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Inhibition of Oxidizing Enzymes by Metronidazole 

Metronidazole ,  1- (2 ' -hydroxye thy l ) -  2-methyl-  5-nitro- 
imidazole,  a drug  p roposed  for the  cont ro l  of chronic  
alcoholism 1, has  been  shown to  inh ib i t  in v i t ro  several  
enzymes  which  include alcohol dehydrogenase  (horse 
liver) and  x a n t h i n e  oxidase  (cream and  ra t  liver) 2 4 as 
well as uricase (hog l ive r )a  Non-compe t i t i ve  inh ib i t ion  
of alcohol d e h y d r o g e n ase  f rom h u m a n  liver has also been 
r epo r t ed  recen t ly  5. 

The  m e c h a n i s m  of th i s  inh ib i t ion  is no t  y e t  unders tood .  
In  th is  connect ion ,  one  f inding f rom our l abora tor ies  
m a y  be significant ,  and  m a y  be re la ted  to  the  inh ib i t ion  
of NAD- l inked  dehydrogenases .  W h e n  met ron idazo le  and  
NAD- t{  are mixed  a t  25°C, in absence  of enzymes  or 
o the r  subs t ra tes ,  me t ron idazo le  causes d i sappea rance  of 
t h e  typ ica l  abso rp t ion  peak  a t  340 nm,  and  NAD-FI can 
be t i t r a t e d  by  met ron idazo le  (Table). 

The  high absorbance  of me t ron idazo le  a t  340 n m  has  
been  prev ious ly  m e n t i o n e d  4,5. Met ronidazole  has  a sha rp  
m a x i m u m  a t  325 n m ;  m e a s u r e m e n t s  of abso rbance  a t  
th i s  wave - l eng th  can be  used for q u a n t i t a t i v e  assays  of 
met ron idazo le .  L inea r  curves  are  ob t a ined  over  a wide 
range  of concent ra t ions ,  which  was  previous ly  r epo r t e d  6 
and  conf i rmed  by  the  p re sen t  au tho r  a. This  in tense  
absorbance  in t he  near  UV makes  s p e c t r o p h o t o m e t r i c  
assays of N A D - H  difficult .  Success was  achieved only  
w h e n  the  B e c k m a n  DU s p e c t r o p h o t o m e t e r  was  used in 
con junc t ion  wi th  t he  pho tomul t ip l i e r  a t t a c h m e n t .  

The  m e c h a n i s m  of in te rac t ion  be tween  met ron idazo le  
and  N A D - H  is no t  ye t  unders tood .  Di sappea rance  of t h e  
absorp t ion  p e a k  a t  340 n m  m a y  be caused  by  the  forma-  
t ion  of a cha rge - t r ans fe r  complex  wi th  consequen t  change  
in abso rb t ion  s p e c t r u m  7,s. I n  th is  connec t ion ,  i t  is in ter-  
es t ing to  recall  t h a t  imidazoles  combine  wi th  oxidized 
N A D ;  however ,  th is  reac t ion  occurs only  w h e n  the  
I -pos i t ion  of t he  imidazole is free". This pos i t ion  is 
occupied by  the  (2 ' -hydroxye thy l ) - s ide  cha in  in met ron i -  
dazole.  

In  any  case, the  in te rac t ion  of me t ron idazo le  and  NAD-  
l inked e n z y m e s  such  as alcohol dehydrogenase ,  m u s t  be 
re -examined .  In  b o t h  pub l i shed  repor ts ,  inhib i t ion  of 
alcohol dehyd rogenase  is based  on m e a s u r e m e n t s  of t h e  
ra te  of N A D - H  format ion .  I t  is possible  t h a t  a s t eady-  
s t a t e  of N A D - H  is formed,  which  would  be  i n t e r p r e t e d  
as an inh ib i t ion  of t he  e n z y m a t i c  react ion.  In  real i ty ,  
e n z y m e  ac t iv i ty  itself m a y  be un impa i r ed  and  reduced  
N A D  i m m e d i a t e l y  reoxidized or b o u n d  by  met ron idazo le  
or i ts  reac t ion  produc ts .  I t  is therefore  necessa ry  to  assay  
alcohol dehyd rogenase  ac t iv i ty  by  o the r  m e t h o d s  which  
do no t  d e p e n d  on N A D - H  format ion ,  such as measure-  
m e n t  of e thano l  or ace ta ldehyde .  These s tudies  are 
p r e sen t l y  be ing  carr ied ou t  in the  a u t h o r ' s  l abora tory .  
W h e t h e r  me t ron idazo le  is t ruIy an  inh ib i to r  of a lcohol  
d e h y d r o g e n a s e  and  t h e  m e c h a n i s m  of th is  inh ib i t ion  ~ if 
conf i rmed  b y  o the r  m e t h o d s  - r emains  to  be es tabl i shed,  

Metronidazole ,  which  con ta ins  a h y d r o x y e t h y I -  
( 'e thanol ' )  s idechain  was t e s t ed  as subs t r a t e  for alcohol 
dehyd rogenase  in absence  of e thanol ,  i t  h a d  been  re- 
p o r t e d  a no t  to  be a subs t ra te ,  even  dur ing  pro longed  
incuba t ion  wi th  h igh  concen t r a t ion  of enzyme.  In  t he  
l ight  of the  n o n - e n z y m a t i c  in te rac t ion  be tween  met ron i -  
dazole a n d  N A D - H ,  enzyma t i c  a t t a ck  on th is  c o m p o u n d  
m i g h t  be masked .  W h e t h e r  me t ron idazo le  is a s u b s t r a t e  
for alcohol dehyd rogenase  m u s t  be r e - examined  b y  o the r  
assays  which  do n o t  d epend  on t h e  measure  of t he  r a t e  of 
N A D - H  fo rma t ion ;  th is  work  is be ing  carr ied ou t  pres-  
ent ly .  

Af te r  the  n o n - e n z y ma t i c  reac t ion  of met ron idazo le  and  
N A D - H  was  found,  i t  b ecame  of in t e res t  to assay the  

effect  of a n t a b u s e  (disulfiram) on N A D - H ,  since disulfi-  
r a m  is also used as an ant ia lcohol ic  drug. W o r k  wi th  th is  
c o m p o u n d  also p resen t s  grea t  technica l  difficulties,  due 
to  its h igh absorbance  in the  near  UV and  its insolubi l i ty  
in water .  Abso rbance  could be overcome  b y  the  use of the  
pho tomul t i p l i e r  a t t a c h m e n t  of the  B e c k m a n n  D U  spect ro-  
p h o t o m e t e r .  For  alcohol d e h y d r o g e n a s e  assay,  d isu l f i ram 
was dissolved in e thanol ,  a n d  a p p r o p r i a t e  correc t ions  
were  m a d e  in t he  a m o u n t  of e thano l  a d d e d  to  t h e  reac t ion  
s y s t e m  as snbs t r a t e .  Fo r  o the r  assays,  d isul f i ram was  dis- 
solved in e thano l  (0 .01M solut ions  were  used mos t  fre- 
quent ly) .  To avoid p rec ip i t a t ion  w h e n  re la t ive ly  h igh  
concen t r a t ions  of th is  r eagen t  were  m i x e d  wi th  aqueous  
sys tems,  i t  was  added  to  solut ions of 0 . 1 M  p h o s p h a t e  
buffer,  p H  7.8, con ta in ing  2% of 'Unisol '  d e t e r g e n t  
(Schuco Indus t r ies ,  New York).  A clear solut ion was  
o b t a i n e d  wi th  high concen t r a t ions  of disulf i ram, w i t h o u t  
a n y  prec ip i ta t ion .  The  de t e rgen t  i tself  d id  n o t  in te r fere  
w i t h  t he  assays  here  repor ted .  W h e n  d isu l f i ram a n d  
N A D - H  were  mixed,  no change  in abso rbance  a t  340 n m  
was obse rved  wi th  concen t r a t ions  of d isul f i ram up  to  
0 .003M. 

i t  is in te res t ing  to  no te  t h a t  met ron idazo le  inhib i t s  
oxidases  belonging to  3 d i f fe rent  classes: NAD- l inked  
e n z y me s  (alcohol dehydrogenase) ,  FAD- l inked  enzymes  
(xan th ine  oxidase),  and  uricase, for which  cofactor  re- 
q u i r e m e n t s  are no t  known.  In  t he  f i rs t  2 cases, i t  could 
be shown 8,4 t h a t  no inh ib i t ion  occurs when  t e t r azo l ium 
sal ts  are used as e lec t ron  acceptors .  EDXVARDS and  PRICE s 
found  me t ron idazo le  to  be a n o n - c o mp e t i t i v e  inh ib i to r  
in re la t ion  to  e thanol .  The  f indings  discussed above  

Interaction between metronidazole and NAD-H 

Metronidazole A3~ 0 
(/*Inoles) 

NAD-H (#g) 

100 200 300 

0 0.25 0.51 0.74 
1 0.19 0.43 0.67 
2 0.16 0.29 0.39 
3 0.02 0.04 0.06 
4 0.00 0.00 0.00 

Graded levels of metronidazole were mixed at 25°C with graded 
levels of NAD-H (200 ttg/ml = 0.254/,moles/ml) and the volume was 
completed to 3.0 ml with 0.1 M phosphate, pH 7.4. Absorbance was 
read in a Beckmann DU spectrophotometer with photomuttiplier 
using equivalent amounts of metronidazote for blanks. 1.0 em light- 
path. 
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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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