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The problem of the innervation of mal ignant  tumors 

in man and animals  has long a t t rac ted  the at tent ion of re- 
searchers. The study of this problem gives a deeper under- 
standing of the relationship between the tumor and t h e  
host, and is thus of prac t ica l  as well  as theore t ica l  impor-  
tance .  A point of special  importance here is the question 
of the innervation of transplanted tumors, but l i t t l e  refer- 
ence to it  is to be found in the spec ia l ized  l i tera ture .  
Whereas references to the innervation of exper imenta l  tu- 

mors number several  tens of authors, those dealing with the 
innervation of transplanted tumors are to be found only 
very rarely .  

The first research in this direct ion was carr ied out by 
Milone [9], who studied the innervation of the rat sarcoma.  
In this author's opinion, nerve fibers growing into a trans- 
planted tumor,  p laced between the ends of the d iv id e d  
nerve, bore no relationship to the tumor. M. N. Meissel 
and L. F. Larionow[8], however,  who carr ied out s imi lar  
experiments,  observed on the other hand that there was a 
close morphological  connection between the nerve cel ls  
and the tumor cel ls ,  which, in their  opinion, impl ies  func- 
t ional  association too. Later, A.  G. Chernyakhovskii [5, 
6] found nerve endings in in t imate  contact  with tumor cel ls  

in an Ehrlich's mouse carc inoma.  
In recent years Ukranian workers [1, 2, 3], studying a 

transplanted M-1 sarcoma of rats and a mouse strain of 

Crocker 's tumor,  have described nerve cel ls  in these tu- 
mors. At the same t ime these authors emphasize  the pres- 
ence of marked dystrophic changes in the nerves of these 
tumors. Ducan and Bellegie [7] described tile ingrowth of 
nerve fibers from the posterior columns and dorsal roots of 
the spinal cord into a transplanted rat sarcoma No. 319 
after inoculat ion of the tumor in the cerebrospinaI canal .  

Little or no work has been done on the innervat ionof  
the Brown-Pearce tumor.  It is therefore necessary to dwell  
in greater de ta i l  on the investigations of Shapiro and 
Warren [10], who studied the stage of the nerves in 13 trans- 
planted Brown-Pearce tumors in the anterior chamber of 

the rabbit 's  eye .  The per ipheral  end of the corresponding 
sympathet ic  nerve of the eye was s t imulated with the e lec -  

tric current,  and the react ion of the vessels was observed 

visually:  blanching of the vessels in the transplant indic-  
ated that the vasomotor effect  extended to the mal ignant  
tumor. Impregnation of the tumors by Bodian~ method re-  
vealed solitary nerve fibers in the  tumor,  or else fibers 
co l lec ted  in bundles of 10-12 or more in each.  These au-  
thors par t icular ly  stress the presence of nerves on the ninth 

day after transplantation of the tumor;  Since the tumor 
was transplanted into the anterior chamber  of the eye,  
Shapiro and Warren [10] considered these findings to be 
important  evidence that the nerve fibers are not nerves em-  
broiled by the tumor in the course of its invasive growth. 
From their investigations these authors concluded that the 
constriction of the blood vessels of the Brown-Pearce tumor 
transplants is the result of s t imulat ion of the sympathet ic  

nerve supplying them.  

M E T H O D  

Our experiments were carried out on chinchi l la  rab- 
bits, mainly  males ,  weighing about 2 kg, on which the 

operat ion of retroperi toneal  inject ion of 0.05 mI of tumor 
emulsion into the left  adrenal  gland was carried out under 

ether anesthesia.  The tumor suspension was prepared in 
steri le  conditions by cutting the tumor finely in a Petri 
dish by means of Cooper's scissors. The minced tumor was 

diluted with physiological  sal ine to the required concen-  
trat ion (25%) and f i l tered through a double layer of gauze .  
The fluid in jec ted  contained no visible tumor par t ic les .  
Animals were sacrif iced after 10, 14, 21, 30 and 40 days. 
The adrenal  glands (right and left) were fixed in AFA mix-  

ture by Lavrent 'ev 's  method for one hour, and then trans- 
ferred to 20% neutral  formal in .  Sections were cut out to 
a thickness of 40-50 g m with a freezing micro tome,  i m -  
pregnated by Kampo's  method and stained with hematoxy-  
l in-eosin  to determine  the si tuation of the tumor.  

R E S U L T S  

A total  of 52 left adrenal  glands were invest igated 

after primary implan ta t ion  of a Brown-Pearce tumor,  and 

nerve structures were found in 99 tumors in these glands; 
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the same number of right adrenal  glands was examined,  in 
nine of which metastases were detected microscopical ly  
and nerve cei ls  were demonstrated therein.  

Nerve fibers were observed among the tumor cel ls  in 
the left  adrenal  gland on the tenth day after t ransplanta-  
tion of the tumor.  They issued from plexuses, gave off 
branches, curved around the tumor cells on every side and 
ended on them in the form of thickenings (Fig.  1). 

Fig. 1. Fine nerve fibers among tumor 
cel ls  on the ten th  day after inoculat ion 
of the tumor in the left  adrenal  gland.  
Rabbit No. 1964. Si lver  impregnat ion by 
Kampc~' method. 

On the 14th day and also on the 21st day after trans- 
plantat ion of the tumor the following picture of innervation 
of the tumor was observed. At first the nerves usually 
passed through the cor t ical  layer and then entered the tu- 
mor, where breaking up of the bundles took p lace ,  the in- 
dividual  fibers being separated from each other by tumor 
ce i ls .  Some fibers in the bundle penetrated into the tumor 

for a considerable distance,  taking a course in the direc-  
tion from the periphery to the center .  Occasionally nerve 
fibers were also observed in necrotic areas of the tumor. 
Growth bulbs could be seen very often at the ends of the 
nerve fibers, together with dichotomous division of the f i-  

bers (Pig. 2). 
In every case signs of irr i tat ion of the nerve fibers were 

seen, in the form of increased argentophi l ia ,  var/cosesweI-  
lings along the course of the nerve fibers and bublar thick- 
enings at their ends. In one case (rabbit No. 603) consider- 
able  changes were observed among the fibers situated in 
the substance of the cortex.  Special  mention must be made 
of a Case (rabbit  No. 514) in which the tumor nodule,  situ- 
a ted outside the adrenal gland,  par t ia l ly  engulfed the gland 
and infi l trated into its cor t ica l  layer ,  although nowhere did 
it reach the substance of the medul la  (the tumor was sep- 
arated from the medu i l a  by a strip of cortex).  Neverthe- 
less, here too, nerve fibers were found. Some of them were 

greatly thickened and argentophi l ic ,  others-very th in - in -  
termingled on al l  sides with the tumor ce l ls .  There were 
many such fibers and they could be followed for a consider- 
ab le  distance.  On the 30th day,  while the distribution of 
the nerve fibers bore the same character ,  the development  
of endings was observed. For instance, some fibers, after 
undergoing dichotomous division, terminated among the 

Fig. 2. Ramification of thin nerve fibers in a tumor on the 21st day after 
inoculat ion of the tumor in the left adrenal  gland.  Rabbit No. 603. Mic- 
rophotograph, Silver impregnat ion by Kampos ~ method. Ocular 10 •  

ob jec t ive  32 • 
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Fig. 8. Bundle of nerve fibers and individual nerve fibers 
undergoing dichotomous division, terminating amid tumor 
cells (on the 80th day after inoculat ion of the tumor in 
the left adrenal gland). Rabbit No. 192. Silver impregna- 

r.ion by Kampos'  method. 

tumor ceils in the form of pointed endings (Fig. 3), and in 

isolated cases of pin-head structures. 

It must be pointed out, however, that with an increase 

in the length of t ime after transplantation of the tumor, the 

number of nerve fibers in the tumor decreased, especially 

on the 40th day, evidently on account of necrosis of the 

tumor and the death of its nervous apparatus. At this stage 
of development of the tumor, irritation of the nerve fibers 

was particularly pronounced in the capsule. 
In nine cases metastases were present in the right ad- 

renal gland. In two cases metastases were only found his- 

to logical ly .  The  area affected by the metastasis was dif- 

ferent in each case. It may be assumed that the dimen- 

sions of the metastasis were dependent on the t ime of its 

appearance. 
In all  cases many nerve fibers were found in the metas- 

tases, being arranged haphazardly in the tumors, sometimes 

i n t h e  form of a network. Some fibers were thickened and 
highly argentophilic.  Along with these there were many 
thin nerve fibers, the latter undergoing dichotomous divi- 

sion. Along the course of the thin fiber varicose swellings 

could be observed. 
When the findings obtained from the study of the nerve 

formations in the transplanted Brown-Pearce tumor in the 
rabbit are examined, it is above all essential to note that 

nerve structures were found in the tumor at different times 

(10, 14, 21, 30 and 40 days) after transplantation. Under 
these circumstances the number of nerve ceils, and their 

character, in the tumor transplanted into the afrenal gland 

differed from the corresponding features of the nervous ap- 
paratus in the adrenal medulla .  The same findings were 

observed in the metastases of this tumor in the opposite ad- 
renal gland, into which nerve fibers grew from neighboring 

nerve trunks. 
Our findings do not agree with the statements in the 

literature [9] that nerve cells, if they are present in tumors, 

are not in contact with the tumor ceils. The microphoto z 

graph and the figures illustrate the ingrowth of very thin 
nerve fibers between the tumor cells.  In isolated cases, at 

the stage of 21-30 days after transplantation of the tumor, 
when the nerve formations in the tumor were most numerous, 

nerve endings were also found. 
These nerve fibers which grew into the tumor, to form 

growth bulbs and nerve endings, must therefore be regarded 
as belonging to the tumor itself. 

Particularly noteworthy were the changes affecting the 

nerve fibers both in the tumor and in the surrounding tis- 

sues. Besides the growth bulbs, connected with the growth 
processes of the nerve fibers, it was possible to see varicosi- 
t iesof ' the  nerve fibers, spherical thickenings and accumula-  
tions of neuroplasm, spiral coiling and hyperargentophilia.  
These changes were manifestations of irritations, and were 

present to a varying degree depending on the t ime after 
transplantation of the tumor. These signs of irritation were 
most pronounced on the 21st-30th day, when the tumor it- 
self had reached its peak of growth and development,  and 

in many cases had resulted in a fatal outcome. On the 40th 
day the number of nerve fibers was relatively small  on ac- 

count of the development of necrosis of the tumor. 
The results obtained are in full agreement with those 

of investigations which we carried out [4] on tumors of the 

salivary glands in man.  Although in neither case have ex- 

haustive details been obtained on the functional signifi- 

cance of the nerve formations found in the tumors, the pres- 
ence of endings of sensory type in human tumors and the 
appearance of endings very similar to sensory endings in 

the experimental tumors (see Fig. 3) demonstrate that these 

structures are indeed the medium by which nervous influ- 

ences from the tumor are conveyed to the rest of the body. 

S U M M A R Y  

The author investigated the innervation of an experi- 
mental  Brown-Pearce tumor transplanted to the adrenal 

gland in rabbits. Nerve elements were revealed in the 
tumor at various times after its t r ansp lan ta t ion- in  10, 14, 

21, 30, and 40 days. 

The tumor nerve fibers became most numerous 21-80 
days after transplantation and at that t ime nerve endings 

were also revealed. Many nerve fibers were found in tu- 
mor metastases in the other adrenal gland. Thus, the nerve 

endings growing in the tumor should be regarded as nerves 

belonging to the tumor itself. 
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