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C o m p a r a t i v e  s t u d i e s  on  t h e  t r i c h o m o n a c i d a l  a c t i v i t y  of  5 - n i t r o i m i d a z o l e - d e r i v a t i v e s  
in  m i c e  i n f e c t e d  s . c .  or  i n t r a v a g i n a l l y  w i t h  T .  v a g i n a l i s  1 

J. G. Meingassner  

Sandoz Forschungsinstitut, Brunnerstrasse 59, A-1235 Wien (Austria), 23 February 5977, 

Summary. The t r i chomonac ida l  eff icacy of metronidazole ,  t inidazole,  n imorazole  and ornidazole was s tudied  in mice 
infected s.c., or for compar ison  purposes  in t ravaginal ly .  In  b o t h  t e s t  sys tems,  the  drugs revealed near ly  the  same order  
of efficacy, w h e r e b y  the  compounds  showed a marked  decrease of ac t iv i ty  when  analyzed in s.c. infected mice. 

In  a previous  pape r  i t  was shown t h a t  ovar iec tomized  and 
es t rogen-  p r e m e d i c a t e d  ra ts  could be infected w i t h  Tri- 
chomonas  vagina!is in t ravag ina l ly  wi th  more  rel iabi l i ty  
when  the  animals  were infected f irs t  wi th  Candida  albi- 
cans topica l ly  2. This  double  infection,  which,  w i th  cer ta in  
modif icat ions ,  was found to be appl icable  to mice also, 
t u r n e d  ou t  to be a fu r the r  useful model  for chemothe ra -  
peut ic  tes ts .  
The eff icacy of metronidazole ,  t inidazole,  n imorazole  and  
ornidazole  was s tud ied  in the  es tabl ished model :  mouse  - 
T. vaginalis/s .c ,  infect ion and  for compar i son  purposes  in 
th is  new tes t ing  t echn ique  descr ibed in de ta i l  subse- 
quent ly .  
Methods. 1. S.c. infection.  Female  N M R I  mice weighing 
10-13 g were s.c. infec ted  wi th  4 • 105 T. vaginal is  A 2, in 
each shaved  flank. The t r i chomonads  f rom an over -n igh t  
cul ture  in CACH-med ium 3 were concen t r a t ed  by  centr i -  
fuga t ion  and  resuspended  in 0.15-0.2 ml  s u p e r n a t a n t  per  
inoculum.  For  each exper iment ,  samples  of t he  axenic  
s tock cul ture  (which was t r ans fe r red  23 t imes  af ter  iso- 
la t ion before s torage in liquid ni t rogen) were t h a w e d  and  
passaged  4 t imes  before infection.  Sys temic  t r e a t m e n t  
was s t a r t ed  oral ly  2 h af ter  the  infect ion and  was repea ted  
a t  18 and  24 h p.i. The expe r imen t s  were t e r m i n a t e d  6 
days  a f te r  infect ion.  Tile absence  of lesions and  micro-  
scopical ly de tec tab le  moti le  t r i c h o m o n a d s  were used as 
the  cr i ter ia  b y  which  the  ac t iv i ty  was measured .  The 
c o m p o u n d s  were dissolved in 10% DMSO/0 .2% CMC 
s tock  solut ions followed by  a fu r the r  2fold di lut ion wi th  
0.2% CMC solut ion only. The drugs  were given in volumes  
of 0.1 ml  per  10 g b .w t  to  give concen t ra t ions  of 50- 
0.4 mg/kg.  
2. I n t r avag ina l  infect ion.  N M R I  mice 25-30 g in weigh t  
were p r e t r e a t e d  once wi th  40 mg/kg  es t rad io lundecy la te  
(Progynon  D e p o t  | Scher ing AG) in 0.2 ml  sesame oil 
3 days  before infect ion.  The es t rogen  was admin i s t e r ed  in 
two equal  doses s.c. and  i.p. The inoculum per  mouse  con- 
s is ted of 0.05 ml  CACH-med ium conta in ing  approxi -  
ma t e ly  1 • 105 T. vaginal is  A 2 which  was  grown as out-  

Efficacy of several 5-nitroimidazole-derivatives against topical and 
ectopical infections with T. vaginalis in nfice 

Substance Dosage Model: T. vaginalis inoculation site 
(mg/kg • 3 a) intravaginally b s.c. ~ 

l ined above,  and Candida  albicans.  1000 IU Na-penici l l in  
G and  1000 ~xg s t r e p t o m y c i n  sulfate per  ml  inoculum were 
also added.  Candida  a lbicans A 124 was grown in SAB- 
b r o t h  for 24 h a t  30~ and  s tored  wi th  5% DMSO in li- 
quid  n i t rogen  ~. (The concen t ra t ion  of C. albicans in the  
SAB-cul ture  was abou t  3.6 • 107/ml.) The t h a w e d  yeas t s  
were added  to the  concen t r a t ed  flagellates ill a ra t io  of 
1 : 80 v /v  immed ia t e ly  before the  infect ion of t he  animals .  
The vagina l  cav i ty  was s tuf fed  wi th  a plug of sponge 
(Spongos tan  | Ferrosan)  to  avoid loss of the  inoculum. 
The the rapeu t i c  m e t h o d  and  tile p repa ra t ion  of tile com- 
pounds  were the  same as used in s.c. infec ted  mice. The 
es t ima t ion  of vaginal  infect ion was based on cul tura l  
f indings.  The vag ina  of each infected animal  was r insed 
4 days  p.i. wi th  cul ture  m e d i u m  which  was t r ans fe r red  to 
tubes  conta in ing  CACH-med ium and a final concen t ra -  
t ion of 1000 IU Na-penici l l in G, 1000 ~g/ml s t r e p t o m y c i n  
sulfate  and  10 IU  nys t a t i n /ml .  The seeded tubes  were in- 
cuba ted  a t  37 ~ and  af ter  48 h observed  for mot i le  tr i-  
chomonads  on an inve r t ed  microscope.  The eff icacy of the  
c o m p o u n d s  was de t e rmined  by  the  presence /absence  of 
t r i c h o m o n a d s  in t he  tubes .  
Results and discussion. Tile resul ts  of the  compara t i ve  
chemothe rapeu t i c  s tudies  are summar i zed  in the  table .  
The d a t a  p resen ted  indicate  t h a t  all compounds  t e s t ed  
are sys temica l ly  act ive  aga ins t  T. vaginal is  in mice in- 
fected in t ravaginal ly .  B y  compar i son  the  compounds  
showed a marked  decrease in eff icacy when  ana lyzed  in 
s.c. infec ted  mice, a l though  the  eva lua t ion  was based  on 
na t ive  observa t ions  only  and  no t  on cul tura l  f indings  
which  are more  reliable. In  b o t h  t e s t  sys tems,  the  drugs  
revealed  near ly  t he  same order  of efficacy. 
The compounds  t e s t ed  are regis tered drugs for t he  t r ea t -  
m e n t  of t r ichomonias is  in man.  Therefore  an  ac t iv i ty  in 
mouse models,  which  are c o m m o n l y  used for screening 
p rogrammes ,  was expected .  The d i f ferent  degrees of effi- 
cacy in b o t h  models  m a y  be expla ined  by  the  d i f fe rent  
locat ions  of the  t r i c h o m o n a d s  in t he  an imal  hos t  as well 
as b y  the  a l tered physiological  condi t ions  of t he  es t rogen 
t r e a t m e n t .  Tile effect  of mixed  T. vag ina l i s /Candida  in- 
fect ions on the i r  drug  sens i t iv i ty  requires  fu r the r  s tudies.  
However ,  i t  has  been  observed  t h a t  t he  degree of eff icacy 
of n imorazole  differs far less f rom t h a t  of met ron idazo le  
and  ornidazole  in in t ravag ina l ly  infec ted  mice t h a n  in 
ec topica l ly  infected animals ;  the  ac t iv i ty  of n imorazole  
ascer ta ined  in ectopical ly  infected animals  is only  abou t  
1/3 of t h a t  of metronidazole ,  which  is in ag reemen t  w i th  

Metronidazole EDs0 a 3.71 (2.76-4.99) 10.95 (9.10-13.18) 
Tinidazole EDs0 1.41 (1.02-1.95) 7.50 (6.19-9.10) 
Nimorazole ED~0 5.62 (4.15-7.61) 33.95 (30.62-37.73) 
Ornidazole EDs0 4.57 (3.60-5.82 10.59 (9.07-12.37) 

�9 2, 18 and 24 h p.i. orally, b3 • 9 animals at each dosage level, mean 
infection rate of untreated control groups 94 %. o 3 • 6 animals at each 
dosage level, infection rate of untreated control groups 100%. aEDs0 
according to Spearman-Kfirber: figures in brackets are 95% con- 
fidence limits. 
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the  resul ts  of Carneri  e t  al. 5, a fac t  which  was a t t r i b u t e d  
to the  pha rmacok ine t i ca l  peculiar i t ies  of the  drugs in mice 
and  rats.  The au thors  r epor ted  t h a t  the  act ive f rac t ion  of 
met ron idazo le  in mouse  urine was more  t h a n  twice  t h a t  
of nimorazole,  whereas  in ra t s  and m a n  the  opposi te  is 
t rue.  They  thus  cons idered  t h a t  the  mouse  was no t  par t i -  
cular ly sui table  for assessing the  the rapeu t i c  p roper t ies  of 
n imorazole  in h u m a n  infect ions.  This  suppos i t ion  to  some 
e x t e n t  con t rad ic t s  t he  p resen t  as well as previous  resul ts  B 
since the  compounds  show similar  ac t iv i ty  to me t ron ida -  
zole in ra t s  as well as in mice, if t h e y  are infected in t ra -  
vaginal ly .  The degree of sys temic  eff icacy of n imorazole  
in the  expe r imen ta l  an imal  does no t  correlate  exac t ly  
w i th  the  ac t iv i ty  in the  urine. 

Tinidazole  was the  mos t  effect ive drug in b o t h  models  and  
showed a clear super ior i ty  in t he  new one. These  resul ts  
correlate  closely w i t h  t he  dosage of t in idazole  used in 
pract ice ,  which  are lower t h a n  those  of the  o the r  drugs  7 
r e c o m m e n d e d  for a 7-day-course t r e a t m e n t  of t r ich0-  
moniasis .  These f indings under l ine  the  su i tab i l i ty  of t he  
in t ravag ina l  t e s t  sys tems.  

5 I. de Carneri, A. Cantone, A. Emanueli, P. N. Giraldi, W. Log e- 
mann, L. Longo, G. Meinardi, G. Monti, G. Nannini, G. Tosolini 
and G. Vita, Progr. Antimicrob. Antieanc. Chemother. I, 149 
(1970). 

6 J.G. Meingassner and H. Mieth, Arzneimittel-Forsch. (Drug Res.) 
27, 638 (1977). 

7 Dosage specification as given by the manufacturers. 
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Summary. B o t h  5 - B U d R  and  2-Ap cause AG/TC t rans i t ions  dur ing  D N A  repl icat ion or t ranscr ip t ion .  However  the i r  
effects  on d i f fe ren t ia t ion  of an the r id i a  in the  fern Anemia  phyl l i t id is  differ tota l ly .  Since 5-BdU causes  p a t t e r n  simpli-  
f ication,  2-Ap leads to suppress ion  of correla t ive cell in te rac t ions .  This  resul ts  indicate  d i f fe rent  t a rge t s  for th is  mu ta -  
genic compounds  in Anemia -DNA.  

Gibberel l ins  subs t i t u t e  for the  na t ive  an ther id iogens  of 
t he  fern Anemia  phyl l i t id i s l ,  2. Addi t ion  of these  p h y t o -  
ho rmones  to cul ture  media  causes the  p r e m a t u r e  differen-  
t i a t ion  of male  sexual  organs  (antheridia)  3. Al though  the  
ho rmona l  induc t ion  of cell d i f fe ren t ia t ion  is no t  b locked 
by  inhib i tors  of p ro te in  and  nucleic acid synthes is ,  5- 
b romodeoxyur id ine  (BUdR)  has  a s t r ik ing influence on 
the  man i fes t a t ion  of t he  an ther id ia l  p a t t e r n  4. Iden t i ca l  
effects  are ob ta ined  wi th  5- iododeoxyuridine  and  5= 
b romodeoxycy t id ine .  Add i t ion  of these  analogues to  the  
cu l ture  m e d i u m  (2 • 10 -~ M-5  • 30 -4 M) gives rise to  t he  
fo rma t ion  of s implif ied sexual  organs.  W i t h  high inh ib i to r  
concent ra t ions ,  or a f te r  long t imes  of appl icat ion,  the  
an the r id i a  f inal ly resemble  vege ta t ive  ch lo ronemata  
(Figure 1 a, b). As in var ious  an imal  cells ~, the  inh ib i t ion  

of cell d i f fe ren t ia t ion  precedes  the  inh ib i t ing  effect  on 
ra te  of cell division.  
The presence  of B U d R  in to ta l  D N A  of pro tha l l ia  of 
Anemia  phyl l i t id is  fed w i t h  14C-labelled B U d R  was  
p roved  by  Koop% Since these  effects of B U d R  on an the r -  
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Fig. 1. Effect of BUdR on an- 
theridium differentiation of light 
grown prothallia of Anemia phyl- 
litidis, a) Control; 10 -5 g/ml Gibb 
A3; b) 2• -5 M BUdR; 10 -s g/ 
ml Gibb A s. 10 d; 20~ continu- 
ous light (1,2 • l0 s erg cm -2 sec-1). 


