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Expe r imen t s  on r a t s  demons t r a t ed  the powerful  and specif ic  carcinogenic  act ion of 
N, Nl -d imethy le thy lened in i t rosamine .  In r a t s  rece iv ing  the compound for  four  months 
by in t raesophagea l  admin i s t r a t ion  in a dose of 5 mg /kg ,  c a r c i n o m a  of the esophagus 
developed a f t e r  5-6 months in 100% of ca ses .  By the use of this model ,  the var ious  
s tages  of f o r m a t i o n  of the mal ignant  growth can be studied. 

Ca rc inoma  of the esophagus  is one of the commones t  human mal ignant  neop lasms ,  pa r t i cu la r ly  in 
men [5, 6]. Neve r the l e s s ,  the conditions of development ,  the morphogenes i s ,  and the p r ecance rous  changes 
of esophagea l  neop lasms  have r ece ived  l e s s  study than those in other  s i tuat ions [8]. This is evidently be -  
cause of the inadequate study of expe r imen ta l  neop lasms  of the esophagus .  Relat ively few r e f e r e n c e s  to 
this subjec t  a re  to be found in the l i t e r a tu re  [1-3, 7, 10, 12, 13, 15-17]; the w o r k e r s  ci ted give informat ion  
regard ing  the poss ib le  development  of esophagea l  neop lasms  under the influence of chemical  carc inogens .  

This paper  d e s c r i b e s  a study of the carc inogenic  p r o p e r t i e s  of N, Nl -d imethyle thy lenedin i t rosamine ,  
a compound which, as the work  of Druckrey  e t  al .  [14] and the su rveys  of Shvemberge r  [11] and Os t rovskaya  
[4] show, p o s s e s s e s  carc inogenic  act ivi ty.  The carc inogenic  p r o p e r t i e s  of this compound have not p r e -  
v iously  been inves t iga ted  in the Soviet union. 

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

Expe r imen t s  were  c a r r i e d  out on 105 noninbred male  albino r a t s  which r ece ived  N, Nl-d imethyl  - 
e thy lenedin i t rosamine  daily (except on Sundays) for  4 months via esophageal  tube in a dose of 5 mg/kg  of the 
aqueous solution. The initial  body weight of the an imals  was 110-130 g. The ra t s  were  sac r i f i ced  five at  
a t ime,  1, 2, 3,and 4 months af ter  the beginningof the  exper iment .  In the course  of 2-6 months,  17 r a t s  died, 
and the remain ing  68 an imals  were  sac r i f i ced  5 and 6 months af ter  the beginning of the exper iment .  

P ieces  of the esophagus and the p r inc ipa l  v i s c e r a  were  taken f r o m  all  the an imals ,  embedded in p a r -  
affin wax, and sec t ions  f r o m  them were  stained with hematoxyl in-eos in ,  and by the methods of Van Gieson,  
Feulgen,  Braehet ,  and McManus.  

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

No changes were  found in the esophagus  of the an imals  sac r i f i ced  one mon tha f t e r  the beginningof 
the expe r imen t .  In all  f ive r a t s  examined  a f t e r  two mos . ,  m ic roscop ic  examinat ion  r evea l ed  diffuse or  
focal  thickening of the esophagea l  mucous m e m b r a n e  on account  of an inc rease  in the number  of l ay e r s  of 
epi thel ia l  ce l ls  and the i r  intensif ied kera t in iza t ion .  The size and s t ruc tu re  of the epithel ial  cel ls  were  un- 
changed, and only a s l ight  i nc rease  in the number  of mi toses  in them was recorded .  
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Fig. 1 Fig. 2 

Fig. i. Transverse section through esophagus with a malignant tumor filling 
its lumen and resting on a narrow base (6 months after beginning of the experiment). 

Van Gieson, 25x. 

Fig. 2. Segments of esophagus of two rats after receiving the compound for 
four months: multiple papillomatous growths and malignant nodules of the 
mucous membrane: A) 150 days after beginning of experiment (5• B) 180 
days after beginning of experiment (8• 

Fig. 3. Carcinoma of the esophagus 
consisting mainly of prickle ceils 
with solitary epithelial pearls (6 
months after beginning of experi- 
ment). Hematexylin-eosin, 200• 

In the rats  sacr i f iced  after  three mos. ,  tiny whitish a reas ,  
a lmost  invisible with the unaided eye,  were ra i sed  above the 
r e s t  of the surface of the mucous membrane (foci of leukoplakia). 
Microscopic  examination showed that these ra i sed  a reas  of the 
mucous membrane  were foci of t lyperplastic epithelium with 
evidence of intensified growth of the cells and hyperkeratosis. 
No signs of inflammation were present. 

Later (after four months) the total number of areas of hyper- 
plasia of the mucous membrane rose appreciably, and their size 
increased. Bands of connective tissue with blood vessels pene- 
trated from the submucosa into the hyperplastic epithelium. In 
this way, multiple papillomatous growths were formed, some 
of them on a thin connective-tissue pedicle, hanging in the lumen 
of the esophagus, while others had a wider base and were more 
like a cauliflower in appearance. By using serial sections from 
different parts of the esophagus of many animals, the subsequent 
evolution of the s t ructure  of the benign epithelial tumors  could 
be traced.  The p rocess  followed a somewhat different course 
in the tumors  with a wide and with a narrow base.  

During growth of the papillomas of the f i r s t  type, invasion 
of the submucosa of the esophagus by epithelial cells with the 
format ion of charac te r i s t i c  cell bands infiltrating the subjacent 
connective tissue was more frequently observed.  The epithelial 

cells of the tumor in the zone of prol i fera t ion and infil tration showed signs of a typism (they were l a rge r  
in size,  i r r egu la r  in shape, their  cy toplasm was more  s t rongly basophilic,  and the s t ructure  .of the nucleus 
was al tered).  In the tumors  res t ing  on a narrow pedicle, active growth of the epithelial cells showing atyp- 
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ical  f ea tu res  was obs e rved  into the lumen of the esophagus  without dis turbance of the in tegr i ty  of the b a s e -  
ment  m e m b r a n e  (Fig. 1). During development  of the tumor ,  the regu la r  a r r a n g e m e n t  of the epithelial  l ay e r s  
was dis turbed,  and i n c r e a s e d  kera t in iza t ion  of the cel ls  took place with the fo rmat ion  of numerous  epithel ial  
pea r l s .  

In the an imals  examined  five and six mos .  a f t e r  the beginning of the expe r imen t  besides  the multiple 
tiny papi l lomatous  growths  of the esophagea l  mucous  m e m b r a n e ,  l a r g e r  t umor  nodules (measur ing  1.5 • 1 cm) 
were  found, along the whole length of the esophagus (Fig. 2), but mos t ly  in its upper  third.  Some of the 
tumor  nodules showed superf ic ia l  nec ros i s  and ulcerat ion.  The i r  mic roscop ic  study showed that they con- 
s i s ted  of typical  s quam ous -ce l l  c a r c i n o m a s ,  usually with kera t in iza t ion  (Fig. 3). Mitoses were  numerous  
among the pro l i fe ra t ing  cel ls .  Malignant t umors  consis t ing mainly of "pr ick le"  cei ls  a lso  were  found. 

Al together  75 r a t s  (68 ki l led and 7 dying) were  examined  5 and 6 months af ter  the beginningof the  
expe r imen t ,  and mult iple nodules of squamous -ce l l  ca rc inoma  were  found in the esophagus of all  the ani-  
ma l s .  

No p r i m a r y  neoplasms  or m e t a s t a s e s  of esophagea l  ca rc inoma  were  found in the other organs .  

Hence,  when admin i s t e r ed  for  a long per iod  by the ora l  route in a dose of 5 mg /kg ,  the compound 
N, Nl -d imethyle thy lenedin i t rosamine  is an except ional ly  act ive carc inogen with a specif ic  type of action. 
Malignant tumors  of the esophagus a r i s e  in all  an imals  5-6 months af ter  the beginningof the  exper iment  
(in the 75 r a t s  examined  at  these t imes) .  Multiple p r i m a r y  ca rc inomatous  nodules develop along thewhole 
length of the esophagus  aga ins t  the background of widespread  pap i l lomatos i s .  

It  will  he noted that o ther  chemical  carc inogens  induce the development  of esophageal  tumors  in a 
much lower  percen tage  of c a se s  [2-4, 7, 11, 13-17]. 

The type of tumor  produced in these expe r imen t s  s e r v e s  as a ve ry  convenient model for  expe r imen ta l  
cance r  r e s e a r c h .  In pa r t i cu la r ,  even  the p r e l i m i n a r y  study shows that ca rc inoma  of the esophagus is p r e -  
ceded by ce r ta in  t i ssue changes cor responding  on the whole to the p recance rous  p r o c e s s e s  which have been 
desc r ibed  [9, 10] in re la t ion  to neop lasms  of other  organs .  The e a r l i e s t  changes cons i s t  of a diffuse or  
focal  thickening of the esophagea l  mucous m e m b r a n e ,  on the bas i s  of which multiple nodules of intensif ied 
pro l i fe ra t ion  of epi thel ial  ce i l s  appear .  

This is then followed by the fo rmat ion  of benign tumors  or  papi l lomas ,  some of which rapidly turn 
malignant ,  with inf i l t rat ion of the underlying t issue while others  become mal ignant  more  slowly, with the 
development  of l a rge  growths projec t ing  into the lumen of the esophagus .  
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