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           INTRODUCTION 
                  Glutamate is known to play a pivotal role in synaptic plasticity which is, in turn, thought to underlie     

                       learning and memory. Antagonism of ionotropic glutamate receptors (iGluRs) AMPA and NMDA has 
been shown to impair different stages of memory processing (Myhrer, 2003); however, the effect of blocking 
metabotropic glutamate receptors (mGluRs) during learning is less well defined.  
 
Immediate early genes (IEGs) have also been strongly implicated in both learning-related plasticity and memory 
formation. For example, activation of Zif268 and other IEGs in the hippocampus and prefrontal cortex has been 
shown to correlate strongly with memory performance. 
 
Recent research proposes a functional link between glutamate receptor activation and IEG expression in the 
hippocampus (Czerniawski et al., 2011). However, the influence of both iGluR and mGluR glutamate antagonism on 
hippocampal IEG expression has yet to be established. In addition, there has been little investigation into the link 
between glutamate activation and prefrontal IEG expression. 
 

Here we attempt to illustrate the effects of blocking NMDA, AMPA and Group II mGluR activation 
on baseline Zif268 expression in the hippocampus and prefrontal cortex. We also aim to observe any 
dose-dependent effects. 

 

         METHOD 
                  Subjects: 
                    30 adult male Wistar rats (250g) 
 
Experimental Conditions: 
Rats were randomly assigned to one of six groups  
(n = 5 per group): 
 
 
 
 
 
 
 

Following seven days of handling, all groups received a single 
intraperitoneal injection of  MK-801, CNQX, LY341495 or saline, 
before being placed into a quiet dark room. Two hours post-
injection, rats were perfused transcardially and their brains were 
removed for IEG immunohistochemical analysis. 

 

          MOLECULAR ANALYSIS 
                     IEG Analysis: 
                      Ninety minutes post-injection, rats were terminally 
anaesthetised with sodium pentobarbital (60mg/kg) and perfused 
transcardially with 0.9% saline followed by 4% PFA. Brains were frozen 
and cut into 40nm-thick coronal sections using a freezing microtome 
and immunohistochemical procedure was carried out.  
 
Slices were incubated in Zif268 primary antibody solution (2% NGS in 
0.1m PBX overnight; 1:800; Santa Cruz Biotechnology). The reaction 
product was visualised using the nickel-DAB technique.  
  
Cell Counting: 
Images of dorsal and ventral CA1, CA3, dentate gyrus, anterior 
cingulate, prelimbic and infralimbic regions were taken (3 per region). 
Stained nuclei counts were attained using the ImageJ program. Counts 
included immuno-positive cells which were above a specific threshold. 
Counts were averaged to produce a mean for each area.  

 

         DISCUSSION 
                    Blocking NMDA and Group II metabotropic glutamate receptors using MK-801 and LY341495        
                    respectively, resulted in  significantly increased Zif268 expression in CA1 and CA3 regions. NMDA 
antagonism also lead to significantly decreased Zif268 expression in the dentate gyrus.  Blocking AMPA 
receptors with CNQX did not appear to effect Zif268 expression across hippocampal sub-regions.  
 
Dose-dependent effects were also found for NMDA, where Zif268 expression was significantly decreased for 
the Low MK-801 group compared to the High MK-801 group in both CA1 and CA3, and compared to Saline 
animals in the dentate gyrus. 
 
Blocking Group II metabotropic receptors also appears to affect Zif268 expression in the prefrontal cortex. 
Significant differences between mGluR and AMPA antagonism were found in all sub-regions, where 
expression was higher for LY341495. Zif268 expression was also significantly greater for LY341495 compared 
to NMDA blocker MK-801 in the prelimbic cortex, although this difference was only found for the lower dose 
of MK-801 (0.05mg/kg). 
 

Future work aims to investigate the effects of NMDA and AMPA antagonism on IEG expression 
in prefrontal as well as hippocampal areas following spatial learning.  
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EFFECT OF ANTAGONISM ON ZIF268 EXPRESSION 
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Figure 1. Zif268 
counts (±SEM) in 
CA1 with 
representative 
staining for each 
group. 
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Figure 2. Zif268 
counts (±SEM) in 
CA3 with 
representative 
staining for each 
group. 
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Figure 3. Zif268 
counts (±SEM) 
in the dentate 
gyrus with 
representative 
staining for 
each group. 
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Figure 4. Zif268 
counts (±SEM) in 
the anterior 
cingulate cortex 
with 
representative 
staining for each 
group. 
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Figure 5. Zif268 
counts (±SEM) in 
the prelimbic 
cortex with 
representative 
staining for each 
group. 
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Figure 6. Zif268 
counts (±SEM) in 
the infralimbic 
cortex with 
representative 
staining for each 
group. 
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HIPPOCAMPUS Significantly higher Zif268 expression  was found for LY341495 compared to Low MK-801 and High CNQX, and for High MK-801 compared to 
Low MK-801 in CA1 and CA3 regions (p<0.05) (see Fig. 1 & 2).  

Significantly lower Zif268 expression was observed for High MK-801 compared to Saline and LY341495 in the dentate gyrus (p<0.05) (see Fig. 3). 

          PREFRONTAL        
         CORTEX 

Significantly higher Zif268 expression  was found for LY341495 compared to Low CNQX  in all prefrontal regions (p<0.05) (see Figs. 4-6).  

Zif268 was significantly higher for LY341495 compared to all groups except High MK-801 in the prelimbic cortex (p<0.05, p<0.001) (see Fig. 5).  

Expression was also significantly higher for LY341495 compared to High CNQX in the infralimbic cortex (p<0.05) (see Fig. 6).  
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