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too, t he  c o n c e n t r a t i o n  of c A M P  m e a s u r e d  w i t h  b o t h  
m e t h o d s  in t he  i so la ted  s torage  organel les  exceeded t h a t  
in the  whole p la te le t s  b y  more  t h a n  100 t imes.  

The  i d e n t i t y  of t he  c A M P  in t he  s torage  organel les  was 
s u b s t a n t i a t e d  b y  the  f ind ings  t h a t  a) t he  values  d e t e r m i n e d  
w i t h  the  s a t u r a t i o n  m e t h o d  were no t  s ign i f ican t ly  d i f fe ren t  
(p > 0.05) f rom those  o b t a i n e d  w i t h  t he  r a d i o i m m u n e -  
assay  (Table) a n d  b) no c A M P  could be  de tec ted  b y  e i the r  
m e t h o d  a f te r  i n c u b a t i o n  of t h e  nuc leo t ide  ex t r ac t s  w i t h  
phosphodies te rase .  F u r t h e r m o r e ,  t he  cAMP was p r o b a b l y  
no t  fo rmed  f rom A T P  dur ing  t he  p r ec ip i t a t i on  p rocedure  
(with ZnSOa + B a  (OH)2) used for the  s a t u r a t i o n  m e t h -  
od s,~a. Thus ,  t he  c A M P  values  showed no difference 
w h e t h e r  t he  A T P  h a d  been  r e m o v e d  b y  p rec ip i t a t i on  or b y  
abso rp t ion  on  Dowex AG50 W X 4 .  A r educ t i on  b y  t he  
u l t r a son ica t ion  of t he  e x t r a g r a n u l a r  c A M P  is un l ike ly  
since p la te le t s  homogen ized  b y  f reezing a n d  t h a w i n g  
exh ib i t ed  the  same  c A M P  c o n t e n t  as those  sub jec ted  to 
u l t r a son ica t ion .  

These  resul t s  ind ica te  t h a t  c A M P  accumula t e s  t oge the r  
w i t h  5 ' -phosphonuc leo t ides  l ike A T P  and  a biogenic  amine  
(5HT) in subce l lu la r  s torage  organelles .  Thereby ,  t he  
c o n c e n t r a t i o n  of t he  cyclic nuc leo t ide  is a b o u t  4000 t imes  
lower t h a n  t h a t  of A T P  (8.5 • 106 p m o l e s / m g  pro te in)  5. 
According  to p r e l i m i n a r y  resul t s  w i t h  r a b b i t  p la te le ts ,  no 
m e a s u r a b l e  adeny l  cyclase a c t i v i t y  (using e-82P-ATP as a 
subs t ra t e )  1~ could  be de tec ted  in t he  i so la ted  s torage  
organel les  or in  t he i r  m e m b r a n e s ,  even  in t he  presence  of 
N a F  or p r o s t a g l a n d i n  E t  ~5. I n  the  i so la ted  c y t o p l a s m a t i c  
m e m b r a n e s ,  however ,  adeny l  cyclase a c t i v i t y  was p r e sen t  
and  m a r k e d l y  a c t i v a t e d  b y  N a F  as well  as p r o s t a g l a n d i n  

Et .  Therefore,  t h e  s i te  of f o r m a t i o n  of t he  c A M P  found  
in t he  s torage  organel les  is n o t  ye t  clear.  

c A M P  poss ib ly  has  an  inf luence  on  p l a t e l e t  func t ion ,  
e.g. in  p la t e l e t  aggregat ion ,  b u t  i ts  phys io logica l  a n d  
pa thophys io log ica l  role is s t i l l  u n s e t t l e d  4,1G-20. S torage  in 
subcel lu lar  organel les  m i g h t  resu l t  in  biological  i nac t iva -  
t ion  of t he  cyclic nucleot ide .  Therefore ,  t he  organelles,  due  
to t h e i r  c apac i t y  of a c c u m u l a t i n g  a n d  poss ib ly  re leas ing 
cAMP, m a y  be p a r t  of a s y s t e m  con t ro l l ing  the  biological  
a c t i v i t y  of t he  cyclic nuc leo t ide  in t he  pla te le ts .  I t  r ema ins  
to  be  e luc ida ted  w h e t h e r  o the r  t ypes  of organelles ,  e.g. t he  
vesicles s tor ing  A T P  and  ca t echo l amines  in s y m p a t h e t i c  
ne rve  endings  or bra in ,  b e h a v e  l ike p l a t e l e t  o r g a n d i e s  
w i t h  r ega rd  to  cAMP, and  if so, w h e t h e r  t he  p r e synap t i c -  
al ly s tored  c A M P  has  a func t ion  in n e n r o h u m o r a l  t r ans -  
mission.  

Zusammen/assung. Die subzel luUiren Organel len,  welche 
in Blu tp l~ i t t chen  yon  R a t t e n  u n d  Meerschweinchen  
5 - H y d r o x y t r y p t a m i n  u n d  A d e n o s i n - 5 ' - t r i p h o s p h a t  spei- 
chern,  e n t h a l t e n  bis  fiber 100 Mal m e h r  cycl isches Adeno-  
s i n - 5 ' - m o n o p h o s p h a t  (cAMP) als die ganzen  P l ~ t t c h e n  u n d  
die i ibr igen subzel luHiren F r a k t i o n e n .  D u r c h  die Speiche-  
rung  in subzellul~iren Organe l l en  k o m m t  es m6gl icherweise  
zu e iner  b io logischen  I n a k t i v i v i e r u n g  v o n  c A M P  in  den  
Pl~it tchen.  
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CH-4002 Basel (Switzerland), 77 April 7972. 

Content of cyclic AMP in isolated blood platelets and storage orga- 
nelles of rabbits 

Method Blood platelets Storage organelles 
Saturation assay 24 -4- 5 (10) 2501 i 640 (8) 
Immunological assay 9 -4- 1 (8) 1975 ~= 293 (7) 

The values represent averages with S.E. and are expressed in pmoles/ 
mg protein. Number of experiments in parentheses. 
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Cyclic AMP: its Effect on an E s t r o g e n - S e n s i t i v e  Ant igen in Organ Cultures of the Cervicovaginal  
Ep i the l ium f r o m  Neonata l  Mice 1 

Cyclic A M P  is k n o w n  to  regu la te  i m p o r t a n t  ac t iv i t i es  in  
several  d i f fe ren t  cells and  to be  essent ia l  in  t he  ac t ion  of 
m a n y  hormones .  I t s  role for t he  express ion  of t h e  sex 
s tero id  effects has  r ecen t ly  been  dea l t  w i t h  ~, 3. 

I m m u n o f l u o r e s c e n c e  s tudies  h a v e  shown  t h a t  t he  
ce rv icovag ina l  ep i the l i um of n e o n a t a l  and  a d u l t  mice 
con ta ins  an t igen ic  mater ia l (s )  (CVA) specific for th i s  
ep i the l ium.  An t ibod ie s  aga ins t  CVA do no t  cross- react  
w i t h  a n y  a n t i g e n  in severa l  t i ssues  t e s t ed  (uterus,  k idney,  
in tes t ine ,  s u b m a x i l l a r y  g land  etc.)~. I n  es t rad io l  in jec ted  
animals ,  t he  a m o u n t  of CVA is cons ide rab ly  increased  b u t  
st i l l  r e s t r i c t ed  to t he  ce rv icovag ina l  ep i the l ium.  W h e n  t he  
u te r ine  ce rv ix  f rom n e o n a t a l  mice  was  cu l tu red  in v i t ro  in  
a m e d i u m  c o n t a i n i n g  cyclic AMP,  t he  a m o u n t  of CVA 
was l ikewise increased  c o m p a r e d  w i t h  t he  cont ro l s  5. 

I n  o rgan  cu l tu res  of t h e  n e o n a t a l  u t e r i ne  cervix,  t he  
cyclic A M P  induced  CVA was local ized to t h e  m o s t  ap ica l  

p a r t  of t he  ep i the l ia l  ceils and  to t he  lumen .  Th i s  p r o m p t e d  
an  u l t r a s t u c t u r a t  s t u d y  on t h e  r e l a t i on  be tween  CVA and  
t he  cell surface. 

1 This investigation was supported by grants from the Norwegian 
Cancer Society (Landsforeningen mot Kreft) gnd the Norwegian 
Research Council. 
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Fig. 1. Ep i the l i um of the uter ine  cervix from neonata l  mice af ter  40 h 
culture in vitro, a) Low power electron micrograph. Stained with lead 
citrate. • 2000. b) Detail of an area similar to the upper rectangle in a) 
showing the surface membrane with microvilli. Ferritin particles ad- 
hefted to the surface membrane and to extracellular material in the 
lumen. Unstained. • 32000. c) Detail of an area corresponding to the 
lower rectangle in a) showing intercellular spaces between 2 adjacent 
epithelial cells. Ferritin particles adherred to the outside of the plasma 
membrane. N, nucleus; Is, iatercellular space. Unstained. • 

Material  and methods. E x p l a n t s  of t h e  ce rv icovag ina l  
an lage  a n d  u te r ine  ho rns  f rom n e o n a t a l  mice ( N M R I  
s t ra in)  were cu l tu red  on Mill ipore f i l ters  p laced  on  t h e  t o p  
of S p o n g o s t a n  | for 30-45 h in a s t a n d a r d  cu l tu re  m e d i u m  
(SCM) m a d e  up  of 70% Eagle  L, 20% fe ta l  bov ine  se rum 
(Microbiological  Associates)  an d  10% ch icken  e m b r y o  
ex t rac t .  I n  t e s t  cul tures ,  t h e  m e d i u m  was s u p p l e m e n t e d  
w i t h  0.1 m M  sod ium sal t  of N 6 ,O2-dibutyryl  adenos ine  
3' :  5 '-cyclic m o n o p h o s p h o r i c  acid (dcAMP, Sigma).  

R a b b i t s  were i m m u n i z e d  w i t h  vag ina l  e p i t h e l i u m  f rom 
a d u l t  ova r i ec tomized  mice wh ich  h a d  been  g iven  da i ly  
s.c. in jec t ions  of 5 ~g estradiol-17fi  in 0.02 ml  olive oil for 2 
days  before t h e  d ay  of sacrifice. A c rude  IgG f rac t ion  
( i m m u n e  IgG) was p r e p a r e d  f rom t h e  i m m u n e  se rum 
t h r o u g h  sa l t ing  o u t  w i t h  s a t u r a t e d  a m m o n i u m  sul fa te  4. 

Con juga t ion  of fe r r i t in  (Serva) to  t h e  c rude  i m m u n e  
IgG an d  to n o r m a l  se rum (rabbi t )  was  pe r fo rmed  t h r o u g h  
a one-s tep-coupl ing  w i th  p , p ' d i f l u o r o - m ,  I n ' d i n i t r o -  
d ipheny l su l fone  *. Fo r  the  controls ,  n o r m a l  r a b b i t  s e rum 
was prefe r red  to c rude  n o n - i m m u n e  IgG, because  t h e  IgG 
a m o u n t s  in  t h e  n o r m a l  s e rum used were p roved  to be  
s imi la r  to  t h a t  in the  i m m u n e  Ig G  so lu t ion  used;  more-  
over, s e rum m a y  co n t a i n  unspecif ic  an t ibod ie s  t h a t  are 
lost  du r ing  p r e p a r a t i o n  of c rude  IgG. A n t i b o d y  a c t i v i t y  
a n d  h o m o g e n e i t y  of coupled  an t ibod ie s  were checked  b y  
i m m u n o e l e c t r o p h o r e s i s  v. 

F o r m a l i n  h a s  p r o v e d  to be  t h e  f i xa t ive  t h a t  m o s t  
a d e q u a t e l y  holds  soluble  an t igens  to t h e i r  or ig ina l  si tes 
du r ing  labe l l ing  a n d  process ing  for e lec t ron  microscopyS.  
Organ  cu l tures  were pre f ixed  in 4% p a r a f o r m a l d e h y d e  in 
buf fe red  a n d  isotonic  p h o s p h a t e  so lu t ion  (pH 7.3). 
Pre f ixed  organs  were sliced w i t h  r azor  b lades  u n d e r  t h e  
d issec t ing  microscope.  Some of t h e  slices were s u b m i t t e d  
to u l t r a s o u n d  for 1-2  ra in  in  order  to  open  t h e  p l a s m a  
m e m b r a n e  a n d  m a k e  t h e  cells p e r m e a b l e  to  t h e  con juga te .  
T h e  t i ssue  slices were i n c u b a t e d  w i t h  fe r r i t in  c o n j u g a t e d  
a n t i b o d y  so lu t ion  for 30 rain  a t  room t e m p e r a t u r e ,  washed,  
a n d  f u r t h e r  processed for e lec t ron  mic roscopy  in a con- 
v e n t i o n a l  way.  

Resulls. The  u l t r a s t r u c t u r e  of t h e  ee rv icovag ina l  
e p i t h e l i u m  in cu l tu res  s u p p l e m e n t e d  w i t h  d c A M P  was 
s imi la r  to  t h a t  seen a f te r  es t rad io l  in jec t ions  to  n e o n a t a l  
mice (unpub l i shed  observa t ions ) .  T h u s  t h e  free surface  of 
t h e  ep i the l ia l  cell b e c a m e  convex  an d  deve loped  d i s t inc t ive  
c lub - shaped  microvil l i .  I n  t h e  ap ica l  p a r t  of t h e  cells, 
m a n y  vesicles, v a r y i n g  in size, appeared .  

The  fol lowing con t ro l  e x p e r i m e n t s  were set  up :  1. slices 
f rom exp l an t s  cu l tu red  in a m e d i u m  c o n t a i n i n g  d e A M P  
were i n c u b a t e d  in f e r r i t i n - co n j u g a t ed  n o r m a l  serum, 2. 
slices f rom exp l an t s  cu l tu red  in a m e d i u m  w i t h o u t  d c A M P  
were i n c u b a t e d  in f e r r i t i n - co n j u g a t ed  n o r m a l  serum, 3. 
slices f rom exp l an t s  cu l tu red  in a m e d i u m  w i t h o u t  d c A M P  
were i n c u b a t e d  in f e r r i t i n - co n j u g a t ed  i m m u n e  IgG. None  
of these  e x p e r i m e n t s  showed  a n y  signs of b i n d i n g  of 
f e r r i t i n - co n j u g a t ed  an t ibodies .  Nor  was a n y  b i n d i n g  seen 
in e x p l a n t s  of t h e  u t e r i n e  ho rns  wh ich  h a d  been  cu l tu red  
in a m e d i u m  e o n t a i n g  d c A M P  an d  i n c u b a t e d  w i t h  
f e r r i t i n - co n j u g a t ed  IgG. The  p i c tu re  was  qu i te  d i f fe rent  
w h e n  slices f rom t h e  ce rv icovag ina l  anlage,  cu l tu red  i n ' a  
m e d i u m  c o n t a i n i n g  dcAMP,  were i n c u b a t e d  in fe r r i t in -  
c o n j u g a t e d  i m m u n e  IgG. A r ich  a m o u n t  of fe r r i t in  

6 J.  SRI RAM, S. S. TAWDE, G. ]3. PIERCE JR. and A. R. MIDGLEu JR., 
J. Cell ]3ioI. 77, 673 (1963). 
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8 G. A. ANDRES, K. C. Hsu and B. C. SENDAL, in Handbook of Experi- 

mental Immunology (Ed. D. M. WEIR; ]3Iackweli Scientific Publ., 
Oxford and Edinburgh 1967), p. 527. 
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Fig. 2. Epithelium (E) of uterine cervix from 
neonatal mice after 40 h in vitro. L, lumen; S, 
stroma. (The micrographs are black and white 
copies from multi-eolour Ektaehrome film). 
• 680. a) Fluorescence at the apical part of 
the columnar cells and in the lumen. Incuba- 
tion medium: SCM+dcAMP. Immune IgG, 
b) Control with only faint fluorescence. Incu- 
bation medium: SCM. Immune IgG. 

par t ic les ,  i n d i c a t i n g  t h e  p resence  of a n t i g e n - a n t i b o d y  
complexes,  were seen in  t h e  fuzz f i l a m e n t o u  s m a t e r i a l  
a t t a c h e d  to t he  microvil l i ,  a n d  a long t he  surface m e m -  
b r a n e  of t h e  ep i the l ia l  cells. Moreover ,  Ie r r i t in  granules  
were found  a long t he  cell m e m b r a n e  b o r d e r i n g  t h e  in ter -  
cel lular  spaces  (Figure  1a-c).  I n  c o n t r a s t  to  this ,  no  
fe r r i t in  par t ic les  were seen a long t h e  basa l  p a r t  of t h e  cell 
m e m b r a n e  or in  t he  basa l  l amina .  Nor  were fe r r i t in  
par t ic les  found  to adhe re  to  organelles,  vesicles, or m e m -  
b r a n e s  inside t he  cells. The  loca t ion  of fe r r i t in  in t he  o rgan  
cu l tu res  s u p p l e m e n t e d  w i t h  d c A M P  was s imi la r  to  t h a t  
o b t a i n e d  a f te r  es t rad io l  in jec t ions  to  n e o n a t a l  mice. 7 

Discussion. A l t h o u g h  c A M P  is i n v o l v e d  in t he  ac t ion  of 
severa l  ho rmones ,  sex s teroids  seemed for some t i m e  to  be  
a n  except ion .  R e c e n t  ev idence  suggests  t h e  i n v o l v e m e n t  
of c A M P  in sex s te ro id  ac t ion .  S tudies  on r a t  u t e rus  h a v e  
shown  t h a t  c A M P  i m i t a t e s  m a n y  of the  es t rad io l  induced  
effects 0, ~0. 

The  p r e s e n t  u l t r a s t r u c t u r a l  s t u d y  w i t h  a fer r i t in-  
c o n j u g a t e d  a n t i b o d y  d e m o n s t r a t e s  t h a t  t he  specific 
ce rv icovag ina l  an t i gen  (CVA) is localized to  t he  cell mem-  
brane ,  t h e  p a r t  facing t he  l u m e n  as well  as t h e  p a r t  fac ing 
t he  in te rce l lu la r  spaces, a n d  is also associa ted  w i t h  t he  f ine 
f i l amen tous  ma te r i a I  on  t he  epi the l ia l  surface.  The  im- 
m u n o f e r r i t i n  s tud ies  conf i rm resul t s  o b t a i n e d  w i t h  
immunof luo re scence  t e c h n i q u e  (Figures 2a a n d  b). W h e n  
d c A M P  was added  to  a s y n t h e t i c  cu l tu re  m e d i u m  lacking  
estradiol ,  a cons iderab le  increase  in t h e  a m o u n t s  of CVA 
was obse rved  in t h e  ce rv icovag ina l  an lage  f rom n e o n a t a l  

mice ~. E s t r a d i o l  in j ec ted  to n e o n a t a l  mice p roduced  a 
s imi la r  increase  of CVA in t h e  ce rv icovag ina l  ep i the l i um ~. 
T h e  es t rad io l  effect  in v ivo  is t h u s  s i m u l a t e d  b y  d c A M P  
in v i t ro .  N e i t h e r  t h e  in  v ivo  nor  t h e  in  v i t ro  e x p e r i m e n t s  
i n f l u e n c e d  t h e  u t e r ine  ep i the l i um to  p roduce  CVA. Our  
s tudies  s u p p o r t  t h e  i n t e r p r e t a t i o n  t h a t  c A M P  is i nvo lved  
in t h e  m e c h a n i s m  of es t rad io l  act ion.  F u r t h e r  s tud ies  
conce rn ing  t h e  i n v o l v e m e n t  of d c A M P  in th i s  s y s t e m  are 
in  progress  in  our  l abora to ry .  

Zusammenfassung. U n t e r s u c h u n g e n  m i t  I m m u n e l e k t r o -  
n e n m i k r o s k o p i e  h a b e n  erwiesen, dass  cycl ische A M P  in 
v i t ro  die W i r k u n g  y o n  0 s t r a d i o l  in  v ivo  s imul ier t .  
Das  zeigt  s ich in  e iner  VergrSsserung  der  Menge an t ige-  
n en  Mater ia ls ,  dessen B i l d u n g  fiir das  ce rv icovag ina le  
E p i t h e l  spezif isch ist. D e r m i t  F e r r i t i n  kon jug ie r t e  Ant i -  
g e n - A n t i k 6 r p e r - K o m p l e x  war  an  der  Oberfl{iche der  Zellen 
lokal is ier t .  
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Possible Role of Glucose-6-Phosphate in the Anti-Anaphylactic Mechanism Mediated by Cyclic AMP 

Cyclic A M P  enhances  t h e  syn thes i s  of glucose-6- 
p h o s p h a t e  v ia  g lucose - l -phospha te1 ,  2. There  is now  a 
grea t  deal  of ev idence  3-1~ t h a t  cyclic A M P  i n h i b i t s  
a n a p h y l a c t i c  p h e n o m e n a .  W e  r epor t  here  t h e  resul t s  of 
i nves t i ga t i on  of a n a p h y l a c t i c  m e c h a n i s m s  b y  glucose-6- 
p h o s p h a t e .  

2~aterials and methods. To t e s t  t h e  ac t ion  of glucose-6- 
p h o s p h a t e  on  a n a p h y l a x i s  in  vi t ro ,  we used Schul tz -Dale  
t e c h n i q u e  as descr ibed  in a p rev ious  p a p e r  1~, w h e r e b y  
D-glucose-6-phosphate  (Sigma) in t h e  f ina l  c o n c e n t r a t i o n  
of 4.65 ~zM would  inf luence  a n a p h y l a c t i c  r eac t ion  of 

pass ive ly  sens i t ized  s m o o t h  muscle  f rom gu inea -p i  
u terus .  Size of t h e  isotonic  a n a p h y l a c t i c  muscu l a r  con-  
t r a c t i o n  was  expressed  ill h i s t a m i n e  e q u i v a l e n t  d e t e r m i n -  
ed b y  i n t e r p o l a t i o n  to  a dose-response  cu rve  o b t a i n e d  
w i t h  h i s t a m i n e  d ihydroch lo r ide  on  t h e  same  muscle  piece. 

Us ing  n o r m a l  non-sens i t i zed  s m o o t h  muscle  pieces of 
gu inea-p ig  u t e r ine  horns ,  in f luence  of g lucose -6 -phospha te  
on  isotonic  h i s t a m i n e  c o n t r a c t i o n  was obse rved  in  t h e  
f ina l  c o n c e n t r a t i o n  of 4.65 tzM. T h e  resu l t s  were ex- 
pressed  b y  t h e  change  of 50% c o n t r a c t i v e  dose (CD~0) 
of h i s t a m i n e  d ihydroch lor ide .  F ina l ly ,  re lease of ana-  


