 suggest that age
was not a major factor in the development of aortic
atherosclerosis.

Transverse striations of the intima of the abdomi-
nal aorta found in a number of the animals have
been interpreted as fixation or contraction artefacts.
These striations were not associated with micro-
scopic changes in either intima or media.

Atherosclerosis of aortic vasa vasorum ranged
from questionable (indicated in the table as ±) to
moderately advanced reduction in luminal dia-
meters. The size and distribution of the aortic
lesions were not clearly associated with stenosis of
the vasa vasorum.

Brain. Atherosclerosis of the intracranial arteries
was not recognized during macroscopic inspection of
the brains. However, minor lesions of arteries less
than 1 mm in diameter were found in sections of
brain from a majority of the series (Table 1). Points
of stenosis seemed to be randomly distributed and
not clearly related to foci of cerebromalacia.

More-or-less advanced stenosis of the smaller
meningeal and intracerebral arteries occurred in each
animal of the series, however, and in some instances
the grade of stenosis seemed to correspond to the
extent of the cerebral lesions. Numbers of stenotic
small arteries differed in consecutive sections from
the same preparation and appearances indicated that
these arteries had become elongated and tortuous
(Fig. 1). Nevertheless, a causal relationship between
atherosclerosis of meningeal arteries and cerebro-
malacia could not be established with certainty,



FIG. 1. Chester White (experimental) swine, female, aged
14 months. Cerebral cortex and group of thick-
walled, small, meningo-cortical arteries. Van Gieson
elastica stain; medium-power magnification.

FIG. 2. New Jersey swine, female, aged 144 months. Frontal
section through part of one hemisphere at the level of
the caput nuclei caudati. Stenosing atherosclerosis
in extracerebral arteries at base of brain and in epical-
losal branches; areas of cavitation, colliquative
necrosis and pallor (incomplete necrosis and gliosis)
in corpus striatum, septum and anterior fornix.
Movat's pentachrome stain; low-power magnifica-
tion.

FIG. 3. New Jersey swine, female, age 144 months. Extra-
mural coronary artery, disorganization of arterial
media and stenosing intimal thickening caused by
smooth muscle proliferation and transformation, and
deposition of elastic and collagen fibres and ground
substance. Van Gieson elastica stain, medium-
power magnification.

FIG. 4-7. Czech Middle White swine and New Jersey swine,
aged 89-144 months. Intramural coronary arteries of
large and small calibre with stenosing intimal and
medial lesions representing alteration in architec-
ture, proliferative and degenerative changes with
some or all of the generally accepted features of athe-
roma. Van Gieson elastica stain, medium-power
magnification.

(See overleaf)
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A STUDY OF ATHEROSCLEROSIS IN 3 GROUPS OF SWINE OF DIFFERENT AGE-GROUPS

although ischaemia is the only explanation that can
be offered for their development and microscopic
appearances are in keeping with this explanation.
The most common sites of cerebromalacia were

the septal area and superior fornix where clusters of
small cysts formed. In addition, 6 of the animals had
developed unilateral or bilateral malacic foci in the
basal parts of the external capsule and putamen.
Multiple foci are indicated in the table by " + +
(Fig. 2).

Histological characteristics of atherosclerosis

Coronary arteries, aortas and intracranial arteries.
The essential histological features of atherosclerosis
in the coronary arteries (extramural and intramural
branches), aortas and intracranial arteries of this
series of animals were as follows: (1) focal re-
orientation and proliferation of smooth muscle cells
often accompanied by changes in medial architecture
that indicated medial degeneration; (2) fragmenta-
tion and replication of internal elastic membranes;
(3) apparent movement of smooth muscle cells
through fragmented internal elastic membranes and
proliferation to form stenosing lesions; (4) more-or-
less abundant elastic and collagen fibre formation to
enclose the smooth muscle cells.

Appearances often indicated that lesions had been
formed by more than a single episode of smooth
muscle reorientation and proliferation, as if the
stimulus (or stimuli) had been intermittent and
operative focally or segmentally. Larger lesions,
especially of the extramural coronary arteries and
aortas, often contained regions in which smooth
muscle cells had become enlarged and rounded to
form fat-containing foam cells. Foam-cell formation
also was accompanied by regional degeneration of
these cells, cholesterol deposition and calcification to
reproduce the usually accepted features of atheroma.

Fig. 3-7 illustrate the range in morphological
variations found in the coronary arteries of these
swine. Atherosclerosis was least advanced in the
extramural coronary arteries (Fig. 3) but its develop-
ment apparently had been a result of the same
phenomena that reduced lumina of intramural
arteries to a much greater degree. Lesions of intra-
mural coronaries occurred at all levels of the system
from the largest to the terminal branches (Fig. 4).
Focal or segmental activity of this disease process
apparently explains such variations as complete dis-
appearance of the media on one surface of an artery
while the lumen was greatly narrowed by a mass of
cells and fibres that projected from opposite surfaces

(Fig. 5). Or again, the stimulus to smooth muscle
reorientation and proliferation had led as much to
medial distortion by nodular cell masses as to
luminal reduction (Fig. 6). Occasionally, a lesion
was encountered in which the intimal-medial mass of
smooth muscle cells and supporting tissue had
reproduced all of the generally accepted features of a
" mature" atheroma (Fig. 7).

NEW JERSEY SWINE

Coronary arteries

Atherosclerosis of the extramural coronaries of a
majority of swine from the New Jersey herd re-
produced the sizes and histological features of
lesions seen in these arteries of the Czech Middle
White swine. However, 6 of the New Jersey animals
had developed more advanced lesions of the extra-
mural arteries, especially of the left anterior descend-
ing artery. Transformation of smooth muscle cells
to fat-containing foam cells was a common feature of
these larger lesions which also contained extra-
cellular lipid and cholesterol deposits.
One of these animals also had developed macro-

scopically visible myocardial fibrosis, with changes
that indicated at least 3 episodes of ischaemic
necrosis. Coronary artery occlusion by plaques or
by thrombosis was not demonstrated in this animal
which was the only one of the New Jersey series with
an association between myocardial fibrosis and
extramural coronary stenosis.
The histological features of intramural coronary

atherosclerosis found in the Czech Middle White
swine also were reproduced by the New Jersey
animals. However, myocardial fibrosis occurred less
frequently and, with 1 exception, was usually less
extensive.

Aortas. As in the Czech Middle White swine, the
aortas of the New Jersey animals were always
involved by atherosclerosis. Usually, however, the
disease was more advanced and severity grades 2,
3 and 4 were recorded more frequently than was
grade 1. Atherosclerosis in these animals also was
more advanced in the abdominal segment which in 4
had undergone aneurysmal dilatation, but plaques
were neither haemorrhagic nor ulcerated and
thrombi had not formed.
These aortas reproduced the features of athero-

sclerosis of aortas from the Czech Middle White
swine. However, lesions were often more advanced
and regional transformation of smooth muscle cells

4
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to foam cells occurred more frequently, often in
combination with extracellular lipid and cholesterol
deposits. The more advanced lesions, especially
when accompanied by dilatation, were sometimes
combined with loss of muscle cells and elastic fibres
from the media and their replacement by collagen
fibres. The more advanced lesions also contained
irregularly distributed thin-walled vascular channels
that in some extended into the thickened intima.

Brain. In contrast to the distribution of athero-
sclerosis in Czech Middle White swine, the larger
intracranial arteries of about two-thirds of the New
Jersey swine were involved by atherosclerosis that
reduced lumina by at least 50 %. The most common
sites of disease in this arterial system were the
intracranial portions of the internal carotid arteries,
the common stem of the middle and anterior cerebral
arteries, the proximal parts of the middle cerebral
arterial branches, the anterior communicating
system and the proximal parts of the anterior
cerebral, epicallosal and the posterior cerebral-
posterior communicating arteries; approximately in
the order given. Also, the extracerebral portions of
the ganglionic branches ofthe middle cerebral arteries
were often severely stenotic but lesions did not
extend into the intracerebral segments of any artery
(Fig. 2). Stenosis of the smaller meningeal arteries
did not seem to be so pronounced as in the Czech
Middle White or the experimental swine.
Non-thrombotic cerebral infarction has been

found in these swine in association with athero-
sclerotic stenosis of extracerebral arteries (Fig. 2).
The nature of these lesions and their relation to
blood supply have been described fully (Luginbiihl,
1966a). Their distribution was essentially the same
as in the other animals of this report, although devel-
opment was more advanced.

EXPERIMENTAL SWINE

Coronary arteries

Atherosclerosis of coronary arteries in animals of
the experimental herd was limited largely to the
intramural segments but small intimal-medial
changes (apparently early stages in lesion develop-
ment) were found in microscopic sections of the
extramural segments. Coronary lesions in these
animals, compared with lesions in the older animals,
contained much less collagen and fewer elastic fibres
and were formed by relatively large smooth muscle
cells with vesicular nuclei and pale-staining cyto-
plasm in which there were delicate networks of acid

mucopolysaccharide. These cells also were bordered
by delicate elastic and collagen fibrils in a matrix of
acid mucopolysaccharide which sometimes seemed
to have replaced cells. Lipids were not demonstrated.
Grades of coronary stenosis, determined by the

heart-score method, were influenced by sex and
social situation. For example, the mean heart-
scores for separated females of this series was greater
than these values for either group of older females
(Ratcliffe et al., 1969).

Aortas. Intimal elevations, 0.5 mm-2.0 mm in
length and width, had developed in the aortas of
12 swine of this series. In microscopic sections,
these elevated areas were found to be centred at the
intimal-medial junction where, in sharply limited
segments, tissues had been replaced by disorderly
arranged, delicate fibres (stained positively for
elastin) among which smooth muscle cells seemed to
be scattered randomly in a mucopolysaccharide
matrix. These foci also contained calcified bodies
that resembled short fragments of the large elastic
fibres of the media. Intimal tissues over and about
these lesions were thickened by delicate bands of
elastic fibres between which lay small numbers of
smooth muscle cells. Advanced stenosis of vasa
vasorum was associated with these lesions. In
addition, regional subintimal transformation of
smooth muscle into foam cells was found in occa-
sional aortas.

Brain. Well-defined foci of cerebromalacia were
found in 17 males and 11 females of this series.
Altogether, 10 males and 4 females had developed
multiple foci. These lesions were located in the
septal area, external capsule and putamen. Their
distribution was at least as wide as the lesions of
cerebromalacia in the Czech Middle White swine and
in some instances size was greater. Cerebromalacia
in animals of this series also was associated with
atherosclerotic stenosis of the smaller meningeal and
intracerebral arteries (Fig. 1). Only 1 of the 28 ani-
mals had developed stenosis of larger cerebral
arteries. Stenosis of these larger intracranial arteries
in 1 other animal, a paired male, was not associated
with cerebromalacia.

Table 2 illustrates the distribution of the lesions of
cerebromalacia according to sex and social situation
in animals of this experimental series and shows the
number and sex that developed multiple lesions in
each situation.
The distribution of the cerebral lesions in these

animals does not appear to have been influenced by
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TABLE 2

SEX AND SOCIAL SITUATION OF SWINE THAT HAD DEVELOPED
CEREBROM ALACIA

Social No. No. with
situation of males lesions

Totals

No. with ~~~~~~No.with
No.ulwithe No. No. with multiple

multsiple of females lesions
le in

22 17 10 15 11 4

either sex or social situation, which contrasts with
coronary atherosclerosis (Ratcliffe et al., 1969).
Thus, the total situation in which these animals had
lived may be credited with having accelerated the
development of atherosclerosis of the meningeal
arteries and cerebromalacia.

COMPARISONS

Records for these animals are summarized in
Table 3 and arranged according to age in months
with the youngest first.

Swine of these 3 groups differed in age, food and
management practices, and the records of Table 3
will be considered in terms of these variables. Age is

no more than an interval during which stimuli that
induced atherosclerosis were permitted to operate.
Food for the Chester White swine of the experi-
mental series and the Czech Middle White swine,
although not fully comparable, was equally ade-
quate. Cooked garbage for the New Jersey herd
provided protein from unknown sources at a relative-
ly low level and contained more fat than is usually
recommended for swine.
Management of the experimental series was ar-

ranged to test the hypothesis that social situations
are factors in the induction of coronary athero-
sclerosis (Ratcliffe et al., 1969). The 4 females from
this series had lived as separated animals in close
auditory and olfactory contact with paired and

TABLE 3

COMPARISONS OF CORONARY, AORTIC AND CEREBRAL ATHEROSCLEROSIS AND ASSOCIATED LESIONS
IN FEMALE SWINE OF THE 3 GROUPS CONSIDERED IN THIS STUDY a

Breed Meanagof b Number (anths)e
swine b (ots

cw 4 1 3

CMW 14 93.5

NJM 10 120

Heart

Fibrosis
EMC c Heart- or

scoresd ornecrosis

l - 3.0 1

0-1 3.06 1 -3- -

0-2

0-4

2.76

2.65

1-2 -

0-4

Aorta;
grade e

Brain; extracerebral arteries e

Lf S 9|g MAS h

0-1 0 0 2-3

1-2 0 20-3r

1-4 0-4+ 1-4 2

a Ranges show maxima and minima for the series.
b CW = Chester White; CMW = Czech Middle White; NJM = New Jersey Mixed.
c EMC = extramural coronary arteries.
dI Severity of intramural coronary artery stenosis; mean values for the number of animals shown in column 2.
e Values for aortas and brains are for the whole series.
f L = macroscopic.
9 S = microscopic.
h MAS = stenosis of meningeal arteries.
i CM = cerebromalacia.

Cm

0-2

1-2

0-4
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grouped males and females for about 1 year. This
situation was assumed to be most damaging in terms
of swine behaviour patterns (Hafez, Sumption &
Jakway, 1962). It was associated with the most
rapidly developing coronary atherosclerosis (Rat-
cliffe et al., 1969).
The Czech Middle White swine were managed to

maintain productivity. Females were held in groups
until sexually mature. Pregnant and lactating females
were provided with separate pens, and breeding was
repeated soon after litters had been weaned. Preg-
nant females of the New Jersey herd were separated
a few days before delivery to shelters, then, with the
litter, returned to the common pen about 10 days
after delivery. Fights and injuries were common
among these females.

Atherosclerosis of the extramural coronary arteries
was scarcely more developed in the Czech Middle
White swine than in the experimental series in spite
of the 5-fold difference in age, and although a
majority of the New Jersey swine were older than any
of the Czech Middle White, extramural lesions were
absent in some animals. Moreover, grade-4 lesions
(more than 75% luminal reduction) were limited to
6 animals. Similarly, intramural coronary athero-
sclerosis (heart-scores) was more advanced in the
experimental series than in either group of older

animals. Differences were not tested statistically
because of differences in husbandry and age.

Regional intimal-medial lesions of aortas of the
experimental series apparently do not correspond to
stages in the development of atherosclerosis as it was
seen in other swine of this study.

Aortic atherosclerosis of the Czech Middle White
swine usually was less advanced than in the New
Jersey swine. The New Jersey swine also seem to
have been peculiarly susceptible to atherosclerosis of
the larger intracranial arteries which may explain the
greater frequency of larger cerebral infarctions
among them. However, smaller regions of cerebro-
malacia, which also may be attributed to ischaemia,
were found in all the Czech Middle White swine and
in a majority of the experimental series. In animals
of both groups, cerebromalacia was associated with
stenosis of the small meningeal arteries, whereas
stenosis of these arteries was not so far advanced in
the New Jersey swine. Thus, in spite of the greater
mean age of the New Jersey swine, atherosclerosis of
coronary arteries, aortas and intracranial arteries
was not always more advanced and in them the
stages of disease varied more than in the other
animals. This may reflect genetic variability or their
relatively inadequate diet, the effects of which may
have been influenced by grouping.

DISCUSSION

The purpose of this study was to assemble evidence
for deciding whether swine may be satisfactory
models for studies that could lead to more complete
understanding of atherosclerosis as a disease of man.
A decision would seem to depend upon an answer to
the question: are the lesions of atherosclerosis as seen
in these swine the equivalents of atherosclerosis of
corresponding arteries in man?

This study and earlier studies (Luginbuhl & Jones,
1965a, 1965b; Luginbuhl, 1966a, 1966b; Ratcliffe &
Snyder, 1965, 1967; Ratcliffe et al., 1969) trace the
development of atherosclerosis of coronary arteries,
aortas and intracranial arteries to proliferation,
reorientation and migration of smooth muscle cells,
combined with increased elastic and collagen fibre
formation to form masses that appear to project into
lumina. With increase in size of these masses,
smooth muscle cells, especially in the deeper parts,
accumulate lipid to become foam cells that later
degenerate.

In this process, swine share a pattern of disease
with many other species of mammals and birds,
including non-human primates of both hemispheres
among which 6 species of anthropoid apes have been
represented. Atherosclerosis in this series of mam-
mals and birds, as in the swine in this study, has not
been associated with dietary manipulation (Ratcliffe,
1965, 1966, 1968). Nevertheless, atherosclerosis of
these swine and other animals, irrespective of the
arteries involved, corresponds in morphological
details to " uncomplicated " atherosclerosis of man.
However, the distribution of lesions corresponds

less closely, especially lesions of the smaller meninge-
al arteries and of the coronary arteries of the Czech
Middle White swine and the swine of the experi-
mental series. In fact, stenosing lesions of the smaller
meningeal arteries have apparently not been found
in man (Baker & Iannone, 1959). Nevertheless,
cerebromalacia also accompanied these lesions, which
again supports the primary role of ischaemia as a
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cause ofcerebral infarction (Zuilch, 1962). Additional
study may find lesions of these arteries in man.
Coronary atherosclerosis of man, according to
current opinion, originates in, and is limited to, the
extramural segments of these arteries (Blumgart,
Schlesinger & Davis, 1940; Baker, lannone &
Kinnard, 1961; Tjotta, 1963; Solberg et al., 1968).

Still, evidence that intramural coronary athero-
sclerosis is a common, and possibly an essential,
feature of coronary heart disease of man was
presented at least as early as 1931 (Sutton & Brandes,
1931). In spite of subsequently developed contra-
dictory opinion, this concept is supported directly
and indirectly by critical observations both on coro-
nary atherosclerosis and the distribution of myocar-
dial necrosis and fibrosis in man (Blumgart, Schlesin-
ger & Davis, 1940; Sayen & Sheldon, 1949; Edwards,
1956; Baker, Iannone & Kinnard, 1961; Wartman,
1961; Donomae, Matsumoto & Neda, 1965; Boucek,
Takeshita & Brady, 1965). It is suggested therefore

that coronary atherosclerosis of man should be re-
examined by the techniques of the present study.

It seems evident that swine can be highly valuable
experimental models for studies of coronary and
cerebral atherosclerosis. They develop significant
lesions of both arterial systems within 1 year without
the dietary manipulations that have so long been the
fashion in the experimental study of atherosclerosis.
Moreover, swine are readily available at reasonable
cost from established breeding lines.
Food requirements of swine, their housing and the

control of infectious disease are well known. Train-
ing for physiological procedures is accomplished
readily and their size allows the installation of
telemetering devices without great dislocation of
internal structures. Thus it seems evident that swine
can readily replace non-human primates for experi-
mental study of atherosclerosis. However, experi-
mental designs should allow for age and behaviour
patterns of the species.

RESUME

ATHEROSCLEROSE DES ARTERES CORONAIRES, DE L'AORTE ET DES ARTERES CtREBRALES
CHEZ DES PORCS APPARTENANT A TROIS GROUPES D'AGE: SES IMPLICATIONS

On a procede a une etude comparative des lesions
d'atherosclerose presentes au niveau d'organes (cceur,
aorte, cerveau) pr6leves sur des porcs appartenant a des
groupes distincts sous le rapport de I'age et des modalites
d'elevage. Les animaux du I er groupe (groupe experimen-
tal), 6leves dans des conditions normales d'alimentation et
de stabulation, ont ete soumis pendant un an a certaines
contraintes 'sociales *: les uns ont e isoles, d'autres ont
vecu par couple, d'autres encore sont rest6s groupes.
Tous ont e sacrifies a l'age de 13-15 mois. Les animaux
du 2e groupe, qui ont beneficie de tres bonnes conditions
d'elevage, ont et6 abattus a I'age de 6-9 ans. Enfin, les
porcs du 3e groupe, parqu6s dans un enclos en plein air
et recevant une nourriture a base de dechets de cuisine
cuits, ont et6 sacrifies 'a 'age de 8-14 ans. Les organes
pr6lev6s ont fait l'objet d'un examen anatomo-patholo-
gique, a la fois macroscopique et microscopique.

Les porcs du 3e groupe presentaient les lesions les plus
avancees d'atherosclerose des arteres coronaires extra-
murales, de I'aorte et des art6res cerebrales. On notait

aussi chez eux les signes les plus marqu6s de ramollisse-
ment c6rebral (encephalomalacie) associ6s a une st6nose
des grandes arteres intracraniennes extra-cerebrales. L'en-
cephalomalacie existait egalement chez les porcs appar-
tenant aux deux autres groupes d'age plus jeune, mais
elle s'accompagnait plut6t de Iesions d'ath6rosclerose au
niveau des petites arteres extra-c6r6brales.

L'ensemble des manifestations d'atherosclerose dece-
lees chez les animaux etudies offre une gamme continue
de lesions qui, du point de vue morphologique, sont iden-
tiques aux stades correspondants de la maladie chez
l'homme. Selon les auteurs, le porc peut servir de modele
experimental en vue de l'etude de I'ath6rosclerose des
arteres coronaires et cerebrales. Les exigences de cet ani-
mal en ce qui regarde la nourriture et les locaux d'ele-
vage, de meme que sa pathologie, sont parfaitement con-
nues. Toutefois, si l'on envisage d'y recourir pour des
recherches experimentales sur l'atherosclerose, il con-
viendra de tenir compte d'un certain nombre de carac-
teristiques propres a l'espece.
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