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INTRACYTOPLASMIC NEURONAL INCLUSIONS IN
WOODCHUCK BRAIN STEM

Virginia Pierce,'?Robert L. Snyder,'2*>and John T. McGrath?

' Penrose Research Laboratory, Philadelphia Zoological Garden, Philadelphia, Pennsylvania 19104, USA
2 Department of Pathobiology, University of Pennsylvania School of Veterinary Medicine, Philadelphia, Pennsylvania
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ABSTRACT: Homogenous eosinophilic intracytoplasmic inclusion bodies were found within the
large reticular neurons of the brain stems of 57 captive woodchucks (Marmota monax). Light
microscopy was consistent with a proteinaceous nature, while electron microscopy suggested a
non-viral origin. The woodchucks with inclusions were older than the general population that was
studied. It is hypothesized that the neuronal inclusions in the brain stem are indicative of nonspecific
ageing changes.

Key words: Marmota monax, woodchuck, brain stem, neuronal inclusion bodies, nonspecific
ageing changes, prevalence, captive study.

INTRODUCTION Pennsylvania 19104, USA), and allowed to com-

plete a natural life span (Snyder, 1985). Each

The Penrose Research Laboratory animal received an individual identification
(Philadelphia Zoological Garden, 34th St. number with matching metal ear tag and skin
and Girard Ave., Philadelphia, Pennsyl- tattoo. Detailed records were kept of health sta-

. . tus and nutrition until the animals died.
vania 19104, USA) established a colony of The necropsy protocols, clinical histories and

woodchucks (Marmota monax) in 1960 to histological preparations of 445 woodchucks
study disease patterns in relation to ageing  which died between 1961 and 1987 were re-
and nutrition (Snyder, 1985). In this colony  viewed. These data are available at the Penrose
woodchucks trapped as young of the year Laboratory, Philadelphia Zoological Garden. All

. . woodchucks from which brain sections were
in Pennsylvania and New Jersey are housed taken (n = 309) were considered. Spinal sections

one or two per cage and allow?d to com-  were not routinely collected; those that were
plete a natural lifespan. Routine exami- preserved were surveyed. Statistical analyses of
nation of the brains at necropsy revealed age and sex data were performed using Wil-
eosinophilic inclusion bodies in neuronal ~coxon Ranked Sums.

. . Ten woodchucks were examined for rabies.
cytoplasm that resembled the classic Negri Half of each brain was submitted unfixed to the

body associated with rabies (Negri, 1903).  Gommonwealth of Pennsylvania Bureau of An-
While Negri bodies are found mostly in  imal Industry Laboratory (Harrisburg, Penn-
the Purkinje cells of the cerebellum and sylvania 17105, USA) for possible detection of
in the cells of the horn of Ammon, they rabies virus antibody by fluorescent antibody
are found also in other nerve cells and :)echniqug(F}:\T). The remaining portions of each
ithin intercellular spaces: the inclusio rain and the bralps fr.om the remaining 299
within i paces; $100 woodchucks were fixed in 10% neutral buffered
bodies in woodchucks were found only formalin and examined as follows.
within the brain stem. Herein we describe For light microscopy, blocks of tissue fixed in
the histochemistry and light and electron buffered 10% formalin were embedded in par-
microscopic properties of these inclusion affin, sectioned at 6 ym, and stained with he-

. . . . . matoxylin and eosin (H&E). When inclusions
bodies and discuss their possible etiology. were present, selected slides were prepared us-

ing the following special staining techniques:
MATERIALS AND METHODS Periodic Acid Sc%liffprAS)——H&l%, Perl’s ?ron,
The woodchucks (Marmota monax) under  Schorr, Ziehl-Neelsen Acid Fast, Alcian Blue,
study were captured as young of the year (ap- Congo Red, Mallory’s Trichrome, Luxol Blue—
proximately 6-mo-old) in Pennsylvania and New PAS—H&E, Oil-Red-O—H&E, Feulgen and
Jersey, housed one or two per cage at the Pen-  Menzies’ Nucleic Acid (Luna, 1968).
rose Laboratory (Philadelphia Zoological Gar- The brain of an aged (79 mo) woodchuck,
den, 34th St. and Girard Ave., Philadelphia, scheduled for euthanasia because of debilita-
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tion, was prepared for electron microscopic study
of the inclusions. The animal was anesthetized
with ether and perfused through the left ven-
tricle with 4% glutaraldehyde in 440 mM phos-
phate buffer for 1 hr, then postfixed in 2% os-
mium tetroxide for 1 hr at 4 C. The brain was
embedded in Araldite (Durcupan; Ciba Prod-
ucts Corporation, Fair Lawn, New Jersey 07410,
USA) after dehydration in graded alcohols.
Blocks were sectioned to 70 nm on a Sorvall
MT-2B ultramicrotome (DuPont Company, In-
strument Products, Biomedical Division, New-
ton, Connecticut 06470, USA). Thin sections
from suitable blocks were placed on an uncoated
grid and stained with lead citrate and uranyl
acetate and examined on a Zeiss EM 9-S electron
microscope (Carl Zeiss, Inc., One Zeiss Drive,
Thornwood, New York 10594, USA).

RESULTS

In a survey of 309 woodchuck brains,
57 had homogenous eosinophilic intracy-
toplasmic inclusions in neurons in the mid-
brain. The inclusions appeared throughout
the length of the brain stem, and were
located in perikarya lying on or immedi-
ately lateral to the midline, from the me-
dulla to the diencephalon. They were ven-
trally located in relation to the central canal
and aqueduct of Sylvius, and were ven-
trolateral to the third ventricle.

The animals possessing the lesions had
all reached sexual maturity. Fourteen were
under middle age (approximately 40 mo
of age; Snyder, 1976), the rest were over
middle age. The median age of the total
population was 34 mo; the affected pop-
ulation was significantly older (median age
was 62 mo, P < 0.001). The prevalence of
inclusion bodies was greatest among the
oldest animals (Table 1). There was no sex
predilection (P > 0.05).

The brains of 10 woodchucks were ex-
amined for evidence of rabies virus anti-
gen by FAT. Each brain was negative for
rabies. Seven of these brains had neurons
which contained intracytoplasmic inclu-
sions.

Four animals with neuronal inclusion
bodies showed neurological signs preced-
ing death (head tilt, posterior paresis), but
these could not be correlated with the pres-
ence of inclusions. Each of these animals
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TABLE 1. Age-specific prevalence of intracyto-
plasmic neuronal inclusion bodies in brains of wood-
chucks from the Penrose Laboratory research colony.

Age Affected/
(months) Affected % total population
1-10 0 0/47
11-20 3 1/29
21-30 13 5/40
31-40 33 10/31
41-50 13 4/30
51-60 18 8/44
61-70 29 7/24
71-80 36 9/25
81-90 13 2/16
91-100 47 7/15
101-110 40 2/5
111-120 67 2/3
Totals 18 57/309

was rabies antibody negative by FAT. The
causes of death of these four animals were
chronic pyelonephritis (n = 2), broncho-
pneumonia (n = 1) and ruptured aorta (n
=1).

Seven animals were euthanized due to
debilitation at old age (60, 65, 72, 79, 84,
96, and 115 mo). The causes of death of
the other animals were medial necrosis and
rupture of the aorta (n = 6), neoplasia (n
= 11), systemic infection (n = 8), infection
associated with chronic viral hepatitis (n
= 11) or glomerulonephritis (n = 14). Viral
hepatitis was caused by woodchuck hep-
atitis virus, one of the hepadna viruses
(Summers et al., 1978).

The light microscopic appearance of the
inclusion bodies is shown in Figure 1.
Stained with hematoxylin and eosin, they
appeared as eosinophilic (or homogenous
hyaline) intracytoplasmic bodies of vari-
able size and shape. Of the 57 brains af-
fected, 48 had an inclusion body in most
of the periaquaductal neurons; the re-
maining brains had only a few neurons
with inclusion bodies. Most neurons con-
tained one inclusion; some brains had neu-
rons containing up to four intracytoplasm-
ic inclusion bodies.

None of the 57 brains with neuronal
inclusions showed evidence of encephalitis
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FIGURE 1.
sion bodies (arrows) in a 115-mo-old female wood-
chuck (Marmota monax). H&E. Bar = 20 um.

Eosinophilic intracytoplasmic inclu-

(perivascular lymphoplasmacytic cuffing,
gliosis) or neoplasia. From one to several
neurons containing yellow-brown cyto-
plasmic granules of lipofuscin were found
in 22 brains which also contained neuronal
inclusion bodies. None of the lipofuscin-
containing neurons also contained the eo-
sinophilic inclusion bodies.

The inclusions were 2.5 to 5.0 um and
usually round in cross-section with definite
curvilinear boundaries. Infrequently, the
cross-sections were more oval and the
boundaries were slightly indented.

The perikarya in which the inclusions
were found showed no signs of degener-
ation. Inclusions were generally seen with-
in large reticular cells of the brain stem.

Menzies, Schorr and Feulgen stains for
nucleic acids were each negative. Oil-
Red-O stain for neutral lipids was nega-
tive. Congo Red stain for amyloid was neg-
ative. Special stains for iron (Perl’s), gly-
cogen (PAS), and mucopolysaccharides
(Alcian Blue) were each negative. Mallo-
ry’s Trichrome stain for collagen was neg-
ative.

The intracytoplasmic inclusions were
weakly positive with Acid Fast and Luxol
Blue. The inclusions were acidophilic (pink
with H&E) and compatible with protein.

Electron microscopy of the brain stem
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FIGURE 2. Electron micrographs of eosinophilic
intracytoplasmic inclusions in a 115-mo-old female
woodchuck (Marmota monax). Approximate mag-
nification 15,700x. Bar = 1 um.

sections of the sacrificed woodchuck re-
vealed the presence of inclusions. Again,
they were found in the cytoplasm, were
not enclosed by a limiting membrane, and
appeared to have a homogenous, crystal-
line-like structure (Fig. 2). There is no evi-
dence of viral structure or particles within
the inclusions.

DISCUSSION

Woodchucks, commonly called ground-
hogs or marmots, are native to eastern
North America (Nowak and Paradiso,
1983). About one-half of female wood-
chucks in natural populations reach sexual
maturity at 11-mo-old; 100% of female
woodchucks are sexually mature by 23 mo
(Snyder and Christian, 1960). Male wood-
chucks are sexually mature at 22 mo (Sny-
der and Christian, 1960). In the wild, most
woodchucks die before middle age (ap-
proximately 40 mo; Snyder, 1976). Kept
in captivity, their longevity is 130-144 mo
(Snyder, 1976).

Inclusions in neuronal cytoplasm have
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been seen in aged human and mouse brains.
In the course of routine human autopsies,
Takei and Mirra (1971) found intracyto-
plasmic eosinophilic hyaline inclusions in
neurons of the hypoglossal nuclei. Al-
though the neurons exhibiting the inclu-
sions were all functional and viable, they
considered it to be a sign of nerve cell
disintegration. The inclusions were de-
scribed as an example of senile change in
the brain, as there was a high prevalence
of these inclusion bodies in the aged pop-
ulation they studied.

Similar inclusions were described in hu-
man autopsy material by Mendell and
Markesbery (1971) as an incidental find-
ing. The inclusions were most prevalent in
the large multipolar neurons of the brain
stem and spinal cord. They were protein-
aceous, intracytoplasmic, hyaline, eosino-
philic and had no apparent pathological
or clinical effect on the cell. Electron mi-
croscopy revealed a limiting membrane of
probable filamentous nature. They could
find no consistent pattern relating to age,
sex, underlying disease, cause of death or
medications received.

Fraser (1969), while studying the brains
of mice, found eosinophilic homogenous
cytoplasmic oval to disc-shaped inclusions
in the thalamus (dorsal and ventral tha-
lamic nuclei). Staining showed evidence
of protein in parallel fibrillar crystalline
bundles with transverse and longitudinal
striations. It was suggested (Fraser, 1969)
that this represented the normal ageing
process in cells since all of the mice were
aged (>1-yr-old).

Lipofuscin, sometimes called the “wear
and tear” pigment (Jubb et al., 1985), may
represent pigments derived from the oxi-
dation of tissue lipids or lipoproteins and
may be considered a sign of senile atrophy
(Jones and Hunt, 1983). It is sudanophilic,
usually acid fast positive, and iron negative
(Jones and Hunt, 1983). Under light mi-
croscopy, lipofuscin appears as finely gran-
ular yellow-brown cytoplasmic storage
material (Jubb et al., 1985). Lipofuscin
granules were observed in the cytoplasm
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of several neurons in each of 22 brains with
eosinophilic inclusion bodies, but no single
neuron contained both eosinophilic inclu-
sions and lipofuscin granules.

Leighton and Williams (1983) described
prominent round to oval eosinophilic in-
tracytoplasmic inclusion bodies in neurons
in or adjacent to the pyramidal layer of
the hippocampus in five nonrabid moose
(Alces alces). Four of the animals showed
abnormal behavior or clinical disease
(chronic enteritis, severe keratocon junc-
tivitis). The inclusions were 2 to 20 um in
diameter and were homogenous masses of
finely granular electron dense material.

Cameron and Conroy (1974) report
finding ovoid to crescent-shaped 3 to 9 um
diameter eosinophilic intracytoplasmic in-
clusion bodies in Purkinje cells of the cer-
ebellum and in neurons of the lateral ge-
niculate body, pulvinar, the superior
colliculi and the basal ganglia of a 6-yr-
old cocker spaniel bitch with neoplastic
reticulosis of the central nervous system.
They suggested that the inclusions resulted
from an aberrant formation of the rough
endoplasmic reticulum.

Bestetti and Rossi (1980) described cy-
toplasmic lamellar bodies in brains of cat-
tle, goat, sheep, dog, cat, rabbit, rat and
mouse. The lamellar bodies are stacks of
parallel unit membrane-bound cisternae
of approximately regular spacing, filled
with granular or homogenous electron
dense material similar to what Cameron
and Conroy (1974) described ultrastruc-
turally. Bestetti and Rossi (1980) noted that
it is unlikely that lamellar bodies would in
fact represent the ultrastructural equiva-
lent of cytoplasmic inclusions visible by
light microscopy. There was no ultrastruc-
tural evidence of lamellar bodies in the
woodchuck brain in this study.

Various kinds of pseudo-Negri bodies
have been found in brains of normal dogs,
foxes, and skunks (Tierkel, 1959). In clin-
ically normal cats, two types of inclusion
bodies have been found. Homogenous eo-
sinophilic inclusions may occur in pyrami-
dal cells of the hippocampus and thalamus.
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Szlachta and Habel (1953) described inclu-
sion bodies found in neurons of the dorsal
part of the lateral geniculate body of nor-
mal cats. These inclusions were sharply
defined, nonhomogenous, acidophilic,
round or ovoid, 2 to 4 um and occurred in
the cytoplasm.

The majority of the woodchucks with
neuronal inclusions were over middle age;
it is hypothesized that the inclusions seen
in the cytoplasm of the neurons in the
brainstem are indicative of nonspecific
ageing changes. Evidence from light and
electron microscopic analysis of these le-
sions indicates that the inclusions are com-
posed of proteinaceous material with no
carbohydrates. There was no staining or
electron microscopic evidence of a viral
etiology.
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