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INFLUENCE OF DIETARY PROTEIN CONTENT ON Trypanosoma cruzi INFECTION IN GERMFREE
AND CONVENTIONAL MICE
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VIEIRA

SUMMARY

Germfree (GF) and conventional (CV) mice were fed on diets containing 4.4, 13.2 or 26.4% of protein (weight/weight).
CV mice fed on low protein diet did not gain weight during four weeks, whereas the protein deficient diet did not affect the
growth of GF mice. After four weeks on these diets, the mice were inoculated with 5x10? trypomastigotes of Trypanosoma
cruzi. The protein deficiency affected less the GF than the CV mice, according to the following parameters: weight gain,
hemoglobin, plasma protein and albumin levels and water and protein contents of the carcass. Infection with 7. cruzi produced
a significant decrease in hemoglobin levels, red blood cell count, and water and protein contents in the carcass. This decrease
was more pronounced in the GF mice. Histopathologically, there was no difference between the treatments in animals with the
same microbiological status (GF or CV). However, the disease was more severe in the GF than in the CV mice.
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INTRODUCTION

The host-parasite relationship may be affected by the nutritional
status of the former and is dependent upon the pathogen involved
and the kind of deficiency to which the host is submitted. In
conventional (CV) animals a nutritional insult may either aggravate
or ameliorate an infectious disease'®. American trypanosomiasis
was more severe in rats submitted to lysine deficiency than in
animals fed on control diet®. In addition, CARLOMAGNO et al.
showed that protein-energy malnutrition aggravated the
trypanosomiasis in mice*. More recently, GOMES et al. reported
that protein deprivation resulted in higher parasitemia and mortality
in mice infected with either Y or CL strains of Trypanosoma cruzi®.
Protein malnutrition also delays the recovery of noradrenalin levels
that normally occurs during the chronic phase of experimental
Chagas” disease in rats'.

In our laboratory, the following observations were made on
mice submitted to specific nutritional deficiencies and then infected
with T. cruzi: (1) the disease was less severe in germfree (GF) and
CV mice fed on an essential fatty acid deficient diet as compared
to controls fed on normal diet'¥; (2) the mortality index was higher
in both GF and CV mice either deficient or overloaded with vitamin

E as compared to controls fed on a diet containing normal levels
of alpha-tocopherol (ALMEIDA et al., unpublished); (3) the effects
of iron nutritional status on the evolution of experimental Chagas”
disease in CV mice were not the same for three different strains of
T. cruzi'; (4) the parasitemia was more intense in CV and GF mice
submitted to an iron overload when compared to that of animals
either on normal or on iron depleted diets'®; (4) vitamin D overload
showed a protective effect against the infection in CV mice®.

The GF animal is a good model for studies of host-parasite
relationship. The lack of a permanent antigenic challenge by the
resident microbiota allows a better assessment of specific responses
to any invading agent. American trypanosomiasis is much more
severe in GF than in CV mice and rats'; whereas the reverse
situation was found for cutaneous leishmaniasis elicited by
Leishmania amazonensis, i.e., the disease is much more severe in
CV than in GF mice?.

In this paper, the evolution of experimental Chagas” disease was
studied in GF and CV mice fed on diets containing low, normal or
high levels of protein. A preliminary account of the results reported
herein was published elsewhere’.
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MATERIAL AND METHODS

Mice

CV and GF CFW 21 days old male mice were used. The GF
animals were housed in flexible plastic isolators®, handled according
to established procedures'®. The animal colony was derived from a
breeding nucleus of GF mice kindly supplied by Dr. Morris Pollard
(Lobund Laboratory, University of Notre Dame, USA). The CV
animals used were derived from the GF colony after many generations
in a conventional animal facility.

Diets

The composition of the diets is shown in Table 1. The diets were
prepared in a semi-solid state as described by MORAES-SANTOS
etal.'’

TABLE 1
Composition of the diets

Ingredients Hyperproteic Normoproteic Hypoproteic
(g/100g) diet diet diet
Casein 20 15 5
Salt mixture' 5 5 5
Vitamin mixture' 1 1 1
Starch’ 54.6 69.6 79.6
Soy oil 8 8 8
Cellulose 1 1 1
Choline chloride 0.4 0.4 0.4
kcalories/g 3.6 3.6 3.6
'AOAC (1980)

? Maizena (Refinagdes de Milho Brasil Ltda.)

Parasites

T. cruzi, CL strain, isolated by BRENER & CHIARI® was
maintained by successive transfers in CFW mice. The infection was
carried out as described previously®.

Parasitemia

Mice were bled daily from the tail, starting at the 8th day after
parasite injection, for the evaluation of the number of circulating
parasites, according to BRENER?.

Experimental design

Sixty CV and 60 GF weaning CFW mice were divided in three
subgroups, each with 20 animals. Three diets, with protein content
of 4.4, 13.2 and 26.4%, were used during the study. The animals
were maintained on the diets during all the experimental period.
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The mice were weighed weekly. After 28 days on the diet, all
animals, except five in each group, were inoculated with 5x10°
trypomastigotes of 7. cruzi, CL strain. Just before inoculation and
at the 7th, 14th, and 21st days after inoculation, five mice of each
group were sacrificed under ether anesthesia. Blood was drawn
from the axillary plexus for determination of hemoglobin, -
immunoglobulins, plasma protein and albumin levels and numbers
of erythrocytes and leukocytes. Liver, heart, kidneys, and spleen
were put in 4% formaldehyde solution for histopathological
evaluation. The carcass was used for determination of moisture,
protein and ether extract. Parasitemia was determined daily.

Chemical assays

Hemoglobin, total plasma proteins and serum albumin levels
were determined with the aid of commercial kits (Labtest, Belo
Horizonte, Brazil). Moisture, protein, and ether extract in the carcass
were determined according to AOAC'.

Immunoglobulin determination

Trypanosome-specific IgG and IgM in serum samples of mice
fed on either low or high protein diets were identified by ELISA as
described previously®.

Histopathological examination

Tissue samples were fixed in 4% formaldehyde and processed
for paraffin embedding. The histological sections (3-5 um) were
stained with hematoxylin-eosin and the slides examined by only one
person who did not have access to the codification of the animal.
Identification of the samples was done only after each report had
already been written.

Statistical analysis

The results were compared through analysis of variance followed
by the determination of the minimal significant difference.?’ The
calculations were made using EPISTAT computer program (T.L.
Gustafson, Round Rock, TX, USA).

RESULTS

Weight evolution

The effects of protein content in the diet were, initially,
monitored by measuring changes in total body weight after
administration of the different diets. As expected, low protein levels
in the diet induced a decrease in the rate of weight gain in CV mice
as compared to that observed in animals fed on normal or high
protein diets (Figure 1A). On the other hand, GF mice showed an
increase in body weight regardless of the diet (Figure 1B). Injection
of the parasite caused a decrease in body weight after one week of
infection, both in GF and CV animals, with the exception of CV
mice fed on the low protein diet. In this group, no changes in body
weight were associated with the infection by T. cruzi.
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Fig. 1 - Weight gain of conventional (A) and gnotobiotic (B) CFW mice fed on low
protein (4.4% of casein) normal protein (13.2% of casein), or high protein (26.4%
of casein) diets. Each point represents the average of 5 mice. At the 28th day on the
diets, all mice were infected, intraperitoneally, with 5x107 trypomastigotes of

Trypanosoma cruzi (CL strain).

Hemoglobin

Comparison of hemoglobin levels between GF and CV mice
showed that this parameter was strongly affected not only by the diet
but also by the presence or absence of the microbiota. Thus, GF mice
fed on normal protein diet had hemoglobin levels that were lower
than those from their CV counterparts (Table 2). Alteration of the
protein content in the diet of GF mice caused an increase in the levels
of hemoglobin both in animals fed on low or high protein diets. CV
mice, on the other hand, showed a decrease in hemoglobin levels when
fed on low protein diet, while showing no alteration with increased
protein content intake.

Infection of GF mice with T. cruzi caused a general decrease in
hemoglobin levels that was more pronounced at the end of the
experiment. This decrease was already evident in GF animals on
low and high protein diets after two weeks of infection. Curiously,
however, this decrease in hemoglobin levels was only observed in
CV animals fed on a normal protein diet; no differences were
observed in CV mice fed on the two other diets (Table 2).

Erythrocyte count

No differences in red blood cells (RBC) count could be detected
1

T
In the CV

v

among the subgroups before infection in GF anima

animals, however, the number of RBC was significantly lower in
the subgroup fed on alow protein diet when compared to the groups
fed on diets containing 13.2 or 26.4% of protein. In addition, no
differences in this parameter could be attributed to the presence or
absence of the microbiota before the animals were injected with the
parasite.

The effect of the infection with 7. cruzi on the number of
RBC was dependent not only on the diet but also on the presence
of the microbiota. GF mice showed a reduction in RBC count
regardless of the protein intake. On the other hand, this pattern
was observed in CV mice only when the animals were fed on a
normal protein diet. CV animals fed on high protein diet showed
a transient increase in RBC count one week after infection which
disappeared after on whereas no changes were observed in the
already low counts observed in CV animals fed on a low protein
diet (Table 2). The data were in agreement with those obtained
for hemoglobin.

Leukocyte levels

Compared to animals fed on normal protein diets, no changes in
leukocyte counts were observed both in CV and GF animals
regardless of the protein intake. In addition, these levels were
comparable between GF and CV animals. This pattern was changed
after infection. While showing no significant increase in leukocyte
numbers when compared to noninfected counterparts, GF animals
fed on high protein diet showed higher counts than mice fed on a
low protein diet. In CV mice, on the other hand, a distinct rise in the
numbers of white blood cells was observed in all groups after 21
days of infection. These levels were also significantly higher than
those observed in GF animals submitted to the same dietary regimen
(Table 2).

Plasma protein and albumin

In the GF group, the level of protein in the diet did not affect the
levels of total protein and albumin in plasma (Table 2). In the CV
group, however, the low protein diet elicited a significant decrease
in both those parameters. During the course of infection, a decrease
in plasma protein and albumin levels in the GF animals was observed.
In the CV group, the levels of total protein did not change appreciably
during the course of infection while the levels of albumin tended to
increase in all subgroups.

Water content of the carcass

No differences were observed in the water content of the
carcass amongst GF animals regardless of the diet. In the CV
group, however, a significant increase in the moisture content
was observed in animals fed on low protein diet when compared
to the other subgroups and also to its GF counterpart. Infection
with 7. cruzi induced an increase in this parameter in all groups
with the exception of the GF group fed on normal protein diet,
which showed no significant alteration during the course of
infection (Tﬂl’ﬂe 3).
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TABLE 2

Hemoglobin levels, red blood cell and leukocyte counts and plasma total protein and albumin in germfree and conventional mice fed on low
protein, normal protein, or high protein diets, infected with 5 x 10° trypomastigotes of Trypanosoma cruzi. Data represent mean + one

standard deviation

?r?ge Scf'if;ir Germfree Conventional
Low Normal High Low Normal High
Mean+SD Mean=SD Mean+SD Mean+SD Mean+SD Mean+SD
Hemoglobin (g/dL) 0 19.33+2.37  12.46x2.79"  18.88+4.26 11.78+2.37"  17.98+3.08"  15.10+2.90
7 14.62+4.71  16.72+4.13  17.87+2.56" 11.16£2.30  14.98+2.56  17.5+2.67"
14 9.6625.71°  13.38+2.31  14.35+4.55" 9.06£3.39  10.86+3.20° 17.02+327"
21 4.07+0.96°°  3.38+0.34° 12.24+2.34  11.8024.65  14.17£5.05'
Red blood cells (10%) 0 13.98+4.28  14.4242.06  15.00+3.48 9424170 14.10£1.10°  16.042.68"
7 11.6623.64  12.76x4.99  16.75+4.49* 8.10+1.80  16.40+2.71*  20.00+6.2*
14 9.86+1.87°  9.09+1.96  10.20+1.25% 6.90+2.000  9.60£2.50% 14.30+4.31%
21 10.33+.50°  10.420.73¢ 6.90+1.70  11.40+3.60°* 14.96+3.00°"
Plasma protein (g/dL) 0 4242075  3.76x0.48 3.66+0.97 3.09+1.01 456+1.11"  381x1.25
7 23240.72°  2.62+0.69°  3.06x4 .71 3.49+0.19"  4.92+0.72"  4.71x0.66'
14 2.1620.55°  2.85+0.48°  2.83x0.41° 3.040.76 3.76+0.89"  4.52+0.32
21 2.93£0.15  2.22+0.75% 4.63+0.52 4.86x1.07"  5.24+1.68
Plasma albumin (g/dL) 0 2.18+0.73 1.98+0.24 1.90+0.48 0.99+0.44"  2.102047*  1.66%0.50"
7 1.38+0.33 1.56+0.41 1.64+0.13 1.630.31°  2.3420.35%  2.36+0.22*
14 1.08£0.26  1.21x0.16°  1.13%0.18% 1412064  2.08+043"  2.35x0.17*
21 1.4320.15°  1.02+0.36" 2.0320.27°  2.45+0.49"  2.27+0.50
Leukocytes (x10%) 0 3.16£1.86 6.51£3.27  10.8+5.45% 8.82+3.04"  8.20+1.28 13.3+4.26
7 6.50£2.53  8.76%3.12  13.9£5.07* 5.51+1.45 9.1242.90 10.9+2.45
14 411139  8.56+2.87"  10.0+2.62" 6.39+6.65  4.93+1.50" 4 .58+0.55
21 10.6x1.27 11.4x1.42 18.426.93°°  24.8+9.14%%0 23 44119

*p < 0.05 compared with the group fed on low protein diet

* p < 0.05 compared with the group fed on normal protein diet
¢p < 0.05 compared with zero time

4p <0.05 compared with the 7th day after infection

¢ p <0.05 compared with the 14th day after infection

" p < 0.05 compared with the corresponding germfree group

Fat content

No differences in the values of ether extract were found between
the GF and their CV counterparts. As expected, in both groups, fat
content was lower in the animals fed on the low protein diet, both

in GF and CV animals (Table 3).

After infection, in most of the groups (CV-high protein
excluded), an increase of the fat content in the carcass was
observed after one week. This tendency was reversed after 14
days in all groups and, with the exception of GF animals on low
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protein diet, all groups showed a marked decrease in this
parameter.

Protein content in the carcass

CV animals fed on high and normal protein diets showed a higher
protein content in the carcass when compared to mice fed on low
protein diet. This difference was maintained during the course of
infection regardless of the fact that both normal and high protein
subgroups decreased their protein content while no significant changes
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TABLE 3
Carcass water content, protein (dry weight) and ether extract (dry weight) in germfree and conventional mice fed on low protein, normal protein, or
high protein diets, infected with 5 x 10° trypomastigotes of Trypanosoma cruzi. Data represent mean + one standard deviation

Days after

;i . Germfree Conventional
infection
Low Normal High Low Normal High
MeanxSD MeanxSD MeanxSD Mean+tSD Mean=SD MeanxSD
Water content in 0 59.8+4.4 65.2+53  60.5%7.2 67.0+2.8"  61.4x0.9* 64.5+0.5*
carcass (%) 7 62.3+2.9 63.9£2.3  55.4£10.1% 67.5¢1.3"  64.2%1.2"  68.3%0.9"
14 67.1+ (2.2)° 68719  67.0£7.4% 71.9£0.7°4  72.2+0.8°  71.5+0.7%
21 - 69.7+3.1 69.4+2.4% 70.5+1.4% 71.2+1.8% 69.8+1.4
Ether extract in 0 11.9£3.6  20.8+7.9°  13.7%48 8.5+4.5 19.7+4.3" 13.01.5%
carcass (%) 7 21.2%6.1° 17.9£5.8  21.3%4.6 9.3+2 8" 17.4£3.0" 8.8+1.5"
14 12.8+3.6°  10.0£5.7° 10.4x10.6° 4.1£1.6° 3.5£1.9°" 3.0£1.3%
21 9.0+4.6%  2.8£0.5°° 5.5+2.3¢ 4.4x1.7% 3.3+1.8%
Protein content in 0 73.4£3.7 76.8%6.9  74.0%8.0 68.7+2.4'  73.4x3.1° 76.4+3.8°
carcass (%) 7 72.5%5.5 77.846.8  70.3%6.0° 68.4%2.0 76.0+1.5" 76.0x1.4°
14 66.9£1.2°  68.8+6.0°°  69.0x4.4 67.74.6 71.4%2.7% 74.0+0.5*
21 67.1£0.7¢°  66.3%1.4° 66.2+1.1 70.4+2.2°"  72.120.4%Y
“p < 0.05 compared with the group fed on low protein diet
* p < 0.05 compared with the group fed on normal protein diet
¢ p < 0.05 compared with zero time
4p < 0.05 compared with the 7th day after infection
¢p < 0.05 compared with the 14th day after infection
"p < 0.05 compared with the corresponding germfree group
100~ A O Low Protein
were observed in the low protein group. On the other hand, in the GF 80 L Z ﬁf”:;‘ Ptrqtem
mice, the protein level in the diet did not affect the protein content in igh Frotein
the carcass. After the infection, a decrease in this parameter was 60

observed in all dietary subgroups (Table 3).

Parasitemia

Figure 2 shows the parasitemia curves of CV and GF mice.
Parasite levels in CV animals fed on normal or high protein diets
were similar throughout the infection with a maximum number
around 2.5 x 10¢ parasites/5 mm? being observed after three weeks
of infection. On the other hand, CV mice that received high levels
of protein showed a marked increase in parasitemia. This increase
was already evident after 14 days of infection and persisted untill
the end of the experiment when around 5.0x10* parasites/Smm?’ could
be observed.

When GF mice were injected with the parasite, a different pattern
in the parasitemia curve was observed. While the same differences
seen in CV mice between normal and high protein diets were still
observed in GF animals belonging to these groups, a marked increase
in parasitemia was detected in GF mice fed on low proteic diet. As
much as 9.0x10* parasites/5 mm® of blood could be detected in these
animals at the 17th day of infection compared to 1.5x10* observed in
the normal protein group.

o
o

N
o

o

Parasitemia
Trypomastigotes x 10*/ ml blood

100 - g

Time of infection (days)

Fig. 2 - Parasitemia of conventional (A) and gnotobiotic (B) CFW mice fed on low
protein (4.4% of casein) normal protein (13.2% of casein), or high protein (26.4%
of casein) diets, infected, intraperitoneally, with 5x10° trypomastigotes of
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Immunoglobulins

The effects of the microbial and nutritional status on the immune
system during infection were analyzed by measurement of 7. cruzi
specific IgG and IgM levels on the sera of infected animals. IgG
levels specific to the epimastigote stage of the parasite were measured
on the sera of animals fed on low and high protein diets at 7 and 14
days after infection. The results (Table 4) show that GF animals fed
on low protein diet had lower levels of specific IgG than their high
protein diet counterpart. The same was observed in CV mice but
only at a later time point in infection.

When sera were assayed for specitic [gM levels (Table 4), it could
be shown that the nutritional status affected only the CV animals.
These mice showed reduced levels of specific [gM when submitted to
low protein intake. GF mice, on the other hand, were not affected by
the diet with regard to the level of specific [gM. However, when
compared to their CV counterparts, much higher levels of this
immunoglobulin were detected in the sera of infected animals,
especially at two weeks of infection.

Histopathology

Cellular and tissue parasitism was much more intense in GF than
in CV mice. Within the GF and CV groups, no difference due to the
nutritional treatments was detected.

DISCUSSION

These results show that the protein need of GF mice is much
lower than that of the CV ones. Similar results had been reported for
rats in an oral communication by GUSTAFSSON®. After four weeks
on low protein diet, the GF mice put on 21% of weight whereas no
weight gain in the same period could be observed in the CV
counterparts. The protein deficiency affected less the GF than the

CV mice as revealed by the levels of hemoglobin, red blood cells,
total plasma protein, and plasma albumin (Table 2). Apparently, part
of the protein ingested is used by the intestinal microbiota. The initial
weights of CV mice were lower than those of the GF group. However,
the final weights were nearly the same for both groups.

GAZZINELLI et al. reported higher weight gain in GF than in
CV mice fed on control diet. However, sucrose-rich diets produced
higher weight gain in CV mice when compared with their GF
counterparts. Carcass weight, moisture, lipid and protein content
were the same for both CV and GF mice fed on control diets. High
sucrose concentration (20 and 40%) in the diet produced higher
content in all these parameters in CV than in GF mice’.

Recently, LHOSTE et al., feeding rats with diets containing 22
and 45% of protein, found a lower consumption index (feed intake/
weight gain) in GF than in CV rats. The weight gain was the same
for both groups but the GF rats ate less''.

As expected, the hemoglobin levels were lower in both groups
of mice fed on low protein diet. After infection, the levels of
hemoglobin, red blood cells and plasma protein were significantly
lower in GF than in CV mice (Table 2). This may be explained by
the fact that the disease is more severe in the GF group. After 21
days of infection, the leukocytosis was more pronounced in the CV
than in the GF mice (Table 2). The delay in reaction of GF animals
may account for this result. There was no appreciable difference in
the water content in the carcass between GF and CV animals. In
general, the lipid content in the carcass was higher in GF than in CV
animals. With the progress of infection, the lipid content decreased
in both groups of mice (Table 3). As aresult, the protein content was
increased in the course of infection.

The results obtained here confirm previous findings which
showed that Chagas” disease is more severe in GF than in CV mice."”
The tissue injury was much more intense in the GF than in the CV

TABLE 4
Epimastigote-specific IgG and IgM serum levels of conventional (CV) and germfree (GF) mice fed on low or high protein diets and infected with
CL strain of Trypanosoma cruzi. Mice were infected intraperitoneally with 5 x 10° blood form trypomastigotes after 28 days on diets and
sacrificed after 7 and 14 days after infection. Antibody levels were determined by ELISA and the results reported as absorbance at 492 nm. Data
are reported as means * one standard deviation for five mice per group.

Group Diet IgG IgM
Days after infection Days after infection
7 14 7 14

GF low protein 0.793+0.128* 0.504+0.144 ** 0.439£0.207* 1.105+0.138*

high protein 1.311+0.688* 1.473+0.764%* 0.596+0.077 1.345+£0.617*
CcVv low protein 0.808+0.204 1.060+0.309* 0.157+0.043" 0.471+0.206*

high protein 1.079+0.183 1.985+£0.514 0.456+0.098 0.801+0.132

of infection

“ statistical difference (p < 0.05) between nutritional groups with the same microbial s
oy
J

R OV and OO0 gronng aon

* statistical difference (p < 0.0
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group. This may be explained by the immaturity of the immune
system of GF animal.'” Since T. cruzi is very virulent, it takes
advantage of the naive cellular immune system of the animal. No
important differences caused by the nutritional insult could be
detected neither in the GF nor in the CV mice. Explanations for that
could be: (a) The protein need of GF animal is lower; (b) Since there
was no prevention of coprophagy, the CV mice could have satisfied,
partially, by this means, its protein need. Our results confirms those
of CARLOMAGNO et al. who, studying infection with T. cruzi in
mice submitted to severe or moderate calorie deficiency, reported
that the histopathological alterations were not dependent on the diet*.

The reactions to nutritional insult and to infection with 7. cruzi
of GF and CV mice were different. The absence of microbial flora
elicits many local and distant modifications that affects all the organs
and systems of the animal.

The levels of parasitemia were nearly the same for both GF and
CV groups fed on normal or high protein diets. However, on low
protein diet the parasitemia was less pronounced in both groups,
more evidently in the CV group. The protein deficiency may have
affected negatively the development of the parasite.

The effect of moderately and severely calorie deficient diets on
the course of 7. cruzi infection with 500 or 50 trypomastigotes was
studied in Balb/c mice*. Onset of parasitemia was observed earlier
in severely or moderately malnourished mice when compared with
the controls. Survival time was significantly shorter for severely
malnourished animals regardless of the infecting dose. All moderately
malnourished animals died, as well as the control animals, on
infection with 500 trypomastigotes. On inoculation with 50
trypomastigotes, 33% of the control mice survived whereas the
severely or moderately malnourished mice died®.

GOMES et al.# used four levels of protein (soybean supplemented
with methionine) in the diets: 4.75,9.5, 15.25, and 19% and infected
adult mice with either CL or Y strain of 7. cruzi. The parasitemia
and the mortality were significantly higher in the group fed on diet
containing the lowest protein level. The parasite frequency in muscle
cells was higher in mice on severe protein deficiency even though
the inflammatory lesions were less extensive in this group when
compared with the others. It should be pointed out that these authors
worked with adult mice whereas, in the present paper, weaning mice
were used. The latter are more sensitive to both nutritional insult
and to infection.

The immunoglobulin analyses showed that in relation to the
microbial status, GF animals had a higher response during the acute
phase of trypanosome-specific IgM and lower for IgG, independently
of the nutritional status. In general, the effects of protein malnutrition
on humoral immunity are expected to be less severe than that on
cell-mediated immunity. B cell numbers and immunoglobulin levels
are not affected significantly but the antibody response may vary
with the antigen and the form it is presented?.

It may be concluded that the protein deficiency affected more
intensively the CV mice than their GF counterparts, according to

several nutritional parameters. As far as the protein nutritional status,

the protein deficiency aggravated the infection with 7. cruzi according
to biochemical and physiological parameters even though the
histopathological findings revealed differences related to the
microbiological status and not to the protein nutritional status.

RESUMO

Influéncia do contetido em proteina na rac¢io sobre a
infeccdio por Trypanosoma cruzi em camundongos sem
germes e convencionais

Camundongos isentos de germes (GF) e convencionais (CV)
foram alimentados com ragdes contendo 4,4, 13,2 ou 26,4% de pro-
tefna (peso/peso). Os camundongos CV alimentados com ragéo bai-
xa em protefna ndo ganharam peso durante quatro semanas, enquanto
a racdo deficiente em proteina ndo afetou o crescimento dos camun-
dongos GF. Apés quatro semanas nessas ragoes, os camundongos
foram inoculados com 5x10° tripomastigotos de Trypanosoma cruzi.
A deficiéncia em protefna afetou menos os camundongos GF do que
os CV, segundo os seguintes parametros: ganho em peso,
hemoglobina, niveis em proteina e albumina no plasma ¢ conteddos
em 4gua e protefna na carcassa. A infecgdo com T. cruzi produziu
um decréscimo significante nos niveis em hemoglobina, na conta-
gem de células vermelhas sanguineas ¢ nos contetidos em dgua e
protefna na carcassa. Este descréscimo foi mais acentuado nos ca-
mundongos GF. Histopatologicamente, néo houve diferenga entre
os tratamentos nos animais com o mesmo estatuto microbioldgico
(GF ou CV). Contudo, a doenga foi mais grave nos camundongos
GF do que nos CV.
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