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The DNA content was determined by compara t ive  mic rospec t ropho tomet ry  in atypical glio- 
mesenchymal  cells  around the villous capsule  surrounding the DMBA pellet, and in cells of 
mic roas t rocy tomas  and microgl iob las tomas  induced by DMBAo A charac te r i s t i c  feature of 
the late stages of this type of chemical  carc inogenes is  in the albino rat  cerebel lum was 
found to be the preserva t ion  of a wel l -marked  diploid modal class ,  except in cases  when the 
pathological p rocess  developed along malignant lines in the ear ly  stages of tumor  progress ion  
(microglioblastoma).  

KEY WORDS: cytophotometry;  g I io -mesenchymal  cel ls;  chemical  carc inogenesis ;  DNA content. 

An increase  in genetic heterogeneity of cells with a tendency toward their  DNA content to increase  
is known to be a cha rac te r i s t i c  feature  of growth of tumors ,  including many mainly malignant tumors  of 
the neuroec todermal  se r ies  found in the brain  of man and experimental  animals [5, 6, 9, 12]. Cytophoto- 
metric and cytogenetic investigations have also shown that heteroploidy may also be a feature of the ceils of 
p re tumor  hyperplast ie  foci of prol i ferat ion [1, 8, 10, 11]. The distinctive charac te r i s t i c s  of these stages 
of p r e tumor  changes in the brain,  including their  prol i fera t ive  phase, call  for  comprehensive  and com-  
bined investigations of the population kinetics of the g l io -mesenchymal  cells  at various stages of exper i -  
mental carc inogenes  is. 

Avtsyn and Yablonovskaya [2-4] showed that during carc inogenes is  induced in the cerebel lum by 
DMBA, features  of p re tumor  hyperplasia  of g l io -mesenchymal  cells with the appearance of the f i rs t  a typ- 
ical cells occur  on the 50th-100th day af ter  insertion of the pellet of carcinogen.  After the 100th day these 
p re tumor  changes are  found as loci of prol i fera t ion of large  as t rocy te - l ike  cells  with i r regula r ly  shaped 
nuclei and enlarged nucleoli, located among the fibrinoid masses  of the pathologically changed blood ves -  
sels close to the "villous" capsule surrounding the pellet~ Mitoses of atypical cells are  ei ther  extremely 
r a r e  (2-3 per  specimen) or  a re  not observed at all in histological  specimens.  The suggestion has been 
made that these foci of glial prol i fera t ion direct ly  precede  the development of gl iomas (most frequently, 
a s t rocy tomas)  of the cerebel lum. 

in the present  investigation a compara t ive  cy tomorphomet r ic  study was made of the DNA content in 
the cells of a pregl ioma in seven albino rats  of the SHK s t ra in  at various t imes af ter  the beginning of the 
experiment  (from 63 to 362 days). After  a careful  histological  study, foci of microblas toma,  a s sessed  in 
two cases  as the beginning of a cytoplasmic as t rocy toma and in one animal as a glioblastoma, were found 
in three  animals .  Cells of an inf lammatory focus of g l io -mesenc twmal  prol iferat ion around pellets of 
paraffin wax were  investigated as the control  (in 2 rats  on the 82nd and 119th days af ter  the beginning of 
the experiment).  
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Fig. 1. Histograms of distribution 
of cel ls  by DNA content. Ordinate: 
number of cei ls  (in %); abscissa:  
DNA content (in c); A) smal l  granule 
cel ls  from the cerebel lar  cortex; B) 
g l io -mesenchymal  ce l ls  from focus 
of inflammatory proliferation around 
paraffin pellets; C) atypical glio-mes- 
enchymal cells around DMBA pellet 
(preglioma); D) microastrocytoma; 
E) microglioblastoma. 

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

The Feulgen reaction was carried out on ser ies  of paraffin s e c -  
tions, 5 ~ in thickness (fixation of the brain with 12~ neutral formalin,  
hydrolysis  with 5 N HC1 at room temperature for 50 rain, staining with 
Schiff's reagent for 1 h). Cytophotometry was carried out on a digital 
integrating microphotometer,  made at the Institute of Chemical Physics ,  
Academy of Sciences of the USSR [7]. As the standard for the diploid 
quantity of DNA smal l  neurons, consist ing of granule ce l ls  from the 
cerebel lar  cortex,  were chosen [13, 14]. Comparative cytophotometric 
analysis of granule ce l ls  in f i lms from the t issue of the rat cerebel lar  
cortex and of small  lymphocytes (in f i lms from a suspension of rat 
spleen in bovine serum) shewed that the DNA content in these ce l ls  in 
every  case  corresponded to diploid and near-diploid values.  In each 
preparation the measurements  were made in 100 cel ls  from foci o fg l to-  
mesenchymal  proliferation (altogether 900 cel ls)  and in 5-60 smal l  
granule ce l ls  (altogether 375 cel ls) .  The results of cytophotometry (in 
conventional ploidy units - c) for each observation are given in Table 1 
and are summarized as histograms (Table 1, Fig. 1). 

E X P E R I M E N T A L  R E S U L T S  

The focus of g l io -mesenchymal  proliferation around the paraffin 
pellet was characterized by the overwhelming predominance (83~) of 
diploid and near-diploid cel ls ,  a comparatively few (about 15%) cei ls  
with the DNA content corresponding to triploid and near-tetraploid val-  
ues (Fig. 1B). The fraction of cei ls  with ploidy levels  of 3c and 4c, most  
of which were probably in the S and G 2 periods of the cel l  cycle,  thus 
did not exceed ~/5 (about 22%) of the number of diploid ce l ls .  This evi -  
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dently indicates the com pa ra t i ve l y  low level  of DNA synthes is  in the glial and connec t ive - t i s sue  cel ls  of 
the b ra in  subs tance  during product ive  chronic  inf lammat ion  around a fore ign  body (Fig. 1C). 

A dist inct  p redominance  of diploid and near -d ip lo id  cei ls  (69.5%) was obse rved  in the a typical  foci  
of p r e g l i o m a  pro l i fe ra t ion ,  but compared  with the control ,  t he re  was an inc rease  in the number  of cei ls  in 
the nea r - t r ip lo id  region (24%) as well  as a sma l l  i nc rease  in the number  of pa ra te t r ap lo id  cel ls  (6.5%), and 
also there  we re  a few hyper t e t r ap lo id  nuclei (1~). Al together  the f rac t ion  of pa ra t r ip lo id  cel ls  during p r e -  
t u m o r  p ro l i fe ra t ion  increased  to 40c/c of the number  of diploid cei ls ,  poss ib ly  evidence mainly  of act ivat ion 
of DNA synthes is .  

Compared  with the control  and with the foci of p r e g l i o m a  pro l i fe ra t ion ,  in loci  of cy top lasmic  a s t r o -  
cy toma (Fig. 1D) the number  of paradiploid  cel ls  was reduced to 59% whereas  the number  of para t r ip lo id  
cel ls  rose  to 32%; however,  the number  of cel ls  with te t rap lo id  and hyper te t rap lo id  nuclei r emained  about 
the s a m e  as in the p reg l ioma  (9~ of cel ls  a l together) .  A fu r t he r  inc rease  in the number  of ce l l s  syn thes i z -  
ing DNA was evidently observed  in the m i e r o b l a s t o m a s ,  as shown by the g r e a t e r  i nc rease  in the f rac t ion  
of pa ra t r ip lo id  and para te t rap lo id  cel ls  than in the preg l ioma,  and amounting together  to about 70% of the 
paradiploid  cel ls ,  the peak of which on the h i s tog ram of the m i c r o a s t r o c y t o m a s  is shifted a l i t t le  to the 
r ight.  

Only in the case  of the m i c rog l i ob l a s toma  (Fig. 1E) could a cons iderable  degree  of aneuploidy and 
polyploidy be found; the modal  c l a s s  was evidently f o rmed  by pa ra te t rap lo id  cel ls ,  the f rac t ion  of which 
inc reased  to 40~c, and there  was also a cons iderable  inc rease  in the number  of cel ls  with ploidy levels  in 
excess  of 4 c (amounting a l toge ther  to 18~), but in this case  the max ima l  level  of polyploidy co r re sponded  
to paraoc tap lo id  ce l l s .  

The resu l t s  a r e  evidence that the ea r ly  s tages  of ca rc inogenes i s  induced by DMBA in the ra t  c e r e -  
be l lum a re  c h a r a c t e r i z e d  by a w e l l - m a r k e d  diploid modal c lass ;  d i f ferences  between the h i s tog rams  of 
a typical  cel ls  f r o m  loci  of p r eg l ioma  pro l i fe ra t ion  and m i c r o a s t r o c y t o m a s  and the h i s tog rams  of inf lam- 
ma to ry  pro l i fe ra t ion  of g l i o -m es enchym a l  cel ls  around the paraff in  pel le ts  can be in te rpre ted  as the r e -  
sult of an inc rease  in the number  of cel ls  synthesizing DNA and with a fa i r ly  low yield of polyploidy. Con- 
s ide rab le  heteroploidy and polyploidy a r e  observed  only when the p r o c e s s  of ca rc inogenes i s  turns toward 
mal ignancy in the ear ly  s tages .  In the e a r l i e r  s tages  of p r e t u m o r  changes and in the initial s tages  of growth 
of a benign g l ioma (cytoplasmic a s t rocy toma)  no signif icant  changes in karyotype  a r e  evidently observed.  
This  is in ag reemen t  with the es tabl i shed view of the diploid nature  of cy top lasmic  a s t r o c y t o m a s  in man 
and exper imenta l  an imals  [5, 6, 9, 12]; as the resu l t s  of the p resen t  investigation show, this is also a c h a r -  
ac t e r i s t i c  f ea tu re  of these  tumors  in the initial s tages  of t u m o r  growth. 
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