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Abs t rac t - -The  mitotic response following a partial hepatectomy, the nyctohemeral 
rtg'thm oJ these mitoses and the 'chalone activity' measured by the inhibitory efJect of 
liver extracts on the normal liver regeneration have been studied in order to estimate the 
evolution of mitotic control in the liver of rats treated by DENA for 2, 4, 6 and l0 
weeks. These parameters and the pathological lesions Ipreneoplastic joci, neoplastic 
nodules and hepatomas) have been followed up after stopping the DENA feeding. A 
good correlation has been found between the malignant transformation of preneoplastic 
foci and the breakdown of the mitotic control. In animals treated by DENA for two 
weeks, the homeostatic control of mitoses remains normal for a minimum of 14 months 
and 'preneoplastic foci' persist without any further malignant transformation. After 
DENA feeding for 4 and 6 weeks, the subsequent malignant transformation occurs as a 

Junction of the mitotic disturbance: the longer the DE3L4 Jeeding, the faster the 
homeostatic disturbance, the earlier the canceration. After DENA treatment for 10 
weeks, the homeostatk regulation is lost and the neoplastic growth is triggered at the 
time of the DENA feeding cessation. In this case, the pattern of canceration is the same 
as when DENA is given continuously up to the time of death. It is concluded that 
'preneoplastic foci' induced during the first two weeks of treatment cannot by themselves 
transJorm into a malignant tumor. To commit them irreversibly into malignancy, a 
subsequent action of the carcinogen is necessary; it may consist of the irreversible break- 
down of the normal homostatic regulatory mechansim of liver cell proliferation. 

INTRODUCTION 

IN PREVIOUS experiments, we have investi- 
gated the homeostatic regulation of rat liver 
cell proliferation and function in physiological 
conditions [1] as well as during chemical 
carcinogenesis [2-4]. The mitotic response fol- 
lowing a partial hepatectomy and the nyctohe- 
metal rhythm of mitoses are the parameters used 
to estimate the normal control of cell division. 

The 'chalone activity' of liver tissue has also 
been tested. There is indeed good evidence 
that substances ('chalones') released by differ- 
entiated cells are implicated in this type of 
regulation [5]. When extracted from a normal 
adult liver, these substances injected after 
partial hepatectomy inhibit liver regeneration. 
The inhibitory effect does not appear when 
the extract is prepared from a regenerating 
liver [3]. 

When the same parameters combined with 
histological appearance were used to study the 
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liver changes induced by the daily adminis- 
tration of 10mg/kg of diethylnitrosamine 
(DENA), three different stages were found in 
the pattern of liver canceration. 

In the first stage, which corresponds to the 
first month of treatment, although the so- 
called 'preneoplastic foci' characterized by the 
absence of glycogen depletion after fasting [6] 
appear in the liver, the regulatory me- 
chanisms remain normal. During the second 
stage (corresponding to the second month), 
the size of the foci increases while their num- 
ber remains unchanged and the homeostatic 
regulation is progressively lost. The third stage 
begins with the third month of DENA feeding 
and corresponds to the triggering of unequivo- 
cal neoplastic growth. 

During continuous DENA treatment, the 
growth of the 'foci' and their subsequent 
malignant transformation vary in parallel to 
the breakdown of the normal homeostatic 
control. When DENA feeding is stopped at 
various intervals the evolution of liver lesions 
varies with the stage at which the treatment is 
discontinued [7, 8]. Less than one month of 
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DENA administration resulted only in the 
development of 'preneoplastic loci' that persist 
up to the time of death, i.e., 1 2 years. 
Protracting the treatment during the second 
month induces the malignant transformation 
of 'preneoplastic tbci'. The later the treatment 
is stopped during the second month, the ear- 
lier the tumors appear. The process of liver 
canceration appears to be the same whether 
the DENA is discontinued after the second 
month or is given up to the time of death. 

The occurence and the rapidity of the 
malignant transformation could depend on 
the degree of disturbance the mitotic control 
has reached at the time when the treatment is 
stopped. It seen> of interest, theretore, to 
investigate the homeostatic control of cell 
proliferation after the cessation of the DENA 
feeding in subcarcinogenic and carcinogenic 
conditions. In the present work, the mitotic 
response following a partial hepatectomy, the 
nyctohemeral rhythm of mitoses and the 'cha- 
lone activity' of liver tissue have been esti- 
mated after stopping the DENA treatment at 
various times. 

MATERIALS AND METHODS 

Four experimental groups of male Wistar 
rats, weighing about 180g, were chronically 
treated by diethylnitrosamine (DENA) for 2, 
4, 6 and 10 weeks. The drug was adminis- 
tered in drinking water (80 mg/1), representing 
an ingested dose of about 10 mg/kg/day. 

At various times after beginning the DENA 
administration (see Table 1), samples of at 
least 10 animals were taken from each expe- 
rimental group and submitted to a partial 
hepatectomy. The two-third hepatectomy was 
always performed at 10 a.m. The mitotic 
indices were determined on histological pre- 
parations after Feulgen reaction in areas 
where the liver tissue did not show any de- 
tectable lesion. 

Three measurements of mitotic index were 
made at the time of surgery, at the 48th and 
the 60th hours after partial hepatectomy. The 
difference between the two last results allows 
estimation of the nyctohemeral rhythm of nil- 
toses, since the 48th post-operative hour cor- 
responds to the second mitotic peak occuring 
during day-time and the 60th hour to the 
second 'valley' occuring during night. The 
first mitotic wave presenting a peak at about 
the 30th hour is submitted to important 
individual variations so that it appears less suit- 
able for the study of the circadian variations 
of the mitoses. All results were compared to 

those obtained in untreated controls of tile 
same age. 

In the same experimental conditions, all 
livers were macroscopically and microscopi- 
cally examined in order to detect the 'pre- 
neoplastic loci', the transformed neoplastic 
nodules and the hepatomas by a method 
previously described [8]. The pathological le- 
sions are defined according to Squire and 
l,evitts [91]. 

Animals treated tot 2, 4 and 6 weeks were 
killed 14. 6 and 3 months, respectively, alter 
the beginning of the DENA feeding, in order 
to estimate the 'liver chalone activity'. In 
each group, liver extracts fi'om 20 rats 0nin- 
innun) were prepared according to the me- 
thod of Verly [10]. The 105,000 g supernatant 
of liver homogenate was treated by ethanol 
and the precipitate obtained at an ethanol 
concentration between 70 and 87°:0 was 
diluted in saline and injected 
{ 1 ml i.p. ) to normal hepatectomized 
animals. Injections were made at the 1st and 
6th postoperative hour. The volume of the 
injected material corresponded to an extract 
t>om about 70°{, of the total liver mass. In 
order to estimate the 'chalone activity', the 
[3H]-thymidine-labelling index was measured 
at the 24th post-operative hour and compared 
with the same index found in control hepatec- 
tomized rats injected with saline instead of 
'chalone' preparation. The results were com- 
pared with those obtained with an extract 
prepared either from normal or regenerating 
liver of 14-month-old rats. The 'chalone' pre- 
paration from hepatectomized animals was 
made at the 24th post-operative hour, i.e., at 
the moment of the DENA synthesis [11]. 

Tile labelling index was measured by auto- 
historadiography 1 hr after administration of 
[3H]-thymidine (2 #Ci/g, i.p.). All the labelling 
and the mitotic indices were the mean of counts 
made by observing about 25,000 nuclei in at 
least 5 animals. The standard error of the 
mean was calculated. 

RESULTS 

Mitotic response 

Table 1 shows the changes of the mitotic 
index under the various experimental con- 
ditions. In untreated control animals, the 
spontaneous mitotic activity was too low to be 
detected. After hepatectomy, the mitotic peak 
measured during tile day-time at the 48th 
post-operative hour was very high and the 
minimum measured at night at the 60th post- 
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Table 1. Mitotic activity and pathological lesions 
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Delay between 
beginning of Post- 
DENA treatment operative 
and hepatectomy hours 

Duration of DENA feeding 

Controls 2 weeks 4 weeks 6 weeks 10 weeks 

0 0 0.0 3.0±1 0.6__.0.2 v 
48 23+2 17±2 12___2 
60 4±1  7±1 10L1 

0 0.0 0.0 v 0.1 ±0.1 v 
3 months 48 24_+2 22+1 9.5±1 

60 2.3_+1 2.5_+0.5 5.0+1 

0 0.0 0.0 F 0.14-1F 
6 months 48 24 _. 2 20 ± 1.5 9.0 _ 1 

60 3.1 _+0.5 2.2_+0.5 5.2±0.5 

0 - -  - -  1.1 ±0.3 N+H 
9 months 48 - -  5.7 ± 1 

60 - -  - -  5.3± 1 

0 - -  - -  2.2 ± 1 n 
12 months 48 - -  - -  3.1 ± 1 

60 - -  - -  

0 0.0 0.0 v - -  
14 months 48 22 ± 2 18 ± 2 - -  

60 3.0_+0.1 3.3_+0.5 

1.0±0.2 F 
9.5±1 
9.0±1 

0.0 v 
6.0±0.5 
4.2±0.5 

2.0±0.5 N+n 
5.2±1 
4.3±0.5 

3.0±1H 
2.5±1 
2.8±0.3 

m 

3.0±1 x 
5.0±1 
5.1±1 

2.8±1 n 
2.9±1 

m 

m 

m 

Mitotic activity and pathological lesions in the liver after DENA treatment. Mitoses per 1000 
nuclei of hepatocytes measured at the time of the partial hepatectomy (0) or at the 48th and 
at the 60th post-operative hours in different experimental groups when DENA feeding was 
discontinued after 2, 4, 6 and 10 weeks. The results are compared to those obtained in 
untreated control animals of the same age. The standard error of the mean of counts was 
obtained by observing about 25,000 nuclei in a minimum of 5 animals. 

The capitals indicate the presence of pathological lesions observed at the time of surgery: 
iF) preneoplastic foci without malignant growth; (N) neoplastic nodules; (H) hepatomas as 
defined according to Squire and Levitt [9]. 

o p e r a t i v e  h o u r  was  v e r y  low,  w h a t e v e r  the  
age  o f  the  a n i m a l s .  T h a t  m e a n s  t h a t  in the  
c o n t r o l  g r o u p ,  the  n y c t o h e m e r a l  r h y t h m  o f  
mi toses  r e m a i n e d  wel l  m a r k e d  d u r i n g  the  
w h o l e  e x p e r i m e n t a l  p e r i o d .  

I n  a n i m a l s  t r e a t e d  b y  D E N A  for two  weeks  
a n d  h e p a t e c t o m i z e d  i m m e d i a t e l y  the  t r e a t -  
m e n t  was  s t o p p e d ,  a s l igh t  d i s t u r b a n c e  o f  the  
m i t o t i c  i n d e x  was  o b s e r v e d .  A v e r y  p e r c e p -  
t ib le  m i t o t i c  i n d e x  was  a l r e a d y  m e a s u r e d  in  the  
l iver  a t  the  t i m e  o f  s u r g e r y  [2];  a f te r  the  
o p e r a t i o n ,  the  m i t o t i c  p e a k  a p p e a r e d  to be  
s l igh t ly  r e d u c e d ,  b u t  the  c i r c a d i a n  r h y t h m  
r e m a i n e d  m o r e  o r  less n o r m a l .  I n  ra ts  o p e r -  
a t e d  3, 6 a n d  14 m o n t h s  a f te r  s t o p p i n g  the  2- 
weeks  D E N A  a d m i n i s t r a t i o n ,  the  m i t o t i c  re -  
sponse  fo l lowing  a p a r t i a l  h e p a t e c t o m y  s e e m e d  
to be  c o m p l e t e l y  r e s to red .  I n  al l  these  
cases, mi toses  w e r e  n e v e r  d e t e c t e d  in  the  
su rg i ca l l y  r e m o v e d  l iver  t issue. 

I n  the  ra t s  o p e r a t e d  i m m e d i a t e l y  a f te r  a 4, 
6 a n d  10 w e e k  D E N A  feed ing ,  t h e r e  was  a 

m i t o t i c  d i s t u r b a n c e  w h i c h  i n c r e a s e d  w i t h  the  
d u r a t i o n  o f  the  c a r c i n o g e n  t r e a t m e n t .  I n d e e d ,  
the  m i t o t i c  r e sponse  p rog re s s ive ly  d e c r e a s e d  
a n d  the  m i t o t i c  r h y t h m  i n d u c e d  b y  the  p a r t i a l  
h e p a t e c t o m y  was  lost. A t  t he  s a m e  t ime ,  m o r e  
a n d  m o r e  ' a u t o n o m o u s '  mi toses  (i.e. mi toses  
f o u n d  in a n i m a l s  t r e a t e d  b y  D E N A  w i t h o u t  
a n y  o t h e r  e x o g e n o u s  s t i m u l a t i o n )  a p p e a r e d  in 
the  n o r m a l  l iver  t issue. I n  the  four  week  
g r o u p ,  t h e r e  was  some  t r a n s i e n t  r e s t o r a t i o n  o f  
the  c i r c a d i a n  r h y t h m  b e t w e e n  the  t h i r d  a n d  
s ixth  m o n t h  fo l lowing  the  t r e a t m e n t  a r res t .  
L a t e r  on ,  t he  d i s t u r b a n c e  o f  the  m i t o t i c  re-  
sponse  r e a p p e a r e d .  

I t  seems t h a t  in a l l  the  g r o u p s  w h e r e  the  
m i t o t i c  r e sponse  d i d  no t  exceed  5~oo, t h e r e  was  
a c o m p l e t e  loss o f  the  c i r c a d i a n  r h y t h m  a n d  
the  o c c u r e n c e  o f  ' a u t o n o m o u s '  mi toses .  Th i s  
v a l u e  o f  5~oo a p p e a r s  to be  a t h r e s h o l d  re-  
a c h e d  a t  v a r i o u s  d e l a y s  o f  the  c a r c i n o g e n  
t r e a t m e n t .  A f t e r  D E N A  fe e d ing  for 4 a n d  6 
weeks ,  this  t h r e s h o l d  was  f o u n d  at  the  n i n t h  
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and at the six months,  respectively, tollowing 
the beginning of the t rea tment .  W h e n  D E N A  
feeding lasted tbr 10 weeks, the threshold was 
was a l ready reached at the t ime of t rea tment  
cessation. 

Evolution o/pathological lesion.s 
As ment ioned  in T a b l e  l, no microscopical  

lesions were tbund in unt rea ted  control ani- 
mals. After 2 weeks of D E N A  tEeding, 'pre-  
neoplastic t0ci' character ized by their abili ty to 
retain glycogen after fasting were present. 
T h e y  persisted indefinitely dur ing the whole 
exper iment  without  any mal ignan t  transtbr- 
mat ion.  W h e n  the 
after 4 or 6 weeks, 
changed for 6 and 
thereafter ,  neoplastic 
cured. All the livers 
weeks (20/20) were 

t r ea tment  was s topped 
the tbci remained  un- 

3 mouths,  respectively: 
nodules and cancers oc- 
of  the rats t reated tbr 4 
cancerous from the 9th 

month  on. In  the 6 week group,  all animals  
bore cancers after the 6th month .  After a 10- 
week D E N A  t~eding, neoplastic growth was 
a l ready present  when t r ea tmen t  was stopped. 

Variation o./" 'chalone activity' 
T a b l e  2 summar izes  the variat ions of  the 

liver ' cha lone '  activity under  various experi-  
menta l  conditions. In liver extracts  of  normal  
14-month-old rats a strong inhibi tory ettk'ct on 
the labell ing index measured  was observed 
2 4 h r  after a part ial  hepa tec tomy.  In contrast,  

an extract  ob ta ined  fi'om a regenera ted  liver 
in rats of  the same age was devoid of any 
activity. Indeed,  the response was identical  to 
that  found in hepa tec tomized  control rats 
receiving saline instead of  ' chalone ' .  

In animals  t reated for 2, 4 and 6 weeks, 
liver extracts were p repa red  14, 6 and 3 
months,  respectively al ter  the beginning of 
D E N A  t rea tment .  W h e n  the extracts were 
ob ta ined  from animals  t reated by D E N A  for 2 
weeks and killed 14 months  after the be- 
ginning of the t rea tment ,  the inhibi tory efiect 
was identical  to that  ob ta ined  fi'om heahhy  
rats of the same age. However ,  in precan-  
cerous livers of  rats t reated tbr 4 and 6 weeks, 
the chalone activity was decreased. Indeed,  
the response did not differ from that  seen after 
saline injection alone. 

D I S C U S S I O N  

It has a l ready been c la imed that  cancer  
product ion by ni trosamines requires at least 
two different steps: (a) an initial induct ion of 
muta t ions  fixed by cell division; and (b) a 
subsequent  growth s t imulat ion of these mu-  
tated cells leading to the deve lopment  of  a 
mal ignan t  t umor  [12, 13]. Most  previous 
work has been focused on the first step. 
Mutagenesis  in micro-organisms and in cell 
cul ture has been extensively used to study the 

"l)lh/c '2. (.'ha/one aclivilr 

Product injected 

l~abelled nuclei/lO00 cells 
measured 24 hr atier 
partial hepatectomy 

Saline 
laver extract fl'om untreated 14 month-old 

rats 
1,ivcr extract fi~om rats treated li)r 2 weeks 

and sacriliced 14 months a[ier the begin- 
ning of the DENA lbeding 

Liw'r extract fi'om rats treated fi)r t week~ 
and sacriliced 6 months after the begin- 
ning of the DENA lbeding 

laver extract li'oln rats treated to, (i weeks 
and sacrificed 3 months after the begin- 
ning of the I)ENA feeding 

Extract of regenerating liver in rats sacri- 
ticed 24 hours after a partial hepatectom} 

180 i+15) 

85 (_+ 12) 

9o ( _+ l o) 

157 (+io)  

184 (_+14) 

204 ( _+ 20 ) 

Chalonc activity estimated by tile labelling indices measured 24 hours after a partial 
hepatectomy perlbrmed in normal rats treated by an hepatic extract prepared in 
various conditions. Results are compared with d/ose obtained in hepatectomized 
animals treated with saline instead of a liver extract. The tigures in parentheses 
indicates the standard error of the mean cotu~ts made by observing about 25,000 
nuclei in a minimum of 5 rats. 
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molecular mechanism and the biological con- 
ditions leading to the formation of preneoplas- 
tic lesions in the liver. The 'preneoplastic foci' 
appear to be clonal in origin [14] and present 
enzymatic and metabolic disturbances [15] as 
a result of point mutations. Very little is 
known about the second step of tumor de- 
velopment; it has been postulated that the 
carcinogen creates a 'cellular environment' 
favoring the growth of the 'preneoplastic foci', 
and which is necessary for the appearance of 
the malignancy [13]. 

By following the changes occuring in the 
homeostatic control of cell division and the 
evolution of pathological lesions, it seems pos- 
sible to define more precisely two different 
periods in DENA-induced liver carcinogenesis. 

The first period, corresponding in our expe- 
rimental conditions to the first month of 
DENA feeding, is characterized by the in- 
duction of 'preneoplastic foci' [2, 3]. When 
treatment is arrested at this stage, the response 
to partial hepatectomy and the nyctohemeral 
rhythm of mitoses remain almost normal as 
compared to these untreated control animals. 
In this condition, the preneoplastic cells and 
foci remain unchanged without any further 
malignant transformation up to the time of 
death, i.e., 1-2 years [7, 8]. 

During the second period, which corres- 
ponds to the second month of DENA feeding, 
the size of the nodules increases while their 
number remains unchanged [2]. Simultaneously, 
mitotic control is progressively lost [2, 3]. By 
discontinuing the DENA treatment at various 
times during this second period, a good cor- 
relation is found between the degree of the 
homeostatic control disturbance and the evol- 
ution of the cancerous lesions. During this 
period, the longer the DENA feeding, the 
faster the mitotic control disturbance, the 
triggering of 'autonomous' mitoses and the 
malignant transformation. 

When a 10-weeks DENA feeding is given, 
the response to partial hepatectomy is re- 
duced, as previously shown [3], the nYctohe- 
meral rhythm of mitoses and the chalone 
activity is lost, 'autonomous' mitoses are pre- 
sent and neoplastic growth is already de- 
tected at the end of the treatment. In this 
case, the tumour growth progresses up to 
death at the same rate as it does in con- 
tinuously treated animals [8]. 

It must be pointed out that the different 
successive stages of lesions (foci, neoplastic 
nodules, hepatomas) closely correlate with a 
given degree of disturbance in the mitot ic  
control. The neoplastic growth as well as the 

autonomous cell proliferation in the untrans- 
formed liver tissue occur when the mitotic 
response following partial hepatectomy 
no longer exceeds 5/1000. This observation 
corroborates previous results obtained by 
Rabes and Hartenstein [16]. When the animals 
begin to die" with cancer as determined in 
similar experimental groups [7, 8], mitotic 
response is still lower: about 3/1000. 

These data suggest that 'preneoplastic foci' 
induced during the first step cannot, by them- 
selves, transform into malignant tumours. To 
commit them irreversibly into malignancy, a 
subsequent action of the carcinogen seems 
necessary; it may consist in the irreversible 
breakdown of the mechanisms which control 
the cell homeostasis of normal tissue. 

In this mitotic activity control, an impor- 
tant role is ascribed to the 'chalone effect'. 
Factors released by differentiated cells seem 
able to inhibit the cell division in the same 
tissue [5]. As previously shown [3], this in- 
hibitory effect is demonstrated in normal but 
not in regenerating liver. We had also pre- 
viously shown that this 'chalone activity' de- 
creases during the second month of DENA 
feeding simultaneously with the loss of re- 
sponse to a partial hepatectomy [3]. The 
present results confirm these previous data. In 
addition, they show that changes in the 'cha- 
lone activity' may correlate with the mitotic 
disturbances and the evolution of the pre- 
cancerous lesions. 

The reduction of the 'chalone activity' 
could be one of the factors characterizing the 
'cellular environment' invoked to explain the 
evolution of previously induced preneoplastic 
lesions. 

At the time when activity is decreased, 
preneoplastic foci represent about ~ o J a/o of the 
total liver mass (in preparation). It seems 
doubtful, therefore, that the drop in chalone 
activity could be related to transformed cells 
alone. 

Other experimental results corroborate this 
interpretation. Hepatocytes from 'nodules' de- 
veloped in preneoplastic liver tissue of DENA- 
fed rats are able to proliferate in vitro (where 
chalones are not present) [15]. On the other 
hand, similar 'hyperplastic nodules' transplan- 
ted into normal rats (where hepatic chalone 
activity is normal) are capable of reversion to 
normal hepatic phenotype [17]. More re- 
cently, we have shown that normal liver 
'chalone' added to malignant Reuber's he- 
patoma cells cultivated in vitro inhibits the cell 
proliferation and induces some cell differen- 
tiation [18]. 
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The  second role played by the carcinogen 
in the genesis of  liver cancer  could be the 
breakdown of the 'chalone ' - re la ted hoineo- 
static regulatory mechanisms. 

It  must be kept in mind that this second 
carcinogenic action may also be played by 

noncarcinogenic  substances which stimulate 
the cell growth, such as phenobarb i ta l  [12, 13, 
19, 20]. Experiments  are p lanned in order  to 
see if these substances are also implied in the 
disturbance of  the normal  'chalone '  homeo- 
static regulation. 
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