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l iver  (4fold less t h a n  controls) .  The lysosomal  m e m b r a n e  
p e r m e a b i l i t y  to acid phospha t a se  was 4 t i m e s  h igher  
t h a n  controls  in t he  t u m o r  and 3 t imes  h igher  in t umor -  
i nvaded  l iver however ,  a p p r o x i m a t e l y  9/10 of t he  to ta l  
t issue acid p h o s p h a t a s e  ac t iv i ty  r emained  m e m b r a n e -  
seques tered .  Lysosomal  m e m b r a n e  pe rmeab i l i t y  to 
s u b s t r a t e  in t u m o r  and t u m o r - i n v a d e d  liver was  no t  
s igni f icant ly  d i f ferent  f rom contro l  liver, suggest ing t h a t  
loss of m e m b r a n e  in tegr i ty  in i n t ac t  lysosomes ,  is no t  
assoc ia ted  wi th  ei ther  the  cancerous  State or w i th  hos t  
response  to  invasive ac t iv i ty .  
His tochemica l ly ,  fewer lysosomes were observed in 
Novikoff  h e p a t o m a  ceils (figure 4) t h a n  in normal  l iver 
cells (figure 1). In  m a n y  t u m o r  sect ions  the  only  acid 
p h o s p h a t a s e  ac t iv i ty  to be de tec ted  was t h a t  associated 
w i t h  the  whi te  blood cells. In  the  t u m o r - i n v a d e d  liver 
(figure 3) the  lysosomes were more  plent i ful  t h a n  in the  
t umor ,  b u t  less a b u n d a n t  t h a n  in normal  liver, and cellular 
a t r o p h y  and evidence of h e m m o r h a g e  was pronounced .  
An in t e rmed ia t e  condi t ion  was seen in t he  livers of t u m o r  
bear ing  ra ts  t h a t  had  no t  been  ac t ive ly  invaded  by  hepa-  
t o m a  (figure 2). 
Discussion. Our d a t a  allows us to  der ive several  conclu- 
s ions concern ing  the  na tu re  of lysosomal  enzyme release, 

if such a p h e n o m e n o n  indeed  occurs, in Novikoff  hepa-  
t o m a  and  t u m o r - i n v a d e d  liver. The low intracel lular  levels 
of acid phospha t a se  p r e s en t  in these  t issues  indica tes  
t ha t ,  if any  loss of lysosomal  enzyme  to the  ext racel lu lar  
space occurs, i t  is no t  to t a l ly  c o m p e n s a t e d  for wi th in  the  
cell, e.g. b y  increased pro te in  synthes is .  Since the  lyso- 
somes of these  t issues show near ly  no rma l  m e m b r a n e  
in tegr i ty ,  leakage f rom in t ac t  b u t  s t ruc tu ra l ly  d amaged  
lysosomes (a co mmo n  m e c h a n i s m  in var ious  pathological  
processes  o the r  t h a n  cancer  1~ can n o t  be evoked as an 
exp lana t ion  for p r i m a r y  enzyme loss. An hypothes i s ,  
based  on our  observa t ion  of decreased n u mb er s  of mor-  
phological ly  normal  lysosomes in b o t h  the  cancerous  
t issues analysed,  would  s u p p o r t  a mechan i sm of selective 
lysosomal  rupture .  Indeed ,  such a mechan i sm migh t  
expla in  the  ex tens ive  necrosis  t h a t  we observed  in the  
hos t  l iver tissue, since selective lysosomal  rup tu re  is 
known  to  cause the  des t ruc t ion  of cellular and  ex t ra -  
cellular mater ia l s  8. 

11 H. Beaufay and C. de Duve, Biochem. J. 73, 604 (1959). 
12 J . L . E .  Ericsson, V. T. Brunk and B. Arborgh, Histochem. J. 

6, 63 (1974). 

Direct  intercel lular contacts  at the e c t o m e s o d e r m a l  interface during the duck  e m b r y o l o g i c  
preen  gland d e v e l o p m e n t  1 

Jacque l ine  Bride 

Laboratoire de Zoologie et Embryologie, Facultd des Sciences, E. R. A. CNRS  No. 229, Place Mardchal Leclerc, 
25030 Besanfon Cddex (France), 7 January 1977 

Summary. The epidermis ,  which  lines the  uropygial  invagina t ions  and  which  t h e n  forms the  p r i m a r y  and  secondary  
buds ,  is s epa ra ted  f rom the  m e s e n c h y m a  by  an un i n t e r ru p t ed  basal  lamina.  Be tween  the  end of the  in te rna l  morpho-  
genesis and the  beginning  of the  secre tory  act iv i ty ,  d i rect  in te r t i ssu lar  con tac t s  are es tabl ished t h ro u g h  the  gaps in 
the  basal  lamina.  They  appear  to be re la ted to the  induct ion  of g landular  d i f ferent ia t ion.  

Numerous  s tudies  have  shown t h a t  the  morphogene t i c  
d e v e l o p m e n t  of d i f ferent  organs depends  on the  inter-  
ac t ion  be tw een  epi thel ia l  and m e s e n c h y m a l  componen t s  
of organ rud iments .  The avai lable da t a  concerning th is  
in te rac t ion  have  been the  subjec t  of several  reviews 2,3, 
b u t  t he  t ransmiss ion  mechan i sm of the  induc t ive  signals 
have  no t  been  clearly defined.  The suggest ion t h a t  diffu- 
sion of h igh-molecular -weight  mate r ia l  migh t  med ia te  the  
induc t ive  effects  w i thou t  d i rect  con tac t s  be tween  the  
m e s e n c h y m a l  and  epi thel ia l  cells was originally based on 
t rans f i l t e r  expe r imen t s  bel ieved to exclude cell con tac t s  4. 

However ,  a posi t ive  correla t ion was observed  be tween  
successful t ransf i l te r  mouse  k idney  tubu les  induc t ion  and  
the  e s t ab l i shmen t  of a d i rect  appos i t ion  of cy toplasmic  
processes f rom the  inteI ac t ing  cells in the  fil ter channels  ~, 6. 
Direct  cell con tac t s  occurr ing dur ing  epi thel io-mesen-  
chymal  in terac t ion  in the  normal  k idney  tubules  induct ion  
in vivo suppor t  the  hypo thes i s  t h a t  d i rect  intercel lular  
con tac t  is the  induct ion  mechan i sm in th is  s y s t em 7. Such 
con tac t s  are observed in several  developing t issues : foetal  
mouse  liver 8, t o o t h  buds  in the  ca t  9, in the  r a t  10, h u m a n  
regenera t ing  skinl t ,  r a t  duodena l  mucosa~2 and  ra t  sub-  
mand ibu l a r  gland 1~. 

_:nd-bud 

Ductal component 

Fig. 1. Schematic representation of the uropygial tubule terminal 
part at the end of the morphogeiiesis, showing the zone of direct 
eeto-mesodermal contacts. 
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Fig. 2. An ectodermal pseudopode-like process (EP) containing 
smooth vesicles projects from an end-bud cell (E) through a gap in 
the basal membrane (BM) and makes a close contact with a mesen- 
chymal eell (Me) (in 20 day duck embryo). 

Fig. 3. In another area of contact between an ectodermal celt process 
(EP) and a mesenchymat cell (MC), the plasma membranes are sep- 
arated by a space (in 20 day duck embryo). 

Dur ing  the  Anas  p l a t y r h y n c h o s  duck  p reen  gland mor-  
phogene t ic  d e v e l o p m e n t  wh ich  depends  on ec to-meso-  
de rmal  in te rac t ion  14, ec toderm appeared  to be comple te ly  
sepa ra ted  f rom the  mes o d e rm by  a cont inuous  basal  
lamina  w i t h o u t  d i rec t  con tac t  be tween  the  t issues 15. 
However ,  modif ica t ions  occurred at  t he  ec to -mesodermal  
in terface  af ter  the  b ranched  tubu la r  s t ruc tu re  of t h e  
gland had  been es tabl ished by  b ranch ings  of buds  f rom the  
pr imordia l  invag ina t ion  epi the l ium.  At  t he  end-buds  of 
the  b ranched  tubules  (figure 1), cy top lasmic  processes 
of the  ec todermal  cells p ro jec ted  in to  the  su r round ing  
m e s e n c h y m e  t h ro u g h  the  gaps in t he  basal  lamina.  These 
pseudopode- l ike  pro jec t ions  were never  su r rounded  by  a 
basal  lamina,  and t h e y  made  con tac t  wi th  the  p lasma  
m e m b r a n e  of ne ighbor ing  mesodermal  ceils (figure 2 and  
3). A type  of d i rec t  co n t ac t  was chara te r ized  by  an  
a p p a r e n t  m e m b r a n e  fusion be tween  the  apposed  epithel ial  
and  m e s e n c h y m a l  cell m e m b r a n e s  (figure 2). In  o the r  
con tac t  zones, the  m e m b r a n e s  were sepa ra ted  by  a gap 
of ap p ro x i ma t e l y  100, 150 ~_ (figure 3), t h a t  was of ten  
filled w i t h  a mate r ia l  of mo d e ra t e  e lectron densi ty .  No 
specialized junc t ion  was ident i f ied a t  the  con tac t  zones. 
The  cy top la sm of t he  ec tode rmal  cell processes con ta ined  
a b u n d a n t  r ibosomes,  va ry ing  n u mb er s  of smooth-wal led  
vesicles (figure 2) and  occasional  p inocyt ic  vesicles (figure 
4). The n u m b e r  of ec todermal  pro jec t ions  decreased f rom 
the  21st day  of incubat ion ,  when  the  first  g landular  
d i f fe ren t ia t ion  signals appeared .  On the  24th day  of 
incubat ion ,  the  end-buds  were ac t ive ly  secret ing and the  
ex t rud ing  ec tode rmal  pro jec t ions  had  d isappeared .  Along 
the  ducta l  componen t ,  whose ep i the l ium had  a similar 
kera t in iza t ion  p a t h w a y  to av ian  embryonic  epidermis,  
such di rect  con tac t s  were no t  observed.  
The u l t r a s t ruc tu ra l  s tudies  showed t h a t  d i rect  con tac t s  
character ize  the  ec to -mesodermal  in terface  a t  the  end-  
bud  dur ing  a rapid  prol i fera t ion  of the  ec todermal  cells 
before the  onse t  of g landular  secre tory  product ion .  I t  is 
ev iden t  t h a t  the  mesodermat  t issue,  which  in i t ia tes  t he  
uropygial  invag ina t ion  morphogenes is  1~, m a y  be able to  
induce g landular  cy todi f fe ren t ia t ion .  The morphologica l  
special izat ion which appears  a t  the  ec to -mesodermal  in- 
te r face  suggests  t h a t  a new in te rac t ion  mechan i sm would 

14 L. Gomot, Arch. Anat. micr. Morph. exp. d8, 63 (1959}. 
15 J. Bride, Ann. Scient. Univ. Besan~on, in press. 

Fig. 4. At the contact zone between an ectodermal process (EP) and 
a mesenchymal cell (MC), pinocytic vesicles (pv) can be seen (in 20 
day duck embryo). 

Fig. 5. Along the future collecting duct, the ectodermal ductal cells 
(E) and the mesenchymal cells (MC) are separated by an uninter- 
rupted basal membrane (BM) and collagen fibres (Co) (in 20 day 
duck embryo). 
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be requ i red  to i nduce  t he  g l a n d u l a r  d i f f e ren t i a t ion  a n d  
t he  i n h i b i t i o n  of t h e  k e r a t i n i z a t i o n  in t he  e c t o d e r m a l  
end-buds .  The  basa l  m e m b r a n e  d i s rup t ion  a n d  t h e  pre-  
sence of p inocy t i c  vesicles could  fac i l i ta te  t he  t r a n s f e r  
of large molecules.  However ,  t he  presence  of d i rec t  in te r -  
cel lular  c o n t a c t s  b e t w e e n  t he  i n t e r a c t i v e  t i ssues  would  
sugges t  a d i rec t  i n d u c t i v e  s ignal  t r an s m i s s i on  f rom one 
cell to  ano the r ,  r a t h e r  t h a n  a m a t r i x  in t e rac t ion ,  wh ich  
ha s  been  d e m o n s t r a t e d  d u r i n g  the  m o r p h o g e n e t i c  
per iod  16,17. 

Thus ,  d u r i n g  t he  p reen  g land  d e v e l o p m e n t ,  severa l  in te r -  
ac t ion  m e c h a n i s m s  exis t  a t  d i f fe ren t  s tages,  in d i f fe ren t  
a n a t o m i c a l  sites, a n d  t h e y  i n i t i a t e  a local  d i f f e ren t i a t ion  
of t he  u ropyg ia l  tubu les .  

16 J. Bride and L. Gomot, C. r. Soc. Biol. 770, 575 (1976). 
17 L. Gomot and J. Bride, C. r. Soc. Biol. 170, 579 (1976). 
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Summary. Sod ium a r s e n a t e  crosses t he  p l acen t a l  b a r r i e r  in p r e g n a n t  Sy r i an  h a m s t e r s  fol lowing in jec t ion  in t e r a togen ic  
or  t r a c e r  doses on  t he  8 th  d a y  of ges ta t ion .  

A r s e n a t e  ion p roduces  specific m a l f o r m a t i o n s  in s u r v i v i n g  
of fspr ing  of h a m s t e r s  if i n j ec t ed  on  d a y  8 of g e s t a t i o n  2. 
Te ra togen ic  lesions could  r e su l t  f rom a n  effect  of a r s ena t e  
on t h e  m a t e r n a l  sys tem,  on  p l a c e n t a l  pe rmeab i l i t y ,  or 
d i r ec t ly  on  t he  embryo .  Obvious ly ,  a d i rec t  effect  on  t he  
deve lop ing  e m b r y o  requi res  p l a c e n t a l  t r a n s p o r t  of t h e  
t e r a togen .  W e  h a v e  e x a m i n e d  t h i s  p o i n t  w i t h  t he  aid of 
rad io i so top ic  arsenic  (74As). Our  d a t a  show t h a t  74arsenate 
crosses t he  p l a c e n t a l  ba r r i e r  w h e n  in jec ted  in a t e r a t o -  
genic dose, or t r ace  a m o u n t s ,  d u r i n g  t he  cr i t ica l  p h a s e  of 
organogenesis .  
Materials and methods. Procedure s  genera l ly  fol lowed 
those  descr ibed  b y  H a n l o n  a n d  F e r m  a w i t h  r ega rd  to  
t i m e d  m a t i n g s  of female  h a m s t e r s ,  i n j ec t ion  of t e r a togen ,  
a n d  col lec t ion a n d  r a d i o a s s a y  of t issue samples .  However ,  
a B e c k m a n  B i o g a m m a  D c o u n t e r  replaced  t he  p rev ious ly  
used r a d i a t i o n  ana lyze r  sys tem.  The  whole  ene rgy  spec- 
t r u m  c h a n n e l  was  employed .  Coun t ing  eff ic iency was 55 %.  
Suff ic ien t  Na2H74AsO4 A m er s ham - Sea r l e )  was  added  to 
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a n  aqueous  so lu t ion  c o n t a i n i n g  4.0 m g  N a 2 H A s O 4 •  
H 2 0 / m l  to yield an  in i t ia l  c a l i b r a t i on  of 10 txCi/ml. On t h e  
8 th  d a y  of ges ta t ion ,  12 h a m s t e r s  were in jec ted  (sub- 
l ingual  vein) w i t h  0.5 ml  of so lu t ion /100  g m a t e r n a l  b . w t  
to  give dose levels  of 8.37 m g  AsO4/kg. 24 h, and  96 h 
a f t e r  in jec t ion ,  6 an ima l s  were kil led b y  ch lo ro fo rm 
anes thes i a  and  t i ssue  samples  t aken .  Due  to t he  d i f f icu l ty  
of separa t ion ,  9 th  d a y  p l a c e n t a l  t i ssue  inc ludes  yo lk  sac 
a n d  chor ioa l l an to ic  p l a c e n t a  t o g e t h e r  w i t h  a smal l  a m o u n t  
( abou t  15 %) of m a t e r n a l  decidua.  12-day-old chor ioa l lan-  
toic  p l acen t ae  could  be  s e p a r a t e d  f rom yolk  sac p l acen t ae  
a n d  the i r  r a d i o a c t i v i t y  m e a s u r e d  ind iv idua l ly .  Correc- 
t ions  for t he  loss of r a d i o a c t i v i t y  in t h e  samples  (74As h a s  
a half- l i fe  of 18d) were m a d e  b y  c o m p a r i n g  sample  c o u n t s  
w i t h  t h a t  of a s t a n d a r d  label led  a r s ena t e  so lu t ion  on t he  
d a y  of assay.  A l imi ted  s t u d y  of t h e  d i s t r i b u t i o n  of radio-  
label led  a r s ena t e  fol lowing in j ec t ion  of t race  doses was  
also car r ied  out .  4 h a m s t e r s  were i n j ec t ed  on  d a y  8 of 
p r e g n a n c y  w i t h  a 0 .85% s o d i u m  chlor ide  so lu t ion  con-  
t a i n i n g  12.8 ~xCi a n d  75 ng  a r s e n a t e  (AsO4) pe r  ml.  Doses 
were a d m i n i s t e r e d  a t  t he  level  of 0.5 ml  so lu t ion/100 g of 
an imal ,  i.e., 375 ng/kg.  2 a n i m a l s  were sacr i f iced on d a y  
9 a n d  2 on d a y  12. The  r e m a i n d e r  of t i le p rocedure  fol- 
lowed m e t h o d s  descr ibed  above .  
Results and discussion. The  d i s t r i bu t i on  o f  74arsenate in  
m a t e r n a l  and  fe ta l  t i ssues  of t he  Sy r i an  h a m s t e r  fol lowing 
in jec t ion  of a t e r a togen i c  dose is shown  in t he  figure. 
24 h pos t  i n j ec t ion  s ign i f ican t  a m o u n t s  of 74As appea red  
in e m b r y o n i c  t issues,  i nd i ca t i ng  t h a t  t he  p l acen t ae  do n o t  
func t ion  as comple t e ly  effect ive  ba r r i e r s  to  t he  passage  of 
a r s ena t e  (or some m e t a b o l i t e  of  a r sena te )  in to  t he  embryo .  
Ar sena t e  c o n c e n t r a t i o n s  unde rgo  iden t ica l  decreases  
(84%) for m a t e r n a l  blood, u te rus ,  a n d  p l acen t ae  be tween  
24 h and  96 h. The  f igures for m a t e r n a l  l iver  a n d  e m b r y o s  
are 77% and  91%.  These  d a t a  are bes t  exp la ined  b y  a 
s t e a d y  s t a t e  cond i t i on  in wh ich  a r s ena t e  r ap id ly  equil i-  
b r a t e s  be tween  c o m p a r t m e n t s .  The  overa l l  decrease  in 
c o n c e n t r a t i o n  is p r o b a b l y  due  p r i m a r i l y  to  excre t ion  v ia  
t he  k idneys  4. 
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