
Spinal corpora amylacea and motor neuron
disease: a quantitative study

J B Cavanagh

Abstract
Objective—To test the hypothesis that as
there is growing evidence that corpora
amylacea, or amyloid bodies, in the CNS
are derived primarily from neurons, it
might be expected that their numbers in
the spinal cord would decline with loss of
neurons in motor neuron degeneration as
they do in the retina on destruction of
ganglion cells by glaucoma.
Methods—The numbers of corpora amy-
lacea were counted in PAS stained trans-
verse sections of the lumbar cord from 27
patients with motor neuron disease and 21
control subjects of similar age and sex
mix. The numbers and sizes of corpora
amylacea were determined both in the
anterior horn grey matter and in the sub-
meningeal white matter regions in each
case.
Results—In both groups the total num-
bers in the white matter and submenin-
geal regions ranged from 160 to more than
5000/section and there was minimal sig-
nificant diVerence between the two
groups. No relation with age was found in
this narrow age range. The mean diam-
eters of the corpora amylacea were signifi-
cantly less in the grey matter of both
groups than in the submeningeal regions.
However, their densities in the grey mat-
ter of the anterior horn were significantly
reduced in the spinal cord sections in the
motor neuron disease group, but only
where few motor neurons remained.
Conclusions—These findings support the
view that corpora amylacea may arise
from neurons, and suggest that that there
may be two compartments, one mobile
and one static, the second most likely
remaining in the periphery of the spinal
cord for prolonged periods.
(J Neurol Neurosurg Psychiatry 1998;65:488–491)
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Human corpora amylacea, first seen by
Purkinje,1 have long been disregarded by
neuropathologists as being of little pathological
relevance.2 However, the application of new
methods has shown that these polyglucosan
bodies are the site of substances that have their
origin in neurons and in oligodendroglia.3–5

Ultrastructurally there is also evidence that the
earliest and smallest forms reside almost exclu-
sively in neurites6–8 and are especially numerous
in grey matter rather than white matter. How-
ever, their greatest numbers and largest forms

are found in brain tissue beneath the pia mater
and the ventricular ependyma where they seem
to be largely within astrocyte processes.9

Supporting the concept of their origin from
neurons, Kubota et al10 have found that, in eyes
taken from patients with glaucoma, loss of
neurons in the ganglion cell layer was associ-
ated with greatly reduced numbers of corpora
amylacea. The present study was undertaken
to seek confirmation of this finding in the lum-
bar spinal cords of cases of motor neuron
disease where there was often severe depletion
of neurons.

Materials and methods
Transverse sections of lumbar spinal cord (7
µm thick) were stained with McManus-
Hotchkiss periodic acid-SchiV reagent after
diastase treatment. This stains corpora amyla-
cea a brilliant scarlet so that even the smallest is
readily visible. The tissues came from 27
randomly selected patients with motor neuron
disease, aged 46 to 84 years, who had an aver-
age survival from initial diagnosis of 25
months. All cases showed some evidence of
upper motor neuron degeneration and were
from the Motor Neuron Disease Association’s
Brain Bank maintained in the Department of
Neuropathology at the Institute of Psychiatry.
Also, 21 control cases were obtained from the
same source comprising both non-relevant
neurological and non-neurological cases with a
similar age range and sex mix to the cases of
motor neuron disease. The neurological con-
trol patients mainly had had acute disease and
none showed any abnormalities in the spinal
cord.

COUNTING METHODS

Corpora amylacea in the spinal cord lie mainly
either beneath the pia mater in the peripheral
white matter or in the grey matter of the ante-
rior horns. There are a few, usually small, bod-
ies in the posterior horns, but for the purpose
of this study these were ignored. Total counts
of corpora amylacea in the white matter and
subpial regions were made all round the cord.
For simplicity, this was done using an oblong
ocular frame and a ×10 objective; each sector of
the cord was counted separately and the total
was expressed as counts/section. At this
magnification in well stained preparations bod-
ies measuring down to 2 µm in diameter were
readily seen. The density of corpora amylacea
in the anterior horns was assessed using a ×25
objective with a ×10 ocular, by counting all
bodies within an oblong ocular frame measur-
ing 340 µm×220 µm. This frame could be
placed 10 times over the grey matter of both
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sides without overlapping. The number /mm2

was then derived and the data were entered
into a Microsoft Excel programme with which
statistical computations were made. Student’s t
test was used to compare numerical data.

ASSESSING NEURON POPULATIONS

For assessment of the numbers and health sta-
tus of the neurons in the sections of the cases
with motor neuron disease they were put into

two groups: group I comprised those sections
with several large unshrunken neurons in the
section, sometimes approaching the population
in control sections, and few clusters of lipofus-
cin debris (four cases); group II comprised
those sections with only one to three small
shrunken neurons with many clusters of
lipofuscin debris (23 cases).

MEASUREMENT OF SIZES OF THE BODIES

Diameters of the corpora amylacea were
assessed in eight control cases and in nine cases
with motor neuron disease, chosen at random,
with a movable ocular scale and a ×40
objective: for each case 100 bodies were
separately measured in each region.

Results
TOTAL NUMBERS OF CORPORA AMYLACEA IN THE

SPINAL CORD PERIPHERY

Table 1 shows that total numbers counted were
remarkably variable in both groups and ranged
from 161 to 5470/section (mean 1279.8) in
controls and from 127 to 5640/section (mean
2065.5) in the motor neuron disease group
(0.01<p<0.05). No relation to age, sex, or
clinical condition was apparent in either group,
nor was any relation found between total num-
bers of peripheral corpora and abundance or
otherwise of neurons in the anterior horns in
the cases of motor neuron disease. Nothing
could be found to account for the remarkable
range of 30-fold to 40-fold variation between
the lowest to the highest counts. Although
there was some variation in circumference of
the spinal cord from one case to another, and
this was probably more true for the cases of
motor neuron disease, this diVerence might be
just visible to the eye but could not have
accounted for the great variability in the counts
of corpora amylacea within both control and
motor neuron disease groups.

DENSITIES OF CORPORA AMYLACEA IN ANTERIOR

HORN GREY MATTER

Table 2 shows that the mean density of corpora
(277.2/mm2) in sections from the control
group was about twice the mean density for the
motor neuron disease group (124.8/mm2;
p=0.01). To relate this more closely to
numbers of neurons, those cases in which
moderate numbers of neurons were still
present (group I; four cases) showed mean
density somewhat greater than controls (409.4/
mm2; p>0.05 NS). In the remaining 23 cases
with very few or no remaining neurons (group
II) the corpora amylacea were markedly less
numerous than in controls (75.3 /mm2;
p=0.001).

SIZES OF CORPORA AMYLACEA IN SUBPIAL WHITE

MATTER AND IN ANTERIOR HORN GREY MATTER

Table 3 shows that there was very little
diVerence between the mean diameters of cor-
pora amylacea lying peripherally in eight
control cases and nine cases of motor neuron
disease, the ranges varied little and no special
variation was found with total numbers
counted/section. In the anterior horn grey
matter, however, in both controls and cases

Table 1 Peripheral (subpial) corpora amylacea

Total counts/section Mean (SD) Range

Control cases (n=21) 1279.8 (1324.9) 161–5470
MND cases (n=27) 2065.5 (1704.9) 127–5640

p>0.05. MND=motor neuron disease.

Table 2 Densities of corpora amylacea in anterior horn
grey matter

Mean/mm2 (SD)

Control cases(n=21) 277.2 261.3
All MND cases (n=27) 124.8 135.9*
MND group I cases (n=4) 409.4 133.2
MND group II cases (n=23) 75.3 46.1**

*p=0.01; **p=0.001.
Group I cases had moderate numbers of surviving anterior horn
cells in the sections (see text).
Group II cases had few or no surviving anterior horn cells in the
sections (see text). MND=motor neuron disease.

Table 3 Measurements of diameters of corpora amylacea (100 measured in each location)

In posterior columns In anterior horn grey matter

Means (µm) (SD) Range (µm) Means (µm) (SD) Range (µm)

Control cases (n=8) 10.5 (2.1) 7.2–14.3 5.7**(1.2) 4.2–7.6
MND cases (n=9) 10.8 (1.3) 8.4–13.0 6.6**(1.4) 4.8–8.3

**p<0.001. MND=motor neuron disease.

Figure 1 (A) Sample from control cases of size distribution of corpora amylacea in
posterior columns (total number/section 3625), and (B) in the same anterior horn grey
matter (density 304.8/mm2).
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with motor neuron disease the mean diameters
of bodies, although closely similar to one
another, were significantly smaller than those
lying peripherally (figs 1 and 2) It is noteworthy
that there was a normal size distribution in the
peripherally lying bodies of both controls and
cases of motor neuron disease suggesting a set-
tled population, whereas the size distributions
in the grey matter in each were distinctly
skewed to the right suggesting progressive for-
mation and growth of the bodies.

Discussion
From this small study it is apparent that
whereas the total number of corpora amylacea
(polyglucosan bodies) lying in the periphery of
the spinal cord was largely unaVected by loss of
neurons in motor neuron disease, those lying in
the grey matter of the anterior horns were
greatly depleted commensurate with neuron
loss. Moreover, not only was the density/mm2

reduced, but small bodies <4 µm in diameter
were notably depleted. There seems, thus, to be
two separate compartments, a static peripheral
one that was unaVected by changes in the neu-
ronal population and a central mobile one the
population of which changed in response to
neuronal loss.

There is increasing evidence for the concept
that many corpora amylacea in the CNS arise
within neurons. Whereas larger bodies >5 µm
in diameter occur within the processes of
astrocytes,6 9 those less than this size have been
seen principally within neurites6 7 and can be
found at various points along both central and

peripheral axons down to preterminal and ter-
minal regions.7 8 11 Although commonly found
in neurites in humans and in other species12

they have rarely, if ever, been seen within the
perikarya of neurons. Only in Lafora body
disease,13 and in the related Bielschowsky body
disease,14 in which polyglucosan bodies occur
in abnormal numbers in younger age groups
are they regularly, and characteristically, found
in neuronal perikarya. In the human eye and
optic nerve they invariably occur within
neurites and in the retina there is a significant
relation between size and position. Thus, they
are smallest (3–6 µm in diameter) in the inner
granular and plexiform layers, slightly larger in
the ganglion cell layer, and largest in the nerve
fibre layer and in the optic nerve (8–10 µm in
diameter).10 15 Furthermore, several authors
have found that corpora amylacea in the cortex
are smaller than those lying beneath the pia
mater or ependyma. In the pia mater and
ependyma they have an average diameter of
10–11 µm and range up to 20 µm or slightly
more.

Âecause they increase in numbers with age,
being uncommon below 30 years of age and
become increasingly numerous after the age of
50, if they are formed within neurons they must
transfer to glial cells where the larger ones are
commonly found. There are plenty of findings
from experimental animals to indicate that cell
to cell transfer of bulky materials is not only
feasible but probably occurs regularly, particu-
larly in stressful situations such as disease,
injury or intoxication.16–23 This has not been
shown specifically to take place with corpora
amylacea, and it is not known whether there is
a size limit to such transfers, but there is little
doubt that mechanisms are available to eVect
this transfer.

It is thus probable that the relative prepon-
derance of small forms in the grey matter
reflects either their recent formation before
being passed, as suggested, to astroglial proc-
esses for onward transit to the periphery, or
their accumulation in preterminal and terminal
neurites from elsewhere. In the special case of
the retina, if they were formed within neurites
it is not surprising that Kubota et al10 15 found
that the numbers of corpora amylacea gradu-
ally declined in parallel with the numbers of
surviving ganglion cells with increasing severity
of glaucoma, as measured by optic cup depth.
The present findings add further evidence for
a neuronal origin of corpora amylacea, and is
in keeping with the immunocytochemical
evidence indicating that they contain proteins
and other materials, principally found in
neurons, such as tau,3 24 extracytoplasmic
domain of amyloid precursor protein,25

haemoxygenase-1,26 serum carnosinase, a neu-
ronal GABA releasing enzyme,27 heat shock
protein-72,28 and ubiquitin.4 But they also
show evidence of other materials—namely,
myelin basic protein, proteolipid protein, oli-
godendrocyte glycoprotein, and ferritin,5 that
must be derived from oligodendrocytes sug-
gesting that if corpora amylacea are not formed
within these cells, and there is little evidence for
this, astroglia probably play a part in incor-

Figure 2 (A) Sample from cases of motor neuron disease, of size distribution of corpora
amylacea in posterior columns (total number/section 3518), and (B) in the same anterior
horn grey matter (density 58.2/mm2). Note the relative lack of small diameter bodies in the
latter by comparison with fig 1 B.
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porating these into the bodies. This might be a
natural route as there is strong evidence for the
origin of polyglucosan bodies also in astrocytes
which may well be the main source of those in
the subpial and subependymal regions.29

The absence of any apparent response of
total numbers of peripherally lying bodies to
the loss of neurons from the spinal cords of
cases of motor neuron disease is interesting as
the process of neuron depletion must have
been in progress in these cases at least since
initial diagnosis—namely, for an average in
these cases of 25 months, and their overall
numbers were little aVected during that time.
The failure of their numbers to become
depleted during such a relatively prolonged
period, suggests that there may not normally be
a significant steady loss of bodies from the pial
surface to the CSF in the spinal cord despite
the presence of many in the subpial spaces.
However, this does contrast with the finding by
Kubota et al10 of complete loss of corpora amy-
lacea from the optic nerve after glaucoma,
which raises the question as to whether they in
fact regularly “escape” from subpial regions.
Sbarbati et al6 have shown them apparently
being released into the subpial space, but
whether this is a regular route is not known. If
they are not, it might be concluded that
accumulation of corpora amylacea at various
sites within the CNS is a means whereby
potentially damaging waste materials they
seem to be containing26 may be harmlessly
sequestered. Thus, the polyglucosan system
may, perhaps, be looked on as analogous to the
lysosomal-lipofuscin system for the removal of
waste materials from highly metabolically
active cells. It is of interest that the heart,
another very metabolically active tissue, also
shows accumulations of analogous bodies with
age, so called “basophil or mucoid
degeneration”,30 with similar staining and
immunochemical characteristics. The polyglu-
cosan disorders—namely, Lafora body disease,
Bielschowsky body disease, and adult polyglu-
cosan body disease, the first and the last having
strong hereditary (recessive) influences, could
thus be considered as manifestations of a
breakdown of this system and thus analogous
in some ways to lysosomal storage diseases.
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