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The  h e p t a n e  e x t r a c t  of t he  a p p a r e n t  l a c t a m  m e t a b o -  
l i te  was  sub jec t ed  to  t h i n - l a y e r  c h r o m a t o g r a p h y  on  sil ica 
gel in  severa l  so lven t  sys tems�9  Only  one  r a d i o a c t i v e  spo t  
was  p resen t ,  w h i c h  co r responded  in R f  va lue  to  t h a t  of t he  
a u t h e n t i c  l a c t a m  (Table).  T he  r a d i o a c t i v e  m a t e r i a l  was  
e lu ted  and  sub j ec t ed  to  p r e p a r a t i v e  gas c h r o m a t o g r a p h y  
a t  180 ~ in a P e r k i n - E l m c r  gas c h r o m a t o g r a p h ,  equ ipped  
w i t h  6 foot  glass co lumns  p a c k e d  w i t h  1% QF-1 on  Gas 
C h r o m  Q a n d  s t r e a m - s p l i t t e r  (80:20).  A m a j o r  p e a k  was 
obse rved  w i t h  a r e t e n t i o n  t i m e  of 2.4 rain,  t he  s ame  as t h a t  
of a u t h e n t i c  l ac tam.  E l u a t e s  f rom t he  c o l u m n  were t r a p -  
ped  in P a s t e u r  p ipe t s  a n d  t he  c o n t e n t s  counted .  Only  t h e  
p e a k  co r r e spond ing  in  r e t e n t i o n  t i m e  w i t h  t h a t  of t he  lac- 
t a m  m e t a b o l i t e  (2.4 rain) c o n t a i n e d  s ign i f i can t  rad ioac-  
t i v i t y .  

R a t s  g iven  pro l in tane- laC (10 mg/kg ,  i.v.) excre ted  ap-  
p r o x i m a t e l y  40% of t h e  dose in  t h e  u r ine  in  24 h b u t  on ly  
t races ,  if a n y  as t h e  l a c t a m  me tabo l i t e .  T he  d rug  i tself  was  
a l m o s t  c o m p l e t e l y  me tabo l i zed .  

Thin-layer chromatography of the metabolite and authetic 1-(r162 
propylphenethyl)-pyrrolidin-2-one 

Solvent system Metabolite Synthetic compound 

1 0.60 0.60 
2 0.44 0.44 
3 0,58 0.58 

Glass plates coated with silica gel G, 250 tim. Compounds were 
detected by radiometric scanning and Dragendorf's reagent. Solvent 
systems were prepared as follows: 1. benzene-dioxane-ammonia 
60 : 35 : 5 e; 2. cyclohexane-diethylaminebenzene 75 : 20 : 157; benzene- 
ethanol-12 N ammonia 95 : 15 : 5 ~. 

I n  conclusion,  t he  p r e s e n t  s t u d y  descr ibes  a f u r t h e r  
examp le  of m e t a b o l i c  conve r s ion  of a s u b s t i t u t e d  pyr ro -  
l id ine  to t he  co r r e spond ing  l ac tam.  Since t h e  l a c t a m  may ,  
po ten t i a l ly ,  a t  least ,  be  c o n v e r t e d  to  t he  o p e n - c h a i n  ami -  
no acid, t h e  r eac t ion  is p rope r ly  classified as a t y p e  of N- 
dea lky la t ion .  I n f o r m a t i o n  on  t he  m e c h a n i s m s  of d rug  me-  
t a b o l i s m  reac t ions  m a y  have ,  in  a d d i t i o n  to  i t s  t heo re t i ca l  
value,  i m p o r t a n t  pha rmaco log ic  appl ica t ion ,  s ince t he  var -  
ious i n t e r m e d i a t e  fo rmed  m a y  t h e m s e l v e s  posses biologic 
ac t iv i ty .  

Zusammen/assung. P r o l i n t a n ,  N- 1 - ( e -Benzy lbu ty l ) -Py r -  
rol idin,  w u r d e  in  K a n i n c h e n  d u r c h  ein M i k r o s o m e n s y s t e m  
der  Lebe r  in  das  e n t s p r e c h e n d e  L a k t a m ,  N - l - ( e - B e n z y l -  
bu ty l ) -Pyr ro l id in -2 -on ,  u m g e b a u t .  Das  gleiche Stoff-  
w e c h s e l p r o d u k t  f and  s ich auch  im Gewebe v o n  R a t t e n ,  
denen  das  M e d i k a m e n t  gegeben  wurde ;  a l lenfal ls  Spuren  
d a v o n  w u r d e n  im U r i n  de r  R a t t e n  ausgeschieden .  
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A Note  of the Dual Effect of Pros tag landin  E1 on the R e s p o n s e s  of the Guinea-Pig  Vas Deferens to 
Nerve  St imulat ion  

D i v e r g e n t  resu l t s  h a v e  been  o b t a i n e d  conce rn ing  t he  
effects  of p r o s t a g l a n d i n s  on  t he  m o t o r  response  of t he  
gu inea-p ig  vas  deferens  to  ne rve  s t imu la t i on .  MANTE- 
GAZZA a n d  ~XlAIMZADA 1 r epo r t ed  t h a t  h i g h  c o n c e n t r a t i o n s  
of PGE1 p o t e n t i a t e d  th i s  response.  SJOSTRAND a n d  
SW~DIN ~ n o t e d  t h a t  PGE1 usua l ly  caused  a n  i n h i b i t i o n  
b u t  s o m e t i m e s  a p o t e n t i a t i o n  of t he  response.  EULER a n d  
HEI)QVIST 3 obse rved  t h a t  low c o n c e n t r a t i o n s  of P G E  1 a n d  
PGE~ i n h i b i t e d  t h e  response,  whi le  i t  was  e n h a n c e d  b y  
h i g h e r  concen t r a t i ons .  AMBACHE a n d  Zar  4 found  t h a t  
low c o n c e n t r a t i o n s  of PGE~ i n h i b i t e d  t he  response  to low 
f r e q u e n c y  s t i m u l a t i o n  b u t  r a t h e r  p o t e n t i a t e d  t he  response  
to  h i g h  f r equency  s t imu la t i on .  I n  o rder  to  o b t a i n  a some- 
w h a t  more  de ta i l ed  i n f o r m a t i o n  on  t h e  ac t ion  of PGE~ on 
t h e  response  to  ne rve  s t i m u l a t i o n  of t h e  gu inea-p ig  va s  
deferens,  a s t u d y  w i t h  c o m b i n e d  e lect r ica l  a n d  m e c h a n i c a l  
r eg i s t r a t i on  ha s  been  per formed.  

Material and methods. F o r  e lect r ica l  r ecord ing  t he  
sucrose  gap  t e c h n i q u e  was used. The  p r e p a r a t i o n ,  sucrose 
gap  a p p a r a t u s  w i t h  s t i m u l a t i n g  electrodes,  solut ions ,  
t e m p e r a t u r e  a n d  o t h e r  cond i t ions  were  essen t ia l ly  t he  
s ame  as those  used b y  BURNSTOCK et  al. 5. I some t r i c  
t e n s i o n  was  recorded  w i t h  a s t r a i n  gauge t r ansduce r .  
C o n v e n t i o n a l  ampl i f ie rs  a n d  a Hel l ige  He lcosc r ip to r  
(He-86) were used. Ne rve  s t i m u l a t i o n  w i th  squa re  wave  
pulses  of 0.5 msec  d u r a t i o n  a n d  a vo l t age  of 10-40 V was 
app l i ed  b y  a Grass  $4 s t imu la to r .  T he  r epo r t  is ba sed  on  
o b s e r v a t i o n s  on  14 v a s a  de fe ren t i a  f rom 10 guinea-pigs  
we igh ing  a b o u t  500 g. 

Results. P G E  1 in c o n c e n t r a t i o n s  of 10-200 n g / m l  caused  
a depo la r i za t ion  of t he  s m o o t h  muscle  of t h e  va s  deferens.  
The  depo la r i za t ion  was  usua l ly  m o d e r a t e  as in  F igure  1 a. 
I t  increased  in a m p l i t u d e  w i t h  inc reas ing  P G E ,  concen-  
t r a t i o n  b u t  was  n e v e r  large enough  to r e a c h  t h e  t h r e sho ld  
for  f i r ing  of ac t ion  p o t e n t i a l s  (AP). However ,  t he re  were 
r a t h e r  large  di f ferences  in  s ens i t i v i t y  a m o n g  t he  p repa -  
ra t ions .  

P G E  1 decreased  t he  m a g n i t u d e  of evoked  e x c i t a t o r y  
j u n c t i o n  p o t e n t i a l s  ( E J P )  (Figures 1 a n d  2). The  de- 
crease in size of the  E J P s  was a lwayr  m u c h  la rger  t h a n  
t h a t  wh ich  m i g h t  be expec t ed  f rom t h e  degree of depolar i -  
za t ion.  The  r e d u c t i o n  of t he  E J P s  was seen in  sens i t ive  
p r e p a r a t i o n s  w i t h  t h e  lowest  c o n c e n t r a t i o n  of PGE1 
(10 ng/ml)  a n d  b e c a m e  more  p r o n o u n c e d  w h e n  t h e  
c o n c e n t r a t i o n  was increased.  I n  m o s t  p r e p a r a t i o n s  max i -  
ma l  i n h i b i t i o n  was o b t a i n e d  a t  a b o u t  100 n g / m l  of PGE1 
and  a f u r t h e r  increase  in c o n c e n t r a t i o n  of t h e  d rug  added  
ve ry  l i t t l e  to  t h e  i n h i b i t i o n  a l r eady  ob ta ined .  As w i t h  t h e  
depola r iz ing  ac t ion  of P G E  l, t h e r e  were r a t h e r  large 
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differences in sens i t iv i ty  among  the  p repa ra t ions  to  th is  
inh ib i to ry  effect  on the  E J P s .  Moreover,  the  inh ib i t ion  
of t he  E J P s  could be p ronounced  in a p r e p a r a t i o n  which  
showed only s l ight  depolar iza t ion and  vice versa.  W h e n  
the  inh ib i t ion  was modera te ,  faci l i ta t ion of the  E J P s  still 
occurred in response  to  successive s t imul i  and  to  increases 
in s t imula t ion  f requency  or vol tage (Figure 1). In  sensi t ive 
prepara t ions ,  however ,  single EJes in response  to  low 
f requency  s t imula t ion  (0.1-1 imp/sec) could be a lmos t  
to ta l ly  abol ished (Figure 2 f) even when  t h e y  were  evoked 
a t  max im a l  vol tage.  S u m m a t i o n  of E J P s  in response  to 
s t imula t ion  wi th  f requencies  larger t h a n  1 imp/sec  still  
occurred even when  the  individual  E J P s  in response to  
low f requency  s t imula t ion  were a lmost  invisible (Figure 
2g). Because of the  inhibi t ion by  PGE~ of the  E J P s ,  

i n d i v i d u a l  or s u m m a t i n g  E J P s  i n  t he  lower range of 
s t imula t ion  frequencies  failed to  reach  the  th resho ld  for 
an i t i a t ion  of an A P  (Figure 2c). However ,  wi th  higher  
s t imula t ion  frequencies  i t  was always possible to  ob ta in  
APs  p rov ided  t h a t  the  s t imula t ion  vol tage  was maximal .  
The exac t  f requency  a t  which th resho ld  was reached  
af ter  P G E  1 admin i s t r a t ion  var ied f rom p repa ra t ion  to 
p r epa ra t i on  depend ing  on the  degree of inhib i t ion  of the  
single E J P s  and  the  degree of depolar iza t ion  of the  
s m o o t h  muscle.  In  general  it  was no t  possible to  ob ta in  
APs  w i t h  f requencies  lower t h a n  3 imp/see,  and  always 
possible  to ob ta in  APs  wi th  f requencies  larger t h a n  15 
imp/see  in t he  presence  of P G E  1 (10 0 ng/ml) .  Af ter  removal  
of P G E  1 comple te  recovery  of the  E J P s  was general ly  
ob ta ined  wi th in  15 min.  

W h e n  PGE~ had  p roduced  a d i s t inc t  depolar iza t ion  of 
t he  s m o o t h  muscle,  the re  was usually a change  in the  
conf igura t ion  of the  p r o p a g a t e d  APs  once t h e y  were 
obta ined .  They  general ly became  larger  and had  also 
somet imes  a shor te r  dura t ion .  Fur the r ,  in p repa ra t ions  
hav ing  a t e n d e n c y  to  ' spl i t '  or even  'double '  spikes 
(Figure 2 b), t he  p a t t e r n  in general  changed  to on single 
large spike (Figure 2 d). Concomi tan t ly  t he  con t rac t ion  of 
the  organ became  larger (Figure 2 d). 

A t rop ine  1 ~g/ml did no t  coun te rac t  a n y  of t he  act ions 
of P G E  v 
Discussion and conclusions. HEDQVIST and  BRUNDIN s have  
shown t h a t  PGE~ can inhibi t  adrenergic  t r a n s m i t t e r  
release in the  ca t  spleen. This  observa t ion  has been  con- 
f i rmed  on the  r abb i t  hea r t  (cf. ref. 7, 8). I t  is also probable  
t h a t  PGE~ depresses  cholinergic t r ansmiss ion  in t he  la t te r  

p repa ra t ion  ~. I t  is no t  l ikely t h a t  p ros tag land ins  have  a 
pos t junc t iona l  inh ib i to ry  act ion on the  t r a n s m i t t e r  in the  
guinea-pig vas deferens 10. Therefore  the  decrease in size 
of the  E J P s  seen af ter  P G E  1 appears  to provide  electro- 
physiological  suppor t  for t he  a s sumpt ion  t h a t  pros ta -  
g landins  can depress  au tonomic  n e u r o t r a n s m i t t e r  release. 
The inh ib i to ry  effect  of P G E  1 on the  mo to r  response of 
the  vas deferens  to nerve  s t imula t ion  can therefore  be 
ascr ibed to  t he  depress ion  of the  E J P s .  

The po t en t i a t i on  seen on o the r  occasions is p robab ly  
due to  t he  di rect  depolar iz ing effect  of t he  drug on the  
pos t junc t iona l  m e m b r a n e  of t he  s m o o t h  muscle  cells of 
the  organ, b r ing ing  the  m e m b r a n e  po ten t i a l  closer to  t he  
firing level and  p romot ing  p ropaga t ion  of APs  in the  
tissue. An effect  on calc ium inf lux to  the  cells and hence  
a p romot ion  of t he  cont rac t i le  processes  can, of course, 
no t  be excluded.  This effect  of PGE~ is p robab ly  similar  to 
t h a t  of acetylchol ine  and  o ther  s m o o t h  muscle s t imulan t s  
on the  vas deferens  p repa ra t ion  11. 

I t  is t e m p t i n g  to  suggest  t h a t  t he  inh ib i tory  effect  of 
P G E  1 on the  E J P s  and  its s mo o t h  muscle depolar iz ing 
act ion have  a c o m m o n  basis. If  t he  main  effect  of pros ta -  
glandins  consis ts  of opening  ion channels  in membranes ,  
p ros tag land ins  m i g h t  depolarize au tonomic  nerve  te rmi-  
nals and  ac t  in a similar way  as has  been  proposed  for 
p resynap t i c  inh ib i t ion  in t he  cent ra l  nervous  sys tem ~, 13. 

' 
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Fig. 2. Facilitated and summating EJPs initiating spikes and 
contractions. Upper tracing mechanical responses, lower electrical 
responses, a) 25 V, 2 imp/see, b) 15 V, 10 imp/see, c) Same as a) in the 
presence of PGE x 100 ng/ml, d) Same as b) in the presence of PGE 1 
100 ng/ml, e-h) From another preparation, e) 30 V, 0.4 imp/see. 
f) Same as e) in the presence of PGE 1 100 ng/nlL g) Stimulation 
frequency increased to 4 imp/see, h) 4 imp/see 20 rain after PGE 1. 
for further explanation see text. 
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Fig. 1. EJPs in response to transluminal nerve stimulation, a) 
20 V 0.3 imp/see. At arrow PGE 1 20 ng/ml, b) Facilitated EJPs in 
the presence of PGE 1 20 ng/ml same stimulation parameters as in a. 
c) Voltage increased to 30 V and at dots to 40 V. PGE 1 20 ng/ml. 
d) Control period same Conditions as in b). e) Frequency increased to 
0.4/see other parameters as in b) and d). f) 15 min after PGE 1 same 
stimulation parameters as in a), b) and d). For further explanation 
see text. 

Rdsumd. La p ros tag land ine  E 1 d iminue  les poten t ie l s  
de jonc t ion  exc i ta teurs  du muscle  lisse du vas deferens  
de cobaye  en r6ponse ~ une s t imula t ion  nerveuse,  mais  
p rovoque  aussi  une d6polar isat ion mod6r6e de ce tissu. 
L 'e f fe t  inh ib i t eu r  de l a  drogue sur  la r6ponse motr ice  de 
cet  organe ~ une  s t imula t ion  nerveuse  est  a t t r ibu6 A la 
i e de ces act ions.  L 'e f fe t  s t imu lan t  sur la r6ponse too- 
tr ice parfois  constat6,  est  a t t r ibu6  ~ la seconde act ion.  
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