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l y m p h o s a r c o m e  de M u r p h y - S t u r m ,  ce t t e  t u m e u r  f in i ssa i t  
t o u j o u r s  p a r  dispara. i t re  apr6s  t r a i t e m e n t  i n t ens e  au  poly-  
sacchar ide ,  m a i s  cela  se p r o d u i s a i t  de  fagon  d i f f6 ren te  
s u i v a n t  t ' h o r m o n e  inject6e.  I1 f a u t  d i re  que  la t u m e u r  d o n t  
nous  nous  se rv ions  r6gressa i t  s o u v e n t  sous l ' e f fe t  des  
m6d ica t i ons  a d j u v a n t e s  seules. 

Des  exp6r iences  on t  6t6 effectu6es chez des r a t e s  p o r t a n t  
la  t u m e u r  de W a l k e r  256. D a n s  ce t t e  s6rie le choc  in i t i a l  
p o u v a i t  4 t re  m o i n s  marqu6 ,  ma i s  les r a t e s  s u r v i v a i e n t  
assez fac i l ement ,  ~ mo ins  que  les t u m e u r s  so ien t  b e a u c o u p  
p lus  grosses ou q u ' o n  n i t  a j o u t 6  des  m 6 d i c a t i o n s  qu i  accen-  
t u a i e n t  le stress.  D a n s  a u c u n  cas  d 'a i l l eurs ,  c e t t e  dern i6re  
t u m e u r  n ' a  r6gress6 c o m p l 6 t e m e n t ,  m~me si ce r t a ines  
m6d ica t i ons  c a u s a i e n t  une  i n v o l u t i o n  in i t ia le  p rononc6e .  
O n  sa i t  d6jS. F a c t i o n  pr6f6rent ie l le  des po lysaccha r ides  
au  n i v e a u  des  sarcomes .  

Les  po lysaccha r ides  que  nous  u t i l i s ions  a v a i e n t  6t6 
isol~s d e u x  ans  a u p a r a v a n t  e t  ga rd6s  ens u i t e  ~ la  t e m p 6 -  
r a t u r e  du  l abora to i re ,  e t  c o m m e  o n  a d6j~ r e m a r q u 4 8  que  
le p o u v o i r  ac t i f  a n t i - t u m o r a l  d i m i n u a i t  avec  le t e m p s  d a n s  
ces p r6pa ra t i ons ,  cela p e u t  exp l ique r  p o u r q u o i  nous  
dev ions  u t i l i se r  des  doses b e a u c o u p  p lus  .fortes e t  mo ins  
c r i t i ques  que  celles q u ' o n  emplo ie  g6n6ra l emen t .  N o u s  
a v o n s  r e m a r q u 6  d ' a i l l eu r s  que  nos  p r 6 p a r a t i o n s  une  fois 
d i s sou tes  (nous  d i sso lv ions  la p o u d r e  de  p o l y s a c c h a r i d e  

d a n s  unc  q u a n t i t 6  m i n i m e  d ' e a u  distil l6e),  p e r d a i e n t  
r a p i d e m e n t  a p r 6 s  que lques  jour s  t o u t  p o u v o i r  de pro-  
v o q u e r  u n  choc  ehez  l ' a n i m a l  canc6reux .  

D a n s  les m 6 m e s  c i r cons t ances  exp4r imen ta l e s ,  nous  
a v o n s  auss i  ut i l is6 ~ h a u t e s  doses  une  p r 6 p a r a t i o n  de poly-  
sacchar ide ,  6ga l emen t  vieil le de d e u x  ans,  e x t r a i t e  de 
cu l t u r e  de Serratia marcescens; celle-ci ne p r o v o q u a i t  pas  
de choc in i t i a l  e t  la m o r t  des a n i m a u x ,  si elle s u r v e n a i t ,  
n ' a p p a r a i s s a i t  que  t a r d i v e m e n t  au  b o u t  de  24 ~ 72 h, due  
p r o b a b l a m e n t  a u x  m 6 t a b o l i t e s  p r o v e n a n t  de  la t u m e u r  
n6cros6e.  

Summary. Aged p r e p a r a t i o n s  of po ly saccha r ide  f rom 
E. coli were  h igh ly  e f fec t ive  in i n d u c i n g  a l e tha l  shock  in 
r a t s  b e a r i n g  a t u m o r .  T h i s  ef fec t  m a y  be  inc reased  b y  
some medica t ions ,  whi le  v a r i o u s  s t e ro id  h o r m o n e s  a f fo rded  
a n  ef f ic ien t  p ro t ec t i on .  
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Isolation from Rat Brain o f  a Metabolic Product, 
Desmethyl imipramine,  that Mediates the Anti- 
depressant Activity of Imipramine ( T o f r a n i l )  ~ 

T h e  e f fec t iveness  of i m i p r a m i n e  (Tofrani l )  in  t h e  t r e a t -  
m e n t  of e n d o g e n o u s  depress ion,  f i rs t  r epo r t ed  b y  KUHN 2 
h a s  now b e e n  c o n f i r m e d  b y  n u m e r o u s  cl inical  s tudies .  T he  
d r u g  exe r t s  w e a k  ch lo rp r om az i ne - l i ke  effects  in  n o r m a l  
a n i m a l s  a n d  m a n ,  whi le  i t  e x e r t s  a n  a n t i d e p r e s s a n t  a c t i o n  
in  depressed  p a t i e n t s  on ly  a f t e r  r e p e a t e d  doses  o v e r  a 
pe r iod  of seve ra l  weeks.  R e c e n t  s tud ies  f rom th i s  l a b o r a t o r y  
h a v e  s h o w n  t h a t  i m i p r a m i n e  c o u n t e r a c t s  t he  s y n d r o m e  of 
c e n t r a l  effects  c l ic i ted in  r a t s  b y  re se rp ine  a n d  b y  a syn-  
t h e t i c  benzoqu ino l i z ine ,  w i t h o u t  i n h i b i t i n g  t h e  ac t ions  of 
c h l o r p r o m a z i n e  ~. Aga in ,  t h e r e  is a d e l a y  in onse t  of ac t ion ,  
s eve ra l  h o u r s  e laps ing  before  t h i s  a c t i o n  appears .  These  
c o n s i d e r a t i o n s  sugges ted  to  us  t h a t  b o t h  t he  an t i - r e s e r p i ne  
a n d  t h e  c l inical  a n t i d e p r e s s a n t  effects  of i m i p r a m i n e  
m i g h t  be  m e d i a t e d  t h r o u g h  a m e t a b o l i c  p roduc t .  

T h e  p r e s e n t  c o m m u n i c a t i o n  descr ibes  t h e  i so la t ion  a n d  
i d e n t i f i c a t i o n  f r o m  b r a i n  of a m e t a b o l i t e  of i m i p r a m i n e  
w h i c h  a p p e a r s  to  be  r e s p o n s i b l e  for  t he  a n t i d e p r e s s a n t  
a c t i o n  of t h e  drug .  T h e  m e t a b o l i t e ,  d e s m e t h y l i m i p r a m i n e  
(DMI),  is de r ived  f r o m  i m i p r a m i n e  in vivo b y  t h e  r e m o v a l  
of one  m e t h y l  g r o u p  f rom t h e  s idecha in  n i t r o g e n  as  
follows : 

The  a n t i d e p r e s s a n t  a c t i v i t y  of i m i p r a m i n e  was de te r -  
m i n e d  in ma le  Sp rague  D a w l e y  r a t s  (160-180 g) b y  t he  
p r e v e n t i o n  or  r eve r sa l  of t he  reserp ine- l ike  s y n d r o m e  4 
e l ic i ted b y  t h e  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of 10 m g / k g  
of RO-4-12845,  or  t he  i n t r a v e n o u s  i n j e c t i o n  of 2 m g / k g  of 
reserpine .  T h e  c o n c e n t r a t i o n  of i m i p r a m i n e  in b r a i n  was  
a s sayed  b y  a f l uo rome t r i c  p rocedure  e. 

B r a i n  levels of i m i p r a m i n e  were  m e a s u r e d  in r a t s  a f t e r  
the  i n t r a p e r i t o n e a l  i n j ec t i on  of 40 m g  of i m i p r a m i n e  pe r  
kg. The  d r u g  r ead i ly  e n t e r e d  t he  b r a i n  a n d  in 45 m i n  h a d  
a t t a i n e d  a leveI  of 14 [~g/g; t h e  level  t h e n  dec l ined  r a p i d l y  
a n d  in  3 h was  less t h a n  3 ~g/g. I f  RO-4-1284 was  i n j e c t e d  
45 min  a f t e r  i m i p r a m i n e ,  t he  l a t t e r  c o m p o u n d  h a d  no  
obv ious  effect  on  t h e  reserp ine- l ike  s y n d r o m e  el ic i ted b y  

t h e  benzoqu ino l i z ine .  H o w e v e r ,  if RO-4-1284 was  g iven  
3 h a f t e r  i m i p r a m i n e ,  t h e  c e n t r a l  effects  of  t h e  benzo-  
qu ino l iz ine  were n o w  p r e v e n t e d  e v e n  t h o u g h  t he  imi-  
p r a m i n e  level  was  less t h a n  3 ~g/g  of b ra in .  F r o m  t h e s e  
resu l t s  i t  is c lear  t h a t  t h e  an t i - r e s e rp ine  a c t i v i t y  of imi-  
p r a m i n e  was n o t  d i r ec t ly  r e l a t ed  to  i ts  c o n c e n t r a t i o n  in 
b ra in .  
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Imipramine Desmethylimipramine (DMI) 
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The  presence  of cons iderab le  a m o u n t s  of a m e t a b o l i c  
p r o d u c t  in b r a i n  was  e s t ab l i s hed  as follows : Pooled  b r a i n s  
f rom f ive a n i m a l s  g iven  i m i p r a m i n e  3 h p rev ious ly  were  
h o m o g e n i z e d  w i t h  t h r e e  vo l um es  of water ,  t he  h o m o g e n a t e  
was  a lka l in ized  w i t h  1 .0N  N a O H  to a b o u t  p H  12, a n d  
s h a k e n  w i t h  t h r ee  vo lum es  of h e p t a n e  c o n t a i n i n g  1.5% 
i soamyl  alcohol;  Pheno l i c  m a t e r i a l  was  r e m o v e d  b y  
s h a k i n g  t h e  h e p t a n e  p h a s e  w i t h  a smal l  v o l u m e  of 0 . 1 N  
N a O H .  Bas ic  m a t e r i a l  in  t he  h e p t a n e  p h a s e  was  r e t u r n e d  
to  a n  aqueous  p h a s e  b y  s h a k i n g  w i t h  1/8 v o l u m e  of 0.2 M 
p h o s p h a t e  buffer ,  p H  5.9, w h i c h  would  e x t r a c t  on ly  a 
sma l l  f r ac t i on  of a n y  i m i p r a m i n e  t h a t  m i g h t  be  p resen t .  
T races  of i m i p r a m i n e  in t he  buf fe r  p h a s e  were r e m o v e d  b y  
s h a k i n g  w i t h  t h r ee  vo lumes  of the  h e p t a n e - i s o a m y l  a lcohol  
m ix tu re ,  a n d  t h e  buf fe r  p h a s e  was t h e n  a lka l in ized  w i t h  
3 N  N a O H .  The  f luorescence s pec t r a  of t h i s  so lut ion,  
e x a m i n e d  w i t h  a spec t ro f luo rome te r ,  r evea led  m a t e r i a l  
w i t h  f luorescen t  cha rac t e r i s t i c s  s imi la r  to  those  of imi-  
p r a m i n e  ( a c t i v a t i o n  m a x i m u m :  295 mix, f luorescence  
m a x i m u m :  415 m~,  uncor rec ted) .  T he  resu l t s  i nd i ca t ed  
t h a t  a h e p t a n e - s o l u b l e  m e t a b o l i t e  h a d  a c c u m u l a t e d  in 
b r a i n  in  a m o u n t s  e q u i v a l e n t  to  a b o u t  10 ~zg of i m i p r a m i n e  
pe r  g of t issue.  The  m a t e r i a l  was  t h e n  e x t r a c t e d  in to  
h e p t a n e .  

The  m e t a b o l i t e  was  iden t i f i ed  as d e s m e t h y l i m i p r a m i n e  
(DMI)  as follows: 

Gas Chromatography. A n  a l iquo t  of t h e  h e p t a n e  p h a s e  
was  e v a p o r a t e d  to  d r y n e s s  u n d e r  r educed  pressure ,  a n d  
t h e  res idue  d isso lved  in a sma l l  a m o u n t  of ace tone .  T he  
r e su l t i ng  so lu t ion  was  dr ied  ove r  MgSO4 a n d  e v a p o r a t e d  
to a b o u t  0.1 ml  a t  r oom t e m p e r a t u r e  u n d e r  a s t r e a m  of 
n i t rogen .  The  m a t e r i a l  w as  s u b j e c t e d  to  gas c h r o m a t o -  
g r a p h y  a t  175°C us ing  a c o l u m n  of 0 .75% Sil icone Po ly -  
mer ,  SE  30 G a s - C h r o m e  P (mesh-size 100-140),  a n d  a n  
a r g o n  pressure  of one  a t m o s p h e r e L  T h e  r e t e n t i o n  t i m e  of 
t h e  p r inc ipa l  c o m p o n e n t  was  iden t i ca l  to  t h a t  of DMI,  t h e  
m o n o m e t h y l  ana logue  of i m i p r a m i n e ,  a m e t a b o l i t e  pre-  
v ious ly  i so la ted  b y  HERRMANN a n d  PULVER 8 f rom ur ine ,  
lung,  a n d  l iver  of a n i m a l s  g iven  i m i p r a m i n e .  

Paper Chromatography. A n o t h e r  a l i quo t  of t he  h e p t a n e  
p h a s e  was e v a p o r a t e d  to  d r ynes s  u n d e r  r educed  pressure  
a n d  t he  res idue  dissolved in a sma l l  v o l u m e  of m e t h a n o l .  
The  m e t h a n o l  so lu t ion  was app l ied  to W h a t m a n  3 
paper ,  i m p r e g n a t e d  w i t h  p e a n u t  oil 9. T h e  c h r o m a t o g r a m s  
were  deve loped  b y  a scend ing  c h r o m a t o g r a p h y  w i t h  a 
s o l v e n t  s y s t e m  cons i s t ing  of c o n c e n t r a t e d  a m m o n i a  a n d  
m e t h a n o l  (1 : 1). The  c h r o m a t o g r a m  was  i r r a d i a t e d  w i t h  a 
s h o r t w a v e  u l t r a v i o l e t  l a m p  (Model SL 2537 Mine ra l i gh t  
l amp) .  No f luorescen t  m a t e r i a l  was  seen a t  r oom t e m p e r -  
a tu re ,  b u t  on  cool ing t h e  p a p e r  w i t h  l iqu id  n i t rogen ,  a 
b r i l l i an t  f luo rescen t  spo t  a p p e a r e d  w i t h  a n  R I  v a l u e  (0.23) 
co r r e spond ing  to  DMI.  No f luorescen t  spo t  was found  
h a v i n g  a n  Rf  va lue  (0.33) c o r r e s p o n d i n g  to  d e s d i m e t h y l -  

i m i p r a m i n e ,  t he  p r i m a r y  a m i n e  ana logue  of i m i p r a m i n e .  
W h e n  t h e  c h r o m a t o g r a m  was  s p r a y e d  w i t h  d iazo t i zed  
p -n i t r oan i l i ne  a n d  HC1 as descr ibed  b y  HERRMANN et  al. 9, 
t h e  f luorescen t  m a t e r i a l  fo rmed  a b lue  spot  s imi la r  to  t h a t  
fo rmed  f rom a u t h e n t i c  DMI.  

The  a c c u m u l a t i o n  of D M I  in b r a i n  a f t e r  a d m i n i s t r a t i o n  
of i m i p r a m i n e  sugges ted  t h a t  t h e  ac t ion  of t h e  l a t t e r  d rug  
m i g h t  be  m e d i a t e d  t h r o u g h  t he  m e t a b o l i c  p roduc t ,  
F u r t h e r  e x p e r i m e n t a l  s u p p o r t  of th i s  was  p r o v i d e d  b y  
g iv ing  i m i p r a m i n e  in r e p e a t e d  doses, 20 mg/kg ,  e v e r y  6 h 
ove r  a pe r iod  of 24 h. 4 h a f t e r  t he  las t  dose, t he  a n i m a l s  
were  g iven  e i t h e r  RO-4-1284 or  reserpine .  No  seda t i on  
occurred,  a n d  in a b o u t  1 h t h e  a n i m a l s  d i sp l ayed  m a r k e d  
h y p e r a c t i v i t y  l a s t ing  ove r  severa l  hours .  Ana lys i s  of b r a i n  
showed  negl ig ible  a m o u n t s  of i m i p r a m i n e  a n d  a b o u t  
20 to  30 Ixg of DMI  pe r  g of t issue.  

P h a r m a c o l o g i c a l  s tud ies  h a v e  s h o w n  t h a t  DMI  is a new 
t y p e  of a n t i d e p r e s s a n t  1% I t  does  n o t  el ici t  e x c i t a t i o n  in 
t h e  n o r m a l  r a t  n o r  does i t  b lock  m o n o a m i n e  ox idase  or  
a f fec t  b r a i n  amines .  The  a n t i d e p r e s s a n t  a c t i o n  of D M I  
becomes  d r a m a t i c a l l y  e v i d e n t  in  s tud ies  w h i c h  show t h a t  
in  r a t s  p r e t r e a t e d  w i t h  t he  d r u g  t h e  effects  of RO-4-1284 
or  r e se rp ine  are  reversed .  The  ac t ion  of t h e  d rug  in t h i s  
r ega rd  is far  more  r ap id  a n d  p o t e n t  t h a n  t h a t  of imi-  
p r a m i n e .  I n  fac t  i m i p r a m i n e  i tself  does  n o t  seem to h a v e  
t h i s  ac t ion  for  i t  a c t u a l l y  i n h i b i t s  t he  ac t ion  of DMI .  Pre-  
l i m i n a r y  cl inical  s tud ies  in  c o l l a b o r a t i o n  w i t h  N. KLINE 
(unpub l i shed)  i n d i c a t e  t h a t  DMI  is p o t e n t  a n d  r a p i d l y  
a c t i n g  in e n d o g e n o u s  depress ion .  

Zusammen[assung. N a c h  V e r a b r e i c h u n g  yon  Imi -  
p r a m i n  (Tofrani l )  wurde  aus  d e m  G e h i r n  v o n  R a t t e n  Des- 
m e t h y l i m i p r a m i n ,  das  N - M o n o m e t h y l d e r i v a t ,  isol iert .  
Dieser  M e t a b o l i t  bez iehungsweise  dessen  A n r e i c h e r u n g  
in vivo s c h e i n t  fiir die an t i dep re s s ive  W i r k u n g  y o n  Imi -  
p r a m i n  v e r a n t w o r t l i c h  zu sein. 
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Biophysikalische Studien mit  synthet ischem Le- 
cithin als Weg zu neuartigen Chemotherapeutika 

I n  unse re r  l e t z t en  M i t t e i l u n g  I h a b e n  wir  darge leg t ,  dass  
d e m  L e c i t h i n  v e r m u t l i c h  die biologische F u n k t i o n  e ines  
,carr iers~ b e i m  I o n e n t r a n s p o r t  d u r c h  den  l ipo iden  Tei l  
de r  ZeUwand z u k o m m t .  

I n  e i n e m  e in f achen  b i o p h y s i k a l i s c h e n  Modell  k o n n t e n  
wir  zeigen, dass  Lec i th in ,  gel6st  in  CC14, be f~h ig t  ist, 
A n i o n e n  aus  wlissriger L 6 s u n g  in die l ipoide P h a s e  i iber-  
zuf i ihren,  w e n n  in de r  wiissr igen P h a s e  zugle ich gewisse 
K a t i o n e n  v o r h a n d e n  sind.  Aus  m e s s t e c h n i s c h e n  G r i i n d e n  

w u r d e  als A n i o n  Tropf iol in  v e r w e n d e t .  Die  B i n d u n g s -  
f i ih igkei t  zwischen  L e c i t h i n  u n d  d iesem F a r b s t o f f  i s t  
s t a r k  abhAngig  v o n d e r  A r t  u n d  K o n z e n t r a t i o n  de r  anwe-  
s e n d e n  K a t i o n e n .  Es  wurde  ge funden ,  dass  i n sbesonde re  
po lybas i sche  V e r b i n d u n g e n  wie P r o t a m i n  u n d  P o l y m y x i n  
den  T r a n s p o r t  in  die l ipoide P h a s e  f6rdern .  

I n  we i t e r en  V e r s u c h e n  s t e l l t en  wir  lest ,  dass  in CC14 ge- 
16stes L e c i t h i n  bef / ih ig t  ist,  in  \Vasser  gel6stes  T r y p a f l a v i n  
(Kat ion)  in  die l ipoide P h a s e  f iberzuf i ih ren  u n d  dass  die- 
se lben  K a t i o n e n ,  die den  Ob. - rgang  y o n  Trop~tolin fb rde rn ,  

x R. I~IIRT und R. BERCIfTOLD, Med. exp, 2, 269 (1960). 


