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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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Tissue concentrations of arsenate in the pregnant Syrian hamster on 
day 9 and day 12 following injection of radiolabelled arsenate on the 
8th day of gestation. Vertical bars represent standard errors of mean 
values. Experimental conditions are described in the text. 

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. 

1 This work was supported by USPHS grant ES-00697. 
2 V.H. Ferm and S. J. Carpenter, J. Reprod. Fert. 17, 199 (1968). 
3 D.P.  Hanlon and V. H. Ferm, J. Reprod. Fert. 44, 109 (1975). 
4 J .M.  Ginsburg, Am. J. Physiol. 208, 832 (1965). 
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Our  l imi ted  s t u d y  of t he  d i s t r i b u t i o n  of a t r ace  dose 
(375 ng/kg)  of a r s e n a t e  r evea led  t he  fol lowing:  a) d a y  9 
e m b r y o s  c o n t a i n e d  d e t e c t a b l e  a m o u n t s  of a r s ena t e  - ap-  
p r o x i m a t e l y  3 pg /g  t i s sue ;  b) t he  p a t t e r n  of a r s ena t e  
d i s t r i b u t i o n  a n d  t he  f r ac t iona l  decrease  in t issue a r s ena t e  
b e t w e e n  d a y  9 and  d a y  12 were t he  same as for t h e  
t e r a togen ic  dose. Thus ,  a r s e n a t e  is p a r t i t i o n e d  in iden t i ca l  
f ash ion  for doses of t e r a t o g e n  dif fer ing b y  more  t h a n  
2100 t imes .  C o n s t a n c y  in  t he  p a t t e r n  of a r s ena t e  d i s t r ibu -  
t ion  over  a wide  c o n c e n t r a t i o n  range  implies  t h a t  v e r y  
l i t t le  t e r a t o g e n  is b o u n d  to  macromolecn le s  or o t h e r  t issue 
componen t s ,  c o n t r a r y  to  e x p e c t a t i o n s  for h e a v y  m e t a l  ion 
t e r a t o g e n s .  
The  b iochemica l  bas is  of a r s ena t e - i nduced  t e ra togenes i s  
m a y  d e p e n d  on  t he  chemica l  s imi la r i ty  of a r s e n a t e  an d  
p h o s p h a t e .  F o r  example ,  a r s ena t e  compe tes  w i t h  inor-  

ganic  p h o s p h a t e  in a v a r i e t y  of me tabo l i c  reac t ions  5 a n d  
could in te r fe re  w i t h  one or more  b iochemica l  s teps  a t  a 
cr i t ica l  s tage of organogenesis .  A l t e rna t ive ly ,  a r s ena t e  
m i g h t  be  r educed  to arseni te ,  as G i n s b u r g  h a s  d e m o n -  
s t r a t e d  in r ena l  c learance  s tudies  4, a n d  f u r t h e r  m e t a b o -  
lized to  a n  o rgano-a r sen ica l  w i t h  t e r a togen ic  proper t ies .  
Regard less  of t h e  b iochemica l  m e c h a n i s m  of a r sena te -  
i nduced  te ra togenes is ,  ou r  d a t a  show t h a t  t h e  t e r a t o g e n  
does e n t e r  e m b r y o n i c  t i ssues  d u r i n g  organogenesis .  These  
f indings,  therefore ,  offer  s u p p o r t  to  F e r m ' s  sugges t ion  
t h a t  a r s ena t e  exercises a specific effect  on e m b r y o n i c  
cephal ic  m e s e n c h y m e  6. 

5 L.M. Klevay, Pharmac. Ther. , A, I, 189 (1976). 
6 V.H.  Ferm, Adv. Teratol. 5, 51 (1972). 
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Summary. Adrenerg ic  i n n e r v a t i o n  in r a t  r ena l  capsule  was d e m o n s t r a t e d  us ing  t h e  h i s t ochemica l  f luorescence m e t h o d  
w i t h  glyoxyl ic  acid. 

The  f luorescence h i s t o c h e m i c a l  m e t h o d  of F a l c k  an d  
Hi l l a rp  2 ha s  revea led  adrenerg ic  i n n e r v a t i o n  in t he  r ena l  
b lood  vessels  3-5 a n d  tubu lesS ;  however ,  loca l iza t ion  of 
m o n o a m i n e s  in t h e  r ena l  capsu le  has  n o t  been  repor ted .  
A new h i s tochemica l  t e c h n i q u e  us ing  glyoxyl ic  acid 
i n s t ead  of f o r m a l d e h y d e  ha s  been  deve loped  7, s a n d  good 
resu l t s  are seen w i t h  t h e  m e t h o d  us ing  aqueous  so lu t ion  
a n d  h e a t i n g  in t h e s t r e t c h  p r e p a r a t i o n  of p e r i p h e r a l  t h i n  
t i ssues  ~. We  a t t e m p t e d  to d e m o n s t r a t e  adrenerg ic  inner -  
r a t i o n  in t he  r ena l  c a p s u l e  us ing  th i s  g lyoxyl ic  acid 
m e t h o d .  
Male W i s t a r  r a t s  we igh ing  i50•  g were sacrif iced u n d e r  
p e n t o b a r b i t a l  anes thes ia .  The  k idneys  w i t h  t he  capsules  
were r ap id ly  excised a n d  immersed  in ice-cold ~ 2% 
glyoxyl ic  acid solut ion.  G lyoxy l i c  acid m o n o h y d r a t e  was 
dissolved in 0.1 M p h o s p h a t e  buf t e r  a d j u s t e d  to  p H  7.0 
w i th  NaOH.  10 ra in  la ter ,  t h e  capsules  were r e m o v e d  an d  

s t r e t c h e d  on  c lean glass slides. The  spec imens  were dr ied  
w i t h  a h a i r - d r y e r  for 20 min,  h e a t e d  a t  100 ~ for 5-10 min  
a n d  t h e n  m o u n t e d  w i t h  t h e  en t e l l an -xy lene  mix tu re .  For  
microscopic  analyses ,  a Zeiss epi f luorescence microscope 
was used w i t h  a h i g h  pressure  m e r c u r y  l a m p  as a l igh t  
source. The  exc i t a t ion  f i l ter  used was a BG12 a n d  the  
ba r r i e r  f i l ter  was  Zeiss '47 '  or '50 ' .  
T h e  ou t e r  surface  of t h e  k i d n e y  is covered  w i t h  a de l ica te  
f ib rous  capsule  composed  of co l lagenous  an d  elast ic  f ibres  
a n d  a few s m o o t h  muscle  cells. Outs ide  t i le t u n i c a  f ibrosa  
is a f a t t y  layer  cal led t h e  t u n i c a  adiposa.  F luo re scen t  
n e r v e  f ibres  w i t h  var icos i t ies  were found  to  i n n e r v a t e  the  
hi lus  a r te r ies  of t h e  k i d n e y  a n d  t h e i r  r ami f i ca t ions  to  en t e r  
t h e  r ena l  capsule.  T h e  rena l  capsu la r  a r te r ies  were accom- 
p a n i e d  b y  2 m a i n  b u n d l e s  in wh ich  r a n  2 or  more  i n t ense ly  
f luorescen t  f ibres  an d  b o t h  b u n d l e s  were connec ted  b y  a 
few fine var icose  t e r m i n a l s  {figure 1}. There  were 2 t ypes  

Fig. 1. The renal capsule of the rat. The adrenergie nerve fibres run 
along the blood vessels, on to the fat cells (F) and freely on the renal 
capsule ( ~' ). Yellow fluorescent mast (:ells ( ~" ) were seen around the 
blood vessels and the fat cells. • 30. 

Fig. 2. The tunica fibrosa of the rat kidney. A systenl of branching 
terminals arising from one preterminal axon ( j ' )  is visible irl the 
tunica fibrosa. • 30. 


