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The  labeling index and mi to t ic  index w e r e  studied in the epi thel ium of the descending colon 
and i l eum of r a t s  during induction of intest inal  t umor s  with 1 ,2-dimethylhydrazineo As ear ly  
as 1 month a f t e r  the 'beginning of the expe r imen t s  a sharp  i nc rea se  in the number  of patho-  
logical  m i t o s e s  (up to 51%) and a change in the ra t io  between the phase s  of  mi to s i s ,  with 
marked  p redominance  of me taphases  (up to 73%) were  obse rved  in the epi thel ium of the de" 
scending colon; l a t e r  these indices  were  unchanged. Starting f r o m  the third month of the ex-  
p e r i m e n t  an i n c r e a s e  in the labeling index (especial ly  in c a r c i n o m a  in situ) and mitot ic  index 
was obse rved .  In the epi thel ium of the i leum,  where  tumors  neve r  develop,  p ro l i f e r a t ive  ac -  
tivity and the mi to t ic  index w e r e  unchanged. 
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Changes in p ro l i f e r a t ive  act ivi ty during ca rc inogenes i s  in expe r imen t s  on animals  have been analyzed 
in only a few invest igat ions  [3, 9, 10] although dynamic  studies of this type can provide  much informat ion 
on the role  of  these  d i s tu rbances  in the genes i s  of cancer .  In the exper imen ta l  invest igat ions cited above 
only the ea r ly  s tages  of ca rc inogenes i s  in the skin produced by ca rc inogens  with local action were  studied. 
The many exper imen ta l  models  Of t um or s  now avai lable ,  cha rac t e r i zed  by se lec t iv i ty  and high f requency 
of development  of neop la sma  i n p a r t i c u l a r  o rgans  induced by  carc inogens  with r e so rp t i ve  action makes  the 
sy s t ema t i c  study of changes in the mi to t ic  cycle of the t i s sues  during ca rc inogenes i s  a poss ib i l i ty .  

The object  of this Invest igat ion was to study p ro l i f e ra t ive  act ivi ty of en te rocy tes  of the descending 
colon and to compare  it with the cor responding  activi ty in the i l eum at d i f ferent  s tages  of induction of In-  
test inal  t umors  with 1 ,2-d imethylhydraz ine  (DMH). These  two segments  of the intest inal  t r a c t  we re  se lec ted  
for  invest igat ion becaus e  t um or s  develop in the f i r s t  of  them in 100% of animals  invest igated,  but they n e v e r  
develop in the second [5, 6, 7]. 

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

Intest inal  t um or s  were  induced in male  r a t s  (weighing 160-180 g at the beginning of the exper iment)  
f r o m  the Rappolovo n u r s e r y ,  Academy of Medical Sciences of the USSR, by subcutaneous injection of DMH 
once a week in a dose of 21 m g / k g  [5]. Rats  of the same  sex  and age acted as the control .  The  labeling 
index and mitot ic  index were  used  as  p a r a m e t e r s  of en teroeyte  pro l i fe ra t ion ;  in addition, the rat io  between 
the phases  of  mi tos i s  and the num ber  of pathological  m i t o s e s  we re  de te rmined ,  i .e . ,  the mitot ic  r eg ime  was 
analyzed. Pathological  m i t o s e s  w e r e  c lass i f ied  in accordance  with Alov ' s  scheme [1]. The animals  were  
killed at in te rva ls  of 1 month for  a per iod  of 6 months ,  when all  the ra t s  had developed mult iple intes t inal  
t umors .  Mater ia l  for  invest igat ion was taken 1 week af ter  the cor responding  injection of D M H a t  the same  
t ime  of day (10-11 a.mo) o To  de t e rmine  the labeling index, 1 h be fo re  sac r i f i ce  the r a t s  were  given an 
in t raper i tonea l  injection of thymidine-H 3 (specific act ivi ty 4-10 Ci /mmole)  in a dose  of 1 #Ci /g .  The  m a t e -  
r i a l w a s  f i x e d i n a  mix ture  of alcohol,  fo rmal in ,  and glacia l  acet ic  acid ( 6 : 3 : 1 ) .  Para f f in  sect ions were  
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Fig. 1o Changes in labeling index in zone 
of prol i fera t ion (1), in labeling index (2) 
and mitotic index (3) throughout the crypt,  
and in fraction of pathological mitoses  
(4) at different t imes after beginning of 
DMH administrat ion.  Dot and c ross  represen t  
microscopica l ly  unchanged mucous mem-  
brane; empty circle) carc inoma in situ; 
circle with dot) tubular adenocarcinoma~ 
Broken line shows presumed course  of curve.  
Abscissa ,  t ime f rom f i rs t  injection of DMH 
(in months); ordinate:  1,2) labeling index 
(in %); 3) number of mi toses  in 100 fields of 
vision; 4) frequency of pathological mi toses  
(in %). 

coated with type M photographic emulsion. The num- 

ber of labeled nuclei per 1000 epithelial cells in the 
proximal, middle, and distal parts of the descending 

colon and in the terminal ileum was counted in histo- 

autoradiographso The mitotic index was determined 

in the same areas  b y  counting the number  of mitoses  
in 100 fields of vision of the immers ion  sys tem of 
the microscope  (2 mm ~) in preparat ions  stained with 
Carazz i ' s  hematoxylin and eosino The labeling index 
was determined both for the whole population of 
enterocytes  and for the zone of prol i ferat ion,  revealed 
by special  exper iments  on ver t ical  sections through 
the intestine by the p resence  of the maximal number  
of labeled cells forming a crypt .  To count the labeling 
index 3 ra ts  were used at each t ime,  but 5 or  6 animals 
were used to analyze the mitotic regime.  Since no 
difference was found in prol i fera t ive  activity in the 
three par t s  of the descending colon, the corresponding 
numer ica l  values were pooled. In the final s tages of 
the experiment  (5-6 months) prol i fera t ive  activity was 
studied in tubular adenocarcinomas,  which develop 
most  frequently in the descending colon [6]; 10 tumors  
were studied at each time. The numer ica l  data w e r e  
subjected to stat is t ical  analysis .  

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

During the f i r s t  2 months of DMH administrat ion 
the index of labeled nuclei in the epithelium 'of the 
descending colon, calculated for  the whole population 
of enterocytes ,  was vir tual ly  unchanged and was equal 
to that for  the control  ra ts  (Fig. 1)~ After the  second 

month of the experiment ,  a c lear  increase  was observed in the number  of nuclei incorporat ing labeled DNA 
p r e c u r s o r .  A par t icu lar ly  large number  of labeled nuclei was observed in ca rc inoma in situ, against the 
background of a considerably increased labeling index, 4 months af ter  the beginning of DMH administrat ion.  
The number  of prol i fera t ing cells in the invasive adenocare inomas was reduced. 

The labeling index when determined in the zone of prol iferat ion during the f i rs t  2 months of the experi-  
ments was below the control; this can evidently be explained by the 10% increase  in duration of the mitotic 
cycle compared with the control (as d iscovered in supplementary experiments  with the aid of the curve of 
labeled mitoses) .  This decline in the number of labeled cells was followed after 2 months by a considerable 
increase  in prol iferat ive activity of the enterocytes~ 

The dynamics  of the change in the number  of mi toses  during carc inogenes is  in the descending colon 
largely  corresponded to that for  the labeling index: Initially (1 and 2 months) the mitotic index showed no 
marked change, but la ter  the number  of mitotically dividing cells gradually increased and was maximal  in 
the adenocar cinomas.  

In the mucous membrane  of the descending colon of the control ra ts  4% of pathological mitoses  was 
observed.  However,  by the f i rs t  month af ter  the beginning of the experiment the proport ion of pathological 
mitoses  had increased to 51.3%. Later  this index remained stable at 56.5-60%. The number  of abnormal 
mitoses  in the adenocarcinomas was not reduced 2-3 months after the end of DMH administrat ion.  A wide 
var ie ty  of fo rms  of pathological mi toses  (bridges, delay in separat ion of ch romosomes  and their  f ragments ,  
scat ter ing of ch romosomes ,  hollow and t r i radia l  metaphases ,  monocentr ic  andmul t ipo la r  mi toses ,  etc.) 
but with definite predominance of delayed separat ion of ch romosomes  and their  f ragments  in metakinesis  
(12-17%) and of c -mi toses  (10-20%), was observed both in the microscopica l ly  unchanged mucous membrane  
(at different t imes of t reatment  with DMH) and in the developing adenocarc inomas.  The number  of c -mi toses  
was par t icu lar ly  large in the adenocarc inomas (16-20%), evidently reflecting the intensive cell death in the 
tumors. 
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A c h a r a c t e r i s t i c  index of the d i s tu rbance  of the mi to t ic  r e g i m e  during ca rc inogenes i s  is the change 
in the rat io  between the phase s  of  mi to s i s  obse rved  during the f i r s t  months of the e:~periment. F o r  ins tance ,  
whereas  the re la t ive  number  of p r o p h a s e s  in the epi thel ium of the l a rge  intest ine of the control  r a t s  was 
26.4% and the re la t ive  n u m b e r  of me taphase s  was 56.6%, a f t e r  4 weeks of DMH t r ea tmen t  the pe rcen tage  of 
p r o p h a s e s  had fallen to 6.3 whereas  the pe rcen tage  of me taphase s  had r i s en  to 73.7. At l a t e r  s tages  this 
rat io  between p r o p h a s e s  and m e t a p h a s e s  r ema ined  substant ia l ly  unchanged. 

It mus t  be  emphas ized  that s i m i l a r  changes in the mitot ic  r e g i m e  in pr inc ip le  also take p lace  in 
a d e n . c a r c i n o m a s  of the human la rge  intes t ine [4]. 

During the invest igat ion of the cor responding  indices of p ro l i f e r a t i ve  act ivi ty of the epi thel ium of the 
i leum no dist inct  dynamics  of the changes ~it different  t imes  a f te r  the beginning of DMtt admin is t ra t ion  could 
be detected.  The  labeling ifidex for  the whole population of en te roey tes  (both in the control  and at var ious  
per iods  of  t umor  induction} was between 15 and 20% (60-77% in the zone of pro l i fe ra t ion) ,  the mean number  
of m i t o s e s  p e r  100 f ie lds  of Vision was 170, and the number  of pathological  m i to se s  did not exceed  3.5%; the 
ra t io  between the phases  of mi tos i s  was unchanged~ 

Considering the data on the change in p ro l i f e r a t i ve  act ivi ty  of the epi thel ium of the descending colon, 
the region where  m o s t  neop la sms  developed,  and the absence  of any d is turbance  of the mi to t ic  r eg ime  in the 
i leum,  where  no neop lasms  developed,  it can be postulated that the d i s tu rbance  of p ro l i fe ra t ion  (intensif ica- 
tion of cell  d ivis ion,  changes in the ra t io  between the phases  of mi tos i s ,  the appea rance  of many pathological  
mitoses)  p lays  an impor tan t  ro le  in mal ignant  change~ 

The re su l t s  of this invest igat ion can be in t e rp re t ed  as follows. Stem en te roey tes ,  accep to r s  of c a r -  
cinogenic f ac to r s ,  on commencing  the mi to t ic  cycle [8] lose the i r  ability to d i f ferent ia te  as a resu l t  of  t r a n s -  
format ion  by DMH and continue to p r o l i f e r a t e .  Th is  si tuation i s  re f lec ted  in widening of the zone of p ro l i f -  
e ra t ion  in the intest inal  c rypts  and an i n c r e a s e  in the labeling index and mitot ic  index. In the ea r ly  s tages  
of ca rc inogenes i s  no intensif icat ion of p ro l i f e ra t ion  can be  detected,  evidently because  of the smal lness  of 
the s t em enterocyte  population undergoing t r ans fo rma t ion .  Pa r t i cu l a r ly  in tensive p ro l i fe ra t ion  was obse rved  
in c a r c i n o m a  in situ; i ts  d e c r e a s e  in the la rge  invas ive  a d e n . c a r c i n o m a s  is  evidently connected with d i s -  
turbance of cell nutr i t ion in these t u m o r s  and the consequent ending up of many  of the cel ls  in the l ~ - p e r i o d .  

Increased  p ro l i f e r a t i ve  act ivi ty in the course  of ca rc inogenes i s  is probably  faci l i ta ted by the p r e l i m i -  
na ry  appearance  of many  pathological  m i to se s ,  which are  respons ib le  for  the p re sence  of cel ls  with an 
unbalanced karyo type  and evidently with inc reased  ability to divide [2]~ 

F r o m  a considera t ion of all  the fac t s  obtained in this invest igat ion and the cor responding  data in the 
l i t e ra tu re  it can be  concluded that biological  mal ignant  t r ans fo rma t ion  begins  long before  it is exhibited 
morphologica l ly .  
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