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Early Incorporation of Labelled Palmitate into Mouse Lung 

There  is m u c h  evidence to  suppor t  t he  or iginal  pos tu-  
la te  of MACKLIN l t h a t  t he  type  I I  cell of t he  a lveolar  
ep i the l ium is the  cell of origin of p u l m o n a r y  sur fac tan t  
and this  has  been reviewed by  HEINEMANN *. There  is 
evidence,  however ,  t h a t  t ype  I I  cells are  phagocy t i c  s 
( though no t  to  t he  same ex t en t  as the  a lveolar  macro-  
phage),  and the  lamel lar  inclusion bodies of these  cells, 
which  are t hough t  to be the  s i te  of secret ion of t he  
surfactant ,  have  been shown by  ETHERTON and BOTHAM 4 
to conta in  hydro ly t i c  enzymes  of the  lysosomal  type,  a 
f inding difficult  to reconcile wi th  a secretory function.  

There  is good evidence  t h a t  p u l m o n a r y  su r fac tan t  is 
a l ipoprotein ,  the  l ipid mo ie ty  of which  is d ipa lmi ty l  
lecithin,  an  unusua l  phosphol ip id  wi th  considerable  
surface tens ion- lower ing proper t ies  s. NIDEN ~ has shown 
by  means  .of au to rad iography  t h a t  5 min  af ter  the  in t ra-  
per i tonea l  admin i s t r a t ion  of t r i t i a ted  pa lmi ta te ,  radio- 
ac t ive  label  is found  b o t h  in t h e  t y p e  I I  cells and in t he  
non-ci l ia ted cells of t he  t e rmina l  bronchioles  (CLARA 
cells 7), and on the  basis of this  and electron microscopic  
evidence,  proposes t h a t  the  CLARA cells synthesize  sur- 
f ac tan t  which then  flows back  into  the  a lveolar  lumen  
where  i t  is ingested by  t y p e  I I  cells. 

This  p re l imina ry  repor t  describes the  ea r ly  fa te  of 
t r i t i a ted  p a l m i t a t e  in jec ted  i .v.  and  t raced  by  the  tech-  
n ique  of q u a n t i t a t i v e  t issue section au torad iography .  

Fema le  mice of the  Alder ley  P a r k  s t ra in  weighing 
25 g were used. E a c h  an ima l  was in jec ted  i.v. wi th  
2.0 mC of t r i t i a ted  pa lmi t i c  acid ( i .0  mg  emuls i f ied  in 
0.2 ml  of a p ropr ie ta ry  emuls i f ier  - Dispersot  OG). The  
an imals  were ki l led by  rapid  exangu ina t ion  under  halo-  
thane  anaes thes ia  a t  l/z, tl/2, 21/z, 4, 20 and 60 min  
af ter  dosing. The  t ho rax  was opened  and the  lungs were 
expanded  by  means  of in t ra t rachea l  ins t i l la t ion of 3% 
phosphate-buf fered  g lu tara ldehyde .  The  lungs were 
f r o z e n  b y  immers ion  in l iquid  n i t rogen and  6 ~tm c ryos ta t  
sect ions were  cu t  a t  - -20°C ,  moun ted  on slides and  
dr ied a t  th is  t empe ra tu r e  for 60 min.  The  sections were 
then  f ixed for a fur ther  20 rain in g lu ta ra ldehyde  a t  4°C, 
thorough ly  washed in dist i l led water ,  and f inal ly  dipped 
in I l ford K2 nuclear  emuls ion under  da rk room condit ions.  
The  slides were p laced in l igh t - t igh t  boxes  conta in ing  a 
few crysta ls  of si l ica gel for 8 days  a t  4°C. T h e y  were 
then  developed in IIIord I D I 9 B  developer  for 4 m i n ,  
counters ta ined  l igh t ly  wi th  Mayer ' s  h a e m a l u m  and 
m o u n ted  in Zeiss phase cont ras t  m o u n t a n t .  Si lver  grains 
were counted  on a Zeiss photomicroscope  using phase 

contras t ,  no  fil ters,  and  a to ta l  magni f ica t ion  of 1600. 
Due  to  the  di f f icul ty  of  dis t inguishing cell  m e m b r a n e s  
unde rnea th  h e a v y  label l ing,  the  label  over  t e rmina l  
bronchioles  was counted  in groups of 15 cells ( judged by  
numbers  of nuclei),  and t h a t  over  the  a lveolar  ep i the l ium 
was counted  in groups of  30 cells. T y p e  I I  cells and 
macrophages  were counted  ind iv idua l ly .  Grain  count ing  
was pe r fo rmed  on sect ions f rom 2 animals  ki l led a t  
1[~ min,  3 a t  11/~ rain, 4 a t  4 min  and 2 a t  60 rain. 

Results. For  each of t he  4 t i m e  in te rva ls  t h a t  were 
counted,  several  sect ions of  lung f rom each an ima l  were 
examined .  F o r  eve ry  animal ,  coun t ing  was pe r fo rmed  
over  a to t a l  of 300 CLARA cells, 300 epi thel ia l  and endo-  
thel ia l  cells together ,  100 t y p e  I I  cells and 50 macro-  
phages.  The  background  count  a t  the  edges of t he  slides 
was negligible,  b u t  in t he  a lveolar  spaces and the  lumina  
of the  t e rmina l  bronchioles  i t  was occas ional ly  as h igh  
as x]loth of t he  coun t  over  t he  cells. Th is  was a t t r i bu t ed  
to diffusion of label led  sur fac tan t  in to  these  spaces. I t  
was n o t  possible to  dis t inguish be tween  s i lver  grains 
a t t r i bu t ab l e  to the  a lveolar  l ining layer  and those  be- 
longing to  the  a lveolar  epi thel ia l  cells, and these were 
included in the  to t a l  coun t  for the  epi thel ia l  and endo- 
the l ia l  cells. 

Count ing  of s i lver  grains  over  t he  a lveolar  macro-  
phages  was compl i ca t ed  by  the  presence of dus t  par t ic les  
in some of these  cells. The  m e a n  n u m b e r  of such par t ic les  
in 100 macrophages  was de te rmined  (6.752) and sub- 
t r ac ted  f rom the  gra in  counts  for these  cells. The  Tab le  
gives the  m e a n  gra in  counts  pe r  cel l  t y p e  for each  of t h e  
10 animals ,  and the  F igure  presents  the  combined  resul ts  
for al l  10 animals  (i.e. 3000 CLARA cells, 3000 epi thel ia l  
and endothe l ia l  cells, 1000 t y p e  I I  cells and 500 macro-  
phages).  

Discussion, I t  is l ikely  t h a t  a lmos t  a l l  of the  in jec ted  
ma te r i a l  remains  as p a l m i t a t e  for a t  least  t he  f irs t  90 sec 
a f te r  in ject ion.  A p ropor t ion  of th is  is ass imi la ted  by  
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Uptake of tritiated patmitate by mouse lung cells. O, 
CLARA cells 0, macrophages; II, epithelial and endothe- 
lial cells; O, type I I cells. Standard deviations are given. 
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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 


