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The kinet ics  of  the pa s s age  of  ce l l s  in the mouse  ep ide rmis  into the phase  of DNA synthes is  
during the 24 h a f t e r  s t imulat ion with proton oil was studied. Application of 7 ,12-d imethy l -  
benzan thracene ,  3 ,4 -benzpyrene ,  o r  u re thane  5 weeks before  croton oil  s t imulat ion was found 
to a c c e l e r a t e  the pas sage  of the cel ls  into the S-phase.  In the s tage of init iation of c a r c ino -  
genes is  the sens i t iv i ty  of  cel ls  of the ep ide rmis  to the action of fac tors  s t imulat ing DNA 
synthes is  is inc reased .  

The kinet ics  of s t imulat ion of DNA synthes is  by ac t iva to rs  of ca rc inogenes i s  (Tween-60, Croton off) 
p rov ides  a method of dis t inguishing init iated f r o m  no rma l  ep ide rmis  [1, 2]. 

In this invest igat ion the kinet ics  of s t imulat ion of  DNA synthes is  in init iated ep ide rmi s  was studied in 
m o r e  deta i l :  s ev e r a l  init iat ing agents  we re  used,  and the re la t ionship  between effect  and concentra t ion of 
ac t iva to r  and the kinet ics  of  pa s s age  of the cel ls  into the phase  of DNA synthes is  we re  studied. 

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

Male C3HA m i c e  aged about 3 months we re  used.  A s ta te  of init iation was  induced by the applicat ion 
of two drops  of a 1.5% solution of 7 ,12-d imethylbenzanthracene  (DMBA) in mine ra l  oil (about 600 pg DMBA), 
150 pg 3 ,4 -benzpyrene  in 0.1 ml  acetone ,  o r  120 mg  ure thane  in acetone to the shaved skin of  the i n t r a scapu -  
l a r  region.  The u re thane  was applied 18 h a f t e r  appl icat ion of the 0.5% solution of croton oil in acetone,  b e -  
cause  p r e l i m i n a r y  applicat ion of croton oil cons iderab ly  intensif ies the inducing action of u re thane  [4]. Mice 
to whose shaved skin the solvents  (mineral  oil o r  acetone) were  applied acted as the control .  The skin of 
some  m i c e  was painted with an acetone solution of the noncarcinogenic  hydrocarbon  anthracene .  

Five days a f t e r  these  p r e l i m i n a r y  p rocedu re s  the s ame  a r ea  of skin was again shaved and t r ea t edwi th  
0.02, 0.1, or  0.5% solutions of  croton oil in acetone.  Thymidine-H 3 (specific act ivi ty  for Ci /mmole)  was in-  
jected in t raper i tonea l ly  in a dose  of 1 p C i / g  body weight every  4 h 6 o r  7 t imes  {the f i r s t  injection was given 
at the s a m e  t ime  as the applicat ion of croton oil). The skin was fixed 1 h a f t e r  each injection (except the 
1st and 2nd) in 4 mice .  Mice rece iv ing  the p r e l i m i n a r y  t r ea tmen t  but not the subsequent  applicat ion of c r o -  
ton oil r ece ived  5 inject ions of  thymid ine-H 3 eve ry  6 h. The technique of p repa r ing  and counting the au to-  
r ad iographs  of the e p i d e r m i s  was desc r ibed  p rev ious ly  [1, 2]. 

EXPERIMENTAL RESULTS 

The pa s sag e  of the ce l l s  into the phase  of DNA synthes is  in ep ide rmis  init iated by DMBA, 3 ,4 -benz-  
py rene ,  and ure thane  and in no rma l  e p i d e r m i s  (application of the solvents)  was  studied 5 weeks a f t e r  these  
p rocedures .  With the lapse  of  this t ime  all  poss ib le  changes of p ro l i f e ra t ive  act ivi ty  in r e sponse  to the 
ha rmfu l  action of the in i t ia tors  should have  d i sappea red  and only the s table  changes connected with init iation 
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Fig. I .  Labeling index of basal cells of the 
epidermis 5 weeks  after application of  1.5% 
DMBA in mineral  oil (1) or of mineral  oil  
alone (2). Absc i s sa ,  t ime (in h) after f irst  
injection of thymidine-H~; ordinate, percent-  
age of labeled ce l l s  after injection of  thy-  
midine-H 3 every  6 h. 

should still have been present  in the t i ssue.  In fact, 5 
weeks  after initiation with DMBA the passage of the 
ce l l s  into the S-phase in the course  of  24 h was identical 
in the normal  and induced epidermis  (Fig. 1). Conse-  
quently, proliferative activity in the initiated epidermis  
was unchanged at that t ime. 

A sharp difference between the normal and initia- 
ted epidermis was observed on determination of pas -  
sage into the S-phase after stimulation with croton oil. 
With three different concentrations of croton oil  the 
labelling index of the basal ce l l s  increased much faster 
in the epidermis initiated by DMBA than in the control 
(Fig. 2). At each t ime studied for 20-24 h after s t imu-  

lation with croton oi l ,  many more  ce l ls  in the initiated epidermis passed into the S-phase. The greatest  
differences between the initiated and normal  epidermis  were  observed after application of  0.1% croton oil.  

The mean t ime between the action of  the stimulating factor (croton oil) and transition into the S-phase 
was thus much shorter after initiation. The effect of initiation was most  c learly  marked in the f irst  12-20 h 
after stimulation. Later,  as was shown previously ,  all the cel ls  of the basal layer  in the initiated and normal 
epidermis  enter the S-phase identically [1, 2]. 

The increase  in labeling index of the differentiated cel ls  also took place much faster in epidermis ini-  
tiated by DMBA than in the normal epidermis  (Fig. 3). In the initiated epidermis ,  after application of  0.02 
and 0.1% croton oi l ,  labeled differentiated cel ls  were  found at t imes  when none had yet appeared in the nor-  
mal epidermis .  
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Fig. 2. Effect of application of various concentrations of croton oil on labeling index of basal 
cells of the epidermis 5 weeks after application of 1.5% DMBA in mineral oil (I) or of mineral 
oil alone (2). Abscissa, time (in h) after application of croton oil: 0.02% (A), 0.1% (B), 0.5% 
(C); ordinate, percentage of labeled basal cells after injection of thyrnidine-H 3 every 4 h. 

Fig. 3. Effect of application of various concentrations of croton oil on labeling index of differ- 
entiated cells of the epidermis 5 weeks after application of 1.5% DMBA in mineral oil (i) and 
of mineral oil alone (2). Abscissa, time (in h) after application of croton oil: 0.02% (A), 0.1% 
(]3), 0.5% (C); ordinate, percentage of labeled differentiated cells after injection of thymidine- 
H 3 every 4 h. 
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TABLE 1. Labeling Index in Epidermis at Various Times af ter  
Application of 0.1% Croton Oil 

PrelimXnary treat- 
ment* 

Acetone 
Anthracene 150 lag 

Croton oil 0.5% 
Croton oil 0.5%; 

urethane 120 mg 
18 h later 

3,4- ~enzpyrene 150 
�9 p g  

Labeling index of basal cells (in %) J" 

oh 

3,6-+0,1 
4,3+-0,6 

4,2-+0,4 

5,8+--0,45 
4,8----0,85 

1,2 h 

17,0-+ 1,0 
14,4+-4,7 

15,5-+ 3,9 

25,1"-2,35 
29,9----- 1,85 

[6h 

33,5----- 2,2 
27,8-+2,0 

35,5-----0,8 

48,7-+ 2,7~ t 
47,2--- + 1,5~t 

20 h 

46,3----- 2,4 
57,9----- 4,3 

62,2-----3,4:~ 

75,9----- 2,0 $ 
79,2-+5,8fg 

Labeling 
index of dif- 
ferentiated : 

I cells (in %) 

1 Tog 
1,3-+0,2 
2,4-+0,6 

2,3+-0,5 

4,4--+0,25 
5,9-- + 1,5 $ 

*Application to in terscapular  skin of mice 5 weeks before  appli-  
cation of 0.1% croton oil :  of anthracene,  3 ,4-benzpyrene,  and 
croton oil - i n  0.1 ml acetone,  of urethane twice in doses of 60 
mg in 0.2 ml acetone at an interval  of 15 rain. 

Thymidine-H 3 injected simultaneously with application of 0.1% 
croton oil and then every  4 h. Fixation 1 h af ter  las t  injection. 
Time between application of 0.1% croton oil and subsequent in- 
jection of thymidine-H 3 indicated in Table. In the group "O h" 
fixation ca r r i ed  out 1 h af ter  a single injection of thymidine-H 3 
without application of croton oil. 
$ Difference f rom control  (acetone) s ta t is t ical ly  significant 
(P < 0.05). 

The effect of  different  ini t iators  and other  agents was studied in conjunction with st imulation by 0.1% 
croton oil for the action of DMBA was exhibited mos t  c lear ly  with this concentrat ion.  Of the pre l iminary  
t rea tments  listed in Table 1 only 3 ,4-benzpyrene and urethane,  as ini t iators ,  acce lera ted  the passage of the 
basal cells  into the S-phase in the ear ly  periods and led to an increase  in the labeling index of  the d i f feren-  
t iated cells  compared  with the control  (acetone). 

The accelera t ion  of the passage of cells into the S-phase during st imulation was thus observed after  
the various ini t ia tors ,  both polycyclic  hydrocarbons  that a re  complete carcinogens,  and of urethane which 
has only inducing activi ty for mouse epidermis .  

Consequently, this effect co r re l a t e s  with the state of initiation and it can probably be used as an indi- 
ca tor  of this state and as a tes t  for screening init iators.  However, for a final conclusion it will be n e c e s s a r y  
to study many init iators and use mice of lines suspersens i t ive  to two-s tage  carc inogenes is ,  of the STS type. 

Various fac tors  stimulating DNA synthesis ,  including croton oil,  evidently act by activating genes [3, 
5]. Since the state of initiation in carc inogenes is  is an inherited change in the cells this change most  prob-  
ably involves a gene [6]. Accelerat ion of the passage of cells into the phase of DNA synthesis  in initiated 
epidermis  may perhaps ref lec t  a change in the genetic apparatus of the cell increas ing  the sensit ivity of 
the genome to the action of st imulating factors .  

The authors a re  grateful  to Academician N. M. Emanuel '  and P ro fesso r  L. P. Lipchina for their  in-  
t e res t  in the investigation and for d iscuss ing  the resul ts .  
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