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RESUMO

Mesmo a isquemia sendo a terceira causa de morte em paises
industrializados, os mecanismos relacionados a esta doenga ainda continuam
polémicos e obscuros. Utilizou-se a técnica de privagao de oxigénio e glicose
(OGD) em fatias do hipocampo de rato para investigar parametros
mitocondriais, neurais, astrogliais e metabdlicos no periodo de isquemia e
durante o periodo de reoxigenagao. Os resultados mostraram uma diminuigao
na atividade mitocondrial durante o periodo isquémico que foi mantido durante
todo o periodo de reoxigenagédo. Analisando o sobrenadante destas fatias
submetidas a OGD, foi observado que os niveis de LDH, NSE e GFAP se
elevaram. Com relagdo aos niveis de lactato, verificou-se sua diminuigao
durante todos os periodos. Os niveis de S100B estavam elevados somente
durante o periodo de reoxigenagdo. Este aumento pode ser tanto um
mecanismo de neuroprotecdo desta proteina frente ao insulto ou ainda uma
liberagdo por dano celular astrocitario. Além disso, foi observado um grande
aumento nos niveis de glutamato durante a isquemia e este aumento retornou
no periodo de reoxigenagao. Por fim, houve uma diminuigdo na captagao de
glutamato somente no periodo de reoxigenacdo. Todos estes resultados
podem ser consequéncia de uma hiper-estimulacdo dos receptores
glutamatérgicos devido ao insulto isquémico. Em resumo, nosso estudo
mostrou alteragdes em diversos parametros neuroquimicos especificos tanto
no periodo isquémico quanto na reoxigenag¢do, mostrando que cada tipo
celular, reage diferentemente frente ao insulto isquémico na técnica de OGD in

vitro.

Palavras-chave: captacéo de glutamato, enolase neurénio especifica (NSE),
isquemia, privagcao de oxigenio e glicose (OGD), proteina glial fibrilar acida
(GFAP), S100B.



ABSTRACT

Stroke is the third cause of mortality in industrialized countries, and the
mechanisms related to this disease are polemic and unclear. Oxygen and
glucose deprivation (OGD) in acute rat hippocampal slices was performed to
investigate mitochondrial, neural, astroglial and metabolic neurochemical
parameters at different ischemic and reoxygenation periods. Results showed
the mitochondrial activity decrease due energy failure during ischemic insult
and reoxygenation time. In the supernatant medium, LDH, NSE and glutamate
levels were increased and the lactate decrease by the lack of energy observed
in the ischemic period. Parameters such as GFAP, S100B and glutamate
uptake suffered alterations only at the reoxygenation period. These results
have shown the vulnerability of neurons facing ischemic insult. Meanwhile, it
was also observed a delayed injure of astrocytes only at reoxygenation time,
which demonstrate the difference between cell types at OGD. In summary, our
finding has shown altered at specific neurochemical parameters in OGD in vitro

which features the ischemic episodes and reoxygenation periods.

Key words: Glutamate Uptake; Glial fibrillary acid protein (GFAP); Ischemia;
neuron-specific enolase (NSE); Oxygen and glucose deprivation (OGD);
S100B.
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LISTA DE ABREVIATURAS

EAAC - 1 - Transportador de glutamato neuronal
GFAP - Proteina glial fibrilar acida

GLAST - Transportador de aspartato e glutamato
GLT-1 - Transportador de glutamato da Glia 1
LCR - Liquor cefaloraquidiano

LDH - Lactato desidrogenase

MCTs - Transportadores monocarboxilicos

MTT - Brometo 3(4,5-dimetiltiazol-2- il)-2,5-difenil tetrazol
Na*/K*- ATPase- enzima sédio, potassio ATPase
NSE - Enolase neuronal especifica

OGD - Privagao de oxigénio e glicose

SNC - Sistema Nervoso Central

S100B - proteina ligadora de calcio especifica de astrocito

Outras abreviaturas encontram-se detalhadas no texto.
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l. Introdugao

O insulto cerebral isquémico acontece quando ha uma interrupcao
transitéria ou permanente do fluxo sanguineo, impedindo o fornecimento de
glicose e oxigénio para o cérebro (Thomazi et al., 2008).

Sao trés as principais causas naturais de isquemia: trombose,
embolia e hipoperfusdo sanguinea (Thomazi et al., 2008). O insulto isquémico
€ a terceira causa de mortalidade nos paises industrializados, perdendo
apenas para o infarto cardiovascular e para o cancer. Nos Estados Unidos,
este insulto € a terceira principal causa de morte, sendo diagnosticados
700.000 novos casos a cada ano. Ha uma estimativa que até o ano 2020 pode
ser a quarta causa de morte mundial. Existe, nos Estados Unidos, 1 milhdo de
internacdes por ano, e isso esta associado a um grande gasto ao atendimento
a estas vitimas. Foi estimado que nos Estados Unidos, foram gastos
aproximadamente 50 bilhdes de délares no ano de 2005 (Wang et al., 2006).

Além da elevada mortalidade causada pela isquemia, 40% das pessoas
que sofrem deste insulto acabam permanecendo com sequelas irreversiveis.
Por esta razdo as doengas cerebrovasculares sao consideradas uma questao
de Saude Publica com alto impacto social, revelando resultados nao
satisfatorios tanto no que se refere ao tratamento e reabilitacdo do paciente,
quando ao enorme gasto publico (Diaz-Ruiz et al., 2009).

O sistema nervoso central (SNC) necessita de um continuo suprimento
de oxigénio e glicose, uma reducdo ou um bloqueio no fluxo sanguineo ao
cérebro leva ao dano neuronal e perda das funcdes cerebrais (Lipton, 1999).

Mesmo em periodos relativamente curtos de tempo, a privagdo de oxigénio,



pode causar danos irreversiveis ao cérebro de mamiferos. (Wang et al., 2000).
A disfuncédo mitocondrial € um dos principais danos causados pelo inadequado
suporte energético. Estudos recentes sugerem que o grau de disfungao
mitocondrial na isquemia cerebral pode ser um fator determinante na leséao
tecidual (Dugan and Kim-Han, 2004). O efeito da hipdxia € significativo frente a
funcdo mitocondrial, reduzindo a respiracdo celular devido ao acumulo de
peroxido de hidrogénio, diminuindo assim, a atividade de diversas enzimas
mitocondriais (Malthankar-Phatak et al., 2008).

O glutamato € o principal neurotransmissor excitatério do sistema nervoso
central de mamiferos (Danbolt, 2001). Esse aminoacido participa de funcoes
importantes no sistema nervoso central tais como o processo de memoria e
aprendizado (lzquierdo et al., 2006), bem como na formagao de redes neurais
durante o desenvolvimento (Ozawa et al., 1998). O glutamato exerce a sua
neurotransmissdo por meio da ativacdo de receptores ionotropicos (canais
permeaveis a ions) e receptores metabotrépicos (acoplados as proteinas G),
que estao presentes nas membranas pré e pds sinapticas e também presentes
nas membranas das células gliais (Ozawa et al., 1998). Apds exercer os seus
efeitos excitatorios o glutamato precisa ser captado da fenda sinaptica.

Qualquer mecanismo que interfira na ndo captagao deste glutamato na
fenda sinaptica apds a neurotransmissao, resulta em excesso de estimulagao
dos receptores de glutamato (Anderson and Swanson, 2000; Danbolt, 2001),
levando a excitotoxicidade. Eventos isquémicos estdo envolvidos nesta
excitotoxicidade glutamatérgica. Para que esse excesso de glutamato no meio

extracelular ndo cause danos as ceélulas, ha um mecanismo de transporte



deste neurotransmissor para o interior das células, este mecanismo € feito
principalmente pelos astrocitos (Danbolt, 2001).

Os transportadores de glutamato sédo divididos de acordo com a sua
localizagdo no sistema nervoso central em GLAST e GLT-1, presentes
predominantemente nas membranas das células gliais, EAAC1, EAAT4 e
EAATS presente nas membranas dos neurbnios, EAAT4 (expresso nos
dendritos das células de Purkinje no cerebelo) e o EAAT5 (Galvan et al., 2006).

Durante a isquemia cerebral, a deplecdo de ATP no interior das
células prejudica a capacidade da enzima Na'/K* ATPase remover o ion Na*
e Ca," da célula (Mattson, 2000), resultando em despolarizagdo da membrana
e liberagéo de glutamato. Como os transportadores sdo acoplados ao Na* / K-
ATPase a captacao de glutamato acaba sendo prejudicada (Danbolt, 2001).

Uma estrutura que € bastante acometida durante o insulto isquémico € o
hipocampo. O hipocampo € uma importante regido do SNC envolvida em
diversas fungdes cognitivas como a formacdo de memodria e aprendizado
(Izquierdo et al., 2006). A principal regido afetada pela isquemia e pela
hipoperfusao é a CA1 (Cardenas et al., 2000).

Sabe-se que o sistema glutamatérgico tem uma participacédo
fundamental no insulto isquémico, mas o mecanismo envolvido sobre esta
doenca ainda encontra-se polemico e controverso (Cardenas et al., 2000;
Dugan and Kim-Han, 2004; Wang et al., 2000). Por isso, muitos grupos vém
desenvolvendo técnicas in vivo e in vitro para compreender 0s mecanismos
envolvidos nesse fendbmeno (Lipton, 1999).

Uma técnica bastante utilizada é a OGD. Esta técnica mimetiza um

insulto isquémico in vitro permitindo a avaliagdo de parametros agudos em



fatias de tecido cerebral. A técnica consiste em utilizar fatias de tecidos (no
caso desta dissertacao foi utilizada fatias de hipocampo de ratos de 400uM de
espessura) que sao submetidas a uma privagdo de glicose e oxigénio,
mimetizando o processo isquémico durante um determinado periodo de tempo.
ApOs este periodo estas fatias sao re-encubadas, desta vez na presenca de
glicose e oxigénio (periodo de reoxigenagao). Avaliando, assim, tanto
parametros que ocorrem durante o insulto isquémico como durante o periodo
de reoxigenacao (Moreira et al., 2009; Strasser and Fischer, 1995). Podem-se
utilizar diversos parametros de avaliacdo, dentre os quais se cita: a atividade
mitocondrial, a morte celular, a secre¢ao de proteinas responsaveis por uma
neuromodulagdo frente ao dano, a reagdo metabdlica do tecido frente ao
insulto e a atividade do sistema de neurotransmissao.

E imprescindivel descobrir o mecanismo individual de cada célula frente
ao insulto isquémico. Estudos envolvendo astrdcitos mostram que eles séo
pecas-chave para desvendar os mecanismos envolvidos nesta doenga (Dugan
and Kim-Han, 2004). Duas proteinas astrécitarias parecem estar diretamente
envolvidas neste processo. S100B é uma proteina ligante de calcio que é
expressa em astrocitos. Esta proteina possui muitas fungdes intracelulares,
estando envolvida na regulacéo e na proliferagao celular, e na plasticidade do
citoesqueleto. Sabe-se que a S100B é secretada por mecanismo ainda
desconhecido, possuindo um efeito neurotréfico sobre os neurénios,
protegendo-os contra excitotoxicidade, estresse oxidativo e promovendo a
modulagao da neurotransmissao (Nardin et al., 2009; Rathbone et al., 1999).

Outra proteina que é muito estudada frente as injurias do SNC é a

GFAP. Esta é uma proteina de filamento encontrada em astrécitos adultos, e



covalentemente modificada por fosforilagao, especialmente
em locais especificos sobre o N-terminal. E esta modificacdo que modula a
plasticidade dos filamentos dos astrocitos. Como se trata de uma proteina
especifica, € amplamente utilizada como marcador de astrogliose e ativagao
astrécitaria em diversos danos no SNC (Tramontina et al., 2007).

Diversos estudos mostram que injurias cerebrais causam aumento de
S100B e GFAP em LCR e em soro, sendo que este aumento esta diretamente
relacionado com a gravidade do insulto (Herrmann and Ehrenreich, 2003;
Herrmann et al.,, 2003; Oses et al., 2004). Doencas psiquiatricas como
esquizofrenia e disturbios bipolares também mostraram uma elevagao de
S100B em soro (Lara et al., 2001; Machado-Vieira et al., 2002).

Conhecer os mecanismos envolvidos no processo de deplegéo de
energia no SNC é de grande valor, viabilizando, numa perspectiva positiva
para o futuro, o desenvolvimento de drogas que possam reverter os efeitos
maléficos deste insulto; e desta forma, promovendo uma melhor qualidade de

vida ao pacientes.



Il. Objetivo

Uma vez que os efeitos da privagdo de oxigénio e glicose no sistema
nervoso central (SNC) sdo as maiores causas de injuria cerebral e que os
dados na literatura sobre este dano sao controversos, através deste trabalho
objetiva-se a avaliagdo de diversos parametros neuroquimicos na técnica in
vitro de OGD em fatias de hipocampo de rato. Em especial, parametros
celulares especificos como S100B, GFAP e NSE na intengdo de verificar

diferentes comportamentos celulares frente ao insulto isquémico.
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Abstract

Stroke is the third cause of mortality in industrialized countries, and the mechanisms

related to this disease are polemic and unclear. Oxygen and glucose deprivation (OGD)

in acute rat hippocampal slices was performed to investigate mitochondrial, neural,

astroglial and metabolic neurochemical parameters at different ischemic and

reoxygenation periods. Our results have shown that the mitochondrial activity decrease

due energy failure during ischemic insult and reoxygenation time. In the supernatant

medium, LDH, NSE and glutamate levels were increased and the lactate decrease by

the lack of energy observed in the ischemic period. Parameters like GFAP, S100B and

glutamate uptake suffered alterations only at the reoxygenation period. These results

have shown the vulnerability of neurons facing ischemic insult. Meanwhile, it was also

observed a delayed injure of astrocytes only at reoxygenation time, which demonstrate

the difference between cell types endurance in OGD. In summary, our finding has

shown altered at specific neurochemical parameters in OGD in vitro which features the

ischemic episodes and reoxygenation periods.

Key words: Glial fibrillary acid protein (GFAP);Glutamate Uptake; Ichemia; neuron-

specific enolase (NSE); Oxygen and glucose deprivation (OGD); S100B.



Introduction

Stroke is the third cause of disability and mortality in industrialized countries and the

major cause of brain damage (Diaz-Ruiz et al., 2009; Thomazi et al., 2008). There is a

estimative that 40% of people that suffered this disease have reversible and irreversible

consequences, making the stroke a Public health problem (Diaz-Ruiz et al., 2009).

The central nervous system (CNS) needs a continuous supply of oxygen and glucose. A

reduction or a blockage of blood flow to the brain leads to neural damage and

impairment of brain functions (Lipton, 1999). The hippocampus is an important region

of CNS involved in most brain functions, such as memory and learning (Izquierdo and

Medina, 1997). Eventual damage in this structure, like hypoxic-ischemic insult, may

cause serious consequences, mainly CA1 region (Cardenas et al., 2000).

Glutamate is the principal excitatory neurotransmitter in the CNS involved in several

brain functions (Danbolt, 2001). Nevertheless, the increase in glutamate levels in the

synaptic cleft results in an over-stimulation of glutamate receptors (Anderson and

Swanson, 2000; Danbolt, 2001; Maragakis and Rothstein, 2001), leading to

excitotoxicity. This situation is involved in several brain disorders, including ischemic

events. Thus, the glutamate uptake is essential to prevent the excitotoxicity occasioned
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by high concentrations of extracellular glutamate in the synaptic cleft. Maintain

glutamate below at toxic levels is one of mainly roles of glia cells, which is obtained by

the activity of high affinity sodium-dependent glutamate transporters, present in

especially in astrocytes (Anderson and Swanson, 2000; Chen and Swanson, 2003;

Danbolt, 2001). There are three important glutamate transporters in the rat

hippocampus, neuronal (EAAC1) and astrocytic (GLAST and GLT-1) transporters that

remove glutamate from the extracellular space (Danbolt, 2001).

Glutamatergic system has an essential involvement in ischemic insult, but the

mechanism involved over this disease is under debate, and various studies are trying to

understand this event (Cardenas et al., 2000; Dugan and Kim-Han, 2004; Wang et al.,

2000). Therefore, many groups have been developed techniques in vivo and in vitro to

understand all the mechanisms involved in this phenomenon. Thus, in this present

study, we applied the in vitro methodology of oxygen and glucose deprivation (OGD)

in acute rat hippocampal slices to evaluate specific parameters that are able to show

difference between neuronal cell types.
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2. Experimental procedure

2.1. Animals

Wistar male adult rats (60-80 days-old) were maintained under controlled light and

environmental conditions (12 h light/12 h dark cycle at a constant temperature of 22 +

1°C) with water and commercial food pellets ad [libitum. Institutional protocols for

experiments with animals were designed to minimize suffering and to limit the number

of animals killed.

2.2. Oxygen glucose deprivation experiment

Rats were decapitated and their hippocampi were quickly isolated and transverse

sections (400 pm) were prepared using a Mcllwain tissue chopper. The hippocampal

slices were maintained in a separate 24-well culture plate (one slice/well). All the slice

were preincubated for 30 min in a modified phosphate buffer solution containing

120mM NacCl, 3.1mM KCI, 0.5mM CaCl2, 10mM MgS0O4, 18mM PO4 and 10mM

glucose (pH 7.4) at 37 °C in the culture incubator (95%02/5%C02). The slices were

divided in two groups: control slices and Oxygen and glucose deprivation slices. The

oxygen glucose deprivation (OGD) method was based on the methodology described

by Strasser and Fischer (Strasser and Fischer, 1995) with modification (Moreira et al.,

2009). After preicubation period, control slices were washed twice and incubated in

12



another modified phosphate buffer solution (115mM NaCl, 3.1mM KCI, 1.2mM CaCl2,

1.2mM MgS0O4, 18mM PO4 and 10mM glucose (pH 7.4), at 37 °C in the culture

incubator for 30 or 60 min. The OGD slices were washed twice with the same buffer

solution, but without glucose (OGD medium) and incubated for the same period as

control slices at 37°C in an anaerobic chamber (saturated with N,). Thereafter, the

medium of both plates was changed to phosphate buffer solution with glucose

(reoxygenation period) and maintained until 3 hours in a culture incubator at 37°C.

2.3. MTT colorimetric assay

Slice viability assay was performed by the colorimetric [3(4,5-dimethylthiazol-2- yl)-

2,5-diphenyl tetrazolium bromide] (MTT, Sigma) method (Hansen et al., 1989). After

the ischemic or reoxygenation time, slices were incubated with 0.5 mg/ml of MTT,

followed by incubation at 37°C during for 45 min. The formazan product generated

during the incubation was solubilized in dimethyl sulfoxide and measured at 560 and

630 nm. The results were expressed as absorbance.

2.4. Lactate dehydrogenase assay

Membrane damage was determined by measuring lactate dehydrogenase (LDH)

released into the medium (Koh and Choi, 1987). After the ischemic or reoxygenation

13



period, LDH activity was determined using a LDH kit (Labtest, Minas Gerais, Brazil).

The product of LDH Activity released into the medium was quantified as U/mg protein.

2.5. NSE release assay

Neuron-specific enolase (NSE) is a specific neuronal enzyme used as a marker of

neuronal damage. NSE was measured using an eletrochemiluminescent assay kit. It

consists of a double sandwich assay that uses an anti-NSE antibody bound with

ruthenium, which is the luminescent molecule. The reaction and quantification were

performed using Elecsys-2010 (Roche Diagnostics Corporation) (Oses et al., 2004).

NSE levels were expressed as ng/mg protein.

2.6. Protein S100B assay

S100B concentrations was measured using a enzyme linked immunosorbent assay

(Diasorin® S100 ELISA Kit) in a Spectra Max M5 molecular Devices (USA). Samples

and calibrators (100 pL of each) were incubated in a plate already coatedwith anti-

S100B antibody. The S100 ELISA is a two-site, one-step, enzyme linked

immunosorbent assay. In the assay calibrators, controls and unknown samples react

simultaneously with 2 solid phase capture antibodies and a detector antibody conjugated

with horseradish peroxidase (HRP) during the incubation in the microtiter wells for 2

hours. After a washing step a TMB chromogen (Tetramethylbenzidine) is added and the

14



reaction is allowed to proceed for 15 minutes. The enzyme reaction is stopped by adding

a Stop Solution and the absorbance is measured at 450 nm. S100B concentrations were

derived by comparison with the calibration curve based on the total absorbance for each

given calibrator provided with the assay. All determinations were carried out within the

same experiment. The S100B calibration curve was linear up to 5 pg/L, and the CVs for

duplicates across the entire concentration range for the calibrators and samples were 5%.

The detection limit of the assay is 0.03 pg/L. The samples are expressed as ug/mg

protein.

2.7. GFAP assay

Glial fibrillary acid protein (GFAP) is the major intermediate filament protein in mature

astrocytes (Inagaki et al., 1994), it was used as marker of astrogliosis in several

situations involving brains disease. The ELISA for GFAP was carried out by coating

the microtiter plate with 100 uL samples (from medium of slices) overnight at 4°C.

Incubation with a polyclonal anti-GFAP from rabbit for 2 h, and was followed by

incubation with a secondary antibody conjugated with peroxidase for 1 h, at room

temperature. The color reaction with o-phenylenediamine (OPD) was measured at 492

nm. GFAP were measured as ng/mg protein. The method was described by Tramontina

et al (2007).
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2.8. Lactate assay

After the ischemic and reoxygenation period, lactate was measured using a lactate kit

(Katal Biotecnoldgica Ind. Com. Ltda., Minas Gerais, Brazil). The lactate was

quantified as mmol/mg protein.

2.9. Glutamate levels

High-performance liquid chromatography (HPLC) was performed with supernatant

aliquots to quantify glutamate levels (according to Joseph and Marsden, 1986). Samples

were derivatized with o-phthalaldehyde and separation was carried out with a reverse

phase column (Supelcosil LC-18, 250 mmx 4.6 mm, Supelco) in a Shimadzu

Instruments liquid chromatograph (50 pL loop valve injection). The mobile phase

flowed at a rate of 1.4 mL/ min and column temperature was 24 °C. Buffer composition

1s A: 0.04 mol/L sodium dihydrogen phosphate monohydrate buffer, pH 5.5, containing

20% of methanol; B: 0.01 mol/L sodium dihydrogen phosphate monohydrate buffer,

pH 5.5, containing 80% of methanol. The gradient profile was modified according to

the content of buffer B in the mobile phase: 0% at 0.00 min, 25% at 13.75 min, 100% at

15.00-20.00 min, 0% at 20.01-25.00 min. Absorbance was read at 360 nm and 455 nm,

excitation and emission respectively, in a Shimadzu fluorescence detector. Samples of

50 uL were used and concentration was expressed in p/mg protein.
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2.10. Glutamate uptake

Glutamate uptake was performed as previously described (Thomazi et al., 2004). After

ischemic and reoxygenation period, the slices were preincubated with 300uL at 37°C

for 15 min, followed by the addition of 100 uM [3H] glutamate. Incubation was

interrupted after 5 min removal of the medium and washed twice with 1 mL of ice-cold

HBSS. Slices were, immediately lysed with addition of 0.5N NaOH. Sodium

independent uptake was determined using N-methyl-D-glutamine instead of sodium

chloride at 4 °C. Results (Na+- dependent uptake) were considered as the difference

between the total uptake and the Nat-independent uptake. Both uptakes were

performed in triplicate. Incorporated radioactivity was measured using a liquid

scintillation counter (Wallac 1409).

2.11. Protein determination

Determination of protein was assessed using Pierce® BCA Protein Assay Kit (Smith et

al., 1985). The experiments were performed in triplicate.

2.12. Statistic analysis

Data are expressed as mean + S.E.M. by two-way ANOVA, when F test was

significantly followed by Bonferroni post hoc test. Analyses were performed with the
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Statistical Package for the Social Sciences (SPSS 15.0) software. Differences were

considered statistically significant, if p<0.05.
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3. Results

3.1. OGD effects on mitochondrial activity (MTT):

Figure 1 (two-way ANOVA: for OGD F,5,=97.98, P<0.0001; for TIME, Fsg,=13.8,
P<0.001; for OGD*TIME Fo,=1.3, P=0.243) illustrates cell viability by MTT assay.
A decrease in cell viability occurred only after OGD 60 min (p<0.001). After the
ischemic periods, the medium was changed by a reoxygenation medium (all the groups
with glucose and oxygen), and the mitochondrial activity remained impaired in the
OGD 60 group compared to control (p<0.001 for all times,) and to OGD 30 min (in
some times, P<0.05). In the control group there was no variation during all the

reoxygenation time.

3.2. OGD effects on cell membrane permeability (LDH levels in the medium)

The membrane permeability, measured by LDH activity in the medium, is illustrated in
Figure 2 (two-way ANOVA: for OGD F; ;77;=22.06, P<0.0001; for TIME, Fs77=18.72,
P<0.001; for OGD*TIME F¢177=3.19, P=0.0009). After OGD 60 min, there was a
significant increase in the LDH levels (p<<0.01). LHD levels increased from 60 minutes
of reoxygenation (P<0.05; p<0.001) in OGD 60 min. OGD 30 min had the same
profile, but from 120 minutes (p<0.01). In the control group there was no variation

during all the reoxygenation time.
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3.3. OGD effects on neuronal damage (NSE levels in the medium)

Neuronal damage is illustrated in Fig. 3. It shows that NSE levels at supernatant
hippocampal slice was OGD and time dependent of (Fig. 3; two-way ANOVA: for
OGD F;97=46.52, P<0.0001; for TIME, Fs¢;=21.24, P<0.001; for OGD*TIME
F1097=7.49, P<0.0001). NSE levels increased at in OGD 60 min compared at to control
and OGD 30 min respectively. After changing the medium, the NSE levels increased
from 60 minutes of reoxygenation (p<0.001). In the control group there was also an

increase in the NSE levels (p<0.05).

3.4. OGD effects on astrocytic activity/damage (S100B and GFAP levels in the

medium)

Fig. 4 indicates that the increase in S100B levels was OGD and time dependent (two-
way ANOVA: for OGD F; 10s=12.68, P<0.0001; for TIME, Fs ;0s=12.38, P<0.001; for
OGD*TIME Fj¢106=4.32, P<0.0001). There was no variation in S100B levels by OGD.
During the reoxygenation period there was an increase in S100B levels in the OGD 60,
from 120 min (p<0.01) compared to the control group. In OGD 30 min and control

groups there was no variation during all the reoxygenation time.

Figure 5 (two-way ANOVA: for OGD F, 14,=60,54, P<0.0001; for TIME, Fs,4,=53.09,
P<0.001; for OGD*TIME Fj¢,141=10.71, P<0.0001) illustrate the GFAP levels in the
medium. There was no variation in GFAP levels by OGD. GFAP was not detectable
before 60 minutes of reoxygenation in the 3 groups. From 60 min of reoxygenation the

OGD 60 min group became higher than OGD 30 min and control groups (p<0.05). And
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at 180 min, the GFAP levels increased significantly in OGD 30 compared to control

group.

3.5. OGD effects on lactate levels in the medium

Lactate levels are illustrated at Fig. 6 (two-way ANOVA: for OGD F; 2=131.13,
P<0.0001; for TIME, Fs 120= 83.64, P<0.001; for OGD*TIME F,120=15.27, P<0.0001).
OGD for 30 and 60 min significantly decreased the lactate levels (p<0.001), compared
with the control group; During reoxygenation times the levels in control group became

higher than in OGD groups only from 60 min.

3.6. OGD effects on glutamatergic parameters (glutamate uptake and glutamate

levels in the medium)

Glutamate levels in the medium at pos ischemic period were described at Table 1. OGD
strongly increased the glutamate levels. In the beginning of the reoxygenation these

levels returned to control, increasing in all groups, more markedly in the OGD 60 min

group.

Glutamate uptake is illustrated at Fig. 7 (for OGD: F 1,5 =27.89, P<0.0001). OGD did
not affect the glutamate uptake; however, from 60 minutes of reoxygenation, the uptake

decreased in the OGD 60 min group.
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4. Discussion

Several types of animal models have been developed to investigate the consequences of

ischemic insults, aiming to reduce the morbidity and to understand the mechanism

involved in this brain damage (Buyukuysal, 2005; Lipton, 1999). The OGD method

was applied to evaluate several neurochemical parameters in acute rat hippocampal

slices at ischemic and reoxygenation periods. This experimental model has been used as

an in vitro method to mimic ischemic conditions; however, specific neurochemical

parameters affected by this in vitro insult is theme of recent investigation trying to

understand the neurochemical parameters involved in the neurotoxicity of OGD. Thus,

this study was directed to identify various simultaneous neurochemical parameters for

evaluation OGD effects on acute adult rat hippocampal slices at ischemic and

reoxygenation period. The several parameters here used were mitochondrial activity,

membrane permeability and metabolic parameters, as well as specific (neuronal and/or

astrocytic) cell parameters searching to identify types of neural cells sensitive to

damage caused by OGD.

By submitting hippocampal slices of adult rats to in vitro ischemic insult, here it was

shown that OGD decreased the mitochondrial activity (MTT), extracellular lactate

levels, increased the extracellular levels of glutamate, of LDH, of NSE, without
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affecting the extracellular levels of S100B and GFAP, and the glutamate uptake. By
comparing the time of OGD insult, 60 min was more effective than 30 min, when
measuring the MTT intensity, the levels of LDH and NSE. Thus, these data could
indicate that astrocytes were less affected than neurons. This assumption is based on the
fact that the markers of astrocyte injury/activity (S100B and GFAP extracellular levels
and glutamate uptake) were not affected by ischemic period. Additionally, a marker of
neuronal damage (extracellular NSE levels) strongly increased by OGD injury. Other
markers (MTT, and extracellular levels of glutamate, LDH and lactate) were also
affected by OGD; as they can be considered as general markers of activity, their

variations can not exclude any type of cell affected by OGD.

Other point to be considered is the effect of reoxygenation on these same parameters.
As the medium was changed after OGD and before reoxygenation, the OGD effects can
be considered ‘“abolished” when starting the reoxygenation. MTT levels remained
lower in OGD 60 min since the beginning of reoxygenation, pointing that the OGD
effect on mitochondrial activity remained for all the time studied after the insult. Other
parameters evaluated however presented different patterns. The extracellular levels of
glutamate, LDH, NSE, and lactate, which were affected by OGD, were similar to the
control at the beginning of the reoxygenation and became altered during the course of

the reoxygenation (even with not the same intensity). The parameters that were not
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affected by OGD (extracellular levels of S100B and GFAP, and glutamate uptake) were
similar to the control at the beginning of the reoxygenation (with a specific exception of
the S100B levels in the OGD 60 min, at 15 min of reoxygenation), becoming altered in
the course of the reoxygenation. It is noteworthy that the GFAP levels, which were high
in the 3 groups and no affected by OGD, were not detectable in the first 30 min of
reoxygenation, pointing the GFAP levels could be considered an impressive marker of

damage of the slices preparation.

The ischemic insult cause a decrease of cell metabolic energetic by the omission of
oxygen and glucose, which limits the mitochondrial activity. Recent studies suggest
that, in fact, the degree of mitochondrial dysfunction in cerebral ischemia may be a
critical determinant of the final extent of tissue injury (Dugan and Kim-Han, 2004). It
has been shown that this decrease activity by the energy absence can leads membrane
depolarization, causing cell dead by apoptosis or necrosis, depending on the intensity of

ischemia (Iijima, 2006).

LDH is a cytoplasmatic enzyme present in all cell types. It is measured extracellularly
as a marker of plasmatic cell membrane permeability (Koh and Choi, 1987). Several
groups have been suggested that LDH assay is not suitable for acute brain preparations,

because its release is slow related to deterioration of cellular morphology (Buyukuysal,
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2005; Izumi et al., 2001). However, here its levels seem to be a very good marker of

OGD effects in hippocampal slices from adult rats.

Hippocampal neurons are extremely vulnerable at ischemic insult (Dugan and Kim-

Han, 2004). Studies show that hypoxic induced an initial hyperpolarization, followed

by a slow depolarization, what may represent an irreversible damage (Wang et al.,

2000). NSE, a neuronal specific protein, is released by leakage through injured

neuronal cell membrane, being considered a sensible marker of brain damage in acute

and chronic CNS injuries (Moreira et al., 2009; Oses et al., 2004). The NSE cellular

specificity may be used to understand the involvement neuronal damage in OGD.

Astrocytes have an important role at the hypoxic-ischemic injury. As we tried to

investigate astrocytic parameters involved in the OGD insult, we measured two specific

astrocytic proteins: S100B and GFAP. S100B is a calcium binding protein

predominantly expressed and secreted by astrocytes. (Marenholz et al., 2004), that has

intracellular and extracellular important functions (Donato, 2001; Van Eldik and

Wainwright, 2003). Our data concerning S100B levels corroborate other studies that

indicate an increase of S100B at brain trauma and acute ischemia. This elevation

probably occurs to the over secretion or release from damaged/reactive cells

(Tramontina et al., 2006). Other works have been showed that acute increments of
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S100B may improve neurogenesis, particularly in the hippocampus (Kleindienst and

Ross Bullock, 2006). GFAP is the major intermediate filament protein in mature

astrocytes. Its intracellular characteristics are used as a marker of astrogliosis and

astrocytes activation in several situations involving brain injury, like trauma, stroke or

genetic disorders (Tramontina et al., 2007). Many studies have reported that

extracellular GFAP and S100B could be good markers for at the ischemic insult in LCR

and serum (Herrmann et al, 2003; Gazzolo et al, 2009). These results corroborate with

our results, indicating astrocytic damage at the reoxygenation period at the group

exposed at OGD. An interesting aspect of GFAP levels was the evidence that its

release occurs due slice preparation, not an effect of OGD procedure.

One of the most important astrocytes roles is maintaining of extracellular glutamate

concentrations below neurotoxic levels (Anderson and Swanson, 2000; Chen and

Swanson, 2003; Danbolt, 2001). At ischemic insult, this ability may be impaired and

became crucial to the neuronal survival (Stanimirovic et al., 1997). Increase of

extracellular glutamate levels may reflect the lack of energy caused by the omission of

glucose and oxygen at the OGD, resulting in loss of Na+, K+-ATPase activity, causing

membrane depolarization, which triggers glutamate release. This elevation in the

supernatant cause glutamate receptors over-stimulation and this implicate in neuronal

damage (Buyukuysal, 2005; Pellegrini-Giampietro et al., 1990). This hypothesis
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corroborates our results about glutamate uptake. Slices submitted to OGD had a

decrease of glutamate uptake after 60 minutes of reoxygenation period. The astrocytes

glutamate transporters (GLAST and GLT-1) are coupled to Na+/K+-ATPase. With the

OGD insult, the ability of glutamate uptake was impaired, decreasing the glutamate

uptake (Danbolt, 2001).

Glucose was believed to be the main energy substrate for neurons, until Schurr et al

showed that lactate is an important energy substrate to the neuronal cells too. Lactate

can support normal synaptic function in rat hippocampal slices (Schurr et al., 1997;

Schurr, 2006), and its production during ischemia may be used as a substrate for energy

metabolism. (Pellerin and Magistretti, 1994) proposed their astrocyte—neuron lactate

shuttle hypothesis, in line with the idea that lactate can be used by neurons. Our results

showed that the lactate levels decrease significantly by OGD. Studies in vitro showed,

on hippocampal slices, that lactate produced during hypoxia, can be used after hypoxia,

is preferential to glucose during the reoxygenation period and is protective against

glutamate excitotoxicity (Schurr et al., 1997; Schurr et al., 1999). One possible

explanation for a lactate decrease at reoxygenation could be the preferential

consumption of lactate when adenosine triphosphate stores are depleted. This

hypothesis may explain the decrease of lactate levels at the supernatant at the groups

submitted at OGD. The expression of MCTs (monocarboxylate transporters), which are
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necessary for lactate internalization, has been shown to be influenced by ischemia,

decreasing in some cells and increasing in others (Pierre and Pellerin, 2005).

Summarizing, the present results suggest hat the OGD method is an adequate method to

mimic “acute ischemic insult” in vitro. If we compare the ischemic insult, 60 min was

more effective than 30 min, at MTT, LDH and NSE, lactate and glutamate parameters.

Thus, these data could indicate that ischemic insult affects the cell energetic state,

changing the parameters like MTT, lactate and glutamate. At the reoxygenation period,

MTT remained lower all the period. The parameters like glutamate, LDH, NSE and

lactate became different from the control after 60 minutes of reoxygenation. Interesting

to note that parameters connected by astrocyte activity, like S100B, GFAP and

glutamate uptake, that were not affected by OGD, began to increase after 60 minutes of

reoxygenation. This procedure presupposes that neurons are more vulnerable to acute

ischemic insult than astrocytes, and astrocity damage is delayed.
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Legend of table and Figures:

Table 1. Values were expressed as mean = S.E.M. (umol/mg protein) of 5-10 animals

per group in triplicate. Symbols represent: **p< 0.01 and ***p< 0.001 when compared

with their control; ap<0.01 when compared with its OGD 30 min group; bp< 0.001

compared with pos ischemic period with all the reoxygenation period; cp<0.001
reoxygenation period (180 min) compared with another control reoxygenation periods;

dp< 0.001 reoxygenation period (180min) compared with another OGD 30min

reoxygenation period; ep<0.001 reoxygenation period compared with 15 and 30 min at

the OGD 60 min group.

Figure 1. MTT in hippocampal slices. Slices were incubated for 30 or 60 min in the
control or in OGD buffer and submitted until 3 hours of reoxygenation. The values are

expressed as mean + S.E.M. (absorbance) of 4-9 animals per group in triplicates.

Symbols represent: ***p< 0.001 compared with the respective controls; ap< 0.05,

bp<0.01 and cp<0.001 compared with the OGD 30 min group.

Figure 2. LDH activity in hippocampal slices. The values were expressed as mean +

S.E.M. (U/mg protein) of 5-18 animals per group in triplicates. Symbols represent: *p <
0.05; **p< 0.01 and ***p< 0.001 compared with their respective controls; "p<0.05

compared with its OGD 30 min group.
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Figure 3. NSE levels in supernatant from hipocampal slices. The values were

expressed as mean + S.E.M. (ng/mg protein) of 5-10 animals per group in duplicates.

Symbols represent: **p<0.01 and ***p<0.001 compared with their controls; ap< 0.05
and bp< 0.001 compared with their OGD 30 min group; cp< 0.05 compared with its 15,
30 and 60 reoxygenation periods; dp< 0.05 compared with their 15, 30 and 60

reoxygenation periods; ep< 0.001 compared with their 15 and 30 reoxygenation period.

Figure 4. S100B levels in the supernatant hippocampal slices. The values were

expressed as mean £ S.E.M. (ng/mg protein) of 4-10 animals per group. Symbols

represent: ***p<0.001 and **p<0.01 compared with their respective control; *p<0.05

compared with their OGD 30 min; bp<0.001 compared with all other 60 OGD min.

Figure 5. GFAP levels in the supernatant of hippocampal slices. The values were

showed as mean + S.E.M. (ng/mg of protein) of 5-10 animals per group. Symbols

represent: ***p<0.001 compared with its respective control; ap< 0.05 and lDp< 0.001
compared with their OGD 30 min group; cp<0.001 compared with all other
reoxygenation period (control group); dp<0.001 compared with their reoxygenation

periods; ep<0.05 compared with all other reoxygenation periods; fp<0.05 for all its

reoxygenation periods; gp<0,001 compared with their 15, 30 and 60 reoxygenation

periods. ND: not detectable.
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Figure 6. Lactate levels in the supernatant of hippocampal slices. The data was showed

as mean = S.E.M. (mmol/mg protein) of 4-10 animals per group in triplicates. Symbols
represent: ***p< 0.001 compared with their respective controls ap<0.001 compared

with their OGD 30 min group.

Figure 7. Glutamate uptake by hippocampal slices. Data were represented as mean +

S.EMM. (nmol/mg protein/min) of 5-10 animals per group in triplicate. Symbols
represent: *p<0.05 and ***p<0.001 compared with their respective controls; ap<0.05

compared with its OGD 30 min group.
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Table 1. Glutamate levels in the supernatant from hippocampal slices.

Control OGD 30 min OGD 60 min
Pos ischemic period: 6.9+0.9 1088+ 12.5%k% " 121.4 + 8 5%%%P
Reoxygenation period:
15 min 46+04 4.0+0.8 6.8+0.5
30 min 35+04 5.7+09 89+22
60 min 51+1.0 7.1+£0.9 20.7 + 2.3%*
120 min 54+0.5 92+14 22.3 4+ 2 3%*
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IV. Discussao

Doencgas cerebrovasculares como embolia, trombose e hipoperfusao
possuem grande prevaléncia, principalmente em pessoas de meia idade
(Thomazi et al., 2008). Estas doengas acabam resultando em uma redugéo de
energia pela falta de glicose e oxigénio no SNC levando a uma consideravel
incidéncia de morte e sequelas irreversiveis em pessoas que sofreram o
insulto (Diaz-Ruiz et al., 2009). Na tentativa de reduzir a mortalidade e tentar
conhecer os mecanismos envolvidos nesta lesdo, varios modelos animais,
tanto in vivo como in vitro vém sendo desenvolvidos (Buyukuysal, 2005; Lipton,
1999). O método in vitro de privagao de glicose e oxigénio vem sendo utilizado
ja ha algum tempo com o intuito de estudar mecanismos agudos envolvidos no
dano isquémico e no periodo de reoxigenacdo em diversas estruturas
cerebrais (Buyukuysal, 2005; Moreira et al., 2009).

Estudos mostram que, durante o insulto isquémico, o hipocampo € uma
das regides cerebrais mais afetadas, sendo a regiao CA1 a mais sensivel a
privagdo de energia (Cardenas et al., 2000). Este dano acaba prejudicando
diversas fungdes cognitivas que envolvem o hipocampo como memoria e
aprendizado (Izquierdo et al., 2006). Para tentar entender o dano isquémico
foram avaliados varios parametros neuroquimicos em fatias de hipocampo de
ratos durante o periodo de ODG, assim como no periodo de reoxigenagao.
Este modelo experimental tem sido utilizado como um método in vitro para
simular condigdes de isquemia, porém o0s parametros neuroquimicos

especificos afetados por esse insulto configuram tema de recente investigacao.
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Assim, este estudo foi direcionado a identificacdo simultdnea de
diversos parametros neuroquimicos, avaliando seus efeitos agudos da OGD
em fatias de hipocampo de ratos adultos. Desta forma, foram utilizados
parametros que avaliassem a atividade mitocondrial, a permeabilidade de
membrana e alguns pardmetros metabdlicos. Também foram utilizados
parametros celulares especificos para neurdnios e astrécitos, com o propdsito
de se identificar a vulnerabilidade celular especifica causada pela OGD.

Os resultados mostraram que durante o periodo de OGD as fatias de
hipocampo apresentaram diminuicdo da atividade mitocondrial dosada por
MTT, diminuicdo nos niveis extracelulares de lactato, aumento nos niveis
extracelulares de glutamato, e liberagdo aumentada de LDH e de NSE. A OGD
nao afetou os niveis de S100B, GFAP e de captagao de glutamato.

Comparando o tempo de insulto da OGD com parédmetros como MTT,
LDH e NSE, fatias expostas 60 minutos da isquemia tiveram uma resposta
muito mais acentuada a isquemia que as fatias que foram expostas a somente
30 minutos. Estes dados indicam que as células astrocitarias foram menos
afetadas pela OGD do que os neurbnios. Isto foi evidenciado quando
visualizamos que os marcadores de atividade (S100B) e de lesao astrocitaria
(GFAP) nao foram afetados pelo periodo de isquemia; ao contrario do
marcador de lesao neuronal (NSE) que teve seus niveis elevados de forma
acentuada neste periodo.

Outro ponto a ser considerado é o efeito da reoxigenagao sobre esses
mesmos parametros. Para marcar o periodo de reoxigenagao, apos o periodo
de isquemia o meio de incubacgao foi trocado em todos os grupos, retirando

todos os possiveis efeitos existentes no sobrenadante. A diminuicdo na
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atividade mitocondrial frente ao insulto isquémico permaneceu durante todo o
periodo de reoxigenagao. Os niveis de glutamato extracelular, LDH, NSE e
lactato, que foram afetados pela OGD, foram semelhantes ao controle no inicio
da reoxigenagcdo e tornaram-se alterados com o passar do periodo de
reoxigenagao. Parametros que nao foram afetadas pela OGD, como os niveis
de S100B e GFAP no sobrenadante e a captacdo de glutamato nas fatias
tiveram valores semelhantes aos do controle no inicio da reoxigenacédo (com
uma excegao especifica dos niveis de S100B no OGD 60 minutos, a 15
minutos de reoxigenacgao), alterando-se no decorrer da reoxigenacdo. GFAP
nao foi detectada em ambos os grupos até 30 minutos de reoxigenacao.

O insulto isquémico causa uma diminuicado do metabolismo energético
celular pela omissdo de oxigénio e glicose, o que limitou a atividade
mitocondrial. Estudos recentes sugerem que o grau de disfungdo mitocondrial
na isquemia cerebral pode ser um fator determinante na lesao tecidual (Dugan
and Kim-Han, 2004). Tem sido demonstrado que esta atividade diminui com a
auséncia de energia podendo levar a despolarizagdo da membrana, fazendo
com que células morram por apoptose ou necrose, dependendo da intensidade
da isquemia (lijima, 2006).

A LDH é uma enzima citoplasmatica presente em todos os tipos de
células. Por esta condicdo, quando ela se encontra no meio extracelular,
evidencia a perda da permeabilidade da membrana celular (Koh and Choi,
1987). Diversos grupos tém sugerido que a dosagem de LDH nao é adequada
para técnicas de preparagao cerebral aguda, como neste caso, porque sua
liberacdo € lenta quando relacionada a deterioracdo da morfologia celular

(Buyukuysal, 2005; Izumi et al., 2001).
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Os neurbnios sdo extremamente vulneraveis ao insulto isquémico
(Dugan and Kim-Han, 2004). Estudos mostram que a hipdxia induz uma
hiperpolarizagéo inicial, seguida por uma lenta despolarizagdo, conduz a danos
irreversiveis (Wang et al., 2000). NSE é liberado quando a permeabilidade da
membrana neuronal estd comprometida, sendo considerado um marcador
sensivel de lesdes agudas e crénicas no SNC (Moreira et al., 2009; Oses et al.,
2004). Esta especificidade celular dessa proteina pode ser usada para
compreender os danos neuronais envolvimentos durante o processo de OGD.

Os astrécitos tém um papel importante na lesdo isquémica. Com o intuito
de investigar os parametros astrécitarios dosamos duas proteinas especificas:
S100B e GFAP. S100B ¢é wuma proteina de ligagdo de caélcio
predominantemente encontrada em astrécitos (Marenholz et al., 2004). Ela
possui diversas fungdes tanto intra quanto extracelulares de grande
importancia (Donato, 2001). Os dados relativos aos niveis de S100B
corroboram outros estudos que indicam um aumento de S100B em trauma
cerebral e isquemia aguda. Essa elevagdo ocorre provavelmente pela
secrecao de S100B, tentando proporcionar uma neurogénese principalmente
no hipocampo (Kleindienst and Ross Bullock, 2006; Tramontina et al., 2006),
ou uma liberagao frente a morte celular (Tramontina et al., 2006).

GFAP ¢ a principal proteina de filamentos intermediarios nos astrocitos
maduros. E usado como um marcador de astrogliose e de ativacdo astrocitaria
em varias situagdes que envolvem lesao cerebral, como traumas, derrames ou
disturbios genéticos (Tramontina et al., 2007). Os dados mostram que houve
um aumento de GFAP no periodo de reoxigenagdao, mostrando dano

astrocitario. Foi encontrado um interessante resultado nos niveis de GFAP
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durante o periodo isquémico. Analisando todos os grupos neste periodo, vimos
que ha um maior aumento dos niveis de GFAP, provavelmente, em resposta
ao corte na preparacgao da fatia para o experimento. Esse elevado aumento
nos levou a concluir que GFAP pode ser considerado um marcador de corte
celular e que durante os 30 e 60 minutos de incubagado na OGD as fatias de
hipocampo ainda estavam se estabilizando frente a este marcador.

Uma das principais fungdes astrocitarias € manter a concentragao
extracelular de glutamato abaixo dos niveis neurotdxicos (Anderson and
Swanson, 2000; Chen and Swanson, 2003; Danbolt, 2001). No insulto
isquémico, essa capacidade pode ser prejudicada e tornar-se crucial para a
sobrevivéncia neuronal (Buyukuysal, 2005; Stanimirovic et al., 1997). O
aumento dos niveis de glutamato extracelular podem ocorrer pela deplecao de
energia causada pela falta de glicose e oxigénio na OGD. Essa deplecao leva
a inibicao da enzima Na +, K +-ATPase, causando uma despolariza¢do da
membrana, que desencadeia a liberacdo de glutamato. Esse aumento de
glutamato, causa uma hiper-estimulacdo dos receptores glutamatérgicos,
causando a morte neuronal (Buyukuysal, 2005; Pellegrini-Giampietro et al.,
1990). Esta hipotese esta consubstanciada em nossos resultados, pois em
nosso estudo houve um aumento dos niveis de glutamato extracelular e uma
diminuicao da captacéao.

Os principais transportadores de glutamato no astrécitos (GLAST e
GLT-1) sdo acoplados a Na + / K +-ATPase (Danbolt, 2001). Este mecanismo
pode explicar a queda da captagao de glutamato no insulto isquémico que foi
observado apds 60 minutos de reoxigenagao nas fatias que foram submetidas

a uma isquemia de 60 minutos.
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Acreditava-se que a glicose era o principal substrato energético dos
neurénios, até que Schurr et al mostraram que o lactato tambéem é
considerado um importante substrato energético para as células neuronais. O
lactato consegue suprir todas as necessidades energéticas na fungao
sinaptica normal em fatias de hipocampo de ratos (Schurr et al., 1997; Schurr,
2006) e sua producao durante a isquemia pode ser utilizada como substrato
para o metabolismo energético. Pellerin e Magistretti propuseram a hipotese de
que exista uma langadeira de lactato entre os astrocitos e os neurbnios, e que
este lactato pode ser utilizado pelos neurdénios. Nossos resultados mostraram
que os niveis de lactato diminuiram significativamente em periodo de isquemia,
com 30 e 60 minutos de OGD.

Estudos em fatias de hipocampo in vitro mostraram que o lactato
produzido durante a hipdxia pode ser utilizado preferencialmente durante o
periodo de reoxigenacdo, e que isso leva a uma protecdo contra a
excitotoxicidade do glutamatérgica (Schurr et al., 1997; Schurr et al., 1999).
Uma possivel explicagcédo para a diminuicao do lactato na reoxigenacao poderia
ser o consumo preferencial de lactato enquanto os niveis de ATP nao forem re-

estabelecidos (Pellerin and Magistretti, 1994).
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V. Conclusoes

A metodologia de OGD in vitro € uma técnica empregada para realizar
insultos agudos de isquemia, mostrando ser eficaz a todos os parametros
neuroquimicos avaliados, sendo necessario pelo menos uma hora de privagao
de glicose e oxigénio.

Parametros celulares especificos como NSE, GFAP e S100B foram de
extrema importancia, pois, a partir deles, conseguimos avaliar o
comportamento individual de cada tipo celular frente a OGD, verificando que o
neurénio é muito vulneravel quando submetido a omissdo de glicose e
oxigénio. Ja os astrocitos possuem um dano mais lento, sendo visualizado
somente apods uma hora de reoxigenagéo.

Parametros que envolvem o sistema glutamatérgico (captacdo e
liberacdo de glutamato no meio) estdo alterados corroborando com outros
dados da literatura, mostrando mais uma vez que parametros (captagao) que
envolvem astrocitos s6 comegam a apresentar alteragdes tardiamente, no
periodo de reoxigenagao.

Parametros envolvendo o metabolismo cerebral estdo alterados quando
submetidos ao insulto isquémico, como foi visto na dosagem de lactato.

GFAP, por ser um marcador de dano celular, nesta técnica, também
pode ser considerado um marcador de corte celular (preparacdo da técnica)

podendo ser utilizado para analisar a estabilizacdo das fatias.
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1.

VI. Perspectivas

Como diversos parametros que envolvem o sistema glutamatérgico estéo
alterados, € necessario avaliar as condi¢cdes dos transportadores de glutamato,
tanto os neuronais quando astrocitarios, frente a ODG;

Avaliar parametros de sinalizagdo de morte celular, como caspase-3-clivada e
fatores induzidos por hipéxia (Hif-1 a e Hif-1 ) com o objetivo de estudar os
mecanismos da morte celular observada;

Realizar estudos com possiveis drogas que possam reverter os danos

causados pelo insulto.
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