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Time Animal Clara cells Epithelial and Type II cells Macro- 
(min) No. endothelial cells phages 

0.5 1 33.2 -1- 10.7 9.5 q- 3.1 2.5 nk 3.1 2.9 4- 5.4 
2 25.1 4- 5.3 9.6 4- 1.4 5.5 -t- 3.6 4.4 ± 4.0 

1.5 3 52.0 -4- 12.7 10.6 4- 4.9 4.9 :t~ 6.3 2.5 4- 5.5 
4 39.0 =k 15.5 12.5 q- 1.9 3.9 :k 4.1 5.8 :t= 7.3 
5 37.1 4- 9.9 15.7 -t- 4.2 6.0 4- 2.8 7.8 4- 6.1 

4 6 23.3 4- 6.9 17.8 4- 6.5 19.1 q- 9.2 7.4 4- 6.7 
7 6.0 4- 2.2 5.9 4- 2.6 3.4 4- 2.5 7.3 -4- 25.7 
8 11.2 4- 5.2 3.5 -4- 1.0 6.0 4- 3.8 4.0 -t- 4.6 

60 9 3.7 -t- 2.5 4.1 4- 1.6 23.7 4- 13.7 33.2 4- 18.0 
10 2.9-t- 2.1 2.2 4- 1.0 14.3 ~ 8.3 20.9 4- 9.9 

t h e  CLARA cells in  t h e  t e r m i n a l  bronchio les ,  wh ich  show 
s ign i f i c an t l y  h i g h e r  i n c o r p o r a t i o n  t h a n  a n y  o t h e r  t y p e  
of cell  (p < 0.001 a t  30 a n d  90 see), The re  is no  d i f fe rence  
in l abe l l ing  b e t w e e n  m a c r o p h a g e s  a n d  t y p e  I I  cells a t  
30 a n d  90 sec. T h e  in fe rence  is t h a t  d u r i n g  t h e  f i r s t  
2 rain,  t he  CLARA cells a re  ac t ive ly  m e t a b o l i z i n g  p a l m i t a t e ,  
a n d  t h e r e  is no  u p t a k e  of p a l m i t a t e  f rom t h e  capi l la r ies  
b y  t y p e  I I  cells. 

4 r a in  a f t e r  dos ing  t h e  l abe l l i ng  of t h e  CLARA cells  is 
r educed ,  b u t  t h e r e  is s t i l l  a s ign i f i can t  d i f fe rence  b e t w e e n  
t h e  degree  of l abe l l i ng  of t he se  a n d  t h e  t y p e  I I  cel ls  
(p < 0.001). L a b e l l i n g  of t h e  CLARA cells a n d  t h e  t y p e  I I  
cells a t  t h i s  s tage  is s ign i f i can t ly  g r ea t e r  t h a n  t h a t  of 
t h e  m a c r o p h a g e s  (p < 0.001). 

T h e  a lveo la r  e p i t h e l i u m  ( type  I) a n d  e n d o t h e l i u m  show 
c o m p a r a b l e  degrees  of l abe l l ing  over  t h e  60 ra in  per iod.  
T h e  i n t e n s i t y  was  s ign i f i can t ly  g r ea t e r  t h a n  t h a t  seen 
in  t h e  m a c r o p h a g e s  a n d  t y p e  I I  cel ls  u p  to  4 m i n  
(p < 0.001) b u t  n e v e r  a c h i e v e d  t h a t  of t h e  CLARA cells, 
Th i s  a c t i v i t y  p r e s u m a b l y  i nd i ca t e s  a m o d e r a t e l y  a c t i v e  
l ip id  m e t a b o l i s m  in  t he se  cells t h o u g h  t h e  l abe l l ing  o v e r  
t h e  t y p e  I cells m a y  be  due  to  newly  s yn t he s i zed  sur-  
f a c t a n t  f rom elsewhere .  1 h a f t e r  dosing,  t he  d i s t r i b u t i o n  
of t h e  r a d i o a c t i v e  source  is p r e d o m i n a n t l y  in  t h e  mac ro -  
p h a g e s  a n d  t h e  t y p e  I I  cells. M a c r o p h a g e s  show signifi-  
c a n t l y  more  labe l  t h a n  t he  t y p e  I I  cells (p < 0.001) a n d  
b o t h  k i n d s  of  cell  are  m o r e  h e a v i l y  l abe l led  t h a n  al l  t h e  
o t h e r  cel l  t y p e s  (p < 0.001 for  b o t h  cell  types) .  

These  r e su l t s  m a y  be  i n t e r p r e t e d  as  s u p p o r t i n g  t h e  
h y p o t h e s i s  t h a t  p u l m o n a r y  s u r f a c t a n t ,  or  m o r e  precise ly ,  
d i p a l m i t y l  lec i th in ,  is  secre ted  b y  t h e  CLARA cells a n d  
inges ted  a t  a l a t e r  s tage  b y  t h e  t y p e  I I  cells. T he  CLARA 
cells  show a t  l eas t  a 5-fold inc rease  in  l abe l l ing  over  

o t h e r  cell  t y p e s  90 sec a f t e r  dosing,  fo l lowed b y  a r educ-  
t i on  in  l abe l l i ng  d u r i n g  t h e  succeeding  few minu t e s ,  wh ich  
suggests  t h a t  t h e  t u r n o v e r  of d i p a l m i t y l  l ec i th in  m i g h t  
be  m u c h  more  r ap id  t h a n  h i t h e r t o  bel ieved,  a n d  t h a t  
sec re t ion  of t h i s  m a t e r i a l  b y  CLARA cells m a y  be  con-  
t inuous .  T h e  t y p e  I I  cells n e a r e s t  to  t h e  t e r m i n a l  b ron -  
chioles  b e c o m e  labe l led  a few m i n u t e s  la ter ,  sugges t ing  
t h a t  l abe l led  m a t e r i a l  ha s  r e ached  t h e m  a n d  h a s  been  
inges t ed  b y  t h e m .  M a n y  of t h e  s i lver  g ra ins  were  l oca t ed  
ove r  t h e  la rge  c l ea r  vacuo le s  in  these  cells, wh ich  a re  
more  l ike ly  t h e r e f o r e  to  be  p h a g o c y t i c  vacuoles .  Chemica l  
ana lyses  are  u n d e r w a y  to  con f i rm  t h a t  t h e  t r i t i a t e d  
p a l m i t a t e  r e m a i n s  as such  d u r i n g  t he  f i r s t  h of t he  
e x p e r i m e n t ,  a n d  also to  d e t e r m i n e  how m u c h  of i t  is 
i n c o r p o r a t e d  i n to  d i p a l m i t y l  lec i th in .  

Rdsumd. Le t a u x  d ' i n c o r p o r a t i o n  de  l ' ac ide  p a l m i t i q u e  
m a r q u 6  A l ' h y d r o g ~ n e  3 d a n s  les cel lules  des  b ronch io les  
t e r m i n a l e s  e t  des  a lv6oles  d u  p o u m o n  de  la  souris,  sug-  
g6re que  le s u r f a c t a n  p u l m o n a i r e  es t  s6cr6t6 p a r  les 
cel lules  de  CLARA d a n s  les b ronch io le s  t e rmina le s .  
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Teratogenic Effects Induced in Tail  of Bu]o arenarum Tadpoles  Following Treatment  with Carcinogens 

I n d u c i n g  processes  in  t h e  ear ly  s tages  of d e v e l o p m e n t  
h a v e  in p a r t i c u l a r  a t t r a c t e d  m u c h  in te res t .  However ,  in  
l a t e r  s tages,  v e r y  few inves t i ga t i ons  h a v e  been  pe r fo rmed .  
A m o n g  chemica l  s u b s t a n c e s  t h a t  m o d i f y  t h e  i n d u c t i o n  
process,  severa l  polycycl ic  h y d r o c a r b o n s  were  m e n t i o n e d  
b y  BRACHET. Pos i t i ve  resu l t s  were  desc r ibed  b y  SHEn 1 
in  a m p h i b i a n  eggs a n d  b y  BREEDIS l in  Triturus viri- 
descens, whi le  NEUKOMM s a n d  WOERDEMAN'S 4 inves t iga -  
t i ons  were  n o t  succesful.  

I n  a p r e v i o u s  p a p e r  we descr ibed  p s e u d o t u m o r a l  
n o d u l a r  f o r m a t i o n s  b y  s u b c u t a n e o u s  app l i c a t i on  of 
2 0 - m e t h y l c h o l a n t h r e n e  in  ol ive  oil (MATOS a n d  LUSTIGe). 

T h e  e x p e r i m e n t s  to  be  r e p o r t e d  he re  deal  w i t h  t h e  t e r a to -  
genie effects  i nduced  in ta i l  of Bu[o arenarum t adpo le s  
fo l lowing c rys ta l  i m p l a n t  of 3 ca rc inogene t i c  subs tances .  

Material and method. 2 0 - m e t h y l c h o l a n t h r e n e  (MC), 
7, 1 2 - d i m e t h y l b e n z ( a ) a n t h r a c e n e  (DMBA) a n d  3, 4-benzo-  
p y r e n e  (BP) were  s.c. i m p l a n t e d  in t h e  m i d d l e  of t h e  
t a i l ' s  l e n g t h  w i t h  glass  needles .  Con t ro l s  were i m p l a n t e d  
w i t h  f luorene  a n d  pa ra f f in .  No  a n e s t h e s i a  was  used.  
T h e  i m p l a n t e d  c ry s t a l s  r e m a i n e d  in t h e  s i te  of inocula-  
t ion ,  w h i c h  a p p e a r e d  def ic ien t  in p i g m e n t a t i o n .  T h e  
l a rvae  were  20-30 m m  long;  m e t a m o r p h o s i s  h a v i n g  j u s t  
s t a r t ed ,  t he  2 h i n d  leg b u d s  were v is ib le  a t  t h e  t i m e  of 
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t r e a t m e n t .  No m o r t a l i t y  or  r e t a r d a t i o n  in  ta i l  g r o w t h  
was o b s e r v e d  a m o n g  t h e  t r e a t e d  t adpo les .  

Results and discussion. I n  a few days  p a p i l o m a s  a n d  
l i n fomas  in 90~o of a n i m a l s  t r e a t e d  w i t h  MC, B P  a n d  
D M B A ,  m o r e o v e r  a n  inc idence  of accessory  g rowths ,  
was  obse rved .  T h e  t umora l - l i ke  cells i n v a d e d  t h e  n o r m a l  
s t r u c t u r e s  of t h e  ta i l ,  l e av ing  o u t  t h e  newly  f o r m e d  
t issues.  Genera l  con t ro l s  showed  a b r ie f  pe r iod  of pe r ino to -  
cho rda l  s t i m u l a t i o n  a n d  a n  a p p a r e n t l y  non-spec i f ic  
i n f l a m m a t o r y  r eac t i on  a r o u n d  t h e  i nocu la t ed  mass .  

Fig. 1. An accessory tail fin induced by MC crystals implanted 2 
weeks previously. 

Fig. 2. A complete third tail fin in a tadpole with BP crystals 
implanted 26 days before. The histological structure looks like a 
normal tail fin. 

Fig. 3. The normal and the accessory notochord are confluent. 

One  a n i m a l  rece iv ing  MC c rys t a l s  deve loped  a n  access- 
o ry  t a i l  f in w i t h i n  16 days ,  a n d  a n o t h e r  i m p l a n t e d  w i t h  
BP ,  26 days  later .  T h e  t adpo le s  rece iv ing  D M B A  crys ta l s  
showed,  a f t e r  20 days,  4 cases of comple t e  accessory  t a i l  
fin, a n d  2 cases w i t h  a n  accessory  n o t o c h o r d  para l l e l  t o  
t h e  n o r m a l  w h i c h  a p p e a r e d  o n  t h e  4 t h  week  w h e n  t h e  
d e g e n e r a t i o n  of s t r i a t e d  musc le  was  acco mp l i s h ed  b y  t h e  
p s e u d o t u m o r a l  mass .  T h e  v a r i e t y  of accessory  t i ssues  is 
i l l u s t r a t e d  b y  r e p r e s e n t a t i v e  p h o t o g r a p h s  in F igures  1, 
2 a n d  3. 

W h e n  t adpo le s  t a k e n  f rom t h e i r  n a t u r a l  h a b i t a t  were  
e x a m i n e d  w i t h  care,  no  s ingle  accessory  ta i l  f in or  
r e d u p l i c a t e d  n o t o c h o r d  were  found .  T h e  p r e s e n t  exper i -  
m e n t s  sugges ted  t h a t :  

1. A n u r a  l a r v a e  respond ,  l ike u rode le  newts ,  w i t h  
r e d u p l i c a t i o n  of n o r m a l  s t r u c t u r e s  fo l lowing t r e a t m e n t  
w i t h  carc inogens .  2. F l u o r e n e  a n d  p a r a f f i n  are  i n a c t i v e  
as  i n d u c t o r s  of a b n o r m a l  g r o w t h  in  tadpoles .  3. MC, BY 
a n d  D M B A  i n d u c e  a m a r k e d  c h a n g e  in  m o r p h o g e n e s i s  of 
t a i l  f in.  

I n  BREEDIS * e x p e r i m e n t s  BP ,  wh ich  was  a n  a c t i v e  
i n d u c t o r  in  o u r  e x p e r i m e n t s ,  fai led to  i nduce  accessory  
l imbs.  There fo re  our  accessory  g r o w t h  a p p e a r e d  ear l ie r  
t h a n  t hose  o b t a i n e d  b y  BREEDIS (40--300 d a y s  a f t e r  
t r e a t m e n t )  w i t h  a c o m p l e t e  m i x t u r e  ot ca rc inogen ic  sub-  
s tances .  Moreover ,  we d id  n o t  obse rve  a n  i n f l a m m a t o r y  
r eac t i on  as  desc r ibed  b y  t h e  s a m e  au t h o r .  

FAUTREZ ~ obse rved  a c h o r d a l i z a t i o n  process  of ne igh-  
b o r i n g  o rgans  as a n  effect  of a d d i t i o n  of u r ea  to  t h e  
m e d i u m  of a m p h i b i a n  eggs, a n d  he  conc ludes  t h a t  t h e  
process  p r o b a b l y  cons i s t s  in  a d i f fus ion  of o r g a n  specif ic  
s u b s t a n c e s  e l a b o r a t e d  b y  the  d i f f e r e n t i a t i n g  n o t o c h o r d .  
I n  o u r  e x p e r i m e n t s ,  t h e  n o t o c h o r d  d i f f e r e n t i a t i o n  process  
is n o t  in  progress  b u t  de f in i t i ve ly  accompl i shed .  T h e  m a i n  
s t i m u l u s  for  t h e  p r o d u c t i o n  of s u p e r n u m e r a r y  o u t g r o w t h  
m a y  n o t  be  t h e  m e c h a n i c a l  t r a u m a ,  because  t h e  non -  
ca rc inogen ic  s u b s t a n c e s  a re  i n a c t i v e ;  p r o b a b l y  t h e  t r e a t -  
m e n t  w i t h  c h e m i c a l  a g e n t s  k n o w n  to  a l t e r  nucle ic  ac id  
syn thes i s  in t e r fe re  w i t h  t h e  a m p h i b i a n ' s  t a i l  e m b r y o -  
genesis  in  a p r e - m e t a m o r p h o s i s  pe r iod  r e l a t ed  to  t h e  
onse t  of c o m p e t e n c e  in t h e  ta i l  t i s sue  s. 

Riassunto. Si desc r ivono  gli e f fe t t i  t e r a t o g e n i  i n d o t t i  
ne l l a  coda  del  g i r ino  del  Bu]o arenarum in  u n o  s t ad io  
p reme tamor fos i co ,  come  co n s eg u en za  d e l l ' i m p i a n t o  d i  
cr is ta l l i  di  i d r o c a r b u r i  cancer igeni .  T a n t o  il M e  come  il 
B P  o i l  D M B A  p r o d u c o n o  a l e t t e  s o p r a n u m e r a r i e  che  
r i pe tono  le s t r u t t u r e  i s to logiche  delle a l e t t e  n o r m a l i ;  ed 
ino l t r e  il D M B A  induce  la  fo rmaz ione  di  u n a  seconda  
n o t o c o r d a  pa ra l l e l a  a l ia  no rma le .  
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