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The effect of adhesive factor  (AF), urethane, and a combination of both on the mechanical  prop-  
e r t ies  of the lung tissue, as ref lected in isolation of the nuclei during a standard dispers ion 
procedure,  and on induction of adenomas was investigated. Doses of AF abolishing the p r imary  
action of urethane on the mechanical  proper t ies  of the tissue were found to significantly reduce 
the frequency of adenoma formation.  La rge r  doses of AF, with the opposite action on the m e -  
chanical proper t ies  of the tissue, did not abolish the p r imary  effect of urethane and did not reduce 
the frequency of adenoma formation.  
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The prevention of tumors can develop in two fundamental directions: the discovery of carcinogenic fac- 
tors and their removal from the human environment and the increase of individual resistance to carcinogenic 
agents. The first of these directions already rests on a solid basis [5], whereas the second is in the stage of 
primary research. The present stage is basically one of determining the control systems at the cell, tissue, 
and organism level to which action must be directed in order to increase the resistance of the organism to 
carcinogenic factors. 

In the investigation described below the effect of a factor with the property of producing a tissue-specific 
increase in the strength and stability of intercellular contacts (IC) [6] on the induction of adenomas of the 
lungs was investigated. The following facts served as the basis for this investigation: 1) Reduction of the 
strength and stability of IC is a characteristic feature of tumor development [ i, 7, 8] ; 2) the probability of 
development of spontaneous tumors is inversely proportional to the :,trength of IC in the given tissue in animals 
of different strains [ 2] ; 3) weakening of IC in the target tissue is one of the earliest signs of the action of a 
carcinogen on that tissue [4]. The aim was to discover whether, by affecting the strength of IC in the lungs at 
the moment of administration of a carcinogen (urethane), the frequency of development of adenomas of the lung 
can be altered. 

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

To isolate pulmonary adhesive factor  (AF) mice of s t rain A aged 3-5 months were used; the method was 
that descr ibed previously [ 3] and only the tempera ture  conditions were modified. The tissue was incubated at 
20~ and all subsequent operations were p e r f o r m e d  at 4~ The solutions of AF were s ter i l ized by passing 
them through a glass  fil ter G5 with the aid of a water  pump. 
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F ig .  1. Isolat ion of nuclei  f rom lung t i s sue  6 h af ter  inject ion of 
var ious  doses  of AF.  Standard  e r r o r s  of means  shown. A b s c i s s a ,  
dose of AF (in conventional  units);  ord ina te ,  number  of nuclei  
(• t03) i so la ted  f rom 1 mg lung t i ssue  dur ing  s t anda rd  d i s p e r s i o n  
p rocedure .  

Act iv i ty  of AF was e s t i m a t e d  f rom its effect  on i so la t ion  of nuclei  f rom the lung t i ssue  during d i spe r s ion .  
AF in 0.3 ml of E a r l e '  s solut ion was in jec ted  i n t r a p e r i t o n e a l l y  into the mice .  The mice  were  k i l led  af ter  v a r i -  
ous t ime  in t e rva l s  and p ieces  of t i s sue  (at l e a s t  five) we re  exc i sed  f rom the lungs ;  each p iece  was weighed on 
t o r s i on  s ca l e s  and d i s p e r s e d  in a P o t t e r ' s  g l a s s  homogenize r  with pes t le  c l e a r a n c e  of 50 ~ in E a r l e ' s  solut ion 
conta ining 0.1~ Trypan  Blue. The number  of i so la ted  nuclei  was counted in a Goryaev  chamber .  The r e s u l t s  
were  e x p r e s s e d  as the number  of nucle i  i so la ted  f rom 1 mg t i ssue .  The act ion of urethane and the combined 
act ion of ure thane and AF were  a s s e s s e d  in a s i m i l a r  way. 

The effect  of AF on induction of adenomas  of the lungs with ure thane  was s tudied in mice  of s t r a in  A weigh-  
ing 17-22 g. Urethane in a dose of 10 ml  in 0.2 ml  of E a r l e ' s  solut ion was injected subcutaneously  and d i f f e r -  
ent doses  of AF in 0.3 ml of Ear le~s  solut ion were  injected i n t r ape r i t onea l l y .  In the co r r e spond ing  con t ro l s  
E a r l e ' s  solut ion alone was injected ins tead of ure thane  and AF.  The mice  were  k i l l ed  110-119 days  af te r  the 
beginning of the expe r imen t .  The lungs were  fixed in 10% formal in .  The number  of adenomas  v is ib le  with the 
unaided eye on the su r face  of each lobe of the lung was counted in the fixed m a t e r i a l .  In e x p e r i m e n t s  in which 
four in jec t ions  were  giveri the dose of ure thane was 5 mg per  mouse;  in jec t ions  were  given da i ly  and the mice  

were  k i l l ed  on the 90th day of the expe r imen t .  

EXPERINIENTAL RESULTS 

AF caused a maximal change in the degree of isolation of the nuclei from the lung tissue 6 h after injec- 

tion. The magnitude and direction of its action depended on the dose of AP (Fig. I). 

It will be clear from Fig. 1 that there are two distinct regions of AF doses: Lowdoses caused a decrease 

in isolation of nuclei (the "direct" action), whereas high doses increased it ("reverse" action). Both actions 

were significant (P < 0.001). The switch from "direct" to "reversed" effects took place within a very narrow 

range of doses .  

In this inves t iga t ion  AF (before s t e r i l i za t ion )  had a "d i rec t "  action in doses  of 10~ -7 m g / g  and a 
" r e v e r s e d "  act ion in doses  of 10-~-I0 -5 mg /g .  After  s t e r i l i z a t i o n  of AF in doses  of i0-~-10 -5 m g / g  it no longer 
had a " r e v e r s e d "  but a "d i rec t "  action.  Dur ing  s t e r i l i z a t i o n  pa r t i a l  inact ivat ion of AF evident ly  took place.  
Changes in the degree  of i so la t ion  of nuclei  with t ime dur ing  the action of AF in doses  giving a "d i rec t "  and 
" r e v e r s e d "  action are  shown by the cu rves  in Fig .  2. Under the influence of urethane the degree  of i so la t ion  of 
the nuclei  dur ing the f i r s t  24 h was g rea t ly  inc reased .  Doses  of AF with a "d i rec t "  act ion a lmos t  comple te ly  
p reven ted  the i nc rea se  in l i be ra t ion  of nuclei  obse rved  following the action of ure thane .  When urethane was 
in jec ted  together  with AF in doses  giving a " r e v e r s e d "  act ion the degree  of i so la t ion  of the nuclei  dur ing the 
f i r s t  10 h was about the same  as following ure thane alone. La te r  the degree  of i so la t ion  of the nuclei  d e c r e a s e d  

(Fig. 2). 

The effect of AF on induction of adenomas of the lungs with urethane is shown in Table i. No difference 

in the induction of adenomas in males and females was found and for that reason the sex of the animals is not 
shown in the Table. In some experiments (Nos. 2, 3, 5, and 7) the frequency of formation of adenomas induced 
by urethane decreased under the influence of AF. This action of AF was found within the range of doses giving 

"direct" effect. A significant increase in the frequency of adenoma formation was observed chiefly following 

the action of smaller doses from this range. In doses near the upper limits of this range, AF sometimes had 
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F i g .  2. E f f e c t  of A F ,  u r e t h a n e ,  and  a c o m b i n a t i o n  of b o t h  on i s o l a t i o n  of n u c l e i  f r o m  lung 

t i s s u e :  1) i s o l a t i o n  of  n u c l e i  in c o n t r o l  a f t e r  i n j e c t i o n  of E a r l e ' s  s o l u t i o n ;  2) e f f e c t  of i n -  

j e c t i o n  of u r e t h a n e  in  a d o s e  of  0 .5  n a g / g ;  3) a c t i o n  of A F  in d o s e s  p r o d u c i n g  " d i r e c t "  (A) 

and  " r e v e r s e "  (B) e f f e c t ;  4) c o m b i n e d  a c t i o n  of u r e t h a n e  and  A F .  S t a n d a r d  e r r o r s  of 

m e a n s  s h o w n .  A b s c i s s a ,  t i m e  a f t e r  i n j e c t i o n  of t e s t  a g e n t s  (in h) ;  o r d i n a t e ,  n u m b e r  of 

n u c l e i  (• 10 3) i s o l a t e d  f r o m  1 m g  lung  t i s s u e  d u r i n g  d i s p e r s i o n .  

T A B L E  1. E f f e c t  of P u l m o n a r y  A F  on I n d u c t i o n  of A d e n o m a s  of the  L u n g s  w i t h  U r e t h a n e  

Expt. Dose of AF, 
No. Administration of mg/g 

Urethane z 
U rethane z + AF4 I 0- ~ 

1 Eafle's solution 
AL~ 10-~ 
Urethane 2 
Urethane z ~ AF 4 1 O- 6 

�9 2 Earle's solution 
AF 4 10-6 
Urethane 2 

3 Urethane ~ + AF 4 10- 6 
U mthane z + AF 4 I 0- : 
U rethane z 
Uretkane 2. + 5F s I 0 -~ 

4 s SOlUtion 
AF s 10 -4 i 

U rethane~ 
U rethane" + AF ~ 10 -5 

5 Eafle's solution 
AF s 10 -s  
UrethanJ 

6 Urethane 3 + AF 4 10 -~ 
AF a 10 -a 
Urethane 3 
U rethane 3_ + AF 5 10 -~ 

7 I Urethane 3 +AF 5 10-5 

A~5 10 -~ 
10-~ 

1 In e x p e r i m e n t s  N o s .  1 - 5  u r e t h a n e  and  

iAction of [Number of 
AF on isola-lmice in 
tion of nu- [group 
clei 

28 
52 

Reversed 18 
I7 

22 
16 

Direct 16 
19 
31 

Direct 31 
35 
16 
30 

Direct 27 
24 

I 28 
36 

Direct 30 
27 

22 
Reversed 31 

18 
33 
30 

Direct 31 
24 
26] 

% of mice Mean num- 
]with ade- ber of ade- 
nomas nomas per 

mouse 

100 6,4 
100 6,35 
19 0,19 
18 0,18 

100 5,95 
81 2,6 
19 0,19 
26 0,26 

1 O0 5,25 
88 3,8 
83 3,1 

100 5,7 
93 5,2 
28 0,29 
29 0,29 

100 5,9 
75 2,6 
20 0,2 
15 0,15 

100 11,2 
100 15,7 
22 0,28 

i00 14,8 
100 9,3 
100 8,4 

8 0,08 
11,5 0,11 

AC w e r e  i n j e c t e d  o n c e  s i m u l t a n e o u s l y ,  
m e n t s  N o s .  6 and  7 s i m u l t a n e o u s l y  on 4 c o n s e c u t i v e  d a y s .  

2 D o s e  of u r e t h a n e  0 .5  m g / g  b o d y  w e i g h t .  

3 D o s e  of  u r e t h a n e  0 .25  m g / g .  

4 A F  b e f o r e  s t e r i l i z a t i o n .  

5AF a f t e r  s t e r i l i z a t i o n .  

<O,OOl 

>0,05 

>0,05 
<021 

>0,0~ 

<O.OOI 

<0,05 

<0,01 
<0,00; 

in e x p e r i -  

1 1 5 1  



no ef fec t  on the f requency of adenoma format ion  (exper iment  No. 4). Doses  giving the " r e v e r s e d "  effect  (Fig. 
2B) e i ther  did not affect  the f requency of adenoma fo rmat ion  (exper iment  No. 1) or actual ly  inc reased  it a li t t le 
( exper iment  No. 6). 

In the p r e se n t  expe r imen t s  the affect  of AF on IC was judged only with the aid of an indi rec t  c r i t e r i o n -  
the number  of nuclei isolated during d i spe r s ion  of the t i ssue.  However,  it was shown prev ious ly  that  this  index 
c o r r e l a t e s  very  c lose ly  with m o r e  d i r ec t  c h a r a c t e r i s t i c s  of IC such as the magnitude of the cohesive force  
m e a s u r e d  by means  of a mic roman ipu la to r  and the number  of cel ls  isolated during mild d i spe r s ion  [6].  

The increase  in the number  of nuclei isolated following the action of urethane is evidently connected with 
weakening of the cell  m e m b r a n e s  and IC and is one of the e a r l i e s t  mani fes ta t ions  of the action of urethane on 
lung t issue.  In doses  abolishing this effect  of urethane,  AF reduces  the f requency of adenoma format ion.  This  
co r r e l a t i on  conf i rms  the view that e a r l y  changes in IC play a pathogenetic ro le  in adenoma format ion.  How- 
ever ,  this re la t ionsh ip  is not s imple .  The p r i m a r y  effect  of ure thane is abolished a lmos t  comple te ly  by injec-  
tion of AF, whereas  the f requency of adenoma format ion  is reduced approx imate ly  by half. This indicates that 
the changes induced by ure thane  in the t issue and observed  in the p re sen t  expe r imen t s  are  not e ssen t i a l  for 
adenoma induction, although they may  perhaps  inc rease  the likelihood of this p roce s s .  
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