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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  Oxidase  
and Xanthine  D e h y d r o g e n a s e  Levels  

during Liver Carc inogenes i s  in the Rat  

Recen t ly  i t  was  repor ted  t h a t  the  levels of s e rum para -  
pheny lened iamine  (PPD) ox idase  and  x a n t h i n e  dehyd ro -  
genase (XD) m a y  be  t e m p o r a r i l y  lowered and  ra ised 
respec t ive ly  following single in t r ape r i tonea l  in jec t ions  ol  
powerful  hepa toca rc inogens  in to  a lbino r a t sL  We  h a v e  
now s tudied  the  changes  in  t he  levels of these  enzymes  
dur ing  the  course of i nduc t ion  of l iver  tu rnou t s  by  oral  ad-  
min i s t ra t ion  of 3 ' -me thy I -4 -d ime thy l aminoazobenzene  
(Y-MeDMAAB) to rats .  

Serum samples  were ob t a ined  by  ta i l -b leeding 10 young  
adul t  male  albino ra ts  and  the  enzymes  were d e t e r m i n e d  
as previously  desc r ibedL On the  following d a y  (15 .7 .58)  
the  ra t s  were d iv ided  in to  two  equal  groups,  one of which  
received a da i ly  feed of 100 g of pu lver i sed  Die t  No. 86 
(prepared in pel le t  form by  the  N o r t h  E a s t e r n  Agr icul tura l  
Cooperat ive Socie ty  of Aberdeen)  con ta in ing  0.06% W / W  
of Y-MeDMAAB and  made  in to  a pas te  w i th  t ap  w a t e r  
(60 m]). The o the r  group received t h e  s ame  reg imen  b u t  

w i t h o u t  t he  azo dye.  B o t h  groups  were  p ro v i d ed  wi th  tap  
w a t e r  a d  l i b i t u m .  The  diets  were suppl ied  for 155 days 
unt i l  8. 12. 58 a f te r  which  b o t h  groups  were  fed Diet  
No. 86 unt i l  the  e x p e r i m e n t  was t e r m i n a t e d  on  24. 3. 59 
when  the  last  surv iv ing  azo-fed r a t  had  to  be killed because 
of  a large l iver  t u mo u r .  A t  in tervals ,  s e rum P P D  oxidase  
and  X D  were  d e t e r m i n e d  and  on several  occasions blood 
haemog lob in  and  m e t h a e m o g l o b i n  levels were  e s t ima ted  
b y  the  m e t h o d  of ~]'ANDENBELT et  a l .  ~. 

A s ta t i s t i ca l  analysis  of the  changes  in s e r u m  P P D  
oxidase  ac t i v i t y  is g iven  in Table  t,  b u t  d a t a  for one  of the 
azo-fed r a t s  has  no t  been  inc luded in the  analysis .  Al- 
t h o u g h  th is  r a t  r e sponded  ini t ial ly to dyefeed ing  by  a 
d rop  in s e rum P P D  oxidase  level t h e  decrease  was  less 
t h a n  t h a t  shown  by  the  o the r  4 rats .  Also i t  b e h a v e d  ab- 
normal ly  in  two  o the r  respects .  Thus  a f te r  abou t  1 m o n t h  
on the  diet ,  t he  g rowth  of the  an imal  became  severely 
r e t a rd ed  and  r ema i n ed  so unt i l  i t  died s u d d en l y  on 
19. 1 .59 wi th  a m o d e r a t e l y  large l iver t umour .  Moreover,  
the  ra t  deve loped  an  an aemi a  which  was  more  in tense  t h a n  
t h a t  exh ib i t ed  by  o the r  m e m b e r s  of the  azo group (see 
below). 
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Table I 

Serum PPD oxidase levels in groups of rats kept on a diet containing the azo dye 3'-MeDMAAB and on a normal diet 

Group 

Azo  
(n = 4) 

Normal 
(n = 5) 

1 day before diet 
commenced 

mean 
weight (g) 

I range 
PPD mean (XA) 

a[* 

mean 
weight (g) 

Jl rang e 
PPD mean (XN) 

t**  

163=t:19+ (139) t 

0.295 - 0-632 
0.502 (0.623)t 
0.022346 

153 =1= 12 

0 .318-  0.592 
0.425 
0.011091 
0.9 
(<  5% level) 

21 

182~=13 (155) 

0 .238-  0.287 
0-258 (0.488) 
0.000467 

190 ± 12 

0 .311-  0.456 
0.381 
0-004211 
4 
( > 1% level) 

Days after diet commenced 

62 

224 ~ i1 (186) 

0 .161-  0,222 
0.184 (0.451) 
0.000714 

228 ± 19 

0-318 - 0'459 
0.361 
0-003232 
6.1 
(>  0'1% level) 

12o 

262 ~ 16 (194) 

0 .311-  0"358 
0.332 (0.574) 
0.000378 

263 ~:23 

0.377 - 0,471 
0.401 
O.001543 
3.4 
(1% level) 

154 

2 6 9 ~ 2 2  (197) 

0"309- 0-442 
0'367 (0"572) 
0.003478 

2733-21 

0'330-- 0"612 
0'439 
0"009020 
1'5 
{< 5% level) 

+ Standard deviation t Bracketed values refer to the rat omitted from the analysis. 

* Best estimate of variance, a ~ . . . . .  
~-- I  

Table I I  

** t test, t = x A - - x  N 

V 2+ or2 N 

nA gN 

Group 

Azo Diet 

Normal Diet 

Rat 

1 "  
4+ 
5++ 

range 

mean values for 

Days after diet commenced 

154 189 

13m45s 19m 
13m15s 20m30s 

not done 12m30s 
8m30s-1 l m  8m30s-14m30s 

9m45s 11m 
_¢. 

5 rats 

202 223 251 

14m 7m45s -- 

14m 14m45s 16m30s 
9m30s- 9m30s- 9m-  

12m45s 12m15s 10m30s 

l l m  l l m  10m 

4 rats 

* Killed at 223 days; total weight of liver + tumour = 31 g. ++ Killed at 251 days; total weight of liver + tumour = 44 g. 
+ Killed at 190 days; total weight of liver + tumour ~ 40 g. 
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T a b l e  I shows t h a t  inges t ion  of t he  azo ca rc inogen  led a t  
f i rs t  t o  a decl ine  in t h e  s e r u m  P P D  oxidase  levels  of t h e  
e x p e r i m e n t a l  ra t s .  T h e  di f ference b e t w e e n  t he  m e a n  levels  
of P P D  oxidase  a c t i v i t y  for  e x p e r i m e n t a l  a n d  con t r o l  
groups,  a l r e ady  p r o n o u n c e d  a t  21 days ,  was v e r y  m a r k e d  
at  62 days  f r o m  t h e  s t a r t  of t h e  feed ing  e x p e r i m e n t .  
Therea f t e r ,  in  sp i te  of c o n t i n u e d  inges t ion  of t he  azo dye,  
se rum P P D  oxidase  levels  of t h e  e x p e r i m e n t a l  g r o u p  
began  to  rise a n d  b y  154 days  t h e r e  was no  s ign i f i can t  
di f ference b e t w e e n  t h e  m e a n  levels  of t h i s  e n z y m e  in t h e  
e x p e r i m e n t a l  a n d  con t ro l  groups .  

W h e n  large l ive r  t u m o u r s  were  p r e s e n t  in  t h e  azo-fed 
rats ,  s e r u m  P P D  oxidase  levels  r e m a i n e d  h i g h  (0-4-0.6) so 
t he re  is no  ques t i on  of p e r m a n e n t  suppress ion  or  de le t ion  
of t h e  e n z y m e  d u r i n g  hepa toca rc inogenes i s .  MILLER a n d  
M I L I ~  f o u n d  t h a t  t he  ab i l i t y  of r a t s  to  b i n d  azo dye  to  
t he i r  l iver  p ro t e in s  b e g a n  to decl ine  a f t e r  t h e  r a t s  h a d  
been  fed for a b o u t  2 weeks  on  a d ie t  c o n t a i n i n g  3'-  
MeDMAAB.  ARcos  a n d  ARcos  4 obse rved  t h a t  t h e  swell ing 
ab i l i ty  of  l iver  m i c r o s o m e s  decreased  to  a m i n i m u m  a t  
4 weeks  w i t h  t h e  feeding of 3 ' - M e D M A A B  a n d  aga in  in-  
c reased u n t i l  n o r m a t  leve ls  of swell ing were  a t t a i n e d  a f t e r  
20 to  24 weeks  of dye  feeding.  A d ie t  c o n t a i n i n g  t h e  n o n -  
ca rc inogen  2 - 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  fai led 
to in f luence  t h e  swel l ing of r a t  l iver  mic rosomes  a f t e r  
4 weeks.  RoY, MIYA,  a n d  CArtrO f o u n d  t h a t  t h e  t o t a l  non -  
p ro t e in  s u l p h y d r y l  c o n t e n t  of t h e  l ivers  of r a t s  fed 4-di- 
m e t h y l a m i n o a z o b e n z e n e  r eached  a m i n i m u m  v a l u e  a f t e r  
12 weeks  o n  t he  die t .  Af te r  20-24  weeks,  however ,  t h e  
s u l p h y d r y l  c o n t e n t  h a d  r e t u r n e d  to  n o r m a l  levels.  I n  t h e  
p re sen t  e x p e r i m e n t  we h a v e  i nd i ca t i ons  t h a t  ye t  a n o t h e r  
ear ly  effect  of t h e  azo ca rc inogen  a p p e a r s  to  be  ove rcome  
as dye- feed ing  is con t inued .  

A l t h o u g h  single i n t r a p e r i t o n e a l  in j ec t ions  of 3'- 
M e D M A A B  as weU as of o t h e r  h e p a t o c a r c i n o g e n s  m a y  
produce  a t e m p o r a r y  increase  in s e r u m  X D ,  no  s ign i f ican t  
difference b e t w e e n  t h e  m e a n  X D  levels  of e x p e r i m e n t a l  
and  con t ro l  g roups  was found  a f t e r  21, 62, 120, a n d  154 
days  of dye-feeding.  I t  was  f o u n d  h o w e v e r  t h a t  X D  
levels of azo-fed  r a t s  b e g a n  to  decl ine  w i t h i n  a few weeks  
a f te r  t h e  e n d  of azo dye-feeding.  T h i s  t r e n d  is s h o w n  in 
Table  I I  w h i c h  also records  X D  va lues  for  con t ro l  
animals ,  S e r u m  X D  levels b e g a n  to decrease  d u r i n g  l iver  
t u m o u r  g r o w t h  a n d  we h a v e  n o t e d  in  a n o t h e r  series of 
ra ts  w h i c h  h a d  been  on  a d ie t  of 4 - d i m e t h y l a m i n o a z o -  
benzene  t h a t  low se rum X D  va lues  m a y  be  e n c o u n t e r e d  
even before  l iver  t u m o u r s  are pa lpable .  I t  is of  i n t e r e s t  
t h a t  t he  g r o w t h  of  a t r a n s p l a n t a b l e  s a r c o m a  R d / 3  in  t h e  
same r a t  s t r a i n  leads  to  a m a r k e d  depress ion  in s e rum X D  
ac t iv i ty .  

F ina l ly ,  reference  is m a d e  to  ~he a n e m i c  c o n d i t i o n  of 
rats  fed 3 ' -MeDMAAB .  Af te r  120 days  on  t h e  diet ,  
hemoglob in  levels (as m e a s u r e d  b y  the  m e t h o d  of VaN- 
DENBEL:r el al. 2 a n d  expressed  as a n  op t i ca l  d e n s i t y  dif-  
ference a t  630 m/z) r a n g e d  f rom 0.229 to  0.254 (4 ra ts )  w i t h  
a m e a n  va lue  of 0.242. The  n o r m a l  g roup  (5 ra ts)  h a d  
values in  t h e  r a n g e  0-276-0.283 w i t h  m e a n  = 0.279. 
Appl ica t ion  of t h e  t t e s t  gave  t = 6.8 ( >  0-1% level) 
showing t h a t  t h e  d i f ference  b e t w e e n  t h e  m e a n s  is h i g h l y  
signif icant .  T h e  azo-fed  r a t  exc luded  f r o m  o u r  ana lyses  
had a h e m o g l o b i n  level  of 0.195. Es sen t i a l l y  t he  s ame  
results  were o b t a i n e d  a f t e r  154 days  on  t he  diet .  

The  azo ca rc inogen  ha s  a w e a k  m e t h e m o g l o b i n o g e n i c  
action w h e n  g iven  ora l ly  to  r a t s  (a m e a n  va lue  of 1 .7% as 

3 E. C. MILLER and J. A. MILLER, Cancer Res. 1~, 547 (195~2). 
4 j .  C. ARcos and M. A~cos. Biochim. biophys. Aeta 28, 9 (t958). 
s P.-G. RoY, T. S. MIRA, and C. J. CARR, Proc. Soe. exp. Biol. 

I~Ied. 97, 284 (1958). 

c o m p a r e d  w i t h  0 .2% for t h e  con t ro l  g roup  a t  120 days  
f rom t h e  s t a r t  of dye- feeding)  wh ich  con f i rms  o u r  p rev ious  
f i n d i n g  s of t h i s  c o n d i t i o n  fo l lowing single i n t r a p e r i t o n e a l  
in j ec t ions  of 3 ' - M e D M A A B  in to  ra ts .  

I t  is n o t e w o r t h y  t h a t  all  t h e  azo-fed  r a t s  deve loped  l iver  
t u m o u r s  which  p roved  to  be  c h o l a n g i o c a r c i n o m a t a .  
A t t e m p t s  to  t r a n s p l a n t  severa l  of these  t u r n o u t s  m e t  w i t h  
n o  SUCCESS. 

I shou ld  like to  t h a n k  Dr. F, N. GHADIALLY for 
e x a m i n i n g  h is to logica l  sect ions  of t h e  t u m o u r s ,  a n d  I a m  
i n d e b t e d  to  t h e  U n i v e r s i t y  of Sheff ield for  t h e  J a m e s  
Morr i son  Fe l lowsh ip  in  c a n c e r  research.  

W.  J .  P.  N~IsH 

Cancer Research Unit, The University, Sheffield, May 5, 
7959. 

Zusarnmen/assung 

W e r d e n  R a t t e n  m i t  dern  ca r c i n o g en en  3 ' -Methy l -4 -d i -  
m e t h y l a m i n o a z o b e n z o l  gef i i t t e r t ,  so n i m m t  die Konzen-  
t r a t i o n  d e r  p - P h e n y l e n d i a m i n o x i d a s e  im S e r u m  a n f a n g s  
r a s e h  ab,  u m  a m  E n d e  d e r  F t i t t e r u n g s p e r i o d e  l a n g s a m  
wieder  au f  den  N o r m a l w e r t  anzus te igen .  

E ine  V e r m i n d e r u n g  de r  X a n t h i n d e h y d r o g e n a s e  des  
S e r u m s  w a r  n u r  zu B e g i n n  des W a c h s t u m s  ro l l  Leber -  
t u m o r e n  zu b e o b a c h t e n .  Mi t  Azofa rbs to f f en  gef t i t t e r te  
R a t t e n  w u r d e n  an/~misch. 

s W . J . P .  N m s u ,  N a t u r e  17S, 1350 (t956). 

Antibodies in the Course of Resorption 
of the Ehrlich Cancer Heterotransplant  in R a t s  

Mice t u m o u r s  h e t e r o t r a n s p l a n t e d  to  n e w b o r n  wh i t e  
r a t s  1,~ or  to  w h i t e  r a t  e m b r y o s  3,4 a t  f i rs t  g row a t  a h igh  
r a t e  a n d  a t t a i n  a large size, whi le  in  more  t h a n  two-week  
o ld  r a t s  t h e y  d e g e n e r a t e  a n d  a re  c o m p l e t e l y  resorbed .  
R e s o r p t i o n  of t h e  t u m o u r  h e t e r o t r a n s p l a n t s  u n d e r  these  
cond i t i ons  is i n d i c a t i v e  of lack of a cqu i r ed  to le rance  4, 
a l t h o u g h  to l e rance  to  skin  h o m o t r a n s p l a n t s  c an  be  e labo-  
r a t e d  in less t h a n  2-week old ratsS,% T h e  m e c h a n i s m  of 
t r a n s p l a n t  r e so rp t ion  in 2-week old r a t s  is s t i l l  obscure .  

I n  t h e  p r e s e n t  s tudy ,  we h a v e  fol lowed up the  d y n a m i c s  
of a n t i b o d i e s  a g a i n s t  t u m o u r  t i ssue  in  se ra  of r a t s  w i t h  
r e s o r b i n g  E h r l i c h  c a n c e r  t r a n s p l a n t .  F o r  t h i s  purpose ,  t h e  
a g g l u t i n a t i o n  r eac t ion  of t u m o u r  cells was  t e s t e d  as well  as  
cy to tox i c  a c t i o n  of se ra  u p o n  t u m o u r  cells in a t e s t  t u b e  
a n d  in vivo-in vitro n eu t r a l i z a t i o n .  

Methods. T h e  E h r l i c h  asci t is  a d e n o c a r c i n o m a  was sub-  
c u l t u r e d  to n o n - i n b r e d  s t r a i n s  of wh i t e  mice. The  asci t i s  
f lu id  was p rocu red  f rom t h e  mice  on  t h e  7 - 1 2  th d a y  a f t e r  
inocu la t ion .  T h e  cells were th r i ce  w a s h e d  w i t h  R i n g e r  a n d  
0.25 ml  of t h e  s u s p e n s i o n  of t u m o u r  cells c o n t a i n i n g  
160 mi l l ion  cells p e r  I m l  were i n j ec t ed  u n d e r  t h e  sk in  of 
t h e  b a c k  of 1 - 2 - d a y  old  w h i t e  ra ts .  

A t o t a l  of 112 y o u n g  r a t s  of 12 l i t t e rs  h a v e  b e e n  inocu-  
l a ted ,  whi le  46 n o r m a l  y o u n g  r a t s  of 5 l i t t e rs  were used as 

1 I .  6EORGIU, J.  Path .  Baet.  29, 171 (1926). 
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