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During recent years many facts have been gathered 
showing that during the development of a tumor morpho- 
logical changes are observed in the nerve cells,not only 
in the tumor itself and the surrounding tissues,but also in 
remote divisions of the nervous system (the spinal gang- 
lia, the spinal cord and the brain) [1, 2, 4, 6, 7]. 

Since the role of viruses in the etiology of malig- 
nant neoplasms has received increasing attention, it was 
considered to be of interest to investigate the morpho- 
logical picture of remote divisions of the central nervous 
system during the development of virus papilloma in 
rabbits. 

EXPERIMENTAL METHOD 
The material investigated consisted of the lumbar 

division of the spinal cord with the spinal ganglia corre- 
sponding to the segments of localization of the tumor 
(L3-L6) and, for purposes of comparison, from the same 
rabbits the cervical division of the spinal cord and the 
spinal ganglia (C6-C?).We examined the spinal cord and 
ganglia 7, 8 and 16 months after inoculation of the virus. 
The morphological changes in the spinal cord and gang- 
lia were thus studied at a period before malignant trans- 
formation, and at a much later stage of development of 
the malignant tumor. Malignant change usually taken 

Fig. 1, Peripheral situation of the nucleus in nerve cells. Lumbar spinal 
ganglion; 7 months after inoculation with virus. Stained by Nissl's me- 
thod. Objective32 x, ocular 6 x ,coefficient 1.9. 
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place  in the  pap i l loma at the 10th-12th month. The ex- 
per iments  were carried out on 8 rabbits. The sections 
were stained by Nissl's method. 

EXPERIMENTAL RESULTS 
Investigation of the spinal gangl ia  ~ months after 

inoculat ion with pap i l loma virus showed no abnormal-  
i ty of the overwhelming major i ty  of nerve cells. Among 
them were nerve cells with a peripheral ly situated nu- 
cleus (Fig. 1) and individual  nerve cells with perinu- 
clear  aggregation of the Nissl 's granules. Occasional ly 
large nerve cells could be seen with an uneven distribu- 
t ion of the Nissl 's substance. In certain sections gl ia l  
cells  could be observed in close proximity to the body 
of the neurones, forming an impression on the surface of 
the neurones. Sometimes the per icel lu lar  spaces were 
widened. At the periphery of the ganglion in some sec- 
tions hydropic cells were found with their nucleus dis- 
p laced  to the periphery of the body (Fig. 2). Capsules 
were seen in which only the remains of a neurone and 
collect ions of g l ia l  cells  were present. In individual 
fields of vision the formation of gl ia l  nodules was ob- 
served at the site of dying nerve cells. 

During investigation of the lumbar region of the 
spinal cord at the same period after inoculation,  no 
abnormali ty  was found in the major i ty  of its cells. In 
individual sections, however, in the in termediate  region 
and the posterior horns, nerve cells were found with a 

highly eccentr ic  nucleus. Covering of nerve cells with 
g l ia l  e lements  was also observed. Meanwhile, in this re-  
gion of the spinal cord, individual  cells were found with 
rarefaction of the Nissl's substance at the periphery, and 
enlargement  of the remaining Nissl's granules. 

Whereas the above-ment ioned  changes were ob- 
served in the lumbar division of the spinal cord, no path-  
o logica l  changes affecting the nerve cel ls  or g l ia  were 
found in the cervical  division of the spinal cord. 

Eight months after inoculation with the virus, nerve 
cells with a peripherally situated nucleus were seen in 
the lumbar spinal ganglia,  and in individual  cells  an i l l -  
defined peripheral  chromatolysis was observed. Occa-  
sionally the per icel lular  spaces were widened, and soli-  
tary hydropic nerve cells were observed. 

At the same t ime,  in these segments of the spinal 
cord, nerve cel ls  with a peripheral ly situated nucleus 
and chromatolysis were rarely found. We never observed 
any pa thologica l  changes in the nerve cells in the 
cervical  division of the spinal cord in this case. 

Sixteen months after inoculation with virus the spi- 
nal  gangl ia  showed changes analogous to those observed 
at the ear l ier  periods, namely:  nerve cells with the nu- 
cleus displaced to the periphery, and occasional ly  with 
peripheral  chromatolysis and perinuclear distribution of 
the Nissl's substance. Along with these could be seen 
nerve cells with a perinuclear disposition of the Nissl's 
substance and an eccent r ica l ly  situated nucleus, hyper-  
chromatosis of the Nissl's substance and also sharply hy- 
perchromatic  hydropic nerve cells with the nucleus dis- 
placed to the periphery of the ce l l  body. In individual  
sections proliferation of the gl ia  was observed, with the 
formation of g l ia l  nodules or islets. As in the ear l ier  
periods, the changes described were found only in a pro- 
portion of the nerve cells.  

Sixteen months after inoculation,  more pronounced 
changes were found in the spinal cord than at the ear l i -  
er periods. In the nerve cells with a peripherally si tuat-  

Fig. 2. Hydropic nerve cells .  Lumbar spinal ganglion; 7 months after 
inoculat ion with virus. Stained by Nissl 's method. Object ive 80 x ,oc-  

ular 16 • ,coeff ic ient  1.9. 
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Fig. 8. Corkscrewlike twisting of the process of a nerve cel l .  Lumbar 
division of the spinal cord; 16 months after inoculat ion witti virus. 
Stained by Nissl's method. Object ive 98 x ,ocular  6 x ,coefficient 1.9. 

ed nucleus and a Nissl's substance composed of large 
grannies, a great ly  enlarged nucleolus was observed, 
staining a dark color.  In individual  sections shrunken 

nerve cells could be seen along with chromatolysis.  In 
the large neurones of the anterior and posterior horns, 
hyperchromatosis was observed, and their processes, 
twisted corkscrew-fashion, could be followed a long way 
(Fig. 3). 

In the cervical  division of the spinal cord in these 

rabbits, solitary nerve ceils were found with an unevenly 
distributed Nissl's substance. 

The results of the his tological  analysis may  be sum- 
mar ized  as follows: 7-8 months after inoculation with 
virus, signs of irr i tat ion of the nerve cells were observed 
in the spinal gangl ia  of the lumbar region of the spinal 
cord corresponding to the loca l iza t ion  of the tmnor. 
These took the form of the presence of nerve cells with 
a peripheral ly situated nucleus, an uneven distribution 
of the Nissl's substance, and so on. At the same t ime ,  
nerve cells with more severe pathological  changes were 
observed in the spinal gangl ia ,  from which it could be 
judged that at this period after inoculation with virus, 
more severe, irreversible,  destructive changes also took 
place.  Evidence of this was the presence of hydropic 
cells,  the formation of g l ia l  nodules at the site of death 
of the cells,  and so on. So far as the spinal cord is con- 
cerned, only changes indicating irr i tat ion of the nerve 
cells took place.  In the cervical  division we found no 
pathological  changes at this period after inoculation 
with the virus. 

With the development  of the tumor, the changes in 
the nerve cells of the spinal cord progressed. Sixteen 
months after inoculatmn with virus, profound pathologic-  

al  changes were observed in the nerve cel ls ,not  only of 
the spinal ganglia ,  but also in the spinal cord. In the 
lumbar division of the spinal cord, for instance,  shrunken 

nerve cells with twisted,  corkscrewlike processes ap-  

peared,  g iv ing  evidence of more serious pa thologica l  
changes. At this stage of development  of the tumor. 
moreover,  react ive  changes were also observed in the 
cerv ica l  division of the spinal cord. 

S U M M A R Y  

The experiments  thus showed that,  in addit ion to the 
changes in the peripheral  nervous system, previously 
studied by us in the tumor i tself  and in the surrounding 
connect ive- t issue capsule,  changes also took place in 
the spinal gangl ia  and the spinal cord. 
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