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ABSTRACT

The clinico-pathological findings of a nerv-
ous disease in two mature Siamese cats are
described. In one animal intermittent convul-
sions and mania over a period of three weeks
terminated in death, while in the other irrita-
bility and hind leg weakness were the main
clinical features. Neuronal cytoplasmic inclu-
sions composed of a complex lipid material
were detected microscopically. The ultrastruc-
ture and staining reactions of these inclusions
in one cat were similar to the curvilinear
bodies described in neurovisceral storage dis-
ease in humans and in a neuronal lipodystro-
phy of cattle. The deposit was considered
likely to be related to ceroid-lipofuscin. No
differences in brain lipid quantity or quality
could be detected when compared to two con-
trol cats.

RESUME

Les auteurs rapportent les observations cli-
niques et pathologiques qu'ils ont notees chez
deux chats Siamois adultes atteints d'une ma-
ladie nerveuse. Un de ces chats manifesta des
convulsions et de la manie, au cours des trois
semaines qui pric6derent sa mort. Par contre,
les principaux signes cliniques observes chez
l'autre se traduisirent par de l'irritabilite et de
la faiblesse des membres posterieurs. L'exa-
men microscopique r6v6la, dans le cytoplasme
de certains neurones, la presence d'inclusions
composees d'une substance lipidique complexe.
L'ultra-structure et les affinites tinctoriales
des inclusions de l'un des deux chats ressem-
blaient it celles des corps curvilignes decrits
dans la maladie de l'emmagasinage lipidique
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neuro-visceral des humains et dans la lipodys-
trophie des neurones des bovins. Ce dipot
donnait l'impression d'etre apparente ia la lipo-
fuschine ou 'a la ceroide. Une etude compara-
tive du cerveau des deux chats malades et de
celui de deux temoins ne revela aucune diff&
rence, quant ia la quantite ou a la qualite des
lipides du cerveau.

INTRODUCTION

Disease characterized by the accumula-
tion of lipid material in nervous tissue,
reticulo-endothelial tissue or both have
been reported in a number of different syn-
dromes in man (1, 4, 5, 8, 11. 21) and in
various animals (6, 12, 13, 16, 18, 19, 20).
Chrisp et al (6) described such a disease in
a nine month old Siamese cat which re-
sembled Niemann-Pick disease of humans
with cytoplasmic vacuolation of neurons,
astroglial cells and reticulo-endothelial cells
in various organs. A similar disease in a
five month old domestic cat in which mem-
branous cytoplasmic inclusions were de-
monstrated has been reported by Percy et
al (17). An increase in sphingomyelin con-
tent of affected tissues was demonstrated
in the latter case. Baker et al (2) and Far-
rell et al (9) have investigated progressive
motor disability in Siamese cats and found
excessive levels of GMl ganglioside and a
deficiency of B-galactosidase activity in
the brain. The purpose of this paper is to
describe the clinico-pathological findings of
a central nervous system ceroid-lipofuscin
storage disease in a mature Siamese cat
examined in detail and in another cat on
which less material was available. The ad-
dition of this condition to the literature
now brings the total of neural and neuro-
visceral lipid storage diseases in cats to
three: Type II GMl gangliosidosis, neuro-
visceral sphingomyelin storage and neuro-
nal ceroid-lipofuscin storage. Notably the
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treated parenterally with a vitamin B com-
1f' FIF '...:'tS,3tl*<plexpreparation. The cat was returned to

f.<7 i ..*theowner and appeared normal until Aug-
2a . ..?; tn $ 4i;' ust 4, when it was again presented in a

convulsive state and salivating. The con-
.I . v w- if^Fx^#vulsions rapidly progressed to coma and

terminated with the death of the animal in
rg F 5i, < a few hours. A necropsy was performed 18
i ds hours after death.

*S "C f fi'MATERIALS AND METHODS

Tissues taken at post mortem were fixed
in 10% formalin, processed routinely and
paraffin embedded. Approximately one-half
of the brain was submitted for Rabies vi-

I | ffi| | i 11 |Sfrusexamination.'
i,~ Routine hematoxylin and eosin stained

r 'Animal Pathology Laboratory, C.D.A., Hull, P.Q.

Fig. 1. Pyramidal neurons in the hippocampus of a
Siamese cat with neuronal ceroid-lipofuscin storage.;
Note the refractile cytoplasmic inclusions. H & E. X375.

latter condition is seen at approximately
two years of age while the other two types .-
are seen in kittens six months of age or
less.

CLINICAL FINDINGS

A 22 month old castrated male Siamese ___
cat was presented to the referring veterina-9--
rian on July 15, 19170 with a recent history
of becoming excited while watching televi-
sion and with convulsions being observed
by the owners. Examination at this time ,-'-
uncovered no obvious abnormalities and the
animal was returned to the owner. Three _
days later the cat was again presented with _
a similar history and upon examination the
animal was hyperaesthetic. The animal was
quarantined and the following day mania
and photophobia were obvious. The patient Fig. 2. Hippocampus of a Siamese cat with neuronal
returned to normal within 48 hours and on ceroid-lipofuscin storage. Note the widespread dark stain-

July 29 it was vaccinated for rabies and ing of the stored lipid in neurons by the Luxol Fast
208v C9itwanvccnJedfo rbiomndBle.tanMed.BX5
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Fig. 3. A Purkinje cell from a cat with neuronal ceroid-
lipofuscin storage. Note the coarse deposits to the right
of the nucleous. L.F.B. X1000.

sections were examined, as well as sections
from paraffin embedded tissue prepared
with the following stains: Periodic acid -
Schiff (PAS), Luxol Fast Blue (LFB),
Sudan Black B, Oil Red 0, Phosphotungstic
acid hematoxylin (PTAH), Bodian Nerve
Fibre Stain, Holzer Glial Fibre Stain,
Crystal Violet, Loyez Stain for Myelin, Ro-
mansky type Stain, and Landings Method
for Lipids (7, 14, 15). Frozen sections were
also stained with Sudan Black B before and
after extraction with hot chloroform-meth-
anol solutions to examine for the stability
of the deposits to lipid solvents.

Small 2 mm square blocks of formalin
fixed tissue from the outer layer of the
cerebellum were submitted for electron mi-
croscopic examination after approximately
six months storage in 10% formalin. The
tissue was cut into 1 mm square blocks,
fixed 48 hours in 3%--C isotonic glutaralde-
hyde and then transferred to Sorenson's
phosphate buffer (pH 7.2) with 2% sucrose
for 12 hours. Post fixation was in 1%
osium tetroxide in Sorenson's phosphate
buffer (pH 7.2) for two hours with de-
hydration through acetone and subsequent
embedding in Epon 812. Ultrathin sections
were cut on a Porter Blum ultramicrotome
and stained with uranyl acetate 8nd lead
citrate and examined in a Phillips 200 elec-
tron microscope.

Samples of brain were taken at post mor-
tem from the frontal cortex and were stored
for seven months at -20° C, then at -70° C
for one month prior to analysis. Duplicate
samples of brain were taken from two con-
trol cats of one year of age and of indeter-
minate breed. These samples were sub-

mitted to the Hospital for Sick Children,
Toronto, Ontario, Canada for lipid analysis.
Extraction was with chloroform methanol
(10). The washed lower phase was concen-
trated and applied as a one centimeter
streak to a silica gel G thin-layer plate.
The chromatograms were run in chloro-
form: methanol: water 14:6:1 v/v/v/. The
spots were located by spraying lightly with
50%1" sulfuric acid and charring at 1200 C.
The lightly charred spots were scraped in-
dividually into test tubes and the phospho-
lipid content assayed according to a slightly
modified Bartlett procedure (3). The up-
per phases from the Folch extraction were
concentrated and dialyzed and the resulting
gangliosides separated by thin-layer chro-
matography in chloroform: methanol: 2N
ammonia 55:40:8 v/v/v. Insufficient mate-
rial was available to attempt enzymatic
analysis.

Fig. 4. An electromicrograph of one of the intracyto-
plasmic ceroid-lipofuscin bodies located in a Purkinje
cell. Note the curved fibrillar interwoven structure and
the lack of a boundary membrane. X22,400.
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RESULTS

GROSS NECROPSY FINDINGS

No lesions were noted on gross examina-
tion.

HISTOPATHOLOGICAL FINDINGS

On examination of hematoxylin and eosin
sections a mild but diffuse microgliosis in-
volving the medulla and cerebral cortex was
observed. Meningeal vessels were engorged
and a slight enlargement of the nuclei and
occasional vacuolation of the cytoplasm of
the endothelial cells of the vessels through-
out the brain was noted. The Purkinje cells
and the hippocampal and cortical neurons
contained multiple cytoplasmic inclusions
of various sizes which were round to irreg-
ular in shape, refractile, homogeneous and
slightly more eosinophilic than the sur-
rounding cytoplasm (Figs. 1 and 2). All
inclusions in these areas were located in
the marginal zone of the cell and did not
cause nuclear displacement, even when
present in large numbers. Enlargement of
the neuronal perikaryon was slight. Dis-
tortion of cellular outline was present only
in the Purkinje cells of the cerebellum.
Some vacuolation of white matter was
noted. However, no unequivocal evidence of
demyelination was observed.

Congestion of the vessels in the medulla
and at the cortico-medullary junction was
present in the kidneys. Vacuolation of the
tubular epithelium similar to that observed
in normal feline kidneys was observed. The

TABLE I. Histochemical Reactions of Intra-
neuronal Inclusions in two Siamese Cats with
Ceroid-lipofuscin Storage Disease

Staining Method

H & E
Luxol Fast Blue
Oil Red 0
PTAH
Crystal Violet
Bodian
Romansky
Holzer
Loyez
Landings
P.A.S.
Sudan Black B.

Reaction

red
dark blue
red
orange
pale blue
unstained
purple
unstained
orange-red
blue-green
red
black

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~c . ILtw _t

Fig. 5. An electronmicrograph of a portion of a neuro-
nal intracytoplasmic ceroid-lipofuscin body. Note the
multilamellar unit membrane-type structure. X180,000.

Fig. 6. Photograph of the chromatographic separation
of upper phase brain lipids from a Siamese cat with
neuronal ceroid-lipofuscin storage disease, two normal
control cats, and a child with Tay-Sachs disease.

epithelial cells of the visceral layer of Bow-
man's capsule had enlarged and prominent
nuclei. Moderately PAS positive material,
in strands and clumps, occupied the glome-
rular basement membranes. Hepatocyes in
the periacinar areas contained small clear
cytoplasmic vacuoles. No lesions were iden-
tified in sections of the pancreas, spleen
or intestines.

HISTOCHEMICAL FINDINGS

The appearance of the cytoplasmic neu-
ronal inclusions with the various stains is
summarized in Table I. Luxol Fast blue
gave the most intense reaction and allowed
some evaluation of the morphology of the
structures and their position within the
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cell. The neuronal inclusions varied in ap-
pearance from a fine diffuse granular dust-
ing of the cytoplasm to large coarse gra-
nules which entirely filled the cytoplasm
(Figure 3). Accumulation of luxolophilic
material in small amounts was also noted
in some astrocytes with no pattern of dis-
tribution discernible.
The results of chloroform: methanol ex-

traction of frozen brain sections showed
that there was significant retention of
stored lipid material following these rigor-
ous attempts to dissolve the substance.

BIOCHEMICAL ANALYSIS

The phospholipid analyses from the
brains of the affected and two normal cats
did not differ in percentage distribution
and the ganglioside patterns were identical
(Figs. 6 and 7).

RABIES VIRUS EXAMINATION

Examination by the fluorescent antibody
technique and mouse inoculation was nega-
tive for the presence of rabies virus.

ELECTRON MICROScoPIc EXAMINATION

Numerous irregular shaped collections of
fibrillar material were present in the cyto-
plasm of the Purkinje cells (Fig. 4). No
enclosing membrane was present and exam-
ination at 180,000 x magnification showed
the fibrillar masses to be composed of
structures similar to those of unit mem-
branes with a beading of electron dense
particles on the surfaces (Fig. 5). The
arrangement of these structures in the in-
clusions was in an interwoven pattern with
straight and curved elements crowded close-
ly together.

DISCUSSION

The previous reports of lipid storage
diseases in Siamese cats reported the pre-
sence of material in organs other than the
nervous system and on the basis of the
histological, histochemical and biochemical
results compared the findings with those of
Niemann-Pick disease in humans (6, 17).

Fig. 7. Photograph of the chromatographic separation of
lower phase brain lipids from a Siamese cat with neu-
ronal ceroid-lipofuscin storage disease, two normal cats
and normal human myelin. CL - Cholesterol, CR -
Cerebrosides (two bands), EP - Ethanolamine phospho-
glycerides, CP - Choline phosphoglycerides, SL -
Sulphatide, SM -Sphingomyelin, SP - Serine phospho-
glycerides.

The Type II GMI gangliosidosis is charac-
terized however by neural involvement alone
and neurons are grossly distended by the
stored lipid (2, 9). In the animal described
in this report the material similarly was
not detectable in organs other than the
nervous system and was stable and identi-
fiable after routine processing.
The electron microscopic findings of

multilaminated curved cytoplasmic bodies
are similar to those found in neurovisceral
storage disease (NVSD) in humans (1, 5,
8, 11) and also those described in cattle
(19) as curvilinear bodies. In our case 'the
cytoplasmic bodies were not membrane
bound, a point of similarity to the case re-
ported in a six year old child (8) but at
variance with observations of similar bodies
in the neuronal and visceral cells of chil-
dren with juvenile amaurotic idiocy (5, 11).
No abnormal quantity or quality of lipid

could be demonstrated by biochemical anal-
ysis in this case and in the light of the
microscopic findings this is difficult to
explain.
While in this case and in the cases of

late infantile and juvenile amaurotic idiocy
the stored lipid has not yet been identified,
it seems from the histochemical reactions
to indicate a complex lipid which is only
partially extractable with hot lipid solvents.
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The lack of evidence of storage of abnor-
mal lipids in this case perhaps is a reflec-
tion of the stability of the neuronal de-
posits to conventional lipid extraction pro-
cedures.

It seems quite possible, as suggested by
others (21) that the stored material is a
very complex lipid related to lipofuscin or
ceroid.
A search of the records of the Depart-

ment of Pathology, Ontario Veterinary
College, University of Guelph, revealed one
other similar case in a two year old female
Siamese cat. This animal had a history of
progressive irritability and loss of sight,
although no ocular abnormality could be
detected clinically. Hind leg weakness was
also noted in the history when the cat was
necropsied at two years of age. The histo-
logical and histochemical findings on re-
examination of the nervous tissues were
identical to the case reported here. No evi-
dence of a similar material was demon-
strated in the visceral organs. Insufficient
tissue was present for electron microscopic
examination.

Lipid storage diseases are rare in the
human population where chances of detec-
tion and diagnosis are good. It is probable
that some cases in animals go undetected.
This group of diseases in man is considered
in most cases to be inherited as an autoso-
mal recessive trait and in the one case
where investigation of pedigree was re-
ported a similar pattern may be seen in
Siamese cats (2). Cats related to the ones
described in this report could not be lo-
cated but most certainly other examples of
this condition exist. The extensive inbreed-
ing which may occur in some lines of pure
bred cats could potentially lead to an in-
creased incidence of this and other lipid
storage diseases. The value of such animals
or their relatives in establishing affected
animal colonies lies in their utilization for
studies to delineate the basic biochemical
disorder(s) leading to the neuronal accu-
mulations. Such animal models could prob-
ably be made available by the tracing of
genetic lines and the establishment of a
planned breeding program.
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