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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 
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of hyd rogen  peroxide  f rom a 0.01 molar  solut ion of I in 
1/ i5  mola r  phospha te  buffer  of p H  7 is presented as a 
funct ion  of t ime.  T h e  t i t anous  su lphate  me thod  ~9 was 
used Ior t he  de t e rmina t ion  of hydrogen  peroxide.  Af te r  
140 h abou t  78% of t h e  theore t ica l  a m o u n t  of hydrogen  
peroxide  is formed.  I t  is supposed t h a t  the  react ion follows 
a s imilar  scheme as t he  au tox ida t ion  of hydrazobenzene  11 

The  same pa t t e rn  of behav iour  as I bo th  with  respect  
to the  degrada t ion  of D N A  and  to  the  format ion of 
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Fig. 1. Change of specific viscosity of a 0.0005 molar aqueous solution 
of I containing 0.07% w]v of DNA. 
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Fig. 2. Formation of hydrogen peroxide in a 0.01 molar aqueous 
solution of I in the presence of air. 

hydrogen peroxide is observed wi th  1-methyl -2-benzyl -  
hydrazine  phospha te  and wi th  1-methyl -2-p-a l lophanoyl-  
benzyl-hydrazine  hydrobromide  (IIl~). All these  com- 
pounds have  in c o m m o n  t h a t  t h e y  au tox id ize  r a the r  
slowly, I t  m a y  be assumed t h a t  slow release of hyd rogen  
peroxide is an essential r equ i remen t  for cy to tox ic  ac- 
t iv i ty .  

F r o m  the exper imenta l  results  i t  is conc luded  t h a t  the  
effect  on the viscosi ty of aqueous  D N A  solut ions  of  the  
above ment ioned methy lhydraz ine  der iva t ives  is due  to 
au toxida t ion  of the  l a t t e r  compounds ,  leading to the  for- 
mat ion of hydrogen peroxide.  I t  is general ly  accepted  tha t  
the act ion of hydrogen peroxide on D N A  proceeds v ia  
OH radicals s. Therefore,  an analogy of the effect of the 
methylhydraz ine  der ivat ives  on D N A  wi th  the  indi rec t  
effect of ionizing radia t ion is ev iden t  as the  l a t t e r  is 
assumed to be due main ly  to the  act ion of O H  radicals  13. 
The  quest ion remains open whether  the  inhibi t ion of 
t u m o u r  growth depends on an effect on pre formed DNA,  
on the  synthesis of DNA,  or on o ther  b iochemical  effects 
of the hydrogen peroxide, like the inhibi t ion of gly- 
colysis 14, 

Zusammenfassung. Methylhydraz inder iva te  wie 1- 
Methyl-  2-p- (isopropylcarbamoyl) benzy l -hydraz in -hydro-  
chlorid und 1-Methyl-2-p-al lophanoylbenzyl-hydrazin-  
hydrobromid bewirken unter  aeroben Bedingungen einen 
Viskosit~tsabfall  der w~se r igen  Lbsungen von  Desoxy-  
ribonucleinsiiure. Es wird gczeigt, dass dieser E f f ek t  auf  
die Bi ldung yon Wassers toffperoxyd bei der  A u t o x y d a -  
t ion der  Methylhydraz inverb indungen zurfickzufi ihren ist. 
Auf  die Analogie zum indirekten Ef fek t  yon  R6n tgen-  
s t rahlen wird hingewiesen. 
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Prel iminary Studies on the Hemostat ic  Activity 
of the Isonicotinyl  Hydrazone of Acetaldehyde 

Introduction. The  isonicot inyl  hydrazone  of acetal-  
dehyde  (IHA) was s tudied  by  us as a possible metabol i te  
of isonicotinic acid hydraz ide  1, arising f rom the  decarboxi-  
lotion of the  isonicot inyl  hydrazone  of pyruvic  acid 2. 
Studies on the  tox ic i ty  and bac te r ios ta t ic  ac t iv i ty  of the  
said hydrazones  3 led to the  f inding of a pronounced hemo- 
stat ic  a c t i v i t y  of the  ace ta ldehyde  der ivat ive ,  and these 
are the  results  we wish to describe. 

Materials and Methods. I H A  was prepared by  dissolving 
isonicotinic acid hydraz ide  in commerc ia l  acetaldehyde,  
evapora t ing  the  excess a ldehyde  and precipi ta t ing the  

hydrazone by  the  addi t ion  of water .  The  prec ip i ta te  was 
washed with  water  and wi th  e thanol ,  being then  dr ied 
under  an infrared lamp. The  pur i ty  of  t he  p roduc t  was 
controlled by  paper  ch roma tog raphy  1.4 and its composi t ion  
was confirmed by acid hydrolysis  (HC1) and paper  ch roma-  
tography 1,',s. I H A  is a yellowish powder,  insoluble in 
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