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Abnormal Proximal Axons of Clarke's Neurons 
In Sporadic Motor Neuron Disease 

P. AVERBACK and P. CROCKER 

SUM MARY: Filamentous axonalmasses, 
similar to the abnormal enlargements 
found in the ventral horns, were found in 
Clarke's nucleus in six cases of sporadic 
A LS. Clarke's nucleus is generally thought 
to be normal in sporadic A LS, but the 
present findings, in conjunction with distal 
spinocerebellar degeneration which is 
often described, suggest that this system is 
also pathologically involved. 

RESUME: Des masses axonales filamen-
teuses, semblables aux elargissemenis 
anormaux trouves dans les comes ante-
rieures, furent trouvees dans le noyau de 
Clarke chez six cas de SLA sporadique. Le 
noyau de Clarke est generalement consi-
dere comme normal dans la SLA spora
dique, mqis les re'sullats presents, en plus de 
la degenerescence spinocerebelleuse distale 
souvent decrite, suggerent que ce systeme 
peut aussi etre implique dans lapathologie. 
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INTRODUCTION 
Clarke's columns (nucleus dorsalis) 

are generally considered to be normal 
in sporadic motor neuron disease 
(ALS). Distal spinocerebellar tract 
degeneration has been known since the 
turn of the century (Holmes, 1909), but 
abnormalities in the thoracic nucleus 
have not been found. This report 
describes axonal enlargements com
parable to those described in anterior 
horn cells, which have been found in 
Clarke's columns in six cases of 
sporadic ALS. 

MATERIALS AND METHODS 
Patients are summarized in Table I. 

Cases were selected consecutively as 
available. Spinal cords were initially 
fixed in formalin in five of the cases. 
Samples of Clarke's columns were 
dissected out and post-fixed in l%glu-
taraldehyde, embedded in Spurr resin 
and thin sectioned. Sections were 
mounted on copper grids, stained with 
uranyl acetate and lead citrate and 
examined in a Philips 300 electron 
microscope. Bodian stained paraffin 
sections from several levels of the 
nucleus were subsequently examined 
in order to make some estimate of 
frequency of the changes described. 

RESULTS 
Most striking were the abnormally 

enlarged axons which were found in 
each case. Some of these were nearly as 
large as neuronal perikarya (Figure 1). 
The bulbous enlargements consisted of 
neurofilaments coursing in many 
directions, with a tapering end to the 
sectioned axon usually apparent. 
Continuity of these axons to the 
perikarya was not seen in the material 
studied byultrastructure. Intra-axonal 
corpora amylacea were often seen in 
the thoracic nucleus but were not 
found in conjunction with the axonal 

enlargements. Myelin sheaths were not 
generally found about the distended 
axons although examples were seen. 
The intra-axonal filaments appeared 
normal in size and structure, apart 
from their aberrant arrangement. 
Unequivocal neuronal perikaryon de
generation or chromatolysis was not 
found in this ultrastructural study 
material, and other features of anterior 
horn degeneration in ALS (such as 
intraneuronal inclusion bodies or 
neuronophagia) were not found in this 
location. 

With light microscopy the enlarge
ments were readily found although 
relatively infrequent in comparison to 
the anterior horn region. In the latter 
location one occasionally found fields 
of axonal masses nearly as large as 
Clarke's nucleus on section; in the 
present material an axonal enlarge
ment could be found per one to two 
spinal cord sections approximately, 
with unremarkable variation noted 
between cases. In certain examples 
(Figure 2), the proximal (to the 
perikaryon) location of the axonal 
enlargement could be discerned. The 
cerebella were not available for study 
and therefore the presence or absence 
of distal degeneration was not exa
mined. 

DISCUSSION 
Axonal bodies in motor neuron 

disease were described by Wohlfart 
(1957) in ventral horns, brainstem and 
cerebral cortex, and proximal axonal 
enlargements were emphasized by 
Carpenter (1968) who illustrated the 
ultrastructure of the filamentous mas
ses and noted the interesting possibili
ty of analogy with the experimental 
changes produced by iminodiproprio-
nitrile, which Chou and Hartmann 
(1965) had described and proposed 
axoplasmic stasis as a mechanism. 
Asbury and Johnson (1978) have 
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TABLE I 

Patient 
number 

1 

2 

3 

4 

5 

6 

Sex 

M 

F 

M 

F 

M 

M 

Age at 
death 

67 

75 

59 

82 

64 

47 

Duration of 
illness 

11 mos. 

2 yrs. 

2 yrs. 

9 mos. 

2.5 yrs. 

1.7 yrs. 

Cause of death 

pulmonary embolism 

uncertain 

bronchopneumonia 

bronchopneumonia 

uncertain 

carcinoma of bronchus 

- ; « * * - * 

• r 
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suggested the possible sequence of 
axostasis due to obstruction of axo-
plasmic flow by neurofilamentous 
masses and/or corpora amylacea 
leading to chromatolysis with lyso
somal and other accumulations of 
neurofilamentous materials in the 
perikaryon. Intra-axonal corpora a-
mylacea are commonly found in 
normal control spinal cord (Averback 
and Langevin, 1978) and therefore 
seem unlikely to be the cause of 
putative obstruction. Further obser
vations may help to determine whether 
the filamentous masses are primary or 
secondary to axoplasmic stasis, and 
what other factors may be contri
butory. 

Sporadic ALS is generally consi
dered a system disease primarily but 
not exclusively restricted to the motor 
neurons. The nucleus dorsalis (Clarke's 
nucleus) is considered normal in 
standard histopathological accounts 
of the pathology of sporadic ALS 
(Brownell et al., 1970; Hirano et al., 
1975; Iwata and Hirano, 1979; Freed-
man and Freedman, 1950; Lawyer and 
Netzky, 1953); ultrastructural study of 
this region in the sporadic disease does 
not appear to have been commented 
upon before. Distal spinocerebellar 
tract degeneration has often been 
described in sporadic ALS (Holmes, 
1909; McMenemey, 1962), and it 
therefore seems reasonable to suppose 
that spinocerebellar system lesions 
(proximal and distal) are common 
pathological features of sporadic ALS. 
Involvement of Clarke's columns is 
usually found in familial ALS (Hirano, 
1975). 

Motor involvement with weakness 
dominates the clinical and patholo
gical picture of ALS; however, the less 
noticeable spinocerebellar lesions may 
also be significant. The subtler nature 
of the latter suggests that the changes 
may be at an earlier stage of evolution, 
and that their future study might prove 
useful. 
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Figure 1 — Enlarged axon in Clarke's nucleus, showing masses of neurofilaments. This 
structure is in the size range of a neuronal perikaryon, x 5500, uranyl acetate and lead 
citrate. 
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Figure 2 — a) Enlarged axon in Clarke's nucleus, showing proximal location in relation to the neuronal perikaryon. Bodian, x 250. b) 
Enlarged axon in Clarke's nucleus, with dorsal column to left of the field. Bodian, x 700. 
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