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Summary. Histological  and  m o r p h o m e t r i c a l  observa-  
t ions o f  the  in te rmedio la te ra l  nucleus  ( IML)  at the  levels 
of  the u p p e r  and lower  thoracic  segments  (T2 and  T9) 
were  carr ied ou t  in 18 pat ients  with sporadic  amyot ro -  
phic lateral  sclerosis (ALS)  and 15 a ge -m a t c he d  cont ro l  
subjects.  O f  the  18 A L S  pat ients  6 had  been  on  a 
respi ra tor  be fo re  death .  N o  Bun ina  bodies  were  f o u n d  in 
the I M L  neurons  in e i ther  the  A L S  pat ients  o r  the  
cont ro l  subjects.  O n l y  a small n u m b e r  o f  spheroids  were  
e n c o u n t e r e d  rarely in the  I M L  in b o t h  the  pat ients  and 
controls .  The  n u m b e r  of  neurons  in the  I M L  in the 
non- re sp i r a to r - suppor t ed  A L S  pat ients  were  r educed  at 
T2,  but  well p rese rved  at T9 c o m p a r e d  wi th  the  cont ro l  
subjects.  I n  the  r e sp i ra to r - suppor ted  A L S  pat ients ,  
there  was a m a r k e d  reduc t ion  o f  I M L  neurons  at b o t h  T2 
and T9. Cons ider ing  the  absence  of  direct  synapt ic  
contacts  wi th  an te r ior  ho rn  cells, these  neurons ,  w i thou t  
the  fo rma t ion  o f  Bun ina  bodies ,  appea red  to  be  involved 
pr imar i ly  in the  disease process  in sporadic  ALS.  
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O n  the  basis of  histological  and m o r p h o m e t r i c a l  find~ 
ings, we have recent ly  sugges ted  tha t  Clarke ' s  co lumn  
neurons  are involved pr imari ly  in the disease process  in 
sporadic  amyo t roph i c  lateral  sclerosis (ALS) ,  a l though  
they  m a y  star t  to  d i sappear  af ter  the  pat ients  have begun  
to require  resp i ra tory  suppor t  [7]. I n  the  present  study, 
we e x t e n d e d  similar observa t ions  to the  in te rmedio la -  
teral  nucleus  ( IML)  of  the  thorac ic  spinal cord ,  which 
conta ins  the  pregangl ionic  neurons  of  the  sympathe t i c  
ne rvous  sys tem [4]. 
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Materials and methods 

The examined cases were the same as those reported previously 
[7]. Eighteen patients with ALS showing typical clinical histories 
and neuropathological findings were studied. The patients ranged 
in age from 35 to 73 years (average = 56.8 years), and the duration 
of the illness ranged from 1 to 7 years. Twelve of the ALS patients, 
aged between 35 and 73 years (average = 56.6 years), died of 
respiratory failure without artificial respiratory support. The rest, 
aged between 48 and 69 years (average = 57.2 years), had been on 
a respirator for various periods ranging from 7 months to 4 years 
and 10 months before death. We also examined 15 age-matched 
control subjects, aged between 36 and 75years (aver- 
age = 57.5 years). 

Three serial transverse slices, 5 mm thick, were made at the 
levels of both the 2nd and 9th thoracic segments of the formalin- 
fixed spinal cord, and embedded in paraffin. The IML was defined 
as a triangular area of gray matter according to the method 
described by Oppenheimer [6] and Nakajima et al. [5]. Serial 
4-~xm-thick sections were cut, and the 1st, 5th and 9th sections were 
stained with hematoxylin and eosin for examination of Bunina 
bodies, and the 4th, 8th and 12th were stained by Bodian's method 
for investigation of spheroids, which were defined as round to oval 
argyrophilic structures with a diameter of more than 20 ~tm. 

For quantification of the IML neurons, serial 10-pm-thick 
sections were cut, and 10 sections 100 ~tm apart were subjected to 
Kltiver-Barrera (KB) staining. Thus, a total 30 sections of T2 and 
T9 from each individual were examined. Neurons were identified 
by the presence of Nissl substance and prominent nucleoli. The 
numbers of these neurons in the bilateral IML were counted. 

Statistical evaluation was done using the Mann-Whitney U-test 
to compare the numbers of neurons in the IML in non-respirator- 
supported ALS patients, respirator-supported ALS patients and 
control subjects. 

Results 

No Bun ina  bodies  were  found  in the  I M L  neurons  in the  
18 A L S  pat ients  or  in the  15 control  subjects.  On ly  a 
small n u m b e r  of  spheroids  were  encoun te red  rarely in 
the  I M L s  in bo th  the  pat ients  and controls .  I n  this 
connec t ion ,  Bun ina  bodies  were  f o u n d  in the  remaining 
anter ior  ho rn  cells in the  pat ients  (13/18 at T2, 13/18 at 
T9 and  15/18 at T2 or  T9).  No  such bodies  were  found  in 
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Fig. 1. The numbers of intermediolateral nucleus (IML) neurons 
at T2 (a) and T9 (b) in non-respirator-supported amyotrophic 
lateral sclerosis (ALS) and respirator-supported ALS (ALS-R) 
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patients, and controls. Bars indicate SD. The differences were 
significant 

the controls. A small number of spheroids were 
observed in the anterior horns at T2 and T9 in both the 
patients and controls; however, it was obvious that 
severe anterior horn cell loss was present in the form- 
er. 

The average numbers of neurons in the IML at T2 in 
the non-respirator-supported ALS patients and respira- 
tor-supported ALS patients were 84 % (P < 0.01) and 
60 % (P < 0.01) of those in the controls, respectively 
(Fig. la). On the other hand, there was no significant 
difference in the average number of neurons in the IML 
at T9 between the non-respirator-supported ALS 
patients and the controls, although the average number 
of neurons in the IML at T9 in the respirator-supported 
ALS patients was 57 % (P < 0.01) of that in the controls 
(Fig. lb). 

In the respirator-supported patients, neurons in the 
IML tended to be lost with time after the start of 
respiratory support, although no significant correlation 
was evident between the degree of neuronal loss and the 
duration of respiratory support because of the small 
number of cases examined (Fig. 2). 

Discussion 

Early histopathological studies showed that the IML was 
apparently normal in ALS [1]. However, subsequent 
quantitative studies suggested that this nucleus may be 
involved in the disease process in ALS [3, 5]. Nakajima 
et al. [5] studied the thoracic IML in five cases of ALS 
and five control subjects and reported an average 47 % 
reduction of the neuronal population in the disease 
group. Kennedy and Duchen [3] examined the upper 
(T2 and T4), middle (T6 and T8) and lower (T10 and 

T12) thirds of the thoracic cord in five cases of ALS, one 
of which was familial, and in three control subjects and 
reported that there was slight reduction in the number of 
IML neurons in ALS cases, the difference being greatest 
in the upper third, although not to a significant extent. 
These studies dealt with relatively small numbers of 
ALS cases and did not pay attention to Bunina bodies or 
spheroids, which are also known to be essential features 
in the anterior horns in this disease. 

In the present study, we examined the IML at two 
distinct levels of the thoracic cord (T2 and T9) in 18 
patients with sporadic ALS and 15 age-matched control 
subjects. To perform neuron counts, we prepared suffi- 
cient numbers of sections at equally spaced intervals. It 
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Fig. 2. Scatter plot of the number of IML neurons at T9 against the 
duration of respiratory support 
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was found that nei ther  Bunina bodies nor  spheroids 
were a feature of the IML in ALS patients, irrespective 
of the presence or absence of respiratory support,  and 
that the number  of IML neurons was reduced only at T2 
in non-respirator-supported ALS patients, and reduced 
more  markedly at both  T2 and T9 in respirator- 
supported ALS patients. 

From the present  quantitative findings, it was consi- 
dered that neuronal  loss in the IML in ALS starts f rom 
the upper  thoracic segment and extends to the lower 
thoracic segment,  without  Bunina bodies and only rarely 
with spheroids. At  the lower thoracic segment (T9), the 
IML neurons may start to disappear only after the 
patients have begun to require respiratory support.  

The  findings that IML neuron loss was more evident 
in the upper  thoracic segment (T2) in ALS patients 
appeared to correspond to the well-known fact that in 
this disease, loss of the anterior  horn cells is usually more 
severe in the upper  spinal segments, implying that the 
former  is secondary to the latter. However,  a literature 
search failed to reveal any reports about  direct synaptic 
contact of IML neurons with anterior horn cells (alpha 
motoneurons) .  Therefore ,  at present,  loss of the IML 
neurons appears difficult to explain in terms of a change 
secondary to that in the anterior  horn cells. Further-  
more,  I to et al. [2] have recently repor ted  that the IML 
neurons in ALS patients showed a significantly higher 
incidence of perikaryal immunoreactivi ty for phospho- 
rylated neurofi lament  proteins than those in controls. 
Such a phenomenon  was also observed in the anterior  
horn cells, but  not in the peripheral  sensory and 
sympathetic ganglion cells. The  latter authors concluded 
that bo th  IML neurons and anterior  horn cells are 
affected by a derangement  of phosphoryla ted neurofila- 
ment metabolism, and that a degenerative process 
similar to that in motoneurons  may take place in IML 
neurons of ALS patients [2]. 

In conclusion, we believe that the IML neurons are 
involved primarily in the disease process in sporadic 
ALS. However,  as shown previously in Clarke's column 
neurons [7], the rate of degenerat ion of these neurons is 

much slower than that of lower motor  neurons; loss of 
IML neurons in the lower thoracic segments may 
become apparent  only after  the patients have begun to 
require respiratory support.  The  absence of Bunina 
bodies and the only rare occurrence of spheroids in the 
IML of ALS patients are of interest. It can be speculated 
that their appearance depends upon certain intrinsic 
factors peculiar to the IML neurons themselves. 
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