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Freund ' s  complete  adjuvant, when admin is te red  in the p r e e a n c e r  per iod to Wis ta r  ra t s  by in-  
jection into the p lan ta r  pad, reduces  the r e s i s t ance  of the an imals  to the carc inogenic  action 
of 20-methylcholanthrene.  

The w r i t e r  has  shown that if  F reund ' s  adjuvant was  given 10 days before  or  10 days a f te r  admin i s t r a -  
t ion of the carcinogen,  it acce le ra t ed  t umor  fo rmat ion  in intact  Wis t a r  r a t s  and in s i m i l a r  r a t s  p rev ious ly  
vacc ina ted  with BCG [3]. S imi lar  r e s u l t s  have been obtained in expe r imen t s  to study v i rus  ca rc inogenes i s  
[7]. The phenomenon has  been  provis iona l ly  explained by the development  of auto immune p r o c e s s e s  in 
the body. 

It may be cons idered  that  the immunologic m e c h a n i s m s  of protec t ion  against  t u m o r s  are  manifes ted  
mos t  s t rongly when the t umor  cel ls  a re  jus t  beginning to f o r m  and the tumor  i t se l f  cannot yet  be defined, 
i .e . ,  before  these  mechan i sms  have been suppres sed  by the p r o c e s s  of neoplasia.  It is then that a change in 
the immunologic  s ta tus  of the o rgan i s m  mus t  have the s t ronges t  effect  on i ts  r e s i s t ance  to tumors .  

The object  of this invest igat ion was to study m e c h a n i s m s  of ca rc inogenes i s  with the aid of F reund ' s  
complete  adjuvant. 

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

Exper imen t s  were  c a r r i e d  out on 49 sexual ly ma tu re  Wis ta r  r a t s  aged 8 months. All the animals  r e -  
ceived a subcutaneous injection of 3 mg 20-methylcholanthrene  in apr ico t  oil, in a concentra t ion of 1 mg/0.1  
ml,  into the r ight  thigh. F reund ' s  complete  adjuvant was injected 80 days l a t e r  into 16 ra t s  in a dose of 
0.03 ml into the left  p lan ta r  pad, the same  dose of adjuvant was injected subcutaneously into the left  scap-  
u la r  region,  and 17 animals  were  left  as the control .  During the exper iment ,  some animals  in each group 
were  e l iminated for  va r ious  r easons  as descr ibed  in the analys is  of the resu l t s .  F reund ' s  adjuvant was 
p r e p a r e d  as descr ibed  p rev ious ly  [3]. The t ime  in te rva l  between injections of carc inogen and adjuvant was 
chosen as 80 days because  the acute phase  of the reac t ion  to the adjuvant, taking p lace  13 days af ter  i ts  
injection and continuing for  up to 30 days [10], would then coincide with the p r e c a n c e r  per iod,  assoc ia ted  
with the fo rmat ion  of t umor  cells .  The normal  t ime of appearance  of t u m o r s  in control  an imals  following 
adminis t ra t ion  of the carc inogen by the method desc r ibed  [3], was accepted in this investigation.  

To detec t  t um or s  the animals  were  examined a f te r  3.5, 4.5, 5, 5.5, and 6.5 months.  A t u m o r  was 
cons idered  to have developed at a pa r t i cu l a r  t ime  if the nodule at the sight of injection of the carc inogen  
had attained a s ize  of 5 x5 • mm.  All the t umor s  were  inves t igated histological ly.  

EXPERIMENTAL RESULTS 

A marked inflammatory reaction developed 1-2 h after injection of Freund's adjuvant into the limb of 
the experimental animals. On the 10th-14th day this reaction reached its maximum development, when the 
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Fig. 1. Dynamics of tumor  yield: a) con-  
t ro l  animals;  b) ra ts  receiving adjuvant 
subcutaneously; c) ra ts  receiving adjuvant 
into plantar  pad. Abscissa ,  t ime (in months) ; 
ordinate,  yield of tumors  in re la t ive  units 
(ratio between number  of animals with tu-  
mors  and total number  of ra t s  in c o r r e s -  
ponding group). 

volume of the l imb was increased  by 3-4 t imes  because  of 
of inf lammatory edema and infil tration. An a rea  of sub- 
cutaneous infi l t rat ion ranging in s ize  f rom a lenti l  to a 
hazel  nut was observed  at these t imes  af ter  subcutaneous 
injection of the adjuvant. 

Po lyar th r i t i s  developed only in animals receiving the 
adjuvant by injection into the plantar  pad. The po lya r th r i -  
t is  was noted on the 14th day in 4 animals,  and af ter  1 
month in 8 of the 16 ra ts  of this group. 

No tumor  was observed  3 months a f te r  inject ion of 
the carc inogen in any of the ra t s  of the control  or  expe r i -  
mental  groups.  The f i r s t  tumor  appeared af ter  3.5 months 
(Fig. 1). In ra t s  receiving adjuvant into the p lantar  pad, 
a significantly higher  yield of tumors  was found af ter  5.5 
months (P < 0.01). At other  t imes ,  d i f fe rences  between the 
yield of tumors  in the groups of animals receiving adjuvant 
into the plantar  pad, and at all t imes  in the group of ani-  
mals receiving adjuvant subcutaneously into the scapular  
region, compared  with the control  animals were not s ta t i s -  
t ical ly significant (P > 0.05). 

No s ta t is t ica l ly  significant co r re la t ion  could be found between the development  of po lyar th r i t i s  by 
the animals and lowering of the i r  res i s tance  to tumors  in the group of ra t s  receiving adjuvant into the 
plantar  pad. 

Histological  examination of tumors  developing in animals receiving adjuvant into the plantar  pad 
revealed  a shift toward malignancy compared  with the tumor  in the control  animals.  Po lymorphoce l lu la r  
sa rcomas  were predominant  in the fo rmer ,  and spindle-cel l  or  spindle-cel l  tumors  with po lymorphism in 
the la t ter .  In the number  of malignant forms ,  tumors  developing in animals receiving adjuvant subcuta-  
neously occupied an in termedia te  position. 

The resu l t s  indicate that af ter  injection of Freund ' s  complete adjuvant into the plantar  pad, res i s tance  
to growth of tumors  is reduced in the p r e c a n c e r  period.  

These  resul t s ,  like those obtained af ter  injection of the adjuvant into the p lantar  pad 10-12 days be -  
fore  administrat ion of the carcinogen [3], can be explained by changes in reac t iv i ty  toward predominance  
of autoimmune p roces ses .  Investigations have shown that Freund 's  complete adjuvant, even if given with- 
out endogenous t i ssues ,  gives r i se  to such changes in react iv i ty  [2, 5, 6, 8, 9]. On the other  hand, the in-  
c r e a se  in content of autoantibodies against the body's  own t i ssues  may evidently lower  the i r  r e s i s t ance  to 
carcinogenic  action. This is conf i rmed by resu l t s  obtained by Grachenova and Bersh te in  [4], who observed  
a dec rease  in res i s t ance  of the corresponding organs to growth of tumors  af ter  t r ea tmen t  with specif ic  
organotropic se rum.  

After subsutaneous administrat ion of adjuvant, the inc rease  in antibody content is l ess  marked  than 
af ter  i ts adminis t ra t ion in other  ways [11]. The possibi l i ty  is the re fo re  not ruled out that the absence of 
a significant inc rease  in tumor  yield in the p resen t  exper iments  in ra ts  receiving adjuvant subcutaneously 
into the scapular  region may be explained by inadequate st imulation of autoantibody formation.  

It can be assumed that changes in reac t iv i ty  following adminis t ra t ion of Freund ' s  complete  adjuvant, 
which are  genera l ly  considered to promote  increased  res i s t ance  to tumor  development  (for example,  by 
stimulating macrophagal  and lymphoid responses  [1, 12]) are in competi t ion with changes in reac t iv i ty  p r o -  
moting a de c r e a se  in res i s t ance  (autoimmune processes ) .  Under the conditions of the p r e sen t  investigation, 
the effect  of the l a t t e r  is predominant .  
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