
NAD, deficient during hypoxia,  is f o r m e d  and the excess  of f r ee  ammonia  is  r emoved  through the synthes is  of 
g lutamic acid and glutamine.  

L I T E R A T U R E  C I T E D  

t .  E . L .  Avenirova ,  I. N. Mas lova ,  V. I. Rozengar t ,  et  al . ,  Vopr.  Med. Khim.,  No. 12 ,633  (1966). 
2. Yu. M. Detain, S. S. Musaelyan,  V. S. Karapetyan,  et a l . ,  in: P r o b l e m s  in Brain  B iochemis t ry  [in Rus-  

sian], Vol. 1, Erevan  (t964), p. 45. 
3. P~ I. Deryabina  and O. N. Save l ' eva ,  Ukr. Biokhim. Zh.,  No. 1, 52 (1973). 
4. Vo V. Zakusov and R. U. Os t rovskaya ,  Byull. ]~ksp. Biol. Med.,  No. 2, 45 (1971). 
5. A . M .  Zubovskaya and R. U. Os t rovskaya ,  in: Current  P r o b l e m s  in the B iochemis t ry  of Respi ra t ion  and 

Its Clinical Fea tu res  /in Russian] ,  Vol. 2, Ivanovo (1972), p. 313. 
6. A . M .  Zubovskaya,  R. U. Os t rovskaya ,  and N. M. Tsybina ,  Byull. l~ksp. Biol. Med.,  No. 7, 62 (1974). 
7. J . T .  Brosnan,  H. A. Krebs ,  and D. H. Wil l iamson,  Biochem. J . ,  117, 91 (1970). 
8. G. Folbergova ,  B. Ljundgren,  K. Norberg ,  et a l . ,  Bra in  Res . ,  80 ,265 (1974). 
9. K. Norbe rg  and D. K. SiesjS, Bra in  Res . ,  86, 45 (1975). 

10. G . D .  Wood, Canad. J .  Biochem. ,  3__66,833 (t958). 

E F F E C T  O F  E X T R E M A L  S T I M U L A T I O N  ON B R A I N  

L E V E L  O F  C Y C L I C  A M P  

E .  A .  M i g a s  UDC 612.822.2 

The content of cycl ic  adenos ine -3 ' , 5 ' -monophospha te  (cAMP) in the b ra in  was inves t iga ted  a f t e r  
e l ec t r i ca l  s t imulat ion of immobi l i zed  r a t s ,  leading to the development  of degenera t ive  les ions in 
the in terna l  organs .  A m a r k e d  dec r ea se  was found in the cAMP content in the r a t s '  b ra in ,  which 
appeared  15 min a f te r  the beginning of ex t r ema l  s t imulat ion and r ema ined  at the s a m e  level dur-  
ing s t imulat ion for  3 h. The lowering of the cAMP level  was evidently connected with a def ic ien-  
cy of noradrena l in  and, pe rhaps ,  of o ther  biological ly act ive amines  also in the bra in  during 
e l ec t r i ca l  s t imulat ion.  

KEY WORDS: r a t  brain;  cyclic  AMP; e l ec t r i ca l  s t imulat ion;  degenerat ion of organs .  

The appearance  of neurogenic  degenera t ive  changes in the in ternal  organs  has been shown to be a s s o c i -  
ated with d is turbance  of r egu la to ry  influences of the CNS and, in pa r t i cu l a r ,  of the hypothalamic region [1]. By 
means  of b iochemica l  ana lys is  in addition to pharmaco log ica l ,  the p r o c e s s e s  taking place  in the b ra in  on the 
a r r i v a l  of e x t r e m a l  impul ses ,  leading to a d is turbance of cen t ra l  t rophic  inf luences,  were  inves t iga ted  m o r e  
fully. In p a r t i c u l a r ,  during e x t r e m a l  s t imulat ion a dec r ea se  in the level  of biogenic amines  and, in pa r t i cu l a r ,  
of noradrena l in  (NA) has been es tab l i shed  [3]. Cyclic adenos ine -3 ' , 5 ' -monophospha te  (cAMP) is  known to be an 
i n t e r m e d i a r y  in the action of mos t  biological ly act ive subs tances  and in the m e c h a n i s m  of the i r  metabol ic  effects.  

The object  of this invest igat ion was to study the concentrat ion of cAMP in the bra in  during the develop- 
ment  of neurogenic  degenera t ive  les ions  a r i s ing  as a resu l t  of ex t r ema l  s t imulat ion.  
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Vol. 81, No. 5, pp. 541-543, May, 1976. Original  a r t i c le  submit ted  June 19, 1975. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 1 7th Street New  York, N.Y. 10011. No part ] 
o f  this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means electronic mechanical photocopying, 

I mierofilming, recording or otherwise, wi thout  written permission o f  the publisher. A copy o f  this article is available fr'om the publisher for  $ 7. 50. 1 
675 



TABLE 1. Concentrations of cAMP, ATP,  and Glucose and Hexokinase Activity in Rat 
Brain during Elec t r ica l  Stimulation (M + m) 

Conditions 

Control 

Electrical stimulation: 

5 rain 
15 min 
3h 

cAMP,- �9 10 -9 
moles/g wet 
weight of tissue 

2,00'---0,14 (8) 

1,00-+ 0,08 (5) 
1,00• (5) 

ATP,pmoles/g wet 
weight of tissue 

2,30-+0,0l (9) 

3,10---~,05 (5) 
2,30-- + 0,05 (4) 

Glucose,~mole~/g wet 
of tissue 

1,60-+0,01 (6) 

2,80-0,10 (4) 
3,30-+__0,10 (4) 
1,80--+0,03 (4) 

Hcxokinase, grnoles 
NADP/min/mg protein 

8,4_+.0,5 (6) 

10,9_0,7 (5) 
12,4-+ 1,0 (5) 
10,3+ 0,4 (4) 

end. Number of experiments  shown in parentheses .  

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

Immobil ized ra ts  were st imulated by an e lec t r ic  cur ren t  (5-10 V, 50 Hz, 10 msec) through electrodes  im-  
planted into the forel imbs [2]. As a resul t  of this stimulation the animals developed marked  degenerative le- 
sions of their  internal  organs.  

Cyclic AMP was determined by an enzymic method [4, 5] with certain modifications . Brain t issue f rozen 
in liquid oxygen was homogenized in 5 volumes of 10% TCA and the cAMP was isolated from the other nucleo- 
tides by adsorption on Z n - B a  followed by high-voltage e lec t rophores is  on paper.  The localization of the cAMP 
was established with an u l t rachromatograph and it was eluted with 50% ethanol. After removal  of the ethanol by 
means of a vacuum evaporator  the CAMP was dissolved in 0.2 ml 0.5 MTris -HCI ,  pH 7.7, a n d l m M M g S O  4. To 
0.08 ml of the solution of cAMP 0.02 ml (40 p g) of 3 ' ,5 ' -AMP-phosphodies te rase  (purified lyophilized bovine 
hear t  preparat ion with an activity of 0.45 unit /mg; Sigma, USA) was added. To the control sample (0.08 ml) 
0.02 ml of bidisti l led water was added. After incubation (30 min, 37~ the react ion was stopped by boiling. 
The samples were cooled and an ATP-genera t ing  sys tem was added: 0.15 ml of reagent  containing 0.2 M T r i s -  
HC1, pH 7.5, 6 mM MgC12, 0.1 M KC1, 15 mM dithiotreitol,  7.5 mM phosphoinolpyruvate,  0~ rmM EDTA, 1 .10  -s 
M ATP,  myokinase 30 p g / m l  (preparation f rom hog muscle  with an activity of 940 uni ts /mg; Sigma, USA), and 
pyruvate Mnase 80 pg/ml  (from rabbit muscle ,  activity 100 un i t s /mg;  Reanal,  Hungary). The samples were 
incubated for  3 h at 30~ after  which an ATP-ut i l iz ing sys tem was added: 0.02 ml of reagent  containing 10 
m g / m l  hexoMnase (Koch-Light, England) and 60 mM glucose. After incubation for  1 h at 37~ the samples 
were placed in boiling water for 2 min. After cooling and centrifugation, 0.03 ml of the supernatant was added 
to 4 ml of a solution containing 0.1 MTris-HC1, pH 7.5, 0~ mM NADP, and 1 pg/ml  of glueose-6-phosphate  
dehydrogenase (Fluka, Switzerland). The quantity of reduced NADP was measured  f luorometr ica l ly  on a modi- 
fied BIAN-130 f luorometer .  The final concentration of cAMP in standard samples was 0 .4 .10  -z M. 

Adenylate cyclase activity was determined by a radioactive method f rom the rate of conversion of ATP-  
C 14 into cAMP-C 14 [7]; cAMP was separated f rom the other  nucleotides by high-voltage e lec t rophores is  on 
paper.  The concentration of ATP [6] and glucose [8] was investigated by the hexokinase method. Hexokinase 
activity was determined in the fraction including soluble and mic rosomal  hexokinase. 

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

The cAMP level in the brain  was studied at the beginning of e lec t r ica l  stimulation, and after  stimulation 
for 15 min and 3 h, when marked degenerative lesions in the t issues began to appear.  The experiments  showed 
that the cAMP concentration 15 min after  the beginning of e lect r ical  stimulation was reduced by 50% and it r e -  
mained at that level until the end of st imulation (Table 1)o Since activation of the cAMP sys tem might have 
been expected during the f i rs t  few minutes af ter  the beginning of stimulation, adenylate cyclase activity and the 
cAMP level were investigated 1 rain af ter  the beginning of e lec t r ica l  stimulation. However, adenylate cyclase 
activity af ter  stimulation for  1 min was indistinguishable f rom normal  (967 + 67 and 986 + 73 c o u n t s / m i n / m g  
protein respect ively) ,  and the cAMP concentration did not exceed the control values. 

To analyze the changes in cAMP during e lec t r ica l  stimulation some indices of energy metabol ism were 
investigated in the brain:  hexokinase activity and the levels of glucose and ATP,  the substrate  for adenylate 
cyclase during cAMP formation.  An increase  in the intensity of brain  energy metabol ism was observed 5 min 
and, to a g rea t e r  degree,  15 min after  the beginning of e lec t r ica l  st imulation (Table 1). The hexokinase act iv-  
ity and the concentrat ions of ATP and glucose in the brain  t issues were significantly increased  15 min after  
the beginning of stimulation, whereas af ter  3 h these indices did not differ significantly f rom the control values.  
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It can be concluded that  the d e c r e a s e  in the cAMP level  in the bra in  a f t e r  e x t r e m a l  s t imulat ion was not 
a s soc i a t ed  with a d is turbance  of energy  me tabo l i sm  or  with inadequacy of ATP  synthes is .  The main  cause of 
the dec r ea se  in the cAMP concentra t ion in the bra in  during ex t r ema l  s t imulat ion was the dec rea se  in the level  
of NA and, p e r h a p s ,  of o ther  biological ly act ive  amines .  In the w r i t e r s '  l abo ra to ry  a sha rp  dec r ea se  in the NA 
level  in the b ra in  t i s sue  was obs e rved  a f t e r  e l ec t r i ca l  s t imulat ion of the immobi l i zed  r a t s  fo r  3 h, when a 
m a r k e d  d e c r e a s e  in the NA concentra t ion is  obse rved  in the hypothalamic  region [3]. 
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E F F E C T  O F  C A R B O N  T E T R A C H L O R I D E  ON R N A  

M E T A B O L I S M  I N  T H E  R A T  L I V E R  

L .  A.  V o r o n o v a ,  S. D. I v a n o v ,  UDC616.36-008.939.633.2-02:[615.917:547.412.133 
a n d  M.  A .  Z a b e z h i n s k i i  

The effect  of sy s t ema t i c  admin is t ra t ion  of carbon te t rach lor ide  (CC14) to r a t s  on the RNA con- 
tent  in the l ive r  and the in tens i ty  of incorpora t ion  of the labeled p r e c u r s o r  (uridine-H 3) into it  
was invest igated.  Compar i son  of the r e su l t s  of morphologica l  and b iochemica l  s tudies r evea led  
two consecut ive s tages  of the toxic p r o c e s s ,  t e rmina t ing  in the fo rmat ion  of septa l  f ib ros i s .  The 
sha rpe s t  changes in rapid  RNA tu rnover  in the r a t  l iver  were  obse rved  during the f i r s t  3 months 
of action of the toxic agent.  The dis turbance of me tabo l i sm also was r e f l ec ted  in a lowered  RNA 
level  and changes in the nuc leo -cy top la smic  ra t io  in the t i s sue  of the affected l iver .  

KEY WORDS: carbon te t rachlor ide ;  l iver ;  total ,  nuclear ,  and cy toplasmic  RNA; RNA turnover .  

In exper imen ta l  models  of nonspecif ic  l ive r  damage admin is t ra t ion  of carbon t e t rach lo r ide  (CC14) to ani-  
ma l s  is  widely used  [3, 11]. Rest ing on a f i rmly  es tabl i shed morpholog ica l  bas i s  [9], these models  have n e v e r -  
the less  been inadequately studied as r e g a r d s  the me tabo l i sm of nucleic  ac ids ,  the mos t  impor tan t  c lass  of b io-  
logical  compounds.  

The object  of this invest igat ion was to study the effect  of prolonged sys t ema t i c  adminis t ra t ion  of CC14 on 
the content and intensi ty of incorpora t ion  of labeled p r e c u r s o r  in RNA and its  var ious  f rac t ions  in the t i ssues  of 
r a t  l ive r ,  with an accompanying  morphologica l  control  of the s tages  of the toxic changes.  
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