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To character ize changes taking place during malignant transformation of ceils the study of the action of 
carcinogens on target  t issues long before the appearance of tumors in them is of the greatest  importance. 
The difficulty of such investigations is the detection of true carcinogenic action, for most  of the changes taking 
place in the early stages of carcinogenesis are not specific in character  and are due to the toxic action of the 
carcinogens. One possible approach to the study of this problem is by studying early changes in a target  
t issue after  a single injection of carcinogens [5], which can be regarded as the primary effect of the carcino- 
gens. A single injection of the hepatocarcinogen 4-dimethylaminoazobenzene (DAB) into rats  leads to changes 
in the synthesis of t issue-specific enzymes in the l iver,  a shift of the isozyme composition, antigenic simplifi- 
cation, and synthesis of heteroorganic antigens, in a similar manner to what takes place in hepatocellular 
tumors [4, 6]. However, unlike tumors induced by a single injection of a carcinogen, the changes are  r eve r s i -  
ble. It is therefore  interesting to study the synthesis o2 embryonic a-fetoprotein (AFP), which is known to be 
characterist ic  of hepatoceUular tumors,  in the l iver of rats  receiving a single injection of DAB and of its 
noncarcinogenic homolog 4-diethylaminoazobenzene (4-diethyl-AB). 

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

Experiments were car r ied  out on noninbred male albino rats  weighing 150-180 g. DAB and 4-diethyl-AB, 
dissolved in sunflower oil, were injected intraperitoneally ina single dose of 250 mg/kg  body weight. The 
rats  were killed by decapitation 1, 4, 7, 12, 18, 20, and 30 days after  the injection. Pieces of l iver  were fixed 
and embedded in paraffin by Gleibermm~'s method [2]. AFP was detected by the indirect irnmunof[uorescence 
method with rabbit serum against ra t  AFP (anti-AFP serum).* Sections of the l iver  of intact rat  embryos and 
adult rats  were used as the control.  The specificity of the reaction was verified with serum of intact rabbits 
and also by exhaustion of the anti-AFP serum by a preparation of ra t  AFP polymerized with glutaraldehyde. 
Luminescent sermm against rabbit globulin (prepared by the N. F. Gamaleya Institute of Epidemiology and 
Microbiology, Academy of Medical Sciences of the USSR) was exhausted before the experiment with an acetone 
powder of l iver.  

When animals are fed on a diet containing carcinogens the earl iest  changes observed in the l iver  are 
degenerative changes among the hepatecytes with the appearance of foci of proliferation of oval cells [1, 9]. 
Oval cells appear 3-4 weeks after the beginning of feeding with carcinogens, and about at the same time AFP 
appears in the serum [12]. 

Degenerative changes in the hepatoeytes were observed as early as 24 h after a single injection of DAB 
in the central zones of the hepatic lobules, whereas hepatocytes in the portal zones appeared unchanged. After 

*Preparat ions of ra t  AFP and rabbit anti-AFP serum were generously provided by Candidate of Medical 
Sciences A. K. Yazova, of the laboratory of i~nmunochemistry and diagnosis of tumors,  Oncologic Scientific 
Center,  Academy of Medical Sciences of the USSR, Moscow. 
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Fig.  I .  Detect ion of A F P  in r a t  l i ve r  a f t e r  a s ingle injection of 
DAB. Lmmunofluorescence t e s t  with an t i -AFP se rum,  a) L ive r  
on 7th day a f t e r  injection of DAB; b) on 12th day a f t e r  inject ion 
of DAB. 600•  wa t e r  Lmmersion.  

4 days,  loci  of  oval  ce l l s  s i m i l a r  to those  desc r ibed  in the r a t  l i v e r  during prolonged feeding with carc inogen  
appea red  in the por ta l  zones of the hepatic lobules .  On the 7th day, the foci  of oval cel ls  at tained the i r  l a r g e s t  
s ize - u p  to 360 ~ in d i ame te r .  Af te r  12 d a y s , l a r g e r  polygonal ce l l s ,  with m o r e  cy top la sm than the oval ce l l s ,  
appea red  at  the pe r iphe ry  of the loci .  In the l i t e r a t u r e  such ce l l s  a r e  desc r ibed  as basophil ic  hepa tocy te - l ike  
ce l l s  [1] o r  t rans i t iona l  ce l l s  [10]. The morphologica l  pictanre of  the l i v e r  20 days  a f t e r  injection of DAB was 
no longer  dis t inguishable f rom that  of  the l i v e r  of intact  an ima l s .  

Most  ce l l s  in r a t  embryonic  l i v e r  synthes ized  A F P .  In the intact  adult  r a t  l i v e r  no A F P  could be found. 
F o u r  days a f t e r  a s ingle  injection of  DAB, when the appea rance  of  loci  of  oval ce l l s  was noted fo r  the f i r s t  
t ime ,  no A F P  could be found. However ,  a f t e r  the 7th day some  ce l l s  in these  loci  began to synthes ize  AFP,  
as  r evea l ed  by specif ic  luminescence  evoked by an t i -AFP se rum and loca l ized  in the cy top lasm of  single oval 
ce l l s  o r  of the i r  c t u s t e r s  (Fig. la ) .  The  s t ronges t  l uminescence  was obse rved  12 days  a f t e r  injection of DAB, 
in both oval and t rans i t iona l  ce l l s  (Fig. lb).  I t  m u s t  be emphas ized  that  the luminescence  detected in the r a t  
l i v e r  sec t ions  m u s t  be r e g a r d e d  as  specif ic ,  fo r  p r e l i m i n a r y  exhaustion of the an t i -AFP se rum with the A F P  
p repa ra t ion  led to d i sappearance  of  the luminescence .  On the 18th day the in tensi ty  of  the luminescence  was 
apprec iab ly  reduced,  and a f t e r  the 20th day it was v i r tua l ly  undetectable .  

According  to s t a t emen t s  in the l i t e r a tu r e ,  a f t e r  exposure  of m i c e  to ca rbon  t e t r ach lo r ide ,  A F P  was 
synthes ized  by hepatocytes  located at the p e r i p h e r y  of the region of nec ro s i s  [3]. In the p resen t  expe r imen t s  
a single injection of DAB did not cause  the fo rmat ion  of vis ible  loci  of nec ros i s  in the r a t  l iver ,  and this was 
probably  why A F P  synthes is  was not detected in the hepatocytes .  The findings indicate that  a single injection 
of DAB causes  the appea rance  of  A F P  only in loci  of  oval o r  t rans i t iona l  cel ls .  

P ro longed  feeding of r a t s  with noncarcinogenic  homologs  of DAB (2-methyl-DAB and p-aminoazobenzene)  
does not lead  to the appearance  of A F P  in the blood s e r u m  [8]. ARer  a s ingle injection of 4-die thyl-AB,  a non- 
carc inogenic  homolog of DAB, however ,  changes s i m i l a r  in the i r  genera l  f ea tu res  to those caused  by the action 
of DAB were  obse rved  in the r a t  l i ve r ,  namely:  the appea rance  of loci  of oval ce l l s  one day a f t e r  injection 
(i.e., a l i t t le  e a r l i e r  than a f t e r  injection of DAB); A F P  synthes is  in these  loci  of  the 4th day; t e rmina t ion  of 
the syn thes i s  by the 2nd day, when the morpholog ica l  p ic ture  o f  the l i ve r  of the r a t s  rece iv ing  4-die thyl -AB 
was indist inguishable f rom that  of the l i ve r  of intact  an imals .  A FP  synthes is  in the r a t  l i v e r  a f t e r  a d m i n i s t r a -  
t ion  of di f ferent  ca rc inogens  is known to depend on the dose of the agent  given [11]. This  m a y  probably  be 
connected with the fact  that  under  the expe r imen ta l  conditions used,  when the r a t s  were  given a s ingle  injection 
of r e l a t ive ly  l a r g e  doses  of  4-d ie thyl -AB,  i t  was  poss ib le  to detect  A F P  synthes i s .  

The s i m i l a r i t y  between the  changes  induced by the carc inogen  and its  noncarcinogenic  homolog,  and also 
the dynamics  of  A F P  synthesis ,  suggest  that  the oval and t rans i t iona l  ce l l s  a r e  embryonic  l i v e r  ce l l s  which 
a r i s e  in r e sponse  to the ha rmfu l  act ion of these  two compounds and, a f t e r  undergoing, fu r the r  differentiat ion,  
they r ep l ace  the injured hepa tocy tes .  The poss ib i l i ty  cannot be ru led  out that  these  morpholog ica l  changes in 
the r a t  l i v e r  a r e  due to a toxic act ion.  Ev idence  in suppor t  of  this  view was obtained by Khodosova [6], who 
showed on the s ame  model  that  s i m i l a r  changes in ce r t a in  b iochemica l  c h a r a c t e r i s t i c s  of  the r a t  l i ve r  take 
place  under  the influence of a single injection of  DAB and of 4-d ie thyl -AB.  At the s ame  t ime  i t  should be noted 
that ,  when this s a m e  method  was used,  only DAB caused  the c h a r a c t e r i s t i c  changes of  hepa toce l lu la r  humors 
such  as antigenic s impl i f ica t ion  and d ivergence  [4]. In the w r i t e r s '  v iew,a l l  these  obse rva t ions  s e r v e  to 
i l l u s t r a t e  the well-known concept  of  the d ive r s i ty  of  the pathways of  d is turbance  of  b iosynthes is  during c a r -  
c inogenes is  [7]. 
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EXPERIMENTAL CARCINOGENESIS OF THE BLADDER FOLLOWING 

ADMINISTRATION OF FREUND'S ADJUVANT AND LEVAMISOLE 
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The object of this investigation was a histological and electron-microscopic study of the effect of 
Freund's  complete adjuvant (FCA) and of levamisole on the early and late stages of experimental carcinogene- 
s i s  in the urinary bladder. 

EXPERIMENTAL METHOD 

Experiments were carried out on 120 male ~rlstar rats weighing 150-180 g. Throughout the experiment 
the animals were given a 0.05% aqueous solutionof N-butyl-N-butanol(4)-nitrosamine, a known urotropic 
carcinogen, to drink. The animals were divided into six groups, with 20 rats in each group. 

The animals of the first three groups were used to study the action of FCA and levamisole in the early 
stages of carcinogenesis, and those of the remaining three groups for the same purpose in the late stages. 

The animals of group I (control) received the carcinogen only. In group 2, twice during the I0 days 
before the beginning of the experiment and twice during the 20th-30th days of carcinogenesis, the rats received 
a subcutaneous injection of 0.I ml FCA in the plantar surface of the hind limbs. The rats of group 3 received 
an intraperitoneal injection of 3 mg/kg levamisole (Decaris, from Richter, Hungary), diluted in sterile physio- 
logical saline, daily for the I0 days before the beginning of the experiment and during the 20th-30th days of 
carcinogenesis. Five rats from each group were killed 5, 12, 20, and 40 weeks after the beginning of injection 
of the carcinogen. The animals of groups 4 and 5 received carcinogen only until they developed a carcinoma 
of the bladder after 32-34 weeks. At the 34th and 37th weeks of carcinogenesis the rats of group 4 were then 

* Technical help and advice was given by the Laboratory of Chemical C arcinogenesis (Head, A cademician of 
the Academy of Medical Sciences of the USSR L. M. Shabad), Oncologic Scientific Center, Academy of Medical 
Sciences of the USSR, Moscow. 
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