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Kal l ik re in  excre t ion  (Table  II)  was  h igher  in  all  g roups  
in the  3rd week  t h a n  i t  h a d  been  in t he  2nd, b u t  in b o t h  
instances the quantities voided did not differ among the 
groups.  

P R A  was g rea t ly  depressed  in all  3 groups,  doub t less  
because  of t he  sa l t  excess to  wh ich  t h e y  were exposed.  
All of the  con t ro l  va lues  fell below 0.1 n g / m l / h  (Table  II) ,  
b u t  b o t h  s t e ro id - t r ea t ed  groups  ave raged  s l ight ly  h igher  
because  severa l  i nd iv idua l  va lues  r anged  0.1-1.2 n g / m l / h  
(Table  II) .  

I f  16 f i -OH-DHEA has  1 /40th  a n d  DOCA 1/25th  ( the 
genera l ly  accep ted  figure) the  p o t e n c y  of a ldos terone ,  
t h e n  2 m g  of 16 f l -OH-DHEA shou ld  be  e q u i v a l e n t  to  
1.25 m g  of DOCA, which  is 6 7 to  101~ t imes  t he  q u a n t i t y  
needed  to  cause  h y p e r t e n s i o n  in the  ra t .  The  fai lure  of 
t h a t  dosage of 16 f l -OH-DHEA to h a v e  an  effect  on sal ine 
in take ,  p r o m i n e n t l y  e n h a n c e d  b y  DOCA u n d e r  s imi lar  
c i r cums tances  is, b lood pressure,  h e a r t  a n d  k i d n e y  weight ,  
or ka l l ikre in  excre t ion ,  cas ts  serious d o u b t  upon  i ts  
minera locor t i co id  s ta tus .  

In  t h a t  c o n t e x t  FUNDER et  al. 19 f ind t h a t  n e i t h e r  rena l  
mc (aldosterone)  receptors ,  no r  those  respons ive  to  
es t rogen  a seconda ry  rena l  sodiumTret r ieval  s y s t e m  
d i sp lay  s ign i f ican t  b i nd i ng  a f f in i ty  for 16~ - O H - D HEA.  
Such  b ind ing  is cons idered  to  be a n  ob l iga to ry  p re requ i -  
s i te  for mc act ion,  cor re la t ing  exceed ing ly  well  w i t h  mc 
h o r m o n e  ac t iv i ty .  F u r t h e r m o r e ,  ne i t he r  EDELMAN ef al. 

(personal  c o m m u n i c a t i o n )  us ing  c o n c e n t r a t i o n s  as h igh  
as 5 •  -6 M,  nor  HmC~INS (personal  c o m m u n i c a t i o n )  
w i th  c o n c e n t r a t i o n s  u p  to 7 • 10 -~ M, h a v e  de tec ted  a n y  
effect  of 1 6 ~ - O H - D H E A  on sod ium t r a n s p o r t  of i so la ted  
t o a d  b ladders ,  a genera l ly  accep ted  mc b ioassay  in wh ich  
a ldos te rone  exer t s  m a x i m a l  s t i m u l a t i o n  a t  4 • 10 -8 /l/I. 

F ina l ly ,  one of our  l abora to r ies  (at  Dallas) has  been  
unab le  to  d e m o n s t r a t e  an  effect  of 16 f i -OH-DHEA on 
the  u r i n a r y  N a / K  ra t io  of ad rena l ec tomized  r a t s  a t  
dosages as h igh  as 30 p.g, whereas  10 ng  of a ldos terone ,  
and  p r o p o r t i o n a t e l y  la rger  q u a n t i t i e s  of the  weaker  mc ' s  
are read i ly  de t ec t ed  in para l le l  exper imen t s .  

These  f ind ings  do no t  s u p p o r t  the  c a n d i d a c y  of 16/3- 
O H - D H E A  e i the r  as a mc or as a s tero id  capab le  of 
caus ing  hype r t ens ion .  The  s ignif icance of i ts  a b u n d a n c e  
in ur ine  of p a t i e n t s  w i t h  low ren in  essent ia l  h y p e r t e n s i o n  
is t h u s  obscure ,  and  of d o u b t f u l  et iologic impor t ance .  
I t  could  be  a m e t a b o l i t e  of a more  ac t ive  s tero id  causa t ive  
of hype r t ens ion ,  or, a l t e rna t ive ly ,  o the r  as ye t  un iden t i -  
fied s teroids  m a y  be responsible .  
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6~ummary. Proges t e rone  se lect ively  inh ib i t s  es t rad io l  u p t a k e  b y  the  nucle i  of t he  l u m i n a l  ep i the l ia l  cells b u t  n o t  b y  
o the r  u te r ine  cells. Th i s  inh ib i t ion  in es t rogen  b i n d i n g  paral le ls  the  i nh ib i t i on  b y  p roges te rone  of some est rogenic  
responses  in t he  l um i na l  epi the l ia l  cells only. 

Two i m p o r t a n t  es t rogen recep to r  sys tems  h a v e  been  
found  to exis t  in t he  r a t  and  h u m a n  u t e rus :  the  cytosol-  
nuc lea r  and  t he  eos inophi l  r ecep to r  sys tems  2-6. E a c h  
recep to r  s y s t e m  seems to be invo lved  i n d e p e n d e n t l y  in 
t he  m e c h a n i s m s  of es t rogen  ac t ion  2,7,s. Therefore ,  i t  is 
possible  to  p roduce  or se lect ively  b lock  t he  effects med ia t -  
ed b y  one of t he  r ecep to r  sys t ems  w i t h o u t  in te r fe r ing  
w i t h  the  es t rogenic  response  m e d i a t e d  b y  the  o the r  re- 
cep to r  s y s t e m  9, ~o. 

The  cy toso l -nuc lea r  recep tor  s y s t e m  exis ts  in t he  
l u m i n a l  epi thel ial ,  g l a n d u l a r  epi thel ia l ,  s t r om a l  and  
m u s c u l a r  cells of t he  u te rus  a. I t  does no t  necessar i ly  
follow t h a t  t he  b ind i ng  of es t rogens  to  t he  cy toso l -nuc lea r  
r ecep to r  s y s t e m  m u s t  b e h a v e  in t he  same m a n n e r  in all 
u t e r i ne  cell t ypes  u n d e r  d i f fe rent  physiological  condi t ions .  
I f  each  ce l l - type  p lays  a d i f fe rent  role in u t e r ine  phys io-  
logy, and  if i t  is possible se lect ively  to  b lock  (or s t imula te )  
es t rogen  b ind ing  in one cell type ,  t h e n  i t  would  be pos-  
sible to  mod i fy  selected p a r a m e t e r s  of es t rogen s t imula -  
t ion.  The  p r e sen t  r e p o r t  d e m o n s t r a t e s  t h a t  p roges te rone  
se lec t ive ly  b locks  es t rogen  b i nd i ng  in l um i na l  ep i the l ia l  
cells, and  cor re la tes  th i s  f ind ing  w i t h  a select ive b lockage  
of some p a r a m e t e r s  of es t rogen  s t i m u l a t i o n  in th i s  cell 
type .  

Material and methods. Female  r a t s  in proes t rus ,  es t rus  
a n d  in t he  1st a n d  2nd days  of d ies t rus  were used, as well  
as r a t s  in t he  2nd d a y  of d ies t rus  p r e t r e a t e d  i.p. w i t h  

e i the r  5 mg  of proges terone ,  0.3 ~zg of estradiol ,  or b o t h  
t o g e t h e r  24 h before  t he  in jec t ion  of the  isotope.  T r i t i a t e d  
es t rad io l  (500 aCi, co r re spond ing  to 1.4 p,g) was in jec ted  
in to  t he  j ugu l a r  vein,  and  the  an ima l s  were sacrif iced 
10 min  or 1 h a f te r  receiving t he  in jec t ion  of ~H-estradiol .  
The  u te r i  were  excised and  processed b y  a d ry  radio-  
a u t o g r a p h i c  t e c h n i q u e  for soluble c o m p o u n d s  n,  modi f ied  
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' f ab le  I. Concen t r a t i on  of t r i t i a t e d  es t radio l  in r a t  u te r ine  cells 10 m i n  a f t e r  the  i .v .  in jec t ion  of the  isotope 

EXPERIENTIA 32/8 

Average  of r a d i o a u t o g r a p h i c  granules  per  

H o r m o n a l  Nucle i  of C y t o p l a s m  Nuclei  of C y t o p l a s m  Nuclei  of Nucle i  of Nucle i  of Eos inophi l s  E x t r a -  
cond i t ion  Imnina l  of lumina l  g l a n d u l a r  of g l a n d u l a r  m u s c u l a r  superf ic ia l  deep s t r o m a l  cel lular  
of the  an ima l  epi thel ia l  epi thel ia l  epi thel ia l  epi thel ia l  cells s t romaI  cells rad io-  

cells cells cells cells cells a c t i v i t y  

P roes t rus  44.3 -c 6.0 1 6 . 1 - c  2.3 47.3 • 6.1 15.1~_ 2.0 34.7 ~_ 4.2 26.8 i 3.9 24.7 4- 3.7 16.0 ~z 2.2 5.7 ~ 0.9 
E s t r u s  4 3 . 9 •  6.0 19.7 ~_ 2.9 66.4 -9 8.5 24 .4 -~  4.0 23.5 -L 3.6 25.3 =k 3.3 24.8 -c 3.4 8 . 1 ~  1.2 2.8 ~ 0.4 
1st d a y  of d ies t rus  11.9~_ 1.2 12.4 ~ 1.8 49.2 -c 5.6 20 .9-L  2.4 48.2 L- 6.1 36 .4~-  4.7 4 0 . 1 i  5.8 1 7 . 6 •  2.7 3.8 4- 0.3 
2nd  d a y  of d ies t rus  15.6 • 1.8 16.0 • 2.0 51.7 4- 7.4 2 0 . 9 i  3.7 31.6 ~= 3.6 33.2 ~ 4.5 38.5 :~ 4.8 6.8 • 1.7 1.8 • 0.5 
E s t r o g e n  p r e t r e a t e d  4 5 . 8 i  5.2 14.8 • 3.1 65 .1-~  7.2 2 0 . 1 •  2.7 28.2 ~ 3.1 2 8 . 1 •  3.9 25.9 ~ 4 . 4  ] . 9 . 4 •  3.1 3.5 • 0.6 
P roges t e rone  p r e t r e a t e d  12.3 =~ 1.8 13.9 J= 1.5 39.8 • 5.2 14.7 ~ 2.2 37.8 • 5.6 3 6 . 4 •  4.1 47.3 4- 6.2 14.3 :~ 2.1 5.4 • 0.5 
E s t r o g e n  + p roges t e rone  12.8 • 1.3 1 4 . 0 i  1.8 52.1 4- 5.0 21.2 ~z 3.1 34.9-1= 3.8 30.2 -L 3.8 41.2 • 3.1 2 0 . 1 ~  3.4 2.7 ~_ 0.3 
p r e t r e a t e d  

Tab le  II .  Concen t r a t i on  of t r i t i a t ed  es t radio l  in r a t  u te r ine  cells, 1 h a f t e r  the  i .v .  in jec t ion  of the  isotope 

Ave rage  of r a d i o a u t o g r a p h i c  granules  per  

H o r m o n a l  Nucle i  of C y t o p l a s m  Nuclei  of C y t o p l a s m  Nuclei  of Nucle i  of Nuclei  of Eos inophi l s  E x t r a -  
cond i t i on  Imnina l  of lumina l  g l a n d u l a r  of g l a n d u l a r  n m s c u l a r  superf ic ia l  deep s t r o m a l  cel lular  
of the  an ima l  epi thel ia l  epi thel ia l  epi thel ia l  epi thel ia l  cells s t r oma l  cells radio-  

cells cells ceils cells cells ac t i v i t y  

P roes t rus  26.1-}- 3.8 9.8 • 1.7 3 4 . 6 •  4.2 13.7 el- 2.2 2 8 . 1 i  3.1 19.8 • 2.8 14.2 • 2.8 4.6 ~= 1.0 0 . 9 •  0.2 
E s t r u s  3 5 . 2 i  5.1 11.7 ~: 1.8 49.5-1- 6.6 1 6 . 2 i  2.2 16.3 • 2.2 10.0 4- 2.1 1 7 . 4 •  2.9 6.4 • 0.9 1.7 • 0.3 
1st  d a y  of d ies t rus  8.1 ~ 1.2 6.4 ~ 0.9 24.8 ~ 3.1 9.9 • 1.2 26.0 ~ 4.1 11.6 -L 2.7 22.8 • 3.7 4.8 _+_ 0.7 1.3 _-) 0.2 
2 n d  d a y  of d ies t rus  9.4 ~c 1.3 8.7 • 1.1 36.7 • 5.1 1 8 . 1 - c  2.6 2 8 . 4 ~  3.7 26.1 • 3.7 23.0 -it 3.8 5.4 • 1.1 0.7 • 0.1 
E s t r o g e n  p r e t r e a t e d  3 4 . 1 ~  4.1 8.2 • 1.4 41.7 • 4.9 14.7 4- 2.0 27 .1-~  3.2 1 8 . 7 i  2.1 14.8 • 3.0 7.1 ~= 0.8 1.0 :~ 0.2 
Proges te rone  p r e t r e a t e d  7.5 ~ 1.1 6.5 j_ 1.0 27.3 4- 3.9 8.7 -~ 1.4 25.3 • 3.7 18.3 • 2.9 31.4 • 4.7 3.6 • 0.7 2.1 • 0.4 
E s t r o g e n  + p roges te rone  8.2 ~ 1.4 8.6 i 1.0 44.2 • 3.8 11.2 • 1.3 27.2 • 4.1 16.9 -1= 3.2 26.3 • 4.8 6.1 ~_ 0.8 1.7 ~= 0.2 
p r e t r e a t e d  

R a d i o a u t o g r a m s  of u te r ine  sect ions  f rom a n  es t rogen  p r e t r e a t e d  a n i m a l  (A) a n d  all  e s t rogen  + p roges t e rone  p r e t r e a t e d  a n i m a l  (B). The  
an imals  were  sacr i f iced 1 h a f t e r  rece iv ing  the  in jec t ion  of 3H-est radiol .  The  d r y  r a d i o a u t o g r a m s  were deve loped  a f t e r  3 m o n t h s  of exposure ,  
a n d  s t a ined  wi th  m e t h y l  g reen-pyron ine .  • 600. 
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f rom ~2-15. The  r a d i o a n t o g r a m s  were deve loped  a f t e r  
3 m o n t h s  of exposure ,  a n d  s t a ined  w i t h  h e m a t o x y l i n -  
eosin or m e t h y l  g reen-pyron ine ,  

For  each e x p e r i m e n t a l  cond i t i on  and  for each  cell type,  
r a d i o a u t o g r a p h i c  g ranu les  ove r  40 cells (and /or  nuclei) 
were coun ted .  The  r a d i o a c t i v i t y  of t he  ' ex t race l lu la r  
space '  was e s t i m a t e d  b y  c o u n t i n g  40 areas  of a size 
c o m p a r a b l e  to an  ave rage  eosinophil ,  m a r k e d  b y  a circle 
in t he  ocular  piece of t he  microscope,  in areas  chosen  a t  
r a n d o m  be tween  cells loca ted  in t he  deep s t roma.  

Results. The  u p t a k e  of t r i t i a t e d  es t rad io l  b y  u te r ine  
eos inophi ls  in v ivo  is conf i rmed  in all t h e  h o r m o n a l  con-  
d i t ions  s tud ied  in t he  p r e s en t  i nves t iga t ion  (Tables I 
a n d  II) .  

The  u p t a k e  of t r i t i a t e d  e s t r ad io l  b y  t he  nucle i  of 
g landula r ,  s t roma l  and  m u s c u l a r  ceils is h igh  in all t he  
h o r m o n a l  cond i t ions  i n v e s t i g a t e d  (Tables I a n d  II) .  The  
u p t a k e  of r ad ioac t ive  es t rad io l  b y  t he  nuclei  of l umina l  
ep i the l ia l  cells is h igh  in an ima l s  in p roes t rus  and  in 
es t rus  as well  as in es t rogen  p r e t r e a t e d  animals ,  b u t  is 
v e r y  low in an ima l s  in t he  1st and  2nd days  of dies t rus ,  
as well  as in an ima l s  p r e t r e a t e d  w i t h  p roges te rone  a lone 
or  t o g e t h e r  w i th  es t rad io l  (Tables I and  II ,  Figure) .  

The  nuc lea r  r a d i o a c t i v i t y  in sect ions  of g l andu la r  
ep i the l ia l  cells cons t i t u t e s  6 5 - 7 5 %  of t he  t o t a l  cel lular  
r a d i o a c t i v i t y  (cy toplasmic  + nuc lea r  areas) in  all t h e  
h o r m o n a l  cond i t ions  s tud ied  (Tables I a n d  II) .  Similar ly ,  
t he  nuc lea r  r a d i o a c t i v i t y  in sect ions  of l u m i n a l  ep i the l ia l  
cells of an ima l s  in p roes t ru s  and  in estrus ,  as well  as in 
those  p r e t r e a t e d  w i t h  es t rad io l  alone, cons t i t u t e s  65 75% 
of t he  t o t a l  cel lular  r a d i o a c t i v i t y  (Tables I and  II) .  In  
c o n t r a s t  to  this,  in  t he  an i m a l s  in t he  1st a n d  2rid days  
of dies t rus ,  as well  as those  p r e t r e a t e d  w i t h  p roges te rone  
a lone or t o g e t h e r  w i t h  estradiol ,  t he  nuc lea r  r a d i o a c t i v i t y  
of t he  l umina l  ep i the l ia l  cells cons t i t u t e s  on ly  50% of the  
t o t a l  cel lular  r a d i o a c t i v i t y  (Tables I and  II) .  

These  f igures  show t h a t  p roges t e rone  d ras t i ca l ly  and  
se lec t ively  reduces  t he  u p t a k e  of 3H_estradiol  b y  cells of 
t he  lmn ina l  ep i the l ium.  This  r educ t i on  in b ind ing  is as- 
socia ted w i t h  obv ious  morpholog ica l  changes  in th i s  cell 
t y p e  (a r e d u c t i o n  in cell size), as obse rved  in t h e  Figure.  

Discussion. The  p roges t e rone - induced  specific inhi -  
b i t i o n  of es t rad io l  u p t a k e  b y  t h e  nucle i  of t he  l umina l  
ep i the l ia l  cells, b u t  n o t  b y  o t h e r  u t e r ine  cells, paral lels  
t he  inh ib i t i on  b y  p roges te rone  of some es t rogenic  re- 
sponses  in t he  l umina l  epi the l ia l  ceils only. The  es t rogenic  
responses  i n h i b i t e d  in t he  l u m i n a l  ep i the l i um are the  
mi to t i c  a c t i v i t y  ~6 20, t he  ur id ine  u p t a k e  e~ a n d  the  in- 
crease in t h e  size of these  cells. Since t he  d i rec t  com- 
pe t i t i on  of p roges t e rone  and  es t rad io l  for the  recep tor  
s i tes  is un l ike ly  22, 2a, i t  is p r o b a b l e  t h a t  p roges te rone  has  
a specific i n h i b i t o r y  effect  on  e i the r  t he  syn thes i s  of 
es t rogen  recep tors  or t he  t r a n s f e r  of t he  es t rogen-cytoso l  
r ecep to r  complex  f rom the  c y t o p l a s m  to  the  nuc leus  in  
t he  l umina l  epi the l ia l  ceils. 
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Summary. B o t h  t he  superf ic ia l  and  deep p inea l  c o m p o n e n t s  of the  i n t a c t  h a m s t e r  con t a in  a r ich  n e t w o r k  of green to 
yel low-green f luorescent  n e r v e  fibres. Af te r  e i the r  super ior  cerv ica l  g a n g l i o n e c t o m y  or a f te r  t r a n s e c t i o n  of t he  nervi  
conar i i  t h e  m a j o r i t y  of t i le f luorescing f ibres d i sappea red  f rom b o t h  the  superf ic ia l  and  deep p inea l  masses.  A l t h o u g h  
t he  deep p inea l  r e m a i n e d  i n t a c t  a f t e r  surgical  r e m o v a l  of the  superf ic ia l  pineal ,  i t  was  devoid  of a n y  green  or  yellow- 
green f luorescen t  fibres. 

Whi le  e x a m i n i n g  t he  p inea l  s y s t e m  of the  hams te r ,  
SI~RIDAN a n d  I~EITER a obse rved  t h a t  t he  p inea l  is 
d iv ided  in to  two par t s .  I n  add i t ion ,  to  t he  mass  of p inea l  
t i ssue  (superficial  pineal)  a d h e r e n t  to  t he  u n d e r  surface 
of t he  conf luence  of sinuses,  t he re  is a second p inea l  
mass  assoc ia ted  w i t h  t he  h a b e n n l a r  commissure  (deep 
pineal) .  In  physio logica l  s tudies4,  ~, surgical  r e m o v a l  of 
t he  p inea l  g land  consis ts  of r e m o v a l  of t he  superf icial  
p inea l  only. The  p r e s en t  s t u d y  was des igned to inves t ig-  
a t e  t he  pe r iphe ra l  i n n e r v a t i o n  of the  deep p inea l  in i n t a c t  
h a m s t e r s  and  in h a m s t e r s  t h a t  h a d  t he i r  superf ic ia l  
p inea l  removed .  F o r  t h i s  s t u d y  t h e  f luorescen t  h is to-  
chemica l  p rocedure  of FALCK-HILLARP 6 for biogenic 
a m i n e  c o n t a i n i n g  neu r ons  was  used. 

Materials and methods. Groups  of anes thes ized  male  
h a m s t e r s  were sub jec ted  e i the r  to  a s h a m  opera t ion ,  to  
b i l a t e ra l  super ior  cervical  g a n g l i o n e c t o m y  7, to  nerv i  
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