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Morphine  as Inhibitor of Prostaglandin E~ in the 

The  p r o s t a g l a n d i n s  are  a m o n g  t he  m o s t  powerfu l  
endogenous  s t i m u l a n t s  or i n h i b i t o r s  of t he  i n t e s t i n a l  
muscle  k n o w n  so far  1-s. T h e y  h a v e  been  found  in t he  
gas t ro - in t e s t i na l  wal l  of m a n  a n d  m a n y  o t h e r  species 1, 9, is 
a n d  are  fo rmed  in, or re leased f rom,  va r ious  i n t e s t i n a l  
p r e p a r a t i o n s  1, 9. Recent ly ,  the  modes  of ac t ion  of p ros ta -  
g land ins  E 1 a n d  E 2 (PGE1, PGE2) on  l o n g i t u d i n a l  and  
c i rcu la r  muscle  layers  of t h e  h u m a n ,  gu inea-p ig  a n d  r a t  
sma l l  i n t e s t i n e  h a v e  been  ana lyzed  b y  t3EN~ETT et  al. ~. 
On t he  bas is  of t h e i r  r a t h e r  ex tens ive  pha rmaco log ica l  
analysis ,  these  a u t h o r s  conc luded  t h a t  t he  p r o s t a g l a n d i n s  

c o n t r a c t  gu inea-p ig  a n d  to some e x t e n t  also h u m a n  longi-  
t u d i n a l  muscle  b y  a dua l  mode  of ac t ion :  (a) v i a  s t imula -  
t i on  of t he  in t r ins ic  ch01inergic nerves,  a n d  (b) b y  a d i rec t  
ac t ion  on  or  in  t he  muscle  cells. 

MISIEWICZ et  al. 1~, on t he  o the r  h a n d ,  j u s t  r epo r t ed  
t h a t  PGE~ a d m i n i s t e r e d  ora l ly  in  low dosage,  a p a r t  f rom 
inc reas ing  t r a n s i t - r a t e  t h r o u g h  t he  smal l  i n t e s t ine  and  t he  
colon, is capab le  of caus ing  a b d o m i n a l  colic and  w a t e r y  
s tools  in  h e a l t h y  vo lun t ee r s .  Th i s  l a t t e r  f ind ing  is of 
i n t e r e s t  i n a s m u c h  as p r o n o u n c e d  d i a r rhoea  is also reg- 
u la r ly  obse rved  in guinea-pigs  g i v e n  c o m p a r a t i v e l y  smal l  
doses of a r ach id0n ic  acid (AA) or i ts  pe rox ide  (AAP) b y  
s t o m a c h  t u b i n g  ~2. The  l a x a t i v e  ac t ion  of  AA or A A P  in 
t he  gu inea-p ig  l ias  led us some t i m e  ago to e x a m i n e  such  
f a t t y  acids w i t h  r ega rd  to t h e i r  poss ible  effect  on  t he  
isola ted smal l  i n t e s t ine  of t he  guinea-pig.  I n  fact ,  i t  was  
found  t h a t  A A  or  A A P  are  capab le  of s t i m u l a t i n g  the  
i so la ted  gu inea-p ig  i l eum a t  v e r y  low c o n c e n t r a t i o n s  18. 
These  c o n t r a c t i o n s  were easi ly inh ib i t ed ,  p a r t i c u l a r l y  b y  
low c o n c e n t r a t i o n s  of na rco t i c  analgesics,  e.g. morph ine ,  
e t on i t a zene  (p - e t h o x y b e n z y l -  2 - d i m e t h y l a m i n o e t h y l -  1 - 
n i t ro -5 -benz imidazo le  ~) a n d  b y  a t r o p i n e  a t  a h ighe r  
c o n c e n t r a t i o n  whereas  p r e t r e a t m e n t  w i t h  cho l ines te rase  
i nh ib i t o r s  for i n s t ance  p o t e n t i a t e d  t h e m !  3,15. I n  v iew of 
some obv ious  s imi la r i t i es  in  t he  m o d e  of ac t ion  of b o t h  
PGE~ a n d  AA in v ivo  and  in vi t ro ,  we h a v e  e x a m i n e d  t he  
effect  of m o r p h i n e  and  o t h e r  d rugs  on  t he  con t r ac t i ons  
el ic i ted b y  PGE~ in t he  i so la ted  gu inea-p ig  i l eum o r  
j e j u n u m .  I t  will be  s h o w n  t h a t  m o r p h i n e  ac ts  as powerfu l  
a n t a g o n i s t  of P G E  1 in t he  smal l  in tes t ine ,  an  e f fec t  wh ich  
ha s  h i t h e r t o  n o t  been  descr ibed  desp i te  t he  large Amount  
of e x p e r i m e n t a l  d a t a  a l r eady  a t  h a n d  on  t he  mode  of 
ac t ion  of p r0s t ag l and ins .  

The  e x p e r i m e n t a l  p rocedures  used were t he  same  as 
those  p u b l i s h e d  p rev ious ly  TM ~5. U n d e r  these  condi t ions ,  
P G E t  was found  to cause  c o n t r a c t i o n  of t he  gu inea-p ig  
i l eum or  j e j u n u m  in c o n c e n t r a t i o n s  as low as 0.1 to  
0.3 ng /ml ,  i.e. a r ange  s o m e w h a t  lower  t h a n  t h a t  descr ibed  
b y  BENNETT et  al. ~ for  t he  gu inea-p ig  ileal muscle.  W h e n  
c o m p a r e d  w i t h  PGE~ on t h e  same  p repa ra t ions ,  A A P  
caused  c o n t r a c t i o n s  of t he  in t e s t ine  a t  c o n c e n t r a t i o n s  
some 10-20 t imes  h igher .  On t he  o t h e r  h a n d ,  equi-  
ef fec t ive  doses of P G E  1 a n d  A A P  were equa l ly  well  
a n t a g o n i z e d  b y  m o r p h i n e  (see Figure) .  A n o t h e r  h igh ly  
p o t e n t  na rco t i c  analgesic ,  e ton i t azene  ~4, p r o v e d  a n  even  
more  p o t e n t  a n t a g o n i s t  of P G E l - i n d u c e d  c o n t r a c t i o n s  of 
t he  gu inea-p ig  in tes t ine ,  a n d  t he  q u a n t i t a t i v e  dif ference 
b e t w e e n  these  2 analgesics  w i t h  r ega rd  to c o n t r a c t i o n s  
caused  b y  PGE~ was a b o u t  t h e  s ame  as t h a t  obse rved  
p rev ious ly  on  A A P - i n d u c e d  c o n t r a c t i o n s  is. As d e m o n -  
s t r a t e d  in a p rev ious  p a p e r  on  AAP,  c o n t r a c t i o n s  el ici ted 
b y  PGE~ p r o v e d  more  r e s i s t a n t  to  a t r o p i n e  t h a n  those  
caused  b y  ace ty lcho l ine  a t  equi-effect ive  concen t r a t i on .  
Th i s  f ind ing  is in  accordance  w i t h  t h a t  m a d e  b y  BENNETT 
e t  al. I us ing  hyoscine .  T he  effect  of o t h e r  d rugs  t e s t ed  for 
a n t a g o n i s m  to P G E  1 in t he  i so la ted  gu inea-p ig  i n t e s t i ne  

Isolated Guinea-Pig Intestine 

a n d  t h e i r  ac t iv i t i es  are s h o w n  in t h e  Table.  I n  t he  l igh t  of 
these  d a t a  i t  is e v i d e n t  t h a t ,  in  a d d i t i o n  to  na rco t i c  
analgesics;  a t yp i ca l  na rco t i c  an tagon i s t ,  na lo rph ine ,  is 
also capab le  of i n h i b i t i n g  P G E l - i n d u c e d  c o n t r a c t i o n s  of 
t he  guinea-p ig  in t e s t ine  whereas  a m i n o p y r i n e  as a t yp i ca l  
r e p r e s e n t a t i v e  of t he  mi ld  analgesics  a n d  an t i - i n f l am-  
m a t o r y  drugs  does no t  af fec t  t he  p r o s t a g l a n d i n  effect  in 
th i s  organ.  This  f ind ing  is in  c o n t r a s t  w i t h  o t h e r  observa-  
t ions,  in  which  a m i n o p y r i n e  was found  to  be  a n  eff ic ient  
a n t a g o n i s t  of A A P - i n d u c e d  con t r ac t i ons  l~, 15. On t h e  
o t h e r  hand ,  as a l r eady  m e n t i o n e d  br ie f ly  in  a n o t h e r  
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Upper tracing: Isolated guinea-pig ileum. Inhibitory effect of mor- 
phine (M) at increasing concentrations (0.01-0.3 b~g/ml) on contrac- 
tions elicited by PGE 1 (P), 0.1 btg]ml. Morphine added 2 rain prior 
to PGE 1. PGE 1 washed out after 1 min and re-added every 6-8 rain. 
Lower tracing: Isolated guinea-pig jejunum, Inhibition of equi- 
effective doses of arachidonie acid peroxide (A), 0:3 btg/ml, and 
PGE 1 (P), 0.1 btg/ml, by morphine (M), 0.03 [xg/ml. 
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p u b l i c a t i o n  ~6, t h e  benzy l  g lucofuranoside ,  G lyveno l  | 
wh ich  is also a n  a n t i - i n f l a m m a t o r y  compound ,  exer t s  i ts  
p r o s t a g l a n d i n - a n t a g o n i s t i c  ac t ion  a t  a b o u t  t he  same  con- 
c e n t r a t i o n  a t  wh ich  i t  an t agon izes  h i s t a m i n e  a n d  o the r  
spasmogens  in t he  guinea-p ig  in t e s t ine  ~6, ~7. T h a t  th i s  effect  
is no t  t he  resu l t  of a n  a n t i - h i s t a m i n e  a c t i v i t y  is revea led  
b y  t he  fac t  t h a t  t r i p e l e n n a m i n e  ( P y r i b e n z a m i n e  | 
i nh ib i t s  PGE~ on ly  a t  c o n c e n t r a t i o n s  far  in  excess of those  
capab le  of a n t a g o n i z i n g  equi-effect ive  h i s t a m i n e  concen-  
t r a t ions .  F r o m  t h e  ev idence  ava i l ab le  so far  i t  m a y  be  
conc luded  t h a t ,  in  t he  gu inea-p ig  in tes t ine ,  PGE~ 
possesses a m o d e  of ac t ion  p rac t i ca l ly  iden t ica l  w i t h  t h a t  
of A A P  descr ibed  in  2 p rev ious  pape r s  la,~,  t h e  on ly  
dif ference be ing  a q u a n t i t a t i v e  one  i n a s m u c h  as PGE~ is 
the more  p o t e n t  s t i m u l a n t  of t h e  two.  On t he  o the r  h a n d ,  
t he  f ind ing  t h a t  m o r p h i n e  a n d  s imi la r  c o m p o u n d s  are 

Antagonistic action of some narcotic nd non-narcotic analgesics, 
anti-inflammatory drugs and other compounds on PGEldnduced 
contractions of the isolated guinea-pig ileum or jejunum 

Compound EDs0 
(~xg/ml d= S.E.) ~ 

Morphine 0.01 • 0.002 
Etonitazene 0.000023 ~ 0.000002 
Nalorphine 0.014 -4- 0.002 
Aminopyrine 100 
C. 21,401-Ba b (Glyvenol| 5.0 -4- 0.40 
Atropine 0.34 :~ 0.04 
Azamethonium 100 ~ 
Tripelennamine 6.2 ~ 0.08 
Fluoride (sodium) 30 ~ 
Cyanide (sodium) 22 =L 2.8 

n = 4. b Ethyl-3,5,6-tri-O-benzyl-glucofuranoside. ~ No effect 
observed at concentration shown. 

powerfu l  a n t a g o n i s t s  of t h e  p r o s t a g l a n d i n  ac t ion  in  the 
i n t e s t i ne  t o g e t h e r  w i t h  t h e  o b s e r v a t i o n  t h a t  PGE~ 
causes  d i a r rhoea  in m a n  n m a y  serve to  exp la in  t he  fac t  
w h y  opia tes  h a v e  been  used in t he  t r e a t m e n t  of d ia r rhoea .  

I n  connec t ion  w i t h  some of t he  f indings  ou t l ined  above,  
sti l l  a n o t h e r  p o i n t  of qu i t e  a d i f fe ren t  and  a p p a r e n t l y  
u n r e l a t e d  in te res t  arises. I t  is conce ivab le  t h a t  AA, e i the r  
d i rec t ly  or t h r o u g h  b i o s y n t h e t i c  t r a n s f o r m a t i o n  in to  
PGE2~, 4, 7 possess ing ac t iv i t i e s  s imi la r  to  those  of P G E j  
in t h e  smal l  i n t e s t i ne  ~, acce lera tes  i n t e s t i n a l  t r a n s i t  a n d /  
or causes d i a r rhoea  in m a n  in m u c h  t he  same  way  as i t  
does in  t he  gu inea-p ig  ~2, i.e. in a m a n n e r  iden t ica l  w i th  
t h a t  descr ibed for PGE~ b y  Mis lEwlcz  et  al. u .  AA be ing  
a n  i m p o r t a n t  i ng red i en t  of d ie ts  r ich  in u n s a t u r a t e d  f a t t y  
acids t h a t  are c la imed  to possess l ip id- lower ing  proper -  
t ies  ~s, one should  consider  t he  poss ib i l i ty  t h a t  such  die ts  
m a y  owe the i r  hypo l i p idaemic  act ion,  a t  leas t  pa r t ly ,  to  a 
non-specif ic  effect, n a m e l y  acce le ra ted  i n t e s t i na l  t r a n s i t  tg. 

Zusammen/assung. Es  wird  gezeigt,  dass  A n a l g e t i k a  
v o m  M o r p h i n t y p u s  die a m  isol ier ten  Meerschweinchen-  
d i i n n d a r m  n a c h  Zugabe  v o n  P r o s t a g l a n d i n  E 1 e r fo lgenden  
IZon t r ak t i onen  ~hnl ich  wie die d u r c h  Arach idons~ure  
(-peroxid) e rzeug ten  K o n t r a k t i o n e n  in spezif ischer  Weise  
zu an t agon i s i e r en  ve rmSgen .  

R. JAQUES 

Research Laboratories 
o/ the Pharmaceutical Department o~ Ciba Limited, 
4000 Basel 7 (Switzerland), 25 June 7969 

16 R. JAQURS and B. SCFIAR, Schweiz. med. Wschr. 97, 553 (1967). 
1~ R. JAQURS, G. HUBER, L. NEIPP, A. RossI, B. Sc~,r< and R. MEIER, 

Experientia 23, 149 (1967), 
18 R. HEss, Adv. Lipid Res. 2, 295 (1964). 
19 Professor SUNE BERGSTR6~ (Chemistry Department 1, Karo- 

linska Institutet, Stockholm, Sweden), kindly provided the sample 
of PGE 1 used in the present study. 

Amin-Transport  hypothalamischer Vesikel 

Subzellul~re,  n o r a d r e n a l i n s p e i c h e r n d e  Vesikel  des H y -  
p o t h a l a m u s  n e h m e n  d u r c h  e inen  ATP-Mg++-unabh~Ln - 
gigen u n d  e inen  ATP-Mg++-abh~ng igen  Mechan i smus  
N o r a d r e n a l i n  auf  ~. Die ATP-Mg++-unabh~ng ige  A m i n -  
a u f n a h m e  f inder  bei  0 ~ u n d  37 ~ die ATP-Mg++-abh~n-  
gige A u f n a h m e  dagegen  n u r  be i  37 ~ s ta r t .  Es  wi rd  des- 
h a l b  a n g e n o m m e n ,  dass  im Z e n t r a l n e r v e n s y s t e m  Nor-  
ad rena l i n  sowohl  pass iv  als a u e h  d u r c h  e inen  ak t iven ,  
ATP-Mg++-abh~ng igen  Mechan i s m us  in die subzellul~Lren 
P a r t i k e l  a u f g e n o m m e n  werden  k a n n .  I n  der  vo r l i egenden  
A r b e i t  wurde  die Ab h~ng i gke i t  der  be iden  Prozesse  yon  
der  Zei t  sowie der  E inf lnss  y o n  K a l z i u m i o n e n  auf  den  
A m i n i n f l u x  u n t e r s u c h t .  

Melhoden. Noradrena l inspe iehernde  Vesikel  des Schweine- 
h y p o t h a l a m u s  wurden ,  wie fr i iher  be s ch r i eben  2, d u r c h  
Di f fe ren t i a l zen t r i fug ie ren  in 0,3 M Saccharose  isol ier t  u n d  
in 0 , 1 7 M  His t id in-HC1-Puf fe r  p H  7,4 suspendie r t .  Die 
Inkubat ionsans~Ltze e n t h i e l t e n  3 m l  Vesikelsuspension,  
0,5 m l  I l i s t i n d i n p u f f e r  p H  7,4, 0,5 ml  30 • 1 0 - 3 M  ATP,  
0,5 ml  3 0 •  MgCI~ oder  CaCls u n d  0,5 ml  A m i n  
(5 •  10 .7 bzw. 3 •  10 6M). Alle S u b s t a n z e n  w u r d e n  in 
H i s t i n d i n p u f f e r  gel6st. Die Ans/ t tze  w u r d e n  u n t e r  Schi i t -  
t e ln  (F requenz :  100/min)  15 m i n  lang  inkub ie r t ,  zent r i -  
fugiert ,  die R i i cks t~nde  m i t  10 m l  H i s t i d i npu f f e r  gewa- 

schen,  e r n e u t  zen t r i fug ie r t  u n d  m i t  4 m l  0 ,4N  HC10~ 
e x t r a h i e r t  2. Die A m i n e  w u r d e n  im ~Ibe r s t and  ~, das  
Eiweiss  im R i i c k s t a n d  4 b e s t i m m t  

Versuche. F i g u r  1 zeigt  die Zei tabhDmgigkeit  der  A T P -  
Mg++-bedingten  N o r a d r e n a l i n a u f n a h m e  in die h y p o t h a l a -  
m i schen  Vesikel.  W~Lhrend in  A b w e s e n h e i t  yon  A T P  und  
M a g n e s i u m  der  N o r a d r e n a l i n g e h a l t  der  Vesikel  s t~ndig  
a b n i m m t  ( N o r a d r e n a l i n k o n z e n t r a t i o n  im I n k u b a t i o n s -  
m e d i u m :  5>< 10-7M),  v e r u r s a c h t  die Zugabe  yon  A T P -  
Mg ++ eine s t a rke  Z u n a h m e  des Norad rena l ingeha l t e s .  Bei  
37 ~ f inde r  sowohl  F re i s e t zung  des endogenen  als auch  
A u f n a h m e  des zugegebenen  N o r a d r e n a l i n s  zum gr6ss ten  
Teil  i n n e r h a l b  der  e r s t en  6 m i n  s ta r t .  

Zur  U n t e r s u c h u n g  der  Zei tabhSmgigkei t  de r  ATP-Mg++- 
unabhS~ngigen N o r a d r e n a l i n a u f n a h m e  w u r d e n  h y p o t h a l a -  
misehe  Vesikel  m i t  e iner  gr6sseren N o r a d r e n a l i n k o n z e n -  
t r a t i o n  (3 • 10-~M) inkub ie r t .  Be i  dieser  A m i n k o n z e n t r a -  
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