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Aural Cholesteatoma

Human Disease: Aural Cholesteatoma

Animal Model: Aural Cholesteatoma in Gerbils

Contributed by Richard A. Chole, MD, PhD and Michael D. McGinn,
PhD, Department of Otorhlnolaryngologg, University of California,
Davis, School of Medicine, Davis, CA 95616.

Aural Cholesteatomas are keratin inclusion cysts which
occur within the middle ear and mastoid in humans of all ages.
In most instances, these cholesteatomas arise in patients who
have chronic or recurrent otitis media. Although the cholestea-
toma may arise from invagination of the tympanic membrane,
ingrowth of keratinizing epithelium, entrapment of keratinizing
epithelium, or metaplasia of the middle ear mucosa, the end
result is similar. Human cholesteatomas enlarge by the contin-
ual accumulation of keratin within the cyst, leading to contact
with the structures of the middle ear. Bone destruction of the
ossicles and otic capsule are commonly seen with cholestea-
toma, and account for the morbidity of this disease.

A variety of attempts to induce cholesteatomas in experi-
mental animals have had little success. Most of these methods
depended on the surgical implantation of keratinizing epithe-
lium into the middle ear cavity, with or without the addition of
inflammatory agents such as coal tar, talc, oxalic acid, or
bacteria.!2345 Steinbach and Gruninger ¢ induced cholestea-
tomas in the middle ear of rabbits by suturing the external
auditory canal closed or by the application of adhesives to the
tympanic membrane. These experimental models suffered from
a low yield. Additionally, no example of a spontaneously
occurring cholesteatoma had been described in animals.
Animal Model: In the course of investigating age-related hear-
ing loss in the Mongolian gerbil (Meriones unguiculatus),”
spontaneously occurring aural cholesteatomas were found in
aging animals.® The prevalence of aural cholesteatomas in-
creases with age: 9.6% of the ears of six-month-old gerbils had
cholesteatomas, 29% at 12 months, 50% at 18 months, and
53% at 24 months.® There is a progressive auditory loss during
that period (Fig. 1).

Additionally, surgical ligation of the external auditory canal
in Mongolian gerbils leads to an acceleration of the formation
of cholesteatomas. Cholesteatomas may be induced in 100% of
the gerbils within six months by surgical ligation of the external
auditory canal.'

Biologic Features: Spontaneous cholesteatomas have been ob-
served in retired breeding stock. In addition, we observed these
cholesteatomas in gerbils raised from birth in our colony.

Spontaneous gerbilline cholesteatomas begin with an accu-
mulation of keratin debris on the pars flaccida of the most
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Figure 1—Aging gerbils demonstrate progressive deterioration in
auditory function. The mean average (-1SE) of the potential thresh-
old of the audlitory nerve action for different age ?roups of gerbils (6
3‘09 82.?? months) n = 126 (adapted from Arch Otolaryngol 109:19-22,

rostral part of the tympanic membrane. As the keratin debris
accumulates with time, it covers the tympanic membrane and
then forms a keratin and cerumen plug which occludes the
external auditory canal. Further accumulation of keratin by the
normal desquamation of the tympanic membrane and medial
portion of the ear canal leads to retention of keratin and the
production of a cholesteatomatous cyst. The accumulation of
keratin followed by obturation of the external auditory canal
can be mimicked by surgical ligation of the external canal.!
Accumulation of keratin on the lateral surface of the tym-
panic membrane (pars flaccida and pars tensa) deflects the
tympanic membrane medially. The accumulation of keratin
also leads to expansion of the external auditory canal by bone
erosion. The stages of development of the cholesteatoma may
be characterized as follows (Fig. 2): Stage 1 — accumulation
of keratin; Stage II — early medial deflection of the tympanic
membrane; Stage III—marked deflection of the tympanic
membrane to the point where contact with the bony cochlea is

~ For reference citation—Chole, R. A. and McGinn, M. D.: Aural Cholesteatoma, Model No. 331. In
Handbook: Animal Models of Human Disease. Fasc. 15. Edited by C. C. Capen, T. C. Jones and G. Migaki.
Registry of Comparative Pathology, Armed Forces Institute of Pathology, Washington, DC (1986).



established; Stage IV — obliteration of the entire middle ear
space by cholesteatoma; and Stage V — intracranial extension
and extensive bone erosion are commonly seen (Fig. 3).

The normal keratinizing epithelium of the lateral tympanic
membrane is one cell layer thick and lightly keratinized.? As
keratin accurnulates, the epithelium becomes thickened, with a
well developed stratum spinosum layer. Defects in the basal
lamina beneath the keratinizing epithelium are sometimes
present with the invasion of epithelial pseudopodia into the
lamina propria. In some cases this invagination leads to further
entrapment of keratinizing cells and the formation of secondary
cholesteatoma “pearls”.'? As the cholesteatoma contacts adja-
cent bone, an accumulation of macrophages is observed.

The thin, simple squamous epithelial lining of the middle ear
is obliterated at the points of contact between the cholesteatoma
and bone, and bone erosion occurs. This bone erosion is due to
the activity of multinucleated osteoclasts in bone subjacent to
expanding cholesteatomas.!® There is evidence that the induc-
tion of osteoclasts is due to the pressure of the adjacent choles-
teatoma. Pressures exerted by gerbilline cholesteatomas have
been measured in the range of 1.31 to 11.86 mm Hg.!* The
osteoclasts responsible for bone erosion are typical osteoclasts
that cannot be distinguished from physiological osteoclasts on
morphologic characteristics.’* They have a well developed,
ruffied border and peripherally placed clear zones (Fig. 3). The
cytoplasm is generally filled with mitochondria. Although
some osteoclasts appeared to be mononuclear, serial sectioning
invariably discloses multiple nuclei.

Although cholesteatomas occur spontaneously in Mongolian
gerbils, it is far more useful to induce them by ear canal
ligation in young animals.*®
Comparisons With Human Disease: Human cholesteatomas
may arise by various mechanisms. One mechanism, analagous
to cholesteatomas in the gerbil, is the so-called canal choles-
teatoma or keratosis obturans. Once the cholesteatoma in the
gerbil has formed, it is indistinguishable pathologically and
ultrastructurally from human cholesteatomas. As in the case of
human cholesteatomas, bone erosion occurs by osteoclast acti-
vation and the cholesteatoma continues to expand by accumu-
lation of keratin debris.!® Most human cholesteatomas arise by
invagination of the tympanic membrane prior to keratin accu-
mulation or the ingrowth of keratinizing epithelium through a
perforation. Some human cholesteatomas arise from the ear
canal, viz canal cholesteatoma or keratosis obturans. Gerbilline
cholesteatomas are most similar to canal cholesteatomas in
humans.

Usefulness of the Animal Model: The gerbilline cholesteatoma
is useful in the study of the destructive properties of middle ear
and mastoid cholesteatomas. The mechanism of bone destruc-
tion in human cholesteatomas is pathologically indistinguish-
able from those in gerbilline cholesteatomas. The factors lead-
ing to bone destruction in human cholesteatomas have been
debated for many decades. The studies of human cholestea-
-tomas have been limited because of availability of tissues at all
stages of development. There has been a debate about the
factors leading to bone resorption in cholesteatoma. Various
theories have been espoused, including enzymatic tissue de-
struction of bone by histiocytes*** and pressure necrosis.'s The
possible role of pressure in the initiation of bone destruction
remains controversial; the role of infection and bacterial en-
zymes may contribute to bone destruction; some investigators
have suggested that the keratin within the cholesteatoma itself
is extravasated near the bone and leads to an acidic milieu in
which bone destruction occurs.!'® These theories may be tested
by experimental manipulations of the gerbilline cholesteatomas
that cannot be performed in human cholesteatomas.
Availability: Mongolian gerbils are available from Tumble-
brook Farms, Bryant Lake, New York, and Chickline, Vine-
land, New Jersey. From our observations, we believe that all
gerbils have the propensity to develop aural cholesteatomas.
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Figure 2—The stages of development of gerblilline cholesteatomas
(see text) (by permission, Arch Otolaryngol 109:19-22, 1983).
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Figure 3—Cholesteatomas erode bone by the action of multinu-
cleate osteoclasts. These cells have a typlcal ruffled border (Inset)
in the reglon subjacent to eroslon lacunae. Nuclel (N).
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Gastrointestinal Polyps

Human Disease: Gastrointestinal Polyposis Syndrome

Animal Model: Gastrointestinal Polyps in Dogs
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Contributed by Chester E. Sievert, Jr., BS and Stephen E. Silvls,
MD, Gastroenterolo% Research Section and Speclal Dlagnostic

and Treatment Unit,

Biologic Features: Dogs were chosen as the experimental
animal because they can tolerate repeated anesthesia and they
can be easily endoscoped with conventional human instrumen-
tation. Polyps were surgically created in the stomach and/or
colon! under sterile operative conditions using general anesthe-
sia (nembutal 30 mg/kg IV). Through a midline laparotomy,

. the stomach and/or colon was identified and isolated. An

" antimesenteric border gastrotomy and/or colonotomy incision
was then performed to gain the respective luminal access. A
keyhole-shaped incision (Fig. 1, step 1) was made approxi-
mately 2-3 cm in length and 1.5 cm wide. Optimal results are
achieved when the unincised polyp stalk base is at the mesen-
teric border with the incised polyp tip directed toward the
antimesenteric border. The incision was made through the
mucosal layer only, thus leaving the muscle layer intact. Next,
the mucosal area within the keyhole shape was dissected free
from the muscle layer. The keyhole-shaped incision was closed
with a running 3-0 chromic suture and tied at the base of the
appendage (Fig. 1, step 2). The appendage was rolled onto
itself and sutured together with a 4-0 chromic suture (Fig. 1,
step 3). The suture tension during step 3 must be sufficient to
keep the incised edges together but loose enough to restrict
blood flow minimally.

Gastrotomy and/or colonotomy were closed in two layers
(mucosa and muscle) using running locked 4-0 silk sutures.
The laparotomy was closed in three layers (muscle, fascia and
skin) and postoperative antibiotic therapy (flocillin) was main-
tained for three days. During the first two weeks post-surgery,
endoscopic examination revealed the initial polyp length (mea-
sured at surgery) was reduced by 19%+3.5% (n=15). Three
weeks after surgery no further shortening was observed and
polyps maintained their integrity for as long as one year (Fig. 2).

Histologically, the experimental polyps consisted of normal
tissue. The submucosal blood supply proliferated and many
polyps developed a principal submucosal artery and vein.
Absorptive and goblet cells were present and mucin secretion
appeared normal. A slight increase in the number of polymor-
phonuclear leukocytes were observed in several fabricated
polyps compared to surrounding normal tissue.

Medical Center, Minneapolis, MN. 55417

Figure 1—Step-by-step sequence of surgical manipufation of the
mucosa into a polyp.

Figure 2—Endoscopic photo-
graph of a surgically produced
gastric polyp.

Comparison with Human Disease: Gastrointestinal polypoid
lesions are a major disease of Western civilization. During
endoscopic visualization, most polyps have a similar, general
appearance consisting of a mass of mucosal tissue protruding
into the lumen of the gastrointestinal tract. Histologically,
polyps are classified as either neoplastic (adenoma), metaplas-
tic (non-neoplastic), or mixed (neoplastic-metaplastic).

In the time period observed, surgically created dog polyps

contained no adenomatous tissue; hence, comparison to human

For reference citation—Sievert, C. E. and Silvis, S. E.: Gastrointestinal Polyps, Model No. 332, In
Handbook: Animal Models of Human Disease. Fasc. 15. Edited by C. C. Capen, T. C. Jones and G. Migaki.
Registry of Comparative Pathology, Armed Forces Institute of Pathology, Washington, DC (1986).



neoplastic type polyps is limited. However, adenomatous tis-
sue in a typical human neoplastic polyp usually is restricted to
the polyp head. The polyp stalk or base consists of normal
epithelial tissue with an increased submucosal blood supply. A
normal polyp stalk and increased vasculature are two similar-
ities between surgically created polyps and human neoplastic
polyps.

Metaplastic human polyps have many common features with
experimental polyps. Metaplastic polyps? contain no adenoma-
tous tissue and have only a minor imbalance in the cycle of cell
renewal and release, with minimal excess cellular crowding.
Mature cells are retained in the mucosa, thus leading to the
formation of a polyp. These polyps are acidophilic and have a
normal number of glands per unit area. Absorptive and goblet
cells are present, and mucin secretion is uniformly present in
all tubules. The submucosa of the polyp stalk has an increased
blood supply and may include a central artery and vein. Thus,
metaplastic polyps contain essentially normal tissue and form
as a result of an exaggeration of normal differentiation rather
than as a failure of differentiation.

Human pseudopolyps and experimental polyps have similar
histologic changes. Histologically, pseudopolyps cannot be
differentiated from the surrounding mucosa.? Localized sub-
mucosal vasculature also is increased in pseudopolyps to main-
tain polyp viability, similar to surgically created polyps.
Usefulness of the Model: In a recent retrospective, histologic
study of 329 consecutive polypectomies (polyps of less than 5
mm in diameter), 49.2% were neoplastic, 36.8% metaplastic
and 0.9% mixed neoplastic-metaplastic.® These findings sug-
gest that a large portion of small polyps have the potential to
progress to carcinoma. The frequent inability to determine the
type of polyp by gross visual examination along with the

consideration of the neoplastic potential of polyps, dictate the
medical consensus to remove all polyps found in the colon
(polypectomy). Polypectomy is accomplished using the endo-
scope, polyp snare and electrosurgical current.

Experimental polyps could serve as a model to study the

pathophysiology of chemically-induced intestinal carcinoma”

by either dimethylhydrazine or nitrosourea. Surgically created
dog polyps also are useful in teaching the proper technique of
endoscopic polypectomy. New snare designs, comparison of
various electrosurgical generators and new polypectomy tech-
niques can be systemnatically evaluated using this experimental
model.* Since human polypectomy (irrespective of polyp type)
is performed in normal tissue,S surgically produced polyps
(consisting of normal tissue) can also serve as a useful model to
study the pathophysiology of polypectomy.
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Scoliosis

Human Disease: Adolescent Scoliosis

Animal Model: Scoliosis in Chickens
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Biologic Features

Aline of chickens has been useful in identifying fac-
tors that underlie scoliosis.** The unique feature of
scoliosis in these chickens is its development prior to
sexual maturation between 4 and 6 weeks after hatch-
ing. Further, the severity of the lesion continues up to
12 weeks of age, The trait is sex-influenced; ie, the le-
sion is usually more severe in males, the homogametic
sex in chickens.? Variance in expression appears to be
due mainly to environmental factors, although incom-
plete penetrance of the major genes and added effects
of minor modifying genes may play a role in onset and
severity.!3

The chickens were derived from scoliosis line 263 de-
veloped by Taylor in 1971.! About half of the birds from
this line produced scoliosis. Continued selection for the
incidence of scoliosis has resulted in a progressive in-
crease in the incidence of scoliosis, so that expression
is now 90% (Figure 1) in sexually mature birds.**
However, full sibling matings have been avoided for
improvement of reproductive fitness. The lesion is
defined as a spinal curve greater than 10 degrees, as de-
termined from anteroposterior roentgenograms.

The method of Cobb is used for definitive diagno-
5is.® Severity is defined as Grade 0, 1, 2, or 3, indicating
curves of 0-9, 10-20, 21-30, or > 30 degrees, respec-
tively. The anteroposterior roentgenograms are obtained

easily by fastening the animals supine on a support
board with the wings outstretched.

With respect to genetics of expression, data from F,
generations and a backcross between F, males and fe-
males have implicated three major autosomal recessive
genes (Table 1).2 The positive response to long-term se-
lection implies that expression of scoliosis is affected
by several genes. In addition, the efficacy of inbreeding
in increasing initially the scoliotic incidence indicates
all or most of the major alleles for scoliosis are reces-
sive to their dominant, normal alleles. For the analyses
the assumption is made that the initial inbreeding with
selection resulted in fixation for scoliosis alleles at the
major loci. The higher incidence of severe scoliosis
found in the homogametic sex is ascribed to a sex
influence on the scoliosis trait, rather than sex linkage.
In other animal models, induction of scoliosis requires
feeding aminonitriles, such as B-aminopropionitrile (a
lysyl oxidase inhibitor) or deprivation of certain trace
elements, such as copper, zinc, or manganese,*3”’

Comparison With Human Disease

There are important similarities between the expres-
sion of the lesion in chickens and humans.* !° Wynne-
Davies®!® concluded that infantile adolescent and
resolving idiopathic scoliosis were manifestations of the

l;‘or reference citation—Rucker, R., Opsahl, W., Abbott, U., Greve, C., Kenney, C. and Stern, R.:
Scoliosis, Model No. 333. In Handbook: Animal Models of Human Disease. Fasc. 15. Edited by C. C.
Capen, T. C. Jones and G. Migaki. Registry of Comparative Pathology, Armed Forces Institute of Pathology,

Washington, DC (1986).
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Figure 1—Expression of scoliosis in the Line 0263. Percentage incidence
(curves greater than 10 degrees) and severity (curvature as expressed in
the inset). The data are averaged for equal numbers of male and female
chickens. Although the incidence of scoliosis is about the same for both

sexes, the incidence of spinal curves greater than 20 degrees is about
1.5 times greater in males than In females (see Table 1).

same disease, and the expression in humans is consis-
tent with either a dominant or multiple genetic pattern
of inheritance. A more refined definition of the in-
heritance pattern determined for chickens may provide
useful insights into that operating for idiopathic scoli-
osis in humans, in particular the scoliosis observed dur-
ing early growth and adolescence.

Morphologic features are also similar to those ob-
served in humans. For example, in both man and birds
the growth plates for the vertebral bodies appear uni-
form and do not exhibit evidence of gross growth ab-
normalities.® In the posterior elements, the joint be-

Table 1—Incidence of Scoliosis in Selected Lines of Chickens

tween articular processes are relatively uniform. There
is a thickening of the cortical bone and trabeculae on
the concave side of the curves (Figure 2). Shown in Fig-
ure 3 is an anteroposterior view of a chicken with se-
vere scoliosis.

In both man and this line of chickens, the lesion does
not appear to be due to a primary defect in bone devel-
opment, No anatomic evidence has been obtained for
differences in the number of nerve roots on the con-
cave side of curves. Further, no evidence has been found
of pressure on the anterior pedicle on the concave ver-
tebra to indicate tethering of the spine. We have also
found no evidence of congenital malformations of the
vertebrae or supernumerary ribs to explain avian scoli-
osis.* These features are consistent with those often ob-
served in humans as they relate to most forms of idio-
pathic scoliosis.*"1?

Environmental factors are thought to play a role in
the progression and expression of the disease in human
scoliosis. Similar to scoliosis in chickens, the onset and
severity of scoliosis varies greatly. In identical twins and
offspring from scoliotic parents who express the dis-
ease, the time of expression and severity may be vari-
able.®1° This variability has been attributed to differ-
ences in growth rate, nerve and muscular abnormalities,
vertebral column and adjacent rib interactions, or vari-
ably expressed connective tissue defects. Scoliotic birds
also appear to have defects in connective tissue expres-
sion. There is increased excretion of hydroxyproline in
humans, particularly when scoliosis is associated with
collagen-related disorders (Erhlos-Danlos, Type 6;
Marfan syndrome; or osteogenesis imperfecta).!* Simi-
larly, there appears to be increased turnover of colla-
gen in the scoliotic line of chickens.? Ghosh et al'2 have
shown differences in the distribution of glycosaminogly-

Percentage expressing scores of

Ratio of males to females expressing scores of

Lines* 0 1 2 3 0 1 2 3
0263 11 6 22 63 0.00 0.51 1.44 1.22
0264 29 14 20 37 0.61 0.16 1.78 1.32
0063-64 33 6 14 47 0.79 1.00 1.00 1.00
* Line 0263 Davis Iso%enic Line
- T T

Line '0264

Line 0063-64

Line 0263: The line developed by L. W. Taylor at Berkeley combined selection with a high degree of inbreeding. His original purpose was to develop
a line with a scoliotic incidence of greater than 50%. This line has been maintained by selecting for severe scoliosis. However, close inbreeding has
been avoided in an attempt to improve the reproductive performance of the line.

Line 0264: Developed by crossing and backcrossing 0263 with inbred lines as Davis. Many families in this line show severe scoliosis, although there
is a greater percentage of offspring from each family which are nonexpressers.

Line 0063-64: This line was developed by crossing the 0263 and 0264 lines. The degree of expression is about the same as the 0264 line, but less

than that of the 0263 line.



cans on the convex and concave sides of human verte-
bra. Although a study of the distribution or content
of glycosaminoglycans has not been made in vertebrae
of scoliotic chickens, it has been observed that carti-
lage proteoglycans from scoliotic birds form less sta-
ble aggregates in the presence of hyaluronic acid (ex-
cess) than proteoglycans from normal birds.*?

Usefulness of the Model

Scoliosis in chickens provides a useful model for the
study of the pathogenesis of the lesion in humans. In

Figure 3— Anteroposterior view of a chicken with severe scoliosis. The
spine has been cleaned of soft tissue. Fusion of the spine has taken place
in this sexually mature bird.

Figure 2-—Coronal sections of the apical
vertebrae of a 4-week-old scoliotic chicken
with approximately 10% curves. The
growth plates appear essentially normal,
but there Is increased thickening of the
trabeculae on the concave size of the
curve. Portions of the rudimentary interver-
tebral disks are also visible. In B is a pho-
tomicrograph of a coronal section of the
apical vertebrae cut at a slightly different
level. A slight increase in the thickness of
the trabeculae on the concave side of the
curve is apparent, and there is no abnor-
mality present in the articulations of the
growth centers. (H&E, x 22)

addition to biochemical studies, we have recently made
a study of the responsiveness of scoliosis (severity and
incidence) to various dietary factors, including copper,
manganese, and pyridoxine.®!?

Scoliosis in checkens can be used in the study of a
number of external factors related to scoliosis gene ex-
pression. It has been shown that the severity and inci-
dence of the spinal lesion can be manipulated by vary-
ing the dietary copper intake.® A decrease in the severity
of scoliosis expression is related to increased intake of
dietary copper. Both manganese and pyridoxine
deficiency significantly shifted expression from Grades
0, 1, and 2 to Grade 3 in chicks from line 0063-64.13
As controls, we have used moderate caloric restriction
(70% of normal intake), protein deficiency (50% of the
normal requirement), vitamin deficiencies (pantothenic
acid at 20% of the normal requirement), calcium
deficiency (50% of the normal requirement), zinc
deficiency ( < 20% of the normal requirement), and vita-
min A deficiency (20% of the normal requirement). No
change in the distribution of expression was observed
with these conditions. Similarly, no decrease or increase
in incidence was observed when birds were fed 10-20
times the normal requirement of zinc or up to 50 times
the requirement for manganese, Mild intoxication with
cadmium (5 pg cadmium/g diet as cadmium chloride)
also does not appear to influence expression.** Ongo-
ing investigations are directed at determining a unify-
ing hypotheses for why vitamin Bs, manganese, or cop-
per deprivation influences scoliotic expression.

Availability

A limited number of breeding pairs of chickens are



available from Dr. Ursula Abbott (Department of Avian
Sciences, University of California, Davis, CA 95616).
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Figure 3~ Myocarditis of chronic Chagas’
disease in the rabbit. Notice lysis of heart
myofibers in association with lymphocytic
infiltrates. (H&E, x 160)

heart, skeletal muscles, and segments of the intestine
of T cruzi-infected rabbits parallel those recorded in
humans.

Usefulness of the Model

Chagas’ disease affects millions of persons in Cen-
tral and South America. The treatment available is far
from satisfactory. There are indications that a vaccine
against T cruzi may not be feasible by conventional
means. Evidence in the literature indicates that autoim-
munity may play a central role in the pathogenesis of
Chagas’ disease.5* The availability of an animal model
of the human disease appears, therefore, to be essen-
tialin the immunopathologic studies, immunoprophy-
laxis, and evaluation of the chemotherapeutic effects
of drugs.
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Biologic Features

Trypanosoma cruzi is a flagellate protozoan of the
subgenus Schizotrypanum, whose life cycle in the ver-
tebrate host includes blood trypomastigotes and intra-
cellular amastigote forms. Macrophages and muscle
cells are easily penetrated, but any cell type can be
parasitized. Chagas’ disease (American trypanosomi-
asis) is a complex of clinical manifestations that may
result from infections with 7" cruzi. Its geographic dis-
tribution coincides with that of the parasite insect vec-
tor and is limited to tropical and subtropical regions
of the American continent. Wild mammals that have
become contaminated with feces of reduviid insects
serve as T cruzi natural hosts and reservoirs. Humans
and domesticated animals of European and African an-
cestors readily acquire the infections and may succumb
to Chagas’ disease.

Acute T crugzi infections usually occur in infancy and
childhood, when large numbers of flagellates are pres-
ent in the blood. The acute infections are clinically si-
lent in over two-thirds of the individuals. However, in
a minority of cases they can be manifested by indurated
skin lesions at the port of entry of the parasite, fever,
splenomegaly, and lymphadenopathy.’ Manifestations
of the acute infections subside spontaneously usually
within 2-3 months. A phase of latency in which posi-
tive serologic tests are the only evidence of the infec-
tion may be interrupted in nearly half of the individu-
als by onset of electrocardiographic abnormalities.?

Chagas’ heart disease is a common cause of disabil-
ity and of mortality in endemic areas. Myocarditis seen
in chronic Chagas’ disease is characterized by mono-

nuclear cell infiltrates and lysis of heart cells in the ab-
sence of the parasite in situ. Additionally, dilatation of
the esophagus and colon, which is seen in a minority

(<4%) of chronically infected individuals, is considered
to be related to myositis and ganglioneuritis, leading
to loss of parasympathetic neurons.

Animal Model

Changes similar to those described in humans natu-
rally infected with T cruzi can be induced in inbred I11/J
rabbits (Jackson Laboratory, Bar Harbor, Maine) sub-
cutaneously inoculated with cloned trypomastigotes of
the Ernestina stock of the parasite derived from stri-
ated muscle cell cultures. Indurated skin lesions and in-
creased satellite lymph nodes were found at the site of
parasite inoculation in 10 inbred rabbits.? Parasitemia
could be demonstrated in each T cruzi-infected rabbit,
although they did not die in the acute phase of infec-
tion. In the absence of demonstrable parasitemia after
the third month of infection, evidence of ongoing in-
fection was shown by high titers of specific antibodies
and by elicitation of delayed-type cutaneous reactions
against a parasite microsomal antigen. Persistent elec-
trocardiographic changes also were recorded in 90% of
the rabbits, beginning 6 months after T cruzi inocula-
tion. Increased cardiac silhouettes could be demon-
strated in chest roentgenograms taken in the chronic
phase of the infection (Figure 1).

Survival after T cruzi infection averaged 11.5 + 5
months. The immediate cause of death could be at-
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Pathology, Armed Forces Institute of Pathology, Washington, DC (1986).



Figure 1—Increased cardiac silhouette in a rabbit 11 months atter T cruzi
inocufation.

tributed to chronic Chagas’ disease in 60% of the rab-
bits with necropsy findings suggestive of congestive
heart failure and/or pulmonary thromboemblism.
Cardiomegaly with dilatation of the chambers was a
conspicuous finding in these rabbits. Aneurysmal dila-
tation in the apex of the left ventricle (Figure 2) was
another typical gross lesion of Chagas’ disease in in-
bred 111/] rabbits.

Histologically, the myocarditis of chronic Chagas’
disease in the rabbit had features similar to those
reported in humans. Lymphocytic infiltration and lysis
of heart cells was always present, but the parasite could
not be demonstrated in the lesions (Figure 3). The lack
of evidence of direct parasite-induced necrosis of heart
cells contrasted sharply with the abundance of unin-
fected myofibers destroyed in association with
monontuclear cell infiltrates. Destructive inflammatory
lesions also were seen in skeletal muscles and in the wall
of the intestine. There also was ganglioneuritis and loss
of myenteric, parasympathetic neurons. The focal na-
ture of lesions observed in chronic Chagas’ disease in
rabbitsis also a common feature of the human disease.
Sequelae of these inflammatory lesions were multifo-
cal fibrous scars commonly found in the heart.

Comparison With Human Disease

Chagas’ disease in rabbits and that in humans have
many similarities.*™® The acute phase of the infection in
these hosts can go unrecognized, and patent parasite-
mia usually subsides spontaneously. In both, a phase
of latency ensues in which the parasite is difficult to
demonstrate, but immunologic test remain positive. A
typical feature of Chagas’ disease in humans and rabbits
is the absence of correlation between parasitemia and
morbidity and/or mortality. The onset of persistent elec-
trocardiographic alterations in T cruzi-infected I11/]
rabbits were recorded after the sixth month of infec-
tion, when a strong delayed-type cutaneous reactivity
to a parasite product could be elicited. Alterations of
ventricular repolarization, ischemic changes, low am-
plitude of QRS complex, and arrhythmias (such as wan-
dering pacemaker), conduction disturbances, and
premature contractions were findings in rabbits simi-
lar to electrocardiographic changes that have been
recorded in naturally infected humans.

Gross findings in rabbits with experimental Chagas’
disease consist of cardiomegaly with dilatation of the
chambers and aneurysmal formation at the apex of the
left ventricle. The latter is characteristic of Chagas’ dis-
ease in humans, and in endemic areas in Latin America
it is useful in establishing the diagnosis. Effacement of
the myocardium and fibrous sequelae are also common
findings. The destructive microscopic lesions in the

Figure 2—Cardiomegaly in an inbred {il/J rabbit 16 months after T cruzi
inoculation. Notice ditation of cardiac chamber and aneurysmal formation
in the apex of the left ventricle. A fibrous scar replaces the myocardium
at the apex.
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Pathologic and Clinical Features of Human Disease: Optic
disk swelling (ODS) is the protrusion of the optic nerve head
into the vitreous with varying degrees of vascular and peripa-
pillary retinal changes.? This funduscopic abnormality is
common in neurological and ophthalmological practice.

The pathological changes seen with ODS are similar irre-

spective of their etiology. These changes consist of a swelling
of the optic nerve head often associated with the obliteration of
the optic cup, lateral displacement of the retina, and vascular
congestion.!? It is difficult by light microscopy to determine
whether the swelling is due to enlargement of the intracellular
and/or extracellular compartment(s).!? Ultrastructural studies
show that ODS is for the most part due to axonal swellings,
although some enlargement of the extracellular space with
interstitial fluid also may be present.!->* The swollen axons are
filled with vesicles, mitochondria, dense bodies, and disorgan-
ized neurofilaments.'??
Previous Animal Models of ODS: Models of ODS have been
available for the last two decades.®¢ The best studied ones are
those produced in primates by mechanical compression
(change in intracranial or intraocular pressure) of the nerve
fibers in the optic disk, or by ischemia of the optic disk.**7
These models are technically difficult to produce.?*7 In addi-
tion, because of anatomic differences,’ these models cannot be
reproduced in non-primates, and are therefore quite costly.

Various investigators using these models of ODS have sug-
gested that slow and/or fast axonal transport is interrupted in
the region of the lamina cribrosa.?*’? This impairment in
transport is due to mechanical and/or ischemic factors.>*’
However, two questions remain. First, it is not clear from these
studies whether this impairment in transport is a primary phe-
nomenon or whether it occurs secondary to structural changes
in the optic disk region. Second, the evidence for a transport
defect in these studies is derived for the most part from either
light autoradiographic or radiometric methods. These tech-
niques are not adequate for evaluating which component(s) of

. ';;' It -

Figure 1 — Funduscoplc examination in a) control dog, and b) dog
chronically intoxicated with IDPN. Compare the crisp disk margin
(arrow) in the control with the fuzzy disk margin (arrow) in the
intoxicated dog, suggesting swelling of the optic nerve head.

transport are affected. Gel fluorographic methods are needed to
define and quantitate the components of transport that may be
affected.

Recent studies have used pharmacologic agents to develop

optic neuropathies with ODS.3.'%12 This approach circumvents
some of the problems that exist with the pressure gradient and
ischemia models in primates. Except for the IDPN model
described below however, axonal transport has not been re-
ported in these models.
IDPN Model of ODS: A pharmacologic model of ODS was
developed in primates and non-primates using {3,B-iminodi-
propionitrile (IDPN, Eastman Kodak Company, Rochester,
NY). "2 IDPN is a synthetic nitrile that is known to impair
slow transport.'>'* In various neuronal systems it produces
proximal axonal swellings.’>"* The impairment in transport is
early, before the development of significant morphologic
changes,”® and selective, affecting the neurofilament triplet
proteins exclusively'? or predominantly.*

IDPN was given intraperitoneally and/or orally in drinking
water (0.2-2mg/kg) to one monkey, dogs (beagle and
schnauzer), guinea pigs (albino, Hartley strain and pigmented,
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Buckberg Lab animals, Rockland, NY) and albino rats (Spra-
gue-Dawley, Charles River, Wilmington, MA). Different spe-
cies tolerate IDPN differently, some being more susceptible
than others. Funduscopic examination done on dogs and pig-
mented guinea pigs (the optic nerve head is difficult to evaluate
in albino animals) 15 days to 3 months after intoxication
revealed prominent ODS (Fig. 1).

Light microscopic studies in guinea pigs showed some optic
disk swelling at 15 days after intoxication. The swelling in-
creased and became quite marked with longer duration of
intoxication (Figs. 2a,b). When IDPN was discontinued the
optic disk region reverted to normal (Fig. 2c).

Ultrastructural studies revealed axonal swellings filled with
neurofilaments in the optic disc region as early as 5 days after
intoxication. With continued intoxication more axons became
involved, and the neurofilament density and cross-sectional
caliber increased (Fig. 3).

Axonal transport studies were designed to evaluate slow
transport prior to the development of structural changes. Slow
axonal transport can be classified into two components.* In the
visual system, slow component (a) moves at a rate of 0.2
mm/day and includes neurofilament triplet proteins, tubulin
and associated proteins; slow component (b) moves at a rate of
2 mm/day and includes actin and other proteins.'*!*

The visual system of albino rats and guinea pigs was labelled
with 8 methicuine; 5-10 days later the animals were intoxi-
cated with IDPN and maintained on IDPN in drinking water for
the duration of the experiment. The animals were killed at

various time -t the ! cation and the visual system
processed for ; zs{s of fluorography.
Our results . - marked (50%) and selective impair-

ment in the =2
with no effecs
e

wport of neurofilament triplet proteins,
w «.nsport of tubulin or the microtubule
teins. Our studies, together with studies done
< of ransport impairment with IDPN intoxi-
+or system,' showed that the impair-
cior to the development of significant
z ;52 proximal axons.
Comparis. : Human Disease and Usefulness of the Model.:
This model 1s an attempt to reproduce the etiological
mechanizm™s und 1w human ODS. It is an answer to the
specific yu. -tion relaiing axonal transport interruption to pro-
duction of GDS. It is simple to produce, and can be developed
in primates and non-primates. This model has definitively
shown that a primary impairment in slow transport results in
ODS as defined by funduscopic and pathologic criteria.
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