























































































































Model No. 108 Reprinted from:
THE AMERICAN JOURNAL OF PATHOLOGY
83:3, 637640, June 1976

Periodontitis

Human Disease: Chronic Destructive Periodontitis (Periodontal Disease,
Pyorrhea Alveolaris, Pyorrhea)

Animal Model: Chronic Destructive Periodontitis in Marmosets

Contributed by: Barnet M. Levy, DDS, Dental Science Institute, University of Texas
Dental Branch, PO Box 20068, Houston, Texas 77025.

Biologic Features

Marmosets are small new-world primates of the family Callithricidae,
and are indigenous to the forested areas of tropical America, from Costa
Rica to northern Bolivia and southern Brazil. Members of the marmoset
genera (except Cebuella) weigh between 250 and 500 g at maturity.

The natural history of periodontal disease in the marmoset Callithrix
jacchus parallels that in man. The accumulation of bacterial plaque and
calculus on marmoset teeth is followed by the clinical signs of acute
gingivitis. This lesion is reversible by scaling and cleaning the teeth. If the
bacterial plaque is not removed, the gingivitis progresses through the
stages of chronic gingivitis and chronic periodontitis to chronic destruc-
tive periodontitis. The terminal stages of the disease in marmosets, as in
man, are characterized by mobility, drifting and tilting of the teeth,
collagen destruction, periodontal pocket formation, and massive loss of
supporting alveolar bone.

The histologic appearance of the early gingival lesion is typical of an
acute inflammatory response. The capillaries of the gingival lamina pro-
pria are dilated and engorged by polymorphonuclear leukocytes. Margi-
nation of granulocytes and a limited polymorphonuclear leukocytic infil-
trate are also noted. The gingival connective tissue infiltrate is
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phocytes and plasma cells are the predominant cellular infiltrate, whereas
in the marmoset lymphocytes and other monocytes predominate. With
the exception of the sparse plasma cell infiltrate, marmoset and human
periodontitis parallel each other in their clinical and histologic pathogen-
esis.
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Mode! No. 109 Reprinted from:
THE AMERICAN JOURNAL OF PATHOLOGY
84:1, 193-196, July 1976

Transplanted Malignant Tumors

Human Disease: Malignant Tumors

Animal Model: Homozygous nu/nu-Mice with Transplanted Human
Malignant Tumors

Contributed by: M. Spang-Thomsen, MD and J. Visfeldt, MD, PhD, University In-
stitute of Pathological Anatomy, DK-2100, Copenhagen 2, Denmark.

The model systems hitherto applied to the study of human cancers have
been based on transplantation of malignant tissue to immunologically
privileged sites, e.g., the cheek pouch in the Syrian hamster and the
anterior chamber of the eye in rats and guinea pigs, or to immunologically
incompetent host organisms, e.g., the chorioallantoic membrane of ferti-
lized hen’s eggs, newborn animals, and experimental animals in which the
immune response was suppressed by irradiation, cortisone treatment,
thymectomy and, more recently, administration of antilymphocyte and
antithymocyte sera.

However, all these tumor/host organism systems present disadvantages
of a biologic and/or technical nature. Only a few systems provide a
reasonable percentage of acceptance and, generally, only with a limited
possibility of serial transplantation through several passages. When using
models in which tumors can be maintained for several generations, the
biologic properties of the transplanted tumors will often change.

The Nude Mouse Model

The nude mouse is a mutant, homozygous for the recessive autosomal
gene nu. The first brief mention of the mutant was made in 1962.' In
1966, its lack of hair, short life-span, and poor fertility were described 2
and, in 1968, it was discovered that homozygote (nu/nu) mice are born
without a thymus.® The resultant immunologic incompetence of the cell-
mediated immune system permits acceptance of a wide range of hetero-
grafts: the nude mouse has been known to accept skin grafts from rats,
man, chickens, and from distantly related organisms such as reptiles and
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Availability

Nude mice with different genetic backgrounds are now bred in several
laboratories.!® It is fairly easy to rear nude mice, but they have a relatively
short life-span (4 to 6 months) under conventional conditions. Under
specific pathogen-free (SPF) or germfree conditions, survival can be
prolonged up to 8 to 10 and 18 months, respectively.
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Model No. 110

Von Willebrand’s Disease

Human Disease: Von Willebrand’s Disease

Animal Model: Porcine and Canine von Willebrand’s Disease

Reprinted from:
COMPARATIVE PATHOLOGY BULLETIN
9:1, 2, February 1977 '

Contributed b{) W. Jean Dodds, DVM, Associate Research Scientist,

Division of La
Health, Albany, New York 12201.

Biologic Features: Von Willebrand’s disease (VWD) is an
inherited bleeding disease of humans, Poland China swine, and
dogs (1-5). It has been recognized to date in five breeds of
dogs: German shepherds, miniature schnauzers, golden retriev-
ers, Scottish terriers and Doberman pinschers (6,7). A VWD-
like syndrome has recently been observed in a family of
randomly inbred chinchilla-Flemish giant rabbits (W. J. Dodds,
unpublished). The disorder is similar in each of these species.

Von Willebrand’s disease is characterized by prolonged
bleeding time; reduced coagulation factor VIII activity;
reduced, low-normal, or aberrant factor VIll-related antigen;
abnormal platelet retention in a glass bead column; defective
Ristocetin-induced platelet aggregation; overresponse of factor
VI activity levels after transfusion with normal plasma,
hemophilic plasma, or factor VIII concentrates, autosomal,
incompletely dominant inheritance with variable penetrance;
and a mild to severe bleeding diathesis. In some cases there is
also a short prothrombin consumption time.

The most frequently observed hemorrhagic complications
in animals are hematoma formation, intermittent lameness
from . periarticular bleeding, serosanguineous otitis externa,
melena (protracted bloody diarrhea), prolonged estrual bleed-
ing, bloody postpartum vaginal discharges, and prolonged or
even fatal bleeding after surgical procedures.

The clinical expression of the disease in all species varies
from mild to severe within the same family and between
families. In humans and dogs, it appears to become progres-
sively less severe with advancing age in both sexes and with
repeated pregnancies in females. In general, canine VWD is
characterized by low mortality but high morbidity. Because
VWD tends to be less clinically severe than hemophilia,
affected individuals ofteni survive to reproductive age. The
incidence of the disease, especially among inbred animal
populations, is thus rapidly increased and approaches 20% in
certain lines of show dogs.

Specific comparisons of the human and animal forms of
VWD indicate close analogy. The biologic features, inherit-
ance, and management and treatment aspects of VWD in

oratories and Research, New York State Depantment ot

animals are similar to those of affected humans. A recent,
intriguing preliminary study indicated that swine with VWD
are apparently resistant to the development of spontaneous
atherosclerosis (8). ‘
Usefulness of this Model: Since the original description of
porcine VWD in 1941 (1), studies with this model have
provided useful information about the analogous human
disorder. Among the more important findings are observations
on the von Willebrand’s stimulating factor, which elicits the
characteristic overresponse of VWD patients after transfusion;
on the karyotype of normal and affected swine and the
ultrastructure of their hemostatic plugs; on the failure of
splenectomy to abolish the factor VIII response to transfu-
sions in bleeder swine; and on the effectiveness of normal
hepatic allografts in correcting the factor V11l and/or bleeding
time defects of affected swine (5,8,9).

Studies with canine VWD have been more recent (2,5-7).
The major investigations have focused on a genetic analysis of
the progeny from three generations of affected dogs; isolation
and characterization of the factor VIII complex and factor
VlIl-related antigen of normal, hemophilic, and VWD dogs;
the effects of infusing highly purified human and canine factor
VIII into affected dogs; the formation and ultrastructure of
normal and VWD hemostatic plugs; platelet protein and
nucleotide content, and platelet and fibrinogen survivals
(5-7,10-12).

The true potential of these models has not yet been
realized. Among the more urgent problems to be investigated
are the nature and mechanism of the VWD response to
transfusion (by in vivo studies with radio-labelled factor VIII,
factor VIII-complex, and von Willebrand’s factor); the nature
of the factor VIIl-related antigen and von Willebrand’s factor
associated with endothelial cells, and the role of these
endothelial factors in both normal and defective hemostatic
plug formation.

Availability: Colonies of pigs with VWD are kept at the Mayo
Clinic and Mayo Foundation (Dr. E. J. W. Bowie and
colleagues), 200 First Street Southwest, Rochester, MN
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55901; and the Department of Pathology (Dr. K. M. Brink-
hous and colleagues), School of Medicine, University of North
Carolina, Chapel Hill, NC 27514,

Colonies of dogs and rabbits with VWD are kept at the
Division of Laboratories and Research (Dr. W. J. Dodds), New
York State Department of Health, Albany, NY 12201.

Acknowledgement: Supported in part by NIH Grant
HL09902, awarded by the National Heart and Lung Institute,
PHS/DHEW.
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Malignant Hyperthermia

Human Disease: Malignant Hyperthermia

Animal Model: Porcine Malignant Hyperthermia

Contributed by: T. E. Nelson, PhD, E. W. Jones, MRCVS, PhD, and l. L. Anderson,
BVSc, MS, College of Veterinary Medicine, Oklahoma State University, Stillwater,
Oklahoma 74074.

Biologic Features

Malignant hyperthermia (MH) is an abnormal response to anesthetic
agents which occurs in genetically susceptible strains of pigs among
various breeds including Poland China,' Landrace,? Pietrain,® and York-
shire.* The primary pathophysiologic event in MH is an hypermetabolic
state usually occurring with skeletal muscle rigidity. Once triggered, body
temperature rapidly increases (1 degree centigrade per minute), reaching
as high as 47 C.»® Anesthetic agents which trigger MH include several
potent inhalation anesthetics (such as halothane, enflurane, isoflu-
rane '**) and chloroform, diethylether, and cyclopropane.? Skeletal
muscle relaxants (e.g., succinylcholine) have been incriminated in some
cases® but not in others.® The etiologic factor(s) of MH remains unknown
but abnormal metabolic and contracture responses in vitro of MH muscle
to anesthetic agents incriminate abnormal skeletal muscle as the target
tissue.™® Evidence for a neural component in the etiology of MH has been
presented by La Cour et al.,’ who described both central and peripheral
nervous system abnormalities in human survivors of MH episodes. An
intact local spinal reflex has also been demonstrated to be necessary for
development of the porcine MH syndrome.!® Light and electron micro-
scopic observations of MH muscle revealed evidence for spcradic my-
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Model No. 112 Reprinted from:
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Alpha;-Antitrypsin Deficiency

Human Disease: Alpha, -Antitrypsin Deficiency

Animal Model: Round Heart Disease of Turkeys

Contributed by: F. Neumann, Dr Med Vet, PhD, Ruth Meirom, MSc, D. Rattner, MSc,
Z. Trainin, Dr Med Vet, U. Klopfer, Dr Med Vet, T. A. Nobel, Dr Med Vet, DTVM,
Kimron Veterinary Institute, Bet Dagan, PO Box 12, Israel.

Clinical Features

Turkeys affected with round heart disease (RHD) display respiratory
distress and growth retardation. The cardiac activity as investigated by
catheterization shows similar features to that observed in congestive cardi-
opathy in man.! The EKG shows a right ventricular dilatation,? and this
technique has been suggested as a useful method to screen affected
flocks.®

Death occurs mostly in poults aged 2 to 10 weeks. The mortality rate in
affected flocks may be 15 to 20%.* The morbidity rate is unknown.

Pathologic Findings

The heart and liver are always affected. The heart is enlarged, due to
dilatation of the right or both ventricles, and the wall of the dilated
ventricles is thinner than normal (Figure 1). The myocardium is flabby. In
older birds the endocardium is thickened and opaque. The subepicardial
coronary arteries are congested (Figure 2). The liver is enlarged, with
rounded borders. The parenchyma is hardened and grayish-brown. As-
cites is a common finding.

Interstitial myocarditis with mononuclear cell infiltration, muscle fiber
degeneration ® and, in older birds, an endocardial fibroelastosis are re-
ported.®® Therefore, Noren et al.” suggest the RHD of turkeys as a
suitable animal model for study of interstitial myocarditis with fibroelas-
tosis in man, as described by Hutchins and Vie.®
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tation in RHD has not been elucidated, but the same increased proteolytic
activity may be involved.

a,-Antitrypsin deficiency is a genetically controlled condition, and the
genetic aspects of RHD need further investigations.

Availability

Since Magwood and Bray '® reported the first case of RHD in Broad
Breasted White turkeys in Canada, the condition has been found in the
USA in the above strain *%® and in Nicholas strain.® We have found the
condition in the Nicholas strain, in miniturkeys imported from Holland,
and in the BUT strain.
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Ulcerative Colitis

Human Disease: Ulcerative Colitis

Animal Model:  Ulcerative Colitis Induced in Guinea Pigs With
Degraded Carrageenan

Contributed by: Miriam R. Anver, DVM, PhD, and Bennett J. Cohen, DVM, PhD, Unit
for Laboratory Animal Medicine, University of Michigan Medical School, Ann Arbor,
Michigan 48104,

Biologic Features

Oral administration of a 2 to 5% aqueous solution of degraded carragee-
nan to guinea pigs produced ulcerative disease in the large intestine with
clinical and pathologic features resembling human ulcerative colitis.

This experimental model was developed initially by Watt and Mar-
cus.'"* Carrageenan is a sulfated polygalactoside (molecular weight,
100,000 to 800,000) derived from the red seaweed Euchema spinosum.
Mild acid hydrolysis of this substance produces degraded carrageenan,
with a molecular weight of about 30,000. Degraded carrageenan is admin-
istered to guinea pigs (English short-hair albinos) in their drinking water
daily for 30 days. Sucrose (0.05 g/ml) can be added to the degraded
carrageenan solution to increase palatability.* The animals can be fed an
ascorbic acid-fortified commercial pelleted guinea pig diet during the
period of carrageenan administration.

Within 10 days after the start of administration of degraded carragee-
nan, the feces become very soft and loose; occult or visible blood is
detectable in the feces from the 20th to the 30th day. Weight loss and a
sharply flattened growth curve in young animals occur within several days
to 2 weeks after carrageenan administration is started.*

Pathologic Features

At the end of 30 days, virtually all animals have intestinal lesions.
Grossly, multiple pinpoint ulcers and hemorrhages are present in the cecal
and colonic mucosa **® (Figure 1). Innumerable white foci of varying sizes
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lymphocytes of healthy adults with a lipopolysacchride éxtract from
Escherichia coli (0119:B14). They postulated that E. coli (0119:B14) and
other intestinal bacteria may have shared antigens with host tissue con-
stituents.

Usefulness of the Model

The guinea pig model is readily reproducible, the lesions are similar in
many ways to human ulcerative colitis, and there is evidence that, as in
humans, Enterobacteriacae and the immune system * play an important
role in its development. Therefore, the model may be used to study
various aspects of pathogenesis of ulcerative lesions, systemic effects of the
syndrome, and types of therapy. It is highly unlikely that degraded
carrageenan plays any part in the natural history of human ulcerative
colitis, but it has been shown to cause ulcerative disease in a nonhuman
primate species, Macaca mulatta.**

Availability

The principal source of degraded carrageenan is Laboratoires Glaxo
S.A., Paris, France.
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Osteosarcoma

Human Disease: Osteosarcoma, Osteogenic Sarcoma

Animal Model: Moloney Sarcoma Virus-induced Osteosarcoma

in the Rat
Contributed by Harry M. Olson, DVM and Charles C. Capen, DVM, PhD, De-
Bartmem of Pathobiology, College of Veterinary Medicine, The Ohio State
niversity, 1925 Coffey Road, Columbus, OH 43210.
Biologic Features: Osteosarcomas were induced by the intra- w2

tibial inoculation of New Zealand black rats with a standard
preparation of Moloney sarcoma virus (MSV) at 1 day and 4
days of age. Tumor incidence in litters of inoculated rats
averaged over 80% with radiographic evidence of osteosarcoma
development first demonstrated at 10 to 15 days post-
inoculation (pi) in both groups. Radiographic, light and
electron microscopic evaluation of tumor-bearing rats demon-
strated that osteosarcomas in rats inoculated at day 4 of age
were. more osteoproliferative osteosarcomas than in rats
inoculated on day 1 (1,2).

Rats inoculated at 4 days of age lived longer, had more
slowly growing osteosarcomas, and had a consistent tumor-
associated cachexia compared to tumor-bearing rats inoculated
at 1 day of age. Metastases to lungs, sublumbar lymph nodes,
or both were observed in over 93% of tumor-bearing rats in

both groups (2). N -,,_.r‘-’\. . N
Radiographic and microscopic evaluation of osteosarcomas o N : N i - oA el

: 7 g. 2. Osteosarcoma at day 40 pi from a rat inoculated at 4 days of age.

In rats }nocu‘lated on dfay 4 of age demonstratgd the Large, pleomorphic neoplastic cglls (arrow) adjacent to osleoblgsuc ceﬂls

osteoproliferative nature of these tumors. By day SO pi, these that line osteoid spicules (arrow-head) X315.

neoplasms averaged over 1.5 cm in diameter and appeared

t i di hically (Fig. 1). Histologically, th
osteogenic  radiograp y (Fig. 1) ofglca Y ese osteosarcomas had large areas of osteoid and mineralized

matrix with both pleomorphic and well-differentiated bone
cells interspersed throughout the stroma (Fig. 2). Conversely,
rats inoculated at day 1 of age developed osteosarcomas that
were radiolucent with fine interspersed dense foci. Histolog-
ically, these neoplasms were densely cellular, composed of
large pleomorphic tumor cells with smaller isomorphic cells
interspersed between the spicules of osteoid.

Ultrastructural studies of osteosarcomas in rats inoculated
with MSV on day 4 of age revealed numerous C-type virus
particles budding from the plasma membrane of neoplastic
cells (Fig. 3). Osteosarcomas were composed of large numbers
of well-differentiated osteoblastic cells with linear arrays of
rough endoplasmic reticulum, Golgi apparatus, mitochondria
and a large ovoid nucleus. These metabolically active cells were
surrounded by osteoid matrix (Fig. 4). Other cells in these
neoplasms had dilated endoplasmic reticulum containing a
finely granular material, numerous microtubules and microfila-

Fig. 1. Radiograph of an osteosarcoma at
50 days pi in the right tibia of a rat inocu-
lated wilﬁ MSYV at 4 days of age. Osteopro-
literative neoplasm has lysed the tibial cor-
tex and expanded outward from the mar- »:

row space X1.25.
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ments interspersed throughout the cytoplasm, and intercellular
tight junctions or zonula occludens. Multinucleated giant cells
were observed occasionally, containing multiple randomly-
distributed nuclei, numerous mitochondria, and a sparse
endoplasmic reticulum.

Fine structural evaluation of osteosarcomas in rats inocu-
lated at 1 day of age revealed many poorly differentiated cells
with an irregular villous cell membrane, scattered mitochon-
dria, dilated profiles of rough endoplasmic reticulum, scattered
free ribosomes, and one or more nuclei. A spectrum of other
tumor cell types was observed, including osteoblastic cells with
an ovoid nucleus, dilated profiles of endoplasmic reticulum,
and an irregular plasma membrane surrounded by osteoid.

Evaluation of biochemical parameters at 10-day intervals
from 30 days to 80 days pi showed that tumor-bearing rats
inoculated at 4 days of age had consistent elevations in both
urinary hydroxyproline excretion and serum alkaline phos-
phatase levels, indicating rapid turnover of bone matrix (2).
Serum calcium values were also significantly increased com-
pared to controls at most time points (2). These data support
the morphological interpretation that osteosarcomas in rats
inoculated at 4 days were more osteoproliferative compared to
tumor-bearing rats inoculated at 1 day of age. Differences
between these groups may be related to the exposure of a
more differentiated population of bone cells in older rats (4
days old) to the MSV compared to rats inoculated at day 1.

Seq i
Fig. 3. Electronmicrograph :e
showing C-type viral particles i ¥
budding trom the plasma mem- " S e
brane Into the lacunar space of r‘?,‘aqé tis o,
an osteocyte from an osteosar- ; "~ f ?’ 0
coma. M = mineralized matrix &g& D

X43,700. : *

Comparison with Human Disease: Osteosarcomas in man and
in this experimental animal model are characterized by rapid
growth with a high incidence of metastases in predominately
young individuals. Both osteosarcoma patients and MSV-
inoculated (day 4 of age) tumor-bearing rats develop tumor-
associated cachexia, elevated urinary hydroxyproline excretion
and elevated serum alkaline phosphatase levels (1-3). Hyper-
calcemnia associated with human osteosarcoma is not fre-
quently observed, and this may be related to surgical and other
therapeutic measures used in treatment of the disease.

Usefulness of this Model: There has been recent interest in
animal models of osteosarcoma, since the mortality rate of this
disease in man remains high in spite of current therapeutic
regimens. Other models have been induced by the intravenous
or intraperitoneal inoculation of the inciting agent resulting in
multicentric osteosarcomas and the development of sarcomas
in tissues other than bone after a long latent period (4-6). This
murine model of osteosarcoma features a discrete, manipulable
neoplasm, occurring with a high incidence following a brief

Fig. 4. Electromicrograph of osteablastic cells from osteosarcoma at 37
days pi in a rat inoculated at day 4. Mature cells contain linear arrays of
rough endoplasmic reticulum, scattered mitochondria, lysosomes and
cytoplasmic extensions (arrow-heads), and there is a prominent mineraliza-
tion front (M) X8,500.

latent period, which can be subjected to numerous evaluation
procedures. Investigations of autochthonous tumor responsive-
ness in this model (7) and its relationship to the tumor-specific
immune response in patients with osteosarcoma (8) have been
published. The MSV-induced osteosarcoma in the rat should
be a valuable animal model to investigate the biological
behavior of osteosarcoma and to evaluate new therapeutic
regimens.

Availability: Osteosarcomas induced by the intratibial inocula-
tion of MSV have been produced in several strains.of rats (New
Zealand black, Wistar-Lewis, Fischer), The MSV is available
through Dr. John B. Moloney, Viral Oncology, National
Cancer Institute, NIH, Bethesda, MD 20014,
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Urinary Bladder Carcinoma Due to Schistosoma Haematobium

Human Disease: Carcinoma of the Urinary Bladder in
Schistosoma haematobium Infection

Animal Model: Proliférative Urothelial Lesions in Nonhuman Primates
Infected with Schistosoma haematrobium

Contributed by: Allen w. Cheever, MD, Laboratory of Parasitic Diseases, National
Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda,
Maryland 20014; Robert E. Kuntz, PhD, and Jerry A. Moore, MS, Department of
Parasitology, Southwest Foundation for Research and Education, San Antonio,
Texas 78284, and George T. Bryan, MD, PhD, and Raymond R. Brown, PhD,
Department of Human Oncology, University of Wisconsin Center for Health Sci-
ences, Madison, Wisconsin 53796.

Biologic Features

Schistosoma haematobium is a helminth parasite of man which is
widespread throughout Africa and the Middle East. Adult worms, about 1
cm in length, typically reside in venules draining the urogenital organs.
Eggs laid by the worms are either carried into the lungs or trapped locally
in small venules, from which they pass through the wall of the bladder or
ureter to reach the urine. Tissue damage is caused mainly by host reaction
to eggs trapped in the tissues. Carcinoma of the bladder is frequently
associated with urinary schistosomiasis, although a causal relationship has
not been firmly established.!

Although the range of animals susceptible to S. haematobium is re-
stricted, several primate species are adequate experimental hosts 2* and
hamsters can also be infected. Granulomatous and diffuse exudative in-
flammatory response to schistosome eggs produces an acute and chronic
cystitis and ureteritis. In man ! and experimental animals,?® cystitis and
ureteritis glandularis and cystica are frequently present. In some species,
most notably in capuchin monkeys (Cebus apella), multifocal papillary
urothelial lesions have developed 6 months to 2 years after infection *
(Figures 1 and 2). The bladder epithelium in the papillary lesions
(Figure 3) is markedly thickened, and nodules of proliferating cells
are seen beneath the mucosa (Figure 4). The lesions are composed of well-
differentiated transitional cells exhibiting only slight nuclear pleomorph-
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bladder epithelium is well known, and other unknown factors may in-
fluence the squamous differentiation of these tumors in man.
Usefulness of the Model

Proof of the causal relation of urinary schistosomiasis to human bladder
cancer has not yet been obtained. If the lesions in monkeys can be shown
to be cancers, this model will offer substantial support to the data from
human cases. The model should prove useful in studying the pathogenetic
role of urinary metabolites (e.g., tryptophan derivatives) and viral in-
fection in the development of bladder cancer, and it appears to be the
only experimental system in which such studies can be done without the
administration of known chemical carcinogens. Regarding tryptophan_
metabolism, Khalafallah and Abul-Fadl® and Abdel-Tawab et al.” re-
ported that humans infected with S. haematobium excreted- elevated
urinary levels of several tryptophan metabolites thought to be involved in
the etiology of bladder cancer. Our studies indicate that infected capuchin
monkeys excrete elevated levels of 3-hydroxykynurenine and 3-hydroxy-
anthranilic acid when compared with uninfected control animals.? In this
regard, the monkey-S. haematobium system resembles that of humans.
Finally, this model may be useful in examining the natural history of
papillary lesions of the urinary bladder.
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Adenosis and Clear-Cell Carcinoma of the Vagina and Cervix

Human Disease: Adenosis and Clear-Cell Carcinomas of Vagina and Cervix

Animal Model: Estrogen-Induced Adenosis of Vagina and Cervix in Mice

Contributed by: John-Gunnar Forsberg, MD, Institute of Anatomy, Arstadvollen,
Bergen, Norway.

Biologic Features

Beginning in the late 1940s, nonsteroidal estrogens (diethylstilbestrol,
hexestrol, dienestrol) were commonly used in the United States for the
treatment of high-risk pregnancies. In the period 1965-1970, an increase
was noted in the incidence of clear-cell adenocarcinomas (CCA) of the
uterine cervix and vagina in young female offspring. In 1971, a close
association was demonstrated between ingestion of diethylstilbestrol
(DES) by the pregnant mother and development of CCA in the offspring.!
The risk of developing CCA seems to be low in the exposed population
and is estimated to be less than 4 in 1000.% Both the incidence of CCA and
type of tumor may change when the population grows older.®*

About two-thirds of the CCAs have arisen in the vagina, especially in its
upper and middle thirds, and one-third in the cervix.?® The histologic
picture is dominated by solid, cystic, and tubular patterns; the dominating
cell type is a clear, hobnail-shaped cell.®* Nonneoplastic changes associated
with CCA are, e.g., cervical erosion and vaginal adenosis (97% for vaginal
and 52% for cervical CCA?). In the whole population exposed to DES, the
incidence of adenosis is about 30% or even much higher.®® This condition
is uncommon in unexposed women.’

Animal Model

Changes similar to those described in women can be induced in mice by
neonatal estrogen treatment. Female mice belonging to a closed colony of
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species the glandular structures contain cells similar to those in the
endometrial epithelium, and in both species adenosis is accompanied by
an inflammatory reaction.® The hobnail cells, typical of CCA and resem-
bling Arias-Stella cells of pregnancy, have not been observed in the
mouse.

Usefulness of the Model

The animal model allows experimental analysis of different important
factors: the cell differentiation process in the cervicovaginal epithelium,
factors responsible for the difference in response to estrogen between the
Miillerian cervicovaginal epithelium and the uterine epithelium, and
factors influencing the fate of adenosis.
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Niemann-Pick Disease

Human Disease: Niemann-Pick Disease Type C

Animal Model: Mouse Niemann-Pick Disease

Contributed by: M. Adachi, MD, B. W. Volk, MD, and L. Schneck, MD, Isaac Albert
Research Institute of the Kingsbrook Jewish Medical Center, Rutland Road and
East 49th Street, Brooklyn, New York 11203.

Biologic Features

Niemann-Pick disease occurs spontaneously in mice from a breeding
colony of FM mice. The mode of inheritance appears to be autosomal
recessive.’

Clinical and Pathologic Features

The affected animals become noticeably thin at 10 weeks. They con-
tinue to lose weight, become hunched, and their activity decreases. Death
usually occurs within the first 6 months of life.

The characteristic histopathologic lesions are seen in the hepatocytes
(Figure 1) and the reticuloendothelial cells of the spleen, thymus, Peyer’s
patches, and mediastinal lymph nodes which contain cytoplasmic vacu-
oles and are enlarged to various degrees.'® The material is strongly
positive with acid hematein (Figure 1) and Nile blue stains, while it
displays moderate reactions with Luxol fast blue, periodic acid-Schiff, and
acid phosphatase preparations.? The Kupffer cells in the liver and macro-
phages in other viscera exhibit sudanophilic granules which are strongly
positive with acid phosphatase preparations.? The central nervous system,
on the other hand, shows neither any visible cytoplasmic inclusions in the
neurons nor other alterations in neurons and glial cells with various
histochemical preparations.

Ultrastructurally, the liver shows an electron-lucent material in the
hepatocytes which is mixed with loosely arranged membranes or moder-
ately electron-dense bodies (Figure 2). A similar material can be observed
in the reticuloendothelial cells of the spleen, thymus, and Peyer’s patches,
while the Kupffer cells and macrophages contain markedly electron-dense
For reference citation — Adachi, M., Volk, B. W, and Schneck, L.: Niemann-Pick Disease Type C,
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Model No. 118

Tibial Hemimelia

Human Disease: Tibial Meromelia

Animal Disease: Tibial Hemimelia in Galloway Cattle

Reprinted from:
COMPARATIVE PATHOLOGY BULLE'I IN
9:2, 2, May 1977

Contrlbuted by H. W. Leipold, Dr med vet, PhD, M. M. Gufly, DVM, MS and
J. VM, PhD, Department of Patholo y, and Depanmenl of
Surgory and Medlclne, Col 5326 of Veterinary Medicine, Kansas State

Unlversity, Manhattan, KS 66

Biologic Features: Tibial hemimelia has been described in
Galloway calves of both sexes in the United States (2,3) and a
single calf in Scotland (4). The bilateral agenesis of the tibial
side of the limb which is observed in Galloway calves is similar
to tibial meromelia described in humans (1). Calves with tibial
hemimelia are born full-term and alive. Galloway calves af-
fected with tibial hemimelia are unable to use the rear limbs
and do not survive under ranch or farm conditions.

Radiographic and detailed osteologic studies reveal the
following deficiencies in the skeletal system of Galloway calves
affected with tibial hemimelia (2,3). The condition has vari-
able degrees of expressivity upon the tibial and femoral
structures. In the slightest degrees observed in a few calves the
tibias are shorter than normal, there is agenesis of the patella,
and the distal joint surface of the femur develops a single
trochlear surface without further subdivision into medial and
lateral trochlea, Affected calves have bilateral agenesis of the
tibia (Fig. 1). The femurs have a distal trochlea and the patella
is rudimentary or absent. In addition, the skeleton typically
has defects in the pelvic girdle and the cranium. The symphysis
of the pelvis remains open. This defect is present in all calves
including those having a short tibia. With one documented
exception, all calves had cranioschisis ranging from an opening
of .25 ¢cm to 1.0 cm in diameter.

Other pleiotrophic effects of genes causing tibial hemimelia
in Galloway calves included small meningoceles ranging from
.25 c¢m to 2 ¢m in diameter. The brain has in many cases a
moderate to marked internal hydrocephalus. In addition to the
systems discussed above the reproductive system and abdom-
inal muscles have varying degrees of involvement. All calves
with tibia] hemimelia have ventral abdominal hernia (Fig. 2).
There are various defects in the reproductive system including
cryptorchidism in males and persistence of the Mullerian ducts
in females. A breeding trial conducted at Kansas State Uni-

. 1. Radloﬂraph of hind legs of neonatal Galloway call atfected with
[

tlb al hemImelia Notlce bliateral agenesis of tibla (arrows).

versity plus data collected on field cases indicate that tibial
hemimelia in Galloway Cattle is due to homozygosity of a
single autosomal recessive gene with variable expressivity upon
the tibial structure (usually bilateral agenesis) with pleio-
trophic effects upon central nervous, reproductive and skeletal
muscular system.

Comparison with Human Disease: The radiologic and morpho-
logic osseous changes in Galloway calves are similar to those
reported for hereditary tibial meromelia in man. Tibial mero-
melia (congenital absence of the tibial side of the lower limb)

For reference citation — Leipold, H. W., Guffy, M. M. and Cook, J. E.: Tibial Hemimelia, Model
No. 118. In Handbook: Animal Models of Human Disease. Fasc. 6. Edited by T. C. Jones, D. B.
Hackel and G. Migaki. Registry of Comparative Pathology, Armed Forces Institute of Pathology,
Washington, DC (1977) 2p.



Fig. 2. Neonatal Galloway calif aftected with tiblal hemimella. Notice ven-
tral abdominal hernia and abnormal shortness and positioning of hind legs.

has been reported in man as an autosomal dominant trait.
Meromelia denotes congenital absence of any part of the limb
(as seen in adactyly, hemimelia or phocomelia) as opposed to
amelia or absence of an entire limb.

Usefulness of this Model: Cattle heterozygous for tibial hem-
imelia are available in modest numbers for genetic, patho-

genetic and embryologic studies. The afflicted calves are much
larger than most laboratory animals and are easy to dissect; the
bone density and size are excellent for radiographic studies.
Blood and other fluids are easily accessible and available in
reasonable quantities. With proper care the calves will survive
for reasonable periods of time necessary for extensive clinical
evaluations.

Availgbility: A small herd of Galloway cattle is now in
residence at the Animal Resources Facility of the College of
Veterinary Medicine at Kansas State University. Frozen semen
from a bull heterozygous for tibial hemimelia is also available.
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Muscular Dystrophy

Human Disease: Muscular Dystrophy

Animal Model:  Muscular Dystrophy of Mink

Contributed by: G. A. Hegreberg, DVM, PhD, S. L. Norton, PhD, and J. R. Gorham,
DVM, PhD, Department of Veterinary Pathology, College of Veterinary Medicine,
Washington State University, and Agriculture Research Service, US Department of
Agriculture, Pullman, Washington 99163.

Biologic Features

An amyotonic form of muscular dystrophy of mink has been identified
recently.’* Mink affected with this form of muscular dystrophy display a
slowly progressive and generalized degeneration of skeletal muscle. The
disorder is manifested as early as 2 months of age, and we have main-
tained affected mink as old as 3 years of age. Initially, an unsteady gait
signals the locomotor dysfunction. When palpated, the muscles are flac-
cid. Atrophy is apparent in the skeletal muscles of the pectoral and pelvic
limbs, particularly the larger proximal muscles. Heads of the affected
mink appear narrowed due to atrophy of the temporal muscles.

The muscular dystrophy of mink is transmitted as an autosomal reces-
sive trait.* The parent stock displays no clinical or pathologic involvement.

The affected mink have significantly elevated levels of activity of sev-
eral muscle enzymes in the serum, including creatine phosphokinase
(CPK), aldolase, and glutamic oxalacetic transaminase (GOT), and have
significantly depressed levels of urinary creatinine with elevated urinary
creatine/creatinine ratios when compared to controls.?

Microscopic changes are evident in the skeletal muscles of all affected
mink.! One striking histologic change is the variation in diameter size of
the transversely sectioned muscle fibers (Figure 1). In transverse section,
many skeletal muscle fibers are enlarged and show hyaline degenerative
change. Fewer fibers show floccular change, a change which often occurs
in a random manner without apparent involvement of adjacent fibers.
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pathogenesis of human muscular dystrophies, but have also provided
material for experimental study which was often not readily available
from human cases. The use of an animal genetic model of a human disease
has the obvious advantage of providing a greater degree of freedom for
manipulation of a naturally occurring disease than is afforded to those
investigators studying similar disease processes in human beings.
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Lead Nephropathy

Human Disease: Acute and Chronic Lead Nephropathy

Animal Model:  Lead Nephropathy in Gerbils Following Short-
and Long-Term Administration of Lead Acetate

Contributed by: Curtis D. Port, DVM, PhD, IIT Research Institute, 10 West Thirty-fifth
Street, Chicago, lllinois 60616.

Biologic Features

Although the most commonly used laboratory animal for the study of
the toxicity and cellular effects of lead has been the rat,*¢ it has disadvan-
tages as a model. The rat is afflicted with spontaneous enzootic pneumonia
and progressive nephropathy, and tumors of the kidney are induced by
the administration of lead.®® Short- and long-term lead administration
studies ® suggest that the Mongolian gerbil (Meriones unguiculatus)
may be a more useful model to study acute and chronic cellular effects of
lead in the human.

Gerbils fed diets containing 1.0% lead for 2 weeks had approximately
three times as much lead in the kidney as did rats fed the same diet (Table
1). After 12 weeks on diets containing 0.5% lead or 0.25% lead, the
amount of lead present in the gerbil kidneys was four to six times greater
than that in the rats.

The kidneys from gerbils fed a diet containing 0.25% lead acetate were
examined histologically at 2-week intervals for 12 weeks. Intranuclear
inclusions were first noted in the epithelial cells of the proximal con-
voluted tubules near the medullary junction at 4 weeks. Approximately
two inclusions per high-power field were counted. After 12 weeks of
treatment, 50 inclusions per high-power field were present. The inclusions
in some nuclei were very large, and some nuclei contained multiple
inclusions. A gradual increase in the number of tubules that were either
devoid of epithelium of contained only a few lining cells was noted. At 12
weeks of treatment, this corticomedullary area of empty-appearing tu-
bules had become prominent (Figure 1).

Transmission electron microscopy confirmed the increase in number
and size of nuclear lead inclusion bodies over the 12-week period. At 10 to

For reference citation — Port, C. D,: Acute and Chronic Lead Nephropathy, Model No. 120. In
Handbook: Animal Models of Human Disease, Fasc. 6. Edited by T. C. Jones, D. B. Hackel and
G. Migaki. Registry of Comparative Pathology, Armed Forces Institute of Pathology, Washington,
DC (1977) 4p.



. Table 2—Mean Hematologic Values of the Animals Killed at 30 Months

RBC wBC

Hgb (X 10°cu  (X10%cu  HCT MCH MCV

Group Sex N (g/100) mm) mm) (%) (z9) (cu u)
Lead 0.25% F 2 9 6 1 32 16 54
Lead 0.125% M 2 11 7 11 38 15 53
F 3 9 6 8 32 14 52
Control M 2 11 5 8 38 22 79
F 1 14 7 6 47 21 68

suitable to study the effects of small quantities of lead on kidney cellular
function.

The requisite for an animal model to study chronic lead poisoning is
apparent because the nature of the delayed effects, especially in regard to
chronic nephritis, remains controversial.!"*'* The chronic nephropathy
and microcytic hypochromic anemia resulting from the long-term ad min-
istration of lead to the gerbil are comparable to those observed in man.
These findings indicate that the gerbil may be a useful animal model to
study chronic lead poisoning in man.
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HANDBOOK: ANIMAL MODELS OF HUMAN DISEASE

Abiotrophy, hereditary, neuronal, 99
Acrylonitrile, induced adrenal apoplexy, 101
Adenocarcinoma, clear-cell in mice, 116
DMH-induced in colon of rats, 42
endometrial, in aged rabbits, 21
Adenosis, vagina and cervix, 116
Aflatoxin, 35, 36
African swine fever, 23
Agammaglobulinemia, Swiss-ty pe, 83
Agenesis, bilateral, of tibia, 118
renal, due to hypervitaminosis A, 13
sacrococcygeal, 16
Alcoholic fatty liver, 30, 50
Aleutian mink disease, 23, 33
Alphaj -antitrypsin deficiency, 112
Amyloidosis, 17
Anemia, equine infectious, 63
hemolytic, 62
hemolytic, inherited, 7, 41
hemolytic, viral induced, 63
Anencephaly, due to hypervitaminosis A, 13
Angiostrongylus cantonensis, 79
Anomalies (See also Malformations)
aganglionic megacolon, 71
congenital, due to hypervitaminosis A, 13
deafness, 34
dysraphism, spinal, 88
in Manx cat, 16
of facioskeletal structures, 34
pigmentary, in cat, 34
sex chromosome, 5
syndactyly, 90
testicular feminization, 61
tibial hemimelia, 118

Antihemophilic factor, (AHF), deficiency of,
12

Anus, imperforate, due to hypervitaminosis A,
13

Apoplexy, adrenal, acrylonitrile-induced, 101
Arteritis, 33
Arthritis, due to Mycoplasma, 46
juvenile, rheumatoid, 92
rheumatoid, 46, 92
Asthenia, canine cutaneous, 73
Autoimmune disease, 40
Autosomal trisomy, 65

Avian reovirus disease, 66

Birth defects, of central nervous system, 55

Index to Fascicles 1—6
Numbers refer to Model Numbers

Bluetongue-vaccine-virus infection, in lambs, 15
Bronchitis, chronic, 96

Calcification, cerebral, due to cytomegalovirus,
84

Calf, newborn, induced diarshea in, 75
sacrococcygeal agenesis in, 16
spina bifida in, 16

Campylobacter (Vibrio) fetus, 72
Cancer, breast, 54
Capillaria hepatica, 105

Carcinoma, clear-cell vagina and cervix, 116
embryonal, 10
hepatocellular, 35, 36
medullary thyroid, 43, 102
urinary bladder, due to Schistosoma haema-
tobium, 115

Cardiomyopathy, 28, 49
Cardiopulmonary disease, 31
Carrageenan-induced ulcerative colitis, 113

Cat, amyloidosis in, 17
deafness in, 34
gammopathies in, 57
globoid cell leukodystrophy in, 9
male, tortoiseshell, 5
Manx, sacrococcygeal agenesis in, 16
Manx, spina bifida in, 16
pigment abnormalities in, 34
porphyria in, 6
retinal degeneration in, 45
Siamese, GM, gangliosidosis in, 52

Cattle, Angus, mannosidosis in, 44
Angus, pseudolipidosis in, 44
Aryshire, lymphedema in, 24
Friesian, cerebrospinal lipidosis in, 87
Friesian, GM gangliosidosis in, 87
Galloway, tibial hemimelia in, 118
hereditary syndactyly in, 90
lymphosarcoma in, 56
medullary thyroid carcinoma in, 43
pancreatolithiasis in, 37
porphyria in, 6
venereal vibriosis in, 72

Cervix, adenosis of, 116
clear-cell carcinoma of, 116

Chicken, muscular dystrophy in, 22, 51
obese strain (OS), 85
thyroiditis in, 85

Chimpanzee, Down’s syndrome in, 25
Escherichia coli infection in, 100
gonorrhea in, 97

Cholelithiasis, 74

Christmas disease, 12

Chromosome, sex, anomalies, §

Cirrhosis, in lipotrope-deficient rats, 50

Cleft lip, due to hypervitaminosis A, 13
Cleft palate, due to hypervitaminosis A, 13

Colitis, ulcerative, induced with degraded carra-
geenan, 113

Coonhound paralysis, 1

Cor pulmonale, 31
Creutzfeldt-Jakob disease, 20, 33
Crigler-Najjar syndrome, 26
Cushing’s disease, 89

Cushing’s syndrome, 89

Cyclic neutropenia, 32

Cystic fibrosis, 14
Cytomegalovirus, 84

Deafness, congenital, in cat, 34
Defects, birth, of central nervoué'system, 55

Deformities, reduction of extremities in thalid-
omide syndrome, 29

Diabetes
107

insipidus, hereditary hypothalamic,

Diabetes mellitus, 70, 81, 106
Diarrhea, infantile, 75

Disease, Aleutian mink, 23, 33
autoimmune, 40
avian reovirus, 66
cardiopulmonary, 31
Cushing’s, 89
Hirschsprung’s, 71
immunoproliferative, 63
Krabbe’s, 9
Lafora’s, 18
Marek’s, 23
Milroy’s, 24
Niemann-Pick, 117
periodontal, 108
round heart, 49, 112
varicella-like, 69
viral, antigenic modulation, 63
von Willebrand’s, 110
Werdnig-Hoffman, 99

Dog, Alaskan malamute, anemia in, 41

amyloidosis in, 17

coonhound paralysis in, 1

Cushing’s-like syndrome in, 89

cyclic neutropenia in, 32

distemper-associated demyelinating en-
cephalomyelitis in, 68

Ehlers-Danlos syndrome in, 73

gammopathies in, 57

globoid cell leukodystrophy in, 9

gly coproteinosis in, 18

GM, gangliosid osis in, 39

hemophilia in, 12

hypervitaminosis A in, 13

Lafora’s disease in, 18



lymphedema in, 24
saccrococcygeal agenesis in, 16
Shetland sheepdog, rheumatoid arthritis in,
92
spina bifida in, 16
Swedish Lapland, hereditary neuronal abio-
trophy in, 99
syndactyly in, 90
systemic lupus erythematosus in, 27
von Willebrand’s disease in, 110
Weimaraner, spinal dysraphism-syringo-
myelia in, 88
Down’s syndrome, 25
Dubin-Johnson (Sprinz-Nelson) syndrome, 2
Duck, amyloidosis in, 17

Dysentery, bacillary, 86
Shigella, 86

Dysgammopathies, 33

Dysraphism, spinal, 88

Ehlers-Danlos syndrome, 73
Endocardial fibroelastosis, 31, 49
Endocarditis, bacterial, 4
Endometriosis, 80

Epilepsy, myoclonus, 18

Equine infectious anemia, 23
Escherichia coli, 75, 100

Exencephaly, in mice with trisomy 12, 65
Factor VIII (antihemophilic factor), 12

Factor 1X (plasma thromboplastin component
factor), 12

Fatty liver, 30, 50

Ferret, effects of methylazoxymethanol acetate
on brain development of, 55

Fetal death, 65
Fetal growth retardation, 64
Fish, carp, diabetes mellitus in, 106
platy/swordtail hybrids, malignant mela-
noma in, 98
rainbow trout, hepatocellular carcinoma in,
36

Fly, Drosophilia melanogaster, neuroblastoma
in, 95

‘Fructose intolerance, heriditary, 58

Gallstone, cholesterol, 74

Gammeopathies, monoclonal, 57

Gerbil, mongolian, lead nephropathy in, 120
Gilbert’s syndrome, 8

Globoid cell leukodystrophy, 9

Glomerulitis, immunologically mediated, 63
Glomerulonephritis, immunologically mediated,

33
viral, 19

Glutathione synthetase deficiency, 94
Glycoproteinosis, neuronal, 18

GM gangliosidosis, in cats, 52
Type 11, in cattle, 87

GM3 gangliosidosis in dogs, 39
in pigs, 104

Goat, transmissible mink encephalopathy in,
20

Gonorrhea, 72, 97
Granuloma, egg, due to Capillaria hepatica, 105

Guillain-Barre syndrome, 1

“Guinea pig, hypervitaminosis A in, 13

ulcerative colitis, carrageenan-induced, 113
Hamster, golden, hypervitaminosis A in, 13
lymphocytic choriomeningitis in, 23
muscular dystrophy in, 51
Syrian, benzo(a)pyrene-induced tumors in,
53
Syrian, cardiomyopathy in, 28
Syrian, muscular dystrophy in, 22
transmissible mink encephalopathy in, 20
Hemimelia, tibial, 118
Hemophilia A, 12
Hemophilia B, 12

Hepatitis, active, chronic, 76
infectious, 33

Hirschsprung’s disease, 71
Hog cholera, chronic, 19
Horse, anemia in, 63
combined immunodeficiency in, 83
lymphosarcoma in, 56
Hydranencephaly, 15, 55

Hydrocephalus, congenital communicating, 38

Hydrocephaly, due to vitamin A deficiency, in
rabbits, 38

Hydronephrosis, due to hypervitaminosis A, 13
Hyperadrenocorticism, 89

Hyperbilirubinemia, congenital, 2, 8, 26
Hypercortisolism, 89

Hyperlipidemia, Type 4, 91

Hypertension, 91
pulmonary, 31

Hyperthermia, malignant, 111

Hypertrophy, bronchial gland, isoprenaline-in-
duced, 96

Hypervitaminosis A, 13

Hypoplasia, cerebellar, 55
Immunodeficiency (severe), combined, 83
Immunoproliferative disease, 23

Impairment, developmental, 65

Infection, central nervous system, 79
persistent viral, 63

Jaundice, obstructive, 77

Kernicterus, 26

Klinefelter’s syndrome, §

Krabbe’s disease, 9

Kuru, 20, 33

Lafora’s disease, 18

Lamb, bluetongue-vaccine-virus infection in, 15
Lead poisoning, 11, 120

Leukemia, 56
lymphocytic, 60

Leukosis, 56
Lipidosis, cerebrospinal, 87
Lipodystrophy, cerebrospinal, porcine, 104

Lipo-proteinosis, pulmonary alveolar, 67
silica-induced, 67

Lissencephaly, 55
Lithiasis pancreatica, 37

Liver, alcoholic fatty, 30, 50
Lymphedema, congenital hereditary, 24

Lymphocytic choriomeningitis, 23

Lymphoma, Burkitt’s, 60
malignant, 56
malignant, herpesvirus-induced,
human primates, 60
malignant, in rabbits, 60

in non-

Lymphosarcoma, 56
Malaria, 78
Malformations (See also Anomalies)
cerebral due to bluetongue-vaccine-virus in-
fection, 15
congenital, brain, 55
congenital, of viral etiology, 15
due to thalidomide, 29
Malignant lymphoma, 56, 60
Mannosidosis, 44
Marek’s disease, 23
Medulloblastoma, 95
Medulloepithelioma, 95
Megacolon, aganglionic or hypoganglionic, 71
Melanoma, malignant, 98
Meningoencephalitis, due to Naeglerig, 48
eosinophilic, due to Angiostongylus canto-
nensis, 79

Meromelia, tibial, 118

Methylazoxymethanol acetate, effects on
brain development, 55

Mice (See Mouse)



Micrencephaly, 55

Micrognathia, due to hypervitaminosis A, 13
Microphthalmia, due to hypervitaminosis A, 13
Milroy’s disease, 24

Mink, Aleutian disease of, 23, 33
Ehlers-Danlos syndrome, in, 73
encephalopathy of, 20
muscular dystrophy in, 119

Mongolism, 25

Monkey (See also Primate, nonhuman)
Brazilian squirrel, cholelithiasis in, 74
diabetic syndrome in, 81
hemolytic anemia in, 62
howler, 2
hypervitaminosis A in, 13
lymphocytic choriomeningitis in, 23
owl, malaria in, 78
patas, varicella-like disease in, 69
rhesus, endometriosis in, 80
shigellosis in, 86
toxoplasmosis in, 3
transmissible mink encephalopathy in, 20

Monocrotaline, 31

Mouse, amyloidosis in, 17

aneria in, 7

avian reovirus disease in, 66

biliary obstruction in, 77

Capillaria hepatica, egg granuloma in, 105

cytomegalovirus-induced cerebral calcifica-
tion in, 84

diabetes mellitus in, 70

eosinophilic meningoencephalitis in, 79

estrogen-induced adenosis of vagina and
cervix.in; 116

fetal, autosomal trisomies in, 65

gammopathies in, 57

hepatitis, chronic, induced by reovirus Type
3,in, 76

hypervitaminosis A in, 13

lymphocytic choriomeningitis in, 23

meningoencephalitis in, 48

muscular dystrophy in, 22, 51

New Zealand, autoimmune disease in, 40

Niemann-Pick disease in, 117

nude, transplanted human malignant tumors
in, 109

Piebald, aganglionic megacolon in, 71

spotted mutant, aganglionic megacolon in,
71

Swiss, sacrococcygeal agenesis in, 16

Swiss, spina bifidain, 16

teratocarcinoma, ovarian in, 103

teratocarcinoma, testicular in, 103

teratoma, ovarian in, 103

teratoma, testicular in, 10, 103

X-linked testicular feminization of, 61

Yersinia enteritis in, 93

Mucoviscidosis, 14

Multiple sclerosis, 33, 68
Muscular atrophy, spinal, infantile, 99
congenital,

Muscular dystrophy, progressive,

22,51, 119
Myelocele, 16
Myocardial failure, 28
Neisseria gonorrhoeae, 97

Nelson’s syndrome, 89

Neoplasia, mammary, in dogs, 54
Neoplasm, ultimobranchial thyroid, in bulls, 43

Nephropathy, acute and chronic due to lead,
120

Neuroblastoma, genetic, 95
Niemann-Pick disease, Type C, 117
Otesity, genetic, 91

Obstruction, biliary, chronic, 77

Omphalocele, due to hypervitaminosis A, 13

‘Opossum, endocarditis in, 4

Orangutan, Escherichia coli infection in, 100

Osteosarcoma, 114
Maloney sarcoma virus-induced (MSV), 114

Oxygen toxicity, 59
Pancreatolithiasis, 37
Panencephalitis, subacute sclerosing, 33, 68
Periodontal disease, 108
Periodontitis, chronic, destructive, 108
Phenylketonuria, in rats, 47
Phocomelia, due to hypervitaminosis A, 13
Pig (See also Swine)
hypervitaminosis A in, 13
lymphosarcoma in, 56

Plasma thromboplastin component (PTC) fac-
tor, 12

Plasmodium falciparum, 18
Plasmodium malariae, 78
Plasmodium vivax, 18
Plumbism, 11

Pneumonia, bacterial, virus-induced, 66
enzootic in swine, 96

Poisoning, lead, 11, 120
Polyneuritis, idiopathic, 1
Polyradiculoneuritis, idiopathic, 1
Porencephaly, 15

Porphyria, 6

Primates, nonhuman (See also Monkey)
endocardial fibroelastosis in, 31
endometriosis in, 80
Escherichia coli infection in, 101
lead poisoning in, 11
marmoset, periodontitis in, 108
oxygen toxicity in, 59
shigellosis in, 86
thalidomide syndrome in, 29
urothelial lesions due to Schistosoma hae-

matobium in, 115
varicella in, 69

Pseudolipidosis in Angus cattle, 44

Pulmonary hypertension, 31

Pyorrhea, 108
alveolaris, 108

Rabbit, adenocarcinoma in, 21
gammopathies in, 57
hydrocephalus in, 38
hypervitaminosis A in, 13
malignant lymphoma in, 60

Raccoon, transmissible mink encephalopathy
in, 20

Rat, adenocarcinoma of colon in, 42

adrenal apoplexy, acrylonitrile-induced, 101

alcoholic fatty liver in, 30

arthritis in, 46

Belgrade, anemia in, 7

Brattleboro strain, diabetes insipidus in, 107

carcinoma, hepatic, primary in, 35

Fischer-344, interstitial cell tumor in testis
of, 82 ’

Gunn, hyperbilirubinemia in, 26

hypertensive, 91

hypervitaminosis A in, 13

lipotrope-deficient, cirrhosis in, 50

lipotrope-deficient, fatty liver in, 50

medullary thyroid carcinoma in, 102

New Zealand black, osteosarcoma in, 114

obese, 91

phenylketonuria in, 47

silica-induced pulmonary alveolar lipo-pro-
teinosis in, 67

sustained intraportal infusion with fructose
in, 58

uterine vessel ligation in, 64

Reovirus, Type 3, 76, 77
Retardation, fetal growth, 64
Retinal degeneration, central, in cats, 45
Retinoblastoma, 95
Round heart disease, in turkeys, 49, 112
Sacral dysgenesis, 16
Sacrococcygeal agenesis, 16
Saturnism, 11
Sclerosis, multiple, 33, 68
Scrapie, in sheep, 20
Scrapie-like disease of mink, 20
Sekoke, 106
Sheep, Corriedale, Dubin-Johnson syndrome in,
2
glutathione synthetase deficiency in, 94
lymphosarcoma in, 56
Merino, muscular dystrophy in, 51
sacrococcygeal agenesis in, 16
scrapie in, 20
Southdown, congenital hyperbilirubinemia
in, 8
spina bifida in, 16
Shigellosis, 86

Schistosoma haematobium infection, 115

Situs inversus, due to hypervitaminosis A, 13

Skunk, striped, transmissible mink encephalo-
pathy in, 20

Slow virus infections, 20

Spina bifida, 13, 16



Swine, (See also Pig)
arthritis in, 46
bronchitis, chronic, in, 96
fever (hog cholera), 19
lymphedema in, 24
malignant hyperthermia in, 111
pneumonia, enzootic in, 96
Poland China, von Willebrand’s disease in,
110
porphyria, in, 6
Yorkshire, GM4 gangliosidosis in, 104

Syndactyly, 90

Syndrome, Crigler-Najjar, 26
Cushing’s, 89
diabetic, 81
Down’s, 25
Dubin-Johnson, 2
Ehlers-Danlos, 73
Gilbert’s, 8
Guillain-Barre, 1
Klinefelter’s, 5§
Nelson’s, 89
thalidomide, 29
Waardenburg’s, 34
Waterhouse-Friderichsen, 101

Syringomyelia, 88

Systemic lupus erythematosus, 27, 40

Teratocarcinoma, 10
embryo-derived, testicular, ovarian, 103

Teratoma, 10
embryo-derived, testicular, ovarian, 103
testicular, in mice, 10

Testicular feminization, 61

Thalidomide syndrome, 29

Thrombocytopenic purpura, 27

Thyroiditis, Hashimoto, 85
spontaneous, hereditary autoimmune, 85

Tocopherol, deficiency of, 62
Toxicity, oxygen, in nonhuman primates, 59
Toxoplasmosis, 3
Transmissible mink encephalopathy, 20
Tumor, benzo(a)pyrene-indued, in Syrian ham-
ster, 53
interstitial cell, in testis of rat, 82
malignant transplanted, 109

neuroectodermal, primitive, 95

Turkey, round heart disease in, 49, 112

Vagina, adenosis of, 116
clear-cell carcinoma of, 116

Varicella, 69

Ventricular septal defect, due to hypervitamin-
osis A, 13

Vibriosis, bovine venereal, 72

Virus, encephalomyocarditis, M variant of, 70
Vitamin A, deficiency of, 38

Vitamin E, deficiency of, 62

Von Willebrand’s disease, 110
Waardenburg’s syndrome, 34
Waterhouse-Friderichsen syndrome, 101
Werdnig-Hoffman disease, 99

X-linkage, 61

Yersinia enteritis, 93

Yersinia enterocolitica, 93

Yersiniosis, 93




