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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.  
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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 
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some  n u m b e r  a n d  in t h e  n u m b e r  of  m a r k e r  c h r o m o s o m e s  
t akes  place.  

(4) C h r o m o s o m e  b r e a k s :  I n  asc i tes  c a r c i n o m a  n o  
c h r o m o s o m e  o r  c h r o m a t i d  b r e a k s  c a n  be  o b s e r v e d  u n d e r  
o r d i n a r y  c o n d i t i o n s  of  t r a n s p l a n t a t i o n .  Af t e r  t h e  t r e a t -  
m e n t  w i t h  IvIBH c h r o m a t i d  b r e a k s  a n d  r e u n i o n s  occur.  A 
few free c h r o m a t i d  b r e a k s  c a n  b e  seen,  b u t  i n t e r c h a n g e  
a n d  t r i r a d i a l  r e c o m b i n a t i o n s  p r e v a i l  b y  fa r  (Figure) .  
F r o m  th i s  f ac t  i t  m a y  b e  inferred ,  t h a t  on ly  c h r o m a t i d  a n d  
no  c h r o m o s o m e  b r e a k a g e  occurs  i n  consequence  of t h e  
t r e a t m e n t  w i t h  t h i s  c y t o t o x i c  drug .  T h e  n u m b e r  of b r e a k -  
ages is d e p e n d e n t  on  t he  dose of t he  d r u g  a n d  t h e  lapse of 
t i m e  a f t e r  t h e  i n j ec t i on  of t h e  c y t o t o x i c  agen t .  I n  T a b l e  I I  
t h e  m e a n  p e r c e n t a g e  of c h r o m a t i d  b r e a k s  is i nd i ca t ed .  1 %  
b r e a k s  m e a n  t h a t  in  one  of 100 i n v e s t i g a t e d  m e t a p h a s e -  
p la t e s  one  e h r o m a t i d  b r e a k  is found.  

Discussion. F r o m  the  low m i t o t i c  index ,  i.e. f i le  sup-  
press ion  of mitosis ,  i t  m a y  be inferred,  t h a t  t h e  i n t e r p h a s e  

Table II. Chromatid breaks 

Dose h after single injection Mean percentage of breaks 

Controls 0 

200 mglkg 8 0 
MBH i.p. 24 3.3 

48 38.0 
72 29.0 

400 mglkg 48 70,4 
MBH i.p. 72 280.0 

168 255.6 
192 39.6 

is m a r k e d l y  p ro longed  b y  t h i s  k i n d  oI c y t o t o x i c  agen ts .  
T h e  sh i f t  in  d i s t r i b u t i o n  f rom p r o p h a s e  to  m e t a p h a s e  is 
n o t  fol lowed b y  a decrease  of a n a -  a n d  t e lophase .  F o r  t h i s  
r e a s o n  i t  c a n n o t  be  i n t e r p r e t e d  as a C-mi to t i c  effect.  T h e  
c h r o m o s o m a l  a b e r r a t i o n s  i n d u c e d  b y  t h e  m e t h y l h y d r a -  
zincs show a specif ic  p a t t e r n .  O n l y  c h r o m a t i d  a n d  no  
c h r o m o s o m e  b r e a k s  occur.  T h e r e f o r e  t he  b r e a k s  seem to  
be  i nduced  d u r i n g  or  a f t e r  deoxyr ibonuc l e i c  ac id  (DNA) 
syn thes i s .  T h e  la te  a p p e a r a n c e  of b r e a k s  m a y  be  due  to  a 
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  or  t o  a de l ayed  a c t i o n  of 
t h i s  t y p e  of c y t o t o x i c  agen t .  T h e  i nves t i ga t i ons  o n  t h e  
effect  of  m e t h y l h y d r a z i n e s  on  i so l a t ed  D N A  3, w h i c h  
show a v e r y  slow d e g r a d a t i o n  of D N A ,  m a y  exp la in  t h e  
a b o v e  m e n t i o n e d  cy to log ica l  p h e n o m e n o n .  

Zusammen/assung. Mit te l s  cy to log i scher  U n t e r s u c h u n -  
gen  w u r d e  v e r s u c h t ,  e inen  E i n b l i c k  in  d e n  W i r k u n g s -  
m e c h a n i s m u s  de r  t u m o r h e m m e n d e n  M e t h y l h y d r a z i n -  
v e r b i n d u n g e n  zu gewinnen .  1 -Me thy l -2 -benzy l -hyd raz in -  
p h o s p h a t  b e w i r k t  b e i m  E h r l i c h - A s c i t e s - C a r c i n o m  der  
Maus  e inen  Abfa l l  des  Mi tose indexes ,  e ine V e r s c h i e b u n g  
des  M i t o s e p h a s e n i n d e x e s  z u g u n s t e n  de r  M e t a p h a s e  sowie 
das  A u f t r e t e n  y o n  C h r o m a t i d b r i i c h e n .  Diese  B e f u n d e  
w e r d e n  d i sku t i e r t .  
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T h e  D e g r a d a t i o n  of  D e o x y r i b o n u c l e i c  A c i d  by  
N e w  T u m o u r  I n h i b i t i n g  C o m p o u n d s :  the  I n t e r -  

m e d i a t e  F o r m a t i o n  of  H y d r o g e n  P e r o x i d e  

I t  h a s  b e e n  d e m o n s t r a t e d  t h a t  1 - m e t hy l - 2 - benzy l -  
h y d r a z i n e  a n d  d e r i v a t i v e s  h a v e  t u m o u r  i n h i b i t i n g  p r o p -  
e r t ies  x a n d  t h a t  t h e y  can  cause  c h r o m o s o m e  b r e a k s  ~. As 
t h e  c h r o m o s o m e s  c o n t a i n  a la rge  a m o u n t  of d e o x y r i b o -  
nucle ic  ac id  (DNA) we were  i n t e r e s t e d  in  t h e  e f fec t  of 
t he se  new  c o m p o u n d s  on  D N A .  W i t h  t h e  fo l lowing in-  
ve s t i ga t i ons  we i n t e n d e d  to  o b t a i n  some  i n f o r m a t i o n  on  
t he  m e c h a n i s m  of  a c t i o n  of  t h e s e  m e t h y l h y d r a z i n e  
de r iva t ives .  

W e  h a v e  e x a m i n e d  t h e  effect  of 1 -methy l -2-p- ( i so-  
p r o p y l c a r b a m o y l )  b e n z y l - h y d r a z i n e  h y d r o c h l o r i d e  (I3) 
on  the  v i scos i ty  of aqueous  so lu t ions  of deoxy r i bonuc l e i c  
acid 4. T h e  so lu t i on  of 0 .07% w / v  s o d i u m  d e o x y r i b o -  
nuc le ina t e  5 a n d  10% s o d i u m  ch lor ide  to  s t ab i l i ze  t h e  
D N A  aga ins t  d e n a t u r a t i o n  ~ in 1/30 m o l a r  p h o s p h a t e  
buf fe r  of p H  7 was  m a d e  0.0005 m o l a r  w i t h  r e spec t  to  I. 
The  so lu t ion  was  s t o r e d  a t  37°C. T h e  v i s cos i t y  was  
m e a s u r e d  per iodica l ly  in  a n  Os twa ld  t y p e  v i s c o m e t e r  a t  
37°C (sheer  s t ress  b e t w e e n  300 a n d  600 see- l ) .  

T h e  resu l t s  of t h e  v i scos i ty  m e a s u r e m e n t s  a re  p r e s e n t e d  
in  F igure  1. I n  t h e  p resence  of m o l e c u l a r  o x y g e n  I causes  
a s t e a d y  decrease  of the  v i scos i ty  ove r  a pe r iod  of s eve ra l  
d a y s  (circles), whereas  t he  v i scos i ty  is p r a c t i c a l l y  n o t  
a f fec ted  w h e n  o x y g e n  is r ep laced  b y  a n  i n e r t  gas  {dots). 

I f  0 .001% pe rox idase  ~ or  0 .001% ca t a l a se  ~ is a d d e d  to  
t h e  D N A  so lu t ion  t h e  v i scos i ty  r e m a i n s  a l m o s t  c o n s t a n t  
e v e n  in  t h e  p resence  of  mo lecu l a r  o x y g e n  (squares}. These  
r e su l t s  sugges t  t h a t  a r eac t i on  p r o d u c t  of mo lecu l a r  
o x y g e n  w i t h  I ,  w h i c h  c a n  b e  d e s t r o y e d  b y  ca t a l a se  or  b y  
p e r o x i d a s e  is r e spons ib l e  for  t h e  decrease  of v iscosi ty .  \Ve 
t he r e fo re  a s s u m e d  t h a t  h y d r o g e n  pe rox ide  m a y  be  formed.  
I t  is k n o w n  t h a t  h y d r o g e n  pe rox ide  c a n  d e g r a d a t e  D N A  
i n  t h e  p re sence  of fe r rous  ions  s,9. T h e  e x p e r i m e n t s  
desc r ibed  be low s t r o n g l y  s u p p o r t  t h i s  h y p o t h e s i s .  

I is r e ad i l y  a u t o x i d i z e d  a t  37°C in  aqueous  so lu t ion  w i t h  
t h e  f o r m a t i o n  of h y d r o g e n  peroxide .  I n  F i g u r e  2 t h e  yield 

1 W. BOLLAG and E. GRUNBERG, Exper. 19, 130 (1968). 
z A. RUTISHAUSER and ~¥. BOLLAG, Exper. 19, 131 (1963). 
3 I = Re 4-6467]1. 
4 Viscosity measurements of DNA soIutions as a test for the reaction 

of 'radiomimetic compounds' with the DNA have first been carried 
out by F. C. GJ ESSING and A. CHANUTIN, Cancer Res. 6,593 (1946). - 
The results are presented as 'specific viscosities' ; for definition see 
H. S~AUDING~R and W. ttEUER, Ber. deutsch, chem. Ges. 63, 222 
09so). 

s Supplied by Fluka AG, Buchs (Switzerland). 
6 R. SmNEg and H. SC~WANDER, Helv. chim. Aeta 32, 853 (1948). 
7 Supplied by Boehringer, Mannheim (Germany). 
8 j ,  A. V. BUTLER and B. E. CONWAV, J. chem. See. 195o, 3418. - 

J. A. V. BUTLER and K. A. SMITH, Nature 165, 847 (1950). - 
H. MOROSON and P. ALEXANDER, Radiation Res. 14, $9 (1961). 
The DNA used in our experiments contained approx. 0.01% iron. 


