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t e m p e r a t u r e ,  a l t h o u g h  t he  g ra in  loca t ions  were a lways  
i n d i c a t i v e  of n e r v e  e n d i n g  labe l ing ,  

These  r e su l t s  show t h a t  inc reased  r e a c t i v i t y  of t h e  
c o n t e n t s  of c e r t a i n  t y p e s  of b r a i n  s y n a p t i c  vesicles  t o w a r d  
OsO 4 c a n  be  o b t a i n e d  b y  p e r f o r m i n g  t h e  f ina l  f i x a t i o n  
s t ep  a t  e l eva t ed  t e m p e r a t u r e s .  A l t h o u g h  t h e  p r o d u c t  
fo rmed  resembles  super f ic ia l ly  t h e  g r a n u l a r i t y  desc r ibed  
w i t h i n  s y n a p t i c  vesicles a f t e r  K M n O ,  f ixa t ion ,  v a r i a t i o n  
in c a t e c h o l a m i n e  c o n t e n t  occurs  w i t h o u t  d e t e c t a b l e  a l ter -  
a t i o n  in t h e  a p p e a r a n c e  of t he  p r e s e n t  osmiophi l ic  sub-  
s tance .  Moreover ,  t h e  process  wh ich  p e r m i t s  t h e  v isual iza-  
t ion  of t h i s  m a t e r i a l  a c t u a l l y  seems to  e x t r a c t  t h e  ca te-  
c h o l a m i n e  r ad ioac t i v i t y .  Thus ,  whi]e g r a n u l a r  s y n a p t i c  
vesicles m a y  be  a n  i n d e x  to  m o n o a m i n e - s t o r a g e ,  t h e  
g r a n u l a r  m a t e r i a l  d e m o n s t r a t e d  b y  exposu re  t o  w a r m  
OsO 4 does n o t  seem to  be  t h e  m o n o a m i n e  itself.  I f  t h e  
w a r m i n g  p r o c e d u r e  fac i l i t a tes  t h e  ab i l i t y  of OsO,  to  r e a c t  
w i t h  vesicle c o n t e n t s  b y  inc reas ing  i ts  p o t e n c y  as a n  
ox id iz ing  agen t ,  t h e n  poss ib ly  o t h e r  r educ ing  s u b s t a n c e s  is 
k n o w n  to  be  p r e s e n t  w i t h i n  t he  h y p o t h a l a m u s  a n d  r e l a t ed  
to  m o n o a m i n e  neurons ,  such  as ascorb ic  acid,  cou ld  be  
respons ib le  for t he  r eac t i on  o b s e r v e d  here.  T he  exac t  
cause  for  t h e  g r a n u l a r  depos i t s  deve loped  b y  K M n O  4 
f ixa t ion  w i t h i n  p r e s u m e d  m o n o a m i n e - c o n t a i n i n g  ne rves  

a n d  i ts  r e l a t i on  to  t he  osmiophi l ic  s u b s t a n c e  desc r ibed  
he re  m u s t  now be  i n v e s t i g a t e d  1,. 

Zusammen[assung, N a c h  F i x i e r u n g  d u r c h  G l u t a r a l d e -  
h y d d u r c h s t r 6 m u n g  u n d  B e h a n d l u n g  m i t  OsO,  bei 60 °C 
w ~ h r e u d  30 m i n  e r h M t  m a n  im 1Rat tenhi rn  e l e k t r o n e n -  
d i c h t e  Niederscht~ige i n n e r h a l b  de r  k le inen  s y n a p t i s c h e n  
Vesikel.  A m i n - E n t l e e r u n g s v e r s u c h e  u n d  a u t o r a d i o g r a -  
ph i sche  U n t e r s u c h u n g e n  h a b e n  gezeigt ,  dass  diese Nieder -  
schliige n i c h t  m i t  d e m  K a t e c h o l a m i n g e h a l t  des  G e h i r n s  
zusammenh~tngen .  
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Triphasic Intestinal Reaction on Adrenaline in the Rat 

Accord ing  to  AHLQUIST x, LEVY ~ a n d  FURCHGOTT 3 b o t h  
c a n i n e  i l eum a n d  r a b b i t  d u o d e n u m  re lax  a f t e r  s t i m u l a t i o n  
of e i t he r  ~- or  f l-receptors.  KAWAI 4'5, however ,  h a s  found  
a c o n t r a c t i o n  of gu inea -p ig  i l eum ( m a x i m a l  in  t he  t e r m i n a l  
pa r t )  a f t e r  a d r e n a l i n e  (A). T he  p r e s e n t  e x p e r i m e n t s  in  
v i t r o  were  u n d e r t a k e n  to  ana lyse  t h e  effects  of A u p o n  
r a t  i n t e s t i n a l  segments .  

Results. A d r e n a l i n e  in  c o n c e n t r a t i o n s  of 5 × 1 0 - g M  to  
1 × 1 0 - 7 M  caused  r e l a x a t i o n  a n d  i n h i b i t e d  per i s ta l s i s  in  
p r o p o r t i o n  to  t h e  a m o u n t  of A in t h e  b a t h .  I t  is c lear ly  
e v i d e n t  t h a t  c o n c e n t r a t i o n s  of 5 × 1 0 - ~ M  to  5 × 1 0 - S M  
a n d  s o m e t i m e s  1 × 1 0 - 5 M  caused  a t r i p h a s i c  c h a n g e  in  
t h e  t one  (F igure  1). A f t e r  r e l a x a t i o n  t h e r e  fol lowed a n  
increase  of t h e  tone,  w h i c h  r eached  or  o v e r r a n  t h e  pre-  
v ious  level, a n d  was succeeded b y  a s e c o n d a r y  r e l axa t ion .  
A t r o p i n e  a d d e d  to  t h e  b a t h  f lu id  in  c o n c e n t r a t i o n  of 
1 m c g / m l  d id  n o t  c h a n g e  these  effects.  T h e  i n t e n s i t y  of 
con t r ac t i l e  p h a s e  was lower  in  d u o d e n a l  s e g m e n t s  a n d  
was increased  in t e r m i n a l  p a r t s  of i n t e s t i n a l  segments .  
T h e  t r i p h a s i c  r e a c t i o n  to  A in  c o n c e n t r a t i o n s  of 5 × 10-TM 
to  1 × 1 0 - S M  was  also o b s e r v e d  in r a b b i t  t e r m i n a l  i l eum 
a n d  in  h u m a n  processus  v e r m i f o r m i s  t issue.  

VChen p r o p r a n o l o l  in  c o n c e n t r a t i o n s  of  5 × 1 0 - S M  to  
1 × 1 0 - 4 M  was  a d d e d  to  t h e  b a t h  a p p r o x i m a t e l y  5 ra in  
before  A, t h e  r e l a x a t i o n  of r a t ' s  i n t e s t i n e  was  p r e v e n t e d  
a n d  t h e  increase  of t o n e  was e v i d e n t l y  a u g m e n t e d  (com- 
pa re  2 in  F igure  1). P h e n t o l a m i n e  in c o n c e n t r a t i o n  of 
5 m c g / m l  i n h i b i t e d  t h e  increase  of t o n e  obse rved  a f t e r  A, 
b u t  e i t h e r  d id  n o t  c h a n g e  or  even  inc reased  t he  degree  of 
r e l a x a t i o n  (compare  3 in  F igu re  1 a n d  C in  F igu re  2). The  
r e a c t i o n  of r a t ' s  i n t e s t i n e  to  h i g h  doses of A a f t e r  p h e n -  
t o l a m i n e  was  s imi la r  to  t h a t  obse rved  a f t e r  low doses of A. 
W h e n  b o t h  a- a n d  Ê-blocking d rugs  were  a d d e d  to t h e  
b a t h  c o n c o m i t a n t l y ,  A effects  were  c o m p l e t e l y  p r e v e n t e d  
in  c o n c e n t r a t i o n s  u p  to  2 × 10 -s M.  Me t hys e r g i de  m a l e a t e  
(deseril) a d d e d  to  t h e  b a t h  in c o n c e n t r a t i o n  of 1-3  × 1 0 - 3 h i  
dec reased  s l igh t ly  t h e  i n t e n s i t y  of t r i phas i c  r e a c t i o n  to  A 

b u t  d id  no t  c h a n g e  i ts  c h a r a c t e r  (B in F igu re  2). Iso-  
p r o t e r e n o l  in c o n c e n t r a t i o n  of 5 × 1 0 - ~ M  to 1 × 1 0 - e M  
caused  r e l a x a t i o n  a n d  d i s t u r b e d  per i s t a l t i c  m o v e m e n t s  of 
r a t ' s  i n t e s t i ne  a n d  d u o d e n u m .  I sop ro t e r eno l  d id  n o t  cause  
t h e  c o n t r a c t i o n  of i n t e s t i n a l  s m o o t h  muscles ,  e v e n  in 
h ighes t  c o n c e n t r a t i o n s  appl ied .  T h e  effects  of i sop ro t e reno l  
were  c o m p l e t e l y  abo l i shed  b y  p r o p r a n o l o l  in  c o n c e n t r a -  
t i ons  of 5 × 1 0 - ~ M  to  1 x 10-4M.  

Since b o t h  i sopro te renoI  a n d  A app l i ed  in low concen-  
t r a t i o n s  caused  r e l a x a t i o n  of in tes t ine ,  w h i c h  was  pre-  
v e n t e d  b y  p roprano lo l ,  i t  is e v i d e n t  t h a t  t h e i r  a c t i o n  
conce rns  f l-receptors.  Howeve r ,  t h e  c o n t r a c t i l e  p h a s e  of 
t h e  r eac t ions  of i n t e s t i n e  to  h i g h  doses  of A m a y  be  due  
to  t h e  s t i m u l a t i o n  of a - receptors ,  s ince i t  is p r e v e n t e d  b y  
p h e n t o l a m i n e .  The  con t r ac t i l e  p h a s e  of A effects  does  n o t  
c h a n g e  in t h e  p resence  of p roprano lo l ,  p o i n t i n g  to  t h e  
s ame  conc lus ion :  a d r e n a l i n e  causes  c o n t r a c t i o n  a n d  n o t  
r e l a x a t i o n  of i n t e s t i n a l  s m o o t h  muscles ,  e x e r t i n g  i t s  
in f luence  b y  s t i m u l a t i o n  of e - receptors .  C o n t r a c t i o n s  of 
t h e  g a s t r o i n t e s t i n a l  s m o o t h  musc les  fol lowing e - r ecep to r  
s t i m u l a t i o n  h a v e  b e e n  obse rved  in musc le  of t h e  b i l i a ry  
t r ee  of t h e  gu inea -p ig  b y  CREMA e t  aL e, a n d  in b o t h  t h e  
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Fig. 1. Influence of propranolol and 
phentolamine on the action of adren- 
aline on rat ' s  ileum in vitro. The ac- 
tion of adrenaline (in molar concen- 
trations) before antagonists (1), after 
addition to the bath of propranolol in  
the concentration of 5 × 10-SM (2) 
and after phentolamine in concentra- 
tion of 5 mcg/ml (3). A, adrenaline; 
R, phentolamine. 
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Fig. 2. Effect of methysergide maleate and 
phentolamine on the action of adrenaline on 
rat ' s  ileum in vitro. The action of adrenaline 
(in molar concentrations) before antagonists 
(A), after methysergide maleate in concentra- 
tion of 3 x 10-aM (B) or phentolamine in 
concentration of 5 mcgJml (C) were added to 
the bath. 
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t e r m i n a l  i l eum 7,s a n d  cesophagus  g of t h e  guinea-pig .  
Recen t ly ,  CHRISTENSEr~ a n d  DANIEL 1° o b s e r v e d  t h a t  
n o r a d r e n a l i n e  p r o d u c e d  c o n t r a c t i o n s  of t h e  s t r ips  f r o m  
t h e  lowes t  c e n t i m e t e r  of t h e  ca t  oesophagus .  Th i s  con-  
t r ac t i l e  response  was  opposed  b y  to lazo l ine  a n d  a t r o p i n e  
b u t  n o t  b y  p roprano lo l .  These  a u t h o r s  were  of op in ion  
t h a t  ad rene rg ic  a - recep to r s  in  t h e  ca t  oesophagus  are  
exc i t a to ry .  Since acco rd ing  to  LANDS e t  al. i t  b o t h  t y p e s  
of c a t e c h o l a m i n e  r ecep to r  ( t h a t  is ~- a n d  r - recep tors )  are  
p r e s e n t  in  in tes t ine ,  low doses  of A s t i m u l a t e  e i t h e r  r -  
r ecep to r s  on ly  or  b o t h  x- a n d  r - r ecep to r s .  I n  t h e  l a t t e r  
case  i t  is poss ib le  t h a t  t h e  r a t i o  of a- a n d  r - r e c e p t o r s  dis- 
t r i b u t i o n  in  va r ious  s e g m e n t s  of i n t e s t i n e  is r espons ib le  
for  t h e  d i f f e r en t  degrees  of r e l a x a t i o n  of s m o o t h  musc les  
due  to  genera l  p r e v a i l i n g  a m o u n t  of r - r e c e p t o r s  a g a i n s t  
a - recep to r s  in  i n t e s t i n e  a n d  t h e i r  v a r y i n g  d i s t r i b u t i o n .  
F u r t h e r  e x p e r i m e n t s  to  e luc ida te  t h e  p h e n o m e n o n  ob-  
se rved  are  in progress.  

Zusammen[assung. A d r e n a l i n  b e w i r k t  e ine t r i p h a s i s c h e  
R e a k t i o n  a m  iso l ie r ten  R a t t e n i l e u m .  Die  K o n t r a k t i o n s -  
p h a s e  b e r u h t  wah r sche in l i cb  au f  S t i m u l i e r u n g  d e r  ~- 
Rezep to ren .  
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Immunopharmacologic Activity of 1-Aminocyclopentane-l-Carboxylic Acid 

1 - A m i n o c y c l o p e n t a n e - l - c a r b o x y l i c  acid (ACPC) is a 
non -me tabo l i z ab l e ,  u n n a t u r a l  a m i n o  acid l ack ing  a n  a- 
h y d r o g e n  a t o m .  F i r s t  s yn t he s i zed  in 19111 , i t  was  no t  
t e s t e d  for  biological  a c t i v i t y  un t i l  t h e  1950's, w h e n  i t  was  
r e p o r t e d  to  i n h i b i t  g r o w t h  of va r i ous  e x p e r i m e n t a l  
t u m o r s  a n d  be  ac t i ve ly  c o n c e n t r a t e d  in  m a l i g n a n t  
cells z-4. W i t h  t h e  e x c e p t i o n  oi  some  a c t i v i t y  in  mu l t i p l e  
m y e l o m a ,  ACPC h a s  b e e n  essen t i a l ly  inef fec t ive  as a n  
a n t i t u m o r  a g e n t  in  h u m a n s  n. I t s  m e c h a n i s m  of a c t i o n  is 
u n k n o w n  desp i te  i n t e n s i v e  inves t iga t ion .  A m i n o a c i d u r i a  
resu l t s  a f t e r  ora l  a d m i n i s t r a t i o n  in man ,  b u t  loss of a m i n o  
acids  is p r o b a b l y  n o t  r espons ib le  for a n t i t u m o r  a c t i v i t y  e. 
ACPC is i n a c t i v e  as a n  a m i n o  acid a n t a g o n i s t  in bac te r i a l  
s y s t e m s ;  however ,  i t  a n t a g o n i z e s  i n c o r p o r a t i o n  of va l ine  
i n t o  p r o t e i n s  in  t h e  r a t ,  poss ib ly  b y  p r e v e n t i n g  a t t a c h -  
m e n t  of v a l i n e  to  S - R N A L  T h e  tox ic  effects  of ACPC 
c a n  b e  p r e v e n t e d  in  ch i ckens  b y  va l ine  s a n d  in  Escherichia 
coli b y  m e t h i o n i n e  a n d  v a l i n e L  One  of the  in i t i a l  s igns  of 
t o x i c i t y  is b o d y  w e i g h t  loss, w h i c h  can  be  p r e v e n t e d  b y  
force-feeding 10. O t h e r  s tud ies  show t h a t  ACPC does n o t  
i n h i b i t  e n z y m a t i c  o x i d a t i o n  or  t r a n s a m i n a t i o n  of a m i n o  
acids  n a n d  is n o t  i n c o r p o r a t e d  in to  p r o t e i n  ~2. T he  long  
half- l i fe  of ACPC, 20-30 days  in  r o d e n t s  a n d  2-3  days  in 
m o n k e y s  a n d  h u m a n s  is is p r o b a b l y  due  to  e x t e n s i v e  r ena l  
r e a b s o r p t i o n  a n d  lack  of m e t a b o l i s m .  These  biological  
c h a r a c t e r i s t i c s  h a v e  led to  i t s  use  as  a mode l  for  t h e  s t u d y  
of a m i n o  ac id  t r a n s p o r t  x*. 

T h e  i m m u n o s u p p r e s s i v e  p r o p e r t i e s  of ACPC b e c a m e  
e v i d e n t  t h r o u g h  ou r  o b s e r v a t i o n  t h a t  i t  cou ld  supp re s s  
e x p e r i m e n t a l  al lergic e n c e p h a l o m y e l i t i s  ( E A E )  in  r a t s  in  
a dose - re l a t ed  m a n n e r  15 (Figure  1). Th i s  l a b o r a t o r y -  
i nduced  i m m u n o p a t h y ,  a p r o t o t y p e  s y n d r o m e  of ce l lu lar  
h y p e r s e n s i t i v i t y  reac t ions ,  is useful  for  d e t e c t i n g  a n d  
e v a l u a t i n g  i m m u n o s u p p r e s s i v e  a g e n t s  le,17. I n  th i s  pro-  
cedure ,  a n i m a l s  are  e v a l u a t e d  for  gross  h i n d  l i m b  pa ra lys i s  
14 d a y s  a f t e r  a d m i n i s t r a t i o n  of a n  encepha l i t ogen ic  emul -  
s ion in  t h e  h i n d  foo t -pad  1.. S t u d y  of  a series of ACPC 
ana logs  i n d i c a t e d  t h a t  t h e  5 - m e m b e r e d  r ing  is essen t ia l  
for i m m u n o s u p p r e s s i v e  a c t i v i t y  in  E A E .  A l k y l a m i n o  sub-  
s t i t u t i o n s  g rea t e r  t h a n  m e t h y l  decrease  ac t i v i t y .  I n  
a d d i t i o n  to  p r e v e n t i n g  para lys is ,  ACPC p r e v e n t s  or  sup-  
presses  o t h e r  seque la  of E A E ,  such  as r e d u c t i o n  of b o d y  
a n d  s t ress  o rgan  weights ,  hema to log i c  changes ,  paw  

swell ing a n d  h i s t opa tho log i c  lesions of t he  b r a i n  a n d  sp ina l  
cord. M e t h i o n i n e  a t  5 t i m e s  a n d  va l ine  a n d  leucine  each  
a t  28 t i m e s  the  dose of ACPC failed to  p r e v e n t  i ts  im-  
m u n o s u p p r e s s i v e  ac t ion  in E A E .  ACPC likewise sup-  
p ressed  E A E  in r a b b i t s  a n d  guinea-pigs .  A t  s imi la r  doses  
i t  is e f fec t ive  in o t h e r  mode l s  of cel lular  h y p e r s e n s i t i v i t y ;  
for  example ,  i t  r educes  a d i n i t r o c h l o r o b e n z e n e - i n d u c e d  
c o n t a c t  d e r m a t i t i s  in  gu inea-p igs  a n d  s ign i f i can t ly  in- 
creases  t h e  r e j ec t ion  t i m e  of sk in  g ra f t s  in  mice  ( B A L B / C  
to  CBA/2) .  

ACPC is also ef fec t ive  in decreas ing  c i r cu la t ing  a n t i b o d y  
responses,  i nc lud ing  t he  p r i m a r y  t y p e  o b t a i n e d  in t h e  
mouse  b y  i n j ec t i ng  sheep  red  blood cells or  Salmonella 
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