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The development  of g l iomas  in the r a t  c e r e b e l l u m  under  the influence of a 9 ,10-d imethyl -  
1 ,2-benzanthracene  pel le t  is p receded  by three  dis t inct  components :  1) the fo rmat ion  of 
a f ibrous  capsule around the DMBA pellet;  2) s eve re  changes in the blood v e s s e l s  of the 
f ibr inoid  nec ros i s  type; 3) p r o g r e s s i v e  hyper t rophy and pro l i fe ra t ion  of the neuroglia.  

Most  morphologica l  s tudies of chemical  ca rc inogenes i s  in the cent ra l  nervous  s y s t e m  have been un- 
der taken on the c e r e b r a l  h e m i s p h e r e s  of l abo ra to ry  an imals ,  and m o s t  have been c a r r i e d  out to study the 
final s tage of the p r o c e s s ,  v iz .  the onset  of t umors  [5, 9, 10, 14-17]. The s p e c t r u m  of neoplasms  a r i s ing  
in the r a t  ce rebe l lum,  and the actual  p r o c e s s  of t umor  fo rmat ion  in this pa r t  of the cen t ra l  nervous  s y s t e m  
have r ece ived  v e r y  l i t t le  study. 

In an a t t empt  to obtain new expe r imen ta l  data on the dynamics  of development  of the p reg l ioma,  the 
c e r e b e l l u m  was chosen as tes t  object ,  more  espec ia l ly  because  many tumors  of chi ldren a r i se  in this pa r t  
of the cen t ra l  nervous  sys t em.  

E X P E R I M E I ~ T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on noninbred female  albino ra t s  weighing 60-70 g. A pel le t  of chem-  
ically pure 9 ,10 -d ime thy l - l , 2 -benzan th racene  (DMBA)$ weighing 1.5-2 mg was implanted in the region 
of the nuclei of the r igh t  half of the ce rebe l lum.  A pel le t  of paraf f in  wax of the same weight was implanted 
into the same  region of control  an imals  [10-12]. 

Altogether 214 animals were used in the experiments, 153 experimental and 61 control. The animals 
were under observation for I year. For the first 14 days the animals were sacrificed daily, and later until 
the 240th day they were sacrificed once a week, in batches of two rats from the experimental and one from 
the control group. To determine the percentage yield of tumors and the mean latent period of onset and 
the spectrum of the growing neoplasms, 31 animals were left alive. 

The cerebrum and cerebellum were taken for histological investigation. Material was embedded in 
paraffin wax and gelatin. Sections were stained with hematoxylin-eosin, with azan, for fibrin by Shueninov, s 
method, and impregnated with silver by Miyagawa's and Lashkov,s methods [6] and with gold by Cajal's 
method. During the investigation particular attention was paid to reactive changes appearing at different 
stages of the experiment in all structural elements of the cerebellum. 
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Fig.  1. Capsule around DMBA pellet:  
a) fr inged cel ls ;  b) c i r cu l a r  connec-  
t i ve - t i s sue  l aye r .  Hematoxyl in-eos in ,  
400x. 

EXPERIMENTAL RESULTS 

The results reflecting the morphology of carcinogenesis 
in the central nervous system differed significantly from de- 
scriptions of chemical carcinogenesis in the skin and other 
internal organs, in which a regular succession of phases of 
proliferation, ultimately leading to the growth of tumors, is 
found [i, 2, 4, 7, 8]. In the rat cerebellum after implantation 
of a DMBA pellet, three distinct components of the preglio- 
matous changes developed. 

The first component of chemical carcinogenesis in the 
central nervous system is the formation of a capsule around 
the pellet of carcinogen. After 24 h the DMBA pellet was sur- 
rounded by small connective-tissue cells resembling poly- 
blasts, with a dark oval nucleus and foamy cytoplasm. After 
48 h, elongated cells with an oval, hyperchromic nucleus were 
lying perpendicularly to these cells. By the 5th day of the ex- 
periment the cytoplasm of the cells lying next to the carcinogen 
was considerably increased in volume, and tiny granules and 
vacuoles of various sizes had appeared in it. On the 8th day 
the apical part of these cells was split longitudinally and had 
become fringed (Fig. la). One or several round, often hyper- 
chromic nuclei, with a clearly defined nuclear membrane and 
a large nucleolus could be seen at the base of the cells. 

After  3-4 weeks ,  f i lamentous  outgrowths of the apical  pa r t  of the cel ls  in contact  with DMBA c rys t a l s  
had inc reased  in length, and smal l  vacuo les  and basophil ic  g ranules  had appeared  in them. Next to the 
f r inged cel ls  was the second c i r cu l a r  l aye r  of long connec t ive- t i s sue  cel ls  with an oval nucleus,  staining 
blue with azan (Fig. lb) .  The thi rd  l ayer  of the capsule cons is ted  of a cur iously  contor ted network of smal l  
loops of dilated cap i l l a r i e s  and l a r g e r  blood v e s s e l s  r e sembl ing  venules .  Preexis t ing  c e r e b e l l a r  v e s s e l s  
became involved in this unusual p r o c e s s :  they ran  toward the pel le t  and the wound channel, and were  di-  
lated and congested with blood. This  s t ruc tu re  of the capsule around the pel le t  of carcinogen p e r s i s t e d  
throughout the exper imen t .  In the brain  substance surrounding the DMBA pellet ,  an asept ic  in f lammatory  
reac t ion  cha rac t e r i s t i c  of a focus of t r a u m a  a f te r  introduction of a fore ign  body into the bra in  [3], was ob- 
s e rved  f r o m  the 1st  until the 30th day. 

In no case  was a capsule obse rved  around the paraff in  pel le t  in the control  an imals .  After  the 30th 
day, when the in f l ammato ry  reac t ion  induced by the t r auma  and implantat ion of the pel le t  had subsided,  at  
all s tages  of the e x p e r i m e n t  the paraf f in  pel le t  was surrounded by only a single l aye r  of e longated connec-  
tive t issue cel ls  or  by a band of hyalinized t issue.  

The second component  of the p r e t u m o r  changes in the ce r ebe l l um cons is ted  of changes in the blood 
v e s s e l s .  They appea red  essen t i a l ly  a f t e r  the 14th day and p e r s i s t e d  until the end of the expe r imen t  (365 
days),  gradual ly  inc reas ing  in intensi ty.  The dist inguishing fea ture  of this p roce s s  was the seve re  damage 
to the v e s s e l  wall ,  which became pe rmeab le  to p l a sma  pro te ins ,  with the consequent  development  of ma rked  
p l a sma  t ransudat ion and deposit ion of f ibr in  in the v e s s e l  walls and its leakage into the surrounding t i ssue  
spaces, where the fibrin could be detected by Shueninov's method (Fig. 2a). The form and degree of this 
process varied: most commonly fibrinoid swelling of the arteries in the vascular layer of the capsule or 
in the subarachnoid spaces of the cerebellum was observed near the DMBA pellet. In other cases the fibrin 
escaped outside the walls of the large veins adjacent to the carcinogen. The principal element of this group 
in the thickened wall was a fibrinous mass which, together with the vessel wall, developed hyalinosis or, 
most commonly, necrosis. In these cases the whole mass became permeated with tubules in which recent 
or lysed erythrocytes and a few eosinophiIs could be seen. In other cases, a loose fibrin clot was formed 
and at the same time, marked destruction of the vessel wall took place. Such a clot could undergo recan- 
alization with proliferation of the endothelium at the periphery of the fibrinous masses. 

No pathological changes were observed in the blood vessels in the cerebellum of the control animals. 
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Fig. 2. Lesion of blood v e s s e l  wall ,  t ransudat ion  of p l a sma ,  and 
deposi t ion of f ibr in  (a). Shueninov's  s tain,  200x. Network of h y p e r -  
t rophied a s t r o c y t e s  surrounding DMBA pel le t  (b). Ca ja l ' s  o r tho-  
subl imate  method,  400 x. 

Fig. 3. Final stage of carcinogenesis in the 
rat cerebellum: a) capsule around DMBA 
pellet; b) altered vessels; c) focus of newly 
formed tissue. Hematoxylin-eosin, 10x. 

The third constant  e l emen t  of p reg l iomatous  change 
in the cent ra l  nervous s y s t e m  was hyperp las ia  of the a s t r o -  
cy tes .  By the 21st  day a s t r o c y t e s  in the bra in  substance  
surrounding the capsule of the carc inogen  showed marked  
hyper t rophy.  The i r  thick v a s c u l a r  pedicles  s t r e t ched  out 
towards  the p e r i c a p s u l a r  v a s c u l a r  plexus.  On the 28th 
day a thick network of a s t r o c y t e s  with hyper t roph iedbod ies  
f o rmed  a s t rong b a r r i e r  around the a r e a  of the DMBA 
pel le t  (Fig. 2b). Hyper t rophy  of the a s t rocy t e s  was ob- 
s e rved  until the 70th-80th day, a f te r  which this reac t ion  
changed qual i tat ively,  and foci of a s t rocy te  p ro l i fe ra t ion  
appeared .  Intensive p ro l i fe ra t ion  of the a s t rocy t e s ,  which 
occu r r ed  increas ingly  a f t e r  the 100th day of the e x p e r i -  
ment ,  t e rmina ted  with the fo rmat ion  of g l iomas .  In the 
initial  s tages  of deve!opment  of the g l iomas ,  in m o s t c a s e s  
three  components  of ca rc inogenes i s  could be dist inguished 
(Fig. 3). 

In the surviving group of animals, tumors of the 
cerebellum developed in 2 7 of the 31 rats. The percentage 

of induced t umor s  in no rma l  r a t s  was thus 87.1. The mean la tent  per iod  of development  of the tumors  in 
these an imals  was 246.7 •  Histological  study of the 27 p r i m a r y  tumors  of the ce r ebe l l um showed 
that  they were  mainly of the gl ial  s e r i e s :  three  a s t r o c y t o m a s ,  four p ro top lasmic  a s t r o c y t o m a s ,  8 dedif-  
fe ren t ia ted  a s t r o c y t o m a s ,  1 ang ioas t rocy toma ,  2 o l igodendrogl ioblas tomas ,  4 g l iob las toma mul t i fo rme ,  and 
5 mixed g l iob las tomas .  

In the course  of chemica l  ca rc inogenes i s  induced by implantat ion of a DMBA pel le t  into the nuclei 
of the r ight  c e r e b e l l a r  hemisphe re  in albino r a t s ,  the p reg l iomatous  changes a re  c h a r a c t e r i z e d  morpho-  
logical ly  by three dis t inct  f ea tu res ,  which a re  never  obse rved  in the control  group,  namely:  1) the fo r -  
mat ion  of an unusual f r inged  capsule ;  2) m a r k e d  changes in the blood v e s s e l s  of the f ibr inoid nec ros i s  type, 
f requent ly  with p e r i v a s c u l a r  seepage  of fibrin;  3) p r o g r e s s i v e  hyper t rophy and pro l i fe ra t ion  of the neu ro -  
glia.  These p r o c e s s e s ,  as the w r i t e r s '  p revious  observa t ions  showed, also occur  a f t e r  implantat ion of 
pe l le t s  of a ca rc inogen  into o ther  pa r t s  of the cen t ra l  nervous  sys t em,  but they a r e  pa r t i cu la r ly  s eve re  in 
the ce rebe l lum.  The pathogenet ic  role  of these changes is rece iv ing  fu r the r  study. 
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