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In Vitro Evaluation of the Activity of Aromatic Nitrocompounds
against Trypanosoma cruzi

Renata B Oliveira, Ana Paula F Passos, Rosana O Alves*, Alvaro ] Romanha*,
Maria Auxiliadora F Prado, José Dias de Souza Filho**, Ricardo J Alves/*

Faculdade de Farmécia, Universidade Federal de Minas Gerais, Av. Olegério Maciel 2360, 30180-112 Belo Horizonte, MG,
Brasil *Centro de Pesquisas René Rachou-Fiocruz, Belo Horizonte, MG, Brasil **Departamento de Quimica, Universidade
Federal de Minas Gerais, Belo Horizonte, MG, Brasil

Fourteen compounds were evaluated for their activity agdingbanosoma cruzbdlood stream forms at the
concentration of 500 pg/ml. Six compounds were active and re-tested at lower concentrations.
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Nifurtimox 1, Benznidazole 2 and Megazol 3 (Fig. 1)1990). These reactive species could alkylate important
are nitroheterocycles which exhibit, as do other nbiomolecules of the parasite, as nucleic acids and pro-
trocompounds, activity again$typanosoma cruzithe teins (Fig. 2c¢). As the reduction of nitroaromatics gener-
causative agent of Chagas disease (Albuquerque & Peate superoxide anion (Fig. 2a), these compounds may po-
1999). Their activity is due at least in part to the welltentially have a dual mode of action, through oxidative
documented sensitivity of trypanosomes and particulartress and/or alkylation. Thenitrobenzyl halides can
T. cruzitowards oxidative stress. Upon one electron relso lead to the reactive benzyl radicals formed by one-
duction these compounds generate radical anions (R-N@lectron reduction and subsequent fragmentation (Fig 2b),
R-NG,%), which interfere with oxygen metabolism (La-which is sufficient to expel a good leaving group such as
Scalea 1998, Viodé et al. 1999). For Benznidazole, the gar but not a acetate anion (Kirkpatrick et al. 1986). The
eration of reduced reactive species that react with pa@rboxyl group in the aromatic nucleus allows the prepa-
site macromolecules is also proposed (Urbina 1999). ration of derivatives (esters and amides) for structure-

Differently from mammalian host cell, cruziis defi-  activity relationship purposes. The presence these elec-
cient in antioxidant enzymes, which are essential to preson-withdrawing group (e.g., COOH, CONHR and
vent oxidative damage. Trypanothione reductase (TR)@0OOMe) is expected to facilitate the reduction of the ni-
the key enzyme involved in the protectionTofcruzi tro group (Palmer et al. 1992). The carbohydrate moiety
against the oxidative stress (Zhang et al. 1996). The ra@tompounds 11 and 12) was incorporated to improve solu-
cal anions generated by the nitrocompounds upon redudity properties. The piperazino derivative 13 constitutes
tion lead to TR depletion and, as consequence, toxicityagotential bis-alkylating agent (Delgado & Remer 1991).
T. cruzi

Taking into account the low efficacy and the side ef- ?
fects of Benznidazole (Neves et al. 1995, Urbina 1999), the /@\ I\ (\L N
current clinically available drug, development of new:N" “0”~ ~CH=N-N SO, N ﬁ@
drugs for the treatment of Chagas disease is mandatory. OzN\(J

In this work, we report the evaluation of in vitro activ- HsC N
ity of nitroaromatic derivatives 4-13 against trypo- 1 2
mastigotes off. cruzi Compounds 14 and 15 were in- N
cluded for comparison with the corresponding nitrocom- [)\(N\N
pounds 5 and 8. Some secondary products (16 and 17) ON" N S/’L
were also evaluated. 3 NH,

The rationale behind the choice of the compoundsy. 1: chemical structures of known nitroheterocycles active against
was that the-nitrobenzyl halides and acetates can gerfrypanosoma cruzil: Nifurtimox; 2: Benznidazole; 3: Megazol
erate the alkylating agents quinonimine methide upon re-
duction to the corresponding hydroxylamino or amino MATERIALS AND METHODS

derivativeqTeicher & Sartorelli 1980, Wakselman et al. .
lvative(Tel I Chemistry- The compounds-40 and 13-17 were

synthesised from the 4-methylbenzoic acid. The com-

pounds 47 and 15 were prepared according to literature
Financial support: Fundagdo de Amparo a Pesquisa de Mi focedures (R!C.h & Gurwara 1975, Barany & Albericio
Gerais and Fundéqéo Oswaldo Cruz. : 85, Lloyd-Williams et al. 1991)._ Th_e carbohydrate de-
*Corresponding author. Fax: +55-31-3339.7667. E-maifivalives 11and 12were prepared in six steps from com-
ricky@dedalus.lcc.ufmg.br mercially available methyd-D-glucopyranoside. All com-
Received 19 April 2002 pounds were fully characterised by iR} and13C NMR
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Fig. 2: bioreductive pathway af-nitrobenzyl halides and acetates. a: oxidative stress; b: generation of nitrobenzyl radical; c: generation
of quinonimine methide

Biological assays Blood of mice infected with rocyte lysis at higher concentrations. TheJgof crys-
trypomastigotes of the Y strain @t cruziwas used in the tal violet is 30 pg/ml. The experiments were made in dupli-
experiments. Drug tests were made in 96 well plates. Tate and repeated. The active compounds, those that pre-
each well containing 195 pl of infected blood (2 ¥ 10sented reduction in parasite concentration of approxi-
parasites/ml), 5 pl of the drug solution in DMSO wasnately 100% (5, 8 and 14-17), were re-tested at lower con-
added, resulting in a final concentration of 500 pug/ml. Theentrations.
plates were then maintfcxined at 4°C for 24 h.. AfterwarQs, RESULTS AND DISCUSSION
the parasite concentration was evaluated using an optical ] )
microscope with a 400 X magnification. The parasite con- As shown in the Table, the most active compounds
centration reduction (parasite lysis) was determined @€ benzyl bromide derivatives, with one exception (com-
comparison with untreated parasites. Positive (7.5 pug/@und 17). As compounds 14 and 15 bearing no nitro
crystal violet) and solvent controls (2.5% v/iv DMSO) wergubstituent were highly active, their activity might be as-
performed in all experiments. In the specified concentr@ociated to their intrinsic alkylating properties. The intro-
tion crystal violet causes 50% reduction of parasite coliction of a nitro group in the aromatic ring resulted in an
centration (IG,). DMSO and almost all compounds testedcrease of the activity, as seen for compound 5 and 8.
cause no morphological alterations or lysis either of thENis is supposed to be due to the presence of both nitro
parasites, erythrocytes or leukocytes. The only excepnd benzylic bromine substituents, acting probably, as
tion was compound 8 that presented a moderated erythitially rationalized (Fig. 2). Nitrocompound 4 bearing no
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TABLE
Activity of aromatic nitrocompounds agairstypanosoma cruziloodstream forms
O R
R2
CH,R3
Parasite
Compound R R, R; Concentration concentration
(ng/ml) reduction (%)

4 OH NG, H 500 43

5 OH NG, Br 500 100

5 OH NG, Br 250 100

5 OH NG, Br 125 53

5 OH NG, Br 62.5 13

6 OH NG, OAc 500 3

7 OH NG, OH 500 2

8 OCH, NO, Br 500 98

8 OCH, NO, Br 250 86

8 OCH, NO, Br 125 55

8 OCH, NO, Br 62.5 37

9 NHCH(CH,), NO, OAc 500 30
10 N(CgH,)CONH(CH, ) NO, OAc 500 37
11 Carbohydraté& NO, Br 500 1
12 Carbohydraté NO, OAc 500 25
13 piperazine NQ OAc 500 2
14 OH H Br 500 98
14 OH H Br 250 54
14 OH H Br 125 8
15 OCH, H Br 500 99
15 OCH, H Br 250 57
15 oC H Br 125 9
16 NHCH,Ph H Br 500 92
16 NHCH,Ph H Br 250 50
16 NHCH,Ph H Br 125 22
17 NHCH,Ph H NHCH,Ph 500 100
17 NHCH,Ph H NHCH,Ph 250 99
17 NHCH,Ph H NHCH,Ph 125 38

H
a—n
o]
OH
On [ OCH
OH

benzylic bromine has less than 50% of the activity of the Surprisingly, compound 17, bearing no alkylating or
above compounds, in the highest concentration testedtro functionalities, was one of the most active. In con-
The very low activity of compound 11 was unexpectedequence, the mode of action of 17 might differ from that
and can be related to inadequate physicochemical prag-the other compounds of this series. This compound
erties of the hydrophilic carbohydrate moiety. was obtained as a by-product in the synthesis of 16.

Since benzyl acetates cannot generate the nitrobenzyl In conclusion, 2-nitrobenzyl bromides and acetates
radical as do benzyl bromide, the benzyl acetates 6, 9, b@aring either carboxyl, ester or amide derivatives were
12 and 13 need to be reduced to the correspondiptepared and assayed in vitro against the bloodstream
hydroxylamino or amino derivatives to act as alkylatindorms ofT. cruzi Some compounds displayed significant
agents via the formation of the highly reactive quinoniminactivity. Compound 5, bearing amto-nitrobenzyl bro-
methide species. The inefficient reduction of the nitrmide moiety was the most active. Compound 17, bearing
group byT. cruzibloodstream forms may explain the lownone of those functional groups, was also very active,
activities of these compounds. Further experiments asaggesting the involvement of other(s) mechanism(s) of
underway testing these same compounds against tissation againsT. cruzibloodstream forms. Further stud-
culture forms (amastigotes) of the parasite. The hydrolies are necessary to assess the real potential of these
sis of the esters before reduction to give the poor actiecempounds or derivatives thereof as drug leads. Work in
benzyl alcohol 7 cannot be ruled out. this direction is in progress.
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