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E v i d e n c e  of a c o n n e c t i o n  b e t w e e n  t u m o r  g rowth  and the c y c l i c  n u c l e o t i d e  l e v e l  has  been  p u b l i s h e d  [5, 12]. 
The c o n c e n t r a t i o n  of  c y c l i c  A M P  as  a r u l e  i s  low in t u m o r  t i s s u e s  of  d i f f e r e n t  o r i g i n  [6, 7] .  An a r t i f i e i a l  in -  
c r e a s e  in the  c o n c e n t r a t i o n  of th i s  c o m p o u n d  inh ib i t s  t u m o r  g rowth  [4, 9, 11].  A n o t h e r  c y c l i c  n u c l e o t i d e ,  3 ,5-  
g u a n o s i n e  m o n o p h o s p h a t e  ( cyc l i c  G M P ) ,  on the  o t h e r  hand,  a c t s  as  a t r i g g e r  of c e l l  p r o l i f e r a t i o n  [8] .  

In view of the c o n s i d e r a b l e  h e t e r o g e n e i t y  of b r a i n  t i s s u e ,  m o s t  s t u d i e s  of c y c l i c  n u c l e o t i d e  m e t a b o l i s m  
in the  b r a i n  have  been  c a r r i e d  out  on t i s s u e  c u l t u r e .  The r e s u l t s  of  t h e s e  i n v e s t i g a t i o n s  show tha t  the p r i n c i -  
p l e s  g o v e r n i n g  c h a n g e s  in the c y c l i c  A M P  c o n c e n t r a t i o n  in  the b r a i n  t i s s u e  a r e  the  s a m e  as  in  o t h e r  t i s s u e s :  
D u r i n g  m a l i g n a n t  change  the c y c l i c  A M P  l e v e l  in the  b r a i n  c e l l s  f a l l s ,  and a f t e r  exogenous  a d d i t i o n  of  c y c l i c  
A M P  d e r i v a t i v e s  o r  p h o s p h o d i e s t e r a s e  i n h i b i t o r s  to the c u l t u r e  m a l i g n a n t  g rowth  i s  r e t a r d e d  and the c e l l  
m o r p h o l o g y  i s  changed :  m o r e  m a t u r e  f o r m s  a r e  p r o d u c e d  [10] .  

The  da t a  on c y c l i c  n u e l e o t i d e  m e t a b o l i s m  in human  b r a i n  t u m o r s  a r e  e x t r e m e l y  few, y e t  t he se  t u m o r s  
accoun t  f o r  about  40% of  c e r e b r a l  n e o p l a s m s .  The s tudy  of  c ha nge s  in the  c y c l i c  n u c l e o t i d e  l e v e l  in t h e s e  
t u m o r s  thus  r e m a i n s  an u r g e n t  p r o b l e m ,  the s o l u t i o n  of which  m a y  open up new a p p r o a c h e s  to the c h e m o -  
t h e r a p y  of  g l i a l  t u m o r s .  The cho i ce  of an a d e q u a t e  e x p e r i m e n t a l  m o d e l  is  e s s e n t i a l  fo r  th is  p u r p o s e .  

The a i m  of th is  i n v e s t i g a t i o n  was  to c o m p a r e  the  c y c l i c  A M P  and c y c l i c  GMP c o n c e n t r a t i o n s  in  human  
and a n i m a l  g l i a l  t u m o r s .  

T A B L E  1. C o n c e n t r a t i o n  of Cyc l i c  N ue l e o -  
t i de s  in Human  B r a i n  (in p i c o m o l e s / m g  p r o -  
t e in )  

Tissue 

Gray matter of cerebral 
cortex 

The same 

Cerebellar cortex 
N 

N 

M 
-I- ;n  
+_c 

Cyclic 
AMP 

39,4 
35,4 
3t ,2 
48,5 
18,0 
48,5 
33,2 
4,3 

10,5 

Cyclic 
GMP 

8,1 
8,4 
6.5 

ll ,2 
3,9 

11,2 
7,4 
1,0 
2,4 

Cyclic AMP/ 
Cyclic GMP 

4,9 
4,2 
5.0 
4,3 
4,6 
4,3 
4,5 
0,04 
0,11 
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T A B L E  2. C o n c e n t r a t i o n s  of Cyc l i c  N u c l e o -  
t i d e s  (in p i c o m o l e s / m g  p r o t e i n )  in  Human 
Gl i a l  T u m o r s  

Cyclic Cyclic Cyclic AMP/ 
Tumor !AMP GMP Cyclic GMP 

3,6 I 2,8 Astrocytoma 
Astrocytoma with signs of 

dedifferentiation 
Fibrillary astrocytoma 
Astrocytoma 
Fibrillary astrocytoma 
Oligoastrocytoma 
Fibrillary astrocytoma 
Astrocytoma 
Dediff~rentiated astrocy- 
toma 

Glioblastoma multiforme 

Glioblastoma multiforme 

9,9 

11,3 
3,9 

32,2 
1,5 

21,8 
17,7 
7,8 

18,8 

1,4 

10,2 

3,3 3,4 
1,6 2,4 

13,7 2,4 
0,6 2,7 
6,4 3,4 
5,6 3,2 
2,6 3,0 

8,2 2,3 

0,7 2,0 

3,2 3,1 

M 
•  
~ a  
t 
P 

11,6 
2,6 
8,5 
4,3 

<0,001 

4,5 2,8 
1,2 0,04 
3,8 0,14 
1,9 27,3 

0,05 0,001 

Legend .  Va lues  of s i g n i f i c a n c e  ob ta ined  by  
c o m p a r i n g  c o r r e s p o n d i n g  d a t a  fo r  b r a i n  t i s -  
sue  and g l i a l  t u m o r s .  

EXPERIMENTAL METHOD 

Tissue of human glial tumors and brain was obtained during neurosurgieal operations and quickly trans- 
ferred to liquid nitrogen. The concentration of cyclic nucleotides was determined by a radioisotope method 
using kits from the Radiochemical Centre, Amersham, England. 

Two transplantable strains of experimental gliomas of laboratory animals (Laboratory of Histopathology 
of the Central Nervous System, Institute of Human Morphology, Academy of Medical Sciences of the USSR), 
induced by local injection of chemical carcinogens into the brain [2, 3], also were used. A dedifferentiated 
rabbit astrocytoma, strain No. 103, was obtained in October, 1961, after introduction of a methylcholanthrene 
p e l l e t  into a r a b b i t ' s  b r a i n .  By the t i m e  of the i n v e s t i g a t i o n  the t u m o r  had c o m p l e t e d  65-67 i n t r a c e r e b r a l  p a s -  
s a g e s .  The d u r a t i o n  of s u r v i v a l  of an a n i m a l  wi th  a t r a n s p l a n t e d  t u m o r  was  30-45 d a y s .  The r a b b i t s  w e r e  
k i l l e d  on the 35th-37th  day  a f t e r  t r a n s p l a n t a t i o n  of the  t u m o r .  

A p r o t o p l a s m i c  a s t r o e y t o m a  wi th  s igns  of d e d i f f e r e n t i a t i o n  was  found in a r a t  a t  the s i t e  of i n t r o d u c t i o n  
of  a p e l l e t  con ta in ing  9 , 1 0 - d i m e t h y l - 1 , 2 - b e n z a n t h r a c e n e  into the c e r e b e l l u m  in F e b r u a r y ,  1967. M a t e r i a l  f r o m  
the  29th and 3 6 - 3 9 t h  p a s s a g e s  was  u sed  in t h i s  i n v e s t i g a t i o n .  The s u r v i v a l  p e r i o d  of the  a n i m a l s  with a t u m o r  w a s  
10-12 days .  P a s s a g e  of the  t u m o r  was  c a r r i e d  out  by  t r a n s p l a n t a t i o n  of  f r a g m e n t s  of t u m o r  into the  b r a i n  of a 
young  a n i m a l  by  m e a n s  of a n e e d l e  and t r o c a r .  P a s s a g e  a l t e r n a t e d  wi th  p r e s e r v a t i o n  of the  m a t e r i a l  u n d e r  
d e e p  r e f r i g e r a t i o n  ( a t - 7 8 ~  R a b b i t s  w e r e  l i g h t l y  a n e s t h e t i z e d  wi th  e t h e r ,  the  sku l l  was  t r e p h i n e d ,  and 
p i e c e s  of  t u m o r  t i s s u e ,  b r a i n  t i s s u e  f r o m  the a f f e c t e d  h e m i s p h e r e ,  and t i s s u e  f r o m  the i n t ac t  h e m i s p h e r e  w e r e  
r e m o v e d ,  t h e r e b y  copying  the cond i t i ons  u n d e r  wh ich  m a t e r i a l  was  ob t a ined  f r o m  the h u m a n  b r a i n .  The r a t s  
w e r e  d e c a p i t a t e d  and the t i s s u e s  fo r  t e s t i n g  w e r e  r e m o v e d  f r o m  t h e m  as  q u i c k l y  as  p o s s i b l e  (30 s e e ) .  

EXPERIMENTAL RESULTS 

The results of investigations of cyclic nucleotides in the human brain and gliomas are given in Tables 1 
and 2. 

As the results show, the cyclic AMP concentration in the tissues of tumors of the astrocyte series was 
statistically significantly lower than in brain tissue. The marked fluctuations in cyclic AMP level in both 
brain and tumor tissue will be noted. This may be due to several factors, including the patient's age, differ- 
ences in illumination of the operative field at the time of taking the material, and so on [ I, 13]. Statistically 
significant differences could not be found in the cyclic AMP concentration depending on the degree of anaplasia 
of the tumor, although the possibility cannot be ruled out that this was because of an insufficient amount of 
material. 
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TABLE 3. Concentrations of Cyclic Nucleotides (in picomoles/mg protein) in Normal Brain 

and Glial Tumors of Rabbits 

A nimal 
No. 

M 

t 
P 

cyclic 
AMP 

5,4 
8,9 
5,6 
8,5 
8,2 

I 

7,3 
1.7 
0,75 
9,58 

<0,001 

Tumor 

cyclicAMP/ 
cyclic GMP 

t Affected hemisphere 

cyclic cyclic cyclicAMP/ 
AMP GMP cyclic GMP I 

6,4 
8,4 
7,8 
7,8 
4,8 

2,8 
2,9 
2,8 
2,6 
3,9 

cyclic 
AMP 

cyclic 
GMP 

2,4 
2,5 
2,0 
2,5 
2,3 

18,2 
24,6 
21,8 
20,4 
18,6 

7,0 
t,3 
0,57 
2,79 
0,01 

3,0 
0,5 
0,22 
4,72 
0,001 

15,6 
19,4 
18,1 
17,6 
[5,4 

2,2 
3,6 
2,8 
3,4 
3,6 

3A 
0,6 
0,27 
4,49 
0,001 

2,3 
0,2 
0,09 

17,2 
0,001 

20,7 
2,6 
1,19 
0,07 
9,5 

17,2 
[,7 
0,76 
2,54 
0,02 

Intact hemisphm 

clic 
IP 

5,3 
5, t 
7,1 
5,9 
4,4 

5,5 
1,0 
0,45 
0,72 
0,2 

cyclic AMP / 
cyclic GMP 

2,9 
3,8 
2,5 
2,9 
3,5 

3,I 
0,4 
0,t7 
5,05 
0,001 

Legend.  Values  of s i gn i f i c ance  obta ined  by c o m p a r i s o n  with c o r r e s p o n d i n g  data  for  con-  
t ro l  a n i m a l s .  

The cyclic GMP concentration in the tumors also was lower than in brain tissue (P < 0.05), but the dif- 

ference was smaller than for cyclic AMP. Consequently, the cyclic AMP/cyclicGMP was reduced. It was 

show~n for the first time that this ratio is the most stable indicator of cyclic nucleotide metabolism both in 

normal tissue (4.5 • 0.45) and in glial tumors (2.8 • 0.04) of the human brain. 

Similar results were obtained during a study of cyclic nucleotides and the ratio between them in rabbits 
with a dedifferentiated astrocytoma (Table 3). 

As Table 3 shows, the concentrations of cyclic AMP and cyclic GMP in glial tumors of rabbits also were 

lower (P < 0.001) than in the brain tissue of control animals, where the mean cyclic AMP concentration was 

20.8 picomoles/mg protein andthat of cyclic GMP, 5.1 picomoles/mgprotein. Here also, however, the decrease in 

the cyclic AMP level was greater than that in the cyclic GMP concentration, so that, just as in human glial 

tumors, the cyclic AMP/cyclic GMP ratio was lowered (2.3 • 0.09 compared with 4.9 • 0.6 in normal brain 

t i s sue ;  P <  0.001).  

The cyc l ic  AMP and cyc l ic  GMP leve l s  in  the affected and in t ac t  h e m i s p h e r e s  did not  d i f fer  s i gn i f i c an t l y  
f r o m  t h e i r  c o n c e n t r a t i o n s  in  the b r a i n  of the c on t r o l  a n i m a l s .  However ,  the cyc l ic  AMP/cyc l i c  GMP ra t io  was 
lowered  in these  t i s s u e s  also.  The r e s u l t s  thus ind ica t e  a d i s t u r b a n c e  of cyc l ic  nuc leo t ide  m e t a b o l i s m  not only 
in  the affected h e m i s p h e r e ,  but  a l so  in  the oppos i te  h e m i s p h e r e .  This  m e a n s  that  the ab i l i ty  of t r a n s p l a n t e d  
b r a i n  t u m o r s  to s u r v i v e  can  be r e v e a l e d  by punch b iopsy  of any p a r t  of the b r a i n ,  d e t e r m i n i n g  the cyc l i c  nu -  
c leo t ide  c o n c e n t r a t i o n s  in  the s amp le ,  and ca l cu l a t i ng  the ra t io  be tween  them.  

Dur ing  the s tudy  of cyc l ic  nuc leo t ides  in the r a t  b r a i n  and g l ia l  t u m o r s  h igher  l eve l s  of both cycl ic  AMP 
and cyc l i c  GMP w e r e  d i s cove red .  However ,  in  a n i m a l s  of this  spec i e s  a lso,  a d e c r e a s e  in the c o n c e n t r a t i o n s  
of both cyclic nucleatides in the tu~nors and in the ratio between them was observed (11.7 in normal Kssue, 5.3 

in tumors). 

When the cyclic nncleotide levels in human and animal glial tumors are compared it will be seen that 

they are more stable in the latter, evidently because of the histological homogeneity of transplanted tumors 

compared with primary human gliomas. The cyclic AMP/cyclic GMP ratio was the most stable and character- 

istic indicator for the group of tumors studied (it is significantly lower in tumor tissue both in man and in 

animals ). 

The rat brain tumor differed from the rabbit and human gliomas by a greater degree than the two latter 
tumors differed from each other. The higher level of both nucleotides and the higher ratio between them are 

characteristic features of rat brain tumors. Accordingly, it can be recommended that rabbits are used as ex- 

perimental models for brain tumors when a study of their cyclic nueleotides is contemplated. 

Despite certain differences in the concentrations of cyclic nucleotides and the ratio between them, no 
fundamental differences were found between these indicators in the tissues of human and animal tumors. 
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C O M P A R A T I V E  S T U D Y  O F  DNA B R E A K S  IN 

H U M A N  L E U K E M I C  AND N O R M A L  B L O O D  

L E U K O C Y T E S  
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a n d  N. A. F e d o r o v  

UDC 616.155.392-07:616. 155.3-008. 
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KEY WORDS: leukocytes; radiation; oncogenic v i ruses .  

The action of ionizing radiation, carcinogens, and oncogenic viruses is known to be accompanied by 
fragmentation of the DNA of the normal cell. Diseases due to genetic defects of the DNA repair system, such 
as xeroderma pigmentosum, are characterized by an increase in the frequency of tumor development. Lymph- 
oeytes of patients with primary and secondary aplastie anemia are known to have more single-stranded DNA 
breaks than healthy human lymphocytes [5]. 

With these facts in mind, the level of single-strand DNA breaks was compared in peripheral blood leuko- 
cytes from healthy subjects and from patients with chronic lymphatic and myeloid leukemia. 

EXPERIMENTAL METHOD 

Lymphocytes and granulocytes from the peripheral blood of healthy donors served as the control. 
Lymphocytes were isolated by B'oyum's method [3] using a mixture of Ficoll and Urotrast with a specific 
gravity of 1.08. To isolate granulocytes, the Ficoll-Urotrast mixture was layered above an equal volume of 
polyvinol (tool. wt. 20,000) with a specific gravity of 1.12. The isolated lymphocytes or granulocytes were 
washed three times with cold physiological saline and the cells were separated by centrifugation for I0 rain at 
400 g. Single-strand DNA breaks were determined by the method of Fedorov and Borisov [I, 2]. A cell sus- 
pension (2 • 106) was lysed by addition of 4 volumes of a solution of the following composition: 2.5M NaCI, 
0.025M EDTA-Na~, 5 g/liter Nalaurylsarcosinate; pH 9.0. The lysate was passed through a BS filter (from 
Millipore) by means of a peristaltic pump and washed with 5 ml 0.002M EDTA solution, pH I0.0. DNA was 
eluted with 0.1M NaOH at 40~ at the rate of 0. i ml/min and four fractions each of 2.5 ml were collected; 
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