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Summary.  The s t ra in  T. foetus K V  1/M 100, a sub-s t ra in  of T. foetus K V  1, was made  h igh ly  r e s i t an t  to  met ronidazole  
by  several  passages  in mice under  increasing drug  pressure.  This  drug  res is tance  was accompan ied  by  a r emarkab le  
cross-resis tance to  all 5-ni t ro imidazole-der ivat ives  t e s t ed  in v i t ro  and in vivo. 

E x p e r i m e n t s  have  shown t h a t  t r i c h o m o n a d s  can 
develop,  unde r  cer ta in  c i rcumstances ,  drug res is tance  to 
metronidazole ,  a 5-n i t ro imidazole-der iva t ive  1 6. As the  
c h e m o t h e r a p y  of t r i chomonads  depends  a t  p resen t  a lmos t  
exclusively on the  use of 5-ni t roimidazole-der ivat ives ,  
we were  in te res ted  to  es tab l i sh  to  w h a t  e x t e n t  cross- 
res is tance to these  sys temica l ly  effect ive chemothe ra -  
peut ics  can be expec ted  if res is tance  to  met ron idazo le  
develops.  In  order  to  clear up  th is  quest ion,  we carr ied 
ou t  chem o the rapen t i c a l  expe r imen t s  in vivo and  in 
v i t ro  w i th  a s t ra in  of Tritrichomonas foetus res i s t an t  to  
metronidazole ,  w i th  special  reference to  t he  following 
5-ni t ro imidazole-der ivat ives  7 : 

Table I. Comparison of the efficacy of several 5-nitroimidazole- 
derivatives against a metronidazole-sensitive (KV 1) and a metroni- 
dazole-resistant (KV 1]~ 100) strain of T. foetus in vivo (mouse) 

Substance DCs0 �9 (mg/kg) b RI ~ 

KV 1 KV 1/M 100 

Metronidazole 11.7 > 800 > 68 
Ornidazole 6.5 180 28 
Tinidazole 3.5 140 40 
Nitrimidazine 24.3 > 800 > 33 
Panidazole 7.9 137.5 17 
Flunidazole 12.1 302 25 
MK910 2.5 80 32 
Ronidazole 1.7 42 25 
Dimetridazole 7.5 200 27 

~DCs0 derived from 2 experiments with 6 animals at each dosage. 
b2, 18, 24 h p. i. ~Resistance factor (DCs0 - KV 1/lV[ 100:DC~0 - 
KV 1). 

Table II. Comparison of the efficacy of several 5-nitroimidazole- 
derivatives against a metronidazole-sensitive (KV 1) and a metroni- 
dazole-resistant (KV 1]~ 100) strain of T. ]oetus in vitro 

Substance MLC ([xg/ml) RI 

KV 1 KV 1/lV[ 100 

Metronidazole 1.6 100 63 
Ornidazoie 3.1 50 16 
Tinidazole 0.8 12.5 16 
Nitrimidazine 1.6 50 31 
Panidazole 0.4 12.5 31 
Flunidazole 0.4 12.5 31 
MK 910 0.1 3.1 31 
Ronidazole 0.4 6.3 16 
Dimetridazole 0.8 25 31 

Resistance factor (MLC - KV 1/1Vf 100: 3/[LC - KV 1). 

1. 1- (2 -Hydroxye thy l ) -2 -methy l -5-n i t ro imidazo le  
(Metronidazole).  

2. 1- (2 -Hydroxy-3-eh loropropyl ) -2-methyl -5-n i t ro imi-  
dazole (Ornidazole). 

3. 1- (2-Ethylsulfonyl)  e thy l -2-methyl -5-n i t ro imidazole  
(Tinidazole). 

4. 1- (N-2-morphol ino-ethyl) -  5-ni t roimidazole 
(Nitr imidazine) .  

5. 1-(2-(y-Pyridyl)ethyl)-  2-methyl-5-ni t ro imidazole  
(Panidazole).  

6. 1- (2-Hydroxyethyl ) -2-  (p-f luorophenyl) -5-ni t ro imida-  
zole (Flunidazole).  

7. 1-Methyl-2- (p-f luorophenyl-  5-ni t roimidazole 
(MK-910). 

8. 1-Methyl-  2 -ca rbamoyloxymethy l -  5 -ni t ro imidazole  
(Ronidazole).  

9. 1 ,2-Dimethyl -5-n i t ro imidazole  (Dimetridazole).  
Methods. 1. I nduc t i on  of met ron idazo le - res i s t ance  in 

T. foetus in vivo.  In  order  to  deve lop  a r e s i s t an t  s t ra in  
of Tritrichomonas foetus K V  18, T. foetus was passaged  
t h r o u g h  mice unde r  increasing drug  pressure.  For  th is  
purpose,  female N M R I - m i c e  weighing 12-15 g were in- 
fected in t raper i tonea l ly  w i th  8 • 105 t r i c h o m o n a d s  and  
t r e a t ed  oral ly w i th  met ron idazo le  2, 18 and  24 h af ter  
infect ion.  As soon as t he  animals  showed the  charac ter i s t ics  
of the  disease, t he  expe r imen t  was i n t e r r u p t e d  to p repare  
the  inoculum f rom the  abdomina l  exuda te  conta in ing  the  
t r i chomonads .  S ta r t ing  wi th  2.5 mg/kg  b o d y  weight ,  t he  
dosage was increased by  2.5 mg/kg  b o d y  weight  a t  each 
passage.  Af te r  the  40th passage,  in which  the  t r i chomo-  
nads  to le ra ted  3 • 100 mg/kg  b o d y  we igh t  of me t ron ida -  
zole, the  strain,  now des igna ted  K V  1/M 100 was cu l t iva ted  
cont inuous ly  w i t h o u t  drug  pressure  in v i t ro  in fluid thio-  
glycollate m e d i u m  (FTG/BBL).  Over  a per iod of 60 weeks,  
dur ing  which more  t h a n  170 drug-free passages  in vi t ro  were 
made,  we checked the  degree of res is tance  to  met ron i -  
dazole several  t imes  in v i t ro  and  in vivo. U p  to  now, t he  
s t ra in  K V  1/M 100 has  been  comple te ly  s table  in i ts  
res is tance to  met ron idazo le  in v i t ro  as well as in vivo.  

2. In -v i t ro  tes t .  The de t e rmina t i on  of the  t r i chomo-  
nacidal  effect  of the  compounds  in v i t ro  was  based  on the  
de t e rmina t i on  of t he  min imal  le thal  concen t ra t ion  (MLC) 
in a serial  d i lut ion tes t .  The lowest  concen t ra t ion  in 
which  no living, i.e. motile,  t r i chomonads  in a 48-hour- 

1 R. SA-'~UELS, J. Protozool. 8, 5 (1961). 
2 B. M. HONIGBERG and M. C. LIVINGSTOSr, in Proc. First Int. 

Congress of Parasitology (Ed. A. CORRADETTI; Pergamon Press, 
Oxford 1966), voL 1, p. 365. 

31 I. DE CARNERI, in Proe. First International Congress of Parasitology 
(Ed. A. CORRADETTI; Pergamon Press, Oxford 1966), vol. 1, 
p. 366. 
P. ACTOR, D, S. ZIV, J. F. PAOANO, Science 164, 439 (1969). 

5 F. BENAZET and L. GUILLAUME, Lancet 2, 982 (1971). 
6 L DE CARNERI and F. TRANE, Arzneimittel Forseh. (Drug Res.) 

27,377 (1971). 
Compounds not available on the market were kindly supplied by 
the corresponding pharmaceutical firms. 

8 The strain KV 1 was kindly provided by J. KULDA, Prague, 1970. 
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FTG-cu l tu re  conta ining an inoculum of 6 •  105 micro.  
organisms/ml  could be detected,  was regarded as the  
MLC. 

3. In-v ivo  test.  Female  N M R I - m i c e  weighing 10-15 g 
were t rea ted  oral ly 2, 18 and 24 h af ter  in t raper i tonea l  
infection wi th  8 • 105 t r ichomonads  of a 24 hour  culture.  
The results were eva lua ted  5 days af ter  the  last  t r ea tment .  
The eff icacy of t h e  compounds  was de termined  by  the  
presence or absence of t r ichomonads  in the  abdomina l  
cavi ty ,  as tes ted by  re-isolation. 

Results. The compara t ive  analyses of the  efficacy of 
different  5-ni t ro- imidazole-der ivat ives  against  t h e  T. 
/oetus-strains K V  1 and  K V  1/M 100 in v ivo  and in v i t ro  
are summar ized  in Tables I and I I .  I t  can be seen (Table 
I) t ha t  the  s train KV 1/M 100 is bo th  res is tant  to met roni -  
dazole and also shows different  decrease of sens i t iv i ty  to 
all 5-ni t roimidazole-derivat ives.  Differences are revealed 
by  comparison ~of thei r  resistance factors. As far as 
metronidazole  and ni t r imidazine  are concerned, these 
factors represent,  however ,  only  a min imal  value,  as we 
have  no t  de termined  the  DCs0 owing of the  high dosages 
necessary. 

Similar  results were obta ined f rom the  exper iments  
carried ou t  in v i t ro  (Table II) .  H e r e  also the  s train K V  
1/M 100, proved  less sensi t ive to metronidazole,  showed 
to  be less sensi t ive to all 5-ni t ro imidazole-der ivat ives  in 
compar ison wi th  the  s t ra in  IZV 1. 

Discussion. A comparison of the  efficacy of several  
5-ni t roimidazole-der ivat ives  against  t t ie metronidazole  
res is tant  s t rain T. foetus KV 1/M 100 shows t h a t  an 
ex t r eme ly  high metronidazole  resistanCe is accompanied  
by  a clearly marked  cross-resistance to all 5-ni troimida-  
zole-der ivat ives  s tudied in the  exper iments .  This cor- 

responds to the  findings of McLoUOHLINg, who no t  only 
observed a cross-resistance of a d imetronidazole  res is tant  
T./oetus strain to metronidazole,  bu t  also to amini t razole ,  
a n i t ro thiazole  der iva t ive .  I t  confirms also the  findings 
of ]~tgNAZI~T and GUILLAUME s, who, by  using bo th  a 
metronidazole- res is tant  and a n i t r imidazine-res is tant  
s t rain of T. vaginalis, described a comple te  cross-resistance 
be tween these two 5-ni t roimidazole-der ivat ives .  On the  
o ther  hand,  CARNER110 found only  a sl ight cross-resistance 
be tween  these two drugs on tes t ing ni t r imidazine,  using 
different  metronidazole- res is tant  strains of T. vagi~alis. 
This phenomenon  migh t  be re la ted to t he  degree of met ro-  
nidazole resis tance of the  s trains used. Bo th  our  experi-  
ments  and those of BE~AZET and GOILLAUME 5 have  been 
carried out  wi th  h ighly  metronidazole-res is tant  strains 
wi th  factors of > 68 and > 48 respect ively ,  while the  
resistance factors of the  strains used by  CARNERI10 were 
in the  range of 1.5 to 12.1. 

Unde r  in-vi t ro  conditions,  the  s t ra in  K V  1/M 100 was 
also found to be cross res is tant  to different  degrees to all 
5 n i t ro imidazole-der iva t ives  tested.  Here,  as under  in- 
v ivo  conditions,  the  s t ra in  K V  1/M 100 demons t ra t ed  the  
highest  resistance factor  to metronidazole .  However ,  we 
did no t  find an exac t  correlat ion be tween  the  factors of 
resistance observed in v i t ro  and those found in vivo.  
Such a correlat ion could ha rd ly  be expected,  as t he  
results of the  exper iments  in v i v o  are inf luenced qual i ta -  
t i ve ly  and q u a n t i t a t i v e l y  by  tile spec i f i c  pharrnaco- 
kinetics and b io t rans format ion  of the  drugs in animals.  

9 D. I(. 1VfcLouGHLIN, J. Parasit. 53, 646 (1967). 
10 I. DE CAI~XERI, Trans. R. Soc. trop. Mad. Hyg. 65, 268 (1971). 
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Summary. Dorsal  root  crush results in a h ighly  signif icant  decrease in the  free g lu t ama te / to t a l  free amino acid concen- 
t ra t ion  rat io  over  an ex tended  t ime  period. Perhaps  this  is a good measuremen t  to use in g lu t ama te  crush studies. 

Since g lu tamate  is a po ten t  spinal cord exc i tan t  2, and 
free g lu tamate  levels are higher  in the  dorsal root  t h a n  
in the  ven t ra l  root  a-5 or distal  sensory root  4,5, this  
amino acid is present ly  a t r ansmi t t e r  candida te  a t  the  
dorsal  root  te rminals  3, 0. I n  analogy wi th  t he  cholinergic 
t r ansmi t t e r  sys tem where nerve  section or crush has led to  
definite changes ill the  regula tory  enzymes  7,~ or in the  
acetylcholine leveP,  i t  has been tes ted whether  this 
would be t rue  for the  g lu tamate  conten t  of the  dorsal root  
af ter  such in jury  1~ Al though  there  is a decrease in 
free g lu tamate  per  g tissue in the  root  following injury,  
ne i the r  p rox imal ly  12 nor  dis ta l ly  l~  is this decrease 
significant. This  can be in terpre ted  to suppor t  any  one of 
three a l te rna t ive  possibilities : 1. g lu tamate  is not  a t rans-  
m i t t e r  candidate  here, 2. the  g lu tamate  t r ansmi t t e r  
sys tem is different  f rom the  chol inerg ic  sys tem in this 
respect, or 3. the  usual  means  of expressing such amino 
acid da ta  has not  been able to uncover  al ly signif icant  
free g lu tamate  change. The  purpose of th is  s tudy  is to  
analyze free g lu tamate  changes and to t a l  free amino 

acid changes p rox imal  and distal  to a dorsal  root  crush m 
order  to  discern if there  is al ly w a y  to detec t  a s ignif icant  
free g lu t ama te  change as a resul t  of the  crush. Such a 
s tudy  has no t  been carried out  using several  t ime  periods 
over  the  t ime  when max ima l  crush effects should he seen s. 

Adul t  cats (3.5-4.2 kg) were anesthet ized wit t l  sod ium 
pen tobarb i t a l  (Nembutal ,  35 mg/kg) and the  lumbo-  
sacral  spinal cord and roots  were exposed. The  dura  was 
careful ly cu t  ros t rocaudal ly  in order  to expose the  dorsal  
roots of L7 and $1. The root le t  bundles  of L7 and $1 on 
one side were crushed wi th  a fine forceps 13 m m  from the  
cord. The  dura  was then  s t i tched and the  skin was closed 
wi th  wound clips af ter  s t i tching the  under ly ing fascia. 
Skin-Hes ive  l iquid skill cement  (Uni ted Surgical) was 
appl ied to the  wound area to faci l i ta te  comple te  closure. 
300,000 units  of procaine Pemci l l in-G were g iven i.m. to 
each animal .  Af te r  t imes ranging f rom 2 to 25 days af ter  
crushing, the  ca t  was sacrificed and the  root  and gan- 
glionic t issue of L7 and $1 were  r emoved  rap id ly  and 
frozen in isopentane in d ry  ice. The  13 m m  segment  of 


