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Abstract
A study of some antiparasitic properties of several homoallylamines and related tetrahydroquinolines and quinolines, previously
described, was carried out using in vitro activity assays against the epimastigote form of Trypanosoma cruzi and against
Trichomonas vaginalis. Unspecific cytotoxicity against murine macrophages was also studied. Although the antichagasic and
trichomonacidal activities are not comparable to those of the standard drugs, nifurtimox and metronidazole, some of the com-
pounds exhibit an interesting specific antiparasitic activity.
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Introduction

Parasitic diseases are among the most widespread of human
diseases. In 1997, of a global total of 52.2 million deaths, 17.3
million were due to infectious diseases, followed by circula-
tory diseases, cancer, and respiratory diseases (Tracy and
Wester 2001). American trypanosomiasis, caused by the pro-
tozoan parasite Trypanosoma cruzi, is widespread in Latin
America, where 16 to 18 million people are estimated to be
infected (Organización Panamericana de la Salud 1994).
Since the beginning of the 1970s, benznidazole and nifur-
timox have been used for the treatment of Chagas disease,
although the commercialization of nifurtimox has been dis-
continued in Brazil, Argentina, Chile and Uruguay. Contro-
versial results to the use of both drugs are well known and
have been recently reviewed (Coura and de Castro 2002).
Clinical phase of Chagas disease, parasite strain, period of
treatment, dose, age and geographical origin of the patients
(Andrade et al. 1985, Filardi and Brener 1987, Toledo et al.
1997) are the main factors responsible for the different de-
grees of success achieved. This variable susceptibility, side
effects and contraindications for benznidazole and nifurtimox
treatment, reinforce the need to find more efficient and less
toxic drugs.

On the other hand, trichomoniasis is a common, sexually
transmitted infection that affects about 170 million of people
worldwide, more than the combination of infections produced
by gonorrhea, syphilis, and chlamydia (World Health Organ-
ization 1995). The 5-nitroimidazole drugs, of which metroni-
dazole is the most prescribed, are the only approved, effective
drugs to treat trichomoniasis. Resistance against metronida-
zole (Dunne et al. 2003) is frequently reported, and cross-
resistance among the family of 5-nitroimidazole drugs is also
common. Moreover, resistant organisms are cosmopolitan in
distribution and are of considerable concern as Trichomonas
infection are linked to vaginal HIV transmission (Sorvillo and
Kerndt 1998, Lo et al. 2002). Some reports even suggest that
its eradication may be the single most effective step in HIV
incidence reduction (Bowden and Garnett 1999, Sorvillo et al.
2001).

Both, controversial findings on the use of benznidazole
and nifurtimox for the treatment of trypanosomiasis (Cancado
2002, Coura and de Castro 2002) and the increase in the rec-
ognition of metronidazole-resistant trichomoniasis (Crowell
et al. 2003) justify the screening of new antiparasitic agents.
During our investigations on the N-substituted homoallyl-
amine (Kouznetsov et al. 1998a, b) we found that diverse
homoallylamines containing aryl or heteroaryl rings at the 
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C-4 of butene displayed significant activity (MIC < 50 µg/ml)
against some pathogenic dermatophytes (Urbina et al. 2000,
Vargas et al. 2003). This fact encouraged us to investigate

other possible antimicrobial activities of these homoallyl-
amines and related hydroquinoline and quinoline derivatives.
So, we have recently reported the antiparasitic properties of
some 5-nitro(amino)-2-pyridylquinoline derivatives (Kouz-

netsov et al. 2004). Among quinolines, Jonckers et al. (2002)
have assayed some neocryptolepine derivatives that appear as
promising antimalarial and antitrypanosomal agents.

In this paper we report the in vitro antichagasic and trich-
omonacidal activities, and unspecific cytotoxicity against
macrophages of the previously synthesized (Urbina et al.
2000, Vargas et al. 2003) homoallylamines 1–36, 68 and 69 
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(Fig. 1), amine derivatives 37–42 (Fig. 2), hydroquinolines
43–56 (Fig. 3) and quinolines 57–67 (Fig. 4).

Materials and methods

Anti-Trypanosoma cruzi epimastigote assays

The activity of the compounds was determined on epimasti-
gotes of T. cruzi strain Y, grown at 28°C in liver infusion tryp-
tose (LIT) medium supplemented with 10% of heat inactivat-

ed fetal calf serum as described (Muelas-Serrano et al. 2000).
Briefly, 24 well plates (Costar, Corning NY) were seeded with
900 µl of a homogeneous early log phase culture containing
500,000 epimastigotes/ml. Compounds dissolved in dimethyl
sulfoxide (DMSO) were then added in triplicate at final con-
centrations of 100, 10 and 1 µg/ml. After 96 h of incubation
at 28°C, 100 µl of a 2.5 mg/ml of MTT 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide, containing 0.22
mg/ml of PMS (phenazine methosulfate) to enhance the for-
mazan yield (Cedillo-Rivera et al. 1992, Hattori and Nakani-
shi 1995) were added. After 75 min, formazan crystals were
dissolved with 1 ml of a 10% sodium dodecyl sulfate (SDS)
– 0.01 N HCl solution, and absorbances were read at 595 nm
in a plate reader EL × 800 from Bio-Tek Instruments Inc.
Antiepimastigote (AE) activity was calculated as:
% AE = 100 × (ODc–ODcm)–(ODe–ODec)/(ODc–ODcm)

where ODc represents the mean of optical densities for control
wells and ODe, the mean for experimental wells. Optical den-
sity of medium (ODcm) and of every compound (ODec) were
respectively subtracted. Nifurtimox (Lampit from Bayer, Ar-
gentina) was used as reference drug.

Anti-Trichomonas vaginalis assays

Trichomonas vaginalis strain JH31A No. 4 was cultured at
37°C with 5% CO2 in TYM (Trypticase-Yeast extract-Malt-
ose) medium supplemented with 10% of heat inactivated
equine serum. The assays were carried out using glass tubes
containing 100,000 protozoa/ml in a final volume of 2 ml.
Compounds were added to the cultures 6 h after seeding. For
each concentration assayed (100, 10 and 0.1 µg/ml), there
were three experimental and six growth controls. Viable pro-
tozoa were assessed at 24 h after incubation in the presence
of the compounds by counting in an haemocytometer. Results
are expressed both as percentages of inhibition (cytostatic
activity) and percentages of reduction (cytocidal activity) with
respect to controls. Metronidazole (Rhône Poulenc, Courbe-
voie, France) was used as reference drug.

Toxicity assays

Murine macrophages J774 were seeded (70,000 cells/well) in
96 well flat bottom microplates (Sarstedt, Sarstedt Inc.,
Newton, NC) with 200 µl of RPMI 1640 medium (Sigma)
supplemented with 20% heat inactivated fetal calf serum.
Cells were allowed to attach for 24 h in a humidified 5%
CO2/95% air atmosphere at 37°C. Then, cells were exposed to
the compounds (100, 10 and 1 µg/ml) for 24 h. Afterwards,
cells were washed with PBS and incubated (37°C) with MTT
0.4 mg/ml for 60 min. Formazan was dissolved with DMSO
(100 µl) and optical densities were measured as above. Each
concentration was assayed three times and six growth controls
were used in each test. Cytotoxicity percentages (%C) were
determined as:

%C = 100–(ODd–ODdm)/(ODc–ODcm) × 100
where ODd is the mean of OD595 of wells with macrophages
and different concentrations of the compounds; ODdm is the
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Fig. 2. Chemical structures of amine derivatives assayed

Fig. 3. Chemical structures of hydroquinolines assayed

Fig. 4. Chemical structures of quinolines assayed
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mean of OD595 of wells with different compounds concen-
trations in medium; ODc is the growth control and ODcm is
the mean of OD595 of wells with only medium.

Results

In order to simplify the results, only antiparasitic activity
above 50% and unspecific toxicity below 50% are summa-
rized. The in vitro efficacy against epimastigotes of T. cruzi is

shown in Table I. The specific activity against T. vaginalis
(Table II) is expressed as cytostatic activity (growth inhibi-
tion), or cytocidal activity (percentage of reduction with

respect to control) in brackets. Unspecific cytotoxicity to mac-
rophages (Table III) is expressed as cytotoxicity percentage.

Discussion

In the course of a screening program for new antifungal com-
pounds, we have recently reported (Urbina et al. 2000, Vargas
et al. 2003) the interesting antifungal properties displayed by
some homoallylamines, tetrahydroquinolines and quinolines.

Homoallylamines could serve as versatile precursors to obtain
2-substituted 4-methylquinolines via tetrahydroquinolines.
Both type of compounds have important biological properties,
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Table I. Anti-Trypanosoma cruzi epimastigote activity

Activity range (%) Compound  No.

100 µg/ml
50–75 15, 20, 28, 37, 38, 56, 59, 62, 64
> 75 1–14, 16, 17, 19, 21–27, 29, 30–36, 39–55, 57, 58, 60, 61, 63, 65, 67–69

10 µg/ml
50–75 2, 3, 7, 10, 15, 16, 22, 26, 44, 47, 48, 50–52, 55, 57, 58, 59, 65
> 75 5, 9, 25, 49, 63, 64, 68, 69

1 µg/ml
50–75 25

Nifurtimox was assayed at 10, 2.5 and 0.5 µg/ml and reached 100, 88 and 54%, respectively.

Table II. Anti-Trichomonas vaginalis cytostatic or cytocidal (parenthesis) activity

Activity range (%) Compound No.

100 µg/ml
50–75 10, 15, 17, 18, 21, 23, 25–27, 31, 45, 50, 55, 62, 66, 67
> 75 1–4, (5), (6), 7, 8, (9), 11, (12), (13), 14, (16), 19, 20, 22, (24), (28), 29, 30, 32–39, (40), 41, (42), 43, 44, 47–49,

(51–54), 56, 57, (58), 59–61, (63), 64, 65, 68, 69
10 µg/ml

50–75 5, 6, 28, 29, 32, 34–36, 39, 40, 49, 53, 57–60, 63, 64, 65, 68, 69
> 75 42

Metronidazole was assayed at 2, 1 and 0.5 µg/ml and reached cytocidal activity of 100, 97.9 and 83.5, respectively.

Table III. Unspecific cytotoxicity determined on macrophages

Cytotoxicity (%) Compound No.

100 µg/ml
< 25 3, 11, 18, 20–23, 26, 29, 34, 37, 41, 43, 46, 59, 66

25–50 1, 2, 4, 8, 10, 12, 14, 19, 25, 27, 28, 35, 39, 44, 45, 49, 60, 64, 67
10 µg/ml

< 25 1–4, 6, 8, 10–44, 46–63, 65–67, 69
25–50 5, 7, 9, 45, 64, 68

1 µg/ml
< 25 1–9, 11–44, 46–50, 52–69

25–50 10, 45, 51
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some have showed antileishmanial activity (Fournet et al.
1993). Looking for other antiparasitic effect, trypanocidal and
trichomonacidal activities were assayed.

Results showed that most of the compounds tested (Table
I) exhibit a trypanocidal activity of 75 to 100% at the higher
concentration assayed (100 µg/ml). Since this activity could
be due to unspecific cytotoxicity we compared unspecific
cytotoxicity (%C) (Table III) with anti-epimastigote activity
(%AE) (Table I) for each compound.

Some compounds (1–4, 8, 10, 11, 14, 21–23, 25–27, 29,
34, 35, 39, 41, 43–46, 49) present intrinsic trypanocidal activ-
ity at 100 µg/ml since their %C at this concentration is much
lower than their %AE (%C<50, %AE>75), showing homoal-
lylamines 22 and 29 the most interesting trypanocidal activi-
ty without cytotoxicity at this concentration.

Twenty-eight compounds (2, 3, 5, 7, 9, 10, 15, 16, 19, 22,
25, 26, 35, 44, 47–52, 55, 57–59, 63–65, 68 and 69) retained
at least 50% of antichagasic activity at 10 µg/ml, at this con-
centration none unspecific cytotoxicity was shown for these
compounds in most cases. Both, the homoallylamine deriva-
tive 25 (%C = 5.2) and the quinoline derivative 63 (%C = 0)
showed trypanocidal activity higher than 90% at 10 µg/ml
being the most interesting compounds at this concentration.
Compound 25 retained even 60% of trypanocidal activity at
the lower dose assayed (1 µg/ml).

Regarding trichomonacidal assays, many compounds
exhibit cytocidal activity or at least an important cytostatic
activity ($75%) at 100 µg/ml: 1–9, 11–14, 16, 19, 20, 22, 24,
27–30, 32–37, 39–44, 47–49, 51–54, 56–61, 63–65, 68 and
69. However, if we discarded those with > 25% of unspecific
cytotoxicity, only compounds 3, 11, 22, 29, 34, 41, 43 and 59
maintain an intrinsic trichomonacidal activity.

Although the antiparasitic activities were not comparable
to those of the standard drugs, nifurtimox and metronidazole,
some of the compounds could be useful as lead structures for
further development.

Acknowledgements. We gratefully acknowledge the Iberoamerican
Program of Science and Technology for Development (CYTED).

References

Andrade S.G., Magalhaes J.B., Pontes A.L. 1985. Evaluation of chem-
otherapy with benznidazole and nifurtimox in mice infected
with Trypanosoma cruzi strains of different types. Bulletin of
the World Health Organization, 63, 721–726.

Bowden F.J., Garnett G.P. 1999. Why is Trichomonas vaginalis ig-
nored? Sexually Transmitted Infections, 75, 372–374.

Cancado J.R. 2002. Long term evaluation of etiological treatment of
Chagas disease with benznidazole. Revista do Instituto de Me-
dicina Tropical de Sno Paulo, 44, 29–37.

Cedillo-Rivera R., Ramirez A., MuZoz O. 1992. A rapid colorimet-
ric assay with the tetrazolium salt MTT and phenazine metho-
sulfate (PMS) for viability of Entamoeba histolytica. Archives
of Medical Research, 23, 59–61.

Coura J.R., Castro S.L. de 2002. A critical review on Chagas dis-
ease chemotherapy. Memorias do Instituto Oswaldo Cruz, 97,
3–24.

Crowell A.L., Sanders-Lewis K.A., Secor E. 2003. In vitro metroni-
dazole and tinidazole activities against metronidazole-resist-
ant strains of Trichomonas vaginalis. Antimicrobial Agents
and Chemotherapy, 47, 1407–1409.

Dunne R.L., Dunn L.A., Upcroft P., O’Donoghue P.J., Upcroft J.A.
2003. Drug resistance in the sexually transmitted protozoan
Trichomonas vaginalis. Cell Research, 13, 239–249.

Filardi L.S., Brener Z. 1987. Susceptibility and natural resistance of
Trypanosoma cruzi strains to drugs used clinically in Chagas
disease. Transactions of the Royal Society of Tropical Medi-
cine and Hygiene, 81, 755–759.

Fournet A., Barrios A.A., Munoz V., Hocquemiller R., Cave A., Bru-
neton J. 1993. 2-substituted quinoline alkaloids as potential
antileishmanial drugs. Antimicrobial Agents and Chemother-
apy, 37, 859–863.

Hattori Y., Nakanishi N. 1995. Effects of cyclosporin A and FK506
on nitric oxide and tetrahydrobiopterin synthesis in bacterial
lipopolysaccharide-treated J774 macrophages. Cellular Im-
munology, 165, 7–11.

Jonckers T.H., Miert S. van, Cimanga K., Bailly C., Colson P., De
Pauw-Gillet M.C., Heuvel H. van den, Claeys M., Lemiere F.,
Esmans E.L., Rozenski J., Quirijnen L., Maes L., Dommisse
R., Lemiere G.L., Vlietinck A., Pieters L. 2002. Synthesis, cy-
totoxicity, and antiplasmodial and antitrypanosomal activi-
ty of new neocryptolepine derivatives. Journal of Medicinal
Chemistry, 45, 3497–3508.

Kouznetsov V.V., Palma A.R., Aliev A.E. 1998a. Chemistry of the
functionalized benzazepines. 4[1]. Synthesis and stereo-
chemistry of the 3,5-di- and 1,3,5-trisubstituted tetrahydro-
benz-2-azepines. Anales de Química. Internacional Edition,
94, 132–135.

Kouznetsov V.V., Ocal N., Turgut Zh., Zubkov F., Kaban S., Var-
lamov A. 1998b. Allylation and heteroaddition reactions of
aldimines: furan- and quinolinecarboxaldehydes. Monatshef-
te für Chemie, 29, 671–677.

Kouznetsov V.V., Vargas L.Y., Tibaduiza B., Ochoa C., Montero D.,
Nogal J.J., Fernández C., Muelas S., Gómez-Barrio A., Bah-
sas A., Amaro-Luis J. 2004. 4-Aryl(benzyl)amino-4-het-
eroarylbut-1-enes as building blocks in heterocyclic synthe-
sis. 4[1]. Synthesis of 4,6-dimethyl-5-nitro(amino)-2-pyridyl-
quinolines and their antiparasitic activities. Archiv der Phar-
mazie, 337, 127–132.

Lo M., Reid M., Brokenshire M. 2002. Resistance of Trichomo-
nas vaginalis infections to metronidazole in Auckland sexu-
al health clinics: report of two cases. New Zealand Medical
Journal, 115, No. 1160.

Muelas-Serrano S., Nogal-Ruiz J.J., Gómez-Barrio A. 2000. Setting
of a colorimetric method to determine the viability of Trypa-
nosoma cruzi epimastigotes. Parasitology Research, 86, 999–
1002.

Organización Panamericana de la Salud. 1994. Las condiciones de
salud en las Américas. Organización Panamerica de la Salud.
Publicación Científica (1) 549. Washington, D.C.

Sorvillo F., Kerndt P. 1998. Trichomonas vaginalis and amplification
of HIV-1 transmission. Lancet, 351, 213–214.

Sorvillo F., Smith L., Kerndt P., Ash L. 2001. Trichomonas vaginalis,
HIV, and African-Americans. Emerging Infectious Diseases,
7, 927–932.

Toledo M.J.O., Guilherme A.L.F., Silva J.C., Gasperi M.V., Mendes
A.P., Gomes M.L., Marqués de Araujo S. 1997. Trypanosoma
cruzi: chemotherapy with benznidazole in mice inoculated
with strains from Parana state and from different endemic
areas of Brazil. Revista do Instituto de Medicina Tropical de
Sno Paulo, 39, 283–290.

Tracy J.W., Wester T. 2001. The pharmaceutical basis of therapeu-
tics. McGraw-Hill, New York.

Urbina G.J.M., Cortés J.C., Palma A., López S.N., Zacchino S.A.,

77



Alicia Gómez-Barrio et al.

Enriz R.D., Ribas J.C., Kouznetsov V.V. 2000. Inhibitors of
the fungal cell wall. Synthesis of 4-aryl-4-N-arylamine-1-
butenes and related compounds with inhibitory activities on
β(1-3) glucan and chitin synthases. Bioorganic and Medicinal
Chemistry, 8, 691–698.

Vargas M.L.Y., Castelli M.V., Kouznetsov V.V., Urbina G.J.M.,
López S.N., Sortino M., Enriz R.D., Ribas J.C., Zacchino 

(Accepted November 28, 2005)

S.A. 2003. In vitro antifungal activity of new series of ho-
moallylamines and related compounds with inhibitory prop-
erties of the synthesis of fungal cell wall polymers. Bioor-
ganic and Medicinal Chemistry, 11, 1531–1550.

World Health Organization 1995. An overview of selected curable
sexually transmitted diseases. In global program on AIDS.
World Health Organization, Geneva. 

78


