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Stimulat ion of a-  and/J-Receptors  in the Isolated 

I t  h a s  been  shown  t h a t  s t i m u l a t i o n  of e i the r  ~- or fi- 
recep tors  p roduces  r e l a x a t i o n  of t he  in t e s t ine  in t he  
can ine  i leum, mouse  i leum, and  r a t  d u o d e n u m  1-4. On t he  
o the r  hand ,  i t  h a s  been  found  t h a t  ad rena l ine  c o n t r a c t s  
t he  in te s t ine  in t he  t e r m i n a l  po r t i on  of t he  gu inea-p ig  
i l eum 5,6. CHROSClEL e t  a id  r epo r t ed  a t r i phas i c  i n t e s t i na l  
r eac t ion  to ad rena l ine  in t he  ra t ,  wh ich  cons is ted  of a n  
in i t ia l  r e l a x a t i o n  a n d  a seconda ry  increase  in t he  tone  fol- 
lowed b y  a t h i r d  re laxa t ion .  T he  p r e s en t  p a p e r  descr ibes  
how ~-receptor  s t i m u l a t i o n  p roduces  b o t h  r e l a x a t i o n  and  
con t r ac t ion ,  and  E-receptor  s t i m u l a t i o n  p roduces  re laxa-  
t ion  of t h e  r a t  j e j u n u m .  

Materials and methods. R a t s  of e i the r  sex weighing  
160-260 g were kil led b y  b leed ing  a f t e r  a b low on t he  head .  
Segmen t s  of t he  j e j u n u m  a b o u t  2 cm in l e n g t h  were sus- 
p e n d e d  in t he  b a t h  c o n t a i n i n g  20 ml  of t he  G a d d u m  solu- 
t ion.  The  o rgan  b a t h  was b u b b l e d  w i t h  100% oxygen,  a n d  
was m a i n t a i n e d  a t  27~ Adrena l ine ,  i sopro te reno l  and  
p h e n y l e p h r i n e  were used as agonis ts ,  and  p roprano lo l  and  
d i b e n a m i n e  were used as an tagon i s t s .  

Results. A d r e n a l i n e  usua l ly  p roduced  a t r i phas i c  re- 
sponse  a f t e r  t he  t r e a t m e n t  of t he  j e j u n u m  w i t h  pro- 
pranolol .  F igure  1 shows a s chema t i c  i l l u s t r a t i on  of t he  
response,  in  wh ich  t he  m a x i m a l  r e l a x a t i o n  is expressed  b y  
h 1 a n d  m a x i m a l  c o n t r a c t i o n  is expressed  b y  h 2. As t he  re- 
sponses  to  i sopro te reno l  and  p h e n y l e p h r i n e  were s imi la r  
to  t h e  response  to  adrena l ine ,  hx and  h 2 were m e a s u r e d  no t  
on ly  in t he  case of ad rena l ine  b u t  also in t he  cases of iso- 
p ro t e reno l  and  pheny leph r ine .  T he  effects of p rop rano lo l  
a n d  d i b e n a m i n e  on  h 1 and  h 2 are s u m m a r i z e d  in t he  Table .  

Adrena l ine  in t h e  c o n c e n t r a t i o n  of 5 • 10 -s g /ml  caused 
r e l a x a t i o n  of t he  j e j u n u m .  D u r i n g  t he  re laxa t ion ,  i t  was 
occas iona l ly  obse rved  t h a t  t he  tone  of t he  j e j u n u m  in- 
creased sl ight ly,  t h e n  re laxed  again.  W h e n  p rop rano lo l  in 
t he  c o n c e n t r a t i o n  of 2.5 • 10 v g /mI  was added  to t he  b a t h  
a b o u t  5 m in  before  t he  a d d i t i o n  of adrena l ine ,  t he  degree of 
r e l a x a t i o n  to be  induced  b y  ad rena l ine  was i n h i b i t e d  a n d  
t h a t  of c o n t r a c t i o n  was increased  (or t he  phase  of con t rac -  
t i on  appea red  in t he  e x p e r i m e n t s  where  adrena l ine -  
i nduced  c o n t r a c t i o n  was no t  obse rved  in t h e  absence  of 
propranolo l )  as seen in  r a t  A of F igure  2. W h e n  d iben-  
a m i n e  in t h e  c o n c e n t r a t i o n  of 2.5 • 10 -v g /ml  was added  
to t h e  b a t h  a b o u t  30 m i n  before  adrena l ine ,  t h e  degree of 
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r e l a x a t i o n  seemed to increase,  and  t he  phase  of s l igh t  con-  
t r a c t i o n  d i sappea red  (Figure  2, r a t  t3). 

I sop ro te reno l  in  t he  c o n c e n t r a t i o n  of 5 •  10 -9 g /ml  
caused r e l axa t ion  of t he  r a t  j e j u n u m  w i t h o u t  p r o d u c i n g  
con t rac t ion .  B y  t he  p rev ious  add i t i on  of 2.5 • 10 -7 g/ml of 
propranolo l ,  t h e  effect  of i sopro te reno l  on  t he  j e j u n u m  
was comple te ly  blocked.  A s l ight  con t r ac t ion ,  however ,  
was occas ional ly  obse rved  b y  t he  add i t i on  of i sopro te reno l  
in  t he  presence  of propranolo l .  D i b e n a m i n e  in t he  con- 
c e n t r a t i o n  of 2.5 • 10 -7 g /ml  h a d  a t e n d e n c y  to  increase  
t he  degree of relaxati(~n induced  b y  isoproterenol .  

P h e n y l e p h r i n e  in t he  c o n c e n t r a t i o n  of 5 •  10 -7 g /ml  
caused  r e l a x a t i o n  followed b y  c o n t r a c t i o n  in m o s t  cases of 
t he  exper imen t s .  This  r eac t ion  resembles  t h a t  induced  b y  
ad rena l ine  in t he  presence  of propranolo l .  I n  some pre-  
pa ra t ions ,  on ly  t he  phase  of c o n t r a c t i o n  was obse rved  b y  
t he  add i t i on  of pheny lephr ine .  P rop rano lo l  in  t h e  concen-  
t r a t i o n  of 2.5 X 10 -7 g /ml  did  no t  af fec t  t he  degree  of re- 
l axa t i on  induced  b y  pheny leph r ine ,  b u t  i t  i n h i b i t e d  t h e  
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Fig. 1. Schema t i c  i l l u s t r a t ion  of the  effect  of ad r ena l i ne  on  the  
i so la ted  r a t  j e j u n u m  p r e t r e a t e d  w i th  p roprano lo l .  The  m a x i m a l  
degree  of r e l axa t i on  a n d  c o n t r a c t i o n  are  shown  b y  h 1 a n d  h2, respec-  
t ively .  
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Effec ts  of a n t a g o n i s t s  on  h 1 a n d  h 2 (see F igure  1) p r o d u c e d  b y  agonis t s  

Agonis t s  A n t a g o n i s t s  

P rop rano lo l  (2.5 • 10 -v g/ml) D i b e n a m i n e  (2.5 • 10 -~ g/ml) 

Cont ro l  Af t e r  p r o p r a n o l o l  Cont ro l  Af te r  d i b e n a m i n e  

h 1 (ram) h 2 (ram) h 1 (mm) h o (ram) h I (mm) h 2 (ram) h 1 (mm) h 2 (mm) 

Adrena l ine  (5 • 10 - s  g/m1) 

I sopro te reno l  (5 • 10 -9 g/ml)  

P h e n y l e p h r i n e  (5 • 10 -v g/m1) 

- -20 .96  + 0.80 - -9 .02  + 10.53 - -27 .67  0 - -34 .81  0 
-4- 2.57 :~: 0.80 ~:1.09 m 2.94 4- 8.92 -4- 4.54 
(8) (8) (8) (8) (5) (5) (5) (5) 

- -14 .81  0 0 + 3.90 --20.25 0 - - 2 4 . 5 4  0 
:~ 4.07 ~: 3.09 ~: 2.44 ~: 2.96 
(4) (4) (4) (4) (4) (4) (4) (4) 

- -  4.09 +23.40 - - 4 . 8 4  + 1 6 . 3 8  - -  8.03 + 1 7 . 8 6  - -  0.38 0 
1.45 j :  4.22 i l . 2 2  -[: 3.01 ~- 4.59 i 4.07 -~ 0.38 

(8) (8) (8) (8) (8) (8) (8) (8) 

The degrees of h 1 a n d  h i a re  expressed  b y  m m  c h a n g e  (with s t a n d a r d  error)  on  the  s m o k e d  paper .  N u m b e r  of p r e p a r a t i o n s  tes ted  is shown  in  
pa ren theses .  
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degree of contract ion.  This blocking effect of propranolol  
on the  phenylephr ine- induced contract ion seemed to be 
non-specific, because the  same concentra t ion  of pro- 
pranolol  also inhibi ted the  cont rac t ion  induced by sero- 
tonin.  W h e n  d ibenamine  in the  concentra t ion  of 2 .5•  
10 -7 g/ml  was added to the  ba th  30 min  before phenyl-  
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Fig. 2. Change in response to 5 • 10 s g/mI of adrenaline (Adr) in the 
presence of 2.5 • 10 -v g/ml of propranoloI (Rat A), and that in the 
presence of 2.5 • 10 ~ g/ml of dibenamine (Rat B). 

ephrine, both  phases of re laxat ion  (if present) and 
contract ion were complete ly  abolished. 

The  foregoing results suggest t ha t  s t imula t ion  of g- 
receptors produces an  ini t ial  re laxat ion followed by  a 
secondary contract ion in the  ra t  je junum,  because this  
typical  response can be seen by  the  addi t ion of adrenal ine 
in the  presence of propranolol .  Phenylephr ine  also pro- 
duced similar  response. The  fact  t h a t  this t ype  of react ion 
to adrenaline, or to phenylephr ine  is a lmost  comple te ly  
abolished by  the  p re t r ea tmen t  of the  j e junum wi th  di- 
benamine,  indicates t h a t  the  response ment ioned above  is 
produced by  s t imula t ion  of g-receptors. I t  is apparen t  
t ha t  s t imulat ion of fl-receptors produces re laxat ion of the  
je junum,  because in our exper iment  isoproterenol pro- 
duced relaxat ion,  which was not  inhibi ted by  the  pre- 
t r e a t m e n t  wi th  d ibenamine  bu t  was complete ly  abolished 
by  propranolol .  So, the  re laxat ion  of the  ra t  j e junum 
could be produced by  s t imula t ion  of ei ther g- or fl- 
receptors.  But  the  cont rac t ion  could be produced by  
s t imula t ion  of g-receptors. 

Zusammen/assung. Es wird gezeigt, dass die St imula-  
t ion der g-Rezeptoren  am isolierten R a t t e n j e j u n u m  Er-  
schlaffung und Kon t rak t ion  verursacht ,  wghrend die 
S t imula t ion  der f l -Rezeptoren nu t  Erschlaf fung bewirkt .  
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Autoradiographic Localization of 5-Hydroxytryptamine in Monkey Pineal Gland 

The pineal  gland of m a n  and other  mammal s  contains  a 
high concent ra t ion  of 5 -hydroxy t ryp tamine  (5-HT) and 
the  highest  levels recorded have  been in the  ra t  and 
monkey  1,~. I t  appears 3 t h a t  the  pr incipal  in t rapineal  
pa thway  for the  metabo l i sm of 5-HT depends on the  
ac t iv i ty  of the  enzyme monoamine  oxidase (MAO) which 
is present  in large amounts  in pineal  gland tissue ~. The 
present  repor t  deals wi th  a morphological  s tudy  of the  
monkey  pineal  gland employing  an autoradiographic  
technique.  The  inves t iga t ion  is concerned wi th  first, 
demons t ra t ing  in v ivo  uptake  of t r i t ium-label led  5- 
h y d r o x y t r y p t o p h a n  (3H-5-tITP) and its local izat ion wi th-  
in the  gland, secondly, the  conversion of a t t -5 -HTP to 
aH-5-HT and thirdly,  de tec t ing  al terat ions in in t rapineal  
levels of isotope following interference wi th  MAO act ivi ty .  
Because the  level  of 5-HT in monkey  pineal  gland fluc- 
tua tes  over  a 24 h period, being at  i ts highest  concentra-  
t ion during the  dai ly l ight  period 1, an appropr ia te  t ime  
in the  morning  was chosen for the  adminis t ra t ion  of the  
isotope. 

Three  hea l thy  adul t  male  cynomolgus  monkeys,  Macaca 
irus, housed at  the  Commonwea l th  Serum Laborator ies ,  
Melbourne,  weighing 4000-5000 g each, were used. 
2 animals  were g iven 5 mCi/kg aH-5-HTPS, specific acti- 
v i t y  3.3 Ci/mM, at  11.00 h. Previous ly  1 of the  animals  
received at  10.00 h 20 mg/kg  t r any lcypromine  sulphate,  a 
rapid ly  act ing MAO inhibi tor  6. Bo th  substances  were 
adminis tered  by  i.p. inject ion.  Tissues f rom the  th i rd  
animal ,  which was not  injected,  were used as controls to 
exclude possible chemical  ar tefacts  in the  nuclear  emul- 
sion of the  autoradiographs.  2 h af ter  the  adminis t ra t ion  

of aH-5-HTP the  monkeys  were exsanguina ted  under  deep 
i.v. ba rb i tu ra te  anaesthesia  and the  pineal  glands re- 
moved.  After  f ixat ion in 10% (v/v) phosphate-buffered 
formol-saline, p H  7.0, the  glands were dehydra ted  in 
ethanol,  embedded  in paraff in  wax, cut  serially at  4 b~ 
thickness and moun ted  on acid-cleaned glass microscope 
slides. Sections were dewaxed,  dipped in l iquid nuclear  
emulsion (Ilford K5) di luted 1 : 4 wi th  glass-distilled wate r  
and exposed for 10 weeks at  4 ~ The slides were deve-  
loped for 4 min  in Neuto l -S  (Agfa) di luted wi th  wate r  
(1 : 7), f ixed in 'Amf ix '  solution (May and Baker) for 3 rain 
and then  washed for 20 min  in fi l tered t ap  water .  The  
sections were stained wi th  nuclear  fast  red and ta r t raz in  O 
(Chroma) and moun ted  in polystyrene.  

Precise local izat ion of r ad ioac t iv i ty  was demons t ra ted  
over  the  pineal  gland (Figure A). Very  few silver grains 
were present  over  pinealocytes  in the  autoradiographs  
prepared f rom the  monkey  given aH-5-HTP alone 
(Figure B), bu t  in those prepared f rom the  animal  given 
MAO inhibitor,  in addi t ion to aH-5-HTP,  dense collections 
of grains had developed over  these cells (Figure C). 
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