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In this work, the susceptibility to benznidazole of two paréigdanosoma cruztrains, Colom-
bian and Berenice-78, was compared to isolates obtained from dogs infected with these strains for
several years. In order to evaluate the susceptibility to benznidazole two groups of mice were infected
with one of five distinct populations isolated from dogs as well as the two parental strdineragi.
The first group was treated with benznidazole during the acute phase and the second remained un-
treated controls. The animals were considered cured when parasitological and serological tests re-
mained persistently negative. Mice infected with the Colombian strain and its isolates Colombian (A
and B) did not cure after treatment. On the other hand, all animals infected with Berenice-78 were
cured by benznidazole treatment. However, 100%, 50% and 70% of cure rates were observed in animal:
infected with the isolates Berenice-78 B, C and D, respectively. No significant differences were observed
in serological profile of infected control groups, with all animals presenting high antibody levels.
However, the ELISA test showed differences in serological patterns between mice inoculated with the
differentT. cruziisolates and treated with benznidazole. This variability was dependent drctiei
population used and seemed to be associated with the level of resistance to benznidazole.
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Trypanosoma cruzithe agent of Chagas dis-been suggested as an important factor in explain-
ease, exhibits considerable biological variabilityng the low rates of cure detected in treated pa-
(Carneiro et al. 1991, Andrade & Magalhades 1997)ients (Murta & Romanha 1998). Several authors
Studies using cloned or uncloned populations, rérave shown that resistance of cruzi strains to
inforce the heterogeneity of the parasite and derbenznidazole and nifurtimox increased when para-
onstrate that, in general, strainsioitruziare com- sites were isolated from mice previously treated with
posed of subpopulations with distinct characterighese same drugs (Marretto & Andrade 1994, Murta
tics (Postan et al. 1986, Finley & Dvorak 1987). Sev& Romanha 1998). The authors suggest that the
eral authors have extensively investigated the coinitial treatment eliminated the sensitive parasites,
relation betweef. cruzigenetic background and preserving the resistant ones, which multiplied and
the different clinical forms of Chagas disease, adominated the population. In this manner, the im-
well as biological characteristics, such as virulencgosition of natural and artificial pressure can result
pathogenicity and susceptibility to drugs (Revollan the selection of a subset of the population.
etal. 1998, Andrade 1999). If the strains ofT. cruzipresent clonal struc-

Filardi and Brener (1987) and Toledo et al. (1997ure, based on the existence of clonal lines without
described the existence of strains naturally resisexual interactions (Tibayrenc & Ayala 1988), it is
tant and non-resistant to benznidazole and npossible to think that clones with variable degrees
furtimox. Natural resistance to nitro-derivates hasf drug susceptibility presented among the whole

circulating population would show different growth
rates in the host. Consequently, genetic character-
istics of the host could favor the development of
certain clones within the host, which could reflect
This investigation received financial support fromdifferences in the susceptibility to drugs. To con-

Fapemig, CNPq and Ufop. firm this hypothesis, the susceptibility to
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MATERIALS AND METHODS stored at room temperature for one week. This mix-

T. cruzi strains and populations isolated fromture was boiled for 7 min to break the minicircles

dogs- The parental strains Colombian (ColJ.- (Britto et al. 1993). DNA extraction was performed
cruzil (Federici et al. 1964), resistant to benznidazol@¢cOrding to Wincker etal. (1994), but using 40 g
(Filardi & Brener 1987) and Berenice-78 (Be-78) - of Glycogen (Boeringer Mannheim) to precipitate

cruzill (Lana & Chiari 1986), 100% susceptible tot'® DNA. The pellets obtained were resuspended

benznidazole (Toledo et al. 1995), were used as r@f'f‘-‘lo Wl of distilled sterile water and stored @0

erences. or 1 h. PCR conditions were described by Gomes
T. cruzistocks were isolated from different dogsSt &- (1998). The PCR mixture contained 2 pl of DNA

after 8 and 17 years of infection with Col strain (Cop®!ution, 10 mM Tris-HCl (pH 9.0), 75 mM KCl, 3.5

A and B, respectively) and with Be-78 after 7 (BeM MgCl, 0.1% Triton X-100, 0.2 mM each dATP,

78 Band C) and 2 (Be-78 D finfection. UdCTP, dGTP and dttp (Sigma Co. Ltd.), 20 pmol of
and C)and 2 (Be-78 D) years ofinfection. - o - o A AATAATGTACG GG (T/G)

Experimental conditions , GAGATGCATGA3') and S36(5'GGGTTCGATT
Mice infection- For each strain or stock ®f GGGGTTGGTGT3') primers (Avila et al. 1990), 1.0
cruzi, 12 Swiss outbreed mice (30 days old, 18-20 gnit of Taq DNA polimerase (GIBCO), and 40 pl
weight) were infected by intraperitoneal route withwith water. The reaction mixtures were overlaid with
5 x 10 blood trypomastigotes, obtained from in-30 pl of mineral oil and subjected to 35 cycles of
fected mice. Six mice were submitted to treatmerdmplification in a Research Programmable Thermal
with benznidazole (N-benzyl-2-nitro-1-imidazo- Controller (MinCycler TM). The temperature pro-
lacetamide - Roche Company), and six remained @fe were 99C for 1 min for denaturation with a
untreated infected controls. The experiments WelBnger initial time of 5 min at ¥&, 6%C for 1 min
repeated when the percentage of cure was diffefor primer annealing, and 9 for 10 min to extend
ent between the parental strains and their isolatege annealed primers. Five microliters of PCR prod-
Treatment schedules\nimals were treated af- ycts were analyzed by electrophoresis on a 6%

ter the detection of patent parasitaemia, approxpolyacrylamide gel and visualized by staining with
mately four days post-inoculation. Benznidazolgilver salts (Santos et al. 1993).

was administered in a suspension made with 4% Serological profile- Ten microliters of blood
arabic gum (Sigma) by oral doses of 100 mg afere collected from mice tails every two weeks for
benznidazole/kg, for 20 consecutive days. Animalgiree months and monthly thereafter until seven
were considered cured when both parasitologicghonths post-infection in 90 pl de PBS, pH 7.2. The
(fresh blood examination, hemoculture and PCRera obtained were stored at®@0and samples
and serological (ELISA) tests were negative.  from treated and untreated mice were tested in par-
Parameters evaluated allel. ELISA test were performed according to Voller

Parasitaemia and mortality The parasitaemia €t al. (1_976). Peroxidase conjugated goat anti-mouse
was followed from the 4th day of infection until the!9G (Sigma) was used. The cut-off was determined
negativation of the parasitaemia by fresh bloo&Y Using the mean absorbance from ten uninfected
collected from the mouse’s tail and the number gthimals plus two standard deviations.
parasites was estimated as described by Brener RESULTS
(1962). Curves were plotted using the mean of the
parasitaemia from six mice. Mortality rate was ex-
pressed as a percentage of accumulated dea
within the period of 180 days after the inoculation

Hemoculture Mice were bled from the orbital
venous sinus 30 and 180 days after the end of tre
ment. The blood was split into two tubes contain

Parasitological cure- The Table shows the
centage of cure induced by benznidazole after
ong-term treatment of different groups of mice in-
fected with each parental strains and their isolates
grt(_)m dogs. Animals infected with Col strain and
isolates Col A and Col B did not respond to treat-
ment with benznidazole. On other hand, mice in-

ing 5 ml of Liver Infusion Tryptose medium (Filardi . -
& Brener 1987). The tubes were incubated 4628 fected with Be-78 strain showed 100% of cure after
eatment, whereas mice infected with their isolates

for 30-90 days and microscopically examinated fogr

; e-78B, C and D) displayed different spectra of
theFE)(r:eRse:gs a(;/f ppaggltzzriobg?fgprﬂ 2 c(i) g?])(; IiﬁtSlJSCEptibi"ty to benznidazole, with 100%, 50% and

o X .
samples from animals with negative hemoculture’ 070 Of Cure rates, respectively. The evaluation of
Ee presence of specific antibodies in the sera of

Mice were bled from the orbital venous sinus an X >
200 l of blood were collected. The sample wer ese animals after treatment correlated with the
' parasitological findings.

:_Tgﬂ?g "251 tﬁlég%f govl\ﬂttroﬁczg\%llaogfallw199%6}{;'2?; The effect of benznidazole on the reduction of
' ' parasitaemia Mice infected with Col strain and
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TABLE

In vivo susceptibility to benznidazole of parental strains Colombian (Col) and Berenice-78 (Be-78) and their
respective isolates

Trypanosoma cruzi  Experimental No. Parasitological tests Serologicaltests  Cure rates
population groups mice Positive/total Positive/total (%)
Be-78 strain Treated 6 0/6 0/6 100
Untreated 6 6/6 6/6 -
Be-78 B Treated 6 0/6 0/6 100
Untreated 6 6/6 6/6 -
Be-78 C Treated 12 5/12 6/12 50
Untreated 12 12/12 12/12 -
Be-78 D Treated 10 3/10 3/10 70
Untreated 12 12/12 12/12 -
Col strain Treated 6 6/6 6/6 0
Untreated 6 6/6 6/6
Col-A Treated 6 6/6 6/6 0
Untreated 6 6/6 6/6 -
Col-B Treated 6 6/6 6/6 0
Untreated 6 6/6 6/6 -

a: hemoculture and PCR; ELISA

Col-Aisolated showed suppression of parasitaemteol levels thereafter. Antibody levels in treated
during treatment, whereas in animals infected withnd untreated animals infected with Col B were simi-
Col-B isolate this parameter was reduced but nddr throughout the infection period (Fig. 2).
completely suppressed. All mice inoculated with  Similar serological profiles were observed in
Col strain and Col (A and B) isolates showed patembice infected with Be-78, and isolates Be-78 that
parasitaemia on the 7th day post treatment. Treategsponded to treatment with antibodies levels al-
animals showed a decrease in parasitaemia leva@lays under the cut-off value. In all animals in-
of 2.5 and 5 times the levels of untreated contrdected with Be-78 (C and D), that remained infected
(Fig. 1). All mice infected with Be-78 strain and Be-post treatment, the antibody levels remained under
78 (B, C and D) showed a suppression othe cut-off (0,233) until 90 and 120 days after treat-
parasitaemia on the first day of treatment onsement slowly raising afterwards but without reach-
which persisted throughout and after the treatmeirtg the same level of untreated controls (Fig. 3).
period.

The mortality rate At 180 days post treatment ) DISCUSSION. ] ]
the mortality rate was 100% in the control group Natural resistance at cruzito nitro derivates
infected with Col strain and 40% in the treated groupas been described as an important factor to ex-
There was no mortality in treated and untreateglain the low rates of cure detected in treated
mice infected with Col (A and B) isolates and Be-7@hagasic patients (Filardi & Brener 1987). The au-
strain as well as their isolates (Be-78 B, C and D)thors described the existence of strains that are

Serological profile- T. cruzispecific IgG anti- naturally resistant and non-resistant to benz-
bodies were detected 20-30 days after infection idazole and nifurtimox. _
sera of infected control groups and all animals dis- Relatively few reports have been published
played high levels of antibodies regardless of theoncerning the in vivo induction of drug resistance
strain or isolate used for inoculation (Figs 2, 3)to T. cruzi Andrade et al. (1977) showed that the
However differences in the serological patterfiesistance to drugs benznidazole and nifurtimox
among mice infected with different populations ofncreased when the parasites were isolated from
T. cruziafter treatment was detected. mice previously treated with the same drugs. Re-

In all animals infected with Col strain, IgG anti-garding this aspect, it is important to mention that
bodies were detected from one to 10 days post tre#te isolates used in this work were obtained from
ment. In animals infected with Col-A the antibodydogs that were not treated, eliminating, in this way,
levels were under the cut-off values (Abs = 0,233e possibility of influence of the drug on induc-
between 30 and 60 days of infection, raising to corion of parasite resistance to treatment.
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anti-T. cruziantibody production was delayed in
mice infected with the parental Col and Col-A while,
in mice infected with Col-B, IgG antibodies were
detected also during treatment, similar to observed
in control untreated groups. Camandaroba (1999)
demonstrated the high resistance of Col strain to
benznidazole and verified also similar resistance in
seven clones of this strain.
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Fig. 1: mean parasitaemia in groups of six Swiss outbreed
mice infected with 5 x 1blood trypomastigotes, intrap-
eritoneal route - A: Colombian parental strain; B: Colom-
bian-A isolate; and C: Colombian-B isolate ®fypano-
soma cruziin animals treated and not treated with
benznidazole during the acute phase of the infection.
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In this study we observed stability of the resis-
tance to benznidazole in the populations from the
Colombian strain isolated of dogs 8 and 17 years
after infection. However, the fact of the animals in-
fected with the Col-B isolate presented patent
parasitaemia during treatment suggests the pres-
ence of a higher proportion of resistant subpopu-
lation to benznidazole in this isolate in relation to

the parental strain and Col-A. This supposition i§!9 2: Trypanosoma cruzpecific IgG antibodies in sera of
infected control groups and treated mice infected with
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Fig. 3: Trypanosoma cruzspecific 1gG antibodies in sera of infected control groups and treated mice infected with
Berenice-78 parental strain @f cruziand their isolates from dogs (Berenice-78 B, C and D).

Andrade et al. (1977) suggested the selectidant to benznidazole was to be present, the paren-
of resistant parasites to explain the parasite persisl Be-78 strain should present some degree of re-
tence in vertebrate hosts after prolonged treatmeisistance to treatment. Moreover, correlations be-
To test this hypothesis Murta and Romanha (1998)een the sensibility to benznidazole and nifurtimox
investigated the development of drug-resistancand the genetic distance betweékrcruzi stocks
of T. cruziY strain isolated from mice not curedhave been described in vitfBevollo et al. 1988)
after treatment with benznidazole or nifurtimox. Theand in vivo (Toledo et al. 2000). Also, Andrade et
authors demonstrate the in vivo selection of a popal. (1992) revealed 82% of coincidence between
lation and clones &F. cruziresistant to benznidazole treatment results in patients and mice infected with
from the Y strain (50% resistant to benznidazole3ame strains.
and suggest that the resistance of the strain seems Considering that the genetic characteristic may
to be related to the sensitive/resistant clone ratlze one of the factors that modulate the benznidazole
in the population. resistance/sensibility process, the variation of

The present work, however, shows a differenbenznidazole susceptibility observed, specially with
situation since we observed a change of suscepie-78 C, may reflect the genetic plasticity observed
bility to benznidazole in isolates of the Be-78 straiin T. cruzi demonstrated by several authors.
considered 100% susceptible (Toledo et al. 1995p.acheco and Brito (1999) studying parasite popu-
Mice inoculated with the isolates (Be-78 C and DJation in mice revealed evidence that polymorphism
from dogs infected for seven and two years witin minicircles sequences can emerge during infec-
Be-78 showed susceptibility of 50 and 70%, respetion with a single clone of. cruzi MacDaniel and
tively. These results are difficult to be explainedvorak (1993) also showed that under stress con-
based on the selection of a subset of the populditions, or selective pressures, chromossomes and
tion. If within the parental population a clone resisminicircles shown evidences of genetic plasticity
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in T. cruziandLeishmania The authors postulate Andrade SG, Andrade ZA, Figueira RM 1977. Estudo
that errors in DNA synthesis or replication may experimental sobre a resisténcia de uma cefiaydo
occur. These errors could be lethal or produce or- g%gosgmg ;rgéiolggy 2502Rev Inst Med Trop
ganisms with either reduced or enhanced sunvival © "o o (X “agalhaes JB, Ferrioli Filho F
pOtentla! deper!dlng upon the Influence of extern Luquetti AO 1992. épec?fic chemotﬁerapy of Chagaé
modulatlng varla_lbles such as the environment. N Gisease: a comparison between the response in pa-
Plasmodium falciparurthe chromosome size poly- tients and experimental animals inoculated with the
morphism among different strains is caused by the same strainTrans R Soc Trop Med Hyg :8624-
acquisition and deletion of mainly repetitive ele- 626.
ments in a subtelomeric position (Lanzer et al. 19944vila H, Gongalves AM, Nehme NS, Morel CM,
An alternative hypothesis to explain the vari- Simpson L 1990. Schizodeme analysi3iypano-
ability in drug resistance in Be-78 C and D isolates S0ma cruzstocks from South and Central America
is that drug-resistant mutants arise for genetic ex- 0y analysis of PCR-amplified minicircle variable re-
change. Two studies of multiple cruziisolates gion sequenceblol Biochem Parasitol2: 175-187.

f inale | lities h f d id vila HA, Sigman DS, Cohen LM, Millikan RC, Simpson
rom single localities have found some evidence of | 1991. Polymerase chain reaction amplification of

genetic exchange (Bogliolo et al. 1996, Carrasco et Trypanosoma crusinetoplast minicircle DNA iso-
al. 1996). Although clonal propagation may pre- |ation from whole blood lysates: diagnosis of chronic
dominate in transmission cycles involving humans, Chagas’ diseasblol Biochem Parasitol 4®11-222.
genetic exchange in natural populations mighBogliolo AR, Lauria-Pires L, Gibson WC 1996. Poly-
emergeT. cruzistrains with new resultant biologi- ~ morphisms inTrypanosoma cruzeevidence of ge-
cal properties, such as virulence and drug resig- Netic recombinatiomcta Trop 6131-40.
tance. Brener Z1962. Theraptelljltlc_ afC'[I\,:It)é an_?ﬁcrlterlon of cure

. . o In mice experimentally infected wititypanosoma

In th.'.s stuqu we also de.monsna.‘teq Varlab.lhty cruzi. Rev Inst Med Trop Sdo Paulo389-396.

of SpECIf!C antlboqu produ'ctlon proﬂ[e inmice in- g6 ¢ "Cardoso MA, Wincker P, Morel CM 1993. A
fected withT. cruzipopulations with different pat-  simple protocol for cleavage @fypanosoma cruzi
terns of resistance to benznidazole. The variation kinetoplast DNA present in blood sample and its
of antibody levels observed between mice treated use in polymerase chain reaction (PCR)-based diag-
and not cured, apparently related to the parasite nosis of chronic Chagas’ disealstem Inst Oswaldo
resistance to benznidazole, seems to correlate with Cruz88: 171-172.
the decrease of parasitaemia. According t§amandaroba E 1999. Caracterizacéo clonal da cepa
Marretto and Andrade (1994) initial treatmentwould ~ C°lombiana ddTrypanosoma cruziestudo do
eliminate the sensitive parasites, leading to a pre- comportamento biologico, bioquimico e da resposta

L . ; terapéutica dos clones isolad®ev Soc Bras Med
domination of a resistant population. Our data sug- Trop 32 (Supl. I): 81-82.

gest that the serological profile is related to theameiro M, Romanha AJ, Chiari E 1991. Biological char-
sensitive/resistant clone ratio in the population. In  acterization offrypanosoma cruzitrains from dif-
mice infected with &. cruziresistant strain, the ferent zymodemes and schizodemBem Inst
suppression of the parasitaemia after treatment is Oswaldo Cru86: 387-393. _

slower and consequently the antigenic stimulatioffarrasco HJ, Frame IA, Valente SA, Miles MA 1996.
of antibody production is higher. Genetic exchange as a possible source of genomic

In this work we demonstrate the alteration in  diVersity in sylvatic populations dfrypanosoma
the benznidazole resistance/sensibility characteg cruzi. Am J Trop Med Hyg 54118-424.

S - - - ardi LS, Brener Z 1987. Susceptibility and natural
istic in the populations isolates of dogs infected ™ | qistance ofrypanosoma cruzitrains to drugs used

w_ith Be-78 strains. However, the; biocher_niqal mecha- clinically in Chagas diseasgrans R Soc Trop Med

nism that underlines drug resistance in isolates of Hygg1: 755-759.

this parasite remains to be elucidated. Finley RW, Dvorak JA 1987rypanosoma cruzanalysis

of the population dynamics of heterogeneous mix-
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