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Effect of Azo Dyes on Rat Serum Para-Phenylene  

Diamine Oxidase Activity 

Recent ly ,  MILLER, MILLER, and  FIN6~IO n o t e d  t h a t  
whereas  4 ' - m e t h y l - 4 - d i m e t h y l a m i n o a z o b e n z e n e  (4'- 
MeDMAAB) has  feeble carc inogenic i ty ,  4 ' -e thyl-4-di-  
me thy l aminoazobenzene  (4"-EtDMAAB) is an ex t r eme ly  
po ten t  l iver  carc inogen for rats .  The  au tho r s  s t a t e  t h a t  
'no large dif ference in s imple  chemica l  r eac t iv i ty  of these  
dyes would  be expec ted  and  the  reason (i.e. for the  grea t  
difference in carcinogenici ty)  seemingly  m u s t  be sough t  in 
decisive metabol ic  and  s ter ic  differences ' .  

A s t r ik ing  difference has  now been found  in the  effect  
of these  azo dyes  on the  pa ra -pheny lene  d iamine  (PPD) 
oxidase ac t iv i ty  of ra t  serum.  Adul t  male albino ra ts  
were ta i l -bled (--- 1.5 ml) unde r  e the r  anaes thes ia  and  the  
P P D  oxidase  ac t iv i ty  of the  f resh se rum was de t e rmined  
by the  m e t h o d  of RAVIN 2. 24 h later,  pairs  of ra t s  re- 
ceived in t r ape r i tonea l  in jec t ions  of arachis  oil (0.6 ml/100 g 
body  weight  [b.w.]) and  of solut ions in arachis  oil (0.6 ml /  
100 g b.w.) of t he  powerful  l iver carc inogen 3 ' -methyl -4-  
d ime thy laminoazobenzene  (3 ' -MeDMAAB; 16.5 mg[100 g 
b.w.), of 4 ' -MeDMAAB (16-5 mg/100 g b.w.) and  of 4'- 
E t D M A A B  (17-5 mg/100 g b.w.).  A t  in terva ls  thera f te r ,  
serum P P D  oxidase  levels were de t e rmined .  The  resul ts  
are given in Table  I. 

Af te r  arachis  oil inject ion,  ra t  s e r u m  P P D  oxidase  
ac t iv i ty  increased dur ing  2-4 days  but ,  by  21 days,  t he  
levels h a d  r e tu rned  to  normal .  The same effects  were 
ob ta ined  wi th  t he  feeble carcinogen,  4 ' -MeDMAAB.  How-  
ever, t h e  powerful  hepa tocarc inogens ,  3"-Me- and  4 ' -E t -  
DMAAB s t rong ly  suppressed  se rum P P D  oxidase  ac t iv i ty  
during the  4-day  per iod following inject ion.  

In jec t ions  of arachis  oil solut ions  of t he  powerful  ' local '  
carcinogens,  3 ,4 -benzpyrene  and  20 -me thy lcho lan th rene  
(MC) and  of the  non-carc inogenic  pyrene  or the  appl ica-  
tion of whole  b o d y  X- i r r ad i a t ion  failed to  suppress  ra t  
serum P P D  oxidase  ac t iv i ty ,  and  it is of in te res t  t h a t  
N ,N-d ime thy l -p - (1 -naph thy l azo )  anil ine which  is k n o w n  
to be a rap id  sa rcoma- induc ing  agen t  for female ra t s  3 b u t  
which has  a long induc t ion  t ime for h e p a t o m a  fo rma t ion  ~ 
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was also inact ive  in this  respect .  I nd ica t ions  have  been  
ob ta ined  t h a t  in jec t ion  of MC into  male  ra t s  which  re- 
ceived s imul taneous ly  3 ' -MeDMAAB,  speeds  the  r e t u r n  
of se rum P P D  oxidase  levels to  normal ,  and  we h a v e  
no ted  t h a t  the  P P D  oxidasc  levels of female  ra t s  in jec ted  
wi th  3 ' -MeDMAAB re tu rn  more  qu ick ly  to  n o r ma l  t h a n  
is the  case wi th  male rats .  MC is k n o w n  to  p r o t e c t  r a t s  
against  hepa toearc inogenes is  by  3 ' -MeDMAAB 5 a n d  i t  has  
been found t h a t  male ra ts  are more  sucep t ib le  t h a n  fe- 
males to the  azo dye% 

In  view of the above -men t ioned  resul ts  a n d  unpub l i shed  
observa t ions  for o ther  azo dyes,  it  seems t h a t  t he re  is a 
close correlat ion be tween  the  hepato= a rc inogen ic i ty  of an  
azo dye  for ra ts  and its abil i ty,  a f te r  i n t r a p e r i t o n e a l  in- 
ject ion,  to lower and main ta in  a t  a low level s e rum P P D  
oxidase  act ivi ty .  Our results  po in t  to a possible  m e t h o d  
for rap id  screening of azo hepa toca rc inogens  a n d  ind ica te  
t h a t  these substances  m a y  a t t ack  ttm liver prhcursors  of 
caeruloplasmin,  the copper -conta in ing  se rum globul in  
which  is p robab ly  identical  wi th  P P D  oxidase.  Conf i rma-  
t ion t h a t  copper  metabol i sm is p ro found ly  inf luenced  by  
hepatocarc inogenic  azo dyes has been found  in the  obser -  
va t ions  (see Table II) t h a t  3 days  a f te r  in jec t ion  of 3"- 
MeDMAAB,  4 ' -MeDMAAB and  arachis  oil only,  s e rum 
c o p p e r  levels as de te rmined  by  the  m e t h o d  of GUBLER 
et al. 7 are s t rongly  depressed in adul t  female ra t s  which  
received 3 ' -MeDMAAB, but  not  a t  all in those  in jec ted  
w i t h  t he  feeble carcinogen 4 ' -MeDMAAB or wi th  a rachis  
oil only. 

Add i t ion  of copper  sal ts  to the  diet  is known  to p r o t e c t  
r a t s  aga ins t  h e p a t o m a  format ion by  3 ' -MeDMAAB s and  
i t  was this fact  as well as the  following cons idera t ions  
w h i c h  p r o m p t e d  the  p resen t  inves t iga t ion  of the  ac t ion  of 
azo dyes  in  vivo on some ra t  serum enzymes  which  d e p e n d  
for  ac t iv i ty  on t race e lements  such as copper .  MILLER et 
alA n o t e d  t h a t  an unsubs t i t u t ed  2-position is one of t he  
r e q u i r e m e n t s  for carcinogenic ac t iv i ty  of azo dyes  and  
ear l ier  NYE and LUCK 9 had  obta ined  evidence t h a t  3'- 
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Table I 

Para-phenylene diamine oxidase activity 2 (expressed as optical density at 530 m/t) of serums front pairs of rats 

At time 

24 h before injection 
24 h after injection 
48 h after injection 
97 h after injection 
21 days after injection 

Arachis oil only 

0.242; 0-369 
0.332 ; 0.466 
0.526; 0-598 
0-394; 0.577 
0-257 ; 0.341 

Before and after injectiou of 

Arachis oil solutions of 

3'-McDMAAB 

0.369; 0.312 
0-366 ; 0-297 
0.263 ; 0.222 
0.123; 0.171 
died; 0.356 

.I'-Mel)MAAB 

0.341 ; 0-328 
0.418; 0-400 
0.532 ; 0.548 
0.532; 0-58O 
0.336; 0.348 

,V-I,;tl)MAAB 

0-327; 0.318 
O-294; 0.285 
O-254; 0.238 
0.257; 0.187 
0.336; 0.352 

Serum (0-i ml) is incubated with 2 ml of acetate buffer (pH 6) + 1 ml of PPD reagent (0.5 g PPD • 2 HCI/100 ml of water} for 1 h at 38 ° C. 
A serum-reagent blank containing in addition 1 ml of 0.1% sodium azide was incubated at the same time. After reaction, 1 ml of 0"1% 
sodium azide was added to the first tube, the contents of both tubes were diluted to l0 ml with 3% sodium chloride and the cMour read at 

530 m/~ (1-cm cell) in a Unicam SP 500 Spectrophotometer. 
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Tab~ I I  

Substance injected in 
araehis oil 

3 '-MeDMAAB 

Nil 

4"-MeDMAAB 

Rat 
No. 

1 
2 
3 
4 
5 
6 

Serum Copper Level 
(/,g/100 ml) 

24 h before 72 h after 
injection injection 

224 57 
281 30 
174 191 
144 178 
154 241 
157 198 

M e D M A A B  becomes  a t t a c h e d  to  p ro t e in s  b y  l inkage  
t h r o u g h  i ts  2-pos i t ion  w i t h  a p r o t e i n  a m i n o  group.  Since 
azoxy  c o m p o u n d s  a re  k n o w n  t o  b e  t r a n s f o r m e d  r ead i ly  
in vitro i n t o  o - h y d r o x y a z o  d e r i v a t i v e s  1°, i t  was  t h o u g h t  
t h a t  s imi l~r  r eac t i ons  m i g h t  occur  in  vivo l ead ing  t o  
2 -hydroxy-  a n d  even  2- imino p r o d u c t s  of t h e  m e t a b o l i z i n g  
azo dyes.  Molecules of th i s  k ind  could t h e n  che la te  w i t h  
me ta l s  n (M) : 

[ 
211--(O; N) 
, \ 

a r e a c t i o n  wh ich  m i g h t  be  respons ib le  for  P P D  oxidase  
inh ib i t i on .  

As yet ,  no  c lear  ev idence  ha s  been  o b t a i n e d  t h a t  such  
a m e c h a n i s m  is invo lved .  Thus ,  1 - p h e n y l a z o - 2 - n a p h t h o l ,  
a c o m p o u n d  w h i c h  could  che l a t e  w i t h  copper  in t h e  
m a n n e r  dep ic ted ,  fai led to  i n h i b i t  r a t  s e r u m  P P D  oxidase  
in vivo, a n d  i ts  so lu t ion  in n o r m a l  r a t  s e r u m  in  vitro did  
n o t  inf luence  t h e  ox idase  a c t i v i t y  of t h i s  serum.  Crude  
m e t a b o l i t e s  of 3 ' - M e D M A A B  f rom r a t  u r ine  fai led to in-  
h i b i t  r a t  s e r u m  P P D  oxidase  in vitro as d id  t h e  p a r e n t  
azo dye,  b u t  in  one  e x p e r i m e n t  w i t h  4 ' - E t D M A A B  m e t a -  
bo l i tes  some i n h i b i t i o n  was  obse rved .  

I n j e c t i o n  of 8 - h y d r o x y q u i n o l i n e  i n to  r a t s  s t i m u l a t e d  
s t r o n g l y  s e r u m  P P D  oxidase  ac t i v i t y .  Th i s  c o m p o u n d  l ike 
some 0 -aminopheno l i c  subs tances ,  ac t s  as a local  ca rc ino-  
gen for t he  b l adde r s  of mice,  a n d  BOYLAND a n d  WATSON 1~ 
h a v e  sugges ted  t h a t  a che l a t i on  m e c h a n i s m  m a y  well  be  
i n v o l v e d  in t h i s  process.  Vee h a v e  found  t h a t  t he  h e p a t o -  
carc inogen ,  2 -aminof iuorene  caused  a feeble t e m p o r a r y  
decl ine  in r a t  s e rum P P D  oxidase  ac t iv i ty ,  whi le  i ts  n o n -  
ca rc inogenic  isomer,  4 -aminof luo rene  was c o m p l e t e l y  in-  
ac t ive .  T h e  p o t e n t  l ive r  ca rc inogen ,  4 - d i m e t h y l a m i n o s t i l -  
bene ,  p r o v e d  to  be  as power fu l  a n  i n h i b i t o r  of P P D  oxid-  
ase in vivo as t h e  azo carc inogen ,  3"-MeDMAAB. P e r h a p s  
in  t h e  case of these  a m i n o  ca rc inogens  o - am i nopheno t i c  
d e r i v a t i v e s  c a p a b l e  of che la t ion  arc  p r o d u c e d  in  t he  Iiver. 

Our  resu l t s  will be  r e p o r t e d  in de ta i l  e lsewhere  t o g e t h e r  
w i th  a n  a c c o u n t  of t he  effects  of azo ca rc inogens  etc. on  
r a t  s e rum x a n t h i n e  oxidase,  a n  e n z y m e  w h i c h  requi res  
m o l y b d e n u m  for i ts  a c t i v i t y  a n d  w h i c h  is k n o w n  to be  
suscept ib le  to  i n h i b i t i o n  b y  copper  ions ~. 
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Rdsumd 

On a t r o u v 6  clue les azo iques  3 ' -m6 thy l -  e t  4 '-6thyl-4- 
d i m 6 t h y l a m i n o a z o b e n z ~ n e ,  s u b s t a n c e s  canc6r ig~nes  puis- 
s an t e s  p o u r  le foie du  ra t ,  e m p ~ c h e n t  f o r t e m e n t  l 'act ivi t6 
de la p - p h 6 n y l g n e d i a m i n e  oxydase  du  sSrum sanguin .  Au 
cont ra i re ,  4 ' - m 6 t h y l - 4 - d i m 6 t h y l a m i n o a z o b e n z ~ n e  avec 
p o u v o i r  canc~rig~ne tr~s fa ible  n ' a  a u c u n e  activit6.  
L ' a z o i q u e  3 ' - m 6 t h y l - 4 - d i m 6 t h y l a m i n o a z o b e n z ~ n e ,  mais 
pas  son  i somer  4 ' -m~thy l ,  d i m i n u e  f o r t e m e n t  le cuivre 
s6rique.  

t~ber einen Cortison-f iquivalenten Katalysator 
der Autoxydat ion der Linols/ iure in vi tro 

Die n i c h t e n z y m a t i s c h e  O x y d a t i o n s k a t a l y s e  de r  Linol- 
s/iure m i t  Cor t i son  u n d  a n d e r e n  Cor t icos tero iden ,  als 
kSrpere igene  H o r m o n e ,  i s t  yon  p r a k t i s c h e m  u n d  theo- 
r e t i s c h e m  In te rc s sO.  Das  bei  de r  Cor t i sonka t a ly se  der 
Linols / iure  e n t s t e h e n d e  u n d  m i t  de r  T B A - R e a k t i o n  pro- 
p o r t i o n a l  d e m  S a u e r s t o f f v e r b r a u c h  n a e h w e i s b a r e  2 Reak- 
t i o n s p r o d u k t  ist, ebenso  wie n a e h  U V . - B e s t r a h t u n g  dieser 
Fe t t s / iu re ,  e in  H y d r o p e r o x y d ,  d e m  biologische  Bcdeu- 
t u n g  z u k o m m t :  E s  is t  b e k a n n t ,  dass  Linols t turehydro-  
p e r o x y d  b e s t i m m t e  F e r m e n t e ,  wie Succ inoxydase ,  Cyto- 
e h r o m o x y d a s e  u n d  Cho l inoxydase  zu h e m m e n  ve rmag  3, 
dass  es die A t m u n g  u n d  Glykolyse  yon  E h r l i c h s  Ascites- 
t u m o r z e l l e n  h e m m O ,  dass  es die F/~higkeit  bes i tz t ,  Des- 
oxyr ibonuk le ins / iu re  zu depola r i s ie ren  a, u n d  dass  es be- 
s t i m m t e  Ze l l t e i lungen  blockier t% I n  d iesem Zusammen-  
h a n g  is t  e rwi ihnenswer t ,  dass  die O x y d a t i o n s k a t a l y s e  der 
LinolsXure m i t  Cort ison,  u n t e r  B i l d u n g  v o n  Linolsiiure- 
h y d r o p e r o x y d ,  d u t c h  a n d e r e  Steroide ,  solche m i t  Fol- 
l i ke lho rmonwi rkung ,  g e h e m m t  wirdL 

Die L i n o l s g u r e o x y d a t i o n s k a t a l y s e  d u r c h  bes t immte  
Cor t icos te ro ide  is t  e ine Ifir d e r e n  H o r m o n c h a r a k t e r  un- 
gewbhn l i che  W i r k u n g ,  de ren  B e d e u m n g  fiir die Hormon-  
ef fekte  u n k l a r  b le ib t .  Sic s t e h t  in  Z u s a m m e n h a n g  mit 
M e t a l l - k a t a l y t i s c h e n  P h i i n o m e n e n ,  d e n n  fiir ih r  Zustande-  
k o m m e n  s ind Meta l l ionen ,  besonde r s  Cu 2+, n6t ig ,  so dass 
e in  C o r t i s o n - C u - K o m p l e x  als massgeb l i ch  angenommen  
w e r d e n  mussL Die V e r e s t e r u n g  de r  S e i t e n k e t t e  der  Corti- 
cos tero ide  h e b t  de ren  k a t a l y t i s c h e  \ V i r k u n g  auf. Diese ist 
s o m i t  ffir die K a t a l y s e  massgebend .  B i n  Beweis  hierfiir 
s ind  a u c h  unse re  Be funde ,  dass  n i ede rmoleku la re ,  ali- 
pha t i s che ,  k o n s t i t u t i o n e l I  d e r  Cor t icos te ro idse i tenke t te  
t ihnl iche V e r b i n d u n g e n ,  ?vie D i o x y a c e t o n  usw., die Linol- 
s t i u r eoxyda t i on  k a t a l y s i e r e n  k 6 n n e n  s. Al te rd ings  besteht  
zwischen  diesen u n d  d e n  Cor t i cos te ro iden  e in  grundsi~tz- 
l icher  Un te r s ch i ed .  Die  n i ede rn lo leku la ren ,  b i sher  ge- 
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