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After  admin is t ra t ion  of p-<l imethylaminoazobenzene and th ioacetamide,  and of the herb ic ide  
monuron to r a t s  with the food, a definite pa ra l l e l  is obse rved  between changes in the in ten-  
si ty of g lycolys is  and in the act ivi ty of phosphofructokinase  in the l i ve r  hya lop lasm.  No 
such re la t ionsh ip  is found for  hexokinase .  Carcinogens of different  s t r u c t u r e s  and monuron 
produced s i m i l a r  changes in the intensi ty of g lycolys is  and activi ty of the glycolyt ic  enzymes .  
In the degree  of s eve r i t y  of the changes produced,  monuron m o r e  c losely  r e s e m b l e d  th io -  
ace tamide .  

Compar i son  of b iochemica l  changes in the l i ve r  p roduced  by hepa tocarc inogens  of di f ferent  chemical  
s t r u c t u r e  can r evea l  the genera l  f ea tu re s  in the c h a r a c t e r  of the i r  act ion and provide  an impor tan t  approach  
to the study of ca rc inogenes i s .  

The object  of the p re sen t  invest igat ion was to study the dynamics  of changes in g lycolys is  and in the 
act ivi ty  of enzymes  regulat ing i ts  veloci ty,  namely  phosphofructokinase  (2.7.1.11) and hexokinase  {2~ 
in the l i ve r  hya lop lasm of r a t s  during ca rc inogenes i s  induced by p -d imethy laminoazobenzene  (DAB) or  
th ioace tamide  (TA). In addition, o ther  r a t s  r ece ived  with the i r  food another  u r e a  der iva t ive ,  the herbic ide  
monuron [N-(4-chlorophenyl) -N'  ,N ' -d imethy lurea] ,  for  which a carc inogenic  action has  been  sugges ted .  

This  invest igat ion was a continuation of previous  work  along s i m i l a r  l ines  in the w r i t e r ' s  l a b o r a t o r y  
[4, 51. 

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

Exper imen t s  w e r e  c a r r i e d  out on sexual ly  m a t u r e  ma le  albino r a t s  kept  on a specia l  diet [1]. The 
r a t s  of groups 1 and 2 r ece ived  the carc inogens  DAB or  TA [5] with the i r  diet, the r a t s  of groups 3 r e -  
ceived monuron (450 m g / k g ) ,  and thoseof  group 4 were  cont ro ls .  The an imals  we re  sac r i f i ced  in batches  
of 8-10 f r o m  each group at a t ime  2, 10, 18, and 24 weeks l a t e r  for  b iochemica l  and his tological  t e s t s .  At 
the l a s t  of these  t i m es ,  t umors  w e r e  found in the l i v e r  of all r a t s  rece iv ing  the carc inogens .  

Biochemical  t e s t s  on the l i ve r  of r a t s  rece iv ing  monuron continued for  18 weeks .  No t umor s  we re  
found in the l ive r .  However,  bear ing  in mind the poss ib i l i ty  that  this compound may  have a weake r  c a r -  
cinogenic action,  observa t ions  continued on the r a t s  until the end of the i r  l ives .  

L ive r  homogenates  w e r e  p r e p a r e d  in a medium consis t ing of 0.05 M t r i s - b u f f e r  and 0.25 M mannitol 
solution (pH 7.4) in the cold, and by different ia l  centr i fugat ion [6] the nuclei  and mi tochondr ia  w e r e  s u c -  
ce s s ive ly  isolated,  thus yielding the hya lop la sm.  Glycolyt ic  act ivi ty in the hya lop lasm was e s t ima ted  f r o m  
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TABLE 1. Activity of Glycolys is  and Enzymes  Regulating Its Velocity in L ive r  
Hyaloplasm of Rats  in Control Ser ies  and during Adminis t ra t ion  of Carcinogen 
and Monuron (M• 

Index 

Activi ty of g lycolys is  
(in mg lac t ic  ac id /g  
p ro te in /30  rain at 
37 ~ ) 

Deficiency of co-  
enzymes  

Excess  of coenzymes  

Phosphofructokinas  e 
act ivi ty  (in ttmoles 
NAD" H2/g p r o t e i n /  
min at  25 ~ 

Hexokinase act ivi ty 
(in ttmoles NADP/  
mg pro te in /30  rain 
at 37 ~ ) 

Group 
of r a t s  

Control 
1 
2 
3 

Control 
1 
2 
3 

Control 
1 
2 
3 

Control 
1 
2 
3 

Durat ion of expe r imen t  (in weeks) 

12.1~:I.6 
7o9~:1.5 
7.9~:1.9 
9.2~:1.6 

21.4• 
18~ 
12.7~:0.5 
18.2• 

7o3•176 
8.7~0.8 
6.4~0.5 
4.8• 

0.096~0.01 
0.117• 
0.133• 
0.137• 

10 

13.0~ 2.3 
10.2• 

7 o0• 
7.22• 

22~177 
17.3 ~2.7 
20.9• 
23.9• 

12,5~:2.5 
7.54 1.0 
4.8• 
4.3• 

0.164• 
0,150~ 0.01 
0.191• 
0.192• 

18 

13o0• 
44.5• 
32.4:e5.0 
20.8• 

22~ 
68.9• 
67.7• 
41.7• ~ 

12.5• 
19.8• 

20.9• 

0o164• 
0.112• 
0o163• 
0o118• 

24 

10.7• 
17o6• 
18,8~2ol 

35.2~ 3.0 
41.3:k5.6 
50.9~6.7 

10.0:~1.6 
12.6~:1.0 
14o8:e2.8 

0.101• 
0.230• 
0.211• 

the i nc r ea se  in content of lac t ic  acid in the p r e sence  of glucose during 30 min at  37 ~ under  the conditions 
of e i ther  an excess  or  a deficiency of glycolyt ic  coenzymes  [2|o Lac t ic  acid was de te rmined  by the color  
reac t ion  with p-hydroxydiphenyl .  Activi ty of the enzymes  was de te rmined  spec t ropho tomet r i ca l ly :  p h o s -  
phofructokinase  (PFK) by the method of Underwood and Newsholme [8], and hexokinase (HK) f rom the ra te  
of reduct ion of NADP in the p r e s e n c e  of glucose,  ATP, and an excess  of g lucose -6 -phospha te  dehydrogenase 
[7]. All calculat ions were  c a r r i e d  out re la t ive  to prote in ,  the content of which was de te rmined  by the b iure t  
r eac t ion  [3]. The r e su l t s  were  subjected to s ta t i s t ica l  ana lys i s .  

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

The resu l t s  given in Table  1 show that in the p r e sence  of a deficiency of coenzymes  of g lycolys is ,  the 
intensi ty of this p r o c e s s  in the l i v e r  hya lop lasm of r a t s  in the f i r s t  s tages  of ca rc inogenes i s  and during 
admin is t ra t ion  Of monuron showed a tendency to d iminish  by Comparison with the control .  After  18 weeks,  g ly-  
colytic act ivi ty  showed a sharp  inc rease  during admin is t ra t ion  of both carc inogens  (P < 0.01) and, to a l e s s e r  
degree ,  of monuron (P < 0o05), so  that i t  exceeded the initial level  in the l i v e r  of r a t s  with t umor s  (24 
weeks) .  Almost  identical changes were  obse rved  in the p re sence  of an excess  of glycolyt ic  coenzymes  
(ATP, NAD). 

The PFK act ivi ty  in the l i ve r  hya lop lasm of r a t s  rece iv ing  carc inogens  fo r  2 weeks was essent ia l ly  
indist inguishable f r o m  the control ,  but i t  was reduced  during admin is t ra t ion  of monuron (P < 0~176 After  
10 weeks the d e c r e a s e  in act ivi ty  of the enzyme also became  m a r k e d  during ca rc inogenes i s ,  espec ia l ly  
during admin i s t r a t ion  of TA (P < 0.02). 

Meanwhile a dec rea se  in the intensi ty of g lyeolys is  was obse rved  in the p r e s e n c e  of a deficiency of 
i ts  coenzymes .  At the t ime  of maximal  i nc r ea se  in g lycolys is  (after  18 weeks) ,  PFK act ivi ty  during 
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administration of DAB and monuron rose sharply. In the last stage of carcinogenesis, both PFK and gly- 
colytic activity were slightly higher than initially. Determination of HI( activity shewed significant differ- 
ences between the control and experimental series only at the last stage of carcinogenesis: in the liver 
hyaloplasm Of rats with tumors. Under these circumstances the activity of this enzyme rose sharply during 
adminstration of both carcinogens (P < 0.02). At the preceding stages of the investigation, neither the car- 
cinogens nor monuron produced significant changes in hexokinase activity. 

These investigations thus indicate a definite parallel between changes in the activity of glycolysis and 
of PFK, the enzyme regulating its velocity, in the liver hyaloplasm of rats during carcinogenesis and 
administration of re.huron. No such relationship could be established for HK, which can also limit gly- 
colysis if glucose is used as the substrate [9, 10]. Carcinogens of different structure, and also re.huron, 
produced similar changes in the activity of glycolysis and glycolytie enzymes in the liver hyaloplasm of 
rats. In the degree of severity of the biochemical changes produced, re.huron more closely resembled 
TA than DAB. 
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