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The  inf luence  of N - m e t h y l - N - ~ - c h l o r o e t h y l  h y d r a z i n e s  on the m i t o t i c  i n d e x  of Ehr l ich  a sc i t e s  
t u m o r  ce l l s  and the l e u k o p o i e s i s  of the  m o u s e  
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Summary. The cy tos ta t ic  ac t iv i ty  of N ' -methy l -N ' - f i - ch lo roe thy lbenza ldehyd  hydrazone  (B1) is a t  least  equal  to  t h a t  
of p roearbaz ine  when  its effect  is t e s t ed  wi th  the  Ehr l i ch  ascites t u m o r  cells of t he  mouse  and  the  Yoshida  sa rcoma  
of the  rat .  B1 causes a sl ighter  decrease of mi to t ic  cells and  no shif t  f rom prophase  to  me taphase .  These results  suggest  
t h a t  the  cy tos ta t ic  effect  of B1 is due to  interference wi th  cell me tabo l i sm or an effect  a t  the  cell m e m b r a n e  and  
no t  to an effect  on cell proliferat ion.  This a s sumpt ion  is suppor t ed  b y  a considerable  depress ion of l ymphocy te s  and  a 
minor  effect  on granulopoiesis,  which  is especially sensi t ive towards  pro l i fe ra t ion  toxins .  All these  f indings suggest  a 
d i f ferent  mechan i sm of act ion of ]31 and  procarbazine.  

Previous  exper imen t s  1, ~ have  shown the  fungis ta t ic  quali-  
t ies of N-methyl -N-f l -ch loroe thy lhydraz ine  (A1) and i ts  
benza ldehydhydrazone  (B1). Compar ing  the i r  cy tos ta t i c  
ac t iv i ty  w i th  t h a t  of equimolar  doses of procarbazine,  a 
m o n o m e t h y l  hydraz ine  der ivate ,  we could achieve a pro-  
longat ion of the  survival  t ime  of mice wi th  Ehr l i ch  
ascites t u m o r  (EAT) and  ra ts  w i t h  u  sarcoma 3. In  
con t ras t  to procarbazine ,  b o t h  subs tances  exhib i ted  an 
excel lent  in v i t ro  ac t iv i ty :  A 1  interferes  w i th  D N A  and  
!~NA synthesis ,  the  less toxic  B1, ill addi t ion,  inhib i t s  
the  cellular up take  and  the  phosphory la t ion  of nucleo- 
sides 4. We  now inves t iga ted  the  impor tance  of these  dif- 
ferent  mechan i sms  dur ing  the  cell cycle in vivo and de- 

Table 1. Mitotic index of Ehrlich ascites tumor cells in ~ after 
treatment with A1, B1 and procarbazine 

Substances Time in h 
mg/kg 0 2 4 8 12 24 48 72 

Control 26.2 26.6 28.9 31.1 37.7 31.5 26.3 31.4 

62,5 A1 27.3 29.4 14.9 22.0 33,1 34.9 30.9 34.3 
125 26.6 18.4 6.0 7.3 12.5 21.3 29.3 19.6 

225 29.8 22.4 26.6 32.7 34.0 37.8 29.7 40.3 131 450 32.0 9.6 12.0 13.2 14.5 26.4 31.2 25.2 

250 34.4 37.8 20.3 14.0 14.9 28.3 32.0 34.0 Proearbazine y 

500 37.2 21.7 5.6 4.3 8.5 28.0 26.0 28.9 

Table 2. Phase ratio of mitosis at Ehrlich ascites tmnor cells after 
single injection of B1 and procarbazine 

Substances Time after Phase ratio in % 
mg/kg single injection Prophase Metaphase Ana- and 

in h telophase 

Control 8 40.1 46.0 13.9 
24 32.1 41.6 26.4 
48 35.6 42;7 21.7 

8 21.7 59.4 18.9 
A1 24 34.2 50.1 15.8 
125 48 30.0 47.7 22.3 

8 25.5 49.6 24.9 
B1 24 32.7 45.6 21.7 
450 48 35.5 47.7 16.8 

Pro- 8 10.9 60.0 29.1 
carbazine 24 19.6 62.3 18.2 
500 48 21.7 58.3 20.0 

t e rmined  the  mi to t ic  index  of the  Ehr l i ch  ascites t u m o r  
ceils of the  mouse  under  the  influence of the  fl-chloro- 
e thy lhydraz ines .  The influence on leukopoisis was s tudied  
in mice t r ea t ed  wi th  the rapeu t i c  doses of B1 because of 
the  wel l -known depression of leukocytes  which  is a side- 
effect of mos t  rad iomimet ic  agents.  Control  exper iments  
were pe r fo rmed  wi th  procarbazine.  
Methods. Mitotic index. 6 • ceils of a hyperd ip lo id  
s t ra in of Ehr l ich  ascites t u m o r  cells were in jec ted  into t h e  
per i toneal  cav i ty  of male albino mice (NMRI,  23 g). 
7 days  later,  groups of t en  animals  were formed and the  
substances  were applied in t raper i tonea l ly  as a single 
inject ion dissolved in 0.2 ml  phospha t e  buffer.  Because 
of its h igher  toxici ty ,  A1 was used in a concen t ra t ion  hal f  
of t h a t  of B1 and proearbazine  which were equimolar .  
A control  group received 0.9% saline. At  the  t ime indi-  
cated in table  1, 0.2 ml  ascites were asp i ra ted  unde r  
sterile condi t ions  and an air-dr ied smear  was s ta ined 
wi th  orceinS; 500 ceils were coun ted  per  slide. 
Leukopoiesis.  A1, B1 and procarbaz in  were injected in t ra-  
per i toneal ly  (see above) e i ther  as a single dose or as a 
daily in jec t ion  for 14 days.  (For detai ls  see table  3.) The 
leukocyte  count  was d e t e r m i n a t e d  and a smear  was 
s ta ined by  the  P a p p e n h e i m  procedure  8. 
Results. Mitotic index. All 3 hydraz ine  der ivates  inhibi t  
mitosis  in a dose -dependen t  correlat ion (table 1). The 
results  for p rocarbaz ine  are in accordance wi th  those  
descr ibed in the  l i tera ture  ~, s. B o t h  procarbazine  and A1 
cause a considerable  decrease of the  mi to t ic  index to  
4-6 ~ 0 af ter  8 or 4 h of h igh  dose t r ea tmen t ,  respectively.  
T h e  effect  of B1 reaches its m a x i m u m  wi th  9.60/00 
af ter  2 h. 
If  only half  the  dose is used (which is app rox ima te ly  t he  
the rapeu t i c  dose for a t r e a t m e n t  of t he  EAT of t he  
mouse).  A1 and  procarbaz ine  again cause a s ignif icant  
depress ion of the  mi to t ic  index  af ter  the  same periods of 
t ime (p < 0.01). In  con t r a s t  to  these  results,  no signifi- 
can t  effect  was observed 2 h af ter  appl ica t ion  of ]31. 
Table 2 shows the  d i s t r ibu t ion  of the  di f ferent  mi to t ic  
phases  under  the  h igh-dose - t r ea tmen t .  Procarbaz ine  

1 R. Braun and H. Lange, Z. Naturforsch. 31c, 292 (1976). 
2 R. Braun, H. Lange, U. Marigold and R. Mangold, Z. Naturforsch. 

31c, 298 (1976). 
3 R. Braun and G. Wolf, Z. Krebsforsch. 86, 127 (1976). 
4 R. Braun, U. Mangold and R. Marigold, Z. Krebsforseh., in press 

(1976). 
5 E. Theralan, Cancer Res. 32, 1123 (1972). 
6 E. Grabener, in: Praxislaboratorium. Georg-Thieme-Verlag, 

Stuttgart 1966. 
7 A. Blombart, Jr, and F. Perez Minguez, Oncology 23, 201 (1969). 
8 A. T. Huang, G. Guttermann and P. Hochstein, Experientia 25, 

203 (1969). 



15. 1. 1977 Specialia 

Table 3. Effect of B1 aad procarbazine on the leukopoiesis in mice 

67 

Substances Control Day 
mg/kg % 

Weeks 

3 % 5 % 1 % 2 % 3 4 % 6 % 

B1 Leukocytes 8900 100 
1 • 150 Lymphocytes 7085 79.6 

Neutrophils 1750 19.7 

Procarbazine Leukoeytes 8900 100 
Lymphocytes 7085 79.6 

1 • 165 Neutrophils 1750 19.7 

B1 Leukocytes 8900 100 
14 • 65 Lymphocytes 7085 79.6 

Neutrophils 1750 19.7 

Procarbazine Leukocytes 8900 100 
Lymphocytes 7085 79.6 

14 • 50 Neutrophils 1750 19.7 

5955 100 5545 100 7215 100 
4465 75.0 3620 65.3 4850 67.2 
1400 23.5 1845 33.3 2380 33.0 

3255 100 2835 100 . 3000 100 
2590 80.3 2220 78.0 2315 77.1 

620 19.2 600 21.3 665 22.9 

5715 100 
4380 76.6 
1325 23.2 

2400 100 
1630 67.8 

760 32.0 

9310 100 
5690 61.1 
3575 38.4 

3630 100 
2350 64.8 
1260 34.7 

6500 

1845 

10330 

5965 

8300 100 6380 100 
6690 8 0 . 6  4940 74.4 
1585 19.1 1360 21.3 

3080 100 2150 100 
2030 65.9 1150 53.6 
1020 33.1 975 45.3 

c a u s e s  a s i g n i f i c a n t ,  l o n g  l a s t i n g  s h i f t  f r o m  p r o p h a s e  to  
m e t a p h a s e ,  a n  e f f ec t  a lso  f o u n d  b y  R u t i s h a u s e r  a n d  
B o l l a g "  in  t h e  ca se  o f  1 - m e t h y l - 2 - b e n z y l  h y d r a z i n e .  A 
s i m i l a r  b u t  s h o r t e r  s h i f t  is  f o u n d  for  A1 a f t e r  8 h,  w h e r e a s  
t h e  d i s t r i b u t i o n  p a t t e r n  of  B1 does  n o t  d i f f e r  f r o m  
con t ro l .  T h u s ,  t h e  p r o l o n g a t i o n  of  t h e  i n t e r p h a s e  for  B1 
is n o t  d u e  to  a d i r e c t  i n f l u e n c e  on  m i t o s i s .  
L e u k o p o i e s i s .  W e  i n v e s t i g a t e d  t h e  l e u k o p o i e s i s  a f t e r  
t r e a t m e n t  w i t h  a s ing le  h i g h  e q u i m o l a r  dose  of  B1 a n d  
p r o c a r b a z i n e  a n d  a f t e r  2 w e e k s  of  d a i l y  a p p l i c a t i o n  of  
1/10 DLs0 (mole  D 1 / m o l e  p r o c a r b a z i n e  ~ 1.5). Bo th  
d r u g s  c a u s e  a d e p r e s s i o n  of  l e u k o c y t e s ,  w h i c h  is m o r e  
i n t e n s i v e  a n d  l a s t s  l o n g e r  w i t h  p r o c a r b a z i n e .  T h e  n u m b e r  
of  l e u k o c y t e s  r e a c h e s  i t s  m i n i m u m  a f t e r  3 w e e k s  of  p r o -  
c a r b a z i n e  t r e a t m e n t  a n d  is s t i l l  b e l o w  c o n t r o l  v a l u e s  a f t e r  
6 weeks ,  w h e r e a s  B1 c a u s e s  i t s  m a x i m a l  d e p r e s s i o n  al-  

r e a d y  a f t e r  5 d a y s ,  b u t  in  t h i s  c a s e  t h e  l e u k o c y t e s  r e c o v e r  
a t  l e a s t  a f t e r  6 w e e k s .  F u r t h e r m o r e ,  t h e  d e p r e s s i o n  u n d e r  
B1  m a i n l y  c o n c e r n s  t h e  d i f f e r e n t i a t i o n  of  l y m p h o c y t e s  
a n d  b a r e l y  a f f e c t s  t h e  g r a n u o p o i e s i s .  C o m p a r e d  w i t h  
t h e s e  e f fec t s ,  p r o c a r b a z i n e  c a u s e s  a s e v e r e  g r a n u l o p e n i a .  
T h e  lower  t o x i c i t y  of  B I  b e c o m e s  m o r e  d i s t i n c t  w h e n  t h e  
a n a l y s i s  is d o n e  a f t e r  t h e  2 w e e k s '  t r e a t m e n t .  A f t e r  app l i -  
c a t i o n  we  c o u l d  n o t  d e t e r m i n e  a n y  c h a n g e  of  t h e  l e u k o -  
c y t e  n u m b e i s .  U n d e r  t h e s e  c o n d i t i o n s ,  p r o c a r b a z i n e  
c a u s e s  a l o n g - l a s t i n g  r e d u c t i o n  of  t h e  m y e l o i c  a n d  e v e n  
a g r e a t e r  d e c r e a s e  o f  t h e  l y m p h a t i c  cells.  T h e  r e s u l t s  a re  
c o m p a t i b l e  w i t h  t h o s e  o b t a i n e d  b y  B o l l a g  in  r a t s  10. 
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Summary.  Fol ic  a c i d  c o m p e t i t i v e l y  i n h i b i t e d  b r a i n  L - g l u t a m i c  d e c a r b o x y l a s e  (K~ = 1.62 • 10 -a M) .  T h i s  i n h i b i t i o n  
c o u l d  p o s s i b l y  be  a s s o c i a t e d  w i t h  ep i l epsy .  

Introduction. T h e r e  is a p o s s i b l e  l i nk  b e t w e e n  e p i l e p s y  
a n d  folic a c id  m e t a b o l i s m .  T h e  a d m i n i s t r a t i o n  of  f o l a t e  
to  r a t s  i n d u c e s  c o n v u l s i o n s  2, a. M o r e o v e r ,  i t  h a s  b e e n  ob-  
s e r v e d  t h a t  t h e  folic a c i d  c o n t e n t  is i n c r e a s e d  in  e x p e r i -  
m e n t a l  ep i l ep t i c  c o b a l t  foci4. 

I n  ep i l ep t i c  p a t i e n t s  u n d e r g o i n g  a n t i c o n v u l s a n t  d r u g  
t h e r a p y  a r e d u c t i o n  in  s e r u m  fo l a t e  l eve ls  h a s  b e e n  
m e a s u r e d  ~. I n d e e d ,  t h e  d e v e l o p m e n t  of  m e g a l o b l a s t i c  
a n a e m i a  h a s  b e e n  n o t e d  in s u c h  p a t i e n t s  6. F o l a t e  a d -  
m i n i s t r a t i o n ,  i n t e n d e d  to  c o u n t e r a c t  t h i s  d e f i c i e n c y ,  h a s  
b e e n  r e p o r t e d  to  r e s u l t  in a n  i n c r e a s e d  f r e q u e n c y  of 
s e i z u r e s  7, s. 

A n  e x p l a n a t i o n  of  t h e  b i o c h e m i c a l  b a s i s  for  t h e  c o n -  
v u l s a n t  a c t i o n  of fol ic a c i d  h a s  n o t  y e t  b e e n  f o r t h c o m i n g .  
H o w e v e r ,  ROBERTS" h a s  d e m o n s t r a t e d  t h a t  g l u t a m a t e  
u p t a k e  b y  n e r v o u s  t i s s u e  is c o m p e t i t i v e l y  i n h i b i t e d  b y  
fo la te .  T h i s  is of  i n t e r e s t  s i nce  g l u t a m a t e  h a s  b e e n  p r o -  
p o s e d  as  a n  e x c i t a t o r y  t r a n s m i t t e r  in  t h e  b r a i n  lo. S e v e r a l  
d r u g s  t h a t  c a n  i n d u c e  c o n v u l s i o n s  h a v e  b e e n  s h o w n  to  
i n h i b i t  b r a i n  L - g l u t a m a t e  d e c a r b o x y l a s e  (GAD)11-1~.  
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