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Abstract: The T. cruzi strains are a complex of multi-clonal populations that affects the brain with more severity in 
children or young animals, suggesting that functional immaturity of the blood brain barrier (BBB) might be involved in T. 
cruzi infection in the brain. This study investigated relationships between BBB permeability and T. cruzi infection in the 
rat brain. The animals were inoculated with one of 3 strains of T. cruzi at 30 days of age, and BBB permeability was 
increased by subcutaneous kainic acid injection in half of the infected animals. The animals were sacrificed at 13 days of 
infection. The brain sections were stained with hematoxylin and eosin. The all brains of the infected animals with and 
without kainic acid showed both glial nodules and perivascular infiltrates due to T. cruzi infection. Number of these glial 
nodules was counted in each rat, and statistical comparison indicated that kainic acid-treatment significantly increased 
mean numbers of glial nodules in all of the rats infected with the 3 strains. The results indicated that the increased BBB 
permeability was one of the factors for facilitation of the entry of T. cruzi into the brain. 
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INTRODUCTION  

 Chagas disease is a protozoal disease with high incidence 
in Brazil and Latin America, but it also occurs in Central 
America and southern United States [1]; however, it is 
regarded as a neglected disease that affects five to eight 
million individuals in Brazil [2-4] and about 7% of the 
population in Latin America. It is estimated that carriers of 
the disease are about 25% of the population, which can 
generate a high probability of contamination [5, 6].  
  The Chagas disease morbidity is related, at least in part, 
to factors dependent on the parasite that influence its tropism 
for different organs [2, 7, 8] and an important target of T. 
cruzi is the central neural system (CNS) [9], which is 
involved in approximately 10% of cases [10]. This disease is 
more severe in children under two years of age [2] and 
young rats’ immunosuppressed by gamma irradiation [2, 11], 
individuals under immunosuppression affected by acquired 
immunodeficiency syndrome (AIDS), lymphoreticular 
malignancies or heart, kidney and bone marrow transplants 
[1].  
 In adult experimental animals, infection with T. Cruzi in 
the CNS is more resistant compared to other organs [7, 12, 
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13]; however, it is more serious in young animals, putatively 
due to changes in the functional state of the blood brain 
barrier (BBB) [14, 15], as proposed by Mata and colleagues 
[2] for Chaga's disease encephalitis. These results suggest 
that the BBB is one of the protective mechanisms against T. 
cruzi infection. Although the entry mechanism of several 
infectious agents in the CNS is not completely understood 
[2, 14], advancing age seems to provide a relative protection 
to the brain of children against infections such as meningitis 
and bacterial encephalitis.  
  Understanding of the molecular processes associated 
with proteins with specific functions in cells such as those in 
the BBB is important to elucidate the etiology and patho-
genesis of neurological diseases [18]. Most resistance 
acquired with increasing age seems to depend, at least in 
part, on changes in receptors associated with the BBB [16] 
with marked decreased number of gap junctions [9] that 
provide, in part, the property of BBB occlusion [17]. There-
fore, BBB disturbance might modulate various pathological 
changes in the brain due to infection. An increase in BBB 
permeability occurs during the course of some diseases such 
as infection by Trypanosoma brucei brucei [16], AIDS, 
multiple sclerosis, stroke, meningitis, and Alzheimer's dis-
ease [2, 10, 14], some of which might make T. cruzi infec-
tion in the CNS more severe. An aggravating factor associa-
ted with BBB in the Chaga's disease is that glial cells, 
particularly astrocytes, have higher parasitemia, while 
neurons are rarely attacked [1]. Since astrocytes are consi-
dered as the basis for the development of endothelial cells in 
the brain, which are the main cellular elements of the BBB 
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[19], astrocyte infection might induce BBB damages. In the 
present study, we hypothesized that T. cruzi infection in the 
CNS is modulated by BBB permeability. 
 However, the T. cruzi strains are a complex of multi-
clonal populations different in morphology, genetic and 
biochemistry characteristics and behavior in vertebrate host 
[21]. Mata and colleagues [2,14] reported that the involve-
ment of the brain BBB in rats infected with T. cruzi differs 
among the previous studies, which might be ascribed to the 
different tropisms (parasite-host relations) of the different 
strains of this parasite in the CNS. Therefore, the hypothesis 
of the action of BBB on the T. cruzi access to the brain 
remains to be unconclusive. In the present study, we asses-
sed pathogenesis of T. cruzi of different strains in the brain 
of rats submitted to alterations in the BBB permeability by 
kainic acid. Kainic acid is reported to increase BBB 
permeability [20]. 

MATERIAL AND METHODS 

  The entire procedure was approved by the Ethics 
Research Committee of the Federal University of Minas 
Gerais, which is part of the "Chagas Disease" project from 
the Laboratory of Neurobiology at the Institute of Biological 
Sciences, Federal University of Minas Gerais (UFMG), also 
following standards of the "Brazilian College of Animal 
Experimentation" (COBEA) and the Food and Drug 
Administration (FDA).  
  A total of 72 Holtzman rats were infected at 30 days of 
age with Y [22], PNM [23] or CL-Brener clone strains [23] 
of T. cruzi, all of which were derived from mice and other 
kinds of laboratory animals [24]. Groups were composed of 
six animals each, which were kept at the vivarium of the 
UFMG Laboratory of Biochemistry and Neuroscience 
throughout the experiment, receiving water and food (Labina 
/ purina) ad libitum.  
 The animals were divided into 8 groups (Table 1). Some 
animals were treated with kainic acid (Aldrich Chemical 
Company) to increase the BBB permeability. The kainic acid 
was administered at a dose of 6 mg subcutaneously [25, 26], 
and T. cruzi was inoculated immediately after kainic acid 
treatment. The inoculum of 5x103 trypomastigotes / 50 g of 
animal of Y, PNM, and CL-Brener clone strains of the T. 
cruzi were used. The animals were sacrificed 13 days after 
being infected.  

 The animals were sacrificed under anesthesia with 
chloral hydrate (Reagen), perfused with 4% paraformalde-
hyde, and care was taken to avoid suffering to animals. The 
brain was removed from the cranium and sectioned in the 
frontal plane at three levels: 1) optic chiasm, 2) pituitary 
infundibulum, 3) middle portion of the pons, and three 
blocks (first block anterior to the optic chiasm, second block 
between the optic chiasm and pituitary infundibulum, and 
third block between the pituitary infundibulum and middle 
portion of the pons) were further processed for histological 
analysis.  
  The three brain blocks were post-fixed with 4% para-
formaldehyde in 0.1 M phosphate buffer pH 7.2, dehydrated 
in ethanol, diaphanized in xylene and embedded in Paraffin. 
The brain blocks were then sectioned in 5 µm thickness and 
stained with hematoxylin and eosin. Counting of glial 
nodules was done throughout 8 sections per rat (each 3 
sections from the first and second blocks and 2 sections from 
the third block) at a final magnification of x 100 and the 
numbers of glial nodules were expressed per cm2. The data 
were analyzed using the BioStat 2009 Professional software.  
 Changes in BBB permeability induced by kainic acid 
were verified using another groups of the rats (30 days of 
age) (n=8). Four rats were similarly inoculated and received 
kainic acid injection. Then, 0.2 ml of Evans Blue solution 
(2%) was administered from the posterior vena cava 3 hr 
after kainic acid administration [27, 28]. The remaining 4 
rats received Evans blue injection 3 hr after inoculation. 

RESULTS  

  Forty minutes after kainic acid administration, the 
animals showed symptoms consistent with Lassmann et al. 
[20] such as salivation, excessive lacrimation, hair raised, 
tendency to rely on their hind legs, nose and mouth bleeding, 
tremors, restlessness, aggressiveness, increased respiratory 
rate and prostration.  
  The administration of Evans blue provided increased 
BBB permeability 3 hr after kainic acid administration in the 
animals infected with T. cruzi (left panel in Fig. 1A). 
However, a leakage of the dye from the BBB was less in the 
animals without treatment of kainic acid (right panel in Fig. 
1A). It is noted that a dye leakage was stronger in the gray 
matter than the white matter in both the infected animals 
with and without kainic acid treatment. 

Table 1.  Relationships between the Types of Analysis, Strains Studied, Numbers of Animals and the Number of Groups 
 

Types of Analysis Number of Animals 
for Y Strain 

Number of Animals 
for PNM Strain 

Number of Animals for 
CL-Brener Strain 

Number of 
Groups 

Number of 
Animals 

Rats with no treatment - - - 1 18 
Rats treated only with kainic acid - - - 1 18 

Rats inoculated only with one strain 6 6 6 3 18 
Rats treated with kainic acid and 

inoculated with one strain 6 6 6 3 18 

Total     72 
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Fig. (1). Brains of the rats at 30 (A) and 43 (B) days age. A. 
Submitted to intravascular administration of 2% Evans blue. The 
control brain (the left panels) with infection but without treatment 
of kainic acid showed a few penetration of the dye. The kainic acid-
treated samples (the right panels) with infection showed stronger 
blue color [scale bar=0.9 cm]. The animals were sacrificed 3 hr 
after administration of kainic acid or inoculation. B. Glial nodule 
(arrow) and perivascular infiltrate (arrowhead) in the cerebral 
cortex of the rat 43 days old inoculated with T. cruzi. The animals 
were sacrificed on day 13 after infection [hematoxylin and eosin, 
scale bar=20 µm].  

 Fig. (1B) shows a photomicrograph of glial nodules and 
perivascular infiltrates in the kainic acid-treated animals with 
infection indicating brain damages. The all brains of the 
infected animals with and without kainic acid showed both 
glial nodules and perivascular infiltrates. Statistical com-
parison by one-way analysis of variance (ANOVA) indicated 
that there was a significant difference in number of glial 
nodules among the 6 groups with infection with and without 
kainic acid treatment [F(5, 30)=45.97, p<0.0001]. Post-hoc 
tests (Newman-Keuls  multiple comparison test) indicated 
that kainic acid-treatment significantly increased mean 
numbers of glial nodules in all of the 3 strain infection (Fig. 
2). Furthermore, most inflammatory processes were obser-
ved in the gray matter. It is noted that the animals without 
infection (with and without kainic acid treatment) displayed 
no glial nodule (data not shown).  

DISCUSSION  

 Symptoms resultant from the administration of kainic 
acid associated with the mortality rate of animals in the 
present study indicate its effectiveness, since the use of 10 to 
12 mg/kg kainic acid in rats induces brain lesions with some 
deaths [7-27]. As shown in Fig. (1A), kainic acid clearly 
 
 

increased BBB permeability in the brains with T. cruzi 
infection.  
  In the present study, consistent with Mata et al. [14], 
inflammatory processes (i.e., glial nodules) were observed in 
the rat brains with T. cruzi infection, but not in the rat brains 
without infection. These inflammatory processes are differ-
ent from those induced only by kainic acid in which number 
of gap junctions was decreased in the BBB [9, 16]. Kainic 
acid induced only perivascular infiltrates due to capillary 
collapse [20]. Therefore, an increase in this inflammatory 
process in the rat brain with infection by kainic acid 
treatment was ascribed to the entry of T. cruzi into the brain, 
not just to an increase in BBB permeability by kainic acid.  

 
Fig. (2). Effect of the administration of kainic acid on the number 
of glial nodules (x100/cm2) in the brain of rats infected with T. 
cruzi at 30 days of age and sacrificed on day 13 after infection. **, 
***: Significant difference at p <0.001 and 0.0001, respectively. 
The data are shown as mean±SE. 

 Thus, the increased BBB permeability induced by kainic 
acid was one of the factors for facilitation of the entry of T. 
cruzi into the brain, similar to what occurred with the more 
severe infection with Trypanosoma brucei (sleeping 
sickness) in rats [15, 23]. Furthermore, inflammatory proces-
ses were more frequently observed in the gray matter where 
dye leakages from the BBB were stronger. Consistent with 
these results, previous studies suggested that increased BBB 
permeability is a facilitating factor for the infection in the 
CNS; patients who have other types of diseases that affect 
the BBB display the high prevalence of parasitemia in the 
brain [1, 2, 10, 11, 14, 16, 20].  
  However, the way in which T. cruzi travels from the 
blood into the CNS is not completely understood. Other 
molecules may be involved in this process, since the acute 
phase of T. cruzi infection in rats is associated with high 
tumor necrosis factor levels (TNF) [29, 30], nitric oxide 
(NO) [31, 32] and macromolecules related to immune 
metabolisms [32].  
  Furthermore, the BBB plays a regulatory role in mole-
cular exchanges between blood and CNS and is affected by 
gastrointestinal hormones such as insulin that controls the 
transport of amino acids and drugs, and other gastrointestinal  
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hormones stimulate the BBB to release factors that control 
appetite [33]. Therefore, this systemic relationship of the 
BBB makes the analysis of factors that determine the pene-
tration of T. cruzi somewhat complex and multivariate. For 
example, brain endothelial cells and astrocytes may be 
vulnerable to kainic acid, which would alter the expression 
of molecules associated with infection of T. cruzi in the 
CNS.  

CONCLUSIONS 

 In conclusion, kainic acid affected the BBB permeability, 
possibly by decreasing the number of gap junctions, and 
increased the inflammatory processes. These results are con-
sistent with the clinical findings that patients with diseases 
altering the BBB permeability have higher infection ratio in 
the CNS. However, there is evidence that the BBB permea-
bility is associated with complex and multivariate systemic 
factors such as general changes in the health of animals and 
in the gastrointestinal tract. Further studies are required to 
elucidate infectious processes in the CNS. 
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