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Metabolism of a Pharmacologically Active Pyrrolidine Derivative (Prolintane) by Lactam Formation 

N-dea lky la t ion  of drugs and o ther  foreign compounds  
by  l iver  microsomal  enzymes  is a wel l -known metabol ic  
pa thway .  A less well  s tudied type  of N-dea lky la t ion  1 is 
by  ox ida t ion  of a heterocycl ic  compound  to the  correspond- 
ing lac tam.  Nicot ine  and t remorine ,  1, 4-bis-(pyrrolidino)- 
butyne-2,  for example,  are dea lkyla ted  in this  manner  by  
convers ion to the  corresponding pyrrol idones  2, 3. The  re- 
act ion wi th  nicot ine proceeds th rough  the  ~-hydroxy 
pseudo-base ~ whi le  t h a t  wi th  t remor ine  generates  an ac- 
t ive  metabol i te ,  oxot remor ine  3. An  addi t iona l  example  of 
this t ype  of N-dea lky la t ion  is repor ted  here for prol intane,  
DL-l-(~-propylphenethyl)-pyrrol idine hydrochloride,  an 
analept ic  drug 5 (Figure 1). The metabo l i t e  was ini t ia l ly  
ident i f ied as a product  of the  metabo l i sm of prol in tane by  
rabb i t  l iver  in vi t ro .  

L iver  f rom a male  New Zealand whi te  r abb i t  was homo- 
genized at  4 ~ in 2 vo lumes  of 0.16 M KC1 and the  9000 • g 
superna tan t  f ract ion prepared  as previous ly  described 4, 
Pro l in tane  labelled wi th  14C in the  2 and 5 carbons of the  
pyrrol idine ring (9.2 ~moles, 0.05 ~ci), N A D P  (0.5 ~mole), 
glucose-6-phosphate (25 ~moles), n ico t inamide  (100 vmo- 
les), MgClz (75 txmoles) and phospha te  buffer  (pH 7.4) 
were incubated  wi th  9000 •  superna tan t  equ iva len t  to 
1 g of l iver  (final vo lume  = 5.0 ml) for 1.5 h at  37 ~ in air. 
The  incuba t ion  mix tu re  was ex t rac ted  wi th  heptane  con- 
ta ining 3% isoamyl  alcohol  (5 vols), which was back-ex-  
t r ac ted  wi th  0.1 N HC1. Rad iomet r i c  assay of the  acidic 
solution,  which conta ined only p ro l in t an t  (as shown by  
TLC), revealed tha t  app rox ima te ly  85 % of the  added drug 
was metabol ized.  The remaining  hep tane  conta ined about  
65% of the  added radioac t iv i ty .  Thin- layer  chromato-  
graphy of the  concent ra ted  heptane  ex t rac t  revealed the  
presence of a single ma jo r  metabol i te ,  ident ical  wi th  
au then t i c  1-(e-propylphenethyl)-pyrrol idin-2-one (Table). 

The metabo l i t e  was isolated by  scraping the  radioact ive  
spot  off the  p la te  and shaking wi th  phospha te  buffer  (pH 
7.4) and heptane.  The concent ra ted  hep tane  ex t rac t  was 
subjec ted  to gas ch roma tog raphy  on an F + M  gas chroma-  
tograph,  f i t ted  wi th  a 6 foot glass column, packed w i t h  
1% QF-1 on Gas Chrom Q, and a f lame ionizat ion detec- 
tor, using he l ium as carr ier  gas (50 ml/min)  a t  150 ~ The 
re ten t ion  t ime  of the  metabo l i t e  was ident ical  wi th  tha t  of 
au then t ic  1- (e-propylphenethyl) -pyrrol id in-  2-one (7.2 
rain). In  addit ion,  the  mass spec t rum of the  metabo l i t e  
was shown to be ident ical  to t ha t  of au then t ic  compound  
(Figure 2). 

The  expe r imen t  was repeated  wi th  l iver  f rom 2 addi- 
t ional  rabbits .  I n  each case, the  l ac t am metabo l i t e  was 
ident i f ied and represented app rox ima te ly  50 to 60% of the  
prol in tane  added to the  incuba t ion  mixture .  These re- 
sults indicated tha t  1-(e-propylphenethyl)-pyrrol idin-2-  
one is a major  p roduc t  of the  metabo l i sm of prol in tane  by 
rabb i t  l iver  in vi t ro.  

Al though  pro l in tane  was rapid ly  metabol ized  by rabbi t  
l iver  in vi t ro,  ra t  l iver  microsomes (9000 x g  supernatant)  
metabol ized  the  drug to only a s l ight  extent .  In  this re- 
spect  the  drug resembles amphe tamine ,  which is extensi-  
ve ly  metabol ized  by  rabb i t  l iver  in v i t ro  8 bu t  not  by ra t  
l iver  9. P r e t r e a t m e n t  of rats  w i th  phenobarb i ta l  (40 mg/  
kg, p.o., twice da i ly  for 4 days prior  to sacrifice) s t imula ted  
the  metabo l i sm of p ro l in tane  in v i t ro  only to a small  ex- 
t en t  ( + 1 0 % ) ,  

The l ac tam metabo l i t e  was also ident i f ied in l iver  of 
rats  given prolintane-14C in the  fol lowing exper iment .  Two 
rats  were g iven 10 mg /kg  of labelled drug i.v. and sacri- 
riced af ter  0.5 h. Livers  were r emoved  and homogenized in 
water .  The  l ac tam metabo l i t e  was isolated by  ex t rac t ion  
wi th  hep tane  as described above.  Unchanged  drug  was re- 

moved  b y  back-e:~traction into  0.1 N HC1. Rad ioac t ive  
assay of the  remain ing  heptane  showed t h a t  the  l ivers of 
each ra t  con ta ined ,  respect ively,  1.2 ~g and 0.3 ~xg of ap- 
pa ren t  l ac tam metabo l i t e  per  g ram of liver.  The  metabo-  
l i te was fur ther  ident i f ied by  th in- layer  and gas chroma-  
tography,  as described in the  fol lowing exper iments .  

Nicotine 

~N-CH2C = CCH 2.N~ 
T~emorine 

~ CHz-~HC3N7 " ~-CHz-#HC3H7 

Pr0lint0ne 

Fig. 1. Examples of N-dealkylation of N-heterocyclic compounds by 
oxidation to the corresponding lactam. 
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Fig. 2. Mass spectra of metabolite of prolintane (lower) and 1-(0~- 
propylphenethyl)-pyrrolidin-2-one. 
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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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