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O x i d a t i o n  of C y c l o p h o s p h a m i d e  by  M e a n s  of K M n O  4 

After  r e p o r t i n g  t he  successful  p r e p a r a t i v e  s e p a r a t i o n  of 
t he  d o m i n a n t  u r ine  m e t a b o l i t e  of c y c l o p h o s p h a m i d e  f rom 
d i f fe ren t  a l k y l a t i n g  agen ts  1-~, we found  f u r t h e r  in fo rma-  
t i o n  conce rn ing  t he  m a j o r  me tabo l i c  p a t h w a y  of t h i s  an t i -  
t u m o r  agent .  Careful  ox ida t i on  of c y c l o p h o s p h a m i d e  b y  
m e a n s  of K M n O ,  yie lded a p r o d u c t  w h i c h  is iden t i ca l  w i t h  
t he  d o m i n a n t  u r ine  m e t a b o l i t e  of t he  r a t  a n d  w i t h  a syn-  
t h e t i c  p r o d u c t  t h e  s t r u c t u r e  of which  is well  known.  

Methods. F o r  supp ly ing  us w i t h  t h e  necessa ry  a m o u n t s  
of c y c l o p h o s p h a m i d e  and  t he  s y n t h e t i c  p r o d u c t  N, N-bis- 
(2 -ch lo roe thy l ) -d iamidophosphor i c  acid (2 -ca rboxye thy l -  
ester),  we are obl iged to Prof.  Dr.  N. B~OClL A s t a - W e r k e  
AG, Brackwede .  The  4 - (p -Ni t robency le )pyr id ine  was ob- 
t a i n e d  f rom Dr. TH. SCHUCHARDT G m b H ,  Munich .  

O x i d a t i o n  of cyc lophos pham i de  in v i t ro  was car r ied  ou t  
us ing  280 m g  (10-2M) dissolved in 30 ml  a q u a  b ides t .  B y  
a d d i n g  of 0.1 N HC1 th i s  so lu t ion  was a d j u s t e d  to  a pH-  
level  of 2.5 a n d  k e p t  a t  4 ~ un t i l  t h e  added  q u a n t i t y  of 
210 m g  K M n O ,  was consumed .  A n y  res idua l  MnO 4 was se- 
p a r a t e d  b y  r epea t ed  f i l t ra t ion .  The  unmod i f i ed  cyclo- 
p h o s p h a m i d e  was e x t r a c t e d  w i t h  ch lo ro fo rm;  all  o the r  
c o m p o u n d s  r e m a i n i n g  in t h e  aqueous  phase  were d r y  fro- 
zen. The  s epa ra t i on  was effected b y  t h i n  l ayer  c h r o m a t o -  
g r a p h y  on  a l u m i n i u m  foils w i t h  silica gel (Merck, r eagen t  
No. 5553/0025) u t i l iz ing  a m i x t u r e  of ch loroform,  m e t h a -  
nol, 0A N H~SO 4 (60 : 35 : 5) as solvent .  Af te r  c u t t i n g  off 
a n d  deve lop ing  t h e  s ide-s t r ipes  accord ing  to  5, t he  m a j o r  
a l k y l a t i n g  f r ac t ion  was e x t r a c t e d  f rom t he  silica gel w i t h  
m e t h a n o l .  The  so lven t  was  e v a p o r a t e d  in vacuo  a t  22~ 
T h e n  1.0 ml  m e t h a n o l  was  added  a n d  t he  so lu t ion  was gi- 
v e n  to  t he  fol lowing t h i n  l ayer  c h r o m a t o g r a p h y  sys tems  : 

I. Chloroform,  m e t h a n o l ,  0 . 1N  H2SO ~ (60: 35: 5). I I .  
Chloroform,  m e t h a n o l ,  ace t ic  acid 96% (90 :24 :6) .  I I I .  
Cyclohexan ,  ch loroform,  me thano l ,  ace t ic  acid 96% 
(10 : 75 : 10 : 5). IV.  E t h y l  ace ta te ,  acetone,  t e t r a h y d r o f u r a n ,  
1-120 (40 :20 :20 :20 ) .  V. Bu tano l ,  w a t e r  s a t u r a t e d .  VI .  
Chloroform,  m e t h a n o l ,  formic  acid (35:35:10) .  

Rst-values  wh ich  were iden t ica l  for b o t h  c o m p o u n d s  in-  
ves t iga ted .  I n  f u r t h e r  i nves t i ga t i ons  t he  same va lues  were 
found  concern ing  t h e  s y n t h e t i c  p r o d u c t  N, N-bis(2-chloro- 
e t h y l ) - d i a m i d o p h o s p h o r i c  acid (2-carboxyethyles te r ) .  I n  
t he  sys tems  V a n d  V I  t he  c o m m o n  Rst-values were 1.40 
a n d  1.25 if Bis-(2-chloroethyl)-amin was used as reference  
subs tance .  There fo re  i t  is d e m o n s t r a t e d  b y  c o m p a r a t i v e  
e x a m i n a t i o n  of t he  p roduc t ,  w h i c h  was syn thes i zed  in our  
suggest ion,  t h a t  our  r e p e a t e d l y  r epo r t ed  h y p o t h e s i s  pos tu-  
l a t i n g  a p re fe ren t i a l  o x i d a t i o n  on  C 4 Of cyc lophosphami -  
del ,6-3  was correct .  As i nd i ca t ed  in t h e  Figure ,  t he  pro-  
duc t s  of in  v i t ro  a n d  in v ivo  ox ida t i on  co r respond  w i t h  re- 
ga rd  to  t h e i r  r a t e  of s p o n t a n e o u s  he t e ro ly t i c  passage  in  
n o n  a l k y l a t i n g  der iva t ives .  These  ra tes ,  d e p e n d i n g  upon  
t he  k i n d  of buf fe r  so lu t ion  e m p l o y e d  and  t h e  pH-level ,  
con f i rm  our  ear l ier  s t a t e m e n t  t h a t  t h e  m e t a b o l i t e  is less 
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Method ica l  p rocedures  used  to get  large a m o u n t s  of 
u r ine  f rom r a t s  t r e a t e d  w i t h  c y c l o p h o s p h a m i d e  were de- 
scr ibed ear l ier  1, 8. The  m e t a b o l i t e  was  s epa ra t ed  in  t he  
same  way  as t he  KMnO4-ox ida t ion  p roduc t .  T he  s t a b i l i t y  
of b o t h  o x i d a t i o n  p r o d u c t s  in  d i f fe ren t  buffers  was exa-  
m i n e d  d u r i n g  a 90 h per iod  of i n c u b a t i o n  in a w a t e r  b a t h  
a t  37 ~ b y  u t i l iz ing  t he  N B P - r e a c t i o n .  P r io r  to  t h e  test ,  
all  p r e p a r a t i o n s  were a d j u s t e d  to  a n  un i f o r m  N B P - e x t i n c -  
t i on  of ca. 8000 as m e a s u r e d  b y  E p p e n d o r f ' s  p h o t o m e t e r  
a t  546 nm.  

Results and discussion. T he  Tab le  shows t h e  Rst-values of 
t h e  m a j o r  m e t a b o l i t e  a n d  t h e  ox ida t i on  p r o d u c t  as ascer-  
t a i n e d  in 4 t h i n  l ayer  sys tems .  Cyc l ophos pham i de  se rved  
as t h e  reference  s u b s t a n c e  for t he  d e t e r m i n a t i o n  of t he  

r a p i d l y  t r a n s f o r m e d  b y  hydro lys i s  t h a n  t he  ana logous  
open- r ing  c o m p o u n d  of cyc lophosphamide ,  as syn thes ized  
a n d  r epo r t ed  b y  ARNOLD and  BOURSEAUX 9. AS shown in 
t h e  F o r m u l a e  we assume  a second m e t a b o l i c  p a t h w a y  in 
accordance  w i t h  t he  e x p e r i m e n t a l  d a t a  of HILL et  al to 
a n d  BENCKHUIJSEN et  a1.11. Since b o t h  de r iva t ives ,  t he  
4 - K e t o - c y c l o p h o s p h a m i d e  a n d  t he  ca rboxyl ic  open  r ing 
c o m p o u n d  are  non  toxic  8, 4, 6 t he  effect  of cyc lophospha-  
mide  m u s t  d e p e n d  on  a n o t h e r  me tabo l i t e .  P r e s e n t l y  we 
are  e x a m i n i n g  t he  ques t ion  as  to  w e t h e r  th i s  is a p recursor  
of t h e  k n o w n  produc ts .  This  p r o b l e m  m a y  be  solved and  
also t he  m e t a b o l i s m  of new ana logous  c o m p o u n d s  of 
c y c l o p h o s p h a m i d e  m a y  be clarif ied n o t  on ly  b y  in v ivo  
i nves t i ga t i ons  b u t  also b y  m e t h o d s  of in  v i t ro  oxida t ion .  
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Decrease of an initial NBP-extinction of 8000/ 
nil ( ~ 100 %) in buffer solutions containing the 
major urine-metabolite of eyclophosphamide 
(U), respectively, the product of in-vitro oxi- 
dation (K). Incubation-temperature 37~ I 
and II ethylene-diamine-acetate buffer (I pH 
6,15; II pH 7,15). III and IV: S6rensen 
phosphate buffer (III pH 6,2; IV pH 7,2). 

Rst-values of the major urine metabolite of cyclophosphanfide and a 
cyclophosphamide derivative received by KMnOroxidation. Refe- 
rence substance: Cyclophosphamide 

System I t I I I I IV 
Urine metabolite 0.46 0.70 0.52 0.45 
KMnO4-product 0.46 0.70 0.52 0.44 

Zusammen/assung. Nach  Oxida t ion  von Cyclophospha-  
mid  mi t  KMnO 4 1/~sst sich eine Ve rb indung  gewinnen,  die 
d i innseh ich tch roma tograph i sch  und  reakt ionskine t i sch  
mi t  dem vorhe r r schenden  Ur inme tabo l i t en  i ibere ins t immt.  

Es hande l t  sich um N,N-bis(2-chlorXthyl )d iamidophos-  
phorsgure(2-carboxy~thyles ter ) .  Da  weder  diese Verbin-  
dung  noch das berei ts  als N eb en me t ab o l i t  b ek an n t e  4-Ke- 
t o -cyc lophosphamid  zel l toxisch wirkt ,  muss  der  Ef fek t  des 
Cyc lophosphamids  von e inem anderen  Stoffwechselpro-  
d u k t  ausgehen.  Durch  modif iz ier te  ox ida t ive  Umse tzung  
in v i t ro  sollte es m6glich sein, Cyc lophosphamid  auch in 
den wi rksamen  Metabol i ten  zu fiberfiihren. 

I~. NORPOTH, J. KNIPPSCHILD, U. WITTING and  
H. M. RAUEN 

Hygiene- Institut der Universitiit, Westring 10, 
D-44 M~nster (Germany), 14 September 1971. 

C h o l i n e  A c e t y l t r a n s f e r a s e  and  A c e t y l c h o l i n e s t e r a s e  in  S p i n a l  M o t o r  N e u r o n s  C u l t u r e d  in v i t r o  

Recen t  t issue cul ture s tudies  on cent ra l  nervous  t issue 
have  d e m o n s t r a t e d  the  con t inued  d i f fe ren t ia t ion  and ma-  
t u ra t ion  of the  t issue in v i t ro  ev idenced by  fo rmat ion  of 
synapses  and myel in  shea ths  t, ~. The deve lopmen t  o f  
synap t ic  connect ions  in t issue cul ture  was observed by  
si lver impregna t ion  m e t h o d  3, 4 and  by  electron microsco- 
p y  3, 5. The opera t ion  of func t iona l  synapses  in such cul- 
tu res  was  also d e m o n s t r a t e d  by  the  neurophysiological  
m e t h o d  e. Since the  presence  of ace ty lchol ines terase  
(ACHE) in cent ra l  nervous  s t ruc tu re  is regarded as an in- 
d ica t ion  of eholinergic t r ansmiss ion  in t h a t  area 7, we 
have  s tudied  previous ly  the  local izat ion of AChE ill neu- 
rons  of mouse  cerebel lum and in m o t o r  neurons  of chick 
spinal  cord cu l tured  in vitroS, 9. The presence  of acetyl-  
choline (Ach) or choline ace ty l t ransferase  (ChAc) is gener- 
al ly regarded  as be ing  a more  rel iable indica tor  of cho- 
linergie mechan i sms  t h a n  is t he  presence  of AChE 7; hence,  
i t  is more  desirable  to d e m o n s t r a t e  ChAc ac t iv i ty  in neu- 
ronal  e lements  of the  cul tures  in order  to provide  fu r ther  
evidence of the  opera t ion  oi cholinergie t ransmiss ion  in 
cent ra l  nervous  t issue ma in t a ined  in vi tro.  

Cross sect ioned exp lan t s  f rom cervical  level of 10-12- 
day  chick embryo  sp ina l  cords were  p laced  on collagen 
coated  coversl ips and  ma in t a ined  in Maximow's  slides. 

The feeding med i u m composed  of equal  pa r t s  of horse se- 
rum,  H a n k s '  ba lanced sal t  solut ion (BSS) and  med ium-  
199. S u p p l e m e n t a r y  glucose was added  in the  final con- 
cen t ra t ion  of 600 mg percent .  Cultures were incuba ted  a t  
36 ~ for 7-180 days.  Twice a week the  cul tures were wash- 
ed br ief ly in  BSS  and fed wi th  f resh feeding medium.  

Fo r  the  h i s tochemica l  demonstration of ChAc activity, 
KASA, MANN and  HEBB'S m e t h o d  to was used in modif ied  
condi t ions .  The incuba t ing  mi x t u r e  con ta ined  the  follow- 
ing:  acetyl  CoA, 0.3 raM;  choline chloride, 10.0 raM;  lead 
ni t ra te ,  0.3 m M ;  caeodyla te  buffer  ipH6.0), 33.0 m M ;  and 
B W  284C51, 0.01 raM. The inclusion of 13W 284C51, a 
specific inh ib i to r  for ACHE, is to  p r ev en t  the  hydrolys is  
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