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r equ i r e  f u r t h e r  s t u d y  of t he  m e c h a n i s m  of ac t ion  of 
m e t r o n i d a z o l e  in  p resence  of r educed  N A D - e n z y m e s .  I t  is 
poss ib le  t h a t  m e t r o n i d a z o l e  ac t s  as a r e l a t i ve ly  non -  
specif ic  e l ec t ron  t r ap ,  w h i c h  c a n  be  c o u n t e r a c t e d  b y  
t e t r a z o l i u m  sal ts .  Me t ron idazo te  d id  n o t  ac t  as  i n h i b i t o r  
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of m o n o a m i n e - o x i d a s e  a n d  d i a m i n e  oxidase,  in  r eac t i on  
s y s t e m s  which  were  i n h i b i t e d  b y  o t h e r  k n o w n  i n h i b i t o r s  
of these  2 enzymes  (R. E.  RANNEY, Chicago,  u n p u b l i s h e d )  1". 

Zusammen/assung. E i n e  u n e r w a r t e t e  M6gl ichkei t ,  wie 
Me t ron idazo l  zu e iner  n u r  s c h e i n b a r e n  H e m m u n g  de r  
A l k o h o l d e h y d r o g e n a s e  f i ihren  k6nn te ,  wi rd  au fgedeck t .  

R. FRIED a n d  LYGIA W. FRIED 

Department o[ Biochemistry, Creighton University 
School o/Medicine,  Omaha (Nebraska 68131, USA),  
17 Ju ly  1967. 

A n t a g o n i s m  by D e o x y r i b o s i d e s  of the Inhibi tory  Act ion of Certain H y d r o x a m i c  Acids  on D e o x y -  
r ibonucle ic  Acid S y n t h e s i s  

ADAMSON x e v a l u a t e d  t he  ac t iv i t i e s  of a n u m b e r  of 
congene r s  of h y d r o x y u r e a  (HU) aga i n s t  a d v a n c e d  leu- 
k e m i a  L1210 in  mice  a n d  conc luded  t h a t  t he  essent ia l  
s t r u c t u r a l  r e q u i r e m e n t  for  a n t i t u m o r  a c t i v i t y  is t h e  
h y d r o x a m i c  ac id  g roup  ( -CONHOH) .  F r o m  a more  r e c e n t  
s t u d y  of t h e  effects  of c e r t a i n  H U  ana logs  on  D N A  syn-  
thes i s  in  H e L a  cells in v i t ro ,  YOUNG et  a l )  f o u n d  t h a t  a 
c a r b o n y l  g roup  is no t  a p re requ i s i t e  in an  i n h i b i t o r y  com- 
p o u n d  in t h e  s y s t e m  u n d e r  cons ide ra t ion .  However ,  t h e  
- N O H  group  is r equ i r ed  for i n h i b i t o r y  ac t iv i ty ,  a n d  t h e  
p r o t o n  on t h e  h y d r o x y l  g roup  m u s t  be  u n s u b s t i t u t e d .  

R e p o r t s  f rom th i s  l a b o r a t o r y  h a v e  revea led  a d d i t i o n a l  
h y d r o x a m i c  acids  w i t h  se lec t iv i ty  of ac t ion  aga i n s t  D N A  
syn thes i s  in  asc i tes  t u m o r  cell a n d / o r  mic rob ia l  t e s t  
sy s t ems .  Sat icyl  h y d r o x a m i c  acid (SHA)  confers  a p r o m p t  
i n h i b i t i o n  of t h e  f o r m e r  s y s t e m  a t  a 50% i n h i b i t o r y  con-  
c e n t r a t i o n  (IC~0) of a b o u t  4 x 10-4]11; i n h i b i t i o n  is r ead i ly  
revers ib le  u p o n  r e m o v a l  of t h e  c o m p o u n d  ~. O x a m y l  
h y d r o x a m i c  acid (OHA) h a s  a n  1C50 of a b o u t  9 × 10-4At  
in t h e  s ame  sys tem,  a n d  i ts  a c t i o n  is also revers ible .  I n  
add i t ion ,  th i s  l a t t e r  c o m p o u n d  inh ib i t s  g r o w t h  of, a n d  
D N A  syn thes i s  by,  c e r t a i n  g r a m - n e g a t i v e  bac te r i a ,  a n d  
induces  u n b a l a n c e d  g r o w t h  c h a r a c t e r i z e d  b y  m a r k e d  
e longa t ion  of i n d i v i d u a l  cells 4. A c e t o x y o x a m i d e  (AOA) 
sha res  m o s t  of t he  p h a r m a c o l o g i c a l  p rope r t i e s  of OHA,  
e x c e p t  t h a t  onse t  of i ts  ac t ion  is p receded  b y  a l a t e n t  
per iod  wh ich  p r e s u m a b l y  co r r e sponds  to  the  t ime  r equ i r ed  
for hyd ro lys i s  of t h e  O-ace ty l  g roup  to  yie ld  a n  N-  
h y d r o x y l  g roup  w i t h  a n  u n s u b s t i t u t e d  p r o t o n  s. 2, 3-Di- 
h y d r o x y b e n z o y I  h y d r o x a m i c  acid (DHB)  h a s  a n  ICso of 
a b o u t  5 × 1 0 - 5 M  in  t h e  asei tes  t u m o r  s y s t e m  fol lowing 
1 h exposu re  of t h e  cells to  t h e  c o m p o u n d ,  a n d  i ts  ac t ion  
is on ly  s lowly revers ib le ;  i.e. a lag per iod  is e v i d e n t  be- 
t w e e n  r e m o v a l  of t he  c o m p o u n d  f rom t h e  cells b y  w a s h i n g  
a n d  r e s u m p t i o n  of t h e  r a t e  of D N A  syn thes i s  to  near -  
con t ro l  va lues  ( unpub l i s hed  da ta) .  

I t  now  a p p e a r s  suf f ic ien t ly  d o c u m e n t e d  t h a t  a m a j o r  
m e t a b o l i c  defect  confe r red  b y  H U  is a n  i n h i b i t i o n  of t he  
e n z y m a t i c  conve r s ion  of r ibonuc leo t ides  to  deoxyr ibo-  
nuc leo t ides  ~-1°. P a r t i a l  a n t a g o n i s m  b y  a m i x t u r e  of de- 
oxyadenos ine ,  deoxyguanos ine ,  a n d  d e o x y c y t i d i n e  of t h e  
a c t i o n  of H U  on  H e L a  cells h a s  been  obse rved  n ;  these  3 
deoxy r ibos ide s  p lus  t h y m i d i n e  v i r t u a l l y  c o m p l e t e l y  an-  
t agon i ze  t h e  ac t ion  of H U  on  mouse  f ib rob las t  (L) cells x~. 

The  o b s e r v a t i o n  t h a t  H U  reverses  t h e  orot ic  a c i d u r i a  
i nduced  in p a t i e n t s  b y  t h e  a d m i n i s t r a t i o n  of 6 -azaur id ine ,  
a n  i n h i b i t o r  of o ro t idy l i c  deca rboxy la se ,  suggests ,  in  
add i t ion ,  some i n h i b i t i o n  b y  H U  of de  n o v o  p y r i m i d i n e  
b io syn the s i s  ~3. T h e  fol lowing w o r k  was  c o n s e q u e n t l y  
i n i t i a t ed  to  d e t e r m i n e  if t h e  ac t ions  of SHA,  OHA,  AOA, 
a n d  D H B  on  I )NA syn thes i s  a re  l ikewise a n t a g o n i z e d  b y  
deoxyr ibos ides .  If  so, i t  m a y  be  in fe r red  t h a t  t he  m o d e  of 
ac t ion  of these  agen t s  is s imi la r  to  t h a t  of H U .  

Experimental. D e t e r m i n a t i o n  of t he  r a t e  of D N A  syn-  
thes is  b y  E h r l i c h  asc i tes  t u m o r  cells was  s u b s t a n t i a l l y  as 
descr ibed  ear l ier  3-5. Eag le ' s  m i n i m u m  essent ia l  m e d i u m  
w i t h  H a n k ' s  b a l a n c e d  sa l t  so lu t ion  (MEM) a n d  NCTC-109 
m e d i u m  were f rom Microbiological  Associates .  T h y m i d i n e -  
3H was  f rom New E n g l a n d  Nuc lea r  Corpora t ion .  Deoxy-  
r ibos ides  were  f rom N u t r i t i o n a l  B iochemica l s  Co rpo ra t i on  
or S c h w a r t z  Labo ra to r i e s .  T h e  p rev ious ly  r epo r t ed  a c t i v i t y  
of A O A  a g a i n s t  D N A  syn thes i s  b y  cells su spended  in  
NCTC-109 m e d i u m  5 was found  to be  r ep roduc ib le  on ly  
w h e n  th i s  m e d i u m  was used;  no  i n h i b i t o r y  a c t i o n  was 
found  w h e n  th i s  c o m p o u n d  was assessed aga in s t  t he  
s y s t e m  us ing  MEM. Consequen t ly ,  all e x p e r i m e n t s  em-  
p loy ing  AOA were done  w i th  NCTC-109 med ium,  whi le  
all o the r s  were done  w i t h  MEM. The  MEM r e a c t i o n  
m i x t u r e  cons is ted  of 5.0 nfl of a washed  1% cell su spen -  
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sion, 0.05 ml  of d i m e t h y l  sulfoxide con ta in ing  H U ,  OHA, 
SHA, or D H B ,  and  a m i x t u r e  of deoxyr ibos ides  in 0.5 ml 
of m e d i u m  to yield final concen t r a t i ons  as follows: de- 
oxyadenos ine ,  7 × 10-3M;  deoxygnanos ine ,  2 × 10-3M;  
and  deoxycy t id ine ,  10-4M. W h e r e  ind ica ted  in Table  II ,  
t h y m i d i n e - l H  was  also inc luded a t  a f inal  concen t r a t i o n  
of 2 × t 0 - S M .  E x c e p t  for th is  l a t t e r  compound ,  o t h e r  
deoxyr ibos ides  were  a t  t he  s ame  concen t r a t i ons  as were  
used b y  ADAm.IS and  LINDSAY 1~ in an  L cell t e s t  sys tem.  
An a p p r o p r i a t e  vo lume  of m e d i u m  alone was  s u b s t i t u t e d  
for t h e  deoxyr ibos ide  mix tu r e  in cont ro t  tubes .  In  exper i -  
m e n t s  w i th  AOA in NCTC-109 medium,  the  condi t ions  
were  the  same excep t  4.5 ml  of t he  1% cell suspens ion  
were  used and  AOA was  a d d e d  in 0.5 ml  of saline. Fol low- 
ing incuba t ion  a t  37°C wi th  gent le  ag i t a t ion  for  t he  
in terva ls  ind ica ted  in t he  Tables,  2.0/~c of thymid ine -3H 
(10.0/1c in t he  AOA exper iments )  in 0.5 ml of saline were  
added.  Af te r  40 addi t iona l  min,  4.0 ml a l iquots  of each 
t u b e  were  removed ,  a d d e d  to 4.0 ml  of cold 10% tr ichloro-  
acet ic  acid, and  the  insoluble  cell ma te r ia l  was  p r e p a r e d  
for l iquid scint i l la t ion coun t ing  as descr ibed  earl ier  8,4 
us ing a Mark  I l iquid scint i l la t ion spec t rome te r  (Nuclear- 
Chicago Corporat ion) .  

Results. Table  I shows  the  effects  of the  presence  of a 
m ix tu r e  of deoxyadenos ine ,  deoxyguanos ine ,  and  deoxy-  

Table I. Effect of a mixture of deoxyadenosine, deoxyguanosine, and 
deoxycytidine (Deoxyribosides, dR) on the inhibitory action of 
certain hydroxamie acids on DNA synthesis in Ebrlich aseites tumor 
cells 

Corn- % of control DNA synthesis rate 
pound 

10 min 1 h 3 h 

In- In- In- In- In- In- 
hibitor hibitor hibitor hibitor hibitor hibitor 
alone + dR alone ~- dR alone + dR 

HU 9 110 4 126 1 50 
OHA I0 124 2 163 9 78 
SHA 2 71 1 90 I 33 
DHB 3 68 1 63 2 24 

All inhibitors were at a final concentration of i0 -a M; dR concentra- 
tions are given in text. 

Table I1. Effect of a mixture of deoxyadenosine, deoxyguanosine, 
deoxycytidine, and thymidine (deoxyribosides, dR) on the inhibitory 
action of certain hydroxamic acids on DNA synthesis in Ehrlich 
ascites tumor cells 

cy t id ine  on inh ib i t ion  by  each of t he  4 h y d r o x a m i c  acids 
of D N A  syn thes i s  in the  t u m o r  cell t e s t  sys tem.  Af te r  
i ncuba t ion  of t he  cells w i th  deoxyr ibos ides  and  each 
inh ib i to r  for 10 rain, inh ib i t ion  conferred  b y  H U  a n d  by  
O H A  was  comple te ly  overcome  and  t h e  r a t e  of D N A  
syn thes i s  ac tua l ly  exceeded  t h a t  of the  cont ro l  ra te .  This  
r e s to ra t ion  to  g rea te r  t h a n  the  cont ro l  va lue  was repro-  
ducible.  I nh ib i t i on  confer red  by  S H A  and  b y  D H B  was  
reversed  to  a cons iderable  ex ten t ,  b u t  100% of t h e  control .  
va lue  was  n o t  a t t a ined .  Fol lowing 1 h p r e i n c n b a t i o n  of 
t he  cells wi th  deoxyr ibos ides  and  each inhib i tor ,  a s imilar  
p a t t e r n  was  ob ta ined ,  b u t  fol lowing 3 h, reversal ,  even  
t h o u g h  still  demons t r ab l e ,  was no t  comple te .  AOA was  
n o t  used in th is  series of expe r imen t s  since, of t h e  2 
media  used, i t  was ac t ive  aga ins t  D N A  syn thes i s  on ly  in 
t he  NCTC-109 medium.  This  l a t t e r  differs f rom MEM in 
several  respects ,  including t i le presence  of t h y m i d i n e  a t  
10 mg/1; M E M  is devoid  of t hymid ine .  

D a t a  shown in Table  I I  were  ob ta ined  unde r  condi t ions  
ident ica l  to  those  descr ibed for Table  I, excep t  t h a t  t he  
deoxyr ibos ide  mi x t u r e  was  s u p p l e m e n t e d  wi th  t h y m i d i n e  
a t  a f inal  concen t r a t i on  of 2 × 10-~M. The  inh ib i to ry  
ac t ions  of H U  and  O H A  were  again the  m o s t  readi ly  
reversible  af ter  10 rain and  1 h incubat ion .  Some res tora-  
t ion  of ac t iv i ty  occurred  in the  presence  of SHA and  
D H B ,  b u t  n o t  to  as large an e x t e n t  as w h e n  t h y m i d i n e  
was  omi t t ed .  The  gradual  increase in inh ib i to ry  ac t ion  of 
O H A  in t h e  presence  of deoxyr ibos ides  m a y  have  been  
due  to  some anci l lary  pharmacolog ica l  ac t ion  of t h i s  com-  
p o u n d  ; O H A  is k n o w n  to  oxidize hemog lob in  and  to  a l ter  
t h e  U V -ab s o rp t i o n  s p e c t r u m  of py r idoxa l  p h o s p h a t e  I. 

The  d a t a  ind ica te  t h a t  t he  4 h y d r o x a m i c  acids  a n d  a 
metabo l ic  p r o d u c t  ~ of t he  ace ty l a t ed  de r iva t ive  interfere ,  
to  a grea te r  or lesser degree,  w i th  r ibos ide  r educ t ion  in 
Ehr l i ch  asci tes  t u m o r  cells ~4,~. 

Rdsumd. L 'ac t ion  inhibi t r ice  de l ' hyd roxyur6e  (HU) sur  
une  synth~se  de D N A  p e u t  8tre antagonis6e par  des d6- 
oxyr ibos ides  (dR). De  m~me, un mdlange de d6oxyad6no-  
sine, de d6oxyguanos ine ,  et  de d6oxycy t id ine  annule  
c o m p l ~ t e m e n t  Fac t ion  de l 'ac ide  oxany l  h y d r o x a m i q u e  
(OHA) et  inverse,  en part ie ,  les effets  de l 'ac ide  salicyl- 
h y d r o x a m i q u e  (SHA) et  de l ' ac ide  (d ihydroxybenzoy l -  
2 .3 ) -hydroxamique  (DHB).  L o r s q u ' o n  a joute  de la t h y m i -  
d ine  ~ une  solut ion de dR,  le sch6ma g6.n6ral d ' a n t a g o n i s m e  
es t  similaire.  De plus, en pr6sence des qua t r e  dR,  l ' ac t ion  
de l ' a c6 toxyoxamide  (AOA) est  en pa r t i e  antagonis6e.  I1 
a 6t6 conclu que  ces acides h y d r o x a m i q u e s ,  c o m m e  I ' H U ,  
in t e rv iennen t ,  ~ un degr~ plus ou moins  grand,  avec 
r6duc t ion  des r ibosides.  

G. R. GALE 

Compound % of control DNA synthesis rate 

10 min 1 h 3 h 

In- In- In- In- In- In- 
hibitor hibitor hibitor hibitor hibitor tfibitor 
alone + dR alone + dR alone + dR 

Veterans Administration Hospital, and the Department 
o/Pharmacology, 2vfedicat College o/South Carolina, 
Charleston (South Carolina 29d03, USA), 
27 July 1967. 

HU 4 90 22 93 5 115 
OHA 2 106 25 70 16 29 
SHA 3 70 19 29 4 22 
DHB 2 26 18 16 3 13 
AOA 13 53 
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HU, OHA, SHA and DHB were at a final concentration of 10-3M; 
AOA was 2 × 10-~M; dR concentrations are given in text. 


