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The cytopathic effects of Trichomonas vaginalis treated with inhibitory concentrations
of anticytoskeletal compounds (mebendazole, griseofulvin, colchicine, taxol, and cytochalasin B)
were studied in mouse CLID fibroblast cultures. The evaluation, at different times, of cell numbers
and morphological alterations showed that cytopathic effect was considerably reduced when protozoa were pretreated with mebendazole and griseofulvin, whereas colchicine, taxol, and cytochalasin
B had less effect. Furthermore, treatment with mebendazole, griseofulvin, and colchicine decreased
adhesiveness of the protozoan, whereas treatment with cytochalasin B and colchicine completely
inhibited its phagocytic activity. From these results it may be concluded that alterations induced in
the trichomonal cytoskeleton may affect its adhesiveness and its in vitro cytopathic effect, but there
is no direct correlation between protozoan phagocytosis and its in vitro pathogenic effect.
SUMMARY

Trichomonas vaginalis is one of the four trichomonal
species (with Trichomonas gallinae, Tritrichomonas
foetus, and Histomonas meleagridis) that have pathogenic strains (Honigberg BM, unpublished observation). It is the subject of careful investigations,
not only because it is an aetiological agent of serious
disease, especially in women, but also because there is
a positive, although not necessarily causal, relation
between urogenital trichomoniasis and cervical
cancer. 1 2
The first evidence of the pathogenicity of T
vaginalis was acquired by establishing experimental
infections in different species of laboratory animals,
which showed that different strains of Tvaginalis can
differ in their inherent pathogenicity levels (for references see Honigberg3). The subcutaneous mouse assay compared the pathogenicity of different strains by
simple evaluation of abscess volumes,4 and it produced results that agreed with those obtained from
clinical considerations.4 5
A different approach to the study of the pathogenicity of Tvaginalis requires the use of cell cultures.

This is not only a good alternative to the in vivo methods of evaluating the pathogenic potential (furthermore eliminating the variability of host dependent
factors), but is also a suitable research tool to investigate the mechanisms by which flagellates can
cause cellular damage. The use of cell cultures allowed the alterations produced in cells by Tvaginalis
to be seen,6-9 and showed the biochemical alterations that followed protozoan infections.'0 Furthermore, the damage induced by direct protozoan
contact can be reproduced, at least in determinate experimental conditions, by exposing the cells to cell
free filtrates of cultures of pathogenic strains of
Tvaginalis, which indicates that toxins are produced.6~
Despite these results, little is known about the intimate mechanisms of Tvaginalis pathogenicity. Current thinking suggests that protozoan pathogenicity
may depend on variables such as adhesion, phagocytosis, or enzyme or toxin production, and that there
may be different experimental approaches to this
study.
As many cellular functions depend, more or less
on the cytoskeleton, and as this is well repredirectly,
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microtubular components,'2 we attempted to see
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skeleton by specific inhibitors`3 gave qualitative and hours after infection. In contrast, with the highest
quantitative modifications to its cytopathic in vitro concentrations (1 x 106 Tvaginalis per well) the cells
were entirely covered by the flagellates, which preeffect, phagocytosis, and adhesion.
vented observation of alterations of the culture with
the light microscope; furthermore, the cytopathic
Materials and methods
effect was rapid and severe, with massive fibroblast
detachment from the support in less than one hour.
CHEMICALS
Cytochalasin B (Aldrich Chemical Company), griseo- Under these conditions, it was obviously difficult to
fluvin (Sigma), mebendazole (Janssen), and taxol (do- examine the cytopathic effect and to assess its kinetnated by Natural Products Branch, Division of ics. The most satisfactory results were achieved by
Cancer Treatment, NCI, Bethesda, USA) were dis- infecting each semiconfluent fibroblast slide with 2 x
solved in dimethyl sulphoxide (DMSO) at final con- 105 Tvaginalis, and all subsequent experiments were
centrations of 21 mmol/1 cytochalasin B, 14 mmol/1 performed at this concentration of protozoa.
In the inhibition experiments, we used flagellates
griseofulvin, 34mmol/1 mebendazole, and 10mmol/1
taxol. Colchicine (Boehringer Mannheim) was dis- that had been treated for 24 hours with antisolved in distilled water at a concentration of microtubular compounds (mebendazole 34 umol/1,
25mmol/1. The DMSO concentrations used (0-1%) colchicine 250 pmol/1, griseofulvin 140,gmol/1), with
the microtubular stabilising agent, taxol, 10pmol/l,
apparently do not affect protozoan viability.
or with the microfilament inhibitor, cytochalasin B,
210pmol/1. Before each experiment, non-inhibited
GROWTH CONDITIONS OF TRICHOMONAS
trichomonads from 24 hour cultures or treated for 24
VAGINALIS
We used a virulent strain of Tvaginalis (TO-37), orig- hours with the inhibitors were counted in a Thoma
inally isolated from a patient with acute vaginal haematocytometer, centrifuged at 700 x g for 10
trichomoniasis. Protozoa were axenically cultured in minutes, washed once with RPMI 1640 medium, and
agar free Diamond's medium supplemented with resuspended at a density of 2 x 105/ml in RPMI 1640
10% heat inactivated calf serum, 500mg/1 strep- and 10% fetal calf serum containing 50 pmol/l
tomycin sulphate and 6 mg/1 penicillin G,14 at 37°C in fl-mercaptoethanol. Although Diamond's medium is
a 10% carbon dioxide atmosphere. Protozoa main- the optimum medium for growing Tvaginalis, these
tained in vitro for four weeks or longer showed a well protozoa proliferate in cell culture media, such as
known progressive attenuation of their pathogenicity RPMI 1640, although at slower rates (unpublished
for cell cultures5; this disadvantage could be elimi- observation). To each well containing cells, 1 ml of
nated by keeping the protozoa frozen at - 80°C in the trichomonad suspension was added; to the wells with
presence of 10% DMSO and 30% calf serum and control cells, 1 ml of RPMI 1640 medium containing
10% fetal calf serum and 50 pmol/l
thawing them shortly before the experiments.
P-mercaptoethanol was added. The plates were then
incubated at 37°C in a 10% carbon dioxide atmoCELL CULTURES
CLID mouse fibroblasts were cultured in monolayers sphere. After 2, 3, or 6 hours the medium was reat 37°C in a 10% carbon dioxide atmosphere, on moved from the wells. The slides were gently washed
25 cm2 plastic bottles (Falcon) in RPMI 1640 medium with 0 14mol/1 phosphate buffered saline (PBS), fixed
(EUROBIO) supplemented with 10% heat inac- with methanol at room temperature for 10 minutes,
tivated fetal calf serum (Flow), 0.6 mg/l penicillin G, stained for 45 minutes with Giemsa's solution
and 100 mg/l streptomycin sulphate. For infection ex- (Merck) diluted at a ratio of 1:10 with 0.065mol/1
periments, cells were seeded on glass coverslips sodium phosphate buffer (sodium biphosphate 9-2g
(22 mm in diameter) into wells of 24 well polystyrene and sodium phosphate 23-9 g, pH 6.8), washed twice
plates (Space Saver, Flow Laboratories) to reach the with distilled water, air dried, and mounted with Permount. In such prepared slides, the cell number per
stage of semiconfluence after two days.
field was counted in 10 microscope fields using the
automatic image analyser Zeiss IBAS 2, applying verINFECTION EXPERIMENTS
Before carrying out the infection experiments, we sion 5.21 of program KONTRON 64.
needed to find the optimum number of Tvaginalis to
inoculate into each well to obtain easily observable PHAGOCYTOSIS EXPERIMENTS
and evaluable effects; we therefore performed pre- For the phagocytosis tests we used a strain of Esliminary experiments by infecting the cells with cherichia coli isolated from pathology material, maindifferent amounts of trichomonads. If 104 or fewer tained on nutrient agar slants (Difco) at room
trichomonads were added to each well the resulting temperature, and transferred at three to four month
cell damage was poor, and was evident only several intervals. Before each experiment, a bacterial loop

SCANNING ELECTRON MICROSCOPY (SEM)

For scanning electron microscopy, infected cultures
were fixed 30 minutes, one hour, and four hours after
infection. The medium was removed, and the slides
were rinsed twice for five to 20 minutes with 0-1 mol/l
sodium cacodylate buffer, pH 7.2$,cells were then
fixed with 2 5% glutaraldehyde (EM grade) in
0 1 mol/1 sodium cacodylate buffer at room temperature for one hour. After being washed three times
for 20 minutes each with sodium cacodylate buffer,
cells were postfixed in 1% osmium tetroxide in the
same buffer at room temperature for one hour,
washed three times in cacodylate buffer, and finally
washed in distilled water. Cells were then dehydrated
in 2-2 dimetoxipropane-hydrochloric acid'5 followed
by 100% acetone, and critical point dried by a Polaron apparatus with carbon dioxide as transitional
fluid. The coverslips were covered with gold in
-Edwards S-150 sputter coater and observed with
ISI DS130 and JEOL JSM35 electron microscopes at
25 and 30 kv.
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counted. The adhesiveness of Tvaginalis was expressed as a ratio of Tvaginalis to cells.
Results
BEHAVIOUR OF NON-INHIBITED T VAGINALIS IN
CELL CULTURES: OBSERVATION BY LIGHT AND
SCANNING ELECTRON MICROSCOPY

On examining infected cultures under the inverted
microscope 10 to 15 minutes after inoculation, the
flagellates had settled on the cells and had swum in all
directions over them. After about 30 minutes,
flagellates no longer showed wide movements and
adhered firmly to the fibroblasts, even when the plate
was shaken. The scanning electron microscope
images showed that Tvaginalis adhered to the cell
surface and to slides by pseudopodia, especially by
thin filopodial tips. Even within the first hour, under
the light microscope, morphological changes of the
cultures of fibroblasts began to appear. Examining
the cells separately, we observed that some were no
longer spread out, but were stretched and spindle
shaped; many cell elements had indented contours
and showed cytoplasmic retraction and cell body
roundness (fig 1). It was interesting to note that morphologically normal fibroblasts often lay next to cells
showing these pathological changes (fig 1). This indicated that the nature of the cytopathic effect was
strictly local and that contact between protozoa and
cells was important. At the longest incubation times
(up to six hours), the events described increased until
they affected almost all the cells; a large number of
cells came off slide surfaces, giving rise to the formation of acellular irregularly shaped areas (fig 1).
Observations using the scanning microscope substantially confirmed these findings. A remarkable
decrease in or even loss of microvilli was noted,
especially at protracted incubation times, whereas
microvilli were evident on the surface of the control
cells (fig 2).
BEHAVIOUR OF INHIBITED T VAGINALIS IN
CELL CULTURES: OBSERVATION BY LIGHT AND
SCANNING ELECTRON MICROSCOPY

Simple observation of the infected cultures, both by
light and by scanning electron microscopy, showed
that the cytopathic effect of Tvaginalis decreased as a
result of pretreatment of the flagellates with some
cytoskeletal inhibitors. The fibroblasts, especially
when infected with Tvaginalis treated with mebendEVALUATING ADHESIVENESS OF T VAGINALIS,
azole or griseofulvin, did not display signs of damage
BOTH NORMAL AND TREATED WITH
during the first hour of infection; the cell free areas,
CYTOSKELETON INHIBITORS
which were present in non-infected fibroblasts, were
In each slide at least 1000 cells were examined under not observed. This protective effect of all cytoskeletal
the light microscope at 1250 x magnification, and the inhibitors tested, except cytochalasin B, decreased
number of trichomonads adherent to each cell was progressively so that values at about the sixth hour in
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was suspended in 10 ml of nutient broth (Difco) and
incubated overnight at 37°C. By seeding 10 p1 of such
suspension in 10ml of medium and incubating at
370C for four to five hours we obtained a culture
whose absorbance, read with a Pye Unicam
SP6-4000 UV spectrophotometer at 500 nm, was
0.2, which roughly corresponded to 1 to 2 x 106
bacteria/ml.
Tvaginalis, both normal from a 24 hour culture
and inhibited for 24 hours with different concentrations of mebendazole, colchicine, taxol, or cytochalasin B, were counted, centrifuged at 700 x g for
10 minutes, and resuspended in Diamond's medium
supplemented with 10% calf serum at a cell density of
1-2 x 106/ml. Bacteria suspended in 1 ml of nutrient
broth were added to 1 ml of trichomonads, giving a
final ratio of 1:1, and the mixture was incubated at
37°C under continuous rotation (at four revolutions a
minute). After one hour, the samples were centrifuged
at 1 10 x g for four minutes to remove trichomonads
(in these conditions the non-ingested bacteria remain
in suspension in the supernate), and tenfold dilutions
in saline of the supernates were plated in duplicate on
nutrient agar and incubated overnight at 37°C. To
evaluate the number of viable remaining bacteria,
only plates containing between 30 and 300 colonies
were counted.
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Fig 1 Light microscopy of
semiconfluent mouse CLlDfibroblast
cultures (a) uninfected, (b) two hours
after inoculation with Tvaginalis (large
acellular area (A) containing parasites
(arrows), cells lining the lesion are
rounded and retracted, whereas
unparasitised areas seem to be normal),
(c) six hours after inoculation with
Tvaginalis (very few cells (arrows),
rounded or spindle shaped, adhere to
coverslip). Giemsa, scale bars =
100 m.)
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Fig 2 Scanning electron microscopy of CLIDfibroblast cultures (a) uninfected, (b) one hour after infection with untreated
T vaginalis (dramatic cytopathic effect; cell shrunken and withoutfilopods), (c) one hour after infection with Tvaginalis
treated with mebendazole 34 /imol/l (filopods shorter than in control cells), (d) six hours after infection with T vaginalis
treated with mebendazole (cell dramatically shrunken like cells infected by untreated trichomonads, but some filopods are still
present). (Scale bars = 10Jpm.)
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T vaginalis treated with:

Fig 3 Mean numbers of cells/microscopicfield (in slides observed at 200 x magnification) in CLIDfibroblast cultures
incubatedfor 2, 3, and 6 hours with live pathogenic Tvaginalis untreated or treated with anticytoskeletal compounds.
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fibroblasts infected with trichomonads treated with played by non-inhibited Tvaginalis, especially soon
mebendazole were similar to those observed with after infection. The ratios of Tvaginalis to cells were
always lower when protozoa were inhibited with antiuntreated protozoa (fig 2(d)).
The pathogenicity of Tvaginalis in fibroblast cul- cytoskeletal substances, particularly mebendazole,
tures, evaluated by a clearly measurable variable such griseofulvin, and colchicine (table).
as mean cell number per field, enabled us to measure
exactly the degree of reduction in cytopathic effect Discussion
that occurred when Tvaginalis was pretreated with
cytoskeletal inhibitors. Figure 3 shows that, after The treatment of Tvaginalis with some anticytoincubation for two hours, the mean cell number per skeletal inhibitors can reduce, in our experimental
field after infection with non-inhibited Tvaginalis was conditions and particularly soon after infection, the
far smaller than in non-infected fibroblasts, and it protozoan cytopathic effect in vitro. This was more
decreased regularly after incubation for three and six evident for mebendazole, griseofulvin, and, less
hours. In contrast, experimental cell numbers were noticeably, colchicine, all of which induce alterations
high during the first hours after pretreatment of in the trichomonal microtubular system (unpublished
Tvaginalis with mebendazole, but decreased sub- observation). The cytopathic effect on fibroblasts was
sequently to reach, at about the sixth hour, values measured by modification of the cellular shape (cytosimilar to those obtained with untreated Tvaginalis. plasmic retraction and cell body rounding) and by
Intermediate values were obtained with griseofulvin, reduction of the mean cell number per microscope
colchicine, and taxol.
field. The evaluation of these variables in cell cultures
infected by Tvaginalis treated with inhibitors, and
RESULTS OF THE PHAGOCYTOSIS EXPERIMENTS
their comparison with the results for controls,
Figure 4 shows that colchicine and cytochalasin B allowed us to estimate exactly the inhibition of the
entirely inhibited the phagocytic activity of cytopathic effect. Caution must be used in interT vaginalis towards E coli, whereas pretreatment with preting results of experiments with inhibitors, as the
taxol or mebendazole reduced it to 52% or 54% inhibition of cytopathic effect with anticytoskeletal
respectively of that of untreated trichomonads.
compounds could be due to action on other cell targets. Nevertheless, a direct correlation seems to be
RESULTS OF ADHESIVENESS EVALUATION
likely because the substances more active in blocking
The maximum adhesiveness to fibroblasts was dis- the in vitro cytopathic effect (mebendazole and gri-
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during growth and multiplication, future devel100
opment in this work should clarify how inhibitors can
affect the ability of Tvaginalis to secrete enzymes or
80
toxic substances.
._#
Many strains of Tvaginalis are known to adhere to
0
several substrates, including cultured cells,7 glass,'8
cn
U
0
and plastic (Cappuccinelli P, et al, unpublished obser0
vation).
Our experiments indicate that flagellates
= 40treated with (especially) colchicine, mebendazole, and
griseofulvin exhibit a lower ability than controls to
20
adhere to fibroblasts. As normal fibroblasts are often
adjacent to damaged cells, which may indicate a
"short range" action of Tvaginalis on fibroblasts,7
the adhesiveness -may play an important part in
pathogenicity, as for other protozoa,'920 both by
making possible a direct mechanical action and by
~ '
allowing eventual protozoan toxins to act more rapidly and at higher concentrations. This could explain
-a
I
.0P
"3t
why supernatants of T vaginalis cultures give the
same, although reduced, effects as the cultures.11
Another fact arising from this work is that the
reduction in the cytopathic effect of Tvaginalis
T vaginalis treated with:
resulting from treatment with cytoskeletal inhibitors
is maximum soon after contact between Tvaginalis
Fig 4 Phagocytic activity (%) of Tvaginalis untreated or
after treatment for 24 hours with anticytoskeletal compounds. and cells, and decreases considerably at longer incubation times. As the anticytoskeletal action of the
the pathogenicity
tested inhibitors is not
seofulvin) are also those more effective phenomena of Tvaginalis, like thatreversible,'3
of other protozoa,2' 22 (and
dependent on cytoskeletons,'4 and give pronounced Honigberg BM, unpublished observations) could
alterations of trichomonal microtubular structures have various components, some of which might
(unpublished observation). In addition, none of the depend on the cytoskeleton, and others, which emerge
tested compounds shows metabolic effects, such as more slowly, characterised by a different mechanism
inhibition of synthesis of protein, deoxyribonucleic of action.
acid (DNA), or ribonucleic acid (unpublished
results).
This study was supported by grants from the Italian
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0 35
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