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Trypanosoma cruzi: CHEMOTHERAPY WITH BENZNIDAZOLE IN MICE INOCULATED WITH STRAINS
FROM PARANA STATE AND FROM DIFFERENT ENDEMIC AREAS OF BRAZIL
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SUMMARY

Strains of Trypanosoma cruzi from different geographical areas have shown different levels of susceptibility to
trypanosomicidal drugs. The susceptibility in vivo to benznidazole was investigated in eighteen strains of T. cruzi.
Twelve were isolated from chronic chagasic patients from different Chagas’disease endemic areas. The other six strains
were isolated from the northwestern region of Parand state; two of them from patients, three from triatomines (Triatoma
sordida) and one from wild reservoir (Didelphis sp.). To test drug the infected mice were divided into two groups of
twenty. One group was treated with benznidazole for twenty consecutive days and the other group was used as
untreated control. The treatment began after detection of the infection by direct blood examination or haemoculture. The
control of cure was done through haemoculture and indirect immunofluorescence test. The drug eliminated the
inflammatory lesions of the skeletal muscle of mice considered cured and from the heart of most of them. Moreover, the
inflammatory lesions were reduced in treated but not cured animals. The T. cruzi strains studied showed a gradient of
drug susceptibility that varied from 0% to 100%. Ten strains were considered sensitive to the treatment (61 to 100% of
cure), one strain was partially sensitive (50% of cure) and seven strains were considered resistant to the treatment 0 to

40% of cure). This variation was observed both in strains of 7. cruzi isolated from domestic and sylvatic cycles.
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INTRODUCTION

According to the national serological survey of
CAMARGO et al. (1984)" the prevalence of chagasic infection
in the state of Parand was estimated in 4%. More recently
serological investigations of the Basic Parasitology Laboratory at
State University of Maringd, Parand, Brazil, detected 6.29% of
people with positive serology for T. cruzi in five counties in the
northwestern region of the state™ **. These authors observed
that these patients were migrants from different Chagas’disease
endemic areas of Brazil. In the 70’s, a global prevalence of 7.4%
was observed among blood donors of the blood bank of Londrina
city, in the northern part of Parand®. Other publications about
the disease, done in the 40’s and 50’s were restricted to
demonstrate the presence and domiciliation of infected vectors
and positive serology in humans in four counties in the northern
region of the state”®.

Benznidazole (Bz) and nifurtimox (Nfx) are the available
drugs for treatment of Chagas’disease. They are prescribed only
with close medical supervision both for the acute phase of the
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disease and patients with the indeterminate form of the chronic
disease. Both drugs are toxic nitroheterocyclic derivatives used
as long-term treatment. These drugs cure only a very low
percentage of chronic patients'”. Contradictory results have been
observed by different authors in treatment of patients using Bz
and Nfx in different phases of the infection. The drug efficacy
ranged from 33.3% to 81%'S: 127703132,

Natural resistance of 7. cruzi to nitroderivatives was
suggested as an important factor to explain the low rates of cure
detected in chagasic patients. ANDRADE et al. (1985)2
suggested that certain types of strains with particular
susceptibility to drugs may predominate in specific geographical
areas. Drug susceptibility related to geographical distribution of
some strains of 7. cruzi was also observed by FILARDI &
BRENER (1987)%. Since only one type of strain would
predominate in a particular geographical area, we should consider
this factor as responsible for some therapeutic discrepancies
observed in different clinical assays® Seventy-seven strains
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isolated of many Brazilian states, and even from other endemic
countries, had their susceptibility to the common drugs (Bz and
Nfx) determined in mice* *2. However none of them were
isolated from Parand although this state is in the fourth place in
the rank of related Chagas' disease cases in Brazil*,

T. cruzi stocks isolated from chronic chagasic patients,
triatomines and wild animals captured in the domicile and
peridomicile in the northwest of Parand have been studied in our
laboratory. These stocks showed low and medium virulence for
C3H/He mice when the parameters infectivity, parasitaemia and
mortality rate were considered”.

According to ANDRADE et al. (1985) it is useful to
determine the susceptibility in vivo of the parasite strain of a
given patient before the specific treatment®. Thus, to provide base
for the treatment of chagasic patients from northwestern region of
Parand, the susceptibility to benznidazole of their T. cruzi strains
was determined in albino mice. Treatment was performed in the
acute and chronic phases of experimental infection. The response
to treatment was also evaluated using histopathological analysis.

MATERIAL AND METHODS
Strains isolated from human

Fourteen T. cruzi strains were isolated through
haemoculture in LIT media® from chronic chagasic patients
living in different counties in the north-west of Parand.
These patients are migrants from different Chagas’disease
endemic areas of Brazil. They were asked about previously
treatment with benznidazole or similar drug. Table 1
summarizes the isolation source and geographical origin of
the 18 strains analyzed. Eight out of fourteen human
isolates (57.1%) were obtained from patients that have lived
in the state of Minas Gerais. Two strains were obtained
from patients from Sdo Paulo state and one from patient
from Alagoas state. It was not possible to determine exactly
the origin of 3 human strains (PR-209, PR-399 and PR-443),
although the PR-209 strain might have come from Minas
Gerais or Sdo Paulo and the PR-399 strain from Bahia or
Parand states according to patients’information. (Table 1).
For this work PR-399 and PR-443 strains were considered
autochthonous from Parana.

TABLE 1

Cure rate obtained with benznidazole in mice inoculated with Trypanosoma cruzi strains from different hosts from the northwestern region
of Parand and patients from different endemic areas.

T. cruzi Source Geographic origin' Bz treatment % of
strains beginning (i.d.)? cure
Y Acute phase patient Sao Paulo — SP 7 50
PR-182 Chronic phase patient Itamarandiba - MG 13 15
PR-2259 " Virgem da Lapa — MG 10 86
PR-076 ’ Coragdo de Jesus — MG 11 40
PR-149%* ” Montes Claros - MG 14 100
PR-427* 4 Terra Branca / Macatiba - MG 10 61
PR-402 " Poté - MG 13 35
PR-184 ” Montes Claros — MG 25 31
PR-150* " Janudria - MG 17 0
PR-209 "’ Montes Claros — MG/Pres. Prudente — SP 12 50
PR-1921 " Ipé — SP 21 80
PR-036%* " Sao Pedro Turvo — SP 13 75
PR-1256* " Unido de Palmares — AL 13 39
PR-399 " Mortugaba — BA/1° de Maio — PR 10 100
PR-443 " ? 13 56
G3 Didelphis sp Maringa — PR 20 85
A2.1A Triatoma sordida Paicandd - PR 19 23
N4.2 Triatoma sordida Paicandi - PR 21 67
N2.6 Triatoma sordida Pai¢andi — PR 23 90

*Strains isolated from patients under treatment with benznidazole after isolation.

! Region where patients probably caught the disease.
* Infection day when experimental treatment began.

? The origin was not possible to be determined.
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Strains isolated from triatomines and wild reservoirs

Three T. cruzi strains were isolated through xenoculture'
from Triatoma sordida and one strain was isolated through
haemoculture in LIT medium from Didelphis sp. Both the
sylvatic triatomines and the mammal reservoir were captured in
counties from the northwestern region of Parand (Table 1).

Animals infection

Groups of 40 young albino female mice, 18-20 g, were
inoculated intraperitoneally with 1.0 x 10° or 1.0 x 10* blood
trypomastigotes per animal with each of the strains. The parasites
were obtained from infected mice and the inoculum standardized
according to BRENER (1962)". In the case of strains with
subpatent parasitaemia in mice, the infection was carried out with
trypomastigotes produced in M16 medium®. The inoculum was
determined in a Neubauer chamber and ranged from 0.7 to
18.2 x 10® metacyclic trypomastigotes/animal (Table 2).

Treatment of animals

The infected animals were separated into two groups of
twenty. One group was treated with benznidazole
[N-benzyl-2-nitro-1-imidazolacetamide] 100 mg/kg/day, for
twenty consecutive days'®? suspended in water and arabic
gum. Each mouse received daily 0.25 ml of the drug suspension
by gavage. The treatment began as soon as the infection was
confirmed, between the 10" and the 25" day of infection (Table
1). In order to compare the results of the treatment of the
experimental murine disease in the acute phase with the one in
the chronic phase, groups of animals inoculated with the strains
PR-427 and PR-182 were treated in the chronic phase with the
same therapeutical procedure. In this case the treatment was
initiated on the 90™ day of infection.

The mice inoculated by PR-328 strain were not treated due to
the low infectivity of this strain (Table 2). The laboratory T. cruzi Y
strain (kindly provided by Dr. Egler Chiari) was used as reference.

Confirmation of infection

For the strains which produced a patent parasitaemia the
infection was determined by fresh blood examination. For the

ones with subpatent parasitaemia, the infection was determined
through haemoculture (HC) of 0.4 to 0.6 ml of blood collected
from the orbital venous sinus. Blood was transferred into two
tubes containing 4 ml of LIT (liver-infusion tryptose)'s,
incubated at 28° C during 30-60 days and examined
microscopically for living flagellates.

The indirect immunofluorescence test (IFT)

Sera were obtained from both treated and untreated animal
groups six months after treatment, by punction of the orbital
venous sinus. The material was stored at —20° C until the
immunofluorescence test was processed according to
CAMARGO et al. (1984)". Epimastigotes forms of T. cruzi
were used as antigen (Imunocruzi-BIOLAB) with fluorescein
conjugated anti-mouse Ig (Sigma Immuno Chemicals). The
preparations were examined on the microscope under ultra-
violet light. Sera were considered positive when fluorescent in
dilutions = 1:20.

Control of cure

Animals treated in the acute phase of the disease were
considered cured when both parasitological and serological tests
were negative'® 2. After treatment they were checked by fresh
blood examination 3-days a week. Haemoculture was performed
30 days after the end of treatment for treated and untreated
animals. Mice showing IFT titer = 1:20 were considered a
therapeutical failure, independently of the haemoculture results.
Animals treated in the chronic phase of infection were
considered cured when the haemoculture was negative and when
the IFT titer was below the observed in control animals 6
months after the end of treatment'. The cure rate was expressed
in percentage.

Histopathology

For the histopathological analysis, mice were classified in
4 experimental groups for each T. cruzi strains studied:
untreated animals, cured treated animals, not-cured treated
animals and uninfected control animals. Two mice were
sacrificed six months after the end of treatment (between the
7% and the 8" month of infection) for each group. Tissue

TABLE 2

Inoculum standardization of T. cruzi cultured forms grown in M16 medium and inoculated mice infection rates.

T. cruzi Parasites n°/ MT % MT n®/ N° of animals
strain ml of culture animal inoculated/infected (%)
(x10°%) (x10%)

PR-150 70.5 64.5 18.2 41 41 (100.0)

PR-328 30.8 5.3 0.8 40 9(22.5)
G3 32.9 51.0 3.4 31 30(96.8)

A2.1A 16.0 20.4 1.0 30 27(90.0)
N2.6 49.5 22.8 3.4 30 16(53.3)
N4.2 14.5 15.2 0.7 30 27(90.0)

MT = Metacyclic trypomastigotes.
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samples were taken from the heart, skeletal muscle, bladder,
diaphragm, liver, spleen, esophagus and small and large
intestine. Tissue samples were fixed with 10% formalin and
embedded in paraffin. From each sample three 3-pm-thick
sections separated by 20 um intervals were obtained. After
hematoxilin-eosin staining, the presence of tissular parasitism
was evaluated. The number of inflammatory foci was
determined by examining 50 random microscopic fields (400 X)
in each section. Spleen sections were examined under oil
immersion (1000 X) only for detection of parasites. The degree
of mononuclear infiltration was classified as: 0 = no lesions;
1 = one inflammatory focus; 2 = two inflammatory foci; 3 =
three inflammatory foci; 4 = four inflammatory foci and 5 =
five or more inflammatory foci.

RESULTS

All patients informed that they were never previously
submitted to specific chemotherapy against 7. cruzi. The
benznidazole susceptibility of six Parand autochthonous strains
ranged from 23 to 100%, similar to the observed with strains
originated from other endemic areas (Table 1 and Figure 1). This
variation was detected both in the strains isolated from humans
and sylvatic cycle.

A concordance of 90.77% was observed between
haemoculture and IFT in 366 mice inoculated with different
strains of T. cruzi and treated during the acute phase of the
disease (Table 3).

Histopathological analysis detected amastigotes only in the
heart of untreated mice infected with PR-2259 strain and in the
skeletal muscle of untreated mice infected with PR-182 strain
(Table 4). There was no amastigote nest on preparations
obtained of animals treated and cured and of the ones treated but
not cured. Sections from heart and skeletal muscle from the

100 100

TABLE 3

Haemoculture (HC) and indirect immunofluorescence test (IFT)
results in 336 mice inoculated with different Trypanosoma cruzi
strains, treated and not treated with benznidazole in the acute
phase of infection.

Haemoculure IFT
Negative Positive
Negative 85 (25.3%) 25 (7.4%)
Positive 6 (1.8%) 220 (65.5%)

Concordance between the two methods: 305 (90.8%).

untreated group displayed more inflammatory foci than the
treated not cured one. In the same way, more inflammatory foci
were observed in the treated not-cured group than in the treated
cured one. Although the results observed in the liver were not so
evident as in the heart or skeletal muscle, we observed more
severe lesions in the untreated and treated not cured groups,
where some perivasculite and necrosis were noticed. The
uninfected control group presented no lesions, except one animal
that showed one inflammatory focus in the liver.

A rate of cure of 100% was observed for mice inoculated
with the strain PR-427 and treated during the chronic phase. All
treated mice presented a negative haemoculture (HC) after
treatment while just 12.5% of the not treated animals presented
a negative test (Table 5). Among mice infected with the strain
PR-182, 41.2% of the treated group and 46.2% of the control
group showed a positive HC after treatment. Thus, for the strain
PR-182, the HC done one month after the treatment of the
chronic phase (5™ month of infection) failed in detecting
infection in 53.8% of the control animals.
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Fig. 1 - Gradient of benznidazole susceptibility of Trypanosoma cruzi strains from Parané State and from different

endemic areas of Brazil, in mice.
a=The T. cruzi Y strain was used as reference.
b = Average between two experiments.
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TABLE 4

Severity of tissular lesions in mice inoculated with different human Trypanosoma cruzi strains treated with benznidazole in the acute phase
of infection and necropsied six months after the end of treatment.

T. cruzi Inoculum Heart Skeletal muscle Liver
strains (BT n° (N° inflammatory foci) (N° inflammatory foci) (N° inflammatory foci)
/animal) Untreated Treated Treated Untreated Treated Treated Untreated Treated Treated
not cured not cured not cured
cured cured cured
Y 107 0 0 1 5 2 0 SP SP 5
PR-182 10* 4 0 0 3A 0 0 4P 3 4
PR-209 10* 0 0 0 0 1 0 5 3 0
PR-1256 10¢ 0 1 0 0 1 0 3 2 3
PR-2259 10¢ 1A 0 0 3 0 0 2 IN 1
PR-036 10° 1 1 0 1 0 0 5 2 1
PR-1921 10° 0 0 0 0 0 0 0 0 2
PR-149 103 0 - 0 0 - 0 0 0 1
PR-076 10° 3 1 1 1 1 0 0 0 1

BT = blood trypomastigotes.

0=no lesion, 1 = one inflammatory focus, 2 = two inflammatory foci, 3 = three inflammatory foci, 4 = four inflammatory foci and 5 = five or more inflammatory foci.

A = amastigote nest, P = perivasculite, N = necrosis, — = all animals were cured.

TABLE §

Haemoculture and indirect immunofluorescence test (IFT) positive
percentages in mice infected by Trypanosoma cruzi and treated
with benznidazole in the chronic phase (starting at the 90" day of

infection).
T. cruzi Haemoculture IFT
strains N+ /T (%) N+ /T (%)
Treated Untreated Treated Untreated
PR-427 0/21 (0.0) 14/16 (87.5) 18/18 (100) 14/15 (93.3)
PR-182 7/17 (41.2) 6/13 (46.2) 15/16 (93.8) 13/13 (100)

N+ = number of positive animals; T = total of animals analyzed.

TABLE 6

IFT antibody titer presented by mice infected with the
Trypanosoma cruzi PR-427 strain and treated with benznidazole
during the chronic phase (from the 90" day of infection).

Antibody % of animals
titer # Treated* Untreated
negative 0.0 6.7
1:10 0.0 0.0
1:20 61.6 0.0
1:40 22.2 6.7
1:80 5.6 20.0
1:160 0.0 33.3
1:320 11.1 0.0
1:640 0.0 6.7
> 1:1280 0.0 20.0

*All of the treated animals showed a negative haemoculture after treatment.
#Serum collected six months after the end of treatment (10" month of infection).

The IFT was still positive six months after the treatment of
the chronic phase in 100% of the parasitologically cured animals
inoculated with the PR-427 strain and 93.8% from those
infected with PR-182 strain (Table 5). The majority (83.8%) of
the treated and parasitologically cured animals presented
antibody titer from 1:20 to 1:40. On the other hand, 80% of the
not treated group showing a positive HC had serological titers
from 1:80 to = 1:1280 (Table 6).

DISCUSSION

A large variety of sensibility to Bz was observed in the
strains analyzed in this study. Previous works studying this
same parameter™? and using strains from different regions also
demonstrated different levels of sensitivity to Bz. However,
some reports showed predominance of resistant or sensitive

strains in different geographic areas.

Intra-specific variations of T. cruzi populations have been
shown through biological, biochemical, immunological,
chemotherapeutic and molecular parameters'**¥. Although the
T. cruzi strains analyzed in this study seem to present a
homogeneous biological behaviour®, the same was not observed
in relation to sensibility to Bz. These findings confirm previous
data?, where no correlation was established between sensibility
to drug and malignity of the infection evaluated by other
parameters: pre-patent period, curves of parasitaemia or
mortality rates. Nevertheless, ANDRADE et al., (1985)? and
BARNABE et al., (1983)8 found a correlation between Bz and
Nfx sensibility with morphobiological behavior and isoenzymic
patterns, respectively.

The majority of chagasic patients attended at the Chagas’
Disease Laboratory of the State University of Maringd was born
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in other states. Although they live in the northwestern region of
Parand nowadays, they could have been infected in other states
of Brazil. So, we decided to isolate T. cruzi samples from
naturally sylvatic vectors and reservoirs infected and captured in
counties from Parand. The four strains isolated from these
sources also presented a variation in their susceptibility to Bz.
Three out four samples (strains N2.6, N4.2 and G3) were
sensitive to Bz and one was naturally resistant (strain A2.1A).

Some authors have reported correlation between drug
sensibility of 7. cruzi strains and their geographical origin® %, Our
results showed that 7. cruzi strains isolated from the sylvatic
cycle in Parand presented a sensibility rate to Bz similar to strains
isolated in Santa Catarina state, but different from the one
observed in Rio Grande do Sul state. Strains isolated from sylvatic
vectors and reservoirs in Santa Catarina showed rates of cure
between 60 to 100% (8 strains) in mice treated with Bz. One
strain from this state was partially resistant (SC16 strain, 47% of
cure) and another naturally resistant (SC28 strain, 0% of cure)™®.
Strains from Rio Grande do Sul and Argentina showed a higher
rate of cure (93.3 to 100%)*2.

The sensibility pattern to Bz of all strains studied is very
similar to the one observed with strains from Minas Gerais,
where a varied degree of sensibility was detected®. In fact, the
Northern region of Parand is considered an endemic area of the
disease and was partly colonized by migrants from the endemic
areas specially of Minas Gerais (57.1% of the patients) and S&o
Paulo in the 40’s and 50’s.

These patients were treated and have been followed up for
a later comparison of the results of their treatment to the results
obtained in experimentally infected mice with their strains. This
correlation is difficult to be done since the control of cure of
human Chagas’ disease demands prolonged follow-up involving
parasitological tests, as well as conventional and unconventional
immunological tests®. A correlation around 90% was observed
between the experimental and the clinical results in 15 cases* .
The parasite strain might be the key factor influencing the
chemotherapeutic success, since comparable results were
obtained in 2 different hosts.

In our report we observed that the histopathological lesions
in mice inoculated with different 7. cruzi strains and not treated
were mild and focal (1 to 7 inflammatory foci/section). These
mild alterations can be related to the phase of the infection in
which they were necropsied and the low inoculum in relation to
other histopathological studies in which severe lesions were
seen® ¥, Also, these results could be explained by the low and
medium virulence of the strains analysed®.

The parasites were found only in the not treated animals.
Consequently, the Bz not only suppressed the parasitaemia but
also caused the removal of the parasites from the tissues.
Despite the low number of parasites in the chronic phase of
infection and the low sensibility of the hematoxilin-eosin method
in detecting of amastigotes’, muscle parasitism was observed in
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two post-mortem examined mice in the 7"-8" month of
infection. The few inflammatory lesions observed in the cured
treated animals is probably due to parasite antigen residues
similarly to the observed for other authors™ .

Our data confirm the high sensibility of haemoculture for
cure verification in mice treated in the acute phase. These results
correlated with serological test (IFT). However, for the control
of cure of murine chronic experimental infection the use of other
parasitological techniques besides haemoculture is also
recommended, since our findings suggest that the sensibility of
this technique in this phase of the disease depends on the T.
cruzi strain. By the way, our results confirm previous findings*
which showed that for the same T. cruzi strain the efficacy of
the treatment of murine chronic infection could be better than
the treatment of the acute phase.

New techniques should be considered for control of cure,
since the conventional serology remains positive after the
successful treatment of experimental chronical infection,
although with decrease in IFT titer. Additionally, the
haemoculture fails in detecting the infection and the complement
mediated lysis test (LMCo) requires a long time and high
standard workmanship. Molecular techniques such as the
polymerase chain reaction (PCR), which has been evaluated for
the diagnosis and control of cure in humans', would be another
option. Nevertheless, the inoculation of triturated organs of
treated animals in newborn mice has presented good results.
This approach confirm the therapeutical failure of the animals
which presented a previous negative haemoculture after
treatment?.

RESUMO

Trypanosoma cruzi: quimioterapia com benzonidazol em
camundongos inoculados com cepas do Estado do Parana e
de outras areas endémicas do Brasil

Cepas de Trypanosoma cruzi de diferentes dreas geograficas
tém mostrado diferentes graus de suscetibilidade a drogas
tripanosomicidas. A suscetibilidade in vivo ao benzonidazol foi
investigada em 18 cepas de T. cruzi. Doze foram isoladas de
pacientes chagdsicos cronicos de diferentes dreas endémicas da
doenga de Chagas. Seis cepas foram procedentes da regido
Noroeste do Parana: 2 isoladas de humanos, 3 de triatomineos da
espécie Triatoma sordida e 1 do reservatdrio silvestre do
parasito Didelphis sp. No teste da droga, camundongos
inoculados foram divididos em 2 grupos de 20. Um grupo foi
tratado com benzonidazol por 20 dias consecutivos e o outro
grupo foi utilizado como controle ndo tratado. O tratamento dos

" animais foi iniciado apds constatagdo da infec¢@o, feita através de

exame direto do sangue ou hemocultura. O controle de cura foi
feito utilizando a hemocultura e a imunofluorescéncia indireta,
realizadas respectivamente, 30 e 180 dias apds o término do
tratamento. A droga eliminou as lesdes inflamatérias do musculo
esquelético dos camundongos considerados curados e do coragdo
da maioria destes animais e as diminuiu naqueles animais
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tratados ndo curados. As cepas de T. cruzi estudadas
apresentaram um gradiente de suscetibilidade a droga que variou
de 0% a 100%. Dez cepas foram consideradas sensiveis ao
tratamento (61 a 100% de cura), uma cepa foi parcialmente
sensivel (50% de cura) e 7 cepas foram consideradas resistentes
(0 a 40% de cura). Esta varia¢do foi observada tanto com as
cepas isoladas do ciclo doméstico quanto com aquelas isoladas
do ciclo silvestre.
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