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B Rationale: We sought to visualize the activity of entire 
populations of neurons in a rat seizure model. Endogenous 
excitation can be mapped with the channel-permeant 
organic cation 1-amino-4-guanidobutane (AGB), which is 
highly selective for ionotropic glutamate receptor (iGluR) 
activation (Marc, 1999, J Comp Neurol 407:47-64). 
Quantitative immunogold labeling of small amino acids 
(such as GABA, glycine, taurine, etc) can be performed on 
the same sections in which AGB mapping is evaluated  (e.g. 
Marc and Jones, 2002, J Neurosci 22:413-427). We used 
these approaches to test the hypothesis that functional 
excitatory neural circuits would be altered in brain slices 
obtained from kainic acid (KA)-treated rats. 

Methods: Male, Sprague-Dawley rats were injected with 
KA (5 mg/kg, i.p.) and repeated to stage 4/5 seizures on the 
Racine scale (Hellier et al., 1998).  Combined, mEC-HC 
horizontal brain slices (400 µM) were prepared 1 week later 
from KA-treated rats or age-matched controls.  Slices were 
incubated in oxygenated ACSF or ACSF without 
magnesium at room temperature for 35 minutes.  Following 
this, 5 mM AGB was added for 10 minutes. Slices were 
immed ia t e ly f i xed in 1% fo rma ldehyde /2 .5% 
glutaraldehyde in phosphate buffer, dehydrated and 
embedded in epoxy resin.  HC and mEC were serially 
sectioned at 250 nm onto 12-spot Teflon-coated slides and 
serially probed for AGB and other targets with hapten-
selective IgGs.  Signals were detected with goat anti-rabbit 
IgGs adsorbed to 1nm gold particles (Amersham), 
visualized with silver intensification and captured as 8 bit 
images.  Images were computationally registered with 200 
nm precision and visualized as multichannel datasets.

Results: AGB signals indicative of endogenous iGluR 
activation could be detected in slices obtained from both 
control and KA-treated animals, although the distribution 
and intensity of staining was quite different between the 
groups.  Sections from control brain slices showed minimal 
AGB signals in the CA3, CA1 pyramidal layer and the hilar 
region of the dentate gyrus.   In contrast, sections from brain 
slices of KA-treated animals displayed high AGB signals in 
select cells of the hilus, along with heterogeneous 
expression in CA3 and CA1.  In slices obtained from KA-
treated animals, AGB signals were observed in layers 2 and 
4/5 of the mEC, with diminished activity in layer 3. In 
addition, glutamine, glutamate, GABA, taurine, and 
aspartate profiling revealed heterogeneous metabolite 
signatures.

Conclusions: AGB mapping of brain slices from normal 
and epileptic tissue is a viable and valuable technique with 
which to assess changes in functional neural circuits.  
Furthermore our data suggests that combined approaches of 
AGB mapping and quantitative immunogold labeling of 
small amino acids will provide insight into classes of 
neurons participating in seizure generation and propagation.
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Mapping Endogenous Excitation:  The images in boxes A and B 
represent immunoreactivity for AGB concentration with their respective 
histograms of the AGB responsive cells. The green histograms represent 
the control conditions and orange histograms represent KA lesioned 
tissues.  Hippocampus and entorhinal cortex from KA lesioned rats 
demonstrate in the control tissues a subpopulation of neurons exhibiting 
strong responses to ionotropic glutamate receptor activation. In the KA 
lesioned animals, the population of neurons exhibiting AGB signaling is 
increased in number. The histograms display the relative number of dark 
pixel values, representing the neurons immunoreactive for AGB.  This 
analysis quantitatively reveals a greater number of cells in the KA 
lesioned animals immunoreactive for AGB than in control animals in 
both normal artificial cerebrospinal fluid (NACSF) or ACSF without 
magnesium (O Mg+2 ACSF), a commonly used  incubating medium for 
inducing hyperexcitability.  These neurons represent cells either recruited 
or modified into new or existing excitatory neural networks that may be 
responsible for the seizure like bursts observed in electrophysiological 
study.  This novel application allows for simultaneous reporting of the 
endogenous and induced activity of neurons in epileptiform models.

Box C is a magnified view of the CA3/CA1 areas of control 
hippocampus and KA lesioned hippocampus in box B demonstrating at 
higher magnification (200X) the subpopulations of neurons which 
become more responsive in the KA lesioned animal.   
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Theme Computational molecular phenotyping (CMP):  
250nm serial sections are probed for the intrinsic concentration of 
free amino acids. These grayscale images demonstrate a range of 
small molecular signals including AGB positive cells in the hilus, 
CA3 and granule cell layer of the control hippocampus.  
Additionally a broad range of GABA and glutamate 
immunoreactivity is visible in neurons and processes in the CA3 
cell layer.  The color image is a three channel reconstruction of 
GABA, AGB and glutamate.

These images were digitally captured and computationally 
registered followed by n-dimensional cluster analysis identifying 
cells according to their unique small molecular fingerprints.  This 
technology represents an ability to characterize tissues at cellular 
resolutions not previously possible with more traditional ad-hoc 
immunohistochemical methods.  
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