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ABSTRACT

Bacterial meningitis is characterized by the occurrence of an infectious process in the
meninges. The more severe infection is meningitis caused by Streptococcus
pneumoniae, affecting mainly the extremes of age where children are especially
vulnerable. This study aims to evaluate the effects of enriched environment about
behavioral parameters in adult Wistar rats submitted to pneumococcal meningitis
during childhood. Wistar rats at 11 days of life were induced to pneumococcal
meningitis via cisterna magna, with inoculation of 10 pl of sterile saline or an
equivalent volume of a suspension of S. pneumoniae (1x10° cfu/ml). In 21 days of life
were placed in an enriched environment until they reach adulthood, 60 days of life
and they were subjected to behavioral tests of habituation to the open field and
inhibitory avoidance task. In the test of habituation to the open field in the training
session there was no difference between groups in the number crossing and rearing,
showing no impairment in motor and exploratory activity. In meningitis group, there
was no difference in the number of crossing and rearing in training session and test
session, demonstrating impairment in habituation memory. The groups sham,
sham/enriched environment and meningitis/enriched environment showed difference
in test session and training, demonstrating habituation memory in these groups. In
evaluate aversive memory in training session there was no difference in latency
period between groups showing. In meningitis group there was no difference
between the training session and the test session demonstrating impaired in memory
retention aversive in this group. In group sham, sham/enriched environment and
meningitis/enriched environment there was difference between the training session
and the test session showing that there was memory retention. Our results found that
the use of enriched environment in animals induced by meningitis, proved effective in
the recovery of habituation and aversive memory, demonstrating that it has a
neuroprotective effect and it was able to reverse the damage caused by meningitis.

Keywords: Bacterial meningitis; Streptococcus pneumoniae; Behavior; Memory;
Enriched environment.



1. INTRODUCTION

Bacterial meningitis is a serious infection characterized by the presence of an
infectious process of the meninges, in the subarachnoid space (Grandgirard et al.,
2007). It develops due to the presence bacterial and action of degradation products
(Kim, 2010), resulting in the impairment of the central nervous system (CNS) with
cognitive impairment and neurological sequelae (lrazuzta et al., 2005; Koedel and
Pfister, 1999; Leib et al., 1996). The clinical course of the disease is characterized by
tissue cortical necrosis and apoptosis of neurons located in the hippocampal dentate
gyrus (Grandgirard et al., 2007), a brain region associated with learning and memory
(Nau et al., 1999). A more severe infection is meningitis caused by Streptococcus
pneumoniae (Brandt, 2010; de Gans and van de Beek, 2002). This microorganism is
being found mainly in the upper respiratory tract (Martner et al., 2008), with a
mortality rate between 16 to 37% and neurological sequelae estimated 30 to 52% of
surviving patients (Mook-Kanamori et al., 2011). The neurological damage include
hearing impairment, mental retardation, loss of memory and learning, sensorimotor
deficits, seizures and cerebral palsy (Grandgirard et al., 2007; Leib et al., 2000;
Leppert et al., 2000; Waage et al., 1989). The disease mainly affects the extremes of
age where children are especially vulnerable due to the immaturity of the immune
system, with two thirds of deaths (Kim, 2010; Leib et al., 1996). S. pneumoniae to
reachs the CNS cross the blood brain barrier (BBB) via the transcellular mechanism
(Kim, 2008). Their replication is fast and occurs simultaneously with the bacterial
lysis, release occurring bacterial degradation components that stimulate the release
of inflammatory mediators, such as, tumor necrosis factor alpha (TNF-a), interleukin-

1beta (IL-1B), IL-6 and cytokine-inducing neutrophil chemotaxis (CINC-1) increasing



the inflammatory response of the host (Meli et al., 2006; Rosenthal et al., 2009; van
de Beek, 2009). Studies have shown that not only the pathogen exerts harmful
effects, but also exacerbated immune response of the host (Andersen, 2007). The
cytokines released by cells of the brain in response to bacterial replication, have
several actions that can cause, aggravate, mediate or inhibit cellular injury and repair
(Allan and Rothwell, 2001). Additionally, the cytokines may damage the blood brain
barrier and cause damage in brain (Grandgirard et al., 2007). However, it is known
that the promotion of visual and sensory stimuli, as well as social interaction, may
have a potential effect on cognitive function affected in meningitis (Nithianantharajah
and Hannan, 2006). In literature several experimental models are described which
promote neuronal plastic changes in the CNS, for example, the enriched environment
(Gobbo and O'Mara, 2005; Nithianantharajah and Hannan, 2006). Among the various
neuronal plastic changes generated by the enriched environment within the CNS
stands out mainly neurogenesis (van Praag et al., 2000), such changes occur in
different cortical regions, in a particular way, the effects observed on the
hippocampus animals housed in an enriched environment (Mohammed et al., 2002).
This study aims to evaluate the effects of enriched environment about behavioral
parameters in adult Wistar rats submitted to pneumococcal meningitis during

childhood.



2. MATERIALS AND METHODS

2.1. Infecting organism

S. pneumoniae serotype Il was cultured overnight in Todd-Hewitt broth
obtained and bacterial growth until the logarithmic phase. On the day of the
experiment, the culture was centrifuged for 10 min and resuspended in 0.9% sterile

saline solution at a concentration of 1x10° cfu/ml (Irazuzta et al., 2001).

2.2. Organization of the experimental groups

The animal model was divided into 4 experimental groups containing 10
animals each, totaling 40 animals for each behavioral test. The experiment was
divided into different groups: sham, sham/enriched environment; meningitis and
meningitis/enriched environment. The animals were treated with ceftriaxone for 7
days (100 mg/kg twice daily) and were kept with their mothers until the twentieth day

of life.

2.3. Animal model of meningitis

Male Wistar rats at 11 days old, weighing 15 to 20 g were obtained from the
breeding colony of the UNESC. Meningitis was induced by inoculation of the
suspension of S. pneumoniae in intracisternally (Irazuzta et al., 2002). On the first
day, rats were subjected to puncture the cisterna magna with a 23 gauge needle; the
needle position was verified by the free flow of cerebrospinal fluid (CSF)
unobstructed. The CSF was removed and animals received 10 pl of sterile NaCl at a
concentration of 0.9% as placebo (sham) or an equivalent volume of the suspension
of S. pneumoniae (meningitis) (Irazuzta et al., 2002; Irazuzta et al., 2005). Surgical

procedures and inoculation of the bacterial suspension were performed under



anesthesia consisting of an intraperitoneal administration of ketamine hydrochloride
(6.6 mg/kg), xylazine (0.3 mg/kg) and acepromazine (0.16 mg/kg) (Barichello et al.,
2009). Then the animals received 2 ml of saline subcutaneously and analgesic
(buprenorphine 0.5 ml subcutaneously every 24 hours) and further returned to their
cages and were kept with their mothers (Irazuzta et al., 2001; Irazuzta et al., 2002).
Confirmation of infection was confirmed sixteen hours after the induction of
meningitis by culturing 5 pl cerebrospinal fluid, seeded on agar plates 5% sheep
blood and incubated at 37 °C for 24 hours for colony growth (Grandgirard et al., 2007;

Irazuzta et al., 2002; Irazuzta et al., 2001; Sury et al., 2008).

2.4. Model enriched environment

At 20 days of age the animals were weaned. The first contact of the animals
with enriched environment has started to complete 21 days of life. The group
sham/enriched environment and meningitis/enriched environment were weaned and
subjected to enriched environment for three hours a day until they reach 60 days,
equivalent to the adult phase. The enriched environment consists of an apparatus 40
x 60 cm delimited by four walls 50 cm in height, with 3 wood and a transparent glass.
In this space, various objects were inserted as wheel running, ladders, tubes, Lego
cubes, pieces of wood, suspension items, among others. Each week these objects
were replaced by new. Were placed in an enriched environment 5 animals for group,
so they can use the space comfortably and enjoy the toys inserted (Ickes et al.,
2000). The other groups, sham and meningitis, were kept at the biotery of UNESC
with food and water available during all periods. At 60 days of age, the animals were

randomized and subjected to behavioral tests: Habituation to the open-field task and



Step-down Inhibitory avoidance task after the behavioral tests, the animals were

anesthetized and killed by decapitation (guillotine).

2.5. Habituation to the open-field task

The test was carried in an open field of 40 cm x 60 delimited by four walls with
50 cm in height, with 3 of wood and a transparent glass. The floor of the open field is
divided in 12 equal quadrant marked by black lines. In the training session, the
animals were gently placed on the left rear quadrant of the apparatus and left to
explore the environment for 5 minutes. Immediately, the animals return to the box
housing. The test session was performed 24 hours after training, in which the
procedure is repeated training. The numbers of crossings through the black lines and

the number of rearings were evaluated in both sessions (Vianna et al., 2000).

2.6. Step-down inhibitory avoidance task

We used behavioral test called Step-down inhibitory avoidance task. This
consists of an acrylic box in which the floor consists of parallel metal bars (1 mm
diameter). The spaces between the bars are measuring 1 cm. A platform 7 cm wide
and 2.5 cm long was placed together the left wall of the apparatus (Quevedo et al.,
1999; Roesler et al., 2003, 2004). In the training session, the animals were placed
about the platform and were timed the time that took the animal down with all four
paws of the platform. This time is called latency. Immediately after coming down the
platform (all 4 paws with) the animal received a shock of 0.4 mA for 2 seconds. In the
test session, the animal was again placed on the platform and timed the time that he
took to down (latency), but no shock was administered. Latency is classic parameter

memory retention (lzquierdo et al., 1998; Bevilaqua et al., 2003).



2.7. Statistics

To the test habituation to the open-field task, the data were analyzed by
Student't and expressed as mean + standard deviation. Being *p<0.05 compared with
the same group training session indicating statistical significance. The difference
between the training session and the test session was analyzed using the Student't
test.

Data from the Step-down inhibitory avoidance task were analyzed by Student't
and expressed as medians and interquartile ranges. Comparisons between groups
were performed using Mann-Whitney. Differences within a group were analyzed
using the Wilcoxon test. In all comparisons, *p<0.05 indicated statistical significance.

All analyzes were performed using SPSS (Statistical Package for Social

Sciences), version 15.0.



3. RESULTS

In Figure 1, we present the test habituation to the open-field task. In the
training session there was no difference between groups in relation to number of
crossings and rearing to explore the environment (rearing), demonstrating was no
injury in motor activity and exploratory. The sham group and sham submitted to
enriched environment showed difference between test session when compared to
the training session, demonstrating have memory habituation in these groups
(p<0.05). Meningitis group, there was no difference in the number of crossing and
rearing, between training and test session, demonstrating injury in memory
habituation. However, meningitis group submitted to enriched environment was
difference between the test session and training session, demonstrating memory
habituation in this group (p<0.05).

In Figure 2, we present the test to evaluate aversive memory. In the training
session there was no difference between groups in latency time, which is the time it
takes for the animal down with all four paws of the platform, demonstrating there was
no injury in motor activity. In sham and sham submitted to the enriched environment
were difference between the test session and the training session showing that there
were memory retention in these groups (p<0.05). Meningitis group there was no
difference between the training session and the test session which demonstrated
injury in retention of aversive memory in this group. However, meningitis group
submitted to enriched environment was difference between the test session and

training session, there demonstrating memory retention aversive (p<0.05).



4. DISCUSSION

The brain inflammation due to S. pneumoniae is associated both with the
deleterious effects of the bacterium and their virulence factors as the effects of the
intense inflammatory host response (Leib et al., 1996; Mook-Kanamori et al., 2011).
S. pneumoniae multiplies rapidly in the CSF, which can colonize the entire surface of
the brain and spinal cord (Zwijnenburg et al., 2006). During colonization, bacteria
produce a variety of virulence factors, including the polysaccharide capsule, surface
of proteins and exotoxin pneumolysin (Darouiche et al., 1992). The major virulence
factor is the polysaccharide capsule due to antiphagocytic properties (Jonsson et al.,
1985) which also prevents removal of microorganism by mechanical action of mucus
(Nelson et al.,, 2007). The pneumolysin is a determinative virulence factor in
pneumococcal meningitis (Mitchell and Andrew, 1997; Paton, 1996), responsible for
cholesterol bind of eukaryotic cells, inducing the formation of pores in the membranes
of these cells and mainly in mitochondria leading to induction apoptosis-inducing
factor (Bhakdi and Tranum-Jensen, 1986; Gilbert et al., 1999). Furthermore, the
bacterium has approximately 500 proteins of the surfaces known, which they are the
factors of greatest adherence of pathogen (Oggioni et al., 2006). In response to the
direct effects of the bacterium, the host starts exacerbated production of inflammatory
mediators, including cytokines TNF-a, IL-1B, IL-6 and CINC-1 (van Furth et al,,
1996). Studies demonstrate that neuronal cell death, caused in meningitis, could be
caused by pneumococcus to induce rapidly increased levels of intracellular reactive
oxygen species (ROS) and calcium, followed by the onset of mitochondrial damage
and apoptosis induction (Braun et al., 2001). Experimental studies in animal model of

bacterial meningitis, showed an increase in ROS in the hippocampus and cortex after



induction of meningitis (Barichello et al., 2012; Barichello et al., 2011), the brain is
particularly vulnerable to oxidative stress and thus ROS appears to contribute to
apoptosis and necrosis in meningitis (Leib et al., 1996). As adjunctive therapy in
prevention of cognitive impairment the enriched environment is an experimental
model that promotes plastic changes in the CNS (Gobbo and O'Mara, 2005;
Nithianantharajah and Hannan, 2006). Thus, studies in animals with brain damage,
the enriched environment was effective in hippocampal neuronal plasticity, besides
improving the cognitive functions affected (van Praag et al., 2000). Diamond et al.,
(1964) demonstrated that the cerebral cortex of animals housed in an enriched
environment showed greater thickness compared to animals living in standard
conditions. Recently, studies have demonstrated that the enriched environment can
influence the recovery of neurological sequelae, inducing structural changes in the
cortex and hippocampus, with increase in the density of dendritic spines and the
number of neurons in the dentate gyrus (Johansson and Belichenko, 2002; Puurunen
et al., 2001; Tuor et al., 2001). Beyond of structural changes and functional of the
brain, the stimulating environment is also considered important to attenuate cognitive
deficits and preserve tissue integrity after brain injury in rats (Passineau et al., 2001).
In our study the behavioral tests were performed in rats at 60 days of life. In this
study, we demonstrated that animals with meningitis induced by S. pneumoniae
during childhood showed impaired in habituation and aversive memory in adulthood
these animals. However, use of enriched environment in animals induced by
pneumococcal meningitis, was effective in the recovery of learning and memory.
Corroborating with our results Pereira et al., (2007) demonstrated in a study in an
animal model of hypoxia-ischemia, that the enriched environment recovered spatial

memory deficits observed in the Morris aquatic maze, showing to have a



neuroprotective effect on hippocampal neuronal plasticity. Beauquis et al., (2012)
found that an enriched environment prevents glial alterations in the hippocampus
triggered early in the pathogenesis of Alzheimer's disease, and also promoted a cell
morphology, in animals with the disease, similar to that found in control rats. Another
recent study examining the effects of enriched environment about cellular function in
the hippocampus showed an initial transient increase in cellular activity and plasticity,
which could contribute in the long term to the cellular function and to the hippocampal
cognition (Eckert and Abraham, 2012). According Yang et al., (2012) enriched
environment prevented the loss of spatial memory and promoted remyelination on
aging brain. In our studies, we verified that the animals induced with pneumococcal
meningitis and submitted to the enriched environment also demonstrated that this

environment had a neuroprotective effect, reversing the loss of memory.



5. CONCLUSION

The pneumococcal meningitis is a potentially fatal disease with high mortality
and morbidity leading to neurological sequelae that include loss of learning and
memory. In our study, we demonstrated that the use of enriched environment in
animals induced by pneumococcal meningitis, proved effective in recovering the
habituation and aversive memory showing have a neuroprotective effect as described
in several previous studies. Is consensus the fact that environmental stimuli can
result in beneficial effects in the prevention of cognitive impairment caused by
meningitis. The knowledge of the pathophysiological mechanisms related to the
cognitive effects of enriched environment needs to be further elucidated and may
present itself as an important adjunctive therapeutic option, especially in children
affected with meningitis, where the immature brain is responsive to environmental

stimuli.
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LEGEND TO FIGURES

Figure 1: Habituation to the open-field task. The animals (n=10) were divided in
different groups: sham, sham/enriched environment (AE), meningitis and
meningitis/enriched environment (AE). Data were analyzed by Student's t test and
expressed as mean * standard deviation. *p<0.05 in relation the same group of

training session.

Figure 2: Step-down inhibitory avoidance Task. The animals (n=10) were divided
in different groups: sham, sham/enriched environment (AE), meningitis and
meningitis/enriched environment (AE). Data were analyzed by Student's t test and
expressed as medians and interquartile ranges. *p<0.05 in relation the same group of

training session.
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RESUMO

A meningite bacteriana caracteriza-se pela ocorréncia de um processo infeccioso
nas meninges. A infeccao mais severa é a meningite ocasionada pelo Streptococcus
pneumoniae, acometendo principalmente os extremos de idade onde criangas séao
especialmente vulneraveis. O presente estudo visa avaliar os efeitos do ambiente
enriguecido sobre o0s parametros comportamentais em ratos Wistar adultos
submetidos a meningite pneumocécica no periodo infantil. Ratos Wistar com 11 dias
de vida foram induzidos a meningite pneumocoécica via cisterna magna, com
inoculagcdo de 10 pL de solugdo salina estéril ou volume equivalente de uma
suspensdo de S. pneumoniae (1x10° UFC/mL). Ao completarem 21 dias de vida
foram acondicionados em um ambiente enriquecido até atingirem a idade adulta, 60
dias de vida e submetidos aos testes comportamentais de habituacdo ao campo
aberto e esquiva inibitéria. No teste de habituacdo ao campo aberto na sessao treino
nao houve diferenga entre os grupos em relacdo ao numero crossing e rearing,
demonstrando nao haver prejuizo na atividade motora e exploratéria. No grupo
meningite, ndo houve diferenca no numero de crossing e rearing, entre a sessao
treino e teste, demonstrando haver prejuizo na meméria de habituagdo. Os grupos
sham, sham/ambiente enriquecido e meningite/ambiente enriquecido apresentaram
diferenga entre a sessao teste e treino, demonstrando haver meméria de habituagao
nestes grupos. No teste para avaliar a meméria aversiva na sessao treino nao houve
diferenca entre os grupos no tempo de laténcia demonstrando nao haver prejuizo na
atividade motora. No grupo meningite ndo houve diferenga entre a sessao treino e a
sessado teste demonstrando haver prejuizo na retencdo de memoria aversiva neste
grupo. Nos grupos sham, sham/ambiente enriquecido e meningite/ambiente
enriquecido houve diferenca entre a sesséo teste e a sessdo treino demonstrando
que houve retencdo de memoria. Nossos resultados verificaram que a utilizacéo do
ambiente enriquecido em animais induzidos a meningite, mostrou-se eficaz na
recuperacdo da memoria de habituacdo e memoéria aversiva, demonstrando ter um
efeito neuroprotetor, capaz de reverter o quadro de prejuizo na memaria ocasionado
na meningite.

Palavras-chave: Meningite bacteriana; Streptococcus pneumoniae;
Comportamento; Meméria; Ambiente enriquecido.



1. INTRODUCAO

A meningite bacteriana é uma infeccdo grave caracterizada pela ocorréncia
de um processo infeccioso das meninges, no espaco subaracnéideo (Grandgirard et
al., 2007). Ela se desenvolve decorrente a presenca bacteriana e por acdo de seus
produtos de degradacédo (Kim, 2010), ocorrendo o comprometimento do sistema
nervoso central (SNC) com prejuizos cognitivos e neuroldgicos (Irazuzta et al., 2005;
Koedel and Pfister, 1999; Leib et al., 1996). A evolucao clinica da doenca
caracteriza-se por necrose dos tecidos corticais e apoptose dos neurdnios localizado
no giro denteado hipocampal (Grandgirard et al., 2007), regido do cérebro associada
ao aprendizado e a memoria (Nau et al.,, 1999). A infeccdo mais severa é a
meningite ocasionada pelo Streptococcus pneumoniae (Brandt, 2010; de Gans and
van de Beek, 2002). Este microrganismo é um oportunista comensal sendo
encontrado principalmente no trato respiratério superior (Martner et al., 2008),
apresentando uma taxa de mortalidade entre 16 a 37% e sequelas neuroldgicas
estimadas em 30 a 52% dos pacientes sobreviventes (Mook-Kanamori et al., 2011).
Os danos neuroldgicos incluem deficiéncia auditiva, retardo mental, prejuizos de
memoria e aprendizagem, déficits sensorio-motor, convulsées e paralisia cerebral
(Grandgirard et al., 2007; Leib et al., 2000; Leppert et al., 2000; Waage et al., 1989).
A doenca acomete principalmente os extremos de idade onde criancas sao
especialmente vulneraveis, devido a imaturidade do sistema imunoldgico,
apresentando dois tercos das mortes (Kim, 2010; Leib et al., 1996). O S.
pneumoniae para atingir o SNC, atravessa a barreira hematoencefélica (BHE)
através do mecanismo transcelular (Kim, 2008). Sua replicacédo € rapida e acontece

simultaneamente com a lise bacteriana, ocorrendo liberacdo de seus componentes



bacterianos de degradacao que estimulam a liberacdo de mediadores inflamatdrios
como o fator de necrose tumoral alfa (TNF-a), interleucina-1beta (IL-18), IL-6 e a
citocina quimiotatica indutora de neutréfilos (CINC-1) aumentando a resposta
inflamatéria do hospedeiro (Meli et al., 2006; Rosenthal et al., 2009; van de Beek,
2009). Estudos revelam que nao sé o patégeno exerce efeitos nocivos, mas também
a resposta imune exacerbada do hospedeiro (Andersen, 2007). As citocinas
liberadas pelas células do cérebro em resposta a replicacdo bacteriana, possuem
diversas acdes que podem causar, agravar, mediar ou inibir a lesdo e reparacao
celular (Allan and Rothwell, 2001). Além disso, as citocinas podem contribuir para
comprometimento da BHE e danos cerebrais (Grandgirard et al., 2007). Entretanto,
sabe-se que a promocao de estimulos visuais e sensoriais, bem como a interacao
social, pode ter um efeito potencial sobre a funcdo cognitiva afetada na meningite
(Nithianantharajah and Hannan, 2006). Na literatura sédo descritos diversos modelos
experimentais que promovem modificagdes plasticas no SNC, como por exemplo, o
ambiente enriquecido (Gobbo and O'Mara, 2005; Nithianantharajah and Hannan,
2006). Dentre as diversas mudancas plasticas geradas pelo ambiente enriquecido
no SNC destaca-se principalmente a neurogénese (van Praag et al., 2000), tais
mudancas ocorrem em diversas regides corticais, sendo que se destacam de forma
particular, os efeitos observados sobre o hipocampo de animais acondicionados em
um ambiente enriquecido (Mohammed et al., 2002). O presente estudo visa avaliar
os efeitos do ambiente enriquecido sobre os parametros comportamentais em ratos

Wistar adultos submetidos a meningite pneumocadcica no periodo infantil.



2. MATERIAIS E METODOS

2.1. Microrganismo infectante

S. pneumoniae sorotipo Il foi cultivado durante a noite em caldo Todd-Hewitt
e obtido crescimento bacteriano até a fase logaritmica. No dia do experimento, a
cultura foi centrifugada por 10 min e ressuspendida em solucao salina 0,9% estéril

na concentragdo de 1x10° UFC/mL (Irazuzta et al., 2001).

2.2. Organizagao dos grupos experimentais

O modelo animal foi organizado em 4 grupos experimentais, contendo 10
animais em cada grupo, totalizando 40 animais para cada teste comportamental. O
experimento foi dividido em diferentes grupos: sham; sham/ambiente enriquecido;
meningite e meningite/ambiente enriquecido. Os animais receberam tratamento com
ceftriaxona, durante 7 dias (100 mg/Kg, duas vezes ao dia) e foram mantidos com

suas maes até o vigésimo dia de vida.

2.3. Modelo animal de meningite

Ratos Wistar machos com 11 dias de vida, pesando entre 15 a 20 g, foram
obtidos a partir da colénia de reproducéo do biotério da Universidade do Extremo Sul
Catarinense, UNESC. A meningite foi induzida pela inoculacao da suspensédo de S.
pneumoniae na cisterna magna dos animais (Irazuzta et al., 2002). No primeiro dia,
os ratos foram submetidos a uma pung¢do na cisterna magna com uma agulha
namero 23, a posicdo da agulha foi verificada pelo fluxo livre do liquido
cefalorraquidiano (LCR) desobstruido. O LCR foi retirado e os animais receberam 10

UL de solugcédo estéril de NaCl na concentragédo de 0,9% como placebo (sham) ou



volume equivalente da suspensdo de S. pneumoniae (meningite) (Irazuzta et al.,
2005; lrazuzta et al., 2002). Os procedimentos cirdrgicos e inoculacao da suspensao
bacteriana foram executados sob a anestesia que consiste em uma administracao
intraperitoneal de cloridrato de cetamina (6,6 mg/kg), xilazina (0,3 mg/kg), e
acepromazina (0,16 mg/kg) (Barichello et al., 2009). Em seguida, os animais
receberam 2 mL de salina subcutaneamente e analgésico (0,5 mL de buprenorfina
subcutaneamente a cada 24 horas) e ap6s retornaram para as suas gaiolas e foram
mantidos com suas mées (lrazuzta et al., 2001; Irazuzta et al., 2002). A confirmagéo
da infeccao foi confirmada dezesseis horas apds a inducao da meningite através da
cultura de 5 pL de LRC, semeado em placas de agar sangue de carneiro 5%,
incubadas na temperatura de 37°C durante 24 horas para crescimento das col6nias
(Grandgirard et al., 2007; Irazuzta et al., 2001; Irazuzta et al., 2002; Sury et al.,

2008).

2.4. Modelo de ambiente enriquecido

Aos 20 dias de vida os animais foram desmamados. O primeiro contato dos
animais com o ambiente enriquecido iniciou ao completarem 21 dias de vida. Os
grupos sham/ambiente enriquecido e meningite/ambiente enriquecido foram
desmamados e submetidos ao ambiente enriquecido durante trés horas diarias até
atingirem 60 dias de vida, o que equivale a fase adulta. O ambiente enriquecido
consiste em um aparato de 40 x 60 cm delimitado por 4 paredes com 50 cm de
altura, sendo 3 de madeira e uma de vidro transparente. Neste espaco, foram
inseridos varios objetos como roda de corrida, escadas, tubos, cubos de Lego, pecas
de madeira, itens de suspensao, dentre outros. A cada semana estes objetos foram

substituidos por novos (Diamond, 2001; Widman and Rosellini, 1990). Foram



dispostos no ambiente enriquecido 5 animais por grupo, para que possam utilizar do
espaco confortavelmente e desfrutar dos brinquedos inseridos (Ickes et al., 2000).
Os demais grupos, sham e meningite, foram mantidos no biotério da UNESC com
alimento e agua disponiveis durante todos os periodos. Aos 60 dias de vida, os
animais foram randomizados e submetidos aos testes comportamentais: Habituacao
ao Campo Aberto e Esquiva Inibitéria, apds os testes comportamentais os animais

foram anestesiados e mortos por decapitagao (guilhotina).

2.5. Habituagdo ao Campo Aberto

O teste foi realizado em um campo aberto de 40 x 60 cm delimitado por 4
paredes com 50 cm de altura, sendo 3 de madeira e uma de vidro transparente. O
piso do campo aberto € dividido em 12 quadrados iguais marcados por linhas pretas.
Na sessao de treino, os animais foram cuidadosamente colocados no quadrado do
canto posterior esquerdo do aparelho e deixados explorar livremente o ambiente por
5 minutos. Imediatamente, os animais voltaram para a caixa moradia. A sessao de
teste foi realizada 24 horas ap6s o treino, na qual se repete o procedimento do
treino. Os numeros de cruzamentos (crossings) através das linhas pretas e o numero
de levantamentos (rearings) foram avaliados em ambas as sessdes (Vianna et al.,

2000).

2.6. Esquiva Inibitdria

Foi utilizado o teste comportamental denominado Esquiva Inibitoria. Este
consiste em uma caixa de acrilico na qual o piso € formado por barras paralelas de
metal (1 mm de didmetro). Os espacos entre as barras medem 1 cm. Uma

plataforma com 7 cm de largura e 2,5 cm de comprimento foi colocada junto a



parede esquerda do aparelho (Quevedo et al., 1999; Roesler et al., 2003). Na
sessdo de treino, os animais foram colocados sobre a plataforma e foi cronometrado
o tempo que o animal levou para descer com as quatro patas da plataforma. Esse
tempo é denominado laténcia. Imediatamente ap6s descer da plataforma (com as 4
patas), o animal recebeu um choque de 0,4 mA durante 2 segundos. Na sessao de
teste, o animal foi novamente colocado na plataforma e cronometrado o tempo que
ele levou para descer (laténcia), porém, ndo foi administrado choque. A laténcia é
parametro classico de retencdo de memoéria. O intervalo entre a sessao treino e a

sessao teste foi de 24 horas (Bevilaqua et al., 2003; Izquierdo et al., 1998).

2.7. Estatisticas

Para o teste de habituacdo ao campo aberto, os dados foram analisados pelo
teste Student t e expressos em média + desvio padrdo. Sendo *p<0,05 em relagcao
ao mesmo grupo da sessao treino indicando significancia estatistica. A diferenca
entre a sessdo de treino e a sessdo de teste foi analisada através do teste de
Student t.

Os dados do teste de esquiva inibitoria foram analisados pelo teste Student t
e expressos como faixas medianas e intervalo interquartil. As comparacdes entre os
grupos foram realizados utilizando testes de Mann-Whitney. As diferengas entre um
mesmo grupo foram analisadas através do teste de Wilcoxon. Em todas as
comparacoes, *p<0,05 indicou significancia estatistica.

Todas as analises foram executadas utilizando o programa SPSS (Statistical

Package for Social Sciences), versao 15.0.



3. RESULTADOS

Na figura 1, apresentamos o teste memadria de habituagdo ao campo aberto.
Na sessdo treino ndo houve diferenga entre os grupos em relagdo ao numero de
cruzamentos (crossing) e levantamentos para explorar o ambiente (rearing),
demonstrando nao haver prejuizo na atividade motora e exploratéria. Os grupos
sham e sham submetidos ao ambiente enriquecido apresentaram diferenca entre a
sessado teste quando comparado a sessao treino, demonstrando haver meméria de
habituacdo nestes grupos (p<0,05). No grupo meningite, ndo houve diferenca no
namero de crossing e rearing, entre a sessao treino e teste, demonstrando haver
prejuizo na memoria de habituagdo. Entretanto, no grupo meningite submetidos ao
ambiente enriquecido houve diferenga entre a sessdo teste e a sessao treino,
demonstrando haver meméria de habituagdo neste grupo (p<0,05).

Na figura 2, apresentamos o teste para avaliar a memdria aversiva. Na
sessdo treino ndo houve diferenca entre os grupos no tempo de laténcia, que é o
tempo que o animal leva para descer com as quatro patas da plataforma,
demonstrando ndo haver prejuizo na atividade motora. Nos grupos sham e sham
submetido ao ambiente enriquecido houve diferenca entre a sessao teste e a sesséo
treino demonstrando que houve retencao de memoria (p<0,05). No grupo meningite
nao houve diferenca entre a sessao treino e a sessao teste demonstrando haver
prejuizo na memoria aversiva neste grupo. Entretanto, no grupo meningite
submetidos ao ambiente enriquecido houve diferenca entre a sessdo teste e a

sessdo treino, demonstrando haver retencdo de memoria aversiva (p<0,05).



4. DISCUSSAO

A inflamacédo no cérebro devido ao S. pneumoniae estd associada tanto com
os efeitos deletérios da bactéria e seus fatores de viruléncia quanto aos efeitos da
intensa resposta inflamatéria do hospedeiro (Leib et al., 1996; Mook-Kanamori et al.,
2011). O S. pneumoniae multiplica-se rapidamente no LCR, podendo colonizar toda
a superficie do cérebro e da medula espinhal (Zwijnenburg et al., 2006). Durante a
colonizacao, a bactéria produz uma diversidade de fatores de viruléncia, incluindo a
capsula de polissacarideo, proteinas de superficie e a exotoxina pneumolisina
(Darouiche et al., 1992). O principal fator de viruléncia & a capsula de
polissacarideos devido as propriedades antifagociticas (Jonsson et al., 1985) que
também impede a remocao do microrganismo pela acdo mecanica do muco (Nelson
et al., 2007). A pneumolisina é um fator de viruléncia determinante na meningite
pneumocodcica (Mitchell and Andrew, 1997; Paton, 1996), responsavel por ligar-se ao
colesterol das células eucaridticas, induzindo a formagé&o de poros nas membranas
destas células e principalmente nas mitocéndrias levando a indugéo do fator indutor
de apoptose (Bhakdi and Tranum-Jensen, 1986; Gilbert et al., 1999). Além disso, a
bactéria possui em torno de 500 proteinas de superficies conhecidas, que sdo os
fatores de maior aderéncia do patéogeno (Oggioni et al., 2006). Em resposta aos
efeitos diretos da bactéria, inicia no hospedeiro a producdo exacerbada de
mediadores inflamatdrios, que incluem as citocinas TNF-a, IL-1B3, IL-6 e a CINC-1
(van Furth et al.,, 1996). Estudos demonstram que a morte celular neuronal,
ocasionada na meningite, poderia ser ocasionada pelo pneumococo ao induzir
rapidamente o aumento nos niveis intracelulares de espécies reativas ao oxigénio

(EROs) e célcio, seguido pelo inicio do dano mitocondrial e a inducao da apoptose



(Braun et al., 2001). Estudos experimentais em modelo animal de meningite
bacteriana, demonstraram um aumento das EROs no hipocampo e cértex, apds
inducdo da meningite (Barichello et al., 2012; Barichello et al., 2011), o cérebro é
particularmente vulneravel ao stress oxidativo, assim as EROs parece contribuir para
necrose e apoptose na meningite (Leib et al., 1996). Como terapia adjuvante na
prevencao do dano cognitivo o ambiente enriquecido € um modelo experimental que
promove modificacdes plasticas no SNC (Gobbo and O'Mara, 2005;
Nithianantharajah and Hannan, 2006). Deste modo, estudos em animais com dano
encefalico, o ambiente enriquecido mostrou-se eficaz na plasticidade neuronal
hipocampal, além de melhorar as fungdes cognitivas afetadas (van Praag et al.,
2000). Diamond et al., (1964) demonstraram que o coOrtex cerebral de animais
acondicionados em um ambiente enriquecido, apresentou maior espessura em
comparacdo com animais que vivem em condicdes padrdo. Recentemente, foram
demonstrados em estudos que o0 ambiente enriquecido pode influenciar na
recuperacao de sequelas neuroldgicas, induzindo mudancas estruturais no cortex e
hipocampo, com aumento na densidade dos espinhos dendriticos e do numero de
neurénios no giro denteado (Johansson and Belichenko, 2002; Puurunen et al.,
2001; Tuor et al., 2001). Além das alteracdes estruturais e funcionais do encéfalo, a
estimulacdo ambiental € também considerada importante para atenuar déficit
cognitivo e preservar a integridade tecidual apds lesao cerebral em ratos (Passineau
et al., 2001). Em nosso estudo os testes comportamentais foram realizados em ratos
com 60 dias de vida, que compreende a fase adulta. Neste estudo, demonstramos
que o0s animais induzidos a meningite por S. pneumoniae no periodo infantil
apresentaram prejuizo na memoria de habituacdo e na meméria aversiva na vida

adulta destes animais. Entretanto, a utilizacdo do ambiente enriquecido em animais



induzidos a meningite pneumocodcica, mostrou-se eficaz na recuperacdo da
aprendizagem e da meméria. Corroborando com nossos resultados Pereira et al.,
(2007), demonstraram em um estudo feito em modelo animal de hipbxia-isquémica,
que o ambiente enriquecido recuperou o déficit de memoaria espacial, observadas no
labirinto aquatico de Morris, mostrando ter efeito neuroprotetor na plasticidade
neuronal hipocampal. Beauquis et al., (2012) verificaram que o ambiente enriquecido
impediu alteracbes gliais no hipocampo desencadeado precocemente na
patogénese da doenca de Alzheimer, além de ter promovido uma morfologia celular,
nos animais com a doenca, semelhante ao encontrado nos ratos do grupo controle.
Outro estudo recente, examinando os efeitos do ambiente enriquecido sobre a
funcdo celular no hipocampo, demonstrou um aumento inicial transitério na atividade
celular e na plasticidade, que em longo prazo poderia surtir melhoras na funcéo
celular e contribuir para a cognicdo hipocampal (Eckert and Abraham, 2012).
Segundo Yang et al., (2012), o ambiente enriquecido preveniu a perda de memoria
espacial e promoveu a remielinizacdo no cérebro envelhecido. Em nossos estudos,
nds verificamos que os animais induzidos a meningite pneumocadcica e submetidos
ao ambiente enriquecido, também demonstraram que este ambiente teve um efeito

neuroprotetor, revertendo o quadro de prejuizo na memoria.



5. CONCLUSAO

A meningite pneumocécica € uma doenga potencialmente fatal com altas
taxas de mortalidade e morbidade levando a sequelas neurolégicas que incluem
prejuizo de aprendizagem e memoéria. Em nosso estudo, demonstramos que a
utilizagdo do ambiente enriquecido em animais induzidos a meningite pneumocacica,
mostrou-se eficaz na recuperacdo da memodria de habituacdo e da memoria
aversiva, mostrando ter um efeito neuroprotetor como descrito em varios estudos
anteriores. E consensual o fato de que a estimulagdo ambiental pode resultar em
efeitos benéficos na prevencao de déficits cognitivos ocasionados pela meningite. O
conhecimento dos mecanismos fisiopatolégicos relacionados aos efeitos cognitivos
do ambiente enriquecido precisa ainda ser mais elucidado e pode apresentar-se
como importante opcao terapéutica coadjuvante, principalmente em criancas
acometidas com meningite, onde o cérebro imaturo é responsivo aos estimulos do

meio ambiente.
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LEGENDA DAS FIGURAS

Figura 1: Memoéria de habituacao ao campo aberto. Os animais (n=10) foram
divididos em diferentes grupos: sham, sham/ambiente enriquecido (AE), meningite e
meningite/ambiente enriquecido (AE). Os dados foram analisados pelo teste Student
t, e expressos em média + desvio padrao.*p<0,05 em relacdo ao mesmo grupo da

sessao treino.

Figura 2: Teste da esquiva inibitoria. Os animais (n=10) foram divididos em
diferentes grupos: sham, sham/ambiente enriquecido (AE), meningite e
meningite/ambiente enriquecido (AE). Os dados foram analisados pelo teste Mann-
Whitney, e expressos em faixas medianas e intervalo interquartil. *p<0,05 em

relacdo ao mesmo grupo da sessao treino.
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