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Abstract  The aim of our investigation was to demonstrate the wide distribution of glutamate N-methyl-D-

aspartate receptors (NMDA R), particularly the not-widely investigated 2A and 2B subunits, in the human adult 

cerebellum and hippocampus. Specimens of human hippocampus and cerebellum were obtained at the time of 

autopsy from two male individuals, aged 24 and 48 years, with no obvious brain injury. The brains were 

immunostained using anti-human rabbit polyclonal NR antibodies (NMDA R 2A&B, ΑΒ1548 (Chemicon), NMDA 

receptors anti- human Poly HRP IHC (Detection kit) and counterstained with Mayer’s hematoxylin. The present 

immunohistochemical research of human adult cerebellum and hippocampus demonstrates that the majority of 

neurons in the dentate gyrus, the large pyramidal neurons of the hippocampus, the granular cells of the cerebellum as 

well as the main cerebellar neuron, namely Purkinje cell, stained deeply by the monoclonal antibody, suggesting that 

the majority of the neuronal network in cerebellum and hippocampus uses as neurotransmitter the excitatory 

aminoacids on the system of NMDA receptors. Our findings, demonstrating that the majority of cells were stained 

by the monoclonal antibody, emphasize the importance of the excitatory system of the glutamate and the examined 

receptors 2A & B, in the human cerebellum and hippocampus in adults, underlying the important role that this 

system may play in memory function and cognition, and at the same time the crucial role of the cerebellum in higher 

cognitive functions, in part due to the wide distribution of NMDA R. 
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1. Introduction 

Neuronal plasticity associated with learning, memory 

and development is controlled, in part, by the fast-acting 

subunit composition of N-methyl-D-aspartate (NMDA) 

subclass of glutamate receptor. Moreover, NMDA 

receptors also play a pivotal role in the pathways 

culminating in neuronal death in a variety of pathological 

conditions [1,2,3]. 

N-methyl-D-aspartate (NMDA) receptors are a class of 

ionotropic glutamate receptors. NMDA receptor channel 

has been shown to be involved in long-term potentiation, 

an activity-dependent increase in the efficiency of 

synaptic transmission thought to underlie certain kinds of 

memory and learning. NMDA receptor channels are 

heteromers composed of three different subunits: NR1 

(GRIN1), NR2 (GRIN2A, GRIN2B, GRIN2C, or 

GRIN2D) and NR3 (GRIN3A or GRIN3B). The NR2 

subunit acts as the agonist binding site for glutamate. This 

receptor is the predominant excitatory neurotransmitter 

receptor in the mammalian brain.  

Several studies demonstrate the extensive distribution 

of glutamate N-methyl-D-aspartete (NMDA) receptors in 

human hippocampus suggesting the crucial role of the 

ionotrophic glutamate receptors in the mechanisms of 

memory and learning though it is not yet clear their 

distribution in the human cerebellum and their 

contribution in the crucial role of the cerebellum in 

memory and cognition [5,6,7].
 

Although the NR1 subunit is abundantly expressed by 

Purkinje cells throughout adulthood [8-15], the expression 

of NR2 in the adult remains unclear: some authors found 

signal for NR2-A mRNA in rat and human Purkinje cells 

[10,16], whereas others detected no messengers for NR2 

[9,13]. Similarly, low immunoreactivity for NR2-A/B 

proteins was detected in young rats [17] and adult mice 

[18], whereas Thompson et al.[19] found clear NR2-B 

labeling in Purkinje cells from adult rats and mice, as well 

as NR2-A labeling in mice only and NR2 A&B in adult 

mice [20].
 

NMDA-Rs increase the depolarization induced by the 

complex spike and prolong its duration. These effects are 

expected to favor calcium entry in the dendrites as well as 

their propagation. Thus, NMDA-Rs are likely to be 

players in the game of mature Purkinje cells plasticity 

[21,22]. 

2. Materials and Methods 
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Specimens of human hippocampus and cerebellum 

were obtained at the time of autopsy from two male 

individuals, aged 24 and 48 years, without known 

neurological or psychiatric history, who died during a car 

accident without demonstrating obvious brain injury. We 

used paraffin-embedded specimens and two antibodies for 

immunohistochemical research: anti-human rabbit 

polyclonal NMDA R 2A&B as primary antigen and 

NMDA receptors anti- human Poly HRP IHC (Detection 

kit) as secondary antigen. The specimens fixed in 10% 

formalin were sectioned at 5-7μm thickness using 

vibrotome, mounted on poly-L-lysine-coated glass slides, 

and deparaffinized with xylene and a graduated series of 

ethanol solutions. Subsequently, the sections underwent 

antigen retrieval via microwave treatment (60°C, 60min.) 

and subsequent blocking of the endogenous peroxidase in 

3% hydrogen peroxide for 7.5 minutes at room 

temperature. They were then rinsed five times with 

phosphate-buffered saline TBST, soaking afterwards in 

Peroxidase Blocking Solution for 5min, rinsed three times 

with TBST and then the sections were incubated at room 

temperature for 10min. with anti-human rabbit primary 

polyclonal antibodies against NMDAR-2 A & B 

(Chemicon, Temecula, CA, USA, cat. No. ΑΒ1548). 

Afterwards, the tissue sections were rinsed three times 

with wash buffer TBST, incubated with secondary 

antibodies anti- human Poly HRP IHC (Chemicon) for 

30min., then rinsed three times with TBST, incubated with 

DAB Chromogen-Buffer for 20-30min., then rinsed five 

times with TBST, counterstained with hematoxylin for 1 

to 2min. and dehydrated with a graduated series of ethanol 

solutions. 

3. Results And Discussion  

The monoclonal antibody has infiltrated all the Purkinje 

cells of the cerebellar cortex staining dark the soma as 

well as the apical dendrites of the Purkinje cells. Rare 

stellate cells have also been stained by the monoclonal 

antibody and some profiles of basket cells were also 

visualized stained dark. The majority of the cells of the 

granular layer have been stained by the monoclonal 

antibody, a fact which supports the wide distribution of 

the NMDA receptors (NMDA R) in the cerebellar cortex 

in human adults (young and middle-aged). In some parts 

of the cerebellum the monoclonal antibody infiltrates 

mostly the basal part of the Purkinje cell. It’s important to 

mention that rough congregates of the granular cells of the 

cerebellum, stained by the monoclonal antibody, are 

located underneath the Purkinje cell layer in round or 

rosette- like arrangements. The molecular layer of the 

cerebellum in each of the cerebellar hemisphere 

demonstrates the aggregation of the stellate cells stained 

by the monoclonal antibody sometimes in columnar 

arrangement. The astrocytes were not stained and 

remained therefore invisible in the cortical background. 

(Figure 1)  

The monoclonal antibody infiltrates deeply also the 

dentate gyrus of the hippocampus. This gyrus is composed 

of round small cells in compact arrangement, the majority 

of them been stained by the monoclonal antibody (Figure 

2). The pyramidal neurons of the hippocampus are clearly 

visualized, the majority of them been stained by the 

monoclonal antibody (Figure 3).  

 

Figure 1. Cerebellar cortex  

Purkinje cells, highly immunostained with NMDA R 2A &2B, 

demonstrating dark stained soma and apical dendrites, are marked with 

 
Rough congregates of the granular cells of the cerebellum, stained by the 

monoclonal antibody, are located underneath the Purkinje cell layer in 
round or rosette- like arrangements. Rosette structures of granular cells 

are marked with  
The molecular layer of the cerebellum demonstrates the aggregation of 

the stellate cells stained by the monoclonal antibody, sometimes in 

columnar arrangement, that are marked with  

 

Figure 2. Dentate gyrus of the hippocampus 

This gyrus is composed of round small cells in compact arrangement, the 

majority of them been stained by the monoclonal antibody 

 
Figure 3. Pyramidal neurons of the hippocampus 

They are clearly visualized and deeply stained by the monoclonal 
antibody 



30 American Journal of Medical Sciences and Medicine  

The present immunohistochemical research of human 

adult cerebellum and hippocampus, demonstrates that the 

majority of neurons in the dentate gyrus, the large 

pyramidal neurons of the hippocampus, the granular cells 

of the cerebellum as well as the main cerebellar neuron, 

namely Purkinje cell, stained deeply by the monoclonal 

antibody, uses as neurotransmitter the excitatory 

aminoacids, on the system of NMDA R 2A&B. Since it 

isn’t well known the distribution of NMDA R, especially 

the subtypes 2A&B, in human hippocampus and 

cerebellum in adults, our findings emphasize the 

importance of the excitatory system of the glutamate in 

these areas, underlying the important role that this system 

may play in memory function and cognition and at the 

same time the crucial role of the cerebellum in higher 

cognitive functions, in part due to the wide distribution of 

NMDA R. 
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