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a l d e h y d e  (30 min).  The  t i ssue  pieces were  pos t - f ixed  in 
l~ o s m i u m  t e t r o x i d e  for  1 h a n d  processed for Ara ld i t e -  
E p o n  embedd ing .  Sec t ions  were  s t a ined  w i t h  lead and  
n r a n y l  ace ta te .  

The  col lagenase  t r e a t m e n t  of t h e  l iv ing  t i ssue  p roduced  
v e r y  s t r i k ing  changes  in t i le  u l t r a s t r u c t u r e  of t h e  m a t r i x  
b u t  no  changes  were  a p p a r e n t  in  t h e  ceils (Figures  b a n d  
d). Af t e r  t he  t r e a t m e n t  w i t h  col lagenase  for 2 h t he  
m a t r i x  was seen to  cons is t  of some f ibres  a n d  occas ional  
g ranu le s ;  in  add i t ion ,  t h e  l a t t e r  were also d i f fe ren t  in 
a p p e a r a n c e  f rom those  in t h e  con t ro l  (Figures a a n d  e). 
Af te r  t he  4 -hour  t r e a t m e n t  w i t h  col lagenase  t he  m a t r i x  
showed  no g ranu les  a n d  t h e r e  was a st i l l  f u r t h e r  r e d u c t i o n  
in t h e  n u m b e r  of t h e  f ibres  (Figures  d and  f). T he  pre-  
sence of some fibres,  w h i c h  p r e s u m a b l y  are  co l lagenons  
in n a t u r e  2, a f t e r  t h i s  t r e a t m e n t  i nd i ca t e s  t h e  re la t ive  
res i s t ance  of t he  po lymer i c  collagen,  as c o m p a r e d  w i t h  
t h e  t ropoco l lagen ,  to  col lagenase.  

On t he  o t h e r  h a n d ,  t h e  col lagenase  t r e a t m e n t  of t he  
p re f ixed  t i ssue  did  n o t  n o t i c e a b l y  af fec t  t he  u l t r a s t r u c t u r a l  
a p p e a r a n c e  of t h e  m a t r i x  cons t i t uen t s ,  even  a t  t h e  pe-  
r i p h e r y  of t h e  t i ssue  piece (Figure  c). Th i s  ind ica tes  t h a t  
col lagenase  ha s  p rac t i ca l l y  no  effect  on  col lagen a f t e r  
g l u t a r a l d e h y d e  f ixa t ion  of car t i lage ,  p e r h a p s  because  of 
t he  f o r m a t i o n  of complexes  b e t w e e n  col lagen and  g lu ta ra l -  
d e h y d e  5 or p ro t eog lycans  s. However ,  t h e  increased  
e lec t ron  t r a n s p a r e n c y  of t h e  g r o u n d  s u b s t a n c e  suggests  
t h a t  some of t h e  t ropoco l l agen  (or i ts  p roco l lagen  pre-  
cursor)  m a y  h a v e  been  r e m o v e d  b y  t h e  e n z y m e  t r e a t m e n t .  

I n  v iew of t h e  f ac t  t h a t  co l lagenase  is k n o w n  to  be  
h i g h l y  se lect ive  in i ts  ac t ion  t h e r e  are two  possible  
e x p l a n a t i o n s  for  t h e  v i r t u a l  absence  of t h e  e lec t ron  
dense  granules  in  t h e  m i c r o g r a p h s  (Figures  e and  f) of t he  

t i ssue  t r e a t e d  w i t h  col lagenase  before  f ixa t ion.  One, t h a t  
col lagen is a m a j o r  c o n s t i t u e n t  of t he  granules ,  a n d  two,  
t h a t  i t  p lays  a def in i te  role in t h e  f o r m a t i o n  of t he  g ran-  
ules a t  t he  t i m e  of t i ssue  f ixa t ion.  B u t  o the r s  2, ~, ~, s h a v e  
conc luded  f rom t h e i r  work  i nvo lv ing  b o t h  specific 
s t a in ing  p rocedures  ~ a n d  e x t r a c t i o n  of un f ixed  a n d  f ixed 
car t i l age  b y  hya lu ron idase ,  g u a n i d i u m  chloride,  CaC12 
a n d  t r y p s i n  ~,s t h a t  t h e  e lec t ron  dense  g ranu les  are 
la rgely  m a d e  up  of p ro teog lycans ,  a n d  t h a t  collagen,  if 
any,  is on ly  a m i n o r  c o n s t i t u e n t  of t h e  granules .  

W e  conc lude  t h a t  col lagen p lays  a def in i te  role in  t h e  
f o r m a t i o n  of t h e  g ranu les  a t  t he  t i m e  of t i ssue  f i xa t i on  
a n d  t h a t  t h e  g ranu les  are, therefore ,  f i xa t ion  a r t i fac t s .  
This  h y p o t h e s i s  f u r t h e r  exp la ins  t h e  assoc ia t ion  of t h e  
g ranu les  w i t h  t he  col lagen f ibres  in  e lec t ron  mic rographs ,  
and  is cons i s t en t  w i t h  t he  o b s e r v a t i o n  t h a t  t h e  g ranu les  
f rom fixed car t i l age  t i ssue  can  be  r e m o v e d  b y  t r e a t m e n t  
w i t h  h y a l u r o n i d a s e  or t ryps in3 .  
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Summary .  M e t h y l c h o l a n t h r e n e  p r o t e c t e d  aga i n s t  t h e  d e v e l o p m e n t  of ca r c inomas  of t h e  l iver  in  F i scher  r a t s  inges t ing  
N-4- (4 ' - f luo rob ipheny l )  ace t amide .  

N-2 - f luo reny lace t amide  (2-FAA) induces  t u m o r s  of t he  
l iver  in  r a t s  l-a. Modi f i ca t ion  of t he  chemica l  s t r u c t u r e  b y  
e l im ina t i on  of t he  m e t h y l e n e  b r idge  to  fo rm N-(4-bi-  
phenyl )  a c e t a m i d e  decreases  ca rc inogen ic i ty  of t he  l iver  4-6. 
W h e n  t he  ha logen,  f luorine,  is s u b s t i t u t e d  in t he  4'-  
pos i t ion ,  i.e., N-4 - (4 ' - f l uo rob ipheny l ) ace t amide  (4 'F-4-  
BAA),  an ima l s  again  deve lop  t u m o r s  of t he  liver.  

M e t h y l c h o l a n t h r e n e  (MCA) inh ib i t s  t he  d e v e l o p m e n t  
of ca r c inomas  of t he  l iver  in  ma le  r a t s  inges t ing  2 -FAA 7. 
The  p r e s e n t  s t u d y  was done  to d e t e r m i n e  if MCA would  
also p r e v e n t  t he  i n d u c t i o n  of ca r c inomas  of t he  l iver  b y  
4 'F -4BAA.  

Methods. I n b r e d  ma le  F i scher  s t r a i n  (F-344) r a t s  f rom 
t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h  were used w h e n  t h e y  
were  12 weeks of age a n d  weighed  230 to  246 g. T h e y  
were d iv ided  in to  2 g roups  of 25 an i m a l s  each.  One g roup  
of r a t s  rece ived  4 ' - F - 4 B A A  and  t he  second g roup  was 
g iven  MC s i m u l t a n e o u s l y  w i t h  t he  4 ' - F - 4 B A A .  

The  ca rc inogen  was  i nco r po r a t ed  in Morr is  D ie t  No. 
272 s. 4 ' - F - 4 B A A  was  added  in t h e  a m o u n t  of 0 .04% ; a n d  
MCA 0.033%. The  two  d ie ts  were fed ad  l i b i t u m  con-  
t i n u o u s l y  for  36 weeks. The rea 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.  48 weeks  a f t e r  t he  s t a r t  of t he  
e x p e r i m e n t  an ima l s  t h a t  su rv ived  were ki l led b y  exsan-  
gu ina t ion .  Comple te  au tops ies  were pe r fo rmed .  Tissues  
were f ixed in 10% formal in ,  sec t ioned  a n d  s t a ined  w i t h  
h e m a t o x y l i n  a n d  eosin. 

Results. Anima l s  in b o t h  g roups  ga ined  we igh t  for 36 
weeks, a t  wh ich  t i m e  t h e  weigh ts  r e m a i n e d  c o n s t a n t .  
Ra ts ,  w i t h  ra re  except ions ,  su rv ived  for  t h e  48 weeks 
d u r a t i o n  of t he  expe r imen t .  
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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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