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Abstract
Although several diseases are treated by toxic drugs, their side effects may hamper
adherence to the therapy. The aim of this study is to evaluate the effect of the association
of ponderal benznidazole (BZ) with its ultra-high diluted (UHD) formula on clinical and
parasitological parameters of mice infected by Trypanosoma cruzi (T. cruzi). 24 nonisogenic Swiss mice were divided into groups: CI – infected animals treated with 7%
alcohol; BZp – infected animals treated with BZ (500 mg/ kg) from the beginning of
infection; BZp+d – infected animals treated with ponderal BZ and with UHD BZ, which
started to be administered four days after the beginning of treatment with ponderal BZ;
CNI - group of non-treated and non-infected animals. The UHD medicine was prepared
according to Phamacopoeia until 30x. The different treatment schedules were statistically
compared through parasitological and clinical parameters. The group BZp+d displayed
more favorable clinical evolution than the group BZp, with improvement of mass gain, feed
conversion and water intake, presenting data approximated to CNI group. The significant
increase of the body temperature of BZp+d group indicates an activation of the immune
system which was not observed in the other groups. Moreover, the anti-parasitic effect of
the ponderal drug was maintained in all parasitological parameters of this group. By
reducing the side effects and maintaining the action of the ponderal drug, the combination
of toxic drugs with their UHD formula could be considered a way of improving efficacy of
the treatment.
Keywords: Trypanosoma cruzi; ultra-high dilution; homeopathy; benznidazole;
parasitemia; toxic symptoms
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Introduction
Toxic effects are observed in a variety of
patients using drugs in ponderal doses
(Ammassari et al, 2001), mainly in long
term treatments (Nittayananta et al,
2010; MM, 2010; Castro et al, 2006; SS,
2010), what certainly influences the
adherence to the therapy. Some authors
defend that complementary therapeutic
methods that use diluted doses of the
intoxicating substance might decrease
the adverse effects of the conventional
treatments (Neto, 2006; Mundhenke,
2010).
Our group has been using the murine
model of Trypanosoma cruzi (T. cruzi)
infection to evaluate the effects of diluted
treatments (WHO, 2013). This model is
widely known with published data that
might contribute to the understanding of
the action of drugs. Besides this, it allows
the assessment of a variety of parameters
that are also observed in the human
infection (WHO, 2013; Araújo-Jorge,
2000).
The Chagas disease affects millions of
people worldwide (WHO, 2013),
meanwhile, Benznidazole (BZ) and
Nifurtimox are the only available drugs
for etiological treatment. The therapy
using BZ has better effect on the acute
phase of infection and limited action on
the chronic phase (Guedes et al, 2011).
However, researchers have reported
significant adverse effects, either in
human or in animals, such as anorexia,
weight loss and decreased water intake,
which affect the general health status of
an individuals under this therapy,
hindering
their
perseverance
to

treatment (Guedes et al, 2011; LS, 1987;
Rodrigues et al, 2002; Cancado, 2002).
Protocols of experimental use of
benznidazole
recommend
100mg/kg/animal in murine models and
a recent study by our group has proved
that the association of ponderal BZ, in
this recommended dose, with its diluted
formula, might be a successful way to
decrease its side effects (Benvenutti et al,
2013). Besides this, once the effect of BZ
is dose-dependent, the possibility of
increasing its dose and the time of
treatment
would
provide
an
improvement of therapy efficacy (Guedes
et al , 2010). However, as it is dosedependent, we took a dose five times
greater and used the ultra-high dilution
(UHD) of benznidazole to see if it would
reduce the adverse effects of the drug,
especially with this very high dose to
administer.
Under this perspective, the aim of this
study is to evaluate the effect of the
association of ponderal benznidazole, in
a dose of 500mg/kg/animal, with its
diluted formula on clinical and
parasitological parameters of mice
infected by T .cruzi in prospect of
increasing the anti-parasitic effect of BZ,
minimizing its side effects.

Materials and methods
Ethics
The research was developed in the
Experimental Laboratory of the State
University of Maringá under the Brazilian
legislation for the use of animal
experimentation (Federal Law number
6.638 /1979). The study was approved
by the Committee of Ethics and Animal
Experimentation (CEEA-UEM), protocol
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05/2006, respecting the norms of the
Brazilian
College
of
Animal
Experimentation (COBEA), which is an
institution
associated
to
The
International Council for Laboratory
Animal Science.
Study design
The study utilized 24 non-isogenic Swiss
male mice (6 animals per group), at eight
weeks of age, weighing 41.87g ± 4.23.
The amount of animals used in this
experiment was decided considering
other animal studies with Mus musculus
(Eckelman et al, 2007; Scheibe, 2008;
Damy, 2010), murine infection by T. cruzi
(Araújo-Jorge, 2000) and following the
principle of reduction of the number of
animals in experimental procedures,
recommended by Russel & Burch et al,
1958.
Infected animals were intraperitoneally
inoculated
with
1400
blood
trypomastigotes of T. cruzi Y strain
(Brener, 1962) and were divided into
three groups according to treatment: CI –
animals treated with 7% alcohol; BZp –
animals treated with BZ (500 mg/kg/day
); BZp+d – animals treated with
association of ponderal BZ and with UHD
BZ. Another group of non-infected
animals served as a control group.
The experiments were performed twice,
as a blind, controlled and randomized
trial. The animals were divided in pairs
(experimental units) into separate cages
without
external
contamination
(ALLESCO®). The cages were covered
with wood shavings, which was
preheated in an oven. The mean initial
weight of mice in each group was
statistically equal and animals were kept

in a climate-controlled vivarium, under
controlled temperature (22.7±1.2°C),
light/dark cycles of 12 hours, with
treated water and feed offered ad libitum.
Experimental procedures
Medicines utilized
1) Benznidazole in ponderal dose: Nbenzyl-2-nitro-1-imidazolacetamide
produced by LAFEPE (Pharmaceutical
Laboratory of Pernambuco) in tablets,
dissolved in gum arabic and distilled
water. It was administered daily, once a
day, at 11:30 a.m., by gavage in a
concentration of 500mg/kg/animal/day
and in a volume of 0.2 mL/day/animal.
2) Highly diluted Benznidazole: The
dilution of the medicine followed the
protocol
for
insoluble
drugs
recommended
by
the
Brazilian
Homeopathic
Pharmacopoeia
(Farmacopéia Homeopática Brasileira,
2011). One entire tablet of Benznidazole
was triturated in lactose, according to the
decimal scale (one part of active
ingredient to nine parts of vehicle)
insoluble compounds until 6x dilution
(1:106), and thereafter solubilized up to
1:1030 dilution (30x potency according to
Pharmacopoeia) in 7% alcohol, using
mechanical dynamizer (DENISE AUTIC®).
The
medicines
were
administered daily, once a day, at 11:30
a.m., by gavage in a volume of 0.2
mL/day/animal after the administration
of the ponderal drug. In order to orally
administer the medications, reusable
cannula (one for each medicine)
designed for oral gavage procedures in
laboratory animals was used.
Treatment
with
ponderal
BZ
immediately started after detection of
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infection in all treated groups. In BZp+d
group, the diluted medicine was
administered four days after the
beginning of treatment with the ponderal
drug. Treatment was given for 20
consecutive days, and the groups were
treated following the order: CI, BZp and
BZp+d. This schedule of treatment was
chosen based on preliminary studies by
our group (Benvenuti et al, 2013; Aleixo
et al,2012; Ferraz et al,2011).
Evaluation
of
parasitological
parameters
Parasitemia – evaluated by daily
counting of blood trypomastigotes, using
the technique of Brener, 1962, from the
day of infection until endpoints were
noticed or within 30 days after infection
in those mice who did not present
endpoints. The curve of parasitemia was
designed using the daily average
parasitemia of each group. From the
parasitemia
curve,
the
following
parameters were evaluated: total
parasitemia (Ptotal) - average of sum of
the daily parasitemia for each mouse;
parasitemia on the 8th day of infection
(P8th day) - mean of the parasitemia level
observed in each animal of each group on
the 8th day of infection; patent period
(PP) – mean period in which parasitemia
can be detected in each group.
Evaluation of clinical parameters
Clinical parameters were daily evaluated
and the groups were randomly assessed
according to the protocol recommended
by Falkowski et al, 2012. Body
temperature was measured on the front
region of the left hind leg due to smaller
amount of hair (Icel Thermometer, Model
TD-920.0387). Feed and water intake

were measured for each experimental
unit and divided by two (number of
animals per unit). Body weight was
measured with semi analytical balance
(Balance BEL®).
Hypothermia (drop of more than 4
degrees of the body temperature), weight
loss (loss of more than 15 % of the body
weight) and anasarca were considered
endpoints for humane euthanasia
considering the expertise of our group in
conducing experimentation with the
murine model of T. cruzi infection
(Russel et al,1959; Brener, 1962;
Benvenutti et al, 2013). In cases that
animals did not present such traits, the
survival was evaluated up to the 120 th
day after infection, when so they were
also euthanized by deep anesthesia using
ketamine 50mg/kg, and xylazine 10
mg/kg, intraperitoneally, according
protocols of CEEA. None animals died
naturally by not meeting the established
clinical criteria.
Animals
This experiment utilized non-isogenic
Swiss male mice (Mus musculus) at eight
weeks of age, weighing 41.87g ± 4.23.
The animals were provided by the
Central Animal vivarium of the State
University of Maringá, where they used
to be monitored by a veterinarian. They
were a conventional lineage with
intestinal and ecto parasites control. At
the sectoral vivarium, one week prior to
the beginning of the experiment, the
animals were submitted to Amitraz bath
(concentration of 1:250) in order to
eliminate ectoparasites. Animals were
daily monitored by researchers, who
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carried out welfare assessments during
the whole experiment.
Statistical analysis
All the parasitological and clinical data
were statistically compared amongst the
groups by the Statistica 8.0 program.
Kruskal-Wallis test (ANOVA followed by
multiple comparisons of mean ranks for
all groups) was used since not all
analyzed parameters displayed a normal
distribution. This test is used to evaluate
the degree of association between
samples and its use might highlight
significant differences amongst the
treatments tested.

Results and Discussion
This research shows the effects of the
treatment with diluted BZ, associated
with BZ in higher concentration (500
mg/Kg/day/animal) than that proposed
by
the
literature
(100
mg/kg/day/animal) on parasitological
and clinical parameters of mice infected
by T. cruzi.

Parasitological parameters
The parasitological parameters are
shown in table – I. Treated groups (BZp
and BZp+d) presented lower outcomes of
Ptotal(p=0.025), PP(p=0.003) and P8th
and 0.003, respectively)
day(p=0.025
when compared to control group of
infection (CI). When compared with
themselves, treated groups (BZp and
BZp+d) did not show statistical
difference in these parameters. The
animals from BZp and BZp+d groups
survived throughout all the study period
without presenting endpoints (120
days), differently from the control group
of infection in which such markers
started to appear, in average, on the 18th
day (p≤0.001).
These data prove that the diluted BZ did
not interfere on the effect of the ponderal
drug. Instead of that, the action of
ponderal BZ was increased in this
experiment once its dose is higher in this
experiment (500 mg/Kg/day/animal)
and its effect is dependent of dose.

Group

Ptotal(x106)

P8th day(x106)

PP (days)

SURVIVAL (days)

CI

14.37±7.57a

2.00±1.19 a

12.17±0.75 a

18.17±5.30a

BZp

4.64±4.55b

0.55±0.55b

5.33±0.82b

120 b

BZp+d

4.81±3.94b

0.11±0.10b

4.83±1.94 b

120 b

Table – I: Mean and standard deviation of the parasitological parameters observed in Swiss
male mice, 8 weeks of age, intraperitonially infected with 1400 blood trypomastigotes of T.
cruzi Y strain, subjected to treatment using highly diluted or BZ 500 mg/kg/animal.
Statistical comparison between values is displayed in the column.
*Different letters in a column means significant difference (p≤0.05). Ptotal = sum of the daily mean of
parasitemia levels for each mouse; P8th day - mean of the highest parasitemia level observed in the 8 th
day of infection each group; PP = patent period considered the time in which parasitemia can be
detected.
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Clinical parameters
Clinical parameters were assessed every
two days: temperature, weight, water
Group

intake and feed intake for each animal of
each experimental group. The data are
presented
in
table
–
II
.

WATER (mL)

WEIGHT (g)

FEED (g)

TEMPERATURE (°C)

CI

20.74±1.44a

36.21±4.45a

8.36±4.02a

32.65±1.36a,b

CNI

23.12±2.85 b

49.08±5.31b

16.69±3.8b

32.76±0.99 a

BZp

18.46±6.57a

44.6±3.42c

14.34±3.57 c

32.97±1.07a,b

BZp+d

23.16±3.61b

46.1±4.21d

14.88±3.45 c

33.21±0.94b

Table – II: Mean and standard deviation for clinical parameters assessed in Swiss male mice,
at 8 weeks of age, intraperitonially infected with 1400 blood trypomastigotes of T. cruzi Y
strain, treated with ponderal BZ or with the association of ponderal BZ and its diluted
formula.
* Different letters in a column means significant difference (p≤0.05).

First, the BZp+d group presented greater
water intake compared with the group
treated only with BZp (p<0.001). This
increase was observed in other studies
by our group (Benvenutti et al, 2013).
However, how the water consumption
might influence the course of animal
infections is an issue not yet elucidated
in the scientific community, since
research that correlates the water intake
and infectious diseases are scarce.
Concerning this criterion, it was
observed that the BZp+d and CNI groups
exhibited similar water intake (p=0.919),
as well as BZp and CI groups (p=0.362).
Such result suggests that the utilization
of BZ associated with its diluted formula
tends to take the organism of the infected
mouse to a similar condition of healthy
mouse. On the other hand, the use of
ponderal BZ does not modify this
criterion, leaving the mice of this group
in a similar condition of infected mice
without treatment.

Regarding to the feed intake, it was not
possible to notice an increase of
consumption in BZp+d group, when
compared to BZp group (p=0.161) as it
was observed in our previous study
(Eckelman et al, 2007). However, if we
compare the final weight of these two
groups, the group treated with the
association of HD and ponderal BZ
gained significantly more weight than the
group treated only with the ponderal
drug (p<0.001). Other animal studies
have correlated the use of diluted drugs
with mass gain (Monteiro da Silva et al,
2011; Soto et al, 2012) and improvement
of feed conversion (de Lira et al),
demonstrating that these medicines
might interfere with the harnessing of
the food ingested. In animals infected by
T. cruzi and treated with homeopathic
medicines, the increase of the colon
length (Massini, 2013) and the
preservation of gut neural population
(Brustolin, 2014) were seen as attempts
of the organism to balance the damage
caused by the parasite in the intestine.
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Such
anatomic
and
functional
adaptability reveals the pursuit of the
body to retake the digestive and
absorptive functions (Hwang et al, 2002;
das Chagas et al, 2011) and might explain
the mass gain despite the low feed intake.
Considering the temperature, the BZp+d
group displayed the highest average,
being statistically different only from CNI
group (p=0.01). However, the other
infected groups (BZp and CI) did not
present
temperature
statistically
different from CNI (p=0.275 and 0.243,
respectively). Such outcome points that
only the diluted medicine was able to
significantly elevate the temperature of
the infected mice. Overall, some research
indicates that elevations in body
temperature are beneficial to the host
immune response by increasing the
leukocyte mobility (Bryant et al, 1966),
the production of interferon (Postic et al,
1966) and antibody (Ipsen, 1952); by
enhancing either the lymphocyte
response to mitogen and antigen or the
bactericidal capacity of PMN leukocytes
(Roberts et al, 1977). These data indicate
that the diluted medication somehow
contributed to the activation of the
mice’s immune response.
The improvement in the harnessing of
food, just like the greater water intake of
BZp+d group, indicates that the UHD
medicine contributed to the clinical
improvement of the mice treated with
the association of ponderal BZ and its
diluted formula. Such data is even more
impressive if we consider that the dose of
ponderal BZ utilized in this experiment is
five times higher than the recommended
dose. Even with such a significant

increase in dose, the mice of BZP+d
group presented clinical improvement.
Moreover, the increase in the average
temperature of this group points what
other studies have already shown: UHD
medicines act, though by yet unknown
mechanisms, in modulating the host
immune response (Brustolin, 2014;
Chabel et al, 2009; Aleixo et al, 2013)
improving the overall status of treated
organisms; this fact, coupled with the
increment in the parasiticidal effect of
BZ, might increase the chances of curing
the infection.

Conclusion
The clinical improvement of BZp+d
group indicates a decrease of the toxic
effects of the ponderal drug without
losing the parasitical effect, what
demonstrates that it is possible to
increase the dose of BZ, incrementing its
efficacy without causing discomforts to
the patient. Furthermore, the significant
increase of temperature of this group
suggests that the diluted medicine acts
by enhancing the defense systems of the
infected organism.
Although these results are simple they
open up a range of possibilities for a
variety of toxic treatments. Therefore,
these results suggest that the association
of toxic drugs with their diluted formulas
could be applied in other therapies that
are also dependent on dose and whose
side effects hinder the adherence to
treatment.
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