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sues  ls-15 ha s  been  f o u n d  to  i n h i b i t  aggrega t ion .  Insu l in ,  
also t es ted ,  i n h i b i t e d  agg r ega t i on  on ly  a t  h i g h  concen-  
t r a t i o n  (40-80 U/ml) .  

These  s tudies ,  t a k e n  in  l i g h t  of t h e  w o r k  of o thers ,  
sugges t  t h a t  t h r o m b i n  m a y  ac t  b y  p r o d u c i n g  c h a n g e  in  
t he  p l a t e l e t  p l a s m a  m e m b r a n e .  T h r o m b i n  is k n o w n  to  
a l t e r  p l a t e l e t  m e m b r a n e  cha rge  x* as wel l  as the  per -  
m e a b i l i t y  of t h e  m e m b r a n e  to  K+~t  R e c e n t l y  t h r o m b i n  
ha s  b e e n  s h o w n  to  a l t e r  p l a t e l e t  c A M P  levels*, 5 a n d  
p l a t e l e t  A T P a s e  ~ a n d  A C h E  3 ac t iv i t ies .  One  or more  
p r o t e i n s  of t h e  p l a t e l e t  p l a s m a  m e m b r a n e  are  c h a n g e d  
fol lowing exposure  to  t h r o m b i n ~ ,  is O t h e r s  h a v e  re- 
p o r t e d  t h a t  i n t r ace l lu l a r  Ca++ a n d  c A M P  levels  can  be  
in f luenced  b y  A C h E  a n d  A T P a s e  ac t iv i t i e s  of t h e  
ceII19-~x. T h u s  t h r o m b i n  m a y  a l t e r  p l a t e l e t  c A M P  levels  
n o t  on ly  b y  a c t i o n  on  t h e  a d e n y l  cyc t a se -phosphod i -  
es te rase  s y s t e m  w h i c h  does  n o t  a p p e a r  to  be  loca ted  in  
t h e  p l a s m a  m e m b r a n e  b u t  also b y  in f luenc ing  m e m b r a n e  
assoc ia ted  A T P a s e  a n d  A C h E  ac t iv i t ies .  These  f ind ings  
i l l u s t r a t e  t h a t  t h e  ac t ions  of t h r o m b i n  on  t h e  p l a t e l e t  
p l a s m a  m e m b r a n e  are  diverse,  a f ac t  s u p p o r t e d  b y  our  
p r e s e n t  d a t a  w i t h  i n h i b i t o r s  of t h r o m b i n - i n d u c e d  ag- 
g rega t ion  22. 

Zusammenfassung. S u b s t a n z e n ,  welche  die t h r o m b i n -  
i n d u z i e r t e  P l ~ t t c h e n a g g r e g a t i o n  h e m m e n ,  l assen  s ich  in  
dre i  H a u p t g r u p p e n  au f t e i l en :  1. m e m b r a n s t a b i l i s i e r e n d e  
Steroide ,  2. S u b s t a n z e n ,  welche  die  e l e k t r i s c h e n  E igen -  
s c h a f t e n  de r  M e m b r a n  ode r  die P e r m e a b i l i t i i t  ode r  be ide  
beeinf lussen ,  u n d  3. S u b s t a n z e n ,  die e ine E r h 6 h u n g  des  

in t r aze l lu l~ ren  cAMP-Spiege l s  b e w i r k e n  sollen. E i n e  
H y p o t h e s e  f iber die H e m m u n g  de r  P l g t t c h e n a g g r e g a t i o n  
d u r c h  T h r o m b i n  wi rd  vorgesch lagen .  
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O c c u r r e n c e  of Insu l in  in Rat  D u o d e n u m  and its  D e p l e t i o n  w i t h  A l l o x a n  

T h e  py lor ic  a n t r u m ,  d u o d e n u m  a n d  p a n c r e a s  h a v e  
been  re fe r red  to  b y  t h e  col lec t ive  n a m e  of ' t h e  a b d o m i n a l  
endoc r ine  o r g a n '  x. Al l  t h e  endoc r ine  cells of t h i s  reg ion  a re  
be l i eved  to  ar ise  f rom a l i m i t e d  a rea  of the  p r i m i t i v e  fore- 
gut ,  a n d  t h e i r  h o r m o n e s  are w i t h o u t  e x c e p t i o n  conce rned  
w i t h  t he  r egu la t i on  of d iges t ion,  a b s o r p t i o n  a n d  u t i l i za -  
t i on  of foodl-3 .  T h e  h o r m o n e s  of ' t h e  a b d o m i n a l  endo-  
cr ine  o rgan '  are  p o l y p e p t i d e s  such  as gas t r in ,  secret in ,  
c h o l e c y s t o k i n i n - p a n c r e o z y m i n  a n d  en t e r og l ucagon  in t h e  
a n t r o - d u o d e n a l  mucosa ,  a n d  insu l in  a n d  g lucagon  (possi- 
b ly  also gas t r i n  4) in t h e  p a n c r e a t i c  islets.  T h e  chemica l  
s imi l a r i t y  b e t w e e n  severa l  of t h e s e  p o l y p e p t i d e  h o r m o n e s  
(gas t r in  a n d  cho l ecys to k i n i n  s, secre t in ,  g lucagon  a n d  in-  
su l in  s, ~) s u p p o r t s  t h e  c o n c e p t  of a c losely i n t e g r a t e d  hor -  
m o n e - p r o d u c i n g  locus, c o m p r i s i n g  severa l  e n d o c r i n e  
glands ,  w h i c h  c o n c e i v a b l y  a re  deve loped  f rom t he  s a m e  
p r i m o r d i a l  origin.  Moreover ,  t h e  poss ib le  ex i s t ence  of a n  
' e n t e r o i n s u l a r  axis ' ,  w h e r e b y  insu l in - re leas ing  agen t s  
f rom t h e  gu t  con t ro l  t he  insu l in  release,  e m p h a s i z e  t h e  close 
f u n c t i o n a l  coo rd ina t i on  of t h i s  p a r t i c u l a r  region 7-~. 
T h e r e  is also some ev idence  t h a t  endoc r ine  cells of t h i s  
reg ion  m a y  h a v e  a dua l  d i s t r i bu t i on .  Thus ,  g lucagon  or  
g lucagon- l ike  agen t s  (en teroglucagon)  h a v e  b e e n  de-  
m o n s t r a t e d  in t he  i n t e s t i n a l  m u c o s a  ~-12, a n d  gas t r i n -  
s t o r i n g  cells can  be  recognized b o t h  in  t h e  py lo r i c  g l a n d  
a r ea  of t h e  gas t r i c  m u c o s a  13 a n d  in t h e  p a n c r e a t i c  is lets  4. 
W e  dec ided  to  i n v e s t i g a t e  t h e  poss ib i l i t y  t h a t  in su l in  
m i g h t  h a v e  a s im i l a r  d u a l  d i s t r i bu t ion .  

T h e  m u s o s a  was  sc raped  off va r ious  regions  of t h e  bowel  
of f reely fed r a t s  (male  W i s t a r  r a t s  we igh ing  200-300 g; 
m a t e r i a l  f rom 4 -5  r a t s  was  pooled),  r abb i t s ,  ca t s  a n d  dogs. 
Care was  t a k e n  in  d i ssec t ion  a n d  in t he  col lec t ion  of mu-  
cosa  to  avo id  c o n t a m i n a t i o n  w i t h  p a n c r e a t i c  t issue.  The  

m u c o s a  waS h o m o g e n i z e d  in acidi f ied e t h a n o l  (96 vol.  e t h a -  
nol ,  2.4 vol. cone. H2SO 4, 18 vol.  water} in  a c o n c e n t r a t i o n  
of 50 m g  t i ssue  (wet  weight )  pe r  ml.  T h e  h o m o g e n a t e  was  
a l lowed to  s t a n d  o v e r n i g h t  a t  + 4 ° C .  The  h o m o g e n a t e  
was t h e n  neu t r a l i z ed  w i t h  5 N  a m m o n i u m  h y d r o x i d e  a n d  
cen t r i fuged  a t  1500 xg .  T h e  s u p e r n a t a n t  was  d ia lyzed  
o v e r n i g h t  a t  + 4 ° C  aga in s t  2 changes  of a ce t a t e  buf fe r  
(pH 4.5), 0.1 a n d  0 . 0 2 M  respec t ive ly ,  a n d  s u b s e q u e n t l y  
assayed  for  i m m u n o r e a c t i v e  insu l in  ( IRI )  14 A f t e r  f u r t h e r  
d ia lys is  o v e r n i g h t  aga in s t  Ca++-free K r e b s - R i n g e r  b ica r -  
b o n a t e  solut ion,  t h e  insu l in- l ike  a c t i v i t y  (ILA) of t h e  ex- 

1 W. R. "WAD~LL, W. R. COrPING~R and R. W. LOUGHRY, Ann. 
Surg. 768, 641 (1968), 

2 M. I. GROSSMAN, Med. Clins N. Am. 52, 1297 (1968). 
3 j .  W. SINGLETON, Gastroenterology 56, 342 (1969). 
4 R. LOMSKV, R. I.ANGER and V. VORTEL, Nature, Lond. 223, 618 
(1969). 

5 j. E. JORPES, Gastroenterology 55, 157 (1968). 
6 T. [VL SCHUSTER, Nature, Lond. 209, 302 (1966). 
7 j .  DuPRI~, Lancet 2, 672 (1964). 
s j .  DuPR~ and J. L. BECK, Diabetes 15, 555 (1968). 
9 R. H. UNGER, H. KETTERER, J. DUPR]~: and A. M. EISENTRAUT, 

J. clin. Invest. ,¢6, 630 (1967). 
lo E. F. PFEIFFER and S. RAPTIS, Ktin. %Vsehr. 46, 337 (1968). 
11 R. H. UNGER, A. OHNEDA, L VALVERDE, A. M. EISENTRAUT and 

J. EXTON, J. olin. Invest. 47, 48 (1968). 
1~ R. H.~KANSON, G. LIEDBERG and I. LUNDQUIST, Experientia, 27, 

460 (1971). 
is j .  E. McGuIoAN, Gastroenterology 55, 315 (1968), 
14 L. HED*NG, in Labelled Proteins in Tracer Studies (Ed, L, DONATO; 

Euratom, Brussels 1966), p. 345. 



15.10. 1971 Specialia 1221 

t r a c t s  was  d e t e r m i n e d  b y  t he  f a t  p a d  m e t h o d  x5 as p rev i -  
ous ly  descr ibed  le. 

I n su l i n  was found  to  be  a b s e n t  f rom t h e  g u t  in al l  species 
s tud ied  b u t  t h e  ra t .  G u t  insu l in  ( I R I  a n d  ILA)  in t h e  r a t  
was  assoc ia ted  a l m o s t  exc lus ive ly  w i t h  t h e  d u o d e n a l  mu-  
cosa  (Table) .  On ly  t r aces  of I R I  a n d  I L A  were  found  in 
o t h e r  p a r t s  of t h e  g a s t r o - i n t e s t i n a l  t r ac t .  T he  source  of t h e  
insu l in  of t h e  r a t  d u o d e n u m  is u n k n o w n .  T h e  poss ib i l i t y  
was  cons id6red  t h a t  t h e  p resence  of insu l in  in  t h e  g u t  was  
a r e s u l t  of  a c c u m u l a t i o n  of insu l in  f rom t h e  b lood  and  
t h a t  i t  re f lec ted  a h i g h  local  insu l in  up t ake .  I n  o rde r  to  
t e s t  t h i s  a s s u m p t i o n ,  Ii~5-1abelted insu l in  (specific radio-  
a c t i v i t y  290 m c / m g ;  H o e c h s t  AG. F r a n k f u r t )  was  in j ec t ed  
i .v.  ( i0  t~c in 0.4 mI  0 .9% sal ine)  ; 10 m i n  l a t e r  t h e  r a t s  were  
k i l led  b y  d e c a p i t a t i o n  a n d  t h e  insu l in  u p t a k e  of t h e  t i s sues  
was  m e a s u r e d  b y  y - s p e c t r o m e t r y  ( P a c k a r d  A u t o - G a m m a  
S p e c t r o m e t e r ,  M 3001). The re  was no  ev idence  of a speci- 
fic a c c u m u l a t i o n  of i n su l in  in t h e  d u o d e n a l  m u c o s a  as 
c o m p a r e d  w i t h  o t h e r  t issues.  On  t h e  con t r a ry ,  t h e  u p t a k e  
of insu l in  in  t h e  m i d g u t  (31,000-43,000 c p m / g ;  i n s t r u m e n -  
t a l  values)  was  on ly  a b o u t  50% of t h a t  f ound  in t he  an-  
t r u m ,  f u n d u s  a n d  colon (62,000-77,000 cpm/g) .  T he  l iver  
h a d  t h e  h ighes t  u p t a k e  (91,000 epm/g)  whi le  t h e  u p t a k e  in 
ske le ta l  musc le  (gas t rocnemius )  a n d  ad ipose  t i ssue  (epi- 
d i d y m a l  f a t  pad)  was  low (8,900 a n d  4,200 cpm/g ,  respec- 
t ively) .  Also cons ide red  was  t h e  poss ib i l i ty  t h a t  gu t  insu-  
l in  o r ig ina tes  f rom some endoc r ine  cell  s y s t e m  s imi la r  to  
t he  p a n c r e a t i c  fl-cells, a n d  t h a t  accord ing ly  t h e  p a n c r e a t i c  
a n d  g u t  insu l in  s tores  would  be  s imi la r ly  dep le t ed  b y  
t r e a t m e n t  w i t h  a l loxan .  A l loxan  (50 mg/kg)  was  g iven  i.v. 
to  f ree ly  fed ra t s .  One  week  later ,  b lood  samples  were 
t a k e n  b y  o r b i t a l  p u n c t u r e  1~ for  e s t i m a t i o n  ot t h e  glucose 
level  b y  t h e  m e t h o d  of MARKS ~.  R a t s  w i t h  a b lood  glu- 
cose level  be low 300 m g / m l  a f t e r  a l l oxan  t r e a t m e n t  were  
d iscarded .  A l loxan -d i abe t i c  a n d  u n t r e a t e d  con t ro l  r a t s  
were  sacr i f iced b y  d e c a p i t a t i o n  a n d  t h e  g a s t r o i n t e s t i n a l  
m u c o s a  was  co l lec ted  for d e t e r m i n a t i o n  of I R I  a n d  ILA.  
A l l o x a n - i n d u e e d  d i a b e t e s  was  f o u n d  to  coinc ide  w i t h  a 
dep l e t i on  of t h e  g u t  insu l in  s tores  (Table) .  

T h e r e  is n o  ev idence  t h a t  g u t  insu l in  in  t h e  r a t  is of 
phys io log ica l  s igni f icance ;  t he  a m o u n t  of insu l in  f o u n d  in 
t h e  d u o d e n a l  m u c o s a  is on ly  a f r ac t i on  of t h a t  oI t he  p a n -  
creas.  However ,  t h e  poss ib i l i ty  t h a t  in  some species fl-cells 

Effect of alloxan on mucosal IRI and ILAin  various parts of the 
digestive tract 

Tissue s o u r c e  IRI ILA 
(~U/100 mg mucosa) (~xU/100 mg mucosa) 
No treat- Alloxan No treat- Alloxan 
ment ment 

Fundus 0 0 8 18 
Antrum 16 0 4 6 
Duodenum 244 8 270 4 
Jejunum I6 0 2 12 
Ileum 0 6 6 4 
Colon 0 0 I0 12 

Determinations of I RI and ILA were on aliquots of the same extracts. 
Results are from 1 typical experiment. 

or i n su l in - s to r ing  cells s imi la r  to  fl-cells m a y  occur  in  t he  
gut ,  wou ld  seem to  s u p p o r t  t h e  v iew t h a t  a l l  endoc r ine  
ceils w h i c h  c o n s t i t u t e  ' t he  a b d o m i n a l  endoc r ine  o r g a n '  
h a v e  a c o m m o n  or igin x8. 

Resumd. U n  t a u x  fa ib le  d ' i n su l ine  i m m u n o r 6 a c t i v e  
( IRI )  e t  d ' a c t i v i t 6  s e m b l a b l e  5, l ' i n su l ine  (ILA) a 6t6 d6- 
cel6 d a n s  la m u q u e u s e  duod6na le  du  ra t ,  ma i s  n o n  pa s  
dans  celles du  lapin ,  du  c h a t  e t  du  chien.  Les a u t r e s  r6- 
gions du t r a e t u s  d iges t i f  de t o u t e s  ces exp~ces p r 6 s e n t a i e n t  
u n  t a u x  e x t r ~ m e m e n t  b a s  d ' insu l ine .  Le t r a i t e m e n t  p a r  
l ' a l l oxane  e n t r a l n e  le v idage  de I ' I R I  e t  I ' I L A  duod6nales .  
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Effects of O v a r i e c t o m y  and of Oes trogen  A d m i n i s t r a t i o n  on  the Decrease  in Pitui tary Prolact in  
Content  which  Occurs  on the Af ternoon of P r o - O e s t r u s  in the Rat 

I n  a p r ev ious  p a p e r  1, we d e m o n s t r a t e d  t h a t  p r o l a c t i n  
(PL) c o n t e n t  a n d  c o n c e n t r a t i o n  of t he  a n t e r i o r  p i t u i t a r y  
g l a n d  in t h e  r a t  dec reased  on  t he  a f t e r n o o n  of p ro -oes t rus  
(PE) ,  a n d  t h a t  t h i s  decrease  was b locked  b y  t he  i.p. in-  
j ec t ion  of s o d i u m  p e n t o b a r b i t o n e  a t  13.30 h of P E .  S imi-  
la r  f ind ings  were  r e c e n t l y  r e p o r t e d  b y  severa l  worker s  b y  
t h e  use  of r a d i o i m m u n o a s s a y  ~-s. These  resu l t s  s t r ong ly  
sugges t  t h a t  a surge  of  p r o l a c t i n  occurs  on  t h e  a f t e r n o o n  
of P E  a r o u n d  t he  ' c r i t ica l  pe r iod '  for  L H  release,  a n d  
t h a t  t h e  c e n t r a l  n e r v o u s  s y s t e m  could  p a r t i c i p a t e  in  t h e  
release.  

lVtany worker s  h a v e  r e p o r t e d  t h a t  t h e  surge  of L H  is 
t r igge red  b y  a n  increase  in  c i r cu l a t i ng  level  of oes t rogen  
b e t w e e n  t he  2nd  d a y  of d ioes t rus  (D2, d a y  before  P E )  a n d  
t h e  m o r n i n g  ot P E  in  t h e  r a t  e-9, a l t h o u g h  a poss ib le  role 
of p roges t e rone  in  t r i gge r ing  t h e  surge of L H  c a n n o t  be  
ru led  o u t  in  c e r t a i n  c i r c u m s t a n c e s  x0-13. B o t h  t h e  p i t u i t a r y  
c o n t e n t  a n d  t h e  s e r u m  level  of P L  were r e p o r t e d  to  be  in- 
c reased  b y  t h e  exogenous  a d m i n i s t r a t i o n  of es t rogen  14-1e. 

Therefore ,  a n  a t t e m p t  was m a d e  to  e luc ida te  t he  role of 
o v a r i a n  oes t rogen  secre t ion  in t h e  release of P L  obse rved  
on  t h e  a f t e r n o o n  of PE .  

Material and Methods. Virg in  f emale  r a t s  of t h e  W i s t a r -  
I m a m i c h i  s t r a i n  we igh ing  250-290 g were  used.  A n i m a l s  
were  h o u s e d  in  a l i gh t - con t ro l l ed  (on a t  05.00 h a n d  off  a t  
19 .00h)  a n i m a l  r o o m  w i t h  con t ro l l ed  t e m p e r a t u r e  
(24 ± 2°C). T h e y  were  m a i n t a i n e d  on  a s tock  d ie t  (CA-l ,  
N i h o n  C L E A  Ltd . ,  Tokyo)  a n d  w a t e r  ad  l i b i t u m .  V a g i n a l  
s m e a r s  were  e x a m i n e d  e v e r y  m o r n i n g  b e t w e e n  09 .30-  
10 .00h .  O n l y  a n i m a l s  showing  a t  l eas t  2 consecu t ive  
4-day-cyc les  were  used, 

Ova r i e s  were  r e m o v e d  u n d e r  e t h e r  a n a e s t h e s i a  on  t h e  
a f t e r n o o n  ( a round  16.30 h) of D= or  on  ti le m o r n i n g  (a round  
10.30 h) of P E .  I n  s h a m - o p e r a t e d  an imal s ,  ovar ies  were 
exposed  b u t  n o t  r e m o v e d  a r o u n d  16.30 h of D=. 1 ~g of 
oes t r ad io l  b e n z o a t e  (EB) in 0.1 m l  of soy b e a n  oil was  in- 
j ec ted  s.c. in  some a n i m a l s  ova r i e c tomized  on  the  af ter -  
noon  of Dz a t  t h e  t i m e  of ope ra t ion .  Ova r i ec tomized  ani-  


