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RESUMO 
 

O glutamato (Glu) é o neurotransmissor excitatório mais abundante do sistema 

nervoso central e está envolvido em funções cerebrais como aprendizado/memória, 

desenvolvimento e envelhecimento cerebral. Mudanças na vulnerabilidade neuronal 

durante o desenvolvimento pós-natal podem ser parcialmente explicadas por mudanças na 

expressão das subunidades de receptores de Glu (GluRs). O objetivo desse trabalho foi 

determinar o padrão de expressão das subunidades de GluRs do tipo N-metil-D-aspartato 

(NMDA) em quatro estruturas cerebrais (cerebelo, córtex, estriato e hipocampo) em 

diferentes estágios do desenvolvimento pós-natal de ratos por quantificação relativa por 

PCR em tempo real. Mudanças significativas na expressão de Grin1 foram observadas em 

quase todas as estruturas em relação aos níveis pós-natais de expressão. Níveis de 

expressão de Grin2A foram menores no cerebelo com um padrão de aumento gradual e 

níveis elevados na vida adulta no córtex e no hipocampo. A expressão do Grin2B 

demonstrou um padrão decrescente no cerebelo assim como no hipocampo. Por outro lado, 

o padrão de expressão de Grin2C mostrou uma tendência a aumentar nas quatro estruturas, 

a qual foi mais evidente no cerebelo com um aumento significativo nos níveis de 

expressão. O padrão de expressão do Grin2D foi também caracterizado por uma tendência 

para uma diminuição nos níveis de expressão pela vida adulta. Essa tendência foi mais 

evidente no cerebelo e no hipocampo. Expressões de Grin3A e Grin3B não demonstraram 

uma tendência específica. No caso de Grin3B, níveis semelhantes de expressão foram 

observados com a exceção de um pico de expressão no cerebelo de ratos de 10 dias. Os 

dados obtidos nesse estudo permitiram-nos introduzir novos aspectos na área de expressão 

de GluRs e poderão contribuir para desvendar potenciais alvos para o desenvolvimento de 

terapias mais efetivas para muitas doenças. 
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ABSTRACT 

 
Glutamate (Glu) is the most abundant excitatory neurotransmitter of the central 

nervous system and is involved in cerebral functions such as learning/memory, 

development, and cerebral aging. The changes in vulnerability of neurons during postnatal 

development can be partially explained by changes in expression of glutamate receptors 

subunits (GluRs). In this work, we aimed to determine expression profile of ionotropic N-

methil-D-aspartate (NMDA) GluR subunits in four brain structures (cortex, cerebellum, 

striatum and hippocampus) in different stages of postnatal rat development by relative 

quantification real-time PCR using glyceraldehyde 3-phosphate dehydrogenase (Gapdh) as 

endogenous control. Significant changes in Grin1 expression were demonstrated in almost 

each age from all structures in relation to the initial postnatal expression level. Levels of 

expression of Grin2A were lower in cerebellum with a gradual raising pattern and high 

levels in adulthood in cortex and hippocampus. Grin2B expression levels were found to 

show a decreasing pattern in cerebellum as well as in hippocampus. Conversely, Grin2C 

expression pattern was found to show an increasing tendency in all four brain structures 

being more evident in cerebellum with significantly high expression levels. Expression 

profile of Grin2D was also characterized by a tendency to a drop in expression levels 

throughout adulthood. This tendency was well defined mainly in cerebellum and in 

hippocampus. Grin3A and Grin3B expression were found to show a non specific tendency. 

In the case of Grin3B, even levels of expression were seen with a marked exception of a 

peak in expression in cerebellum of 10-days old rats. Data generated in this study brings 

new insight in the field of GluRs expression and might contribute to unmask potential 

targets for the development of more effective therapies for many disorders. 
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1 INTRODUÇÃO 
 

1.1 Glutamato e o sistema glutamatérgico 

 
O glutamato (Glu) é o neurotransmissor excitatório mais abundante do sistema 

nervoso central (SNC) e está envolvido em várias funções cerebrais, como 

aprendizado/memória, desenvolvimento e envelhecimento cerebral (Ozawa et al, 1998; 

Danbolt, 2001; Segovia et al, 2001). O Glu não atravessa a barreira hemato-encefálica, ele 

é sintetizado e armazenado em neurônios e células gliais. O Glu pode ser sintetizado de 

duas formas: (1) a partir da glicose do Ciclo de Krebs, por transaminação do α-

cetoglutarato, e (2) diretamente a partir de glutamina (Gln) (Dingledine & McBain, 1999). 

A Gln produzida na glia é transportada para os terminais nervosos, sendo então convertida 

em Glu pela enzima glutaminase. Dentro dos terminais nervosos, o Glu é transportado para 

o interior das vesículas sinápticas através de um processo dependente de Mg2+ e ATP e sua 

concentração pode chegar a 100 mM (Greene & Greenamyre, 1999; Meldrum, 2000). 

O Glu participa da transmissão sináptica normal, bem como da potenciação de 

longa duração (long-term potentiation - LTP) e da depressão de longa duração (long-term 

depression - LTD) (Debane et al., 2003). A transmissão glutamatérgica também está 

envolvida com a maturação e com o desenvolvimento do SNC dos mamíferos, 

participando do aparecimento de novas sinapses, da modulação da intensidade de sinapses 

existentes e do desaparecimento de sinapses, tendo, assim, um papel importantíssimo na 

plasticidade sináptica responsável pelo aprendizado, memória, comportamento e cognição 

(Genoux & Montgomery, 2007). 
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A liberação excessiva de Glu pode causar uma excitotoxicidade nos neurônios, 

levando até a morte celular. Essa liberação excessiva é causada por um desbalanço 

energético do metabolismo resultando em uma diminuição do suprimento de oxigênio, que 

leva a uma depleção nos suprimentos de ATP. Dessa maneira, as células não conseguem 

restabelecer seu potencial de membrana, ocorrendo uma liberação exagerada de Glu na 

fenda sináptica que ativa os receptores glutamatérgicos (GluRs), aumenta o influxo de íons 

cálcio para o citoplasma e causa a liberação de radicais livres de oxigênio aumentando o 

dano celular, podendo levar à morte (Dingledine et al., 1999).  

Deficiências no sistema glutamatérgico, por ativação excessiva ou deficiente 

dos receptores, podem ser causadas por várias desordens cerebrais, tanto agudas (como 

hipóxia, isquemia, convulsão e trauma) quanto crônicas (como doença de Parkinson, 

doença de Alzheimer, doença de Huntington, esclerose amiotrófica lateral e epilepsia) 

(Choi, 1988; Ozawa et al., 1998; Danbolt, 2001; Maragakis & Rothdtein, 2004; Sheldon & 

Robinson, 2007). 

 

1.2 Receptores glutamatérgicos 
 

Os GluRs são os receptores de neurotransmissores excitatórios mais 

predominantes no SNC de mamíferos, sendo ativados por uma variedade enorme de 

processos neurofisiológicos normais. O Glu, após ser liberado das vesículas dos terminais 

pré-sinápticos, chega aos GluRs dos astrócitos e dos neurônios pós-sinápticos e pode gerar 

respostas rápidas, lentas ou persistentes na transmissão do sinal (Simeone et al., 2004). Os 

GluRs são divididos em duas classes: os metabotrópicos (mGluRs) e os ionotrópicos 

(iGluRs). 
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Os mGluRs são aqueles que, quando ativados, geram uma resposta mediada 

por proteínas G e sistemas de segundos mensageiros, ou seja, uma resposta lenta (Conn & 

Pin, 1997).  

Os iGluRs são assim denominados, pois, quando ativados, abrem um canal 

iônico na membrana permitindo um influxo de íons Na+, K+ e Ca2+, despolarizando 

neurônios e astrócitos e, consequentemente, gerando uma resposta rápida. Eles são 

classificados com base na sua ativação por diferentes agonistas farmacológicos. Eles são 

denominados receptores tipo NMDA quando o agonista é o N-metil-D-aspartato. Os 

receptores tipo não-NMDA, incluem os receptores AMPA (AMPARs), cujo agonista é o 

ácido α-amino-3-hidroxi-5-metil-4-isoxazol-propiônico, e os receptores KA (KARs), cujo 

agonista é o cainato (Bressan & Pilowski, 2003). 

Apesar dos NMDARs terem uma afinidade por Glu cerca de 500 vezes maior 

do que os AMPARs e KARs, eles contribuem pouco para a transmissão sináptica basal, 

pois o Mg2+ exerce um bloqueio dependente de voltagem no canal iônico. Entretanto, após 

uma despolarização mais intensa da membrana, quando os AMPARs e KARs já foram 

sensibilizados, os NMDARs contribuem significativamente para a transmissão sináptica 

(Nowak et al., 1984). No hipocampo, por exemplo, os AMPARs e NMDARs podem 

interagir com a enzima α-cinase dependente de cálcio e calmodulina tipo II (α-CaMKII) 

atuando na modulação da memória e na LTP, considerado um modelo das bases celulares e 

moleculares da memória (Lisman et al., 2002). 

Todos os subtipos de GluRs têm um papel importante na excitotoxicidade e a 

vulnerabilidade dos neurônios muda durante o desenvolvimento pós-natal o que pode ser 

devido a alterações na expressão das subunidades desses receptores (McDonald et al., 

1988; McDonald et al., 1992). Alguns estudos demonstraram que a distribuição cerebral 
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dos GluRs varia conforme a estrutura cerebral e a idade dos animais. No córtex cerebral e 

no hipocampo há mais NMDARs desde o início do período pós-natal, com 

desenvolvimento subsequente dos receptores do tipo não-NMDA (Insel et al., 1990; 

Brennan et al., 1997; Petralia et al., 1999). Entretanto, o estriato mostra uma tendência 

oposta em que as respostas sinápticas provocadas pelo Glu no período pós-natal são 

mediadas por receptores do tipo não-NMDA e a maturação dos NMDARs ocorre mais 

tarde (Colwell et al., 1998; Nansen et al., 2000; Villares & Stavale, 2001; Lilliu et al., 

2001). 

 

1.3 Receptor glutamatérgico ionotrópico tipo NMDA 
 

Os GluRs tipo NMDA estão distribuídos por todo o SNC, sendo que a maioria 

está localizada em dendritos pós-sinápticos. Entretanto, eles são também encontrados em 

astrócitos corticais e botões pré-sinápticos como auto-receptores ou hetero-receptores 

(Conti, 1997). Os NMDARs sinápticos e extra-sinápticos tem efeitos opostos na função da 

proteína ligante ao elemento de resposta ao AMP-cíclico (cAMP response element-binding 

protein – CREB), na regulação gênica e na sobrevivência neuronal. A entrada de cálcio 

pelos receptores NMDA sinápticos induz a ativação de CREB e aumenta a expressão do 

fator neurotrófico derivado de cérebro (brain-derived neurotrophic factor – BDNF). Por 

outro lado, quando o cálcio entra pelos NMDARs extra-sinápticos, a via da CREB é 

desligada, bloqueando a expressão de BDNF. A estimulação dos NMDARs sinápticos 

contribuem para uma atividade anti-apoptótica, enquanto que a estimulação de NMDARs 

extra-sinápticos causa a perda do potencial de membrana de mitocôndrias e morte celular 

(Hardingham et al., 2002). 
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Os NMDARs estão associados a várias funções e mecanismos de 

desenvolvimento do SNC pré e pós-natal, incluindo diferenciação celular, crescimento, 

migração e proliferação de axônios e degeneração de neurônios que não são mais usados 

(Ikonomidou et al., 1999; Ikonomidou et al., 2001). Os NMDARs têm um papel importante 

na plasticidade sináptica referente ao aprendizado e memória e são alvos de fármacos 

usados em terapias relacionadas ao manejo da dor e de doenças neurológicas (Lalonde & 

Joyal, 1993). 

A ativação deficiente ou excessiva desses receptores está relacionada com 

alterações do desenvolvimento normal do SNC (Lalonde & Joyal, 1993). A morte neuronal 

devido à excitotoxicidade observada após traumatismo craniano, eventos isquêmicos, 

hipóxia e hipoglicemia está relacionada a uma ativação excessiva dos NMDARs (Choi, 

1988). 

Os NMDARs são canais iônicos com grande permeabilidade a íons Ca2+. No 

potencial de repouso, os NMDARs permanecem bloqueados de forma dependente de 

voltagem por íons Mg2+ e, para que os receptores sejam ativados, é necessário que haja 

uma despolarização de membrana com a remoção do Mg2+ e ligação do agonista endógeno 

Glu e do co-agonista glicina, ou D-serina, a sítios específicos (Johnson & Ascher, 1987; 

Gasic & Hollmann, 1992; Seeburg et al., 1994; Sucher et al., 1996; Mothet et al., 2000). A 

estimulação do sítio da glicina nos NMDARs inicia a sinalização do complexo NMDA e 

parece ser responsável pela modulação da comunicação célula-célula através da transdução 

do sinal transmembrana (Nong et al., 2003). 

Um NMDARs funcional é um complexo heteromultimérico composto por uma 

combinação de subunidades que são codificados por uma família gênica: Grin1, Grin2A, 
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Grin2B, Grin2C, Grin2D, Grin3A e Grin3B, sendo que, a subunidade Grin1 está sempre 

presente (Monyer et al., 1992; Lynch et al., 1994; Pérez-Otaño et al., 2001).  

 

1.4 Subunidades do receptor glutamatérgico ionotrópico tipo NMDA 
 

1.4.1 Subunidade 1 [Grin1 – Subunidade 1 do receptor ionotrópico N-metil-D-aspartato de 

glutamato (Glutamate receptor, ionotropic, N-methyl-D-aspartate, subunit 1)] 

 
A subunidade 1 do receptor ionotrópico N-metil-D-aspartato de glutamato 

(Grin1) apresenta o sítio de ligação específico do co-agonista glicina do NMDAR. 

Camundongos que expressam somente 5% dos níveis normais de Grin1 sobrevivem até a 

idade adulta, mas apresentam comportamento anormal, incluindo aumento da atividade 

motora e diminuição de interação social e sexual. Esse comportamento anormal é 

semelhante ao observado em modelos animais de esquizofrenia, que melhoram quando 

tratados com haloperidol ou clozapina (Mohn et al., 1999). 

A expressão transgênica aumentada de Grin1 por um período de 5 meses em 

ratos foi associada com uma forte atividade anti-epiléptica e neuroprotetora, sugerindo um 

potencial terapêutico para doenças neurológicas (During et al., 2000). 

Por meio da aplicação de técnica nocaute, a função do NMDAR foi induzida e 

revertida na região CA1 do hipocampo durante o período de consolidação da memória. 

Dessa forma, foi demonstrado que a consolidação da memória depende da reativação de 

NMDARs e que a região CA1 do hipocampo é essencial para converter memórias novas 

em memórias de longo prazo, um processo que continua por semanas depois da aquisição 

da memória (Shimizu et al., 2000). 
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Camundongos em que a função do NMDAR-Grin1 pode ser induzida ou 

cessada por nocaute especificamente no córtex frontal perderam a capacidade de reter a 

memória nessa região, sugerindo que a presença de Grin1 também é importante no 

processo de retenção da memória (Cui et al., 2004). Camundongos nocaute para Grin1 

mostraram interrupção da LTP na parte dorsal do estriato e da LTD na parte ventral do 

estriato, sugerindo que o estriato está envolvido em um sub-sistema de aprendizado motor 

(Deng et al., 2006). 

 

1.4.2 Subunidade 2 [Subunidade 2 do receptor ionotrópico N-metil-D-aspartato de 

glutamato (Glutamate receptor, ionotropic, N-methyl-D-aspartate, subunit 2)] 

 
Este grupo é composto por quatro subunidades: Grin2A, Grin2B, Grin2C e 

Grin2D. Estas subunidades apresentam o sítio de ligação específico para o agonista Glu do 

NMDAR. Grin2A, Grin2B, Grin2C e Grin2D têm distribuição, regulação e propriedades 

funcionais diferentes, o que provavelmente explica a heterogeneidade funcional dos 

NMDARs. 

A inibição preferencial de NMDARs com Grin2A (NMDARs-Grin2A) no 

hipocampo impediu a LTP, mas não a LTD. Por outro lado, inibindo seletivamente os 

NMDARs-Grin2B, a LTD foi inibida e a LTP não foi afetada, demonstrando, assim, que as 

diferentes subunidades têm um papel crítico na polaridade da plasticidade sináptica (Liu et 

al., 2004). 

O aumento da atividade do NMDAR foi obtido pela fosforilação do resíduo 

ser1232 nos NMDARs-Grin2A pela ativação da cinase dependente de ciclina 5 (cyclin-

dependent kinase 5 – CDK5). Quando CDK5 é inibida ou sua interação com NMDARs-
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Grin2A cessa, ocorre uma proteção das células piramidais na região CA1 do hipocampo 

em um evento isquêmico (Wang et al., 2003). 

Modelos animais nocaute para Grin2A são viáveis, mas apresentam 

plasticidade hipocampal prejudicada (Sakimura et al., 1995). Modelos animais que 

expressam NMDARs-Grin2A sem o domínio C-terminal intracelular também são viáveis, 

mas apresentam memória contextual e plasticidade sináptica prejudicada (Sprengel et al., 

1998). 

Mudanças no nível da expressão relativa de NMDAR-Grin2A e NMDAR-

Grin2B podem regular a amplitude do pico do potencial pós-sináptico excitatório 

modulando, assim, a eficiência da plasticidade sináptica. A probabilidade de abertura de 

canal em células renais embrionárias que expressam NMDARs-Grin2A é quatro vezes 

maior do que em células renais embrionárias que expressam NMDARs-Grin2B (Chen et 

al., 1999). O aumento da expressão de Grin2B é importante na manutenção da LTP em 

hipocampo de ratos (Thomas et al., 1999). 

Modelos animais nocaute para Grin2B e modelos animais que expressam 

NMDARs-Grin2B sem o domínio C-terminal intracelular morrem no período perinatal 

(Kutsuwada et al., 1996; Sprengel et al., 1998). 

Camundongos transgênicos para o gene Grin2B mostraram um aumento 

significativo da sua expressão no córtex e no hipocampo e pouca expressão no tálamo, 

tronco e cerebelo. Em testes de comportamento, como o de reconhecimento de novos 

objetos, de medo condicionado e de memória espacial, esses camundongos transgênicos 

tiveram um melhor desempenho sugerindo uma possível melhora genética dos atributos 

mentais e cognitivos (Tang et al., 1999). 
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Modelos animais nocaute para Grin2C não mostraram nenhuma deficiência 

aparente e modelos animais que expressam NMDARs-Grin2C sem o domínio C-terminal 

intracelular são viáveis, mas apresentavam deficiência na coordenação motora (Kadotani et 

al., 1996; Sprengel et al., 1998). 

Modelos animais nocaute para Grin2D não mostraram nenhuma deficiência 

aparente nos testes de ansiedade e de atividade motora, mas mostraram uma atividade 

espontânea reduzida no teste de campo aberto (Ikeda et al., 1995). 

 

1.4.3 Subunidade 3 [Subunidade 3 do receptor ionotrópico N-metil-D-aspartato de 

glutamato (Glutamate receptor, ionotropic, N-methyl-D-aspartate, subunit 3)] 

 
Este grupo é composto por duas subunidades: Grin3A e Grin3B. Estas 

subunidades apresentam o sítio de ligação específico do co-agonista glicina do NMDAR. 

NMDARs-Grin3A encontram-se distribuídos por todo o SNC, mas os 

NMDARs-Grin3B são expressos predominantemente em neurônios motores. Os NMDARs 

que são compostos exclusivamente por Grin1 (essencial para a funcionalidade do receptor) 

e por Grin3A ou Grin3B formam NMDARs diferentes dos convencionais. Esses receptores 

têm como agonista a glicina e não são ativados por Glu nem por NMDA, já que estas 

subunidades são sítios específicos para glicina. Os NMDARs-Grin3A e NMDARs-Grin3B 

são praticamente impermeáveis ao cálcio e suas funções, apesar de contraditórias, são as 

mesmas de um receptor excitatório de glicina (Chatterton et al., 2002). 

 

1.5 Aspectos moleculares 
 

O gene que codifica a subunidade Grin1 em ratos (NM_017010), a qual 

apresenta o sítio de ligação específico para o co-agonista glicina do NMDAR, está 
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localizado no cromossomo 3 na região p13. A proteína é composta por 938 aminoácidos e 

apresenta 99% de identidade com humanos (Karp et al., 1993). O gene está organizado em 

21 exons distribuído por aproximadamente 26 kilobases (kb). Três exons (4, 20 e 21) 

sofrem splicing alternativo e produzem 8 isoformas diferentes em ratos e estas sequências 

estão presentes em humanos (Zimmer et al., 1995). 

O grupo da subunidade 2 é composto por quatro genes: Grin2A, Grin2B, 

Grin2C e Grin2D. Estas subunidades apresentam o sítio de ligação específico do agonista 

Glu do NMDARs. O gene que codifica a subunidade Grin2A (NM_012573) está 

localizado no cromossomo 10 na região q11. A proteína é composta por 1464 aminoácidos 

e apresenta uma maior taxa de evolução em primatas do que em roedores (Hess et al., 

1996; Dorus et al., 2004). O gene que codifica a subunidade Grin2B (NM_012574) está 

localizado no cromossomo 4 na região q43. A proteína é composta por 1482 aminoácidos e 

apresenta 98% de identidade com humanos (Hess et al., 1996). O gene que codifica a 

subunidade Grin2C (NM_012575) está localizado no cromossomo 10 na região q32.2. A 

proteína é composta por 1250 aminoácidos e apresenta 88% de identidade com humanos 

(Lin et al., 1996). O gene que codifica a subunidade Grin2D (NM_022797) está localizado 

no cromossomo 1 na região q22. A proteína é composta por 1323 aminoácidos e apresenta 

95% de identidade com humanos (Hess et al., 1998). 

O grupo da subunidade 3 é composto por dois genes: Grin3A e Grin3B. O gene 

que codifica a subunidade Grin3A (AF073379) está localizado no cromossomo 5, região 

q22. A proteína é composta por 1115 aminoácidos e apresenta 92,7% de identidade com 

humanos (Andersson et al., 2001). O gene que codifica a subunidade Grin3B 

(NM_133308) está localizado no cromossomo 7, região q11, e a proteína é composta por 

1002 aminoácidos. 
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A partir do isolamento dos genes responsáveis pela síntese de proteínas 

formadoras dos NMDARs, vários estudos foram realizados em modelos animais de estados 

patológicos mostrando a importância dos NMDARs no SNC. Esses receptores estão 

envolvidos em várias funções do SNC, desde a vida embrionária até a morte neuronal. Esta 

diversidade de funções pode ser parcialmente explicada pela composição das subunidades 

presentes no receptor funcional. Alguns dados apontam para disfunções neurológicas e 

doenças psiquiátricas quando uma ou mais subunidades estão ausentes ou super-expressas. 

Um dos desafios da neurociência é a melhor compreensão da organização dos NMDARs 

durante o desenvolvimento normal do ser humano e como eles podem estar alterados em 

estados patológicos. Portanto, parece importante o estabelecimento do perfil de 

transcricional desses genes em animais de diversas idades. 
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2 OBJETIVOS 
 

 

2.1 Objetivo geral: 
 

Determinar o perfil de expressão das subunidades do NMDAR em diferentes 

estruturas cerebrais de ratos de diferentes idades do desenvolvimento. 

 

2.2 Objetivos específicos: 
 

- Avaliar a expressão dos genes Grin1, Grin2A, Grin2B, Grin2C, Grin2D, Grin3A e 

Grin3B no cerebelo, no córtex, no estriato e no hipocampo de ratos de diferentes idades 

por quantificação relativa; 

 

- Determinar o perfil de expressão desses genes nos diferentes períodos de 

desenvolvimento nas diferentes estruturas cerebrais e comparar os resultados obtidos com 

os dados encontrados na literatura. 
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Abstract 
 

Glutamate (Glu) is the most abundant excitatory neurotransmitter of the central 

nervous system and is involved in cerebral functions such as learning/memory, 

development, and cerebral aging. The changes in vulnerability of neurons during postnatal 

development can be partially explained by changes in expression of glutamate receptors 

subunits (GluRs). In this work, we aimed to determine expression profile of ionotropic 

NMDA GluR subunits in four brain structures (cortex, cerebellum, striatum and 

hippocampus) in different stages of postnatal rat development by relative quantification 

real-time PCR using glyceraldehyde-3-phosphate dehydrogenase (Gapdh) as endogenous 

control. Significant changes in Grin1 expression were demonstrated in almost each age 

from all structures in relation to the initial postnatal expression level. Grin2A levels of 

expression were lower in cerebellum with a gradual raising pattern and high levels in 

adulthood in cortex and hippocampus. Grin2B expression levels were found to show a 

decreasing pattern in cerebellum as well as in hippocampus. Conversely, Grin2C 

expression pattern was found to show an increasing tendency in all four brain structures 

being more evident in cerebellum with significantly high expression levels. Expression 

profile of Grin2D was also characterized by a tendency to a drop in expression levels 

throughout adulthood. This tendency was well defined mainly in cerebellum and in 

hippocampus. Grin3A and Grin3B expression were found to show a non specific tendency. 

In the case of Grin3B, even levels of expression were seen with a marked exception of a 

peak in expression in cerebellum of 10-days old rats. Data generated in this study brings 

new insight in the field of GluRs expression and might contribute to unmask potential 

targets for the development of more effective therapies for many disorders. 
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Glutamate (Glu) is the most abundant excitatory neurotransmitter of the central 

nervous system (CNS) and is involved in cerebral functions such as learning/memory, 

development and cerebral aging (Ozawa et al., 1998; Danbolt, 2001; Segovia et al., 2001). 

Glu participates of the normal synaptic transmission as well as of long-term potentiation 

(LTP) and long-term depression (LTD) (Debane et al., 2003). The glutamatergic 

transmission is involved with maturation and development of mammals CNS (Genoux and 

Montgomery, 2007) and may also be a potent neurotoxin, being able to produce neuronal 

death (Dingledine et al., 1999). Deficiencies in glutamatergic system can be caused by 

some cerebral clutters like hypoxia, ischemic stroke, convulsion and trauma, and by some 

diseases like Parkinson, Alzheimer, Huntington, lateral amyotrophic sclerosis and epilepsy 

(Choi, 1988; Ozawa et al., 1998; Danbolt, 2001; Maragakis and Rothdtein, 2004; Sheldon  

and Robinson, 2007). 

Glutamate receptors (GluRs) can generate fast, slow or persistent answers 

when activated (Simeone et al., 2004). GluRs are divided into two classes: the 

metabotropic GluRs and the ionotropic GluRs (Conn and Pin, 1997). Three classes of 

ionotropic GluRs have been identified in the CNS: the N-methyl-D-aspartate (NMDA) 

receptor, the kainic acid (KA) receptor, and the α-amino-3-hydroxy-5-methyl-4-isoxasole 

propionate (AMPA) receptor (Dingledine et al., 1999; Meldrum, 2000). 

NMDA GluRs are ionic channels with great permeability of Ca2+. They require 

membrane depolarization to remove Mg2+, linking the endogenous agonist Glu and co-

agonist glicine or D-serine to specific small sites to activate the receptor (Johnson and 

Ascher, 1987; Gasic and Hollmann, 1992; Seeburg et al., 1994; Sucher et al., 1996; Mothet 

et al., 2000).  
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A functional NMDA GluRs is a heterodimeric complex for a combination of 

subunits that are codified by a glutamate receptor, ionotropic, N-methyl-D-aspartate (Grin) 

gene family, composed by 7 subunits: Grin1, Grin2A, Grin2B, Grin2C, Grin2D, Grin3A, 

and Grin3B, being that the subunit Grin1 is an mandatory component (Monyer et al., 1992; 

Lynch et al., 1994; Pérez-Otaño et al., 2001).  

All GluRs subtypes play an important role in excitotoxicity and change in 

vulnerability of neurons during the postnatal development can be partially explained by 

alterations in expression of these receptors subunits (McDonald et al., 1988, 1992). Studies 

demonstrate that GluRs cerebral distribution varies in different cerebral structures and ages 

of animals. More NMDA GluRs are found in cortex and hippocampus since the beginning 

of postnatal period with later development of non-NMDA GluRs types (Insel et al., 1990; 

Brennan et al., 1997; Petralia et al, 1999). However, an opposing pattern can be found in 

striatum where synaptic answers in postnatal period are mediated by non-NMDA GluRs 

and maturation of NMDA GluRs occurs at a late stage (Colwell et al., 1998; Nansen et al., 

2000; Villares and Stavale, 2001; Lilliu et al., 2001). 

The NMDA GluR plays an important role in CNS in different ways. Therefore, 

in order to contribute with additional knowledge on NMDA GluR, we have evaluated gene 

expression of subunits in four brain structures: cortex, cerebellum, hippocampus, and 

striatum in different stages of rat development. 
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Experimental procedures 

 

Animals and structures 

Four brain structures (cortex, cerebellum, hippocampus, and striatum) were 

isolated from 7 groups (10 animals per group) of male Wistar rats at different ages (2, 5, 

10, 15, 30, 60, and 100 days). Due to the reduced size of striatum, this structure was not 

dissected from 2- and 5-days old rats.  Animals were housed in an air-conditioned room 

(21-22ºC) with 12 h dark-light cycle and food and water were offered ad libitum. Animals 

were decapitated and brains were rapidly removed and structures dissected. To stabilize 

and protect RNA, samples were submerged in RNAlater® (Ambion) and stored at 4ºC 

overnight to allow the solution to thoroughly penetrate the tissue, then moved to -20ºC for 

long term storage. All experiments were in agreement with the Committee on Care and 

Use of Experimental Animal Resources, UFRGS, Brazil. 

 

RNA extraction and cDNA synthesis 
 

Total RNA was extracted using TRIreagent® solution (Ambion) according to 

manufacturer’s protocol. RNA concentrations were evaluated using the fluorimetric 

method Quant-iT® RNA Assay (Invitrogen) in the QubitTM (Invitrogen) equipment. cDNA 

was synthesized by reverse transcription (RT) reaction using High Capacity cDNA 

Reverse Transcription Kit (Applied Biosystems). The amount of isolated RNA used for RT 

reactions was 2 µg in a total reaction volume of 20 µl containing 2 µl of 10x RT buffer, 0.8 

µl of dNTP 25x (100 mM), 2 µl of 10x RT Random Primers, and 1 µl of MultiScribeTM 

Reverse Transcriptase (50 units/ml). Reactions were performed for 10 min at 25ºC, 2 h at 

37ºC and terminated with 5 s at 85ºC. Subsequently, cDNA was kept at - 20ºC until used 
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for PCR amplification. A 1:5 dilution of cDNA solution was prepared in water before 

qPCR. 

 

Quantitative real-time PCR (qPCR) 
 

Messenger RNA expression was measured by qPCR using gene-specific 

TaqMan FAM/MGB inventoried assays (Applied Biosystems) (table 1). Expression values 

of the target gene was normalized by the expression of endogenous control 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) using TaqMan VIC/MGB 

endogenous control inventoried assay Rn99999916_s1 (Applied Biosystems) (table 1). 

Reaction was carried out in an ABI Prism 7500 Sequence Detector System (Applied 

Biosystems) 

 

Table 1 – Number of assay used in this study for 
relative quantification of each NMDAR subunit 
(Applied Biosystems). 
 

Gene Assay number 

Grin1 Rn01436038_m1 

Grin2A Rn00561341_m1 

Grin2B Rn00561352_m1 

Grin2C Rn00561364_m1 

Grin2D Rn00575638_m1 

Grin3A Rn01448553_m1 

Grin3B Rn00591133_m1 

 
 

 Reaction was carried out in a total volume of 8 µl containing 1 µl of cDNA 

solution, 0.4 µl of gene specific TaqMan assay, 0.4 µl of endogenous control TaqMan 

assay and 4 µl of 2x PCR Master Mix (Applied Biosystems), that contains ROX, Amplitaq 
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Gold DNA polymerase, AmpErase UNG, dATP, dCTP, dGTP, dUTP, and MgCl2. Cycling 

program was 2 min at 50°C, 10 min at 95°C, followed by 40 cycles of 15 s at 95°C and 1 

min at 60°C. Reactions were performed in triplicate.  

Target transcripts relative expression levels were determined by the ddCt 

method according to Livak and Schmittgen (2001). 

 

Statistical analyses 
 

Statistical analyses were performed by SPSS 13.0 package for Windows 

(SPSS, Inc.) using ANOVA with post hoc by Bonferroni and correlational analysis with 

Bonferroni correction to control for multiple comparisons. Differences were considered 

statistically significant for p<0.05.  
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Results 
 

 

Transcriptional profile of each NMDA GluR subunit was determined in four 

cerebral structures. The relative expression was calculated by the method ∆∆Ct with 

Gapdh as endogenous control. We have determined as calibrator the structure with lower 

expression level in 2-days old rats for cortex, cerebellum, and hippocampus. 

 

Grin1 subunit mRNA expression in each structure at different ages 

Results of Grin1 mRNA expression in each structure are shown in figure 1. 

Comparing all four structures we observed that cerebellum showed the lowest mRNA 

expression levels in general. High expression levels were observed in cortex in 15-days old 

rats and in striatum in 15- and 30-days old rats.  

We have observed a statistically significant decrease in expression of this 

subunit from 2-days old rats to 5-days old rats in cerebellum. We have also shown that 

mean values of relative expression from all groups of rats when compared to 2-days old 

rats were statistically different (p<0.005), although two lower values were observed in 30- 

and 100-days old rats.  

In cortex, Grin1 subunit mRNA expression was shown to be more variable. 

Expression levels of 5-days old rats were statistically lower than levels of 2-days old rats 

(p<0.005). On the other hand, a peak of expression was seen in 15-days old rats (p<0.005). 

High levels of expression were also observed in 30- and 100-days old rats.  

Expression levels in striatum were much higher than levels in cerebellum and 

peaks of expression were demonstrated in 30- and 60-days old rats when compared to 10-

days old rats (p<0.005).  
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In hippocampus, mRNA expression started at similar levels than those found in 

cerebellum, but statistically significant increase was observed from 10- to 15-days old rats 

(p<0.005). These levels were kept at similar values up to 100-days old rats. 

 

Grin2A subunit mRNA expression in each structure at different ages 

Results of Grin2A mRNA expression in each structure are shown in figure 2. 

Expression levels in cerebellum were several folds less than levels established in other 

studied structures. 

Although Grin2A expression levels were shown to be variable in cerebellum, 

we can observe a pattern of a steady growth with age. Statistically significant differences 

were found in all groups of rats when compared to 2-days old rats. A decrease in 

expression was found from 2- to 5-days old rats (p<0.005) and increases were observed in 

all other ages. 

In cortex, significant increase of Grin2A expression was observed in all ages 

(p<0.005), being gradual until the 10-days and a 5 times fold increase from 10- to 15-days 

old rats. Following that, a small reduction was seen up to 60-days with levels returning to 

similar values of 15-days at 100-days old rats.  

A significant increase in Grin2A expression was also observed in striatum of 

rats of 10 to 60 days. A small fall in expression levels were seen from 60- to 100-days old 

rats. However, in all evaluated stages expression levels were statistically different from 

levels established for 10-days old rats.  

Levels of expression of Grin2A in 2-, 5- and 10-days old rats were very similar 

in hippocampus. In this structure, expression levels from this subunit started to raise at 15 

days with all levels being statistically higher than the expression level found at 2-days old 

rats (p<0.005). 
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Grin2B subunit mRNA expression in each structure at different ages 

The overall results of Grin2B expression can be found in figure 3. We have 

also observed that expression levels in cerebellum were lower than expression levels 

observed of this subunit in other brain structures.   

The expression profile of Grin2B in cerebellum suffer a statistically significant 

reduction in 5-days old rats when compared to 2-days old rats (p<0.005). From that, 

expression levels showed slight variations until 15 days. Following that, a drastic fall in 

Grin2B expression levels was observed from 15- to 30-days old rats, in order of 8 times. 

After that, small variations were shown with no significant differences.  

In cortex, Grin2B expression started at a higher level in 2-days old rats when 

comparing to levels of this gene in cerebellum. We have then observed a statistically 

significant increase in Grin2B levels in 5-days old rats and these values remains very 

similar in 10-days old rats (p<0.05). These levels have suffered a significant increase in 15-

days old rats (p<0.005). In the following ages studied (30- and 60-days old rats), a decrease 

in these levels were seen and a return to levels similar to those detected in 10 and 15 days 

were observed in 100-days old rats. 

High levels of Grin2B expression was seen in 10-days old rats and these levels 

drastically reduced in the other ages included in this study. Although variations were 

detected all these levels were statistically different from that determined in 2-days old rats.  

In hippocampus, expression was observed to be high in 2-days old rats and a 

statistically significant reduction was already seen in 5-days old rats (p<0.005). After that, 

a great reduction was also seen in 10-days old rats and levels were kept at similar values 

until 100-days old rats. 
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Grin2C subunit mRNA expression in each structure at different ages 

Results of Grin2C expression can be found in figure 4. We have seen a 

different expression profile of this gene in cerebellum as described below. Another diverse 

feature of this gene expression profile was the enormous variation in magnitude order of 

expression when data was normalized to Gapdh levels.  

Low Grin2C expression levels were observed in 2- and 5-days old rats in 

cerebellum when compared to extremely high levels of expression in 100-days old rats. 

Grin2C expression levels at this age were by far the highest established in this study 

having Gapdh as endogenous control to normalize the raw data. 

In cortex, Grin2C expression levels also rose drastically in 10-days old rats 

(p<0.005) and an even higher increase was seen in 15-days old rats (p<0.005). From that 

stage, drop in expression levels was detected in 30-days old rats and similar levels were 

observed from that age until 100-days old rats. 

Grin2C expression levels in striatum demonstrated statistically significant 

increase from 10- to 15-days old rats (p<0.005). Another increase in expression levels was 

observed in 30-days old rats and similar levels were seen in 60- and 100-days old rats.   

Grin2C expression levels in hippocampus demonstrated statistically significant 

increase from 2- to 5-days old rats (p<0.005). An even higher increase was observed in 10-

days old rats and in 15-days old rats with similar magnitude order. After that, fluctuations 

in expression levels were detected but all statistically different from Grin2C expression 

levels in 2-days old rats.  

 

Grin2D subunit mRNA expression in each structure at different ages 
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Results of Grin2B expression can be found in figure 5. Considering this gene 

expression, we have detected high expression levels in cerebellum at early ages when 

compared to other brain structures included in this study.   

Expression of Grin2D had initiated at high levels in 2- and 5-days old rats in 

cerebellum and a statistically significant reduction was noted in 10-days old rats (p<0.005). 

Expression levels continued to fall in the following ages up to 100-days old rats, where we 

have detected expression levels 25 times less than in 2-days old rats. 

In cortex, slight changes in Grin2D expression levels increase were seen from 

2-days old rats until 15-days old rats. Then a statistically significant fall in expression 

levels was detected in 30-days old rats (p<0.005) and these levels remain very similar until 

the last group included in this study (100-days old rats). 

Grin2D expression levels in striatum were similar from 10- to 60-days old rats 

when a drop in expression levels was observed in 100-days old rats (p<0.005).  

Profile of expression in hippocampus were demonstrated to be similar in 2- and 

5-days old rats and a statistically significantly drop in these levels was detected in 10-days 

old rats (p<0.005). Following that, levels remain low and different from those at 2-days old 

rats.   

 

Grin3A subunit mRNA expression in each structure at different ages 

Grin3A expression profile is shown in figure 6. In general, expression of this 

gene was variable in brain structures analyzed with higher levels observed mainly in 

hippocampus.   
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In cerebellum, expression of Grin3A was found to be similar at 2-, 5- and 10-

days old rats. Then a significant fall in levels of expression became evident and these 

levels were found to be alike until group of 100-days old rats (p<0.005).  

Grin3A expression in cortex was found to rise abruptly from 2-days old rats to 

5-days old rats (p<0.005). Then, expression levels showed a slight drop in 10-days old rats 

and a more clear decrease was seen in 15-days old rats, where levels were back to the 

initial rates. Subsequently, Grin3A expression levels drop even further and remain similar 

until 100-days old rats.  

Expression of Grin3A was shown to be similar in the groups of 10- and 15-

days old rats in striatum. Then levels of expression reduced in 30-days old rats (p<0.005) 

and went back up in 60-days rats. However, another reduction was detected in animals that 

were 100-days old (p<0.005).  

In hippocampus, levels of expression were high in rats of 2 days and an 

important reduction was observed from 5-days old rats to 10-days old rats (p<0.05). After 

that, an even higher drop in expression levels was seen in 15-day old rats that remain 

steady until 100-days old rats. 

 

Grin3B subunit mRNA expression in each structure at different ages 

Finally, Grin 3B levels of expression profile are shown in figure 7. This gene 

showed low levels of expression in general, with few peaks of expression in cerebellum 

and striatum as outlined below.  

In cerebellum, expression of Grin3B was seen to be similar in 2- and 5-days 

old rats and a significant increase was observed in 10-days old rats (p<0.005). These levels 
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drop again in 15-days old rats and drop even further in 30- and 60-days old rats (p<0.005). 

In 100-days old rats Grin3B levels of expression went back up as can be seen in the figure.  

Grin3B expression was determined to be low in all ages tested in cortex, with 

small variations among animal of different ages (not statistically significant). 

A quite significant raise in Grin3B expression was shown from 10- to 15-days 

old rats (p<0.005) and an extremely significant decrease in this gene expression was 

observed in 30-days old rats (p<0.005) in striatum. Levels of expression were high again in 

60- and 100-days old rats (p<0.005).  

Like results observed in cortex, Grin3B expression in hippocampus remained 

practically unchangeable along different ages tested.  

 

Profile of NMDA subunits’ genes at different ages in each brain structure  

Figures 8 to 11 show levels of expression of each gene in relation to expression 

levels of Grin1. As expected, all genes have shown lower levels than Grin1 expression 

levels in all brain structures studied and at almost all ages. A similar or slight higher level 

was detected in Grin2C in cerebellum of 100-days old rats (figure 8). We have also 

demonstrated higher levels of Grin2B in hippocampus of 2- and 5-days old rats (figure 11).   
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Figure 1 – Relative expression of Grin1 gene in different brain structures. Results are presented as mean ± SD (n = 10). Relative ratios 
of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and results of cerebellum from 2-
days old rats were used as calibrator. Results were compared with ANOVA and * was used for p<0.05 and ** were used for p<0.005.  
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Figure 2 – Relative expression of Grin2A gene in different brain structures. Results are presented as mean ± SD (n = 10). Relative 
ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and results of cortex from 2-
days old rats were used as calibrator. Results were compared with ANOVA and * was used for p<0.05 and ** were used for p<0.005.   
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Figure 3 – Relative expression of Grin2B gene in different brain structures. Results are presented as mean ± SD (n = 10). Relative 
ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and results of cerebellum from 
2-days old rats were used as calibrator. Results were compared with ANOVA and * was used for p<0.05 and ** were used for p<0.005. 
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Figure 4 – Relative expression of Grin2C gene in different brain structures. Results are presented as mean ± SD (n = 10). Relative 
ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and results of hippocampus 
from 2-days old rats were used as calibrator. Results were compared with ANOVA and * was used for p<0.05 and ** were used for 
p<0.005. 
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Figure 5 – Relative expression of Grin2D gene in different brain structures. Results are presented as mean ± SD (n = 10). Relative 
ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and results of cortex from 2-
days old rats were used as calibrator. Results were compared with ANOVA and * was used for p<0.05 and ** were used for p<0.005. 
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Figure 6 – Relative expression of Grin3A gene in different brain structures. Results are presented as mean ± SD (n = 10). Relative 
ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and results of cortex from 2-
days old rats were used as calibrator. Results were compared with ANOVA and * was used for p<0.05 and ** were used for p<0.005. 
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Figure 7 – Relative expression of Grin3B gene in different brain structures. Results are presented as mean ± SD (n = 10). Relative 
ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and results of cortex from 2-
days old rats were used as calibrator. Results were compared with ANOVA and * was used for p<0.05 and ** were used for p<0.005. 
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Figure 8 – Expression profile of NMDARs subunits in cerebellum. Data are presented as mean ± SD (n = 10) in logarithmic scale. 
Relative ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and Grin1 expression 
was used as calibrator.  
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Figure 9 – Expression profile of NMDARs subunits in cortex. Data are presented as mean ± SD (n = 10) in logarithmic scale. Relative 
ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and Grin1 expression was used 
as calibrator.  
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Figure 10 – Expression profile of NMDARs subunits in striatum. Data are presented as mean ± SD (n = 10) in logarithmic scale. 
Relative ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and Grin1 expression 
was used as calibrator.  
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Figure 11 – Expression profile of NMDARs subunits in hippocampus. Data are presented as mean ± SD (n = 10) in logarithmic scale. 
Relative ratios of mRNA levels were calculated using the ddCT method normalized by Gapdh as endogenous control and Grin1 expression 
was used as calibrator.  



 
 

48 

Discussion 

 

In the present study we describe the gene expression profile of NMDA GluR subunits in 

cerebellum, cortex, hippocampus, and striatum of rats throughout postnatal development to 

adulthood. During postnatal development, excitatory synaptic transmission plays a key role in 

acquisition of mature morphology as well as neuronal properties (Simon et al., 1992; Fox et al., 

1996; Lai et al., 2004; Zhang et al., 2005). Activity-dependent synaptic plasticity that occurs in 

critical or sensitive periods during early postnatal life is also important for maturation of neural 

circuits (Katz and Shatz, 1996; Petralia et al., 1999; Quinlan et al., 1999; Chen et al., 2006). 

Studies with NMDA antagonists in immature rat brain suggest that disturbances of 

GluR function during development could lead to severe impairment of neuronal circuitry and 

reorganization of GluR expression (Hofer and Constantine-Paton, 1994). 

The cerebral cortex plays a central role in many complex brain functions including 

memory, attention, perceptual awareness, thought, language, and consciousness (Vizi, 2000). In our 

study, a gradual increase in Grin1 expression levels was clearly demonstrated up to 15 days in 

cortex and hippocampus. This data corroborate previous studies with diseases and brain injuries that 

showed abnormal low expression of NMDA GluR. Low expression of NMDA GluR is involved in 

the development of diabetic neuropathy (Tomiyama et al., 2005). Decrease in expression of NMDA 

GluR genes in hippocampus have been also widely described in studies with ischemia (Dos-Anjos 

et al., 2009). Another study demonstrated that adult animals previously submitted to an immune 

challenge, either as neonates or adults, displayed altered levels of NMDA GluR mRNA in 

hippocampus. This finding suggests that memory impairments in these animals could have been 

primarily reference memory dysfunctions and the most likely change associated with such effect is 

the observed Grin1 reduction in hippocampus that was seen in postnatal LPS-treated rats at 5 and 30 

days (Harré et al., 2008).  
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In cerebral cortex, transient forebrain ischemia followed by reperfusion 48 h later elicits 

a general down regulation of NMDA GluR gene expression in different brain structures. The 

decreased gene expression could be explained in terms of a compensatory mechanism aimed at 

protecting neuronal cells against the excitotoxicity induced by Glu through the down-regulation of 

NMDA GluR, which would make cells less responsive to the activation by Glu (Wong et al., 2001).  

Various motor learning tasks, such as chaining of motor sequences, visuomotor skill 

acquisition, and instrumental lever-pushing and serial reaction time tests involve the striatum 

(Cromwell and Berridge, 1996; Dong et al., 2000; Reynolds et al., 2001). Our data show high Grin1 

mRNA expression in this structure in all stages of development, mainly in 30- and 60-days old rats. 

Grin1 deletion from striatum, which effectively eliminated NMDA GluR function, abolished striatal 

LTP and impaired motor learning (Dang et al., 2006). These findings have important implications 

for the underlying mechanisms of motor learning impairments seen in Parkinson’s, dystonia, and 

Huntington’s diseases that involve the corticostriatal circuitry. 

We have observed high levels of Grin1 expression at around day 15 in cortex, striatum 

and hippocampus. This suggests that high levels of development, synaptogenesis and synaptic 

plasticity in neurons from these structures are at around this age. Similar features were not observed 

in cerebellum where a decrease in Grin1 mRNA expression during development was demonstrated 

as that observed previously (Akazawa et al., 1994).  

In our study, Grin2A expression levels were also found to be high in cortex, striatum 

and hippocampus and levels were maintained at reasonable levels throughout adulthood. Levels of 

expression are several folds higher than levels in cerebellum. This data can also be relevant for 

neurons synaptic plasticity. When considering Grin2B expression levels we have also shown 

equivalent data. Expression levels in cerebellum went down through adulthood while levels in the 

other three brain structures (cortex, striatum and hippocampus) were kept at high levels. 
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Elevated Grin2A subunit expression in cerebral cortex in schizophrenia has been 

observed, whereas Grin2B subunit expression appears not to be altered in the cerebral cortex 

(Kristiansen et al., 2007).  

Altered expression of NMDA receptor subunits resulting from developmental behavior 

manipulations in periods of maternal separation at or prior to postnatal day 9 is reported to cause 

reductions in hippocampal Grin2A and Grin2B subunits expression when rats reach adulthood 

(Roceri et al., 2002).  

The impact of Grin2A subunit composition on NMDA receptor channel function can be 

illustrated by decrease or increase in NMDA receptor-mediated excitatory postsynaptic currents 

(EPSCs) in cerebellar granule cells following Grin2A or Grin2B subunits overexpression, 

respectively (Prybylowski et al., 2002). Similarly, the switch from NMDA receptors at immature 

synapses in which Grin2B is the major Grin2 subunit to those at mature synapses in which Grin2A 

subunit predominates results in a marked shortening of channel opening time leading to a relative 

receptor ‘‘hypofunction’’ (Flint et al., 1997; Quinlan et al., 1999). 

Evidences suggest that cortex is a site of several distinct activity-dependent plastic 

processes during early developmental ages (Liu et al., 2004; Li et al., 2006; Crozier et al., 2007), 

and Grin2A or Grin2B containing NMDARs may selectively contribute to these processes. For 

example, while the development of orientation selectivity is dependent on maturation and normal 

function of Grin2A, but not Grin2B containing circuitry (Fagiolini et al., 2003), plastic processes 

that are deemed to contribute to effects of mono-ocular deprivation seem to require both Grin2A 

and Grin2B function (Philpot et al., 2007). 

In cerebellum, our study shows the highest Grin2B expression in 2-days old rats, but in 

other studies, Grin2B expression demonstrates a peak around 7th to 10th postnatal day, at a stage 

where Grin2A expression rises sharply while Grin2D drops. This was also observed in the present 

study. The most striking change in Grin 2B pattern of expression takes place between the first and 

second postnatal week. As a result, an almost complete disappearance of this subunit from 
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cerebellum is observed together with a confinement to forebrain structures, which corroborate with 

our study. We have also seen increase in Grin2C and, in a less extent, in Grin2A expression. In 

cerebellum, this switch in Grin2 subunit expression from Grin2B to Grin2A and Grin2C has been 

shown to occur in the same cell population, the granule cells (Farrant et al., 1994; Mony et al., 

2009). 

A dynamic spatiotemporal Grin2C expression pattern have been uncovered in the 

developing cerebellum and novel sites and cells that express the subunit were identified 

(Karavanova et al, 2006).  Based on these findings, novel functions of Grin2C-containing NMDARs 

may be demonstrated in neuronal and non-neuronal cells, which could have important implications 

for development and hypoxic/ischemic damage. In our study, variation levels of Grin2C subunit 

expression are several folds higher than other subunits expression levels. The meaning of this 

feature remains to be establish, but it is relevant to mention that here high levels are more frequently 

found in cerebellum and striatum.  

Grin2D investigations show contrasting results. No functional NMDAR-Grin2D 

receptors at any central synapses were suggested previously (Cull-Candy et al., 2001). On the other 

hand, pre-synaptic labeling carried out by independent groups located NMDAR-Grin2D in this site 

(Marvizon et al., 2002; Thompson et al., 2002). A more recent study suggested that NMDAR-

Grin2D subunit is well-poised anatomically to play a role in pain neurotransmission and support 

general conclusions made attesting to NMDA receptor involvement in peripheral nociceptive 

processes (Hummel et al., 2008). We demonstrate that Grin2D expression is predominantly high at 

early ages in cerebellum which can be associated with synaptogenesis completion. High levels were 

also demonstrated at early stages in hippocampus and lower levels were found in adulthood in all 

brain structures included in this work. 

Grin3A expression was quite high in hippocampus at early ages with a marked drop 

after 10 days of life. This behavior was also observed in expression profile of this subunit in 

cerebellum. These data suggest an important role of Grin3A in early postnatal age functions that are 
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associated to these two brain structures. This feature was not observed either in cortex or in striatum 

where we detected a different expression pattern. Other studies showed the same profile, that 

Grin3A is prominently expressed during a narrow temporal window of postnatal development that 

correlates with periods of intense synaptogenesis and pruning and later becomes downregulated, 

just prior to the onset of critical period plasticity (Wong et al., 2002; Pérez-Otaño et al., 2006).  

A unique feature was observed in expression of Grin3B. In this case, a considerable 

change of this gene expression in cerebellum was represented by a peak with a high expression 

value in 10-days old rats. This result may express a single mechanism linked to a specific aspect of 

neurons maturation. However, it is relevant to call attention to the fact that Grin3B subunit is 

underrepresented in relation to Grin1 as well as to other subunits. Consequently, the meaning of this 

fact is even more intriguing to be elucidated. In an in situ hybridization study for the Grin3B 

subunit in motor neurons, the mRNA was first detected during the second postnatal week (Fukaya 

et al., 2005), and is upregulated thereafter, attaining maximal levels at the 21st postnatal day. Other 

study show that expression of the NMDAR-Grin3B plays a role in determining the morphology of 

dendrites of spinal motor neurons but suggest that upregulation, detected by Western blot 

techniques, occurs earlier than previously reported (Prithviraj and Inglis, 2008). 

NMDA GluR activation has been reported to be able to produce either neuronal survival 

or death-promoting actions and it has been claimed that this dual action is mediated by receptor 

subunit composition or localization. Such opposing actions may explain, at least partially, failure of 

NMDA GluR antagonism-based clinical trials on stroke and provide scientific basis for developing 

novel and effective NMDA GluR-based stroke therapies (Liu et al., 2007). But large-scale clinical 

trials have failed to find the expected efficacy of NMDA GluR antagonists in reducing brain 

injuries (Lee et al., 1999; Ikonomidou et al., 1999; Kemp and McKernan, 2002). The reasons 

underlying the apparent contradiction between basic research data and those of clinical trials remain 

unknown but are likely multifactorial (Albensi et al., 2004). Thus, knowledge of GluR gene 
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expression and regulation in the different areas should contribute to understanding the mechanisms 

underlying different vulnerabilities of healthy and injuried neurons.  
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Conclusion 

 

In summary, we have demonstrated time-dependent alterations in mRNA expression of 

each NMDA GluR subunits in postnatal development to adulthood in four different brain structures. 

As far as we are aware, this is a pioneer study to address these changes in NMDA GluR subunits at 

various postnatal periods, from 2 days old, stretching out to adulthood, 100 days old, by real time 

quantitative PCR. This work provided data that can underlie development/maintenance/damage of 

some cerebral functions such as learning/memory, behavior, cognition, development, and cerebral 

aging. Therefore it remains to be evaluated these subunits expression profiles in specific conditions. 

Changes in these profiles can become a potential target for the development of novel and more 

effective therapies for many disorders associated with glutamate receptors. 
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4 CONCLUSÃO 

 

Neste estudo foram evidenciadas alterações na expressão de subunidades do receptor de 

glutamato do tipo NMDA dependentes do estágio de desenvolvimento pós-natal até a vida adulta 

nas quatro estruturas cerebrais. Esse trabalho é o primeiro a investigar essas alterações no padrão de 

expressão dessas subunidades por PCR quantitativo em tempo real em idades que variam de 2 dias 

até 100 dias. Assim, os resultados encontrados podem ajudar na compreensão do desenvolvimento, 

manutenção e perda de algumas funções cerebrais como aprendizado/memória, comportamento, 

cognição, desenvolvimento e envelhecimento cerebral. Entretanto, é essencial avaliar os padrões de 

expressão dessas subunidades em condições específicas. Mudanças nesses padrões podem ser um 

potencial alvo para o desenvolvimento de novas e mais efetivas terapias para muitas doenças 

associadas com receptores de glutamato. 
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