
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  
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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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Fig. 1. RNA of rat  l iver  during prolonged toxic action of CC14. Here and in Figs.  2 and 3, ab- 
sc issa :  duration of CC14 administrat ion to rats  (in months); ordinate:  on left, RNA content (in 
mg %), on right,  RSA of RNA. 1) RNA content; 2 and 3) RSA of RNA after  exposure for 20 and 
60 rain with ur id ine-5-H 3 respect ively.  

Fig. 2. Intensity of incorporat ion of ur id ine-5-H 3 into cRNA of l iver  and content of this fraction 
during prolonged administrat ion of CC14- 1) cRNA content; 2 and 3) RSA of cRNA after  expo- 
sure  for  20 and 60 rain respect ively to uridine-5-H3o Ordinate: on left, cRNA content (in mg 
%), on right, RSA of cRNA. 

Fig. 3. Intensity of incorporat ion of ur id ine-5-H 3 into nRNA of l iver  and content of this fract ion 
during toxic action of CC14: 1) content of nRNA; 2 and 3) RSA of nRNA after  exposure for  20 
and 60 man respect ively  with ur id ine-5-H 3. Ordinate: on left, nRNA content (in mg %), on right, 
RSA of nRNA. 

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

Noninbred male albino rats  weighing 120-150 g were used. The animals received CC14 by subcutaneous 
injections twice a week in a dose of 1 m l / k g  body weight. In acute experiments  the l iver  was taken 1-6 months 
af ter  the beginning of CC14 administrat ion.  The l iver  of healthy rats  acted as the control.  Radioactive p r ecu r -  
sor  of RNA, namely ur id ine-5-H 3 (5 mCi /kg) ,  was injected intraperi toneal ly into each rat  af ter  20 or  60 min. 
The animals were decapitated between 10 a.m. and noon, to allow for the effect of diurnal rhythm on the content 
and biosynthesis  of RNA [6]. The l iver  was perfused with cold physiological saline. Both RNA and DNA were 
isolated from a 10% l iver  t issue homogenate in physiological  saline by the method of Schmidt and Thannhauser 
[12]o The native fract ions of cytoplasmic and nuclear  RNA (cRNA, nRNA) were obtained by tempera ture  phenol 
fractionation [1] with cer tain modifications,  as descr ibed by the wr i te rs  previously [2]. The nucleic acid con- 
tent in the samples was measured  spectrophotometr ical ly .  Radioactivity in the tes t  samples was determined 
on the Mark-2 automatic scintillation counter in dioxan scinti l lator.  The radioactivity in the l iver  t issue was 
determined after  "digestion" of the t issue in a solution of thiamine with methanol [7]~ 

The radioactivi ty of the samples (in counts/min) was calculated per  unit RNA contained in the sample and 
per  unit of l iver  t issue,  so that in this way the specific radioactivity (SR) of the RNA and SR of the l iver  t issue 
were determined.  Next, by dividing the f i r s t  value by the second, the relat ive specific radioactivi ty (RSR) was 
obtained. 

simultaneously with the biochemical  analysis ,  macroscop ic  and microscopic  investigations of the l iver  
t issue were undertaken. The mater ia l  was fixed in 10% neutral  formal in  and embedded in paraffin wax. Sec- 
tions were stained with hematoxy l in -eos in  and by Van Fieson ' s  method, with the use of Saturn Red instead of 
fuchsin. After fixation in formalin,  some of the sections were stained for fat with Oil Red O. 

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

Analysis of the morphological  and biochemical  changes ar is ing in the l iver t issue as a resul t  of adminis-  
trat ion of CC14 revealed two principal  s tages of the p roces s ,  the f i rs t  of which corresponded to the t ime f rom 1 
to 3 months,  and the second f rom 3 to 6 months, af ter  the beginning of administrat ion of the agent. 
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TABLE i. Changes in DNA Content and 
RNA/DNA and cRNA/nRNA Ratios in Liver 
of Rats Treated with CCI 4 

Period ofCCl a ad- DNA conc. RNA/DNA cRNA/ 
ministr. (in mos.) :in nag ~ nRNA 

Control 
1 

P 
2 

P 
3 

P 
4 

P 
6 

P 

294,6-+ 24,8 
285,0• 57,3 

>o,o5 
325,0-+ 48,9 

>0,o5 
191,5-+ 39,6 

<o,o5 
390,0• 29, I 

<0,05 
324,8 .4- 33,9 

>0,05 

3,28• 0,36 
3,46• 1,15 

>0,05 
1,98_+ 0,27 

<0,05 
3,57+0,7 

>0,05 
1,41 • 0,07 

<021 
2,05_+0,24 

<o ,05 

7,18--+0,88 
12,55• 1,61 

< o,o5 
21,1• 10,75 

>0,05 
25,0_+ 16,68 

>0,05 
6,6• 3,81 
>0,05 

10,13-+0,27 
<0,05 

The first stage was characterized by fatty degeneration, necrosis of some hepatocytes, and proliferation 
of the epithelium of the small bile ducts. Compared with the corresponding control there was a sharp increase 
in the intensity of incorporation of radioactive label into RNA (P < 0.01), cRNA, and nRNA (P < 0.01), followed 
by an equally sharp decrease (Figs. 1-3). Meanwhile there was a decrease in the content of RNA (P < 0.05), 
nRNA (P < 0.01), and DNA, a decrease in the RNA/DNA ratio, and an increase in the cRNA/nRNA ratio (Table i). 

In the second stage of the toxic process (3-6 months) progressive proliferation of reticulin fibers became 
the predominant feature, with the appearance of collagen fibers and septal fibrosis. During this period the in- 
tensity of incorporation of label into RNA and its fractions did not change as sharply as in the early stages of 
action of CCI 4 (Figs. 1-3). The intensity of incorporation of label into RNA in the final stage of the process did 
not exceed the control, whereas the turnover of nRNA was increased after exposures for 20 and 60 rain. The 
RNA content in the liver tissue remained low (P < 0.05), whereas the DNA content rose, so that the RNA/DNA 
ratio fell correspondingly (Table i, Fig. i). The cRNA/nRNA ratio was significantly increased at the beginning 
and end of the time of action of CCI 4 compared with the control (Table I), apparent evidence of a disturbance of 
the transport system characterizing the transfer of RNA from nucleus into cytoplasm. 

These findings suggest that the sharply increased incorporation of labeled precursor into RNA of the liver 
during the first stage of the toxic action of CCI 4 reflects the compensatory character of changes in nucleic acid 
metabolism in that period aimed at restoring the disturbed equilibrium of metabolism. In the second stage, dur- 
ing the final formation of septal fibrosis, the level of biosynthesis falls and nucleic acid metabolism becomes 
relatively stabilized at a new level. 

The mechanism of action of CCI 4 as a toxic agent and also as a carcinogen for mice [4, 5] and for rats 
of certain strains [9, i0] has not yet been explained. The reduced concentration of RNA and its fractions 
throughout the period of the toxic process may be the result both of the direct destructive action of CCI 4 on 
RNA molecules and of its effect on the enzymes of metabolism of this nucleic acid and a corresponding change 
in the relative intensities of the processes of synthesis and breakdown. Incorporation of the labeled RNA pre- 
cursor after short exposures reflects the rapid turnover of messenger RNA, whereas the RNA concentration in 
the cell is determined chiefly by transfer and ribosomal RNA; there is thus a need for further study of the frac- 
tional composition of RNA during pathological changes in the liver tissue. 

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

1. G . P .  Georgiev, in: Chemis t ry  and Biochemis t ry  of Nucleic Acids [in Russian],  Leningrad (1968), p. 74. 
2. S.D.  Ivanov, L. A. Voronova,  M. A. Zabezhinskii,  et al.,  Vopr. Onkol., No. 8, 54 (1974). 
3. S .D.  Ivanov, L. A. Voronova, M. A. Zabezhinskii,  et al.,  in: Molecular  Mechanisms of Carcinogenesis  and 

the Action of Anti tumor Agents [in Russian],  Leningrad (1974), p. 82. 
4. A . A .  Pa l ' t syn ,  Byull. ]~ksp. Biol. Med., No. 4, 34 (1973). 
5. D.S .  Sarkisov, L. D. Krymski i ,  K. V. Botsmanov, et al.,  Byull. ]~ksp. Biol. Med., No. 5 ,113 (1972). 
6. R. Doring and L. Rensing, Comp. Biochem. Physiol . ,  45B, 285 (1973). 
7. J. Dulcino, R. Bosco, and W. G. Verly ,  Clin. Chim. Acta,  8,  58 (1963). 
8. A . C .  Peacock and C. W. Dingman, Biochemis t ry  (Washington), 6,  1818 (1967). 
9. M.D.  Reuber,  J. Nat. Cancer  Inst. ,  45, 1237 (1970). 

10. M.D.  Reuber and E. L. Glover,  J. Nat. Cancer Inst . ,  4__4,419 (1970). 

679 



11. H . J .  Seitz and W. Tarnowski ,  Hoppe-Seyle rs  Z. Physiol .  Chem.,  349, 1800 (1968). 
12. G. Schmidt and S. S. Thannhauser ,  J.  Biol. Chem.,  161, 83 (1945). 

L I B E R A T I O N  O F  f i - L I P O P R O T E I N ,  A L K A L I N E  

A N D  5 T - N U C L E O T I D A S E  F R O M  P L A T E L E T S  I N  

T O  A G G R E G A T I O N  I N D U C E D  BY A D R E N A L I N  

A.  L .  S t o r o z h e v  a n d  D. M.  Z u b a i r o v  

P H O S P H A T A S E ,  

R E S P O N S E  
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During aggregat ion induced by adrenal in , /3-1 ipoprote in ,  alkaline phosphatase ,  5~-nucleotidase,  
and fac tor  3 a r e  l ibe ra ted  f rom the p la te le t s .  The e lec t rophore t i c  mobil i ty  of p la te le t  alkaline 
phosphatase  is the s ame  as that  of the fl- l ipoprotein.  This sugges ts  that the f i- l ipoprotein,  alkaline 
phosphatase ,  and 5 ' -nuc leo t idase  a re  s t ruc tu ra l  components  of p la te le t  ma t e r i a l  c a r ry ing  the fac -  
tor  3 act ivi ty.  

KEY WORDS: pla te le ts ;  adrenalin;  f l - l ipoprotein;  alkal ine phosphatase;  5 ' -nuc leo t idase .  

One of the mos t  impor tan t  consequences of reac t ions  assoc ia ted  with e m e r g e n c e  in neurohumora l  regula -  
tion of blood clotting is  the sec re t ion  of adrenal in  by the adrena ls  [4]. The i n c r e a s e d  l iberat ion of adrenal in  
into the blood s t r e a m  causes  the development  of a hypercoagulemic  reac t ion ,  the t ime  of which coincides with 
that  of i nc reased  act ivi ty  of alkaline phosphatase  and 5 ' -nuc leo t idase  in the blood p l a s m a  [2, 3]. During adren-  
al in- induced aggregat ion of p la te le t s ,  p ta te le t  fac tor  3 is l ibe ra ted  [13], whereas  5 ' -nuc leo t idase  and 80% of the 
alkaline phosphatase  a re  bound with m e m b r a n e  s t r u c t u r e s  which p o s s e s s  fac tor  3 act ivi ty  [7]. 

It  is poss ib le  that 5 ' -nuc leo t idase  and alkaline phosphatase  a r e  indica tors  of the appearance  of f r agmen t s  
of p la te le t  m e m b r a n e s  in the blood s t r e a m  during the reac t ion  of adrenal in- induced aggregat ion of p la te le ts .  
This p a p e r  desc r ibes  an a t tempt  to ver i fy  this hypothesis  exper imenta l ly .  

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

Blood taken f r o m  the f emora l  a r t e r y  of dogs was s tabi l ized with 3.8% of sodium c i t ra te  (9:1) to study the 
p la te le t  r e l e a s e  reac t ion  in the p r e s e n c e  of p l a s m a ,  or  with EDTA solution (7.5 ml  of 0.077 M EDTA + 92.5 ml  
blood) to study the reac t ion  in buffer  solution, pH 7.4. P l a t e l e t - r i c h  p l a s m a  was obtained f r o m  blood by cen t r i -  
fugation at 12~ (280 g, 25 rain). A suspension of washed p la te le t s  was p r e p a r e d  by Dechavannets  method [11]. 
P l a t e l e t - r i c h  p l a s m a ,  s tabi l ized with EDTA, was centr i fuged a t  12~ (500 g, 30 min) and the res idue  of p la te le ts  
was r insed  twice with a solution containing 139 mM NaC1, 5 mM KC1, 5 mM glucose,  15 mM Tr is -HC1,  pH 7.4, 
and 0.5% bovine albumin,  and mixed with 77 mM EDTA in the ra t io  of 49 : 1. The washed pla te le ts  were  sus -  
pended in the s a m e  buffer  without EDTAo The morphologica l  control  and counting the p la te le ts  in the suspen-  
sions were  c a r r i e d  out by p h a s e - c o n t r a s t  m i c r o s c o p y  in a G o r y a e v ' s  counting chamber .  

The p la te le t  r e l e a s e  reac t ion  was induced by a 5.4 �9 10 -4 M (final concentration) solution of adrenal in  hy- 
drochlor ide  in the cell  of an a g g r e g o m e t e r  at  37~ with constant  mixing for  15 min.  To reproduce  the r e l e a se  
reac t ion  in buffer  at pH 7.4, f ibr inogen and CaC12 up to final concentra t ions  of 3.75 m g / m l  and 4 - 10 -4 M r e s p e c -  
t ively were  added to the p la te le t  suspension in addition to adrenal in .  Aggregat ion was r eco rded  automat ica l ly  
by the nephe lomet r i c  agg regom e t e r .  At the end of 15 rain the contents of the cel ls  were  centr i fuged at 40C 
(5000g, 30 rain). Activi ty of alkaline p-n i t rophenylphospha tase  [10], alkaline /3-glycerophosphatase [1], 5 ' -  
nucleot idase ,  and pla te le t  f ac to r  3 [5] was de te rmined  in the supernatant .  The r e su l t s  were  subjected to s t a t i s -  
t ical  ana lys i s  [8]. 
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