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N e c r o s i s  of l i v e r  ce l l s  caused  by admin i s t r a t i on  of th ioaee tam[de  and CCI 4 is accompanied  by a 
m a r k e d  i n c r e a s e  in ac t iv i ty  of a l an ine -  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 s ,  f r u e t o s e - l - m o n o p h o s p h a t e -  and 
f r u c t o s e - l , 6 - d i p h o s p h a t e - a l d o l a s e s ,  and g lu tamate  dehydrogenase .  Fa t ty  inf i l t ra t ion of the l ive r  caused by 
ethionine did not produce  a m a r k e d  inc rea se  in enzyme act ivi ty .  The r e su l t s  indicate that  the necro t ic  c o m -  
ponent plays a m a j o r  ro le  in the i n c r e a s e  in blood enzyme  act iv i ty .  

The m e c h a n i s m  by  which t i s sue  enzhwaes pass  into the blood during the act ion of var ious  toxic sub-  
s t ances  continues to a t t r a c t  the at tent ion of inves t iga tors  [1, 3, 5, 8, 13]. Poisons  caus ing morpholog ica l ly  
d i f ferent  types of les ions  in the ce l l s  of the sarhe o rgan  a r e  of spec ia l  in te res t  in this connection. 

In the p r e s e n t  inves t igat ion hepato t ropic  poisons  were  used  for  this purpose ,  for  the i r  act ion on the 
l i ve r  causes  fat ty  degene ra t ion  (ethionine), a mixed  type of les ion with fa t ty  degenera t ion  and nec ros i s  (CC14), 
o r  p redominan t ly  nec ro t i c  changes ( thioacetamide).  As ind ica tor  e n z y m e s  of l i ve r  cell damage ,  enzymes  
located main ly  in the m a t r i x  of the l ive r  cel ls  were  chosen: a l an ine -  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 s  
(ALA, ASP; I . C . E .  2.6.1.2 and 2.6.1.1), f r u c t o s e - l , 6 - d i p h o s p h a t e  and f r u c t o s e - l - m o n o p h o s p h a t e  a ldolases  
(FDP, FMP;  I. C. E. 4.1.2.7),  and g lu tamate  dehh~rogenase ,  a mi tochondr ia t  enz)Tae (GDH; I. C. E. 1.4.1.2). 
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Fig.  1. Changes in ac t iv i ty  of a l a n i n e - a m i n o t r a n s -  
f e r a s e  (A)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  (B) in 
blood p l a s m a  of ra ts  a f t e r  injection of ethionine,  
t h ioace tamide ,  and CCl 4. 1) Ethionine; 2) thio-  
a ce t amide ;  3) CC14. 

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

E x p e r i m e n t s  were  c a r r i e d  o u t  on ra t s  
weighing 220-250 g. All the an imals  were  fas ted 
f o r  12 h before  the be~nn ing  of the expe r imen t .  
The ra t s  were  divided into three  groups depending 
on the poison inves t i~ . ted .  Ethionine was injected 
in t r ape r i tonea l ly  as a 3% aqueous solution in a 
dose  of 100 r ag /100  g body weight in tWo in jec -  
tions a t  an in te rva l  of lh.  Because  of se l ec t ive  
sens i t i v i ty  to this poison,  in this s e r i e s  of e x p e r i -  
ments  only f ema le s  were  used. The an ima l s  of 
group 2 r ece ived  th ioace tamide  by subcutaneous 
inject ion of a 2% aqueous solution in a dose of 15 
m g / 1 0 0  g body weight. The ra t s  of group 3 ~ e J  
ceived CC14 subeut2meously in a dose  of 0.6 r a g /  
100 g body weight. Ci t ra ted  p l a sma  was obtained 
f rom b l o o d t a k e n  f rom the r a t s '  caudal  vein in a 
volume of 0.2 ml 8, 12, 24, 36, and 48 h a f t e r  in-  
ject ion of the poison. The enzyme ac t iv i ty  was 
de te rmined  by m i c r o e x p r e s s  methods developed 
in our  l a b o r a t o r y  [2]. 
* Cor respond ing  Member ,  Academy of Medical  
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Fig. 2. Changes in ac t iv i ty  of f r u c t o s e - l , 6 - d i p h o s -  
phate a ldo lase  (A) and f r u c t o s e - l - m o n o p h o s p h a t e  
a ldo lase  (B) in blood p l a s m a  of ra t s  a f t e r  inject ion 
of ethionine,  th ioace tamide ,  and CCI 4. Legend as 
in Fig, 1. 
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Fig.  3- Changes in p l a s m a  g lu tamate  deh)xirogenase 
ac t iv i ty  of r a t s  a f t e r  inject ion of e thienine,  th ioace-  
t amide ,  and CCI 4. Legend as  in Fig. 1. 

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

As Fig. 1A shows,  p l a sma  Af t \  ac t iv i ty  
a f t e r  injection of ethionine inc reased  sligiltly 
(to app rox ima te ly  200~ of the initial level 8 and 
12 h a f t e r  injection of tlm poison and to 3;/0% 
after .  24 and 48 h). In the ease  of th ioacetamide,  
however ,  AL4. ac t iv i ty  reached 700% o[ the 
initial level  12 h a f t e r  injection, I600% 24 h 
a f t e r ,  and 1300% 48 h a f t e r  injection. T h e  
changes in ~LL:k ac t iv i ty  a f t e r  admin is t ra t ion  of 
CCI 4 were  app rox ima te ly  the s ame .  Changes in 
ac t iv i ty  of the blood enzymes  a f t e r  admin is t ra t ion  
of poison of a s i m i l a r  c h a r a c t e r  were  a lso  found 
during the s tudy of ASP (Fig. 1B), FDP (Fig. 2A), 
and FMP (Fig. 2B). The re  was a noticeable di f -  
fe rence  in the c h a r a c t e r  of the curves  ref lec t ing  
the changes in ac t iv i ty  in the a ldolase  and t r a n s -  
aminase  gToups. Curves  showing changes in 
ac t iv i ty  fo rmed  a much more  d is t inc t  max imum,  
occur ing  a t  24 h. 

The r ea sons  for  this d i f fe rence  a r e  not 
comple t e ly  c l e a r ,  but they m a y  he connected 
with d i f fe rences  in the rate  of e l iminat ion og 
enzymes  f rom the blood. 

The data given in Fig. 3 show changes in 
ac t iv i ty  of GDH, a mi tochondr ia l  enzyme,  it  is 
c l e a r  that a f t e r  admin i s t r a t ion  of poisons p r o -  
ducing nec ros i s ,  a sha rp  r i se  in blood dehydro-  
genase  ac t iv i ty  took place within 6 h a f t e r  in-  
ject ion.  The max imal  i nc r ea se  in GDH act iv i ty  
(16,200%) was found 36 h a f t e r  injection of th io-  
ace tamide .  When CCI~ was used, the ac t iv i ty  of 
the enzyme showed a s m a l l e r  i nc rea se  by this 
t ime (5400%). In r a t s  poisoned with ethionine, 
no sig-nificant inc rease  in the blood glutamate  
dehydro~enase  ac t iv i ty  was found at  any t ime 
of the invest igat ion.  Only a sl ight  tendency was 
noted for  the GDH ac t iv i ty  to inc rease  48 h 
a f t e r  injection of the poison. The inc rease  in 
ac t iv i ty  of this enzyme was much  ~ ' e a t e r  a f t e r  
admin i s t r a t ion  of the poison with the more  
m a r k e d  necro t ic  act ion.  

I t  follows f r o m  these  facts  that acute  ethionine fat ty  inf i l t rat ion of the I ive r  does not produce l i b e r a -  
t ion of eazyznes into the blood, whereas  necro t ic  in jury  to the l i ve r  p roduces  a m a r k e d  inc rea se  in ac t iv i ty  
of  the investig-ated enzym es .  

In this connect ion r e su l t s  de sc r ibed  in the l i t e r a tu re  [12] and obtained in our l a b o r a t o r y  [3] conce rn -  
ing the ab i l i ty  of ce r t a in  phcnothiazinc de r iva t ives  to modify the inc reased  blood ac t iv i ty  of enzymes  p r o -  
duced by admin i s t r a t ion  of CCI 4 and th ioace tamide  a r e  in te res t ing .  Adminis t ra t ion  of phenothiazines to an i -  
ma l s  poisoned with these subs tances  prevents  the deve lopment  of necrot ic  changes in the l i ve r  without p r e -  
venting the accumula t ion  of fat (dissociat ion of the necro t ic  and degenera t ive  components) .  Under  these 
c i r c u m s t a n c e s  the blood enzyme  ac t iv i ty  of the expe r imen ta l  an imals  falls s ignificantly.  As the resu l t s  of 
a p r e l i m i n a r y  h i s t o l o ~ c a !  invest igat ion showed, admin i s t r a t ion  of th ioacetamide and CCI 4 leads to nec ros i s  
of a l a rge  number  of l i v e r  cel ls  24 h a f t e r  injection of the poison,  whereas  ethionine causes  nec ros i s  only 
of individual hepa tocytes .  
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Many investig~tions have shown that the inc rease  in blood cnzylne ac t iv i ty  is a sens i t ive  tes t  of l iver  
damage.  The sl ight  inc rease  in blood enzym e  activit.y a f t e r  admin i s t r a t ion  of so powerful a hepatotro|~ic 
poison as ethionine is a l i t t le unexpected,  i Iowever ,  s ince fatty inf i l t rat ion of the l iver  developing in ra t s  
kept  on a high-fa t ,  cho l ine - f r ee  diet  does not Iead to an  i nc r ea se  ~n set-din enzyme act iv i ty  [4, 141, it may  
be cons idered  that fatty d%mncrat ion tff tim l ive r  cel ls  does not i tself  give r i s e  to stleh an i nc rea se  in the 
blood enzyme level .  I t  is t h e r e f o r e  in te res t ing  to note that in acute alcoholic  fat ty  infi l t rat ion of the l ive r ,  
the blood enzyme ac t iv i ty  r i s e s  v e r y  s l ight ly  17t. 

I t  is well known that  exposure  to " r e s p i r a t o r y "  poison [8] and to hypo• [11], l ike admin is t ra t ion  of 
necro t ic  poisons to an ima l s ,  leads to l ibera t ion  of enzymes  f rom the cell .  The view was thus conf i rmed  
that  the p e r m e a b i l i t y  of the cel l  m e m b r a n e  for prote in  is re~malated by the ATP concentra t ion ,  and that a 
lowering of the ATP level  is r e spons ib le  for  the l ibera t ion of enz~,me into the ex t r aee l l u l a r  space  both 
during cell  "asphyxia"  and dur ing nec ros i s  [1, 5, 8]. 

Af the s a m e  t ime,  the r e su l t s  of this invest igat ion show that admin i s t r a t i on  of ethionine,  caus ing an 
e a r l y  and s h a r p  i nc rea se  in the ATP content of the l ive r  [I01, is not accompan ied  by any m a r k e d  deg ree  of 
i nc rea se  in blood enzyme act ivi ty .  These  r e su l t s  s u g ~ s t  that the l ibera t ion of enzyme  pro te in  f rom the 
cell  as  it undergoes  n e c r o s i s ,  while dependent on the ene rgy  supply of the cel l ,  cannot be a t t r ibu ted  to a de-  
c r e a s e  in the genera l  ATP level .  This in t e rp re ta t ion  of the p rob lem is suppor t ed  by the work of Blume and 
c o - w o r k e r s  [6] on the red i s t r ibu t ion  of A T P  in the cell  under the influence of c o l  v 
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