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Tritrichomonas foetus KV1, a nitroimidazole-susceptible strain, and KV1/
M100, its nitroimidazole-resistant daughter strain, differed markedly in their
in vivo susceptibility to metronidazole. In vitro susceptibility testing in multi-
well plates and tubes with different trichomonad media containing no, or low
concentrations of, ascorbate demonstrated that the resistant strain behaves
like the susceptible one, if tested under anaerobic conditions (deep cultures in
tubes or multiwell plates in anaerobic jars), but shows resistance if tested in
the presence of air (multiwell plates exposed to air). In media containing high
concentrations of ascorbate, no resistance was observed even in air. The results
suggest that the two strains differ in the regulation of internal redox systems
and underscore the role testing methods may play in the in vitro detection of
nitroimidazole-resistant protozoan parasites.

The possible existence of nitroimidazole re-
sistance in trichomonads has received much
attention. A major approach to the study of
this problem is provided by attempts to develop
resistant strains experimentally with in vivo
or in vitro drug pressure. Recently we devel-
oped, with in vivo exposure to metronidazole,
a Tritrichomonas foetus strain that exhibits a
high level of resistance to several 5-nitroimida-
zoles, as demonstrated in mice and in vitro
tests (12). Similar observations were made also
in a T. foetus strain in which resistance was
induced in hamsters (1). In contrast, Benazet
and Guillaume (2) and de Carneri et al. (4)
observed in vivo resistance only and no signifi-
cant in vitro resistance in Trichomonas vagin-
alis strains in which metronidazole or nimora-
zole resistance was induced in vivo. The latter
authors thus questioned the value of the in
vitro test in establishing the metronidazole
susceptibility of fresh clinical isolates. The rea-
sons for the discrepancies could lie in differ-
ences in the assay methods used. The effects of
the medium and its components, as well as
PO2, were reported to influence the in vitro
efficacy of metronidazole (3, 13, 16).

In this paper we demonstrate that in our
resistant T. foetus strain the in vitro demon-
stration of resistance strongly depends on the
assay method used. Preliminary results were
reported previously (J. G. Meingassner and D.
G. Lindmark, Abstr. Fifth Int. Cong. Proto-
zool., New York, 1977, abstract no. 392).

MATERIALS AND METHODS

Organisms. Two axenic strains of the cattle par-
asite T. foetus were used. The metronidazole-suscep-
tible strain KV, was obtained from J. Kulda (Pra-
gue, Czechoslovakia) in 1971 and was kept con-
stantly in culture. The resistant strain, KV,/M100,
was developed by J.G.M. (12). The history of this
strain is as follows. After 40 passages in vivo under
increasing drug pressure, it was isolated from the
host. The thus established culture was transferred
in vitro 37 times without drug, frozen, and kept in
liquid N2 and reestablished in culture. This culture
underwent 124 transfers when the experiments re-
ported here were performed. Stock cultures of both
strains were grown at 37°C in screw-cap tubes con-
taining liquid thioglycolate medium (Baltimore Bi-
ological Laboratory [BBL], Cockeysville, Md.) sup-
plemented with 10% horse serum. Transfers were
made on Mondays, Wednesdays, and Fridays.

Susceptibility tests. The susceptibility of the or-
ganisms was determined by the assessment of
growth and viability of cells exposed in liquid me-
dium to different concentrations of metronidazole.
Assays were performed in either multiwell plates
(tray test) or test tubes (tube test).

For the tray tests, 24-h-old stock cultures were
diluted with the selected medium to a concentration
of about 50,000 cells/ml. To each well of sterile
multiwell plates (Linbro Chemicals Co., Inc., New
Haven, Conn.; model 96CV-TC) 1.4 ml of the cell
suspension and 0.1 ml of drug solution were added.
The plates were covered with Scotch 3M membrane
and incubated at 37°C in a normal atmosphere
("aerobic" tray test) or in anaerobic jars (GasPak
anaerobic system with GasPak no. 70304 disposable
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gas generator envelopes; BBL) for 48 h ("anaerobic"
tray test).
Tube tests differed from the tray test only in

using test tubes (16 by 160 mm) with rubber stoppers
instead of plates. The amounts of medium and drug
solution were increased five times. The tubes were

incubated at 37°C for 48 h.
Tests were always made in triplicate for each

drug concentration. Each assay included controls
both with no additions and with solvent only added.

Stock solutions (1.5 mg/ml) of metronidazole
(pure compound; obtained from Bayer AG, Lever-

kusen, or G. D. Searle, San Juan) were prepared in
10% methyl sulfoxide in water containing 0.2%
Tween 80. Serial dilutions were prepared with water
in 12 steps to obtain a concentration range of from
100 to 0.05 jig/ml.
The 11 different media used are listed in Table 1.

The commercial media were prepared according to
manufacturers' instructions. Preparation of the oth-
ers was done as described in the references given in
Table 1. The pH of all media was adjusted to 7.2.

Evaluation of the results. The covered plates or

closed tubes were examined with an inverted micro-
scope (magnification, x 160). Concentration of cells
was judged subjectively and scored from + (single
mobile trichomonads per well or tube) to + + + (cell
number corresponding to normal controls). The min-
imum inhibitory concentration is defined as the
concentration giving growth between + and + +,
and the minimum lethal concentration is defined as

that in which no mobile organisms are seen.

RESULTS
The results are summarized in Table 1. It

can be seen that the aerobic tray test is the
only type of assay system in which a decreased
susceptibility of the in vivo metronidazole-re-
sistant strain could be detected with nonmodi-
fied media. The only exception was the com-

plete CACH (15) medium, in which no differ-
ence was seen. One major difference between
this and the other media was in the ascorbate
content. Therefore, the effect of ascorbic acid
was tested. Addition of ascorbic acid to TTYS
(8) and fluid thioglycolate media led to in-
creased susceptibility of the resistant strain,
whereas the omission of ascorbic acid permitted
demonstration of the resistance of the KV,/
M100 strain also in the CACH medium.
The tube test and anaerobic tray test did not

reveal any differences in the metronidazole
susceptibility of the two strains.

DISCUSSION
The present work demonstrates that the test

methods used will determine whether one can

demonstrate in vitro the resistance of an in
vivo nitroimidazole-resistant T. foetus strain.
One of the major conclusions is that in the
absence, or at low concentrations ('0.02%), of

TABLE 1. Effect of metronidazole on susceptible and resistant T. foetus
Aerobic tray testa Tube test

Medium Reference KV1 KV,/M100 KV, KV,/M100

MIC MLC MIC MLC MIC MLC MIC MLC

CM 161 (Oxoid) 0.8 1.6 50 100 0.2 0.8 0.2 0.8
CPLM 17 0.8 1.6 25 50 0.1 0.4 0.4 0.8
STS 17 0.8 1.6 50 100 0.2 0.4 0.2 0.4
TYM 7 0.4 1.6 25 50 0.8 0.8 1.6 1.6

(1.0) (1.0) (1.5) (1.5)
Feinberg and Whit- 17 0.8 1.6 25 50 0.4 0.4 0.4 0.4

tington
FTGb (BBL) 0.8 1.6 50 100 0.4 0.8 0.4 0.8

(0.5) (1.5) (0.5) (1.0)
FTG with 0.1% ascor- 0.8 1.6 1.6 25 0.4 0.8 0.4 0.8

bid acid
CACH (complete) 15 0.4 0.8 0.4 0.8 1.6 3.1 0.4 0.8

CACH without ascor- 0.8 3.1 12.5 50 -' - - -

bic acid
TTYS 8 0.8 1.6 25 100 0.8 1.6 0.8 1.6
TTYS with 0.1% ascor- 0.2 0.4 0.4 1.6 - - - -

bic acid

" Number in parentheses gives result for the anaerobic tray test. MIC, minimum inhibitory concentra-
tion; MLC, minimum lethal concentration.

b FTG, Fluid thioglycolate.
-,Not tested.
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ascorbate, in vitro resistance appears only if
oxygen is present in the medium, as is in the
aerobic tray test. If oxygen is absent, as in the
depth of the medium in the tubes and in the
anaerobic tray test, no resistance can be ob-
served. The presence of 0.1% ascorbate in the
medium in the aerobic tray test mimics the
effect of anaerobiosis. Since the media are com-
plex and undefined, it is not clear yet whether
this effect is due to ascorbic acid alone or an
interaction with other components of the media
is also necessary.

It is well documented that the antitricho-
monad activity of metronidazole as well as of
other 2- and 5-nitroimidazoles depends on the
intracellular reduction of these compounds (6,
9-11, 14), and thus the biological efficacy of
these compounds depends on the intracellular
availability of "reducing power," possibly the
availability ofreduced low-redox-potential elec-
tron transport proteins similar to ferredoxin
(14). Since the presence of oxygen is necessary
for the in vitro expression of resistance and
since this aerobic expression can be suppressed
by ascorbate, a strong reducing agent, it is
tempting to assume that one of the differences
between the resistant and susceptible strains
is in their ability to regulate their intracellular
redox conditions. This assumption is being
probed in our laboratories.

Since the mode of action of metronidazole
seems to be similar in T. foetus and T. vagin-
alis (5, 10, 11, 14), it is possible that these
findings also apply to the latter species. If so,
they could go far in explaining why the in vivo
resistance of some T. vaginalis strains was not
observed in in vitro assays. At the same time
they suggest that some reevaluation of pub-
lished data on the metronidazote susceptibility
of T. vaginalis isolates might be necessary and
that the development of an in vitro assay more
closely reflecting in vivo conditions could be of
practical significance.
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