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The ch. lor inated d ibenzo-p-d iox ins and c h l o r i n a t e d  dibenzo-furans a r e  . . . . . 
among ' t h e  most p o t e n t  teratbgens and' t o x i n s  t h a t  a re  found as environmental .., . . ... . .  - - . .  

..:. . . . .  . .- 
contaminants . . . l . a2: . . : The p o l y c h i o i i  n a t k d b i  phenyl.s, (PCB) . . . . . .  ' ?nd polybr6mi n i t e d ,  .. , 

. . . .  . . . .  . . . .  . . . .  . . . . . . .  . . .  . . .  . . . . . . .  . . . . . .  
. . 

. . . . .  . . . . 
... 

. . 
. . . . . . . . . . . . . . / . . .  . b ~ i p ~ n y l s . . . ( ~ ~ B )  are.  n o t  n e a r i y  a s  t o x i c  as t h e  d i o x i n s  b u t  they  ace env i ron-  

. . .  I, . . . . .  . . .  m e n t a l l y  more p reva len t  .than t h e   dioxin^^,^,^. Both c lasses o f  compounds. 
. . .  . . .  . . .  

. . .  

a r e  induce'& ' t h e  ~y toch rome P -450 -med ia tedmi~ ros6ma l  nonobiygenases5 3 3 . ;  ~ 8 . ~ g  , l '.  . - ' 
. . . . . . .  . . 

and of  6-ami.noievu1 i n i c  a c i d  ~ y n t h e t a s e . ~  9 l o .  The d i o x i n s  induce a r y l  hydro- . . 
. . 

carbon h y d r o x y l i s &  (AHH, E. C .  1 1 4 . 1 4 2 )  , t h e  enzyme system responSi b l e  ' . for .,. 
. , 

. . .  . . . . . .  . . . . .  . . . . 
. . 

conve r t i ng  p o l y c y c l i c  aromat ic  hydrocarbons (PAH) t o  a c t i v e  and i n a c t i v e  . . 

. . . - . . .  . . 
. . 

metabol i t e s  ,' much t h e  same as 3-methylcholanthrene (3-MC) b u t  f o r  per iods  up 

t o  35 days a f t e r a  s i n g l e  i .p. i n j e c t i o n  and a t  much l ower  d o s e ~ ~ ~ ~ ~ .  PCBs . '.. 

and PBBs a r e  m ix tu res  o f  var ious  isomers and induce the  monooxygenase system 
. . . . w i t h  p r o p e r t i e s  s i m i l a r  t o - b o t h  'and 3-MC b u t  t h e  d u r a t i o n .  o f .  . . . .  

i n d u c t i o n  i s  much s h o r t e r  than 2,3,7,8-tetrachlorodi benzo-p-dioxin ( T C D D ) ~ ,  lo ll. 

The t o x i c o l o g i c a l  response i s  s i m i l a r  f o r  both c lasses o f  compounds i.n t h a t  . 

I they  a r e  hepato tox i  c 4  3 l2 3 3 , cause decreased growth r a t e 3  3 and produce 
. . 

' ch loracne i n  t e s t  animals and man1 ; l * 16. 
. . 

. . 
The e f f e c t s  o f  PCBs on c a r c i n o g e n i c i t y  of var ious  chemicals have been 

. . 



invest igated by numerous groups. Kanechlor-500 in combination with several 

hepatocarcinogens (3'methyl-4-dimethyl aminoazobenzene, N-2-fl uorenyl acetamide 

and diethyl ni trosamine) i n  the  d i e t s  of r a t s  markedly decreased' the  formation 

of hepatocarcinomasl7. Kimura -- e t  a1 . I 8  demonstrated t h a t  pretreatment 

w i t h  Kanech.lor-400 i n  di .ets  of r a t s  4.months p r io r .  t o  and 2 months during 
. . . . .. . . 

t reatment w i t h  J'methyl-4-di.methy1am;~no~zobenze~e prote&ed th'e; r a t s  agh ins t  
, .  . - .  . . . 

. . . . . . . .  . 

thk formation of hep~ toca~c inbmas  induced by t h i s  carcinogen. Treatment of 
. . 

animals w i t h  the  organochlorine i n sec t i c ide  1 ,I ,1-trichloro-2,2-bis-(p-chlorophenyl )-, 

( D D ~ - )  has been shbin t o  i n h i b i t  7,1 . 2-dimethyl . b e n ~ . ( ~ ) a n t h r a c e n e  (DMBA) - ' . . .. 
. . . . . . . .  . . . . 

' , induced . . mahnary . .  tumorsig.' . . . These f indings . . as  we1 1 as  b ther  :reports20 9 2 1 , 2 2 9 2 3  . . ' 

. . 

' . . suggest t h a t  i n  t e rms  of eFfec t i  o n  &ircinosenisiss, t'iming . .. i s  . important . . i n  .. . . 
.. . . . . . ' 9 

. . 
t h e  app l ica t ton  o f  PCB t o  t h e  d i e t s  of ' laboratory dnimals. . ~i-batment k i t h  . ' . .  . 

t h e  PCBs . .p r io r  t o  the  admi.n.i:.stration. of carcinogen . . resul ts  .in reduction of 
. .. .. . . . . . 

t he  tumor response while treatment subsequent t o  appl icat ion of t h e  carcino-. 
. . 

. .  . 

. . - . gen resul  t.s in enhancement of-  t he  tumorigeni c response. The i n h i b i t o r y  . . e f f e c t s  . . 
. . . . . . . .. . .  . . . 

o f  t he  PCBs i n  these  s t , u d i . e s ~ e r e a t t r i b u t e d  'to t h e  induction :of hepa t ic  . . 
. . .. . . . . 

. m i c r ~ s ~ m a l  . enzynies . while t he  ,,enhancement . . was ascribed t o  the  promoti . ng . 

. . 

proper t i es  . o f ' t h &  PCBs. . . 
. . 

Th.e two-stage system of mouse skin tumorigenesi s a1 lows one t o  eval uate 

c r i t i c a l  l y  the  ini ti.ati,on and promotion phases of carci.n,ogenesi s indivi  d u -  

a l  ly24,25*260 The i n i t i a t i o n  phase requires  a s ing le  sub.thresho1 d dose 0.f 

- a .pol ycycl i.c aromatic. hydrocarbon and i s  i r r eve r s ib l e ,  wh.i 1 e- the  promotion 
. .  . . . 

s tage  requires  mult iple appli.cations of a promoter and i s  revers ib le  up t o  

a gi,ven time point.27928. This system allows one t o  study.  the  e f f e c t s  of 

modifiers on i n i t i a t i o n  and promoti0.n separate ly  in a skin carcinogenesi s 

. assay. The resul t s  presented here demonstrate . tha t  ce r ta in  envi ronmental . . 
. .  . . . . . ' . . .  . . . . . . , . . . . . - 

chemicals (PCBs, PBBs and TCDD)'  possess the  capaci'ty t o  modify, tumor 



i n i t i a t i o n  i n  a mouse s k i n  assay. A t  t h e  doses u t i l i z e d ,  these chemicals 

e x h i b i t e d  l i t t l e  o r  no i n i t i a t i n g  o r  pronot i ,ng p rope r t i es .  

FIATERIALS AND METHODS 

Animals 

.Female .CD-1 mice were purchased f rom, ' the Charles.. Ri,ver Mouse Farms - . . . . . . .  . . a ' 4 . . .. ' - . a '  

( ~ o r t h  Wilm?ngton, MA).. Mice 6 .  t o  8 weeks o l d  weire c a r e f u l l y  shaved w i t h  .' 

s u r g i c a l  c l  i p p e r s  2 d a y s  p r i o r  t o  t reatment ,  a n d ' o n l y  those mice i n  t h e  

r e s t i n g  phase o f  t he  h a i r  c y c l e  were used f o r  t h e  biochemical and tumor 
. . .  . . . . .  . . . . .  . , 

experime.nts. Animals we're .hous,ed i n  p1,asti c cages,. rece i ved  water  an.d, food 
. . 

ad l i b i t u m  and were weighed weekly. - 
. . . . . . .  . . . .  

; Chemicals ' ' . . .  . . 
. . .  . . . . . .  . . 

. . . . . . .  . . . .  DMBA . was . purchased . .. f r o m  s i g m a  chemica l  . . .  Company . . (St .  . . Louis ,  MO) Benzo- 
. . 

(a)pyrenb (BaP) w a s  suppl i e d  by t h e  NCI Carcin?genesis Research Program 
. . 

(Bethesda, MD). The phorbol. d i e s t e r  promoter 12-0-tetradecanoyl . . phorbol -  
p.. . . .  . . . . . . . . . . .  . . . .  . . . . .  . . . .  . . 

. . 13-acetate '  . . (TPA) was pucchhsed, f r o m  Dr. ' P. Burcher t ,  ~ n l v e r s i ' t ~  o f  ~i nnesoia, . " . - .  ' : ' , 
. . .  . . . . . .  

. . 

... . Minn'ea.po.1 I s ,  MN. : 'PCB (A roc lo r  1254). was purchased 'from:Anarlabs, I n c  (No'r th,  . . . .  
. . - .  . . . .  . . .  . . .  . . . . . . .  . . . .  . . . . . . 

. /  ' 

Haven, CT). PBB was s u p p l i e d  by A.C. 1.~01 bye, Jr .  of t h e  FDA. TCDD ( ~ p t  . . . . : .  . . . . . . . .  
... . . . . .  . . . . .  . . 

. . #851-144-2) was supp l i ed  b y  t h e  Dow Chemical Company ( ~ i d i a n d ,  'MI). . .  

A. Pol and generously suppl ie'd samples o f  '2 ,7-d ich lorodi  benzo-p-dioxin (DCDD) 

and 3,4' , 3 '  ,4 ' - tetrachloroazobenzene (TCAB) . 
Tumor I n d u c t i o n  Experiments 

. Each exper imenta l  group cons is ted  o f ,  30 pre-shaved mice. , DMBA (200 'nmol ) . 
. . . . . . . . .  . . . . 

was. d i sso l ved  i n  acetone immediately be fo re  use, and 0.2 ml o f  t h e  acetone 

s o l u t i o n  was a p p l i e d  t o p i c a l l y  t o  t he  shaved area o f  t he  back. One week 

I 
I ' a f t e r  DMBA i n i t i a t i o n ,  a c o n t r o l  group rece i ved  a p p l i c a t i o n s  t w i c e  weekly 
, 

of'.T.PA (10 . . .  pg) i n .  0.2 ml acetone. The fol1owi'n.g t e s t  compounds:. . . PBB. . . .  . (1'00 pg) ; . ' : 
- .  . . 

. . 

PCB (100 p i )  and TCDD (0.1 p g )  were a p p l i e d  t w i c e  weekly t o p i c d l ' l y  i n  'acetone 



t o  t he  shaved 'dorsal  s k i n  area o f  t he  DMBA i n i t i a t e d  mice. ~ r o m o t i o n ' w a s  

'cont inued f o r  30 weeks, when the  experiments were terminated. I n  another  

s e t  of  animal experiments, animals were p r e t r e a t e d  w i t h :  PCB (100 pg and 

625 pg) 18 h r  p r i o r  t o  i n i , t i a t i o n ;  TCDD (1.0 vg) a t  1, 3 and 5 days p r i o r  

t o  i n i t i a t i o n ; .  DCDD (100 - pg) 5 days p r i o r  t o . i n i t i a t i o n ;  and TCAB (10 pg) . . . . . . . . . .  . . .  3 . d a y s p r i o r  t o  i n i t i a t i o n .  The an imalsweke i n i t i a t e d  w i t h  1 0  nmol DMBA - . ' 

. . .  

and' promoted'wi  t h  TPA. ~ n c i d e n c e i  o f  b o t h  pap i  1 lomas and iarc inbmas we're 
. . . . .  . . .  

. ' observed weekly and papi  11 omas and carcinomas were removed a t  random f o r  ' , . 

. .  h i  stopatho1ogica1 ' v e r i f i c a t i o n . .  I n i t i a l  ' h i s t o l o g i c a l  experiments were per -  . . .  

: . 
formed w i t h  PCB, PBB and TCDD t o  asse?; . t o x i c i t y  and changes i n  i n t r a -  

. . . . . . 

f o l l  i c u l 8 ~  epidermis . . p r i o r  t o  dose s e l e c t i o n  f0.r the, experiments described,. 
. . . . .  . . . . . . .  . . . . _ . . . . .  . . .  . . . . . . . . . 

' ~ n z & e  ~ n d u c t i o i  by PCB and TCDD . o . . . . . . 

I n  .o rder  to .  induce..epiderrnal monooxygenase .systems. f u n c t i o n a l  i n  t h e  . . 

. . 
o x i d a t i v e  b io t rans fo rma t ion  o f  DMBA, m i c e  were p r e t r e a t e d  w i t h  s ing1 e doses 

I . . .  - .  

. . - . o f  .the- f o l l o w i i r g  induc ing  agents:. .lUU rig 0.f PCB. 18 .h r  p r i o r  t o  s a c r i f i . c e ,  . . 

. . .  

,200 nmol o f  DMBA, di.benz(a,c)anthracene o r  3-methylchol'anthrene 18 h r  pr i 'or  
. . . . . . .  . . . .  

t o  s a c r i f i c e  and 1 . u g  . o f  TCDD 72 h r  p r i o r  t o s a c r i , ' f i c & .  H igh-pressure  l i q u i d .  ' . 
. . .  

chromatography was u t i l i z e d  t o .  assess t h e  o f  me tabo l i t es  o f  1 4 C -  . . . . . . .  
. . 

. . 
DMBA. ' Detai.1 s of  t h e  methodology have .been pub1 ished by DiGi:ovanni -- e t  al.29. . ' 

To f u r t h e r  assess t h e  b i o a c t i v a t i o n  process, b i n d i n g  t o  epidermal p r o t e i n ,  

RNA and DNA by 3H-DM~A was measured us ing  t h e  method o f  Huberman and Sachs30. 

'RESULTS . . . . .  . . . . 
. . . .  . . . .  - 

V isua l  .and'h i .s topathological  examinat ion o f  mouse s k i n  t r e a t e d  w i t h  TPA . 

a t  2 pg p e r  mouse i n d i c a t e d  marked in f lammat ion  and an increase i n  t h e  number 

o f  l a y e r s  i n  t h e  i n t r a f o l l i c u l a r  epidermis f rom 1 t o  between 4 and 5 layers .  

PCBs' and PBB a t  e i t h e r , l 0 0 ' . v g  ' o r  625 pg pe r  mouse d i d  n o t  a f f e c t  t h e  i n t r a -  
. . . . .  

f o l l  i c u l a r  epidermis. '' TCDD a t  1 g p e r  'mouse increased t h e  numbers of c e l l s  

i n  the. i n t r a f o l  1 i ,cu l  ar ,  epidermis b u t  t h e  e f f e c t  b;as n o t  pronounced. DCDD 
. . 



o r  TCAB d i d  n o t  a f f e c t  t h e  th i cken ing  o f  t h e  epidermis as compared t o  the  

s t rong  h y p e r p l a s t i c  response o f  TPA. 

The c h l o r i n a t e d  d i o x i n s  and bipheny1.s were t e s t e d  f o r  promoting . a c t i v i t y  

i n  t h e  mouse s k i n  w i t h  a  h i g h  (200 n m o l ) . i n i t i a t i n g  dose o f .  DMBA. I n  a  30 

. - .  week t rea tment  per iod ,  t h e  normal DMBA-in i  t i a t e d ,  . . TPA-promoted c o n t r o l s  . . - 
. . . . 

y i e l d e d  appt-oximately 8 papi l lomas per  mouse (Table 1 ) .   he two b ipheny ls  
. . .  

( a t :  doses o f  100 pg/mouse ii ven t w i c e  weekly)  d i d  n o t  promote ' t he  development 

, o f  s k i n  tumors no r  d i d  TCDD a t  a  dose o f  0.1 pg t w i c e  weekly. When t e s t e d  

w i t h o u t  DMBA i n i t i a t i o n ,  n e i t h e r  t h e  d i o x i n  n o r  t h e  b iphenyl  s;demonstrated 
. . 

. . any carci.nogeni.c . . a c t i v i t y . .  By t h e  ,end o f  3 0  weeks o f  treatment,  t he  d i o x i n -  , ,  

0 

t r e a t e d  mice showed a  redd,eni.hg o f : t h e  s k i h a s  w e l l  as ea r  l es ions  resembl ing . . . . 
. . .  . . . . . . .  . . .  . . . . .  . . . . . . . . . . 

. . .  -. . 
acne. The b iphenyls ,  however;.did n o t  produce any observable s k i n  l es ions .  

A  seri.es . o f  b ipheny l  and d iox in - re1  a ted  inducers  o f  . a r y l  . hydrocarbon 
. . .  

hydroxylase were t e s t e d  f o r  t h e i r  a b i l i t y  t o  a c t  as tumor i n i t i a t o r s  o r  f o r  
I . . . . .  . . . . 

. . 

. . : t h e i r ~ c a p a c i . t y  t i  m6di fj t h e  ' i n i t i a t i n g  a c t i " i t y  .of DMBA; A roc lo r  1254 and . . _ .  . 
. . 

TCDD were yery  weak . i n i t i a t o r s .  as was shown' p rev i 'ous ly  by. DiGiovanni . .  -- e t  'a1. 31. 
. . . .  - . : -  

A r o c l o r .  1254 'exhi,b'i.ted. no . e f f e c t " o n '  tumorigenesi's' when. given. 5  minutes p r i o r  . . . .  

t o  an i . n j t i a t i n g  dose o f  DMBA i..... Aroc3.o r . 1 2 5 4  a t . ,18  h r  and 72 h r  p r i o r  t o .  
. . .  . . 

adm is t ra t i on  o f  DMBA i n h i b i t e d  i n i t i a t i o n  by as. much as 45% i n  a  time-dependent 

fashion.  The much s t ronger  monooxygenase inducer ,  TCDD ( a t  1  pg) decreased 

, DMBA h i e t i a t i o n  by 9 3 %  when a p p l i e d  3 days p r i g r  t o . i n i t i . a t i o n .  The l e s s  . . 

act i ,ve DCDD i n h i b i t e d  DMBA i , . n i . t i a t i o n  o n l y  s ' l , igh t ly .  A  c lose  s t r u c t u r a l  
. . .  

analogue of t h e  di,oxi,ns, 3,4,3' ,4'-tetrachloroa~obenzene~~, which 

i s  ' muc,h l e s s '  p o t e n t  than TCDD i n  terms o f  AHH i n d u c t i o n  i n  t he  mouse, 

s l i g h t l y  enhanced DMBA i n i t i a t i o n  a t  a  dose o f  10 yg, g iven 3 days p r i o r  t o  

. . .  . . .  . . . . 
- i n i t i a t i o n .  

To f u r t h e r  s tudy  t h e  i n h i b i t o r y  e f f e c t s  o f  t h e  d i o x i n s  on PAH i n i t i a t i o n ,  



a s e r i e s  o f  tumor experiments were conducted us ing  DMBA o r  BaP as i n i t i a t o r s .  

As shown i n  Table 3, pret.reatment t imes o f  1, 3 and 5 days ( a t  a dose o f  1 pg 

p e r  mouse) r e s u l t e d  i n  a 94% i n h i b i t i o n .  o f  t h e  tumor response t o  DMBA. To 

I t e s t  t h e  general i ty  o f  t h e  ' i n h i b i t i o n ,  t h e  same experimental  design was 'used 

w i t h  BaP as t h e  i n i t i a t o r .  ; A s im i l a r .  i n h i b i t o r y  a c t i o n  o f  TCDD on BaP tumor- 
:.* . . . . . 

i n i t i a t i o n  was a1 so obse'rved ("npubl i shed  bbserva t ions)  : Wi th  BaP as ' t he  
. . .  , . . . 

i n i t i a t o r ,  t he  dependence on t h e  t ime o f  p r e t r e a t m e n t . w i t h  TCDD was s i m i l a r  

t o  t h a t  observed w i t h  DMBA .as t h e  i n i t i a t o r .  The maximum i n h i b i t i o n  o f  

tumor fo rmat ion  occurred w i t h  p re t rea tment  a t  5 days p r i o r  to ' .  i n i t i a t i o n  b u t  

t h e  i n h i b i t o r y  response . . o f  'TCDD pretreatment.  on. BaP ini t . i .a t ion  was. ' l e s s  than  '., . . 
. . 1 ; . '  . . . 

t h a t  . .. . . .  observed . . .  w i t h  . DNBA . . as the  i n i t i a t o r .  I n  . a i l  . . .  cares where the  animals.. . . . - .  . . 
I '  . .  . 

r ece i ved  1 i g  o f  TCDD, t h e  weight  gain, morphologic and h i s t o l o g i c  charac ter -  

i s t i c s  o f  t h e  s k i n  were normal. A t  t o p i c a l '  doses o f  2 ig, t o x i c i t y  was ob- 

I .- . ' served and .approximate'ly one- . t t i i rd 'o ' f  t he  mice ' d ied "a t  t,he' end ' o f  ' t h e '  20 week. ' ' " ' . " 

. . .  . . . . , . . . , . .. . . .. per iod.  . . 
. . 

. . .  . .  . 

: ; T o  f u r t h e r  show t h a t  t h e  i n h i b i t i o n p f  PAH i n i t i a t i o n  by TCDD was r e l a t e d  . . 

t o  t h e  i n d u c t i o n  o f  t h e  epidermal monooxy'genase system, a ddse-response s tudy  - ,  . ' 

. . .. . . . . 
. was. designed. As' ii lu 's t ra ted .above,  maximum . i n h i  b i$ ion 'was  obse'r ied .a t  :3 t o  

. .  . . . . . . . 

5 days p r i o r  t o  DMBA i n i t i a t i o n .  As shown i n  Table 3, TCDD, i n  a dose-dependent 

fashion,  i n h i b i t e d  sk in- tumor i n i t i a t i o n  by DMBA. A t  doses o f  0.01 pg, t h e  

i n h i b i t i o n  o f  DMBA-ini t i a t i o n  was approximate ly  80%, whereas 0.1 p g  o f  TCDD 
. . 

. was almost i s  e f f e c t i v e  a s  1.0 pg. A t  t h i i  w r i t i n g ,  these experiments' a re  

o n l y  i n  t h e  15 th  week Bnd t h e  animals have n o t  ~ e t  'reached p la teau  tumor , 

l e v e l s .    he t r e n d  i s ,  however, r e a d i l y  apparent. 

F igu re  1 shows h igh-pressure l i q u i d  chromatographic p r o f i l e s  o f  me tabo l i t es  
. . .  

'formed upon incuba t i on  o f  14C-DMBA w i t h  epidermal homogenates from inducer-  
I 

p r e t r e a t e d  CD-1 mice. The doses o f  TCDD and A r o c l o r  1254 u t i l i z e d  and t h e  
I .  

. . ~ 
~ ,. .. 

. . 



. . 

. p re t rea tment  t imes were i d e n t i c a l  t o  t he  cond i t i ons  employed i n  the  tumor 

experiments i n  which maximal i n h i b i t i o n  o f  tumor i n i t i a t i o n  was observed. 

I These h igh-pressure 1 i q u i  d chromatographic p r o f i  1  es demonstrate t h a t  c h l o r -  

i n a t e d  hydrocarbons such as A r o c l o r  1254 and TCDD a r e  capable o f  induc ing  
. . 

. . * .  epidermal~monooxygenases t h a t  a r e  r e r p o n s i b l e . . f o r  conve r t i ng  DMBA t o  a v a r i e t y  

o f  hydroxy la ted  products.  Furthermore, a good c o r r e l a t i o n  between the  . , . . . .  
: . . . . . 

i nc reased r a t e s  of A i d a t i v e  metabol ism induced by A r o c l o r  1254 and TCDD and 

1 t h e  i n h i b i t i o n  of.DMBA t u m o r - i n i t i a t i o n  was observed. . 
. . . , . . 

:. 
To f u r t h e r  t e s t  t h e  p o s s i b i l i t y  t h a t '  t he  e f f e c t s  o f  TCDDon DMBA- . . .  

mediated tumor i n i t i a t i o n ' w e r e  due tochanges  i n  metabol'ism o f  t h e  pro-  ~ . .  
. . 

. . 

" carc inogen,  a s e r i e i  o f  . . exper iments were designed t o  mon i to r  cova len t  b i n d i n g .  1 
. . . . . . . .  . . . . .  . . . . .  

o f  3H-DMBA t o  epidermal DNA, RNA and p r o t e i n  (Table 4) .  TCDD was a p p l i e d  

t o p i c a l l y  t o  ' the shaved backs o f  CD-1 .mice (1  pg pe r  mouse) 3 days . p r i o r  t o  . 

appl  i c a t i o n  o f  2.56 pg 'H-DMBA (10 u C i  ). c o n t r o l  animal s  rece i ved  acetone 
1. . . . . .  . . . . . . 

. . .  . . a l o n e .  A t  3 and 24 h r  a f t e r  t rea tment ,  epidermal DNA,, RNA and p ro te in -were  ; . . . 
. . . . 

. . e x t r a c t e d  .using . . . . . . .  t h e  method o f  Huberman and Sachsao. .TCDD pre t rea tment '  reduced, 
. . . .  . . . . .  

. . . .  . .  t h e  b i n d i n g  o f  3H-DMBA t o  DNA a t  3 and 24 h r .  respec t i - ve l y  by 63% and 7 2 % .  . . .  

. . .  . ., . . . . .  

, ( ~ a b . l e  4).  ~ i m i l a i  r e s u l t s  . w e r e  observed w i t h  respec t  t o t o v i l e n t  b i n d i n g  .' .. . . I . .  . . . .  

I o f  3 H - ~ M ~ A  t o  RNA a l though t h e  magnitude was l ess .  However, t h e  b i n d i n g  o f  

3H-DM~A. t o  epi.derma1 p r o t e i n  was n o t  a f f e c t e d  by TCDD pre t rea tment .  

DISCUSSION 

. . . . 
. . 

TCDD and A roe lo r  1254 p r e v i o u s l y  .were. shown t o  possess .l i t t l e  o r  no ' . . ' 

t umor - i n i ' t i a t i . ng  p r o p e r t i e s 3 1  o r  tumor-promoting p r 0 p e r t i e s 3 ~  i n  mouse s k i n  

us ing  t h e  two-stage, in i t i .a t i .on-promot ion  system o f  carc inogenesis.  Previous 

I s t u d i e s  by Kociba3 and Van i n d i c a t e d  t h a t  TCDD was carc inogen ic  

1 . .  i n  t h e  r a t ;  however , th i&  carc inogen ic  e f f e c t  appeared t o  be r e l a t e d  ma in l y  

I t o  t h e  promot ion o f  spontaneously occu r r i ng  tumors. Furthermore, w i t h  a 



h e p a t i c  system u t i l i z i n g  an i n i t i a t i o n - p r o m o t i o n  r e g i m e n 2 0 ~ 2 1 ~ 2 2 ~ 2 3 ,  PCBs 

appeared t o  a c t  as promoters. 

Th i s  r e p o r t  demonstrates t h a t  TCDD possesses remarkable i n h i b i t o r y  

a c t i o n s  on s k i n  tumor- in i  t i a t i o n  by po l ycyc l  i c  .aromat ic  hydrocarbons (PAH). 
. . 

. Almost complete i n h i b i t i o n . . o f  DMBA t.umor i n i t i a t i o n  i s  achieved w i t h  a  s i n g l e  
. . . . 

- .  . . .  . . . .  . . . 
. . 

. non - tox i c  t o p i c a l  do'se of 0.1 .ug a n d  w i t h  a  dose o f  O i O T  p g a p p r o x i m a t e l y  . . 
' 

80% i n h i b i t i o n  was achieved. Th is  po ten t '  an t i ca rc inogen ic  e f f e c t  may be 
. 

r e l a t e d  t o  t h e  abi.1 i ty of TCDD t o  induce epidermal enzyme pathways respons ib le '  . ' ' 

- .  
f o r  d e t o x i f y i n g  PAH. tarci .nogens i n  t h e  sk.in. I n d u c t i o n  o f  mi dr&ornal enzymes. ' 

i n  several  t i ssues  has been p o s t u l a t e d  as a  mechanism f o r  t h e  an t i ca rc inogen ic  
. . 

e f f e c t s  o f  a  wi'de v a r i e t y  ' o f  compounds such as .PAHy f lavones,  coumarins, 
. . 

phenoth ia i i rk is ,  and phenobarb i ta l  as reviewed by ~ a t t e n b e r d ~ ~ ;  i n d u c t i o n  bf 
microsornal enzyme sys.tems a1 so has been imp1 i c a t e d  i n  t h e  a n t i  carc inogen ic  

a c t i v i t y  o f  D D T ~ ~  and var ious  p o l y c h l o r i n a t e d  b iphenyl  n i x tu res17 .  However, 

i n v e s t i g a t i o n s  such as t . h e s ~  have not  demonstrated' concl u s i v e l y  . . t h a t  t he  . .  . 

. .  . . . .  . . . . 

i n h i b i t o r y  . .. ac t i ons  . . . . i r e  a  r e s u l t  . . .  of i n d u c t i o n  w i t h i n  t h e  t a r g e t  t i s s u e  f o r  . a  . . , . . .  .. . 
. . .  - .  

p a r t i c u l a r  . . ca rc ind ien  o r  t h a t  t h e  e f f e c t  is on tumor- in i  t i 8 t i 6 n  - se. , . . , 

The unusual' ly p o t e n t  i n h i b i t o r y  a c t i o n  o f  TCDD on s k i n  tumor - i n i  t i a t i o n  

by PAH descr ibed i .n t h i s  r e p o r t  stands i n  contrast.  t o  a  r e p o r t  by Kouri36 . . 

who showed an enhancing e f f e c t  o f  TCDD on t h e  fo rmat ion  o f  3-MC-induced 

sarcomas a t  t he  s i t e  o f  subcutaneous i n j e c t i o n .  Both compounds were adminis- 

' t e r e d  s imul taneously and t h e  . increased-tumor formation was a t t r i b u t e d  .to . . . 
. . 

t h e  a b i l i t y  o f  TCDD t o  enhance t h e  metabol ism o f  3-MC -- i n  v ivo .  I n  view o f  

t h e  t ime o f  admin i s t ra t i on ,  t h i s  exp lanat ion  seems .somewhat u n l i k e l y .  . 

Furthermore, as shown i n  Table 3, when TCDD was a p p l i e d  5 min p r i o r  t o  

i n i t i a t i o n  w i t h  DMBA, l i t t l e  o r  no e f f e c t  on. t he  tumor response was observed. 

. : The a n t i ~ a r c i n 0 ~ e n . i ~  e f f e c t s .  o f  TCDD and Aroc1,or'. 1254 appear t o  . c o r r e l a t e  ..  



well with t h e i r  a b i l i t y  to  induce monooxygenase enzymes of the skin. Further- 

more, the quantity of 3H-Df4BA bound to DNA and RNA (but not protein),  in the 
. . 

presence and absence of TCDD-pretreatment correlated well with the tumor 

response under similar conditions. When taken together, these experiments 

'suggest that .pretre?tmeht with TCDD gives r i s e  ts an increase'd, r a t e  of . 
. . 

inactivation -of  the DMBA molecule re la t ive  t o  t h e ' r a t e  of activation i n  . . 

. . .  

mouse skin. ~ l t h o u ~ h .  these data point t o  induction of oxidative biotrans- 

formation as a  possible mechanism fo r  the inhibitory e f fec t s  exhibited by . . 
. . . .  . . . .  . ,. , 

'TCDD, other mecharrfsms cou'l d  be operating. Poss'i bil i t i e s  include induction . . .  

i n  epidermal t issues of non-oxidative metabolic pathways such as epoxide 

. , . ' . hydratase, gl utathione-S-transferase, UDP-gl ucuronosyl t-ransferase and others.. 
. . .  . . .  

. . . . . . 

Other poss ib i l i t i e s  include ef fec ts  on  re^ repair systems and on the dis-  

t r ibut ion o f  the carcinogen to  the c r i t i c a l  target  s i t e ( s ) .  

I t  i s  deemed possible tha t  future research will enable the development 
I 

. . . . o f  c.onpo~nds. t h a t  evoke minimal toxic i ty  b u t  re ta in  the capacity t o  inh ib i t  , . . ' . . . 

. . 
tumo'r inI'ti-ation by vir tue of. t h e i r  enzyme-inducing properties.- 0.f par t icu lar  . :' . . . " 

. . . . 

. . advantage would b e  t h e  production of chemicals capable of select ively inducing . "  ' .  , ' . . .  

'var ious.  inactivating enzymes f n  par t icu lar  target  t issues.  Such chemicals 
. . .  . . . . .. . . 

feasibly could serve a s  important chemopreventive agents in cases in which . '  

contact with.'tumor in i t i a to r s ,  i s  necessary o r  unavoidable. 
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TABLE la 

LACK OF PROMOTING ABILITY OF PCB, PBB AND TCDD ON 

d 1 n i  t i a t o r c  Promoter - Dose - Papi 11 omas Percent w i t h  . . . . 
' .per -Mouse - -Papi 1 1 omas 

DMBA None - 0 

None TPA 1 0 ige 0.03 3 

DMBA T PA 2 lJg 8.1 . 92 

DlrlBA . PCB 100 YS. . .  0 .  0 .  

None PCB 100 l ~ g  .. 0 0 . .  . . . . . .  . . . . . . .  
. . 

DMBA PBB l o o  lJg o o 

None PBB 100 l ~ g  0 0 

DMBA TCDD 0.1 l ~ g  0 . O  
i 

. . .  . . . . . . . .  . . .None. : TCDD , 0 .1.pg - : . . O . .  . .  
0 .  :' . . 

. . . . : .  . 
. . 

' a ~ a t a  .ta'ken f rom ~ e s ' .  Commun. Chem. Path01 . Phafmakol. '20: 101'-107 ('1 978). 

b30 female mice p e r  group; promoted f o r  30 weeks. 
. . . .  t " . . . . . . 

. D M B A : ~ ~ ~  a p p l i e d  a t  a d o s e  o f  200 n m o l  p e r  mouse. . .  ' 

d ~ r o m o t e r  a p p l i e d  t w i c e  weekly i n  acetone. 

e TPA a p p l i e d  weekly i n  acetone. 



TABLE 2 

EFFECTS OF VARIOUS ORGANOHALIDES ON SKIN TUMOR-INITIATION BY DMBA 

P r e t r e a t e d  mice were i n i t i a t e d  w i t h  2.56 pg o f  DMBA and promoted w i t h  t w i c e  weekly 

a p p l i c a t i o n s  o f  10 ug T P A ~ .  

Experiment Pre t rea tment  Pret reatment  . . Papi l lomas . Pert-ent o f  
( ~ g / ( m o u ~ e )  Time pei- ~ o u s e ~  Con t ro l  

1 Acetone 

2 A r o c l o r  1254 (100) 5 min 3.60 9 5 

3 . A r o c l o r  1254 (100) 18 h r  2.10 55 

4 A r o c l o r  1254 (100) 3 days 3.30 - 80 

5 .. . . . Aroc- lor 1254 (625) . .. 18. hr. ' . . 2.70. . . , . 7 1  . 
. . 

6 DCDD (100) 3 days 3.44 9 1 

7 TCAB (10) 3 days 4.73 125 

8 TCDD (1 ) 3 days 0.34 7 

. . a . . 30 mice' were used pe'r exper imenta l  group. Promotion was cont inued f o r  20 weeks. 
. . 

b ~ v e r a g e  number o f  pap i l lomas per  mouse a f t e r  20 weeks o f  promotion. 

 he average number of pap i l lomas p e r  mouse expressed as a percentage. o f  t h e  DMBA- 
.. . 

. . i n i t i a t e d ,  TPA-promoted group (experiment 1 ) . 
. . . . . . . . .  



TABLE 3 

EFFECTS OF 2,3,7,8-TETRACHLORODIBENZO-p-DIOXIN (TCDD) 

ON SKIN TUMOR-INITIATION BY DMBA 
~ - -- -- - 

P re t rea ted .mice  were i n i t i a t e d  w i t h  2.56 pg of .DMBA and promoted w i t h  tw i ce  weekly . . 

appl  i c a t i o n s  o f  10 pg o f  T P A ~ .  

Experiment Pretreatment  Pretreatment  Papi 1 loma 8 Percent o f  
(vg/moUse) Time pe r  Mouse . ' . Cont ro lC 

1 1 Acetone 5 min 3.80 100 

2 TCDD (2) 5 min 3.70 97 

3 TCDD (1 )  1 day 0.53 14 

4 TCDD (1)  3 days 0.34 9 

TCDD (1)  

Acetone 

5 days 

5 min 

7 TCDD (0.01 ) 3 days 0.27 11 
I 

8 TCDD (0.10) 3 days 0.10 ' 4  . , 

. . 

9 .  ' . TCDD (2.0) . . 3 days . 0.07. 3 

. . . . . ,  : ~ a 
30 m i c e w e r e  used p e r  experimental  group. Promotion was cont inued f o r  20 weeks f o r  

I ,  experiments 1-5 and 15 weeks f o r  experiments 6-9. Promotion i.s s t i l l  i n  p rog ress  
. . . . 

f o r  bo th  groups ' ~ f ' e x ~ ~ r i r n e n t ~ .  

b ~ v e r a g e  . . number o f  pap i l lomas per  mouse a f t e r  15 o r  20 weeks o f  promotion. .' 

 he average number o f  papi l lomas pe r  mouse expressed as a percentage o f  t he  DMBA- 

. . i n i t i a t e d ,  TPA-promoted groups f o r  each p e r i o d  o f  promotion (i .e., experiments 
, . 

1 and 6). 



TABLE 4 

COVALENT BINDING . OF . 3H-DMBA TO MOUSE EPIDERMAL 

MACROMOLECULES AS MODIFIED BY PRETREATMENT WITH TCDD ' . -  . . . 
. . Hydrocarbon bound t o  macromolecu.le . .  ' . 

. . (fmoles/mg)b 

Treatment Time ( ~ r ) ~  DNA RN A P r o t e i n  

DMBA 3 4 8 29 695 

DMBA + T C D D ~  3 18  16 : 638 

DMBA 2 4 '1 26 7 2 388 
. . . . 

DMBA + T C D D ~  2 4 3 5' 3 2 3 94 

a ~ i m e  o f  s a c r i f i c e  a f t e r  a p p l i c a t i o n  o f  3H-DMBA; 40 mice were used f o r  each 

experimental  group. 

bMice . . i n  t h i s  group rece i ved  1 ug of TCIIII, a p p l i e d  t o p i c a l l y ,  72 hours , , p r i o r  
. . 

t o  appl i c a t i o n  o f  3H-DMBA. 



.LEGEND FOR FIGURE 

F.igure 1. High-pressure 1 i q u i d  chromatographic p r o f i l e s  o f  [14C]~MBA 

me tabo l i t es  generated -- i n  v i t r o  us ing  epidermal homogenates f rom 

v a r i o u s l y  p re t rea ted ,  female CD-1 mice. .Panel A, hea t  i n a c t i v a t e d  

c o n t r o l ;  panel B, DMBA-pretretment (200 nmol 18  h r  p r i o r  t o  sac- 
. . 

r i f i c e )  ; b,; 3-methyl cho l  a n t h r e n e - G e t r e a t m e i t  (200 nmol 

18 h r  p r i o r  t o  s a c r i f i c e )  ; panel D, d i  benz(a ,c)anthracene-pre- 

t r ea tmen t  (200 nmol 18 h r  p r i o r  t o  s a c r i f i c e ) ;  panel E, A r o c l o r .  

1254-pretreatment (100 pg 18 h r  p r i o r  . 
. 

t o  s a c r i f i c e ' ) ;  and panel F, 

TCDD-pretreatment (1. pg, .72  h r  . p r i o r  t o  . s a c r i f i c e )  . - A1 1 p r o f i  1 es . . 

. . 

have, been n o r m a l i z e d ' w i t h  respec t  t o  . p ro te in  c 'oncentrat ion.  The 

peak f r a c t i o n s  i n  which var ious  s y n t h e t i c  s tandard  compounds e l u t e  

i n  t h i s  system a re  as f o l l o w s :  DMBA, 78; 5-hydroxy-DMBA, 72; 

4-hydroxy-DMBA, 70; 2-hydroxy- and 3-hydroxy-DMBA, 61; 12-.hydroxy- 
. . 

. .  , . 

benz (a)anthracene , 52 ; 5,6-di hyrdo-5 ,6-di h y d r o x y - k ~ ~ ,  22 ; 

7,12-di hydroxymethyl benz(a)anthracene, 19; 8,9-di  hydro-8,9- 

d i  hydroxy-DMBA, 13. . F u r t h e r  d e t a i  1 s o f  t h e  methodology can be 

found i.n re fe rence  27. 






