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Carc inomas  of t h e  l iver  were p r e s en t  in  all  23 male  r a t s  
inges t ing  4 ' -F -4 -BAA ;  whereas ,  t h e  25 male  r a t s  g iven  
4 ' - F - 4 - B A A  a n d  MCA d id  n o t  h a v e  h e p a t i c  lesions. 
Metas ta ses  to  t he  lungs  were p r e s e n t  in  4 r a t s  w i t h  hepa t i c  
carc inomas .  N o t  on ly  d id  t h e  r a t s  in  t he  g roup  g iven  t he  
two chemica ls  n o t  deve lop  h e p a t i c  ca rc inomas ,  b u t  t h e y  
also did  n o t  deve lop  hype r p l a s t i c  nodules ,  i.e., p recursors  
of ca rc inomas .  The  h i s t o p a t h o l o g y  of hype r p l a s t i c  nodules  
a n d  ca rc inomas  of t h e  l iver  has  been  descr ibed  in de ta i l  
p rev ious ly  s. 

Th ree  of 23 r a t s  g iven  4 ' - F - 4 - B A A  in t he  d ie t  also h a d  
p r i m a r y  rena l  ca rc inomas  a n d  2 h a d  hype r p l a s t i c  nodules ,  
wh ich  precede  t he  d e v e l o p m e n t  of r ena l  ca rc inomas .  
R e n a l  lesions were  n o t  p r e s en t  in  an i m a l s  inges t ing  b o t h  
chemicals .  The  h i s t o p a t h o l o g y  ha s  been  descr ibed  el- 
sewhere  9. 

Discussion. MCA decreases  t he  inc idence  of ca rc inomas  
of t he  l iver  in  r a t s  g iven  3 ' - m e t h y l - 4 - d i m e t h y l a m i n o -  
azobenzene  (3 ' -Me-DAB) 10. The  chemica l  p ro t ec t s  aga ins t  
hepa t i c  carc inogenesis  and  cir rhosis  in  r a t s  inges t ing  2- 
F A A  or N - 2 - f l u o r e n y l d i a c e t a m i d e  v,l~. T he  inc idence  of 
ca r c inomas  of t he  l iver  is m a r k e d l y  r educed  in r a t s  
g iven  MCA a n d  d i e t h y l n i t r o s a m i n e  s i m u l t a n e o u s l y ;  

however ,  i t  is on ly  s l ight ly  decreased  in r a t s  rece iv ing  
MCA and  d i m e f h y l n i t r o s a m i n e  12. N C A  also p r o t e c t s  
aga ins t  h e p a t i c  carc inogenesis  i nduced  b y  4 ' -F -4 -BAA.  

The  m e c h a n i s m  b y  w h i c h  MCA p ro t ec t s  aga in s t  h e p a t i c  
carc inogenesis  induced  b y  3 ' -Me-DAB or 2 -FAA has  b e e n  
s tudied.  MCA increases  t h e  a c t i v i t y  of t he  enzymes  con-  
ce rned  w i t h  t h e  h y d r o x y l a t i o n  of a r o m a t i c  a m i n e s  a n d  
t h e  r educ t i on  of azo b o n d  l inkage  a n d  t h e  N - d e m e t h y l a -  
t ion  of a m i n o  azo dyes13, ~.  P r e s u m a b l y ,  MCA also in-  
creases t he  a c t i v i t y  of t he  enzymes  t h a t  h y d r o x y l a t e  
4 ' -F-4-BAA.  
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Summary. Buffa lo  s t r a i n  ma le  ra ts ,  12 weeks  of age, inges t ing  0 .04% N-4 - (4 ' - f l uo rob ipheny l ) ace t amide  in  a semi-  
s y n t h e t i c  d ie t  w i t h  b o t h  k idneys  i n t a c t  were more  suscep t ib le  to  t he  d e v e l o p m e n t  of hype rp l a s i a  a n d  ca rc inomas  of 
t h e  k i d n e y  t h a n  were r a t s  w i t h  a u n i n e p h r e c t o m y .  

The  f l uo r ina t ed  b i p h e n y l  de r iva t i ve  of 2 -ace ty lamino-  
f luorene,  N-4 - (4 ' - f l uo rob ipheny l ) ace t amide  (4 ' -F-4BAA),  
induces  ca rc inomas  of t h e  k i d n e y  in r a t s  1-7. Male r a t s  
are more  suscept ib le  to  r ena l  carc inogenesis  t h a n  female  
r a t s  a n d  older  r a t s  are more  suscep t ib le  t h a n  younge r  
r a t s  8, 9. 

Since 4 ' - F - 4 B A A  is no t  abso rbed  well  f rom t h e  gas t ro-  
i n t e s t i n a l  t r ac t ,  m u c h  of t h e  chemica l  r em a i ns  in  t he  
feces of r a t s  inges t ing  t he  d ie t  ~~ I t  was  fe l t  t h a t  if t he  
a m o u n t  of t a r g e t  t issue,  i.e. k idney,  for t h e  chemica l  to  
i n t e r a c t  w i t h  was decreased,  t he  inc idence  of ca rc inomas  
m i g h t  be  increased.  Therefore ,  t h e  inc idence  of r ena l  
lesions in  i n t a c t  an ima l s  inges t ing  4 ' - F - 4 B A A  was com- 
pa red  w i t h  t h a t  in an ima l s  w i t h  a u n i n e p h r e c t o m y .  

Methods. I n b r e d  Buffa lo  s t r a i n  ma le  r a t s  12 weeks of 
age and  weighing  266 to  281 g were used. The re  were 2 
e x p e r i m e n t a l  groups  of 20 ra t s  each. The  groups  consis ted  
of 1. i n t a c t  male  r a t s  a n d  2. male  r a t s  w i t h  a lef t  neph rec to -  
my.  Nephrec tomies  were pe r fo rmed  1 week  before  t he  
s t a r t  of t h e  expe r imen t .  

The  carc inogen  was fed in Morr is  Die t  No. 272 s. 
4 ' - F - 4 B A A  was added  in t he  a m o u n t  of 0.04%. The  
ca rc inogen-con ta in ing  d ie t  was fed ad  l i b i t u m  con t inuous -  
ly  for  36 weeks. Therea f t e r ,  t h e  r a t s  were g iven  P u r i n a  
l a b o r a t o r y  pellets .  An ima l s  were weighed eve ry  2 weeks. 
48 weeks a f te r  t h e  s t a r t  of t h e  e x p e r i m e n t  all su rv iv ing  
an ima l s  were kil led b y  exsangu ina t ion .  

Comple te  necropsies  were done  a t  t he  t i m e  of d e a t h  or 
k i l l ing of t h e  animals .  Tissues  were f ixed in 4 %  formal -  
dehyde  a n d  s t a i ned  r o u t i n e l y  w i t h  h e m a t o x y l i n  and  eosin,  
a n d  w h e n  indica ted ,  w i t h  t he  per iodic  ac id-Schif f  (PAS) 
t echn ique .  

The  f indings  in t h e  k idneys  were classified as 1. no  
hyperp las ia ,  2. hyperp las i a ,  3. hype rp l a s t i c  nodules ,  4. 
smal l  ca rc inomas  (5 m m  or less), a n d  5. large ca rc inomas  
(greater  t h a n  5 ram) 11. 

Results. Anima l s  of b o t h  groups  s tead i ly  ga ined  we igh t  
for 36 weeks, a t  wh ich  t i m e  t he  weigh ts  r e m a i n e d  c o n s t a n t .  
R a t s  w i t h  a left  n e p h r e c t o m y  su rv ived  for an  average  of 
44 weeks (42 to  48); i n t a c t  r a t s  su rv ived  for 48 weeks. 
The  n u m b e r  of an ima l s  w i t h  lesions of t he  k i d n e y  is 
s h o w n  in t h e  Figure.  

Carc inomas  of t he  k i d n e y  were obse rved  in 9 of 16 
i n t a c t  male  r a t s  ; whereas  3 of 17 r a t s  w i t h  t h e  lef t  k i d n e y  
r e m o v e d  h a d  rena l  cell carc inomas .  The  ca rc inomas  in 
an ima l s  of t he  l a t t e r  g roup  were 5 m m  or less in  size. 
H y p e r p l a s t i c  r ena l  nodules  were p re sen t  in  6 i n t a c t  r a t s  
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and  5 ra t s  w i th  a u n i n e p h r e c t o m y  t h a t  did n o t  have  
ca rc inomas  of t he  k idney.  

Seven of 16 in t ac t  ra t s  also developed carc inomas  of the  
l iver;  however ,  t he  ra t s  w i th  renal  carc inomas  e i ther  did 
no t  have  hepa t i c  carc inomas  or t he  carc inomas  were less 
t h a n  5 m m  in size. The incidence of carc inomas  of t he  
liver was  grea te r  in t he  ra t s  w i th  a u n i n e p h r e c t o m y  (13 
of 17) and  the  carc inomas  were  large 1~. 
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Discussion. Buffalo s t ra in  inbred  male  ra t s  are more  
suscept ible  to  hyperp las ia  and carc inomas  of the  k idney  
induced  by  4 ' -F -4BAA s, 9. Other  s tudies  concerning the  
influence of endogenous  or exogenous factors  on these  
renal  lesions have  no t  been  done. 

Rena l  t u m o r s  t h a t  occur in the  in tac t  male  golden 
h a m s t e r  given s.c. s t i lbestrol  are inh ib i ted  by  androgen  la. 
S t i lbes i ro l - t rea ted  hams te r s  w i th  a u n i n e p h r e c t o m y  
develop renal  t umors  much  earlier t h a n  the  t r e a t ed  in tac t  
animals  1~. I t  was pos tu la t ed  t h a t  s t i lbes t rol  m a y  no t  be 
metabol ized  b y  the  l iver of t he  hams te r ,  t hus  account ing  
for t he  fact  t h a t  t he  hamste r ,  and  no t  o ther  species, have  
s t i lbes t ro l - induced renal  tumors .  

4 ' -F -4BAA is metabo l ized  b y  the  ra t  l iver and  the  
metabo l i t es  are excre ted  by  the  kidneys.  Animals  w i t h  
one k idney  appa ren t l y  were no t  able to  secrete  t he  me t ab -  
olites of 4 ' -F -4BAA as readi ly  as ra t s  w i th  b o t h  k idneys  
intact .  The metabo l i t es  were  r e tu rned  to  and  ac ted  upon 
the  l iver and  increased the  incidence of hepa t ic  carcino- 
mas  15. 

I t  is no t  known  w h e t h e r 4 ' - F -  4BAA or some metabo l i t e  
causes ca rc inoma of the  k idney  or w h y  there  was a 
decreased incidence of renal  carc inomas  in ra ts  wi th  a 
uni la tera l  neph rec tomy .  
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The most advanced lesion in a given animal is indicated. Number 
above each black bar is the total number of animals developing such 
lesions. 'Total carcinomas' indicates total number of animals in the 
group, with .the shaded area representing the number with carcino- 
mas. 
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Sumn~ary. Autorad iograph ic  inves t iga t ions  on the  up t ak e  of L-g lu tamate  and  L-aspar ta te  have  shown t h a t  t he  amino  
acids were t a k e n  up b y  neurones  as well as by  glial ceils of cul tured  h u m a n  and  r a t  spinal  cord. The ac t iv i ty  of gluta-  
m a t e  and  a spa r t a t e  var ied  cons iderably  be tween  individual  neurones ,  whereas  glial ceils showed a more  even dis t r ibu-  
t ion  of t he  labelled amino  acids. Our resul ts  suggest  t h a t  b o t h  neurones  and  glial cells a re  involved in the  up take  of 
amino  acid t r ansmi t t e r s .  

Inves t iga t ions  on the  regional  d i s t r ibu t ion  of L- 
g lu t ama te  and  L-aspar ta te  in the  ca t  spinal  cord have  
shown t h a t  t he  g lu t ama te  concen t ra t ions  were h ighes t  in 
the  dorsal  grey  and  in t he  p rox imal  p a r t  of t h e  dorsal  
roots  whereas  a spa r t a t e  levels were h ighes t  in the  ven t ra l  
grey 1-a. I t  has  been  observed  by  electrophysiological  
s tudies  t h a t  g lu t ama te  and a spa r t a t e  depolarize spinal  
neurones  (for ref. see 4) and t h a t  th is  depolar iza t ion  is 
associa ted  w i t h  an increase in sod ium permeabi l i ty~  7. 
F r o m  these  resul ts  i t  has  been sugges ted  t h a t  b o t h  amino 
acids m a y  func t ion  as exc i t a to ry  t r a n s m i t t e r s  in t he  spinal  
cord, g l u t a m a t e  being released b y  p r i m a r y  af ferent  fi- 
bres  1,z,8 and  a spa r t a t e  being associated wi th  in terneu-  
tones  3. 

I t  has  been  p roposed  t h a t  up take  m a y  be an i m p o r t a n t  
mechan i sm for t e rmina t i ng  the  act ion of t r a n s m i t t e r  
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