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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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Fig. 1. Effect of immunosuppressive agents on EAE in Lewis strain 
rats. Animals were evaluated for positive signs of EAE 14 days after 
administration of an encephalitogenic emulsion of isologous spinal 
cord in complete Freund's adjuvant. Animals were scored as positive 
if they exhibited any or all of the signs of EAE such as, hind limb 
muscular weakness, ataxia, irregular gait, complete paralysis in- 
eluding fecal impaction, urinary incontinence and abdominal wall 
flaccidity. Compounds were begun on day of antigen administration 
and given orally as mg/kg on alternate week days for a total of 
6 doses, except cortisone acetate, which was administered daily s.c. 
5 days/week for a total of 10 doses. Toxicity was not encountered 
at the doses used. Per cent protection was calculated by comparison 
with control animals done simultaneously with each drug group. 
Controls averaged 90-100% paralysis by day 14. Each point repre- 
sents data on at least 12 rats. 
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Fig. 2. Effect of immnnosuppressive agents on anaphylactic shock 
in Sprague-Dawley rats. Rats were sensitized with 25 mg ovalbumin 
and 0.5 ml H. pertussis vaccine given i.p., and challenged i.v. 13 days 
later with 1 mg ovalbumin. Prevention of death was calculated 24 h 
after antigen challenge by comparison with controls done simul- 
taneously. Anaphylactic deaths in controls averaged 50-60%. Drugs 
were begun on the day of antigen administration and then given on 
alternate days for a total of 7 doses. Azathioprine caused deaths in 
5 out of 10 animals at 75 mg/kg and 3 out of 10 at 100 mg/kg, while 
6-mercaptopurine at 100 mg/kg killed 5 out of 10 rats. These deaths 
occurred prior to antigen challenge on day 13. Each point represents 
data on 10 rats except those in which toxic deaths occurred. 

typhosa, t he  same t y p e  ob ta ined  in t he  r abb i t  wi th  bovine  
se rum a lbumin  or  globulin,  and  the  s econda ry  or t e r t i a ry  
t y p e  ob ta ined  in m o n k e y s  by  chal lenge wi th  inf luenza  
vaccine.  Anaphy lac t i c  shock is p r e v e n t e d  in t h e  r a t  b u t  
no t  t he  guinea-pig,  w i t h  doses  equ iva l en t  to  t hose  used in 
E A E  (Figure 2). 

I n  c o n t r a s t  t o  t he  s teroidal  a n d  non-s te ro ida l  ant i -  
i n f l a m m a t o r y  drugs,  ACPC is ineffec t ive  aga ins t  t h e  
e d e m a t o u s  or  ear ly  pe rmeab i l i t y  as well  as t he  humora t ,  
neura l  a n d  b iochemica l  phases  of t he  i n f l a m m a t o r y  re- 
sponse.  P e r h a p s  t h r o u g h  the i r  effects  on  t h e  r ap id ly  pro-  
l i fera t ing cells responsib le  for t he  more  chronic  s tages  of 
in f l ammat ion ,  i m m u n o supp re s s ive  agen t s  can  exe r t  an  
a n t i - i n f l a m m a t o r y  effect  in ad rena lec tomized  an imals  or 
in h u m a n s  w i t h o u t  inh ib i t ing  t h e  i m m u n e  response,  
lowering the  leucocyte  coun t  or depress ing  the  bone  
m a r r o w  18. ACPC general ly  resembles  o the r  i m m u n o s u p -  
press ive  agents  in th is  respec t  and  is ac t ive  versus  t h e  
more  chronic  cellular t ypes  of i n f l a m m a t i o n  in ra t s  a t  
doses hav ing  l i t t le  hemato log ic  effects.  The  models  t e s t ed  
include var ious  forms of g ranu loma  ( induced by  c ro ton  
oil and  cot ton)  and  a d j u v a n t  ar thr i t i s .  ACPC is effect ive 
in decreas ing p r i m a r y  and  secondary  lesions in ra t s  w i th  
previous ly  es tab l i shed  a d j u v a n t  ar thr i t i s .  I n  con t r a s t  to  
o the r  i m m u n o s u p p r e s s i v e  agents  19, ACPC is effect ive in 
p r e v e n t i n g  su l fan i lamido- indazole- induced  per ia r th r i t i s  in 
rats .  

ACPC is inac t ive  in the  nephros i s  induced  by  ant i -  
k idney  an t i s e rum and  in the  d e x t r a n  anaphy l ac to id  reac-  
t ion  in r a t s  and  pass ive  cu taneous  a n a p h y l a x i s  in guinea-  
pigs. The c o m p o u n d  has  no acu te  effects  on t h e  cardio-  
vascular ,  renal  or  cent ra l  ne rvous  sy s t ems  of var ious  
species a t  t he r apeu t i c  doses.  Unl ike  pur ine ,  or  folic acid 
an t agon i s t s  or s teroids,  ACPC is non- tox ic  to  h u m a n  
embryon ic  f ibroblas ts  in t i ssue  cul ture .  In  roden t s ,  sus- 
t a ined  t he r apeu t i c  effects  are  ob t a ined  a f te r  j u s t  single 
doses  of drug,  u n d o u b t e d l y  due  to  t he  tong half-l ife in 

th is  species. Depress ion  of t he  leucocyte  coun t  is no t  seen 
in any  s tudies  using t he r apeu t i c  doses of ACPC. 

The da t a  so far  acqui red  a p p e a r  to  d i spu te  any  per iph-  
eral  m e c h a n i s m  and  to  ind ica te  t h a t  ACPC ac ts  b y  in- 
h ib i t ing  t h e  pro l i fe ra t ion  of immnnolog ica l ly  ac t ive  cellu- 
lar  l y m p h o i d  e lements .  I t s  ind ica ted  s p e c t r u m of i m m u n o -  
pharmacolog ic  ac t iv i ty  sugges ts  t h a t  i t  m a y  be useful in 
h o m o t r a n s p l a n t a t i o n  and  var ious  immunologica l  dis-  
eases 2o. 

ZusammenJassung. Es  wird  gefunden,  dass  1-Amino-  
cyc lopen tan - l -Carboxy l sAure  (ACPC) die Bi ldung h u m o -  
ra ler  und  ze l lgebundener  An t ik6 rpe r  in ve r sch iedenen  
T ie ra r ten  h e m m t .  ACPC ist  i iberdies fiihig, die chronische  
zellul~re Phase  des En tz i indungsprozesses  zu un te rdr i ik -  
ken. ACPC h a t  keine pe r ipher  pha rmako log i schen  An-  
g r i f f spunkte  u n d  wi rk t  o f fenbar  nu r  auf  zellul~tre, 
l ympho ide  E lemen te ,  welche fiir E n t z t i n d u n g  und  Allergic 
ve r an twor t l i ch  sind. Aufg rund  dieser  E igenscha f t en  di i rf te  
ACPC bei H o m o t r a n s p l a n t a t i o n e n  und  immunolog i schen  
K r a n k h e i t e n  V e r w e n d u n g  Iinden.  
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