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In expe r imen t s  on m a l e  albino r a t s  in the course  of observa t ions  las t ing  5 months synchro-  
nized cycl ic  changes in the act ivi ty  of l iver  a s p a r t a t e -  and a l a n i n e - a m i n o t r a n s f e r a s e  ac t iv -  
i ty took place .  Pro longed continuous exposure  of the an imals  to v iny l -ace ta t e  vapor  in a 
concentra t ion of 2.4 m g / m  3 d is turbed the rhy thm of these fluctuations while mainta ining the 
synchronizat ion of the changes in enzyme act ivi ty.  Higher concentra t ions  of vinyl aceta te  
(13.2 and 68 rag/m3), producing chronic  poisoning, led to desynchronizat ion of the f luc tua-  
t ions in l iver  t r a n s a m i n a s e  act ivi ty.  The poss ib i l i ty  of using co r r e l a t i on  analys is  for  de-  
t e rmin ing  the degree  of synchronizat ion of the act ivi ty  of enzyme s y s t e m s  so as to evaluate  
the toxic action of poisons is d i scussed .  
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The work of Sark i sov  and his co l l abo ra to r s  [4, 6] has  shown that  in t race l lu la r  regenera t ion  is  cyclic  
in c h a r a c t e r  and v a r i e s  with the rhythm of action of ex terna l  envi ronmenta l  f ac to r s  [7, 8]. 

One component  of the genera l  r epa ra t i ve  r e sponse  is  an adaptive change in the function of enzyme 
s y s t e m s  [3]. The deve lopment  of adaptation to a chemica l  s t imulus during an i nc r ea se  in the f requency of 
exposure  to i t  is  accompanied  by intensif icat ion of prote in  synthes is ,  e levat ion of the par t ia l  oxygen p r e s -  
sure  in the t i s sues ,  and an i nc r ea s e  in the act ivi ty  of the cor responding  adaptive enzymes  [9, 10]. Syn- 
chronizat ion of the changes in enzyme act ivi ty  plays an essent ia l  ro le  in the development  of adaptation. 
Under o rd ina ry  conditions of life the act ivi ty  of enzyme s y s t e m s  is c h a r a c t e r i z e d  by cyclic changes.  A 
dis turbance  of the synchronizat ion of these f luctuations gives r i s e  to d i sha rmony  of metabol ic  p r o c e s s e s  
and leads to pathological  changes [7]. 

Maintenance or d is turbance of the synchronizat ion of f luctuations in enzyme act ivi ty  during chronic  
exposure  to a chemica l  s t imulus  m u s t  p r e s u m a b l y  lead e i ther  to the development  of compensat ion  and ad-  
aptation or  to the development  of toxic ef fec ts .  This  hypothesis  was tes ted  in a study of the l iver  enzyme 
act iv i ty  in albino r a t s  during prolonged exposure  of the an imals  to v iny l -ace ta t e  vapor .  

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

Male albino r a t s  weighing 120 g, obtained f rom the "Rappolove" Nur se ry ,  Academy of Medical Sci-  
ences  of the USSR, were  used. 

The an imals  were  divided into five groups with 10 r a t s  in each group. The f i r s t  four groups were  
kept  under  o rd ina ry  conditions: in meta l  c h a m b e r s  0.47 m 3 in volume.  The an imals  of group 1 were  not 
exposed to vinyl ace ta te  and acted as the control ;  the an imals  of groups 2, 3, and 4 were  exposed to the 
p ro longed  action of vinyl ace ta te  in concent ra t ions  of 2.4 + 0.2, 13.2 • 0.6, and 68.0 • 2.1 m g / m  3, r e s p e c -  
t ively.  The poison was  admin i s t e r ed  by a dynamic method,  f o r 2 4 h d a i l y f o r f o u r m o a t h s .  T h e v i a y l - a c e t a t e  
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Fig. 1. Dynamics  of changes in a l an ine - amino t r ans f e r a se  (1 )and  
a s p a r t a t e - a m i n o t r a n s f e r a s e  (2) act iv i ty  in l ive r  of  r a t s  under o rd inary  
animal  house conditions (continuous line) and kept  in chambe r s  (broken 
line). Absc i s sa ,  t ime f rom beginning of expe r imen t  (in months);  o rd i -  
nate, t r a n s a m i n a s e  act ivi ty (conventional un i t s /g  wet weight of t issue) .  

Fig. 2. Dynamics  of changes in a l an ine -amino t r ans fe r a se  (1) and 
a s p a r t a t e - a m i n o t r a n s f e r a s e  (2) act ivi ty of l iver  during exposure  to v i -  
nyl ace ta te  ( M •  a) 2.4 rag /m3;  b) 13.3 rag/m3; c) 68 m g / m  a. A r -  
row m a r k s  end of exposure  to vinyl acetate .  Ordinate,  t r a n s a m i n a s e  
act ivi ty (conventional un i t s /g  wet  weight of t issue).  

concentrat ions were  de te rmined  by calculat ion and were  ver i f ied  by gas ch romatography  on the " T s v e t - 4 "  
chromatograph .  The ra t s  of group 5 were  kept under ord inary  animal  house conditions. 

Throughout the five months  of observa t ion  (March-July)  the act ivi ty of a t an ine - amino t r ans f e r a se  (EC 
2.6.1.2) and a s p a r a t e - a m i n o t r a n s f e r a s e  (EC 2.6.1.1) in the l iver  was de te rmined  per iodica l ly  in all  the 
groups of r a t s  by the method of Umbre i t ,  Ravey,  and Kingsley in Ulovich 's  modificat ion [5]. The r e su l t s  
were  subjected to s ta t i s t ica l  analys is  by the method of Student and F i she r .  Agreemen t  between the n u m e r -  
ical  data and the law of normal  distr ibution was e s t ima ted  by the method desc r ibed  by Bro i tman  et al.  [2]. 
To a s s e s s  synchronizat ion of the f luctuations in enzyme activi ty the rank cor re la t ion  coeff icient  was ca l -  
culated by S p e a r m a n ' s  equation. The significance of the rank cor re la t ion  coeff icient  was de te rmined  f rom 
the appropr ia te  tables  [11]. 

E X P E R I M E N T A L  RESULTS 

As Fig. 1 shows, l iver  t r ansaminase  act ivi ty in r a t s  kept in the animal  house fluctuated during the 
spr ing and s u m m e r  months.  Definite synchronizat ion was found between the waves of a s p a r t a t e -  and 
a l an ine -amino t r ans f e r a se  act ivi ty in the l iver .  The rank co r re l a t ion  coeff icient  was 0.87 (P = 0.01). This 
indicates  a high degree  of d i rec t  co r re la t ion  between the fluctuations in act ivi ty of these  enzymes  inheal thy 
animals .  

Keeping the albino r a t s  in an a i r t ight  chamber  sc reened  f rom externa l  s t imulat ion and providing a 
new envi ronment  for  the an imals  led to changes in the cyclic fluctuations of enzyme act ivi ty  and to a mod-  
if ication of the rhythm, but did not d is turb synchronizat ion.  Di rec t  cor re la t ion  a lso  was found under these 
conditions between the changes in act ivi ty of these two enzymes  in the l iver .  The rank cor re la t ion  coef-  
ficient was 0.81 (P=0.05) .  

A s imi l a r  change in the rhythm of fluctuations of enzyme act ivi ty with maintenance of synchronizat ion 
occur red  dur ing exposure  to vinyl aceta te  in a concentrat ion of 2.4 m g / m  3. With this concentrat ion the ex-  
pe r imenta l  an imals  developed adaptive changes.  

The action of vinyl aceta te  in high concentra t ions  led to desynchronizat ion of the cyclic  changes in 
enzyme act ivi ty,  and this was espec ia l ly  m a r k e d  in a concentrat ion of 68 m g / m  3 (Fig. 2). Other signs of 
development  of toxic effects  also were  observed  in the an imals  in this case .  

T r a n s a m i n a s e  act ivi ty is  control led by adrenocor t ica l  ho rmones  [1] and it  can be r ega rded  to a c e r -  
tain degree  as a nonspecific indicator  of the r e sponse  of the body to a chemica l  i r r i t an t .  This suggests  
that the pat tern  of changes obse rved  is of genera l  impor tance .  

454 



Investigation of l iver transaminase activity during chronic exposure to vinyl acetate thus showed that 
enzyme activity (at least, so far  as one metabolic cycle is concerned) undergoes synchronized fluctuations. 
The rhythm of these fluctuations is modified during the development of adaptive changes. Synchronization 
of the waves of activity of the enzyme systems, however, is preserved.  The action of high concentrations 
of vinyl acetate, causing the development of chronic poisoning, was accompanied by complete desynchro- 
nization of the waves of activity of the enzyme systems studied. 

Estimation of the degree of synchronization of fluctuations in activity of enzyme systems by co r r e -  
lation analysis, at least within the limits of one metabolic cycle during chronic exposure to poisons, can 
evidently be taken as an indicator distinguishing between adaptive modifications and pathological changes. 
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