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The accidental transmission of Chagas’ disease by donor blood is recognized as a serious problem in the Latin
America. This paper describes the screening of natural products as possible new chemoprophylactic additives in
blood banks. Ten plant-derived alkaloids, three terpenes, three quinones and 14 crude plant extracts were tested
against bloodstream forms of Trypanosoma cruzi Y strain in vitro at 4 °C at a concentration of 250 ng/mL, using
gentian violet as the baseline drug. The bisbenzylisoquinoline alkaloids, cocsuline, daphnandrine, daphnoline,
isochondodendrine, gyrocarpine, limacine and pheanthine and the naphthoquinone, plumbagin completely lysed
the trypomastigote forms of 7. cruzi at a concentration of 250 pg/mL, this activity was verified by the subculture
of the treated medium during 4 months. The active alkaloids, pheanthine, daphnoline and limacine were
evaluated for mutagenicity by the sister chromatid exchange assay (SCE) in peripheral lymphocytes. Daphnoline
and pheanthine elicited no significant increase of the SCE up to 50 pg/mL, while limacine significantly increased
the SCE values at a concentration of 25 pg/mL, and 50 ug/mL.
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INTRODUCTION

Chagas’ disease is a widespread infection in Central and
South America. It is caused by the protozoan
Trypanosoma cruzi and is naturally transmitted by
Reduviidae bugs (Garcia-Zapata and Marsden, 1986).
Blood transfusion is the second most important mecha-
nism of transmission in both endemic and non-endemic
areas. This fact is of epidemiological importance due to
the migration of infected individuals from endemic
rural environments to urban areas. It has been esti-
mated that about 20 000 blood samples could be trans-
mitting the disease annually by blood transfusion in
Latin America (Schmudis, 1985). Another situation
relates to hospitals and small health centres in endemic
regions, which lack facilities to store blood, thus prac-
tising immediate transfusion (Croft er al., 1988;
Docampo et al., 1988). The in vitro trypanocidal effect
of the triphenylmethane dye gentian violet (crystal
violét) was first reported by Nussenzweig ef al. in 1953.
Gentian violet is added to blood samples at a concen-
tration of 250 ug/mL and treated blood is stored 24 h
before use. The main disadvantages of this treatment
are the time required for drug action before transfusion
and the colouring of the blood (Docampo et al., 1988).
Gentian violet shows no serious toxic effects at recom-
mended concenirations (Rezende et al., 1965).
However, a potential carcinogenicity in rodents (Littel-
field et al., 1985) and a low mutagenicity have been
reported (Docampo and Moreno, 1985; Thomas and
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MacPhee, 1984). Furthermore, the use of gentian violet
is not easily accepted by patients and medical doctors
(Letelier et al., 1990).

Several plant derived and synthetic compounds as
well as crude plant extracts have been evaluated as
trypanocidal agents against epimastigote and trypomas-
tigote forms of Trypanosoma cruzi in vitro (Aldunate et
al., 1986; Cavin et al., 1987; Croft et al., 1988; Fournet
et al., 1988b; Chiari et al., 1991). In the present work,
the trypanocidal effect of crude plant extracts and
plant-derived compounds, comprising alkaloids, ter-
penes and naphthoquinones was assessed on the blood-
stream forms of T. cruzi. The active products were also
evaluated for mutagenicity by induction of sister chro-
matid exchange (SCE) in peripheral blood lymphocyte
culture.

MATERIAL AND METHODS

Plant material. The plants were collected in Bolivia
between 1985 and 1988. Herbarium specimens were
submitted for identification by botanists in the
Herbariums in Bolivia, United States and Europe.
Voucher specimens were deposited in the National
Herbarium of Bolivia in La Paz. Crude extracts were
prepared from 12 plants belonging to the botanical
families Annonaceae, Araliaceae, Asteraceae,
Euphorbiaceae,  Lauraceae, Sapindaceae  and
Ulmaceae. Pure compounds were isolated from natural
sources and identified by spectral data (NMR, mass,
IR, UV).
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Parasites. Trypanosoma cruzi Y strain infected albino
mice were used 7 days after infection. Blood was
obtained by cardiac puncture using 3.8% sodium citrate
as anticoagulant in a 7:3 blood:anticoagulant ratio. The
parasitaemia ranged from 1x 10° to 5x 10° parasites
per mL. Plant extracts were dissolved in cold DMSO
(dimethy sulphoxide) to a final concentration of 250 ug/
mL. Aliquots of 10uL were mixed with 100 pL of
infected blood, using a microtitre plate in triplicate.
DMSO plus infected blood and infected blood alone,
and as baseline activity, infected blood with gentian
violet at 250 ug/mL. were used as controls. Different
concentrations of parasites (1 X 10° and 1 X 10° parasites
per mL) and extracts (4, 20, 40, 100 and 250 ug/mL.)
were used. The plates were shaken for 10 min at room
temperature and kept at 4°C for 24 h. Each solution
was microscopically observed at 400 X , placing a 5 uL.
sample on a slide and covering it with a 22 X22 mm
overglass for parasite counting (Schempler, 1978).
Samples negative to T. cruzi by microscopy were culti-
vated in liver infusion tryptose medium (LIT) and
observed for 4 months to detect epimastigote forms
(Chiari and Camargo, 1984). Lethal concentrations
(LCs and LCy) were calculated for each extract with a
log-probit and means. Variance and standard deviation
were calculated for each extract concentration.

Induction of sister chromatid exchange (SCE). Human lym-
phocytes were obtained from healthy donors and cul-
tures were prepared using Hungerford’s modified
method (Rossner et al., 1987). One half ml of hepari-
nized blood was incubated in SmL of RPMI 1640
medium supplemented with 10% bovine serum, 0.1 mL
phytohaemagglutinin and 7.5% sodium bicarbonate at

Table 1. Activity of crude plant extracts towards trypomasti-
gote forms of Trypanosoma cruzi in vitro

Lysis at
Part? 250 pg/mL.

Voucher? Botanical name and extract® (%)
ANNONACEAE

AF. 481 Oxandra espintana (Spruce) Baill. SB, PE 21
ARALIACEAE

A.F. 760 Oreopanax sp. L, Ch 29
ASTERACEAE

A.F. 631 Jungia polita Griseb. AP, Ch 31

A.F. 616 Munnozia fournetii H. Robinson L, EtOH 16

A.F. 434 Munnozia maronii André L. PE 29

AF. 768 Ophryosporus piquerioides (DC) AP, EA 29
Benth

A.F. 675 Senecio hieronymii Griseb. L, EA 16
EUPHORBIACEAE

A.F. 846 Pera benensis Rusby SB, Ch 31
LAURACEAE

A.F. 856 Aniba sp. SB, Ch 29

SB, PE 29
A.F. 786 Aniba canelilla H. B. K. SB, PE 22
RB, PE 35

SAPINDACEAE

A.F. 780 Serjania tenuifolia Radlk. L, EtOH 17
ULMACEAE

A.F. 884 Ampelocera edentula Kuhlm. SB, Qui. 24
Gentian violet 100

® Voucher: Voucher number refers to A. Fournet’s collection.

® Part: AP, aerial part; B, bark; L, leaf; S, stem.

¢ Extract: Ch, chloroform; EA, ethyl acetate; EtOH, ethanol; PE,
petroleum ether.

Table 2. Effect of selected plant-derived alkaloids, quinones
and terpenes on the trypomastigote forms of
Trypanosoma cruzi in vitro

Lysis at 250 pg/mL

Compounds (%) Reference

Gentian violet 100

Alkaloids
Cocsoline 100 Lavault et al. 1987
Cycleanine 54 Hocquemiller et al., 1984
Daphnandrine 100 Lavault et al., 1987
Daphnoline 100 Lavault et al., 1987
Gyrocarpine 100 Chalandre et al., 1986
Isochondodendrine 100 Lavault et al., 1985
Limacine 100 Lavault et al., 1986
Obaberine 37 Weber et al., 1988
Pheanthine 100 Chalandre et al., 1986

Quinones
Plumbagin 100 Fournet et al., 1992
3.3'-biplumbagin 41 Fournet et al., 1992
8,8’-biplumbagin 39 Fournet et al., 1992

Terpenes
Dehydrozaluzanin C 31 Fournet et al., 1993
Espintanol 2 Hocquemiller et al., 1991
Isoespintanol 8 Hocquemilier et al., 1991

37°C for 72h. Tested materials were dissolved in
DMSO and added to the culture. 5-bromo-
deoxyuridine (BrdU) was added to each culture to a
final concentration of 5pug/mL. Incubation was per-
formed in the dark to avoid SCE induced by photolysis
of BrdU-substituted DNA. After two rounds of replica-
tion, demecolcine (0.02 pg/mL) was added to each
culture 2 h before harvesting. Cells were treated with a
hypotonic solution, fixed with methanol/acetic acid and
dropped on clean chilled glass slides. Differential sister
chromatid staining was performed as described by
Perry and Wolff (1974). In each sample, 20 metaphases
showing differences in chromatid staining were
observed and photographed. Terminal SCE were
scored as 2. SCE in the centromeric region were not
scored because they were indistinguishable from the
twisting of sister chromatids.

RESULTS

From the crude extracts, Oreopanax sp., Jungia polita,
Munnozia maronii, Ophryosporus piqueriodes, Pera
benensis and Aniba sp. (Table 1) showed a third of the
activity of the standard trypanocide gentian violet and
are worthy of further studies. The naphthoquinone
plumbagin showed 100% lysis while the dimeric deriva-
tive, 3,3'-biplumbagin and 8,8'-biplumbagin were half
as active as the corresponding monomer. The terpe-
noids dehydrozaluzanin C, espintanol and isoespinta-
nol proved to be weakly active in our assay conditions.

Table 3. Determination of lethal concentration of compounds
tested in vitro against trypomastigotes of 7. cruzi

Compound LCso {pg/mL) LCqgq (pg/ml)
Pheanthine 40 175
Limacine 35 180
Daphnoline 8 50
Coesoline - 4
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Table 4. Frequency of sister chromatid exchanges (SCE) in peripheral lymphocytes
induced by active compounds at different concentrations

Compound Concentration {ug/mL)

100 50 25 10 5 DMSO 1%
Pheanthine 11.3+£2.6° 8.1+2.5° 6.4+x1.9 5.3%1.7 5317 5.9+1.4
Limacine ND 23.6+4.7° 19.5%+1.8*° 8.8+2.3* 8.8+2.3° 5.9+1.5
Daphnoline 9.1+2.5° 7.3x2.4* 7.1%£28 7.1+28 5.8+2.3

Values are presented as mean+SD

3Significantly different from control (p<0.001)

ND: not done

The bisbenzylisoquinoline alkaloids, cocsoline,
daphnandrine, daphnoline, isochondodendrine, gyro-
carpine, limacine and pheanthine completely lysed the
bloodstream forms of T. cruzi (Table 2) at a concentra-
tion of 250 ug/mL thus being comparable in activity to
gentian violet. The means and lytic concentrations
(LCsy and LCy) were determined for four of the ten
alkaloids (Table 3).

Daphnoline and coscoline showed an interesting ac-
tivity when compared with gentian violet.
Furthermore, daphnoline was not cytotoxic at concen-
trations below 10pg/mL. When it was tested at a
concentration at 250 pg/mL under low parasitaemia, no
parasites were detected in our conditions. Pheanthine
and limacine showed LCy; and LCy, fivefold higher than
daphnoline. The mutagenicity of pheanthine, limacine
and daphnoline was also assessed (Table 4).
Pheanthine and daphnoline elicited no significant
increase of the SCE up to 50 pg/mL, while limacine
significantly increased the SCE values at 25 and 50 ug/
mL. The spontaneous frequency of aberrant cells in
negative controls was in the range of 0%—5.9%.

DISCUSSION

All the crude extracts and the pure compounds pre-
sented an inhibitory effect on the promastigote forms of
Leishmania and the epimastigote forms of
Trypanosmoa cruzi in vitro (Fournet, 1991). In this
study no crude extract was found active against the
blood forms of Tryponosoma cruzi in vitro. Seven
bisbenzylisoquinoline alkaloids of nine tested showed
an activity on the trypomastigote forms of T. cruzi,
particularly cocsoline and daphnoline which showed no
mutagenic effects. The same compounds previously
presented an inhibitory activity in vitro against differ-
ent strains of promastigote forms of Leishmania ssp.

and epimastigote forms of T. cruzi at a concentration of
10 ug/mL (Fournet et al., 1988a, 1988b). Recent publi-
cations have demonstrated the antiprotozoal properties
of the bisbenzylisoquinonines, in vitro against
Trypanosoma brucei brucei, Plasmodium falciparum
and P. berghei berghei (Schiff, 1991). In our study, no
structure—activity relationship with the bisbenzylisoqui-
noline alkaloids was observed.

The only active naphthoquinone, plumbagin is an
antiprotozoal compound with activity against L. ama-
zonensis and L. donovani in vitro and in vivo (Croft et
al., 1985; Fournet ef al., 1992) and antibacterial and
antifungal activities (Gujar, 1990). Furthermore, by
topical application it also shows a significant suppres-
sion of skin lesions (Fournet, 1991; Wright and
Phillipson, 1990). The result demonstrates again that
compounds known to generate free radicals, for exam-
ple plumbagin, are effective trypanocidal compounds in
vitro.

In conclusion, it would be interesting to complete
this study by testing these alkaloids and other
bisbenzylisoquinoline alkaloids against other strains of
T. cruzi, and also their effectiveness at 37 °C or 25 °C,
the same conditions to those in the small health centres
of rural Latin America. Furthermore, the compounds
tested have the disadvantage of there being no product
licences for use in human medicine and it is not easy to
isolate the bisbenzylisoquinoline alkaloids by natural or
synthetic route.

Acknowledgements

We are grateful to G. Schmeda-Hirschmann, E. Ferro and A.
Figueredo for technical advice. This study was partially supported by
Deutsche Gesellschaft fiir Technische Zusammenarbeit (GTZ). The
authors thank Professor J. Bruneton and Dr P. Richomme (Labora-
toire de Pharmacognosie, Faculté de Pharmacie d’Angers, France)
for supplying the samples of some bisbenzylisoquinolines (cocsoline,
daphnandrine, daphnoline, gyrocarpine and pheanthine).

REFERENCES

Aldunate, J., Ferreira, J., Letelier, M. E., Repetto, Y., and Morelilo,
A. (1986). t-Butyl-4-hydroxyanisole, a novel respiratory
chain inhibitor. FEBS Lett. 195, 295~297.

Cavin, J. C., Krassner, S. M., and Rodriguez, E. (1987).
Plant-derived alkaloids active against Trypanosoma cruzi. J.
Ethnopharmacol. 19, 89-94,

Chalandre, M. C., Bruneton, J., Cabalion, P. and Guinaudeau, H.
(1986). Alcaloides de Gyrocarpus americanus, J. Nat. Prod.
49, 101-105.

Chiari, E., and Camargo, E. R. (1984). Culturing Antigens of
Parasites. A Laboratory Manual. Editorial Fio Cruz, Rio de
Janeiro.

Chiari, E., De Oliveira, A. B., Raslam, D. S., Mesquita, A. A. L.,
and Tavares, K. G. {1991). Screening in vitro of natural
products against blood forms of Trypanosoma cruzi. Trans.
R. Soc. Trop. Med. Hyg. 85, 372-374.

Croft, S. L., Evans, A. T., and Neal, R. A. (1985). The activity of
plumbagin and other electron carriers against Leishmania
donovani and Leishmania mexicana amazonensis. Ann.
Trop. Med. Parasitol. 79, 651-653.

Croft, S. L., Walker, J. J., and Gutteridge, W. E. (1988). Screening
of drugs for rapid activity against Trypanosoma cruzi trypo-
mastigotes in vitro. Trop. Med. Parasitol. 39, 145-148.

Docampo, R., and Moreno, S. N. J. (1985). Biochemical toxico-

-




144 A. ROJAS DE ARIAS ET AL.

logy of antiparasitic compounds used in the chemotherapy
and chemoprophylaxis of American trypanosomiasis (Cha-
gas’ disease). In, Reviews in Biochemical Toxicology ed. by
E. Hodgson, J. R. Bend and R. M. Phipot, pp. 159-204.
Elsevier, New York.

Docampo, R., Moreno, S. N. J., Gadelha, F. R., De Souza, W., and
Cruz, F. S. (1988). Prevention of Chagas’ disease resulting
from blood transfusion by treatment of blood: toxicity and
mode of action of gentian violet. Biomed. Environ. Sci. 1,
406-413.

Fournet, A. (1991). Plantes. Médicinales Boliviennes
Antiparasitaires (leishmaniose et maladie de Chagas):
Galipea longiflora Krause (Rutaceae), Pera benensis Rusby
et Ampelocera edentula Kuhlm (Ulmaceae). Thése de
Doctorat de ['Université de Paris-Sud, Mention Sciences
Pharmaceutiques.

Fournet, A., Angelo Barrios, A., Munoz, V., Roblot, F.,
Hocquemilter, R., and Cavé, A. (1992). Biological and chemi-
cal studies of Pera benensis, a Bolivian plant used in folk
medicine as a treatment of cutaneous leishmaniasis. J.
Ethnopharmacol. 37, 159-164.

Fournet, A., Mufoz, V., Angelo, A., and Aguilar, M. {1990}.
Plantes médicinales boliviennes antiparasitaires. Bull. Soc.
Fr. Paratolol. 8, S9 A 29.

Fournet, A., Mufoz, V., Manjon, A. M. et al. {1988a). Activité
antiparasitaire d'alcaloides bisbenzylisoquinoléiques. |.
Activité in vitro sur des promastigotes de trois souches de
Leishmania. J. Ethnopharmacol. 24, 327-335.

Fournet, A., Manjon, A. M., Muhoz, V. et al. (1988b). Activité
antiparasitaire d‘alcaloides bisbenzylisoquinoléiques. Il.
Activité in vitro sur des épimasstigotes de trois souches
typifiées de Trypanosoma cruzi. J. Ethnopharmacol. 24,
337-343.

Fournet, A., Munoz, V., Roblot, F., Hocquemiller, R., Gantier,
J. C. and Cavé, A. Antiprotozoal activity of dehydrozaluzanin
C a sesquiterpene lactone isolated from Munnozia maronii
(Asteraceae). Phytotherapy Res. 7, 111-115.

Garcia-Zapata, M. T. A., and Marsden, P. D. (1986). Chagas’
disease. Clin. Trop. Med. Comm. Dis. 1, 557-585.

Gujar, G. T. (1990). Plumbagin, a naturally occurring naphtho-
quinone. Its pharmacological and pesticidal activity.
Fitoterapia 59, 387-393.

Hocquemiller, R., Cabalion, P., Fournet, A., and Cavé, A. (1984).
Alcaloides des Annonacées. XLIX. Alcaloides d’Isolona hex-
aloba, I. zenkeri et |. pilosa. Planta Med. 23-25.

Hocquemiller, R., Cortes, D., Arango, G. J. et al. (1991).
Isolement et synthese de |'espintanol, nouveau monoter-
péne antiparasitaire. J. Nat. Prod. 54, 445-452.

Lavauit, M., Bruneton, J., Cavé, Ad. et al. (1987). Alcaloides
bisbenzylisoquinoléiques de Albertisia cf. A. papuana Can.
J. Chem. 65, 343-347.

Lavault, M., Fournet, A., Guinaudeau, H., and Bruneton, J.
(1985). Bisbenyzylisoquinoline N-oxide from Curarea candi-
cans. J. Chem. Res. (M} 2786-2793.

Lavault, M., Fournet, A., Guinaudeau, H., and Bruneton, J.
(1986). Alcaloides de Caryomene olivascens. Nouvelles
structures bisbenzylisoquinoléiques. Chem. Pharm. Bull. 34,
1148-1152.

Letelier, M. E., Rodriguez, E., Wallace, A., Lorca, M., Repetto, Y.,
Morello, A., and Aldunate, J. (1990). Trypanosoma cruzi: a
possible control of transfusion induced Chagas’ disease by
phenolic antioxidants. Exp. Parasitol. 71, 1-7.

Littlefield, N. A., Blackwell, B. N., Hewitt, C. C., and Gaylor, D.
{1985). Chronic toxicity and carcinogenicity studies of gen-
tian violet in mice. Fundament. Appl. Toxicol. 5, 902-912.

Nussenzweig, V. R., Sonntag, R., Bianealana, A., Freitas, J. L. P.,
Amata Neto, V., and Kloetzel, J. {1953). Acao de corantes tri-
fenil metanicos sobre Trypanosoma cruzi in vitro. Emprego
da violeta de gentiana na profilaxia de transmissao da
molestia de Chagas por transfusao de sangue. Hospital de
Rio de Janeiro 44, 731-744.

Perry, P., and Wolff, S. (1974). New Giemsa method for the
differential staining of sister chromatid. Nature 251, 156—
158.

Rezende, J. M., Zupelli, W., and Bafutto, M. G. (1965). O
problema da transmissao da doenca de Chagas por transfu-
sao de sangue. Emprego da violeta da gentiana como
medida profilactiva. Rev. Goiana Med. 11, 35-47.

Rossner, P., Cerna, M., Lepsi, P., and Pohlova, H. {1987).
Mutagenicity of some  substituted 1-phenyl-3,3-
dimethyltrazene. Il Chromosomal aberrations in human
peripheral lymphocytes in vitro. Mutat. Res. 190, 183-186.

Schempler, B. R. (1978). Estudos experimentais de quimiprofi-
laxia da transmissao da doenca de Chagas por transfusao
sanguinea. Rev. Pat. Trop. 7, 55-111.

Schiff Jr, P. L. (1991). Bisbenzylisoquinoline alkaloids. J. Nat.
Prod. 54, 645—749.

Schmuiis, G. A. (1985). Chagas’ disease and blood fransfusion.
In, Immunity and Blood Transfusion, ed. by R. Y. Dodd and
L. F. Baker, pp. 127-145. Alan R. Liss, New York.

Thomas, S. N., and MacPhee, D. G. (1984). Crystal violet: a
direct-acting frameshift mutagen whose mutagenicity is
enhanced by mammalian metabolism. Mutat. Res. 140, 166—
167.

Weber, J. F., Fournet, A., and Bruneton, J. (1988). Alkaloidal
content of four Berberis species structure of berberilaurine,
a new bisbenzyltetrahydroiso quinoline. J. Nat. Prod. 52,
81-84.

Wright, C. W., and Phillipson, J. D. {1990). Natural products and
development of selective antiprotozoal drugs. Phytother.
Res. 4, 127-139.

g e




