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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. 
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of f ibre  in  t he  pe r ivascu l a r  f luorescen t  f ibre  bundles ,  one 
be ing  i n t ense ly  f luorescen t  w ind ing  f ibres  w i t h  p r o t r u d i n g  
var icos i t ies ,  and  t he  o the r  t h i n n e r  f ibres  w i t h  e longa ted  
var icos i t ies ,  t h e  so-called var icose  t e rmina l s .  T he  in te r -  
var icose  s egmen t s  were more  c lear ly  seen in t h e  s t r e t c h  
p r e p a r a t i o n  t r e a t e d  w i t h  glyoxyl ic  acid as c o m p a r e d  w i t h  
t h a t  t r e a t e d  w i t h  f o r m a l d e h y d e  vapor .  2 fine var icose  
f ibres  were vis ible  a long  t he  sma l l  b r a n c h e s  of t h e  a r t e -  
rioles. Occasional ly ,  on ly  one single var icose  f ibre could  
be  t r a c e d  to  t he  side b r a n c h e s  of a r te r io les  h a v i n g  d iam-  
e ters  of 8 ~m. The  adrenerg ic  n e r v e  supp ly  was less in  
t h e  ve in  t h a n  in t he  a r t e ry .  
I n  t h e  t u n i c a  f ibrosa,  a s y s t e m  of b r a n c h i n g  t e r m i n a l s  
a r i s ing  f rom one p r e t e r m i n a l  axon  was vis ible  (figure 2). 
The  p r e t e r m i n a l  axon  was s m o o t h  a n d  weak ly  f luorescen t  
as c o m p a r e d  w i t h  t h e  b r a n c h i n g  t e r m i n a l s  w i t h  a b u n d a n t  
i n t e n s e l y  f luorescen t  var icosi t ies .  T he  b r a n c h i n g  sys t ems  
o r ig ina t ed  f rom the  pe r i va s cu l a r  p lexus  a n d  e x t e n d e d  in to  
t u n i c a  f ibrosa .  These  b r a n c h e s  a p p e a r e d  to  i n n e r v a t e  t he  
s m o o t h  musc le  cells w h i c h  i n t e r m i n g l e d  wi th  connec t ive  
t i s sues  a n d  elast ic  fibres.  O t h e r  adrenerg ic  t e r m i n a l s  
unas soc i a t ed  w i t h  t he  b lood  vessels  were found  a r o u n d  
t h e  f a t  cells in  t he  t u n i c a  adiposa .  Yel low f luorescen t  
m a s t  cells w i t h  non-f l f iorescent  nucle i  were e v i d e n t  
a r o u n d  t he  b lood vessels a n d  t he  f a t  cells. D i s t r i b u t i o n  of 
t h e  ad rene rg ic  i n n e r v a t i o n  a n d  m a s t  cells was r ich  in t h e  
m e d i a l  ha l f  of t h e  r ena l  capsule,  p a r t i c u l a r l y  a r o u n d  t he  
h i lus  renal is .  

To our  knowledge  th i s  is t he  f i rs t  d e m o n s t r a t i o n  of t h e  
d i s t r i b u t i o n  of adrenerg ic  f ibres  a n d  s e r o t o n i n - c o n t a i n i n g  
m a s t  cells in  t he  r ena l  capsule  of ra ts .  These  f ind ings  
sugges t  t h a t  in  t he  r ena l  capsule,  as well  as m a n y  o t h e r  
pe r iphe ra l  t issues,  these  adrenerg ic  f ibres  ass is t  in  regu-  
l a t ing  b lood  flow a n d  fa t  me tabo l i sm.  H e r b e r t  e t  al. 1~ 
proposed  t h a t  t h e  r ena l  capsule  p rov ides  t h e  m a j o r  force 
oppos ing  expans ion  of t h e  o u t e r  co r t ex  w h e n  i n t r a r e n a l  
p ressure  was increased.  Our  f ind ings  of a d i r ec t  adrenerg ic  
i n n e r v a t i o n  in t he  t u n i c a  f ibrosa  m a y  p rov ide  a m o r p h o -  
logical  bas is  for adrenerg ic  r egu la t ion  of t he  e las t i c i ty  of 
the  r ena l  capsule.  
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Summary. W i t h  t he  a v a i l a b i l i t y  of 5 , 6 - d i h y d r o x y t r y p t a m i n e ,  t he  overa l l  m o r p h o l o g y  and  t he  cha rac t e r i s t i c  d is t r i -  
b u t i o n  of m o n o a m i n e - c o n t a i n i n g  cells in t he  f rog 's  g u s t a t o r y  ep i the l i um came to  be  c lear ly  e luc ida ted  b y  f luorescence 
h i s t o c h e m i s t r y .  

I t  has  r ecen t l y  been  r epo r t ed  t t l a t  a se ro ton in- l ike  mono-  
a m i n e  is p r e s e n t  in  a c e r t a i n  cell t y p e  of t he  f rog 's  
g u s t a t o r y  ep i the l iumK However ,  t he  overa l l  m o r p h o l o g y  
of t he  m o n o a m i n e - c o n t a i n i n g  cells (MC cells) has  no t  been  
e luc ida ted  as yet .  An  ana logue  of se ro ton in ,  t h a t  is 5,6- 
d i h y d r o x y t r y p t a m i n e  (5 ,6-DHT),  is se lec t ively  t a k e n  up  
in t h e  MC cells a n d  enhances  t e m p o r a l l y  t he i r  f luorescence 
i n t e n s i t y  d u r i n g  t he  f i rs t  few h fol lowing the  d rug  injec-  
t i on  4. B y  m a k i n g  use of th i s  drug,  t he  MC cells of t he  
f rog 's  g u s t a t o r y  e p i t h e l i u m  were obse rved  b y  f luorescence 
h i s t o c h e m i s t r y  u n d e r  the  cond i t ion  of tile comple te  ac- 
c u m u l a t i o n  of t he  d rug  in t he  cells. 
Materials and methods. These  are descr ibed  in de ta i l  else- 
where  4. Frogs  ( R a n a  ca tesb iana )  weigh ing  150-200 g 
were used t h r o u g h o u t  t he  p r e s en t  work.  A t  va r ious  in te r -  
va l s  a f t e r  i n t r a p e r i t o n e a l  in j ec t ion  of 5, 6 - D H T  (20 mg/kg) ,  
t ongues  were excised a n d  cu t  in to  smal l  blocks.  Af te r  
be ing  dr ied in a f reeze-dry ing  un i t ,  t h e y  were processed 
acco rd ing  to  t h e  Fa l ck -Hi l l a rp  t e c h n i q u e  5 for t he  localiza-  
t i o n  of m o n o a m i n e .  T he  sec t ions  of 8 [~m th i cknes s  were 
m o u n t e d  w i t h  l iquid  pa ra f f in  a n d  p h o t o g r a p h e d  b y  fluo- 
rescence  microscopy.  Then ,  t he  cover-s l ips  were carefu l ly  
d e t a c h e d  b y  d ipp ing  in xylene,  a n d  t he  m o u n t i n g  m e d i u m  
was r e m o v e d  b y  f u r t h e r  soak ing  in f resh  xylene.  T he  sec- 
t i ons  were t r a n s f e r r e d  in to  a descend ing  series of a lcohol  
a n d  f ina l ly  in to  wate r .  T h e y  were m o u n t e d  on a lbu-  

min ized  glass slides a n d  s t a ined  w i t h  0 .1% to lu id ine  b lue  
so lu t ion  on  a h o t - p l a t e  (70~ for 2 min.  Af ter  be ing  
washed  brief ly,  t h e y  were d e h y d r a t e d  in alcohol  a n d  
m o u n t e d  in ba l sam.  The  papi l lae  t h a t  h a d  b e e n  e x a m i n e d  
b y  f luorescence mic roscopy  were also p h o t o g r a p h e d  b y  
l igh t  microscopy.  
Results. A specific yel low f luorescence of n o r m a l  fungi-  
fo rm papi l lae  a lways  appea r s  a t  t he  basa l  region of t h e  
g u s t a t o r y  ep i the l ium.  I n  t he  t r a n s v e r s e  sect ion,  t he  do t -  
like f luorescen t  s t r u c t u r e s  s t a n d  in a l ine a long  t he  basa l  
l a m i n a  (figure 1). I n  h o r i z o n t a l  sect ions  m a d e  j u s t  a b o v e  
the  basa l  l amina ,  r o u n d  or ova l  f luorescen t  r ings  are ob-  
served  a t  t he  p e r i p h e r y  of g u s t a t o r y  disc (figure 2, ar -  
rows). F r o m  the re  t h e  f luorescen t  s t r u c t u r e s  s t r e t c h  
t o w a r d  t he  cen t re  a n d  the i r  i nne r  ends  are cons ide rab ly  
d i la ted  (figure 2). 
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