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SUMMARY 

The levels of total C,3 (native C3 plus its degradation products) and the degree 
of conversion of native Ca into its breakdown products were studied in sera of 
mice at different phases of infection by Trypanosoma cruzi (8th, 1Qth, 16th da:ys and 
over 3 months of infection). Sera from a group of normal mice were also analys
ed. While the leveis of total Ca were not significantly different among these groups, 
the conversion of e, into its degradation products were significantly greater for the 
10 days of infection group than for all the others, excepting the group infected for 
more than 3 months, which presented a moderate e, conversion. 

INTRODUCTION 

BUDZKO et al. 2 have demonstrated that 
the depletion of complement in mice, by cobra 
venon factor (CoF), caused an exacerbation of 
Trypanosoma cruzi infection, as reflected by 
increased parasitemia and mortality, which 
shows the importance of the complement sys
tem in the control of the infection. 

CUNNINGHAM et al. 7 have observed a pro
gressive decrease in the leveis of hemolytic 
complement in 2 strains of mice infected with 
T. cruzi, which presented different susceptibili
ties to the parasite. In the sarne study, these 
authors observed that the supernatants from 
trypanosomes cultures had a soluble factor, 
produced by the parasites, with high capacity 
for decomplementing sera. 

The observation, by SIQUEIRA et al.16, 
that the liberation of a soluble antigen on the 
5th and 6th days after inoculation of rats with 
T. cruzi was followed by complement depletion 
on the 7th and 8th days, suggests a possible 
correlation be1Jween the presence of the solu
ble antigen in serum and complement activation. 

( *) Supported by CNPq - FINEP 

In a previous study3 we have observed the 
presence of circulating immune complexes (IC) 
in mice infected with the FL strain of T. cruzi, 
on the 10th and 15th days after infection ( 10 
d. and 15 d.). Immune complexes are activa
tors of the complement system by the classi
cal pathway mainly, leading to the cleavage, 
among other components, of e,. 

This induced us to look for a possible coin
cidence between the phases of infection'. in 
which circulating IC are present3 and those in 
which there may be complement activation. 

MATERIALS AND METHODS 

T. cruzi - The strain used to inoculate the 
animais was the FL strain, which was isolated 
and studied by BRENER 1. Its blood trypomas
tigotes consist mainly of broad forms a few 
days after infection. 

Antiserum - Antiserum to mouse Ca was 
raised in rabbits by the method of MARDINEY 
and MüLLER-EBERHARD 11. 
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Collection of sera - SW male mice, ·20-25 g 
in weight, were inoculated intraperitoneally 
with 105 trypomastigotes of the FL strain. The 
sera were collected on the 8th, 10th and 16th days 
of infection and, from the mice which survived 
the acute phase, above 3 months a:Í'tér infection 
(chronic phase). No longer than 1 hour was 
run between bleeding and separation of the 
sera. The samples which were not analysed 
immediately after collection were kept at -700C. 
The sarne procedure was used for the sera of 
the control mice. 

Radial immunodiffusion (RID) - was per
formed by the method of MANCINI et a1.10, 
in plates having anti-mouse C, incorporated to 
the agarose. This antiserum reacted with mou
se native e,, and with its breakdown products, 
and consequently this method measured the to
tal e, (native e, + e, breakdown products) of 
the sera. A unique pool of 10 sera from nor
mal mice was used as standard in all pliites. 

Immunoelectrophoresis - LAURELL's cros
sed immunoelectrophoresis (CIE) was perfor
med in a micro-technique, as described by 
WEEKE 17, with slight modifications. The sa
rne antiserum to mouse e, was used in all CIE 
plates. The measuring of the area enclosed by 
the precipitates was performed by planimetry, 
after a 5. 2 times enlargement. Since this area 
is related to the concentration of the antigen 
reacting with the antiserum incorporated to 
the agarose, the % of e, conversion for each 
sample was calculated according to the for
mula: 

% of conversion 

Where C,B. P. 

NC, 

~ C,B.P. X 100 

~ C.B.P. + NC, 

area enclosed by the precipi
tate formed by each e, break
down products and the anti
serum incorporated to the 
agarose. 
area enclosed by the precipi
tate formed by native e, and 
the antiserum incorporated to 
the agarose. 

Incubation of the mouse sera with IC -
An experiment was performed for identification 
of the individual precipitate curves on the CIE 
plates. Aliquots of a pool of fresh mouse sera 

were incubated for 10 minutes,· 30 minutes and 
24 hours at 37ºC, with particulate human IgG
rabbit anti-human IgG complex. The superna
tants were used for CIE analysis. 

Number of sera analysed - Table I shows 
the number of sera of mice at each phase of in
fection, analysed by RID and by CIE. 

TABLE I 

Number of mouse sera analysed 

Phase of infection Number of sera analysed 
by T. cruz! 

RID CIE 

8 days after infection 15 19 
10 35 28 
16 18 15 
Chronic phasé 21 9 
Controls 22 19 

Statistical analysis - Was performed bY 
using the KRUSKAL-W ALLIS test 5 at the O. 001 
levei of significance. When the analysis leád to 
rejection of the null hypothesis, gróups of two 
samples were anaiysed using the sarne statis
tic until the difference between pópulatiohs had 
been satisfactorilY detected. ln thése cases the 
conclusions must be taken with care, because 
the overall levei of significance is distorted. 
However, in order to avoid a large distortion, 
the sarne critica! value for the general test was 
used when comparing two groups. It is impor
tant, also, to point out that we have worked 
with a very conservative rule of decision, since 
we have chosen a small level of significance. 

RESULTS 

The results of. the quantitation of total C, 
QY RID are presented in Fig. l. The mean value 
and SD. for each group was calculated as % of 
the control's mean value. The KRUSKAL-WAL
LIS T statistic ( = 15,59) indicates that there are 
no differences among the groups at different 
phases of infection for total C,(P=O.OO36). 

Mouse. sera incubated for different periods 
of time with human IgG-rabbit anti-human IgG 
complex gave different profiles of CIE against 
anti-mouse e, (Fig. 2). The electrophoretic mo
bilities of native C, and of its products of clea
vage by EAC 142 in mouse plasma were des
cribed by MARDINEY & M'ULLER-EBER-
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Fig. 1 - Total C3 of mice at different phases of infection by T. cruzi, as measured by RID. The 
mean and S.D. for each group were calculated as % of the mean of the control group 

HARD n. They observed that native e, (J31C) 
was initially cleaved to a faster mobility pro
duct, which they designated J31G. Subsequen
tly, J31G underwent conversion into a fragment 
with slower mobility than native e., which they 
designated /31D. These authors found, further, 
by sedimentation rate studies, that J3ID (6.5S) 
was substantially smaller than native e, (9,5S), 
with J31G in between. PEPYS et ai. 13 have done 
identical observation using either EAC142 or 
the CoF-dependent C, convertase for conver
sion of e,, and by estimating the molecular 
weights by gel filtration. 

The peaks, we have obtained for fresh mu
rine serum and for sera incubated with parti
culate IC, gave identical electrophoretic mobi
lities (Fig. 2) as those mentioned in these two 
studies. We have also observed two small 
peaks, with mobilities between those of j31G 
and J31C, 'Which were not mentioned by these 
authors. We have designated these two peaks 
fast and slow inter-/3, respective~y. The slower 
inter-/3 peàk was present only in sera incuba
ted for 10 and for 30 minutes with IC, while 
the faster inter-/3 peak was present in sera 
incubated for 24 hours, with IC. 

'I'.ypical profiles of CIE against anti-murine 
e. are presented in Fig. 3. Most 8 d. and some 
16 d. sera show a very similar profile to tha~ 
of the controls, with very low J31G peak and 
high J31C peak. None of the sera of animais ln 
those two phases of infection presented the J31D 
or inter-/3. Most 10 d. and some of the chronic 
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phase sera revealed a completely altered pro
file, with very low native e, (J31C) and ·high 
J31G peaks. J3'1D and slow inter-/3 were only 
present insera havinghigh J31G. The fast inter
/3, observed in sera incubated with IC for 24 
hours, was not present in any of the sera of 
the different groups studied. 

As one could expec;:t, the % of the e, break
down products is higher in the phases of in
f ection in which the % of native e, is low. This 
can be observed in Fig. 4, which depicts the % 
of e. and of its cleavage products for each of 
the different groups studied. Native e, is ex
tremely low, while its breakdown products are 
higher in the 10 d. group. The same occurs in 
a milder way with the chronic phase group. 

The % of e, conversion, at the different 
phases of infection studied is presented in 
Table II. 

TABLE II 

Mean ± Standard Deviation of % of c, conversion in 
groups of mice at different phases of infection by T. cruzi 

Groups of infection 

Control 8 d. 10 d. 16 d. chronic 

27 ± 10 26 ± 10 85 ± 8 38 ± 13 68 ± 16 

The overall KRUSKAL-WALLIS statistic, 
for the test of no difference among the groups 
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the statistical analyses for 2x.2 comparisons. 
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DISCUSSION 

The activation of complement in mice infec
ted with T. cruzi presented a marked peak on 
the 10 d., since none of the 8 d. and 16 d. sera 
studied had a significant c, conversion. The 
presence of circulating IC 3 in infected mice, 
in a phase with high, as well as in a phase 
with low complement activation, as we have 
observed on the 10 d. and 16 d. respectively, 
suggests that soluble circulating IC do not 
represent the main mechanism of complement 
activation in the acute phase of infection, 
though it probably contributes to it. 

Other possible factors acting concomitantly 
for the complement activation might be the pre
sence of circulating particulate IC (parasites 
containing antibodies on their surface) as well 
as components of the parasite membrane. 

The moderate C, conversion in the chronic 
phase, observed in this study, when no circula
ting IC were detected 3, supports the view that 
other factors, besides circulating IC, are invol" 
ved in the complement activation during the 
infection. A probable factor of complement 
activation during this chronic phase could be 
deposited IC. 

BUDSKO et al. 2 have demonstrated the im
portance of the complement system in the re
sistance to the infection by T. cruzi during the 
acute phase, in mice. The moderate activation 
of complement we have observed during the 
chronic phase may be responsible, in part, for 
the control of parasitemia during this phase. 
This could be achieved by complement, through 
one of the following mechanisms: a) together 
with antibody it could cause lysis of the para
sites, directly; b) it could facilitate destruction 
of the parasites by phagocytes, through its op
sonic capacity; c) through its anaphylatoxin 
properties. 

Another possible and undesirable conse
quence of the marked complement activa
tion on the 10 d. for the host would be the 
immunosuppression, as a consequence of com
plement depletion. The impairment of the ca
pacity of mice, depleted of complement with 
CoF, to mount an antibody response to a va
riety of thymus-dependent antigens, was stres
sed by PEPYS 12. In fact, immunosuppression 
has been demonstrated in experimental Chagas' 

disease ,6,8,9,14,115, which may be in part due to 
the depletion of complement as a consequence 
of its activation. 

Finally, since activation of complement ge
nerates pharmacological active compounds, 
their action should be considered in the patho
genesis of the disease. 

Abbreviations used in this paper: 8 d., 10 d. 
and 16 d. = 8 days, 10 days and 16 days of in
fection by T. cruzi, respectively; chronic = mo
re than 3 months of infection by T. cruzi; N = 
controls; IC = immune complex (es); RID = 
radial immunodiffusion; CIE = crossed immu
noelectrophoresis; S. D. = standard deviation; 
CoF = cobra venom factor. 

RESUMO 

Conversão do componente C, do complemento 
em camundongos infectados com Trypanosoma 

cruzi 

Os níveis de C, total (C, nativo mais seus 
produtos de degradação) e o grau de conver
são do C, nativo em seus produtos de degra
dação, foram estudados em soros de camun
dongos em diferentes fases da infecção por Try
panosoma cruzi (8.º, 10.º, 16.º dias e mais de 3 
meses de infecção). Os soros de um grupo de 
camundongos normais também foram analisa
dos. Enquanto os níveis de C, total não dife
riram significativamente nos grupos estudados, 
a conversão de C, em seus produtos de degra
dação foi significativamente maior no grupo 
com 10 dias de infecção do que em todos os ou
tros, excetuando-se o grupo com mais de 3 me
ses de infecção, o qual apresentou conversão 
moderada. 
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