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Abstract

The aim of this study was to investigate the effect of rosuvastatin treatment on memory
impairment, and anxiogenic-like effects in mice chronically infected with Toxoplasma gondiii.
For this, Balb/c mice were infected orally with chronic ME-49 strain of Toxoplasma gondiii.
Oral treatment with rosuvastatin (40mg/kg/day) started on the 51! day post-infection and
was performed daily for 21 days. After completion of treatment, anxiety-like effects and loco-
motion were investigated in the open field (OF) test, whereas novel object recognition
(NOR) test was used for evaluation of short- and long-term memory. At the end of the exper-
iments, the brain was collected for Toxoplasma gondii DNA quantification and histopatho-
logical analysis. Infection with ME-49 strain decreased the time spent in the center of OF,
indicating an anxiogenic effect, without affecting total and peripheral locomotion. Rosuvas-
tatin treatment inhibited the change in the center time. Besides, pharmacological treatment
increased total and central locomotion in both non-infected and infected animals. Infection
also impaired both short- and long-term memory in the NOR test, and these effects were
reverted by rosuvastatin treatment. In addition to effects in behavioral changes, rosuvastatin
also reduced parasite load in the brain and attenuated signs of brain inflammation such as
perivascular cuffs, inflammatory cell infiltration and tissue damage. These findings indicate
for the first time the efficacy of rosuvastatin in treatment of memory impairment and anxio-
genic effect evoked by infection with Toxoplasma gondii. These effects might be mediated
by reduced cyst load, which in turn decrease inflammation and damage in the brain.

Introduction

Toxoplasmosis is a zoonotic infection caused by intracellular protozoan Toxoplasma gondii (T.
gondii) [1]. It is estimated that one-third of the world’s population is infected by this parasite
[2-4]. Felids are the definitive hosts that eliminate millions of oocysts (sporozoites) in their
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feces. These forms spread in the environment contaminating water, soil, fruits and vegetables;
which in turn can infect animals and humans [1]. Besides, the infection to humans can happen
through the ingestion of undercooked meat containing viable tissue cysts with bradyzoites [1].
Congenital transmission is another important pathway of infection when the T. gondii tachy-
zoites (acute phase) of the maternal host reach the placenta and the fetus [5]. Toxoplasmosis is
asymptomatic in the majority of the immunocompetent patients [3], but immunocompro-
mised patients can experience severe neurologic, ocular, pulmonary and disseminated diseases
[6].

The immune responses to control parasite multiplication cannot eradicate the infection.
Thereby, the chronic phase is marked by the presence of cysts with bradyzoites that remain in
tissues, mainly in the central nervous system (CNS), where there is intense parasite tropism in
human and rodent hosts [1]. While most CNS pathogens are strongly harmful, causing serious
damage and symptoms, including host death, T. gondii seem to remain latent in a variety of tis-
sues of immunocompetent individuals, especially CNS, skeletal and cardiac muscle [7].
Despite the apparent absence of manifestations in chronically infected immunocompetent
individuals, some studies have demonstrated an association between chronic toxoplasmosis
and psychiatric disorders in humans and behavioral changes in animal hosts. Some studies
have suggested that chronic infection with T. gondii in the CNS may be associated with neuro-
logical changes and psychiatric disorders in humans such as schizophrenia, personality
changes, dementia and suicidal tendencies (depression) [8-13]. In rodents, the chronic infec-
tion promotes memory impairment and behavioral changes including increase in anxiety,
schizophrenia and depressive-like behaviors; and greater exposure and attraction to predators
[12, 14].

Therapeutic options for this zoonosis are still scarce and do not act in the chronic phase of
infection [15]. The most efficient therapeutic scheme is the combination of pyrimethamine,
sulfadiazine and folinic acid; which block T. gondii tachyzoites proliferation by inhibiting
folate synthesis [16, 17]. However, this treatment is not effective against bradyzoites inside of
tissue cysts and has important side effects. Therefore, the treatment in the chronic phase is dif-
ficult, even to prevent the recurrence of retinochoroiditis [15, 18-20]. In view of the high prev-
alence of toxoplasmosis and the difficulty to treat the infection during the chronic phase, other
compounds have been tested as therapeutic options against T. gondii. Statins, drugs often used
to lower blood cholesterol levels in humans, have been demonstrated to reduce tachyzoites
replication in vitro and in vivo [21-26], and rosuvastatin reduced parasite load in brain of mice
chronically infected [26]. Steroids and isoprenoids are essential lipids for T. gondii metabolism
[27] and interference in the initial protozoan isoprenoid biosynthesis processes has been pro-
posed as a mechanism involved in antiparasitic effects of statins [22, 23]. However, despite
these pieces of evidence, it remains to be determined the effect of rosuvastatin treatment on
memory impairment and behavioral changes related to anxiety during T. gondii infection.
Therefore, the aim of this work was to investigate the effect of rosuvastatin treatment on
impairment of short- and long-term memory and increased anxiety-like behaviors in mice
chronically infected with chronic ME-49 strain of T. gondii.

Material and methods
Animals

Forty female Balb/c mice at three weeks of age were used in this study. The animals were
obtained from the animal breeding facility of the Maringa State University-UEM (Maringa,
PR, Brazil). All animals were grouped in standard laboratory cages with sawdust and free
access to food and water. The holding room had a 12:12 h light-dark cycle (lights on at 07:00 a.
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m.), with an average temperature of 20-25°C and humidity (60 + 10%). All procedures in this
study were conducted in accordance with the recommendations of the institutional guidelines
for animal ethics and were approved by the Comité de Etica na Utilizagdo de Animais
(CEUA-UEM) (approval # 5654290317).

Toxoplasma gondii strain

T. gondii ME-49 strain (genotype II) was used to induce experimental chronic toxoplasmosis.
The parasite cysts were obtained from brains of chronically infected mice. For this, the mice
brain was mechanically homogenized in saline after animal sacrifice. Number of cysts in the
homogenate was counted using light microscopy [26]. Mice were infected orally with approxi-
mately 25 cysts from brain homogenate diluted in 0.5 mL saline by oral gavage. Control mice
received 0.5 mL of saline orally.

Experimental design

Experimental tests included groups orally infected (p.o.) with T. gondii ME-49 strain (infected
groups) and non-infected groups (control groups). After 50 days of infection, on the 51*' day,
infected and control groups were subjected to daily administration of either rosuvastatin or
saline solution for 21 days. The animals were randomly assigned to experimental groups.
Rosuvastatin was given daily (at 8:00 a.m.) by gavage at the dose of 40mg/kg [26, 28].

The locomotor activity and anxiety-like behavior were evaluated using the open field (OF)
test on the 72" day, 24 h after the last treatment. Twenty-four hours later (i.e.,73™ day), ani-
mals of all experimental groups were allowed to habituate for five min to the apparatus
wherein the novel object recognition (NOR) test was performed (the same apparatus used in
the OF test). Twenty-four hours later (74" day), the animals were subjected to procedures for
evaluation of short-term memory. The long-term memory was assessed 24 h later (i.e., 75"
day) in the same apparatus. After the behavioral tests, the animals were euthanized, and the
brain was collected for histopathological analysis.

Open field test

The OF test was used for evaluation of anxiety-like behaviors and locomotion [29-31]. It con-
sisted of enclosure area with 30 cm diameter surrounded by opaque walls (30 cm height), with
its circular floor divided by lines into four central and eight peripheral quadrants of equivalent
area. The central area was defined as an exposed field and is referred to as “center”. Mice were
individually placed in the middle of the arena and were allowed to explore freely the apparatus
for 5 min. Analysis included measures of the distance travelled in central (central locomotion)
and peripheral area (peripheral locomotion), as well as the total distance travelled (i.e., center
+ periphery) (total locomotion) [32, 33].

All sessions were videotaped (Webcam LifeCam Cinema HD 720p Microsoft®) using soft-
ware Microsoft LifeCam version 3.22) and analysis was performed in a blinded manner using
the behavioral tracking software ANY-maze (Stoelting, Wood Dale, IL, USA).

Novel object recognition test

The NOR test was used for evaluation of the learning performance and non-emotional mem-
ory. Initially, animals were allowed to habituate for five min to the apparatus wherein the NOR
test was performed (the same apparatus used in the OF test). Twenty-four hours later, the ani-
mals were subjected to procedures for evaluation of short-term memory. At this stage, objects
A and A’ (a pair of transparent square plastic bottles) were centered at the ends of the
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apparatus, 10 cm from the walls. Ten min later, the object A’ was replaced by a rectangular
object B, and the short-term memory was assessed. The long-term memory was evaluated 24 h
later in the same apparatus by changing the object B by a new object, an orange sphere called
object C. The same animals were evaluated for short- and long-term memory [32, 33].

For evaluation of short- and long-term memory, the time the animals explored each object
was recorded (Webcam LifeCam Cinema HD 720p Microsoft®) using software Microsoft Life-
Cam version 3.22), and the exploration was blindly analyzed using the software X-PloRat (ver-
sion 2005, 1.1.0). For each object, the interaction period was defined as the time while the
animal remained in physical contact with the object. Data were presented as the discrimination
index, which was determined by time spent on the new object divided by the time spent on
both objects [32, 33].

Histopathological analysis

The animals were euthanized with inhaled isoflurane and cervical dislocation, and the brain
was collected and divided in two parts. One part was used for analysis of parasite load and the
other one for histopathological analysis. The latter procedure was performed by fixing the
brain tissue in 10% formalin in PBS at pH 7.2 for 18-24 h, and then transferred and main-
tained in 70% ethanol until tissue processing. The tissues were processed by dehydration and
paraffin embedding. Three 5um histological sections (non-continuous sequence) from each
sample were prepared and stained with Harris haematoxylin and eosin (HE) techniques. The
sections were examined with a light microscope (Optcam O500R) (with 10, 20, 40 and 100x
objectives). The pathological lesions in brain tissue were qualitatively classified for the pres-
ence of the following parameters: meningitis, perivascular cuffs, inflammatory cell infiltration,
necrosis, haemorrhage and gliosis [26, 34].

Molecular diagnosis of T. gondii

The frozen brain part of each mouse was macerated with saline solution and the total genomic
DNA was extracted from 100ul. using a commercial kit ReliaPrep™ gDNA Tissue Miniprep
System (Promega, USA), following the manufacturer’s recommendations. Total DNA concen-
tration was determined with a NanoDrop spectrophotometer (Thermo Fisher Scientific, US).
Quantitative polymerase chain reaction (QPCR) was performed in duplicate with 50 ng of the
total extracted DNA using the QuantiNova SYBR™ Green PCR Kit (Qiagen, Hilden, Ger-
many), according to the manufacturer’s instructions. Primers B1 (B22-B23; forward: 5’
AACGGGCGAGTAGCACC TGAGGAGA-3' and reverse: 5'-TGGGTCTACGTCGATGGC
ATGACAAC-3') were used in order to amplify a 115 base pairs (bp) sequence in T. gondii
(Burg et al., 1989). In each reaction, a negative control (mixture without DNA) and a positive
control (DNA extracted from ME-49 strain) were processed. The reaction was performed with
a LightCycler 96 (Roche Diagnostics, Mannheim, Germany) thermal cycler using reaction
conditions recommended by the manufacturer: 2 min at 95°C, followed by 10 min at 95°C and
50 cycles at 60°C for 30 s. For the final analysis, a denaturation curve was performed from 60
to 97°C, followed by electrophoresis of the products in order to ensure there were no nonspe-
cific amplifications or dimers. The standard curve was processed using serially diluted DNA in
Milli-Q water [35]. The DNA quantity (ng) for each sample was deduced from standard curves
and then converted in equivalent parasites (Eq. parasite) [36].

Data analysis

All data were analyzed using the software GraphPad Prism version 7.0 (GraphPad Software
Inc., La Jolla, CA, USA). The data of parasite load in the brain was analyzed using one-way
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ANOVA. The results of the behavioral analysis were analyzed using two-way ANOVA, with
infection (infected x non-infected) and treatment (vehicle x rosuvastatin) as independent fac-
tors. When differences were identified by one and two-way ANOV A, Bonferroni post-hoc test
was performed to assess specific differences between the experimental groups. P<0.05 was
assumed as significant.

Results

Effect of infection with T. gondii ME-49 strain and treatment with
rosuvastatin in locomotion and anxiety-like behaviors
Analysis of time spent in center of the OF (Fig 1) indicated main effect of infection (F(; 36 =

8.37, P < 0.01) and treatment (F(; 35) = 4.41, P < 0.05) as well as an infection x treatment inter-
action (F (1 36) = 4.15, P < 0.05) (Fig 1 A). Post-hoc analysis revealed that infected mice treated
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Fig 1. Behavioral analysis in the Open Field (OF) test in animals non-infected and infected with Toxoplasma gondii ME-49 strain and treated with rosuvastatin or
vehicle. The bars represent the mean + SEM. *P<0.05 vs respective non-infected group, # P<0.05 vs respective vehicle group, @ P<0.05 indicating main effect of
treatment. Two-way ANOVA followed by Bonferroni post-hoc test (n = 10/group).

https://doi.org/10.1371/journal.pone.0250079.9001
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Fig 2. Cognitive non-emotional performance in the Novel Object Recognition (NOR) test in animals non-infected and infected with Toxoplasma gondii ME-49
strain and treated with rosuvastatin or vehicle. The bars represent the mean + SEM. *P < 0.05 vs respective non-infected group, #P < 0.05 vs respective vehicle group.
Two-way ANOVA followed by Bonferroni post-hoc test (n = 10/group).

https://doi.org/10.1371/journal.pone.0250079.g002

with vehicle had significantly reduced time spent in the center of the apparatus in relation to
non-infected animals treated with vehicle (P < 0.01). Besides, rosuvastatin treatment
completely inhibited this change (P < 0.05) (Fig 1A).

Analysis of peripheral locomotion did not indicate effect of either infection (F (1 35) = 0.31,
P > 0.05) and treatment (F (; 35 = 3.14, P > 0.05) as well as an infection x treatment interac-
tion (F 1,36y = 0.06, P > 0.05) (Fig 1C). Nevertheless, evaluation of central and total locomotion
indicated effect of treatment (central: F (; 35 = 15.24, P < 0.001; total: F (1 35y = 13.86, P <
0.001), but without main influence of infection (central: F (; 35) = 2.34, P > 0.5; total: F (1 36) =
0.03, P > 0.5) and infection x treatment interaction (central: F (; 35) = 0.37, P > 0.5; total:
F (1,36)=0.12, P > 0.5) (Fig 1B and 1D).

Effect of infection with T. gondii ME-49 strain and treatment with
rosuvastatin in short- and long-term memory

Analysis of short- and long-term memory indicated main effects of infection (short-term:
F(1,36 = 80.27, P < 0.0001; long-term: F(; 35 = 27.69, P < 0.0001) and treatment (short-term:
F(1,36 = 95.75, P<0.001; long-term: F; 36) = 56.49, P < 0.0001) as well as an infection x treat-
ment interaction (short-term: F(; 3¢, = 3.87, P<0.001; long-term: F; 36y = 40.15, P < 0.0001)
(Fig 2). Post hoc analysis revealed that infection with T. gondii ME-49 strain reduced explora-
tion of new object in relation to non-infected mice in both short- and long-term memory

(P < 0.0001) (Fig 2), which indicates a memory and learning impairment. Rosuvastatin treat-
ment inhibited the short- and long-term memory impairment evoked by infection

(P < 0.0001) (Fig 2).

Effect of treatment with rosuvastatin in parasite load and histopathological
changes in the brain evoked by infection with T. gondii ME-49 strain

T. gondii DNA was detected in the brains of all mice infected with the ME49 strain of
T. gondii. Quantitative PCR (qPCR) analysis demonstrated that treatment with rosuvastatin
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Fig 3. Parasite load in the brain of mice infected with the Toxoplasma gondii ME49 strain (in equivalent parasites). Control: non-infected animals; ME-49: infected
animals treated with vehicle; The bars represent the mean + SEM. *P < 0.05 vs control group, #P < 0.05 vs ME-49 group. One-way ANOVA followed by Bonferroni

post-hoc test (n = 10/group).
https://doi.org/10.1371/journal.pone.0250079.9003

(F2,27) = 38.00, P < 0.0001) decreased brain parasite load in animals chronically infected with
T. gondii ME49 strain (P<0.0001) in relation to infected animals treated with vehicle (Fig 3).

It was observed in the HE stained brain sections from experimentally chronic infected mice
showed histopathological changes and inflammation signs, including meningoencephalitis,
perivascular cuffs of lymphocytes, microglial nodules and tissue lesions with gliosis (Fig 4C-
4E). Additionally, vascular congestion, hemorrhage and T. gondii cysts were observed in the
brain (Fig 4C-4E). However, analysis of rosuvastatin treated infected group demonstrated the
alterations such meningitis, perivascular infiltrate and inflammatory focus were attenuated
and there were proliferation of glial cells and consolidated gliosis areas, indicating tissue repair
to previous damage (Fig 4F and 4G). The control groups, vehicle (Fig 4A and 4B) or rosuvasta-
tin treated (Fig 4H) do not show evidence of tissue injury and inflammation.

Discussion

This study is the first to investigate the effect of rosuvastatin treatment in anxiogenic-like effect
and memory impairment evoked by infection with T. gondii ME-49 strain. Rosuvastatin is a
drug of the statin class, widely used to reduce serum cholesterol levels, as they are effective and
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Fig 4. Histopatological analysis of brain tissue. (A—B) Normal structure of cortex from control group (non-
infected). (C—E) Infected with T. gondii ME-49 strain, treated with vehicle group (infected control group). Meningitis
(green arrow), perivascular cuffs (arrow), lymphocytes and microglial nodules (arrow head), hemorrhage (yellow
arrow head). In detail, Toxoplasma gondii cysts. (F—G) Infected group treated with rosuvastatin 40mg/Kg. Discrete
inflammatory cell infiltration and microglial proliferation with gliosis areas, indicating old tissue injury. Meninges
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show discrete inflammation (green arrow). Blood vessel without perivascular cuff (red arrow). (H) control group
treated with rosuvastatin 40mg/Kg. Preserved nerve tissue and meninges (green arrow). (Scale bar = 50pm).

https://doi.org/10.1371/journal.pone.0250079.9004

well tolerated, even with prolonged use. Statins are 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase inhibitors in humans, but studies have demonstrated that they can
affect parasite replication in vitro [24], possibly through blocking the isoprenoids synthesis in
T. gondii, through the 1-deoxy-D-xylulose-5-phosphate (DOXP) pathway, which are essential
for parasite metabolism [22, 23].

Our results indicated that rosuvastatin reversed both the anxiogenic-like effect promoted
by T. gondii infection in the OF test and the impairment of short- and long-term memory in
the NOR test. Results reported here also revealed that rosuvastatin decreased the parasite load,
inflammation and damage in the brain, which might be involved in effects identified in the
behavioral tests.

Behavioral analysis in the OF indicated that ME-49 infection decreased time spent in the
center of the apparatus, which indicates an anxiogenic-like effect. Our findings are in line with
previous evidence that T. gondii infection increased anxiety in the OF [37-40]. However,
reports of the impact of T. gondii in anxiety are not consistent [31, 41, 42]. In fact, in addition
to increase, decrease and none effect in anxiety-like behaviors have also been reported in sev-
eral animal models of anxiety (e.g., OF, elevated plus-maze and social interaction test) in T.
gondii-infected rodents [42]. It has been proposed that inconsistencies in behavioral changes
might be related to differences in T. gondii strains, host species and sexes and methodologies
to measure behavior [42]. Regarding methodology, it is worth mentioning that most studies
evaluated anxiety in the OF [42]. Besides, decrease in center time in the present study was not
followed by changes in either general locomotion or peripheral explorations, which reinforce
the idea that change in center exploration is related to anxiety. Importantly, present study pro-
vides the first evidence that treatment with rosuvastatin inhibits the anxiogenic-like effect in
the OF evoked by infection with T. gondii ME-49 strain. Such results are encouraging in the
scope of investigations of treatments for chronic toxoplasmosis.

We also observed that T. gondii ME-49 strain infection caused impairment of both short-
and long-term memory in the NOR test. Studies with this same strain also observed memory
impairment [9, 43], effect that has also been reported following infection with other strains [9,
44]. The memory impairment provides further evidence that T. gondii infection affects the
CNS. In addition to animal studies, there is evidence that CNS alterations in human chronic
toxoplasmosis can be associated with cognitive changes. For instance, clinical studies observed
association between chronic seropositivity for T. gondii and poor scholastic performance in
the mathematics subtests [45-47]. Besides, children congenitally infected showed, after 10
years, learning difficulties and delay in school development [46]. The infection is believed to
act directly and indirectly on the CNS, being related to psychiatric disorders such as schizo-
phrenia, bipolar disorder and more subtle personality changes [48-51]. These results reveal
the importance of understanding the mechanisms involved in behavioral alterations and mem-
ory impairment during T. gondii infection and, thus, developing new therapeutic targets. In
this sense, the inhibition of memory impairment, in addition to the reversal of the anxiogenic
effect identified in the present study in animals treated with rosuvastatin, indicates that statins
can be an effective approach in the treatment of the various neurological and psychiatric mani-
festations related to T. gondii infection.

Our results showed that treatment with rosuvastatin reduced the parasitic burden of T. gon-
dii, inflammation signs and histopathological changes in brain tissue. In the infected control
group alterations such meningitis, inflammatory cell infiltration and perivascular cuffs were
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observed even after 71 days post infection, a similar result to a previous study from our
research group that showed persistent inflammatory patterns in the chronic phase [26]. How-
ever, these pathological alterations were attenuated in the rosuvastatin treated infected group,
which demonstrated more intense glial cell proliferation and gliosis area, indicating tissue
repair. Other studies also demonstrated that T. gondii ME49-infected mice exhibit sustained
cerebral inflammation even during chronic phase of disease [11, 26] and showing that rosuvas-
tatin reduces brain inflammation and cerebral parasitic load in the chronic phase of infection
with the same dose used in the present study (i.e., 40mg/kg) [26]. Behavioral changes have
been shown to be related to cyst burden and brain inflammatory response in mice [11]. In
fact, Xiao (2020) [11] demonstrated that plasmatic concentration of pro-inflammatory cyto-
kines reflect the cyst burden in the CNS, and high levels of pro-inflammatory cytokines are
positively correlated with behavioral changes in T. gondii infected mice. Accordingly, behav-
ioral changes were reversed by reduction in neuroinflammation [52]. Study from Ihara et al.
[34] demonstrated an association between fear memory impairment in T. gondii infected mice
with inflammation and lesions in cerebral areas involved in the behavioral changes. In addi-
tion, these authors also found a cortical dysfunction resulting from alterations in dopamine
metabolites levels in the cortex of the infected animals, indicating a possible relationship
between altered neurotransmitter levels and behavioral changes following T. gondii infection.
Furthermore, treatment with a combination of sulfamethoxazole-trimethoprim and resvera-
trol prevented behavioral changes in T. gondii-infected mice by reducing brain cyst number,
which was followed by reduction in tissue lesions and oxidative levels [44]. The treatment

of T. gondii-infected mice partly rescued the behavioral changes associated with T. gondii
infection, suggesting that the degree of brain inflammation affects these behavioral changes
[44]. Therefore, these findings support the idea that decreased brain lesion and inflammation
identified in the present study in T.gondii-infected mice treated with rosuvastatin is

possibly related to effects of this pharmacological treatment in anxiety and memory
responses.

Results reported in the present study reinforce the importance of research on drugs that
can act in the chronic phase of toxoplasmosis. In this sense, our findings provide evidence of
the ability of rosuvastatin treatment to reverse memory impairment and symptoms related to
anxiety, opening possibilities for further investigations on the efficacy of this drug in treatment
of other neurological and psychiatric disorders related to toxoplasmosis. Tests of drugs already
available on the market, such as rosuvastatin, can reduce costs and operations with studies on
the mechanism of action, tolerance, mutagenesis, interactions, carcinogenicity, among others.
Therefore, data of this study indicate rosuvastatin treatment as being a possible option of a
new anti-Toxoplasma drug.

Conclusion

In conclusion, T. gondii infection in mice increased anxiety-like behaviors and impaired short-
and long-term memory. Rosuvastatin treatment reversed both these effects. Furthermore,
rosuvastatin reduced the load cysts in the brain and attenuated signs of brain inflammation
such as meningitis, perivascular cuffs, microglial proliferation, inflammatory cell infiltration
and tissue damage. These findings suggest that the reduced parasite load can induce decreased
brain inflammation, which in turn contributes to less damage in the brain, thus reducing
behavioral changes. We believe that it is extremely important to conduct studies to continue
our findings, such as studies using other T. gondii genotypes with greater pathogenicity,
besides being the first study that investigated the effect of rosuvastatin treatment in anxio-
genic-like effect and memory impairment evoked by infection with T. gondii ME-49 strain.
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Additionally, this study confirm the presence of persistent inflammation in the chronic
phase of experimental toxoplasmosis with possible association of this condition to behavioral
changes. The inflammation and host immune response could be topics in study target for new
therapeutic strategies in chronic toxoplasmosis.
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