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Macrophages from guinea-pigs inoculated with human  
red cells provoked adherence, in vitro, of human  red cells, 
irrespective of blood group or Rhesus factor. These 
macrophages adsorbed sheep and rabbi t  red cells on their 
surface to a lesser degree than  macrophages of guinea- 
pigs inoculated with sheep red cells adsorbed human or 
rabbit  erythrocytes. Controls performed with macro- 
phages from normal guinea-pigs were negative. Macro- 
phages from guinea-pigs inoculated with human sera 
(A, B, O) or pools of human  sera, when sensitized in vitro 
with A or B serum, gave weak agglutination with the 
respective cells, according to the groups of the adsorbed 
sera and of the red cells (Figure lb). 

The groups of the inoculated sera had no bearing on 
the reaction, When sensitized in vitro with O serum, 
these macrophages agglutinate human red cells (A, ]3, 0).  
This adherence was sometimes followed by phagoc3~osis 
of the erythrocytes attached on the surface of the macro- 
phages. 

The same macrophages provoked adherence of human  
red cells (A, B, O), without previous in vitro sensitization 
with any human sera. 

Macrophages from non-inoculated guinea-pigs, brought 
into contact, in vitro, with human sera (A, ]3, O), did not  
provoke adherence of the corresponding human  red cells, 

nor were they directly able to provoke adherence of 
human  erythrocytes. 

On addition of complement (pool of fresh guinea-pig 
sera, absorbed with sheep red cells and diluted 1],o) to 
'rosettes' formed by  macrophages of guinea-pigs inocu- 
lated with sheep red cells and by these red cells, Iysis of 
the red cells attached to the macrophages occurred and 
red cell ghosts were observed around the macrophages 
(Figure 2). When lysed red cells were numerous, several 
macrophages seemed to be affected and to undergo lysis 
and disruption. Controls performed with unsuitable sera 
or re d cells, or with normal or non-sensitized macrophages, 
were always negative. 

Our experiments suggest tha t  the macrophage reaction 
is species- bu t  not group-specific. Weak cross reactions 
for sheep, human and rabbi t  red cells are a t t r ibutable  to 
the presence of a heterophile antigen other than  FORSS- 
MAN, 

Experiments on the relationship of cytophilic ant ibody 
to other antibodies in different serum fractions are now 
in progress in our laboratory 9. 

Rdsum& Les macroplmges de cobayes immunis6s 
provoquent in vitro l'adh~rence des h~maties utilis6es 
comme antig~nes, selon une sp6cificit$ d'~sp~ce et non 
de groupe. Les s6rums humains s 'adsorbent in vitro sur 
les macrophages de cobayes immunis6s par ces s6rums, 
ind6pendemment du groupe (mais non sur des macro- 
phages de cobayes normaux) causant  l 'adh*rence et la 
phagocytose des h6maties correspondantes. Les h6maties 
adh6rant aux macrophages sent  h6molys6es en pr6sence 
du compl4rnent. 
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Fig. 2. Lysis of sheep red ceils, when complement is added to the 
'rosettes'. 
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Carcinogenesis in D i f f e r e n t  A n i m a l  Species by 
Diethylnitrosamine 

Only a few carcinogenic compounds have been tested 
comparatively in different animal species, Mostly the 
experiments were carried out in rats and mice only and 
seldom in rabbits or dogs. Therefore many  people are 
doubtful about the possibility of relating the results of 
experimental work to human  beings, saying that  the 
conditions for instance in rodents are quite different from 
those in men. To verify these objections we have tested 
diethylnitrosamine (DENA), whose carcinogenic actions 
were first observed bY us in rats 1,~, also in  mice ~,4, 
guinea-pigs 8, rabbits s, dogs 6, monkeys 7, grass parakeets s 
and pigs % The question was not only to check DENA in 
these animals but  also to investigate the organotropy of 
the action and doses necessary to provoke cancer in all 

these animals. For  tha t  reason the experiments were done 
quanti tat ively.  
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The carcinogenic action of diethylnitrosamine in different animal species 

Animal species Mode of application Daily dose mg/kg Total dose (D~o) mg]kg Type of tumour Authors 

Mouse orally 3 871 -4- 124 H~mangioendotheliomas 
of the liver 

Rat orally 3 700 4- 53 Hepatocarcinomas 

Hamster orally 40 (weekly) 640 Hepatoeareinomas is 

Guinea-pig orally 3 1200 4- 100 Hepatocarcinomas 8 

Rabbit orally 3.4 2500 Hepatocareinomas 

Dog orally and s.c. 3 560 Leimyosarcoma of the liver 

Pig orally 4.4 1400 Reliculosareomas of the liver 

Monkey orally 2-50 1400-25,700 Hepatocarcinomas xz 

Grass parakeet i.m. 70 (weekly) 2800 =k 400 Hepatoearcinomas s 

Brachydanio rerio orally 10-100 ppm 10-13 weeks Hepatocareinomas and 18 
Cholangiomas 

Trout Hepatoearcinomas t4 

E x c e p t  for  t he  i n v e s t i g a t i o n  in grass  p a r a k e e t s  (i.m. 
i n j ec t ion  in to  t h e  M. pec to ra l i s  once weekly,  s ingle dose 
70 mg/kg) ,  D E N A  was  g iven  in  t h e  o t h e r  e x p e r i m e n t s  
o ra l ly  in  t h e  d r i n k i n g  w a t e r  in  a da i ly  dose  of a b o u t  3 
m g / k g  b o d y  weight .  Food  cons i s ted  of A l t r o m i n - p e l l e t s  
a d  l i b i t um.  All a n i m a l s  were o b s e r v e d  u n t i l  n a t u r a l  
dea th ,  a n d  t h e n  dissected  a n d  t h e  i m p o r t a n t  o rgans  
e x a m i n e d  h is to logica l ly  1°. T h e  t o t a l  doses needed  for  
cance r  p r o d u c t i o n  were  a m e a s u r e  of t he  ca rc inogen ic  
a c t i v i t y  of t h e  s u b s t a n c e  in  t he  d i f f e ren t  an ima l s .  Dose-  
response  cu rves  were ca lcu la ted  accord ing  to  a m e t h o d  
a l r eady  p u b l i s h e d  n .  

Our  resu l t s  a re  compi led  in  t h e  Table ,  w h i c h  inc ludes  
t h e  resu l t s  f rom o t h e r  i n v e s t i g a t o r s  on  t h e  s a m e  sub jec t .  
T u r n o u t s  of  t h e  l iver  arose  in  al l  a n i m a l  species i nves t i -  
ga ted .  The  f r e q u e n c y  of t h e  l iver  t u m o u r s  was p r ac t i c a l l y  
1 0 0 % ,  Also in gu inea-p igs  t he  carc inogenes is  was  com- 
plete .  Th i s  was  r a t h e r  su rp r i s ing  because  these  a n i m a l s  
were  cons idered  to  b e  h i g h l y  r e s i s t a n t  to  carc inogenes is  
b y  chemica l  subs t ances .  On ly  in  m o n k e y s  d id  we fai l  to  
obse rve  l iver  t u rnou t s ,  whi l s t  KELLY et  al. 12 p roduced  
l ive r  c a n c e r  in  these  a n i m a l s  too, a f t e r  feeding D E N A .  
W e  obse rved  severe  l iver  d a m a g e  in the  m o n k e y s  w i t h  
d e s t r u c t i o n  of t h e  a r ch i t ec tu r e ,  necros is  of t h e  organ ,  
b l eed ing  a n d  p ro l i f e ra t ion  of t h e  bi le  duc ts .  P r o b a b l y  t h e  
l i fe - t ime of ou r  m o n k e y s  was  too  s h o r t  for t he  deve lop-  
m e n t  of cancer .  W h i l s t  we o b t a i n e d  h e p a t o c a r c i n o m a s  
a n d  occas ional  c a r c i n o m a s  of t he  oesophagus  in ra ts ,  
h e p a t o c a r c i n o m a s  in  guinea-pigs ,  r a b b i t s  a n d  grass  
p a r a k e e t s ,  h e m a n g i o e n d o t h e l i o m a s  of  t h e  l iver  in  mice  
a n d  l e i omysa rcomas  of t h e  l iver  in  dogs a n d  re t i cu losar -  
comas  of t h e  l iver  in  pigs, STANTON X3 a n d  HALVER 14 SaW 
h e p a t o c a r c i n o m a s  in f ishes a n d  HERROLD a n d  DUNHAM t5 
in t he  s y r i a n  go lden  h a m s t e r .  Bes ides  th is ,  i n  t h e  case of 
t h e  h a m s t e r  D E N A  p roduces  a lso p a p i l l o m a s  a n d  car-  
c inomas  of t h e  t r a c h e a  a n d  b r o n c h u s  ~n,18 

T h e  t o t a l  doses necessa ry  for  l iver  c a n c e r  p r o d u c t i o n  
were in t he  s ame  o rde r  of m a g n i t u d e  in all  a n i m a I  species 
t e s t e d  (Table).  I n  a p r o b i t  n e t  t h e  dose  a c t i o n  cu rves  
were h i g h l y  c h a r a c t e r i s t i c  a n d  s t r a i g h t  l ines w i t h  a tg  
b e t w e e n  30 a n d  80. T h i s  is a ques t i on  of n o r m a l  d i s t r i bu -  
t i on  4,1~ . 

I n  some a n i m a l  species ( rabbi t s ,  dogs a n d  pigs) t r e a t e d  
w i t h  t h e  da i ly  dose of --~ 3 m g / k g  D E N A ,  l iver  c i r rhos is  

deve loped  bes ides  l iver  cancer ,  wh i l s t  in  o t h e r  an ima l s  
(mice, ra ts ,  pa rakee t s ,  guinea-pigs)  no  c i r rhosis  arose b u t  
on ly  l ive r  cancer .  W e  a s s u m e  t h e  l a rge r  the  a n i m a l s  t h e  
b e t t e r  t h e  c o n d i t i o n s  for  c i r rhogen ic  ac t ion .  However ,  
b o t h  ac t ions  (carc inogenic  a n d  c i r rhogenic)  a re  n o t  
necessar i ly  connec ted .  

Our  i nves t i ga t i ons  a n d  those  of o the r s  show t h a t  D E N A  
produces  c a n c e r  of t h e  l iver  in  a l l  11 a n i m a l  species t e s t e d  
u p  to  now.  All  a n i m a l  species  r e a c t  r a t h e r  equa l ly .  T h e r e -  
fore in  m e n  too  t he  h e p a t o c a r c i n o g e n i c  a c t i o n  of D E N A  
is h igh ly  p robab le .  

Zusammen/assung. Die h e p a t o - e a n c e r o g e n e  ~Virkung 
y o n  D i ~ t h y l n i t r o s a m i n  k o n n t e  a n  11 v e r s c h i e d e n e n  Tier -  
a r t e n  in ch ron i s ch - tox iko log i s chen  U n t e r s u c h u n g e n  n a c h -  
gewiesen werden .  Die zur  K r e b s e r z e u g u n g  b e n 6 t i g t e n  
G e s a m t d o s e n  l iegen be i  a l len  T i e r a r t e n  in  de r  g le ichen  
G r 6 s s e n o r d n u n g .  A u c h  b r i m  M e n s c h e n  i s t  e ine l ebe rk rebs -  
e r zeugende  W i r k u n g  y o n  D i ~ t h y l n i t r o s a m i n  sehr  w a h r -  
scheinl ich .  
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