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T h e  f l - R e c e p t o r s  in  the  R a t  P a n c r e a s  

T h e  s t i m u l a t o r y  ef fec t  of i sopro te reno l  ( I SO ) pe r f u s i on ,  
a p r e d o m i n a n t  f i - s t imu la to ry  agen t ,  u p o n  in su l in  sec re t ion  
in  h u m a n  be ings  h a s  b e e n  r e p o r t e d  b y  PORTE 1'~. Th i s  st i-  
m u l a t i o n  was  n o t  a c c o m p a n i e d  b y  a n y  h y p e r g l y c e m i a .  
MALAISSE e t  al.  3,4 h a v e  r e p o r t e d  t h e  e f fec t  of  t h i s  d r u g  i n  
v i t ro ,  desc r ib ing  a b lock ing  or  s t i m u l a t i n g  ac t ion .  T h e  l a t t e r  
was  o b t a i n e d  o n l y  w h e n  a n  a -b lock ing  a g e n t  a n d  glucose  
in  a c o n c e n t r a t i o n  oI a t  l eas t  100 mg]100  m l  (0.6 × 1 0 - S M  
glucose) were  p r e s e n t  in  t h e  i n c u b a t i o n  m e d i u m  t o g e t h e r  
w i t h  ISO.  T h e  p r e s e n t  i n v e s t i g a t i o n  is i n t e n d e d  to  de t e r -  
m i n e  w h e t h e r  t h e  p a n c r e a s  response  to  I SO  could  b e  
o b t a i n e d  u n d e r  d i f f e ren t  e x p e r i m e n t a l  cond i t ions  as t h e  
p rev ious ly  r epor ted .  

Slices of r a t  p a n c r e a s  (norvegicus  ma le  r a t s  of a b o u t  
100-150 g b o d y  weight )  were  i n c u b a t e d  fol lowing a t ech -  
n i q u e  desc r ibed  in some  p rev ious  r epo r t s  s. Af te r  a n  equi l i -  
b r a t i o n  pe r iod  of 30. m i n  in K r e b s  R i n g e r  b i c a r b o n a t e  
buf fe r  (pH 7.4) w i t h  0.3 × 10-2fl4 glucose a t  37 °C, t h e  
p a n c r e a s  slices were  p laced  in i n c u b a t i o n  f lasks  w i t h  3 ni l  
of t h e  s ame  buf fe r  a n d  i n c u b a t e d  w i t h  c o n t i n u o u s  gassing,  
us ing  a m i x t u r e  of 95% o x y g e n  a n d  5 %  c a r b o n  d iox ide  
d u r i n g  15 ra in  (baseline).  A f t e r  t h i s  per iod,  t h e  slices were  
t r a n s f e r r e d  t o  a second i n c u b a t i o n  m e d i u m  ( s t imu la t ion )  
w i t h  (a) 1.7 x 1 0 - ~ M  glucose or  (b) 0.3 × 10-~-M glucose 
p lus  8.07 × I0  -4 m,~i r ISO.  Re lease  of insu l in  i n t o  t h e  
i n c u b a t i o n  m e d i u m  (basel ine  a n d  s t i n m l a t i o n )  was  de t e r -  
m i n e d  b y  t h e  i m m u n o a s s a y  m e t h o d  of  HERBERT 6. 

T h e  re su l t s  a re  s u m m a r i z e d  in t h e  Table .  I n  a l l  cases 
t h e  a m o u n t s  of  i n su l in  a re  expressed  i n / x U / m g  of t i s sue /  
15 ra in .  

These  r e su l t s  show t h a t  w h e n  glucose in t h e  m e d i u m  
increases  f rom 0.3 × 1 0 - S M  to  1.7 x 1 0 - S M  a s ign i f i can t  
s t i m u l a t i o n  of t h e  re lease  of insu l in  f r o m  t he  p a n c r e a s  was  
ob t a ined .  ISO,  in  t h e  a b o v e  m e n t i o n e d  c o n c e n t r a t i o n ,  was  
ab le  to  el ici t  a n  insu l in  r e sponse  s imi la r  to  t h e  one  obse rved  
w i t h  h i g h  glucose c o n c e n t r a t i o n .  

O n  t h e  bas is  of t he se  resul ts ,  severa l  conc lus ions  m a y  
ar i se :  (a) t h e  ex i s tence  o f / / - r ecep to r s  in  t h e  r a t  p a n c r e a s ;  
(b) these  r ecep to r s  c an  be s t i m u l a t e d  b y  I SO  in t h e  pre-  
sence  of low c o n c e n t r a t i o n s  of glucose a n d  in abscence  of 
~-b lockers ;  (c) re lease of insu l in  is o b t a i n e d  as  a r e su l t  of 
t h e  s t i m u l a t i o n  of  r - r e c e p t o r s  ~. 

Pancreas response. Insulin expressed in/zU/mg tissue]15 min 

Baseline Response (test substance added) A P 

0.3 × 10-2M 
glucose 

22.0 4- 2.1 (9) 
21.2 4- 2.6 (7) 

1.7 × 1O-SM 0.3 × 10-1M 
glucose glucose 

+ 
8.07 × 10-4mM ISO 

41.0 4- 3.2 (9) + 19.0 < 0.01 
35.6 ~ 1.9 (7) + 14.4 < 0.01 

Figures represent mean value ~ S,E,M. No. of cases in brackets. 

Resumen. Se es tud i6  el efecto del i sopro te reno l  ( ISO) 
sobre  la  secreci6n de  i n su l i na  in  v i t ro .  Los  r e s u l t a d o s  
i n d i c a n  que  el I S O  es capaz  de  e s t i m u l a r  la  secreci6n de  
insu l ina  en  f o r m a  s imi la r  a la  g lucosa  en  a l t a s  c o n c e n t r a -  
ciones.  
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D i s t r i b u t i o n  of  N o r a d r e n a l i n e  in the  Gen i ta l  O r g a n s  of  the  F e m a l e  R a t  w i t h  a R e m a r k  o n  D o p a m i n e  
in the  C e r v i x  a n d  V a g i n a  

R e c e n t  i nves t i ga t i ons  h a v e  revea led  a d i s t i n c t  ad rene rg ic  
i n n e r v a t i o n  to  t h e  d i f fe ren t  f emale  r e p r o d u c t i v e  o rgans  of 
seve ra l  m a m m a l s ,  e.g. r a b b i t  1, c a t  s, gu inea -p ig  n a n d  
h u m a n  female  *. F u r t h e r m o r e ,  a cons ide rab le  v a r i a t i o n  of 
t h e  a m o u n t  of ad rene rg ic  i n n e r v a t i o n  to  va r ious  p a r t s  of 
t h e  f ema le  gen i t a l  t r a c t  ha s  b e e n  d e m o n s t r a t e d  ~, I n  con-  
t r a s t  to  t h e  species m e n t i o n e d ,  t h e  f emale  r a t  h a s  been  
r e p o r t e d  t o  rece ive  ad rene rg ic  i n n e r v a t i o n  t o  t h e  gen i t a l  
o rgans  a l m o s t  exc lus ive ly  as b lood  vessel  i nne rva t i on~ ,L  
Howeve r ,  h i s t o c h e m i c a l  f ind ings  h a v e  i n d i c a t e d  t h a t  a t  
least the isthmic part of the rat oviduct may receive 
adrenergic nerves to the smooth muscular wall as well ~,s. 
Because of this finding it seemed to be of interest to make 
a q u a n t i t a t i v e  e s t i m a t i o n  of t h e  ad rene rg ic  i n n e r v a t i o n  to  
v a r i o u s  p a r t s  of  t h e  f emale  r a t  gen i t a l  t r a c t  b y  d e t e r m i n a -  
t i o n  of  t h e i r  n o r a d r e n a l i n e  (NA) c o n t e n t .  

Material and methods. 60 a d u l t  f emale  S p r a g u e - D a w l e y  
r a t s  we igh ing  180-250 g were  used.  No d e t e r m i n a t i o n  of 
t h e  s t age  of e s t ru s  cycle was  p e r f o r m e d  since i t  h a s  b e e n  
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s h o w n  t h a t  t h e  n o r m a l  hormonal v a r i a t i o n s  do  n o t  in-  
f luence  t h e  e n d o g e n o u s  N A  c o n t e n t  of t h e  u t e r u s  *,1°. T h e  
a n i m a l s  were  ki l led b y  d e c a p i t a t i o n  u n d e r  l i gh t  e t h e r  
anaes thes i a .  T h e  gen i t a l  o r g a n s  were  r ap i d l y  r emoved ,  
weighed  a n d  h o m o g e n i z e d  in 0 . 4 N  perch lor ic  acid.  The  
fol lowing o rgans  were t a k e n :  t h e  ovary ,  t h e  o v i d u c t  w i t h  
2 m m  of t h e  u t e r i ne  horn ,  t h e  r e s t  of t h e  u t e r i ne  h o r n  a n d  
t h e  ce rv ix  w i t h  t h e  a d j a c e n t  1/4 of t he  vag ina .  

Because  of t h e  smal l  a m o u n t s  of N A  expec ted ,  o rgans  
f rom 19-21 a n i m a l s  were  poo led  t o g e t h e r  in  3 e x p e r i m e n t s .  
T h e  samples  were  pas sed  t h r o u g h  c o l u m n s  of a l u m i n a  
(0.5 × 0.8 cm) a n d  e tu t ed  w i t h  0 . 2 5 N  ace t ic  acid.  T h e  
c a t e c h o l a m i n e s  were  d e t e r m i n e d  f luo r ime t r i ca l ly  accord-  
ing  to  CHANG n.  

Results. T h e  resu l t s  are  p r e s e n t e d  in t h e  T a b l e  a n d  t h e  
Figure .  T h e  N A  is expressed  as #g  free base /g  w e t  t i ssue  
weight .  

W i t h  t h e  m e t h o d  of CHANG n ,  i t  is poss ible  to  d e t e r m i n e  
N A  a n d  d o p a m i n e  (DA) se lec t ively  in  t h e  same  s a m p l e  
because  of t h e  g r e a t  d i f fe rence  in  a c t i v a t i n g  a n d  f luores-  
cence  w a v e - l e n g t h s  of  t h e  c o r r e s p o n d i n g  f luo rophores  
(NA 390]500, D A  330]400, u n c o r r e c t e d  i n s t r u m e n t a l  
values) .  W h e n  r ead  a t  t h e  D A  wave - l eng ths ,  a s ign i f i can t  
d i f ference  f rom t h e  t i s sue  b l a n k  va lue  was  o b t a i n e d  in t he  
c e r v i x - v a g i n a  sample  (Figure) .  Th i s  co r r e sponds  to  a D A  
c o n t e n t  of a b o u t  0.27/~g/g. Traces  of D A  were also f o u n d  
in t he  s ample  f rom t h e  u t e r i n e  h o r n  b u t  n o t  f rom those  
f rom t h e  o v a r y  or  ov iduc t .  

Discussion and conclusions. F r o m  t h e  p r e s e n t  r e su l t s  i t  
is obv ious  t h a t  N A  is u n e v e n l y  d i s t r i b u t e d  in  t h e  gen i t a l  
t r a c t  of t h e  female  r a t  w i t h  t h e  l a rges t  a m o u n t s  occur r ing  
in  t h e  ov iduc t .  A d i s t i n c t  ad rene rg ic  i n n e r v a t i o n  of t h e  
i s t hmic  p a r t  of t he  r a t  o v i d u c t  h a s  r e c e n t l y  b e e n  r e p o r t e d  s. 
These  o b s e r v a t i o n s  t o g e t h e r  f u r t h e r  s u p p o r t  t h e  poss ib i l i ty  
of a n  ad rene rg ic  inf luence  on  r a t  o v i d u c t  f u n c t i o n  s imi la r  
to  t h a t  of t h e  r a b b i t  1~. 

C o m p a r a t i v e l y  large  a m o u n t s  of N A  were  also f o u n d  in 
t he  s amp le s  f rom the  ce rv ix  a n d  u p p e r  p a r t  of v a g i n a  as 
c o m p a r e d  to  t hose  of t h e  u t e r i n e  horns .  P a r t l y  t h i s  N A  
could  de r ive  f rom gangl ion ic  cells in  t h e  cerv ica l  a r ea  5. A 
s imi la r  d i f fe rence  in  N A  c o n t e n t  b e t w e e n  t h e  ce rv ix  a n d  
t h e  co rpus  of t h e  h u m a n  u t e r u s  ha s  r ecen t l y  b e e n  r e p o r t e d  4. 
The  fa i r ly  low a m o u n t s  of N A  found  in  t h e  u t e r i ne  h o r n s  
speak  aga in s t  a m a j o r  adrenerg ic  in f luence  on  u t e r ine  
a c t i v i t y  in  th i s  species. E a r l i e r  s tud ies  on  t he  u t e r i ne  con-  
t e n t  of N A  in t h e  r a t  show h ighe r  va lues ,  a b o u t  0.25/~g pe r  
g9,28,14. However ,  in  these  s tud ies  no  s e p a r a t i o n  was  
e v i d e n t l y  m a d e  b e t w e e n  ce rv ica l  a n d  u t e r i n e  h o r n  speci- 
mens .  

T h e  u n e x p e c t e d  f ind ing  of D A  in t h e  cerv ica l  reg ion  of 
t h e  r a t  is n o t e w o r t h y  in  v iew of t h e  f ac t  t h a t  t h e  female  
gen i t a l  o rgans  of o t h e r  species s t u d i e d  (cat,  r a b b i t ,  gu inea-  

p ig  a n d  h u m a n )  h a v e  b e e n  f o u n d  to  lack  m e a s u r a b l e  
a m o u n t s  of D A  5. T h e  or ig in  of t h e  D A  found  in  t h e  r a t  
ce rv ica l  reg ion  is a t  p r e s e n t  obscure .  However ,  f l uo rescen t  
cells c o n t a i n i n g  a n  un iden t i f i ed  m o n o a m i n e  h a v e  b e e n  
r e p o r t e d  to  occur  in  t h e  v i c in i t y  of adrenerg ic  gangl ia  6,25-27. 
F u r t h e r m o r e ,  u n p u b l i s h e d  o b s e r v a t i o n s  h a v e  revea led  t he  
p resence  of non -neu rona l ,  i n t ens ive ly  f luorescen t  cells in  
t h e  cerv ica l  reg ion  of t h e  f emale  r a t  ls. Since no  pe r iphe ra l  
d o p a m i n e r g i c  n e u r o n s  h a v e  been  descr ibed  so far, t hese  
cells m a y  be  t h e  or ig in  of t h e  d e m o n s t r a t e d  DA. T h e  
f u n c t i o n a l  i m p l i c a t i o n  of t h i s  f i nd ing  is u n k n o w n  1% 
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Fluorescence spectrum of dopamine standard 0.1 /zg (DA), nor- 
adrenaline standard 0.1/~g (NA), extract from the cervix (CX) and 
the corresponding tissue blank (TB). Activating wave-length 330 nm. 

Zusammen/assung. D u r c h  B e s t i m m u n g  des o rgane igenen  
N o r a d r e n a l i n g e h a l t s  wi rd  die ad rene rg i s che  I n n e r v a t i o n  
de r  we ib l i chen  G e s c h l e c h t s o r g a n e  de r  R a t t e  u n t e r s u c h t .  
Die  H a u p t m e n g e  des  N o r a d r e n a l i n s  (0,3 ~g/g) wi rd  i m  
T u b a  u t e r i n a  ge fnnden ,  de r  v i e r f ache  B e t r a g  y o n  U te ru s -  
inha l t .  D a n e b e n  w u r d e  D o p a m i n  in  Cerv ix  u n d  V a g i n a  
nachgewiesen .  
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Noradrenaline distribution in the genital organs of the female rat  

Sample Noradrenaline/tglg 

Ovary Oviduct Uterine horn Cervix and 
vagina 

I 0.13 (40) 0.09 (40) 0.28 (40) 0.24 (40) 
II 0.13 (42) 0.07 (42) 0.32 (42) 0.26 (42) 
III  0.11 (38) 0.06 (38) 0.31 (38) - 

No. of pooled organs in brackets. 
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