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MECHANISM OF ACTION OF A NITROIMIDAZOLE-THIADIAZOLE
DERIVATE UPON TRYPANOSOMA CRUZ! TISSUE CULTURE AMASTIGOTES
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Megazol (CL 64,855} a very effective drug in experimental infections by Trypanosoma cruzi,
and also in in vitro assays with vertebrate forms of the parasite, had its activity upon macromole-
cule biosynthesis tested using tissue culture-derived amastigote forms. Megazol presented a drastic
inhibition of [3H]}-leucine incorporation, and only a partial inhibition of |3H]|-thymidine and
[3H-uridine incorporation, suggesting a selective activity upon protein synthesis. Comparing the
three drugs, megazol was more potent than nifurtimox and benznidazole in inhibiting protein
and DNA synthesis. Megazol showed a 91% of inhibition of [3H)-leucine incorporation whereas
nifurtimox and benzwnidazole, 0% and 2%, respectively. These latter two drugs inhibited rthe
incorporation of all the precursors tested at similar levels, but the concentration of benznidazole
was always three times higher, suggesting different mechanisms of action or, more probably, a
greater efficiency of the S-nitrofuran derivate in relation to the 2-nitroimidazole. So, we conclude
that the mode of action of megazol is different from the ones of nifurtimox and benznidazole and
that its primary effect is associated with an impairment of protein synthesis.
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The chemotherapy of Chagas’ disease is still
inadequate, and the two clinically used drugs —
nifurtimox and benznidazole — present a high
incidence of important side effects, with a
controverse efficacy at the chronic stage of the
disease (Brener, 1979; Avila, 1983; Gutteridge,
1985). In this context, efforts are in progress
to find new therapeutic agents active against
Trypanosoma cruzi which would not be harmful
to the host.

A promissing drug is megazol (2-amino-5-
(1-methyl-5-nitro-2-imidazolyl)-1,3,4-thiadiazol
.CL 64855), sinthesized by Berkelhammer
& Asato (1968), that showed supressive activity
against trypanosomatids in experimental rodent
infections (Berkelhamer & Asato, 1968 ; Burden
& Racette, 1968). Brener and co-workers
studied intensively this drug, observing a marked
curative effect on experimental rodent infec-
tions, with significantly higher levels of cure
than similar treatments with nifurtimox and
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benznidazole (Filardi & Brener, 1982). Megazol
was considered one of the most active com-
pounds against 7. cruzi being also effective
against parasite strains which are resistant to
the two clinically used drugs (Filardi & Brener,
1984, 1985). Electron microscopic analysis of
the heart of the megazol-treated animals
showed progressive alterations in the parasite,
culminating after 36h of treatment, with a
partial or total lysis (Maria et al., 1984),

Megazol was tested in our in vitro system
of trial of drugs based on the direct effect
upon the parasite and its proliferation and on
the interaction with heart muscle cell (De Cas-
tro & Meirelles, 1987). This thiadiazol derivative
proved to be a very potent drug at levels similar
to nifurtimox and benznidazole, leading to
inhibition of proliferation or amastigote forms
in axenic medium of intracellularly in heart
muscle cells. Total lysis of trypomastigote
forms was observed after treatment for 24 h
with 50 uM megazol. Ultrastructurally this
drug led to several alterations on 7. cruzi,
being very characteristic a vacuolization, a loss
of structures in the cytoplasm, and a reduction

of the number of ribosomes and swelling of
the kinetoplast (De Castro & Meirelles, 1987).
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The investigation of the action of currently
used drugs and of newly synthesized compounds
is a fundamental step to identify the mechan-
isms of their selective toxicity toward the
parasite. As studies of the incorporation of
macromolecules precursors can shed some
light on the mechanism of action of drugs, we
propose to use this approach to further investi-
gate the action of megazol on amastigote
forms of 7. cruzi.

MATERIALS AND METHODS

FParasites — We used the Y strain of 7. cruzi
(Silva & Nussenszweig, 1953). The amastigote
forms were obtained from the supernatant of
a J774G-8 macrophage cell line (Carvalho
& de Souza, 1983; De Castro et al., 1987) as
follows: macrophages in Dulbecco’s modified
Eagle medium plus 5% fetal bovine serum
(DMES) were infected with bloodstream
trypomastigotes in the ratio 1:10 cell per
parasite. After 24 h, the medium was changed
and trypanosomes that did not penetrate the
cells were discarded. Thereafter the medium
was changed every 2 days. After 6-8 days of
infection, the culture supernatants consisted
of amastigotes, very few trypomastigotes and
cell debris. The amastigote forms were obtained
by differential centrifugation and when their
percentage was less than 93-95%, further
purification was carried out by metrizamide
gradient until about 99% purity was obtained.

Macromolecule precursors incorporation —
Amastigote forms were collected and washed
once with KRT buffer (25 mM Tris-HCl, pH
7.2, 1.2 mM Mg2504, 2.6 mM CaCl2, 120 mM
NaCl, and 100 mM glucose). A quantity of
5.10° cells/ml was incubated in the buffer
solution containing [3H]-thymidine (2 uCi/ml),
[3H]-leucine (1 uCi/mi) or [3H]-uridine (2 uCi/
ml), in the presence or absence of the drugs.
At the chosen intervals, aliquots were taken
and the cells were lysed with sodium dodecyl
sulphate (0.01%) (De Castro et al., 1987).
Following the addition of TCA (10% w/v),
the samples were filtered through glass fiber
filters {(Whatman GF/A), and the filters washed
three times with 5 ml cold phosphate buffered
saline (PBS), dried and counted in a scintillation
counter (Beckman Model LS-700).

As stock solutions of megazol, nifurtimox
and benznidazole were prepared in DMSO,
we tested also the effect of this solvent on the
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incorporation of the precursors at concentra-
tions three times higher (about 0.5%) than the
ones used in the experiments, detecting no
alterations of the incorporation as compared
to the controls. During the assays, the cells
were monitored by phase microscopy, with no
apparent alteration on the cell morphology.

Chemicals — Dulbecco’s modified FEagle
medium and fetal calf serum were obtained
from Microbiologica and [methyl-3H]thymidine,
[L-4, 5-3H(N)]-leucine and [3H(G)]-uridine
from New England Nuclear. All other reagents
were of analytical grade. Megazol (CL 64,855)
and the other drugs were kindly provided by
Dr Zigman Brener (Centro de Pesquisas René
Rachou — FIOCRUZ).

RESULTS

[2H )lewcine incorporation — Megazol (50
and 100 uM) caused a drastic inhibition of
[3H]leucine incorporation as compared even
to higher concentrations of nifurtimox (100
and 200 uM) and benznidazole (300 and 400
uM) (Table 1). In concentrations four times
higher, in the case of nifurtimox, and eight
times higher for benznidazole than the ones
used with megazol, no effect on protein syn-
thesis was observed, whereas inhibition of 77%
was detexted with this drug (Table I). The effect
of the thiazol derivate was dose-dependent,
showing a significant decrease of the incorpora-
tion in the range of (12 to 50 uM), whereas
300 uM benznidazole showed results similar
to the control (Fig. 1).

|ZH-uridine incorporation — After 120
nmin of incubation, megazol (100 uM) caused
only a partial inhibition (23%) of the RNA
precursor incorporation, at somewhat lower
levels as compared to nifurtimox and benzni-
dazole, 38 and 33% respectively (Table II).
These two drugs showed similar percent of
inhibition of RNA synthesis, but as benznida-
zole was assayed at a concentration three
times higher, these results indicate that it is
less effective than nifurtimox.

|SH |-thymidine incorporation — Megazol
(100 uM) showed a more potent effect on the
inhibition of the DNA precursor incorporation
than 100 uM nifurtimox and 300 uM benznida-
zole, being the values of percentual inhibition
after 120 min respectively, 70, 48 and 50%
(Fig. 2). As pointed out in the assays of [3H]
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TABLE 1

Inhibition of [3H]-leucine incorporation by amastigotes of Trypanosoma cruzi caused by drugs

Incub. Benznidazole Nifurtimox Megazol

time 300 uM 400 uM 100 uM 200 uM 50uM 100 uM
30 0.99+0.028 091 +0.04 0.90 + 0.05 0.89+ 0.03 0.29 + 0.02 0.29 + 0.01
60 0.94 + 0.02 0.98 + 0.05 0.89 + 0.02 0.82 + 0.04 0.22 +0.05 (.15 + 0.00
90 0.90 + 0.01 0.78 + 0.03 0.93+ 0.03 0.72+ 0.03 0.18 + 0.02 0.12 + 0.01

120 0.98 + 0.02 1.02+ 0.05 102+ 0.04 0.86+ 0.04 0.23 +0.02 0.09 + 0.01

4. treated/control.
TABLE Ii

Inhibition of [3H Juridine incorporation by amastigotes of Trypanosoma cruzi caused by drugs

Incub.

Control

Benz. 300 uM

Nif. 100 uM

Meg. 100 uM

time fmol/ 106 cellT/C&  fmol/106

cell T/C

fmol/ 106 cell T/C fmol/ 100

cell T/C

30 254+ 0.5 1.00
60 31.7+ 1.3 1.00
g0 384+ 1.3 1.00

120 387+ 1.0 1.00

24.6 + (1.5 0.97
24,7+ 1.2 (.78
248+ 2.3 0.65

26.0+ 2.7 0.67

31.6 + 1.2 1.24 28,5 +0.4 1.12

30.0+ 3.8 0.95 27.7+1.8 (.87
294+ 2.6 0.77 23.2+0.6 0.60

24.1+ 0.9 0.62 29.8+ 2.1 0.77

a: T/C = treated/control.
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Fig. 1: dose-dependent inhibition of [3H]Heucine
incorporation by amastigote forms of Trypanosoma
cruzi. (&) control, (®) 300 UM benznidazol, (C) 50 uM
megazol, (O) 25 UM megazol and (£} 12.5 UM megazol.
lLach value shown is the mean of triplicate incubations.

uridine incorporation, comparing benznidazole
and niturtimox, the latter drug revealed more
efficacy in inhibition DNA synthesis.

DISCUSSION

In this work, the important feature is the
finding that the mode of action of megazol
upon amastigote forms of 7. cruzi involves
selective inhibition of protein synthesis, meas-
ured by [3H]-leucine incorporation, whereas
nifurtimox and benznidazole, even at higher
concentrations, caused no alteration on the
incorporation pattern. In the case of nucleic
acid synthesis, the three drugs tested showed
similar values of percent of inhibition being
the efftect on [3H]-thymidine incorporation
stronger than that on [3H]-uridine. As benzni-
dazole was assaved at a concentration three
times higher than nifurtimox (Table II), these
results indicate the latter drug is more effective
and that probably different mechanisms are
involved. While oxidative stress has been
implicated in the mechanism of nifurtimox
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Fig. 2: effect of drugson [3H }thymidine incorporation
by amastigote forms of Trypenosoma cruzi. (&)

control, (O 300 UM benznidazol, (& 100 uM nifur-
timox and (©) 100 M magazol. Each value shown is

the mean of triplicate incubations.

toxicity on T. cruzi, the process has been ruled
out as a toxic mechanism of benznidazole
(Moreno et al., 1982; Do Campo & Moreno,
1985).

Several groups, using epimastigote forms
(Sims & Gutteridge, 1979; Gugliotta et al.,
1980, Goijman et al., 1984; Goijman & Stop-
pani, 1985), have used the assay of macromole-
cule precursor incorporation sometimes with
different results. Analysing the nitrotfuran
SQ-18.506, Sims &Gutteridge (1979) considered
that its mode of action upon epimastigotes
involves inhibition of nucleic acid synthesis,
whereas Gugliotta et al. (1980) suggested that
the primary effect of this drug is on protein
synthesis.

Goijman & Stoppani (1985) observed an
inhibition of macromolecule synthesis of
epimastigotes in the presence of benznidazole
and nifurtimox, being the latter also more
active. The levels of inhibition of incorporation
were similar for nucleic acids for both forms
of T. cruzi, however a direct correlation between
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these results can not be established, since
different strains were used — Tulahuen for
epimastigotes and Y strain for amastigotes.
Analyzing the effect of benzidazole on epimas-
tigote forms of the Y strain, Polak & Richle
(1978) showed that DNA synthesis is much
less suceptible to the inhibitory effect of the
drug than RNA and protein synthesis.

Comparing the effect of benznidazole upon
amastigote (present paper) and epimastigote
forms (Polak & Richle, 1978) of the same
T. cruzi strain (Y), after 120 min of incubation
in the presence of 300-380 uM benznidazole
we observed that: (a) epimastigotes were more
susceptible to the inhibitory action of the drug
upon protein synthesis, whereas amastigotes
were not susceptible at all; (b) in relation to
DNA synthesis benznidazole impaired the
amastigotes incorporation of the precursor but
showed no effect upon epimastigote forms; (c)
both forms were susceptible at the level of
RNA synthesis. These experimental data once
more point out to discrepancies in the results
obtained when comparing the effect of drugs
on epimastigotes and vertebrate forms of
T. cruzi (Schlemper et al., 1977, Avila et al.,
1981, Mc Cabe et al., 1985).

Comparision between megazol and the used
drugs — nifurtimox and benznidazole —, led
to the sugestion that different mechanisms are
involved in the mode of action of these
compounds. Augusto et al, (1986) have already
pointed out that the mechanism of action of
megazol probably does not invelve nitro anion
radicals as in the case of nitrofurans (Do Campo
& Moreno, 1984), since the thiadiazol derivate
radical could not be detected in conditions in
which it was evident such an effect for nifurti-
mox. Besides in microsomal fractions of 7. cru-
zi, the generation of hydroxyl radicals was two
times smaller with megazol than using nifur-
timoX.

Megazol has a definitive effect on protein
synthesis of amastigotes of T, cruzi at concen-
trations at which nifurtimox and benznidazole
presented no etfect. Macromolecule synthesis
proved to be a suitable parameter for the assay
of theurapeutic agents. We conclude that the
mode of action of the thiadiazol derivate is
different from those of these two latter drugs,
being its primary effect associated with the
impairment of protein synthesis by amastigote
forms.
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