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Copper Acetate as an Accelerator 
in Mouse Skin Carcinogenesis by 
9,10- Dimethyl-  1,2-benzanthracene 

In  a p rev ious  paper ,  i t  was  s h o w n  b y  FARE a t h a t  mice 
p a i n t e d  w i t h  0 .05% 9 , 1 0 - d i m e t h y l - l , 2 - b e n z a n t h r a c e n e  
(DMBA,  new n o m e n c l a t u r e  7, 12 -d ime thy l -benz - (a ) -an -  
t h r a c e n e )  + 0.15 % cupr ic  o x y a c e t a t e  h e x a h y d r a t e  (Cu Ac) 
gave  a s ign i f i can t ly  h i g h e r  t u m o u r  inc idence  t h a n  d id  
0 .05% D M B A  alone,  w h e n  ace t one  was used as the  sol- 
ven t .  

The  e x p e r i m e n t s  descr ibed  here  were car r ied  ou t  to  
enqu i r e  in to  possible  m e c h a n i s m s  for th i s  e n h a n c e m e n t ,  
a n d  in p a r t i c u l a r  to  a s c e r t a i n  w h e t h e r  CuAc in a ce t one  
was  a ca rc inogen  pe r  se a n d  w h e t h e r  i t  h a d  a n y  ' i n i t i a t i n g '  
or  ' p r o m o t i n g '  ac t ion ,  as genera l ly  u n d e r s t o o d  b y  t h e  
t e r m s  (e.g. as  used  b y  ~VALPOLE 2 a n d  SALAMAN a n d  
ROES), on  D M B A  carcinogenesis .  

t~lan o[ experiments. 325 male  wh i t e  mice  were used, 
aged  10-14 weeks,  t a k e n  f rom our  o u t - b r e d  s tock  in a 
closed colony.  Fema les  were  no t  used because  of t he i r  
p r ed i spos i t i on  to  b r e a s t  cancer ,  p a r t i c u l a r l y  w h e n  t r e a t e d  
w i t h  D M B A .  T h e  mice  were r a n d o m i z e d  b y  a two- s t age  
process,  f i r s t ly  b y  h u m a n  se lec t ion f rom a pool  a n d  t h e n  
b y  b l i nd  se lec t ion us ing  a m e c h a n i c a l  device,  a n d  were 
housed  in boxes  of five. P r o p r i e t a r y  cube  feed a n d  
d r i n k i n g  w a t e r  were ava i l ab le  ad  l ib i tum.  

A n a l a r  ace tone  (Hopk in  a n d  Wil l iams)  was redis t i l led,  
a n d  D M B A  ( E a s t m a n  Kodak) ,  c ro ton  oil (BPC)  a n d  
CuAc ( H o p k i n  a n d  Wil l iams)  were used  w i t h o u t  pur i f ica -  
t i on  a t  c o n c e n t r a t i o n s  of 0.05, 0.2, a n d  0 .15% respec-  
t i ve ly  in t he  redis t i l led  ace tone .  Twice weekly  appl ica-  
t ions  of 0.2 ml  b e t w e e n  t he  scapu lae  were app l ied  to the  
seven  g roups  s h o w n  in t h e  Table .  A t  no  t ime  was  more  
t h a n  one  chemica l  app l ied  s i m u l t a n e o u s l y  in t he  acetone,  
Cro ton  oil  was  used  as a s t a n d a r d  ' p r o m o t i n g '  agent .  

T e n  mice  f rom each  g roup  were  ki l led in pa i r s  a t  
va r i ous  t i m e s  as a p p r o p r i a t e ,  b u t  a lways  m i d w a y  b e t w e e n  
t h e  two  week ly  pa in t i ngs .  T h u s  a pa i r  ki l led a f t e r  '3 weeks '  
would  h a v e  rece ived  5 appl ica t ions .  Dorsa l  sk in  w i t h i n  t h e  
p a i n t i n g  a rea  was  r e m o v e d  and  p r o t e i n  b o u n d  copper  a n d  
h y d r o c a r b o n  were d e t e r m i n e d  as descr ibed  b y  FARE. T he  
mice to  be  ki l led a t  a n y  one t i m e  were aga in  se lec ted  b y  a 
r a n d o m  t e c h n i q u e .  

T h e  r e m a i n i n g  mice  in  each  g roup  were  used to  assess 
t he  ca rc inogenic i t i es  of the  va r ious  t r e a t m e n t s .  T h e y  were 
cons ide red  to be  ' t u m o u r - b e a r i n g '  or  ' n o r m a l ' ,  a n d  no  
a c c o u n t  was  t a k e n  of t he  seve ra l  o t h e r  p a r a m e t e r s  such  
as t h e  n u m b e r  of t u m o u r s  p roduced ,  t h e i r  h i s to logica l  
appea rance ,  size, r a t e  of g rowth ,  a n a t o m i c a l  d i s t r ibu -  
t ion  e tc .  

Carcinogenicity o[ CuAc (Experiment t). No t u m o u r s  
were  f o u n d  in  t h e  mice  p a i n t e d  t h r o u g h o u t  w i t h  coppe r  
a c e t a t e  w h e n  t h e  su rv ivo r s  were  ki l led a f t e r  70 weeks  
t r e a t m e n t .  P r o t e i n  b o u n d  coppe r  rose to 85/~g/g  p r o t e i n  
n i t r ogen  w h e n  t he  t h i r d  pa i r  were ki l led for a s say  a f t e r  
8 weeks '  t r e a t m e n t ,  a n d  i t  r e m a i n e d  a t  t h i s  level  for  the  
r e m a i n d e r  of t he  e x p e r i m e n t .  

Promoting activity (Experiments 2-4). Afte r  a n  in i t i a l  
t r e a t m e n t  w i t h  D M B A ,  four  100 /zg app l ica t ions ,  t r e a t -  
m e n t  w i t h  CuAc d id  n o t  give a n y  g r e a t e r  t u m o u r  inci-  
dence  t h a n  d id  p a i n t i n g  w i t h  ace tone .  B y  t he  s e v e n t i e t h  
week, 7 mice ou t  of 40 h a d  deve loped  t u m o u r s  (ace tone  
t r ea t ed )  a n d  8 ou t  of 40 (CuAc t r ea ted ) .  Cro ton  oil gave  
e n h a n c e d  t u m o u r  p roduc t ion ,  17 o u t  of 40, a n d  t he  ;¢z t e s t  
showed  s igni f icance  a t  t he  5% level.  Sk in  p r o t e i n  b o u n d  
copper ,  m e a s u r e d  a t  t h e  s t a r t  of a n d  a f t e r  1, 2, 3, a n d  4 
weeks '  coppe r  t r e a t m e n t ,  gave  c o m p a r a b l e  va lues  to  
those  o b t a i n e d  f rom the  f i r s t  two  pa i rs  of mice  ki l led in 

e x p e r i m e n t  1. In  o t h e r  words,  p r e t r e a t m e n t  w i t h  D M B A  
did  n o t  a f fec t  t h e  r a t e  of c o p p e r  b i n d i n g  w h e n  CuAc was  
g iven  s u b s e q u e n t l y .  T h e r e  were no  d i f ferences  b e t w e e n  
groups  2, 3, a n d  4 as r ega rds  mice wh ich  died  w i t h o u t  
p roduc ing  t u m o u r s  (8, 6, a n d  7 mice respect ive ly) .  

B o u n d  h y d r o c a r b o n  (measu red  f luor imet r ica l ly ,  a n d  
expressed  as D M B A )  is g iven  in F igu re  1. The re  was  
c lear ly  no  d i f ference  in t h e  r a t e  of d e c a y  of sk in  p r o t e i n  
b o u n d  h y d r o c a r b o n ,  a n d  t h e  t u m o u r  inc idences  o b t a i n e d  
in these  t h r e e  e x p e r i m e n t s  do no t  t he re fo re  a p p e a r  to  
cor re la te  w i t h  the  pe r s i s t ence  of p r o t e i n  b o u n d  h y d r o -  
c a r b o n  in t he  skin. 

The  c ro ton  oil e x p e r i m e n t  d id  ind ica te ,  however ,  t h a t  
t he  mice used  in our  e x p e r i m e n t s  r e sponded  to a k n o w n  
' p r o m o t i n g '  a g e n t  in t he  expec ted  m a n n e r .  

Initiating activity (Experiments 5-7). Mice p a i n t e d  w i t h  
the  coppe r  so lu t ion  for 10 weeks a n d  t h e n  w i t h  D M B A  
gave  a t u m o u r  yield w h i c h  was h igher  t h a n  t h a t  w h i c h  

The various treatments 

Experiment No. of mice Treatment 

1 45 
2 50 
3 50 
4 50 
5 45 
6 45 

7 40 

CuAc throughout 
2 weeks' DMBA, then CuAe 
2 weeks' DMBA, then croton oil 
2 weeks' DMBA, then acetone 
10 weeks' CuAc, then DMBA 
10 weeks' CuAc~ 5 weeks' acetone, 
then DMBA 
I0 weeks' acetone, then DMBA 

Experiment 1 was a carcinogenicity test, experiments 2-4 'promotion' 
tests, and experiments 5-7 'initiation' tests. All surviving mice were 
killed after 70 weeks' treatment. 
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Fig. 1. Skin protein bound hydrocarbon, expressed as / tg  DMBA 
per 100 mg nitrogen, resulting from treatment With DMBA for 2 

weeks followed by CuAc (o), croton oil ( I ) ,  and acetone (*). 
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re su l t ed  w h e n  ace tone  was p a i n t e d  for 10 weeks fol lowed 
b y  t h e  carc inogen.  The  n u m b e r  of t u m o u r - b e a r i n g  mice  
a f t e r  12 weeks '  h y d r o c a r b o n  app l i c a t i on  was 18 o u t  of 35 
(copper  p r e t r e a t m e n t )  a n d  8 ou t  of 30 (ace tone  pre-  
t r e a t m e n t ) .  The  Z~ t e s t  showed  s igni f icance  a t  t he  5% 
level.  W h e n  the  copper  p r e t r e a t m e n t  was  fol lowed b y  5 
weeks '  ace tone  t r e a t m e n t  before  t he  h y d r o c a r b o n  was 
appl ied,  the re  was no  such  e n h a n c e m e n t  of t u m o u r  yield 
(13 ou t  Of 35 a f t e r  12 weeks '  D M B A  t r e a t m e n t ,  n o t  sig- 
n i f i can t  a t  t he  5% level).  Assays  s h o w e d  t h a t  the  decrease  
in p ro te in  b o u n d  coppe r  in  the  skin  a f t e r  t he  in i t i a l  CuAc 
t r e a t m e n t  was  i n d e p e n d e n t  of s u b s e q u e n t  t r e a t m e n t ,  
w h e t h e r  w i t h  D M B A  d i r ec t ly  or by  D M B A  a f t e r  a n  in te r -  
v e n i n g  pe r iod  of acetQne. H y d r o c a r b o n  b i n d i n g  occu r red  
more  read i ly  a f t e r  t he  i n t e r v e n i n g  ace tone  t r e a t m e n t  t h a n  
i t  d id  w h e n  D M B A  app l i c a t i ons  fol lowed d i r ec t ly  a f t e r  t h e  
coppe r  t r e a t m e n t  (Figure  2). I t  will be  seen  f rom t h i s  
F igure  t h a t  in  e x p e r i m e n t  6, a s ingle app l i c a t i on  of 
D M B A  sufficed to give a v i r t u a l l y  iden t i ca l  va lue  to t h a t  
r e su l t i ng  f rom th ree  app l i c a t i ons  u n d e r  t he  cond i t i ons  of 
e x p e r i m e n t  5. 
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Fig. 2. Skin protein bound hydrocarbon, expressed as #g DMBA 
per 100 mg nitrogen, resulting from treatment with I)MBA foUowing 
treahnent for 10 weeks with CuAe (o) and 10 weeks CuAc then 
5 weeks acetone ( • ), Abscissa zero is the start of DMBA applications. 

Conclusions. Copper  a ce t a t e  in ace tone  so lu t ion  is n o t  
ca rc inogenic  u n d e r  t he  t e s t  cond i t ions ,  n o r  is i t  a p o t e n -  
t i a t i n g  or  a n  i n i t i a t i n g  agen t .  I t  on ly  gives  inc reased  
t u m o u r  yields  w h e n  i t  is app l ied  a t  t he  s ame  t ime  as t he  
ca rc inogen  (FARE t) or w h e n  t he  two  chemica l s  a re  p r e s e t  
in  t h e  sk in  a t  t h e  s a m e  t i m e  as  in e x p e r i m e n t  5. 

W~hen t he  h y d r o c a r b o n  was  g iven  f i rs t  ( e x p e r i m e n t  2) 
t he re  was no  p o t e n t i a t i o n  a l t h o u g h  these  cond i t ions  were 
met .  Th i s  m a y  be  exp l a ined  b y  sugges t ing  t h a t  t he re  m a y  
h a v e  b e e n  a n  insuf f ic iency  of h y d r o c a r b o n  p r e s e n t  d u r i n g  
t he  coppe r  app l i ca t i ons  or  t h a t  t h e r e  was a suf f ic ien t  
a m o u n t  t h a t  d id  n o t  pe r s i s t  for a suf f ic ien t  t ime.  

SALAd{AN 4 a d v o c a t e d  t he  use of c r o t o n  oil for  d e t e c t i n g  
t he  ac t ion  of s u b s t a n c e s  w e a k l y  carc inogenic  or  non-  
ca rc inogenic  for t he  skin.  I n  a n  a t t e m p t  to  con f i rm  t h e  
f ind ings  t h a t  coppe r  a c e t a t e  was  n o t  carc inogenic ,  a n d  to 
c h e c k  t h a t  t he  e n h a n c e d  t u r n o u t  p r o d u c t i o n  in e x p e r i m e n t  
5 was  no t  due  to a s l ight  ca r c inogen ic i t y  of CuAc,  20 mice  
were t r e a t e d  w i t h  CuAc so lu t ion  for 10 weeks a n d  t h e n  
w i t h  c r o t o n  oil so lu t ion  for  60 weeks.  Th ree  t u m o u r s  ap -  
p e a r e d  in two  an ima l s  whi l s t  t h r e e  mice f rom a con t ro l  
g roup  of 20 t r e a t e d  w i t h  c ro ton  oil t h r o u g h o u t  deve loped  
tu rnou t s .  T h i s  e x p e r i m e n t  t he re fo re  conf i rmed  t h e  n o n -  
ca rc inogen ic i ty  of coppe r  a c e t a t e L  

Rdsumd. U n e  so lu t ion  de l ' o x y a c 6 t a t e  de  cu iv re  n ' e s t  
pas  canc6r ig6ne  p o u r  la  peau  de la  souris  b lanche .  L 'ac6-  
l a t e  n ' e s t  ni  u n  ' i n i t i a t o r '  ni  n n  ' p r o m o t e r '  p o u r  la 
canc6r i sa t ion  p a r  9, 10-d im6thyl -1 ,  2 - b e n z a n t h r a c 6 n e .  Ce- 
p e n d a n t ,  le t r a i t e m e n t  des  a n i m a u x  avec  l ' a c6 t a t e  pen-  
d a n t  10 semaines  puis  avee  l ' h y d r o c a r b u r e  a u g m e n t e  la 
p r o d u c t i o n  des t u m e u r s .  
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P R O  E X P E R I M E N T I S  

Purification chromatographique d'une pr6para-  
t ion de thy m us  dou6e d'activit6 hormonale  

E n  son  t e m p s  une  m 6 t h o d e  d ' e x t r a c t i o n  a ~td ddcr i te  
qu i  p e r m e t  d ' o b t e n i r  du  t h y m u s  de v e a u  une  p r d p a r a -  
t i on  1,~ capab l e  de s u p p r i m e r  les cons6quences  de  la 
t h y m e c t o m i e  chez  le cobaye  e t  le ra t .  On  d6er i ra  ici une  
m 6 t h o d e  de pu r i f i ca t i on  c h r o m a t o g r a p h i q u e  de ce t t e  
p r epa ra t i on .  

L ' a c t i v i t 6  b io logique  a 6t6 es t im6e  £ l ' a ide  d ' u n e  m6- 
rhode  3,4 basde sur  la  p ropr i* t6  de l ' e x t r a i t  de  t h y m u s  de 
s u p p r i m e r  la  s t i m u l a t i o n  de  ta  c r6a t inu r i e  p a r  la t h y r o x i n e  
chez les cobayes  t h y m i - t h y r ~ o p r i v e s  castr~s.  Ceux-ci  

61iminent  s p o n t a n f m e n t  0,5-0,7 m g  de c rda t ine /100  g/24 h ;  
24 h apr~s  une  i n j ec t i on  de  10 #g  de t h y r o x i n e  p a r  100 g 
de poids  v i i  de l ' an ima l ,  le t a u x  d ' exc rd t i on  s '~l~ve 
2,0-3,5 rag/100 g]24 h. On consid~re  que  l ' e f fe t  de la 
t h y r o x i n e  es t  s u p p r i m 6  p a r  l ' i n j e c t i o n  s i m u l t a n 6 e  d ' e x -  
t r a i t  de t h y m u s  si le t a u x  m o y e n  d ' e x c r 6 t i o n  co r r e spond  
/~ celui des ca s t r a t s  t h y m i - t h y r e o p r i v e s  n o n  t ra i tds  chez 
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