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Clinically, the pathogenesis of the disease can be divided into three phases, namely a short acute phase, a long lasting latent phase and a chronic phase, emerging in 10-30% of patients. Serious chronic symptoms such as cardiomyopathy, dementia and malformations of the intestines, e.g. megaoesophagus and megacolon, can be observed.

The drugs of choice are benznidazole and nifurtimox [START_REF] Coura | A critical review on Chagas disease chemotherapy[END_REF], however therapeutic outcome is phase-dependent and resistance against both drugs in T. cruzi is increasing. Both compounds are effective in the acute and initial chronic phases of the infection but not in the late chronic phase. Therefore, dose and the duration of treatment depend on the stage of disease and on the susceptibility of the respective T. cruzi strain. Moreover, severe side effects have been reported for both drugs.

Benznidazole is associated with hypersensibility, dermatitis with cutaneous eruptions, fever, lymphadenopathy, articular and muscular pain, functional insufficiency of bone marrow, thrombocytopenic purpura and agranulocytosis, polyneuropathy, paresthesia and polyneuritis of peripheral nerves. During treatment with nifurtimox, adverse effects including anorexia, weight loss, psychotic alterations, excitability or sleepiness, nausea, vomiting, intestinal colic and diarrhoea have been observed. An

A c c e p t e d M a n u s c r i p t alternative treatment option is amphotericin B (AmB) [START_REF] De-Castro | Differential effect of amphotericin B on the three evolutive stages of Trypanosoma cruzi and on the host cell-parasite interaction[END_REF], however it is prohibitively expensive when using its less toxic liposomal formulation.

The aim of this study was to find new drug candidates by screening compounds extracted and purified from tropical plants for their antitrypanosomal activity. It is estimated that 25% of all drugs prescribed today are derived from flowering plants [START_REF] Farnsworth | Higher plants-the sleeping giant of drug development[END_REF], [START_REF] Newman | Natural products as sources of new drugs over the last 25 years[END_REF]. Alkaloids, which form the biggest group of drugs in the modern pharmacopeia [START_REF] Raskin | Plants and human health in the twenty-first century[END_REF], are secondary metabolites on which plant growth is not dependent. Drugs extracted from plants, or their semisynthetic analogues, have been successfully used against other protozoan diseases, e.g. quinine [START_REF] Kyle | Discoverers of quinine[END_REF] and artemisinin [START_REF]Antimalaria studies on Qinghaosu[END_REF] in the treatment of malaria.

Standardised axenic cultivation of T. cruzi is a useful approach for yielding a defined number of parasites for in vitro drug testing and for comparison of novel compounds with standard drugs. In this study, we evaluated the in vitro antitrypanosomal activities of 15 plant-derived compounds, none of which have been studied

previously for antiprotozoal activity. The investigated compounds, extracted from tropical plants of the families Rutaceae, Meliaceae and Stemonaceae belong to eight different chemical groups, namely flavaglines, furoquinolines, quinolinones, acridones, coumarins, Stemona alkaloids, amides and sulphur-containing amides.

Materials and methods

Parasites

Epimastigote T. cruzi Y cultures (ATCC 50832) were cultured according to the American Type Culture Collection protocol 1029 in axenic liver infusion tryptose (LIT)

A c c e p t e d M a n u s c r i p t medium (pH 7.2) containing 10% fetal bovine serum at 26 C in 12.5 cm 2 tissue culture flasks (Falcon, Franklin Lakes, NJ) under aerobic conditions.

Compounds

Fifteen compounds, including the flavaglines aglafoline and rocaglamide, the furoquinolines dictamnine and iso--fagarine, the quinolinone zanthobungeanine, the acridones yukocitrine and 5-hydroxynoracronicine, the coumarins microminutine and methyllacarol, the Stemona alkaloid tuberostemonine, the amide dehydrothalebanin B, and the sulphur-containing amides methyldambullin, methylgerambullin, sakambullin and dehydroniranin A, were extracted from leaves, stem or root bark of tropical plants. Extraction and purification were achieved by preparative column and thin layer chromatography and purity was assessed by high-performance liquid chromatography and nuclear magnetic resonance. Stock solutions of the compounds were prepared in dimethyl sulphoxide (DMSO) (Sigma-Aldrich, St Louis, MO).

In vitro tests and evaluation

All compounds were tested in 96-well microtitre plates. Wells were inoculated with were determined by log-probit regression using SPSS 15.0 (SPSS Inc., Chicago, IL).

Results

Of the 15 compounds tested, only the 3 sulphur-containing amides (methyldambullin, methylgerambullin and sakambullin) (Fig. 1) showed antitrypanosomal activity. The results of growth inhibition assays after 48 h of exposure are shown in Fig. 2 

Discussion

The novel compounds methyldambullin, methylgerambullin and sakambullin showed high antitrypanosomal activity in vitro. All three compounds were significantly more effective, with lower EC 50 and EC 90 values than the standard drug benznidazole.

Moreover, at least after 72 h treatment, all three compounds also had lower EC 90

A c c e p t e d M a n u s c r i p t values than AmB, although EC 50 values were higher. Methylgerambullin showed the lowest EC 90 (4.56 M) after 72 h compared with 16.82 M for AmB.

Methyldambullin, methylgerambullin and sakambullin are novel sulphur-containing amides. Currently, all three compounds could only be extracted from the genus Glycosmis, family Rutaceae, in contrast to other sulphur-containing amides that have been reported also to occur in the genus Raphanus, family Brassicaceae [START_REF] Moon | Total synthesis and biological evaluation of methylgerambullone[END_REF]. The sulphur-containing acid moieties are most likely derived from the amino acid cysteine, whereas the amine parts are mostly characterised by phenethyl or phenethenyl groups that additionally can be linked to various prenyloxy structures, e.g. methyldambullin and sakambullin, or geranyloxy groups, e.g. methylgerambullin.

These prenylated amides are mostly oxidised to sulfones or sulphoxides [START_REF] Hofer | Sulfur-containing amides from Glycosmis species (Rutaceae)[END_REF]. Apart from their chemotaxonomic importance, some sulphur-containing amides show pronounced antifungal or insecticidal activity [START_REF] Greger | Bioactive amides from Glycosmis species[END_REF]. Methylgerambullin, the most efficient compound in the present investigation, has been demonstrated to have anticancer activity in previous experiments against CEM-SS (T-lymphoblastic leukaemia), KU812F (chronic myelogenous leukaemia), HT29 (colon cancer) and UACC-62 (melanoma) cell lines, and has been shown to be non-toxic to peripheral blood mononuclear cells [START_REF] Mohamed | Apoptotic and necrotic cell death as manifestations in leukemic cells treated with methylgerambullin, a sulphone from Glycosmis calcicola[END_REF]. No antibacterial or antifungal activity has been observed for methylgerambullin and sakambullin [START_REF] Abdullah | Chemical constituents and biological activities of Glycosmis chlorosperma var. Elmeri (Merr.) Stone (Rutaceae)[END_REF]. Moreover, there is no further antimicrobial or cytotoxic activity known for methyldambullin, methylgerambullin and sakambullin or any other sulphur-containing amides.

Interestingly, methyldambullin, methylgerambullin and sakambullin also showed high 
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  c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t ABSTRACT Chagas disease, caused by Trypanosoma cruzi, represents an important public health problem in endemic geographic regions in Middle and South America, affecting 15 million infected people. Treatment options are still limited due to the toxicity of available drugs, parasite resistance and poor drug activity during the chronic phase of the disease. In this study, we investigated the in vitro antitrypanosomal activity of 15 tropical plant-derived compounds with the aim of finding new drug candidates. Three novel sulphur-containing amides (methyldambullin, methylgerambullin and sakambullin) showed promising high antitrypanosomal activities, with 50% effective concentrations (EC 50 values) after 72 h exposure of 1.7, 1.23 and 5.18 M, respectively, compared with EC 50 values for amphotericin B and benznidazole of 0.71 M and 30.89 M, respectively.

  Trypanosoma cruzi, transmitted by reduviid bugs (e.g. Triatoma infestans, Rhodnius prolixus), is the causative agent of Chagas disease. According to the World Health Organization (WHO), ca. 15 million people are infected in 18 countries throughout

10 5 T

 5 . cruzi Y cells/mL in LIT medium at 26 C. The applied compound concentrations were 0.31, 0.63, 1.25, 2.5, 5, 10, 20, 40 and 80 M. AmB (Sigma-Aldrich) and benznidazole (Sigma-Aldrich) were used as control compounds. The final DMSO concentration never exceeded 0.2% (v/v).Viability of T. cruzi Y cells was determined after 48 h and 72 h treatment using aBuerker haemocytometer. All experiments were carried out in triplicate and were A c c e p t e d M a n u s c r i p t repeated twice. The 50% and 90% effective concentrations (EC 50 and EC 90 values)

  efficacy against Leishmania infantum and Plasmodium falciparum in preliminary experiments in our laboratory (Astelbauer et al., unpublished data). Furthermore, we A c c e p t e d M a n u s c r i p t found an efficient, high-yielding method to synthesise methyldambullin, methylgerambullin and sakambullin chemically (Obwaller et al., unpublished data). These results strongly encourage further studies, including assessment of in the vitro toxicity to various cell lines and primary cells as well as efficacy testing of the synthesised compounds in a murine model of T. cruzi infection.A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t
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 1 Fig. 1. Sulphur-containing amides showing antitrypanosomal activity, all derived from
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 2 Fig. 2. Growth inhibition of Trypanosoma cruzi Y after 48 h treatment with
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 3 Fig. 3. Growth inhibition of Trypanosoma cruzi Y after 72 h treatment with
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  . The EC 50 values obtained for methyldambullin, methylgerambullin and sakambullin were 4.17, 2.83 and 4.50 M, respectively, and the EC 90 values were 24.01, 10.95 and 24.34 M. The EC 50 values for AmB and benznidazole were 0.46 M and 46.81 M, respectively, and the EC 90 values were 18.52 M and 412.20 M. M, respectively. The EC 90 values were 8.34, 4.56 and 12.93 M, respectively, compared with EC 90 values of the control compounds AmB and benznidazole of 16.82 M and 278.01 M, respectively.

	Results after exposure for 72 h are shown in Fig. 3. The EC 50 values for
	methyldambullin, methylgerambullin and sakambullin were 1.7, 1.23 and 5.18 M, ,
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