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In this study, in vitro anti-T. cruzi activity assays of nifuroxazide (NX) analogues, such as 5-nitro-2-furfu-
ryliden and 5-nitro-2-theniliden derivatives, were performed. A molecular modeling approach was also
carried out to relate the lipophilicity potential (LP) property and biological activity data. The majority
of the NX derivatives showed increased anti-T. cruzi activity in comparison to the reference drug, benzni-
dazole (BZN). Additionally, the 5-nitro-2-furfuryliden derivatives presented better pharmacological
profile than the 5-nitro-2-theniliden analogues. The LP maps and corresponding ClogP values indicate
that there is an optimum lipophilicity value, which must be observed in the design of new potential
anti-T. cruzi agents.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Chagas disease, also known as American trypanosomiasis or
South American trypanosomiasis, is a protozoal disease caused
by the parasite Trypanosoma cruzi.1 It is a chronic and debilitating
parasitic infection that affects millions of people in Mexico, Central
America, and South America. Approximately 25% of the population
of Latin America is at a risk for acquiring the infection. Addition-
ally, as a result of reactivation among immigrant populations, Cha-
gas disease is increasingly being reported in non-endemic settings
as in several countries in Europe and various parts of the United
States becoming a global problem. An estimated 11 million people
are infected worldwide; of these, 15–30% have clinical symptoms.2

The ‘burden of disease’ is the gap between an ideal situation
where every individual in a population lives into old age in full
health and the current health of a population affected by the dis-
ease. As in all neglected diseases, Chagas disease creates financial
and social burdens to the individual, his or her household and
country.3–5 The early mortality and substantial disability caused
by this disease, which often occurs in the most productive popula-
tion, young adults, results in a devastating economic loss in the
Americas. More recent data demonstrate that globally, this disease
is associated with 14,000 deaths per year and 0.7 million disability-
adjusted life-years (DALYs), constituting the sixth most important
neglected tropical disease worldwide.6
ll rights reserved.
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There are currently two drugs in the treatment of Chagas dis-
ease, benznidazole (BZN) (available in the Latin countries) and nif-
urtimox (available in the United States, under an Investigational
New Drug protocol from the CDC Drug Service), which are used
in the acute phase and in reactivation in immunosupressed pa-
tients.2,7,8 Chagas endemic countries generally use one of two
drugs to treat disease victims. Chemotherapy can shorten the acute
phase and achieve parasitological cure in 60% of the cases, but be-
cause of the adverse effects associated with the two drugs, patients
being treated require careful monitoring.7,8 In addition, these drugs
do not eliminate the parasites, and resistance has been reported.2,8

Considering that, it is still necessary to search for new potential
antichagasic agents more selective and presenting less toxicity.

Molecular structure modifications might alter physicochemical
properties in order to improve drug-receptor interaction and also
provide information to elucidate the bioactivity mechanism. Sev-
eral compounds presenting significant antichagasic activity have
been reported,9–13 but nifuroxazide (NX) [4-hidroxy-N0-(5-nitro-
2-furfurylidene) benzhydrazide (Fig. 1)], which has a broad anti-
bacterial spectrum, deserves particularly attention regarding the
antiprotozoal activity.9

Successful studies have been accomplished based on molecular
structure modifications of NX, structure–activity relationships, and
also considering the evaluation of its derivatives activity against
wild and multi-resistant strains of Staphylococcus14–17 as well as
Mycobacterium sp.18

Our research group have designed and synthesized a set of NX
analogues. The 5-nitro-2-furfuryliden and 5-nitro-2-theniliden
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Figure 1. Chemical structures of nifuroxazide (NX) and 5-nitro heterocyclic derivatives as potential anti-T. cruzi derivatives.
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4-Y-benzhydrazide derivatives (see Fig. 1) seem to be extremely
promising as antibacterial agents, specially against MRSA and VISA
strains.17,18

In this study, a set of novel NX derivatives (5-nitro-heterocyc-
lics) were evaluated regarding their anti-T. cruzi bioactivity. The
antibacterial, antifungal, and antimycobacterial activities of this
set of compounds were already reported.14,15,18,19

In addition, a molecular modeling approach was performed to
verify possible qualitative property-activity relationships, consid-
ering the lipophilicity potential (LP) maps of the investigated com-
pounds, associated to the respective calculated logP (ClogP) values,
and their biological data. The lipophilicity or hydrophobic property
is quite important to the diffusion of those derivatives through the
parasite biological system.
2. Material and methods

2.1. The set of investigated compounds

The 10 compounds tested in this study were the following:
5-nitro-2-theniliden 4-Y-benzhydrazide derivatives, where Y = H,
Cl, CF3, OCH3, N(CH3)2, SO2NH2, OH, CN; and 5-nitro-2-furfuryliden
4-Y-benzhydrazide derivatives, where Y = H and Cl (Fig. 1). These
compounds were previously designed and synthesized,14–18 and
they were available to be evaluated in the present work.

2.2. Anti-T. cruzi activity assays

In vitro anti-T. cruzi activity assays were performed against the
epimastigote form of Y strain T. cruzi isolated by Silva and Nus-
senzweig in 1953.20 The strain was kindly provided by Professor
Maria Júlia Manso Alves of the Laboratory of Biochemical Parasitol-
ogy, Department of Biochemistry, Institute of Chemistry, Univer-
sity of São Paulo (USP).

2.3. Medium and cultivation conditions

The parasite was cultivated in liver infusion tryptose (LIT)
medium composed by 0.4% NaCl, 0.04% KCl, 0.8% Na2HPO4, 0.2%
glucose, 0.5% tryptose, and 0.5% liver infusion. The percentage of
solute in the total amount of solution was expressed as mass/vol-
ume. The medium was enriched with 10% fetal bovine serum, FBS
(v/v). The pH value was adjusted to 7.2 using HCl. The incubation
was at 68 �C for 1 h. When the medium reached the environmental
temperature, a bovine hemoglobin solution was added up to obtain
the desired medium concentration (2%, v/v). The sterilization of the
culture medium was carried out by filtration using a 0.22 mm
Millipore membrane. Then, the medium was fractioned in glass
vessels and stored at 4 �C until the moment of use.21,22 The cultiva-
tion of culture medium after seeded the epimastigote forms (from
a culture medium with 72 h of incubation) presented approxi-
mately 50 � 106 parasites per mL (24 h of incubation).
2.4. Anti-T. cruzi susceptibility assays

The nitroderivatives and BZN, the reference drug, were sepa-
rately dissolved in DMSO and diluted in the LIT culture medium
to obtain a concentration of 1.0–20.0 lg/mL. An aliquot of the
seeded medium (inocule), considering the viability of parasites,
was added to Falcon tube containing the investigated compounds.
The initial concentration 106 parasites/mL was defined as standard
to develop all assays. The Falcon tubes containing the parasite sus-
pension plus the nitrocompounds were incubated at 28 �C for
24 h.13 This procedure was also followed for preparing the control
suspension.

Biological activity of the nitroderivatives was evaluated in trip-
licate against T. cruzi applying a method to count parasites (epi-
mastigote forms) in a Neubauer chamber considering the zero
time and 24 h of incubation. Then, the equation 1 was employed
to determine the percentage of inhibition of parasite growth:

PG ð%Þ ¼ ðL24 � L0Þ � 100=L0 ð1Þ

where PG (%) is the percentage of parasite growth in 24 h; L0 is the
number of parasites in zero time; L24 is the number of parasites in
24 h incubation.

2.5. Molecular modeling methodology

The three-dimensional structures of each of the 10 nitro-
compounds derivatives or ligands in their neutral forms were
constructed using the HYPERCHEM 7 software.23 The Cartesian coordi-
nates of NX crystallized structure were retrieved from Cambridge
Structural Database (CSD)24 (entry code LEQTAC (R-factor 0.11)25

and used as a geometry reference in the building up of all ligands.
Each structure was energy-minimized using the following meth-
ods: MM+ force field (derived from MM2),26 AM1 semiempirical
method27 in HYPERCHEM 7,23 and ab initio Hartree–Fock (basis set
6-31G*) method in GAUSSIAN 03W, v.6,28 without any restriction.
Electrostatic partial atomic charges (Chelpg) were computed
employing HF/6-31G* method, also implemented in the GAUSSIAN

03W program. NX and BZN models were also submitted to the
same energy-minimized protocol. Crystallographic information of
a BZN conformation was retrieved from the Ref. 29 and used as
starting geometry for drug model.

The structures modeled as described above were taken as the
initial structures for computing the LP property onto a Connolly
molecular surface,30,31 using a sphere probe of 1.4 Å radii (SYBYL

8.0 package).32 The LP property and the ClogP values were calcu-
lated employing the Ghose and co-workers method33 and SYBYL Line
Notation (SLN) (SYBYL 8.0 package).32 Properties that are applied to a
surface can be a useful analytic tool in visually identifying areas of
interest on the surface. The resulting LP maps were analyzed
according to the color ramps, which range from brown (highest
lipophilic area of the molecule) to blue (highest hydrophilic area).
The color scheme is easy to interpret if the blue is associated with
water and the brown as oil/fat.



Table 2
5-Nitro-2-furfuryliden 4-Y-benzhydrazide derivatives and benznidazole in vitro
activity against Y strain T. cruzi

O

N

NO2
Y

O

N
H

Compound Substituent
group (Y)

Concentration
(lg/mL)

Zero
(h)a

24
(h)a

PGb

(%)
Anti-T. cruzi
activity

IX H 1.0 44.9 43.6 0.0 (+)
10.0 31.7 31.0 0.0 (+)
20.0 38.0 25.6 0.0 (+)

X Cl 1.0 48.3 44.0 0.0 (+)
10.0 30.3 30.0 0.0 (+)
20.0 48.0 24.3 0.0 (+)

Control suspension
benznidazole

— 35.8 50.7 41.7 —
10.0 35.0 50.0 30.0 (�)
20.0 44.3 45.7 3.0 (�)

a Number of counted cells (106), in triplicate.
b Percentage of parasite growth.
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3. Results

The in vitro anti-T. cruzi susceptibility assays of nitrocom-
pounds were carried out considering the following concentrations:
1.0, 10.0, and 20.0 lg/mL, respectively. Those concentrations were
set based on the solubility of the investigated compounds in the
culture medium. This assay was also performed to BZN, which
was chosen as reference because is the only drug available for
treating Chagas disease in Brazil.

The nitrocompounds were dissolved in DMSO (0.1%) and then
mixed in the LIT medium to obtain those desired concentrations.
The presence of the DMSO solvent up to 10% did not present any
interference in the biological assay. It is noteworthy that the re-
sults found for the DMSO toxicity assay against the hemoparasite
were in agreement to those described by Dias and Tavares
(2005).13

However, the precipitation of the investigated compounds was
observed when the nitrocompounds concentrations increased to
values higher than 20.0 lg/mL (in LIT culture medium and DMSO
1.0%).

The nitrocompounds activity was evaluated regarding the inhi-
bition of the T. cruzi epimastigote forms (Y strain) growth in axenic
culture medium (LIT). The epimastigote forms were chosen be-
cause they are considered as ‘not-infectant’. In addition, the use
of T. cruzi epimastigote forms is relevant in a preliminary evalua-
tion of the antiproliferative effect of potential antichagasic agents,
since those forms are present in mammal’s cells.12,34–38 The results
of the biological assay, obtained using the method of inhibiting the
proliferation of protozoal parasite, are presented in Tables 1 and 2.
Data are expressed as the percentage of parasite growth in 24 h.
Table 1
5-Nitro-2-theniliden 4-Y-benzhydrazide derivatives and benznidazole in vitro activ-
ity against Y strain T. cruzi

S

N

NO2
Y

O

N
H

Compound Substituent
group (Y)

Concentration
(lg/mL)

Zero
(h)a

24
(h)a

PGb

(%)
Anti-T. cruzi
activity

I H 1.0 21.4 24.2 13.0 (�)
10.0 15.7 24.7 57.3 (�)
20.0 29.8 29.7 0.0 (�)

II Cl 1.0 29.2 30.3 4.0 (�)
10.0 38.3 30.3 0.0 (+)
20.0 45.0 7.0 0.0 (+)

III CF3 1.0 48.5 62.3 28.4 (�)
10.0 45.7 5.7 0.0 (+)
20.0 37.0 2.0 0.0 (+)

IV OCH3 1.0 24.0 49.0 100.0 (�)
10.0 40.7 34.3 0.0 (+)
20.0 35.3 34.0 0.0 (+)

V N(CH3)2 1.0 32.3 35.3 10.0 (�)
10.0 28.3 40.6 43.6 (�)
20.0 40.0 31.2 0.0 (+)

VI SO2NH2 1.0 22.0 25.6 16.0 (�)
10.0 24.1 28.49 18.2 (�)
20.0 35.7 42.5 19.0 (�)

VII CNc 10.0 22.5 15.5 0.0 (+)

VIII OHc 10.0 20.7 32.3 56.6 (�)

Control suspension
benznidazole

— 35.8 50.7 41.7 —
10.0 35.0 50.0 30.0 (�)
20.0 44.3 45.7 3.0 (�)

a Number of counted cells (106), in triplicate.
b Percentage of parasite growth.
c Ref. 10.
The parasite growth in the presence of nitrocompounds was
considered as inexistent when the number of counted cells after
24 h of incubation was the same or lower than the number found
for the zero time. The percentage of inhibition of proliferation
was discarded because the investigated compounds can inhibit
the parasite growth as well as kill part of the inoculated parasites.
Preliminary results indicated that the control suspension, which
contains parasites incubated (24 h) in LIT medium and 1.0% DMSO,
presented a parasite growth of approximately 40%.

Regarding Tables 1 and 2, the compounds assayed in 1.0 lg/mL
concentration presented lower percentage of parasite growth than
the control suspension, except compound IV. Compounds II, III, IV,
IX, and X presented 100% of inhibition of parasite growth when
used in 10.0 and 20.0 lg/mL, but compound V only when used in
20.0 lg/mL. These six compounds had better inhibition parasite
growth performance in comparison to BZN, corroborating the
assumption that they are promising anti-T. cruzi agents.

The overall hydrophobicity or lipophilicity of a molecule can be
measured by its partition coefficient (logP) in polar/apolar hetero-
geneous reference systems. A comprehensive study of partition
experiments in the octanol/water system leads to the definition
of hydrophobic contributions of single atoms in their specific struc-
tural environment. These partial atomic values can be regarded as
fragmental increments (fi) to the total lipophilicity given by logP,
which corresponds to the summation of all fi values. The ClogP val-
ues found for the 5-nitro heterocyclic derivatives, NX, and BZN are
presented in Table 3.
Table 3
ClogP values of 5-nitro heterocyclic derivatives, nifuroxazide, and benznidazole, using
Ghose et al. method (1998)

Compounds-Y ClogP values

I-H 1.25
II-Cl 1.92
III-CF3 2.20
IV-OCH3 1.24
V-N(CH3)2 1.42
VI-SO2NH2 0.48
VII-CN 1.13
VIII-OH 0.99
IX-H 0.69
X-Cl 1.36
Nifuroxazide 0.43
Benznidazole �0.59



Figure 2. LP translucid colored maps of 5-nitro heterocyclic derivatives, nifurozaxide (NX) and benznidazole (BZN), using SYBYL 8.0 (Tripos, Inc., 2007).32 Brown color indicates
hydrophobic regions and blue color denotes hydrophilic areas. The molecules are displayed in stick capped model (carbon atoms are in light gray color, oxygen in red,
nitrogen in blue, sulphur in yellow, chlorine in dark gray, and hydrogen atoms are presented in cyan).
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Considering the 5-nitro-2-theniliden 4-Y-benzhydrazide deriv-
atives, the highest ClogP values were given when Y corresponds
to the CF3 (2.20) and Cl (1.92) substituent groups, respectively.
On the other hand, the 5-nitro-2-furfuryliden 4-Cl-benzhydrazide
derivative presented higher ClogP value than the corresponding
unsubstituted derivative as well as than NX. Additionally, the ref-
erence drug, BZN, presented the lowest ClogP value (�0.59),
according to the methodology employed in this study.

On the basis of the partial atomic lipophilicity values (fi), a dis-
tance dependent function has been defined for a LP (di = distance of
a certain point in space from atom i).38 The applicability of this po-
tential has been proven for small molecules.39 The LP maps calcu-
lated onto a Connolly molecular surface for the investigated
compounds, NX, and BZN, are displayed in Figure 2. The color range
applied for all molecules was �0.10 (blue) to 0.09 (brown), which
is the color range found for BZN. As already mentioned, the brown
color indicates highest LP values (hydrophobic regions) whereas
blue color denotes lowest LP values (hydrophilic areas). The LP
maps are intimately related to the ClogP values found for the set
of compounds investigated.

The decreasing of parasite growth related to the control sus-
pension was taken into account to evaluate the activity of the
nitrocompounds. Then, compounds that reduced the number of
counted cells (after 24 h of incubation) to lower values than
those found for the zero time were considered as having anti-
T. cruzi activity (+) (see Tables 1 and 2). According to that obser-
vation, compounds II, III, V, IX, and X, in 20.0 lg/mL concentra-
tion presented anti-T. cruzi activity. Furthermore, the compound
III was the most active in the investigated set. Considering the
lipophilicity effect, the CF3 substituent group (Y) of compound
III provides the highest ClogP value (Fig. 3), indicating that the
molecule partitioning is a relevant property for the biological
activity.
4. Discussion

It is noteworthy that BNZ and nifurtimox function as prodrugs
and must be activated within the parasite to have trypanocidal ef-
fects. Despite of more than forty years of research, the mecha-
nism(s) of action and resistance have remained elusive.
Wilkinson and co-workers (2008)40 reported that in trypanosomes,
both drugs are activated by a NADH-dependent, mitochondrially
localized, bacterial-like, type I nitroreductase (NTR), and that
down-regulation of this explains how resistance may emerge. Loss
of a single copy of this gene in T. cruzi, either through in vitro drug
selection or by targeted gene delection, is sufficient to cause signif-
icant cross-resistance to a wide range of nitro-heterocyclic drugs.

An essential requisite for the triggering of biological activity in
the nitro-heterocyclic compounds has been identified as the biore-
duction of the nitro-group. That results in a disturbance of the
physiological electron flow and thus inhibits enzymes associated
to the cell’s energy generation process, vital for the microorgan-
ism’s biochemical maintenance.41–45

Considering the EPS partial atomic charges, some electronic dif-
ferences were noticed in the ring in which the nitro-group was
bound. When X is a sulfur (thieno-ring), the carbon atom bound
to the nitrogen of nitro-group presented a more neutral charge
(0.000–0.009) whereas in the furan ring (X = O) the same carbon
had a more negative charge (�0.227 to �0.237), including the
NX. Otherwise, to the reference drug, BNZ, the carbon bound to ni-
tro-group of the imidazole ring presented a positive charge (0.219).
Thus, the electron-withdrawing effect of the nitro-group on the
carbon atom of the five-membered ring was more relevant to the
drug BNZ and theniliden derivatives. Anyway, just the evaluation
of the partial atomic charges is not sufficient to establish a possible
mode of action regarding the bioreduction of nitro-group. More
studies using a set containing a larger number of compounds and



Figure 3. Comparison of LP texture maps of II, III, IV, V, IX, and X compounds to the reference drug, benznidazole (BZN), using SYBYL 8.0 (Tripos, Inc., 2007).32 Brown color
indicates hydrophobic regions and blue color denotes hydrophilic areas. Compounds II–V are theniliden derivatives while IX and X are furfuryliden derivatives.

Figure 4. Parabolic curve of log(1/C) versus logP.
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considering more electronic parameters are ongoing to explain the
electronic behavior of these nitro-heterocyclic compounds.

Tavares and co-workers46,47 observed that hydrophobicity is the
physicochemical property that has the greatest influence on the
biological activity in series of 5-nitrofuran derivatives with struc-
ture analogous to that of NX.

It is generally found that increasing the hydrophobicity of a lead
compound results in an increase in biological activity. This reflects
the fact that drugs have to cross hydrophobic barriers such as cell
membranes in order to reach their target. Even no barriers are to be
crossed (in in vitro studies, for example), the drug has to interact
with a target system such as an enzyme or receptor where the
binding site is usually hydrophobic. The partition coefficient is a
property that expresses the hydrophobic character of a drug or
compound, and can be calculated by knowing the contribution that
various substituents make to hydrophobicity. This contribution is
known as the substituent hydrophobicity constant (p)48 and is a
measure of how hydrophobic is a substituent related to hydrogen.
A positive value of p indicates that the substituent is more hydro-
phobic than hydrogen whereas a negative value indicates that the
substituent is less hydrophobic. It is worth to remembering that in
aromatic systems the substituent p and fi values are equally em-
ployed whereas in aliphatic systems just the fi values are
recommended.49

Anyway, if the partition coefficient is the only factor influencing
biological activity, the property-activity relationships are ex-
pressed as a parabolic curve, and the logP value at the maximum
value of activity represents the optimum partition coefficient for
biological activity [log(1/C)]50 (see Fig. 4). Beyond that point, an in-
crease in logP results in a decrease in biological activity. The drug
may become so hydrophobic that it is poorly soluble in the aque-
ous phase, for example, or, alternatively, it may be ‘trapped’ in
fat depots and never reach the intended interaction site. Also,
hydrophobic drugs are often more susceptible to metabolism and
subsequent elimination.

The substituents at the benzene ring moiety (Y) in the nitro-
heterocyclic compounds evaluated in this study exerted a distinct
influence in the calculated hydrophobicity of the whole molecule



Figure 5. Comparison of LP texture maps of the compounds I and II (theniliden derivatives) to the compounds IX and X (furfuryliden derivatives), using SYBYL 8.0 (Tripos, Inc.,
2007).32 Brown color indicates hydrophobic regions and blue color denotes hydrophilic areas.
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(ClogP values), which can be visualized in the colored LP maps. The
most hydrophobic substituents evaluated were CF3 (p = 1.16) and
Cl (p = 0.71) (dark brown color in the LP maps). The hydrophobic
gradient of the Y-groups, according to their p values, is the follow-
ing: CF3 > Cl > N(CH3)2 > H > OCH3 > CN > OH > SO2(NH2).51 Among
the more hydrophilic groups tested are OH and SO2NH2. Thus,
regarding the conditions applied here, the substituent that con-
ferred the optimum calculated partition coefficient to the anti-T.
cruzi activity was the chlorine.

Additionally, the comparison of percentage of parasite growth
data between the compounds I and II to compounds IX and X,
respectively, using a concentration of 1.0 lg/mL suggests that the
furfuryliden derivatives (X = O) are more active than the theniliden
(X = S). These compounds have Y = H and Cl (p = 0 and p = 0.71,
respectively) at the benzene ring moiety.

The LP texture maps and the respective ClogP values found for
the compounds I, II, IX and X (Fig. 5) indicate that there is an opti-
mum lipophilicity value, which must be observed in the design of
new potential anti-T. cruzi agents. It seems that the two moieties in
the investigated compounds must be considered, the Y-groups at
the benzene ring moiety as well as the X atom in the five-mem-
bered ring moiety in which is attached the nitro-group. Compound
X (ClogP = 1.36; Y = Cl, and p = 0.71; X = O) probably should take as
the lead because it presented anti-T. cruzi activity in all concentra-
tions tested.

5. Conclusions

The majority part of the NX analogues showed increased
anti-T. cruzi activity in comparison to the reference drug, benz-
nidazole (BZN). The 5-nitro-2-furfuryliden derivatives presented
better pharmacological profile than the 5-nitro-2-theniliden
analogues.

The LP maps and corresponding ClogP values indicated that
there is an optimum lipophilicity value, represented by compound
X, which is a furfuryliden derivative having a chloride atom as sub-
stituent at benzene ring moiety.
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