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Effect of Hepatocarc ino~ens  on Rat  S e r u m  p a r a -  

Phenylene  D i a m i n e  Oxtdase  and Xanthine  

D e h y d r o g e n a s e  

R e c e n t l y  ~, i t  w a s  s h o w n  t h a t  t h e  s e r u m  p a r a - p h e n y l e n e  
d i a m i n e  { P P D )  o x i d a s e  l eve l  o f  a d u l t  a l b i n o  r a t s  w a s  
m a r k e d l y  s u p p r e s s e d  a f t e r  t h e  i n t r a p e r i t o n e a l  i n j e c t i o n  
of  s o m e  p o w e r f u l  a z o h e p a t o c a r c i n o g e n s .  O n  t h e  o t h e r  
h a n d ,  i t  w a s  f o u n d  t h a t  i n j e c t i o n s  o f  t h e  a r a c h i s  oi l  v e h i -  
cle a l o n e  o r  o f  s o l u t i o n s  o f  n o n - h e p a t o c a r c i n o g e n i c  a z o  
d y e s  a s  wel l  a s  o f  v a r i o u s  o t h e r  c a r c i n o g e n s  ( w h i c h  a t t a c k  
o r g a n s  o t h e r  t h a n  t h e  l iver )  a n d  n o n - c a r c i n o g e n i c  s u b -  
s t a n c e s  l ed  t o  a p r o g r e s s i v e  i n c r e a s e  i n  t h e  P P D  o x i d a s e  
a c t i v i t y  o f  s e r u m  s a m p l e s  o b t a i n e d  a t  i n t e r v a l s  d u r i n g  
t h e  f i r s t  f e w  d a y s  f o l l o w i n g  i n j e c t i o n .  E a c h  s u b s t a n c e  w a s  
a p p l i e d  a t  a d o s e  l eve l  c o r r e s p o n d i n g  o n  a m o l e  fo r  m o l e  
b a s i s  to  a c o n v e n i e n t  s t a n d a r d  i n j e c t i o n  o f  16-5 m g  o f  
Y - 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  (m.  w.  239) in  0.6 
m l  of  a r a e h i s  oil p e r  100 g o f  b o d y  w e i g h t  (b .w.) .  

A t  e q u i m o l a r  d o s e  l eve l s ,  u n l e s s  o t h e r w i s e  s t a t e d ,  i n t r a -  
p e r i t o n e a l  i n j e c t i o n s  o f  s o m e  o t h e r  k i n d s  of  r a t  l i ve r  c a r -  
c i n o g e n  h a v e  n o w  b e e n  f o u n d  to  p r o d u c e  s i m i l a r  s u p p r e s -  
s i v e  e f f e c t s  (see T a b l e ) .  T h u s  I ) L - e t h i o n i n e  2 ( b u t  n o t  DL- 
m e t h i o n i n e ;  a c o n v e n i e n t  r e f e r e n c e  s u b s t a n c e  w i t h  n o  
k n o w n  c a r c i n o g e n i c  a c t i v i t y )  w a s  a c t i v e ,  a n d  t a n n i c  a c i d  a 
(5 r a g / 1 0 0  g b .w. )  p o w e r f u l l y  s u p p r e s s e d  r a t  s e r u m  P P D  
o x i d a s e .  

: W. J. P. NmSH, Exper. 14, 287 (1958). 
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C a r b o n  t e t r a c h l o r i d e ,  w h i c h  is  a p p a r e n t l y  n o t  h e p a t o -  
c a r c i n o g e n i c  for  r a t s  4, d e p r e s s e d  r a t  s e r u m  P P D  o x i d a s e  
b u t  o n l y  w h e n  a p p l i e d  a t  l eve l s  s e v e r a l  t i m e s  g r e a t e r  t h a n  
o u r  s t a n d a r d  dose .  A t  t h e  l eve l  o f  0 .02 m t / 1 0 0  g b.w.  
( a p p r o x i m a t e l y  h a l f  a s  m u c h  a g a i n  a s  t h e  s t a n d a r d  level) ,  
c a r b o n  t e t r a c h l o r i d e  c a u s e d  o n l y  a s t e a d y  i n c r e a s e  in 
P P D  o x i d a s e  a c t i v i t y .  

T h e  t r a n q u i l i z e r  d r u g ,  c h l o r p r o m a z i n e ,  w h e n  a p p l i e d  
a t  h a l f  t h e  s t a n d a r d  d o s e  (a l eve l  a t  w h i c h  t h i s  c o m p o u n d  
is  h i g h l y  t ox i c ) ,  s t r o n g l y  s u p p r e s s e d  P P D  o x i d a s e ,  b u t  i t  
w a s  i n a c t i v e  a t  2.5 m g / 1 0 0  g b .w .  T h i s  s u b s t a n c e  is  sa id  
t o  e n h a n c e  t h e  c a r c i n o g e n i c  a c t i v i t y  o f  4 - d i m e t h y l a m i n o -  
a z o b e n z e n e  5 a n d  o u r  r e s u l t s  s u g g e s t  t h a t  i t  m i g h t  b e  car -  
c i n o g e n i c  in  i t s  o w n  r i g h t .  

T h e  r a t h e r  f eeb le  l i ve r  c a r c i n o g e n s ,  t h i o a c e t a m i d e  8, a n d  
p - e t h o x y p h e n y t u r e a  7 f a i l e d  t o  s u p p r e s s  P P D  o x i d a s e  
a c t i v i t y  u n d e r  o u r  e x p e r i m e n t a l  c o n d i t i o n s .  

A s  we  h a d  f o u n d  w i t h  t h e  s t r o n g  a z o h e p a t o c a r c i n o g e n s  x, 
s e r u m  c o p p e r  l e v e l s  w e r e  m a r k e d l y  d e p r e s s e d  in  r a t s w h i c h  
e x h i b i t e d  low l eve l s  o f  s e r u m  P P D  o x i d a s e  d u e  t o  in jec-  
t i o n s  o f  t a n n i c  a c id  o r  c a r b o n  t e t r a c h l o r i d e .  

I n  o u r  e a r l i e r  s t u d i e s  w i t h  azo  d y e s ,  i t  w a s  n o t e d  t h a t  
s o m e  s t r o n g  a z o h e p a t o c a r c i n o g e n s  n o t  o n l y  s u p p r e s s e d  
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Table. Effect of various hepatocareinogenic and related substances injected intraperitonealty on the serum paraphenylene diamine (PPD) 
oxidase and xanthine  dehydrogenase (XD) levels of pairs of adult  albino rats  

Substar/ce 
(mg or mt/100 g bodyweight) 

injected as suspension or solution in 
arachis oil 

Nil; 3 . . . . . . . . . . . .  

T a n n i c  acid* . . . . . . . . .  
(5 mg) 9 . . . . . . . . . . .  
DL-Eth ionine  . . . . . . . . .  
(11.3 rag) 3 . . . . . . . . . .  
DL-Methionine . . . . . . . . .  
(10-3 mg) ~ . . . . . . . . . .  
C a r b o n  t e t r ach lo r ide  . . . . . .  
(0-I ml) ~ . . . . . . . . . .  
Carbon  t e t r ach lo r ide  . . . . . .  
(0-02 rot) ? . . . . . . . . . .  
T h i o a c e t a m i d e  . . . . . . . .  
(5.2 mg) (~ . . . . . . . . . .  
p - E t h o x y p h c n y l u r e a  . . . . . .  
(12.5 rag) ~ . . . . . . . . . .  
Ch lo rp romaz ine  HC1 . . . . . .  
(12-3 rag) ~ . . . . . . . . . .  
CMorpromaz ine  HC1 . . . . . .  
(2.5 mg) c~ . . . . . . . . . .  

PPD oxidase activity s 
(expressed as optical density 

at  530 in[x) 

24 h 
beforeinjection 

0 '302 0.380 
0.366 0.505 
0"356 0-219 
0-660 0-428 
0.479 0"348 
0"334 0 '262 
0.412 0 '497 
0-285 0.389 
0-356 0.301 
0-278 0-248 
0.345 0.450 
0-406 0"543 
0-351 0-353 
0"272 0"330 
0-528 0"590 
0"454 0"510 
0-405 0-328 
0-344 0-296 
0.252 O'293 
0.348 0.367 

24 h 48 h 
after injection 

XD activity** 
(expressed as tome (rain, s) 

for 100% reduction of 
methylene blue) 

of serums obtained: 
24 h [ 

before injection 

m i n  11 
m i n  45 s 10 
rain 45 s 7 
m i n  45 s 3 
m i n  10 
m i n  30 s 10 
rain 30 s 11 
m i n  15 s 13 
m i n  30 s 3 
ra in  30 s 3 
m i n  7 
min  30 s 5 
m i n  6 
m i n  45 s 7 
m i n  45 s 12 
m i n  45 s 11 
rain  15 s 9 
ra in  45 s 7 
m i n  45 s 10 
rain 12 

* Similar results were obtained with male rats. 

0.414 11 
0.560 10 
0.183 11 
O-232 12 
0.287 11 
0.212 12 
0.435 14 
0-412 13 
0-210 9 
0-189 I0 
0-506 11 
0"554 I0  
0-360 £2 
0-358 13 
0.510 11 
0-486 13 
d ied  11 
0-197 9 
0 '335 i 0  
0 '428 11 

24 h 48 h 
after injection 

m i n 1 5 s  1 1 m i n  3 0 s  
m i n 3 0 s  1 1 m i n 3 0 s  
min 15 s 6 m i n  
m i n  30 s 4 m i n  15 s 
rain 15 s 11 rain. 
m i n 4 5 s  1 0 m i n 1 5 s  
rain 15 s 1 2 m i n  
m i n 1 5  s 12 m i n  3 0 s  
m i n  
rain  30 s 2 ra in  15 s 
rain 15 s 4 ra in  
rain 4 m i n  
rain  45 s 9 m i n  15 s 
m i n  9 m i n  45 s 
m i n 1 5 s  11 m i n 4 5 s  
m i n  12 ra in  15 s 
m i n  
m i n  30 s 
ra in  30 s 9 ra in  30 s 
rain 15 s 9 rain 45 s 

** 1 ml of aqueous methylene blue solution (50 mg/l) + 1 ml of hypoxanthine solution (4 mg of hypoxanth ine  in 25 ml of full strength 
S6rensen buffer, pH 8) in evacuated Thunberg tube (3 rain at water pump) was mixed "with (I-2 ml of serum at zero time and 
incubated at 38°C, 8 H. A. RAVIN, The Lancet 1956, 726. 
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P P D  oxidase  a c t i v i t y  b u t  also increased  the  levels of r a t  
s e rum x a n t h i n e  d e h y d r o g e n a s e  (XD).  Th i s  l a t t e r  effect  
ha s  aga in  been  o b t a i n e d  w i t h  some of t h e  s u b s t a n c e s  
m e n t i o n e d  in th i s  r epo r t  (see Table) .  

A l t h o u g h  DL-ethionine fai led to  a u g m e n t  s e r u m  X D  
ac t iv i ty ,  apprec iab le  increases  occur red  a f t e r  t he  appl ica-  
t ion  of t a n n i c  acid and ,  in  c o n f i r m a t i o n  of the  work  of 
AFFONSO et a12, fol lowing c a r b o n  t e t r ach lo r ide  inject ions.  
Since X D  was s t rong ly  s t i m u l a t e d  b y  levels of c a r b o n  
t e t r ach lo r ide  which  fai led to  suppress  P P D  oxidase  ac- 
t iv i ty ,  i t  would seem t h a t  the re  is no  d i rec t  r e l a t ionsh ip  
b e t w e e n  P P D  oxidase  suppress ion  on  t he  one h a n d  a n d  
X D  s t i m u l a t i o n  on  the  o t h e r  b y  a pa r t i cu l a r  subs tance .  
Again,  a l t h o u g h  b o t h  t h i o a c e t a m i d e  a n d  p - e t h o x y p h c n y l -  
u rea  failed to suppres s  P P D  oxidase,  t he  fo rmer  b u t  no t  
the  l a t t e r  s u b s t a n c e  led to a rise in r a t  s e rum X D  a c t i v i t y  
24 h a f t e r  in jec t ion .  I t  m a y  be no t ed  t h a t  the  carc inogen,  
4 -d ime thy l aminos t i l bene ,  h igh ly  ac t ive  in suppres s ing  
P P D  oxidase,  h a d  l i t t le  or  no  effect  on  s e rum X D ,  whi le  
the  less ac t ive  P P D  suppressor ,  2 -aminof luorene ,  in- 
c reased X D  to  some ex ten t .  The  non-ca rc inogen ,  4 -amino-  
f luorene,  ne i t he r  increased X D  nor  depressed  P P D  oxidasc,  

The  m a j o r i t y  of r a t  h e p a t o c a r c i n o g e n s  which  h a v e  been  
e x a m i n e d  up  to  da te  h a v e  been  found  to  suppress  r a t  
s e rum P P I )  ox idase  a c t i v i t y  a n d  the i r  e f fec t iveness  in th i s  
respect  closely parel lels  t he i r  carc inogenic  potencies ,  
Some b u t  no t  all of these  ca rc inogens  also a u g m e n t  r a t  
s e rum X D  ac t iv i ty .  One weak  hepa toca rc inogen ,  th io -  
ace tamide ,  d id  no t  suppress  P P D  oxidase  even  w h e n  ap-  
plied a t  twice t he  s t a n d a r d  dose level, a l t h o u g h  i t  in- 
c reased t e m p o r a r i l y  X D  a c t i v i t y  a t  b o t h  levels. I n j ec t i ons  
of non -hepa toca rc inogen ic  s u b s t a n c e s  failed e i t he r  to  
suppress  P P D  oxidasc  or  to  e leva te  XD,  W c  shou ld  like 
to  r e m a r k  t h a t  a l t h o u g h  t he  weak  carc inogen,  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  p roduced  no  decl ine  in P P D  
oxidase  when  app l ied  a t  the  s t a n d a r d  l e v e l t  i t  d id  evoke  
a t e m p o r a r y  suppress ion  a t  twice th i s  level, 

Any  c o m p o u n d  which  is found  to  suppress  se rum P P I )  
oxidase  a n d / o r  to  e l eva te  X D  in the  r a t  u n d e r  o u r  exper i -  
m e n t a l  cond i t ions  m a y  be  suspec ted  as a po t en t i a l  hepa to -  
carc inogen.  
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R/sumd 

On a observ6  une  d i m i n u t i o n  de la para-phdnylSne- 
d i amine -oxydase  e t  parfois  une  a u g m e n t a t i o n  dc  la x a n -  
t h i n e  d6hydrogenase  d a n s  le s6 rum s a n g u i n  des r a t s  
t ra i tds  avec  que lques  s u b s t a n c e s  canc6rigSnes p o u r  le foie, 

D O. R. AFFONSO, E, ]~[IXIDIERI, L, P. RIBEIRO, and G, G. VIL- 
LELO, Proe. Soc. exp. Biol. Med. 90j 5°7 (1955), 

Correlation between para-Phenylene Dtamlne 
Oxldase Activity and the Copper Content of Rat 

Serum 

I n t r a p c r i t o n c a l  in j ec t ion  of some powerfu l  h c p a t o c a r -  
c inogens  in to  a lb ino  ra t s  resul t s  in an  apprec iab le  reduc-  
t ion  of t he  level  of the  coppe r - con t a in ing  enzyme,  para- 

p h e n y l e n e  d i a m i n e  ( P P D )  ox ida se  1, as  d e t e r m i n e d  b y  
RAWN'S m e t h o d  2 a n d  also of t h e  t o t a l  s e r u m  c o p p e r  as  
e s t i m a t e d  co lo r ime t r i ca l ly  w i t h  s o d i u m  d i e t h y l d i t h i o -  
c a r b a m a t e  3. I n j e c t i o n s  of c e r t a i n  o t h e r  s u b s t a n c e s ,  h o w -  
ever ,  s t i m u l a t e  s e r u m  P P D  ox idase  a c t i v i t y  a n d  a t  t h e  
s ame  t i m e  p roduce  h i g h  levels  of c o p p e r  in  t h e  s e r u m .  
Again ,  a p p a r e n t l y  n o r m a l  r a t s  4 m a y  s o m e t i m e s  e x h i b i t  
a b n o r m a l l y  h igh  levels  of P P D  ox idase  a n d  here ,  too,  h i g h  
levels of s e r u m  coppe r  a re  e n c o u n t e r e d .  

E v i d e n t l y ,  t h e r e  is a s t r o n g  pos i t ive  l inea r  c o r r e l a t i o n  
b e t w e e n  t h e  coppe r  level of r a t  s e r u m  a n d  i t s  P P D  oxi-  
dase  ac t iv i ty .  Th i s  is c lear ly  s h o w n  b y  t h e  s c a t t e r  d i a -  
g ram,  in wh ich  is col lected d a t a  f rom v a r i o u s  e x p e r i m e n t s .  
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Relationship between rat .¢~rutu copper levels and para-phenylene 
dianfine oxidase activity. 

Chest blood was obtained a t  death from all male rats O and from 
female rats ~ .  Tail blood was obtained from female rats • under 

ether anaesthesia. 

We  f o u n d  for 29 (N) se rums ,  a c o r r e l a t i o n  coe f f i c i en t  

of + 0.94 (r) for w h i c h  t he  t - t es t  v a l u e  ( t = r ~ / N - -  2] 

]/1 - - ~ )  was  14.8. S ince  t h i s  v a l u e  g r e a t l y  exceeds  t h e  
0-1% p r o b a b i l i t y  level,  t h e  c o r r e l a t i o n  is h i g h l y  s igni -  
f icant .  

P u t t i n g  y = s e r u m  c o p p e r  level  (fzg/100 ml)  
a n d  x = P P D  ox idase  level  ( expressed  as  op t i c a l  

d e n s i t y  a t  530 miz ) we found  t h e  fo l lowing m e a n  v a l u e s :  

= 203,93 a n d  ~ = 0.4539 

a n d  s t a n d a r d  d e v i a t i o n s :  

S.D.y = 92-991 a n d  S . D . x =  0-152. 

F r o m  these  va lues  we o b t a i n e d  t he  r eg ress ion  e q u a t i o n s  : 

y ---- 575.93x -- 57.499 
a n d  x = 0-001546y + 0-138654 

which  a re  s h o w n  in t he  Figure .  

T h e  s t a n d a r d  er rors  of e s t i m a t e  a re :  

S , E . y =  S.D.y V l - r 2 =  30,7811 

a n d  S.E.x = S.D.x V 1 - r ~ = 0.050433. 
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