































































































































































































artery can be severed with dural scissors. The tem-
poral muscle is then sutured to subcutaneous fasciaon
the dorsal skull, and the incision is closed.

Comparison With Human Disease

Ligation of the middle cerebral artery in the rat pro-
duces a focal infarct of variable size within the frontal
parietal cortex. The variable size and location of the
infarct may also occur in man. The major difference
between the human disease and the rat model is that
occlusion of the major trunk of the middle cerebral ar-
tery in the rat does not produce a sustained hemipare-
sis and hemisensory deficit, as would be seen in hu-
mans. Presumably, the reason for this difference is
that the motor-sensory cortex in the rat is more medial
than in man,® and the hemiparesis in the rat results
from transient ischemia rather than direct infarction.

Usefulness of the Model

The major advantage of this model is that it pro-
duces a nonlethal, discrete focal lesion. The small size
and discrete nature of this lesion contrasts with other
animal models of stroke which produce global ische-
mic lesions,® diffuse hemispheric anoxic lesions,!®
massive hemispheric infarctions,!**? or diffuse hemi-
spheric microinfarctions.'*** The discrete lesions pro-
duced by ligation of the middle cerebral artery allow
long-term behavioral and biochemical studies to be
carried out in which the lesion is localized to one
area of the cerebral cortex. However, because of
the variability in lesion size, comparisons of the bio-
chemical and behavioral effects of lesions in one loca-
tion with those of other locations must be carefully
controlled for lesion size.

We have developed two methods for the quantita-
tion of lesion size. One utilizes independent raters,’
while the other uses vernier scales mounted on the ster-
eomicroscope.® As an example of the utility of this
model of stroke, we have demonstrated that a unilat-
eral fronto-parietal right hemispheric infarct pro-
duces a 20-day period of spontaneous hyperactivity
and a 60-70% decrease in norepinephrine and dopa-
mine concentrations in the ipsilateral and contralat-
eral cerebral cortex, locus ceruleus, and substantia
nigra by 12 hours after the operation, with a slow re-
covery throughout the remainder of the 40-day post-
operative period.'s Middle cerebral artery ligation in
the left hemisphere, which produces a comparably

sized lesion, does not cause any of these biochemical
or behavioral changes.® The neural asymmetries re-
sponsible for this phenomenon have not yet been elu-
cidated.
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Model Number 230

Hirschsprung’s Disease

Human Disease:

Animal Model:

Hirschsprung’s Disease or Congenital Aganglionosis

Congenital Mega-Small Intestine or Megacolon in
Spotting Lethal Mutant Rat Strain

Contributed by: H. lkadai, K. Suzuki, H. Fujita, and T. Imamichi,
Nippon Veterinary and Zootechnical College, Musashino, Tokyo,
180, Japan (HI, KS, and TI) and Teikyo University School of
Medicine, 11-1, Kaga 2 chome, Itabashi-ku, Tokyo, 173, Japan (HF).

Reprinted from:
COMPARATIVE PATHOLOGY BULLETIN
13:3, 3 & 4, August 1981

Biologic Features: Since two mutant strains of aganglionic
megacolon have been established in mice,? studies of various
aspects have been carried out using these mice as the animal
model for human Hirschsprung’s disease.?*®* A mutant strain
that develops congenital megacolon also has been established*
in rats. This mutant originated from a female of the Wistar-
Imamichi strain crossed with a colored wild male. The genetic
background and the developmental features in the rat resemble
*hose in mice. The megacolon is produced by a single autosomal
recessive gene, spotting lethal (sl), hence they are always as-
sociated with reduced pigment cells in the coat (Fig. 1). Af-
fected rats may live less than 35 days after birth because of fecal
stasis. The death rate in total aganglionic rats was 42.7% (3-10
days), 22.7% (11-20 days), 31.8% (21-30 days). and 2.7%
(31-35 days), respectively. They have been maintained by
heterozygous sister-brother matings to F-12 generations in the
Institute for Animal Reproduction, Omiya, Japan. Aganglionic
infants among siblings could be detected on day 3 postpartum
by the characteristic spotting which appeared in one to four of

Fig. 2 Dilatation of the colon and caecum of the
same rats shown in Figure 1. Note severe intesti-
nal enlargement in the homozygotes compared
‘o the heterozygote (left).

Fig. 1 Hair coat of aganglionosis rat. The sl heterozygous rat is
normally hooded (left, aged 27 days), whereas the homozygotes
(others, 25 and 27 days) have characteristic spotting limited to a
small area on the head. Note growth retardation and enlargement of
the belly in the homozygote.

For reference citation — Ikadai, H., Suzuki, K., Fujita, H. and Imamichi, T.: Hirschsprung’s Disease,
Model No. 230. In Handbook: Animal Models of Human Disease. Fasc. 10. Edited by C. C. Capen,
D. B. Hackel, T. C. Jones and G. Migaki. Registry of Comparative Pathology, Armed Forces Institute

of Pathology, Washington, DC (1981) 2p.



the offspring. In rats with megacolon, enlargement of the in-
testine became more severe, but the growth generally was
retarded with time. At necropsy, the colon and caecum in
homozygous rats were markedly distended with soft watery
feces (Fig. 2).

Comparison with Human Disease: In humans, the absence of
ganglion cells in Hirschsprung’s disease is not confined to the
distal colon but sometimes involves most or all of the colon and
in rare cases the small intestine as well.® It is usually classified
into five types according to the length of the aganglionic region:
1) extensive, 2) total or entire colon, 3) long segment, 4)
Hirschsprung’s disease, and 5) short segment. In this strain of
rats, the aganglionic region involves the total colon and fre-
quently extends to the caecum and the lower small intestine
(Fig. 3). The lesion in the rat corresponds either to the exten-
sive, total or entire colon, or long segment type in humans.

The gut in the rats also lacked ganglion cells in the narrowed
segment and a part of the enlarged portion with a transitional
zone interposed between the aganglionic and normal ganglionic
regions (Fig. 4). The proliferation of nerve fibers, thought to be
exogenous, was sometimes observed in these aganglionic re-
gions at 2-3 cm proximal to the anus.® These fibers were demon-
strated histochemically to be either cholinergic or adrenergic.
However, the degree and site of the proliferation of these fibers
in rats differed from that in the human cases. The nerve endings
did not make neuro-effector junctions in the submucosa and
muscular layers in the rat intestine.

Usefulness of the Model: These mutant rats with Hirschsprung’s
disease will be useful in morphologic studies related to neural-
crest cell migrations” and pharmacologic studies in vivo and in
vitro on the pathophysiology of Hirschsprung’s disease. Since
the aganglionic region in the rats is longer than in mice and often
extends to the small intestine, it will be especially adaptable to
studies involving the small intestine as well as the colon.

Availability: The congenital aganglionosis rats are maintained
in the Institute described above and are available for purchase by
investigators.
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Fig. 3 Each illustration represents the gut from the stomach (left) to
the anus (right), including the caecum. +: ganglion cells present, —:
anglion cells absent, black portion: narrow segment, percentages:
requencies of each type of aganglionosis in the total offspring. The
length of the a|_g|anglionic region of the rat usualily is longer than that
of the human Hirschsprung’s disease.

Fig.4 Transverse section
of the rectum of the nor-
mal sibling (above) and
aganglionosis rat (be-
low). Note complete ab-
sence of Auerbach’s nerv-
ous glexus (below). (H&E,
X230).
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Model Number 231

Tyrosinemia Il

Human Disease:

Animal Model:

Tyrosinemia 11

Pseudodistemper of Mink

Contributed by: R. F. Marsh, DVM, Department of Veterinary Sci-
ence, University of Wisconsin, Madison, Wisconsin 53706 and L. A.
Goldsmith, MD, Department of Medicine, Duke University Medical
Center, Durham, North Carolina 27710.

Reprinted from:
COMPARATIVE PATHOLOGY BULLETIN
13:3, 2, August 1981

Biologic Features: For the past 20-30 years. mink ranchers have
observed a rare disease in their animals which they call
*‘pseudodistemper’’ because of the clinical resemblance to
canine distemper virus infection in mink. Studies on the inci-
dence and etiology of pseudodistemper have indicated that itis a
hereditary disorder associated with an autosomal recessive trait’
producing high blood tyrosine levels.? Recent investigations
have further characterized the disorder as a primary tyrosinemia
(type I resulting from a deficiency of hepatic tyrosine
aminotransferase (TAT).?

Mink that are homozygous for the recessive pseudodistemper
gene appear normal until 6-7 weeks of age at which time a

diffuse clouding of the cornea may occur. This sign is followed
within a day or two by reddening of the foot pads. especially on
the front feet. These cutaneous lesions progress rapidly to sero-
purulent conjunctivitis (Figs. 1 and 2) and necrotizing der-
matitis of the feet (Figs. 3 and 4), nose and ears. Affected mink
stop eating and rapidly waste away, seldom living longer than
one week after the first observation of clinical illness.

Comparison with Human Disease: Tyrosinemia II (Richner-
Hanhart syndrome) is a distinctive clinical syndrome in humans
associated with a recessively inherited deficiency of hepatic
TAT.* The first signs of disease involve the eyes and commonly

Fig. 1 A seven-week-old mink kit with pseudo-
distemper.

Fig. 2 Ocular lesions with seropurulent con-
junctivitis.

Fig. 3 Necrotizing dermatitis of the volar surface
of the front foot.

Fig. 4 Necrotizing dermatitis of the dorsal sur-
faces of the front feet.

, 4
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include tearing. redness. pain and photophobia starting by 3
months of age. Comneal clouding. central and paracentral
opacities progressing to dendritic ulcers may result in sequelae
of scarring. nystagmus or exodeviation. Weeks or months after
the onset of eye symptoms, patients develop skin erosions
limited to the palms and soles of the feet. These lesions are
painful. nonpruritic and associated with hyperhidrosis. A third
feature of the clinical syndrome in humans is often severe
mental retardation.

This clinical syndrome in humans is remarkably similar to
that in the mink with the exception of the mental retardation in
affected children and the fatal outcome in animals. Tyrosinemia
IT has not been lethal in humans because of their response to
low-tyrosine. low-phenylalanine diets. The disease in mink is a
more rapidly fulminating syndrome. perhaps because of their
high meat and fish ration. and attempts to modify the clinical
course using an artificial diet have not yet been completely
successful (R. F. Marsh, unpublished).

Usefulness of the Model: This is the first natural animal model of
tyrosinemia I reported. Previous studies on tyrosinemia in an
animal model have been based primarily on feeding high
tyrosine diets to rats, producing an overload syndrome
characterized by keratitis, conjunctivitis, alopecia. cheilitis,

inflammatory toe changes and brown urine.® The recognition of
pseudodistemper provides a model more analogous to the hu-
man condition allowing for more relevant studies on
pathogenesis and on the basic defect in TAT synthesis. It will
now also be possible to thoroughly study heterozygotes in ar
attempt to discover subclinical markers to identify the carrier
state.

Availability: The University of Wisconsin-Madison has a
breeder herd of 34 standard dark mink which are proven carriers
of the pseudodistemper gene. These animals were donated to the
University by the Imperial Fur Farm, Wadsworth, Illinois.
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Model Number 232

Alimentary Toxic Aleukia

Human Disease:

Reprinted from:

THE AMERICAN JOURNAL OF PATHOLOGY

104:2, 189-191, August 1981

Alimentary Toxic Aleukia (Septic Angina, Endemic

Panmyelotoxicosis, Alimentary Hemmorrhagic Aleukia)

Animal Model:

I. I. LUTSKY, MS, VMD, and N. MOR, DVM, PhD

Biologic Features

Alimentary toxic aleukia (ATA), a frequently fatal
mycotoxicosis, follows the ingestion of overwintered
grain or grain by-products infested with fungi, and
primarily affects poor rural families in the USSR.*2
ATA in man is characterized by leukopenia, agranu-
locytosis, necrotic angina, a hemorrhagic rash, sep-
sis, exhaustion of the bone marrow, bleeding from
the nose, throat, and gums, and fever.** The toxic
metabolites of fusarial species have been intensively
studied in efforts to establish the specific etiology of
ATA. .5t Studies with rats, mice, guinea pigs, rab-
bits, dogs, swine, sheep, poultry, cattle, and horses
were unsuccessful in the search for an animal model.*

The syndrome of ATA has been induced in cats by
administration of the sesquiterpene T-2 toxin (3a-
hydroxy-4f3, 15-diacetoxy-8a-[3-methylbutyroloxy]
12, 13-epoxytrichothec-9-ene), a naturally occurring
trichothecene isolated from Fusarium sporotrichi-
oides.*>'* T-2 toxin in gelatin capsules, administered
every 48 hours per os to healthy cats (dosage: 0.08
mg/kg body weight), regularly resulted in a fatal
disease (average survival time: 3 weeks) with symp-
toms of generalized lassitude, weakness, bloody feces,
hind-leg ataxia, conjunctivitis, and vomiting. In the
terminal stages, anorexia, dyspnea and paralysis were
noted, while dehydration and weight loss (average
22%) were more severe.

T-2 Toxin-Induced Intoxication of Cats

From the Department of Comparative Medicine, Hebrew

Universiry—Hadassah Medical School, Jerusalem, Israel

Gross postmortem findings included severe
emaciation, enlarged and hemorrhagic lymph nodes,
hemorrhages of the gastric and intestinal mucosa,
lung congestion, petechiae and ecchymoses of the
myocardium, and subcutaneous hemorrhages.

Microscopic observations of the alimentary tract
showed erosion of the gastric epithelium, frequently
with bacterial invasion and cryptitis (Figure 1); ne-
crosis of intestinal villi and deep glandular epitheli-
um; erythrocytic aggregations in capillaries of the
villi. Additional histologic findings included: hyper-
emia of the subcapsular and medullary sinuses of all
lymph nodes: hemosiderosis in the spleen, lung, and
lymph nodes; and pulmonary congestion and edema
of the lungs. In the spleen depletion of lymphocytes
from the germinal centers was evident; desquamation
of the sinus epithelium was pronounced (Figure 2);
and marked erythrophagocytosis reflected the irrita-
tion of the reticuloendothelium. Bone sections, reflect-
ing severe damage to hematopoiesis, showed hemor-
rhagic marrow, hypocellularity, numerous multinu-
cleated giant ceils throughout the stroma (Figure 3),
fibrinoid material in the sinusoids, and large vacuoles
reflecting fatty changes.

A generalized decrease in circulating blood cells
with anemia, leukopenia, and thrombocytopenia was
a constant hematologic finding in all cats intoxicated
with T-2 toxin. A slight initial leukocytosis was fol-
lowed by a severe progressive leukopenia. Neutro-

For reference citation — Lutsky, I. I. and Mor, N.: Alimentary Toxic Aleukia (Septic Angina, Endemic
Panmyelotoxicosis, Alimentary Hemorrhagic Aleukia), Model No. 232. In Handbook: Animal Models
of Human Disease. Fasc. 10. Edited by C. C. Capen, D. B. Hackel, T. C. Jones and G. Migaki. Registry
of Comparative Pathology, Armed Forces Institute of Pathology, Washington, DC (1981) 3p.



Flgure 1—Gastric epithelium (fundus) of cat, after 14 doses of T-2
toxin, showing surface erosion, ulcerative cryptitis, and invasion of
the mucosa by bacterial colonies. (H&E, x 100)

Figure 2—Section of spleen from
cat, after 14 doses of T-2 toxin,
showing depletion of lymphocytes,
desquamation of the sinus endothe-
lium, and marked erythrophagocy-
tosis. (H&E, x500)

phils were enlarged and showed bizarre nuclear pat-
terns and blue foamy cytoplasm; erythrocyte changes
included anisocytosis, macrocytosis, and poly-
chromatism; and thrombocytes showed unusual
forms, eg, giant platelets. During intoxication,
packed cell volume and hemoglobin concentration
were reduced, while the erythrocyte sedimentation
rate was greatly elevated. Prolonged bleeding time
and whole blood coagulation time reflected defective
hemostasis.

Comparison With Human Disease

ATA in man initially includes inflammation of the
gastric and intestinal mucosa, a severe progressive
leukopenia, anemia, and an increased erythrocyte
sedimentation rate. Subsequently petechial hemor-
rhages of both the skin and mucosa together with en-
larged lymph nodes are seen. Pancytopenic abnor-
malities intensify, and blood coagulation is dimin-
ished. The pathologic features of the respiratory
system include bronchopneumonia, pulmonary
hemorrhages, sepsis, and lung abscesses. Vomiting,
bloody feces, lassitude, and incoordination are also
observed. All of the clinical features, the pancyto-
penia, and the gross and microscopic pathologic
changes seen in cats receiving T-2 toxin via the ali-
mentary route were strikingly similar to the disease
syndrome of alimentary toxic aleukia in man.'?"*

Usefulness of the Model

This feline model provides for greater insight into
the pathogenesis, therapy, and immune features'* of
mycotoxicoses generally, and trichothecene-induced
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disease specifically. The model allows for study of the
effects of long-term trichothecene ingestion; provides
for detection of early mycotoxic changes before irre-
versible effects occur; can aid in improving tech-
niques for identification and measurement of myco-
toxins in tissues, body fluids, and excreta; and
enables the study of trichothecenes 1) as inhibitors of
protein synthesis and 2) in carcinogenesis. The cat is
a laboratory animal large enough for evaluating the
pharmacologic, pathologic, hematologic, biochemi-
cal, immunologic, and clinical aspects of alimentary
toxic aleukia and analogous disease.

Availability

T-2 toxin is produced by Makor Chemicals Ltd.,
P.O. Box 6570, Jerusalem, Israel. Cats remain readily
available laboratory animals, whose general good
health and immunity to feline panleukopenia should
be established prior to their use in ATA studies.
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SUPPLEMENTAL UPDATE, 1981
Model Number 27

Systemic Lupus Erythematosus

Human Disease: Systemic Lupus Erythematosus

Animal Model: Canine Systemic Lupus Erythematosus

Contributed by: R. M. Lewis, DVM, New York State College of Veterinary Medi-
cine, Cornell University, Ithaca, NY 14853 and F. Quimby, VMD, PhD, Cornell
University Medical College, New York, NY 10021.

Clinical Features

In addition to the previously described clinical findings in canine SLE,
symmetrical polyarthritis and vesicobullous skin disease are now recog-
nized as common components of the disease. Thus, with broader clinical
experience, the range of presenting clinical signs has become expanded to
include specific abnormalities of the skin and joints.

Serologic Features

The pathogenesis of the severe thrombocytopenia which affects some
dogs with SLE has recently been clarified by the demonstration of circu-
lating antibody to both platelets and /or megakaryocytes. Use of the Plate-
let Factor 111 assay demonstrated the role of antiplatelet autoantibody in
the plasma of affected dogs and has allowed the definition of purpuric
episodes as immunopathic thrombocytopenic purpura.

One interesting new autoantibody, recently described in dogs, is natural
lymphocytotoxic antibody (NLA). This warm reactive, complement fixing
antilymphocyte antibody is known to occur in 75-90% of dogs with SLE.
Studies currently underway indicate that certain dogs, genetically sus-
ceptible to SLE, develop NLA years before they develop clinical or pathol-
ogic evidence of SLE. The specificity of antibodies characterized as NLA
are varied both within and between dogs. Subpopulations of both T-cells
and B-cells may serve as targets for antibody mediated destruction. In-
fusion of normal dogs with NLA reproduces the alterations in peripheral
blood lymphocytes and serum complement seen in dogs with SLE. Signs of
disease were not manifested in recipients of NLA. Therefore, preliminary
evidence suggests that NLA may be a producc rather than a cause of
autoimmune disease in dogs.

For reference citation — Lewis, R. M. and Quimby, F.. Systemic Lupus Erythematosus, Model No. 27,
Supplemental Update, 1981. In Handbook: Animal Models of Human Disease. Fasc. 10. Edited by
C. C. Capen, D. B. Hackel, T. C. Jones and G. Migaki. Registry of Comparative Pathology, Armed
Forces Institute of Pathology, Washington, DC (1981) 3p.



Circulating immune complexes are found in most dogs with SLE. Many
genetically susceptible dogs have detectable concentrations of circulating
immune complexes for months prior to the development of clinical signs or
pathologic lesions associated with SLE.

Virologic Features

Early studies involving the inoculation of newborn dogs with tissue cell
free filtrates suggested that some serological features of SLE could be
transmitted horizontally from affected to non-affected dogs. However,
after twelve years of observation, the early serologic markers abated and
no dog developed clinical autoimmune disease. These studies were ex-
tended to transmission of spleen and kidney cell free filtrates from SLE
affected dogs to immunologically compromised hosts with similar results.
While the use of affected tissue was unable to reproduce the disease, the
maintenance of genetically susceptible dogs in gnotobiotic chambers was
able to prevent both serologic and clinical SLE. Animals associated, at four
years of age, with bacterial and viral flora characteristic of the colony soon
developed both positive serologic and clinical signs of autoimmune disease.
This experiment strongly implicates an environmental agent in the patho-
genetic mechanisms associated with autoimmunity.

Due to early reports implicating retroviruses with SLE, a systemic
search for evidence of oncornaviruses (retroviruses) in SLE afflicted dogs
was begun in 1970. After ten years of studies, no consistent association
between the presence of retrovirus and canine SLE has been made.

Pathologic Findings

The immunopathology of the renal lesion in canine SLE has been char-
acterized as immune complex mediated glomerulonephritis, with deposits
of host immunoglobulin and complement components in glomerular capil-
lary basement membranes. In addition, nucleic acid antigen (N-DNA,
D-DNA) and C type viral-like antigen (P-30) have been demonstrated in
the glomerular lesion.

The dermatologic lesions associated with SLE are characterized by
subcorneal blister formation, ulceration and ballooning degeneration of
basal epithelial cells. Subbasalar vesicles may occur subjacent to zones of
severe basal cell degeneration. Perivascular dermal accumulations of lym-
phocytes, plasma cells, and at times, neutrophils accompany the epidermal
lesion. Direct immunofiuorescence microscopy of affected skin demon-
strates granular deposits of host immunoglobulin and complement along
the basement membrane separating the epidermis from the dermis. To
date, nucleic acid antigens have not been reported in the lesion which
occurs at the basement membrane zone.

Epidemiology

The ill-defined role of C type viral antigen in the lesions of human and
canine SLE has raised the question of cross infectivity in households with
human and canine lupus patients. A large, carefully controlled sero-
epidemiologic study of families housing canine lupus patients found no
evidence of transmissibility of the disease or the serologic markers between
dog and man.



Genetics

Observations regarding the inheritence of SLE have been made in a
closed colony of dogs where mating pairs were selected on the basis of
positive serology. After 14 years of breeding, the genetic data implicated
a complex mode of inheritance involving many unlinked genes. The lack of
correlation between positive serology and actual disease has suggested that
separate genes control the general disposition to autoimmunity and the
specific autoimmune disease. These observations have been extended by
studying the disease in Shetland Sheepdogs. One family study involving
120 Sheepdogs demonstrated an incidence of autoimmune disease of 20%;
however, greater than 40% had evidence of autoantibody production. Ten
percent of this group had evidence of SLE. It is interesting that selection
by phenotypic characteristics, rather than serology, produced a higher
incidence of lupus than appeared in the closed colony. To date, no single
phenotypic character has been associated with the disease; nor is the
disease linked to a particular DLA (dog leukocyte antigen) haplotype.

Comparison with Human Disease

Studies of SLE in dogs have demonstrated most of the characteristics of
the disease in man. Certain of the serologic abnormalities appear different,
e.g., the incidence of antibodies to native DNA is higher in humans than
dogs. The observation that antinuclear and antilymphocyte antibodies are
more prevalent in non-consanguinous household contacts of SLE patients
than matched non-SLE control patients has not been confirmed in dogs.
The incidence of death referable to cardiac or central nervous system
failure is much lower in dogs with SLE than in man.

On the other hand, the high incidence of SLE in certain colonies and in
Shetland sheepdogs provides the investigator with an excellent animal
model in which to study the pathogenesis of the disease as well as thera-
peutic trials.

Availability

The incidence of the disease among dogs admitted to veterinary hospi-
tals on a random basis is .0002%. Certain families of Shetland sheepdogs
in the northeastern USA have an incidence of SLE approaching 10%. A
limited number of dogs is available from a closed colony located in Boston,
MA.






SUPPLEMENTAL UPDATE, 1981
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Pancreatolithiasis

Human Disease: Pancreatolithiasis, Chronic calcified
pancreatitis

Animal Model: Bovine Pancreatolithiasis

Contributed by: Henri J. Verine, DVM, Unite de Re-
cherches de Pathologie Digestive, .N.S.E.R.M. U 31, 46
boulevard de la Gaye, 13009 Marseille, France

Our first investigations were summarized in model num-
ber 37, “Pancreatolithiasis,” which was based on data ex-
tensively reported and discussed in a thesis (9). Later, a
well-documented paper on this bovine model was presented
(8), and a thesis was devoted to the pathology of bovine
pancreatolithiasis (5).

In recent years, our investigations have focused on the
chemistry/biochemistry, and on the dissolution of bovine pan-
creatic stones (PS). The results thus obtained will be briefly
summarized in this update. This animal model has provided
insights on PS formation which have led to a successful clin-
ical trial for dissolving PS in humans.

All available data on the chemical composition of PS were
collected and discussed in a monograph prepared in our labo-
ratory (7). The two main conclusions were that calcium car-
bonate was always the main component of PS and that its
concentration reached 95% (w/w) of dry stones.

The isotopic composition of oxygen and carbon was investi-
gated (4). It was shown that a) PS formation took place in a
constant environment, contrary to a finding in human gall-
stones, and b) the PS oxygen isotopic ratio mimicked that of
local rain water throughout Western Europe (France, Eng-
land, Denmark and Finland), a finding which could not be
observed in humans whose diet included non-local oxygen.

By using biochemical and immunological techniques, it was
possible to study the proteins extracted from bovine PS by
citrate (De Caro, Multigner and Verine, unpublished data).
Three proteins were found by SDS-polyacrylamide gel elec-
trophoresis; two minor ones (13,000 and 11,000 MW) remain
to be studied. The two major ones were identified as being the
anionic and the cationic forms of bovine trypsinogens (24,000
MW). These results were found to be quite reproducible in 15
cases. These findings support the hypothesis that pancreatic

enzymes, or some of them, could play the role of a matrix for

the precipitation of calcium carbonate. The fact that the two
trypsinogens are the more anionic and cationic pancreatic
juice proteins, respectively, and that they remain in their zy-
mogen form could have a pathological significance.

Since calcium carbonate is a sparingly soluble salt, it was
necessary to devise an in vitro method for studying the effects
of various factors on PS dissolution. In a preliminary experi-
ment it was shown that bovine PS, placed in a Pasteur pipet
and submitted to the continuous percolation of a citrate solu-
tion driven by a peristaltic pump, exhibited a steady loss of
weight. The citrate concentration was that determined in
canine pancreatic juice during intraduodenal citrate adminis-
tration (3). It was then shown that citrate induced a disso-
lution rate higher than that induced by NaCL (control), and
that bicarbonate, which is the most characteristic anion of
pancreatic juice, inhibited the effect of citrate. Standard-
ization of the method was investigated, and the influence of
flow rate was determined. These results have been published
in abstract form only (10, 11). Presently under study are the
influence of PS size and that of the citrate-to-bicarbonate
ratio. Simulation studies are planned in the near future.

Comparison with Human PS

The solubility of human PS was investigated by a per-
colation technique (2). It was thus found that the solubility of
human PS, similar to that of bovine PS, was greatly enhanced
by citrate. From this experiment stemmed the clinical trial
reported below. Data on bovine PS solubility have not yet
been published.

After dissolution by citrate, the organic matrix of human
PS was investigated by the same biochemical and immu-
nological techniques as bovine PS (1). A reproducible pattern
of a major (13,500 MW) protein and a minor (11,000 MW)
one has been documented in 6 cases. These proteins have not
yet been identified, but the major protein was found in pure
pancreatic juice from patients with chronic calcifying pan-
creatitis. This study had to be delayed because of the rarity of
human PS and led us to the investigations on bovine PS re-
ported above.

For reference citation — Veérine, H. J.: Pancreatolithiasis, Model No. 37, Supplemental Update, 1981,
In Handbook: Animal Models of Human Disease. Fasc. 10. Edited by C. C. Capen, D. B. Hackel,
T. C. Jones and G. Migaki. Registry of Comparative Pathology, Armed Forces Institute of Pathology,

Washington, DC (1981) 2p.



Usefulness of This Model

Bovine PS were found to be quite useful in biochemical
studies since large amounts of material were necessary for
extraction.

Solubility studies on human PS led to a clinical trial (6)
which resulted in the first therapeutic dissolutions in 4 out of
10 patients with chronic calcifying pancreatitis (no spontane-
ous dissolution has ever been reported) The next step, which
implied a detailed study of various factors, had to be con-
ducted on an abundant material, i.e. bovme PS (10, 11).
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HANDBOOK:

ANIMAL MODELS OF HUMAN DISEASES

Index to Fascicles 1 — 10

Abiotrophy, hereditary, neuronal, 99
Achalasia, esophageal, hereditary, 162
Acrodermatitis enteropathica, 137
Acrylonitrile-induced adrenal apoplexy, 101

Adenocarcinoma
DMH-induced, 42
endometrial, 21
intestinal, 178
of colon, 42
stomach, 185
transplantable, of prostate, 123

Adenornatosis, pulmonary, 153
Adenomyosarcoma, 193

Adenaosis, vagina and cervix, 116
Aflatoxin, 35, 36
Agammaglobulinemia, Swiss-type, 83
Aganglionic megacolon, 71, 230

Agenesis, renal medulla, 134
sacrococcygeal, 16, 16(S)

Albers-Schonberg disease, 128, 200
Alcoholic fatty liver, 30, 30(S), 50
Aleukia, alimentary toxic, 160, 232
Aleutian mink disease, 33

Alopecia prematura, 212
Alpha,-antitrypsin deficiency, 112
Amebic dysentery, 171

Amebic meningoencephalitis, 48
Amniotic fluid deficiency, 152
Amyloidosis, 17, 17(S), 136, 174
Amyotrophic lateral sclerosis, 145, 213

Anemia
aplastic, 131
equine infectious, 63
hemolytic, due to vitamin E deficiency, 62
hemolytic, inherited, with stomatocytosis, 41
hemolytic, viral-induced, 63
hypochromic, microcytic, inherited, 7
megaloblastic, 169

Angina, septic, 232

Angioimmunoblastic lymphadenopathy, 155, 209
Angiosarcoma, hepatic, viny! chloride induced,

219
Angiostrongylus cantonensis, 79

Anomalies (Also see Defects, Malformations)
congenital, due to hypervitaminosis A, 13
congenital, viral etiology, 15
fascioskeletal structures, 34
Potter’s syndrome, 152
sex chromosome, $

Antibody

anti-glomerular basement membrane (GBM),

175, 191

anti-tubular basement membrane (TBM), 196

SUBJECT INDEX
Numbers Refer to Model Numbers,
(S) Refers to Supplemental Updates

Antigenic modulation, 63

Antihemophilic factor, 12, 12(S)

Aplastic anemia, 131

Apoplexy, adrenal, acrylonitrile-induced, 101
Aqueductal stenosis, 164

Armadillo, nine-banded, lepromatous leprosy in,

165
Arteritis, immunologically mediated, 33

Arthritis, rheumatoid
due to Mycoplasma, 46
juvenile, 92

Asplenia, hereditary, 122

Asthenia, canine cutaneous, 73
Athymia, congenital, 144

Atrophy, spinal muscular, 99, 213, 214
Autoimmune disease, 40

Autoimmune thrombocytopenia, 127
Autoimmunity, 175

Autosomal trisomy, 65

Avian reovirus disease, 66

Baldness, 212

Besnoitiosis, chronic, in hamsters, 129
Biliary obstruction, chronic, 77

Birth defects (See Anomalies)

Brain malformations, 55

Breast cancer (See Mammary neoplasia)

Bronchial gland, hypertrophy of,
isoprenaline-induced, 96

Bronchiolo-alveolar cell carcinoma, 153
Bronchitis, chronic, 96, 186
Cafley-Silverman syndrome, 182
Calcification, cerebral, 84

Calculi, struvite, renal, 223

Cancer, breast, 202
urethelial, 138

Capillaria hepatica egg granuloma, 105
Carcinogenesis in uterine cervix, 141
Carcinoids, of stomach, 185

Carcinoma
bronchiolo-alveolar cell, 153
bronchogenic, 208
clear-cell, vagina and cervix, 116
embryonal, 10, 10(S)
esophageal, 190
hepatocellular, 35, 36
laryngeal, 183
liver cell, 36
mammary, feline, 202
medullary thyroid, 43, 102
parietovisceral yolk sac, 201
pulmonary, 153

rena) tubular, chemically induced, 211
squamous cell with solar keratosis, 172
ureter and urothelial bladder, 138
urinary bladder, 115, 184
uterine cervix, 141
VX-2, 168
yolk sac, 201
Cardiomyopathy, 28, 49
Cardiopulmonary disease, 31
Carrageenan-induced ulcerative colitis, 113

Cat

alimentary toxic aleukia, T-2 toxin-induced in,
232

alpha-L-iduronidase deficient
mucopolysaccharidosis in, 226

amebic dysentery in, 171

aplastic anemia in, 131

Chediak-Higashi syndrome in, 148

congenital deafness in, 34

esophageal achalasia in, 162

feline leukemia virus disease in, 204

gammopathies, monoclonal in, 57

gangliosidosis, GM, in, 52

hypervitaminosis A, chronic skeletal in, 130

Klinefelter’s syndrome in, 5

leukemia, acute lymphoblastic in, 131

linear granuloma in, 194

mammary carcinoma in, 202

methylmercury poisoning in, 158

mucopolysaccharidosis I in, 226

porphyria in, 6

retinal degeneration of, 45

sacrococcygeal agenesis in, 16, 16(S)

sex chromosome anomalies in, 5

spina bifida in, 16, 16(S)

sporotrichosis in, 124

Cattle
cerebrospinal lipidosis in, 87
Chediak-Higashi syndrome in, 148
diarrhea in calves, 75
enteritis in calves due to rotavirus, 187
GM, gangliosidosis in, 87
hereditary parakeratosis, 137
hereditary syndactyly in, 90
hereditary thymic hypoplasia, 137
hereditary zinc deficiency in, 137
hydrocephalus in, 164
lethal trait A 46 in, 137
lymphosarcoma in, 56
mannosidosis (pseudolipidosis) in, 44
osteopetrosis in, 128
pancreatolithiasis, 37, 37(S)
tibial hemimelia in, 118
ultimobranchial thyroid neoplasm in bulls, 43
venereal vibriosis, 72

Cell injury, due to radiation and chemicals, 156
Cells, L, temperature-sensitive mutant mouse, 169
Cerebellar hypoplasia, 55
Cerebral calcification, 84



Ceroid-lipofuscinosis, 207

Cervix
adenosis of, 116
carcinogenesis in, 141
clear-~cell carcinoma of, 116

Chédiak-Higashi syndrome, 148

Chicken
muscular dystrophy in, 22, 119
myopathy, deep pectoral, in, 224
thyroiditis in, 85

Cholelithiasis, 74

Christmas disease, 12, 12(S)
Chromosome, sex, anomaly, 5
Chronic biliary obstruction, 77
Chronic murine hepatitis, 76

Cigarette smoke
laryngeal carcinoma associated with, 183
respiratory diseases associated with, 146

Cirrhosis, in lipotrope-deficient rats, 50
Colitis, ulcerative, 113, 189

Colon, adenocarcinoma of, 42
Combined immunodeficiency, 83
Coonhound paralysis, 1, 1(S)

Cor pulmonale, 31

Cori’s disease, 150

Coronavirus [-71, 173
Craniomandibular osteopathy, 182
Cretinism, 133

Creutzfeldt-Jakob disease, 20, 20(S)
Crigler-Najjar syndrome, 26
Cushing’s disease, 89

Cushing’s syndrome, 89

Cyclic hematopoiesis, canine, 136
Cyclic neutropenia, 32
Cysteamine-induced duodenal ulcer, 167
Cystic fibrosis, 14

Cystic kidney disease, 192
Cytomegalovirus infection, 84
Deafness, congenital, 34

Death, fetal, 65

Defects (Also see Anomalies, Malformations)
bilirubin uptake, 8
genetic (Waardenburg’s syndrome), 34
organic anion excretory defect, 2
prophyrin metabolism, 6
thalidomide syndrome, 29

Deficiency

AHF (Factor VIII) in hemophilia, 12, 12(S)

alpha,-antitrypsin, 112

amniotic fluid, 152

glucose-6-phosphate dehydrogenase, 159
glutathione, 94

partial y-glutamylcysteine synthetase, 94
PTC (Factor 1X) in hemophilia, 12, 12(S)
pyruvate kinase, 176

vitamin A, 38

vitamin E, 62

zinc, hereditary, 137

Deformities (See Anomalies)

Degeneration, retinal, 45, 195, 197
striatal neuronal, 217

Degenerative joint disease, 135
Demyelinating optic neuritis, 166
Demyelination, 11

Dermatosis, solar, 172
DHNT, 178

Diabetes insipidus, hereditary
hypothalamic, 107

Diabetes mellitus, 70, 81, 106, 177, 218
Diarrhea, infantile, 75

Diet-induced thromboembolism and myocardial
infarction, 206

DiGeorge syndrome, 144

Disease
Albers-Schonberg, 128, 200
Aleutian mink, 33
autoimmune, 40
avian reovirus, 66
cardiopulmonary, 31
Christmas, 12, 12(S)
Cori’s, 150
Creutzfeldt-Jakob, 20, 20(S)
Cushing’s, 89
cystic kidney, 192
degenerative joint, 135
duodenal ulcer, 167
feline leukemia virus, 204
gastric ulcer, 220
green muscle, 224
Hashimoto’s, 147
Hirschsprung’s, 71, 230
Huntington’s, 217
immunoproliferative, 23, 63
inflammatory bowel disease, 205
Krabbe's, 9
Lafora’s, 18
lower motor neuron, 145
marble bone, 128, 200
Milroy’s, 24
Minamata, 158
motor neuron, 213, 214
Niemann-Pick, type C, 117
Oregon, 224
periodontal, 108
pulmonary heart, 154
renal, associated with viral infection, 19
respiratory, associated with cigarette smoking,

146

round heart, 49, 112
scrapie-like, 20
varicella-like, 69
vascular, 91
viral, antigenic modulation in, 63
von Willebrand’s, 110
Werdnig-Hoffmann, 99, 213, 214

Distemper-associated demyelinating encephalo-
myelitis, 68

DNA, damage to, by physical and chemical
agents, 156

Dog

abiotrophy, hereditary neuronal, in, 99

acute enteritis in, 173

amyloidosis in, 136

anemia, inherited hemolytic with stomatocy-
tosis, 41

arthritis, rheumatoid, in, 92

asthenia, cutaneous, 73

bronchitis, chronic, in, 186

ceroid-lipofuscinosis in, 207

coonhound paralysis in, 1, 1(S)

coronavirus I-71 infection in, 173

craniomandibular osteopathy in, 182

Cushing’s-like syndrome in, §9

cyclic hematopoiesis in, 136

cyclic neutropenia in, 32

distemper-associated demyelinating encepha-
lomyelitis in, 68

Ehlers-Danlos syndrome in, 73

esophageal achalasia in, 162
gammopathies, monoclonal, in, 57
gangliosidosis, GM; in, 39

glaucoma, inherited primary open angle, in, 222
globoid cell leukodystrophy in, 9
glycogenosis type III, 150

glycoproteinosis, neuronal, in, 18
hemophilia in, 12, 12(S)

hip dysplasia in, 135

hyperadenocorticism in, 89

hypercalcemia with lymphosarcoma in, 143
hypervitaminosis A, 13

immune-mediated thrombocytopenia in, 127
joints, degenerative disease in, 135
Lafora’s disease in, 18

lymphedema in, 24

lymphocytic thyroiditis in, 147

mammary neoplasia in, 54

ochratoxicosis in, 160

osteodystrophy, renal, in, 228
osteosarcoma in, 198

pemphigus vuigaris in, 203

polyneuritis, idiopathic, in, 1, 1(S)
polyradiculoneuritis, idiopathic, in, 1, 1(S)
pseudohyperparathyroidism in, 143
pyruvate kinase deficiency in, 176
rheumatoid arthritis in, 92

solar dermatosis in, 172

spinal dysraphism in, 88

spinal muscular atrophy, hereditary, in, 213
squamous cell carcinoma, 172
syringomyelia in, 88

systemic lupus erythematosus in, 27, 27(S)
thrombocytopenic purpura in, 127
urolithiasis, struvite, in, 223

von Willebrand’s disease in, 110

Down’s syndrome, 25

Dubin-Johnson syndrome, 2

Duck, white Pekin, amyloidosis in, 174
Duodenal ulcer disease, 167

Dysbaric osteonecrosis, 227

Dysentery
amebic, 171
bacillary, Shigella, 86

Dysgammopathies, 33
Dysgenesis, sacral, 16, 16(S)
Dysplasia, hip, 135

Dysproteinemia, with angioimmunoblastic lymph-
adenopathy, 209

Dysraphism, spinal, 88

Dystrophy, muscular, 22, 51, 119

Eclamptogenic toxemia, 199

Ectasia, proximal, 192

Ehlers-Danlos syndrome, 73

Embryonal adenosarcoma, 193

Embryonal carcinoma, 10, 10(S)

Embryonal nephroma, 193

Encephalomyelitis, distemper-associated
demyelinating, 68

Encephalomyocarditis virus, M variant, 70

Encephalopathy, lead, 11(S), 126
transmissible mink, 20, 20(S)

Endocardial fibroelastosis, 31, 49

Endocarditis, bacterial, 4
Endodermal sinus tumor, 201
Endometrial adenocarcinoma, 21
Endometriosis, 80



Entamoeba histolytica, experimental infection
with, 171

Enteritis
acute, caused by coronavirus 1-71, 173
rotaviral, 187
Yersinia, 93

Eosinophilic meningoencephalitis, 79
Epilepsy, progressive familial myoclonus, 18
Equine infectious anemia, 63

Escherichia coli, 75, 100

Esophageal achalasia, 162

Esophageal carcinoma, 190

Ethanol dependence and alcoholic fatty liver,
30(S)

Ethylnitrosourea, nephroblastoma induction by,
193

Exencephaly, 65

Factor V111, 12, 12(S)
Factor 1X, 12, 12(S)
Fatty liver, 30, 30(S), 50

Ferret
brain malformations induced by methylazoxy-
methanol acetate, 55

Fetal brain necrosis, 160
Fetal death, 65
Fetal growth retardation, 64
Fetal lung growth, 152
Fetal pneumonia, 210
Fibroelastosis, endocardial, 31, 49
Fibrosis, cystic, 14
Fish
carp, diabetes of nutritional origin in, 106
DNA damage in, due to physical and chemical
agents, 156
hepatoma in, 36
platy/swordtail hybrid, malignant melanoma
in, 98
Sekoke in, 106

Fly, Drosophila melanogaster, neuroblastoma in,
95

Fructose intolerance, hereditary, 58
Gallstones, 74

Gammopathies, monoclonal, 57
Gangliosidosis

GM,, 52
GM,, type II, 87
GM,, 39, 104

Gangrene, march, 224
Gastric ulcer, muscosal anaphylaxis induced, 220

Gastroenteritis
acute nonbacterial infantile, 187
acute viral, 173

Gerbil, lead nephropathy in, 120
Giardiasis, 149

Gilbert's syndrome, 8, 192

Glaucoma, primary open angle, 222
Globoid cell leukodystrophy, 9
Glomerulitis, immunologically mediated, 63

Glomerulonephritis
autoimmune anti-GBM, 175, 151
immunologically mediated, 33
viral, 19

Glucose-6-phosphate dehydrogenase, low levels
of, 159

Glutathione deficiency, 94
Glycogenosis, type 111, 150
Glycoproteinosis, neuronal, 18
Gonorrhea, 72, 97

Granuloma
egg, due to Capillaria hepatica, 105
feline, 194
palisading, 194
Granuloma annulare, 194
Green muscle disease, 224
Guillain-Barré syndrome, 1, 1(S)
Guinea pig
allergic optic neuritis in, 166
anti-tubular basement membrane tubulointer-
stitial nephritis, 196
germfree, experimental
Iytica infection in, 171
hypervitaminosis A in, 13
inflammatory bowel disease in, 205
transplantable L,C leukemia in, 180
tuberculosis, experimental airborne, in, 142
ulcerative colitis, carrageenan-induced, in, 113

Entamoeba histo-

Hamster
Armenian, autoimmune-prone inbred, 155
benzo (a)pyrene-induced tumors in, 53
besnoitiosis, chronic, 129
carcinoma of the larynx in, 183
cardiomyopathy in, 28
hypervitaminosis A in, 13
laryngeal carcinoma in, 183
pancreatic tumors in, 170
scrapie in, 20(S)
spontaneous carcinoma of the lung in, 208
transmissible mink encephalopathy in, 20(S)
tumors of the respiratory tract in, 53

Hashimoto’s thyroiditis, 85, 147
Hematopoiesis, canine cyclic, 136
Hemimelia, tibial, 118
Hemivertebra, 216
Hemolytic anemia, 41, 62
Hemophilia

A, 12, 12(S)

B, 12, 12(S)

AB, 12, 12(S)
Hepatic angiosarcoma, vinyl chloride induced,

219

Hepatitis

active chronic, 76

induced by reovirus Type 3, 76

non-A, non-B, 221

Hip dysplasia, 135
Hirschsprung’s disease, 71, 230
Histidinemia, maternal, 125
Hog cholera, chronic, 19

Horse

anti-glomerular basement membrane antibody
in, 175

combined immunodeficiency in, 83
equine infectious anemia in, 63
immune-mediated thrombocytopenia in, 127
lymphosarcoma in, 56
thrombocytopenic purpura in, 127

Huntington's disease, 217
Hurler syndrome, 226

Hurler /Scheie syndrome, 226
Hydranencephaly, 15, 55

Hydrocephalus
bovine, 164
congenital, 163, 164
congenital communicating, 38
due to vaccine, attenuated influenza A virus,
163
due to vitamin A deficiency, 38

Hydronephrosis, hereditary, 134
Hyperadrenocorticism, 89
Hyperbilirubinemia
congenital, 2, 8, 26
hereditary, 157
Hypercalcemia
associated with lymphosarcoma, 143
of malignancy, 168
Hypercorticism, 129
Hypercortisolism, 89
Hyperlipidemia, 91
Hyperostosis, infantile cortical, 182
Hyperplasia, preneoplastic lymphoid, 209
Hypertension, 91
arterial, 134
chronic pulmonary, 31, 154
Hypertensive disorders of pregnancy, 199
Hyperthermia, malignant, 111
Hypertrophy
bronchial gland, isoprenaline-induced, 96
right ventricle, 154

Hypervitaminosis A, 13, 130
Hypoplasia

cerebellar, 55

thymic, 137, 144
Hyposplenia, 122
Hypothalamic diabetes insipidus, 107
Hypothyroidism, neonatal, 133
Idiopathic polyneuritis, 1, 1(S)
Immune thrombocytopenia, 127

Immunodeficiency, 122
combined, severe, 83

Immunoproliferative disease, 23, 63

Immunoreactive inflammation in fetal colon im-
plants, 189

Immunosuppression, from cigarette smoke, 146
Infantile cortical hyperostosis, 182

Infantile diarrhea, 75

Infarction, myocardial, 206

[nfection

adrenal, due to besnoitiosis, 129
bluetongue-vaccine-virus, in fetal lambs, 15
central nervous system, with

nematode, 79

protozoal, 48

VEE virus, 225
coronavirus [-71, 173
cytomegalovirus, 84
Entamoeba histolytica, experimental, 171
Escherichia coli, enteropathogenic, 100
helminth, granulomatous lesions caused by, 105
LCM, congenital and persistent, 23
Schistosoma haematobium, 115
slow, by unconventional viruses, 20(S)
slow virus, 20
Theiler’s virus, 139
Venezuelan equine encephalitis virus, 225
viral, 19, 33, 63
Yersinia enterocolitica, 93



Inflammation, immunoreactive, in fetal colon im-
plants, 189

Inflammatory bowel disease, immunologic model
of, 205

Inherited erythrocyte glutathione deficiency, 94
Interstitial cell tumor, 82

Intestinal adenocarcinoma, 178

Intolerance, fructose, 58

Intrarenal obstructive uropathy, 192
Jaagsiekte, 153

Joint disease, 135

Keratosis, 172

Klinefelter’s syndrome, 5

Krabbe’s disease, 9

Kugelberg-Welander syndrome, 213
Kuru, 20, 20(S)

Lafora’s disease, 18

Lead encephalopathy, 11(S), 126

Lead nephropathy, 120

Lead poisoning, 11, 11(S), 126

Leprosy, lepromatous, experimental, 165
Lethal trait A 46, 137

Leukemia, 56
acute lymphoblastic, 131, 180
lymphoceytic, 60
transplantable L,C, 180

Leukemic lymphoma, 204
Leukodystrophy, globoid ceit, 9

Leukosis, 56

Limit dextrinosis, 150

Lipidosis, cerebrospinal, 87
Lipodystrophy, cerebrospinal, porcine, 104
Lipo-proteinosis, pulmonary alveolar, 67
Lissencephaly, 55

Lithiasis pancreatica, 37

Liver
alcoholic fatty, 30, 30(S), 50
cirrhosis, 50

Liver cell carcinoma, 36

Lower motor neuron disease, 145

Lung, carcinoma of, 208

Lung growth, fetal, 152

Lupus erythematosus, systemic, 27, 27(S), 40

Lymphadenopathy,
angioimmunoblastic, 155, 209

Lymphedema, congenital hereditary, 24
Lymphoblastic leukemia, 131, 180
Lymphocytic choriomeningitis, 23
Lymphocytic thyroiditis, 147

Lymphoid hyperplasia, preneoplastic, 209

Lymphoma
Burkitt's, 60
leukemic, 204
malignant, 56, 60

Lymphosarcoma (See Malignant lymphoma)
Macular retinal degeneration, 45
Malabsorption, zine, 137

Malaria, 78

Malformations, congenital (Also see Anomalies,
Defects)
due to vitamin A, 13
of brain, 55
of viral etiology, 15

Malignancy, hypercalcemia of, 168
Malignant hyperthermia, 111
Malignant lymphoma, 56, 60
Malignant melanoma, 98

Malignant tumors of respiratory tract, 53
Mammary neoplasia, 54, 202
Mannosidosis, 44

Marble bone disease, 128, 200

March gangrene, 224

Mastomys (See Praomys)

Medulla, renal, agenesis of, 134
Medullary thyroid carcinoma, 43, 102
Medulloblastoma, 95
Medulloepithelioma, 95

Megacolon, aganglionic or hypoganglionic, 71,
230

Megaloblastic anemia, 169
Melanoma, malignant, 98

Meningoencephalitis
amebic, 48
due to Naegleria, 48
eosinophilic, 79
Meromelia, tibial, 118

Metabolism
porphyrin, defective, 6
skeletal muscle glucose/glycogen, defective,
215

Methyl-alkyl-nitrosamines, esophageal carcinoma
induction with, 190

Methylazoxymethano! acetate, effects on brain
development, 55

Methylmercury toxicity, 158
Micrencephaly, 55
Milroy’s disease, 24
Minamata disease, 158
Mink
Aleutian Disease of, 33
Chédiak-Higashi syndrome in, 148
Ehlers-Danlos syndrome in, 73
hemivertebra of, 216
muscular dystrophy in, 119
pseudodistemper in, 231
scrapie in, 20(S)
scrapie-like disease of, 20
transmissible mink encephalopathy, 20, 20(S)
Mixed teratoid tumor, 193
Mongolism, 25
Monkey (See Primates, nonhuman)
Monoclonal gammopathies, 57
Monocrotaline, 31

Mouse

adenosis of vagina and cervix in, estrogen-
induced, 116

amyloidosis in, 17, 17(S)

anemia, hereditary microcytic, in, 7

angiosarcoma, hepatic, vinyl chloride induced
in, 219

athymic, 144

autoimmune disease in, 40

autosomal trisomies in, 65

avian reovirus disease in, 66

biliary obstruction in, 77

Capillaria hepatica egg granuloma in, 105

carcinogenesis in uterine cervix of, 141

carcinoma, embryonal, in, 10, 10(S)

Chédiak-Higashi syndrome in, 148

cytomegalovirus-induced cerebral calcification,
84

diabetes mellitus in, 70

dysbaric osteonecrosis in, 227

encephalomyocarditis virus, 70

eosinophilic meningoencephalitis in, 79

exencephaly with trisomy 12 in, 65

gammopathies, monoclonal, in, 57

giardiasis, experimentally induced in, 149

glucose-6-phosphate dehydrogenase deficiency
in, 159

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

hereditary asplenia in, 122

histidinemia in, 125

hypervitaminosis A in, 13

immunosuppression induced by long-term ex-
posure to cigarette smoke in, 146

L cells, temperature-sensitive mutant, 169

lower motor neuron disease in, 145

lymphocytic choriomeningitis in, 23

malignant tumors, transplanted, in, 109

megacolon, aganglionic, in, 71

megaloblastic anemia, 169

meningoencephalitis, primary amebic, in, 48
eosinophilic due to Angiostrongylus can-

tonensis, 79

methylmercury poisoning in, 158

motor neuron disease in, 214

Niemann-Pick disease in, 117

ochratoxicosis in, 160

osteonecrosis, dysbaric, in, 227

ovarian tumors in, 151

preneoplastic lymphoid hyperplasia in, 209

scrapie in, 20(S)

sex-linked anemia, 7

teratoma, teratocarcinoma, 10, 10(S), 103, 151

testicular feminization, X-linked, 61

Theiler’s encephalomyelitis virus infection in,
139

transplanted human malignant tumors in, 109

trypanosomiasis in, 161

Yersinia infection in, 93

Mucopolysaccharidosis I, 226
Mucoviscidosis, 14

Multiple sclerosis, 68, 139, 166
Muscular atrophy, spinal, 99, 213, 214
Muscular dystrophy, 22, 51, 119
Myelocele, 16, 16(S)

Myocardial failure, 28

Myocardial infarction, 206

Myoclonus epilepsy, 18

Myopathy, deep pectoral, 224

Mpystromys albicaudatus, spontaneous diabetes
mellitus in, 177

Naegleria meningoencephalitis, 48

Necrosis, adrenal, 129
fetal brain, 160
renal tubular, 160

Nelson’s syndrome, 89
Neonatal hypothyroidism, 133

Nephritis, tubulointerstitial, anti-TBM-antibody,
196
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Nephroblastoma, 193

Nephropathy, acute and chronic due to lead, 120
radiation, 228

Neuritis, optic demyelinating, 166

Neurablastoma, 95

Neuroectodermal tumor, 95

Neurogenic tumors due to N-nitrosourea, 140

Neutropenia, cyclic, 32

Niemann-Pick disease, 117

Nitrosamines, methyl-alkyl, 190

N-[4-(5-nitro-2-fury1)-2-thiazolyl]
carcinoma induction by, 184

Obesity, genetic, 91

Obstruction
chronic biliary, 77
intrarenal, 192

formide,

Ochratoxicosis, 160

Oligohydramnios, 152

Oppossum, endocarditis in, 4

Oregon disease, 224

Osteodystrophy, renal, 228

Osteogenic sarcoma, 114
Osteonecrosis, dysbaric, 227
Osteopathy, canine craniomandibular, 182
Osteopetrosis, 128, 200

Osteoporosis, 179

Osteosarcoma, 114, 198

Osteosclerosis fragilis generalisata, 200
Ovarian teratoma, 151

Oxygen toxicity, 59

Ozone sensitivity, 159

Palisading granuloma, 194

Pancreas
cystic fibrosis of, 14
tumors of, 170

Pancreatolithiasis, 37, 37(S)
Panencephalitis, subacute sclerosing, 68
Panmyelotoxicosis, endemic, 232
Parakeratosis, hereditary, 137
Paralysis, coonhound, 1, 1(S)
Parietovisceral yolk sac carcinoma, 201
Pemphigus vulgaris, 203

Periodontitis, 188
chronic destructive, 108
Phenylketonuria, 47
Photosensitivity, congenital, 8
Pig
‘arthritis in, 46
cerebrospinal lipedystrophy in, 104
enzootic pneumonia of, 96
GM,; gangliosidosis in, 104
hypervitaminosis A in, 13
lactational osteoporosis in, 179
lymphosarcoma in, 56
malignant hyperthermia in, 111
ochratoxicosis in, 160
swine fever (hog cholera), 19
Von Willebrand’s disease in, 110

Pituitary tumors, 121

Plasma thromboplastin component, 12 12(S)
Plumbism, 11, 11(S)

Pneumocystis carinii, 181

Pneumonia
adenovirus SV-20, experimental, 210
bacterial, virus-induced, 66
enzootic, 96
fetal, 210
Pneumocystis, 181

Poisoning, lead, 11, 11(S), 126
methyl mercury, 158

Polychlorinated biphenyls, increased sensitivity
to, 157

Polyneuritis, idiopathic, 1, 1(S)
Polyradiculoneuritis, idiopathic, 1, 1(S)
Porencephaly, 15
Porphyria

congenital erythropoietic, 132

feline, 6

Potter’s syndrome, 152

Praomys (Mastomys) natalensis
carcinoids and adenocarcinoma in, 185
gastric ulcer induced by mucosal anaphlaxis,
220

Preeclampsia, 199

Pregnancy, hypertensive disorders of, 199
toxemia, 199

Primates, nonhuman
adenovirus SV-20 pneumonia, experimental, in,
210
alopecia prematura in, 212
baldness in, 212
cardiopulmonary disease in, 31
cholelithiasis in, 74
congenital hydrocephalus in, 163
cor pulmonale in, 31
diabetic syndrome in, 81
Down’s syndrome in, 25
dysentery in, 86
endocardial fibroelastosis in, 31
endometriosis in, 80
enteropathogenic Escherichia coli infection in,
100
fetal pneumonia in, 210
gonorrhea in, 97
hemolytic anemia in, 62
hepatitis, non-A, non-B, experimental, in, 221
hypervitaminosis A in, 13
lead poisoning in, 11, 11(S)
malignant lymphoma in, 60
malaria in, 78
monocrotaline-intoxicated, 31
oxygen toxicity in, 59
periodontitis in, 108
pulmonary hypertension in, 31
Schistosoma haematobium infection in, 115
shigellosis in, 86
thalidomide syndrome in, 29
toxemia of pregnancy in, 199
toxoplasmosis in, 3
urothelial lesions due to Schistosoma haema-
tobium in, 115
varicella-like disease in, 69

Prostate, adenocarcinoma of, 123
Pseudodistemper, 231
Pseudohyperparathyroidism, 143
Pseudolipidosis, 44

Pulmonary adenomatosis, 153
Pulmonary alveolar lipo-proteinosis, 67
Pulmonary carcinoma, 153

Pulmonary heart disease, 154

Pulmonary hypertension, 31
hypoxic, 154

Pulmonary tuberculosis, 142

Purpura, idiopathic thrombocytopenic, 127
Pyorrhea alveolaris, 108
Pyruvate kinase deficiency, 176

Rabbit

adenocarcinoma, endometrial, spontaneous, in,
21

gammopathies, monoclonal, in, 57

hydrocephalus in, 38

hypervitaminosis A in, 13

inflammatory bowel disease in, 205

methylmercury poisoning in, 158

nephroblastoma in, transplacentally induced by
ethylnitrosourea, 193

vitamin A deficiency in, 38

VX-2 carcinoma in, 168

Radiation, icnizing, 156

Rat
adenocarcinoma, intestinal, induced by DHNT,
178

of colon, 42
of prostate, 123

adrenal apoplexy, acrylonitrile-induced, 101

aflatoxin carcinogenesis in, 35

alcoholic fatty liver in, 30, 30(S), 50

amniotic fluid deficiency in, 152

anemia, hypochromic, microcytic, in, 7

angiosarcoma, hepatic, 219

arthritis in, 46

carcinoma of urinary bladder in, 184

carcinoma, parietovisceral yolk sac, in, 201

carcinoma, renal tubular, chemically induced
in, 211

diabetes insipidus, hereditary hypothalamic, in,
107

diabetes mellitus in, 218

duodenal ulcer in, 167

esophageal carcinoma in, 190

ethanol dependence and fatty liver in, 30(S)

fatty liver and cirrhosis in, 50

fetal lung growth in, 152

fructose-induced lesions in, 58

hydronephrosis, hereditary, in, 134

hyperbilirubinemia, hereditary, in, 26, 157

hypertension, experimental chronic hypoxic
pulmenary, in, 154

hypertensive, 91

hypertrophy, right ventricle, 154

hypervitaminosis A in, 13

hypothyroidism, neonatal, in, 133

immunoreactive inflammation in, 189

immunosuppressed, 181

implants, fetal colon, in, 189

interstitial cell tumor in, 82

intrauterine growth retardation, 64

lead encephalopathy in, 126

ligation of middle cerebral artery in, 229

lipotrope-deficient, 50

medullary thyroid carcinoma in, 102

megacolon, aganglionic, in, 230

myocardial infarction in, 206

N-nitrosourea-induced neurogenic tumors in,
140

obese, 91

ochratoxicosis in, 160

osteopetrosis in, 200

osteosarcoma, Moloney sarcoma virus-induced,
in, 114

periodontitis in, 188

peripheral retinal degeneration in, 195

phenylketonuria in, 47

pituitary tumors in, 121

Pneumocystis pneumonia in, 181

retinal degeneration, in, 195, 197

silica-induced  pulmonary  alveolar
proteinosis, 67

lipo-



skeletal muscle glucose/glycogen metabolism,
defective, in, 215
striatal lesion with kainic acid in, 217
syngeneic, immunoreactive inflammation in
fetal colon implants in, 189
thromboembolism in, 206
urothelial tumors in, 138
uterine vessel ligation in, 64
Venezuelan equine encephalitis in, 225
Renal medulla, agenesis of, 134
Renal osteodystrophy, 228
Renal tubular carcinoma, 211
Renal tubular necrosis, 160
Reovirus
avian, 66
Type 3, 76, 77
Respiratory tract, tumors of, 53
Retardation, fetal growth, 64
Retinal degeneration, 45, 195, 197
Retinitis pigmentosa, 197
Retinoblastoma, 95
Rheumatoid arthritis, 46, 92
Rotavirus, enteritis caused by, 187
Round heart disease, 49, 112
Sacral dysgenesis, 16, 16(S)
Sacrococcygeal agenesis, 16 16(S)
Sarcoma
immunoblastic of B cells, 155
osteogenic, 114
Saturnism, 11, 11(S)
Scheie syndrome, 226
Schistosoma haematobium infection, 115

Sclerosis, amyotrophic lateral, 145, 213
multiple, 68, 139, 166

Scrapie, 20(S)

Scrapie-like disease of mink, 20
Sekoke, 106

Sensitivity, ozone, 159

Sex chromosome anomalies, 5

Sheep

bluetongue-vaccine-virus infection in, 15

ceroid-lipofuscinosis in, 207

congenital progressive ovine muscular dys-
trophy in, 51

Dubin-Johnson syndrome in, 2

experimental autoimmune anti-GBM glomeru-
lonephritis in, 191

Gilbert’s syndrome in, 8, 192

glomerulonephritis in, 191

glutathione deficiency in, 94

hyperbilirubenemia, congenital, in, 2, 8

Jaagsiekte, 153

lymphosarcoma in, 56

photosensitivity in, 8

pulmonary adenomatosis in, 153

pulmonary carcinoma in, 153

Shigellosis, 86

Silica-induced  pulmonary
proteinosis, 67

alveolar  lipo-

Skeletal muscle glucose/glycogen metabolism,
defective, 215

Sleeping sickness, 161

Slow virus infections, 20, 20(S)

Smoke, cigarette, 146, 183

Spina bifida, 16, 16(S)

Spinal dysraphism, 88

Spinal muscular atrophy, infantile, 99, 213, 214

Sporotrichosis, 124

Sprinz-Nelson syndrome, 2

Squirrel, porphyria in, 132

Stenosis, aqueductal, 164

Striatal neuronal degeneration, 217

Stroke, 229

Subacute sclerosing panencephalitis, 68

Swine (See Pig)

Swine fever, 19

Syndactyly, 90

Syndrome
Caffey-Silverman, 182
Chédiak-Higashi, 148
Crigler-Najjar, 26
Cushing’s, 89
diabetic, 81
DiGeorge, 144
Down’s, 25
Dubin-Johnson, 2
Ehlers-Danlos, 73
Gilbert’s, 8, 192
Guillain-Barrg, 1, 1(S)
Hurler, 226
Hurler/Scheie, 226
Klinefeiter’s, 5
Kugelberg-Welander, 213
Nelson’s, 89
Potter’s, 152
Richner-Hanbart, 231
Scheie, 226
Sprinz-Nelson, 2
thalidomide, 29
Waardenburg’s, 34
Waterhouse-Friderichsen, 101

Syringomyelia, 88
Systemic lupus erythematosus, 27, 27(S), 40

Teratocarcinoma, 10, 10(S)
embryo-derived, testicular, ovarian, 103

Teratoma
embryo-derived, testicular, ovarian, 103
ovarian, 151
testicular, in mice, 10, 10(S)

Testicular feminization, 61
Thalidomide syndrome, 29

Theiler’s virus infection, 139
Thrombocytopenia, autoimmune, 127
Thromboembolism, diet-induced, 206

Thymic hypoplasia
congenital, 144
hereditary, 137

Thyroid
medullary carcinoma in, 43, 102
ultimobranchial neoplasm in, 43 -

Thyroiditis
Hashimoto’s, 85, 147
spontaneous, hereditary autoimmune, 85

Tibial hemimelia, 118
Tibial meromelia, 118
Toxemia of pregnancy, 199

Toxicity, methylmercury, 158
oxygen, 59

Toxoplasmosis, 3

Transmissible mink encephalopathy, 20, 20(S)
Trisomy, autosomal, 65

Trypanosomiasis, 161

Tuberculosis, pulmonary, 142

Tumor (See specific names)
benzo(a)pyrene-induced, 53
endodermal sinus, 201
interstitial cell, of testis, 82
malignant, of respiratory tract, 53

mixed teratoid, 193
neuroblastoma, 95
neuroectodermal, primitive, 95
neurogenic, 140
N-nitrosourea-induced, neurogenic, 140
ovarian, 151
pancreatic, induced, 170
pituitary, 121
respiratory tract, 53
transplanted malignant, 109
urothelial, spontaneous, 138
Wilms’, 193
Turkey
myopathy, deep pectoral, in, 224
round heart disease in, 49, 112
Tyrosinemia 11, 231

Ulcer, duodenal, 167
gastric, 220

Ulcerative colitis, 113, 189
Ultimobranchial thyroid carcinoma, 43
Urinary bladder carcinoma, 115, 184
Urolithiasis, struvite, 223

Uropathy, intrarenal obstructive, with proximal
ectasia, 192

Urothelial cancer, 138
Urothelial lesions, proliferative, 115
Uterine cervix, 116, 141
Uterine vessel ligation, 64
Vagina
adenosis of, 116
clear-cell carcinoma of, 116

Varicella, 69

Vascular disease, 91

Venezuelan equine encephalitis, 225
Vibriosis, bovine venereal, 72

Viral infection, 19, 33, 63

Virus
adenovirus SV-20 pneumonia, 210
attenuated influenza A, cause of congenital
hydrocephalus, 163
bluetongue-vaccine, 15
coronavirus I-71, 173
encephalomyocarditis, M variant of, 70
feline leukemia, disease, 204
herpesvirus-induced malignant lymphoma, 60
lymphocytic choriomeningitis, 23
Moloney sarcoma, induced osteosarcoma, 114
murine leukemia, 145
persistent infection, 33, 63
reovirus Type 3, 76, 77
slow, infection, 20, 20(S)
Theiler’s, infection, 139 . i
unconventional, 20(S)
Venezuelan equine encephalitis, 225
Virus-induced bacterial pneumonia, 66
Vitamin
A, deficiency hydrocephaly, 38
A, hypervitaminosis, 13
E, deficiency anemia, 62

Von Willebrand’s disease, 110

VX-2 carcinoma, 168
Waardenburg’s syndrome, 34

Waterhouse-Friderichsen syndrome, 101

Werdnig-Hoffmann disease, 99, 213, 214
Whale, killer, Chédiak-Hagashi syndrome in, 148
Wilms’ tumor, 193

Yersinia enteritis, 93

Yolk sac carcinoma, 201
Zinc deficiency, hereditary, 137



