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EFFECTS OF SEVERE PROTEIN RESTRICTION IN LEVELS
OF PARASITEMIA AND IN MORTALITY OF MICE
ACCUTELY INFECTED WITH TRYPANOSOMA CRUZI

Nildete G.L. Gomes, Fausto E.L. Pereira, Gisele C.S. Domingues and Jesse
R. Alves

Adult mice were submitted to different degrees of protein restriction for five weeks (4.75,
9.5, 14.25 and 19% of protein in isocaloric diets with normal content of mineral and vitamins),
being subsequently infected with two strains of Trypanosoma cruzi: 10° trypomastigotes of ¥

strain or 10¢

trypomastigotes of CL strain. The same diet was maintained for all animals and

the infection was followed up by evaluation of blood parasites, mortality and intensity of lesions
in the heart and skeleton muscle. Only severe protein restriction (4.75%) induced decrease in
resistance 1o the infection with both the Y and CL strains of T. cruzi, which resulted in higher
parasitemia and mortality. The inflammatory lesions in heart and skeleton muscle were less
extensive in groups with severe protein restriction despite the increased number of parasite in
muscle cells. Depression of immune mechanisms could be responsible for the reduced resistance
and reduced inflammatory reaction after T. cruzi infection in severely protein restricted

animals.
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Clinical and epidemiological observations
suggest that malnutrition, mainly protein
deprivation, plays an important role in the
development of infections which include protozoal
diseases? 8. Although most reports show
enhancement of infections in malnourished patients
or experimental animals, some observations have
shown increased resistance to malaria infection in
rats that were submitted to protein restriction?® 9,
Moreover, while protein deprived mice infected
with Leishmania mexicana showed arrest of lesion
growth during the five initial weeks of infection,
with subsequent development of non-healing lesions,
normally nourished mice developed progressively
healing lesions®.

The effects of malnutrition on the evolution of
Chagas’ disease has not yet been evaluated. There
are few reports showing enhancement of parasitemia
and more severe lesions in the heart of infected rats
submitted to diets with deficient amounts of thiamine,
riboflavine, pantothenate or pyridoxine!6 17 18 19,
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Other aspects have been evaluateu as the
demonstration that protein malnutrition delays the
recovery of cardiac adrenalin in chronic experimental
Chagas’ disease in rats’.

Because the few informations about the
relationship between nutrition and Chagas’ disease,
we decide to investigate the course of Trypanosoma
cruzi infection (parasitemia, mortality and intensity
of lesions in heart and skeleton muscle) in normally
nourished (19 % of protein) and in mice maintained
on isocaloric diets with 14.25, 9.5 or 4.75% of
protein.

MATERIAL AND METHODS

Animals and Trypanosoma cruzistrains. Adult
male outbred albino mice weighing 23-25g, were
used in the experiments. The infection was done by
1.p. route with two strains of Trypanosoma cruzi:
10* blood trypomastigotes of the CL strain or 10°
blood trypomastigotes of the Y strain. These two
strains of T. cruzi have distinct tissular tropism: the
CL strain is myotropic, with high parasitism of
muscle cells while the Y strain has high tropism for
the mononuclear phagocytic cells’.
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Diets used and experimental design. The
diets (19%, 14.25%, 9.5% and 4.75% of protein)
differred only in the amount of protein (soy bean
protein supplemented with D-methionine), being
otherwise equivalent and were admnistered
ad libitum (Table 1).

Table 1 - Basic components used in diels.

Total protein (%)

Components (%)

19.00 14.25 9.50 4.75
Soy bean protein! 23,75 17.81 1190 6.75
Saccharose? 60.00 6500 71.00 76.00
Corn oil® 2.00 2.00 2.00 2.00
Fibers* 10.00 10.00 10.00 10.00
Methionin 024 020 0.10 0.08
Mineral mix® 5.00 . 5.00 5.00 5.00
Vitamin mix® 0.10 0.10 0.10 0.10

1: isolated soy bean protein (80% protein). SANBRA,
SP, Brazil; 2: commercial sugar; 3: corn oil Mazzola,
Refinagdes de Milho Brasil, SP, Brazil; 4 : pecl rice
powder; 5: mineral and vitamin mix Roche, supplemented
according the Nutrients Requirements for Laboratory
Animals, National Academy of Sciences, Washington,
DC, 1978.

Eight groups of mice (ten per group), were
maintained on these diets for five weeks, and
infected with the Y strain (four groups) or CL strain
(four groups) of T. cruzi. As the Y strain induces a
lethal infection after the second week, the groups
infected with this strain were maintained on the
same diet until the animals spontaneously died. For
the CL strain the inoculum used induces an acute
infection with low mortality. For this reason the CL
infected groups were maintained in the diets for 30
days after infection, when all the survivors were
sacrificed. Control non-infected mice of each dietary
group were kept simultaneously with the infected
groups. Food consumption was randomly verified
by weighing the food given, the food remaining and
the amount of tood spilt.

Follow up of the infection. All mice were
weighed weekly. Parasitemia was evaluated by the
method described by Brener! with three or two days
intervals after infection, respectively for CL or Y
strain.
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Histopathology. The infected animals which
died spontaneously, as well those sacrificed at the
end of the experiment, were necropsied. Fragments
of heart and skeleton muscle (thigh muscles) were
fixed in isotonic Bouin (Bouin liquid diluted at 1:4
in saline) for at least 48h, embedded in paraffin and
stained routinely.

Statistical methods. When necessary the
Student’s ¢ test was used for comparison of
parasitemia and the Wilcoxon test was used for
comparison of mortality. Unless otherwise stated
the significance level was p < 0.05.

RESULTS

The animals maintained in the 19 % protein diet
had weight gain before the infection, but there was
discrete weigth loss during the period of infection.
The protein deprived, non infected groups, had no
weight gain (moderate protein restriction or 14.25 %)
or a weight loss no higher than 30% of the initial
body weight. After infection there was weight loss,
more accentuated in the groups with severe protein
restriction (9.5 and 4.75 % of protein). None of the
control non infected mice died spontaneously during
the follow up of infected groups.

Parasitemia was higher in groups mantained on
severe protein restriction (4.75 %) for both CL and
Y strains. The groups maintained on moderate
protein deprivation presented parasitemia sirnilar to
that of normally nourished groups (Figures 1 and
2).

The mortality of mice infected with the Y strain
was higher and earlier in the severe protein restricted
group (4.75% protein). For the other protein
restricted groups the mortality was similar to that
observed in normally nourished animals (Figure 3).
In mice infected with the CL strain mortality was
observed until the 30% day of infection and was
significantly higher in the group with severe protein
restriction (4.75% of protein). The groups with
moderate protein restriction presented mortality
similar to the normally nourished group (Figure 4).

The microscopic study of the groups infected
with the Y strain, all of which died spontaneously,
showed no differences in the lesions of heart and
skeleton muscle. Scarce inflammatory foci were
observed and parasites in the muscle cells were
infrequent, both in normally nourished and in
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Figure 1 - Parasitemia in mice submitted to protein deprivation and

infected with Y strain of Trypanosoma cruzi (inean + one
standard deviation of the number of the blood trypomastigotes
counted in 50 high power microscopic fields 400X). The
differences observed between the 4.75% protein group and
the other groups are significant (Student's t test: p <0.05).
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Figure 2 - Parasitemia in mice submitted
to protein deprivation and
infected with CL strain of
Trypanosoma cruzi (mean +
one standard deviation of the
number of the blood
trypomastigotes counted in 50
high power microscopic fields
400X). The differences observed
between the 4.75% protein
group and the other groups are
significant (Student's t test:
p<0.05).
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Figure 3 - Accumulated mortality among mice submitted to protein deprivation and
infected with Y strain of Trypanosoma cruzi. The differences observed
between the 4.75% protein group and the other groups are significant
(Wilcoxon test: p <0.05).
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Figure 4 - Accumulated morality among
mice submitted to protein
deprivation and infected with
CL strain of Trypanosoma.cruzi.
The differences observed
between the 4.75% protein
group and the other groups are
significant (Wilcoxon test:

L ‘ p<0.05).
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protein deficient groups. In the groups infected
with the CL strain there was a higher frequency of
parasites in the muscle cells of the severe protein
restricted group although the inflammatory lesions
seemed to be less extensive than those observed in
normally nourished groups (19% protein) or in
groups with moderate protein deprivation.

DISCUSSION

The results showed that only severe protein
restriction (4.75 % of protein) increased parasitemia
and mortality after Trypanosoma cruzi infection in
mice. Less severe or moderate protein restriction
did not modify the evolution of infection with T.
cruziatleast in respect to parasitemia, mortality and
inflammatory lesions in the heart and skeleton
muscle. It is possible that the duration of protein
restriction before infection - 5 weeks - had not been
sufficient to interfere with the mechanisms of
resistance to infection in ‘the groups submitted to
less severe protein restriction (14.75 and 9.5% of
protein).

Protein deprivation can induce reduction in cell
mediated and humoral immune response that is
related to the severity of protein restriction and the
period of time on restricted diet*. Moderate protein
restriction, mainly for short periods, not only
maintains but can enhance the immune response,
specially cellular mechanisms®. Our results agree
with these observations showing that the more
severe the protein restriction the more severe the
reduction in defense mechanisms against the
infection with 7. cruzi.

Despite the increased number of parasites in the
muscle cells of the 4.75% protein group infected
with the CL strain, the inflammatory reaction was
less severe than in the other groups infected with the
same strain. This mild inflammatory reaction could
be due to the reduction of cell mediated immunity
induced by severe protein restriction. It is well
known that cell mediated immune mechanisms play
an important role on the pathogenesis of
inflammatory lesions in Chagas’ disease!! 12131415,

Further studies are necessary to elucidate the
immune mechanisms against 7. cruzi in protein
restricted animals.

RESUMO

Camundongos albinos adultos foram submetidos a
dietas com diferentes concentragoes de proteina (4,75 %,
9,5%, 14,25% e 19% de proteina em dietas isocaldricas
com quantidades normais de minerais e vitaminas)
durante cinco semanas e em seguida infectados com duas
cepas do Trypanosoma cruzi: 10° tripomastigotas da
cepa Y ou 10% tripomastigotas da cepa CL. Os animais
Joramm mantidos com as mesmas dietas e a infecgdo foi
seguida com avaliagdo da parasitemia, da mortalidade
e das lesbes no coragdo e no miisculo esquelético.
Somente arestrigdo protéica severa (4,75 % de proteina)
induziu redugdo significante da resisténcia a infecgdo
com as duas cepas utilizadas, o que foi demonstrado pela
maior parasitemia e maior mortalidade. As lesGes
inflamatorias no coragdo e no misculo esquelético foram
menos extensas nos animais submetidos a desnutri¢do
protéica severa apesar do maior parasitismo das células
musculares nesses animais. A depressdo da resposta
imunitdria celular induzida pela desnutrigdo protéica
seria responsdvel pela diminuicdo da resisténcia ao
parasita e pela redugcdo da intensidade da reagio
inflamatdria observada.

Palavras-chaves: Desnutrigdo. Doenga de Chagas.
Trypanosoma cruzi.
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