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quinoline (synthetic compounds), and arthemisinine derivatives (semisynthetic).

The protozoan parasite Trypanosoma cruzi, the agent of
Chagas’ disease, is endemic in many South American countries, where it is estimated that 16 million people are affected
(32). In Brazil, transmission of T. cruzi by the insect vector is
under control (26), and transmission by blood transfusion is
acquiring special relevance. The transmission of T. cruzi by
blood transfusion is also becoming a source of concern in
countries whose populations are free of infection but that are
receiving immigrants from areas where the disease is endemic
(18, 27). In the 1950s, gentian violet, a phenylmethane dye, was
demonstrated to be active against trypomastigotes present in
blood destined for transfusion (21). A concentration of 0.6
mmol/liter eliminates all of the parasites after 24 h of incubation at 48C (28). It is the only effective trypanosomicidal agent
available. Despite its effectiveness, there are some restrictions
to its use. It gives the blood a purple color and might stain the
skin and mucosae of the recipients. A carcinogenic effect has
been described in rodents, but it has not been proved in humans. The formation of microagglutination and rouleaux of
erythrocytes are observed (30). New compounds with higher
levels of activity and that are more safe are needed. The Expert
Committee on Control of Chagas’ Disease of the World
Health Organization recommends that investigators search for
new active compounds for the chemoprophylaxis of Chagas’
disease. These can be either synthetic compounds or compounds obtained from natural products of plant origin. Our
laboratory is actively searching for new compounds. Our approach is to search natural products from the Brazilian flora
(10) and to examine products obtained by chemical synthesis.
We report here the results obtained with a group of quinones,

MATERIALS AND METHODS
T. cruzi. Trypomastigotes of the Y (25), CL (4), and B229 (8) strains of T. cruzi
were used.
Mice. Adult male Swiss-Webster mice acutely or chronically infected with T.
cruzi were used to obtain trypomastigotes. These were collected from acutely
infected mice on day 7 for trypomastigotes of the Y strain and on day 14 after
intraperitoneal (i.p.) inoculation for trypomastigotes of strains CL and B229.
Chronically infected mice were obtained by treating mice infected i.p. with the Y
strain with 5 mg of benznidazole per kg of body weight per day, which was
administered orally for 1 week beginning 1 day after inoculation.
Compounds. The compounds used in the study are listed in Table 1. For the
experiments, the compounds were dissolved in dimethyl sulfoxide (DMSO) and
the working concentrations were prepared in tissue culture medium 199 (TC199)
containing 10% heat-inactivated fetal bovine serum. Because of the excellent
activity of compound Q45 in the initial screen and its limited supply, additional
amounts of this compound were synthesized in our laboratory by the condensation of 8-amino-6-methoxylepidine with 6-diethylaminohexylbromide hydrobromide in the presence of triethylamine at 1508C (14). The 8-amino-6-methoxylepidine was obtained by reducing 6-methoxy-8-nitrolepidine with stannous
chloride, granulated tin, and hydrochloric acid (7) (melting point, 86 to 878C; melting point in the literature [31], 86.5 to 87.58C; yield, 89%). The 8-nitro-6-methoxylepidine was prepared by treating o-nitro-p-methoxyaniline with 1,3,3-trimethoxybutane under modified Skraup reaction conditions (12) (melting point, 1708C;
melting point in the literature [31], 169.5 to 171.58C; yield, 25%). The 6-diethylaminohexylbromide hydrobromide was prepared by treating 6-diethylaminohexanol with 48% hydrobromic acid (12) (yield, 85%). The 6-diethylaminohexanol was obtained by reacting 6-chlorohexanol and diethylamine (31) (yield,
71%).
Bioassay. The initial screening of each compound was conducted with 2 3 105
bloodstream trypomastigotes of the Y strain per 100 ml of blood as described
previously (10). Compounds showing activity in the initial screening were further
evaluated by using strains Y, CL, and B229. Strain B229 was isolated from a
human patient with chronic Chagas’ disease, and strain CL was isolated from a
naturally infected triatomine insect. To determine in vitro activity, each compound (at two times the molecular weight/100) was dissolved in 200 ml of DMSO
plus TC199, and the solution was mixed with an equal volume of blood from
acutely infected mice. Six dilutions of each compound from 25 to 250 ml were
examined. Controls were tubes containing TC199 alone and DMSO plus TC199.
The tubes were incubated for 24 h at 48C. Thereafter, 5 ml of the suspension was
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Since transmission of Chagas’ disease by the insect vector is under control in Brazil, transmission by blood
transfusion is acquiring special relevance in areas where the disease is endemic and also in countries whose
populations are free of infection but that are receiving immigrants from areas where the disease is endemic.
Gentian violet, a phenylmethane dye, was the first agent used for the chemical prophylaxis of blood destined
for transfusion. A concentration of 0.6 mmol of this dye per liter is effective at eliminating trypomastigotes from
blood after 24 h of incubation at 4&C. It is the only effective trypanosomicidal agent available. In the search of
alternate compounds, we examined a number of synthetic compounds. They were screened for their activities
against blood trypomastigotes of the Y, CL, and B229 strains of Trypanosoma cruzi by using two or more
dilutions of each compound. We found that compound Q45, a 6-methoxy-8(diethylaminohexylamino)lepidine
dihydrochloride, was highly effective at clearing parasites from infected blood. Doses of 65 and 130 mg of this
compound eliminated trypomastigotes from blood experimentally contaminated with T. cruzi parasites. These
results indicate that Q45 is remarkably active against circulating trypomastigotes. Further studies evaluating
Q45 as a prophylactic agent for preventing the transmission of T. cruzi by blood transfusion are of interest.

614

CHIARI ET AL.

ANTIMICROB. AGENTS CHEMOTHER.

TABLE 1. Synthetic compounds examined for their activities
against the blood trypomastigote stage of T. cruzi
Compound

Q80
Q52

Q45
Q86

Mol wt

2-[trans-4-(4-Chlorophenyl)cyclohexyl]-3-hydroxyl-1,4naphthoquinone
8-[(4-Amino-1-methylbutyl)amino]-2,6-dimethoxy-4methyl-5-(3-trifluoromethylphenoxy)quinoline succinate
6-Methoxy-8-(diethylaminohexylamino)lepidine dihydrochloride (WR6026)
8-[(4-Amino-1-methylbutyl)amino]1-5-(1-hexyloxy)-6methoxy 4-methylquinoline (DL-tartarate)
b-Arteether
Sodium artelinate
b-Artemether

366.8
581.5

416.4
523.6
312.4
452.4
298.3

examined microscopically for the presence of motile organisms, and 100 microscopic fields were examined at 3400 magnification. One hundred microliters of
blood from the cutoff-negative tube (the tube with the lowest concentration of
compound in which no motile trypomastigotes were observed) was then inoculated i.p. into each one of four Swiss-Webster mice. These mice were examined
for patent parasitemia from day 7 to day 30 after inoculation. Blood from mice
that did not develop patent parasitemia during this period was collected and used
for hemocultures in liver infusion tryptose medium (5). In addition, serum from
these mice was used to determine the presence of antibodies to T. cruzi by the
indirect immunofluorescent-antibody assay (6). The lytic effects of the compounds on erythrocytes was determined by microscopy.
Compound Q45, which showed significant activity in the bioassays with the
different strains of T. cruzi, was further investigated for its therapeutic activity.
This was performed by treating mice infected i.p. with 5 3 103 trypomastigotes
of the Y strain with 100 mg of the compound per kg/day for 20 days beginning
on day 1 after infection. Mice infected and untreated were used as controls.

RESULTS
The results obtained with Q45 are provided in Table 2. At
low concentrations, Q45 did not show any lysis and was remarkably active in eliminating trypomastigote forms from infected blood (Table 2). Compounds Q80, Q16, Q66, and Q67
did not show any activity even at the highest concentration
examined. Q52 and Q86 caused blood coagulation, and lysis of
erythrocytes was noted in tubes containing compound Q52.
Compound Q45 caused lysis of erythrocytes at high concentrations. Further evaluation of Q45 both in vitro and in vivo (mice
injected with treated blood after incubation of the blood for 24

TABLE 2. In vitro and in vivo activities of different concentrations
of Q45 against trypomastigotes of the Y strain of T. cruzi
Drug and concn
(mg/ml)

Activitya
b

Activitya
Concn examined
(mg/ml)

In vitro

In vivoc

Q45
131.20
65.60
32.75
16.37
8.20

Neg
Neg
Neg
Pos
Pos

Neg
Neg
Pos
Pos
ND

Gentian violet (62.5)

Neg

Neg

DMSO 1 TC199

Pos

Pos

TC199

Pos

Pos

a
Neg, active, absence of bloodstream trypomastigotes; Pos, inactive, presence
of bloodstream trypomastigotes; ND, not determined.
b
Blood was examined after incubation with Q45 for 24 h at 48C.
c
Blood was examined after i.p. inoculation into mice of blood treated with
Q45 for 24 h at 48C for from 7 to 30 days.

260
130
65
32.5
16.25

In vitro
incubationb

Mouse
inoculationc

Hemocultured

IFA test

Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg
Pos
Pos

Neg
Neg
Neg
Pos
Pos

Neg
Neg
Neg
Pos
Pos

a
Neg, absence of parasites or antibodies to T. cruzi; Pos, presence of parasites
or antibodies; IFA test, indirect immunofluorescent-antibody test.
b
Blood was examined for motility after incubation of test compound for 24 h
at 48C.
c
Blood from mice inoculated with blood treated with Q45 for 24 h at 48C for
from 7 to 45 days was examined.
d
Blood was cultured 30 to 45 days after inoculation of mice with blood treated
with Q45 for 24 h at 48C and was examined after 20 days of incubation at 26 to 288C.

h at 48C) confirmed its excellent antitrypomastigote activity
(Table 3). These results prompted experiments to evaluate the
activity of Q45 against other strains of T. cruzi. The results are
provided in Table 3. A concentration of 65 mg/ml eliminated
trypomastigotes of each strain from contaminated blood. This
was demonstrated by the absence of parasites after incubation
of blood with Q45 for 24 h at 48C and by the absence of circulating trypomastigotes in mice injected with contaminated
and treated blood. This absence of parasites was confirmed by
microscopy and hemocultures. In addition, sera from the mice
injected with contaminated and treated blood did not develop
antibodies to T. cruzi, as demonstrated by the indirect immunofluorescent-antibody assay.
Mice inoculated i.p. with trypomastigote forms of the Y
strain of T. cruzi and treated with 100 mg of compound Q45 per
kg/day for 20 days developed levels of parasitemia and mortality similar to those of the control group (data not shown).
DISCUSSION
Of the compounds examined in the present study, only compound Q45 showed significant activity against the blood form
of T. cruzi. This compound was first synthesized and studied by
scientists from the Walter Reed Army Institute of Research
under the code number WR6026 (3, 16, 17, 29). The compound is in the public domain and was synthesized in our
laboratory to provide sufficient quantities for our studies. The
bioavailabilities and pharmacokinetics of intravenous and oral
doses of this compound were studied in beagle dogs (13). In
addition, tests conducted by the Walter Reed Army Institute of
Research with healthy male subjects with oral doses of up to 60
mg revealed no significant drug-related symptoms and no physical or laboratory abnormalities (22). WR6026 was effective for
the treatment of visceral leishmaniasis in 16 patients at a dosage of 0.75 to 1.00 mg/kg/day. The therapy was associated with
minimal toxicity; adverse effects included gastrointestinal distress, headache, and methemoglobinemia (24). Previously,
WR6026 was shown to be inactive against T. cruzi infection in
mice (16). We confirmed this inactivity when mice inoculated
with the Y strain of T. cruzi and treated with compound
WR6026 for 20 days developed levels of parasitemia and mortality similar to those in infected and untreated mice (data not
shown). WR6026 showed activity against T. cruzi trypomastigotes in blood after 2 h of incubation at 378C but was not active
at 258C (11).
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Q16
Q66
Q67

Chemical name

TABLE 3. Results of tests to determine activity of Q45 against
blood trypomastigotes of strains Y, CL, and B229 of T. cruzi
obtained from acutely or chronically infected mice
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Gerais, Brasil.
We thank Afonso C. Viana and Orlando C. Magno for technical
assistance.

24.

REFERENCES
1. Araujo, F. G., J. Huskinson, and J. S. Remington. 1991. Remarkable in vitro
and in vivo activities of the hydroxynaphthoquinone 566C80 against
tachyzoites and tissue cysts of Toxoplasma gondii. Antimicrob. Agents Chemother. 35:293–299.
2. Araujo, F. G., J. Huskinson-Mark, W. E. Gutteridge, and J. S. Remington.
1992. In vitro and in vivo activities of the hydroxynaphthoquinone 566C80
against the cyst form of Toxoplasma gondii. Antimicrob. Agents Chemother.
36:326–330.
3. Berman, J. D., and L. S. Lee. 1983. Activity of 8-aminoquinolines against
Leishmania tropica within human macrophages in vitro. Am. J. Trop. Med.
Hyg. 32:753–759.
4. Brener, Z., and E. Chiari. 1963. Variações morfológicas observadas em
diferentes amostras de Trypanosoma cruzi. Rev. Inst. Med. Trop. Sao Paulo
5:220–224.
5. Camargo, E. P. 1964. Growth and differentiation in Trypanosoma cruzi. I.
Origin of metacyclic trypanosomes in liquid media. Rev. Inst. Med. Trop.
Sao Paulo 6:93–100.
6. Camargo, M. E. 1966. Fluorescent antibody test for the serodiagnosis of
American trypanosomiasis. Technical modification employing preserved cul-

26.

25.

27.
28.
29.

30.

31.
32.

ture forms of Trypanosoma cruzi in a slide test. Rev. Inst. Med. Trop. Sao
Paulo 8:227–234.
Campbell, K. N., A. H. Sommers, J. F. Kerwin, and B. K. Campbell. 1946.
Studies in quinoline series. III. Preparation of some 8-(v-alkylamino-alkylamino)-quinolines. J. Am. Chem. Soc. 68:1556–1559.
Carneiro, M., A. J. Romanha, and E. Chiari. 1991. Biological characterization of Trypanosoma cruzi strains from different zymodemes and
schizodemes. Mem. Inst. Oswaldo Cruz 86:387–393.
Chang, H. R., and J. C. Pechère. 1988. Arteether, a qinghaosu derivative, in
toxoplasmosis. Trans. R. Soc. Trop. Med. Hyg. 82:867.
Chiari, E., A. B. Oliveira, D. S. Raslan, A. A. L. Mesquita, and K. G. Tavares.
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., J. J. Walker, and W. E. Gutteridge. 1988. Screening of drugs for
rapid activity against Trypanosoma cruzi trypomastigotes in vitro. Trop. Med.
Parasitol. 39:145–148.
Elderfield, R. C., H. E. Mertel, R. J. Mitch, I. M. Wempen, and E. Werble.
1955. Synthesis of primaquine and certain of its analogs. J. Am. Chem. Soc.
77:4816–4819.
Hawkins, D. R., T. Taylor, B. E. Patterson, and G. R. Morris. 1989. Bioavailability and pharmacokinetics of WR6026 2 HCl in beagle dogs. U.S.
Army Medical Research and Development Command contract no. DAMD
17-87-C-7006. U.S. Army Medical Research and Development Command,
Washington, D.C.
Johnson, J. L., and L. M. Werbel. 1983. Synthesis and antileishmanial activity
of 6-methoxy-4-methyl N-[6-(substituted-1-piperazinyl)]-8-quinolinamines
and related compounds. J. Med. Chem. 26:189–194.
Kerndt, P. R., H. A. Waskin, L. V. Kirchhoff, F. Steurer, S. H. Waterman,
J. M. Nelson, G. A. Gellert, and I. A. Shulman. 1991. Prevalence of antibody
to Trypanosoma cruzi among blood donors in Los Angeles, California. Transfusion 31:814–818.
Kinnamon, K. E., and E. A. Steck. 1977. In search of anti-Trypanosoma cruzi
drugs: news leads from a mouse model. J. Med. Chem. 20:741–744.
Kinnamon, K. E., E. A. Steck, P. S. Loizeaux, W. L. Hanson, W. L. Chapman,
Jr., and V. B. Waits. 1978. The antileishmanial activity of lepidines. Am. J.
Trop. Med. Hyg. 27:751–757.
Kirchhoff, L. V., A. A. Gam, and F. C. Gilliam. 1987. American trypanosomiasis
(Chagas’ disease) in Central American immigrants. Am. J. Med. 82:915–920.
Klayman, D. L. 1985. Qinghaosu (artemisinin): an antimalarial from China.
Science 228:1049–1055.
Marr, J. J. 1985. Antiparasitic agents, p. 286–301. In G. L. Mandell, R. G.
Douglas, and J. E. Bennett (ed.), Principles and practices of infectious
diseases, 2nd ed. John Wiley & Sons, Inc., New York.
Nussenzweig, V., R. Sonntag, A. Biancalana, J. L. P. Freitas, and V. Amato Neto.
1953. Ação da violeta de genciana sobre o T. cruzi in vitro: sua importância na
esterilização do sangue destinado à transfusão. Rev. Paul. Med. 42:57–58.
Reba, R. C., K. G. Barry, and L. B. Altstatt. 1989. WR 6026 2HCl: short term
dosage safety and tolerance study: single oral dose, rising dose levels.
WR6026 IND Suppl. 1. U.S. Army Medical Research and Development,
Washington, D.C.
Report of the II Annual Meeting about Applied Research on Chagas Disease. 1986. Conclusions of the working group ‘‘Transfusional Chagas disease.’’ J. C. P. Dias coordinator. Rev. Soc. Bras. Med. Trop. 19:101–102.
Sherwood, J. A., G. S. Gachihi, R. K. Muigai, D. R. Skillman, M. Mugo, J. R.
Rashid, K. M. A. Wasunna, J. B. O. Were, S. K. Kasili, J. M. Mbugua, G.
Kirigi, K. U. Schaefer, C. N. Oster, L. L. Fleckenstein, J. D. Berman, T. G.
Brewer, C. R. Roberts, A. J. Johnson, and B. G. Schuster. 1994. Phase 2
efficacy of an oral 8-aminoquinoline (WR6026) for treatment of visceral
leishmaniasis. Clin. Infect. Dis. 19:1034–1039.
Silva, L. H. P., and V. Nussenzweig. 1953. Sobre uma cepa de Trypanosoma cruzi
altamente virulenta para o camundongo branco. Folia Clin. Biol. 20:191–208.
Silveira, A. C., and D. F. Rezende. 1994. Epidemiologia e controle da transmissão vetorial da doença de Chagas no Brasil. Rev. Soc. Bras. Med. Trop.
27(Suppl. III):11–22.
Skolnick, A. 1989. Does influx from endemic areas mean more transfusion
associated Chagas disease? JAMA 15:1433.
Souza, H. M. 1989. The present state of chemoprophylaxis in transfusional
Chagas’ disease. Rev. Soc. Bras. Med. Trop. 22:1–3.
Theoharides, A. D., H. Chung, and H. Velazquez. 1985. Metabolism of a
potential 8-aminoquinoline antileishmanial drug in rat liver microsomes.
Biochem. Pharmacol. 34:181–188.
Wendel, S., and J. C. P. Dias. 1992. Transfusion transmitted Chagas disease,
p. 103–133. In S. Wendel, Z. Brener, M. E. Camargo, and A. Rassi (ed.),
Chagas disease (American trypanosomiasis): its impact on transfusion and
clinical medicine, 1st ed. International Society of Blood Transfusion, São
Paulo, Brazil.
Work, T. S. 1942. Antiplasmodial action and chemical constitution. VI.
Compounds related to lepylamine. J. Chem. Soc. 1942:426–429.
World Health Organization. 1991. Control of Chagas disease. Report of a
WHO Expert Committee. WHO Technical Report Series 811. World Health
Organization, Geneva.

Downloaded from http://aac.asm.org/ on October 22, 2019 by guest

Of interest was the fact that compound Q80, an hydroxynaphthoquinone that has been shown to be highly active
against tachyzoites and cysts of Toxoplasma gondii (1, 2), was
completely inactive against T. cruzi under the conditions used
in the present study. Compound Q52, a quinoline succinate,
was also inactive, possibly because of its poor solubility. The
insolubility of some compounds, particularly Q80, Q86, and
Q52, may have caused them to have little or no activity against
trypomastigotes. Compounds Q16, Q66, and Q67 are arthemisinine derivatives which have been shown to be active in the
treatment of malaria (9, 15, 19), but they did not show any
activity against T. cruzi.
Trypanosomicidal activity was demonstrated with 8-aminoquinoline (compound Q86), a compound analog of primaquine
that was used to treat human malaria during the World War II.
Clinical trials are being conducted in Brazil and other countries to evaluate lepidine (compound Q45) for the treatment of
leishmaniasis, which is caused by Leishmania donovani. Brazilian researchers and researchers from the Walter Reed Army
Institute of Research are performing those studies.
A recommendation of the Second Annual Meeting of Applied Research on Chagas’ Disease (23) states that ‘‘the group
stressed the need for research on new drugs and procedures for
the chemoprophylaxis of transfusional Chagas’ disease, mainly
in order to reduce the time of exposure required for blood
sterilization. An exposition time of two hours or less must be
pursued for those small services in which blood storage is
difficult, as well as for those emergency situations when blood
transfusion requires immediate actions’’ (23).
We feel that the use of the lepidine (compound Q45) may
show some advantages over the use of gentian violet. It does
not change the color of the transfusion blood and does not
stain mucous membranes. It is well tolerated by humans; adverse effects were not detected in human volunteers (20, 22).
Moreover, Q45 was effective at concentrations similar to those
at which gentian violet is effective, and it did not have any
noticeable deleterious effect on erythrocytes. The high level of
antitrypanosomicidal activity and low level of toxicity of lepidine suggest that further studies evaluating its potential use as
a chemoprophylactic agent for preventing the transmission of
T. cruzi by blood transfusion are of interest.
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