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T u m o u r  I n h i b i t o r y  E f f e c t s  o f  a N e w  C l a s s  o f  
C y t o t o x i c  A g e n t s :  M e t h y l h y d r a z i n e  D e r i v a t i v e s  

1-Methy l -2 -benzy t -hydraz ine  h a s b e e n  found  to  inh ib i t  
t he  g rowth  of t r ansp l an t ab l e  t u m o u r s  in mice  and  rats .  
As th is  c o m p o u n d  did no t  show a sa t i s fac to ry  the rapeu t i c  
index  and  as it led f u r t h e r m o r e  to l iver damage ,  a large 
series of de r iva t ives  has  been  syn thes ized  b y  ZELLER et  
al. ~ in order  to  f ind  subs t ances  hav ing  b e t t e r  c h e m o t h e r a -  
peut ic  p roper t ies  c o m b i n e d  wi th  lower toxic i ty .  Only  
c o m p o u n d s  w i t h  the  group - N H - N H - C H  a show marked  
cy to tox ic  effects.  In  th i s  p a p e r  t he  t u m o u r  inh ib i t ing  
p rope r t i e s  of 1 -methy l -2 -p - ( i sopropy lca rbamoyl )benzy l -  
h y d r a z i n e  hydroch lo r ide  (I 2) and  1-methyl-2-p-al lo-  
p h a n o y l b e n z y l - h y d r a z i n e  h y d r o b r o m i d e  (II 8) are des- 
cribed.  A de ta i led  r epor t  on these  inves t iga t ions  will be  
g iven elsewhere.  

M e t h o d s .  The  e x p e r i m e n t s  were  done  on the  following 
t r a n s p l a n t a b l e  t u m o u r s :  Ehr l i ch  ca rc inoma  (solid form), 
Ehr l i ch  ca rc inoma  (ascitic form), Crocker sa rcoma S 180, 
W a l k e r  ca rc inosarcoma 256 and  u te rus  ep i the l ioma  
(Gn6rin) T 8. 

I n  t h e  case of t u m o u r s  growing  in solid form,  smal l  
t u m o u r  f r agmen t s  were i m p l a n t e d  subcu taneous ly ,  where-  
as of the  Ehr l i ch  asci tes  ca rc inoma  asci tes  cell suspensions  
were in jec ted  in t raper i tonea l ly .  Groups  of t en  an imals  
were  used  for each dose. Dai ly  a d m i n i s t r a t i o n  of t he  com-  
p o u n d s  in aqueous  solut ion was  s t a r t e d  on t h e  d a y  a f t e r  
t he  imp lan ta t ion ,  e i ther  by  in t r ape r i tonea l  or oral route.  

5 to  9 da i ly  doses were given, va ry ing  according  to  t h e  
kind of tumours .  The d a y  a f te r  t he  last  dose  h a d  been  
admin i s t e r ed  the  tu rnouts  were  excised,  weighed,  and  
c o mp a r e d  w i t h  t he  controls .  I n  the  case of the  asc i tes  
carc inoma,  the  su rv iva l  t ime was de t e rmined .  

Resu l t s ,  Tables  I and  II  i l lus t ra te  the  t u m o u r  inh ib i to ry  
effects  of I and  I[ .  In  these  e x p e r i m e n t s  I was adminis -  
te red  by  p a r e n t a l  route  and  I I  was  fed by  s t o m a c h  tube .  

As can be seen f rom Tables  I a n d  I I  t he  t u m o u r  g r o w t h  
of the  neop lasms  l is ted was m a r k e d l y  inh ib i ted .  VVith the  
Walke r  carc inosarcoma,  e x p e r i m e n t s  have  been  carr ied 
ou t  also on es tab l i shed  tumours .  40% of these  t u m o u r s  
regressed comple te ly ,  whereas  in t h e  o the r  60% a resis-  
t ance  deve loped  aga ins t  t he  a d m i n i s t e r e d  d rug  Mter  t h e  
t u m o u r  had  a lmos t  comple te ly  regressed.  A line of Ehr l i ch  
asci tes c a r c inoma  res i s tan t  to I could be ob ta ined  a f te r  
7-9  passages  in  mice  t r e a t e d  w i t h  th is  compound .  

The  t u m o u r  inh ib i t ion  tes t s  w i t h  i n t r ape r i t onea l  and  
oral  a d m i n i s t r a t i o n  gave s imi lar  results .  

Organs wi th  a h igh prol i fera t ion ra te  like t he  h a e m a t o -  
poiet ic  t issues and  the  gonads  are also a f fec ted  by  these  
subs tances  ~. The  t e s t i ng  of  a laxge series of m e t h y l -  

1 p. ZELLER et al., Exper. 19, 129 (1963). 
I = Ro 4-646711. 

a II = Ro 4-6824. 
K. SCHARER and E. T~IEISS, to be published. 

Table I. Effect of I on a spectrum of 5 turnouts 
Intraperitoneal administration 

Ehrlich carcinoma, solid/orm, I i.p., 5 times within 7 days 

Dose Average tumour weight % tumour inhibition 
in mg 

Controls 529 0 
100 mg/kg 158 70.2 
200 mg]kg 50 90.6 
300 mg]kg 40 92.5 

Ehrlich aseites carcinoma, I i.p., 7 times within 9 days 

Dose Average survival time Prolongation 
of survival in % 

Controls 10.2 0 
100 mg/kg 18.6 80 
200 mg/kg 23.4 130 
30(} mg]kg 42.2 310 

Crocker sarcoma S 180, I i.p., 5 times within 7 days 

Dose Average tumour weight % tumour inhibition 
in mg 

Controls 1554 0 
300 mg]kg 589 62.1 
400 mg]kg 281 81.9 

Walker carcinosarcoma 2~6, 1 i.p., 6 times within 8 days 

Dose Average tumour weight % tumour inhibition 
in mg 

Controls 4905 0 
5 mg/kg 954 80.6 

10 mglkg 0 100.0 

Uterus epitkelioma {Gu&in) T 8, I Lp., 9 times within 11 days 

Dose Average turnout weight % tumour inhibition 
in mg 

Controls 15973 O 
25 mg/kg 14165 11.3 
50 mg/kg 6817 57.3 

Table II. Effect of II on a s~ctrum of 5 turnouts 
Oral administration 

]£hrlieh carcinoma, solid ]orm, [[  per os, 5 times within 7 days 

Dose Average tumour weight % tumour inhibition 
in mg 

Controls 735 0 
100 mg/kg 126 82.9 
200 mglkg t41 80,8 
300 mg]kg 71 90.4 

Ehrlich asciles carcinoma, I I  per os, 7 times within 9 days 

Dose Average survival time Prolongation 
of survival in % 

Controls 14.5 O 
1O0 mg/kg 24.6 69.7 
200 mg/kg 41.6 186.9 
300 mg/kg 52,6 262.8 

Crocker sarcoma S 180, I I  per os, 5 times within 7 days 

Dose Average tumour weight % tumour inhibition 
in mg 

Controls '2314 0 
100 mg/kg 9'21 60.2 
500 mg[kg 701 69.7 

Walker earcinosarcoma 256, I I  per os, 6 times within 8 days 

Dose Average tumour weight % tumour inhibition 
in mg 

Controls 6920 0 
5 mg[kg 458 93.4 

10 mg]kg 0 100.0 

Uterus epithelioma (Gudrin) T 8, 1 I  per 0% 9 times within 11 days 

Dose Average tumour weight % turnout inhibition 
in mg 

Controls 15647 0 
50 mg]kg 10712 31,5 
75 mg]kg 3642 76.7 

1 O0 mg]kg 1097 93.0 
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h y d r a z i n e s  r evea l ed  t h a t  t he  degree of d a m a g e  to  the  
va r ious  t u m o u r s  m e n t i o n e d  a b o v e  a n d  to the  h a e m a t o -  
poie t ic  s y s t e m s  showed  s t r i k ing  va r i a t ions .  Select ive ef- 
fects  e i t h e r  on  t u m o u r s  or  on leukopoiesis  a lone h a v e  been  
not iced .  Cl inical  s tud ie s  a re  u n d e r  way  to e s t ab l i sh  t he  
possible usefulness  of these  c o m p o u n d s  in t h e r a p y  of 
h u m a n  m a l i g n a n t  diseases.  To o b t a i n  i n fo rma t ion  on  the  
m e c h a n i s m  of ac t ion  of these  c o m p o u n d s  cytological  and  
phys i co -chemica l  i nves t i ga t i ons  h a v e  been  u n d e r t a k e n  ~,~. 

Zusammen/assung. Die t u m o r h e m m e n d e  W i r k u n g  e iner  
n e u e n  Klasse  yon  C y t o s t a t i c a  (Me thy thydraz inde f iva t e )  
wi rd  besch r i eben .  Das  W a c h s t u m  des Ehr l i ch -Carc inoms  
in sol ider  u n d  asc i t i scher  Fo rm,  des Crocker  Sa rkoms  
S 180, des  \Va lke r -Ca rc inosa rkoms  256 u n d  des Ute rus -  
E p i t h e l i o m s  T 8 wi rd  deu t l i ch  g e h e m m t .  1-Methyl-2-p-  

( i sop ropy lca rbamoy l )benzy l -  h y d r a z i n  - h y d r o c h l o r i d  (I) 
u n d  1-Methyl-  2 - p - a l l o p h a n o y l b e n z y l - h y d r a z i n - h y d r o b r o -  
mid  (II)  ze ichnen  sich d u t c h  besonde r s  s t a r k e  c y t o s t a t i s c h e  
A k t i v i t ~ t  aus.  

W. BOLLAG a n d  E.  GRUNBERG 

Medizinische Forschungsabteilung, F. Ho]/mann-La Roche 
& Co. AG., Basel (Switzerland), and Medical Research 
Department, Hof/mann-La Roche Inc., Nutley (New Jer- 
sey, U.S.A.), December 17, 1962. 

s A. RUTISHAUSKR and W. BOLLAG, Exper. 19, 13l (1963), 
6 K. BERNEIS et al., Exper. 19, 132 (I963). 

C y t o l o g i c a l  I n v e s t i g a t i o n s  w i t h  a N e w  C l a s s  of  
C y t o t o x i c  A g e n t s :  M e t h y l h y d r a z i n e  D e r i v a t i v e s  

M e t h y l h y d r a z i n e  de r iva t ives  h a v e  been  found  as a new 
class of  t u m o u r  i n h i b i t o r y  c o m p o u n d s ' .  I n  th i s  p a p e r  
e x p e r i m e n t s  to  e luc ida te  t h e  m e c h a n i s m  of ac t ion  of these  
a n t i t u m o u r  s u b s t a n c e s  are  descr ibed.  W e  hoped  to learn  
f rom cy to log ica l  i nves t i ga t i ons  w h e t h e r  a n d  how the  
mi to t i c  cycle a n d  t he  c h r o m o s o m e s  are affected.  

T h e  t e s t  s u b s t a n c e  used in ou r  e x p e r i m e n t s  was 1- 
m e t h y l - 2 - b e n z y l - h y d r a z i n e p h o s p h a t e  (MBH).  The  Eh r -  
l ich asci tes  c a r c i n o m a  was chosen  as a t e s t  model  for the  
fol lowing r ea sons :  (1) The  E h r l i c h  asci tes  t u m o u r  is 
m a r k e d l y  i n h i b i t e d  b y  M B H  a n d  (2) t h i s  t r a n s p l a n t a b l e  
n e o p l a s m  in  i t s  asci t ic  fo rm is v e r y  c o n v e n i e n t  for a cyto-  
logical  ana lys i s .  

A l b i n o  mice,  we igh ing  22-24  g, were inocula ted  w i th  
f resh ascites.  0.2 ml  of a cell suspens ion ,  c o n t a i n i n g  10-15 
mi l l ion  cells, were i n j ec t ed  i n t r ape r i t onea l ly .  4 days  a f te r  
t he  i m p l a n t a t i o n  a single in j ec t ion  of a n  aqueous  solut ion 
of M B H  was a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  in va ry ing  
doses. 

The  c h a r a c t e r i s t i c  d a t a  of t he  hype r t r i p lo id  ascites 
t u m o u r  ( s t ra in  B) a n d  the  cytological  m e t h o d s  of the  
Feu lgen  t e c h n i q u e  a n d  t he  orcein  s t a in ing  are descr ibed 
e lsewhere  2. F o r  some  ana lyses  mi toses  were a r res t ed  in 
m e t a p h a s e  b y  24 7 of co lchic ine  usua l ly  g iven  4 h before 
t a k i n g  a n  asc i tes  sample .  

Results. (1) Mi to t i c  i n d e x :  I n  t h e  n o n - t r e a t e d  asci tes  
t u m o u r  t h e  p e r c e n t a g e  of mi toses  in  1000 coun ted  cells 
var ies  b e t w e e n  9.0 a n d  5 .3%.  In  t h e  t r e a t e d  an ima l s  the  
pe rcen t age  of cells be ing  in mi tos is  decreases  marked ly  
down  to  0 .5% v a r y i n g  acco rd ing  to  the  dose of the  cyto-  
toxic a g e n t  a n d  to  t he  lapse  of t i m e  a f te r  the  admin i s t r a -  
t ion  of t he  d r u g  (Tab le  I). 

(2) P h a s e  r a t io :  T h e  d i s t r i b u t i o n  of t he  var ious  phases  
of t h e  m i t o t i c  cycle c an  b e  seen in Tab le  I. I n  u n t r e a t e d  
t u m o u r s  t h e  n u m b e r  of p r o p h a s e s  exceeds  t h a t  of t h e  
me t aphase s .  The  ana lys i s  of t he  phases  of t r e a t ed  asci tes  
t u m o u r s  r evea l s  a no t i ceab le  sh i f t  f rom p rophase  to  rec ta-  
phase.  N o w  t h e  m e t a p h a s e s  p r e d o m i n a t e .  The  pe rcen tage  
of aria-  a n d  t e lophases  does  n o t  c h a n g e  s igni f icant ly .  

(3) C h r o m o s o m e  n u m b e r :  The  asci tes  t u m o u r  used in 
our  e x p e r i m e n t s  h a s  a r a t h e r  s t ab le  ch romosoma l  var ia -  
t ion  p a t t e r n .  T h e  s t eml ine  n u m b e r  (s) is 66 and  t h e r e  
exis t  two m e t a c e n t r i c  m a r k e r  chromosomes .  U n d e r  t h e  
t r e a t m e n t  w i t h  M B H  no s ign i f ican t  change  in the  chromo-  

Table t. Mitotic index and phase ratio 

Dose h after Mitotic Phase ratio in % 
single index Pro- Meta- 
injection in % phase phase 

Ana- and 
telophase 

Controls 8 9 53 38 9 
24 8.4 53 41 6 
48 5.3 62.3 33.9 3.8 
72 6.4 55.4 30,8 13.8 

200 mg]kg 8 0.6 28 58 14 
MBH i.p, 24 5.4 50 41 9 

48 3.4 28 62 10 
7'2 5.5 29.l 5'2.7 18.2 

300 mglkg ~4 0.8 ~22.5 64.9 12.6 
MBH i.p. 48 0.5 14.7 71.3 14.0 

Metaphase plate, 48 11 after 400 mg/kg MBH. Chromosomal ab- 
errations, in which some of the recombinations are pointed out as 

tr = translocation (interchange) and trl = triradiaL 

1 W. I~OLLAG and E. GRUNBERG, Exper. 19, 130 (1963). 
2 A. RUTtSHAUSER, Ncujahrsblatt der Zfircher Naturforsch. Ges. 

1963, 1. 


