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INTRODUCTION

Arterial disease is virtually a universal entity in
man. Some cultures, such as the African Bantus have very
little in the way of vascular lesions, while in the United
States and other industrialized nations atherosclerosis
affects a large segment of the population. With this in
mind it is not hard to understand why ischemia, or arter-
iosclerotic heart disease, is second only to cardiovascular
diseases in general as the major cause of death in the
United States (L, L2).

Ruffer (112) noted the presence of arterial lesions
in Egyptian mummies dating back 3,400 years. The presence
of atherosclerotic lesions has also been reported in a
2100 year old Chinese mummy (36). Though atherosclerosis
is an ancient disease it is seen more and more often in
our culture in vascular disease.

The early sixteenth and seventeenth century anatom-
ists were the first to make note of arterial lesions and
guess at their origins. Over the centuries came theories
and definitions that are at the least confusing. Virchow
in 1856 (6, 7, 45) was the first to propose the theory of
mechanical damage to the intima of the artery to account
for the entry of blood plasma into the arterial wall.

The lesions were attributed to chronic irritation.
Marchand in 1904 coined the term atherosclerosis. At the

time the dominant concept was one of arterial lesions
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forming after there was an increase in sub-intimal con-
nective tissue due to irritative or mechanical forces.
Today much more is understood about the processes of
arteriosclerosis, but definitions still vary among
authors.

Arteriosclerosis is the broad generic term which
literally means "hardening of the arteries"” and involves
the processes of thickening and loss of elasticity to
arterial walls (42, 108, 109). Three distinct morpho-
logical entities are grouped under this broad heading;

(1) medial sclerosis, (2) arteriolosclerosis and (3) ather-
osclerosis.,

The medial or Monckeberg's sclerosis is characterized
by calcifications within the media of medium to small
arteries, particularly the femoral, tibial, radial and
ulnar arteries,

Arteriolosclerosis is particularly common in hyper-
tension and affects the small arteries and arterioles.

It is distinguished by hyaline proliferation and fibrous
and elastic hyperplasia of the media and the intima.

Atherosclerosis is the most commonly seen form of the
arteriosclerotic diseases and when it occurs it has the
most serious clinical consequenses. The aorta and other
large elastic arteries of the extremities are the primary
locations for atherosclerosis. The disease is character-

ized by patchy, nodular lesions due to a thickening of the
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intima and a degenerative process in which lipid deposi-
tion occurs. The media may also become involved.

The earliest descernible lesion is termed a fatty
streak. It presumably occurs over an area of stress to
the vessels. Lipid is deposited in the site and soon
macrophages and myocytes become filled with the fat drop-
lets and form "foam cells". The intima is thickened and
the elastic lamina is disrupted by extracellular fat. As
the pathogenesis continues the arterial tissue attempts
to repair itself and a fibrous capsule is layed down over
the lesion thickening the intima even more. The term
fibrous or pearly plague now differentiates the lesion.
The cells in the center of this lesion die due to a lack
of oxygen and a necrotic mass, termed "gruel" is formed.
From the vsso vasorum large capillaries or "sinusoids"
invade the gruel and at the same time calcium is being
deposited and the lesion can become cslcified or "hard-
ened". Up to this point the body has been doing though
the usual healing and repair processes, but now destruc-
tive changes can occur. The cracking or breaking away of
a plaque can cause hemorrhage or ulceration. These degen-
erative changes can be a grave threat when aneurysm or throm-
bus formation occurs.

It appears that this sequence of lesion formition
must occur in waves throughout a lifetime since lesions of

various size and age can be found side by side in the aorta.
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In general however, there is agreement that in North Amer-
ica at least the fatty strealizs appear during the first
decade of life while pearly plaques are forming in the
second and third decade. The complications and their con-

sequences occur from the fourth decade on (16, 21, 72).

Atherosclerosis - Relationship with Infection

It has been established that inflammatory processes,
whether mechanical or infective, can cause vascular lesions.
Constantinides (21) and others (75, 86) give a long list of
chemical and mechanical injury to the vessels which can
help to contribute to arteriosclerotic lesions. Some of
these include epinephrine, vitomin D, allylamine and
freezing, surgery and post thrombotic arteritis. Research-
ers have found that bacterial endotoxins will produce
lesions in rabbits (56, 57, 62). Gray (56, 57) found that
endotoxin produced a degenerative arteritis in the small
arteries characterized by endothelial vaculation, palisading
and intiamal thickening. The pulmonary vasculature was
the primary site of this involvement.

The early writings on vascular disesses make some
standard remarks about certain infections leading to
atherosclerosis (89, 101). Ophuls (101) in 1921 did a
statistical study and showed that atherosclerosis was

more prevslent in people who had had typhoid fever than in
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those who had not. He concluded that arteriosclerosis is
closely related to injury of the arteries resulting from
various infections, and that these lesions reached their
full development after the acute infection had long subsided.

Other researchers (L6, 73, 90, 113, 130) have also

attributed the possible formation of atherosclerotic lesions
to infectious diseases. Some of these diseases include
syphilis, rheumatic fever, typhoid fever, diphtheria and
pneumonia. Typhoid fever has been shown to produce raised
yellow plagques in the intima of the aorta and the coro-
nary arteries (88).

Therefore the idea of atherosclerosis developing
after acute or chronic infections is not new. The uni-
versiality of atherosclerosis in our society suggests that
many other factors are also important in the pathogenesis
of atherosclerosis. Some of these factors are hypertension,
hyperlipidemia, obesity, cigarette smoking, and diabetes
mellitus (L2, 1ihl).

Atherosclerosis is often thought of as an inevitable
process of aging. With the increased human life span and
therefore the increased geriatric population it is expected
that an increase in atherosclerosis, it's complications
and sequelae will occur. With this in mind this paper is
interested not in infection as an initiating process in

atherosclerosis, but in the effect that already present
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atherosclerotic lesions have on an infective process. Does
vascular disease enhance the infection and produce a cyclic
reaction which then helps worsen the atherosclerosis?

There is evidence that atherosclerosis can act in
the pathogenésis of disease. Rabbits fed an atherogenic
diet show more permeability of their endothelial cells
(135, 136). It is also established that the endothelial
cells are capable of phagocytosis (4,0). With these find-
ings in mind it can be postulated that bacteria could be
capable of entry into a vessel through an atheroma or even
be phagocytized and then initiate an infection. Theore-
tically microorganisms could become seeded in any area where
there is injury to a vessel or associated structures such
as the heart valves.

Bacteremia is a prime method for this seeding. Bact-
eremias are a common occurance and the body's reticulo-
endothelial system normally has no trouble clearing the
circulation of microorganisms. Bacteremias can be initiat-
ed by brushing the teeth or chewing. Invasion of bacteria
into the body can also occur from lacerations, wounds and
focal points of infection such as pnuemonia or abscess.

An increase in iatrogenic bacteremias is being seen due to
the increase in major and minor surgical procedures, and
the use of indwelling catheters for intravenous fluids or
hemodialysis (85). This increase in bacteremias is doc-

umented in a 1965 study at the Medical College of Virginia
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where there has been an increase since 1950 from 6.9 cases
per 1,000 admissions to 17.3 patients per 1,000 admissions
with bacteremias (25). The risk of serious complications
secondary to bacteremia is greatly increased when signif-
icant cardiovascular disease is present.

An infection of primary concern is endocarditis.
Injury to a heart valve is usually acknowledged as a pre-
requisite for bacterial endocarditis (108, 10.9). In the
past endocarditis was most often associated with rheumatic
heart disease, congenital heart anomolies and syphilitic
lesions (1,l4). Antibiotics have helped to eliminate the
complications from rheumatic fever and syphilis so that
endocarditis is now shifting from a predominately young
age group into an older, male group (3, 38, 133, 1L42).

The average age is fifty years and there i1s an increase in
the over sixty age group. Atherosclerosis in the endo-
cardium and heart valves may predispose to infective endo-
carditis (10). Aneurysms could become infected in the same
manner. Bennett (11) found that a majority of infected
aneurysms are of atherosclerotic origin and are found in

elderly male patients.

Anaerobic Infections and Atherosclerosis

In the last decade an increasing number of =naerobes

have been isolated in 211 types of infections. The clin-



8
ician is becoming more aware of the need for proper tran-
sport and culture of specimens suspected of containing ana-
erobes and at the same time the laboratory is evolving
more sophisticated techniques for culture and identifica-
tion of anaerobic bacteria,

There has been a striking rise in the number of ana-
erobes, particularly intestinal anaerobes, being isolated
from blood cultures (95, 120). In Sonnenwirth's review
(120) he finds at one institution, the Jewish Hospital
of St. Louis, that intestinal anaerobes were isolated from
blood cultures in 5.6% of all positive blood cultures in
1960. By 1970 they had increased to 9.9%. A similar in-
crease occurred at the Mayo Clinic with 11% positive blood
cultures for anaerobes in 1968-1969. They rose to 1l.2%
in 1972. The intestinal organisms most often isolated from
these bacteremias are from the Bacteroidaceae family
(Table 1). Wwhen classification of the isolants was per-
formed it was found that Bacteroides predominated. In

bacteremias as well as other infections (35, 82) Bacteroides

fragilis is the most common species of intestinal anaerobe
isolated.

This increase in bacteremias due to Bacteroides or
to other intestinal anaerobes is usually associated with
intra-abdominal surgery (14, 35, 58, 91, 134). One study
(82) shows that of 200 infections due to B. fragilis, 133

related to the intestinal tract and 56% of these patients
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had undergone intestinal surgery. Chow (19) and Moore (95)
believe this increase in anaerobic infection is due to im-
paired blood supply to the tissue, therefore decreasing
oxygen tension and setting up conditions to initiate the
spread of anaerobes. In Chow's study (19) of 112 patients
with Bacteroidaceae bacteremia, atherosclerosis was con-
sidered the second most common underlying cause of anaerobic
sepsis. Of these patients with atherosclerosis, 90% were
felt to have vascular insufficiency severe enough to cause
the bacteremia.

Experimental studies in rabbits have shown that oxygen
tension within atherosclerotic plaques of the aorta is
lower than those in normal aorta tissue (66). A decrease
in oxygen tension is also seen closer to the lumen of the
vessel than to the adventitia. This, coupled with lower
oxygen potential in devitalized tissue, whether from ather-
osclerotic changes or other tissue damage, can predispdse
to anaerobic infections on atherosclerotic sites.

The present investigation seeks to study the effects
an anaerobe has on existing atherosclerosis. B. fragilis
sp fragilis has been choosen for this study. B. fragilis
belongs to the family Bacteroidaceae (17). These organ-
isms are obligate anaerobes and gram negative rods which
are non-spore forming and non-motile (29, 96, 123).

Ninety to 95% of intestinal flora are obligate anaerobes.

They are predominately in the terminal ileum and colon.
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B. fragilis is found at a concentration of 10%1 per g in
feces (69, 71). B. fragilis has five subspecies; B. fragilis
sp fragilis, B. fragilis sp distasonis, B. fragilis sp

ovatus, B. fragilis sp thetaiotamicron, and B. fragilis sp

vulgatus. B. fragilis sp fragilis is the most common iso-

lant from clinical specimens, but it is the least common
subspecies found in the intestines of the normal North
American (69, 120).

B. fragilis is not considered extremely invasive,
and it does not wall itself off. This may be due to hep-
arinase production (49, 50, 71). The thrombophlebitis
often seen with B. fragilis may be due to this heparinase
production (52). Bacteroides can produce an endotoxin but
it generally does not appear to play a great role in the
pathogenesis of the organism (68). However, from a study of
112 patients with Bacteroides bacteremia it was found
that 8 had symptomssuggestive of disseminated intravascular
coagulation which was attributed to an endotoxin (147).

Bacteroides will elicit an antibody response (26, 28,
79). This has been found to be true for wound infections
and abscesses as well as septicermiias. Distinct antibody
formation with no cross reactivity has been found in a
number of species of Bacteroides (28).

The clinical symptoms of Bacteroides infections are
hectic fevers, rigors, diaphoresis, and chills (19, 35, 71)

with leukocytosis, anemia, hematuria, proteinuria and
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hyperbilirubinemia. Complications can involve thrombo-
phlebitis, emboli and metastatic abscesses; often to the
lungs, which is considered by Tynes (13l) to be a hallmark
in Bacteroides sepsis.

Bacteroides was first reported as an etiological
agent in 1897 by Veillon, Zerber and Hall who found the
organism the cause of inflammation of the appendix (13l).
Since then Bacteroides has been implicated in many infec-
tions including bacteremias, wounds, and respiratory tract
infections. The portal of entry of Bacteroides in the pre-
antibiotic era of the 1930's and 1940's was usually felt
to be the upper respiratory tract, nasopharynx, and ear.
From these sites a septicemia could occur (15, 58). Cur-
rently the site of infection and spread is generally from
the lower gastrointestinal tract.

Anaerobic endocarditis is also being documented (1l,
34). In a report by Felner (35) of 33 cases of anaerobic
bacterial endocarditis, 7 patients had Bacteroides endocarditis.
3ix patients were reported as having arteriosclerosis. Cf
7 patients that died, 5 were over 39 years of age and had
Bl

fragilis endocarditis.

Use of the Rabbit Model

Arterial lesions have been demonstrated in a large

number of animals as diverse as goldfish to elephants.
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Zoos are reporting an increase in the last decade in the
severity and prevalence of atherosclerosis in their animals
(22, 105). Ignatowski first produced lesions in rabbits
by feeding them cholesterol and saturated fats in the form
of meat and eggs. But Anitschow in 1912 (5, 6) was the first
to produce the typical lesions by feeding rabbits pure cho-
lesterol in vegetable oil.

The rabbit is the most susceptible animal to the pro-
duction of atherosclerosis through lipemia alone or coupled
with arterial injury (5, 6, 21, 23). The structure of the
heart and the valves in the rabbit is similar to mans (59).
The rabbit also lends itself to a study of this nature
because of the animals large size. The relatively large
cardiovascular system facilitates observation of the gross
lesions. The rabbit also has prominent marginal ear veins
which are convenient for intravenous injection and collec-
tion of blood specimens.

Many different diets by themselves or coupled with
mechanical or chemical injury have been used over the years
to produce atheromas (21,22). These include a wide range of
chemicals and combinations of fats, eggs and other lipids.
Cholesterol alone however will elicit a large degree
of atherosclerosis in a short time. This is due to
the rabbits ability to absorb very large amounts of chol-
esterol though their intestinal mucosa while at the S&ame

time they are not able to metabolize the substance. This
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leads to a very high level of cholesterol in their serum,
typically in excess of 1000 mg/100ml of serum. This
causes the widespread deposition of cholesterol in the retic-
uloendothelial system and the vascular system (L3, Ll).

Some authors critize the use of the rabbit as a
model in atherosclerosis and maike the objections that the
lesions produced in rabbits bear little resemblance to the
lesions seen in man. Pollack (10L, 105) points out that
lesions seen in the rabbit resemble the "fatty streak”
type lesion which 1s only found in the very early stages
of atherosclerosis in man. Further, these lesions rarely
evolve into the complications of ulceration and hemorrhage.
But recently the use of a cyclic feeding schedule has ended
some of these objections. It was found that by feeding
rabbits a cholesterol diet for two months; then a normal
diet for two months and then reverting back to a cholest-
erol diet; advanced lesions very similar to human atheromas
could be produced (21, 22, 23). Furthermore, electron mic-
roscope studies of the morphology of these lesions bear out
the similarities between the rabbit and human lesions

(18, 121).

Specific Aims of Experiment

The first goal in this experiment is to produce a

consistent atherogenesis in the rabbit model. At a time
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when most of the animals are expected to have some degree
of atherosclerosis, anaerobic bacterial suspensions will
be administered intravenously. These transient bacteremias
will be repeated several times in an effort to establish
a non-fatal, but chronic infection in the animals. In this
way it will be shown that atherosclerosis can be a pre-
disposing factor to anaerobic infections and that the infec-
tion in turn can then increase atherosclerotic pathology.

Since the atherosclerosis is expected to contribute
to a more severe infectious process, it is hoped that this
model will also serve to study Bacteroides infection. 1In
the literature there is no mention of an animal model in
which a severe Bacteroides infection can be produced sys-
temically. To date only abdominal abcesses have been
produced by inserting capsules of various mucin, feces and
bacterial combinations into the peritoneum of experimantal
animals (67, 102, 141).

This paper will discuss the pathogenesis of anaerobic
infection in atherosclerotic rabbits and will discuss the
model in relationship to the increase in Bacteroides
infections, particularly in the elderly and in conjunction

with atherosclerosis.
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METHODS and MATERIALS

Animals

Twenty eight female, albino, New Zealand rabbits were
used in this research. Thirteen of the animals were ob-
tained from York Animal Farm, Richmond, Va. While the
other fifteen were from Pel-Frez, Rogers, Arkansas. The
animals had an initial weight of approximately 2.5 kg.

The rabbits were divided into three groups. The
first group initially consisted of 18 rabbits which were
fed the cholesterol diet and were injected with B. fragilis.
These animals will be referred to as group I. The first 8
animals in this group were from York Animal Farm and will
be referred to as group Ia. Animals 6 and 7 of group la
died before the bacterial treatments started and therefore
will be excluded from the results. The total number of
animals in group Ia is 6.

The second 10 animals to receive the cholesterol diet
and the bacterial injections came from Pel-Frez. These
animals will be referred to as group Ib. All of these
animals survived the cholesterol feeding and will be inclu-
ded in the results.

Included in this study were two control groups. Five
animals received the cholesterol diet but no injections

of Bacteroides. These animals are in group II. Two drug
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control animals are included in this group. The second
control group consisted of 5 animals maintained on a normal
diet and who recieved the Bacteroides injections. These
animals will be referred to as group III. Table 2 surma-

rizes the treatments of the animals.

Care, Feeding and Conditions of Animals

The animals normal food consisted of Purina Laboratory
Rabbit Chow 5301 (Ralston Purina Co., St. Louis, Mo.). This
food contains no antibiotics nor antibacterial agents and
is composed of plant products, iodized salt, minerals and
vitamins. Table 3 lists the ingredients of the rabbit chow.

The cholesterol diet was produced by the addition of
1% cholesterol to the regular diet. A powdered cholesterol
(Sigma Chemical Corp., St. Louis, Mo.) was dissolved in
diethyl ether in a ratio of one gram of solute to five ml
of solvent. After pouring this solution over the food and
thoroughly mixing, it was spread in shallow trays to allow
the ether to evaporate. Upon drying, the pellets were a
paler color than the untreated food. Due to the large vol-
ume of food that needed to be prepared it was convenient
to mix batches of 1,200 g of food pellets and a cholesterol
solution of 13.2 g of cholesterol dissolved in 65 ml of
ether,

A previous study (76) showed that the rabbits ate the
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cholesterol food as readily as the untreated diet. There-
fore each animal was given the normal or the treated diet
ad libitum according to his treatment schedule. Tap water
was also supplied ad libitum.

The animals were housed in individual cages with
wire floors measuring 50 cm by 35 cm by 55 cm. On rec-
eiving the animals theywere maintained on a normal diet
for one week to check the general health of the rabbits as
well as to let them acclimatize to the animal room.

Rabbits on the cholesterol diet were maintained on it
for eight weeks and then returned to a normal diet to allow
the accumulated cholesterol to be removed from their retic-
uloendothelial system. From a previous study (76) it was
found that this eight week regimen usually produced athero-
sclerosis in at least the aorta, pulmonary, and coronary
arteries,

The health of the animals was apparently not affected
by factors other than experimental treatments. Some of the
animals developed foot papillomatza on the underside of their
paws. Most snimals fed the cholesterol diet showed varying
degrees of alopecia, believed to be caused by cholesterols
deposition in the skin. Neither the papillomas nor the
alopecia appeared to outwardly affect the hedth of the rab-
bits.

During the course of the experiment two animals (6

and 7) died of unknown caused while still on the cholesterol
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diet. These animals are not included in the study.
Several of the animals used in this study demonst-
rated a parasitic infection known as coccidiosis. A

sporozoan, Eimeria stiedae, is the etiological agent.

The parasite is endemic in rabbit populations and there is
no effective treatment for it. The bile ducts of the liver
are usually affected, but only mildly, and the health of
the animals is not visibly impaired. Only on microscopic
examination of the liver was any evidence of coccidiosis
seen in these animals. There was usually fibrosis and

proliferation of the bile ducts.

Bacteriologic Techniques

For this experiment a strain of B. fragilis sp fragilis
was used. It was obtained and identified by the Anaerobic
Laboratory of Virginia Polytechnical Institute,Blacksburg,
Virginia. The organism had been isolated from a lip wound
and found to exhibit the following biochemical reactions;
H2S'+, nitrate + , indole -, glucose +, manitol -, rhamnose -,
and trehalose -. The organism was maintained on blood agar
plates (BAP) in anaerobic conditions supplied by a Gas-

Pak jar (BBL, Baltimore, Md.). The organism was transfer-
red to Pre-Reduced Anaerobically Sterilized Brain Heart
Infusion (PRAS-BHI) supplemented broth tubes (Scott Lab-

oratories, Fiskevile, Rhode Island), and incubated at 35 C
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to obtain a 16 to 18 h culture of the Bacteroides. These
cultures were used for injecting the rabbits by first pool-
ing the broth from the tubes and centrifuging at 5000
revolutions per minute for 10 min. The supernatant was
decanted and the bacteria washed and resuspended using a
0.9% sodium chloride solution (TRavenol, Deerfield, Ill.)
and then shaken on a Vortex Genie Mixer (Scientific Prod-
ucts, Evanston, Il1l.) for 10 sec. The PRAS-BHI tubes
originally had 5 ml of broth in them, and an equal amount
of saline was added for the washing process. The bacterial
suspension was centrifuged a second time and the super-
natant again decanted to remove all media and soluble
toxins. The organisms were mixed with the normal saline in
a ratio of 1 ml of saline for every 5 ml of the original
broth and resuspended on the mixer for 1 min to break up
any clumps of bacteria that could possibly block small
caliber pulmonary blood vessels, After making serial dil-
utions of this final suspension and planting 0.1 ml of each
dilution on BAP for overnight incubation; 1 ml of the
final suspension was injected into the marginal ear veins
of the rabbits. It was found that the final innoculum con-
tained a range of 1,0 x 108 to 9.0 x 109 colony forming
units with an average of 2.0 x 109 colony forming units.

Since this study involves the effects of long term
chronic infection, the rabbits were given injections at

three different intervals with five injections in each
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interval. Fever was used as the parameter to monitor the
disease process. Group Ia received injections first, so
that when a rectal temperature of L0 C or more was exhibit-
ed by one of the rabbits in this group, the injections were
stopped and all the animals were placed on oral doxycycline
until the fever went down. For this reason all of the
rabbits did not receive the total fifteen bacterial

injections.

Drug Treatment and Studies

Doxycycline (Vibramycin, Pfizer Laboratories, liew
York, N. Y.), one of the newer derivatives of tetracycline
was used to treat the severly infected animals. Ffrom a
previous study (12) using an anserobic agar dilution tech-
nique, it was found that the strain of Bacteroides used
was susceptible to doxycycline at a minimal inhibitory
concentration (MIC) of less than 0.5 ug/ml.

This antibiotic is only available in oral or intra-
venous injection. For convenience the oral suspension
(doxycycline calcium) was used. This is distributed in a
raspberry apple flavored syrup with a concentration of 5 mg
of drug for every ml of the syrup. The drug dosage
was calculated at double a pediatric dose, which is L.l mg
per kg of body weight. The rabbits were administered the

drug by licking it from s graduated pipette. Since the
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syrup was thick and the rabbits apparently liked the taste,
they took the drug with no difficulty.

To evaluate the drug 1levels being achieved, blood
samples were initially drawn from rabbits in the cholesterol
fed, infected group (Ia) at 3 h, 24t h, and 3 days. This
was accompdished by pinching off the marginal ear vein and
puncturing it with a 25 gauge needle. On removing the
needle about 1 to 2 ml of blood was allowed to drip into
a small test tube. After clotting, each sample was spun
in a serofuge (Clay-Adams, New York, N. Y.). The serum
was removed and stored at -70 C until a time when the
specimens could be run.

When these specimens were tested by using a micro
assay technique employing seeded agar plates it was found
that no drug level could be detected. Other trials run
using normal rabbits that were not fed a cholesterol diet,
gave the same results.

The intravenous drug (doxycycline hyclate) was then
tested to see if it would produce a detectable drug level.
Initially a normal, non-cholesterol fed rabbit was given a
Li.lmg/kg of body weight dose of the doxycycline and the
serum obtained st 5 min, 30 min, and 1 h. The drug was re-
constituted with 10 ml of normal sdline and the calculated
dose given using the marginal ear vein and injecting with
a syringe. The drug was administered at about 1 ml/min to

help minimize thrombosis to the vein. The rabbits showed
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no ill effects. When serum samples from this trial were
run, detectable drug levels were found. The two drug
control rabbits (1 and 8) were then given the recommend-
ed pediatric dose of doxycycline and samples were taken at
30 min, 1 h, 2 h, 4L h, and 8 h. Detectable levels were
achieved, therefore the remainder of the study employed
the doxycycline hyclate (intravenous) when an animal ex-
hibited a fever of ltju C or higher.

To measure the antibiotic serum levels a microtech-
nique using agar diffusion was adapted with a modification
of techniques used by Schering Corp. (116), Warren (138)
Washington (139) and Stroy (122). The technique involves
seeded agar plates on which paper discs impregnated with
known standard or test serum are placed. After incubation
the diameters of the zones of inhibition are measured. The
standard curve zones are plotted on semilog paper and the
zone diameters of the test serum are extrapolated from
the standard curve to get the serum level of the drug.

The indicator organism used was a Staphylococcus

epidermidis obtained from the Clinical Microbiology
Laboratory at the Medical College of Virginia. This organ-
ism was tested and found to have an MIC of less than 0.312

ug/ml. An overnight culture of the Staphylococcus grown

in Tryptic Soy Broth (TSB) was diluted 1:20 and 2 ml of
this dilution were added to 198 ml of molten Tryptic Soy

Agar (TSA). Plates were then poured with 10 ml of agar
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being evenly distributed in 200 ml petri dishes. These
plates were good for 1 week 1f kept refrigerated.

To prepare standards for the assay, normal rabbit
serum was obtained by cardiac puncture and tested alone
on a seeded plate to insure there would be no inhibition
from the serum alone. Standard serums of 10 ug/ml, 5 ug/ml,
2.5 ug/ml, and 1 ug/ml were then prepared from a stock
standard of 1,000 ug/ml of doxycycline and normal rabbit
serum. The standard sera and the test sera were than sat-
urated on one-half inch blank paper discs and placed on
the seeded plates. The plates were incubated overnight in
a 35 C incubator. Each plate contained two discs for each
standard and two discs for each test serum. The plates
were run in duplicate, and the zones of inhibition were
measured and averaged for each specimen and standard.

Consistently clear, reproducable zones could be ob-
tained with the 10 ug, 5 ug and 2.5 ug standards. At times
the 1 ug standard gave a hazy zone that was difficult to

measure.

Autopsy

Autopies were performed on all the animals, either
when they were found dead or within thirty minutes of being
sacrificed with an intravenous injection of 2 ml of sodium

pentabardital (Diabutal, Diamond Laboratories, Des Moines,
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Iowa). Approved autopsy procedure was followed as closely
as possible (2).

After an external examination to note any pathology,
a ventral, midline incision from throat to pelvis was used
to open the skin. Blunt dissection was used to separate
the skin from the fascia. The thoracic cavity was then
opened and inspected for adhesions or effusions. At this
point heart's blood was taken for culture. The right vent-
ricle was seared to dryness with a scalpel heated in the
flame of a bunsen burner. Five to ten ml of blood was then
removed from the seared area with a sterile needle and sy-
ringe and placed in blood culture bottles. The bottles con-
sisted of slants of TSA (Difco) and 90 ml of Brain Heart
Infusion (BHI) semisolid broth (Difco) with para-amino-
benzoic acid and penicillinase. A rubber diaphram acts as
closure and the route of innoculation for the blood, by
using the needle and syringe. Cultures of lung were taken
by again searing the organ surface and then, with a sterile
scapel blade, making an incision within the bounds of the
seared area. A sterile swab was then inserted into the
incision to collect the specimen and the swab placed in a
tube of TSB.

Next the abdomen was opened and the liver and spleen
cultured in the same manner as the lung. Urine cultures
were obtained using the method for blood cultures and then

all tubes were placed in a Gas-Pak jar and incubated.
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After cultures were completed, abdominal organs were
removed, weighed and multiple slices made to look for any
pathology. Sections of each organ were placed in 10%
buffered formalin to fix for later histiologiclal evaluation.
The formalin was prepared by adding l}.0 g of sodium phos-
phate monobasic and 6.5 g of sodium phosphate dibasic
(Merck and Co., Inc. Rockway, N. J.) to each 1liter of
formalin.

The brain was removed intact from the calvarium and
fixed in formalin without sectioning the organ first. The
heart, lungs, pulmonary artery and aorta were removed
intact down to the iliac bifurcation so that the atheroscler-
osis and other pathology could be studied in more detail.
The heart was cut in the usual manner to open the chambers
of the organ for observation. The aorta was left attached
to the heart but was opened with a cut down its entire
length. When significant pathology was found the heart and
aorta were pinned flat on cardboard and floated upside down
in formalin for 24 h. This prevented the aorta from curl-
ing and better facilitated evaluation of the vessel for

atherosclerosis.

Grading of Aortic and Pulmonary Lesions

Since the rabbit aorta is relatively small, the

aorta and heart were stained using a fat stain to enhance
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the lesions on the great vessel and heart valves. The
procedure used was a modification of Holman (69). The
formalin fixed tissue was rinsed in 70% isopropal alcohol
and then placed in a 1% solution of Sudan IV (Hartman-
Leddon Co., Philadelphia, Penn.) in 7% isopropal alcohol.
Staining was complete in 15 to 20 min followed by a rinsing
period in the alcohol of approximately S5 min. The tissue
was agitated periodically and removed from the
alcohol after the unaffected vessel wall retained no red
color. The Sudan IV gave any fat tissue a bright red color
and gave atheromas a pale pink to red color, and revealed
subintimal fat deposits which were not visible on gross
examination before the staining.

After staining, each aorta was then evaluated for its
extent and type of atherosclerosis using a modification of
a technique used by Gore and Tejarda (55). The traditional

grading of atherosclerosis to determine the extent or quan-

tity of intimal involvement is given in table L. The letters

on the left are the grouping symbols Gore and Te jarda use.
Therefore a letter O represents a 0-5% area of the aorta
as being affected by atherosclerosis. A represents 6-15%
of the aorta; B represents 16-33%; C represents 3,-50% and
D represents 51-100% of the aorta as being affected.

To evaluate the type of lesions seen, four categories
are employed. These are in table 5 and are considered to

be in the order of their significance as well as their dev-
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elopment. These are probably the most widely used and
traditional categories or grades. Grade I represents the
least complicated lesions the fatty streaks, spots or
patches. Grade II are the elevated fibrous plaques; grade
III is used to denote plaques with necrosis, ulceration,
or hemorrhage. The final grade, grade IV, represents the
calcified plaques. By using these criteria in tables L and
5, the extent and type of atherosclerotic lesions yield
an "atherosclerotic profile." A group letter is assigned
to the extent of involvement of the lesions and is followed
by a number of four digits which corresponds to one of the
grades of lesions. Theefore the first digit corresponds to
grade I, the second digit to grade II and so on to the
fourth digit. Fach digit may be a number from 1 to 10,
but the four digits must add up to 10 unless the are 0,
where no atherosclerosis is present. A profile for example
would be D(1,2,5,2). The "D" represents a severely diseased
aorta with more than half of its intima involved while the
digits tell that 1/10 of the lesions are grade I, 2/10 are
grade II, 5/10 are grade III, and 2/10 are grade IV.

To help evaluate this profile it is changed to an
"atherosclerotic index". This involves assigning weights
to the factors involved. Table i gives a linear progress-
ion of weighting based on the area or extent of involvement.
The inference is that the extent of atherosclerosis is di-

rectly related to its clinical importance. It is felt how-
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ever that the physiologic process of growth and regener-
ation is of semilogarithmic relationship and better re-
flects the differences between the fatty streaks and
ulcerated plaques. Table 6 shows the proposed weighting
for the grade of type of lesions. Grade III and IV are
grouped together because there is no basis for placing
calcified lesions as more important than ulcerated or
necrotic plaques. So using the example cited by Gore and
Tejarda (55), a profile of D(1,2,5,2) would give an
index of:
30(1/10 x 1+ 2/10 x 10 +5/10 x 100+ 2/10 x 100)=
30 x 72.1=2163.
Since the theoretical range is from O to 300, the use of
a constant 1/30 reduces the range to 0-1u0, and
makes the final index of this example :
2168, x 1/30 = 'f2.4

An attempt was made to also evaluate the extent of
atherosclerosis in the pulmonary arteries. A histological
slide of the lung was chosen at random on each animal and
the arteries on the entire section were taken into consid-
eration. The arteries were then assigned a percentage
number according to the overall extent of atherosclerosis.
The values could range from O-lOO%; 0 being no ather-
omatous changes being seen in any of the arteries, while

100% would indicate complete occlusion of vessels.
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Histological Evaluation

411 tissue sections obtained were submitted for his-
tological examination. The following stains were used;
hematoxylin eosin for cellular structure, Giemsa's stain
for hematologic evaluation, gram stain for bacteria, and

Movat'!s stain for mucosubstances.
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RESULTS

Atherosclerotic Pathology

All but one of the rabbits in this study who were fed
the cholesterol diet showed some degree of atherosclerosis.
Rabbit 8, a drug control animal who recieved the cholest-
erol diet but no Bacteroides (group II), showed no fat
deposition in its aorta, even after staining with Sudan IV.
There were some signs of small areas of lipid deposition
in the adrenal and liver, but no atheromatous lesions
could be found in any of the vessels in any organ system.

All of the other cholesterol fed rabbits had some
degree of atherosclerosis in their aortas. For gross eval-
uation these plagues were intensified by staining with
Sudan IV (fig 1). The extent and type of atherosclerosis
is given in table 7, along with the atherosclerotic index
and profile and the extent of involvement of the aortic
valves. A majority of animals showed lesions on their
aortic valves (fig 2 and 3).

There is no correlation between aortic and pulmonary
atherosclerosis, but for this study an attempt was made to
grade the atherosclerosis in the pulmonary arteries. The
pulmonary arteries showed the typical foam cell lesions
(fig 4), but these lesions did not appear to evolve into

fibrous plagues to the same extent as the lesions in the
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aorta. An interesting finding in this study involved the
pulmonary veins, Of the animals in the cholesterol fed-
infected group (I), 5 out of 16 or 31% of the animals had
foam cell lesions in their pulmonary veins (fig 5 and 6).
These venous lesions were not found in the cholesterol
fed non-infected animals (group II) or the non-cholesterol
fed, infected rabbits (group III). Table 8 lists the rab-
bits with the venous lesions and gives the extent of pul-
monary artery atherosclerosis of each animal. Four of the
animals in group I showed areas of questionable lesion
formation in their pulmonary veins. In these areas the
vessel wall was thickened and fibrosed.

The only other organ to show consistent atheromatous
changes in the vessels was the heart. In this study the
term coronary vessel is used to denote any vessel seen in
the epicardium, myocardium or endocardium. Figure 7 shows
the atheromas in a large coronary artery. A number of
animals showed the most severe coronary vessel lesions in
the papillary muscles of the heart. These lesions severely
diminished vessel diameter and at times occluded the vessel
(fig 8). Because the lesions in the papillary muscles were
severe and in 5 animals were the only coronary vessels in-
volved, these lesions were considered ssparately on table
9. Of all the cholesterol fed animals (groups I and II)

13 out of 21 or 68% had atheromas in the coronary vessels

or the vessels of the papillary muscles.



32

The aortas displayed the most advanced lesions.
Macroscopically the lesions were pale yellow and slightly
elevated and appeared initially at sites where the vessels
branched and where the hydrostatic pressure was greatest,
for example at the root of the aorta and over the arch.

A majority of the animals had fatty streaks even at the
iliac bifurcations. Lesions spread from these initial
sites to involve wider areas of the intima. In areas where
fibrous caps had formed, the lesions took on an intense
white color and the lesions were elevated.

Microscopically the lesions were all very similar in
appearance. Typically they were a foam cell lesion (fig 9)
where the cells of the intima took on a foamy homogenous
appearance from lipid deposition. After cessation of the
cholesterol diet the lesions progressed to fibrous plaques
(fig 10 and 11). Rabbit 10 exhibited a sterile abscess in
the aorta (fig 12 and 13). This gruel formation is from
the death and necrosis of the foam cells at the bottom of
the plaque. Rabbit 2 exhibited calcium formation in the
aorta (fig 1L.).

Not only the blood vessels showed the effects of the
cholesterol diet, but several of the organs underwent
change as well. The liver showed lipid deposition, par#
ticularly near the central vein, which gave the cells a
lacy appearance, but no cholesterol clefts or foam cells

were present. None of the spleens showed foam cell, but
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rabbit 2 did have some atherosclerotic lesions in the cent-
ral arteries.

The lungs of 2 of the animals (rabbit 2 and 5) showed
foam cells throughout the lung tissue, with the largest
accumulations on the periphery of the lobes.

The adrenals of all the cholesterol animals showed
some degree of cholesterol deposition, primarily in the cortex.
The cells showed marked swelling and patches of necrosis.
Cholesterol clefts could be seen in these areas of necrosis.

The gall bladcer of rabbit 2 had some cholesterol
gravel, the largest piece being lmm. No obstruction or

stones were found in the ducts.

Drug Studies

The ma jority of the drug evaluations were done on the
cholesterol fed-infected rabbits (grouo Ia). This included
infected animals 2, 3, L, 5, 9 and 10 as well as animals 1
snd 8, the cholesterol fed, non-infected drug controls.
During the first series of injections these rabbits were
put on oral doxycycline when 2 out of 6 of the animals devel-
oped a fever. Serum levels were assayed at 3h, 24th, and at
3 days. At none of these times was a drug level detected.
Since the system used was reliable at approximately lug at
the lowest standard, it was felt that the oral drug was not

being absorbed or was at levels to low to detect.
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After switching to I V doxycycline a normal rabbit
was given a pediatric dose of antibiotic, L.L mg/kg of
body weight. Samples taken at 5 min, 30 min and 1 h all
gave zone sizes. At 1 h the drug level was approximately
S ug/ml.

The drug controls, rabbits 1 and 8, were then adminis-
tered the drug to test for a detectable level in cholesterol
fed rabbits. These rabbits were given pediatric doses of
the doxycycline and serum taken at 30 min, 1 h, 4 h, and
8 h. At 30 min the levels were approximately 5-6 ug/ml
but by 8 h the level had again fallen to less than 1 ug.
Figure 15 gives the doxycycline standard curve for rabbits
1 and 8. The zone diameters along with the serum concentra-
tions extrapolated from the standard curve are given in
table 10.

For the remainder of the study only animals developing
a fever of 4O C for more than one day were given the recom-
mended pediatric dose of I V doxycycline. Only 2 animals,
rabbit 2 and 17, fell into this category. Animal 2 recieved
the I V antibiotic during the second series of injections
when it appeared acutely ill with a fever of L1 C, and
showed no response when it was approached or touched. Rab-
bit 17 developed a fever of U4l C during its first series
of injections. It appeared to be having difficulty breath-
ing and audible wheezing could be noted. Both animals

showed marked improvement after treatment with the anti-
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biotic. Rabbit 2 recieved the antibiotic for 2 days, while
rabbit 17 recieved only one injection of drug to lower its
temperature. Table 11 lists the animals who received

antibiotic along with the amount and type received.

Bacteroides Infection

Only L animals from the cholesterol fed-infected
animals (group I) showed a fever. Rabbit 2 had a rise in
temperature at all three series of injections. At one
point in the last series of injections this rabbit had a
fever of 1 C. Since this was the last series of injectons
no antibiotic was administered. The rabbit did not die
and its fever went down by the third day of this last set
of injections. Rabbit 5 also had a fever during the inject-
ions she recieved. Oral doxycyeline was given, but no I V
drug was administered since this rabbit was sacrificed to
check the progress of the arterial disease and the infection.
Two other rabbits, 17 and 9,showed fevers at only one series
of injections and then only for an interval of 1 or 2 days.
The remaining Bacteroides infected animals (group I and III)
developed no fever or overt clinical symptoms of disease.

Initially 2 animals were sacrificed after they had
recieved only two series of injections. This was to monitor
the extent of the atherosclerosis and the infective process.

Since the degree of clinical illness in the animals as a
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whole was minimal it was necessary to see what degree of

infection the Bacteroides was eliciting.

Rabbit 5 and 9 from group Ia were chosen for this pur-
pose. On autopsy rabbit 5 revealed no remarkable pathology.
The aorta was mildly affected by atherosclerosis as was the
aortic valve. The lungs showed some consolidated areas
with a few pale nodular areas. The liver showed very mild
fatty changes. This rabbit had a fever of 4O C but 5
cultures were taken and all were negative for Bacteroides
or any other organism. Histologically the lungs revealed
no acute pneumonic process, however there was a mild bron-
chitis and some emphysema. The striking finding was the
extensive pulmonary atherosclerosis in the arteries. Ather-
omas of the foam cell type were also found in pulmonary
veins (fig 5). The heart showed only very minimal fat
deposition and no vessel involvement. The only other organ
with any pathology was the adrenal gland which showed
marked cholesterol deposition and vessel involvement. The
only other organ with any pathology was the adrenal gland
which showed marked cholesterol depostion in the cortex
with some cholesterol clefts. There were scattered chronic
inflammatory cells and scattered calcium deposits.

Rabbit 9 on autopsy showed a very similar picture to
5; however the degree of aortic atherosclerosis was minimal
and the aortic valve was not involved nor were the coronary

arteries. This rabbit had had a fever on the first day
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of the second series of injections and on culturing the
blood, lungs, liver, spleen and urine, B. fragilis was
grown from the spleen. Histologically the lungs again
revealed no acute pneumonic process but some mild pleur-
isy, bronchitis and emphysema were noted. The pulmonary
artery had some atherosclerotic lesions but the veins
showed no atherosclerosis. The adrenals in this animal
were very similar to the cholesterol fed, non-infected
rabbits (group II). There were only very small areas of
cholesterol deposition with no inflammatory cells or cal-
cium deposits. The heart in this animal showed one small
area of a resolving mural thrombus.

All but 2 of the remaining 1l cholesterol fed, in-
fected animals (group I) finished the planned course of in-
jections. Rabbit 10 was found dead in his cage L0 days
after the last injection of Bacteroides and /)i days after
cessation of the cholesterol diet. The rabbit had only rec-
eived 3 injections. A blood culture was taken but grew no
Bacteroides. On autopsy a thrombus in the heart was shown to
be the immediate cause of death. The stomach was perforated
and contained a hair ball but no suppuration was seen. There
was an extensive pneumonia with edema and hemorrhage. The
histology revealed pneumonia with edema, bronchitis and em-
physema., An inflammatory exudate of mononuclear cells was
present. The adrenals also showed large areas of hyperemia,

necrosis with inflammatory cells and calcium deposits.
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Rabbit 18 was also found dead in its cage. The rabbit
had that morning recieved the third in the second series
of injections. The rabbit had exhibited no fever and had
shown no signs of destress. Of the routine cultures taken
all grew B. fragilis. The immediate cause of death
is unknown, but on autopsy the rabbit showed a consolidated
pneumonia, with much mucous and fluid in the lungs. The
stomach had perforated, but no supparation was seen. The
aorta and pulmonary artery had evidence of atherosclerotic
lesions. Histologically the lungs showed an extensive
pneumonia with bronchitis, hemorrhage and aress of vasculitis
(fig 16 =2nd 17). The adrenals showed inflammation and large
areas of necrosis and calciwn deposition. In view of the
extensive pneumonia it was felt that the animal died from
its pneumonic process.

The remaining cholesterol fed-infected animals were
all sacrificed and will be presented in a group along with
the control animals (group II and III). Tsble 12 summarizes
the number of dsys each rsbbit in group I had been off the
cholesterol diet along with the total number of injections
it had received.

The yield of positive blood cultures from the infected
animals was low. None of the non-cholesterol fed, infected
animals (group III) grew Bacteroides, while only 5 out of 16
of the cholesterol fed-infected animals (group I) showed

positive cultures. Table 13 lists the animals with positive
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cultures. Two animals had positive blood cultures and 2
animals exhibited positive spleen cultures which would
indicate bacteremias in these animals. Three of these
animals (lt, 11 and 12) had an active pneumonic process
while rabbit 9 showed resolving areas of pneumonia with
mild pleurisy, bronchitis and emphysema.

None of the rabbits showed any indication of an
infection which had initiated on an atherosclerotic pla-
que, such as an endocarditis or a mycotic aneurysm. Three
of the cholesterol fed-infected animals (group Ib)had
arteritis in the lungs, but not in areas of plaque forma-
tion (fig 18).

The lungs contained the main area of pathology. A
pneumonic process with mononuclear inflammatory cells was
seen in 9 out of 16 or 56% of the cholesterol fed-infected
animals (group I). Pleurisy, bronchitis and emphysema also
were seen in a majority of these animals. From group Ib,
pulmonary abscess was seen in two animals (fig 19); throm-
bophlebitis was seen in 3 animals and arteritis in 3 animals
(fig 20). Of the cholesterol fed, non-infected animals
(group II) only one showed a mild resolving pneumonia, while
2 of the animals showed pleurisy, 1 a mild bronchitis and
3 an emphysema (fig 21), One of the drug controls (animal
8) exhibited an arteritis. None of the cholesterol fed,
non-infected controls showed thrombophlebitis.

Of the non-cholesterol fed, infected controls (group
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III) showed a mild resolving pneumonia and bronchitis.
One animal had emphysema and another pleurisy. None of
these controls showed abscess, arteritis or thrombophlebitis.

There is no significant difference in the non-chol-
esterol fed, infected controls (group III, and the cholest-
erol fed-infected animals (group I) as to the number with
pneumonia. But the controls showed a milder pnuemonia and
fewer complications. Table 1l is a summary of the lung
pathology seen in the animals. It would also appear that
the second group of cholestercl fed-infected animals (group
Ib) show a more severe pneumonic process than group Ia.

Group Ia showed less active pneumonia and pleurisy and
they also showed no arteritis, thrombophlebitis or abscess
formation.

Animal 1l; showed a small area of hemorrhage and in-
flammation in the left ventrical of the heart and a mild
vasculitis. The animal also showed a bronchopneumonia
with thrombophlebitis. in the lungs.

The only other organ to show any significant path-
ology was the adrenal gland. The non-cholesterol fed,
infected animals (group III) showed no areas of necrosis
and fat deposition comperable to that seen in the cholesterol
fed rabbits. However, all the adrenals in the cholesterol
fed groups (group I and II) showed mild inflammatory response
with infiltration of chronic inflammatory cells; mostly

lymphocytes.
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The cholesterol fed, non-infected controls (group II)
showed areas of lipid deposition in the cortex with slight
necrosis and cholesterol clefts. Of the cholesterol fed-
infected animals, (group I), 3 showed a process similar to
the cholesterol fed, non-infected controls,but the other
13 animals all showed abundant cholesterol deposition as
well as inflammation with mononuclear inflammatory cells
(fig 22). Four of the rabbits also showed calcium deposits
in the adrenal cortexes (fig 23 and 2), as well as large
areas of necrosis, hyperemia and inflammation. (See table
5 ,

In summary the major significant findings were those
of venous pulmonary lesions only in the cholesterol fed-
infected animals (group I). The animals showed a pneu-
monic process identical to that in humans infected with
B. fragilis. The adrenals of these rabbits also showed
large amounts of cholesterol deposition and necrosis along
with inflarmatory cell response and in some instances focal

calcium deposits.
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DISCUSSION

The cholesterol diet fed to the animals in group I and
II followed by a waiting period of approximately two and
a half months before autopsy, gave a degree and type of
atherosclerosis similar to that seen in more advanced
human disease. Fibrous cap formation was seen in a major-
ity of the animals and in some instances gruel and even
calcium deposits were noted. No hemorrhagic or ulcerative
lesions were seen. Before this cyclic feeding regimen was
instituted by Constantinides (21, 23) one of the objections
to the use of the rabbit as a model for human atheroscler-
osis was the fact that it produced primarily xanthoma tuber-
osum type lesions (10l ). These foam cell type lesions were
reminiscent only of the very early human lesions; the fatty
streak,

A majority of the animals in this study also developed
atheromas on their aortic valves. These atheromas were of
the foam cell type. No previous mention of valve involve-
ment in cholesterol fed rabbits can be found.

The degree and type of atherosclerosis that can be
produced in the rabbit is subject to many variables.
Pollack (10, 105) points out that the age and breed of the

rabbit is a factor that must be considered. Older aniamals

generally develop more extensive and advanced lesions.

The time of year and even the amount of excersice the
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animals are permitted will affect the degree of athero-
sclerosis. The type of atherogenic diet itself can cause
variations. Often a liquid oil (corn oil, etc.) is the
vehicle used to administer the cholesterol, but researchers
often do not report on the type or amount of cholesterol
ingested or the age and conditions of the rabbits. It is
often difficult to compare results when the variables of

a study are not outlined.

There were only a few references found in the liter-
ature in which a cholesterol diet was administered in the
same manner as this study, and both showed comparable
results (23, 65). They found the pulmonary artery and its
branches to be severly affected by atherosclerosis. The
coronary arteries, particularly those supplying the pap-
illary muscles were partially or totally occluded. The
reticuloendothelial system, particularly the liver, was
affected. The liver showed lipid deposition, primarly
around the central viens,

Heptinstall (65) reported that the animals in his
study showed enlarged adrenal glands which were white in
color and the cortical cells, particularly in the zona
fasciculata, were swollen. Scattered eosinophils were
present in the cortex.

Nowhere in the literature could any reference be
found that mentions atheromatous lesions occuring in the

pulmonary veins of the rabbits fed the cholesterol diet.
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Constantinides (21, 22) specifically states that in his

experience, lesions of the veins do not occur in rabbits.
This agrees with our study of cholesterol fed rabbits
alone, but in cholesterol fed and infected animals venous
lesions were found.

In man, the lesions of atherosclerosis are irregularly
distributed. The aorta, coronary arteries and cerebral
arteries are generally the primary sites of involvement.
The aorta is most heavily involved at the arch and along
the intercostal branches and the abdominal branches down to
and including the illiac bifurcation. The large arteries
of the lower limbs are more effected than those of the
upper limbs. The main epicardial branches of the coronary
arteries have a higher incidence of atherosclerosis than
the smaller intermural branches. Patchy distribution of
lesions is seen in the cervical and cerebral vessels,
with a concentration of the lesions at the bifurcations
of these vessels (42). Pulmonary atherosclerosis bears no
relation to the severity of the disease in the aorta (80).
Pulmonary hypertension can be involved where it produces
medial hypertrophy, intimal thickening and an acceleration
of atheroma formation. In these cases atherosclerosis is
felt to be secondary to the hypertension and its related
causes. The lesions in pulmonary atherosclerosis do not
advance to as severe lesions as in the aorta.

The distribution of atherosclerosis in the rabbit is
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similar to that in man but with a few variations (51).
Pulmonary artery atherosclerosis in the rabbit is more
extensive, but the advance stage lesions still are not
seen. The cerebral arteries of the rabbit only rarely de-
velop atheromas, and no animals in this study, who were on
the cholesterol diet, showed atheromas in cerebral ves-
selse

The coronary arteries also show a difference in dis-
tribution. In man the main coronary arteries are the prim-
ary sight of involvement. However, in the rabbit the
smaller myocardial branches and the papillary vessels are
more often affected. This is probably why rabbits rarely
have heart attacks. Constantinides (21) has reported
cases of fibrosis, scarring and eventual atropy of papillary
muscles due to the occlusion of the vessels feeding them.

It appears that atherosclerosis in the rabbit is
influenced by many of the same variables that have been
implicated in atherosclerosis in the human. Diet, stress,
environment and hereditary all combine to play a part in

the atherogenesis.

Drug Studies

When this research was undertaken it was decided to
use a newer derivative of tetracycline to treat the B.

fragilis infection. Tetracycline had been the drug of
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choice for a number of years in the treatment of B, fragilis
(39). But more recent studies have shown anywhere from
40-80% of B. fragilis isolants resistent to tetracycline
(19, 20, 35, 37). Doxycycline is reported to be more
effective than tetracycline because it is more lipid soluble
and more readily absorbed. It reaches higher serum levels
faster and does not chelate to free ions such as calcium
or magnesium as readily as tetracycline does (32, 81, 111,
143, 145, 146). Reports also indicate that doxycycline may
be more effective than tetracycyline against B. fragilis
and other anaerobes (20, 24, 87, 124, 125, 126, 129).

A review of some of the properties of the tetra-
cycline shows that their absorption is affected by chelating
to diwvalent cations such as Cé”, Fe”, Mg“, Cu“} and A1**
(61, 74, 127). Different vitamins can also affect the
absorption. Ieyers (9l) states that the slowly excreated
tetracyclines, such as doxycycline, are less reliably
absorbed and produce lower levels.

With no previously achieved levels for comparison it
is difficult to determine why so little absorption of dox-
ycycline was achieved in the rabbits. Looking at the list
of ingredients in the rabbit food, it is noted that a
number of cations and vitamins are present that could affect
absorption of the drug. There are B vitamin supplements,
iron sulfate and a number of cations, most notable Ca“,

44

Mg“, Mn ', and Cuﬁ. A study by Neuvonen (97) in which he
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gave oral doxycycline and 200mg of ferrous sulphate to
humans showed that the iron had a highly significant effect
on the absorption of the antibiotic. When doxycycline was
administered alone the serum level rose to 3.0 ug/ml,
while with the iron sulfate the serum level never exceeded
0.6 ug/ml.

Once the doxycycline is absorbed, the rabbit's meta-
bolism and serum components must be tsken into account in
considering the achieved drug level. The calcium level is
high in the rabbit, and the cholesterol level in a majority
of the animals exceeds 1000 mg/100 ml when they are on the
cholesterol diet. These levels remain elevated for three
to four months or longer (43, LL4). The serum is quite
lipemic and could interfere with the drug. These factors
appear to combine to give limited absorption, and lowered

levels of activity in the rabbit.

Bacteroides Infection

Many of the pathological and clinical symptoms of a
Bacteroides infection seen in man were also seen in the
rabbits. Clinical findings in man are those of hectic
fevers, sometimes as high as 41 C. There are chills, rigors,
diaphoresis and in some cases jaundice and shock. Labor-
atory findings generally include a leukocytosis, anemia,

hematuria, and protienuria (19, 35, 133). In humans the
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complications of septicemia are those of thrombophlebitis,
emboli, empyema and metastatic abscess, primarly in the
lungs. Gorbach (53) found in his review that in Bacteroides
septicemia 5-12% of the cases showed thrombophlebitis, while
10-28% showed septic and metastatic complications, usually
pulmonary.

Pulmonary infections can be indolent, with abscess
and empyemas that may take weeks to progress to a stage
where the patient feels ill enough to seek treatment. In
these cases the patient initially may not appear acutely
ill or show a fever or leukocytosis (8, 9, 71).

A majority of the rabbits did not show acute clinical
symptoms and in the 2 animals that did die of a fulminating
pneumonic process, neither had a fever or showed any overt
signs of illness.

The pathology of Bacteroides infections in the lungs
of man shows pleural fibrosis with diffuse adhesions, and
a bronchopneumaonia with scattered suppurative abscess. In
some cases these abscesses may spread and cause large nec-
rotizing areas in the lungs (93, 119). Microscopically
the lung pathology is one of pleural fibrosis, and broncho-
pneumonia with a moderate diffuse interstial mononuclear cell
response with the alveoli also filled with a mononuclear
cell exudate. Abscesses and venous thrombophlebitis are
present (107, 131).

The cholesterol fed, infected rabbits (group I) in
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this study showed a very similar response. More than half
of the animals had a bronchopneumonia and pleurisy with a
mononuclear type inflammation. Some of the animals also
had pulmonary abscess, thrombophlebitis, and arteritis.
The 2 animals that died had severe bronchopneumonia with
an inflammatory exudate of mononuclear cells and poly-
morphonuclear leukocytes. Their lungs showed edema and
rabbit 18 had pulmonary hemorrhage.

From evaluation of the data a difference 1in the
type and degree of infection between the two cholesterol
fed, infected groups (groups Ia and Ib) can be seen. The
animals in group Ib had a higher degree of an active pneu-
monia rather than the resolving, milder pnuemonia seen in
group Ia, Animals in group Ib exhibited arteritis, thrombo-
phlebitis and pulmonary abscess while group Ia showed none
of these. Two of the rabbits in group Ib showed a small
thrombus and a vasculitis in the heart wall. Rabbit 18
showed an area of inflammation in the septum. It is not
known if these foci are due to the Bacteroides.

Each group (Ia and Ib) was obtained from different
breeders and had been raised under different circumstances.
Therefore a difference in susceptibility of these two
groups may have played a role in their infection. Also
the antibiotic administered to grouv Ia could have affected
the out come of their infection. Even though detectable

drug levels were never attained from the orally administed
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drug , that does not mean that some absorption was not tak-
ing place. Since the Bacteroides was susceptible to the
doxycycline at a low MIC the drug could have helped

combat the first bout of infection in group Ia.

Atherosclerosis Predisposing to Infection

The atherosclerosis found in these animals had an
affect on the degree of infection which was produced. In
the case of this anaerobic infection, the atherosclerosis
was a key factor in the establishment of the infection.

A mild bronchopneumonia with no complications was the

only finding in the non-cholesterol fed, infected controls
(group III). All of the cholesterol fed, infected animals
(group I) had some degree of pulmonary atherosclerosis
which would hamper the blood flow to the lung and set up
areas of lowered oxygen tension which could then more
easily be seeded by the Bacteroides.

These same observations have been noted in human infec-
tions. An increase in more severe anaerobic infections in
elderly or debilitated patients has been observed (19, 31,
3, 49, 93, 117). Trail (132) found that of thirteen

autopsies of Clostridium welchii enterocolitis in nursing

home patients, all showed advanced atherosclerosis which

allowed insufficent blood supply to the bowel causing

ischemia in the face of the infection. Bowel sterilization
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using aminoglycosides often help to predispose to anaeribic
infection; many of the anaerobes, particularly Bacteroides
are resistent to these drugs.
There is also a higher mortality rate among the forty
and older age group. The less than forty age group with

Bacteroides infections tends to be obstetrical cases where

the patients are in general good health. The mortality

rate in these patients is low while the forty and older
group are more often males with atherosclerosis and other
health problems which lead to more serious complications

and death (19, L4L9). With a rising incidence of atheroscler-
osis and the complications it can produce, it is expected

that a rise in anaerobic infections will also be seen.

Infection Increasing Atherosclerosis

The question of a cyclic phenomenon between the ather-
osclerosis and the infection is an interesting one. In this
study the atherosclerosis helped produce a more severe in-
fection in the animals. The reverse also appears to be the
case. In 5 cholesterol fed, infected animals (group I)
there were foam cell plaques seen in the pulmonary veins.
There are no references in the literature on venous lesions
in the rabbit in relationship to infection. Constantinides

(22) states that they do not occur in cholesterol fed animals

alone.
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For many years researchers have been listing vessel
injury as an initiating factor in atheroma production.

B. fragilis could easily lodge or even settle out in the
veins and cause an injury to the endothelium which in the
process of repair is infiltrated by lipophages or lipids
accumulating in the vessel walls. The accumulations
resemble the earliest fatty lesions in man. Thrombosis

in rabbits has produced atheromas in the pulmonary arteries
(54, 60). Gore's study (54) produced hypercholesterolemia
in the rabbits, by use of a diet, and later injecting
thromboplastin to induce thrombosis. The pulmonary vessels
show a marked inflammatory response and then an xanthoma-
tous reaction characterized by the accumulation of large
numbers of foam cells. Pulmonary hypertension which

is a primary cause of pulmonary atherosclerosis in man (137)
was not present in Gore's animals.

Bacteroides is known to produce venous thrombophle-
bitis, which would start an inflammatory process. The
high level of lipids still present in the animals blood
could easily start lipid deposition. These venous lesions
may be over old sites of infection and inflammation since
inflammation and thrombophlebitis was demonstrated in these
animals.

As previously mentioned the rabbits still demonstrate
an elevated cholesterol level for several months after

cessation of the cholesterol diet. This is due to the
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Cholesterol that is being cleared from the tissue stores
(43, 4lt). In the rabbit as well as humans it has been found
that fever, infection and endotoxin can also elevate the
total serum lipids (33, 47, 83, 99). Foldvari (41) found
that Salmonella endotoxin will not cause an increase in total
cholesterol levels in cholesterol fed animals, but an
elevation of 230% is still seen in the total triglycerides
of these animals after endotoxin injection. In view of
this, the repeated bacteremias and infection that the
rabbits from this study were subjected to, may have helped
to keep the lipids at a peak level so that deposition in an
injured vessel could be achieved.

In the results were included a group of L animals
which were designated as having guestionable lesions. The
lesions that were questioned as abnormal were in an area
of thickened vessel wall with increased mucosubstances
present on Movat's stain. Some researchers feel that s
thickened intima will capture lipids more readily.
Wagenvort (137) presents a fibrosed area in a pulmonary
vessel of a five year old boy with a heart defect and
hypertension. He feels this is a possible inital stage
of an atheroma. Other studies have looked at the coronary
arteries of children and young adults and they found areas of
intimal thickening and atheromas over sites of old infection.
Saphir (11l) reviewed cases of soldiers, 18 to 29 years of

age, who had died of sudden coronary heart disease. In 13
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cases of severe sclerosis of the cardiac arteries, 1u had
evidence of an old inflammatory process, often rheumatic
heart disease. Personen (103) looked at 175 autopsies of
infants and children, 0-15 years of age, who had coronary
defects as well as infections such as septicemia, pneumonia
and viral infections. He found an association between a
thickened coronary artery wall and infection. Since a
thickened intima captures more lipid than a thin one, the
fatty infiltration of the intima in infants especially in
infection may predispose to atherosclerosis when considered
over a long period of time. Therefore an increase in endo-
thelial permeability due to inflammation may lead to in-
creased lipid entry and atherosclerosis (106).

Klotz in 1910 (113) concluded that infection and
bacterial intoxication cause intimal hyperplasia. Perhaps
these thickened areas in the rabbits vessels are sites for
future lipid deposition. The repeated bacteremia as well
as the inflammation and thrombosis that these animals were
subjected to could have caused an intimal thickening.
Hypertension could have helped to aggrevate the pulmonary
atherosclerosis although it is unknown if these animals had
hypertension. It is not unlikely however since 75% of the
cholesterol fed, infected animals had emphysema which can
cause hypertension particularly with pulmonary infection

of a chronic nature.

No correlation could be seen between the degree of
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pulmonary artery atherosclerosis in the animals to that of
the pulmonary veins. In one instance the arteries were
graded as having ?O% atherosclerosis with venous lesions
present, while in another animal venous lesions were seen
with only 25% artery involvement. This maybe due to the
lack of reliable grading systems for smaller caliber vessels

and the evaluation of only one section of lung from any

animal.

Adrenal Pathology

The adrenal glands in the rabbits were the only other
areas of notable pathology. There is a definite difference
in the morphology of the glands between the cholesterol fed,
infected animals (group I) and the non-cholesterol fed,
infected animals (group III). This difference is less dis-
tinct between the cholesterol fed, non-infected animals
(group II) and the infected, cholesterol fed animals (group
I). Both of these cholesterol fed groups showed the ty-
pical cholesterol deposition which involves the cortex.

The adrenals of the cholesterol fed, infected animals
(group I) showed more and larger areas of cholesterol dep-
osition and a larger number of focal necrotic areas with
scattered chronic inflammatory cells. Four of the animals
in group I had focal calcium deposits. Since no cultures of

the adrenals were tasken it is impossible to say if the
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changes were due to a direct infection of the adrenals by
the Bacteraoides. Stress may have played a role in the
changes seen in the adrenals. Stress, in the form of trauma
or illness is known to stimulate adrenocorticotropic hor-
mone (ACTH) excretion which in turn causes enlargement of
the adrenal and increased formation of hormones (98). ACTH
acts primarly on the zona fasiculata and reticularis.
Adrenals under constent stress will begin to show scattered
inflammatory cells while severe stress such as septicemia
or burns can cause foc