
15. 5. 1972 Specialia 537 

E 546 
100 

00 " , ' , \ \  
\ ' •  \ \  

O0 \~, \ \  \ 

70 }~\ \ \  
\ \ 

X \ 
50 

40 

3O 

2O 

10 

\ 

\ \ 
'~X \ \  

\ \ ~ \ \ \  
\N  N\  

\ ~UI 

~ UI~ 

0 i 

24 q6 q2 s h 
Time 

'?, \ \  
'%\\ 

,,,, \ 

"\'\  KI 

\N~\Nx \ ,,. 

x,. ~ KI 
x~ Kin 

24 48 72 96 h 

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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of acetyl  CoA by  AChE in the  tissue. VVithout f ixat ion,  
cul tures  were incuba ted  in subs t ra te  med ium at  36~ for 
2 h, t r ea t ed  wi th  weak a m m o n i u m  sulfide solution, post-  
f ixed in tormol-calc ium for 5 rain and  m o u n t e d  on slides 
w i th  gum syrup.  Control  cul tures were incuba ted  in me- 
d ium in which  subs t ra tes  acetyl  CoA and  choline chloride 
were om i t t ed  and the  enzyme  reac t ion  was always nega- 
tive: 

Sister cul tures were also p repared  for the  h is tochemica l  
demons t r a t i on  of AChE using the  m e t h o d  of KARNOVSKY 
and  ROOTS n. Te t ra i sopropyl  py rophospho ramide  (Iso- 
OMPA) was included in the  incuba t ing  mix tu re  in the  
concen t ra t ion  of 0.001 raM. After  f ixat ion in ice-cold for- 

tool-calcium for 5 rain and subsequen t  r insing in dist i l led 
water ,  cul tures were i ncuba t ed  in the  med ium for 2 h a t  
36~ 

In  order  to  p rov ide  morphological  evidence of the  pre- 
sence of synapses,  sister  cul tures were also s ta ined  wi th  a 
modi f ica t ion  of Bod ian ' s  pro targol  method1~ and  other  
cul tures  e m b e d d e d  in E p o n  were examined  wi th  Phi l ips  
200 electron microscope 5. 

The general  account  of chick spinal  cord cul tures  has 
been  descr ibed previously  la, ~4. Myelin fo rma t ion  usually 
s ta r t s  6-8 days  in vi t ro  and  reaches its peak  by  14-16 
days  in vitro.  Large  neurons  are tound  cons i s ten t ly  in 
p r e s u m p t i v e  an te r ior  and  lateral  horn  regions. Af te r  silver 
impregna t ion  numerous  mul t ipolar  neurons  are found in 
those  areas wi th  fine neuro-f ibr i l lary ne tworks  ex t end ing  
t h roughou t  t he  per ikarya,  dendr i tes  and  axons  (Figure A). 
Termina l  bou tons  as fine neurof ibr i l lary  rings are also seen 
on or near  the  neuronal  per ikarya  and  dendr i t es  (Figure 
B). E lec t ron  microscopic examina t ion  reveals the  first  oc- 
currence of i m m a t u r e  synap t ic  s t ruc tures  in 3-day-old 
cultures,  and by  12-14 days  in vi t ro  there  are numerous  
well developed synapses  wi th  typ ica l  junc t ion  contac ts  
and  synap t ic  vesicles (Figure C). Bo th  axosomat ic  and 
axodendr i t i c  synapses  are observed.  

ChAc ac t iv i ty  is observed main ly  in large moto r  neu- 
rons (Figure D). The react ion p roduc t s  are d e m o n s t r a t e d  
as fine granules located t h r o u g h o u t  the  pe r ika rya  while 
dendr i t es  have  no react ions.  Neurogl ia  cells are a lways ne- 
ga t ive  for enzyme  act iv i ty .  E n z y m e  ac t iv i ty  in axons is 
also indica ted  by  l inear a l ignment  of fine react ion-posi-  
t ive  granules near  the  neurons (Figure D). 

AChE act iv i ty ,  as repor ted  previously  s, is d e m o n s t r a t e d  
b o t h  in large anter ior  horn  neurons  and smal ler  dorsal  
horn  neurons.  Large anter ior  mo to r  neurons  reveal  intense 
granular  reac t ion  in the  pe r ika rya  and less in tense  reac- 
t ions  in dendr i t i c  processes (Figure E). Somet imes  mo- 
dera te  reac t ion  is encoun te red  in axonal  processes.  Two 
var ia t ions  of enzyme s ta in  are observed among  the  large 
m o t o r  neurons.  In  mos t  of the  mo to r  neurons  AChE acti- 
v i t y  is localized intracellularly.  In  some others,  however,  
the  enzyme ac t iv i ty  is found l ining the  surface of peri- 
ka rya  a n d  dendr i tes  devoid  of any in t race l lu lar  enzyme 
react ion.  We t en t a t i ve ly  suggest  t h a t  the  former  may  re- 
p resen t  cholinergic neurons  and  the  la t t e r  chol inocept ive  
neurons  7. 

His tochemica l  demons t r a t i on  of ChAc and AChE acti- 
v i t y  in spinal  neurons  thus  provides  a favorable  evidence 
for the  opera t ion  of cholinergic t ransmiss ion  mechan i sm in 
neurons  of cent ra l  nervous  t issue cul tured in vi t ro .  

Zusammen/assung. Die E n zy mak t i v i t i t t  der  Cholinace- 
ty l t r ans fe rase  und  Acetylchol ines terase  wurde  an Nerven-  
zellen des Rf ickenmarks  yon H i i h n e r e m b r y o n e n  in Ge- 
webeku l tu r  mi t  h i s tochemischer  Methode  nnte rsucht ,  wo- 
be:  die E n z y m a k t i v i t ~ t  sowohl an der  ZelloberflAche wie 
auch  an den Den t r i t en  nachzuweisen  :st. 

S. U. KI~  

A) Large motor neurons ill a presumptive anterior horn region. Bodian 
stain. 14 days in vitro. B) Numerous terminal boutons surrounding a 
neuronal perikaryon and its main dendrite. Bodian stain; 14 days in 
vitro. C) Several axodendritie synapses are shown in this electron- 
mierograph. 14 days in vitro. D) Choline aeetyltransferase activity is 
demonstrated in fine granular reactions ill perikaryon of motor neu- 
ron. Nueleolus has intense reaction. 2 h incubation. 14 days in vitro. 
E) Acetylehotinesterase activity in motor neurons in a presumptive 
anterior horn region. 2 h incubation. 14 days irl vitro. Bars in Figures 
A), B), D) and E) represent 20 ~m. 
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