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An a t tempt  was made  to diagnose the c h a r a c t e r  of the l ive r  lesion by de te rmin ing  the ac t i -  
vi ty of the enzymes  f r u c t o s e - l - p h o s p h a t e  adolase ,  pseudochol ines te rase ,  and phosphomo-  
n o e s t e r a s e - 1 .  The diagnostic  value of these  enzymes  was t e s t ed  in exper imen t s  a f t e r  
admin is t ra t ion  of poisons and ligation of the bile duct. These  s ame  enzyme t e s t s  were  used  
to a s s e s s  the eff icacy of chemothe rapy  in carbon t e t r ach lo r ide  (CC14) poisoning. By means  
of these  enzymes  it is poss ib le  to di f ferent ia te  between var ious  types  of l i ve r  les ion a r i s -  
ing through the action of hepatotoxic poisons and a f t e r  l igation of the bile duct. By studying 
changes in the act ivi ty  of these  enzymes  in the blood of an imals  receiving CC14 a f t e r  p r e -  
l imina ry  t r e a t m e n t  with phenobarbi ta l  and SKF-525A, the authors  showed that  f r u c t o s e - l -  
phosphate a ldolase  re f lec t s  the s eve r i t y  of l ive r  damage  in CC14 poisoning. 

Enzyme t e s t s  a r e  widely used  in the diagnosis  of l ive r  d i seases  [1]. However ,  many  of the t e s t s  used  
in cl inical  p r ac t i ce  (determinat ion of a lanine-  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 ,  lac ta te  dehydrogenase ,  etc.) 
a r e  nonspecif ic  and, in addition, a change in the act ivi ty of the enzymes  used in the blood does not ref lec t  
the s ta te  of the l i ve r  function. More  recent ly ,  a t tempts  have been made  to use  enzyme tes t s  to a s s e s s  the 
functional s ta te  of the l ive r  and to de te rmine  the c h a r a c t e r  of its injury [2]. 

The wr i t e r s  have used th ree  enzymes  fo r  this purpose:  f r u c t o s e - l - p h o s p h a t e  a ldolase  ( F - 1 - P  a ldo-  
lase),  pseudochol ines te rase ,  and phosphomonoes te rase -1 .  Normal ly  F - 1 - P  a ldolase  is absent  f r o m  the 
blood and en te rs  it only in acute l ive r  nec ro s i s  [3]. Pseudocho l ines te rase  is synthes ized  by the l iver ,  and 
its act ivi ty in the blood fal ls  sharp ly  when necro t ic  and degenera t ive  changes occur  in the cel l  and the p r o -  
te in-synthe t ic  function of the l i ve r  is d is turbed.  

An inc rease  in phosphomonoes te ra se -1  act ivi ty  in the blood of an imals  is evidence of a d is turbance  
of the fo rmat ion  of bile and its excre t ion  via  the b i l i a ry  t r a c t .  

To study whether  the c h a r a c t e r  of l i ve r  damage can be de te rmined  on the bas i s  of changes in enzyme 
act ivi ty,  expe r imen ta l  models  of l ive r  les ions were  crea ted:  necrot ic  (by means  of th ioacetamide) ,  mixed  
necro t ic  and degenera t ive  (with CC14) , fat ty degenerat ion (with ethionine), and occlusion of the b i l i a ry  t r ac t  
(by ligation of the bile duct). These  s ame  enzyme t e s t s  were  used to a s s e s s  the eff icacy of chemotherapy  
in CC14 poisoning. 

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

Exper imen t s  were  c a r r i e d  out on noninbred ra t s  weighing 180-200 g divided into four  groups: (one 
fo r  each exper imen ta l  model) .  Each group contained f rom five to eight r a t s .  The animals  of group 1 r e -  
ceived CC14 by subcutaneous injection in a dose of 0.6 ml /100  g body weight, and the an imals  of group 2 
rece ived  th ioace tamide  by in t raper i tonea l  injection of the 2% aqueous solution in a dose of 15 ml /100  g body 
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Fig .  1 F ig .  2 

Fig.  1. Change in F - 1 - P  aldolase act ivi ty in blood s e r u m  of ra t s  
poisoned with CC14 (I), th ioace tamide  (II), and ethionine (III) and 
a f t e r  l igation of bile duct (IV). Here  and in Figs:  2 and 3: ab-  
s c i s sa ,  t ime  (in h); ordinate ,  act ivi ty  (in m o l e s / m i n / m l ) .  

Fig.  2. Change in phosphomonoes te rase -1  act ivi ty in blood s e -  
rum of ra ts  poisoned with CC14 (I), th ioacetaminde (II), and 
ethionine (IID and a f t e r  l igation of bi le  duct (IV). 
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Fig. 3. Change In F - 1 -  
P a ldolase  act ivi ty  in 
blood s e r u m  of r a t s  
poisoned with CC14 (II) 
and in r a t s  poisoned 
with CC14 a f te r  p r e -  
l iminary  t r e a t m e n t  
with phenobarbi ta l  (I) 
and SKF-525A (HI). 

weight. The ra t s  of group 3 rece ived  ethionine by in t raper i tonea l  injection of 
the 3% aqueous solution in a dose of 100 mg/100 g body weight divided into two 
port ions given at in te rva ls  of 1 h. (Because of se lec t ive  sens i t iv i ty  to this 
poison, only f ema le s  were  used  in this s e r i e s  of exper iments . )  In the an imals  
of group 4 the bile duct was l igated under  gene ra l  e ther  anes thes ia .  

In the exper imen t s  to study the chemotherapeut ic  action of phenobarbi ta l  
and SKF-525A, all  an imals  were  given a subcutaneous injection of CC14 in a 
dose  of 0.1 ml /100  g body weight. Phenobarbi ta l  (in a dose of 100 m g / k g  body 
weight) was injected in t raper i toneal ly  fo r  the th ree  days before  adminis t ra t ion  
of CC14, while SKF-525A (in the s ame  dose) was also injected in t raper i tonea l ly  
30 rain before  the CC14. Blood was taken f r o m  the caudal  vein 4, 8, 12, 24, 48, 
and 72 h a f t e r  the injection of CC14. The blood of all  the an imals  was t es ted  
before  the exper iment  began. Activity of the enzymes  was de te rmined  by ex-  
p r e s s  mic rome thods  developed in Pokrovsk i i ' s  l abora to ry  [4] and e x p r e s s e d  
as the num ber  of m i c r o m o l e s  subs t ra te  hydrolyzed by 1 m l  s e r u m  pe r  minute .  

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

The changes in F - I - P  aldolase act ivi ty in the an imals  receiving CC14, 
th ioaee tamide ,  and ethionine and in the an imals  with a l igated bile duct a r e  
shown in Fig.  1. The g rea t e s t  i nc rease  in act ivi ty of the enzyme was found in 
r a t s  receiving CC14 and th ioace tamide  (groups 1 and 2). F - 1 - P  a ldolase  ac t i -  
vity reached  its max imum 24 h a f te r  adminis t ra t ion  of CC14 and 24-48 h a f t e r  
injection of th ioace tamide .  Activi ty of this  enzyme was v i r tua l ly  unchanged in 
in the an imals  of groups 3 and 4. 

in pseudochol ines te rase  act ivi ty were  found in the ra t s  of groups 1 and 3: 24 h The g r ea t e s t  changes 
a f t e r  CC14 adminis t ra t ion  it was 225% higher  than normal ,  while a f t e r  injection of ethionine its act iv i ty  was 
43% of no rmal .  No significant changes in pseudochol ines te rase  act ivi ty  were  found in groups 2 and 4. 

Activi ty of phosphomonoes te rase -1  (Fig. 2) in the an imals  of group 4 m e a s u r e d  72 h a f t e r  l igation of 
the b i le  duct was 466% of its init ial  value.  A slight i nc rease  in the act ivi ty  of this enzyme was obse rved  
in the ra t s  of group 2, but in the an imals  of groups 1 and 3 it was not s ignif icantly changed. 
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In the s epa ra t e  s e r i e s  of exper imen t s  in which CC14 poisoning was c a r r i e d  out a f t e r  p r e l i m i n a r y  ad-  
min i s t r a t ion  of phenobarbi ta l  and SKF-525A, the following resu l t s  were  obtained. F - 1 - P  adolase  act ivi ty  
was c l ea r ly  i nc reased  (Fig. 3, II) in the r a t s  t r ea t ed  with CC14, but by a much s m a l l e r  degree  than in the 
r a t s  in the exper imen t s  desc r ibed  above, fo r  in that case  a r a t h e r  s m a l l e r  dose of CC14 was used  (0.1 m l / k g  
body weight). In the an imals  rece iv ing  CC14 in the s a m e  reduced dose,  but a f t e r  p r e l i m i n a r y  injection of 
phenobarbi ta l ,  F - 1 - P  a ldolase  act ivi ty  was much higher  than that in the an imals  rece iv ing  CC14 only (Fig. 3, 
I). In the ra t s  rece iv ing  SKF-525A before  CC14 poisoning, the change in F - I - P  a ldolase  act ivi ty  was not 
significant (Fig. 3, HI). 

The pseudoeho l ines te rase  act ivi ty  was somewhat  reduced in all  the an imals  of this  s e r i e s  a f t e r  24- 
48 h. Phosphomonoes t e ra se -1  act ivi ty  was increased ,  also in all  the an imals  but, in pa r t i cu la r ,  in the ra t s  
rece iv ing  prophylac t ic  phenobarbi ta l ;  the i nc rea se  in act ivi ty  of the enzyme was s m a l l e r  in an imals  r e c e i v -  
ing CC14 only; in ra t s  rece iv ing  CC14 a f t e r  SKF-525A the changes in act ivi ty  of this enzyme w e r e n o t  s ignif-  
icant .  

Cha rac t e r i s t i c  morphologica l  changes in the l ive r  produced by the action of the poisons used  have 
been fully desc r ibed  in the l i t e r a tu re  [5, 6]. When the l i ve r  t i s sue  is damaged,  the blood enzyme spec t ru m 
is modified.  Some enzymes  en te r  the blood s t r e a m ,  chief ly  f r o m  the cy toplasm.  Changes in F - I - P  a ldolase  
pseudoehol ines te rase ,  and phosphomonoes te ra se -1  act ivi ty,  in the w r i t e r s '  view, c h a r a c t e r i z e  the p r o c e s s e s  
taking place in the l i ve r  mos t  c l ea r ly .  

In n e c r o s i s  of the l i ve r  produced by the action of th ioace tamide  and in the mixed  necro t ic  and degen-  
e ra t ive  les ion produced by CC14 cons iderab le  outpouring of a ldolase  into the blood s t r e a m  was found; in the 
l i ve r  lesion produced by ethionine and l igation of the bile duct, no i nc r ea se  in F - I - P  a ldolase  act ivi ty  was 
observed ,  fo r  in both cases  the necrot ic  component  was absent .  The level  of act ivi ty  of pseudoeho l ines te rase  
in the blood depends on its synthes is  by the l iver .  Since ethionine lowers  the A T P  level  in the l i ve r  and thus 
cont r ibutes  to the d is turbance  of its synthetic  function, pseudocho l ines te rase  act ivi ty  fel l  sharp ly  in the blood 
of the an imals  rece iv ing  ethionine. In ra t s  poisoned with CC14 the pseudocho l ines te rase  act ivi ty ro se  a l i t -  
t ie  to begin with: in the f i r s t  s tages ,  with the dose of CC14 used, the necro t ic  component  was evidently p r e -  
dominant and the enzyme was de l ivered  mechan ica l ly  in the l i ve r  of an imals  rece iv ing  the reduced dose of 
CC14, and for  that r eason  the pseudocho l ines te rase  act ivi ty in the blood was lowered.  

Ligation of the bile duct led to the sha rpes t  i nc rea se  in phosphomonoes t e ra se -1  act ivi ty  in the blood, 

Changes in the act ivi ty  of these  enzymes  evidently ref lec t  the degree  of damage  to the organ caused  
by poisoning. Since the action of CC14 depends on the ra te  of its me tabo l i sm  in the l ive r  [7], admin is t ra t ion  
of compounds inc reas ing  the ra te  of me tabo l i sm of the poison i nc rea se s  its toxici ty,  while admin is t ra t ion  
of inhibi tors  of the enzyme s y s t e m s  of CC14 me tabo l i sm  reduces  its toxici ty.  Phenobarbi ta l ,  DDT, etc. ,  a r e  
usual ly  used  as ac t iva tors  of CC14 while SKF-525A is used, in pa r t i cu la r ,  as  an inhibitor.  

The dynamics  of changes in F - I - P  a ldolase  sa t i s fac to r i ly  re f lec t s  both the act ivat ing and inhibi tory 
action of these  subs tances .  In exper imen t s  in which the an imals  r ece ived  phenobarbi ta l  as well  as CC14, 
the aldolase act ivi ty  was sharp ly  inc reased ,  while in the exper imen t s  in which the inhibi tor  SKF-525A was 
given this i nc rea se  was negligible.  The dynamics  o fpseudocho l ines te rase  act ivi ty,  as  was shown above,  with 
the dose of CC14 given does not re f lec t  changes in the toxici ty  of the poison due to admin is t ra t ion  of the 
chemotherapeut ic  agents .  Phosphomonoes t e ra se -1  was r a t h e r  m o r e  demons t ra t ive  in this case ,  fo r  the 
c h a r a c t e r  of the change in its act ivi ty di f fers  only a l i t t le f rom that  of a ldolase,  but the changes a r e  much 
less  marked .  
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