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Abstract

No fully effective treatment has been developed since the discovery of
Chagas’ disease by Carlos Chagas in 1909. Since drug-resistant Trypa-
nosoma cruzi strains are occurring and the current therapy is effective-
ness in the acute phase but with various adverse side effects, more
studies are needed to characterize the susceptibility of T. cruzi to new
drugs. Many natural and/or synthetic substances showing trypano-
cidal activity have been used, even though they are not likely to be
turned into clinically approved drugs. Originally, drug screening was
performed using natural products, with only limited knowledge of the
molecular mechanism involved in the development of diseases. Trans-
splicing, which is unusual RNA processing reaction and occurs in
nematodes and trypanosomes, implies the processing of polycistronic
transcription units into individual mRNAs; a short transcript spliced
leader (SL RNA) is trans-spliced to the acceptor pre-mRNA, giving
origin to the mature mRNA. In the present study, permeable cells of T.
cruzi epimastigote forms (Y, BOL and NCS strains) were treated to
evaluate the interference of two drugs (hydroxymethylnitrofurazone -
NFOH-121 and nitrofurazone) in the trans-splicing reaction using
silver-stained PAGE analysis. Both drugs induced a significant reduc-
tion in RNA processing at concentrations from 5 to 12.5 µM. These
data agreed with the biological findings, since the number of parasites
decreased, especially with NFOH-121. This proposed methodology
allows a rapid and cost-effective screening strategy for detecting drug
interference in the trans-splicing mechanism of T. cruzi.
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Introduction

American trypanosomiasis (Chagas’ dis-
ease) is a major health problem in Central
and South America. Approximately 2 to 3
million of about 20 million infected people
can develop the characteristic clinical symp-
toms of the chronic stage of Chagas’ disease
and 45,000 die every year (1).

Trypanosoma cruzi, the etiological agent
of Chagas’ disease, shows a pathogenicity
pattern that may be influenced by the char-
acteristics of both the human host and the
lineage of the T. cruzi strain (2). Thus, the
course of infection in susceptible vertebrates
is influenced not only by factors such as
environmental temperature and the age, sex
and genetic constitution of the human host,
but also by morphological characteristics of
the infecting strains, as well as of therapeutic
agents. Treatment of infected people in en-
demic areas has been recommended by the
National Health Foundation of Brazil for
acute or recent chronic cases as well as for
congenital and accidental infections and for
children with positive serology. It is also
indicated for patients with acquired immu-
nodeficiency syndrome and for those under-
going organ transplantation or receiving im-
munosuppressive drugs, who are at risk for
reactivation of latent infection with T. cruzi
(3,4). However, successful treatment with
currently used drugs (nifurtimox or benzni-
dazole) is limited by the prevalence of T.
cruzi strains resistant to these chemothera-
peutics (5). It has been shown that resistance
is correlated with biological characteristics
of the parasite due to the occurrence of vari-
ous sub-populations of the parasite leading
to different host tissue’s tropism (6).

Current therapy is based on nifurtimox
and benznidazole, which are mostly effec-
tive in the acute phase of the disease but may
cause serious adverse side effects (5). In
Brazil, benznidazole is the only drug avail-
able on the market because of the claim that
Brazilian T. cruzi strains are resistant to

nifurtimox. In addition, several investiga-
tors have demonstrated that geographic dif-
ferences might interfere with the efficacy of
therapeutic regimens (5,7). It is urgent to
find new and more effective drugs in order
to treat patients with chronic disease.

Nitrofurazone (NF), a 5-nitro-furfurylidene-
semicarbazone, is primarily an active anti-
microbial agent against Gram-positive mi-
croorganisms but, due to its side effects, it
has been used only for tropical infection
(8,9). Nevertheless, a trypanocidal activity
of that drug was observed by Andrade and
Brener (9). Henderson and co-workers (10)
found that its effect could be attributed to
inhibition of a trypanothione-reductase, a
key enzyme in the oxidative metabolism of
the parasite. Despite their toxicity, nitroaro-
matic compounds are generally very active
against T. cruzi and have been considered to
be important targets for molecular modifica-
tion (11,12).

Hydroxymethylnitrofuran (NFOH-121),
an NF prodrug, showed better trypanocidal
activity on all the parasitic forms than its
parental drug, NF and/or benznidazole (13,
14), and demonstrated lower mutagenic ac-
tivity (15). These findings suggested that
NFOH-121 might be a very promising com-
pound for in vivo toxicological studies, and
for studies directed at establishing its mech-
anism of action (14).

The objective of the present study was to
utilize this novel approach with permeable
epimastigote cells of different T. cruzi strains
to screen and investigate the activity of
NFOH-121 and NF on mRNA processing.
The method of analysis was standardized
using silver-stained gels instead of the tradi-
tional radiolabeled nucleotide-based analy-
sis in order to obtain a rapid evaluation of
drug interference in the mRNA processing
of each strain. Moreover, the biological ef-
fects of these drugs were studied against the
three developmental stages of the T. cruzi Y
strain. The activity of these compounds
against different parasite strains leads us to
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propose NFOH-121 as a candidate drug for
the treatment of Chagas’ disease patients.

Material and Methods

Culture of Trypanosoma cruzi epimastigotes

T. cruzi epimastigote forms of the Y,
NCS and Bolivia (BOL) strains were main-
tained in culture at 28ºC in LIT medium,
with passages every 15 days. For the trans-
splicing reaction with permeable cells, ap-
proximately 105-106 parasites were trans-
ferred to 50 mL LIT and incubated for 7 days
at 28ºC. The Y strain was considered to be
the standard (16). The BOL strain has being
maintained in the laboratory for some years
after isolation from triatominae (17). The
NCS strain was isolated from a Chagas’
disease patient (Buainain A, personal com-
munication). The NCS and BOL strains are
classified as T. cruzi II b/e, but the BOL
strain showed different growth features in
culture.

In vitro biological assays

The parasites (T. cruzi Y strain) were
maintained in continuous culture in Dulbec-
co’s modified Eagle’s medium (DMEM)
supplemented with NaHCO3 (1.2 g/L), peni-
cillin (500,000 U/L) and streptomycin (100
mg/L), containing 10% heat-inactivated fe-
tal bovine serum at 37ºC.

The assay was performed in 24-well tis-
sue culture plates with 2 x 104/2 mL LLMCK2

(cell lineage provided by Adolfo Lutz Insti-
tute, São Paulo, SP, Brazil) maintained in
DMEM medium (Gibco-BRL, Rockville,
MD, USA), supplemented with 2 mM L-
glutamine, 10 mM NaHCO3, 100 U/mL peni-
cillin, 100 µg/mL streptomycin, and 5% heat-
inactivated fetal calf serum. The cultures
were incubated at 37ºC in an atmosphere
containing 5% CO2 and 95% humidity until
the occurrence of cell confluence. Drugs
(NFOH-121 and NF) were dissolved in

DMSO and water and diluted in medium to
the desired concentrations, with the final
DMSO concentrations not exceeding 0.1%
(v/v). Trypomastigotes (1 x 106/mL) were
inoculated 24 h after the cell layers were
seeded. Fresh medium with or without drugs
at concentrations of 5 and 10 µM was added
to the cells every 24 h during the incubation
period. In vitro activity was determined by
counting the number of organisms 6, 7, 8,
12, 14, and 15 days after infection. The organ-
isms were counted in a Neubauer chamber as
trypomastigotes, amastigotes, or epimasti-
gote-like forms. To facilitate evaluation, only
the counts for the 8th and 15th days are
reported in this paper.

In vitro trans-splicing reaction using
Trypanosoma cruzi permeable cells

The permeable cell reactions were car-
ried out according to Ullu and Tschudi (18)
and Ambrosio et al. (19). In the experiments,
1.25 x 108 T. cruzi epimastigote forms (Y,
NCS and BOL strains) were washed and
resuspended in TB (1X) solution (20 mM
KGlu, 3 mM MgCl2, 1 mM DTT, 10 µg/mL
leupeptin) and treated with 100 µg L-α-
lysophosphatidylcholine and palmitoyl (Ly-
solecithin, Sigma, St. Louis, MO, USA). To
initiate the trans-splicing reaction, a solution
containing 2 mM ATP, 1 mM GTP, 1 mM
CTP, 1 mM UTP (Gibco-BRL), 0.5X TB,
0.6 mg/mL creatine kinase (Roche, Basel,
Switzerland), and 25 mM creatine phos-
phate (Sigma) was added. The drugs, NFOH-
121 and NF, were added separately. After
incubation at 28ºC for 20 min, the parasites
were immediately lysed with Trizol (Life
Technologies, Rockville, MD, USA) and
RNA was recovered by extraction with chlo-
roform and precipitation with isopropanol.
The RNA was resuspended in 50% forma-
mide/5X SET solution and electrophoresed
on a 10% polyacrylamide-7 M urea gel fol-
lowed by silver staining (30 min, 40% metha-
nol/10% acetic acid; 2 x 15 min, 10% etha-
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Figure 1. Inhibition of Trypano-
soma cruzi growth in culture.
Tryp = trypomastigotes; Amast =
amastigotes; Epi-like = epimas-
tigote-like forms; NF = nitrofura-
zone; NFOH-121 = hydroxy-
methylnitrofuran.

Figure 2. RNAs from Trypanoso-
ma cruzi permeable epimasti-
gote cells of the Y, NCS, and
BOL strains. Cells were treated
with the hydroxymethylnitrofuran
(NFOH-121) and electropho-
resed on 10% polyacrylamide-7
M urea gel. A, Control without
NFOH-121; B, 2 µM NFOH-121;
C, 5 µM NFOH-121; D, 12.5 µM
NFOH-121. 1) Unrelated small
nuclear RNA; 2) U2; 3) U1; 4)
U4; 5) U5; 6) U6 small nuclear
RNAs. Molecular weights in
base pairs are given on the left.
Silver-stained gel.

Figure 3. RNAs from Trypanoso-
ma cruzi permeable epimasti-
gote cells of the Y strain. Cells
were treated with hydroxymeth-
ylnitrofuran (NFOH-121) and ni-
trofuran (NF) and electropho-
resed on 10% polyacrylamide-7
M urea gel. A, Control without
drugs; B, 2 µM NF; C, 2 µM
NFOH-121; D, 12.5 µM NF; E,
12.5 µM NFOH-121. 1) U2; 2)
U1; 3) U4; 4) U5; 5) U6 small
nuclear RNAs; 6) unrelated
small nuclear RNA. Molecular
weights in base pairs are given
on the left. Silver-stained gel.

nol/5% acetic acid; 5 min, deionized water;
20 min, 12 mM AgNO3; 1 min, deionized
water; 0.28 M Na2CO3 + 0.0185% formalde-
hyde until bands became visible).

Quantitation of RNA using Multi Analyst
software

After gel staining, the bands were de-
tected with Fluor-S Image software (Bio-
Rad, Hercules, CA, USA) and absorbance
was quantified using the Multi Analyst soft-
ware (BioRad). The values were compared
to those obtained with controls without drugs
and the percentages of each RNA were cal-
culated.

Results

The biological tests on cell cultures
showed that NFOH-121 was more effective
than NF on the trypomastigotes, amastigotes
and epimastigote-like forms of T. cruzi. These
results, shown in Figure 1, demonstrate that
the activity of 5 µM NFOH-121 was as effec-
tive as double the concentration of the paren-
tal drug NF (10 µM) for all parasite stages (P
< 0.05) and NFOH-121 (5 µM) was even
more effective after 15 days of treatment
(data not shown).

The prodrug NFOH-121 itself reduced the
intensities of the small nuclear (snRNA) bands
(Figure 2, band 4: U4 snRNA; Figure 3, bands
1-3 and 6: U2, U1, U4 snRNAs and unrelated
U snRNA, respectively) at concentrations be-
tween 5 and 12.5 µM. Figure 2 shows these
results for the three T. cruzi strains (Y, NCS
and BOL). All six RNA bands analyzed in the
gel decreased when higher concentrations of
NFOH-121 were used, suggesting that the
drug did affect RNA processing mainly in the
Y and NCS parasite strains. However, the
drug showed no effect on the BOL strain (a
higher concentration of the bands compared to
the control). Figure 4 presents the absorbance
readings of each band.

The activity of NFOH-121 compared with
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the parental drug NF was evaluated either by
direct biological activity on the parasites
(Figure 1) or by reducing RNA processing
(Figures 2 through 5), showing that NFOH-
121 drug’s activity is dose-dependent. The
RNA bands were quantified by absorbance
(Figures 4 and 5), which confirmed the varia-
tion of RNA concentrations.

Both compounds (NF and NFOH-121)
were also tested only on Y strain permeable
cells using the same concentrations. The

Figure 5. Absorbance values of the bands obtained in Figure 3.
NF = nitrofurazone; NFOH-121  = hydroxymethylnitrofuran.

Figure 4. Absorbance values of the bands obtained in Figure 2. Y, NCS and BOL = Trypanosoma cruzi strains; NFOH-121 =
hydroxymethylnitrofuran.

results are presented in Figures 3 and 5. The
activity of NFOH-121 was higher than that
of NF at 12.5 µM, supporting the in vitro
findings.

Discussion

The study of new trypanocidal drugs in-
volves specific objectives related to the struc-
ture and metabolism of T. cruzi, which should
be first studied in in vitro experiments (3).
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Three T. cruzi strains were used in this study.
Although all of them belong to parasite lin-
eage II, the BOL strain showed distinct fea-
tures either under culture or in terms of drug
influence. In all experiments, the Y strain
was the most sensitive when compared with
the other two strains, NCS and BOL. How-
ever, the BOL strain showed the same RNA
band pattern even though higher drug con-
centrations (12.5 µM) were used (data not
shown). These data also demonstrate that
both strains (Y and NCS) were more suscep-
tible to the effect of the drugs, reinforcing
the idea that trypanocidal drugs should be
tested on different strains, since the strains
may behave differently when challenged.

When T. cruzi cells are treated with lyso-
lecithin, the parasites become permeable to
small molecules (18). Trans-splicing par-
ticipates in the processing of polycistronic
transcription units into individual mRNAs
in which a short transcript spliced leader (SL
RNA) is trans-spliced to the acceptor pre-
mRNA, giving origin to the mature mRNA.
We showed that NFOH-121 affected the
RNA processing and the trans-splicing reac-
tion, even though at lower intensity (19).

The decrease in the concentration of the
small RNAs suggests that the drug interferes
with RNA processing. However, the results
obtained thus far show that this interference
still promotes the trans-splicing reaction in
the cells but at a lower rate than observed in
the control, indicating that the drug activity
did not completely abolish the trans-splicing
reaction (19).

In the experiments in which the NF and
NFOH-121 activities were compared under
the same conditions and at the same concen-
trations, the higher solubility of NFOH-121
might have been decisive regarding the pen-
etration and toxicity enhancement in all cells
tested. Consequently, the higher activity of
NFOH-121 than NF also suggests that the
effectiveness of the drug can be improved
after transformation into the hydroxymethyl
derivative. Thus, NFOH-121 activity on the

permeable cells was more intense at 12.5 µM,
in agreement with the in vitro biological data.

Because 20 min of incubation of the drug
with the permeable cells was probably insuf-
ficient to transform all the NFOH-121 mol-
ecules, the drug might have interfered mainly
with the steps of RNA transcription, promot-
ing a reduction of RNA bands and suggest-
ing that NFOH-121 may be not only a
prodrug, but mainly a new agent with try-
panocidal activity. These results are com-
patible with those reported by Ambrosio et
al. (19) and in addition suggest that some-
how trans-splicing can also be affected in
these parasites, since some RNA bands in
the gels are related to the small nuclear
RNAs involved in this mechanism (20).

It should be pointed out that in the pres-
ent study RNA analysis was standardized
using silver-stained polyacrylamide gels in-
stead of radioactive gels, allowing a rapid,
easier and less expensive screening of drug
interference with the mRNA processing of
parasite cells of different strains and/or dif-
ferent drug concentration simultaneously and
using the same cell batch. The results indi-
cate that this methodology is helpful to evalu-
ate drug interference with the transcription/
trans-splicing machinery by using the small
RNA band pattern.

In addition, these results, taken together,
appear to be very relevant for the study of
NF/NFOH-121 drug activity in T. cruzi
mRNA processing, suggesting that the latter
compound is a very good candidate as a
novel trypanocidal drug.
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